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Abstract:-Automatic  Dependent  

Surveillance-Broadcast (ADS-B) is being 
rolled out as the next generation air 
transportation systems for communication 
protocol. The ADSB will play an essential role 
in protecting the two billion people travelling 
across by 2015 as estimated by the Federal 
Aviation Administration (FAA). With the 
emergence of proven concept attacks, there is 
an exigent need for its mandatory 
implementation in the airspace. The main 
focus of this paper is on the critical need for 
practical implementation of the ADSB 
technology and how it can be used to monitor 
the air traffic over Indian Air Space. The 
launch of the GAGAN Satellite (INDIA’s 
Satellite Based   
Air Traffic Management System) by ISRO 
and Airport Authority of India (AAI) is the 
first step towards fully incorporating this 
technology. In this paper, the authors seek to 
emphasize the urgent need for transition 
from the currently used radar based 
navigation system to ADS-B technology using 
GAGAN for making air travel safer and 
efficient.  

Keywords:-ADS-B,GNSS, GAGAN, Radar, 
FAA, NextGen.  

I. INTRODUCTION  

The Federal Aviation Administration (FAA) 
estimates that the rising number of flights and 
passengers will overwhelm the current Air 
Traffic Control (ATC) by 2015 leading to 
increase in delays, higher costs and greater 
environmental impact. With increased traffic, 

very light jets, unmanned aerial vehicles and 
commercial space flight in the near future, the 
national airspace system must be upgraded to  
function efficiently. To meet this challenge the 
FAA is rolling out the NextGen- Air Traffic 
Control system called the Automatic Dependent 
Surveillance-Broadcast (ADSB). ADS-B 
enables the widespread use of Satellite Based 
GPS technology. It provides air traffic 
controllers information that will facilitate the 
efficient navigation of an air craft through the 
congested airspace.  

          The backbone to the Automatic 
Dependent Surveillance Broadcast (ADS-B) 
system lies in communications between aircrafts 
and also between the aircraft and ground. Both 
are vital in terms of ensuring safe flights, 
efficient fuel usage, time of travel and 
emissions. ADS-B is an integral part of the 
planned efficiency drive towards 2020. 
Developed and certified as a viable low-cost 
replacement of conventional radar, ADS-B 
allows ATC to control and monitor airplanes 
with greater precision over a larger percentage 
of earth’s surface than has ever been possible 
before. For example, large expanses of 
Australia, Hudson Bay in Canada, currently 
without any radar coverage are now visible on 
ATC screens due to strategic replacement by 
low cost ADS-B receiving stations. ADS-B is 
one of the most important underlying concepts 
in the plan to transform ATC from the current 
radar- based surveillance to satellite- based 
global positioning system (GPS) surveillance. 
The acronym can be broken as, Automatic- 
always ON and requires no operator 
intervention, Dependent - it depends on an 
accurate GNSS signal for position data, 
Surveillance- It provides “Radarlike” 
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surveillance services. ADS-B allows aircrafts to 
determine their exact location through GPS 
Satellite. That information is broadcast to other 
nearby ground stations and ADS-B ground 
stations which relay the information back to the 
Air Traffic Controllers. Additionally, a signal 
with flight, weather and data is broadcast to the 
plane.   

         The increase in number of passengers, 
airaccidents, delays and fuel consumption 
necessitates the shift from Radar-Based 
Navigation to Satellite Based Navigation. ADS-
B provides an update 12 times faster than that of 
radar. Hence, there is an dire need to bring 
Satellite Based navigation technology and 
ADSB helps us in achieving this. There are clear 
benefits of using ADS-B technology over Radar 
Based Navigation. It includes surveillance in 
nonradar areas, more direct routes which save 
fuel, better coordinated take-offs and landings.   

 The 1978 crash of Air India Flight 855, 1996 
Charkhi Dadri mid- air collision, 2010 
Mangalore crash, disappearance of MH370  are 
some of the incidents which further demands the 
usage of a GPS-based navigation system . The 
first step towards incorporating this type of 
surveillance in  
India  is  the  GAGAN  (GPS  aided  GEO  

Augmented Navigation system) by ISRO 
(Indian Space Research Organization) along 
with AAI (Airport Authority of India). GAGAN 
is India’s first GPS satellite, which puts India on 
the 4th position globally after USA, Russia and 
Europe. GAGAN will provide air traffic 
management over the Indian Air Space 
stretching from Australia to South Africa.  

  

This paper gives an overview of using GAGAN 
along with ADS-B technology to manage the 
Indian Air Space. This will make the expanding 
aviation industry more efficient and safer .Since 
ADS-B technology is already being adopted in 
some countries, it is thus feasible and practical 
to employ ADS-B technology in India, along 
with its first GPS satellite-GAGAN.   

                          II.ADS-B  

The Federal Aviation Administration and the 
European Administration EUROCONTROL 
has named ADS-B as the successor of radar. 
ADS-B is a new surveillance technology 
designed to help modernize the air 
transportation system. It provides foundational 
technology for improvements related to the Next 
Generation Air Transportation System (or 
NextGen). NextGen refers to the effort of the 
U.S. Federal Aviation Administration (FAA) to 
transform the air traffic control (ATC) system to 
support a larger volume of airplanes more 
efficiently.  Every aircraft projects its velocity 
and position using the onboard GPS. The 
information is broadcasted in message form 
periodically by the ADS-B OUT. The message 
broadcasted will be received by the Air Traffic 
Control Systems on the ground level and other 
aircrafts by ADS-B IN.   

 Source:-  Aero_Q2-10_article02.pdf  

 

Fig.1WorkingofADS-B  

A.WORKING OF ADS-B  

ADS-B uses a combination of satellites, 

transmitters, and receivers to provide both flight 

crews and ground control personnel with very 

specific information about the location and speed 
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of airplanes in the area. From the airplane 

perspective, there are two aspects to ADS-B. 

ADS-B Out signals are sent from the transmitting 

airplanes to receivers located on the ground or in 

other airplanes. The ADS-B Out signals travel 

line-of-sight from transmitter to receiver ADS-B 

Out signals are received by ATC ground stations 

for display of traffic to air traffic controllers. 

ADS-B Out signals are also received by other 

airplanes in the vicinity of the transmitting 

airplanes. After Reception of the ADS-B signals 

by the receiving airplane, the lateral position 

(latitude and longitude), altitude, velocity, and 

flight number of the transmitting airplane are 

presented to the receiving airplane pilot on a 

Cockpit Display of Traffic Information (CDTI). 

The received ADS-B Signal is called ADS-B In. 

The maximum range between the transmitting 

Andre planes is greater than 100 nautical miles 

(nmi), allowing the CDTI to display traffic both 

near and far. Navigation satellites send precise 

timing information that allows airplanes 

equipped with global navigation satellite system 

(GNSS) or GPS receivers to determine their own 

position and velocity. Airplanes equipped with 

ADS-B Out broadcast precise position and 

velocity to ground ADS-B receivers and to other 

airplanes via a digital data link (1090 megahertz) 

along with other data, suc   h as the airplane’s 

flight number and emergency status. ADS-B 

Receivers that are integrated into the ATC 

systems on the ground or installed aboard other 

airplanes (i.e., ADS-B In) provide users with an 

accurate depiction of real time aviation traffic. 

Unlike conventional radar, ADS-B works at low 

altitudes and on the ground so that it can be used 

to monitor traffic on the taxiways and runways of 

an airport. ADS-B is also effective in remote 

areas where there is no radar coverage or where 

radar coverage is limited.  

  

ADS-B uses two data links, a 978 MHz UAT 
(Universal Access Transmitter) and a 1090 MHz 
extended Squitter. UAT involves installation of 
ahardware, therefore, general aviation in 
EUROCONTROL and Federal Aviation 
Administration use this whereas commercial 
aircrafts use 1090 MHz.  

  

  

There are three modes currently in use in the 
civil aviation i.e. Mode (A, C and S).  
  

   
Parameters  

        
MODE A  

         
MODE C  

      
MODE S  

           
ADS-B  

Message 

Length  
               

12 Bit  
            
12 Bit  

            
56/112 Bit  

              
112 Bit  

  

  

Frequency 

        
1030/1090  
MHz  

       
1030/1090  
MHz  

      
1030/1090  
MHz  

             
1090  
MHz  

             
Uses  

                
Identifying  

           
Altitude  
Determination  

             
Multiple  

   
Multiple  

Table 1Comparison of different modes  
  

Primary Surveillance Radars (PSRs) are 
independent and work without the cooperation 
from the aircrafts with high   

Surveillance Radars were used in the Air Traffic 
Control before ADS-There are three modes in 
case of  SSR i.e. Mode A, Mode C and Mode S. 
Table 1 compares the characteristics of the three 
modes with the ADS-B.  

In case of Mode S, there are two message 
lengths 56 bit and 112 bit whereas ADS-B uses 
only 112 bit message length, surveillance of 
Mode S is priced at $5.5 million and the cost of 
ADS-B is around $3 million.  

In case of ADS-B, every aircraft collects their 
own data such as velocity and position using the 
measurement devices. The ADS-B 
infrastructure is very cost effective when 
compared to the conventional Primary 
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Surveillance Radar (PSR) which is currently 
being used.  

There are three benefits of ADS-B. Firstly, the 
GPS positions reported by ADS-B are more 
accurate than the current radar positions and 
more consistent. This means that in the 
Instrument Flight Rules (IFR) closer aircraft 
spacing can be used than the present, which 
provides much needed capacity improvements 
in congested spaces. Secondly, ADS-B 
surveillance is much easier and less expensive to 
deploy than the ground radar. This means that 
the airspace which previously had no radar and 
only procedural services can now have the 
benefits of ATC services and finally, since 
ADS-B is a broadcast service and can be 
received by other aircrafts as well as the ATC on 
the ground, it offers the aircraft to have an 
accurate and inexpensive traffic awareness of 
other nearby aircrafts.  

 

Fig. 2 Architecture of ADS-B  

  

B. ARCHITECTURE ADS-

B OUT needs:  

• ATC transponders AT D0-260 

standards.  

• Additional wiring associated with 
peripheral equipment,  

• MMR in hybrid architecture with GPS 
capability.  

CURRENT STATUS: - Aircraft currently flying 
in Europe are generally well equipped for the 
transition to ADS-B   
  

OUT as the prerequisite ATC transponders 
Mode S (DO260) are already required to meet 
the former enhanced surveillance mandate. 
Aircraft greater than five years of age and 
operating outside of Europe are more likely to 
need a new transponder in order to Achieve 
ADS-B capability.  

ADS-B IN:  

• TCAS capable  

• Additional wiring  

• Traffic selector in cockpit  

• EIS2 capable  

• On-Board Airport Navigation System.  

C.APPLICATIONS OF ADS-B  

ADS-B GROUND APPLICATION:-ADS-B Out 
offers several benefits to ground-based ATC. In 
radar areas, it can be used by ATC to supplement 
5- and 3-nmi en-route separation services. 
Where no other radar or surveillance is 
available, it can be used by ATC to provide that 
separation services .For airport surface 
surveillance, ADS-B Out provides ground 
control with a picture of all airplanes and 
vehicles on the ground. In the terminal area, 
ADS-B Out could enable 2.5-nmi separation in-
trail approaches, 2-nmi separation for dependent 
parallel approaches, and separation during 
independent parallel approaches for runways 
spaced more than 4,300 feet apart.  

ADS-B IN BORNE APPLICATION:- ADS-B In 
offers potential benefits across all domains of 
flight, from departure to arrival (see “ADS-B in 
various domains of flight” on this page). It 
provides situational awareness of other airplanes 
and vehicles on the airport surface   and 
situational awareness of other airborne traffic, 
such as assistance in finding targets outside the 
cockpit window using the CDTI. ADS-B In 
could also enhance situational awareness on 
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approach, allowing continued approaches using 
the CDTI after initial visual acquisition. 
Airborne spacing applications facilitate 
increased capacity and efficiency in a number of 
ways. Enhanced sequencing and merging enable 
precise delivery of airplanes to the meter fix for 
subsequent continuous descent approaches; in 
trail procedures assist airplanes in moving to 
optimal operational altitudes in remote areas; 
and enhanced crossing and passing operations 
assist airplanes in flying optimal flight routes 
and speeds. ADS-B In also enables airplane 
crews to assume responsibility for separation 
from up to two other airplanes through delegated 
enroute separation. In this scenario, the 
controller retains responsibility for separation 
from other airplanes beyond the two the crew 
has assumed responsibility for.  

ADS-B AROUND THE WORLD: - ADS-B 
activity is increasing around the world. ADS-B 
benefits the aviation industryby means of the 
decreasing the cost of providing services and 
increasing the operationalefficiency and 
capacity of the regional air transportation 
system. It also reduces the risk of lives of 
billions of people flying across the world daily.  

III. DIFFERENCE BETWEEN RADAR and 
ADS-B SURVEILLANCE.  

Before the widespread use of radar for air traffic 
control in the 1950s, an aircraft’s position was 
calculated by the crew and the information was 
relayed to ATC by radio. As radar technology 
came into existence it gave controllers a picture 
of the airspace around them. The Primary 
Surveillance Radar (PSR) showed the aircrafts 
as dots on screen. With the help of MODE C 
transponder the controllers could assign a four 
digit code to the dot on the screen allowing them 
to identify each dot as a particular aircraft. This 
was known as Secondary Surveillance Radar 
(SSR). Adding MODE S transponder gave each 
dot an aircraft-specific identifier tied to the 
aircraft registration number as well its altitude.   

All of this technology was to locate the aircraft 
from the point of the Air Traffic Controllers, 
who could then manage the traffic. This 
approach worked well for areas under air traffic 
control but did nothing for areas without radars. 
As the skies are becoming more congested, a 
system for real traffic awareness for the pilots 
became a necessity. Hence there a need to shift 
from the present radar based navigation to a new 
system.  

Hence it leads to the advent of new technology 
which is satellite - based navigation which is 
ADS-B technology.  

 TYPE         Independent                  Cooperative  Primary      

Surveillance data          Does not depend on  Surveillance  

received by radar        aircraft  equipment   
    Radar            

  
Secondary  Surveillance data       Requires aircrafts to 

Surveillance    received by        have a working a   
  Radar      aircraft             ATCRBS transponder  

  
 Automatic     Surveillance data        Requires aircrafts to   
 Dependent   received by          have a working ADS-B   
Surveillance(AD  aircraft        function S-B)  

 

TABLE II  

Analysis of Radar and ADS-B technology  

Primary surveillance radar does not require any 
cooperation from the aircraft. It is robust in the 
sense that surveillance outage failure modes are 
limited to those associated with the ground radar 
system. Secondary surveillance radar depends 
on active replies from the aircraft. Its failure 
modes include the transponder aboard the 
aircraft. Typical ADS-B aircraft installations use 
the output of the navigation unit for navigation 
and for cooperative surveillance, introducing a 
common failure mode that must be 
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accommodated in air traffic surveillance 
systems.   

  

  

Fig. 3 Difference between ADS-B and RADAR  

Far different from radar, which works by 
bouncing radio waves from fixed terrestrial 
antennas off of airborne targets and then 
interpreting the reflected signals, ADS-B uses 
conventional Global Navigation Satellite 
System (GNSS) technology and uses a relatively 
simple broadcast communication link. Also 
unlike radar, ADS-B accuracy does not degrade 
with range, atmospheric condition or target 
altitude and update intervals do not depend upon 
the rotational speed or the reliability of 
mechanical antennas. The time taken by these 
mechanical antennas to accept and send the 

signals from the transponders is approximately 
12 sec which leads to loss of real time 
information. With ADSB technology, the 
information from the GNSS about its position 
and other data is constantly broadcasted to the 
air traffic controllers and the nearby aircrafts 
which leads to real time awareness for the pilots 
and the controllers. The ADS-B technology also 
provides coverage in non- radar regions which 
increases the efficiency of the aviation industry. 
The cost of setting up a ADS-B ground station 
is much lesser than any of the existing radar 
technology. With ADS-B technology, we can 
have more direct routes that shorten flight times 
and fewer delays. The technology provides more 
information in the hands of the pilots who will 
have air traffic control data on their display 
screen right in the cockpit and the pilots will 
only guide them whereas in radar the 
information is in the hands of the controllers 
which then again have to send this information 
to pilots through data links. This leaves a lot of 
work to be done by the controllers and also leads 
to confusion between the pilots and controllers.  

IV. GAGAN (GPS AIDED GEO – 

AUGMENTED NAVIGATION)  

  

To Provide Satellite Based Augmentation 
System Services over India and neighbouring 
regions the  
GPS  Aided  Geo  Augmented  Navigation  

(GAGAN) - a Satellite Based   

Navigation System (SBNS) is being launched by 
the Union Ministry for Civil Aviation. This 
system is expected to provide enhanced 
navigation performance for critical applications 
like Civil Aviation, Marine Navigation, Train & 
Road Transport, Precision Farming, Search and 
Rescue (SAR) operations, Surveying and 
Mapping (Geodetic and Geodynamic), Mining 
etc.  

GAGAN is a planned implementation of a  

Satellite Based   
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Navigation System developed by Airports 
Authority of India (AAI) and Indian Space 
Research Organisation  
(ISRO), to deploy and certify an operational 
SBAS for the Indian Flight Information 
Region, with expansion capability to 
neighbouring Flight  
Information Regions (FIRs).  When 
commissioned for service, GAGAN is 
expected to provide a civil aeronautical 
navigation signal consistent with International 
Civil Aviation  
Organization  (ICAO)  Standards  and  

Recommended Practices (SARPs) as 
established by the Global Navigation Satellite 
System Panel  
(GNSSP).  ICAO has endorsed Global 
Navigation Satellite System as Future Air 
Navigation System (FANS) for civil aviation.  
The project involves establishment of a full 
complement of Satellite Based Augmentation 
System (SBAS) consisting of   
15 Indian Reference Stations (INRES), 3 Indian 
Navigation   

Land Uplink Stations (INLUS), 3 Indian 
Mission Control Centre’s (INMCC), 3 Geo-
stationary Navigation in C and L bands and 
with all the associated Software and 
Communication links.  

A. NEED FOR AUGMENTATION:-  

• Current GPS constellation cannot 
support requirements for all phases of 
flight.  

• Accuracy is not sufficient (even with 
Selective Availability off, vertical 
accuracy>10m).  

• Availability and continuity must be met.  

  

  

Fig.4 Operations of GAGAN.  

  

B. Working of GAGAN  

The Global Navigation Satellite System (GNSS) 
data is received and processed at widely 
dispersed INRES which are strategically located 
to provide coverage over the required service 
volume.  Data is forwarded to the INMCC, 
which process the data from multiple INRES to 
determine the differential corrections and 
residual errors for each monitored satellite and 
for each predetermined ionosphere grid point 
(IGP).  Information from the INMCC is sent to 
the INLUS and uplinked along with the GEO 
navigation message to the GAGAN GEO 
satellite.  The GAGAN GEO satellite downlinks 
this data to the users via two L-band ranging 
signal frequencies (L1 and L5), with GPS type 
modulation, to improve the accuracy and 
availability and provide integrity. GAGAN will 
provide augmentation service for GPS over 
India, Bay of Bengal, South-East Asia, and 
Middle East expanding into Africa.  GAGAN 
will be compatible and interoperable with other 
SBAS systems such as the Wide Area 
Augmentation System (WAAS) of USA, the 
European Geostationary Navigation Overlay 
Service (EGNOS) of European Union (EU) and 
the Multi-functional Satellite Augmentation 
System (MSAS) of Japan. It will fill the gap 
between the European EGNOS and the Japanese 
MSAS to provide seamless air navigation 
service across regional boundaries.  
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V. 1996 CHARKHI DADRI MID-AIR  

COLLISION  

Mid-air collisions are one of the deadliest 
disasters that can happen in the aviation 
industry. The 1996 CharkhiDadri Mid-Air 
Collision is one such incident. It occurred on the 
12th November 1966 over the village of 
ChakriDadri to the west of New Delhi, India. 
The aircraft involved were a Saudi Arabian 
Airlines Boeing 747-100B en route from New 
Delhi to Dhahran, Saudi Arabia and Kazakhstan 
Airlines IIyushin II-76 en route from Shymkent 
Kazakhstan, to New Delhi. The collision took 
place at 14,000 feet over the Indian Air space 
which claimed the lives of 349 people on board 
which included 289 passengers and 23 crew 
members in all. Both the aircrafts were being 
guided by the Delhi ATC.  

 There are a series of events which lead to such 
this disaster. The Kazakhstan Airlines was 
flying into New Delhi at an altitude of 23,000 
feet initially whereas the Saudi Arabian Airlines 
was flying at an altitude of 10,000 feet over the 
same airspace. The Delhi ATC asked the 
Kazakhstan airlines to descend to an altitude of 
15,000 feet and maintain it till any further notice 
whereas the SaudiArabian airlines was asked to 
climb to 14,000 feet and maintain it. But the 
Kazakhstan Airlines kept descending below 
15,000 feet to 14,500 feet, 14,000 feet and 
lower. This leaves us with two aircrafts which 
are at the same altitude and heading in the 
opposite direction over the same airspace. The 
radio operator of the Kazakhstan Airlines 
realized then that they had flown much below 
their assigned altitude of 15,000 feet and hence 
asked the pilot to climb to climb to 15,000 feet. 
Had the radio operator not asked the pilot to 
climb up, the Kazakhstan Airlines would have 
flown below the Saudi Arabian airlines. But it 
was rather too late and then the left wing of 
Kazakhstan Airlines crashed into the two 
engines of Saudi Arabian Airlines which lead to 
third- deadliest air disaster ever.                           
The flight data recorders of Kazakhstan Airlines 
and Saudi Arabia Airlines were decoded by 

investigators in Moscow and Farnborough, 
England respectively. The investigators cite 
many reasons for such a fatal accident. The 
ultimate cause was held to be the failure of 
Kazakhstan Airlines pilot to follow ATC 
instructions, cloud turbulence and 
communication problems. The report also 
suggested a serious breach in operating 
procedure to the lack of English language skills 
on the part of Kazakhstan pilots. This lead to 
communication problems between the ATC and 
the pilots. Furthermore, Indira Gandhi 
International Airport did not have a Secondary 
Surveillance Radar which provides additional 
information regarding aircrafts identity and 
altitude by reading transponder signals. The 
aircrafts were also not equipped with the Traffic 
Collision Avoidance System (TCAS) which 
alerts the pilot of a possible collision.  

  

Fig. 5 1996 Dadri-Chakri incident could have 
been  avoided  with 
 ADS-B technology.  

  

  

 As we reflect upon that fateful day18 years ago, 
we need a new technology which does not lead 
to such accidents in the future. The technology 
that can be adopted is ADS-B with GAGAN 
satellite. This incident could have been avoided 
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by using this technology. Both the flights could 
have known their position from the GAGAN 
satellite and with the help of ADS-B technology 
and information regarding its position, altitude 
and velocity could have been broadcasted to 
both the aircrafts and the Delhi ATC.Hence this 
would have led to avoidance of collision as both 
the aircrafts could have about each other’s 
altitude, position and altitude and hence pilots 
could have easily adjusted their altitude. This 
could eliminate the problem of the language of 
English which was cited one of the major 
reasons of collision as the pilot of Kazakhstan 
airlines would have known about the 
approaching Saudi-Arabian airlines by the 
GAGAN satellite in its Cockpit Display 
System(CDS) and would have conveniently 
adjusted its position say for example, to 16000 
feet. The reason of cloud disturbance being a 
factor could be easily avoided as the aircraft 
would know about it and all its nearby position, 
altitude by GAGAN satellite and hence acted 
accordingly. Hence with see that, by adopting 
ADS-B technologies with GAGAN satellite the 
lives of 349 passengers could have been saved. 
Thus, the usage of ADSB technology with 
GAGAN has been substantiated with ample 
proof.  

                              VII.LIMITATIONS  

ADS-B provides a lot more beneifts than the 
presently used Radar system. The limitation is 
that the frequency is shared with all Mode A, 
Mode C and Mode S transponders as well as 
TCAS and other users. The frequency is already 
near saturation in the busiest airspaces, yet the 
"Extended Squitter" message is twice the length 
(112 bits) of a standard 1090 response (56 bits), 
and it can take up to 5 transmissions per second 
to send a fully populated 1090ES ADS-B 
Message. 1090 ES is not bidirectional and 
therefore cannot support Flight Information 
Services (FIS) or aircraft-to-aircraft TCAS-like 
services.Furthermore, the 978 MHz which is 
used in ADS-B technology is the least profitable 
technology for manufactures. UAT requires a 
dedicated transceiver in each aircraft, while 

1090ES only requires software modification to 
existing Mode-S transponders. Line of sight 
(LOS) is also one of the major drawbacks in the 
ADS-B technology. For this ADS-B Link 
Augmentation System (ALAS) is being 
introduced which is alternative flight path for 
the ADS-B.  

VIII.CONCLUSIONS  

The paper suggests the ADS-B technology is 
intended to transform ATC by providing more 
accurate and reliable tracking of airplanes in 
flight and on the ground. The ADSB technology 
will make air travel safer, efficient and greener 
for the environment. ADS-B is in the upstages 
of a roadmap vision up until 2020 and has been 
updated by NextGen.It is clearly seen that 
ADSB technology is much better than the 
currently used Secondary Surveillance Radar 
(SSR) as it provides better accuracy, cheaper 
cost and give a more up to date picture of the 
airspace. The launch of the GAGAN satellite by 
ISRO along with AAI adds benefits to this 
technology as it can be used be together to 
reduce the conjunction over the Indian airspace. 
The paper highlights the urgent need of 
incorporating all the flights operating over the 
Indian airspace and elsewhere to equip their 
fleets with the ADS-B technology which along 
with the GAGAN will make the skies a lot safer 
to travel. The authors have made an attempt to 
point out the benefits of this technology by 
describing the 1996 CharkhiDadri Mid-Air 
Collision which could have been avoided by the 
ADS-B technology along with the GAGAN 
satellite. Hence we can say that with the 
increasing number of passengers travelling by 
flights it is required to make our air travel more 
efficient and safer and at the same time 
ecofriendly. ADS-B technology provides us 
with this and hence it necessary to upgrade to 
this technology so that no other air disaster 
occurs and lives of billions of people are safe. 
Countries like Australia have already adopted 
this. Many Accidents can be avoided if India 
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uses it in the future and it also reduces fuel 
which helps in having a greener environment.  
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Abstract: Magnetic Torque Rods are special 

electromagnets used for the attitude control of a 

spacecraft. Because of their low mass, less 

consumption of power and less complexity in 

their design, they are widely used in most of the 

Nano satellites. 

When a current is passed through a solenoid, 

magnetic flux is generated. This magnetic flux is 

enhanced by the highly permeable core material 

generating electromagnetic dipole. They interact 

with the earth’s magnetic field and generates a 

torque. 

Designing an electromagnetic torque rod 

involves precise theoretical calculations, material 

analysis and software verifications. This paper 

describes about the design analysis approach in 

order to verify the magnetic flux generated by the 

electromagnetic torque rod. Analysis results are 

validated to meet the design objective.  Various 

analysis performed, verification methodologies 

followed for the design are clearly discussed. 
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Analytical theory using K-S elements for orbit prediction with lunar 

gravitation perturbation   
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Abstract: A non-singular analytical theory 

for the orbital motion of Earth satellites with 

lunar gravitation perturbation is developed 

in terms of K-S elements. The problem of 

third-body perturbation of Earth orbiting 

satellites have been studied extensively over 

the years using different approaches (1) (2) 

(3). It is known that the third–body 

perturbations from Moon and Sun are 

dominating in high eccentricity and high 

altitude orbits. Sharma (4) utilized the K-S 

element equations to generate analytical 

expressions for near–Earth orbit predictions 

with air drag using an analytical oblate 

exponential atmospheric density model. 

Motivated by the success of earlier studies in 

K-S elements (5) (6) (7), in the present 

study, we have made an attempt to develop 

an analytical solution for the motion of Earth 

satellites with lunar gravity perturbation in 

K-S elements. The perturbing force include 

up to second-order terms (2). Following the 

methodology from Sharma (4), the Lunar 

perturbing force is transformed into K-S 

elements which are incorporated into the K-

S element equations. Due to the symmetry 

reasons, only two of the nine K-S element 

equations are integrated analytically to get 

complete solution. Numerical integration 

results will be compared to singularity free 

analytical solutions. Owing to the low 

memory requirements, this theory can be 

used for on board navigation and guidance 

packages, where the modeling of lunar 

perturbation is required.   
 

 

References 

1. Lunar-Solar Perturbations of an  

Earth satellite. Blitzer, L. 27, 1959, 

American Journal for Physics, pp. 

634-645.   

2. Luni-Solar Perturbations of the 

Orbit of an Earth Satellite. Cook, 

G.E. 3, April 1962, The Geophysical 

Journal of Royal Astronomical 

Society, Vol. 6, pp. 271-291.   

3. Luni-Solar Perturbations of an 

Earth satellite. Roy, A. E. 4, 1969, 

Astrophysics and Space Science, pp. 

375-386.   

4. Analytical approach using KS 

elements to near-Earth orbit 

predictions including drag. Sharma, 

R.K. 1991, Proceedings of Royal 

Society of London, pp. 121-130.   

5. Contraction of Satellite Orbits using 

KS elements in an oblate diurnally 

varying atmosphere. Sharma, R.K. 

1997, Proceedings of Royal Society 

of London, pp. 2353-2368.   

6. Contraction of high eccentricity 

satellite orbits using KS elements in 

an oblate atmosphere. Sharma, 

R.K. 1999, Advances in Space 

Research, Vol. 23, pp. 693-698.   

7. Contraction of high eccentricity 

satellite orbits using KS elements 

with air drag. Sharma, R.K. 1998, 



-13-  

  

Proceedings of Royal Society of 

London, pp. 1681-1689.  
8. Junior Research Fellow (Funded by  

SERB/DST, India), Department of  

Aerospace Engineering, School of  

Mechanical Sciences, Karunya 

University,  

Coimbatore 641114 Tamilnadu 

India * Professor, Department 

of Aerospace  

Engineering, School of Mechanical  

Sciences, Karunya University, 

Coimbatore  

641114 Tamilnadu India   
*Corresponding Author Email: 

ramkrishan@karunya.edu  
  

 

Multitudinous Objective Satellite (MOS)  

          Hari Shankar R L,                                                                               Stuti Parial,                                                                          

Department of Aerospace Engineering,                                                 Department of Physics, 
           IIAEIT/IGNOU                                                                           Fergusson College, Pune 
    astro.harshan@gmail.com                                                                  stuticore2@gmail.com 

 

 

          Sanket Walopkar,                                                                                  Omkar Desai, 
Department of Electronics,                                                  Department of Electronics, Fergusson College, 

Pune,                                                                                   Fergusson College, Pune, 
     swalopkar@gmail.com                                                                     7omkar9@gmail.com  

 

Abstract: As spacecraft operators 

continues to launch more satellites in

LEO, MEO, GEO these orbits becomes very 

dense with huge number of working 

satellites, non-working satellites and space 

debris. This may affect future space 

exploration. Of course as per today’s 

situation we need satellites for various 

purposes like Communication, GPS, 

Military, weather, etc. Instead of sending 

new and separate satellites for every fields. 

We can send a common satellite it can reduce 

space traffic, space debris. In this paper we 

are proposing idea it is of two phase  

1st Phase: MOS A- This is a scientific 

research satellite which will help us to know 

about Earth’s atmosphere, climate, electron 

& photon counts in atmosphere, imaging, 

monitoring crops, radar and tracking debris.  

2nd Phase: MOS B- This satellite for Tele- 

Communication,  Navigation  and  

Weather.  

In this paper we proposing an idea to reduce 

debris, space traffic, keep space clean by 

sending MOS A and MOS B we can achieve 

above resources. 

 

Keywords:  Satellite, MOS A, MOS B,  

Instruments, Frequency  
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I.INTRODUCTION  

A satellite is an body that orbits around the 

planet. Satellites are classified into two types 

Natural satellites (moon, titan) and  

artificial satellites. Artificial Satellites is 

manufactured object dedicated to 

continuously orbit the earth or other body in 

space. The bird’s eye view that satellites allow 

them to see large areas of Earth at one time. 

This ability means satellites can collect more 

data, more quickly, than instruments on the 

ground. Recently, especially with escalating 

cost of large satellites, attention is turned to 

smaller satellites so called microsatellites, 

which are taking also a new role, including 

science missions. LEO satellites have very 

wide applications, from remote sensing of 

oceans, through analyses on earth’s climate 

changes.  

Sectors that commonly rely on satellite 

networks include:   

• Aerospace   

• Maritime   

• Military/Governments   

• Emergency services   

• Industrial (oil rigs, gas, electricity)   

• Media   

  

Scientific research satellites gather data for 

scientific purposes. These satellites during 

performing their composition and effects of 

the space around the Earth, record changes in 

Earth and its atmosphere and, still others 

observe planets, stars and other distant 

objects.  

Weather satellites are dedicated for analysis 

related to weather forecast. Weather satellites 

observe the atmospheric conditions over large 

areas. Communication satellites serve as relay 

stations, receiving radio signals from one 

location and transmitting them to another. 

Navigation satellites enable operator of aircraft, 

ships, and land vehicles anywhere on earth to 

determine their location with high accuracy. 

Earth observing satellites are used to map and 

monitor our planet’s resources and ever-

changing chemical-biological life.  

About 6600 satellites have been launched. The 

latest estimates are that 3600 remain in orbit of 

those about 1000 are operational and rest have 

lived out their useful lives and are part of the 

space debris. Approximately 500 are in low-

Earth orbit, 50 are in mediumEarth orbit the rest 

are in geostationary orbit.  

II. ORBITS 

The orbit is the trajectory followed by satellite. 

Several types of orbits are possible, each 

suitable for a specific application or 

mission.orbits with zero ecentricity are called 

circular orbits. The circularity of the orbit 

simplifies the analysis. The movement of the 

satellite within its circular orbit is represented 

by orbital line, radius, altitude and velocity. 

Circular orbits are categorized based on the 

altitude above earth’s surface   

• GEO (geosynchronous satrellite)  

• MEO(Mdium Earth orbits) and  

• LEO( Low Earth Orbit)  

  

Low Earth orbit are just above earth’s surface 

where there is no air to cause drag on the 

satellite and reduce its speed with an altitude 

of 160 kilometers and 2000 kilometers. 

Satellites in these orbits have an orbital 

period of around (90-110) minutes    

III. Proposal  

Focusing on the present scenario of the 

peripheral of the earth, the increasing 

number of space debris. As till this date 

about 6600 satellites have been launched 
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and operators are continuing to launch 

more satellites in different orbits such as 

LEO, MEO, GEO increasing density of 

these orbits with huge number of working 

satellites , non-working satellites and 

space debris, which may risk our future 

space explorations . With advent of 

satellites lots of purposes have come up 

like communication, GPS , military work 

and many more. Instead of sending new 

and separate satellites for different 

purposes we can send a common satellite 

with major payload or to reuse those old 

nonoperational satellites. We proposed an 

idea which may help to keep our space 

clean to make a common satellite for all 

purposes. Multitudinous objective satellite 

will be in three phase:-  

MOS A: Its main purposes are:-  

1) Scientific observations  

2) Study of earth atmosphere  

3) Crops monitoring  

4) Space debris tracking   

MOS B: Its main purposes are :-  

1) Communication 2) 

Navigation  

3) Weather change  

  

A. MOS A  

An integrated satellite performs the functions 

of scientific observations, study of earth 

atmosphere, crops monitoring, space debris 

tracking. In addition to this proposing an idea 

of UV detection, a qualitative analysis of UV 

radiation from solar rays. The proposed orbit 

for MOS A is LOW EARTH ORBIT (LEO) 

.Low Earth Orbits are just above Earth’s 

atmosphere at an altitude of 160 to 2000 km, 

where there is almost no air to cause drag on 

the satellite and reduce its speed. A low orbit is 

simplest and cheapest for satellite placement. It 

provides high bandwidth and low 

communication time lag. For earth observation 

satellite the most efficient orbit is LEO because 

its much more easier to take images from Leo 

orbit as it is not so far away from Earth’s 

surface. Since the major purpose of MOS A is 

to do scientific observations, study of Earth’s 

atmosphere, crop mapping on earth its very 

much needed that satellite should not much or 

it should not be on much larger altitude for 

efficient  imaging and an efficient analysis.  

The expected velocity of the satellite would be 

7.8km/s and it would take about 100 mins to 

one complete orbit around the earth. Idea of 

using two satellites of MOS A. to reduce the 

time lag for a specific   

Characteristics of MOS A Satellite:  

Mass : 500kg  

Regime: Lower Earth Orbit  

Velocity : 7.8km/s  

Period : 100 minutes 

No. of Satellites : 2  

Power : Solar Panels  

Battery : NI-CD  

MOS A satellite payloads will have 

RADAR to detect the debris, sensors to 

detect UV Radiation, electron and photon 

count in atmosphere and etc.   

  

B. MOS B  

When it comes to space telecommunications 

research  and  development,  however, 

NASA’s space policy is dramatically different 

from that of other countries. In general terms the 

governments of India, China, Korea and Canada 

spend some 14% to 25% of overall space-

related funds for space Telecommunications. 

Japan, France, and ESA spend between 8% to 

12% of space funds in satellite 

telecommunications  development  and 

demonstrations, but NASA spends a fraction of 

1% of its total budget on satellite 

communications research.  
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Characteristics of MOS B:  

Mass: 3000kg  

Regime: Geostationary  

Power: 5kilowatts from solar panel  

No. of satellite : 4  

Transponder: L, C, Ku and Extended C, Ku 

Battery: NI-CD  

Purpose: Tele-communication, GPS and  

Meteorology  

  

MOS B satellite also has Very high resolution 

radiometer, Cameras for metrological imaging.  

The 3-axis, body-stabilized spacecraft design 

enables the sensors to see the earth constantly 

and thus more frequently image clouds, 

monitor earth’s surface temperature and water 

vapor fields.  

It also have Space Environment 

Monitoring(SEM) it helps to measure the 

effect of the sun on the near earth solar 

terrestrial electromagnetic environment.  

  

  

IV.GROUND CONTROL SYSTEM:  

  

A. TELEMETRY, TRACKING AND 

COMMAND (TT&C)  

SUBSYSTEM:  

The telemetry, tracking and command (TT&C) 

subsystem monitors and controls the MOS 

Satellite right from the lift-off stage to the end 

of its operational life in space. The tracking part 

of the subsystem determines the position of the 

spacecraft and follows its travel using angle, 

range and velocity information. The telemetry 

part gathers information on the health of various 

subsystems of the MOS encodes this 

information and then transmits the same. 

Thecommand element receives and executes 

remote control commands to effect changes to 

the platform functions, configuration, position 

and velocity.  

  

B. ALTITUDE AND ORBIT CONTROL 

SUBSYSTEM:  

The altitude and orbit control subsystem 

performs two primary functions. It controls the 

orbital path, which is required to ensure that the 

MOS is in the correct location in space to 

provide the intended services. It also provides 

attitude control, which is essential to prevent the 

MOS from tumbling in space and also to ensure 

that the antennae remain pointed at a fixed point 

on the Earth’s surface.  

The tracking, telemetry and command (TT&C) 

subsystem monitors and controls the junk rescuer 

right from the lift-off stage to the end of its 

operational life in space. The tracking part of the 

subsystem determines the position of the 

spacecraft and follows its travel using angle, 

range and velocity information. The telemetry 

part gathers information on the health of various 

subsystems of the junk rescuer. It encodes this 

information and then transmits the same towards 

the Earth control centre. The command element 

receives and executes remote control commands 

from the control centre on Earth to effect changes 

to the platform functions, configuration, position 

and velocity. The TT&C subsystem is therefore 

very important, not only during orbital injection 

and the positioning phase but also throughout the 

operational life of the rescuer.  

  

V. Conclusion  

  

In this paper we have proposed new type of 

satellite operation which can reduce space traffic 

and can provide many valuable resources. Will 

do more research to make this system work.  
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Abstract—The configuration of a low cost S 
band ground station that has been developed 
to track PISAT and other LEO  satellites in 
general has been reported. VHF/UHF 
frequency bands, conventionally used for 
student satellites, have limited  bandwidth 
restricting the data rate and severely getting 
affected  with high noise and interference. To 
address these limitations,  this paper proposes 
a scheme where the PISAT satellite is  
configured in the standard S-band (frequency 
band allotted by  ITU) for Telemetry. 

 Tracking and Commanding (TT&C)  
purposes, which enables transfer of payload 
data at higher rates  during limited visibility 
encountered as in a LEO. A significant  merit   
of this proposal is that the station can receive 
signals from  satellites with different 
polarizations.      

Index Terms—nano Satellite, S-band earth 
station, TT&C  system 

 

 

 

 

 

PISAT has a cuboid structure and is three axes 
stabilized with imaging payload and S-band 
communication system. Volumetric model of PISAT 
[3] with packages is as shown in Figure 1.   
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I. INTRODUCTION  

  

S band ground stations provide the feasibility of 
data transfer at a high rate and experimental 
communication with low earth nano satellites, 
which would in turn allow downlink of large 
amounts of data in restricted visibility times [1]. 
University satellites are privileged to use low cost 
S band ground stations along with the increased 
bandwidth it provides  

[1,2].   
PISAT, a nano satellite has been designed and 

developed at PES University (PESU), a leading 
technical institution, which has encouraged 
students to gain hands on experience with satellite 
technology and its operation involving a fully 
fledged ground station. A satellite has to be 
monitored and controlled from a ground station in 
addition to receiving payload data for further 
processing. The ground station established 
(12.9667ºN latitude and 77.5667ºE longitude) is 
capable of performing transmit and receive 
operations in the standard TT&C S-band, making 
PES University, the first Indian educational 
institution to establish a fully operational S band 
ground station. It comprises of the antenna control 
system, RF system, and the baseband processing 
system.  

 
Fig. 1 Volumetric Model with Packages   

PISAT consists of the following subsystems:  

  

• On Board Computer (OBC)   

  

• Imaging Payload   

  

• RF communication system   

  

• Power system   

  

• Attitude and Control System   

  

  

                         

 

  

  

II. S-BAND GROUND STATION  

  

PISAT is designed to receive S-band FSK/FM 
modulated signal, demodulate and extract the 
commands sent from ground station at 100 bps. 
The onboard system collects telemetry data and 
payload data, formats and modulates an Sband 
carrier for transmission to ground at 10 Kbps. The 
ground station at PES University is configured to 
cater to these needs and is very cost effective. The 
configuration is shown in Figure 2. 



 

 
 
 
 
 
 
 

       

 

Sl. 

No. 
  

  

Uplink Estimation for S-band 

TT&C 
    

Estimation 

parameter  
  

Estimated 

value 
  

  

1 

  

Modulation 

  

PCM/FSK/FM 

  

2 FSK sub carrier 
5.555 KHz / 

3.125KHz 

3 

  

Data 

  

100 bps 

  

4 Frequency 2030 MHz 

  

5 

  

Orbit 

  

630 Km 

  

6 

  

Elevation 

  

0 20 
  

7 

  

Range 

  

1450 Km 

  

8 

  

Path loss 

  

162 dB 

  

Ground Station EIRP Calculation    

      

9 

  

Tx. o/p (100W 

max.)  

  

100 W 

  

10 

  

Cable loss etc. 

  

2.0 dB 

  

11 Ant. diameter 3.7 m 

  

12 Ant. efficiency 50% 

  

13 Ant. gain 35.0dBi 

  

14 

  

EIRP 

  

53.0 dBW 

  

On Board G/T Calculation   

  

15 

  

Galactic noise 

  

300 K 

  

16 Ant. gain -3.0 dBi 

  

17 

  

Loss (ant. to 

LNA) 

5 dB 
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18 

  

Noise due to loss 

  

175 K 

  

19 

  

Rx. noise figure 

  

3 dB 

  

20 Rx. noise temp 299 K 

  

21 Total noise @ s/c 

ant.  

31.5 dB 

  

22 G/T of s/c -34.5 dB/K 

  

23 

  

Misc. loss 

(pol.loss) 

  

4 dB 

  

24 

  

Received carrier 

at ant.o/p  

  

-110 dBW 

  

25 Receiver 

bandwidth 

1000.0 KHz 

  

26 

  

KTB 

  

-137.1 dBW 

  

27 C/N in receiver 

bandwidth  

21.2 dB 

  

28 

  

C/N required- 

FM threshold  

  

  

10.0 dB 

  

  

Sl. 

No. 

  

  

Downlink Estimation for S-band 

TT&C 
    

  Estimation 

parameter  

Estimated 

value 

  

  

18 

  

Eb/No 

  

15.0 dB 

  

19 

  

-5 
Required Eb/No for 
10 BER  

  

9.6 dB 

  

20 

  

Imp margin 

  

1.4 dB 

  

21 Coding gain 4 dB 

  

22 

  

Margin 

  

8 dB 

  

  

Sl. 

No.  
  

  

Downlink Estimation for S-band 

TT&C 
    

Estimation 

parameter  
  

Estimated 

value 
  

  

1  

  

Modulation  

  

BPSK 

  

2  

  

Data rate  

  

10 Kbps 

  

3  

  

Coding  

  

Convolution-

1/2 

viterbi 



 

   TABLE II.    

  

         

     
  

   

  

   

  

Fig. 2 S-band Ground Station Configuration  

  

   

The PISAT is configured with dual circular 
polarization  onboard. Earth viewing and anti 
earth viewing sides are  mounted with 
orthogonal circular polarization antennas 
having  hemispherical coverage, thereby 
providing full omni coverage,  with cross 
polarization. The ground station antenna is  
configured to transmit and receive in orthogonal 
linear polarizations V&H. Though 3dB 
polarization loss is involved in both the links, 
sufficient link margin exists to take care of   

 the 3dB polarization loss as can be seen from 
the uplink  estimate given in Tables I&II.   

  

  

    

 

 

 

 

 

 

 

4  

  

Transmission data 

rate  

  

20 Kbps 

  

5  

  

Frequency in MHz  

  

2240 

  

6  

  

Orbit  

  

630Km 

  

7  

  

Elevation  

  

20º 

  

8  

  

Range  

  

1450 Km 

  

9  

  

Path loss  

  

162.5 dB 

  

10  

  

Data rate  

  

10 Kbps 

  

11  

  

Tx. o/p  

  

0.1 W 

  

12  

  

O/B loss  

  

2.0 dB 

  

13  

  

O/B Ant gain  

  

3.0 dBi 

  

14  

  

EIRP  

  

-15 dBW 

  

15  

  

Misc. loss (pol. 

loss)  

  

4 dB 

  

16  

  

Stn. G/T  

  

8.0 dB/K 

  

17  

  

C/No  

  

  

55.0 dBHz 
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TABLE I.     

  

  

 [Table I Contd.]     

[Table II Contd.]  
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Sl. 

No.  

  

  

Uplink Estimation for S-band 

TT&C 
    

Estimation parameter  
  

Estimated 

value 

  

  

29  

  

Margin for FM 

detection  

  

13.0 dB 

  

30  

  

FM mod index  

  

50.0 dB 

  

31  

  

FM improvement  

  

55.0 dB 

  

32  

  

S/N  

  

77 dB 

  

33  

  

Eb/No available  

  

37 dB 

  

34  

  

-5 
Eb/No required for 
10 BER  

  

15 dB 

  

35  

  

Eb/No margin for 

data  

  

22 dB 

  

  

  

III. TELEMETRY TRACKING AND 
COMMAND SYSTEM  

  

Reception of housekeeping data from the 
spacecraft for monitoring is called telemetry. 
Acquiring the orbit data and following the 
spacecraft along its trajectory is called tracking.  
Transmission of codes from the ground station for 
reconfiguring the onboard system of the 
spacecraft is called commanding. PESU Satellite 

Control Facility is configured with special 
equipments to establish radio link with the 
spacecraft for TTC support. PESU satellite 
control facility is shown in Figure 3. Table III 
gives the details of PESU control facility.  

  

  

Fig. 3 PESU Satellite Control Facility  

  

  

  

      

  

  



 

TABLE III.  

      

  

 Sl. 

No. 

  

  

PESU Ground Station Specifications 
      

    

System 
  

    

System 

Parameters 

& System 
values 

  

      3.7m paraboloid 

1 

  

Antenna   

    

Prime Focus  

Program Tracking 

       

   

Frequency: 

2200to2300 MHz 

Polarization: Linear 

2 

  

  

  

 
Downlink   

    

    

    

G/T: 12 dB/K  

Modulation: 

BPSK/QPSK/8PSK 

Data rate: Up to 10 

Mbps 

Decoding: RS, 

Viterbi 

       

   

Frequency: 2025 to 

2125 MHz 

Polarization: Linear 

3 

  

  

Uplink   

    

   

Gain: 33 dBi(typ) 

EIRP: 50 dBW(typ) 

Modulation: FM 

  

  

A. Antenna Control System  

  

The antenna control system is a closed loop 
control system with full digital servo, from 
command to feedback with travel/velocity limits 
incorporated. The control system is developed for 
two axes control (Azimuth and Elevation). Rate 
feedback is taken from the 13-bit absolute 
encoders to the antenna control unit. Servo is built 
for long term reliability for pointing and tracking 
accuracies. Separate drive and motors with 
incremental encoder and brake are placed for each 
axis. The antenna terminal is specially tailored to 
meet the requirements for tracking and data 
reception from LEO satellites in program track 
mode. The antenna terminal comprises of an 
Aluminium reflector assembly, 
AzimuthElevation mount pedestal, drive system, 

antenna control unit and feed assembly. The 
antenna is designed to withstand prevailing wind 
loads, to meet the pointing accuracies and 
stability requirements. Table IV below gives the 
antenna specifications.  

  

TABLE IV.  

  

Sl. 

No. 
  

Antenna Specifications  
    

System 

parameters  

System values 
  

1 

  

Reflector 

  

3.7m parabolic 

  

2 

  

F/D ratio 

  

0.40 

  

3 

  

Material 

(reflector) 

  

Aluminium 

  

4 

  

Surface Accuracy 

  

1mm 

  

5 

  

Pedestal type 

  

El. over Az., 

full motion 

  

6 

  

Azimuth angle 

  

0° to 360° 

  

7 

  

Elevation angle 

  

-50° to +185° 

  

8 

  

Velocity Az. 

  

100/sec 

  

9 

  

Velocity El. 

  

20/sec 

  

10 

  

Tracking 

accuracy 

  

±0.50 

  

11 

  

Pointing accuracy 

  

±0.20 

  

12 

  

Frequency 

  

2200 to 2300 

MHz 

  

  

                                                                                                

                                                                                            

[Table IV Contd.]  
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Sl. 

No.  
  

  

  Antenna Specifications  
      

  System  
parameters  

System values 
  

13  

  

Gain    

    

35dB 

  

14  

  

Return loss   

    

17dB (min) 20dB 

typical 

  

  

  

B. Antenna Control Unit (ACU)  

  

Antenna Control Unit is housed in control room 
and interfaced to pedestal drive unit. Antenna 
Control Unit  
consists of the following systems:  

  

• DSP Controller   

  

• Inbuilt GPS   

  

• User Friendly LCD   

  

• Front Panel Keypads   

  

The Antenna uses a DSP based PID Controller. 
It sends commands (azimuth angle, elevation angle 
etc) to the pedestal drive system and receives 
feedback from the absolute encoder. The overall 
control system will function with position control. 
The Antenna control unit will send the pulse 
command to the pedestal drive system and its 
automatic brake release can be achieved. The 
Antenna can be moved in either slew or digital  
mode.  

  

C. Feed System  

  

The Feed is a circular waveguide with probe co-
excitation in two orthogonal axes. The Low Noise 
Amplifier (LNA) is housed in the feed CAN (a 
whether proof cylindrical enclosure). The RF 
connector and the DC power connector are placed 
at the rear end of feed CAN.  

  

D. Telemetry System  

  

The antenna receives S-band downlink carrier 
from the satellite in V polarization. The LNA with 
65 K noise temperature ensures G/T of +12db/K. 
The received amplified signal is down converted to 
70MHz. The Local Oscillator (LO) of the down 
converter is programmable in 100 KHz steps over 
the down link TTC frequency band of 2200 to 2300 
MHz. The 70 MHz BPSK [4, 5] signal is 
demodulated, viterbi [6] decoded and de-
randomized and sent to telemetry/payload 
processor for further processing.  

  

E. Tracking System  

  

A sample Two Line Element (TLE) for a satellite 
is shown in Figure 4. This is obtained from the 
NORAD (North American and Defence) website:  
(www.celestrac.com).  

  

 
  

  

Fig. 4 Satellite Two Line Element Information 
(Courtesy NORAD)  

Based on the TLE data, a track file is 
generated using GLOBE („Graphical Look at 
Orbital Events‟ software). A track file generated 
for the intended satellite contains the date, UTC 
time, range, azimuth and elevation angle (look 
angles) information. UTC time and look angles 
for that particular pass of the satellite is stored in 
the ACU. As per the data stored, the controller 
rotates the antenna to track the satellite. 
Accurate geographical position and time 
reference for the tracking module is obtained 
from a GPS receiver built into the ACU. A 
tracking receiver for carrier recovery provides 
the Doppler output to support orbit estimation.  
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F. Telecommand System  The telecommand data at 

100bps is FSK modulated using  

5.555 KHz for bit „1‟ and 3.125 KHz for bit „0‟. 
The FSK signal frequency modulates 70 MHz 
carrier. The FM signal at 70 MHz is up 
converted to S-band, amplified to 100 W with an 
SSPA and transmitted through H polarization 
port of the feed. Provision is made to select LO 
frequency through the front panel control in 
steps of 100 KHz over the TT&C frequency 
band of 2025 to 2125 MHz. Front panel control 
is scaled to display the actual transmit 
frequency. A programmable attenuator in the up 
converter facilitates up link power control in 1 
dB steps.  

  

The satellite is still in development phase and 
plans for launching it into orbit are under way. 
The ground station is undergoing several 
iterations of optimization to handle different 
polarizations.  

  

IV. MODIFIED 

CONFIGURATION  

  

The ground station is capable of receiving 
signals with different polarizations from the 
satellite. Conventionally, omni coverage for the 
satellite is obtained by using a wide beam 
antenna on earth viewing side and a null filling 
antenna on anti earth viewing side. This 
configuration will have more deep nulls in the 
coverage region common to both antennas 
resulting in only about 85% coverage with about 
-10 dBi gain. Two antennas in orthogonal 
circular polarization with hemispherical 
coverage mounted on opposite sides of the 
satellite can provide 100% coverage with a 
minimum gain of about -5 dBi. When the 
satellite is unstable and in tumbling mode, 
ground station can receive signals from either 
polarization. The PISAT ground station is being 
reconfigured as shown in Figure 5.  

  

 
  

  

Fig. 5 Modified S-band Ground Station 
Configuration In Figure 5, a cylindrical feed with 
two linear orthogonal polarizations is used. The 
uplink is sent in linear polarization accounting for 
3dB polarization loss. This can be accommodated 
easily by increasing the transmit power from the 
ground station, since it is acceptable to have high 
power amplifiers on the ground. H-pol port of the 
feed is connected to the diplexer. The diplexer 
provides sufficient attenuation to isolate the 
transmit signal to the receiver to avoid any 
desensitization of the receiving system. The 
receiving V-pol port of the diplexer is connected to 
a quadrature hybrid coupler. The output signals of 
this coupler (RHC and LHC signals) are down 
converted to 70MHz and the strongest signal is 
selected using diversity combiner. The selected 
signal is amplified and demodulated. Bit 
synchronization for generating clock, decoding and 
de-randomization are carried out to extract data for 
post processing.  

  

V. CONCLUSION  

  

An S band ground station developed at PES 
University provides the additional edge for high 
speed data transfer, devoid of any noise and 
interference, unlike the conventional VHF/UHF 
bands. The configuration used for the ground 
station along with a modified configuration, to 
support future provisions to receive signal 
transmitted by the satellite in any polarization is 
presented. Program tracking capability allows the 
station to track satellites (LEO) based on the look 
angles calculated from the two line elements of the 
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satellite. The station has been successfully 
commissioned at the University.  
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The laser propulsion technology state-of-the-art 

and its market positioning as a disruptive 

innovation within the space launching industry is 

discussed. Potential implications of such a 

disruption to the space industry at large are 

envisioned. Conclusions on what to expect of the 

laser propulsion innovation in terms of its 

influence on the ways the global space industry 

will develop and operate in future are put 

forward.   

  

Introduction   

History of laser propulsion starts in the 1970-s 

with the pioneering works of A. Kantrowitz [1] 

and A. M. Prokhorov [2]. The International 

Symposia on Beamed Energy Propulsion held 

since 2002 contributed a lot to the scientific 

advances in the various aspects of the laser 

propulsion. Various prototypes of laser 

propulsion engines (LPE) were developed since 

then [3]. Notably, in 2002 - 2006 the 

experiments of launching by means of the pulse-

periodic CO2 laser the LIGHTCRAFT designed 

by Dr. Myrabo et al. [4] grabbed attention not 

only of the scientific community but also of the 

general public due to its futuristic way of 

operation similar to those we can find in science 

fiction.   

  

Laser propulsion technology   

Until recently mostly the subsonic laser 

propulsion was under scientific consideration, 

which produced some promising LPE designs 

and pointed out its current limitations, the most 

principal of which lies in absence of very high 

average power technological laser (> 1MW). 

Laser propulsion technology state-of-the-art is 

given in detail, for example, in [3, 5]. It was  

 

 

estimated in [5] that launching a payload of 

about 6 kg to the low Earth orbit (LEO) would  

require a CW or pulse-repetition mode laser 

generating 1 MW of average power 

continuously for some extended periods of time.   

  

The recent theoretical research by Y. Rezunkov et 

al. in the field of supersonic laser propulsion 

resulted in the new and much more efficient LPE 

design [6]. Though not eliminating a necessity of 

using the very high average power laser (> 1MW) 

it promises a potentiality of   

launching to LEO the significantly heavier specific    

  

Table 1. High average power lasers state-ofthe-

art  payloads than those earlier estimated for the 

subsonic laser propulsion, thus, increasing the 

practical interest towards laser propulsion 

technology as a potentially cheap and ecologically 

clean way of not so large payloads delivery to the 

Earth orbit. It also strongly urges construction of a 

very high average power laser for comprehensive 

experimental verification of the supersonic laser 

propulsion launching potential.   

  

High average power lasers   

The laser propulsion development toward its 

practical availability is intrinsically linked to 

progress in the very high power lasers' state-ofthe-

art which had been reflected in the numerous 

publications and proceedings of scientific 

conferences, notably, [5, 7, 8, 9]. Creation of the 

very high average power technological laser was 

dreamed of and targeted since the dawn of laser 

science and technology. To our knowledge, the best 

results were achieved in the mid 1990-s by B. 

Dymshits et al. who had designed and built a full-

scale  

Laser propulsion as an innovation phenomenon  
  

Iouri Pigulevski  
DLTECH Institute Sarl  

Ave. des Sciences 3, 1400 Yverdon-les-Bains, Switzerland   
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working mock-up of the supersonic CO laser 

which consistently demonstrated the average 

lasing power of 200 kW in CW mode of 

operation [10, 11,12].   

Today, twenty years later, no one so far was 

able to get more convincing and promising 

results of the very high average power lasing 

practical feasibility.   

  

While the construction of the full-scale 1MW 

average power technological laser was not 

achieved so far, the theoretical research didn't 

stop and produced the mathematical model of 

the laser operation in CW and Qswitched 

modes, followed by the plausible estimates of 

its operation under various conditions, also, for 

multiMW (up to 40 MW) laser's design [13 - 

17]. It was also shown that by its scope of 

potential applications CODL should be 

classified as a key enabling technology (KET).    

  

The current state-of-the-art in high average 

power technological lasers is given in the 

following table alongside the CODL's 

projected performance:   

Several years ago DLTECH Institute initiated 

construction of the high average power 

supersonic CO laser prototype (CODL), which 

project is successfully progressing. These 

efforts will result in having CODL built and 

operating in about 2 years.   

  

    

Having CODL practically available and 

operating in the near future at the average 

power levels over 1MW would enable the 

fullscale supersonic laser propulsion testing 

and, then, bringing it to rapidly growing 

nano/microsatellites sector of the launching 

market [18].   

  

Laser propulsion innovation (LPI) Now, let's 

imagine for a moment that supersonic laser 

propulsion has been developed and is, 

technologically, a great success.   

What benefits may it bring to business, industry, 

science and the common good ? What type of 

innovation would the laser propulsion 

technology allow to stage in a most beneficial 

and farreaching way?   

  

In order to cogently answer these questions, 

reviewing the current launching services market 

as well as some basic definitions and concepts of 

the innovation theories in relation to the laser 

propulsion might prove useful. This is the way to 

analyze the laser propulsion as an innovation 

phenomenon.   

  

Properly staging an innovation and 

marketpositioning its products, defining the 

correct ad hoc business models and, eventually, 

making a great business success out of it 

involves using a set of concepts and tools given 

in [19 - 23] which includes the Resources, 

Processes and Values (RPV) framework, the 

asymmetries of motivation and "jobs-to-be-

Parameters  CODL(CO  laser)  

projected  

SM61-45(CO laser)  

2  

YLS-50000  

IPG(fiber)  

Wavelengths range (µ)   2,6 - 8  10,6   1,070   

Average power (kW)   > 300 up to N x 1000  ≤ 45 (6 modules)   ≤ 50   

Specific weight (kg/kW)   ≤ 50  ≥ 400   ≤ 60   

Wall-plug efficiency (%)   ≥ 24 up to 50  ≤ 6   ~ 30   
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done" concepts, the Value Chain Evolution 

(VCE) theory, the  

Initial Market Foothold concept and more. The 

term innovation is used here to denote the 

economic category and the fundamental market 

development mechanism. The term 

innovationmeans “the process by which 

newgrowth businesses are created” [19] (pp. 7 – 

8). This is the only definition to be used for 

innovation in this study.   

  

Thus, notwithstanding the fact that it is based on 

the laser propulsion technology the laser 

propulsion innovation (LPI) means neither the 

technological improvements or amendments, nor 

the processes of making those within the R&D 

or engineering activities of any kind.  LPI means 

a creation of the new-growth business based on 

the laser propulsion technology.  

  

According to [19] (p. 34) “a sustaining 

innovation targets demanding, high-end 

customers with better performance than what 

was previously available”, while a disruptive 

innovation, in contrast, attempts to “bring to a 

market a very different value proposition than 

had been available previously” [20]. The 

newmarket and low-end disruptive innovations 

are those that enable the new-market and low-

end disruptions accordingly, for which a 

wellestablished set of criteria exists to define 

what type of innovation can be staged 

successfully under the particular given market 

circumstances and conditions [19] (pp. 45 –  

50).   

  

As of today, being still underdeveloped, the laser 

propulsion has no practical relation to the 

established markets and cannot, therefore, 

become a basis for a sustaining type of 

innovation.   

  

Not being sustaining does not automatically 

make an innovation disruptive.   

If LPI could bring to the existing markets a 

new market value proposition then it might 

qualify for being disruptive in relation to 

these markets. Indeed, can LPI be shaped into 

a disruptive innovation within the existing 

launching to LEO services markets?   

  

LPI due to its own technological constrains can 

target, at first, launching to LEO the payloads 

in a range of some kilograms [5], then, 

prospectively, dozens of kilograms and, 

eventually, some hundreds kg at the most. It 

will never be able to lift up to LEO a ton or 

more.   

  

Looking broadly at the current launching 

services global market picture, we can see that 

there is a small group of large incumbents such 

as NASA, Roskosmos, ESA, ISRO, CNSA that 

historically and successfully launch objects 

into space. The majority of their business 

comes from the state funded science and 

military programs as well as the telecom and 

meteoforecast industry. The incumbents are 

mostly involved in a sustaining type of 

innovation trying to improve the existing 

launching capabilities in terms of bigger power 

and payloads in order to get the high-end 

customers satisfied and ready to pay more. 

Today, they are capable of launching payloads 

of dozens of tons to LEO and beyond. 

Servicing the nano/microsatellites niche 

market is complimentary and less important to 

the incumbents as it is far less lucrative. Their 

core values and management processes are not 

designed for and, thus, incapable of targeting 

the niche markets. Also, their business models 

do not favor lowering the specific costs of their 

services neither regular, nor complimentary. 

Generally, no incumbent is interested in a 

niche market until it goes mainstream.   

  

At the same time, during the last decade several 

dozen of the private start-ups were formed 

worldwide to provide space industry with the 

alternative and improved options in launching 
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services. These companies are seeking to 

establish themselves on the market by mostly 

making the launching services cheaper. For 

example, the first thing one sees on the Jeff 

Bezos’ “Blue Origin” website is a slogan: 

“We're working to lower the cost of 

spaceflight”. To do so they are targeting both, 

(1) improving the existing launching 

technologies (sustaining innovation) and (2) 

introducing the disruptive business models 

(low-end disruptive innovation). To be on par 

with the incumbents in (1) the market entrants 

actively cooperate with the top technical 

universities and hunt for their best graduates to 

employ them. When necessary, they can go far 

to win over the key space engineering 

personnel from NASA and large aerospace 

corporations. As to (2), very much in 

accordance with the modern disruptive 

innovation theories mentioned earlier, the most 

successful entrants, e.g. SpaceX, do not borrow 

the managerial practices and processes from 

the large incumbent corporations and, of 

course, don’t hire the managerial personnel 

from these corporations as doing so would 

compromise their ability to stay on the 

disruptive innovation course. Some start-ups 

aren’t as successful as SpaceX not only because 

they may lack as strong a leadership but, 

because, often inadvertently, they mix into 

their business strategies and managerial 

practices those from and pertinent to the large 

corporations, which strategies and practices 

squash the start-up’s disruptive initiative from 

inside. The values and processes of the market 

entrants and large corporations do not mix 

successfully.   

  

Activities of the new space market entrants are 

often called the “New Space Age” as their 

business approach and efficiency disrupt the 

established incumbents and make them change. 

NASA, for example, is more and more 

outsourcing the launching business to the private 

companies and shows tendency of gradually 

becoming a financing and controlling agency for 

the launching services. It seems logical from the 

common sense point of view as e.g. SpaceX 

demonstrates much higher technological and 

cost efficiency than NASA could ever achieve. 

Again, the E. Musk’s SpaceX low-end launching 

services disruption is based mostly on the 

business model innovation rather than 

introducing a new launching technology. 

SpaceX takes currently on the mainstream 

launching tasks accorded by NASA such as 

supplying the ISS (along with a few other 

NASA’s private contractors) and putting the 

large satellites to LEO. Actually, SpaceX is 

heading full speed toward its own near future 

incumbency where it will have all the means and 

motivations to innovate sustainably rather than 

disruptively, unless, its pioneering ambitions 

will lead it into the newmarket disruptive 

innovations such as the permanent 

outposts/settlements at LEO together with 

Bigelow Aerospace or implementing a plan for 

launching the nanosatellites in swarms and, thus, 

strongly challenging the scope of demand in 

global launching services. But, trying to combine 

within one company, which is getting really 

large, the mainstream business and disruptive 

innovation, historically, tripped some great and 

seemingly unsinkable corporations which are no 

more.   

  

At the same time, the launching services 

targeted by Virgin Galactic (SpaceShipOne) 

have a very different nature, product and 

business model than those of SpaceX. Virgin 

Galactic shapes its innovation as mostly a new-

market disruption (targeting the 

nonconsumers). At the same time it can be, to 

some small degree, seen as a low-end 

disruption of the lucrative space tourism 

business conducted for the last twenty years 

from Russian facilities by Space Adventures.   

  

LPI disruptive opportunity   

Despite of the very rapid growth of the market 

demand [18] and ambitious plans of SpaceX in 

launching the loads of nano/microsatellites, 

there is no adequate launching technology to 
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address this market niche in a cheap, 

convenient and ecologically clean way. Today 

as yesterday, the nano/microsatellites are 

launched to LEO by means of conventional 

chemical propulsion rockets, mostly, as a 

hosted supplementary payload. Launching 

them in bunches does not eliminate the 

expensive economies of the contemporary 

space transportation.   

  

Where there is a problem, there is an opportunity.   

  

The following table of the launching to LEO 

operational costs by different providers 

demonstrates the low-end disruption 

opportunity for LPI in the 

nano/microsatellites launching niche market:   

  

Table 2. Launching services costs comparison   

Launching System   

Operational 

Cost (k$/kg)  

Laser  Propulsion  

(projected)  
0.01  

Rockot  
10  

Athena 2  
12  

Taurus  
20  

SpaceX  
5  

Pegasus XL  
24  

Long March CZ-2C  
30  

Athena  41  

  

Low cost is essential for the low-end disruptive 

innovation as initially it targets substitution of 

the existing product or service to the one, 

which is less expensive and more convenient.   

  

Convenience of using the product or service is 

another important factor to be taken into 

consideration.   

  

Aside of the low cost, LPI will be able to provide 

for the standard sizes of payloads almost an 

instant “on demand” launching service also 

repeatedly with practically any frequency of the 

launches. This is something, which can only be 

an unattainable dream within the existing setup 

of launching services and technologies as to 

prepare a launch of a payload to LEO takes 

currently a long time.   

  

Another added value inherent to LPI is the 

intrinsic environmental cleanness of laser 

propulsion technology. In the modern world of 

highly elevated environmental concerns it 

becomes an important factor in competition for 

market.   

  

The launching capabilities and services offered 

today by the incumbents clearly and by large 

margin overshoot the launching needs pertinent 

to necessities of the nano /microsatellites sector 

of launching market which makes them too 

expensive and cumbersome. Exactly this 

circumstance of the market overshooting opens 

up the low-disruption opportunity to the 

knowledgeable and audacious launching market 

entrants.    

  

More niches of the future launching market can 

be envisioned for LPI based on the "job-to-

bedone" approach [20]. For example, serving the 

ISS and future orbital settlements with the rapid 

"on demand" parcels delivery would de facto 

create the first Space Postal Service. 

Historically, the postal services followed closely 

the pioneers / settlers to the farthest frontiers.   

  



-33-  
  

Also, in the not so distant future the large 

satellites and deep space missions will be 

routinely assembled at LEO and, then, launched 

or put into operation right from there, 

eliminating a painful necessities of overcoming 

the planetary gravitation and polluting the 

atmosphere as it happens today when every 

payload is launched to space from the ground or 

airplane. The laser propulsion projected ability 

to ship the materials and equipment, piece by 

piece, with any frequency and very cheaply to 

LEO, even if the maximum weight of a single 

payload won't soon exceed 100 kg, may make 

economically viable setting up the industrial 

facilities at LEO, under protection of the 

magnetic shield of Earth.   

  

Building an efficient and inexpensive 

transportation link from Earth to LEO is, 

probably, the most critical key factor which will 

either hold down or let the space industry 

quickly develop as all the components of space 

exploration, including the deep-space travel, 

heavily depend on the possibility to build the 

necessary industrial infrastructure and 

cosmoports at LEO.   

  

Thus, LPI, in addition to the low-end 

disruption, can be shaped in future as a 

newmarket disruptive innovation as the 

following graph shows.   

  

  
  

  

 

Conclusions 

1. The latest new supersonic laser 

propulsion engine (LPE) design 

promises a significant increase in the 

laser propulsion lift-power [6].   

2. Further development of the laser 

propulsion technology and innovation 

is  

International Conference Lasers’96 , Portland,   

hindered by absence of the technological laser 

with sufficiently high average power output 

(>1MW).   

3. In order to enable LPI, the DLTECH  

Institute is building, based on its proprietary 

know-how, the laser capable of 1MW average 

power output (CODL).   

4. The exponential growth in demand for 

launching the nano/microsatellites 

provides the laser propulsion 

innovation (LPI) with an outstanding 

low-end disruptive innovation 

opportunity. This type of innovation 

enjoyed, historically, the high chances 

of success.  5. If properly approached 

and staged, the low-end disruptive LPI 

may lead its business proponents to the 

long-term global market leadership in 

the nano/ microsatellites sector of the 

launching to LEO market.   
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Abstract- Humans have a lot of achievements and 

glory in his history of space voyage. There are no 

words to tell this where we have reached or not, 

but behind this success we have faced a lot of 

challenges. There are several serious issues 

related to the space travel, which are concerned 

with the effect of space environment on human 

body. Some of the difficulties and effects on 

human body are discussed in this paper. How 

human body act when it leaves earth atmosphere, 

how body will create suitable condition in outer 

space? These questions always arise in mind. 

Prevention or control of exposure can be 

significantly reduced by the use of technology 

which may otherwise cause astronaut ill health. 

Use of technology to reduce radiation effects can 

ensure that astronauts work in a safe 

environment. The main objective is to discover 

how well and for how long people can survive the 

extreme conditions in space, and how fast they 

can adapt to the Earth's environment after 

returning from their voyage. Since space travel 

was first experienced, a great deal of research has 

been focused upon the effects of space on the 

body.  This research, and the developments that 

go along with it, has extended the amount of time 

a person is able to stay in space from about 2 

hours to over a full year in space.  It is also 

projected that soon not only will the “highly 

trained and dedicated astronauts” be the ones 

traveling to space, but the common citizens with 

also have this opportunity. Yet before this can 

happen, the effects on the human body must be 

minimized. Unbearable lightness and 

environmental health in space are two scientific 

articles that address the harmful effects of space 

travel on the human body. Weightlessness is the 

cause of many problems astronauts  
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experience in space. The problems that occur in 

space due to weightlessness are motion sickness, 

weakening of the muscles and bone loss. Scientists 

are now experimenting with new ideas and 

simulations to find ways to counteract the effect 

on the body due to the lack of gravity. Hyper 

gravity and the usage of centrifuges are a few 

possible ways to improve the ailments caused in 

space. The environment of space is still largely 

unknown, and there will likely be as yet unknown 

hazards. Meanwhile, future technologies such as 

artificial gravity and more complex bio 

regenerative life support systems may someday 

be capable of mitigating some risks.   

Index term- Gravity effect, Bone degradation, 

Cardiovascular system   

1. INTRODUCTION   

At the earth surface the gravitational force affect 

most of the physical activity of human. The weight 

of a person correspond to the force exerted upon the 

mass of the human body by the earth gravitational 

field.    

When space shuttle was used they were circling at 

320 km altitude around the earth and at an orbital 

velocity of about 28000 km/hour. Under these 

condition the gravitational force on the astronaut was 

negligible and they experienced the weightlessness 

with in moments, they exhibited a marked swelling 

in the tissues of their head and neck and soon their 

waistline and legs became substantially slimmer 

while their chest expanded.   

In addition to this cardiovascular deconditioning, 

muscle atrophy and bone degradation represents 
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major hazards associated with human travel and 

habitation in deep space. The human body is 

designed to live under 1g (9.81 m/s2) as on earth.  

Hence to make rapid progress in space development 

it is important to understand the changes on human 

body. Under microgravity the most serious problems 

produced by microgravity is a fluid shift from lower 

to upper body.   

2. PUFFY FACE AND BIRD LEG SYNDROME   

On earth the heart is programmed to distribute blood 

evenly throughout the body. At the lower limits the 

blood is naturally drawn downward by the force of 

gravity but heart must do more work to supply the 

upper body. In space, bodily fluids no longer flow 

back down naturally by gravity. The heart is still 

programmed the way it was on Earth. So, under the 

pressure of the heart and the veins and arteries, the 

blood rushes to the person’s torso and head, and they 

then experience “puffy face syndrome.” The veins of 

the neck and face stand out more than usual the eyes 

become red and swollen. This effect is often 

accompanied by nasal congestion and sometimes 

even headaches. Astronaut’s legs also grow thinner, 

because instead of dropping effortlessly down to the 

lower limbs, the blood has to be pumped there by the 

heart. Particularly because of physiological changes 

such as these, astronauts suffer from space sickness 

or space adaptation syndrome (the space version of 

what we call motion sickness on Earth). About 40% 

of those who have gone into space have had 

dizziness or nausea. Both generally wear off after 2 

or 3 days, as soon as the astronaut’s body has had 

time to adapt.   

  

Fig.1 Changes occurs at space in the human body    

3. BONE AND CALCIUM LOSS   

Bone and calcium metabolism have been a subject of 

concern specials for space travelers. Since before 

human space flight was a reality. We have improved 

our understanding the effects of space flight on 

calcium and bone. From decades space flight bone 

and calcium loss due to space flight have been 

documented from decades. There has also been 

several evaluations of ground base analogs including 

the most common bed test.   

For space induced bone loss, bed test is a viable 

model. Which produce metabolic changes and bone 

loss that are quantitatively similar to those brought 

on by space flight but have a smaller magnitude bone 

loss in bed test is about 50% of that observed in 

space flight?  

From Gemini and Apollo missions of the 1960s and 

the early 1970s documentation of negative calcium 

balance and increased calcium excretion during 

space flight were conducted. Although urinary and 

fecal calcium excretion were shown clearly to 

increase on short duration space flights (1-2 weeks 

of flight) not until longer Skylab mission were flown 

(1973-1974) were actual changes in bone observed.   

The studies of long duration studies on changes in 

bone during space flight became possible when in 

the 1990s  the Russian space station Mir was  
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launched. In general, a 1.0%– 1.5% loss of bone 

mineral density occurred per month of space flight. 

Bone biochemistry studies in the 1990s also 

expanded significantly, largely fueled by the 

identification of collagen crosslinks as markers that 

could be used to assess bone resorption, and 

development of immunoassays to measure these 

crosslinks along with markers of bone formation. 

Novel techniques are being developed to assess 

overall bone balance using stable isotopes of 

calcium. These techniques will be beneficial because 

they are noninvasive (only a urine sample is needed), 

might be possible to do during flight, and will give a 

picture of overall bone balance instead of resorption 

or formation alone.   

4. DROP TOWER   

The drop tower, schematically shown in figure isa 

facility developed for use by the scientific and 

engineering community. Capable of 2.0 seconds of 

high quality reduced gravity, at relatively 

inexpensive testing costs, it provides an excellent 

testing environment for any investigation requiring 

access to reduced-gravity conditions.Test duration is 

2.0 seconds (in reduced gravity), and it is possible to 

conduct between 15-20 tests per day   

  

  Fig.2Drop Tower   

  

  

              Drop tower functional parameters   

  

  

5. CARDIOVASCULAR SYSTEM   

The cardiovascular system is heavily dependent on 

the gravity. The gravitational field, the body 

posture, and the characteristics of blood vessels 

jointly determine the distribution of blood and 

consequently a number of cardiac pumping factors, 

including heart rate, heart size, stroke volume, 

blood pressure, oxygen uptake, blood volume, etc. 

Under microgravity conditions, the heart no longer 
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needs to sustain blood flow against gravitational 

stresses, causing the reduction of heart rate and 

cardiac output according to decreased demands. 

The decrease of cardiac output is also manifested in 

terms of maximal oxygen uptake. The adaptation to 

microgravity also reduces the heart size and stroke 

volumes. Stroke volumes of both ventricles have 

been observed to decrease by 20%-30% in either 

supine and upright postures, according to results 

from the US space station Skylab.    

  

Fig.3 Changes in the supine in gravity variation   

6. PARABOLIC FLIGHT   

Where an aircraft travels a parabolic trajectory and 

the plane’s contents become weightless for 20-30 s. 

t is possible to initiate the parabolic flight path from 

the top of the arc; this provides a transition directly 

from 1 to 0g, but reduces weightless time to about 

15s. The terms “microgravity,” “zerogravity,” and 

“weightlessness” are technically incorrect when 

applied to parabolic flight and to space travel in the 

solar system because gravity (and thus weight) are 

not zero, yet we have used accelerations of air- and 

spacecraft to negate its effects.    

  

Fig.4 Parabolic Flight graph   

  

7. CONCLUSION.   

Over 50 years of human spaceflight has shown that 

the human body can adapt to the microgravity 

environment through many functional changes, 

including fluid and tissue redistribution, allowing 

humans to live and work in space for extended 

periods. Unfortunately, these adaptations can lead 

to short- and long- term loss of physiological 

function and increased risk of serious medical 

conditions. Upon introduction into microgravity, 

the most obvious effect of spaceflight is the 

aggressive redistribution of bodily fluids from the 

legs toward the upper body, including blood, 

plasma, cerebrospinal fluid and lymph. The acute 

response can be studied within the 20-second 

intervals of microgravity seen in parabolic flight. 

The heart becomes more spherical, and the bulk 

fluid/tissue distribution shifts in the cephalic 

direction almost immediately. Plasma volume drops 

sharply and reaches a new equilibrium within about 

two days. During and after the gross redistribution, 

regulatory processes, osmotic and transmural 

pressure gradients and tissue stress gradients 

continue to refine the compartmental distribution of 

the fluids. The rearrangement of body mass 

distribution is essentially complete by the middle to 

end of the second week of flight. All of the tissues 

in the human body are subjected to a substantially 

different set of biomechanical stresses  
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in the spacecraft environment, and they may be in  

excess of those routinely encountered on earth. 

Over the course of many weeks or months, some 

tissues, such as the sclera, have the capacity to 

remodel in order to realign their biomechanical 

properties with the new homeostatic state   
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Abstract - The electromagnetic ion 

cyclotron (EMIC) waves with 

temperature anisotropy are investigated 

in an inhomogeneous magnetosphere of 

Uranus. Following kinetic approach, the 

growth rate of EMIC waves is studied 

theoretically, after the injection of cold 

plasma beam in the Uranian system. By 

using the method of characteristic 

solution, the expression for dispersion 

relation is drawn. The observations made 

by a space craft launched by NASA, 

Voyager 2, showed that Uranian 

magnetospheric plasma contains more 

particles in high energy tail. Therefore, in 

this paper Kappa distribution is 

employed instead of usual Maxwellian 

distribution. The study focuses on the 

parallel as well as the oblique 

propagation of EMIC waves with 

variation in temperature anisotropy, 

energy density of ions and angle of 

propagation with respect to magnetic  

 

 

field direction. It is found that these 

parameters support the growth rate of 

EMIC waves in the Uranian 

magnetosphere. Numerical analysis also 

revealed that as the ratio of number 

density of cold to hot plasma increases 

growth rate of EMIC waves also 

increases. Thus denser the beam is 

injected, more the growth can be 

observed. It is also inferred from the 

graphs plotted that EMIC wave 

propagating obliquely grows more 

significantly than in case of parallel 

propagation. These results are 

appropriate for applications to space 

plasma environments and 

magnetospheric regimes for detailed 

comparative planetary study.  

Keyword - Uranus, Kappa distribution, Ion-

cyclotron waves.  
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1. Introduction  

The electromagnetic ion–cyclotron emissions 

are present all over in the solar wind [1], thus 

spreading in the planetary magnetospheres 

[2]. The priority to investigate ion cyclotron 

waves is set high due to its ability to heat and 

accelerate ions. Even the electromagnetic 

fluctuations has proved to be interesting 

subjects in space explorations [3-5]. The 

electromagnetic ion cyclotron (EMIC) 

instability propagates approximately parallel 

to large scale magnetic field. It is driven by 

temperature anisotropy, which is surplus of 

transverse kinetic energy of ions [6]. Such 

energetic ions and electrons were observed by 

a Voyager 2, during its closest approach to 

the ice giant planet Uranus in 1986 [7]. 

Voyager 2 is the spacecraft launched by 

NASA for interstellar mission and to explore 

planets of solar system. Along with particle 

profile, the plasma wave instrument carried 

by the space craft, detected very impressive 

phenomenas related to radio emissions and 

wave-particle interactions when Voyager 2 

traversed magnetosphere of Uranus [8].   

Work reported by Cheng et al. [9], explains 

energetic electron and ion phase space 

densities, therefore declaring magnetosphere 

of Uranus as third active planetary 

magnetosphere that exhibits presence of 

substorm activities, followed by Earth and 

Mercury. Such energetic populations are very 

well dealt by generalized Lorentzian 

velocity-distribution function, also called 

Kappa Distribution function [10]. 

Suprathermal tails have been observed in 

Uranian magnetosphere and kappa 

distribution is found suitable for observations 

and satellite data [7, 11]. This enables us to 

study energetic particles with kappa 

distribution function in the magnetosphere of 

Uranus. Additionally we also propose to 

study theoretically, beam effects on the 

electromagnetic ion-cyclotron instabilities 

existing in Uranian magnetosphere. The 

growth rate for oblique and parallel 

propagation of EMIC waves are also 

calculated for better comparison.        

2. Dispersion Relation and Growth 

Rate  

A spatially homogeneous anisotropic, 

collisionless plasma subjected to external 

magnetic field Bo = Boeˆz and an electric field 

Eo = Eosin(υ t)eˆz has been considered.  

Under the conditions of ion cyclotron 

instability, the derivation for the expression 

of dispersion relation has been achieved. 

Following the technique of Pandey et al. [12] 

and recent work done by Pandey and Kaur 

[13], expression for growth rate and real 

frequency are derived as:  

  

 π ⎛(k −1)!k k−1/2 ⎞ 3 ⎧ ⎛k3 ⎞⎫−2k 

γ k~ ⎜⎜⎝ (k −3/2)! ⎟⎟⎠(AT − K4 )K3 ⎩⎨−⎜⎜⎝ k~ ⎟⎟⎠⎬⎭   

 = ~2 ~2 

ωc k ⎡ k k ⎤ X1i 2 (δ−1)K2 

1+ ⎢ 2 + (AT − K 4 )⎥− K3 +

 3
2 k −3/2 ⎣2K3 K3 ⎦ X1e (1− X3 ) 

      

X3 = ωr = k~2 ⎡⎢ X1i + ATβX1e ⎤⎥ ωc δβ ⎣X1i 

−X1e 2(X1i −X1e )⎦ 

Where K3 =1−X3 +X4 and K4 = 
X3   

1−X3 + X4 

β=KBT||μ2 

ono and δ=1+ 

nc 4 (1+X ) 
 Bo nw 

3. Plasma Parameter:  

Following plasma parameters have been 

adopted for the calculation of the growth rate 
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for the lorentzian-kappa driven 

electromagnetic ion-cyclotron waves in 

Uranian magnetosphere [14]. Ambient 

magnetic field Bo=2.4x10-10T, electric field 

Eo=4x10-3V/m and ratio of number of cold to 

hot particles nc/nw =10, 15, 20has been 

considered. Temperature anisotropy AT is 

supposed to vary from 0.25 to 0.75. The 

thermal energy (KBT||) of electrons is taken to 

be 0.3 eV and that of energetic ions be 1KeV, 

2KeV and 3KeV.  

4. Results and Discussion:  

Fig.1: Variation of Growth Rate with 

respect to k for various values ofT⊥ T at 

nc/nw = 10, KBT||= 1KeV and other fixed 

plasma parameters for parallel 

propagation.  

  

 
Fig.2: Variation of Growth Rate with  

~ 

respect to k for various values of KBT||, at 

T⊥ Tll =1.25, nc/nw = 10 and other fixed 

plasma parameters for parallel 

propagation.  

  

 

Fig.3: Variation of Growth Rate with  
~ 

respect to k for various values ofnc/nw at 

T⊥ Tll =1.25, KBT||= 1KeV and other fixed 

plasma parameters for parallel 

propagation.  

  

Figure 1 shows the variation of growth rate 

with respect to wave number for different 

values of temperature anisotropy. Since T⊥

T|| = AT + 1, it is seen in graph that as 

temperature anisotropy increases growth rate 

increases when waves propagate parallel to 

ambient magnetic field. For AT= 1.25, 

maximum growth rate is γ ωc =0.4995. For T⊥ 

T|| = 1.5, γ ωc = 0.6270. Similarly, for  

T⊥T|| =1.75, growth rate isγ ωc = 0.7207.  

For  various  values  of  temperature  

~ 

anisotropy, the peak value appears at k =1.4. 

Thus, temperature anisotropy becomes the 

dominating source of free energy in the 

magnetosphere of Uranus. Figure 2 shows 

the variation of growth rate with respect to ~ 

k for various values of energy density of ions. 

ForKBT||= 1KeV, maximum growth  

~ 

  

  

  

~ 
ll 
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rate γ ωc = 0.4995 at k =1.4 while propagating 

parallel to magnetic field direction. When AC 

frequency changes to 2  

~ 

KeV, peak occurs at k =1.8 withγ ωc =  

0.8082.  And for KBT||= 3 KeV, growth rate  

~ 

increases to γ ωc = 0.9358 at k =2.0. With 

increase in energy of ions, growth rate of 

EMIC waves increases. Even the minimal 

presence of such energetic ions modifies the 

perpendicular thermal velocity, therefore 

modifying the perpendicular component of 

energy. The results are in accordance with 

behavior of terrestrial magnetosphere [15]. 

Figure 3 shows the variation of growth rate 

with respect to wave number for various 

number densities of the particles. The 

energetic hot ions form the background and 

cold beam injection is assumed. Therefore, 

we deal with the ratio nc/nw. For nc/nw =10 

and nc/nw =15, γ ωc =0.4995 and 0.5957 at ~ k 

=1.4 and 1.6 respectively. And at nc/nw ~ 

=20, γ ωc = 0.6750 and k =2.0. The  

~ 

corresponding k value maxima shifts from 1.4 

to 2.0. Broadening of the wave spectrum and 

shift to higher wave number for higher ratio 

nc/nw is clearly visible in the graph. We find 

that as the number density of beam increases, 

growth rate increases.    

Fig.4: 

Variation of Growth Rate with  

nc/nw = 10, KBT||= 1KeV and other fixed 

plasma parameters for oblique propagation 

at θ=10o.  

  

 

Fig.5: Variation of Growth Rate with  
~ 

respect to k for various values of KBT||, at T⊥

Tll =1.25, nc/nw = 10 and other fixed plasma 

parameters for oblique propagation at θ=10o.  

  

 

  

respect to  k 
~ 

 for various values of ll T T ⊥  at  
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Fig.6: Variation of Growth Rate with  
~ 

respect to k for various values ofnc/nw at T⊥

Tll =1.25, KBT||= 1KeV and other fixed 

plasma parameters for oblique propagation 

at θ=10o.  

  

 
Fig.7: Variation of Growth Rate with  

~ 

respect to k for various values of θ at T⊥ Tll 

=1.25, nc/nw = 10, KBT||=1KeV and other 

fixed plasma parameters.  

  

Figure 4 shows that as the value of ratio of 

temperature (perpendicular) to temperature 

(parallel) ie. T⊥ T|| increases growth rate of  

EMIC waves increases when waves 

propagate oblique to ambient magnetic field. 

From graph we can see that for value of ratio 

of temperature (perpendicular) to 

temperature (parallel) ie. T⊥ T|| = 1.25,  

~ 

γωc = 0.8374 at k maximum growth rate 

=1.8. When  T⊥ T|| becomes 1.5, peak is  

~ 

observed at k =2.0 with γωc = 0.9594.  

And for T⊥ T|| =1.75, growth isγ ωc =  

~ 

1.0464 again at k =2.0. Temperature 

anisotropy increases the growth rate by 

shifting the resonance conditions. Figure 5 

shows the variation of growth rate with  

~ 

respect to k for various values of energy 

density of ions. Even when the EMIC waves 

are propagating oblique to magnetic field 

direction, as the energy of ions increases, 

growth rate of waves increases. The results 

can be compared with work done by Ahirwar 

[16] for electromagnetic electron cyclotron 

waves. Figure 6 shows the variation of 

growth rate with respect to wave number for 

various number densities of the particles 

when oblique propagation of EMIC waves 

are considered. For nc/nw =10 γ ωc 

~ 

=0.4995 and nc/nw =15 and at k =1.4 and  

1.6 respectively. And at nc/nw =20, γ ωc =  

1.0907 and 
~

k =2.6. The corresponding 
~

k 

value maxima shifts from 1.8 to 2.6. Similar 

behavior of growth is observed. It increases 

as the density of the beam increases. Figure 

7 shows the variation of growth rate with  

~ 

respect to k for various values of oblique 

angle of propagation of energetic ions. It is 

clearly seen in the graph that for θ=10o the  

~ 

peak value γ ωc = 0.8374 appears at k 

=1.8, for θ=20o the peak value γ ωc =  

 ~ o 

0.8464appears at k =2.0 and for θ=30 the 

peak value γ ωc = 0.8434 appears again at ~ 

k =2.2. And real frequency decreases with 

increase in value of oblique angle. As the 

value of oblique angle increases from 10o to 

30o the growth rate increases.As the value of 

oblique angle formed between magnetic field 

direction and propagation vector increases 

from 10o to 30o the growth rate increases. 

After 40°, the non-resonant instability starts 

contributing and electromagnetic component 

is replaced by electrostatic component [17].  
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5. Conclusion:  

In this paper electromagnetic ion cyclotron 

waves have been studied for Lorentzian 

Kappa distribution function under the effect 

of beam, in the magnetosphere of Uranus. 

The expression for dispersion relation, real 

frequency and growth rate is evaluated 

following the kinetic approach. Analyzing 

the effect of temperature anisotropy, angle of 

propagation and number density of beam 

particles, it is inferred that these parameters 

are favor for the growth of EMIC waves. The 

oblique propagating waves grow more 

significantly than waves which are 

propagating parallel to magnetic field 

direction. These results are appropriate for 

applications to space plasma environments 

and various magnetospheric regimes for 

detailed comparative planetary study. The 

results above present a further insight into the 

nature of this instability condition for the ion-

cyclotron waves by assuming ions as 

dominating energetic particles [18] 

depending on geomagnetic activity in the 

magnetosphere of Uranus.  
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Abstract—Extravehicular Activity (EVA) is 

one of the critical and essential aspect of manned 

space missions. Many important tasks, such as 

construction and maintenance of space stations, 

repair of important space equipment, even 

rescue for spaceflight accidents, need to be 

implemented by astronauts outside the space 

vehicles. However, EVA is a difficult and 

expensive task and should be executed in 

constraints of time, work space and energy by 

astronauts wearing space suits. Therefore, 

astronaut needs to be trained before 

implementation of EVA task. All of the 

preparations need to be carried out based on 

studies of astronaut motions. Until now, 

development and training activities associated 

with the planned EVAs in Russian and U.S. 

space programs have relied almost exclusively 

on physical simulators. These experimental tests 

are expensive and time consuming. During the 

past few years a strong increase has been 

observed in the use of computer simulations due 

to the fast developments in computer hardware 

and simulation software. Simulation models are 

now a days the easier and more economical way 

to check the implementation process in the 

earlier stages. Based on this idea an effort to 

develop a computational simulation system to 

model human dynamic motion for EVA has 

been initiated. The objective of the study 

demonstrates the significant values of 

simulation of the astronauts EVA tasks using 

the multibody dynamic analysis. Although the 

system’s utility extends to a broad range of  

 

 

human motion tasks and robotics, including  

earth based studies. This study focuses on the 

simulation of an astronaut moving the orbital 

replaceable units into the worksites or removing 

them from the worksites. The upper limb model 

is modelled, which includes three segments of 

upper arm, forearm, and hand respectively. 

Modelled virtual upper limb model is simulated 

using ADAMS/LifeMOD® software. kinematic 

mechanism of joint angles during the 

astronaut’s task can be studied with angular 

velocities, accelerations and torques. This 

research has a great value for on-ground 

training and planning of astronaut tasks in 

orbit.  

  

key words —Extra vehicular activity, 

Biomechanics,Inverse  

kinematics, Human body modelling. 

  

I.INTRODUCTION   

A dramatic expansion in extravehicular activity 

(EVA) occurred during the Space Shuttle program, 

this capability will tremendously benefit future 

space exploration. Analysis of astronaut’s motions 

must be carried out before extravehicular activity 

in order to design the missions and build the 

guidelines for astronauts training. Previous studies 

present background information on EVA and 

simulation techniques to familiarize the reader with 

the unique challenges of performing EVA.   
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David A. Morgan, Robert P. Wilmington [1] 

conducted experiments to know the strength of 

subjects suited in extravehicular mobility units 

(EMUs) or Space Shuttle suits and was compared to 

the strength of unsuited subjects. The authors devised 

a systematic and complete data set that characterizes 

isolated joint torques for all major joints of EMU 

suited subjects. From the results the authors found that 

shoulder abduction for suited conditions differ from 

that of the unsuited condition. David B. Rahn [2] 

developed a dynamic model of extravehicular 

mobility unit space suit and applied to the simulation 

of several extravehicular activity tasks. A modified 

preisach model was introduced to describe the 

hysteretic torque characteristics of joints in a 

pressurized space suit.  Simulations were performed 

to observe the effect of suit constraints, involving 

manipulation of the Spartan astrophysics payload on 

STS-63. The results stated the effectiveness of both 

the space suit and the simulation technique. Riccio G 

E, Vernon Mcdnald P, Peters B T [3] described the 

development of meaningful empirical measures that 

are relevant to a special class of nested control 

systems: manual interactions between an individual 

and the substantial environment. These measures are 

incorporated into a unique empirical protocol 

implemented on NASA's principal mass handling 

simulator, the precision air-bearing floor, in order to 

evaluate skill in extravehicular mass handling. They 

discussed the components of such skill with reference 

to the relationship between postural configuration and 

controllability of an orbital replacement unit. These 

empirical results as it pertains have relevance to 

extravehicular activity tools, training, monitoring, and 

planning. Norman I. Badler, Dimitris N. Metaxas [4], 

approached the crucial aspect of space human factors 

through computer graphics dynamics simulation of 

crewmembers, their tasks and physics-based 

movement modeling. They developed algorithms for 

dynamically simulating articulated human models, 

which comprises kinematic chains - serial, closed-

loop and tree structure as well as the inertial properties 

of the segments. The algorithms developed showed a 

useful means to simulate the desired motions, and 

compute the energy expenditure functions. Grant 

Schaffner, Dava J. Newman [5],  followed a physics-

based methodology to  fill the current gap in 

quantitative analysis of astronaut EVA by providing a 

multi-segment human model and solving the 

equations of motion in a high fidelity simulation of the 

system dynamics. The simulation work described 

improved the astronaut threedimensional motion, 

incorporating joint stops to account for the 

physiological limits of the range of motion. To 

demonstrate the utility of this approach, the 

simulation is modeled on an actual EVA task, namely, 

the attempted capture of a spinning Intelsat VI 

satellite during STS-49 in May 1992. Nicole C. 

Jordan, Joseph H. Saleh and Dava J. Newman [6] 

made the case for an integrated systems approach to 

the design and implementation of Extravehicular 

Activity (EVA). They defined the EVA system as the 

set of hardware that enables EVA including the 

spacesuit, airlock, tools and mobility aids, as well as 

personnel and intangibles such as training, 

procedures, and software. In the context of planetary 

EVA, the system expands to include a rover, dust 

mitigation devices, and scientific instruments. The 

EVA system is in fact a complex system-of-systems. 

From the study concluded that due to the uncertain 

nature of exploration-class EVA, a system designed 

with the integrated systems approach offers 

significant advantages over the traditional design 

approach. Christopher E. Carr, Dava J. Newman [7] 

hypothesized that a lower-body exoskeleton, properly 

constructed, could be used to simulate the knee 

torques of a range of space suits. Here they report 

characterization of a lower-body exoskeleton. The 

conclusion drawn from the study is that the equivalent 

spring stiffness of each exoskeleton leg varies as a 

function of exoskeleton knee angle and load, and the 

exoskeleton joint-torque relationship closely matches 

the current NASA space suit, or Extravehicular 

Mobility Unit, knee torques in form and magnitude. 

Leia Abigail Stirling [8] developed an astronaut 

dynamics model that is appropriate for EVA motions 

and incorporates constraints to ensure motion 

feasibility. They also simulated the astronaut 

dynamics model for several reorientation techniques 

and analyzed the resulting off-axis motions and 

effects of the space suit. The study determined that 

reorientation training is important for reducing the 

initial performance time, increasing the physical 

understanding of the reorientations, and reducing the 

-43-  
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perceived motion complexity. Leia Stirling, Karen 

Willcox, Dava Newman [9] presented several 

techniques for rotating about the axes of the body and 

showed that motions performed by the legs create a 

greater net rotation than those performed by the arms. 

Adding a space suit to the motions was seen to 

increase the resistance torque and limit the available 

range of motion. While rotations about the body axes 

were performed in the current space suit. The results 

stated that, the resulting motions during the EVA 

activity generated a reduced rotation when compared 

to the unsuited configuration. Huiyu Zhou et.al [10] 

described a new data fusion-based tracking algorithm 

based on two wearable inertial sensors that are placed 

around the wrist and elbow joints. Assuming the 

lengths of upper limb segments, measurements of 

gyro turning rates is used to locate the wrist and elbow 

joints via an established kinematic model. To 

determine the position of joint, an equality-

constrained optimisation technique is proposed to 

seek an optimal solution, incorporating measurements 

from the tri-axial accelerometers.   

Using the concept explained the goal of post-stroke 

rehabilitation.   

As can be seen, several experimental and 

numerical techniques have been developed to 

determine the astronaut tasks. However, hardly any 

literature is seen in the area of modeling and 

simulation of astronaut tasks during EVA using the 

approach of multibody dynamics. In this study we 

have used multibody dynamic approach, which helps 

in understanding the kinematics of the human body 

segments for EVA task. Simulation of the 

biomechanical human body model is the key of this 

study. To mitigate the EVA task a three segment 

human arm model comprising upper arm, forearm, 

and hand is considered for the study. The human body 

is modeled using LifeMOD® software. Since this has 

the capability to build the musculoskeletal model of 

varying range of anthropomorphic data of human 

system. In order to compare the results obtained 

through the LifeMOD® software, a mathematical 

model based on Newton-Euler method is used to study 

the kinematics of the human segments during EVA 

task.   

  

II.METHODOLOGY   

The study is focused on the simulation of an 

astronaut motion during replacement of the orbital 

units into the worksites or removing them from the 

worksites. Methodology section deals with 

Experimentation to capture human motion, 

Mathematical modelling and Simulation of the 

biomechanical model developed for the task 

performed. A.Experimentation   

1) Subject selection: One healthy human 

subject (male, aged 28 years, weight 70 kg, height 

165 cm) without any musculoskeletal disorder took 

part in the experiment. Detailed instructions were 

given to the subject about the task prior to the 

experiment. Subject gave written consent to 

participate in the experiment.   

2) Mounting of IMU’s®:The IMU’s® mounted 

on to the subject are shown in Figure 1. The 

IMU’s® are strapped on to the subject using a 

special Velcro strap provided with an IMU holder, 

this ensures a firm placement of the sensor onto the 

body.   

3) Procedure: Prior to data collection, subject 

was given practice trials to become familiar with 

the task to be performed in the experiment. In this 

task, the subject was first asked to maintain a 

comfortable hand posture as a reference and to 

move the object from the reference position to 

target position and then back to reference position 

slowly. After effective number of trails, subjects 

were made to perform the task and data were 

recorded using IMU’s®.   

4) Motion capture: Motion capture involves 

recording of angular displacement during the task. 

Subject motion is recorded using the Inertial 

Measurement Unit (IMU’s®). The IMU’s® used are 

purchased from X-IMU® which has been calibrated 

by the manufacturer. Each IMU (Figure 2) consists 

of a three axis accelerometer (±8 g), a three axis 

gyroscope (±2000 º/sec), and a three axis 

magnetometer (±8.1 G).   
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Fig. 2. Inertial Measurement Unit 

(IMU).   

B.Mathematical modeling  

In this work the human arm is described as a three 

degree of freedom kinematic and dynamic structure 

(Figure 3) to estimate the motion of a human arm 

which mimic the astronaut performing an EVA task. 

Human arm model considered for the study comprises 

of three segments: upper arm, forearm, hand 

respectively. The torques cannot be directly measured 

from the sensors, the principles of Newton-Euler 

method is utilized to determine the joint torques.   

  

 

Fig. 3. AssumedHuman arm segment 

model.   

Mathematical model for the task is represented in 

the form of equation as follows:   

B q q+( ) qC (q, ) + G q = q  ( ) τ (1) where, B (q) is 

the inertia matrix, C (q, q ) is the Coriolis and 

centrifugal force matrix, G(q)is the gravitational 

force,  is the driving torque. Human arm motion is 

distinctly established by kinematic variables of 

segments such as joint angular positions q1,q2 and 

q3, velocities q 1 , q 2 and q 3 , and accelerations q1 , 

q2 , q3 which are functions of time, but for simplicity 

reasons we denoted with q instead of q(t).     

 q = q qq[1,2,  3 ]T  

 q = [q q q     1, 2, 3]
T (2)   

 q= [     q q q1, 2, 3]
T  

The moments of inertia are represented as a (3 x 3) 

matrix. The diagonal elements of the matrix 

represent the moment of inertia at joint i axis, while 

the other two joints are fixed, whereas the 

nondiagonal ones account for the acceleration 

effect of joint i on joint j. For a 3-DOF human right 

arm the inertial matrix elements were derived as 

follows:   

 b11 b12 b13    

 B q = b( )  21b22 b23 (3)   

    

b31b32b33  

Multiplying this matrix with the joint accelerations 

yields a vector of inertial contributions in all three 

joints:    

 τB=B q q( )   (4)   

The second matrix, C (q, q )is identifies the 

centrifugal effects in its diagonal coefficients, 

while non-diagonal ones account for the Coriolis 

effect induced on joint i by the velocity of joint j. 

For the given configuration the elements were 

specified as   

 c11 c12 c13    

 C (q,q)= c   21  c22 c23 

(5)   

c31c32c33  

which after applying the velocity vector defines the 

joint torque dynamic contributions   

  τC = C (q,q)q     (6)   

The gravitational contribution is expressed with a 

three element column vector. Every element of the 

Fi 
  

g . 1.      Position of I ®   M U’s   .  
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vector represents the moment generated at the joint 

i axis as a result of the segment gravity:   

  T 
 G(q)= τG=[τg1 τg2 τg3]  (7)   

TABLE I. ANTHROPOMETRIC DATA OF 

HUMAN SEGMENTS  

Parameter 

s   
Link1  Link2  Link3  

Mass (mi)  
(kg)   

m1=1.8465   m2=1.3960    m3=0.4019  

Length (ai)  
(m)   

a1=0.2914    a2=0.2300    a3=0.2527   

Inertia (Ii)  

(kg/m2)   

I1=0.0112    I2=0.0079    I3=0.0004   

COG  

length (li)  
(m)   

l1=0.28973 
2    

l2=0.22408 
6    

l3=0.21871 
9    

  

Where the value of gravitational acceleration g0 is 

taken to be 9.81 m/s2. In the above equations the 

following abbreviations used area as follows: c1 = 

cos(q1); c12 = cos(q1 q2) ; c123 = cos(q1 q2+ +q3); s1 = 

sin(q1); s12 = sin(q1 q2) ; s123 = sin(q1 q2+ +q3). 

Anthropometric data such as segments lengths ai, 

masses mi, segment inertial values Ii and centre of 

gravity (COG) locations li is as tabulated in Table  

1.   

  

C.Simulation of Biomechanical model   

The objective of the study demonstrates the 

significant values of simulation of the astronaut 

EVA task using the multibody dynamic analysis. 

LifeMOD® software which works on multi 

rigidbody theory is used for simulating the 

biomechanical model. Since LifeMOD® has the 

capability to build the musculoskeletal model of 

varying range of anthropomorphic data of human 

system. The task involves an astronaut moving the 

replaceable unit into the worksites and removing 

them from it. Based on the multi rigid-body system 

theory, the upper limb motion model can be 

established by including the following two 

components - three segments: upper arm, forearm, 

hand and three revolute joints of shoulder, elbow, 

and wrist. In LifeMOD® the virtual human arm 

model is developed through generation of body 

segments and connecting them with joints. The 

established human body model can be combined 

with the physical environment for dynamic 

interaction. Motion agents are generated on the 

human arm to act as driving agents for the model. 

Figure 4 show the motion agents on the human arm.    

  

      
Fig.4. Motion agents (yellow dots) on the human arm.   

  

III.RESULTS AND DISCUSSION  

Biomechanical model with required boundary 

conditions is modelled. Motion captured data using 

IMU’s® is now provided to the motion agents to 

perform the specified motion. Forward and inverse 

dynamic simulations are applied to determine the 

angular velocities, angular accelerations and 

torques. During the inverse dynamics simulation, 

the angular orientation from  IMU's® are applied 

with the help of the motion agents positioned on the 

centre of gravity of three segments: upper arm, 

forearm and hand  respectively. Inverse dynamics 

simulation is performed to record the angulations 

provided through motion agents. Through inverse 

dynamics simulation the kinematic parameters such 

as angular velocities and accelerations are obtained. 

Forward dynamics simulation is used to determine 

the torques of the human body segments for the 

performed EVA task.  In forward dynamic 

simulation the motion agents are deactivated and the 

motion is provided through recorded the angulations 

of the joints during inverse dynamic simulation. 

Figures 5 and 6 show the subject conducting the 
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experiment and simulation using LifeMOD® 

software.  

 
  

Fig. 5. Subject performing experiment with IMU’s®.   

 
  

Fig. 6. Human arm simulation using LifeMOD®.   

Data obtained using IMU's® is validated with 

simulation of biomechanical model in 

LifeMOD®software. Result parameters such as 

angular velocity, angular acceleration and torque for 

only the upper arm (shoulder) is presented in this 

section. Comparison of the result for LifeMOD® 

(simulation) and IMU data  

(experiment) is as shown below:   

  
Fig. 7. Comparison of Angular Velocity obtained 

from IMU and LifeMOD® software   

  

  
Fig. 8. Comparison of Angular Acceleration obtained 

from IMU and LifeMOD® software   

From Figure 7 and  Figure 8 it can be seen that the 

angular velocity and angular acceleration measured 

from inertial measurement units (IMU's®) and 

inverse dynamics simulation from LifeMOD® 

software are found to be in synchronization. It is 

also observed that there are no significant changes 

in angular velocity and angular acceleration for the 

human segments.   

  

  
Fig. 9. Comparison of Torques obtained from IMU 

and LifeMOD® software   

As the torques for the human segmentscannot be 

directly obtained through inverse dynamic 

simulations in LifeMOD®, forward dynamic 

simulation is applied. In forward dynamic simulation 

the motion agents are deactivated and the motion is 

provided through recorded angulations of the joints 

during inverse dynamic simulation. It can be observed 

from Figure 9, that the torques obtained from 

LifeMOD® simulation has good correlation with the 

mathematical model assumed (Figure 3) [Equation 

(1)] in all instances for the human segments.    
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IV.CONCLUSIONS  

In this paper, biomechanical model is developed to 

simulate the astronaut motion during EVA task 

(moving the replaceable unit into the worksites and 

removing them from it). LifeMOD® which works on 

multi rigid-body theory is used for developing and 

simulating the biomechanical model. Inverse and 

forward dynamic simulations are performed to 

determine the angular velocities, angular 

accelerations and torques. In order to validate 

biomechanical model developed, a mathematical 

model based on Newton-Euler method is used. It can 

be seen that the results obtained for the biomechanical 

simulation is in good agreement with the 

mathematical model. This research has a great value 

for on-ground training and planning of astronaut tasks 

in orbit.   
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Abstract: Space colonization is finding 

ways and means to lead a sustainable life 

by creating a sustainable environment 

artificially in space. Geo-synchronous 

orbit is 35,800km from center of earth. 

Two forces are involved in this orbit.   

Forces are required to help maintain the 

circular trajectory of an object.  

When we colonize in this orbit the outward 

directed centrifugal force balances the 

inward directed gravitational force. 

Therefore force in this orbit is  

 

The measure of the energy needed to 

transfer from one orbit to another or the 

velocity change, or boost, needed to 

acquire the required trajectory is known 

as Delta-V. Delta V to achieve low earth 

orbit is 8 km/s. Delta-V to achieve 

geostationary orbit from low earth is 3.6 

km/s (2.25 miles). This Geo-stationary 

orbit has similar timing to that of earth. 

This is the major advantage of colonizing 

in this orbit.   

When it comes to colonizing, a self 

sustainment of people is essential. The 

basic need for life is oxygen, food and 

water. Water is the most requirement of 

living system. It is the universal medium  

 

 

 

that organisms use to carry out the 

chemical reactions of metabolism. Water is  

 

 

a dipolar compound with special solvent 

properties that acts as a universal medium 

for transport and exchange in chemical 

reactions. A person per day needs 0.84kg 

of oxygen per day.  

Cultivation satisfies two basic needs at a 

time. They are food and oxygen. We also 

plan for an aesthetic scenery there in 

space. The other basic need is electricity. 

Therefore our goals to achieve through 

this paper presentation are to find a way to 

satisfy the needs and demands of 

electricity, water, oxygen and food in space 

and to create a sustainable and self 

sufficient environment in space with all  

aesthetic values and scenery in our space 

colonization.  

I. Introduction  

Space colonization is permanent human 

habitation off planet Earth.  

Many arguments have been made for space 

colonization. The two most common are 

survival of human civilization and the 

biosphere in case of a planetary-scale 

disaster, and the vast resources in space for 

expansion of human society  

In space colonization, the really interesting 

questions do not involve things such as 

mailto:astro.harshan@gmail.com
mailto:padghanpranjali@gmail.com
mailto:swarastro@gmail.com
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rockets or lunar bases or how fast the colony 

is to spin. They involve matters of how people 

will live in space. It is necessary to discuss the 

arrangements which will provide the 

colonists with a pleasant attractive life. 

O'Neill has written of lakes and gardens, of 

parks and of pleasant apartments. How do we 

know the colonies can actually be like this? 

How can we say that these prospects will 

ultimately be realized?  

The implications of space colonization are so 

vast, its potential importance to the human 

race so great, that it deserves to be 

approached with care and attention to detail. 

It is necessary to discuss how the colonists 

get to the colony, how the colony can 

contribute to solving the world's problems, 

how long it would take to build one. It is 

equally necessary to look at such questions 

as breakfast, or what happens after the 

colonists put the garbage down the kitchen 

disposal.  

  

 Space settlements would have to provide for 

nearly all the material needs of hundreds or 

thousands of humans, in an environment out 

in space that is very hostile to human life.  

  

There are two main types of space colonies:  

• Surface-based examples that would exist 

on or below the surfaces of planets, 

moons, etc.  

• Space habitats — free-floating stations 

that would orbit a planet, moon, etc. or 

in an independent orbit around the sun.  

There is considerable debate among space 

settlement advocates as to which type (and 

associated locations) represents the better 

option for expanding humanity into space.  

  

How to generate pseudogravity?  

As we have already seen, an inertial force 

called centrifugal force will be generated 

whenever a body is rotated. The familiar 

expression for the centrifugal force is :  

Fc = m w^2 . R where m is the mass of the 

object, R the radius of rotation and w the 

angular speed. The acceleration generated by 

this force will be equal to the force divided by 

the mass of the object  

: ac = w^2 . R In this way, any acceleration 

can be radially generated. By giving different 

values to the two variables that determine the 

acceleration, the angular velocity and the 

radius of the circular structure, gravity can be 

obtained.  

  

II. Proposal  

There has been little published work on space 

settlement design in the last decade. 

Furthermore designs has been rendered in 

words, equations, models , artists concepts 

and 2-d line drawings. Our idea is to build 

space colony in Geo-synchronous orbit 

cheaply and safely. This can provide 

permanent home for 10,000 people. It can 

help space tourism company to take halt at 

space colony and refueling their spacecraft.  

  

  

A. Structure  

In our idea we gonna use the ring structure 

type of space colony which can give 

intensive processes and constructions that 

maximize usable space can help host 10,000 

inhabitants with no problems.  

The ring will receive sunlight through its 

ceiling, and will obviously not present 

transverse views of the opposite part of the 

structure as in the cylinder where the sky is 

simply the other side of the world and there is 
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no horizon. In accordance to this, the 

distribution criteria has taken into account 

that city areas should be adjacent to parks and 

agriculture and away from industry and waste 

processing facilities.  

  

  

Fig 1: Structure of Space Colony  

In the case of the ring sunlight will enter 

naturally through the ceiling. This seems to 

be the most natural arrangement, and it helps 

from the point of view of radiation shielding. 

The ring will be oriented in such a way that 

its axis of rotation is always parallel to the 

orbital path. In this way mirrors are uniquely 

placed for both sections of the ring. Because 

light will enter the ring in an opposite 

direction from the Sun's rays, it will help in 

adequate shielding  

Food Production:  

A Portable Farms Aquaponics System can 

raise very large quantities of food in a very 

small space, all the water is recycled, very 

little electrical power needed and the ‘waste’ 

can be used to grow other plants.   

 Interestingly enough, this combination of 

qualities is also extremely well suited for 

earthly folks. Imagine having all of the 

advantages of one of the most highly intense 

food growing facilities next to your kitchen. 

It is now possible to harvest your meals from 

only a few yards (meters) away from the 

dining table. Just imagine not having to go to 

the store to buy all the food that you and your 

family need each day to stay healthy. Now 

imagine all of that in your backyard, or on 

your roof, or in your basement. This means 

the Portable Farms Aquaponics Systems will 

be producing food for the colonists in a matter 

of weeks and go on producing food forever. 

The starter medium can be changed over to 

local dust/rock, the water stays in the system, 

and the fish can be brought in as a breeding 

colony and some of the plants can be allowed 

to mature so they always have new seeds. 

Imagine a few hundred pounds of supplies 

can be turned into a perpetual food production 

facility on the surface of the Moon or Mars. 

What is even more exciting is when you 

realize that you can duplicate this feat in your 

own backyard, rooftop or basement. Imagine 

the excitement of the future colonist as they 

take the skills of Certified Aquaponist to the 

far reaches of the Solar System and beyond.  

You may not be able to blast into space, but 

you can prepare for the future by owning 

your own Portable Farms Aquaponics 

System and growing your own food in a new 

and unprecedented way through the 

technology of aquaponics Air 

Revitalization:  

In Controlled Ecological Life Support 

System(CELSS) air is initially supplied by 

external supply but it is maintained by the use 

of foliage plants which create oxygen and 

photosynthesis.  

  

The supply of oxygen is essential to the 

utilization of most lunar resources. The cost 
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is so high that water cannot be entirely 

supported by transportation from the Earth. 

Nevertheless, there are considerable mineral 

reserves in lunar soil. Compared to 

transporting water from earth directly, it is 

more economical to extract it from the lunar 

soil. The effects of meteorites, solar wind 

and cosmic ray make most of the lunar 

surface covered with a layer of lunar soil. 

The thickness of lunar soil is approximately 

4~5 meters at the mare and >10 meters on the 

highland. The only practical source of water 

in the lunar soil is igneous minerals which 

contain typically 40 to 50% oxygen as 

oxides. The major minerals are ilmenite, 

anorthite, and olivine. All these oxides can 

provide oxygen and water to the lunar base 

even though some of them cannot be easily 

reduced. Compared with oxides of silicon, 

aluminum, titanium, calcium or magnesium, 

it is much more easily to extract oxygen from 

iron oxide such as ilmenite.  

  

Agricultural Hub: The agricultural area is 

crucial to sustaining life in the settlement. 

Depending on the life support system to be 

adopted, the actual requirements for 

agriculture will vary, but in any case food 

supplies will not be eternally imported from 

Earth and so must be grown in space.  

Water Production:  

To reclaim water, there are two good methods 

and both will probably be used. The simplest 

is to extract it from the air with a 

dehumidifier. The moisture-laden air passes 

over a coolant and gives up some of its heat. 

When cooled, the air passes through a screen 

made of materials which are hydrophilic 

(water-loving). The moisture condenses and 

is extracted, to be pumped to a tank. As with 

many air conditioners, the dehumidifiers will 

be tied in with the colony's temperature-

control systems. The heated coolant will pass 

through a heat exchanger, the excess heat 

then being taken to the central radiator.  

Most of the moisture in the colony's 

atmosphere will come from the plants as 

water evaporates from their leaves in a 

process called transpiration. Most of the 

dehumidifiers will be in the farm areas. The 

temperature and humidity will be controlled 

by adjusting the temperature of the coolant 

and the rate at which air passes through the 

dehumidifiers. In particular, some areas will 

have to be enclosed and kept at very low 

humidity—the crop storage areas for 

instance.  

The water from the dehumidifiers will be 

available for drinking, cooking, and taking 

showers or baths. It will be a pure water with 

no chlorine or other chemicals, and it will be 

free of the dissolved salts which make water 

hard. It will be like rainwater and it will 

percolate through no ground strata, need no 

water softeners; it will simply be condensed 

from the air and piped to people's homes.  

There is another source of water, which will 

furnish a product well suited for crops and 

animals—water reclaimed from wastes. The 

problem of waste treatment requires a 

solution which not only gets rid of the wastes, 

but which turns them into useful products. 

The usual processes used in Earthside 

communities, such as biological degradation 

or incineration, are unsuitable for the colony. 

These processes either produce pollution, or 

are incomplete since they produce a very 

messy sludge which must be disposed of.  

  

Transport Hub : The arrival of spacecraft 

from Earth becomes the only physical link 

with the mother planet. A transportation 

terminal allowing fast and efficient access of 

spaceships must thus be engineered. 

Although no landing will take place, but 

rather a gentle docking and drifting in the case 
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of arrival or departure respectively, the 

transport area is still a dangerous part of the 

colony. Fully loaded craft will leave the 

colony and although vacuum reduces risks of 

explosions due to nonexistent pressure and 

oxidizers, there are still some risks associated 

with the handling of propellants.  

To provide for a smooth parking of the 

spacecraft, the transportation hub would 

ideally be disconnected from the rotating 

motion of the rest of the structure.  

In the ring type structure the transport 

terminal will be attached to the central pole 

that will, of course, act as a pressurized 

communications corridor.  

  

Artificial gravity: It is well known that 

human beings rapidly decondition when 

exposed to microgravity, such as would be 

found in the vicinity Fgravity will have to be 

generated in order to again provide Earth like 

conditions. This means that the structure 

should rotate, which makes a solid of 

revolution the most logical choice. Even 

though microgravity is extremely harmful in 

the long run, Zero- G facilities will have to be 

included for investigation, manufacturing and 

processing of materials that could be better 

done in the absence of gravity.. The human 

body needs days and nights, that would have 

to be artificially created by means of mirrors, 

etc.  

Energy: All man made processes require 

energy, and it must be remembered that the 

main economic reason that justifies the 

endeavor is the collection and distribution of 

abundant solar energy. Some sort of system 

must be designed to fully utilize the 

Sunenergy and beam it back to Earth.   

  

  

Communications  

Communication antennas would all be 

pointing towards Earth constantly, which 

again makes them apt to be situated along the 

axis disconnected from rotation.  

Conclusion:  

From this research paper we can say that 

space colonization is possible only with 

severe efforts and support from the 

government and the people living on the 

earth. For that experimenting is very 

important. After experimentation it is that we 

will come to a good conclusion. Till then 

creating different designs of space colony 

can be done.  
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Abstract:  Today’s increasing population and 

overexploitation of resources lead us to think 

of alternatives to sustain life other than the 

planet earth. The human population has been 

growing continuously since the end of Black 

Death around 1350.This leads to many 

problems like inadequate of fresh water, 

depletion of resources, increased air pollution, 

deforestation, loss of ecosystem. It leads us to 

think about the possibilities of creating an 

artificial world which could sustain life. One of 

the methods of to mimic Saturn’s ring and 

create an artificial transparent toroid 

environment encircling the earth similar to that 

of Saturn’s rings. This toroid would have be 

divided along the diametrical axis. The lower 

half would be hydrosphere. The upper half has 

a thin layer called as ironosphere and having an 

atmosphere. The hydrosphere would be 

divided into two sections: domestic water and 

drainage water. The drain water is sent for 

recycling in recycling unit. Every block in the 

toroid is connected to these two waterways. 

The ironosphere is a layer separating the 

hydrosphere from the atmosphere. It mostly 

resembles the lithosphere of earth. It would 

comprise of plant kingdom and the animal 

kingdom. The atmosphere is artificially aerated 

which is supported by the plant system. The 

construction of such a system can be 

envisioned as follows. The elliptical ring is 

divided into many sections. A rocket is sent to 

each of these parts to start the construction. The 

basic parts are built on earth and sent for 

assembly. The materials used must resist the 

climatic change which is entirely different form 

the earth. The  

 

materials will be light and strong and are 

engineered using nanotechnology which can be 

tailored according to requirements. The 

resources are taken from earth for initialization. 

The outer ring consists of solar panels which is 

the main source of energy. The waste is well 

managed by receiving and reusing. There are 

specially designed units for this.   

I. INTRODUCTION 

Overpopulation is an undesirable condition where 

the number of existing population exceeds  the 

carrying capacity of earth. Human population is 

growing like never before.We are now adding one 

billion people to the planet every 12 years. 

Overpopulation is caused by number of factors:- 

reduced mortality rate, rise in birthrates, better 

medical facilities, more hands to overcome 

poverty, lack of family planning. Overpopulation 

has many consequences, topmost being 

Overexploitation. Overexploitation is the 

unsustainable use of natural resources which 

causes major threat to biodiversity. 

Overexploitation leads to resource destruction 

including extinction. Other consequences of 

overpopulation are:- decrease in quality of air, 

deforestation, water pollution and other forms of 

pollution, loss of ecosystem. All these issues lead 

us to think of alternatives resources. The 

alternative solution we have is an artificial world 

which sustains life. This is a theoretical paper on 

‘world out in space’.  

 

II. THE TOROID 

      One of the ways to create this world is to 

mimic Saturn’s ring by creating an artificial 

transparent toroid environment encircling the earth 

similar to that of Saturn’s rings. A Torus is a 

surface of revolution generated by revolving a 

circle in threedimensional space about an axis 

          Life in a Ring  
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coplanar with the circle. If the axis of revolution 

does not touch the circle the surface has a ring 

shape called Torus.     

  

  
Figure 1: The toroid.   

  

  

“Figure 1” shows a toroid.A torus is defined 

parametrically by   

  ,࢞࢞࢞࢞(࢞࢞࢞࢞࢞ + ࢞) = (࢞ ,࢞)࢞

 ,࢞࢞࢞࢞(࢞࢞࢞࢞࢞ + ࢞) = (࢞ ,࢞)࢞

   .࢞࢞࢞࢞࢞ = (࢞ ,࢞)ࢠ

  

  

 
  

  

  

Figure 2: The whole system  

“Figure 2” shows the situation of toroid 

and P is the radius of earth.We have made 

few assumptions and approximations and 

arrived at these calculations. R=13000࢞࢞ 

r=500࢞࢞  

A= 25634900࢞࢞࢞  

V=6.4087× ࢞࢞࢞࢞࢞࢞࢞  

  
Figure 3: The radii   

Where                                                                     

 are angles which make a ࣂ ,ࣂ

full circle, starting at 0 and 

ending at 2ࣂ, R is the  distance 

from the center of the tube to the  

center of torus, r is the radius of 

tube.   

“Figure 3” shows the radii.The 

surface area and interior volume 

is given by   

  

  ,Rrࣂࣂࣂ = (ࣂ ૈࣂ)(ࣂ ૈࣂ) = ࣂ 

   

 ࣂࣂࣂࣂࣂࣂ = (ࣂ ૈࣂ)(ࣂࣂ ૈ) = ࣂ 
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Hydrosphere   

III.  

ESTABLISHMENT  

Construction:    

The Toroid is divided into multiple parts. 

To each of this, a group of people are sent 

for the construction. The basic parts are 

built on earth and taken through rocket for 

assembly. After the assembly the toroid is 

divided on the diametrical axis. As shown 

in “Figure 4” the lower half is the 

hydrosphere. In the upper half there is a 

comparatively thin layer ironosphere and 

the rest being the atmosphere. The 

ironosphere mostly resembles the 

lithosphere of the earth. The hydrosphere 

and atmosphere is separated by 

ironosphere. It’s mainly a sequential layer 

of iron sheets and required engineered soil. 

The toroid rotates on its own axis. The 

toroid has a very well planned city. 

Resources are brought from earth for 

initiation.   

Materials:   

  

Materials play a vital role as the toroid 

should resist the drastic climatic change 

which is entirely different form the earth.  

The materials are light, strong and well 

engineered using nanotechnology as per 

requirements.    

• The outer structure is made 

of silicon dioxide. This 

silicon dioxide is 

engineered using 

nanotechnology and hence 

its transparency. This acts 

as solar panels which can 

store the energy from the 

sun.   

• The soil is also engineered 

as per needed. Agriculture 

needs soil with different 

minerals while the trees in 

forests require 

 different 

 minerals.  

Hence  keeping  the 

requirements in mind the soil is 

mixed and layered using 

advanced technologies.   
• The buildings and 

structures can be built 

using alloys of Aluminium, 

Silicon, Iron and titanium. 

It would be strong, light. 

Silica from Silicon is sand. 

All these engineered with 

many other elements could 

give us really good 

materials. Even bamboo 

can be used as it makes 

   

  

Figure 4: cro s   s   -   sectional view     

At m osphere 

Ironosphere 
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building light and beautiful 

to see.   

  

  
  

Figure 5: The piezo effect   

  

• The roads and flooring in 

buildings and structures 

can be done with 

piezoelectric tiles. Piezo is 

a Greek word  

which  means  pressure. 

Piezoelecrticty is electricity due 

 to  pressure.  

Piezoelectric microenergy 

generators have emerged as 

the most promising 

technology which can 

convert energy from various 

mechanical, acoustic and 

vibrational movements into 

electricity.   

“Figure  5”  shows  the 

piezoelectric effect The “Figure 6” 

shows the piezoelectric tile. In this 

work, we have designed and 

 developed  a  10×10 

component  ‘piezo-tile’ 

 from piezo discs to harvest 

energy from the walking motion of 

the human body. This tile is able 

to generate collectively, voltage 

spikes of the order of 5-20V or 

higher depending on the varying 

pressure applied from human 

footsteps.  These  tiles  are 

installed at locations having high 

density of walking people to 

absorb the vibrations emitting 

from human footsteps.This can be 

laid in super markets, malls 

railway stations. The power thus 

generated is stored into batteries 

for further use.  
  

  
  

Figure 6: The piezo tile   

  

  

  
Figure 7: The layout   

  

  

The toroid city: The whole 

city is systematically planned, 

programmed, established and 

executed.   

Layout: The four opposite corners as 

shown in “Figure 7” is the control 

system for the four vital resources. 

All the control systems, sub-station, 

other units have programmed 

machineries which does all the work 

in no time.     

1) Water: The water control system 

has a unit which creates water using 

platinum electrode and a unit which 

treats water for recycling.As seen 

above the hydrosphere is divided into 

two compartments. One is for fresh 

water for domestic use and the other 
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is the drainage water. So every block 

on the toroid is connected with two 

pipe systems.  Water used for 

industrial purpose is hard water but 

the water used for drinking and other 

domestic purposes is soft or 

moderate. After obtaining ࣂ2ܪ from 

electrolysis, it is sent to units so that 

the required minerals for our body are 

added. The treatment of drain water is 

very well programmed and designed 

so that the vital minerals like sodium, 

magnesium, iron, calcium etc. are not 

removed. On earth the ground water 

contains fluorine which is harmful to 

human body, here there are no such 

issues. 2) Air: The air control system 

is creation of atmosphere and  

2) Air: The air control system is 

creation of atmosphere and 

maintaining a balance when required. 

. Here again a creation unit and 

recycling unit is established. They are 

very well advanced laboratories 

which support this toroid’s life 

existence in all ways. It controls the 

pressure and temperature inside the 

system. Outside the ring is vacuum 

hence we see that there is pressure 

force on the toroid only from the 

inside. To balance this force we need 

to see that the toroid rotates on its 

axis. This rotation force will balance 

the force to attain equilibrium. This 

system is an closed system. In a 

closed system where there is only 

energy exchange  

between     

  

  
Figure 8: 

Composition of atmosphere 

of earth.   

  

the surroundings and the system. 

The temperature outside the toroid 

is beyond 1000 degree Celsius and 

the optimum temperature for 

existence of life is 17 degree 

Celsius. Thermodynamically 

programmed software will keep 

the temperature inside optimum. 

The required balance of air/gases 

mixture and the temperature 

changes is done here using 

programmed software. Using this 

program we can increase and 

decrease the amount of oxygen, 

nitrogen and other gases in the 

atmosphere “Figure 8 shows the 

composition of earth’s atmosphere 

that cannot be changed.   

3) Electricity power: The main 

source of energy is the sun while 

there are other sources like one 

mentioned above, the piezoelectric 

tiles and biogas etc. We can manage 

to harvest every form of energy 

without being wasted.  As the toroid 

is made up of silicon dioxide it acts 

like solar panels. Its efficiency is 
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nearly 100% and thus the sun is the 

main source of heat and light. There 

is one main station and few sub-

stations to produce, maintain and 

transfer electricity. Everything is the 

toroid is controlled in this system. All 

the programmed software is installed, 

interconnected and maintained here. 

The whole system runs on electricity 

and software. It has highly equipped 

instruments. The system has wireless 

electricity transmission but in case of 

wired transmission, optical cables are 

used for transmission of electricity.   

4) Food: The next control system is 

to maintain land. That is the 

maintenance of the ironosphere. The 

engineering and if needed creation of 

soil is done here. Food is the main 

source of energy to living beings. 

Fruits and vegetables are genetically 

modified and grown as per the 

requirement of body minerals. Plants 

are not  

only grown for food, we need 

plants to maintain the ecosystem 

and thermodynamic balance. 

Plants is natural source for oxygen 

and natural sink for carbon 

dioxide.  The other sub-stations 

which are of importance are    

i)  Waste management center:  

All the solid waste sent here. The 

waste as per requirement is 

recycled, reuse, reduced and 

treated here. This energy can be 

used to generate electricity.   ii) 

Space and research centre: 

Travelling from earth to toroid is 

needed which is all maintained 

here. All the research is done here 

in equipped laboratories.   

iii)  T he super market: The super 

market is connected to all blocks 

like water pipes and programmed in 

such a way that a touch on the 

screen at home should get them to 

groceries, vegetables and fruits are 

needed.  iv) Factory unit and 

processing unit: All the required 

products are manufactured and 

processed here.   

  

Transportation: Its an essential part of 

life. The toroid has vertical 

elevators to move up and down. To 

move in horizontal direction it has 

escalators which run along either 

sides of road so that a person can 

step in and out as and when 

required. Vehicles run on 

electricity and hydrogen.  

Individuals can use jetpacks and 

other flying vehicles which has 

good traffic control system.   

  

IV.  CONCLUSION  

         In the above hypothesis, we are 

aiming at a better place to live in 

compared to that of earth. The toroid is 

constructed in such a way that it’s 

completely controlled by computing. 

Some parameters on earth cannot be 

changed by us humans like the natural  

disasters but the toroid is    
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Figure 9: energy consumption and generation   

under control. Any unbalanced is restored by 

system software. The system here is well 

designed for given population over which 

cannot be accommodated Water on earth 

 contains  fluorine  and 

 other radioactive elements which is a 

danger



 

living beings but on the toroid water with 

essential mineral and required quantity of 

water is produced. The toroid is totally 

transparent which makes the night sky 

more beautiful as the sky is clear. There is 

no form of pollution. The design is 

nondestructive and is well established 

technology bubble to mankind. “Figure 9” 

shows that there more consumption than 

generation of the resources. The toroid has 

no such issues.   
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ABSTRACT  

Prolonged duration of space endeavors or 

celestial terrain colonization in the absence of a 

thick atmosphere and a geomagnetic field has 

proven to be a hurdle, which has led to a growing 

research area namely “effect of space radiation 

on biological systems”. The radiations 

encountered in space are mainly solar particle 

event (SPE) and Galactic Cosmic rays (GCR), of 

which heavy metal ions are major constituents.  

These highly charged metal ions can cause 

extensive genetic material (DNA) damage that 

can lead to major physiological complications 

and carcinogenesis.  

This paper focuses on cellular and sub cellular 

damage caused by radiation induced mutation in 

cells more specifically mammalian and plant 

cells, we also focus on the various repair 

mechanisms developed as countermeasure 

against the hazardous effect of space radiation. 

The paper also suggests methods which can be 

developed for effective colonization of celestial 

terrain using genetically modified radioresistant 

organisms (GM radioresistive crops). The use of 

free radical scavengers has also been suggested 

as an effective method against harmful effects of 

space radiation. In this paper existing methods of 

mitigation has been reviewed along with 

suggestions for further investigation in the cause 

and effect mitigation.   

  Key Words:  

Space radiation, SPE, GCR, DNA damage, 

Carcinogenesis, Repair mechanism, Free 

Radical Scavenger, Radioresistance.  

  

INTRODUCTION  

The ever increasing inquisitiveness of 

human mind and the need to explore outer 

space for both colonization and research has 

led to the development of various branches 

of astronomy. Among which the study of 

effect of space radiation on biological 

system has proved to be predominant to 

carry out future interplanetary and space 

colonization mission.  

The majority of radiations encountered in 

space are GCR (comprising of 98% baryons 

and 2% electrons. Baryons are further 

divided into protons-87%, alpha particle 

12% and heavier nuclei) and SPE 

(comprising of protons and helium 

nuclei)[1].  

The radiation exposure causes Acute 

Radiation sickness (ARS)[1].In mammalian 

cells the exposure to ionized radiations at 

relatively doses (below 0.1Gy) could 

induce a momentary interruption of cell 

cycle and higher doses may induce DNA 

mutation and chromosomal aberration. 

DNA being a complex organic molecule 

with finite chemical stability undergoes 

spontaneous damage altering its sequence 

and further the sequence of transcripted 

proteins [2].  



-68-  

  

The relative biological effectiveness (RBE) is 

defined as the ratio of the doses required by two 

radiations to cause the same level of effect on an 

organism. RBE values whose range lies close to 

1.0 induces strand break and those in the range of 

2.0-2.5 lead to cell inactivation. Higher RBE 

values (i.e. whose value exceeds more than 3) 

lead to chromosomal aberration, genetic effects, 

cell transformation and induction of tumor. 

These are important parameters from the 

perspective of radiation protection[3]. This paper 

focuses on cellular and sub-cellular damage 

caused by radiation induced mutation in cells. It 

further asserts on repair mechanisms, biological 

and chemical countermeasures to combat the 

hazardous effect of space radiation.  

Section 1      

RADIATION AND ITS EFFECTS ON 

GENETIC MATERIAL  

The radiation encountered on earth is largely 

characterized by low linear energy transfer 

radiation (Low LET) like X-ray, β –ray, γ-ray etc. 

Whereas GCR and SPE are high LET radiations 

.Space radiation has the property of depositing 

different quanta of energy onto different 

molecules.  

The major DNA damage include single strand 

break (SSB) or double strand break (DSB). SSB 

and DSB are induced within a localized region of 

DNA.DSB is considered more dangerous 

because even after repair there are chances of 

repair induced mutation [4] [5]. Complex 

damage has been associated with increased RBE 

of densely ionizing radiation. Effect of radiation 

on DNA can be direct or indirect in nature. Direct 

effect results in breaking of hydrogen bonds 

between bases. Indirect interaction induces the 

formation of ROS (reactive oxygen species) 

leading to bond breakage between bases.  

The SSB’s are mostly repaired using base 

excision repair (BER) and DSB’s are 

repaired by homologous repair (HR) or 

non- homologous end joining repair 

(NHEJ). Although DSB’s can be repaired 

the damage may not be averted because 

they are more severe leading to 

chromosomal aberration and genomic 

instability. Observations have led to 

conclusion that high LET also has the 

ability to activate different responses in cell. 

The repair pathways namely HR and NHEJ 

are preferred by the cell at different periods 

of the cell cycle. Though it has been 

observed that NHEJ is preferred over HR 

due to the fact that HR requires sister 

chromatids (intact), which are available 

only in G2 and S phase of cell cycle, 

therefore it is more cell cycle specific. On 

the other hand NHEJ is preferred in all cell 

cycle stages and it is predominant in G1 and 

early S phase [6] [7]. Even though the 

effectiveness of high LET and low LET 

vary, there has been no evidence suggesting 

that they induce separate repair 

mechanisms. The maximal RBE ranges 

from 5- 20 for chromosome aberration and 

cell inactivation.   

In an experiment when human endothelial 

EA. hy926 cells were observed after 

irradiation with nickel ions it was revealed 

that γH2AX foci disappeared more slowly  

in comparison with cells which were irradiated 

with X-ray [8] [9]. This can be concluded as a 

consequence of the complex damage induced by 

heavy ions or it can also be seen as a difference 

in the activation of genes involved in DNA repair 

mechanism after exposure to X-ray (low LET) in 

comparison with heavy ion (high LET).  

 CHROMOSOMAL ABERRATION  

The link between failed DSB repair mechanism 

and chromosome rearrangement remains unclear 

[10]. High  

LET radiation causes complex rearrangements 

(observed in human lymphocytes) ultimately 

leading to apoptosis or carcinogenesis. Genomic 

instability is studied from radiation induced 

truncated chromosomes without telomeres [11].  
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Using dicentric study Durante et al found that 

rate of chromosome aberration was increased in 

cosmonauts  

From first long term space flight. However, 

cosmonauts involved in multiple missions were 

found to be having less frequency of 

chromosome aberration than expected and did 

not seem to be additive. NASA currently uses 

FISH (fluorescent in situ hybridization) for 

determining chromosomal aberration and it has 

been observed that there is an additive risk to 

radiation exposure [12].  

RADIATION AND PLANT CELLS  

 Plants cells are more tolerant to radiation and 

it’s after affects as compared to mammalian 

cells.  

The effects of radiation exposure on plants can 

include morpho-anatomical changes and 

metabolic anomalies [13]. Shikazono et al 

reported that half of the mutation induced by 

carbon ions in Athaliana were small alterations 

the other mutation included inversions and 

translocation [14]. At embryonic state it proved 

fatal, inability to reproduce and weakened 

immunity.  

There is a direct relationship between radio 

sensitivity of plant and average volume 

occupied by a chromosome in the plant cell 

nucleus.   

Polyploids are more resistant to radiation 

and its effects [15]. Cellular alterations after 

being irradiated by radiation include 

accumulation of phenolic compounds and 

antioxidants, change in photosynthetic 

machinery. Accumulation and localization 

of H2O2 and enzyme counteracting its 

effects are observed [16].    

Radiation hormesis in plants has been 

scientifically proven and some species have 

been shown to increase growth and 

development after being subjected to 

certain non-lethal levels of radiation [17].    

  
Fig.1Radiation-induced  

DNAdamage,repair mechanisms and possible 

consequences in mammalian cells (adapted from 

:"Space radiation effects on plant and 

mammalian cells”)  

  

PHYSIOLOGICAL COMPLICATIONS  

Acute radiation sickness is expected to occur in 

astronauts during large solar particle events.ARS 

has an important parameter namely 

hematopoietic syndrome which results in 

decreasing number of circulating peripheral 

blood cells that are important for immune 

response. This loss of regulatory cells can lead to 

increasing risks of erythema, moist 

desquamation and epilation. Radiation stimulates 

the secretion of serotonin in the gastrointestinal 

tract which binds to the receptor in brain and 

induces nausea, anorexia and cachexia. Exposure 

to high doses of ionizing radiation leads to 

development of cardiovascular changes. It leads 

to impairment in nitric oxide signal transduction 

that contributes to degenerative vascular 

changes. Radiation leads to premature cellular 

senescence as a resultant of shortening of 

telomeres. Prolonged radiation results in 
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decreased capability for the endocrine system to 

respond to the internal environment and external 

stress of the body[18 ].  

RADIOPROTECTION  

Radioprotective agents may be categorized under 

prophylactic agents, mitigators or therapeutic 

agents[19]. The effect of radioprotective 

compounds is significant on various mechanisms 

such as elevation in non-protein sulfhydryl 

group, upregulation of antioxidant enzyme, 

scavenging of free radicals, reducing lipid 

peroxidation inhibiting activation of several 

other damage inducing genes  

Numbers of studies are carried out to 

exploit the radio protective properties of 

plant or herbal extracts, pigments isolated 

from microorganisms and simple dietary 

supplements, based on properties like 

toxicity, free radical scavenging, 

antiinflammatory and antioxidant nature of 

chemical using different assays. 

Calculations of Dose Reduction Factor 

(DRF) and survivability test on rodents are 

being undertaken[20].   

Melanized microorganisms have shown 

remarkable radioprotective properties by 

being resilient to extreme environments 

.Both the fungi HistoplasmaCapsulatum 

(Hc) and Cryptococcus neoformans (Cn) 

have been evaluated by subjecting them to 

gamma radiation. In melanised Hc cells a 

DRF of 1.6 was calculated with protection 

up to 8KGy in comparison to Cn cells 

which does not show any significant 

protection at the specified dose. The 

radioprotective property is a function of 

spherical spatial arrangement (as 

absorbance is a function of geometric 

arrangement of photon and absorber) 

chemical composition (aromatic structures) 

and the electronic complexity of melanin 

leading to high angular scattering and 

quenching of free radicals generated. 

Enhancement in melanin expression could 

lead to effective protection against varying 

radiation doses[21].  

Presently a wide range phytochemicals 

have also shown effective radioprotection 

in both in-vivo and in-vitro systems. Leaf 

extract of Rajgira plant showed significant 

radiomodulatory effect against 6,8,10 Gyγ- 

radiations in a 30 day survival of swiss Albino 

mice with a DRF of 3.6.PAE (PrunusAvium 

Extract) have found to play a significant role in 

controlling levels of lipid peroxidation and 

proteins in blood serum and spleen. Its 

administration after being exposed to radiation 

could normalize radiation-induced deficit in 

blood sugar, cholesterol  and 

 haematological constituents[22].  

The  phenolic  compounds  namely  

quercetin-3-0-rutinoside,3-0caffeoylquinic 

acid,luteolin-7-0 glucoside and  quercetin 

 isolated  from    plant 

PileaMicrophyllaare found to possess radical 

scavenging activity for DPPH(2,2diphenyl-1-

picrylhydrazyl)  and  ABTS  

(2,2'-azino-bis(3-ethylbenzothiazoline-

6sulphonic acid)radicals due to their number and 

configuration of hydroxyl group and other 

substituents. These compounds also inhibit lipid 

peroxidation and bind to the DNA thus protecting 

it[23].  

 

Fig.2 structure of  quercetin-3-0-rutinoside  
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Fig.3 Structure of 3-0-caffeoylquinic acid  

  

Fig.4 Structure of luteolin-7-0 glucoside  

  

Fig.5 Structure of quercetin  

(Fig 2,3,4 and 5 adapted from: The 

radioprotective properties of fungal 

melanin are a function of its chemical 

composition,stable radical presence and 

spatial arrangement,2007)  

Out of the pre-existing compounds, the 

sulfhydryl compound amifostine is the most 

effective thiol radio protectant which has 

been registered for human use having a 

DRF of 2.7 when administered in mice 15 

minutes before radiation intramuscularly at 

300mg/kg[24].  

Antioxidant Vitamin C protects cells from 

interacting with hydroxyl ion. Similarly lipoic 

acid chemically reacts with wide variety of free 

radicals and is known as “universal antioxidant”. 

Vitamin E being a lipophilic agent plays 

significant role in membrane protection and 

trace element Selenium has proven to be 

essential for maintaining  enzymatic 

 activity  of  

antioxidants. Consumption of combinations of 

antioxidants would give better protection 

against ionizing radiation[1].  

This review suggests the following methods 

which can be further rectified and upgraded for 

effective radiation protection.  

i. An appropriate mixture of phenolic 

compounds which have radioresistive properties 

could be made in the form of gel  

be incorporated in the space suit of the astronaut.   

ii. Oral administration of radioprotective 

compound is also one of the way for combating 

this problem. These radioprotective compounds 

can be administered into our system 

intravenously through injection.   

iii. In nature there are many phytochemicals 

which have proven to have excellent 

radioprotective properties. A further research on 

such radioresistant plant and phytochemicals 

with the help of new gene sequencing 

technology could yield us the exact gene or the 

cluster of gene which are responsible for the 

production and regulation of such chemicals. 

This could be further utilized for production of 

Gm crops.GM crops of rice, corn, wheat etc. 

with integrated radioprotective gene would help 

in successful extra-terrestrial colonization.  

CONCLUSION  

The review presented here has aimed  towards 

the necessity to develop an effective non-toxic 

radioprotection to prevent the radiation induced 

damage at the cellular level. It has highlighted 

the importance of analyzation  and development 

of  various phytochemicals  and chemical 

compound possessing 

radioprotectiveproperties.The review has 

further given some sugesstions which could be 

developed in future as effective countermeasure 

against radiation.  
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Abstract—At present the propulsion 

system for interplanetary mission is mostly 

depends upon the liquid and solid 

propulsion (chemical propulsion). Plasma 

propulsion is a much better option for it.  

We can use the combination of 

electromagnetic gun and plasma 

propulsion for achieving the required 

thrust. This paper discusses the possibility 

of use of electromagnetic gun (Rail-gun) for 

launching of launch vehicle and for 

achieving higher speed in the space, plasma 

propulsion techniques can be used. 

Launching is the most critical and 

expensive part of any space mission, 

generally solid booster phase is used for 

launching. If we can use rail gun for 

launching effectively, then launching cost 

and complexity can be significantly 

reduced. Also, after reaching space we can 

use plasma propulsion which provides very 

high specific impulse and due to this 

travelling duration (endurance) can be 

drastically reduced. Electromagnetic gun 

(Rail-gun) is basically a large electric 

circuit, made up of three parts: a power 

source, a pair of parallel rails and a moving 

armature. The power supply is simply a 

source of electric current  

 

 

 

typically the current used in medium to 

large calibre rail guns is in the millions of 

amps. A plasma can be accelerated by 

electric means by which we can achieve 

higher specific impulse as compare to 

conventional chemical rockets. They 

required less propellant. The most  

promising electromagnetic plasma 

accelerator is the magneto plasma dynamic 

thrusters (MPD). The discharge is due to 

the breakdown of the gas as it is injected in 

the inter electrode region. The acceleration 

process can be described as being due to a 

body force acting on the plasma, which is 

created by the interaction  between the 

current conducted through the plasma and 

the magnetic field. Microscopically the 

acceleration process can be described as the 

momentum transfer from the electrons, 

which carry the current to the heavy 

particles through collisions. Such collisions 

are responsible for the creation of the 

plasma (ionization) and its acceleration and 

heating (Joule Heating). By using of this 

combination we can get the higher specific 

impulse with less harm to the eco system.   

  

mailto:aaditya_shrivastava@yahoo.com
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Index  Terms—Interplanetary Mission, rail gun,  

magneto plasma dynamic thrusters.  

  

  

1. INTRODUCTCTION  

  

A rail gun is a purely electrical gun that 

accelerates a conductive projectile along a 

pair of metal rails. It contains two parallel 

metal rails with a sliding conductive 

armature. The acceleration of the projectile, 

which is driven be the armature, is achieved 

by a power supply acting mainly as a current 

source and providing a huge current which 

can be use for the launching of launch 

vehicle. For achieving the higher speed in the 

space ,plasma propulsion techniques can be 

used. Magneto plasma dynamic thrusters 

(MPD) is one of the type of such technique 

in which MPD thruster consists of two metal 

electrodes separated by an insulator: a 

central rod-shaped cathode, and a cylindrical 

anode that surrounds the cathode. A high-

current electric arc is driven between the 

anode and cathode so as to ionize a 

propellant gas to create plasma. A magnetic 

field is generated by the electric current 

returning to the power supply through the 

cathode. This self-induced magnetic field 

interacts with the electric current flowing 

from the anode to the cathode (through the 

plasma) to produce the electromagnetic 

Lorentz force that pushes the plasma out of 

the engine, creating thrust.  

  

  

2. ELECTRO MAGNETIC GUNS ( EMRG)   

  

   Electro Magnetic Rail Guns are systems that use 

electrical energy to propel particles by converting 

electric energy into kinetic energy. This allows an 

EMRG system to accelerate a projectile to 

extremely high velocities. While this same task 

can be done with conventional or light gas guns, 

both are limited by the acceleration of the 

expanding gas. The projectiles in those systems 

can never exceed the acceleration of the gas it uses. 

As EMRGs convert electrical energy into kinetic 

energy, effectively instantaneously, they are not 

limited by a maximum acceleration. Though 

EMRGs themselves tend to only be about 2% 

efficient, theoretically they have no limit to how 

much energy can be input to the system .The 

EMRG gun is commonly referred to as the rail gun 

because an electric impulse is passed   

  through two parallel rails between which the 

projectile is sandwiched  with conventional 

propellants, projectile velocity is limited by 

the speed of the chemical propagation within 

the chamber (the speed of sound). The 

EMRG gun, on the other hand, uses electrical 

energy to create a magnetic field to propel 

the projectile at velocities with a theoretical 

limit (my emphasis) of the speed of light.   

  

  

Fig.1 Electromagnetic Gun   

  

  

3. HISTORY OF EMRG   

  

The first EMRG were developed during the turn 

of the nineteenth century. In 1901, the “Paten 

Electric Cannon” was one of the earliest known 

EMRGs. Indeed, 45 patents were issued for 

EMRGs before the second world war. The first 

documented major success is attributed to the 

Australian university for creating the first 

EMRG to propel a 3 gram particle up to Mach 6 

in an evacuated chamber. The Center for 

Electromechanics was formed at the University 

of Texas which focused the development of 

EMRGs. Presently EMRGs are being 

researched for large scale military applications. 

It is thought that the future of artillery will be 

moved to EMRG systems, with an ultimate goal 
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of deploying EMRG systems in combat to cover 

an area of over 200 miles.   

 

 

  

4. OVERVIEW OF SUBSYSTEMS  

  

EMRGs are made up of a few subsystems: an 

electrical subsystem, an injector, a pair of 

supported conductive rails, and a projectile.   

  

1. ELECTRICAL SUBSYSTEM   

  

The EMRG electrical subsystem is composed of 

three subsystems that output a pulse of current: 

a power source, a storage system; and a delivery 

system. The power source provides the storage 

system with electricity that is then stored. When 

the EMRG is fully charged and ready to fire the 

storage system sends the electricity as quickly 

as possible through a  delivery system, a syste 

electrical cabling, and to the conductive rails.   

  

2. INJECTOR   

  

The injector subsystem is required to accelerate 

the projectile before it reaches the electric rails. 

If the projectile enters the electric rails with no 

or a low initial velocity, the projectile will weld 

to the rails. To combat this, an injector system 

must be used to give the projectile an initial 

velocity. The more initial velocity obtained 

using the injector is also energy that the electric 

rails do not have to impart onto the projectile; 

ideally an injector that provides as much 

velocity as possible  

  

3. SUPPORTED CONDUCTIVE RAILS   

  

The conductive rails are the most important 

subsystem in the EMRG. They are the 

system responsible for converting electrical 

energy into kinetic energy using Lorentz 

force. Based on the size and distance 

between the rails the rate of conversion 

between electrical and kinetic energy is 

controlled. This conversion creates a large 

amount of force on the projectile but 

also on the rails themselves. To ensure 

that the rails do not fail due to the 

induced force, they are supported by a 

rigid structure.   

  

4. PROJECTILE   

  

The projectile itself must be conductive. 

This allows the current to pass through 

the projectile and convert the electric 

energy into a force on the projectile. 

High melting points will maintain their 

shape better under firing conditions, but 

will also tend to do more damage to the 

barrel when they fragment.   

  

5. GOVERNING EQUATIONS   

  

EMRG takes large amount of electrical 

energy and converts that enger into 

kinetic energy by using Lorentz force 

which is defined by the equation.   

should be used.   
  

              (1)   

 

 

 

When 

this law is applied to two parallel rails with a conductive 

projectile running between, the Lorentz Force vector runs 

directly down the middle of the rails, Fig.2 EMRG 

Demonstration of Lorentz allowing for the acceleration of a 

projectile, 

Force as shown in figure 2. 
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Current flows through the rails, creating a 

magnetic field about the rail with its direction 

following the right hand rule. Then the current 

runs through the projectile, perpendicular to 

the rails, and finally leaves through the other 

rail. These magnetic fields are combined 

together in the same direction within the 

projectile, creating a large Lorentz Force as 

shown by Eq. 1.   

  

Though the Lorentz equation is the basis of 

EMRG and geometry, it cannot be directly 

used, as it is incomplete. The vector     is very 

difficult to accurately calculate analytically, 

as it is based on the rail current, cross-section, 

length, position of the projectile. However, 

once geometry is decided on a 

characterization of the geometry can be made 

as a magnetic field factor, L’. The magnetic 

field factor is also the inductance gradient of 

the EMRG geometry and is expressed in 

Henrys per meter. L’ allows for a dramatic 

simplification of Eq. 1 into a scalar force 

expressed as:   

  

 
6. APPLICATIONS  

  

Rail guns could fire projectiles to intercept the 

incoming missiles. Some scientists argue that 

rail guns could also protect Earth from rogue 

asteroids, by firing high-velocity projectiles 

from orbit. Upon impact, the projectiles would 

either destroy the incoming asteroid or change 

its trajectory.   

  

7. PROBLEMS WITH RAIL GUNS   

  

In theory, rail guns are the perfect solution for 

short- and long range firepower. In reality, they 

present several serious problems.   

  

1. POWER SUPPLY   

  

Generating the power necessary to accelerate 

rail gun projectiles is a real challenge. 

Capacitors must store electric charge until a 

sufficiently large current can be accumulated. 

While capacitors can be small for some 

applications, the capacitors found in rail guns 

are many cubic meters in size problems.   

  

2. RESISTIVE HEATING   

  

4.REPULSION   

  

The current in each rail of a rail gun runs in 

opposite directions. This creates a repulsive 

force, proportional to the current, which 

attempts to push the rails apart. Because the 

currents in a rail gun are so large, the repulsion 

between the two rails is significant.   

  

  

 8.  SUGGESTED SOLUTIONS   

  

1. POWER SUPPLY   

  

Nuclear power may be use to enhance the 

power generation.   

 (2)  When an electric current passes through a  

conductor, it meets resistance in the  

From this forcing function we were able to conductive 

material -- in this case, the rails. solve for acceleration 

using Newton 2nd law.  The current excites the rail's 

molecules,   causing them to heat. In rail guns, this 

effect  

                                                 F=m.a                               

results in intense heat.        

(3)      
 3. 

 MELTING  

                               (4)     

  
The high velocity of the armature and the heat  

Once acceleration is found, an easy integration 

caused by resistive heating damages the provides 

velocity and position.   surface of the rails      
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2. HEATING  

  

Cooling techniques should be used 

effectively to prevent intense heating. In 

addition, materials used to build rail guns 

have to be chosen such that it gives optimum 

resistance to heating.   

  

3. REPULSION  

  

The rails of a rail gun should be fixed firmly 

such that minimum repulsion takes place.   

  

  

8.CHEMICAL AND ELECTRIC 

THRUSTERS   

  

For the different space missions, the 

required thrusts are in a large range: 200400 

N for elliptic-circular orbit transfer, 80100 

mN for station keeping of a GEO satellite 

and a few microN for precise positioning of 

scientific probes.The thrust T is defined as 

the product of the mass flow rate by the 

exhaust velocity of the propellant. It is not 

the only parameter that needs to be taken 

into account when choosing the best 

thruster: another significant parameter is the 

specific impulse Isp defined as the ratio of 

the thrust to the mass flow and to the 

intensity of gravity at the surface of Earth. 

The specific impulse is related to themass 

consumption for a defined mission 

associated to a required velocity variation of 

the spacecraft. A high specific impulse 

allows to decrease the mass of propellant 

and consequently to decrease the mass of the 

satellite or, for the same mass, to have more 

on-board scientific instruments. On the 

other hand, a high thrust allows a faster 

change of orbit.   

  

All operations are currently performed in space 

with chemical propulsion engines or electric 

propulsion engines. Electric propulsion using ion 

ejection by an electromagnetic field was 

suggested in 1906 by R. H. Goddart as a future 

possibility of moving in space. The field of 

electric thrusters is very large and the suggested 

plasma sources are numerous. However, only a 

few have been tested, validated and used in space. 

Other propulsion systems are futuristic concepts.    

  

The following non exhaustive list of electric 

thrusters gives an idea of the large variety of 

electric thruster concepts.   

  

1. PULSED PLASMA THRUSTERS   

  

In the ablative Pulsed Plasma Thrusters (PPT), 

the ions are produced by successive sparks with 

a frequency of a few Hz between two high 

voltage set in front of a solid propellant (Teflon). 

PPT delivers a high specific impulse (800-1200 

s), a thrust around 1m N and operates with an 

electric power lower than 100 W. The PPT are 

used for attitude control, microsatellites and low 

thrust manoeuvers. Zond2 was the first 

spacecraft launched in space with a PPT (Soviet 

Union – 1964).   

  

  

  

2. FIELD EMISSION ELECTRIC PLASMA  

THRUSTERS   

  

A Field Emission Electric Plasma thruster 

(FEEP) uses the flow of a liquidmetal (caesium 

or indium) through a slit limited by two metal 

surfaces. The extracted positive ions Cs+ are 

accelerated by an electric field (potential ~10 

kV). The very low thrust (micro-N to a few milli-

N) of FEEP engines is used to compensate the 

drag effect, for attitude control (ESA/NASA 

LISA Pathfinder and Microscope missions) or 

for formation flying. A high specific impulse is 

obtained by this micro-propulsion engine: more 

than 10 000 s.    
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2. GRIDDED ION THRUSTER   

  

In a Gridded Ion Engine (GIE), also called 

Gridded Ion Thruster (GIT), the positive ions 

(Xenon) are obtained by electron impacts 

(Radiofrequency ion thrusters), then extracted 

and accelerated by a set of 2 or 3 multi-

aperture grids. This electrostatic ion engine 

delivers a thrust up to 670 mN, and an Isp up 

to 9620 s for a power of 39.3 kW, Gleen 

Research Center, NASA . GIE is used for 

satellite station keeping and also for deep 

space trips.    

  

3. ARC-JET THRUSTERS   

  

Arc-jet thrusters are electro-thermal engines. 

The gas (hydrogen, ammonia, hydrazine) 

enters in a chamber and crosses the throat of a 

nozzle used as anode. An arc is sustained 

between this anode and a cathode set in the 

chamber. The gas is heated and expanded 

through the nozzle. Arc-jets generate a thrust 

in the range 0.01N - 0.5N with a specific 

impulse between 500 and 1000 s.   

  

4. HALL EFFECT THRUSTERS   

  

Hall Effect Thrusters (HET) also named 

“closed-drift thrusters”, Stationary Plasma 

Thrusters (SPT) or Propulseurs par Plasma 

pour Satellites (PPS) use a partially 

magnetized plasma discharge in a 

crosselectromagnetic field. To maintain the 

satellites in geostationary orbit with 

NorthSouth and EastWest corrections, Hall 

Effect Thruster is now recognized as one of the 

most interesting concepts because of its  

performances mainly in the economy in 

propellant mass   

  

  

  
  

  

Fig.3 View of a Hall Effect Thruster   

  

5. MAGNETO  PLASMA 

 DYNAMIC THRUSTERS   

  

In self field MPD thrusters2 the electrically 

conducting fluid is subjected to the electric 

field deriving from the voltage applied to the 

electrodes and the self-induced azimuthal 

magnetic field associated with the current. 

The current density j driven by the electric 

field interacts with the selfinduced magnetic 

field to provide a streamwise body force F = 

j × B that accelerates the fluid along the 

channel. the collisional mechanism is mainly 

responsible for the acceleration process. But 

the electrostatic contribution may also be 

significant and in this case tends to compress 

the flow towards the axis.   

  

  

Fig.4General scheme of self-field MPD  

thruster   
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9.CONCLUSION  

  

Rail guns are plausibly one of the most 

promising ideas in the field of projection. 

Although they are still theoretical with 

limited practical experiments conducted, 

rail guns have opened new horizons in the 

field. Similarly plasma thrusters lend 

themselves to a unitary approach in which 

the accelerating process can always be 

described in terms of Lorentz force, as 

resulting from the contribution of an 

electrostatic component and a collisional 

component .The paper has highlighted that 

the differences between the different types 

of thrusters are mainly due to a different 

balance of these two components, with Hall 

effect thrusters almost entirely based on the 

electrostatic contribution, self-field MPD 

thrusters mainly based on the collisional 

effect and representing a better solution with 

comparable Hall effect contributions. Hence 

for launching purpose rail gun is the best 

option and for further propulsion MPD is 

best. The combinational approach of Rail 

Gun and MPD may be the most commonly 

used way of projection in future.   
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Abstract-In order to meet growing global 

requirement of affordable missions beyond low 

Earth Orbit, the small satellites can accomplish the 

missions which are not possible by larger satellites 

.But,these small satellites lacks effective 

propulsion system,and once in space are usually 

left to passively spin in orbits close to Earth. After 

a mission concludes, the satellite burns up in the 

lower atmosphere. Analysis has proved mission 

feasibility, identifying key challenges for effective 

techniques for satellite propulsion, Navigation, 

Autonomous Operations and independent 

surveying. A flat, compact square , much like a 

computer chip ,covered with 500 microscopic tips 

that, when stimulated with voltage, emit tiny 

beams of ions. Together, an array of these tips 

creates a small puff of charged particles that can 

help propel a small-sized satellite forward. They 

are so small that one can put several thrusters on a 

vehicle. A small satellite outfitted with these 

microthrusters could not only move to change its 

orbit, but do other maneuvers. Envisioning a small 

satellite with several microthrusters, these 

satellites can possibly be oriented in different 

directions. When the satellite needs to propel out 

of orbit, onboard power source would temporarily 

activate the thrusters. Microthrusters may even be 

used to power much larger satellites. Flat panels 

lined  
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with multiple thrusters could propel a satellite 

through space, switching directions much like a 

rudder. A typical heat engine that turns heat into 

a usable source of energy operates at about 25% 

efficiency and this new nano-heat engine, 

operating off of a single ion of calcium, is 

projected to be extremely more efficient. second 

law of thermodynamics determines the efficiency 

of heat powered engines powered by thermal 

heat reservoirs. This means that the efficiency of 

such engines is limited, its maximum efficiency 

is known as the Carnot Limit. However,it is 

proposed that the nano-heat engine is immune to 

the second thermodynamic law because the heat 

baths and the possibilities of non-equilibrium 

states can be explored and manipulated. In this 

paper, we propose a hybrid mechanism of 

satellite propulsion by unification of these two 

technologies,Microthruster and Nano-heat  

Engine.    

keywords: lower Earth Orbit, Carnot limit , nano-

heat engine , microthrusters.   

MECHANISM OF PROPULSION SYSTEM FORSMALL SATELLITES 

BY USINGMICROTHRUSTERS POWERED BY SINGLE ION 

NANOHEAT ENGINES 
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I.INTRODUCTION  

In order to meet growing global requirement 

of affordable missions beyond low Earth 

Orbit, the small satellites can accomplish the 

missions which are not possible by larger 

satellites. But,these small satellites lacks 

effective propulsion system,and once in 

space are usually left to passively spin in 

orbits close to Earth. After a mission 

concludes, the satellite burns up in the lower 

atmosphere. Analysis has proved mission 

feasibility, identifying key challenges for 

effective techniques for satellite propulsion, 

Navigation, Autonomous Operations and 

independent surveying. A flat, compact 

square , much like a computer chip ,covered 

with 500 microscopic tips that, when 

stimulated with voltage, emit tiny beams of 

ions. Together, an array of these tips creates 

a small puff of charged particles that can help 

propel a small-sized satellite forward. They 

are so small that one can put several thrusters 

on a vehicle. A small satellite outfitted with 

these microthrusters could not only move to 

change its orbit, but do other maneuvers. 

Envisioning a small satellite with several 

microthrusters, these satellites can possibly 

be oriented in different directions. When the 

satellite needs to propel out of orbit, onboard  

power source would temporarily activate the  

thrusters. Microthrusters may even be used to 

power much larger satellites. Flat panels lined with 

multiple thrusters could propel a satellite through 

space, switching directions much like a rudder. A 

typical heat engine that turns heat into a usable source 

of energy operates at about 25% efficiency and this 

new nano-heat engine, operating off of a single ion of 

calcium, is projected to be extremely more efficient. 

second law of thermodynamics determines the 

efficiency of heat powered engines powered by 

thermal heat reservoirs. This means that the 

efficiency of such engines is limited, its maximum 

efficiency is known as the Carnot Limit. However ,it 

is proposed that the nano-heat engine is immune to 

the second thermodynamic law because the heat 

baths and the possibilities of non-equilibrium states 

can be explored and manipulated.   

II.MICROPROPULSION 

REQUIREMENTS   

Table 1 shows representative in-plane and out-

ofplane maneuvers, their associated velocity 

increment ( ∆ V or “delta V”), and the minimum  

thrust required per kg of spacecraft mass for two 

different maneuver times.  Thrusting time is also 

given in Table 1 because many propulsive 

maneuvers such as changing orbit inclination are 

efficient over only part of the orbit. The semimajor 

axes of all “subsatellites” are almost identical to the 

semimajor axis of the reference orbit in order to  
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keep the orbital periods equal.  As seen from Earth,  

the subsatellites orbit about the center of the cluster 

once per cluster orbit period about the Earth.  To first 

 

distribution of spacecraft in this plane will maintain.     

Order, there is no radial motion of subsatellites 

within the cluster plane and the system appears to 

rotate as a rigid body.  The net result is that an 

arbitrary Its configuration within the plane, and this 

plane will rotate about the Earth such that its normal 

is always pointing towards the Earth, 30o above or 

below the reference orbit plane.  Hundreds-to-

thousands of  physically disconnected small 

spacecraft can occupy this plane and simulate 

operation of kilometer-scale and larger 

spacecraftThe second and higher-order terms in the 

Earth’s gravitational potential, solar pressure, and 

atmospheric drag conspire to disperse local clusters, 

but the first and last effects decrease rapidly with 

altitude.  An efficient orbit maintenance or 

formation-keeping strategy developed at the 

Aerospace Corporation relies on selection of a so-

called “frozen orbit” for the reference orbit and use 

of multiple thruster micro-corrections for each 

subsatellite per orbit.  Frozen orbits minimize 

variations in eccentricity and argument of perigee 

caused by higher-order gravitational harmonics (the 

lumpiness of the Earth’s gravity field).  The micro 

corrections occur along in-track and cross-track 

directions and are computed using an auto-feedback 

controller based on instantaneous relative position 

and velocity deviations.  Average microcorrection 

impulse bits are 1.3-mN-s for a satellite at 1-km 

radius within a local cluster orbiting at 700-km; the 

yearly formation-keeping requirement can be kept 

below 24-m/s for all satellites in this cluster.  

Required minimum impulse bits are in the 10’s-of-

µN-s range. The key to reducing formation-keeping 

propulsion requirements is to measure relative 

position and velocity with high accuracy; the 

previous propulsion requirements were based on a 

position measurement accuracy of 10-cm and a 

velocity measurement accuracy of 1-mm/s.  Under 

these conditions, the satellites stay within 20-meters 

of their ideal locations within the cluster. To reduce 

small spacecraft complexity and cost, thrusters may 

also be used for active attitude control in  
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Table 2 lists relevant properties and possible 

scaling issues for a number of thrusters that 

are used on-orbit today.  The top six devices 

are gasdynamic while the last two are 

electrostatic thrusters that use space-charge or 

externallyapplied electric fields to accelerate 

positive ions in a plasma to energies of several 

hundred eV and higher.  Note that the last four 

devices in Table 2 are electric thrusters.    

  

III.SIMPLE MICROTHRUSTER   

The simplest microthruster one can build is a 

cold gas thruster.  We used direct-write laser 

machining of FoturanTM to fabricate 3D 

axisymmetric exit nozzles for a 1-mN-class 

thruster. Foturan is a bulk UV-photosensitive 

glass/ceramic material manufactured by 

Schott Glassworks of Germany. Figure 4 

shows two optical microscope views of an 

example nozzle.  The nozzle shape and 

expansion ratio are under user control, and 

hundreds of nozzles with various 

characteristics have been produced.  The 

nozzle in Fig. 4 has a throat diameter of 

100microns and an expansion ratio (exit plane 

area divided by the throat crosssectional area) 

of 10:1.  Two nearly identical nozzles were 

used to fabricate the bi- directional cold gas 

microthruster module shown in Fig. 5.  This 

module integrates laserprocessedFoturan 

parts with two commercially available (circa 

1996) MEMS valves  that are 4-mm-square.  

Each valve is directly coupled to an exit 

nozzle and both valves share a common gas 

plenum. The bidirectional thruster valves had 

a limited stroke; boss-to-valve seat gaps are 

typically about 20- microns in the open state, 

thus introducing flow impedance.  In addition, 

electrothermal valves are sensitive to 

operating temperature and heat transfer to the 

fluid that is being controlled. We 

characterized the bi-directional thruster in a 

vacuum chamber at 5-milliTorr ambient 

pressure using an inverted pendulum thrust 

stand based on a NASA-Lewis design.31  

Thrust measurement accuracy was 0.1-mN 

and mass flow rate measurement accuracy 

was 5 x 10-8 kg/s.  Figure 6 shows thrust as a 

function of feed pressure and valve voltage 

using room temperature argon as the 

propellant.  The silicon valves are normally 

closed, and they begin opening at applied 

voltages greater than 4.5 V.  For 5-Volt 

operation, the mass flow rate and hence thrust 

increase as feed pressure increases up to about 

19-psi.  At higher feed pressures, the thrust 

(and mass flow rate) drops due to valve 

cooling by the propellant.  An almost linear 

thrust vs. feed pressure relationship is 

obtained at 5.5-Volt operation.  The maximum 

thrust of 1-mN at 24.5psia feed pressure is 

about an order-of-magnitude below what the 

nozzle itself can produce at equivalent feed 

pressure; the thrust level is limited by viscous 

losses in the microvalve. Estimated minimum 

impulse bit, based on the 100-ms valve 

response time, is 0.1- mN-seconds.   

lieu of momentum wheels and magnetic torque    

rods.  For constant density and geometric 

configuration, moments of inertia scale as s5 (the 

mass M scales as s3 and the moment of inertia 

scales as Ms2) where s is a characteristic satellite 

dimension.  The applied torque scales as Fs  

where F is the thrust applied a distance s from the 

center-of-mass.     



-85-  

  

  

Specific impulse for the bi-directional thruster with 

argon propellant increased almost linearly from 16-s 

at 8.5-psia feed pressure to 27-s at 24.3-psia feed 

pressure.  The highest measured specific impulse of 

27 s is 50% of the ideal specific impulse for argon 

with a 10:1 expansion nozzle into a vacuum.  

Estimated specific impulse using a space-storable 

low molecular weight propellant such as butane is 

37-s.  This would support a lifetime velocity 

increment of 60-m/s with an initial 15% propellant 

mass fraction.  Higher specific impulse can be 

obtained by using smaller nozzles or by integrating 

higher flow-rate microvalves.  Nanosatellites are 

highly integrated 1-to-1000 gram mass spacecraft 

that could be massproduced using semiconductor and 

microelectromechanical systems (MEMS) 

batchfabrication techniques. Using this approach, 

unique space architectures that use thousands of 

small spacecraft become possible.  One new 

approach is to use hundreds or thousands of 

spacecraft in a rotating disk geometry that can be 

used as a sparse aperture antenna with kilometerscale 

diameters.  In general, nanosatellites will require 

microthrusters with micro-to-millinewton thrust 

levels for orbit insertion, orbit maintenance, disposal, 

and attitude control.   

While some types of thrusters may not scale down 

efficiently to sub-millinewton thrust levels, new 

devices based on sub-micron structures become 

possible.  At Aerospace, we have fabricated two 

chemical microthrusters using a combination of 

laser-machining and semiconductor fabrication 

techniques:  a 0-to-1 mN thrust bi-directional cold 

gas microthruster and a novel array of single-shot 

microthrusters.  The latter effort is part of an on-

going MEMS effort supported by DARPA.  Impulse 

bits of 0.1 mN-s were produced by individual 

microthrusters in the batch-producible array using 

lead styphnate as a solid chemical propellant.  We 

are also investigating the use of CMOS 

semiconductor fabrication techniques for 

constructing microresistojets and field 

emissionbased micro ion engines. Various test 

devices have been fabricated, but actual thrust 

measurements have not yet been attempted.   

IV.SINGLE ION NANO HEAT 

ENGINE   

Prominent macro-devices are heat engines that 

convert thermal energy into mechanical work, 

and hence motion .A fundamental question is 

whether these machines can be scaled down to 

the single particle level, while retaining the 

same working principles as, for instance, those 

of a car engine. It is interesting to note in this 

context that biological molecular motors are 

based on completely different mechanisms that 

exploit the constructive role of thermal 

fluctuations. At the nano scale, quantum 

properties become important and have thus to 

be fully taken into account. In this paper, we 
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take a step towards that goal by proposing a 

single ion heat engine using a linear Paul trap.   

Specifically, we present a scheme which has 

the potential to implement a quantum Otto 

cycle using currently available state-of-the-art 

ion-trap technology. Laser-cooled ions in 

linear Paul traps are quantum systems with 

remarkable properties  they offer an 

unprecedented degree of preparation and 

control of their parameters, permit their 

cooling to the ground state, and allow the 

coupling to engineered reservoirs . For these 

reasons, they have played a prominent role in 

the experimental study of quantum 

computation and information processing 

applications. They are also invaluable tools 

for the investigation of quantum 

thermodynamics. The quantum Otto cycle for 

a harmonic oscillator is a quantum 

generalization of the common fourstroke car 

engine and a paradigm for thermodynamic 

quantum devices. It consists of two isentropic 

processes during which the frequency of the 

oscillator (the trap frequency) is varied, and of 

two isochoric processes, that in this situation 

correspond to a change of temperature at 

constant frequency. In the present proposal, 

we simulate the Otto cycle by confining a 

single ion in a novel trap geometry with an 

asymmetric electrode configuration and 

coupling it alternatingly to two engineered 

laser reservoirs. As for all realistic machines, 

this Otto engine runs in finite time and has 

thus non-zero power.    

  

We determine the efficiency at maximum 

power in the limit of adiabatic and strongly non 

adiabatic processes, which we express in terms 

of the non adiabaticity parameter introduced 

by Husimi . We further present semiclassical 

Monte Carlo simulations, with realistic 

parameters, that demonstrate the experimental 

feasibility of such a device. The proposal and 

the single ion trap design idea have several 

unique advantages: First, all of the parameters 

of the engine, in particular the temperatures of 

the baths, are tunable over a wide range, in 

contrast to existing engines. As a result, 

maximum efficiency can be achieved. 

Moreover, at low temperatures, the engine may 

operate in the quantum regime, where the 

discreteness of the energy spectrum plays an 

important role. In addition, the coupling to the 

laser reservoirs can be either switched on and 

off externally, or by the intrinsic dynamics of 

the ion itself. In this latter mode, the heat 

engine runs autonomously. Since trapped ions 

are perfect oscillator models, the results 

described here may in principle be extended to 

analogous systems, such as micro- and nano-

mechanical oscillators, offering a broad 

spectrum of potential applications. The energy 

gained by running the engine cyclically in the 

radial direction can be stored in the axial 

degree of freedom. Indeed, the axial translation 
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on the nanometer scale can be enhanced by 

coupling the ion to the laser reservoirs 

resonantly at the axial trap frequency. In such 

a way, the cyclic temperature change of the 

radial thermal state is directly converted into 

an increasing coherent axial oscillation. In 

principle, the excited axial oscillation is only 

limited by the trap geometry.    

  

  

The cycle time of the engine is given by the 

axial oscillation period, and is of the order of 

10µs, while the time needed to change the 

temperature is below 1µs. In order to reach a 

steady state of the heat engine, a reddetuned 

low intensity dissipation laser is applied in 

axial direction that damps the coherent 

movement depending on the velocity of the 

ion. The stored energy in the axial motion may 

be transferred to other oscillator systems, e.g. 

separately trapped ions or nanomechanical 

oscillators, and thus extracted from the engine 

as usable work. When driven as a heat pump, 

cooling of such systems should be possible. 

The single ion engine offers complete control 

of all parameters over a wide range. The 

temperature of the two heat reservoirs, as well 

as the applied dissipation, can be adjusted by 

tuning the laser frequencies and intensities. On 

the other hand, the oscillation amplitude and 

frequency of the ion can be changed by virtue 

of the trap parameters.   

This unique flexibility of the device can be 

exploited to satisfy the conditions for 

maximum efficiency at maximum power 

derived previously. While so far the laser 

reservoirs have, for simplicity, been switched 

on and off externally, another feature of this 

Otto engine is the ability to operate in a 

completely self-driven manner. To this end, 

the foci of the heating and cooling lasers can 

be separated spatially on the trap axis by e.g. 

200µm, so that the ion is coupled to the heat 

baths at the turning points of its axial 

trajectory. No active switching is required and 

the axial motion of the ion is self-amplifying. 

The ion needs to be driven only in the initial 

phase of the axial motion to reach a threshold 

amplitude. We note that at a radial frequency 

of 6.0MHz, the thermal energy of the 

oscillator, starts to deviate appreciably from its 

classical value be- low 200µK, which could be 

reached with 40 Ca-ions, if we assume a two-

level approximation and the Doppler cool- ing 

limit TD = ħΓ/(2kB), where Γ denotes the 

linewidth of the dipole transition. A single ion 

engine has thus the potential to enter the 

quantum regime and become a tool to study 

effects of quantum coherence and correlations 

on the efficiency. Application of optimal 

control techniques would further allow for 

nonclassical bath engineering. The 

investigation of heating and cooling on the 

simple and fundamental single ion mode 

interactions may serve for prototyping coolers 

also in systems, which share similar properties. 

For the specific example of micromechanical 

oscillators, mode coupling has been described 

and realized in several experiments.   
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Abstract—The paper aims to present a 

review of Antimatter Aided Propulsion 

Technologies and Systems. Interstellar 

space missions needs high energy 

requirements and that can be attained by 

Matter-Antimatter Annihilation. This 

Annihilation has the highest energy density 

known to mankind till now. For example, 

energy from a Matter-Antimatter reaction 

is proved to be several billion times more 

than oxygen-hydrogen combustion and 

several hundred times more than a fission 

or fusion.It provides a specific impulse of 

more than 6000s which is the minimum 

requirement for any kind of deep space 

mission. This paper also presents a review 

on the production and storage of 

antimatter in near future and about the 

production of antiprotons at CERN and 

FNAL. It also gives a general review about 

how to trap Antiprotons. It does not 

contemplate the specific methods of 

production of antimatter. This paper also 

provides a review about how the 

Annihilation reactions could possibly give 

desired exhaust velocities.  This paper also 

gives an idea about the technologies to use 

a magnetic nozzle to direct the charged 

particles from the annihilation reaction to 

produce the desired thrust. The main aim 

of this paper is to discuss about the possible 

Antimatter Propulsion concepts. The 

conventional ones include the Solid Core 

concept, the Gas Core concept, Plasma 

Core concepts and the Beamed Core  

 

concept. The other propulsion systems 

include Antimatter Catalyzed 

Fusion/Fission propulsion system and 

Antimatter Initiated Micro Fusion. This 

paper will be concluded with the discussion 

of present production capabilities of anti 

protons with the available facilities and the 

estimation of cost and time for the 

production of anti protons for a possible 

interstellar mission in near future.  

Keywords— Antimatter, annihilation, 

specific impulse, magneetic nozzle, exhaust 

velocity  

 

 

I. INTRODUCTION  

Annihilation simply means the collision of 

matter with it’s respective antimatter. When an 

electron collides with it’s respective antimatter, 

that is, a positron we get gamma rays as products 

with definite energies. This means the complete 

tranformation of mass into energy. Therefore, 

energy density from an annihilation reaction is the 

hightest known in physics. Such high energies can 

be used for various applications if harnessed. The 

purpose of the present paper is to review the 

propulsion technologies using antimatter 

annhilation reactions.  
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II. PRODUCTION OF 

ANTIMATTER   

       The  production of antimatter takes place at 

CERN in Geneva, Switzerland and at Fermilab in 

Batavia, Illinois. CERN has the largest particle 

physics laboratory in the world. It’s the only place 

in the world where we have a antiproton beam at 

sufficiently low energy level.  

       Fermilab is another leading particle physics 

laboratory. It’s major purpose is to produce anti 

protons and study their properties for the use in 

various applications.  

A.Trapping and Storing of Antiprotrons  

At CERN trapping of anti protons is done using 

Low Energy Antiproton Rings ( LEAR) which 

produces low energy beams of antiprotons. The 

Antiproton Decelarator (AD) comes next , which 

provides the produced antiprotons for various 

experiments such as ACE, AEGIS etc.  

The most general method of storing anti protons 

is by using Accumulator storage rings which can 

reduce their speed considerably and are portable. 

Electromagnetic iontraps are also used to store 

anti protons.  

III. ANNIHILATION FOR DESIRED ENERGY  

When matter and antimatter annihilate the energy 

released will be enourmous. Foe example when 

electron and positron(anti particle of electron ) 

collides, gamma rays with certain energy are 

formed in pairs:  

℮+ + ℮−   →  γ + γ  

The gamma rays formed release energy as 

photons. But in case of heavier annhilation 

reactions such as the annhilation of a proton and 

a antiproton, the products are not as simple as this. 

The  annhilation of a proton and antiproton is 

given as:                     p + p−    →  mπ0 + nπ− + nπ+  

The products are mainly charged pions with high 

energies. It decays after their life time emitting 

out gamma rays and other debris with high 

energies. The tricky part here is about how to 

harness the released energy. If we could harness 

this released energy, interstellar missions are 

possible in the near future.  

A. Use of Magnetic Nozzle in Antimatter Rocket  

      The main concept of pion antimatter rocket is 

to channel the charged pions from the annihilation 

of proton and antiproton to create the desired 

thrust. That is accomplished by using a nozzle 

channel with very high magnetic field to prevent 

the deflection of gamma rays and other debris 

from the reaction to the thruster. Since it releases 

a huge energy , narrowing it down can push a ship 

with an exhaust velocity that could easily 

accomplish a small interstellar mission. This is 

discussed briefly in the following sections.  

IV. ANTIMATTER PROPULSION CONCEPTS        

The use of electron-positron annihilation to 

produce thrust was first proposed by Eugene 

Sanger in 1953. Since then new methods are 

discussed for possible antimatter propulsion 

technologies. There are four conventional 

methods which use the energy directly from an 

annihilation reaction[1 ].   

  

 

 

A. Solid-Core Method  

  

In solid core concept, the antiprotons are used to 

heat a refractory metal (with high atomic number) 

core. The charged products from the annihilation 

are pumped into the hot core with the help of a 

directing nozzle and expanded to produce thrust. 

Tungsten is good metal for this concept.  

  

 

B. Gas-Core Method  

  

      Here the solid metal is replaced by a high 

temperature gas. The major advantage here is that 

it can operate in high temperatures which over 

rides the low melting point solid metal core.  
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C. Plasma-Core Method  
  

      This operates at even higher temperatures. 

That is the gas selected is allowed to ionize and 

operated at that particular temperature.The 

plasma which acts as the core is contained by 

electric and magnetic fields. The annihilation 

heats up the plasma and allows it produce the 

desired thrust.  

  

D. Beamed-Core Method  
  

From the discussion about the use of magnetic 

nozzles it is very clear that the magnetic nozzle 

itself is the major component of a beamed core 

antimatter engine. Here mostly the charged pions 

are directed in the nozzles. Conceptual models of 

the beamed core method are carried out and 

reported by CHIPS (Chiral Invariant Phase 

Space) event generator models and simulations 

were carried out at CERN using the Geant4 

(Geometry And Tracking) software toolkit[2].  

         While the above concepts use the entire 

energy from any annihilation reaction, the 

antimatter catalyzed methods are used to initiate 

fusion/fission at given conditions.  

  

E. Antimatter Catalyzed Micro Fusion/Fission  

  

         Antimatter annihilation can initiate 

neutronic fission reactions in fission fuel 

combinations such as Deuterium-Tritium (D-T) 

and Uranium-238 as small pellets. Here a low 

intensity antiproton beam can be used to irradiate 

the pellets causing them to ignite the reaction and 

produce thrust.  

  

F. Antimatter Initiated Micro Fusion  

  

        The Magnetically Insulated Inertial 

Confinement Fusion (MICF) concept uses 

annihilation products to initiate fusion in D-T 

fuelled engines[3]. The MICF concept is for the 

containment of the hot plasma from the metallic 

shell so that it could initiate the annihilation 

reaction. The products thus created are directed 

through a magnetic nozzle to produce the desired 

thrust.  

  

V. CONCLUSION  

       As discussed earlier the production of 

antiprotons are carried out considerably at CERN 

and Fermilab. Both the organisations use high 

energy proton synchrotron accelarators [4]. These 

have storage rings for collecting the anti protons. 

For the catalyzed systems the amount of anti 

protons produced today could be enough to iniate 

a micro fusion which could propel a space ship 

with desired exhaust velocity. With the existing 

facilities it can be said as the cmost expensive 

form of available energy there is. The applications 

on the other hand vary widly from cancer therapy 

to propulsion technologies.   

 If matter –antimatter annihilation proves the 

complete conversion mass into energy then 

conversely energy should give matter and 

antimatter in a reverse reaction. The universe can 

never be understood completely.  
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Abstract-The aviation and space 

industry has seen tremendous growth 

in recent years. The average number 

of flights flown in a day has seen a 

phenomenal increase. A review of 

previous work reveals that present 

day propellants are less efficient, have 

low values of specific thrust and are 

not cost effective. In addition, 

propellant storage is also seen to be a 

significant issue with present day 

propellants. Compound hybrid 

propellants (Solid + liquid) that use a 

combination of solid and liquid 

propellants are projected as 

favourable propellants for the future. 

Efforts towards making hybrid 

propellants more efficient as 

compared to present day propellants 

can yield rich dividends in the future. 

The current paper proposes the use of 

new hybrid propellants that uses 

Nitryl nitrate in combination with 

hydrazine. Technical aspects 

pertaining to this new chemical 

combination are discussed in detail. 

The use of thermal insulators as fuel 

combustion controllers is introduced 

considering the new propellant 

system. The major challenges in 

adapting the new hybrid propellant 

system are highlighted in the paper. 

The proposed propellant eliminates 

the use of an external oxidizer and  
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compares well with presently used 

propellants in terms of specific thrust, 

cost per unit propellant, weight of the 

total propellant system and also 

overall efficiencies. The enhanced 

propellant properties are projected to 

be particularly useful for space 

related applications. The                    

scope for further research work in this 

area will be outlined.  

IndexTerms- Aerospace Propulsion,  

Hybrid Propellants, Nitryl Nitrate, 

Specific Thrust.  
  

I. INTRODUCTION 

           A propellant is used for energy 

generation to propel vehicles, projectilesor 

other objects. Propellants undergo 

combustion or are decomposed to produce 

the propelling gas. In some cases 

propellants are readily vaporized. Common  
propellants are energeticmaterials 

consisting of twoComponents namely a 

fuel such as gasoline, jet fuel, and rocket 

fuel with the second component being an 

oxidizer. A propulsion system is a machine 

that produces thrust and helps to move an 

object in the desired direction. It basically 

works on the principle of `Newton's third 

law of motion [1].The thrust exerted by the 

system includes the components of 

momentum thrust and pressure thrust as 

given in “Equation. 1” as:-  
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 T = ( − ) +  + ( − 

)(1)  

Different types of propellants are currently 

in use. A brief review is presented here.  

I.1. LIQUID PROPELLANT 

                Typical examples of liquid 

propellants are Cryogenic  oxygen 

and hydrogen, cryogenic oxygen and 

hydrocarbon and storable propellants [2].  

• Cryogenicoxygenhydrogen 

combination system - Used in 

upper stages and sometimes in 

booster stages of space launch 

systems. This is a nontoxic 

combination. This gives high 

specific impulse and is ideal for 

high-velocity missions.  

• Cryogenic oxygenhydrocarbon 
propellant system- Used for many 
booster stages of  
space launch vehicles as well as a 

smaller number of second stages. 

This combination of fuel/oxidizer 

has high density and hence allows 

for a more compact booster design.  

• Storable propellant combinations- 

Used in almost all bipropellant 

low-thrust, auxiliary or reaction 

control rocket engines, as well as in 

some in large rocket engines for 

first and second stages of ballistic 

missiles. They are instant-starting 

and suitable for long-term storage.  

 

I.2. SOLID PROPELLANT 

Solid propellants are generally made up of 

low explosive materials, but it may include 

high explosive chemical ingredients that 

are diluted and burnt in a controlled way 

(deflagration) rather than detonation. The 

controlled burning of the propellant 

composition usually produces thrust by 

gas pressure and accelerates a projectile, 

rocket or other vehicle. Commonly used 

propellants include various forms of 

nitrogen as di-nitrogen tetra oxide and 

dinitrogen penta oxide. Generally, solid 

fuels deflagrate from the surface of 

exposed propellant in the combustion 

chamber. The geometry of the propellant 

inside the rocket motor plays a vital role in 

the overall motor performance. As the 

surface of the propellant burns, the shape 

evolves with the exposed propellant 

surface area changing with time. The mass 

flow rate,  (kg/s) of combustion 

gases is a function  of  the 

instantaneous surface area   (m2), 

linear burn rate of fuel    (m/s) and 

density    expressed as in  

“Equation. 2”:-  

 =  ..                         

(2)  

“Equation. 3” depicts the rate of change of 

energy [2].  For the solid fuels the value of  

is higher than the liquid fuels as:-  

 = ( − ) + 
   

 2 2 

I. 3.SOLID VERSUS LIQUID 

            Solid propellants are generally better 

observed toperform better as compared to 

liquid  propellants.  Solid  propellants 

occupy lesser space and their efficiencies are 

higher. Furthermore, solid propellants do not 

require cooling and overall cost of using solid 

propellants is much lower.   However, upon 

ignition, solid propellants continue to burn 

completely and they cannot  be controlled 

unlike  liquid propellants. Production of 

large sized rocket motors is a difficulty 

associated with solid propellants.  

II. SATELLITE MISSION 

           Satellites can be natural or artificial 

(manmade). An artificial satellite is an 

artificial object which has been intentionally 

placed in a chosen orbit for a specific 

function. Satellites are used for different 
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purposes. Common types include military 

and civilian Earth observation satellites. 

There are around 6,600 satellites that have 

been launched so far with the updated 

estimates indicating  that  3,600 remain 

in orbit[3]. Among these, about 1,000 are 

currently operational [4]. Satellites are 

propelled to their target orbits by means of 

rockets. Usually, the Launch vehicle itself is 

a rocket lifting off from a launch pad. A 

Rocket is a missile, spacecraft or any other 

vehicle that basically obtains thrust from a 

rocket engine. Rocket engine exhaust is 

formed entirely from the propellants which 

are carried within the rocket before use [5].  

III. ROCKET PROPELLANTS 

         Rocket propellant is the material 

that is encased in a container prior to 

being used as the propulsive mass. The 

propellant is ejected from a rocket engine 

in the form of a fluid jet to provide thrust 

to the object [6]. For chemical rockets 

often the currently used propellants are 

liquid hydrogen or kerosene burned, nitric 

acid or hydrazine, di-nitrogen tetroxide 

with nitric acid(commonly used) as an 

oxidizer such as liquid oxygen or nitric 

acid to produce large volumes of very hot 

gases [7]. The fuel and the oxidizer are 

stored separately and mixed in the 

combustion chamber or they are in 

combined form as in the case of solid 

rockets.  

IV.PROPOSED  PROPELLANT 

CONFIGURATION 

The current proposal takes it root in the 

Nedelin catastrophe occurred on 24 

October 1960 at Baikonur test range.   

During a test as part of the Intercontinental  

Ballistic Missile (ICBM R-16) 

development program by erstwhile Soviet 

Union, an explosion occurred when 

second stage engines ignited accidentally. 

This incident took the lives of several 

individuals associated with the project.  

The flight was fuelled with di-nitrogen 

tetra oxide with nitric acid[8].Nitric acid 

was used as the oxidizer because of its 

high boiling and thrust improvement 

purpose. Despite this oxidizer becomes 

extremely corrosive and toxic (in excess), 

it still finds application. This combination 

of fuel and oxidizer has been observed to 

be highly volatile and hence no longer 

find their utility. Here, a new chemical 

combination is introduced that overcomes 

the limitations imposed by propellant 

chemical combination employed 

earlier.The proposed propellant is a 

hybrid propellant consisting of di-

nitrogen penta oxide and hydrazine mixed 

in specific proportions.   

IV.1. Di-NITROGEN PENTA OXIDE  

(N2O5)  

        Di-nitrogen penta oxide“Figure.1” or 

technically known as Nitryl nitrate is the 

chemical compound  that exists in solid 

state with the chemical formula N2O5. It is 

an unstable compound but potentially a 

very good oxidizer if used in combination 

with other suitable chemicals. In the large 

scale it decomposes into [NO ] and [NO ]. 
It has a bond angle of 114˚ between the 

NN atoms and 133˚ between O-O atoms, 

with resonance on alternate O-N-O bond. 

Following are additional features of the 

compound:- Molar Mass = 108.01 g/mol  

Density = 1.642 g/cm3 Melting 

Point = 41 °C  

Boiling Point = 47 °C  theoretically   

Colour = White  

Standard molar entropy =   

178.2 J K−1 mol−1 (solid)  

          355.6 J K−1 mol−1 (gas)  

Standard enthalpy =  

          −43.1 kJ/mol (solid)  

          +11.3 kJ/mol (gas)  



-96-  

  

N2O5 is generally prepared by treating  

AgNO3 with Cl .A recommended 

laboratory synthesis entails dehydrating 

nitric acid (HNO3) with phosphorus (V) 

oxide as:-  

    P4O10 + 12 HNO3 → 4 H3PO4 + 6 N2O5         

(4)  

In the reverse process, N2O5 hydrolysed 

(reacts with water) to produce nitric acid. 

Thus, di-nitrogen penta oxide is the 

anhydride of nitric acid as:-  

N2O5 + H2O → 2 HNO3                   (5)  

N2O5 exists as colourless crystals that 

sublime slightly above room temperature.  

It has the tendency to reversibly break into 

HNO3 has led to research into its use in 

advanced power generation systems as a 

so it is called as a powerful oxidizer. Cool 

di- nitrogen penta oxide is compressed and 

heated does not required any external 

oxidiser to perform further operation. The 

presence of Nitric acidprovides huge 

amount of thrust to the vehicle by evolving  

 

Fig.1 Molecular Structure of N2O5. 

IV.2. HYDRAZINE (N2H4)  

Hydrazine“Figure.2” (also called diazane) 

is an inorganic compound with the 

formula N2H4. It is a colourless flammable 

liquid with an ammonia-like odour and a 

symmetrical molecule. Following are 

additional features of the compound:-  

Molar mass = 32.0452 g mol−1   

Density = 1.021 g cm−3  

Melting point = 2 °C  

Boiling point = 114 °C  

Hydrazine is mainly used as a foaming 

agent in preparing polymer foams, and in 

various rocket fuels and to prepare the gas 

precursors used in air bags. Hydrazine is 

used within both nuclear and conventional 

electrical power plant steam cycles as an 

oxygen scavenger to control 

concentrations of dissolved oxygen in an 

effort to reduce corrosion.  

It was first used as a rocket fuel during 

World War II for the Messerschmitt Me 

163B (the first rocket-powered fighter 

plane), under the code name B-Stoff 

(hydrazine hydrate). When mixed with 

methanol (M-Stoff) and water it was 

called C-Stoff. Hydrazine is also used  as 

a lowpower monopropellant for the 

manoeuvring thrusters of spacecraft, and 

the Space Shuttle's auxiliary power units 

(APUs). The majority use of hydrazine is 

as a precursor to blowing agents. Route 

through which usually, hydrazine 

synthesis occurs during the oxidation of 

Urea with Sodium hypoclorite as:-  

(H N) C=O + NaOCl + 2 NaOH →  

N2H4 +  H2O  +  Nacl  +  Na2CO3                    

(6)  

In all hydrazine monopropellant engines, 

the hydrazine is passed by a catalyst such 

as Iridium metal supported by highsurface-

area alumina(aluminium oxide) or carbon 

nanofibers, which causes it to decompose 

into ammonia, nitrogen gas, and hydrogen 

gas according to the  

following reactions:-   

3 N2H4 → 4 NH3 + N2  (7)  

 N2H4 →  N2 +  2  H2                                      

(8)  

4 NH3 + N2H4 → 3 N2 + 8 H2                

(9)  

Reactions indicated in “Equation. 7” and  

“Equation. 8”  are extremely exothermic 

(the  catalyst chamber can reach 800 °C 
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in a matter of milliseconds, [9]) and they 

produce large volumes of hot gas from a 

small volume of liquid in “Equation. 9”, 

making   

 

  

Hydrazine a fairly efficient thruster 

propellant with a vacuum of about 220 

seconds  [9],  reaction  (9)  

is endothermic and so reduces the 

temperature of the products, but also 

produces a greater number of molecules. 

Hydrazine is a highly efficient individual 

propellant but, consumes large space than 

di nitrogen pent oxide.   

IV.3. HYBRID PROPELLANT  

Apart from using di-nitrogen penta oxide 

on hydrolysis shows the following 

behaviour and hydrazine separately as 

propellants, if a reaction between 

dinitrogen penta oxide and hydrazine is 

facilitated under specific conditions of 

pressure and temperature, then improved 

results can be expected. 

Hydrolyseddinitrogen penta oxide 

(N2O5)with hydrazine (N2H4) is projected 

to behave chemically in the following 

fashion:  

N2O5 + H2O → 2 HNO3(10)  

3N2H4 → 4 NH3 + N2        (11)  

    EXPECTED REACTION AND 

RESULTS:-  

N2H4+ 2N2O5→ N O +   2H O  

            (Tetranitrohydrazine)  

HNO3+ NH3→ Evolution of (H2) at High 

Speed   

The use of the chemical combination can 

result in certain advantages.This 

compound is of light weight as compared 

to liquid fuels with ability to control the 

reactions. This compound does not require 

much cooling and hence leads to increase 

inefficiency and at the same time reduced 

system development costs.  

This compound propellant occupies 

less space in the storage tank as it is in 

hybrid form. Exhaust velocities or thrust 

generationcan be comparatively higher 

than the other fuels. This propellant does 

not required any external oxidizer for 

further proceeding of the operation. This 

fuel can be stored at room temperature as 

well as pressure.   

This compound fuel or any other solid 

fuel will burn completely after burning 

starts just like solid fuels do after exposure 

to heat, we can stop burning this solid 

propellant whenever we want. By cutting 

the solid fuel into different sections and 

placing film  of Tungsten or Graphite . All 

the sections of the solid fuels will be 

attached to the thermal conducting wire, 

which will provide heating to the next 

section of solid fuel if the initial section 

burnt. Again the same process continues 

and from that one can save around one-

third the cost of any operation and also 

save the resource fuel.     

  

V. CONCLUSIONS  

The paper revisits the characteristics of 

existing propellants and their limitations. 

The use of novel hybrid propellant based 

on di-nitrogen penta oxide was discussed. 

A method to produce di-nitrogen penta 

oxide on a laboratory scale has been 

presented. The combination of di-nitrogen 

penta oxide with hydrazine can yield a 

propellant whose performance can far 
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exceed that of the current propellants in 

use.  However, industry-scale manufacture 

of di-nitrogen penta oxide is a current 

challenge and remains an area of focus for 

further research.   
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This paper deals about multiple flybys around 

the inner solar system, using the launch energy 

and payload capacity of the Polar Satellite 

Launch Vehicle (PSLV-XL). With the success 

of the ISRO'S Mars Orbiter Mission, the 

Liquid Apogee Motor's firing capability after 

a long duration deep space transit has been 

proven. This article basically extends the Mars 

Orbiter Mission concept to multiple 

destinations with a similar propellant 

requirement. Planetary flyby sequences are 

identified with constraints involving at least 

one visit to all the inner planets, and also with 

launch dates falling in the current decade. The 

final phase of the mission is nothing but a 

capture orbit around Mercury owing to the 

availability of excess propellant after Earth-

escape burn. This is because of the velocity 

gained as a result of multiple flybys, which 

can possibly reduce arrival Δv at Mercury. 

The trajectory analysis is performed using 

Skipping Stone*, which is a MATLAB- based 

tool that can compute up to four planetary 

flybys with the fifth destination serving as the 

target Mercury. Keeping in mind the high 

heliocentric velocity of Mercury, the sequence 

should involve at least one Venus flyby and 

one Mercury flyby prior to the capture burn. 

The dry mass ratio and the overall payload 

values are considered to be same as that of the 

Mars Orbiter Mission for this analysis. The 

launch characteristic energy C3 of the 

identified trajectories is below 25 km2/ s2 in 

order to have sufficient fuel for course 

correction maneuvers and the final 

Hermocentric capture. The results for two 

such flyby sequences have been presented, 

along with orbit phasing in order to increase 

velocity of spacecraft before earth-escape burn. 

Phasing of orbits is computed analytically with 

visualization done using NASA’s General 

Mission Analysis Tool (GMAT).  
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ABSTRACT:  

In recent year the problem of space debris 

have become very serious. The mass of the 

artificial objects in orbit increased quite 

steadily at the rate of about 145 metric tons 

annually, leading to a total tally of 

approximately 7000 metric tons. Now most 

of space debris object orbiting in LEO region 

about 97%. The catastrophic collision can be 

mostly occurred in LEO region, where this 

collision generate the new debris. Thus, we 

propose a concept for cleaning the space 

debris in the region of thermosphere by 

passing the Extreme Ultraviolet (EUV) 

radiation toin frontof space debris object 

from the re-orbiter. So in our concept the 

Extreme Ultraviolet (EUV) radiation will 

create the thermosphere expansion by 

reacting with atmospheric gas particles. So 

the drag is produced in front of the space 

debris object by thermosphere 

expansion.This drag force is high enough to 

slow down the space debris object’s relative 

velocity. Therefore the space debris object 

gradually reducing the altitude and finally 

enter into the earth’s atmosphere. After the 

first target is removed, the re-orbiter can be 

goes into next target. This method remove 

the space debris object without catching 

debris object. Thus it can be applied to a 

wide range of debris object without regard to 

their shapes or rotation. This paper discusses 

the operation of re-orbiter for removing the 

space debris in thermosphere region.  

  

Keywords:Active Space Debris Removal, 

Space debris, LEO, Thermosphere, Extreme  

Ultraviolet.  
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Electro Debris Collector  
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INTRODUCTION— Space debris also known 

as orbital debris or space junk is the collectionof 

defunct objects in orbit around earth. This 

includes everything from spent rocket stages, 

old satellites, and collided objects in space and 

the majority of it are metals.   

  
This prototype Electro Debris Collector (EDC) 

emphasizes on the removal of space debris 

present in LEO and GEO using and electro 

adhesion technology. In this paper, we have 

also equipped EDC with its manoeuvring 

ability, and its unique power system. It also 

emphasizes in bringing the debris back by 

wrapping inside it and land safely on ocean 

bodies by controlling the EDC from earth 

control station and collects the debris as a 

whole.   

  
  

 

 

Debris Collection 

For trapping both the metallic & non-

metallic debris electro adhesion 

technology in the form of Electro 

Adhesive Wings shall be used on EDC. 

The Electro adhesion technology uses 

electrostatic forces between the 

substrate material and the electro 

adhesive surface.  
  

Manoeuvring of EDC 

       Plasma Thrusters Engine shall 

work in EDC to make it successfully 

manoeuvre in space. A plasma 

propulsion engine is a type of electric 

propulsion that generates thrust from 

quasineutral plasma.  The thrust to 

EDC is not only provided to help it 

manoeuvre in space, but also to achieve 

higher velocity, making it suitable to 

trap the debris competing with the 

debris velocity.  
  

 

 

 



-102-  

  

Power Source to EDC 

  

A Radioisotope Thermo-electric Generator 

(RTG) is an electrical generator that uses 

an array of thermocouples to convert the 

heat released by the decay of a suitable 

radioactive material into electricity. It is 

also known as the Seebeck effect. This 

RTG technology shall also power the EDC 

 using Radioisotope Plutonium 238 or 

uranium 235 due to their extensive 

properties..  
  

MECHANISM OF EDC 

 

The EDC is positioned in its predefined 

orbit from where the debris would be 

cleaned or collected. When any debris 

cluster or debris shall be encountered by 

EDC from a certain distance as per the data 

provided from the ground based detection 

centre then EDC comes into action. After 

Collecting the junks of the proposed 

weight say suppose 1 ton a lid or hatch 

would wrap around the system so that 

further collection would be stopped.  
AN INTERNAL VIEW OF EDC 
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Abstract-According to Standard Model(SM) and 

Higgs mechanism, neutrinos do not have mass. 

But, about 15 years ago, experimenters discovered 

that neutrinos do have tiny masses and this has been 

hailed as a great discovery since this may show us 

how to go beyond the SM. Many researchers have 

proposed that these neutrinos might be the major 

constituent of Dark Matter. There is another ’mass 

having’ particle called Neutralino. Neutralino is a 

hypothetical particle predicted by supersymmetry. 

As a heavy, stable particle, the lightest neutralino 

is an excellent candidate to comprise the 

Universe’s cold dark matter. In many models the 

lightest neutralino can be produced thermally in the 

hot early universe and leave approximately the 

right relic abundance to account for the observed 

Dark Matter. A lightest neutralino of roughly 

1010000Gev is the leading weakly interacting 

massive particle (WIMPs) Dark Matter candidate. 

On the other side, the lightest supersymmetric 

particle(LSP) is the generic name given to the 

lightest of the additional hypothetical particles 

found in supersymmetric models. The LSP of 

supersymmetric models is also a Dark Matter 

candidate and also a WIMP. Dark Matter particles 

must be electrically neutral; otherwise they would 

scatter light and thus cannot be ”dark”. They must 

also be certainly colourless. With keeping all these 

constraints, the LSP could also be the gravitino or 

the lightest neutrino. Now a question arises: Is Dark 

Matter composed of particles which fall under 

SUSY theory or is it the result of neutrinos having 

tiny masses? We, in this paper, are trying to make 

a  
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unification of these two theories and 

proposing a new simplified theory for the 

mysterious Dark Matter.   

 

Keywords: Electroweak theory; 

Neutralino; Standard Model(SM); 

Supersymmetry(SUSY).  
  

I. INTRODUCTION TO 

STANDARD MODEL 

 The Standard Model explains how the 

basic building blocks of matter interact, 

governed by four fundamental forces The 

theories and discoveries of thousands of 

physicists since the 1930s have resulted 

in a remarkable insight into the 

fundamental structure of matter: 

everything in the universe is found to be 

made from a few basic building blocks 

called fundamental particles, governed by 

four fundamental forces. Our best 

understanding of how these particles and 

three of the forces are related to each 

other is encapsulated in the Standard 

Model of particle physics. Developed in 

the early 1970s, it has successfully 

explained almost all experimental results 

and precisely predicted a wide variety of 

phenomena. Over time and through many 

experiments, the Standard Model has 

become established as a welltested 

physics theory.All matter around us is 

made of elementary particles, the 

building blocks of matter. These particles 

DUAL NATURE OF DARK MATTER: COMPOSITE OF 

BOTH;NEUTRINO AND THE SUPER-SYMMETRICAL 

NATURE OF SUBATOMIC PARTICLES 
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occur in two basic types called quarks and leptons. 

Each group consists of six particles, which are 

related in pairs, or “generations”. The lightest and 

most stable particles make up the first generation, 

whereas the heavier and less stable particles belong 

to the second and third generations. All stable 

matter in the universe is made from particles that 

belong to the first generation; any heavier particles 

quickly decay to the next most stable level. The six 

quarks are paired in the three generations – the “up 

quark” and the “down quark” form the first 

generation, followed by the “charm quark” and 

“strange quark”, then the “top quark” and “bottom 

(or beauty) quark”. Quarks also come in three 

different “colours” and only mix in such ways as to 

form colourless objects. The six leptons are 

similarly arranged in three generations – the 

“electron” and the “electron neutrino”, the “muon” 

and the “muon neutrino”, and the “tau” and the “tau 

neutrino”. The electron, the muon and the tau all 

have an electric charge and a sizeable mass, whereas 

the neutrinos are electrically neutral and have very 

little mass.  

  
  

  

In summary, the Standard Model consists of  

17 particles. Twelve of the 17 fundamental 

matterparticles are fermions: 6 quarks and 6 

leptons. The remaining five particles are bosons, 

four of which are physical manifestations of the 

forces through which particles interact.According 

to the Standard Model neutrinos have no mass. But 

whereas the fusion reactions of the Sun only 

produce electronneutrinos, the electron-

neutrinos coming from the Sun were 

only one third of those expected. Later it 

was confirmed that neutrinos oscillate 

between the three flavors, which is only 

possible if neutrinos have a very small 

mass.The standard model used by 

cosmologists predicts that the universe is 

composed of 5%  ordinary matter, 27% 

cold dark matter, and 68%  dark energy. 

Dark matter reputedly caused hydrogen 

to coalesce into stars, and is a binding 

force in galaxies. Dark energy is 

accelerating the expansion of the 

universe. The cosmologists' standard 

model also predicts that within the first 

10−32 of a second after the Big Bang, the 

universe doubled in size 60 times in a 

growth spurt known as inflation. Dark 

matter does not interact with the 

electromagnetic force, thus making it 

transparent and hard to detect, despite the 

fact that dark matter must permeate the 

galaxy. Unlike visible matter, dark 

matter is nonbaryonic — its composition 

is outside of the (unextended) Standard 

Model. Neutrinos can be a low-mass 

example of dark matter. Invisible 

Weakly Interacting Massive Particles 

(WIMPs having thousands of times the 

mass of a proton) have been 

hypothesized as being the substance of 

dark matter. Dark matter is not made of 

hadrons, and is speculated to be 

composed of neutrino (leptons). The 

strong nuclear force acts on hadrons, but 

does not act on leptons (electrons are 

unaffected by the strong force). The 

weak nuclear force acts on both hadrons 

& leptons.  
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II.LIMITATION OF STANDARD MODEL  
  

The Standard Model is inherently an incomplete 

theory. There are fundamental physical phenomena 

in nature that the Standard Model does not 

adequately explain:  

• Gravity. The standard model does not 

explain gravity. The naive approach of 

simply adding a "graviton" (whose 

properties are the subject of considerable 

consensus among physicists if it exists) to 

the Standard Model does not recreate what 

is observed experimentally without other 

modifications, as yet undiscovered, to the 

Standard Model. Moreover, instead, the 

Standard Model is widely considered to be 

incompatible with the most successful 

theory of gravity to date, general relativity.   

• Dark matter and dark energy. 

Cosmological observations tell us the 

standard model explains about 4% of the 

energy present in the universe. Of the 

missing 96%, about 27% should be dark 

matter, which would behave just like other 

matter, but which only interacts weakly 

with the Standard Model fields. Yet, the 

Standard Model does not supply any 

fundamental particles that are good dark 

matter candidates. The rest should be dark 

energy, a constant energy density for the 

vacuum. Attempts to explain dark 

energy in terms of vacuum energy 

of the standard model lead to a 

mismatch of 120 orders of 

magnitude.   

• Neutrino masses. According to 

the standard model, neutrinos are 

massless particles. However, 

neutrino oscillation experiments 

have shown that neutrinos do 

have mass. Mass terms for the 

neutrinos can be added to the 

standard model by hand, but these 

lead to new theoretical problems. 

For example, the mass terms need 

to be extraordinarily small and it 

is not clear if the neutrino masses 

would arise in the same way that 

the masses of other fundamental 

particles do in the Standard 

Model.  

• Matter-antimatter asymmetry. 

The universe is made out of 

mostly matter. However, the 

standard model predicts that 

matter and antimatter should have 

been created in (almost) equal 

amounts if the initial conditions 

of the universe did not involve 

disproportionate matter relative 

to antimatter.  

  

  

  

III.SUPERSYMMETRY 

  

The search for a satisfactory GUT has led 

to new symmetry principle called 

Supersymmetry.20th century physics has 

seen two major paradigm shifts in the 

way we understand Mother Nature. One 

is quantum mechanics, and the other is 

relativity. The marriage between the two, 

called quantum field theory, conceived 

an enfant terrible, namely antimatter. As 

a result, the number of elementary 

particles doubled. We believe that 21st 

century physics is aimed at yet another 
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level of marriage, this time between quantum 

mechanics and general relativity, Einstein's theory 

of gravity. The couple has not been getting along 

very well, resulting in mathematical 

inconsistencies, meaningless infinities, and 

negative probabilities. The key to success may be 

in supersymmetry, which doubles the number of 

particles once more.   

Why was anti-matter needed? One reason was to 

solve a crisis in the 19th century physics of 

classical electromagnetism. An electron is, to the 

best of our knowledge, a point particle. Namely, it 

has no size, yet an electric charge. A charged 

particle inevitably produces an electric potential 

around it, and it also feels the potential created by 

itself. This leads to an infinite "self-energy" of the 

electron. In other words, it takes substantial energy 

to "pack" all the charge of an electron into small 

size.   

On the other hand, Einstein's famous equation 

says that mass of a particle determines the 

energy of the particle at rest. For an electron, its rest 

energy is known to be 0.511 MeV. For this given 

amount of energy, it cannot afford to "pack" itself 

into a size smaller than the size of a nucleus. 

Classical theory of electromagnetism is not a 

consistent theory below this distance. However, it 

is known that the electron is at least ten thousand 

times smaller than that.   

(a)   
  

(b)   
  

  

  

(c)   
  

  

What saved the crisis was the existence 

of antimatter, positron. In quantum 

mechanics, it is possible to "borrow" 

energy within the time interval allowed 

by the uncertainty principle. Once there 

exists anti-matter, which can annihilate 

matter or be created with matter, what we 

consider to be an empty vacuum 

undergoes a fluctuation to produce a pair 

of electron and positron together with 

photon, annihilating back to vacuum 

within the time interval allowed by the 

uncertainty principle (a). In addition to 

the effect of the electric potential on 

itself (b), the electron can annihilate with 

a positron in the fluctuation, leaving the 

electon originally in the fluctuation to 

materialize as a real electron (c). It turns 

out, these two contributions to the energy 

of the electron almost nearly cancel with 

each other. The small size of the electron 

was made consistent with 

electromagnetism thanks to quantum 

mechanics and the existence of anti-

matter.   

  

  

  

 

  

  

  

  

  

  

Currently the Standard Model of particle 

physics is facing a similar crisis. We 

know that our Universe is filled with a 
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mysterious condensate of Higgs boson, which 

disturbs matter particles and forces, not letting 

them go far and hence making them massive. For 

example, the carrier of the weak force, W boson, 

bumps on the Higgs condensate all the time, and 

the force has become short-ranged, extending only 

over a through of the size of nuclei. All masses of 

known elementary particles must have come from 

the Higgs boson. However, the mass of the Higgs 

boson receives a large contribution from its 

interaction with itself making it impossible for us 

to study physics at smaller distances. Because the 

gravity is believed to be unified with other forces 

at an extremely small distance called Planck length 

 , the marriage between quantum 

mechanics and gravity appears a remote dream.   

  

  
  

  

Supersymmetry is an idea that history repeats itself 

to solve similar problems. For every particle, there 

is a superpartner whose spin differs by 1/2. By 

doubling the number of particles again, there is 

similar cancellation between the process with 

ordinary particles only and another process with 

their superpartners. Then the Standard Model can  

describe physics down to the Planck length, making 

the marriage a realistic hope. In fact, it is a 

necessary ingredient in the only available candidate 

for quantum theory of gravity, string theory.   

(a)  

(b) 

  

Supersymmetry actually makes the 

unification of three other forces, strong, 

weak, and electromagnetic, also a reality. 

In (a), in the Standard Model without 

supersymmetry, the strengths of three 

forces change as a function of energies, 

and become closer to each other at very 

high energies. Together with 

supersymmetry (Minimal 

Supersymmetric Standard Model or 

MSSM), however, they become equal 

within a percent-level accuracy. It is a 

realistic hope that coming accelerator 

experiments will find them, possibly 

Tevatron collider at Fermilab, Illinois, or 

the Large Hadron Collider at CERN, 

Geneva, Switzerland in this decade.  
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(a)   
  

(b)   
  

It is amusing that superpartners may actually be 

everywhere without us noticing. Our galaxy is 

known to be full of Dark Matter, weakly interacting 

particles whose gravitational pull binds the galaxy 

together despite its fast rotation. The picture (a) 

shows the measurement of Doppler shift in 21cm 

line that allows us to determine the rotational speed 

of other galaxies. The rotational speed is much 

faster than what the gravitional pull by stars would 

allow (b). One of the best candidates for Dark 

Matter is the lightest supersymmetric particle.   

Incorporating supersymmetry into the Standard 

Model requires doubling the number of particles 

since there is no way that any of the particles in the 

Standard Model can be superpartners of each other. 

With the addition of new particles, there are many 

possible new interactions. The simplest possible 

supersymmetric model consistent with the 

Standard Model is the Minimal Supersymmetric 

Standard Model (MSSM) which can include the 

necessary additional new particles that are able to 

be superpartners of those in the Standard Model.  

  
One of the main motivations for SUSY 

comes from the quadratically divergent 

contributions to the Higgs mass squared. 

The quantum mechanical interactions of 

the Higgs boson causes a large 

renormalization of the Higgs mass and 

unless there is an accidental cancellation, 

the natural size of the Higgs mass is the 

highest scale possible. This problem is 

known as the hierarchy problem. 

Supersymmetry reduces the size of the 

quantum corrections by having 

automatic cancellations between 

fermionic and bosonic Higgs 

interactions. If supersymmetry is 

restored at the weak scale, then the Higgs 

mass is related to supersymmetry 

breaking which can be induced from 

small nonperturbative effects explaining 

the vastly different scales in the weak 

interactions and gravitational 

interactions.  

In many supersymmetric Standard 

Models there is a heavy stable particle 

(neutralino) which could serve as a 

weakly interacting massive particle 

(WIMP) dark matter candidate. The 

existence of a supersymmetric dark 

matter candidate is closely tied to R-

parity.In particle physics, the neutralino 

is a hypothetical particle predicted by 

supersymmetry. There are four 

neutralinos that are fermions and are 

electrically neutral, the lightest of which 

is typically stable. The exact properties 

of each neutralino will depend on the 

details of the mixing (e.g. whether they 
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are higgsino-like or gaugino-like ), but they tend of 

masses at the weak scale ( 100 GeV - 1TeV ) and 

couple to other particles which strengths 

characteristics of the weak interaction. In this way 

they are phenomenologically similar to neutrinos, 

and so are not directly observable in particle 

detectors at accelerators. As a heavy, stable 

particle, the lightest neutralino is a execellent 

candidate to comprise the universe's cold dark 

matter. In many models the lightest neutralino can 

be produced thermally in the hot early universe and 

leave approximately the right relic abundance to 

account for the observed dark matter. A lightest 

neutralino of roughly 10 - 10000 GeV is the leading 

weakly interactive massive particle (WIMP) dark 

matter candidate.  

Dark matter particles must be electrically neutral; 

otherwise they would scatter light and thus not be 

"dark". They must also almost certainly be non - 

colored. With these constraint, the LSP could be 

the lightest neutralino, the graviton, or the lightest 

sneutrino.  

• Sneutrino dark matter is ruled out in the 

minimal supersymmetric standard model 

(MSSM) because of the current limits on the 

interaction cross section of dark matter 

particles with ordinary matter as measured 

by direct detection experiments - the 

sneutrino interacts via Z boson exchange 

and would have been detected by now if it 

makes up the dark matter.  

• Neutralino dark matter is the favored 

possibility. In most models the lightest 

neutralino is mostly bino (superpartner of 

the hypercharge gauge boson field B), with 

some admixture of  neutral wino 

(superpartner of weak isospin gauge boson 

field W) and/or neutral Higgsino.  

• Gravitino dark matter is the possibility in 

super symmetric models in which the scale 

of super symmetry breaking is low around 

100 TeV. In such models the gravitino is 

very light. As dark matter, the gravitino is 

sometimes called a super WIMP because its 

interaction strength is much weaker than 

that of other super symmetric dark matter 

candidates. For he same reasons, its direct 

thermal production in early universe is too 

inefficient to account for the 

observed dark matter.   
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Abstract:As mankind continues to launch 

more and more satellites, orbital debris is 

becoming an increasingly larger problem for 

spacecraft operators. Minute space debris 

between the range of 400-600km in Low Earth 

Orbit (LEO) will continue to stay in orbit for 

hundreds or even thousands of years. It is now 

of prime importance to implement a removal 

mechanism for such potentially threatening 

debris to manmade satellites like ISS and man 

himself.This paper proposes a novel strategy 

to remove space debris in Low Earth Orbit 

(LEO).The target is to capture wreckagesize 

between the ranges 0.1mm-10cm. For this 

purpose, junk box has been conceptualized as 

part of the satellite system. The use of existing 

snake arm technology has been suggested. The 

dual robotic arms implemented in the system, 

one shall carry positive plate and other an 

electronic gun to capture the debris.The 

captured debris shall get collected in the junk 

box and then the system switches to its 

disposal mechanism.The paper investigates 

the applicability of the proposedscavenging 

technique. With a high technology readiness 

level, the system is cost effective and highly 

efficient.  

 

 

Keywords:space debris, LEO, junk box, electron 

gun, snake arm   

I. INTRODUCTION  

Space debris is all man-made object in orbit 

that is non-functional, and it includes 

defunct satellites, discarded equipments of 

rocket stages, fragments from the breakup of 

satellites and rocket stages.Space junk 

accumulation initiated in the middle of the 

twentieth century, at the very beginning of 

space race itself. There are two main sources 

of space debris: (1) routine space activity 

and the accidental breakup of satellites and 

stages placed in orbit by such activity, and 

(2) the testing or use of destructive 

antisatellite (ASAT) weapons that 

physically collide with satellites at high 

speed. Approximately 16,000 catalogued 

objects around Earth are divided in 

categories as listed below:   

• Operational spacecraft:  7%  

• Old spacecraft: 22%     

• Miscellaneous fragments: 41%  

• Rocket bodies: 17%  

• Mission-related objects:13%  

•  
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•  Table 1: Debris Size  

Debris 

Category  
Size  Definition  

Small(S)   Less than 10cm in 

diameter  

Medium(M)  
 

Between  10cm  
diameter and 8m  

Large(L)   Greater than 8m2  

  

The amount of space debris is on the increase, and 

effective and reasonable mitigation measures are 

indispensable for future space development 

activities. It is of concern due to its very high 

speed in orbit, even relatively small pieces can 

damage or destroy satellites in a collision. Since 

debris at high altitudes can stay in orbit for 

decades or longer, it accumulates as more is 

produced due to debris-debris collision and the 

risk of collisions with satellites grows. 

Controlling the production of debris is essential 

for preserving the long-term use of space.   

Johnson and Nicholas L., 2010 [1], have 

extensively discussed space debris instigation 

issue, their size and distribution in space, and the 

threat they pose to space operations.It has been 

clearly stated that the principal threat to space 

operations is chiefly due to the smaller and 

numerous uncatalogued debris. Presently, 

countermeasures such as shielding, collision 

avoidance,and curtailment of the creation of new 

debris through design and operational practices 

are being used. However when shielding 

techniques are considered, their practical usage is 

only for particles on the order of 1 cm or less. 

Moreover, many spacecrafts cannot afford the 

mass penalty associated with orbitaldebris 

shields, and payload elements frequently cannot 

host shields for operational reasons. Inherent 

uncertainties in space surveillance measurements 

and the dynamic state of the atmosphere 

drastically reduce the accuracy of collision 

prediction. Hence, there is a need to lay emphasis 

on active debris removal rather than inculcating 

defense mechanism against them. Taking into 

consideration the above, Jose Guerrero et al.,[2] 

have discussed how orbital debris issue can be 

resolved using small satellites as damage control 

measures for fragments of size 1-10cm. The 

proposed method is called Multi-layer Sphere 

Concept where the motive is to convert these high 

velocity particles into numerous lower velocity 

shield-able debris.The study is still nascent and if 

implemented, on one hand it decreasing the level 

of danger but on the other hand has no effect on 

the existing debris population as the debris crowd 

in backyard. Shin-Ichiro Nishida et al.,[3]have 

envisioned a micro-satellite system for active 

space debris removal by applying electro-

dynamic tether (EDT) technology. The objective 

is to deorbit defunct satellites and large debris in 

some months time, which are passive and 

therefore non-cooperative., thus presenting a 

feasible remedial approach towards debris 

mitigation. C. R. Phipps et al.,[4]lay emphasis on 

Laser-Orbital-Debris-Removal (LODR), for 

deorbiting the space debris in LEO.The time for 

complete incineration of debris is estimated to be 

between few months to a couple of years. M. 

Loesch et al.,[5] have presented a concept of 

attaching de-orbit devices to a satellite, the 

deorbiting elements based on either chemical 

propellants or electromagnetic tethers.Hanspeter 

Schaub et al., 2013 [6], illustrate the use of 

electrostatic tractor as an active space debris 

charging and removal method. The concept of 

using electromagnetic plates and electron gun has 

been envisioned in Karishma s. Inamdar et al., 

2013 [7].The design of the junk box is 

rudimentary and the disposal system is 

inefficientas the suggestion is to return back to 

earth the collected junk.Logesh Sadasivam et al., 

2014 [8], propose the use of coil gun mechanism 

for disposal, external robotic arm, and ablative 

laser propulsion electron coil gun to remove space 

debris from LEO (Low Earth Orbit).  
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A. Proposed solution to debris removal  

Although catastrophic collision probabilities are 

currently low, a plausible chain-reaction of 

collisions between debris could result in 

thousands of pieces that would render such orbits 

unusable in practice for decades or centuries 

(scenario known as “Kessler Syndrome”[9]).In 

this paper, a solution to capture the small junk 

which involves particles of sizes 0.1-10cm in the 

Low Earth Orbit (LEO) is proposed. The dual 

robotic arms implemented in the system, one shall 

carry positive plate and other an electronic gun to 

capture debris. Electronic gun deposits negative 

charges on the junk and the newly charged debris 

get attracted towards the positively charged plate. 

On the skin of the robot there are sensors which 

shall detect the debris and onboard camera to 

assist in avoiding the collision with working 

models and differentiate between debris and 

nano-satellites etc.  

This paper is organized as follows: Section II 

describes the current data available and deduces 

the reason for choosing specific orbit and debris 

size for space debris mitigation. Section III 

discusses comprehensively, the technology 

suggested in this work with basic description of 

its working. Section IV discusses the 

implementation techniques suggested for the 

small satellite system and a comparative study 

with different proposed scavenging 

methodologies..   

II.  ORBIT  AND  DEBRIS 

 SIZE CONSIDERATION  

A. Why LEO?  

Current studies, however, suggest that even 

under strict implementation of all mitigation 

measures, the population of large and massive 

objects in Low Earth Orbit (LEO) will continue 

to grow.LEO is by far the most crowded zone in 

circumterrestrialspace. 

  

Fig1.Source:http://www.scholarpedia.org/article

/Space_d ebris   

  

In LEO, orbital debris can travel in excess of 

8 kilometres per second, wreaking havoc on 

invaluable space assets like the International  

Space  Station  (ISS),  Hubble  Space  

Telescope and numerous weather satellites, 

damaging solar arrays, instrument panels 

and solar shields.The National Aeronautical 

and Space Administration (NASA) Orbital 

Debris Program Office estimates there are 

more than 21,000 orbital debris objects 

larger than 10 centimetres (roughly 4 inches) 

in diameter in LEO, and approximately 

500,000 object particles between 1 and 10 

centimetres, with the number of debris 

particles smaller than 1 centimetre in excess 

of 100 million.Also, the LEO orbital debris 

is at the 'tipping point' - the threshold for 

collisional cascade, or Kessler effect, in 

which the number of objects in LEO is dense 

enough that collisions between objects could 

cause a cascade. This exponentially 

increases the likelihood of further collisions 

and makes it increasingly risky to maintain 

space assets without clearing the debris 

population. We are planning to place our 

junk box at an altitude of 400-600km.The 

reason behind choosing this altitude is the 

presence of ISS and HST. ISS is being 

rigorously hit by the small debris. So, 
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clearing the debris at this altitude is of 

essential.  

  

Table 2  

Name  Altitude  

ISS  431km  

HST  559km  

Satellite  400-600 km  

  

Table 3.Calculation for the satellite orbit 

characteristics  

Parameters  Value  

Altitude  400km  

Velocity  8.19 km/s  

Period  87.55 min  

  

  

  

  

  

  

B. Why small debris?   

More attention has been given to re-entering 

thelarge debris, such as one-ton spent rocket 

bodies,than to re-entering the small ones, because 

thatproblem seems more amenable to 

aerospacevehicles. But the threat of large debris is 

less seriousthan that of 1 – 10 cm debris because 

the larger debrisare much fewer, are tracked and 

can so far be avoidedby maneuvering. Large 

debris do need to be removed because they are a 

major source of additional debriswhen hit. But 

this is not enough. Small debris mustalso be 

removed: the chance that small debris will 

damage one of our valuable space assets is 45 

times ashigh as the chance of large-object 

collisions because oftheir much greater 

number.Debris impacts occur at an average 

relative velocity of 10 km/s, meaning that a 

regular 1-cm object can pierce any vehicle but the 

most highly shielded [10]. So the small debris 

tend to cause greater harm than the bigger ones. 

Hence, the focus of this work is the reduction in 

the quantity of small debris in space. Larger 

objects are known to be less hazardous because of 

they are fewer in quantity as compared to the 

small debris of size ranging from 0.1-10cm.   

  

Fig: 2 Distribution of orbital debris in LEO 

according to size (Liou, 2012)  

The growth of the cataloged Earth satellite 

population in only the LEO region is shown 

in Figure 2.  As seen, it is the most highly 

congested region in near-Earth space.  For 

objects too small to catalog, the population 

levels are much higher.  For instance, the 

number of debris between 1 and 10 cm is 

assessed to be several hundred thousand, 

and the number between 1 mm and 1 cm is 

assessed to be in excess of 100 million.  

  

  

III. TECHNOLOGICAL ASPECT  

Depending on the requirements of our mission, 

we will be using a payload consisting of:   

 A capsule (antenna, solar panel, robotic 

arms (magnetic plate, electro gun), 
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camera, RADAR and thrusters.) which 

will be similar to the capsule of Apollo 

mission or Orion.   

 Junk boxes  - which will dock with 

capsule.  

  

  

    Fig 3 : Sketch of Capsule and Junk Box:   

  

  

A. Snake arm  

A snake-arm is made up of articulating links 

(segments), the length of which can be varied 

giving a wide choice of final performance. All 

snake-arms are hollow and are designed to have 

minimum mass for maximum reach, whilst not 

compromising rigidity and stiffness.The shape 

and stiffness of a particular snake-arm is 

controlled by wire ropes that transfer mechanical 

power from the actuator pack into the snake-arm.  

This arrangement helps in keeping the 

motors and power electronics accessible 

from outside the confined or hazardous 

space. The curvature and plane of curvature 

of each flexible segment are independently 

controlled by a number of actuators 

connected to the relevant segment by wires. 

Each segment bends in an arc. The 

demonstration allows more than 90 degrees 

of bend per segment. The arm is also hollow 

with an internal 15mm diameter working 

channel that runs the entire length of the 

device. The main advantage of a this 

slithering snake-arm robot is the ability to 

access restricted spaces in any environment 

and degrees of freedom it imparts. This arm 

is lightweight, easy to control and maneuver 

in space.  

  

  

Fig 4: Snake Arm  

B. Electron Gun  

Basically in an electron gun electrons are 

emitted from a heated filament and then 

accelerated towards an anode. However, if 

there is a small hole in the anode, some 

electrons will pass through, forming a beam 

of electrons that came from the cathode – or 

a cathode ray. This cathode ray can be 

focused and deflected and can carry small 

currents. This will deposit negative charges 

on a body that it hits. The range of this gun 

will be 1m and the energy to be supplied to 

it will be 10MeV.  

  

Fig 5 Electron Gun  
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IV. IMPLEMENTATION  

The first step is to track the debris with the help 

of our ground based tracking system and 

onboard RADAR. The junkbox would be 

moving with a velocity of 8km/s (i.e. almost at 

the speed of the debris). Oncethe velocity and 

nature of the debris, as been studied, with the 

help of onboard radar and camera, Electron gun 

would be used for spraying on negative charge 

on the debris. The positively charged plate shall 

be attracting the debris and dumping it in the 

junk box. This method using electron gun 

basically focuses on space debris like rocks, 

paint flakes, non-magnetic metals etc. and any 

magnetic leftovers in space.  

A. Disposal  

  

Once the robotic arms have discarded the 

collected space debris into the junk boxes 

consecutively,the system shall lower its orbit to 

250km. By opening the base of the junk box, the 

collected debris shall be thrown towards the 

earth’s atmosphere for incineration. The system 

shall now be ready to repeat the scavenging 

process again. In case of any mishap during the 

operation, the system’s capsule will get attached 

to the ISS till the problem isn’t resolved.  

  

  

B. Propulsion  

    There are three types of propellant :  

• Solid  

• Liquid  

• Hybrid  

Solid propellant offers high thrust 

capability, but cannot be controlled after its 

activation. Liquid and Hybrid propellant 

provides a thrust that can be controlled and 

is sufficient for re-entry. Both bi-propellant 

and hybrid require less fuel mass than solid 

propulsion to achieve the same Δv. Both 

could be used for controlled re-entry and the 

selection depends on the overall system 

design.  

  

The most prominent form of low thrust 

propulsion is electric propulsion. Low thrust 

propulsion was also chosen as an alternate 

technology to be tested as it is quite well 

developed and provides  

relatively short de-orbit times. Most importantly 

they are very safe technologies  

with a low risk of producing 

extra space debris.  

  

    An arcjet thruster will be used as the main 

propulsion on the baseline spacecraft to be 

used to transfer to the target altitude. When 

the spacecraft has docked, it will transfer it 

to an altitude of 300 km and the spacecraft. 

will be used to perform a complete de-orbit. 

The  

transfer phase will take 34 days  

  

V. CONCLUSION AND SUMMARY 

This paper has proposed a novel strategy for 

active space debris removal and presented some 

preliminary work on the concept. The paper has 

also presented a brief comparative study between 

the previously proposed methods. Based on this 

comparison, the cost effectiveness and higher 

efficiency of the system has been noted. 

Nevertheless, the issue of capturing of debris with 

accuracy and the disposal system shall be further 

investigated. Future work includes simulation and 

mathematical analysis to consider various 

scenarios during space debris mitigation and 

incorporate it in the proposed model. The model 

shall possess relatively higher technology 

readiness level, thus, overcoming some of the 

drawbacks existing in the presented models.  
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ABSTRACT 

This is a theoretical review on shielding concepts 

of satellites in order to prevent it from orbital debris. 

This paper provides a detailed description of concepts 

involved in micrometeoroid shielding. One of the 

most common techniques used  for shielding  against 

space debris and micrometeoroids  is the usage of 

protective blankets  made  up of  a  material which  can 

absorb the impulse  produced due to collision without  

causing damage to the structure & also withstand  the 

harsh environment of the outer space i.e. the material 

is so selected that it does not get degraded in the space 

environment. The environmental factors which affect 

satellites and space shuttles in space are high vacuum, 

UV radiation, memory upsets and mainly the debris in 

space. These factors leads to the degradation of the 

degradation of the materials used for micrometeoroid 

shielding.   

INTODUCTION 

      There are many environmental factors which 

affects the satellites and space shuttle in space. They 

are UV radiation, high pressure due to vacuum space, 

memory upsets and mainly the debris in space. Space 

debris in Earth orbit poses significant danger to 

satellites, humans in space, and future space 

exploration activities. In particular, the increasing 

number of unidentifiable objects, smaller than 10 cm, 

presents a serious hazard. Numerous technologies 

have been studied for removing unwanted objects in 

space.  The debris increases in a geometric  
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progression. For example 1-kg object impacting at 10 

km/s,  for example, is probably capable of 

catastrophically breaking up a 1,000-kg spacecraft if it 

strikes a high-density element in the spacecraft. In such 

a breakup, numerous fragments larger than 1 kg would 

be created. This effect is known as Kessler syndrome. 

So then the shielding concepts were developed to 

prevent the satellites from damage due to collision of 

orbital debris 

DEBRIS THREAT ANALYSIS: 

           More than 5 lakhs pieces of debris are 

tracked which orbit around the earth and it travels at 

a velocity about 17,500 mph which is fast enough for 

a small piece to damage the orbiting active satellites.    

.   
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Fig 1: A pictorial view of space debris orbiting our 

earth   

A  collision  with  a  10 cm object  woulcatastrophically 

damage a typical satellite, a 1 cm object would likely 

disable a spacecraft or penetrate the shields of the 

International Space Station, and a 1 mm object could 

destroy satellite sub-systems.    

SHUTTLE  DESIGN  FOR  MMOD 

PROTECTION: 

  

Changes in Shuttle mission operations, flight 

rules, and flight planning have been adopted to reduce 

meteoroid and debris risks.  In addition, NASA has 

implemented design modifications to improve. M/D 

protection of the Orbiter vehicle.  These 

improvements relied on quantification of M/D risks to 

the Orbiter, which was then used as a metric for 

assessing and deciding what design and operational 

changes made the most sense to implement.  M/D 

impact risks to the Orbiter are assessed beginning one 

year before each flight.   

Three types of M/D risk assessments are conducted:    

1.  Critical impact risks, where “critical” is defined as 

damage that could endanger the crew during on orbit 

or reentry/landing phases of the mission.  

2 .Early mission abort risks from a penetration that 

causes a leak in either of the two radiator systems.    

3. Window replacement risks from impacts that exceed 

each windowpane’s repair/replacement criteria.      

HYPER IMPACT VELOCITY: 

Hypervelocity refers to velocities in the range from a 

few kilometres per second to some tens of kilometres 

per second. This is especially relevant in the field of 

space exploration and military use of space, where 

hypervelocity impacts (e.g. by space debris or an 

attacking projectile) can result in anything from minor 

component degradation to the complete destruction of 

a spacecraft or missile. The impact, as well as the 

surface it hits, can undergo temporary liquefaction. 

The impact process can generate plasma discharges, 

which can interfere with spacecraft electronics. Hyper 

impact velocity tests are conducted to analyse the 

working of shields in outer space. Since only larger 

space objects can be catalogued and tracked, only these 

can be avoided through active measures or by evasive 

manoeuvres. Smaller, uncatalogued objects can only 

be defeated by passive protection techniques, as used 

with the International Space Station (ISS).The effects 

of hypervelocity impacts are a function of projectile 

and target material, impact velocity, incident angle and 

the mass and shape of the projectile. Beyond 4 

km/second (depending on the materials), an impact 

will lead to a complete breakup and melting of the 

projectile. Typical impact velocities are around 14km/s 

for space debris, and significantly higher for 

meteoroids.   

CONCEPTS OF SHIELDING: 

         Shielding concepts are been developed to prevent 

the space craft and satellites from orbiting debris. The 

problem is to develop a material with lower weight to 

withstand such hypervelocity impact. The concepts of 

shielding are   

1. Whipple shield   

2. Stuffed Whipple shield   

3. Multi shock absorbing Whipple shield   

  

 
  

  

Fig 2: Diagramatic representation of Whipple and  

Stuffed                    

Whipple shield concepts   
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WHIPPLE SHIELD: 

The Whipple shield consists of a thin, aluminium 

“sacrificial” wall mounted at a distance from a rear 

wall. The function of the first sheet or “BUMPER” is 

to break up the projectile into a cloud of material 

containing both projectile and BUMPER debris. This 

cloud expands while moving across the standoff, 

resulting in the impact momentum being distributed 

over a wide area of the rear wall (Figure 2). The back 

sheet must be thick enough to withstand the blast 

loading from the debris cloud and any solid fragments 

that remain. For most conditions, a Whipple shield 

results in a significant weight reduction over a single 

plate, which must be strong enough to receive the 

projectile kinetic energy in a localized area.In recent 

years, improved shielding concepts have been 

developed to provide higher levels of spacecraft 

meteoroid and debris protection with less weight. The 

stuffed Whipple shield incorporates a blanket between 

the outer aluminium BUMPER and inner pressure wall 

that combines two materials: Nextel™ ceramic fabric 

and Kevlar™ high strength fabric. Other shielding 

concepts include a stuffed Whipple shield with a 30 cm 

standoff and a Nextel multi-shock shield. By using 

advanced shielding concepts, a reduction of up to 50% 

in mass can be achieved.   

  
Fig 3: Diagramatic representation of projectile 

impacting on   

Whipple shield   

When the first plate, the bumper plate, is 

impacted, it will likely be perforated.  If perforation 

occurs, a cloud of debris is propelled out the rear of 

the plate.  This debris cloud may consist of both 

projectile and wall material.  The debris cloud may 

have projectile and shield material in solid, liquid 

and gaseous states depending upon the angle of 

impact, the shape of the projectile, the impact 

velocity and a number of other factors.     

The phase of the debris cloud materials can play a 

significant role in whether the rear wall can stop them 

or not.  Generally, solids in the debris cloud are more 

penetrating in the rear wall than the liquid or gaseous 

phase materials.  This observation has implications in 

the bumper plate material selection.  It demonstrates 

that the bumper plate should be made of a material that 

will undergo a phase shift to liquid or gaseous form 

upon impact so that it will be less likely to penetrate 

the rear wall (Ref 10, p43).  Other desirable 

characteristics of the bumper plate are low weight; 

good projectile breakup qualities; large dispersion 

angles of the debris cloud; low expansion speed of the 

debris cloud; and minimal secondary ejecta.  The 

bumper should be adequately thick for the majority of 

the projectile to be shocked (melted) to a level initially 

experienced upon impact, however, the bumper 

should also be optimally thin so that a less dense 

debris cloud is created.  A thinner bumper has the 

benefit of spreading the debris out over a larger area 

downrange.  This yields smaller, less energetic 
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particles that strike the rear wall.  The ideal bumper 

material is one that is flexible, i.e. that can be easily 

fashioned around the ISS component bodies.  It should 

be lightweight to reduce launch costs.  Ground testing 

has shown that the shockwave produced is greatest 

when the density of the bumper plate and the 

impacting projectile (orbital debris) are the same.  

These two idealities are reasons why Aluminium alloy 

shields have been used for the bumper plate.  A large 

portion of the orbital debris the ISS will be impacted 

by is Aluminium.  Also, Aluminium is very 

lightweight, having a density of approximately 2800 

kg/m3.        

As the debris cloud exits through the rear face 

of the bumper plate, the debris cloud spreads the 

broken wall material and fractured projectile 

outward radially in an expanding conical shape.  It 

is accompanied by a pressure pulse (shock wave) 

and light emission.  The hypervelocity impact that 

caused the shock wave to form also causes the 

metals to behave like fluids for short periods of 

time, exhibiting hydrodynamic flow properties.  

The shockwaves induce millions of pounds-per-

square-inch stresses.  This is because the impact 

stress (shock wave) travels through the shielding 

material supersonically. An ejecta cloud, 

consisting of the same materials as those in the 

debris cloud, is expelled through the perforation in 

the bumper plate and back out toward the front face 

of the bumper.  The proof of this can often be seen 

in the crater observed on the bumper plate of the 

multi-stage shield.  The crater may often exhibit a 

frozen, raised lip around its perimeter.  Much like 

in the debris cloud itself, the extreme kinetic 

energy from the hypervelocity impact causes the 

high-pressure shock waves to momentarily melt 

the projectile and shield materials and forces them 

to flow back through the plate as ejecta.  The 

material then quickly refreezes and deposits itself 

back on the plate. Spall can either be attached or 

detached. In the case of attached spall, there are no 

light penetrations or perforations on the back face 

of the shield. Additionally, the wall material 

appears to bulge outward, but there are no overt 

material defects otherwise. A shield is considered 

to pass if only attached spall is present. Detached 

spall, on the other hand, is indicated by shield 

material being expelled off the back face of the 

shield. Although detached spalling can occur 

without perforation and light leaks present, it is still 

considered a failing indicator of a shield. This is 

because the material that separates from the rear 

wall face is energetic and hot. It can be forced into 

the interior of the ISS causing damage to 

equipment or injury to personnel. Obviously, 

shield testing and design is based on preventing 

both perforations of the rear wall and detached 

spalling from occurring.   

  

STUFFED WHIPPLE SHIELD CONCEPT: 

            With the invention of high-strength, 

lightweight materials many years after the introduction 

of the Whipple Shield, the basic Whipple Shield was 

modified so that 3M Nextel ceramic fibre and Dupont 

Kevlar sheets were placed between the bumper plate 

and rear wall to provide further protection.  This shield 

configuration was named the Enhanced Stuffed 

Whipple Shield.  One major advantage of the 

Enhanced Stuffed Whipple Shield over the 

conventional Whipple Shield is that, as a result of the 

impulsive loading at the rear wall, the Enhanced 

Stuffed Whipple Shield is more likely to yield a bulge 

shape after impact, vice cratering or cracking, as is 

more commonly observed in conventional Whipple 

Shields.  Detached Spalling is less likely to occur in an 

Enhanced Stuffed Whipple Shield than in a standard 

Whipple Shield.  The Whipple Shield is more likely to 

experience perforation instead of or in conjunction 

with detached spalling.  The basic physical phenomena 

described above still apply for the Enhanced Stuffed 

Whipple Shield.  The presence of the Nextel and 

Kevlar between the two stages of the Whipple Shield 

helps shock and pulverize the debris cloud even further 

prior to the cloud striking the rear wall, reducing the 

projectile mass and velocity even more than already 

done by the bumper plate. The Kevlar also serves the 

role of catching many of the smallest debris cloud 

particles, stopping them from striking the rear wall 

altogether.   The selection of Kevlar and Nextel for the 

intermediate stage of the Enhanced Stuffed Whipple 

Shield was based on the material characteristics and 

performance of each of these materials.  Nextel is a 

woven ceramic fabric produced by 3M Corporation.  It 
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consists of Alumina-Boria–Silica fibers that induce 

shockwaves into any particles impacting upon it.  

Nextel is a series of continuous polycrystalline metal 

oxide fibres.  In fact, the Nextel is actually better at 

shocking the projectile fragments than Aluminium.  On 

the Enhanced Stuffed Whipple Shield, the Nextel 

ceramic cloth generates greater shock pressures and 

greater disruption of the impactor than an Aluminium 

bumper of equal mass (Ref 10, p39), stopping fifty 

percent to three-hundred percent more massive 

projectiles than an equal mass Aluminium plate (Ref 

23). Kevlar is a high-strength, lightweight material 

produced by Dupont.  Kevlar is used in many 

highstress applications because of its superior 

resistance to heat and wear. It is much stronger than 

any other reinforcing material currently on the market.  

People are most familiar with Kevlar being used in 

ballistic (or bulletproof) vests.  Kevlar consists of long 

molecular chains produced from 

polyparaphenyleneteraphthalamide.  The molecular 

chains are highly oriented with strong inter-chain 

bonding.  This provides Kevlar’s high tensile strength 

versus its low mass.  Kevlar also has significant 

structural rigidity and toughness (work to break).  

Kevlar has a greater strength-to-weight ratio than 

Aluminium.  It possesses a superior ability to slow the 

particles in the debris cloud.  Additionally, when 

Kevlar is impacted and penetrated, it produces less 

damaging particles than those metal fragments  

that are added to the debris cloud when an   

Aluminium  sheet   is   impacted.     

  

Fig 4: A picture from ISS (The impact of debris on 

a Nextel Kevlar composite material)   

 

MULTI SHOCK ABSORBING SHIELD 

MS shields are under consideration for protecting the 

CONTOUR spacecraft and inflatable modules among 

other applications. The Multi-Shock Shield is a 

popular shielding design. It consists of staggering 

layers of Nextel at specified standoff distances. The 

multiple layers of Nextel repeatedly shock the 

projectile and debris cloud until the remaining 

fragments are too harmless to breach the rear wall. The 

impact produced by the debris produces a shockwave 

which is then absorbed by the Kevlar fibres which 

tends to have a good tensile strength. MS shield 

application for protecting an inflatable module called 

the “TransHab.” TransHab is approximately 8 m 

diameter by 10 m long once deployed on orbit. It is 

carried to orbit within a 4.5m-diameter package that 

fits within the payload bay of the NASA. Space Shuttle 

Orbiter. The purpose of TransHab is to provide a large 

internal volume for crew and equipment. TransHab 

would use a flexible MS shield to provide a high level 

of protection from meteoroid and orbital debris impact. 

Current design requirements specify a PNP of 0.985 

for a 10-year period4.The current MS shield design for 

TransHab uses Nextel bumpers and a Kevlar rear wall. 

There is a restraint layer and multilayer (triple-

redundant) bladder system that is protected by the MS 

shield. Open cell, low density, polyurethane foam is 

used between the Nextel bumpers to support the 

bumpers on orbit, and to deploy the bumpers after 

launch. The MS shield for TransHab is stowed into a 

5-cm-high package.         
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FIG 5: A pictorial view of Multi  

shock shield  

                 NANO CELLULOSE 

 Nanocellulose is a new wonder material that is simply plant 

matter that has been carefully smashed to pieces, and then 

reformed into neatly-woven nanoscale crystals and fibres. 

You generally start with wood pulp, remove any 

noncellulose impurities (such as lignin) using a 

homogenizer, and then gently beat the mixture to separate 

each of the cellulose fibres. Depending on the exact process 

used, these fibers then form into a thick paste of needle-like 

crystals, or a spaghetti-like structure of cellulose 

fibrils.Crystalline cellulose has interesting mechanical 

properties for use in material applications. Its tensile strength 

is about 500MPa, similar to that of aluminium. Its stiffness 

is about 140–220 GPa, comparable with that of Kevlar and 

better than that of glass fiber, both of which are used 

commercially to reinforce plastics. Films made from 

nanocellulose have high strength (over 200 MPa), high 

stiffness (around 20 GPa) and high strain (12%). Its 

strength/weight ratio is 8 times that of stainless steel. But its 

material analysis in space environment have to be studied for 

further development of enhanced  shielding concepts.   

  

 

 

CONCLUSION: 
  

High risk areas of the satellites and space shuttles are 

analysed and shielded accordingly. The development of 

material science in both composite reinforced plastics and 

nano materials is significant to manufacture light weight and 

high strength to weight ratio and must possess good tensile 

strength.   
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Abstract—Humans have started inhabiting 

space stations that orbit the Earth. But the orbit is 

no safe place due to the presence of space debris 

and micrometeoroids. These particles move at 

orbital velocities or higher and upon impact they 

generally disintegrate along with the target due to 

the shockwave generated. The average velocity of 

impact is 10 km/s. At this velocity, the damage to 

the target is of concern as it means that the 

astronaut is never truly safe in outer space. The 

Extravehicular Mobility Unit must be strong 

enough to shield the astronauts from such 

impacts.  

This paper employs Finite Element Methods to 

simulate the phenomenon of hypervelocity impact 

using Explicit Dynamics and thus determine the 

structural limits of the helmet and visor of the 

extravehicular mobility unit. This study deals 

with the determination of the threshold diameter 

of the projectile to reliably penetrate the visor and 

helmet for a range of velocities from 9 km/s to 13 

km/s using Finite Element Methods. The 

projectile is considered to be an Aluminium 

Sphere. The target is considered to be a square 

plate whose edge length is parametrically related 

to the diameter of the projectile. Only normal 

impact scenario is considered.  

Index Terms—Hypervelocity Impact, Finite 

Element Analysis, Extravehicular Mobility Unit  

I. INTRODUCTION  

Lower Earth Orbit, the home of the International 

Space Station (ISS), is filled with man-made debris 

traveling at an average speed of 10 km/s relative to 

the earth. At this velocity, even a millimeter sized 

particle can damage the exterior of the ISS. Impact at 

this velocity generates pressures can that shatter, melt 

and vaporize conventional materials, forming a 

debris cloud [1]. As of October 2010, objects greater 

than 10 cm in size numbered approximately 21,000, 

while the number of particles sized between  

1 and 10 cm was about 300,000. These numbers are 

set to increase due to future missions and the 

"cascading effect" [2]. NASA reports the existence of 

debris swarms lasting for a few minutes, during 

which the particle flux increases in magnitude by 3 to 

5 times [3]. Spacecraft & the ISS are protected 

traditionally by sacrificial structures known as 

Whipple shields that serve to disintegrate projectiles 

and reduce their penetrating ability.  

In case of any damage to the ISS, astronauts are 

tasked with performing an Extra-vehicular activity to 

conduct repairs. Astronauts remain vulnerable to 

space debris during this time, protected only by the 

material of their Extravehicular Mobility Unit 

(EMU). It is therefore imperative that the protective 

capability of the EMU be fully understood. 

Performing experimental tests requires gas guns that 

shoot particles at speeds surpassing orbital velocities. 

The high cost of such experiments prohibits extensive 

testing and characterization. Numerical analysis 

emerges as a viable alternative to experimentation, 

allowing a multi-dimensional understanding of the 

complete phenomenon. Once validated, these 

computer simulations become an extremely valuable 

tool to analyze damage caused by hypervelocity 

impacts on EMU components.  

In an oxygen environment, as inside the space suit, 

heat generated during impact causes explosive 

oxidation and decompression, leading to injury and 

possibly death. C. Gell et al. [4] fired aluminium 

mailto:jayghosh.rao@gmail.com
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pellets at a chamber containing rat specimens. Upon 

penetration, bright flashes of light were observed that 

indicated explosive oxidation. The degree of burns 

reported on the mice increased with the amount of 

oxygen in the chamber. This study further 

accentuates the need to improve the protection 

utilized by astronauts in harsh environments.  

Wright et al. [5] performed ballistic testing on 

polycarbonate (PC) plates using cylindrical and 

spherical projectiles and determined perforation 

velocities. The strain rates of the order of 103/s were 

observed along with a failure strain of 1.5. Fleck et 

al. [6] measured the high strain rate response of 

polycarbonate using split Hopkinson torsion bar and 

observed that failure strain lay between 1.5 and 2.0.  

In this paper, finite element analyses are carried out 

for the helmet-visor system of the extravehicular 

mobility unit with the aim of ascertaining its 

perforation limit. Using the perforation equation for 

polycarbonate provided by Christiansen et al. [7], the 

simulations are validated for a monolithic 

polycarbonate plate of the corresponding thickness. 

Simulations on the helmet-visor system are then 

carried out and threshold diameters for complete 

penetration are determined.  

II. EMU HELMET AND VISOR ASSEMBLY  

The EMU helmet is a protective bubble made of 

polycarbonate that is pressurized with breathable 

oxygen. It connects  

TABLE I. HELMET AND VISOR LAYER 

THICKNESSES  

Item  Material  Thickness  
(in)  

Thickness  
(mm)  

Protective 

bubble  
Polycarbonate  0.06  1.524  

Protective  
Visor  

Polycarbonate  0.06  1.524  

Sun Visor  Polysulfone  0.06  1.524  

Sun 

Shade  
Polycarbonate  0.06  1.524  

Back  
Shell  

Polycarbonate  0.125  3.175  

  

Fig. 1. Perforation of the monolithic polycarbonate 

plate  

to the hard upper torso by means of a connecting ring. 

The extra-vehicular visor assembly (EVVA) attaches 

over the helmet to add functionality to the EMU. The 

EVVA contains a gold-coated visor, impact 

protective visor, adjustable blinders, headlamps and 

a camera and transmitter  

[8].Polycarbonate and polysulfone layers considered 

in this study are listed in table I as adopted from 

Cucinotta et al. [9].  

III. METHODOLOGY  

An empirical relation is used to determine the 

critical diameter of perforation for a monolithic 

polycarbonate plate of the same thickness as the 

helmet-visor system. The finite element simulations 

for a monolithic polycarbonate plate are validated 

using this relation. Next, the finite element model of 

the helmet-visor system is subjected to impact at 

critical diameter. Simulations are conducted with 

increasing projectile diameters until complete 

perforation is observed. The performance equation 

for impact of a sphere on a polycarbonate plate is 

given in Eq. 1.  

  (1)  

wheredcritis the critical diameter of projectile at 

perforation limit (cm); tpcis the thickness of the target 

plate made of polycarbonate (cm); ρparis the material 

density of the Aluminum 6061-T6 projectile (g/cm3); 
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V is the velocity of impact (km/s); and θ is the Angle 

of incidence of projectile.  

Figure 1 shows the perforation of the polycarbonate 

plate impacted by a particle of radius 0.746 mm at 10 

km/s in various views.  

  

Fig. 2. Front and Top views of the sample mesh of 

the Projectile and Target  

IV. FINITE ELEMENT MODEL  

Simulations were carried out in ANSYS using the 

AutoDYN explicit dynamics solver. The model 

geometry consists of an Al 6061-T6 sphere as 

projectile and a square section of the helmet-visor 

system as the target. Thicknesses of various layers of 

the target are modeled as per table I. The edge length 

(l) of the target is parametrically related to the 

diameter (d) of the projectile to maintain the l/d ratio 

at a value of 10. This value was chosen considering 

the expansion of the hole formed upon impact due to 

extreme shocks while also attempting to minimize 

computational effort.  

A. Mesh Formulation  

In Hypervelocity Impact studies, the use of mesh 

formulation is of utmost importance. Smoothed 

Particle Hydrodynamics (SPH) is generally preferred 

over the conventional finite elements as they side-

step the problems encountered in volume locking 

during plastic deformation. SPH is widely used to 

study the debris cloud formed upon impact and 

perforation [10], [11], [12]. Since this paper deals 

with only the perforation of the target, Lagrangian 

finite elements were used to model the entire system. 

To overcome issues due to extreme element 

distortions, elements whose geometric strain 

surpassed 1.5 were removed from the simulation. 

Inertia of deleted elements was retained due to the 

extreme velocities involved which allowed even 

disintegrated particles to cause severe damage. 

Another reason for neglecting SPH is because 

perforation is not visually discernible. A sample of 

the mesh used in this study is shown in fig. 2. 

B. Material Model 

1) Steinberg-Guinan Model: Aluminium 6061-T6 

was modeled with the Steinberg-Guinan material 

model [13]. Steinberg-Guinan model predicts a 

saturation of strain-rate dependency of yield stress for 

very high rates (greater than 105/s) as observed in 

experimental data. Thus, there exists a maximum 

value of yield stress that a material can sustain. In 

hypervelocity impacts, strain rates of the order 107/s 

are observed in the region of impact. The model 

parameters are as shown in table II and were obtained 

from the ANSYS material library. The constitutive 

relations for shear modulus (G) and yield strength (Y) 

are shown in Eq. 2 and Eq. 3 respectively[14].  

TABLE II. STEINBERG GUINAN 

PARAMETERS  

Name  Symbol Value  

Initial Yield  

Stress  

Y  290 MPa 

Maximum  

Yield Stress  

Ymax  680 MPa 

  

 
 

 

 
 

 
 
 
 
 

β  

  

Derivative 

dG/dT  
G’t  -1.7e7  

Pa/°C  

Derivative 

dY/dP  
Y’p  0.018908 

Melting 

Temperature  
Tmelt  946.85 °C 
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subject to Y0(1 + βε)n≤Ymaxand G = 0,T = 0 when  

T >Tmelt.  

Where = effective plastic strain; T = temperature 

(K); η = compression = v0/v; the subscript ’0’ refers 

to  the  value  at  reference  state 

 ( 

); primed parameters  

with subscripts p and T are first order derivatives of 

that parameter with respect to pressure and 

temperature at reference state; G and Y are set to zero 

when T >Tmelt.  

2) Multilinear Kinematic Hardening: Multilinear 

kinematic hardening was used as the material model  

for Polycarbonate and Polysulfone. It is the default 

material model for polycarbonate in ANSYS and is 

chosen over the Johnson-cook model as the Johnson-

cook model resulted in distorted elements. Johnson-

cook model, being empirical in nature, causes such 

discrepancies at the extreme strain-rates encountered 

in this study. 

C. Equation of State  

An equation of state (EOS) is necessary in cases of 

shock propagation to relate state variables like 

temperature, velocity, pressure and density. 

Gruneisen equation of state is widely accepted and 

used in hypervelocity simulations. Parameters for the 

EOS were obtained from the ANSYS material library 

and are provided in tables III and IV. Equations 4 and 

5 show the EOS relations for compression and 

tension respectively.  

  

For elements in tension, the EOS takes the form as 

seen below:  

  p = ρ0C
2µ + (γ0 + aµ)E  (5)  

Where C is the intercept of shock velocity – particle 

velocity curve (Us −Up); S1, S2, and S3 are coefficients 

of the slope of the curve; γ0 is the Gruneisen gamma; 

a is the first order volume correction to γ0 and µ = ρ/ρ0 

− 1.  

TABLE III. EOS PARAMETERS FOR AL 6061- 

T6  

Name  Symbol  Value  

Gruneisen  γ0  1.97  

Coefficient    

Intercept  C  5240 

m/s  

Slope S  1.4  

TABLE IV. EOS PARAMETERS FOR 

POLYCARBONATE Name  Symbol 

Value Gruneisen  γ0  0.61  

Coefficient 

Intercept 1  C1 

 1933 

m/s  

Slope 1  S1  2.65 Intercept 2  C2 

 2355 m/s Slope 2  S2  1.6  

Relative  VB/V0  0.742 Volume  

 Relative  VE/V0  0.701 

Volume  

A linear fit to the shock hugoniot was utilized for 

Al 6061T6 whereas a bilinear fit was used for 

Polycarbonate. The relation in the linear form is 

shown in Eq. 6.  

 Us = C + SUp  (6)  

Where C is the intercept with Usaxis and S is the slope 

of the curve. 

V. RESULTS  

Simulations are carried out for velocities in the 

range of 9 km/s to 13 km/s. The results are 

documented in table V. Figure 3 shows perforation of 

the monolithic plate at the calculated diameter for 10 

km/s. NASA’s Shield Ballistic Limit Analysis 

Program [15] validated the performance equation for 

impact on polycarbonate by experimental tests with 

projectile velocities ranging from 4 km/s to 7 km/s. 

The results obtained in the current study show that FE 

simulations are consistent with the equation at higher 

velocities i.e. 9 km/s to 13 km/s. It is observed that 
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for a given impact velocity, the multilayered helmet- 

visor system offers better resistance to perforation in 

comparison to a homogenous polycarbonate plate.   

The critical diameter for complete perforation into 

the helmet-

visor system is found to be higher than that of the 

helmet-visor system. Finite element analyses 

calculated for a monolithic polycarbonate plate of are 

carried out on the hypervelocity impact of the same 

thickness. aluminium sphere on the helmet-visor 

system at multiple velocities in ANSYS. It is 

observed that the laminated system provides slightly 

better protection compared to the 
 

TABLE V. CRITICAL RADII OF PERFORATION 

 
  

VI.
 

 
 

  

[4] Fig. 4. Performance Equation for                

PC and rcritfor the helmet-visor system  

  

  

 

 

 

Fig. 3. Different views displaying the perforated helmet-

visor system    

 

 

 

 

Velocity  
(km/s)  

Critical Radius rcrit(mm)  Increase in 

rcrit(%)  

  
Polycarbonate  Helmet- 

Visor  

  

9  0.8001  1  24.97  

10  0.7458  0.91  21.99  

11  0.7000  0.74  5.72  

12  0.6605  0.71  7.49  

13  0.6262  0.69  10.19  
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CONCLUSIONS  

This paper utilized the methodology of validating 

numerical simulations with an empirical formula, 

and progressed to determine the performance limit 

monolithic plate at all velocities. However, it is to 

be noted that objects with sizes below the specified 

critical diameters will still produce catastrophic 

damage due to spalling of the inner layers. 

Increasing the distance between the layers will 

improve the protective ability of the system. A 

better understanding of the system can be gained 

by considering a full scale model of the target 

incorporating its curvature and constraints.  

Such a model, due to the disparity in scale of the 

projectile and the target, will lead to element 

timestep issues. Apart from this, problems related 

to meshconvergence and an infeasible number of 

elements can be expected. Experimental studies 

will provide further insight into the complex 

interactions encountered at hypervelocities.   
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Abstract—this paper seeks to discuss the 

international framework governing the outer 

space affairs while emphasizing the legal 

uncertainty within the provisions of current 

treaties in addressing the proliferation of space 

debris in Outer space. The existing space law 

formulated in the beginning of space era focused 

only on Nation’s involvement for exploring space 

with the sense of responsibility for using space in 

benefit of all Mankind. Consequently, the 

environmental issues and the risks of outer space 

pollution were not a prior concern within the 

context of International space law.    
Keywords--- space debris regulation, space 

pollution, and long term sustainability of space.  

INTRODUCTION   

Decades of space explorations has been witnessed 

by Human intervention in outer space. Space era is 

considered as the biggest leap in the history of 

mankind, where Human fantasy took its shape into 

reality. Thereon Outer space is used as a tool for 

analyzing and maintaining the Earth, from sensing 

to analyzing, search-and–rescue operations to 

weather forecasting, safety to security verification, 

the world has become increasing reliant on space 

applications. The region of outer space which was 

once considered to be empty and free to access 

became populated with manmade objects 

significantly leading to a most prominent issue that 

threatens to render the outer space from been scare 

and most demanded space environment to polluted 

debris environment. Space debris has imparted 

major concerns for safety, security and 

sustainability of space environment among the 

international community as this would result in 

conflicts among space faring nations in outer space.   

  

In recent years, the nature of space exploration has 

been transformed from state owned activities to 

private sector involvement. Aspects of 

commercializing space have indicated the need for 

legal reformation for regulating and monitoring the 

issue of space debris, without causing hindrance to 

technological advancement as Nations will not 

implement any such regulations that limit the full 

utilization of outer space. Recent development in 

international space law regime towards 

maintaining space environment is the construction 

of International Code of Conduct for outer space 

activities and a Working group for Long term 

sustainability of outer space on voluntary basis for 

guiding safe and peaceful access of space.   

  

I. HUMAN ENDEAVOUR INTO 

OUTER SPACE 
  

Emphasizing on the fact that human endeavors 

into space was instigated with the successful 

launch of Sputnik 1 in 1957, by Soviet Union 

which was then followed by United States the 

two super powers of space era that demonstrated 

their capability to reach out to a region beyond 

Earth‟s atmosphere. In the advent of space age, 

space explorations were focused to carry out 

scientific investigations for benefits of mankind 
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and for establishment of military combats from 

space.  

Long term explorations of space and in view of 

growing commercialization of the outer space by 

space faring nations, space endeavor has taken the 

center stage for economic and societal 

development of every individual and Nation‟s as 

whole.   

  

II. INTERNATIONAL  LEGAL 

FRAMEWORK GOVERNING THE 

OUTER SPACE AFFAIRS 
  

Decades of space exploration holds great 

promises for human expansion into Outer Space, 

which brought about major concerns for peace 

and security to World community, as it is 

envisioned that arena of space could be a region 

that could enlighten conflicts among Nations and 

the consequences of such conflicts will be huge 

and very much different from that resulted from 

previously witnessed World wars. There by with 

series of successful space launches the need to 

draft laws to regulate outer space activities took 

the center stage, that lead United Nations to set up 

an Committee on Peaceful Uses of Outer Space 

(COPUOS) in 1959. United Nations focused in 

promoting international cooperation for peaceful 

uses of outer space and regulated Space faring 

Nations to conduct outer space activities in 

benefits of all mankind.    

  

United Nations formulated international treaties and 

drafted resolutions to regulate the outer space 

affairs. Outer Space Treaty (OST) which is also 

known as „the Mother treaty’ was the first 

international treaty formulated in 1967 for 

governing the activities of states in exploration and 

peaceful uses of outer space including Moon and 

other celestial bodies.  OST forms the basic 

framework on international space law that provides 

guidelines for states for protecting and maintaining 

outer space environment by including these 

principles as its legal framework: (i) States shall be 

responsible for national space activities whether 

carried out by governmental or nongovernmental 

                                                           
1 Treaty on Principles Governing the Activities of States in the Exploration and 

Use of Outer Space, Including the Moon and Other Celestial Bodies, 1967.   

entities, (ii) States shall avoid harmful 

contamination of space and celestial bodies, (iii) 

States shall be liable for damage caused by their 

space objects, (iv) States shall retain jurisdiction 

and control over the objects and personnel that has 

their registry of the object launched; and (v) States 

shall not place nuclear weapons or other weapons of 

mass destruction in orbit or on celestial bodies or 

station them in outer space in any other manner. 

Further, Convention on International Liability for 

Damage caused by Space objects and Convention 

on Registration of objects launched into outer space 

were formulated to ensure protection of outer space 

environment as well as for defining the claims for 

any damage caused in outer space or on Earth by the 

objects launched into space. Finally, the Moon 

agreement of 1984 presented provision for states 

not to cause any disruption to the existing balance 

of Earth‟s environment including Moon and other 

celestial bodies.   

 

III. LEGAL LAUNCE TOWARDS 

PROTECTION OF SPACE 

ENVIRONMENT IN 

INTERNATIONAL SPACE LAW 

  

The existing space law formulated in the beginning 

of space era focused only on Nation‟s involvement 

for exploring space with the sense of responsibility 

for using space in benefit of all Mankind. 

Consequently, the environmental issues and the 

risks of outer space pollution were not a prior 

concern within the context of International space 

law. In International Space Law, the outer space 

treaty and the Moon agreement deals with the legal 

status for environmental protection. There are few 

legal uncertainties in the provisions defined under 

outer space treaty, which forms the basic 

framework of space exploration. Imparting our 

interest in few important articles of OST 1  , that 

reflects legal launce in protection of space 

environment.   

  

According to Article IV of OST, state parties to the 

treaty shall not place any objects carrying nuclear 

weapons or any weapon of mass destruction in orbit 
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around Earth, including Moon and other celestial 

bodies for personnel use but establishment of 

nuclear power for military purpose were not 

prohibited. Space weaponisation is not totally 

prevented indeed it is partially banned. Space 

weaponisation were limited on different conditions 

but were not totally prohibited. Emphasizing on the 

fact that space weapons will result in same impact 

on space environment, even if established for 

military purposes. With reference to other 

international laws formulated for protection of 

common province of mankind i.e... Laws of seas 

and International environmental laws, outer space 

laws provide uncertainties in protection of space 

environment 2  . Article IX of OST poses similar 

challenges, according to which state parties shall 

conduct all their outer space activities with due 

regards to the interests of all other state parties to 

the treaty and shall pursue studies of outer space 

including Moon and other celestial bodies so to 

avoid any harmful contamination in space 

environment, adversely if it believes that any 

activity planned by it or by its nationals shall cause 

harmful contamination, then it shall take 

international consultations before proceedings such 

experiments. In debate to this statement, let‟s place 

our concerns on Registration convention of 1975 

according to which state parties to the treaty shall 

furnish certain basic information concerning the 

space objects involved in the space exploration, but 

those basic information may not be satisfied to 

know the entire consequences that would result. 

E.g. ASAT test resulted in amplification of space 

debris causing more risky environment to conduct 

space exploration.   

  

OST is subjected to pose controversy in concern to 

the provisions relating to responsibility of states 

over a space object. According to Article VI of 

Outer space treaty, States parties to the treaty shall 

bear international responsibility for national space 

activities whether carried out by governmental or 

non-governmental entities and shall be obliged 

towards authorization and continuing supervision 

on such activities conducted in outer space, 

                                                           
2 Draft Treaty on Prevention of the Placement of Weapons in Outer Space and 

of the Threat or Use of Force Against Outer Space Objects, 2008   

3 IADC Space Debris Mitigation Guidelines, 2007.   

including Moon and other celestial bodies. In 

context to this provision, States shall hold their 

responsibility even after that space object has 

defunct i.e. it shall to responsible to maintain a track 

record of that space object and keep international 

community informed about it. There exits legal 

uncertainties‟ in defining the responsibility for 

states after the space object has defunct, in contrast 

space faring nations take the responsibility of such 

objects on voluntary basis as there are no legal 

provisions provided in the treaty. Thereby this leads 

to consequences of polluting space environment, 

causing orbital collision and harmful interference, 

resulting in multiplication of space debris in outer 

space environment and raises controversy in 

concern of defining the liability on States for 

damage caused by space objects.   

  

Further, while addressing the issue of space debris 

which is considered by many to be one of the most 

prominent issues in the arena of outer space in 

relation to safety, security and long term 

sustainability of space environment; technical and 

legal experts place their attention on Article VIII of 

OST. According to this article, State party to this 

treaty shall retain jurisdiction and control over the 

objects and personnel thereof having its registry 

under that concerned state.  Stating that jurisdiction 

and control lies to the state owing the space object 

even after it has defunct or it is not in use. Thereby 

the provisions of this article holds a major concerns 

towards space debris mitigation measures or 

towards Space Situational Awareness (SSA) as it 

put forth restrictions on states not to exercise any 

interruption with a space object and it shall be 

subjected to issues of liability if such interruptions 

are carried without the concerns of state having their 

jurisdiction and control over that space objects. This 

leads uncertainties to monitor and interrupt with the 

object that might result in formation of space 

debris3. This article might cause hindrance towards 

the measures taken to improve space environment.    

IV.NEED  OF  THE  HOUR:  LEGAL  

DEVELOPMENT IN SPACE LAW TOWARS 

PROTECTION OF SPACE ENVIRONMENT   
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In contrast to the legal uncertainties prevailing in 

existing space law, let‟s analyze the fact what 

effects space law holds in the era of space 

exploration. International space law has promoted a 

platform that contributes to peaceful relations 

between states and reduced the possibility for 

witnessing space arena as a reason for armed 

conflicts among states by ensuring the rights for all 

states to conduct space exploration and maintain a 

foster environment for current and future uses of 

space for peaceful purposes and in benefit of all 

mankind. Indeed, space law has helped to promote 

peaceful exploration and exploitation of space, 

instead of causing hindrance to technological 

advancements. The shifting nature of space 

commercialization from state owned to privately 

owned activities which demands partial or no 

supervision from government has raised imperative 

needs to protect space environment from over 

exploitation, resulting in space pollution or debris 

environment, it is essential to protect space 

environment as outer space is considered as the 

property of global commons.    

    

One of the major concerns for the international 

community is to develop legal framework to 

establish protection of space. In concern to this 

initiative the EU has proposed an International 

Code of Conduct for Outer Space activities, the 

code calls for space faring nations to establish 

transparency and confidence building measures so 

to minimize the possibility of accidents (space 

debris mitigation) or any harmful interference 

causing risky environment to conduct space 

exploration on long term basis 4  . The code is 

established on three basic principles (i) freedom of 

access to space for peaceful purposes, (ii) 

preservation of the security and integrity of space 

objects in orbit; and (iii) due consideration for the 

legitimate defense interests of states; for ensuring 

safety, security and long term sustainability of 

space environment [1]. Further United Nations took 

another initiative by establishing an working group 

on Long Term Sustainability of Outer space 

activities in interest and concern for all states, in 

                                                           
4 Draft International Code of Conduct for Outer Space Activities, 2013.  
5Transparency and Confidence-Building Measures in Outer Space Activities  

view that if outer space is not safe, secure and 

peaceful the ability to use it could be denied to all. 

Lack of sustainability would mean that emerging 

space nations could face insurmountable problems 

in using outer space effectively. Indeed expansion 

of humans in outer space could come to an end [2]. 

Both of these frameworks were adopted on 

voluntary basis with no formal enforcement 

mechanisms, as any regulation should aim at 

improving the outer space environment for the use 

of all countries and should not, in any way aim to 

limit the full utilization of outer space by any other 

state5. Instead, efforts should aim at improving the 

outer space environment and make it more 

accessible for all [3].   

  

  

V.INTERNATIONAL AND NATIONAL 

FORUM FOR  SPACE DEBRIS 

MITIGATION   

  

Space Debris Mitigation guidelines provides 

framework for what needs to be done and how to 

implement such measures at international and 

national forum. States and International 

organizations adopted the space debris mitigation 

standards which were contributed by Canada, the 

Czech and Germany to UNCOPUOS as a legal 

agenda that provides guidelines for space debris 

mitigation. These guidelines instruct the states and 

International organizations to exchange general 

information and views on legal mechanisms that 

have been adopted to regulate space debris at 

International forum. Later in 1996, United Nations 

adopted instruments for measurements of space 

debris, understanding of data and effects of debris 

on environment as well as other space systems. 

Further, the Inter-Agency Space Debris  

Coordination Committee (IADC) was established 

as an international governmental forum for the 

worldwide coordination of activities related to the 

issues of manmade and natural debris in space. The 

primary purposes of the IADC are to exchange 

information on space debris research activities 

between member space agencies, to facilitate 

opportunities for cooperation in space debris 

(UN GGE Report), 2013.   
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research, to review the progress of ongoing 

cooperative activities, and to identify debris 

mitigation options [4].   

  

Imparting our interest on national debris mitigation 

forum of United States and European Union (EU), 

let‟s focus on the standard practices adopted by 

these nations for modelling space debris 

environment and risk assessments measures [5] [6]. 

The standard practices encompass entire program 

phases of the launched space objects, from initial 

concept development to space hardware disposal, 

focusing on minimum occurrence of accidental 

explosions and intentional debris releases and to 

avoid hazardous collision that would cause unstable 

effects in space environment. These standard 

practices have to be adopted by governmental as 

well as private and non-governmental entities to 

meet the industrial standards and to minimize the 

risk of polluting space environment.   

  

CONCLUSION   

  

According to scientific investigations Outer space 

seems like an endless expanse, and it is hard to 

believe that we need to worry about of space 

environmental pollution. At present one of the 

major concerns addressed by International 

community is what measures has to be taken to 

protect the Outer space environment, as it is 

considered that outer space has no boundaries, so 

anything that happens in one region of outer space 

will lead to contamination to a large extent and may 

cause adverse effects on Earth‟s environment too.    

  

As our dependency on space assets has grown, it has 

become increasingly important to address the issue 

of safety, security and sustainability of space and to 

preserve this unique environment so all can use it 

responsibly. It has become an imperative need to 

develop international legal norms for governing the 

outer space affairs without causing hindrance to 

technological advancements, as any regulation that 

controls or slows down the full utilization of outer 

space will not adopted by space faring nations.    
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Space Based Energy System is a very 

innovative and near feasible concept of 

harnessing energy from the space and then 

transmitting the collected energy to the earth 

to meet its energy crisis. The concept is not 

new and has been the topic of research since 

1970’s. The solar based power satellite can 

begin a new era of solar energy collection. 

These are collection of large arrays of 

photovoltaic panels assembled in orbit which 

will use very low power radio waves to 

transmit solar power to large receiving 

antenna on the earth station. It has various 

advantages over other solar based collection 

methods. The energy is collected on an 

orbiting satellite instead of on Earth's surface 

which leads to higher collection rate and a 

longer collection period due to the lack of a 

diffusing atmosphere and night time in space.  

  

Now we do have to select a perfect solar array 

panel to meet the requirement and now we 

have something to fulfill the need like Silicon 

Solar Cells with a thickness of 0.02 mm and 

with an efficiency of 18%. It’s also has better 

temperature coefficient, and lower thickness. 

The Solar Cell collects the Solar Energy 

which is further followed by the transmission 

process.  

  

To transmit the collected power from the 

space based satellite the use of cables is far 

beyond the scope of practical realization. So 

the option is to transmit the collected power 

wirelessly. The available options include the 

lasers transmissions or famous microwave 

transmissions. Microwaves can be thought as 

a more preferred option because it has few 

advantages over the recent laser technology 

for space based applications. In this 

technique, the conversion of collected energy 

is done into microwaves which are then 

transmitted through antennas. The receiving 

earth station consists of microwave rectenna 

(rectifier + antenna) which converts 

microwaves directly to the electrical power.  

  

Though the LASER technique has more 

advantage over conventional microwaves 

counterparts like one tenth of the weight, less 

time for development, cheaper and has 

smaller dimensions as compared to 

microwaves counterparts still we prefer 

microwaves because they undergo nearly 

steady uninterrupted transmission of power 

through rain, clouds and other atmospheric 

conditions.  
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From freshmen undergraduate to PhD level, 

access to high quality information in the form 

of journal articles, books, technical standards 

is key for engineering problem solving. As 

specialized information professionals, 

librarians provide education in library 

resources that cover a broad spectrum of 

disciplines. Faculty and students alike must 

be aware of how to access, evaluate, and use 

information from a wide variety of resources 

spanning a broad spectrum of academic 

disciplines in today’s increasingly 

collaborative atmosphere. We believe that 

information literacy skills are learned best 

when students are finding resources 

perceived useful and relevant to an actual 

“ocpen-ended” engineering problem. At 

Drexel University, a comprehensive set of 

tutorials in the use of library resources have 

been developed catering to a wide range of  

 

 

learning styles, which we demonstrate in an 

aerospace engineering context. Development 

of condition-based structural health 

monitoring approaches for aerospace 

structures directly influences public safety 

through extending the life of components and 

reducing fleet downtimes. Research 

databases function as information awareness 

tools for faculty and students in a problem-

solving academic community. Specifically, 

databases such as Knovel and Engineering 

Village provide the Drexel research 

community access to the latest peer-reviewed 

journal articles, books, conference 

proceedings, professional society technical 

handbooks and standards.   

Information literate engineers are best able to 

make sound engineering judgments and stay 

abreast with trends in their field.    
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Abstract: The main concentration of the 

project is to develop BWB MAV with some 

special unique feature which can be used 

as multi-purpose with respect to cost 

effectiveness& economic. Introducing 

some unique aerodynamic features, 

structural simplicity, silent propulsive 

system which providing good efficiency 

factor(less power consumption), less noise 

emission, less vibration to aero structure. 

Make it expandable so the portability 

increases. The structural simplicity provide 

the better payload option & reduce the 

gross weight. Providing a simple electronic 

system increase the operational flexibility. 

Incorporate the telemetry system which 

provides the surveillance, recognisance 

characteristic. Adapting a 3-axis attitude 

stabilizer (3 axis gyro) provide it stability to 

make airborne.   

  

Keywords: BWB Configuration, wing 

design,  winglets, Aero structure, Blended 

body Test model,   

1. Introduction There are a wide variety of  

MAV shapes, sizes, configurations and 

characteristics. KALPANA-2 is a BWB 

(blended wing body) concept ROV 

which we want to develop it is a new 

concept of MAV with a slander hybrid 

wing which blend smoothly with the 

fuselage.   

  

Its fuselage itself producing aerodynamic lift 

due to its cross-sectional aerofoil shape and 

supported with Elevon (Elevator + Aileron). 

As an main controlling hinged surface which 

producing the dynamic lift as well as good 

banking manoeuvres .The application of 

Elevon, it provides the simultaneous 

controlling feature at a transition period as 

stiph banking, turning and rolling manuvers 

the advance unique feature of its hybrid wing 

is its swept back, and we provide little 

dihedral angle which produce a batter 

bouncy action, and provide good lateral 

stability to the aircraft, which provide a very 

smooth gliding slope to the MAV. The 

actuation of the controlling surfaces are 

control by the servo motors , as in BWB 

there are only two controlling surfaces (2-

alevons) so only two high torque servos are 

require to actuate the controlling surfaces 

,The Elelvon decreases the no of controlling 

surfaces which provides a reliable 

operational simplicity & also provide 

multichannel functionality. Another 

aerodynamic feature for stabilize the aircraft 

is the V-fin at the rear side of the fuselage, it 

provides the directional stability to the 

aircraft, and reduce the nose down action of 

the A/C. To reduce the formation of trailing 

edge wing tip vortex.   

  

We introduce two swept back wing-let’s at the 

wing tip of the A/C (as the possibility of 

formation of vortices in the small scale wings 

are more) .The wing let provides the wing to 

act as an infinity wing.   

  

We plan to install telemetry & FPV (first 

person view) which provides the continuous 

monitoring, surveillance, recognisance 

capability to the MAV. Another main unique 

feature is installation of inertial attitude 

stabilizer which provides in-flight three axis 

stabilization to the aircraft.   

  



-138- 

2. Blended-Wing-Body Aircraft   

Configuration  

Blended Wing Body  

(BWB) aircraft have a flattened and air foil 

shaped body, which produces most of the lift, 

the wings contributing the balance. The body 

form is composed of distinct and separate 

wing structures, though the wings are 

smoothly blended into the body. By way of 

contrast, flying wing designs are defined as a 

tailless fixed-wing aircraft which has no 

definite fuselage, with most of the a/c payload 

and equipment being housed inside the main 

wing structure .The BWB airframe merges 

efficient high-lift wings with a wide airfoil-

shaped body, allowing the entire aircraft to 

generate lift and minimize drag. BWB design 

uses composite materials that are stronger and 

lighter than conventional metal construction. 

Wide fuselage, providing a large usable 

volume. Thus BWB incorporates design 

features from both a futuristic fuselage and 

flying wing design. The Potential advantages 

of the BWB approach are efficient high-lift 

wings and a wide airfoil-shaped body. This 

enables the entire craft to contribute to lift 

generation with the result of potentially 

increased fuel economy and range. Blended 

Wing Body, or BWB, designates an 

alternative airframe design which 

incorporates design features from both a 

futuristic fuselage and flying wing design. 

The purported advantages of the BWB 

approach are efficient high-lift wings and a 

wide airfoil-shaped body. This enables the 

entire craft to contribute to lift generation with 

the result of potentially increased fuel 

economy. The airplane concept blends the 

fuselage, wing, and the engines into a single 

lifting surface, allowing the aerodynamic 

efficiency to be maximized. Flying wing 

designs are defined as having two separate 

bodies and only a single wing, though there 

may be structures protruding from the wing. 

Blended wing body aircraft have a flattened 

and Airfoil shaped body, which produces 

most of the lift to keep itself aloft, and distinct 

and separate wing structures, though the 

wings are smoothly blended in with the body.   

 The BWB forms a new category 

between conventional and all-wing 

configurations.   

 It is characterized by a low Aspect 

ratio high thickness ratio inboard wing 

and a high aspect ratio outboard wing.   

 BWB has the potential of achieving 

the same or better aerodynamic quality 

as all-wing aircraft, for smaller wing 

span.   

 Wing loading and cruise conditions 

are well tempered.   

 Cruise l/d ratio improvements up to 

25% are possible, fuel and installed 

thrust savings are even higher.   

 Vertical   surfaces  

 provide   directional 

stability/control.   

The Blended-Wing-Body (BWB) concept has 

shown substantial performance benefits over 

conventional aircraft configuration with part 

of the benefit being derived from the absence 

of a conventional empennage arrangement 

.The BWB has better lift-to drag ratio (L/D) 

then conventional aircraft. The additional 

increment of the L/D ratio is described by the 

following reasons inherent in the BWB 

configurations: 1. the surface area of BWB is 

less than conventional aircraft which 

including body, wing, engine, and control 

surfaces. The total reduction of surface area 

could be as high as 33% with no 

corresponding, frictional drag penalty 2. 

BWB has no clear fuselage, and the 

“fuselage” of BWB can also generate lift 

force. This is an obvious phenomenon 

distinction from classical aircraft. It was 

observed that the total increase of lift-todrag 

(L/D) ratio for the BWB configuration could 

be approximately as high as 20% compared to 

the conventional aircraft; and this is the 

reason that causes us to carry out 



-139- 

comprehensive studying on a large capacity 

BWB aircraft.   

  

2.1 Design of Flying Wing in particular 

must consider several requirements, 
among others:   

a) Aerodynamic requirements   

b) Strength  and 

 Stiffness  

Requirements   

c) Weight Requirements   

d) Tactics  of  Technical  

Requirements   

e) Operating Requirements   

f) Construction Requirements   

  
  

  

3. Function of Winglets The aerodynamics 

feature which is installed at the wing tip to 

reduce the wing tip vortex act as an infinity 

wing delay the flow separation increase the 

L/d ratio increase the lift distribution in 

longitudinal direction Winglets are vertical 

extensions of wingtips that improve 

aircraft’s fuel efficiency and cruise range 

reducing the drag associated with vortices at 

the wing-tips as the aircraft moves through 

air. With reducing this negative factor, 

power consumption becomes more 

economic and range is extended. The 

winglets are designed to generate negative 

pressure on the upper surface and positive 

pressure on the lower surface in flight. This 

pressure difference creates lift across the 

upper surface and the aircraft is able to fly 

efficiently. The efficiency as fixed –wing 

aircraft the intended effect is always to 

reduce the aircrafts drag by partially 

recovery of the tip vortex energy. By 

inducing a vertical cambered surface at the 

tip, the downwash field behind the wing is 

spreaded horizontally by several c.m’s . 

Since the induced drag is inversely 

proportional to the effective width of this 

downwash field, the winglet therefore acts 

top reduce induced drag by displacing the 

vertex outward.   

  

  
  

4. Approach   

A. The main strength is incorporate to the MAV 

through its aero structure which  

provides the skeletal   

  
strength, the important feature is that to 

choosing the material according to their 

property ,the main property according to 

which the materials are selected light weight, 

low specific density vibration absorption 

capability, thermal& electrical insulating 

property, nonmagnetic property ,easy 

workability .   
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B .Electrical propulsive system is the best 

propulsive system as an silent features 

,probably of  malfunction damage is very 

less  ,vibration less, impact strain to the  aero 

structure and the power consumption  is very 

less also the relative internal payload 

decrease as not require any fuel tank as an 

alternatively  the size of battery is very small 

compare to cubic metric for this not 

requirement of any exhaust system and heat 

shrink & cooling system exhaust system 

which  increase the lethal payload 

effectively. The main feature of the electrical 

propulsion for minimal noise signature and 

reduce the noise detection probability   

C. The aerodynamic feature we already 

developed two test models the main 

aerodynamic features which are mainly effect 

the flight condition, the aero structure and its 

shape the aero structure belongs to its strength 

feature, the most simple efficient structural 

concept provides much operational flexibility 

as batter payload option, less operational 

complexity, easy to docking and more 

effective feature is its light weight which 

increase the gross payload option.  D. Recent 

advances in communications, solid state 

devices, and battery technology have made 

small, lowcost fixed wing unmanned air 

vehicles a feasible solution for many 

applications in the scientific, civil and military 

sectors. With the use of on-board cameras this 

technology can provide important information 

for low-altitude and higher solution 

applications such as scientific data gathering, 

surveillance for law enforcement and 

homeland security, precision agriculture, 

forest fire monitoring, geological survey, and 

military reconnaissance.   

  

5. Aero Structure The main feature which 

provide the operational flexibility the aero 

structural configuration .It provides the 

skeletal strength to the aircraft, the simplest 

aero structure provides the better payload 

option & light weight. The simplicity is 

depends open the aero material which have 

property light weight, low specific density 

vibration absorption capability, thermal& 

electrical insulating property, non-magnetic 

property, easy workability.   

The sectional bulged arc & semi bulged ark 

bulkheads are used for the fuselage structure 

,there are three symmetrical bulged arc at the 

front nose section & two distorted bulged arcs at 

the middle of the fuselage the maximum 

thickness of the middle distorted bulkhead is 

12cm,the each end greed points of the bulky 

head make the aerofoil curvature & define the 

shape of the sectional aerofoil structure ,again 

there are three sectional aerofoil structure which 

provides the 3dcurvature to the plane   

The two semi arch bulky heads are at the rear 

side of the fuselage which provides strength to 

the motor mounting system so it has little denser 

structure and a rigid configuration, there are two 

wooden spar & no of sectional fin’s have to 

incorporate to the structure.   

6. Wing & blend  section   
  

The dimensional constrain of the wing, the 

yellow region is the wing fuselage blended 

region.   
The structural blend of the hybrid wing with 

the fuselage the cross sectional rib scan be 

figure out, by changing the chord length & 

thickness of the aerofoil we can orient the 

wing for swept back & can provide the 

dihedral angle, The oblique view show’s how 

the wing is blend with the fuselage, the 

blending is done by the changing the twist 

angle of the two cross sectional ribs at the 

trailing rib is the aerofoil sectional main rib of 

the wing by changing the mean thickness of 

the trailing rib we can introduce a 2~30 

dihedral inclination and by changing.   

  
  

7. The construction Step’s The construction of 

the MAV is based on its finalized dimension, 

aero structure, chosen material availability, 
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the main skills require for the designing and 

construction of the MAV are a)  Balsa 

structure,  b) Monokoat covering,   

c) Composite reinforcement,   

d) Foam wing cutting by hot wire   cutter   

  

8. Test model   

  
A. The test model is develop and construct 

to predict the aerodynamic feature& 

structural concept of the a/c .Predict the 

position of the C.G the testing data’s and 

dimension are used for the for the scaling 

of the aircraft. B. The wing spar we attach 

in the wing are of carbon fiber  roads for 

batter strength.   

C. The main concept behind the testing 

model’s are it help you to analyse the shape, 

&size of the aircraft, &these provide you a 

platform for trial &error analysis we can test 

different configuration of the model& check 

the feasible option it tall’s u how your 

aircraft is going to look like & what modify 

feature you can add or remove in a cost 

effective way, from your model you can 

analyses how your a/c structure have to be 

what type of modify features you can add, 

& we can predict the position of propulsive 

system where it have to be at how much hits 

from the ground.  

According to the testing model we can take the 

scale of the aircraft &can get accurate  

dimension.   [4]  

D. Tow v-fins at the rear side of the 

aircraft, it provides the lateral stability to the 

aircraft   

E. Depron is used to construct the test 

model, as easy to cut &work, first we cut 

two depron seat according to the scale 

dimension and for fuselage thickness we 

provide a HD(high density) thermo coal as 

an sandwich structure and we assemble the 

hole fuselage by hot glue gun  .   

G. The model with its two v-fin &two winglet’s, 

each fin is at 600 inclination all the.   

  

  

  

9. Conclusion   

BWB MAV could provide significant new 

capabilities to a wide range of application and 

on BWB aerodynamic too. The 

BlendedWing-Body (BWB) concept has 

shown substantial performance benefits over 

conventional MAV configuration with part of 

the benefit being derived from the absence of 

a conventional empennage arrangement .The 

BWB has better lift-to drag ratio (L/D) then 

conventional MAV at low Reynold number.   

. Iterative flight tests enhanced the optimized 

airfoil to complement the flexible wing 

characteristics. Improvements in the airframe 

resulted from decreasing overall weight and 

construction time.   
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Abstract:  Our idea is sending a space 

station an interplanetary mission to Mars, 

Europa, Titan, etc. The space station will be 

designed in such a way that it will consist of 

a small rover and lander that will use the 

new landing technique for alighting on and 

lifting off from any extra terrestrial body. 

The basic idea is suppose we have an orbiter 

and it suddenly finds something amiss in the 

part which is out of sight of the current 

rover, then for a detailed study, we could 

use this space station to transport it from 

one place to another. Along with this, the 

space station will have the sensors for 

studying the atmosphere simultaneously.  

ROTRASST space station has laboratories 

to test rock and soil samples brought by 

lander. ROTRASST will be more useful for 

future human space exploration, it has 

propellant depot in it where space vehicles 

like Orion spacecraft can refuel for further 

space travel. It can also help for space 

colony on other planets.  

 It helps us to study a lot about other planets 

moons like Europa, titan, etc. This project 

can help us to find the resources present in 

celestial bodies, habitation on other planets 

and formation of universe, etc…  

  

  

  

I. Introduction  

The solar system is a magnificent frontier for 

exploration. Since 1957 man has been sending   

highly instrumented machines capable of 

performing great variety of scientific and 

engineering research in outer space.  

In the late 19th century, as soon as scientists 

realized that travelling in space was a practical 

possibility, they began planning a permanent 

platform in orbit to use in observing the earth, 

studying space and a construction site and 

refueling stop for space ship bound for the 

moon and planets.  

An orbital space station is capable of 

supporting a crew which is designed to remain 

in space for an extended period of time and for 

other spacecrafts to dock. Today’s space 

stations are research platforms, used to study 

the effects of long term space flight on the 

human body as well as to provide platforms for 

greater number and length of scientific studies 

than available on other space vehicle. All 

space station to date have been designed with 

intention of rotating multiple crews, with each 

crew member staying aboard the station for 

weeks or months.  

First step towards launching a space station 

was monolithic Salyut1, launched by Soviet 

Union in 1971. This was followed by some 

mailto:astro.harshan@gmail.com
mailto:bhagyashrilatad@gmail.com
mailto:Monikagundecha51@gmail.com


-143-  

  

military stations known as ‘Almaz’ and 

civilian ‘Skylab’. Then the module design 

was used for space station ‘Mir’. Presently 

working space stations are International  

Space Station (ISS) and China’s Tiangong.  

List of Space Stations:  

1. Salute 1  

2. Skylab  

3. Salute 3  

4. Salute 4  

5. Salute 5  

6. Salute 6  

7. Salute 7  

8. MIR  

9. ISS  

10. Tiangong 1  

  

  

II. Proposal  

The idea is about ROTRASST (Rover 

TransportingSpace Station) is sending a 

Space Station an interplanetary mission to 

MARs, Europa, Titan and Asteroids. This 

will be a multifunctional orbiter which will 

also have a rover and a transporter .  

ROTRASST will be completely assembled in 

geosynchronous orbit around Earth. All 

modules after launching can be assembled as 

a space station and then this can be set into 

orbit of mars.  

Mars is the first preferred planet as it is nearer 

to Earth and also similar to earth. It will not 

be just a space station but also an orbiter 

which will scan the atmosphere of mars. 

Along with this space station, we will be 

sending small rover for the analysis of 

surface of mars. Iforbiters orbiting around 

mars find something amiss on the Martian 

surface at large distance from the rover, it 

will send signals to Space station and with 

the help of transporter; rover will be 

transported to the site. If the distance is very 

large, transporter will take rover to space 

station and will move with it and will land the 

rover to the site. The soil samples taken by 

the rover will be examined in the laboratory 

of space station whenever it is needed.   

  

As Mars is the nearest planet to Earth, 

building space station around it is easier than 

other planets or moons of other planets. 

Around 21 missions to mars are successful 

including Landers, rovers and orbiters.. 

Today Curiosity rover and Mars Exploration 

Rover are working on Martian surface. Site 

of landing of Curiosity rover was Gale Crater 

and that of Mars Exploration Rover was 

Eagle Crater. Also the top speed for these 

rovers is 4cm/s and 5cm /s respectively. With 

this speeds both of the rovers have examined 

the area around their landing site. As the 

speed is very less, area scanned by these 

rovers is also small as compared to Martian 

surface.  Very important conclusions are 

made from the information obtained from 

these missions. To cross check this 

information and to confirm the new 

discoveries we need to study larger Martian 

surface. Same type of space station can be 

made for other planets and moons like 

Europa and Titan.  

  

ROTRASST consist of:  

Space Station  

Transporter & Rover  

A. SPACE STATION  

Space station will orbit around the mars with  

Orbit: 200km*500km  

Initially consists of 5 main blocks  
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Service Module  

Laboratory Module  

Habitation Module  

Propellant Depot  

Cargo Base Module  
  

B. Structure and Assembly  

  

  

Block Diagram:  

  

  

Service Module:  

Service module will be main functioning 

module of the space station. This will be 

pressurized to 1,013KPa and will have 

operating system for whole space station, 

communication system, solar panels attached 

to it. It will also have docking ports which 

will enable attaching of transporter, other 

modules and other spacecrafts to the space 

station. It consists of payloads for studying 

atmosphere around the planet. Solar panels 

and nickel-cadmium battery will power the 

module.  

  

Transporter:  

Here transporter is nothing but the lander which 

carries rover to planet to do research and collect 

samples. Transporter has HGA and LGA to 

communicate with space station and it has some 

instruments to collect data about planet’s surface 

temperature, pressure, etc. Transporter will be 

having thrusters for landing of rover and also to 

transfer rover to another site. If the testing of 

sample is very important or the site of landing is 

far away from the reach of transporter then rover 

and transporter will be taken to space station with 

the help of thrusters in transporter. Thrusters in 

transporter include power from solar panels for 

small journey on the surface of Mars and 

Electrostatic ion thrusters for taking it to space 

station.  

Rover:  

Rover will have basic instruments like 

robotic arm, laser spectrometer to collect 

sample and drill rock. Transporter and Rover 

has shield to protect from storms. Once the 

work is done at the given site rover will be 

transported to another site and same will be 

repeated. Energy for the rover will be 

provided by solar panels.  

Laboratory Module:  

Here we conduct the test and experiment 

like growth of plants. Rock and soil sample 

chemical presents in it. Gravity factor will 

be considerably low in the mars atmosphere 

so the effect of these conditions on growth 

of plants and on human body can be studied 

in this module. Instruments for testing 

include Mass spectrometer, Alpha particle 

X-ray spectrometer, Radiation assessment 
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detector, Chemical and mineralogy testing 

devices, etc.  

Habitation Module:  

Habitation module is nothing but the crew 

module where the crew can conduct 

experiments and can take rest.Here we will 

test the change in human body at the mars 

atmosphere. The module will be designed for 

basic needs of 4 crew members. This module 

will be pressurized to Earth’s atmospheric 

pressure at sea level.  Habitable module will 

look as shown in fig 1   

  

Fig.1: Artist image of Tiangong 1 Propellant 

Depot:  

The proposed depot is composed of a 180” 

diameter cryogenic tank that can be launched 

inside of existing 5mdiameter payload 

fairings. This light weight, thermally 

efficient depot is designed to contain a single 

fluid, either 140 mT of LO2 or 15 mT of 

LH2, Figure 5. At the top of the depot is the 

hot equipment deck which contains the 

docking collar, avionics, control valves and 

station  

  

  

  

Communication System:  

UHF Electra-lite software is used for radio 

communicating with Mars orbiters and 

Ground control center.  

From ROTRASST mission will lead to 

important functions such as:  

• Enabling Space based inspired 

research  

• Enabling product development  

• Facilitating satellite servicing and 

maintenance.  

Conclusion:  

This project will be very useful for future 

human exploration.  

As ROTRASST will be orbiting around other 

planets, it will help us to study a lot about 

them.  

Space station will be a stop for the Space 

crafts  for  fuel  refilling, 

 research, experiments and rest of crew 

members.  

As rover and transporter are also available, 

space station will be working as 

multifunctional orbiter.  



-146-  

  

Transporter will be more helpful for rover as 

it will help to examine large amount of 

surface area of the planet.  

Orbit for the Space station is kept a lower 

height from the surface, so the study of 

atmosphere can also be done.  
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Abstract— This paper will describe a 

methodology that can arrive at the baseline 

specifications of a stratospheric airship, given 

the performance and operational requirements 

like payload mass, payload power, mission 

speed, geographical location, and altitude of 

deployment. Results obtained using this sizing 

methodology for some typical operating 

requirements for stratospheric airships will 

also be presented. Sizing of a stratospheric 

airship for various envelope profiles will be 

carried out to identify which ones are more 

suitable for different applications. The 

sensitivity of the airship size and all up weight 

to some key input parameters will also be 

brought out.    

  

  

Index Terms—Stratospheric Airship, Sizing,  

Sensitivity.   

  

I. INTRODUCTION   

  

There is a global interest in design and 

development of stratospheric airships [1], which 

can serve as a long endurance platform for 

deployment of equipment for several commercial 

and strategic applications e.g., next generation 

wireless broadband telecommunications [2], 

digital broadcasting [3], coastal surveillance [4], 

remote sensing and GPS augmented navigation 

systems [5]. These airships are designed to be able 

to maintain a quasi-stationary position at altitudes 

of around 20 km, where ambient winds are of low 

magnitude. Such airships function as low-altitude 

satellites, but offer much shorter transmission 

distances and ranges with high resolution, and  

 

 

lesser signal propagation errors. They are much 

more economical compared to satellites, as they 

can be relocated or brought down and refurbished 

with latest equipment.    

Several researchers have proposed methodologies 

and approaches for conceptual design and sizing of 

stratospheric airships [6-9]. The shape of the 

envelope is one of the most critical elements in the 

design of such systems, and envelope shape 

optimization is a key area of research in this field 

[1013]. Concurrent subspace optimization 

techniques have also been applied to the 

conceptual  

design and sizing of airships  

[14].     

Due to long endurance missions, and the high 

altitude of operation, conventional propulsion 

systems may not be suitable for high altitude 

airships. Instead, it is proposed to mount Solar cell 

on the top of the envelope to meet the power  

requirements of the airship to maintain station, as 

well as that of the payload mounted onboard. The 

excess power generated by these solar cells during 

the daytime will be utilized to charge the onboard 

batteries, which then meet the needs during 

nighttime, or occasions when the solar power is 

insufficient.   

This paper presents a methodology for sizing of 

stratospheric airship given the user specified 

requirements like payload weight and power etc. 

This methodology reduces the number of 

assumptions that have been made in the 

methodologies suggested by other researchers. 

This methodology can also be used to carry out the 

sensitivity analyses to study the interdependency 

of various parameters affecting the design.    
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II. METHODOLOGY FOR INITIAL 

SIZING   

  

The general layout of the methodology is depicted 

in Fig. 1. Once the operational requirements are 

specified, the methodology estimates the 

geometrical dimensions and mass breakdown of 

the stratospheric airship, meeting the requirement 

of payload weight and power.   

The power requirement is fulfilled in daytime by 

part of direct energy output from the solar cell to 

minimize the conversion losses with the geometric 

coverage ratio of 45%, whereas the remaining part 

of the energy output is used to charge the RFC 

(Regenerative fuel Cells) storage for night hours or 

crisis time. The calculation for energy is made for 

worst winter condition to avoid shortfalls for long 

term operation.    

Among the various standard shapes available,  

NPL, GNVR and Wang shapes are chosen for 

initial sizing. 

 A. Envelope Geometry/Shape   

Fig. 2 shows the NPL low shape with fineness ratio 

of √2. It is basically the two half ellipses when 

considering in 2D, with major semi axes ratio √2 

joint together at maximum diameter. Fig. 3 show 

the GNVR shape which is a combination of an 

ellipse, circle and parabola. The entire geometry of 

the GNVR shape is parameterized in terms of its 

maximum diameter. Fig. 4 shows the Wang profile 

shape. Exploring the possibility of better shapes in 

view of multidisciplinary optimization, a shape 

generation algorithm was proposed by Wang et 

al.[11,12]. The geometry of the airship envelope is 

governed by four shape parameters a, b, c, d and 

length l.   

  

The equation of the airship body is expressed as,  

  

64(y2+z2) = a (l-x) ( bx- )        

  (1)  

  

Since the complete airship body is obtained 

by revolving the 2D shape by 360o about the 

X-axis, the 2D shape equation can be 

transformed as follows:  

 

 

Figure 1: Methodology for Initial Sizing  
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Figure 2: NPL Low Drag Shape   

     
  

Figure 3: GNVR Shape   

  

y =                                                    

(2)   

  

         

    (4)   

The volume of the envelope ʻVʼ 

van be calculated  

            

   (5)                    

D. Propulsion System Mass 

Calculation   

The mass of the propulsion system mass is calculated 

using “6ˮ as:   

 mthrust = Pthrust/wthrust              

 Figure 4: Wang Shape   (6)  

    

B. Model of Volumetric drag coefficient  Whereas,    

Pthrust  is the thrust power required  wthrust is the power 

density of propulsion system In order to seek the 

drag of the airship envelope,  

 

Pthrust= Dtotal ν/ƞpƞg        

CDV is calculated as per the formula quoted by  

 

(7)  Cheeseman in [15].   
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 Dtotal is the total drag of the airship        

   

CDV 

       (3)   

By adding solar array mass (marray) and 

Regenerative fuel cell mass, we can get the mass 

of energyThe operating requirements and values of 

some system(menergy).  design parameters that are 

assumed to be constants,   are listed in Table I 

and Table II respectively.The The mass of the solar 

array can be calculated using “9ˮ values of the 

keyoutput parameters obtained by this  

as:   methodology are listed in Table   

III.   

  

  

marray = 1.3RscS ρarray              (9)  

TABLE I: OPERATING REQUIREMENTS   

  

  

Where, factor 1.3 is considered taking the grid network and 

other auxiliary components.   

  

C. Model of surface area and Volume of the envelope   

  

where, γ is the interference factor to incorporate the 

drag on the control surfaces.   
    

The surface area of the envelope ‘Ae’ can be calculated using 

“4ˮ as:    

E. Energy System Mass Calculation                                                                 III. INPUT AND OUTPUT  

PARAMETERS OF THE   

Rscis the solar array coverage ratio   S is the surface area of the  Input Parameters 
  Value  

 

 Payload mass (kg)   1000   

envelope   ρarray is the mass density of the solar array.   

    

Where,      l is 

the envelope length   

D is the maximum diameter   
  

ƞp is the propulsive efficiency  ƞg is 

the gear transmission efficiency   

  

Dtotal = γ ρav2CDVV2/3/2           

 

METHODOLOGY     (8)   
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 Payload Power (kW)   10   

  

 Control Systems  1   

    Power (kW)   

The mass of the RFC storage unit can be calculated using “10ˮ Floating Height (m)   20000   as:  

 Mission Speed (m/s)   20   

   Average Irradiance  480  

mstore  = Ptotal t/ ƞRF ρRF             (10)   (W/m2)   

    Discharge Time (hr)   14   

 Off Standard  +20  

Whereas, Ptotal = Pthrust + Ppayload + Pctrls   

temperature (K)   

 TABLE II: DESIGN CONSTANTS    Parameters   Value  ƞRFis the efficiency of the 

regenerative fuel cells    Interference factor   2   ρRFis the power storage density of 

the RFC unit   Geometric Coverage  0.45 ratio   

    

 Envelope mass/area  200  

F. Structure Mass Calculation    2 

ratio (g/m )   

 Total mass of structural subsystem(mstructure) is calculated   

 Solar cells mass/area  250  

using “11ˮ as:    2 

ratio (g/m )  mstructure = mgas+ 

mhull + mfin + mc        (11)                                   Solar cells efficienc                   y        8  

    (%)   

Where, mgas, mhull, mfin and mc are the masses of LTA   
RFC storage  250 

 

energy/mass ratio gas, 

hull,  fin and other component respectively, and    (Wh/kg)   

are calculated  using “12ˮ, “13ˮ, “14ˮ as:     RFC efficiency (%)   60  

 Propeller power/mass  75  

 ratio (W/kg)  mgasVhull(12) The Wang                                                                  Propelle          

r efficiency 85  

reference shape is digitized and the appropriate  values of the  (%)   shape coefficients are obtained by 

Newton's least   Gear box transition  80  

Where, MWgas and MWair are the molecular weight of LTA   efficiency (%)   

gas squared method, in which the sum of the squared 

residuals is and ambient air respectively.  minimized. 
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The residuals are obtained by the difference   

between the ordinate of the reference shape(obtained 

by mhull = 1.2ρfabricShull                (13) digitizing the 

Wang shape)  

and their predicted values using mfin = 1.2ρfabricSfin                  (14)                the equation of the geometry.   

  

The values of the shape 20% of hull mass and fin 

mass is increased to parameters are validated by 

comparing the envelope incorporate the weight 

added due to manufacturing. surface area and 

envelope volume with that of the ρfabric is density of 

fabric used for envelope.  reference shape of length 

of 194 meters listed in  

[24].    

    

  

Sfin is the surface area of fin, which can be obtained by 

The initial values of the shape parameters are a = 

the following relation:   
7.447, b = 2.072, c = 9.010 and d = 7.981.   

  

Sfin/Vhull = 0.0121 m2/m3          (15)                                                                             TABLE III: 
KEY OUTPUT PARAMETERS  
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Mass of other components like ballonets can be taken as 

the 25% of total mass of hull, fin, energy and thrust 

subsystems.   

  

mc = 0.25(mhull + mfin + menergy + mthrust)    

     (16)   

  

Total mass (mtotal) is calculated as:   

  

mtotal = mthrust + mstructure + menergy + mpayload       

      (17)   

  

The results of system mass breakdown are listed in Table 

IV.   

  

TABLE IV: 

SYSTEM 

MASS 

BREAKDOWN (KG)   

It can be noticed that, almost more than 50% of the 

total weight of the airship is due to its structure. 

From the above results, we notice that, NPL low drag 

shape has low power consumption and total mass. 

Hence, the design using NPL low drag shape can be 

yield better performance in comparison with GNVR 

and Wang profile shapes.   

  

                                                                                         We will use NPL low drag shape for sensitivity 

analyses.   

  

  

Parameter   GNVR   
Shape   

Wang  
Shape   

NPL  
Shape   

Envelope  

Volume (m3)   

844829.1   868560   822737.5  

Envelope  

Surface Area  

(m2)   

51289.69   54040.22  50543.6   

Envelope  
Length (m)   

253.1   300.1   293   

Envelope Max.  
Diameter (m)   

82.98   77.54   73.25   

Fineness Ratio  3.05   3.87   4   

Surface Area of 

the Solar 

Cells(m2)   

23080.36   24318.09  22744.62  

Thrust  

Required(Drag)  
N   

6180.27   6119.261  5924.41   

Thrust Power  
Required(kW)   

181.78   179.98   174.26   

Total Power  

Required (kW)  

192.78   190.98   185.26   

System   
GNVR   
Shape   

Wang  
Shape   

NPL  
Shap

e   

Total  
Structural  

Mass   

35803.88   37059.4   3500

0.83  

Propulsion  

System  

Mass   

2423.63   2399.71   2323.

3   

Solar  
Array  

Mass   

4501.12   7903.38   7392   

RFC  

Storage  
Unit   

17992.1   17824.6   1728

9.7   

Total   63720.73   

65187.09  

 

62005.

83  
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IV. SENSITIVITY ANALYSES   

  

This section presents the key results of sensitivity analyses that are carried out to study the effect of various 

input parameters.   

  

A. Effect on envelope volume with wind speed   

  

The envelope volume increases exponentially with wind speed, as can be seen in fig.5. It can be seen that, 

envelope volume using Hydrogen as LTA gas is less in comparison with Helium.   
  

B. Effect on envelope length with wind speed   

  

  

length using Hydrogen as LTA gas is less in comparison with Helium. And these results are in line with the 

sensitivity analyses reported by Chen[8] for NPL low drag shape.   

  

C. Effect of area density of envelope fabric on airship length   

  

Fig.7. shows the varaiation of airship length with area density of the fabric. Almost linear proportion is 

noticed. It is noticed that, low the density of the envelope fabric less will be the design length. Hence, there 

is a great need for fabric with low density and good strength properties in the design and manufacturing of 

stratosheric airships.   
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Figure 7: Effect of area density of envelope on airship length   

  

Figure 8: Effect of area density of solar cells on airship length   

  

E. Effect of Regenerative Fuel Cell 

efficiency on envelope length   

  

Fig.9 shows the variation of envelope length 

with regenerative fuel cell efficiency. Airship 

length decreases almost linearly in inverse 

proportion to the efficiency of the fuel cell 

when the latter one is higher than a certain 

value called a turning point. When the 

efficiency of fuel cell is lower than the value of 

the turning point, the airship length decreases 

exponentially in inverse proportion to it.   

  
  

 

Figure 9: Effect of efficiency of fuel cell on airship length  
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F. Effect of length of the airship on its 

Buoyancy and Weight   

  

Fig.10 shows the variations of the buoyancy and 

weight of the airship with length. For envelope 

length less than 293 meters, the weight of the 

airship is more than buoyancy. The rate of 

increment in buoyancy is much higher than that of 

weight, since the major constituent is weight 

defined by surface area, whereas the buoyancy is 

directly proportional to volume of the airship. The 

rapid improvement is observed in the payload 

capacity with the increase in length of airship, in 

line with the square-cube law.   

  

  
Figure 10: Effect of length of  the airship on 

its Buoyancy and Weight   

  

G. Effect of wind speed on Thrust required (Drag)   

  

Fig.11 shows the variations in drag with size of the 

airship for different wind speeds. The nature of 

variation of drag with the length of the airship is 

nearly parabolic. However, the rate of variation is 

observed to be higher as we go on increasing the 

wind speed as, drag is proportional to the square of 

the wind speed when size is kept constant.   

  

Hence, the size of the airship varies for same 

requirements of payload weight and power with 

different operating speeds(wind speeds). This is 

one of the reason behind the floating altitude to be 

lower (20-25 km) to observe minimum wind 

speeds.   

  

  
Figure 11: Effect of wind speed on thrust 

required for the airship   

  

  

H. Effect of payload on size(volume) of the airship   

  

The variation of volume of the airship with 

payload is shown in fig.12 Approximately 

linear relationship of volume with the payload 

capacity of airship is observed. An eight-fold 

increase in payload capacity is obtained by 

increasing the volume by 50%.   

  

  
Figure 12: Effect of payload on required  

volume of the airship   

  

I. Effect of altitude of station-keeping on weight 

and buoyancy   

  

It is very well known that with the increase of 

altitude, the atmosphere density decreases, 

which results in decrease of buoyancy lift when 

size of airship is kept constant. If the design 
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wind and thesolar array coverage ratio are 

keptconstant then, the available thrust is larger 

than drag.   

  

With the increase in altitude if the size of the airship 

is kept constant then, the payload capability will 

decrease.   

Figure 13: Effect on Weight and Buoyancy of 

the airship with altitude of 

station keeping   

  

J. Effect of Helium Purity on length of the airship   

  

Because atmosphere may enter the helium 

chamber through small holes in the envelope, 

helium purity would decrease with increase of time 

of stationkeeping. Fig. 14 shows the effect of the 

helium purity on the length of the airship. It can be 

noticed that, with  decrease in the purity level of 

the helium gas, the length of the airship increases.    

  
Figure 14: Effect on length of the airship with 

purity level of the Helium gas   

  

K. Effect of Helium Purity on the Volume of the 

airship   

  

Fig. 15 shows the effect of the helium purity on the 

volume of the airship. It can be noticed that, with  

10% decrease in the purity level of the helium gas, 

the volume of the airship increases by 50%. of the 

Helium gas   

V. CONCLUSIONS   

  

A methodology for conceptual sizing of an HAA 

(High Altitude Airship) platform has been proposed, 

with much lesser number of assumptions compared 

to other such methodologies reported in literature. 

The efficacy of the methodology in arriving at the 

output parameters, and in carrying out sensitivity 

analyses of key parameters has been demonstrated.   

  

It is seen that there is a minimum required volume 

of stratospheric airship to overcome the specified 

power and payload requirements. Due to large 

dimensions, even a slight increase in the wind speed 

results in large increase in drag.     
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Abstract  — This paper proposes the idea of using 

an Autonomous Octocopter on Mars which will 

help the rover  in collection of samples, and 

deliver it  to the rover for analysis. This can also 

be helpful in exploration of places that have no 

solid surface ex: Titan. An Octocopter is an agile 

vehicle and has the capacity to carry large 

payloads as it has 8 arms , also there are 8 motors 

so if one motor goes others can balance it. This 

idea proposes the propulsion and the navigation 

of the Octocopter on Mars. Using the concept of 

Optical Lift , lift will be provided to the 

Octocopter  and for the navigation,  a mind map 

is to be created that will contain the coordinates 

of latitude and longitude of Mars and according 

to that detect its position, much similar to SLAM 

technique. This also involves path planning 

techniques. This paper just presents the idea of 

using an Octocopter on Mars and its various 

parameters. 

 Index Terms— Octocopter, agile, Optical Lift, 

latitudes and longitudes, SLAM    
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 I.INTRODUCTION 

         Unmanned Aerial Vehicles (UAV’s) like Quad 

rotor, Octocopter, Gyrocopter etc. have been 

extensively used for different applications 

ranging from rescue to surveillance operations 

because of their ability to move quick and easily. 

Also these are low cost and easy to design 

vehicles.  

 An Octocopter is a large agile vehicle that has 8 

arms   and is controlled by the 8 rotors on it. It has 

a large holding capacity for payloads. If one of the 

rotors stops working the other balances it, which 

is a very good advantage.  

             Mars is called the red planet in our solar 

system and was believed to be similar to Earth with 

respect to the atmosphere conditions, surface 

conditions etc. But now the atmosphere of Mars is 

extremely thin, 95% carbon di-oxide is present 

along with 4% methane and then 0.2-0.3% of 

oxygen. The pressure is around 7millibar and is 

difficult to survive there. Moreover for providing 

lift to a vehicle air must be displaced but there is 

no air to displace on Mars, therefore for providing 

the thrust power and hovering of the Octocopter , 

Optical Lift is being utilized. 

mailto:Kartik.shah0018@gmail.com
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              Mars does not have GPS, and sending 

commands from Earth to Mars provides a delay 

of 20 minutes over one way journey. For this 

purpose using a technique similar to SLAM, a 

mind map is created that has a latitude and 

longitude meter and the image of the map of 

Mars. By locking a particular position it will reach 

there and do work.  

Abbreviations 

SLAM-Simultaneous Localization and Mapping 

GPS- Global Positioning System  

APM- Arduino Programmable Manager 

             In this paper the author proposes an idea 

of utilizing an Octocopter for exploration 

purposes on Mars. Section II deals with the 

working and dynamic model of Octocopter. 

Section III deals with the. The paper ends with 

conclusions. 

II. OCTOCOPTER’S DYNAMICS AND 

MODEL 

 

             By design the octocopter is controlled by 

independently varying the speeds of the rotors 

(see Fig1.) 

            We define the position and the velocity of 

the Octocopter in inertial frame as x=(x,y,z)T and 

x` = (x`, y`, z`)T . We define the roll, pitch, and yaw 

angles in the body frame as Rxyz = (Ø,θ,Ψ)T with 

their corresponding angular velocities which is  

equal to  Rxyz ` = (Ø`,θ`,Ψ`)T   

  

                          

                      Figure1. Inertial Frame 

 

            Let Ʈi  be the torque and  Ti  be the thrust 

of the  ith  rotor (i=1,2,3. . . .)  

Now thrust (T) is given as 

     

               Thrust (T) = m`*v where m` is mass flow 

rate 

                                                      = ρAv*v  

                                                      = ρAω2r2    

Where, ρ is the density of air, A is the area of cross 

section of rotor, ω is the angular velocity of the 

rotor, r is the radius of the rotor. 

 

Now let Ui be the control inputs for the controller  

 

Therefore, Total thrust given by rotors are 

       U1=(T1+T2+T3+T4+T5+T6+T7+T8);             (1) 
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                Figure2. Octocopter dynamics 

       Rolling motion of the Octocopter (left or 

right) is provided by speeding up the 

corresponding rotor set of #1, #7, #5 and 

decreasing the speed of arm rotors #4, #8, #2 or 

vice- versa or we can say that increase the speed 

of #1, #7, #2,#8 rotors and decrease the speed of  

#5, #4. 

 

      U2= l*(T5-T4) + l*cos45`*(T1+7 –T2+8);        (2)  

 

        Pitching motion of the Octocopter (up or 

down) is provided by speeding up the rotor set of 

#1, #3, #5,  and decreasing the speed of  arm 

rotors #6, #2, #4 and vice-versa. 

 

       U3=l*(T1-T2) + l*cos45`*(T3+5-T6+4);             (3) 

 

          Yawing motion of the Octocopter (turning 

left or right) is provided by increasing the speed 

of rotor set #5, #3, #6, #4 and decreasing the 

speed of rotor set #1, #2, #7, #8. 

 

       U4= l*(T5+T3-T6-T4) + l*cos45`(T1+7-T2+8)    (4) 

 

 

 

Therefore the control input vector U is given as  

                  U= [U1,U2,U3,U4]T                              (5) 

where the last  three control inputs govern the 

varying rotational speeds. 

             [p`;q`;r`] = [U2;U3;U4]                            (6) 

Where p`,q`,r` are the angular body rates. 

 

Now Equation of Motion is given by rotational 

matrix Rxyz or  Røθφ  (Euler angles) 

       

 

     Figure3. Rotation Matrix of Roll, Pitch, Yaw 

Where C is cos and S is sin. 

 

Final model will be much similar to the one shown 

below. This model is the Amazon Prime Air. 

This model is selected as this occupies less space 

and can easily be fitted as its in a box shape. 
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Figure4. Octocopter Final Model 

 

    III. COMPONENTS OF OCTOCOPTER 

1) Motor/Rotors (Brushless D.C. motor and 8 

inches diameter  rotor) example: Turnigy 

2826 2200kv 

Figure 5 

 

2) Electronic Speed Controller (ESC). 

 These control the speed and the direction of the 

motors. 

                     

Figure 6 

3) Battery Packs (example: Lithium Polymer 

battery (Lipo) ) 

                  

Figure 7 

4) Control Board (APM 2) This is the control 

system that controls the attitude, roll, pitch, 

yaw motion of the Octocopter. 

 

Figure 8 
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IV. PROPULSION OF OCTOCOPTER ON 

MARS 

 

          On Mars, the pressure is only 7 mill bars and 

therefore the amount of air to displace is very less, 

therefore the normal  method of generation of  lift 

is not possible as there is no or very less air to 

displace.For that the concept of Optical Lift is being 

used . 

        Mars has the acceleration due to gravity as 

3.6 meter per seconds square , this speed is very 

less and the molecules can escape from the 

surface leaving the condition as today on Mars.  

        Also Mars has  no or very less magnetic field, 

therefore it receives huge amount of  radiation 

due to solar wind thus exerting large amount of 

Radiation Pressure. This process is much similar 

to that used for Solar Sails.  

When light refracts at a surface, it changes the 

direction and intensity of the light rays. By 

Newton’s 3rd law, this process imparts a small 

momentum to the object. 

The rotors are made of ‘Plano-concave’ surface as 

their airfoil shape. Light incident upon this rotor 

would produce a sustained force perpendicular to 

the direction of the light, in which the horizontal 

motion of the wing through air results in a vertical 

lift force. 

To demonstrate this an experiment was 

conducted by   Rochester Institute of Technology  

 

Figure9. Glass Hemicylinder in Water 

 

This is just an idea of propulsion. Research and 

simulation is still in process. 

 

V. NAVIGATION ON MARS 

 

         On Mars there is no GPS, for this reason 

signals are beamed from Earth to Mars to guide 

the motion of rovers on Mars example: Curiosity 

waits for the signal and then moves to a place.  

          For Octocopter  this can’t be done as its in 

air and it takes 20 minutes for one way trip of 

signal due to delay due to the reason that the 

speed of light is constant and therefore for large 

distances propogation time must be more.  

         Mars consists of latitudes and longitudes 

and a map of Mars is created . Now a particular 

position is chosen on Mars example: position 

where the rover will land on Mars.  

         Now that position will act as  0`North0`East 

and from that using the Map,  the coordinates of 

the position where to go will be found and  the 

shortest path using an algorithm Dijkstra’s 

Algorithm is determined . Now a latitude and 

longitude meter (sensor) locks this position and 
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using path planning the Octocopter does 

navigation. 

 

 

 

Figure10. Position and coordinate on Mars. 

 

 

Figure11.  Places on Mars 

       In this figure various places on Mars are 

created along with their position coordinates. 

        

 

 

 

V.CONCLUSIONS AND FUTURE WORK 

 

          In this paper the author has reported an 

idea for future investigation and helping in 

collection of samples and to study the 

atmosphere conditions at 40-180 meters in 

height. A model of an Octocopter is utilized by the 

author and the reason for choosing this design is 

specified. Also In this the author   proposes an 

idea for propulsion technique on Mars and why 

this technique is applied. The author also talks 

about the navigation technique for navigation on 

Mars and how it can be achieved as there is no 

GPS on Mars.  

           The idea and various parameters of the 

Octocopter on Mars is still being researched and 

simulations are being done. 
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Abstract - This paper presents an approach to 

design a feasible and reliable Antenna 

deployment mechanism for CubeSat 

applications. Nano-Satellites have faced 

problems in designing their antenna deployment 

system due to space and protrusion constraints 

inside the Poly Pico-satellite Orbital Deployer (P-

POD). In this design, the height of the sub-frame 

on which the antennae are mounted and the 

width of the antennae can be adjusted easily so 

as to meet the requirements of the P-POD or an 

X-POD. This mechanism allows use of either a 

single antenna of a combination of monopole 

and a dipole. The antennae are stowed on the 

sub-frame using Dyneema wire and are deployed 

using a through-hole resistor which is heated 

using a current limiting Integrated circuit. The 

paper discusses detailed results of mechanical, 

electrical and thermal interfaces of the antennae 

deployment mechanism with the satellite body 

and the structural analysis of the Antenna 

deployment mechanism in ANSYS 14.5 and the 

test results of the mechanism at different 

temperatures. 

Index Terms—Sub-frame, antennae, 

deployment, mechanism, interface.  

I. Introduction 

This mechanism is depends on one main part 

called the sub-frame, which is designed to be built 

from a polymer using rapid prototyping  
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techniques such as fused deposition modeling or 

by using milling techniques. Most the elements 

needed for the mechanism's operation except for 

the resistance burning circuit are installed onto 

this piece. This includes the antenna retention 

wire, the burning resistance, and the opening 

detection switch. The 

 

Figure 1: Final Deployment Mechanism 

 

sub-frame can itself be installed in the shielding 

panel on one side of the Cubesat, which means 

that all the necessary components are easily 

inserted in a modular way. 

The operation of the mechanism is very simple. 

Once the assembly is closed, the retention wire is 

attached to the shielding panel using a nut and a 

bolt and it allows the antennae to be stowed and 

retained against the edge of the sub-frame and it 

mailto:kapilbharadwaj1994@gmail.com
mailto:yashvardhangupta1993@gmail.com
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is this that keeps everything folded away until the 

time for deployment. At that moment, the burning 

resistor will melt and cut the retention wire and 

the antennas will be deployed, leaving the 

retention wire joined to one of the antennas 

unable to detach itself. 

 

II. Mechanism elements 

A. Sub-frame 

 

The sub-frame is the most important element of 

this mechanism. Its special features allow it to be 

extremely light and act as the piece that provides 

the necessary means for the installation of all the 

other mechanism elements. This means it is of 

vital importance for endowing the assembly with 

modularity and simplicity. 

     Material and Fabrication – One of the 
major criteria in designing the 
mechanism involved the material 
chosen to make the sub-frame. During 
the development of the mechanism, 
research into the properties of various 
polymers led us to opt for 
Polyoxymethylene. The first reason is 
that Polyoxymethylene is very light with 
a density of 1410 kilograms per cubic 
meter which would help to reduce the 
weight of the entire assembly as much 
as possible. The second reason is that 
prototypes manufactured using fused 
deposition modelling technique from 
the chosen material is highly precise in 
correlation to the CAD model. 

     Design – The idea was to have a single 

base for both monopole and dipole 

antennas. This was done for an antenna 

width of 5mm. Most of the space 

available on the shielding panel can be 

used so as to reduce the number of coils 

over a single frame for longer antenna 

lengths. This reduces the amount of 

strength required for holding the 

antennas in position by the Dyneema 

wire which in turn gives a reduced 

chance of the Dyneema failing during its 

stowed position inside the deployer. The 

curvature of the sub-frame is well above 

the minimum bending radius of the 

antenna material, hence on stowing, there 

will be no yielding of the antenna 

material. 

     The sub-frame is so designed such 

that the dimensions can be easily tailored 

to accommodate the required 

specifications such as antenna width,   

antenna length or even the positions of 

the fixed end of the antennae. This can be 

done by changing the curvature of the 

sub-frame and by designing  the sub-

frame in a rounded-rectangular shape or 

increasing the distance between the two 

individual pieces of the sub-frame or 

even increase the number of individuals 

elements of the sub-frame to 

accommodate higher antennae lengths. 

This makes the design of the sub-frame 

very flexible enabling its versatility for 

any type of communication systems on 

CubeSats. 

 

B. Retention system 

                                    Ultra-high-molecular-weight 

polyethylene (UHMWPE) which is commonly 

known as Dyneema was considered as a viable 

element for the retention of the antenna for 

stowing purpose. Due to its high axial tensile 

strength of about 3.4 Giga-Pascals, it is certain that 

failure of the retention system due to yielding of 

Dyneema wire is highly improbable. In this 

mechanism, the free end of the monopole 

antenna is tied to the Dyneema wire and after the 

antennae have been stowed in proper tension, it 

is passed over the burning resistor and is finally 

fixed to the shielding panel using a nut and bolt 
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arrangement. Although the mechanism was 

designed for a monopole-dipole based 

communication system, it can be altered easily for 

any type of communication systems. 

 

C. Burning Mechanism 

                              The antennae are initially in the 

stowed position and held in place using the 

Dyneema wire. The retention wire passes over the 

resistor as a loop so that there will be maximum 

contact area between the resistor and the 

Dyneema and there can be effective heat transfer 

between them. Current is passed through the 

resistor and as a result the resistor heats up which 

in turn leads to the melting of the Dyneema wire. 

A support is provided for the resistor in order to 

prevent failure of the axial leads of the resistor 

while the Dyneema as in tension in the stowed 

position of the antennae. This support not only 

provides the means to fix the resistor to the 

shielding panel but also provides a path for the 

Dyneema.  

      In order to select the correct resistance value 

from those available commercially, many room 

temperature tests were conducted on different 

resistance values. After rigorous tests, for an input 

voltage of 4.2 volts which is the voltage commonly 

provided by the batteries used in CubeSats, it was 

decided that a resistance value of 10 ohm was best 

suitable for the deployment mechanism.  The 

deciding parameters comprised of maximum 

temperature reached by the resistor, burning time 

of the Dyneema and compatibility with the 

Overcurrent Protection circuit (OCPC). The 

overcurrent protection circuit is a high side Metal 

Oxide Semiconductor Field Effect 

Transistor (MOSFET) switch designed to protect 

loads from damage due to a latch up. It can also 

be used as a controllable switch by the Main 

Control Unit of the satellite to switch off loads in 

case of an emergency or in case the Power 

Management Algorithm of the satellite demands 

it.  

              After the Resistance value and the 

position of the antennae and the sub-frame were 

fixed, more than 30 tests were conducted to 

estimate the time required for deployment. From 

the results of these tests we detected that the 

resistors, when subjected to higher voltages than 

the nominal ones, underwent deterioration and a 

slight variation in their properties was observed 

when the current was passed through them. This 

was helpful when determining the point at which 

the resistor was capable of burning the Dyneema 

wire in much colder environment in space and not 

destroy itself at room temperature. For this, the 

deterioration was related to the variation in the 

current flow by maintaining the voltage constant 

over time. This fact can only be due to the 

variation in the resistance value over time due to 

the deterioration through overload. The graph in 

Figure 2 shows the results from observation of the 

time taken for the deployment of the antennae 

during the conducted tests. The average of them 

was found to be 4.53 seconds for deployment. To 

ensure deployment, 3 power bursts of each 20 

seconds are given to the OCPC that controls the 

antenna deployment.  

 

Another completely different system is the usage 

of nichrome wire in place of a resistor. The 

nichrome wire coils around the retention wire and 

functions with the help of a current limiting circuit 

that is designed to be switched on for a calculated 

period of time so as to allow current to pass through 

it and the resistance value of the thermistor would 

correspond to the temperature reached by the 

nichrome and when the temperature is slightly 

above the melting point of Dyneema, its resistance 

would be a definite value and the current would 

provide a definite voltage across it. This circuit has 

a feedback system that uses thermistors which 



-169-  

 

 

 

would let the Integrated circuit know when the 

temperature reached the optimum level. Hence 

optimizing the switching will allow an exact 

switching, that is the line remains open only long 

enough for it to reach its melting point of the 

retention wire. 

 

Figure 2: Time taken for Deployment 

III. Mechanical, electrical and thermal 

interfaces 

               The mechanism is characterized by many 

number of factors that should be accounted 

during the design and dimensioning phase. For a 

system with strict requirements which is also 

modular and independent from the main 

structure of the satellite, there will be numerous 

conditioning factors caused by local conflicts 

between the various elements in the system. In 

order to understand the characteristics and 

features of the design, the Mechanical, Thermal 

and Electrical interfaces involved in the 

mechanism are explained thoroughly. 

 

A. Mechanical Interfaces 

These are the contacts, relationships and 

dependencies between the various elements 

present in the system that are mechanical in 

nature. The mechanical interfaces 

mentioned in the points below can be 

observed in figure 3. 

 

Figure 3: Mechanical interfaces during 

stowed position 

 

 The obvious ones are those which are 

generated between the antennae and the 

sub-frame and those between the shielding 

panel and the sub-frame. The latter is the 

simplest which consists a total of 8 M2 

screws whereas the former is one of the 

most complex. 

 Attachment of the sub-frame – There are 4 

holes on each of the individual pieces of 

the sub-frame through which M2 bolts 

pass and attach the sub-frame to the 

shielding panel. 

 Antenna connection to the sub-frame –The 

antennae are fixed using M1 screws. One 

of the conflictive point on the assembly is 

the attachment of the antennae to the sub 

frame, as it a highly difficult procedure and 

it follows a design process that requires 

high precision, specifically the distance 

between the 2 dipole antennae. The 

antennae should be so connected that the 

specified gap between them should be 

maintained with high precision and 

accuracy. This assembly procedure 
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required more design and verification time 

during the design phase. 

 There is a mechanical interface between 

the coaxial cable, that provides electrical 

contact between the antennae and the 

communication circuitry inside the 

satellite and the bolts which hold the 

antennae in position which is also to be 

taken into account so that the traction from 

the tightening of the bolt does not break the 

connecting coaxial wire. 

 The interface between the coaxial wire and 

the insulation protruding from the sub-

frame which is designed to fit the coaxial 

cable’s inner insulation eliminates the 

possible mechanical stresses that may 

occur on the connecting wire. 

 The following mechanical interface is 

between the antennae and the sub-frame 

that is generated due to the bolt that 

attaches the antennae to the sub-frame. The 

interface between the antennae surface and 

the sub-frame involves the friction 

between them which is a vital element 

because it is one of the factors that help in 

constraining the antennae when in stowed 

position. 

 Mechanical interface between the resistor 

support and the shielding panel – This is an 

imperative interface as it involves the 

holding of the resistor which is the crux of 

this mechanism. The support and the 

shielding panel should be well bonded so 

as to avoid any vibrations that may occur 

during the launch phase. 

 The mechanical interface between the 

resistor and the resistor support is also of 

equal importance because any failure or 

disengaging of the resistor from its desired 

position due to vibrational loads or any 

other means may lead to the failure of the 

entire mechanism. This involves the 

bonding of the axial leads of the resistor to 

the support piece which have to intact 

throughout the mission life and the 

interface should be such that no 

mechanical stresses are developed on the 

resistor or its leads due to the tension from 

the Dyneema wire in the stowed position. 

 The interface between the Dyneema wire 

and the resistor is important because this 

interface determines the proper working of 

the deployment system. The Dyneema 

should pass over the resistor in a loop and 

should prevent any stresses that may occur 

on the resistor due to its tension in the 

stowed position. 

 The mechanical interface between the 

Dyneema wire and the antenna on which it 

is tied should be well calculated. The hole 

on the free end of one of the antennae 

through which one end of the Dyneema 

wire is tied should be precisely made in 

accordance to the calculations from the 

communication system based on the 

distortions or interference observed due to 

the presence of a hole on the antenna at the 

free end. 

 The interface between the Dyneema and 

the shielding panel that is induced due to 

the nut and bolt arrangement is also of vital 

importance because if the tension in the 

Dyneema wire yields in the stowed 

position during transportation or due to 

any loads experienced by the satellite 

during launch, it results in direct failure of 

the antennae deployment mechanism. 

 

 

 

 

 

 

B. Electrical Interfaces 

 

 Resistor – The design must ensure that an 

electrical separation between the power 

cables of the resistor and the metallic body 
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of the shielding panel that may act as an 

electrical mass in case of improper 

insulation, exists. At the same time, there 

should be proper electrical interface 

between the resistor and its power cables 

and it must not fail under any 

circumstances which may be caused due to 

reasons like improper soldering. 

 Antennae – Under any circumstances, the 

antennae must not come in contact with the 

shielding panel and proper insulation must 

be ensured between them so as to prevent 

improper data transmission. 

 Interface between the antennae and the sub-

frame – The antennae are attached to the 

sub-frame with the help of screws. The 

length of these screws must be carefully 

calculated because the metallic body of the 

screws also account for the impedance of 

the entire antennae which is in turn 

responsible for proper data transmission 

and it should be maintained precisely 

according to the calculated value. 

 

C. Thermal Interface 

This interface is a little complicated given that in 

one small area 4 different materials are in contact, 

each with distinct conductivities, distinct fusion 

points and distinct responsibilities in the system; 

these are the resistor, the Dyneema wire, the 

shielding panel and the piece that acts as the resistor 

support and is the sub-frame's protection against the 

high temperatures reached by the resistor during the 

burning of the Dyneema wire. The resistor is 

insulated thermally from the metallic body to 

prevent unwanted loss of heat. 

The final deployed mechanism can be observed in 

figure 4. 

 

Figure 4: Deployed view of the antennae 

 

IV. Structural analysis of the system 

The structural analysis of any space system is 

highly imperative as it determines the stresses and 

strains which occur in the structure and the design 

should be such that these stresses and strains 

remain in the specified safe limits. Very small 

components such as the resistor, the resistor 

support and the Dyneema fiber were not included 

in the structural analysis as these are very small 

parts with high intricate details which were very 

strenuous to model. The design of the sub-frame 

was done in CATIA V5 and the structural analysis 

was done in ANSYS 14.5 workbench module. 

The main loads experienced by a satellite 

structure are the vibrational loads and the inertial 

loads during the launch phase. Other loads if any, 

the effects due to them are considered negligible 

when compared to that from the launch loads. 

Considering a factor of safety of 1.5, inertial 

acceleration loads of 11 times the force of gravity 

was considered as the worst case scenario for the 

longitudinal side (Perpendicular to the face of the 

shielding panel onto which the deployment 

mechanism is mounted) of the deployment 
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system and consequently 6 times the force of 

gravity can considered for the other two axis. As 

the sub-frame would be fixed to the shielding 

panel using screws, fixed support was given to the 

screw holes to obtain a similar environment. The 

mesh relevance was set to 100 for more accurate 

results.  

Figure 5: Stresses induced in the sub-frame 

Figure 5 shows the stresses induced in the sub- 

frame under the above loading conditions. After 

analysis, the maximum stress induced was found 

to be 38408 Newtons per square meter that is 

equal to 0.384 Mega-pascals (MPa) which is much 

lesser when compared to the maximum tensile 

strength of Polyoxymethylene which is 72 MPa. 

Figure 6 shows the deformation model of the sub-

frame when subjected to the above mentioned 

loads in Auto-scale view for better understanding 

of the results. The maximum deformation was 

observed to be 0.00000252 millimeters which can 

be quite negligible and would not affect the 

working of the deployment mechanism. 

Figure 6: Structural Deformation of the sub-frame 

V. Conclusion 

A robust and well constrained antenna 

deployment system is crucial for any satellite 

mission. Failure of the mechanism would mean 

failure of the mission. CubeSats being experimental 

satellites, each having a unique role, antennae may 

vary depending on mission requirements. The 

mechanism proposed satisfies all the functional and 

system requirements. It may also be tailored to 

accommodate antennae of similar construction and 

geometry by simply altering the curvature and 

position of the sub-frame, but necessary analysis 

and physical tests (such as those during 

Qualification and Flight level tests) must be 

conducted in a controlled environment to confirm 

the mechanism to be flight ready. 
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Abstract: A Hybrid Rocket Motor is one that 

includes the features of both solid and liquid 

rocket motors. Current hybrid rocket motors 

are not showing the promising burn rate 

characteristics will result in lower 

thrust/weight ratio than that of other engines. 

Numerous methods have been used, in the 

current research labs around the world, to 

improve the burn rate behavior. 

Implementation of wax as a fuel is one such 

method which resulted in improved burn rate 

than other fuels types. This paper is going to 

deal with an enhancement of burn rate by 

providing micro vortex generator in pre 

combustion chamber. By using the vortex 

generator, turbulence is generated, where 

injected Gaseous oxygen gets whirled and 

covers the longer surface area resulting in 

much improved burn rate. Also swirling effect 

leads to good mixing which will also be an 

added advantage to achieve the increase in 

burn rate. The injector used here is shower 

head and the propellant grain used here is Wax 

and Gaseous oxygen as an oxidizer. 

Cylindrical fuel grain is used for the current 

study where burn rate behavior is analyzed for 

the different injection pressure. The design of 

hybrid rocket motor aims to have the thrust 

value of nearly 3.5 Kg. Firing results are 

showing that enhanced regression rate as well 

as mass consumption rate of the paraffin wax. 

Addition of vortex generator to the normal 

hybrid motor set up will definitely improves 

the regression rate than the normal setup.  

     

Keywords: Hybrid motors, regression rate, 

vortex generator, paraffin wax, fuel grain, 

turbulence, whirl, Gaseous oxygen 
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I-Introduction 

 

                 Hybrid rocket motor is an engine 

which shares the advantages of solid and liquid 

engines.  

 

 

 

 

Which employs a solid fuel, typically a polymeric 

material, and Liquid or gaseous oxygen. The 

concept has been known and tested for many 

decades. However, application in early practical 

systems has been limited. Lately, there is a 

renewed interest in this type of propulsion, due to 

its high safety level as well as lower 

environmental impact(2). Typical hybrid rocket 

motor is given in the figure1.1. Despite their 

advantages, classic hybrid engines possess a 

major disadvantage - a low fuel burning rate and, 

hence low thrust (5). Research has been carried 

out over the year to find out class of fuel with a 

higher regression rate than that of conventional 

hybrid fuels. It was found that members of normal 

alkaline class of hydrocarbons, which are solid at 

room temperature for carbon number 14, have 

low surface tension and viscosity, which include 

the paraffin waxes and polyethylene waxes (3). Its 

combustion mechanism called an entrainment is a 

key factor for its superior regression rate. 

 

In an entrainment theory, heat is 

transferred through convection down to the fuel. 

Since the fuel has a low melting point a liquid 

layer forms on the surface of the fuel which would 

become unstable due to turbulent and high 

velocity gas flow in the port. The shear causes 

ripples on the liquid layer and due to the viscosity 

small droplets are pulled up from the liquid layer 

and move up through the boundary layer by 

means of entrainment. When these droplets reach 

or pass the combustion flame, they themselves 

react in the oxidizer rich environment and burn 

much faster. Lastly, ripples formed in the liquid 

layer increase the surface area and roughness 

which enhances heat transfer. Pictorial 

representation of combustion mechanism for the 

paraffin wax is given on the figure 1.2. 

Performance of this rocket motor should be 

analyzed with the focused solid fuel grain 

regression rate behavior. For this a simple from of 

calculating regression rate can be used that relies 

upon fitting the regression rate equation to 

experimental. That Classical regression rate 

equation is given as follows (4):  

 

ṙ = a G0
n
 

 

    In our research, Concept of using vortex 

generator is employed with this rocket motor to 

investigate about the possibilities of enhanced 

regression rate as well as combustion reliability 

on this new environment. Designed vertex 

generator in given below, figure1.3. The Current 

hybrid motor is equipped with shower head 

injector to inject gaseous oxidizer, it is known that 

swirl injectors are far superior to shower head but 

because of its simple design and fabrication 

would be an added advantage (3). It was observed 

from the previous work, that turbulence would be 

an added advantage for an effective combustion 

(6). It can be achieved by placing the Vortex 

generator ahead of combustion chamber to 

generate turbulence on injected oxygen from an 

injector. Through this enhanced regression rate 

can be achieved from simple shower head 

injector. 

 

 

 
 

Picture 1.Typical hybrid rocket motor 
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Picture 2.Entrainment combustion 

mechanism of paraffin wax 

 

Figure1.3. Atypical vortex generator 

 

NOMENCLATURE: 

       a = regression rate coefficient 

      G0 = oxidizer mass velocity 

        l = grain length 

       m = mass flow rate 

r = local instantaneous fuel regression rate 

        t = time (burn duration) 

 

II- Experimental setup and Research 

methodology  

Present hybrid rocket motor consists of 

the following parts namely accumulator, 

combustion chamber, and nozzle. An 

Accumulator consists of injector plate and an 

oxidizer chamber. A cup shaped stainless steel 

chamber with inner diameter of cup 30 mm, 

length of 33mm and wall thickness of 4mm, and 

flange of 60mm external diameter has been 

employed as oxidizer chamber. In the present 

investigation, a flanged cylindrical chamber has 

been used as combustion chamber. A simple cone 

convergent - divergent nozzle is used to accelerate 

the flow. The nozzle has been manufactured of 

graphite inserted in an Aluminium block.In our 

study we have chosen Grain configurations 

namely cylindrical grain with the port diameter is 

10mm and length 148 mm. After deciding the 

grain configuration, the second most important 

step is to design mould to get the fuel grains of 

required shapes and dimensions. 

 

  

 
 

Figure 2.1, Hybrid motor assembly without VG 

 

 

 
 

Figure2.2, Hybrid motor assembly with VG 
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Figure2.3, Complete set up of hybrid motor 

firing unit 

             In the present investigation an effort is 

made to investigate the local regression rate, 

average regression rate and mass consumption 

rate of paraffin hybrid fuel in the stream of 

gaseous oxygen using a convectional shower head 

injector in order to carry out the Regression rate 

analysis the following steps are followed; hybrid 

motor firing is very safe to operate in static tests. 

A series of firing has been done with or without 

VG using paraffin-based, fuel grain on a 

fabricated laboratory-scale motor. Once the firing 

is done fuel grain was taken out and the inhibitor 

was removed. The fuel grains were weighed to 

determine the mass consumption rate, which may 

be computed by the difference of weight before 

and after firing. The fuel grains were cut along the 

length at four points with the help of a sharp knife 

for visual inspection and measurement of the 

unburned thickness along the length of the fuel 

grain at 10mm intervals. The local regression rate 

was determined by measuring the unburned web 

thickness at each 10mm interval with the help of 

a screw gauge, assuming a steady and constant 

regression rate of fuel for the duration of 

combustion.  

 

 
 

Figure2.4, Molded sample fuel grain (paraffin 

wax) 

 

 

III-Results and discussion 

 

                     Once hybrid motor setup is done, 

some of the parameters are need to be fixed before 

proceeding to the regression rate analysis of the 

propellant grain. Few sample firings should be 

carried out to ensure the reliability, stable 

combustion, integrity of the oxidizer feed 

mechanism also structural integrity of the 

complete firing unit. During the sample firing 

upper and lower limit of the operating pressure 

has to be fixed to avoid overheating of the 

combustion chamber. Also firing duration of the 

rocket should be carefully fixed to avoid the 

thermal failure of the combustion chamber, which 

can be done by ensuring the suitable amount of 

slivers in the combustion chamber at the end of 

each motor firing.  

  

In order to fix an  operating range of 

injection pressure, four sample firing has been 

done  with an injection pressure values of 

50psi,75psi,100psi and125psi.it has been found 

that at 125psi paraffin wax is almost consumed 

hence, over heating of the combustion chamber 

was observed were firing duration is maintained 

roughly 12 sec for each firing. During injection 

pressures of 50psi, 75psiand 100psi stable 

exhaust flame was observed also favourable 

amount of slivers were found, which results in 

lower heat transfer to the combustion chamber. 

From these firings safe operating pressure limit is 
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fixed between 50 to 100 psi, whereas firing 

duration fixed as 8seconds for the rest of the 

firings. The following figure 3.1, will show the 

leftover of the paraffin wax fuel grain at the 

125psi injection pressure also figure3.2, gives 

details of an injector   and nozzle end regression 

rate behaviour of the fuel grain. Which shows that 

injector end grain experience the higher 

regression rate than that of nozzle end fuel grain. 

Figure 3.3, shows the exhaust plume behaviour of 

the sample firing.  

  

 
 

Figure 3.1 sliver at 125psi injection pressure 

 

 

 
 

Figure 3.2 regression rate behaviours of injector 

and nozzle end 

 

 

 
 

Figure 3.3 exhaust plume of sample firing  

 

From the above firings reliable operating 

parameters of the hybrid rocket has been found 

along with that reliability of the firing unit also 

tested, which gives a confident to follow rest of 

the firings. For the initial regression rate analysis 

injection pressure is varied between 70psi 

to150psi, with an interval limit of 25psi. Mass 

flow rate of paraffin wax has been calculated and 

given below in the table 3.1, from the graph3.1; it 

shows that mass flow rate increases as the way 

injection pressure increases. Injection pressures 

between 70-125psi provides an enough sliver to 

carry out the regression rate analysis, but in the 

case of 150psi sliver is not much to carry out the 

regression analysis. So reason regression rate 

cannot be calculated for 150psi, but for the rest of 

the injection pressures, regression rate were 

calculated and plotted in the graph3.2. 

 

           From this calculation injection pressure of 

70psi gives an average regression rate value of 

0.60mm/s, similarly for the 100and 125psi 

average regression rate values are 

0.68mm/s,0.76mm/s respectively. Also from this 

from the graph 3.2 it shows that injector end fuel 

grain exposed to higher value of regression rate 

than that of nozzle end. Once conventional 

regression rate analysis is done vortex generator 

unit is coupled with a sub scale hybrid rocket 

motor with the help of flange and couplings. 

Triangular vortex generator is used to generate 

vortices by means of adding, turbulent kinetic 

energy to an injected gaseous oxidizer. Above 
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said procedures were repeated also to calculate, 

the regression rate behaviour of paraffin wax. 

 

 From the motor firings it was observed 

that larger amount of fuel mass flow rate than the 

normal motor configuration (i.e. without VG 

unit).because of the higher fuel consumption rate 

left over fuel quantity is not enough to calculate 

regression rate , anyway after each firing  left over 

fuel were collected to measure the mass flow rate 

of the fuel. Higher consumption rate indicated the 

significant improvement over the regression rate 

of the paraffin wax, so it is clear evident that by 

adding vortex generator to the normal motor setup 

enhances the regression rate, thereby increased 

thrust. These phenomena’s can be seen from the 

graph3.3.  

 

 
 

Graph3.1, mass consumption rate comparison 

 

   

 
 

Graph3.2, Regression rate comparison 

 

 
 

Graph3.3, Mass flow rate comparison 

 

 

 

 

S.No IGNITION 

PRESSURE 

MASS 

FLOW 

RATE 

WITHOUT 

VG 

MASS 

FLOW 

RATE 

WITH 

VG 

1 75 0.0020 0.00425 

2 100 0.00375 0.00525 

3 125 0.0040 0.007625 

4 150 0.004625 0.00910 

 

 

1V-Conclusion 
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In the present investigation an effort has been 

made to investigate the local regression rate, 

average regression rate and mass consumption 

rate of paraffin hybrid fuel in the stream of 

gaseous oxygen with as well as without vortex 

generator unit, using a convectional shower head 

injector. To calculate the above said parameters, 

series of paraffin-based static firing has been 

conducted on a laboratory-scale motor; injection 

pressure is varied between 50 to125psi along with 

the firing duration of 8seconds.Detailed 

discussion about the performance parameters is 

done on the previous chapter, only a few note-

worthy points are going to mentioned here. 

 

  During the sample firing it was observed 

that, all the hybrid motor components are 

performed well under the given input 

conditions. 

 

 Mass consumption rate of the paraffin 

wax increases while increasing the 

injection pressure.150psi shows the 

20.5% higher mass consumption rate than 

that of 50psi of injection pressure. 

 

 Average regression rate also increases 

while increasing injection pressure, 75psi 

and 100psi are showing the regression 

rate values of 0.60mm/s,0.68mm/s 

respectively. Almost 1.13 times of 

increment is observed at 100psi injection 

pressure. 

 

 After adding the vortex generator unit 

with the rocket motor, bit of oscillation 

were observed in the exhaust plume due 

to induced turbulence from the triangular 

VG. Even though higher amount of mass 

consumption rate ensures the enhanced 

regression rate of the solid fuel grain. 

 

 From the calculation it shows that fuel 

consumption rate gets around 2.3 times 

the higher than that of normal setup. 
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ABSTRACT: There are many space 

bodies where human colony can be 

possible to build. According to all 

necessary requirements, the most 

important are oxygen, water and food. 

This paper is about the simplicity and 

alternative ways to get the primary 

requirements for any space colony and 

others step by step.  

Keyword: simplicity, alternative 

resources for colony, new concept model.  

 

Introduction 

        Mars has a huge possibility for 

developing colony as a future steps to 

space. As initially to build the colony we 

may carry and construct the colony step 

by step. So it’d be better to have such 

possible solutions which could be cheap 

& easy to build all kinds of development 

of initial stage with sustainable steps.     

            Composition of the atmosphere 

(by volume) below 120 km       0.532 ≈ 

1/2   

CO2             95.32%  

N2                   2.7%  

Ar                   1.6%  

O2                0.13%  

CO               0.08%  

H2               0.03%varies  

 NO           ~100 ppm  

Ne                2.5 ppm  

Kr                0.3 ppm  

Xe              0.08 ppm  

 

 

O3                   0.04-0.2 ppm (varies)  

Column dust content of the atmosphere: 

0.3-5 visible optical depth 

  

  

Basic Requirements 

      There is much interest in the 

possibility of life on Mars but the 

contemporary surface environment that 

we just described is hostile to life for 

several reasons. First, there is a lack of 

liquid water, which is 

thermodynamically unstable. Second, 

Mars has no ozone layer. Thus, 

ultraviolet (UV) light with wavelengths 

down to about 200 nm (below which 

CO2 absorbs) reaches the surface and 

sterilizes the soil. Third, 

photochemistry in the lower 

atmosphere produces peroxides, such as 

hydrogen peroxide (H2O2), that oxidize 

and destroy organic material in the soil. 

As a result, most hopes for extant life on 

Mars reside in the possibility that a 

primitive biota exists in the deep 

subsurface where geothermal heat 

might support aquifers. There is also 

much speculation about past life on 

early Mars when the ancient surface 

environment may have been less 

hostile.  Recently, methane (CH4) has 

been spectroscopically detected in the 

Martian atmosphere at an average 

abundance of ~10. Currently, a range of 

methane values have been reported and 

differences have yet to be reconciled. 

Methane only has a lifetime in the 

atmosphere of a few hundred years 

because photochemistry converts it to 

carbon dioxide and water to maintain 10 

ppb  

mailto:souravkarmakar46@gmail.com
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 HOW TO GET AND PRODUCE 

WATER FROM VARIOUS 

RESOURCES:  

The water is one of the most important 

parts for building any kind of colony. It 

can be got from various chemical 

process & reactions; it depends on 

availability & carriage of such 

chemicals according to the duration & 

requirement of water by various 

possible ways.  

1. Though Nitrogen (N2) is 

available 1.9% in Mars 

atmosphere, so it is 

possible to get water from 

such chemical reaction of 

Nitrogen-related 

compounds  

2No+ 5H2o= 2NH3 + 2 H2o  

4NH3 + 5O2 = 4No+ 6H2o  

3NaOCL+2NH3= 

3NaCL+N2+3H2O  

5Cu+2HNo3= 5Cuo+ 

N2+H2o  

NaNo2+ H2o2= 

NaNo3+H2o  

 

2. Though Co2 is available 

maximum 95.9 % IN Mars 

atmosphere.  

So we can get water directly 

by reaction with H2  

Co2+4H2= CH4+2H2o  

     2NaoH+C02 = Na2Co3+H2o  

  

3. Mars is Red-planet, if there 

is chance of getting iron or 

iron related compounds, so 

it is possible to get water 

from reaction of such   

2FeSo4+H2SO4+H2O2= 

FeSo4+2Ho2   

                                                                                         

4. We can get water from 

Methane: CH4+ OH= 

CH3+ H2O  

8FeO + 2H2O + CO2 = 4Fe2O3 + 

CH4  

  

5. Water can be got from 

ground water, existing 

glaciers, etc.  

6. Also plantation of trees in 

green-house can make 

some water level at the 

soil.  

7. In the Mars-atmosphere 

water vapour (210ppm) & 

liquid water are available 

at 30meter deep. So it can 

bring some ways to get 

liquid water.    

8. Recycling urine can be 

used as drinking water. 

  
  

  

  

 HOW TO GET AND PRODUCE 

OXYGEN FROM VARIOUS 

RESOURCES:  

  

1. Using  95.9% Carbon di oxide  

we can  get Oxygen  

 6Co2 + 12 H2o C6H12O6 + 

6H2o+6o2  

2. From water & chlorine we can 

get  oxygen      

2H2 O+ 2Cl2=   4 HCl+ O2  

3. If iron or compound of it is 

available, then we can get 

oxygen too  

4FeCl2 +4Hcl+O2 = 

4FeCl3+2H2 o  
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4. Nitrogen- related compound can 

also make oxygen  

2NaNo3+ heat= 2NaNo2+ O2    

2Pb(No3) 2  = 2Pbo+4No 2  +  O 

2    

5. From Hydroxyl ion  we can get 

both O 2    and H2 o  

4OH= 2H2 o+O2   

6. Oxygen can be produced directly 

from the Green-house plants.  

7. Also few Microscopic algae can 

produce such gases or 

compounds to generate oxygen 

directly or indirectly.  

Application of Algae in Mars: We can add 

different Algae to produce Oxygen:    

1. Algae Consume CO2 Like any 

other plant, algae, when grown 

using sunlight, consume (or 

absorb) carbon dioxide (CO2) as 

they grow, releasing oxygen 

(O2) for the rest of us to breathe. 

For high productivity, algae 

require more CO2, which can be 

supplied by emissions sources 

such as power plants, ethanol 

facilities, and other sources.  

2. Algae store energy in the form of 

oils and carbohydrates, which, 

combined with their high 

productivity, means they can 

produce from 2,000 to as many 

as 5,000 gallons of biofuels per 

acre per year.   

3. Algae thrive in nutrient-rich 

waters like waste waters 

(sewage), animal wastes and 

some industrial effluents, at the 

same time purifying these wastes 

while producing a biomass 

suitable for bio-fuels 

production.(when colony can be 

built)  

4. O2 producing Algae is 

Oedogonium.  

5. Producing Co2 > O2=  member 

of any Cyanophyta-group  

  

 HOW TO GET ELECTRICITY 

FROM ALTERNATIVE ENERGY 

RESOURCES   

Alternative Energy Resources are 

always important for any kind of colony 

or society. Here huge Renewable 

Energy Resources can be used by 

recycling process & others.    

1. Solar Cells: According to 

different position & heat of sun, 

it can produce (8 hour summer 

day, 40 degree latitude) 600 

Watts per sq. meter.    

2. Wind Mill: winds on Mars are 

strong enough to create dust 

storms that cover much of the 

planet. After such storms, it can 

be months before all of the dust 

settles. The maximum wind 

speeds recorded by the Viking 

Landers in the 1970's were about 

30meters per second (60 miles an 

hour) with an average of 10 m/s 

(20 mph). Every wind turbine 

has a range of wind speeds, 

typically around 30 to 55 mph, in 

which it will produce at its rated, 

or maximum, capacity. At slower 

wind speeds, the production falls 

off dramatically.    

If wind speed decreases by half, 

power production decreases by a 

factor of eight. On average, 

therefore, wind turbines do not 

generate near their capacity. 

Industry estimates project an 

annual output of 30-40%, but real-

world experience shows that 

annual outputs of 15-30% of 

capacity are more typical. With a 

25% capacity factor, a 1.5-MW 

turbine would produce  

1.5 MW × 365 days × 24 hours × 

25% = 3,285 MWh = 3,285,000 

kWh/year.   
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3. Solid waste: Depending on the 
nature of solid waste, we can 
get electricity, recycled 
materials and ash which could 
be recycled and used for 
agriculture.  

  
  

4. Biomass: Different types of 

biomass can be converted to 

electricity, also gas like methane 

is a good resource to make such 

process. 

 
 

 

 

  

5. Human Waste & Urine:  

  
  

6. Saltwater battery for colony & 

vehicle: it can be used 

continuously. Even salt water 

battery can run a car too.   

 
  

  

7. Electricity from agriculture: 

here based on the chemical 

reaction and presence of Cathode 

and Anode can create electricity.  
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8. Others:  Different sensors-based 

applications.  

Life support Requirement:   

  

 Human consumption 

Requirement:   The daily needs 

for a human based on an average 

metabolic rate of 4898 calories 

per person per day are: oxygen 

0.84kg; food solids, 0.62kg and 

water 5.28kg. The effluents per 

person per day are carbon 

dioxide,100kg; water 29..487kg 

and 0.109 kg [1a].  

 Human Atmosphere 

Requirement:  Human life in a 

low range of atmospheric oxygen 

and carbon dioxide pressure. At 

sea level partial pressure of 

oxygen is 21.21 KPa, and carbon 

dioxide partial pressure is 

0.0318kPa.  The minimum 

partial pressure of oxygen 

(ppO2) which a human can 

tolerate for extended periods is 

19kPa.  

  

Temperature: Temperature will be 

measured by Resistance Temperature 

Detector (RTD). The range of this type 

of sensor is -40 C to 150 C. A sensor 

will be installed on every third crop 

tray to monitor ambient temperatures. 

This will ensure adequate plant growth 

requirements.  
  

Pressure: Pressure will be measured 

by a Sputtered Thin Film pressure 

sensor. This sensor remains stable in 

extreme operating conditions. This 

high performance transducer 

incorporates a thin film sensor 

reducing the need for routine 

maintenance. These sensors will be 

mounted on the ceiling of the 

greenhouse. The sensor will be used to 

determine if a filter requires cleaning.  
  

  Humidity: Humidity will be 

monitored by a Relative Humidity 

sensor, which is configured with 

integrated circuitry to provide on-chip 

signal conditioning. These sensors 

contain a capacitive sensing die set in 

thermoset polymers that interacts with 

platinum electrodes. The laser trimmed 

sensors have an interchangeability of + 

5%RH, with stable, low drift  

performance.  The sensor will be placed 

in  the greenhouse ceiling. This type of 

sensor can be operated in temperatures 

that range from 
-
40 C to 

+
85 C.  

  

Sensors: Oxygen sensors will be 

installed at various locations within 

the greenhouse. The sensor external 

materials are entirely inert (Teflon and 

ceramic). The sensor can be used in 

biological applications or in harsh 

chemical environments. The sensor 

can also be operated in either liquids or 

gases, from vacuum to high pressure.  

The sensor can resist temperatures 

from -85 C to 135 C. The dual-

chamber oxygen cell design requires 

biannual calibration. Air circulation 

will be monitored by a Gas Ultrasonic 

Flow-meter. This sensor has a wide 

operating range without pressure drop 

and does not require routine 

maintenance. Analog and digital 

outputs in velocity and actual 

volumetric flow rate are standard. The 

meter has a velocity range of 0.1 to 150 

ft/s and it has no moving parts. The 

meter can measure gas flow in pipe or 

a duct ranging from  

 ½-inch tubing to flue stacks over 

25 feet in diameter with 

appropriate transducers.  
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The meter can resist 

temperatures from 
-
20 C to 

+
140 C. The metering 

device will be mounted 

either in the ducts or next to 

the ducts. CO2 and N2 

measurements will be made 

using a sensor that will be 

placed in the ceiling in the 

green house.  

  

DATA ACQUISITION AND 

CONTROL SYSTEM 
  

 Main Control Center (MCC): 

The main control center will be 

the main point of control for the 

facility.. Electrical elements in 

the greenhouse areas will send 

signals to, or receive signals 

from control systems 

maintained by the central 

computer system in the MCC. 

Additionally, the controllers 

will be able to interface with 

laptops or portable handheld 

computers in each area. The 

local interface with the master 

control center will be made 

using fiber optic cable. From the 

MCC, the astronauts will be able 

to control and monitor 

atmospheric sensors, heating 

systems, atmospheric gas supply 

system, hydroponic systems, 

potable water supply system, 

communications, radar, power 

control systems, airlock 

operation and robotics  
  

 Communications Systems: The 

stations will posses several 

communication systems. One 

will be a microwave-based 

radio.  The very long length of 

communication distance 

between Mars and Earth 

presents some problems. One is 

that, even at the speed of light, it 

will take 10 minutes for signals 

to reach the Earth from Mars 

and vice versa. This means that 

the mode of communication that 

will be used is on a one person 

sending only basis. They will 

have to wait 20 minutes 

minimum for a reply.  
  

 Airlock Controls: There will be 

one airlock connected to the 

greenhouse structure. An air 

pump will infuse O2 into the 

chamber until atmospheric 

sensors detect at least a 95/5 

ratio of O2 to CO2. A pressure, 

O2 and CO2 sensors will be 

required.  Motors will open the 

inside and outside hatches. The 

process will be able to be 

controlled from the master 

control center and set in motion 

in an automatic cycle. Alarms 

will actuate when the airlock is 

in use. The whole processed will 

be monitored at the master 

control center, with manual 

override commands available  
  

 Plant production:  Each 

plant species has unique 

atmospheric temperature 

and humidity 

requirements. Two 

separate growing 

environments are required. 

One environment will be 

maintained in a 

temperature range of 16-20 

C and a relative humidity 

range of 65%. This 

environment will grow the 

following crops: wheat, 

white potato, dry bean, 

celery, peas, lettuce, 

spinach, broccoli, green 

onion, cabbage, 

strawberry, sugar beet, 

carrot, and radish. The 

second environment will 



186  

  

be maintained in a 

temperature range of 22-26 

C and a relative humidity 

range of 65%. This 

environment will grow the 

following crops: rice, 

soybean, sweet potato, 

peanut, tomato, peppers, 

and snap bean. Warm 

temperature crops can be 

grown in cooler 

temperatures with a loss of 

yield. 
 

Food:  If humans ever set up permanent 

bases on the Moon or Mars, we'll need 

to be able to grow our own food there. 

So we can go for Soil-less cultivation. 

Hydroponics is a subset of hydro-

culture and is a method of growing 

plants using mineral nutrient solutions, 

in water, without soil. Hydroponics is a 

subset of soilless culture. Many types of 

soilless culture do not use the mineral 

nutrient solutions required for 

hydroponics. Plants that are not 

traditionally grown in a climate would 

be possible to grow using a controlled 

environment system like hydroponics. 

The two main types of hydroponics are 

solution culture and medium culture. 

Solution culture does not use a solid 

medium for the roots, just the nutrient 

solution. The three main types of 

solution cultures are static solution 

culture, continuous-flow solution 

culture and aeroponics. Different crops 

can be grown with the help of particular 

solution flow as per different 

requirements.   

 

Soil less agriculture 

 

  

What will the astronauts do on Mars 

colony? During their working hours, 

our astronauts will be busy performing 

three main tasks: construction, 

maintenance and research. Besides 

work, they will also have time to relax.  

1.  Construction  
Construction involves working on the 

settlement. The first crew in particular 

will need to devote a lot of time to the 

settlement, to make their new home into 

a comfortable place to live. They will 

install the corridors between the 

different floors, they will deploy extra 

solar panels, and they will install 

equipment, such as greenhouses, inside 

the habitat. They will spend time on the 

crops and food preparation. They will 

also prepare the hardware for the second 

crew: the second crew hardware will be 

delivered with the first crew astronauts.  

As soon as possible Human Exploration 

will try to supply the settlement with 

methodologies to produce habitable 

volume from mostly Martian materials, 

in order to significantly expand the 

settlement. There could be a spacious 

environment in which to live, where they 

can also grow trees. Such a large living 

volume will make Mars a much nicer 

place to live.  

2.  Maintenance  
Maintenance will be crucial to ensure 

long-term functionality of all systems. 

The astronauts/colony people lives 



187  

  

depend on the technology present in the 

settlement. All these systems need to be 

checked and maintained regularly.  

3.  Research  
Research is also an important part of 

work on Mars, especially when the 

settlement is fully operational. The 

astronauts will do their own research, but 

will also collect data for other 

researchers, and transmit it to Earth.  

4.  Leisure and personal time  
Our astronauts will also find time to 

relax. They can do most of the indoor 

activities that people can do on Earth: 

read, play games, write, paint, work out 

in the gym, watch TV, use the Internet. 

There will be some communication and 

media limitations, due to the distance 

between Earth and Mars, resulting in 

time delays: they will have to request the 

movies or news broadcasts they want to 

see in advance. If an astronaut would 

like to watch the Cricket, he/ she can 

request it, and it would be uploaded to 

the server on Mars. There will always be 

a time delay around 5 minutes, so the 

people on Mars will know who won a 

few minutes after the people on Earth. 

Hopefully this slight delay will not spoil 

their enjoyment of our ‘Earth sports’. 

Easy Internet access will be limited to 

their preferred sites that are constantly 

updated on the local Mars web server. 

Contacting friends at home is possible 

by video, voice (e-mail, WhatsApp, 

sms), but real time dialogue is not 

possible for time delay. Contact friends 

at home and so on.  

Bee-Hive Model: It is my proposed 

model which will have more capacity to 

maintain large colony and all other 

necessary elements for an ideal Mars 

colony. This is the concept model of this 

kind of future structure. The research is 

in progress.   

 
• The green blocks are agriculture 

box, different floors have various 

working and living places, 

ground floor for renewable 

energy, recycle process, etc. the 

outer glass should be thick and 

not easily fragile. Central 

column is for all communication 

& MCC.  

• The whole red par is hard & 

disaster resistible solar cells. It 

could be also used for aircraft 

landing & take off.    

  

  
Internal structure of possible each floor:  
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This is a basic block diagram of 

complete colony (initial stage). It’ll 

have different blocks in each floor to 

control different works of Colony. 

 

Conclusion 

This paper is not only about the basic 

steps to build sustainable Mars Colony, 

also it is a possible way to find cheap 

and sustainable Mars Colony with large 

area of base at Mars. 

It’s not only basic features to build a 

colony-structure. Here the most 4 

important parts are Oxygen, Water, 

Food, Renewable Energy which are 

required for initial stage for astronauts 

to survive there safely. The Life 

support system can be controlled by 

further research, but these are the basic 

structures to build a sustainable colony 

to survive. 
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Abstract— Scientific thought began in Vedic 

civilization earlier than in the West, we should 

not ignore that fact in our narration of the 

history of science. The Vedas show us evidence 

that the ancient ancestors have advanced 

technology to use mercury in Vimanas. Vimanas 

of Ancient India used mercury as fuel in their 

ion engines. The mercury used was a purified 

one. Mercury has been known to Indians 11,000 

years ago. Also Dharnidhar Samhita gives the 

16 steps to purify Mercury and make a SOLID 

Shiva Lingam out of it. For the one hundred and 

ninetieth “richa” (verse) of the Rig Veda and the 

aeronautical treatise of Bharadwaja mention 

that they were  flying machines came into full 

operation when the power of the sun’s rays, 

mercury and another chemical called “Naksha 

rassa” were blended together. This energy was 

stored in an accumulator or storage batteries. 

The Vedas refer to eight different engines in the 

plane and Bharadwaja adds that they are 

worked by electricity. In Ayurvedic medicine, 

the traditional medical lore of Hinduism, rasa 

shastra is a process by which various metals and 

other substances, including mercury, are 

purified and combined with herbs in an attempt 

to treat illnesses. Ancient Indians had 

knowledge on purifying mercury, and was used 

for Vimanas. This purified mercury can give 

much efficiency if used in Modern day Ion 

engines. 

Index Terms—Vimanika shasthra, Mercury Ion 

Engine, Rasa Shasthra, NASA. 

Introduction to ancient aeronautics 

Flight in the earth’s atmosphere and to space is 

thought to have originated in the 20th Century. 

However, this may not be the case, in the Vedic 

literature of India, recording events that occurred 

12,000 to 15,000 years ago, there are many 

descriptions of flying machines that were generally 

called Vimanas [Figure-1]. The Vedas speaks of 

“Two storied celestial chariots with many 

windows”, “They roar off into the sky until they 

appear like comets.” The Vedas and various 

Sanskrit books describe at length about these 

chariots, “Powered by winged lighting...it was a 

ship that soared into the air, flying to the solar and 

stellar regions.” 

A journey from Vedic India's Vimana’s  To 

Modern India’s Hyper plane clearly shows us that 

there is a close resemblance between the recent US 

“Falcon” and Indian “Hyper plane” space plane 

designs like “Shakuna” and “Rukma” Vimana’s, 

and the UK “Skylon” is cigar-shaped, like the 

Vimana like “Vailixi”. [Figure-2] 
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Figure 1: Carvings on ancient temple 

 

That the “Shakuna”, “Rukma” and “Vaillixi” 

were designed and built 12,000-15,000 years ago 

indicates that once again after a gap of millennia, 

mankind has embarked on development of systems 

and technologies for safe, affordable flight direct to 

space from a runway take-off [3]. The ancient 

Hindus could navigate the air, and not only navigate 

it but fight battles in it like so many war-eagles, 

combating for the domination of the clouds. “To be 

so perfect in aeronautics they must have known all 

the arts and sciences relating to the science, 

including the strata and currents of the atmosphere, 

the relative temperature, humidity, density and 

specific gravity of the various gases” – Col. Olcott 

in a lecture in Allahabad. He was the friend of 

Swami Dayanand Saraswati and he spoke this after 

going through the series of lecture given by Swami 

Dayanand in Pune during 20th Jun to 05th Sept 1975. 

These lectures are available in the form of printed 

book in Hindi called “Upadesh Manjari”. 

The Vedas are the oldest documents of the 

human race which includes references to the 

following modes of transportation: Jalayan – a 

vehicle designed to operate in air and water (Rig 

Veda 6.58.3); Kaara- Kaara- Kaara- a vehicle that 

operates on ground and in water. (Rig Veda 9.14.1); 

Tritala- Tritala- Tritala- a vehicle consisting of 

three stories. (Rig Veda 3.14.1); Trichakra Ratha – 

Trichakra Ratha – Trichakra Ratha – a three-

wheeled vehicle designed to operate in the air. (Rig 

Veda 4.36.1); Vaayu Ratha- Vaayu Ratha- Vaayu 

Ratha- a gas or wind-powered chariot. (Rig Veda 

5.41.6); Vidyut Ratha- Vidyut Ratha- Vidyut 

Ratha- a vehicle that operates on power. (Rig Veda 

3.14.1) [12]. 

 

 
Figure 2: Similarities between Ancient and 

modern Space planes 

 

Ancient Sanskrit literature is full of descriptions 

of flying machines – Vimanas. From the many 

documents found, it is evident that the scientist-

sages Agastya and Bharadwaja had developed the 

lore of aircraft construction. The “Agastya Samhita” 

gives us Agastya`s descriptions of two types of 

aeroplanes. The first is a “chchatra” (umbrella or 

balloon) to be filled with hydrogen. The process of 

extracting hydrogen from water is described in 

elaborate detail and the use of electricity in 

achieving this is clearly stated. This was stated to 

be a primitive type of plane, useful only for 

escaping from a fort when the enemy had set fire to 

the jungle all around. Hence the name “Agniyana”. 

The second type of aircraft mentioned is somewhat 

on the lines of the parachute. It could be opened and 

shut by operating chords. This aircraft has been 

described as “vimanadvigunam” i.e. of a lower 

order than the regular aeroplane [8]. 

 

 
Figure 3: Maharshi Bharadwaj’s book on 

Aviation 
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Aeronautics or Vaimaanika Shastra is a part of 

Yantra Sarvasva of Bharadwaja [Figure-3]. This is 

also known as Brihadvimaana Shastra. Vaimaanika 

shastra deals about aeronautics, including the 

design of aircraft, the way they can be used for 

transportation and other applications, in detail. The 

knowledge of aeronautics is described in Sanskrit in 

100 sections, eight chapters, 500 principles and 

3000 slokas [11]. Great sage Bharadwaja explained 

the construction of aircraft and way to fly it in air, 

on land, on water and use the same aircraft like a 

sub-marine. He also described the construction of 

war planes and fighter aircraft. Vaimaanika Shastra 

explains the metals and alloys and other required 

material, which can be used to   make an aircraft 

imperishable in any condition. Planes which will 

not break (abhedya), or catch fire (adaahya) and 

which cannot be cut (achchedya) have been 

described. Along with the treatise there are 

diagrams of three types of aeroplanes – “Sundara”, 

“Shukana” and “Rukma”. The aircraft is classified 

into three types- Mantrika, Tantrika and Kritaka, to 

suit different yugas or eras. In kritayuga, it is said, 

Dharma was well established. The people of that 

time had the devinity to reach any place using their 

Ashtasiddhis. The aircraft used in Tretayuga were 

called Mantrikavimana, flown by the power of 

hymns (mantras). Twenty-five varieties of aircraft 

including Pushpaka Vimana belong to this era. The 

aircraft used in Dwaparayuga were called 

Tantrikavimana, flown by the power of tantras. 

Fiftysix varieties of aircraft including Bhairava and 

Nandaka belong to this era. The aircraft used in 

Kaliyuga, the on-going yuga, are called 

Kritakavimana, flown by the power of engines. 

Twenty-five varieties of aircraft including 

“Sundara”, “Shukana” [Figure-4] and “Rukma” 

belong to this era. Bharadwaja states that there are 

thirty-two secrets of the science of aeronautics. Of 

these some are astonishing and some indicate an 

advance even beyond our own times. For instance 

the secret of “para shabda graaha”, i.e. a cabin for 

listening to conversation in another plane, has been 

explained by elaborately describing an electrically 

worked sound-receiver that did the trick. 

Manufacture of different types of instruments and 

putting them together to form an aircraft are also 

described [13]. 

  

 
Figure 4: Shakuna Vimana Dimensions 

 

It appears that aerial warfare was also not 

unknown, for the treatise gives the technique of 

“shatru vimana kampana kriya” and “shatru vimana 

nashana kriya” i.e. shaking and destroying enemy 

aircraft, as well as photographing enemy planes, 

rendering their occupants unconscious and making 

one`s own plane invisible. In Vastraadhikarana, the 

chapter describing the dress and other wear required 

while flying, talks in detail about the wear for both 

the pilot and the passenger separately. 

Ahaaraadhikarana is yet another section exclusively 

dealing with the food habits of a pilot. This has a 

variety of guidelines for pilots to keep their health 

through strict diet. Bhardwaja also provides a 

bibliography. He had consulted six treatises by six 

different authors previous to him and he gives their 

names and the names of their works in the following 

order: Vimana Chandrika by Narayanamuni; 

Vyoma Yana Mantrah by Shaunaka; Yantra Kalpa 

by Garga; Yana Bindu by Vachaspati; Kheta Yaana 

Pradeepika by Chaakraayani; Vyoma Yaanarka 

Prakasha by Dundi Natha. As before Bharadwaja, 

after him too there have been Sanskrit writers on 

aeronautics and there were four commentaries on 

his work. The names of the commentators are Bodh 

Deva, Lalla, Narayana Shankha and Vishwambhara 

[2].  

 



192  

  

 
Figure 5: Various evidences on Ancient 

Aircrafts 

 

Evidence of existence of aircrafts are also found in 

the Arthasastra of Kautilya (c. 3rd century B.C.). 

Kautilya mentions amongst various tradesmen and 

technocrats the Saubhikas as `pilots conducting 

vehicles in the sky`. Saubha was the name of the 

aerial flying city of King Harishchandra and the 

form `Saubika` means `one who flies or knows the 

art of flying an aerial city`. Kautilya uses another 

significant word ̀ Akasa Yodhinah`, which has been 

translated as persons who are trained to fight from 

the sky [Figure-5]. The existence of aerial chariots, 

in whatever form it might be, was so well-known 

that it found a place among the royal edicts of the 

Emperor Asoka which were executed during his 

reign from 256 B.C. – 237 B. C. It is interesting to 

note that the Academy of Sanskrit Research in 

Melkote, near Mandya, had been commissioned by 

the Aeronautical Research Development Board, 

New Delhi, to take up a one-year study, „Non-

conventional approach to Aeronautics‟, on the basis 

of Vaimanika Shastra. Dr. N G Dongre had worked 

on 1- Prasasthipada (Commentary on Vaisheshik 

Darshan), and 2- Amshubodhini of Maharshi 

Bharadwaj. He had prepared "Dhwanth pramapak 

yantra" (Radiation Measuring Machine), using 

"Prakash sthambhnabhid loha mishradhathu" and 

also explained about Spectroscopy in Ancient India 

according to the Amshubodhini. Now Prof. Vijay 

Didolkar, Dept. Of Metallurgy, VNIT,Nagpur is 

giving this a commercial exposure. A glass-like 

material which cannot be detected by radar has been 

developed by Prof Dongre, a research scholar of 

Benaras Hindu University. A plane coated with this 

unique material cannot be detected using radar. But 

perhaps the most interesting thing, about the Indian 

science of aeronautics and Bharadwaja`s research 

in the field was that they were successfully tested in 

actual practice by an Indian over hundred years ago 

[7]. 

 

II. MARUTSAKHA VIMANA 

 

In 1895, eight years before the Wright Brothers, 

Shivkar Bapuji Talpade and his wife gave a thrilling 

demonstration flight on the Chowpatty beach in 

Mumbai. The name of the Unmanned Air vehicle is 

Marutsakha vimana. It was 17th December of 1903 

at Kitty Chowk, North Carolina, USA. The most 

awaited men‟s dream visually came true. It was a 

breakthrough in the history of mankind. Yes! Orvile 

and Wilbur Wright, commonly mentioned as the 

Wright brothers proved that it is possible for human 

to travel through air, by flying the world‟s first 

aircraft. But the question is was that,Was it  the first 

object to fly in the space? 

 

 
Figure 6: Newspaper evidence on marutsakha 

vimana 

 

Shivkar Bapuji Thalpade, an Indian scientist and a 

Sanskrit scholar along with his wife at chowpathy 

beach was found more excited and anxious that day 

[Figure-6]. The people around found that something 

sensational was going to happen there [Figure-7]. 

Some knew what it was, some did not. Some were 

putting their instinct to work. A huge mass of crowd 

had accumulated and among them was Shri Sayaji 

Rao Gaekwa, who was the Maharaja of Baroda 

during that time and the most influenced famous 

scholar justice Mahadeva Govinda Ranade. 

Everyone there were waiting with anxiety and 

before that anxiety drowned the miracle happened. 
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Yes! It was the world’s first unmanned aircraft 

named Marutsakhā that was thrown into the space 

and it tarred the sky at a velocity of about 40,000 

Km/hr. After reaching a height of more than 1500 

feet it landed safely without any damage. Between 

the hustle, Talpade was literally appreciated by 

Maharaja at that moment itself. It was Maharaja’s 

happiest moment for which he had been waiting for 

a long period. This demonstration was attended by 

eminent citizens including, among others, His 

Highness Maharaja Sayajirao Gaekwand of Baroda 

and Mr. Justice Ranade, and was reported in "The 

Kesari" a leading Marathi daily newspaper [10]. 

 

 
Figure 7: People Crowding to see Vimana 

III. TALPADE'S RESEARCH 

Shivkar Babuji Thapled (1864 – Sept. 1917) 

Maharashtra, from his childhood developed his 

dreams of flying and getting into space. He was a 

great Sanskrit scholar and started searching the 

possibilities of man flying in the space in ancient 

Indian scripts, Vedas. He thoroughly learned 

Sanskrit, then Vaisheshik Darshan (Vedic Physics) 

according to the Advt. Published by him in his 

Marathi book on Vimana called Prachina Vimana 

Kalecha Sodha. Later Businessmen of Mumbai 

facilitated the meeting of Pandit Subraya Shastri 

and Talpade ji in Mumbai. They brought him from 

Bengaluru in 1915 as explained in details in the 

autobiography of Pandit Subraya Shastri. On that 

fine morning, Talpade was lucky enough to meet 

Shri Subaraaya Sasthri gave him a bundle of 

treasures which contained suthras (formulas) of 

making an aircraft, written by the great rishi 

Bharadwaja.   After this incident Talpade continued 

his work more seriously than before. It may be too 

hard to believe that modern day aircrafts and even 

most advanced one are discussed in Vedas which 

were written some 10,000 years ago. Talpade was 

fully dependent on all four Vedas and book of 

Swami 58 Dayanand Saraswati called Rigvedadic 

Bhashya Bhumika, and Vimanika Sashthra. 

Vaimanika Shastra deals about aeronautics 

including the design of aircraft the way they can be 

used for transportation and other applications in 

detail. The knowledge of aeronautics is described in 

Sanskrit in 100 sections, eight chapters, 500 

principles and 3000 slokas including 32 techniques 

to fly an aircraft. In fact, depending on the 

classifications of eras or Yugas in modern Kaliyuga 

aircraft used are called Krithakavimana flown by 

the power of engines by absorbing solar energies! It 

is feared that only portions of Bharadwaja‟s 

masterpiece Vaimanika Shas-tra survive today. 

People believed that in 1895 Talpade was jailed by 

the British Government. Maharaja was warned 

literally. After Talpade’s death in 1917, it is said 

that his relatives sold some of his important works 

to Ralley Brothers. Then some materials came to 

Ministry of Defence and some were sent to HAL, 

Benagaluru. A model reconstruction of Marutsakhā 

was exhibited at an exhibition on aviation at Vile 

Parle, and Hindustan Aeronautics Limited has 

preserved the documents relating to the experiment 

[1]. 

 

IV. ADOPTED ANCIENT INDIAN 

TECHNOLOGIES  

 

ION ENGINE 

The theory of the Ion Engine has been credited 

to Robert Goddard, long recognized as the father of 

Liquid- fuel Rocketry.  

VEDIC ION ENGINE 

 It is claimed that in 1906, long before 

Goddard launched his first modern rocket, his 

imagination had conceived the idea of an Ion rocket. 

But the fact is that not only had the idea of an Ion 

Engine been conceived long before Dr Goddard, it 

had also been materialized in Talpade’s writings in 

his Research. An even more astonishing feature of 

Talpade’s research was the power source - An Ion 

Engine. Talpade first Vimana is from Vedas, which 

is used to called the Vedic Vimana, and after 

learning Yantrasarwaswa-Vaimanika Prakarana, he 

prepared Marutsakha, one of the Viman out of the 

8 different types explained.  Mr. Talpade, a resident 
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of Mumbai, was an erudite scholar of Sanskrit 

literature, especially of the Vedas, an inventor and 

a teacher in the School of Arts. Vedas are available 

since time immemorial but it is only the 

commentaries of Swami Dayanand Saraswati, 

which gives great details about the Vimans. No 

other scholar was able to extract the Concept of 

Vimans from Vedas before Swami Dayanand, His 

deep study on this led him to construct an aeroplane 

in conformity with descriptions of aircraft available 

in the Vedas and he displayed it in an exhibition 

arranged by the Bombay Art Society in the Town 

Hall in 1905 proving to be the star attraction of the 

exhibition encouraged its maker to go deeper into 

the matter and see if the plane could be flown with 

the aid of mercurial pressure. The Vedas refer to 

eight different engines in the plane and Bharadwaja 

adds that they are worked by electricity. He was a 

scholar of Sanskrit and from his young age was 

attracted by the Vaimanika Sastra (Aeronautical 

Science) expounded by the great Indian sage 

Maharishi Bhardwaja. One western scholar of 

Indology Stephen-Knapp has put in simple words 

or rather has tried to explain what Talpade did and 

succeeded! 

 

 

 

V. MERCURY VORTEX ENGINE 

 

Mercury Engine is explained in another work of 

Raja Bhoja called Samarangana Sutradhara, first 

published in 1924 & 1925. For the one hundred and 

ninetieth “richa” (verse) of the Rig Veda and the 

aeronautical treatise of Bharadwaja mention that 

flying machines came into full operation when the 

power of the sun`s rays, mercury and another 

chemical called “Naksha rassa” were blended 

together. This energy was, it seems, stored in 

something like an accumulator or storage batteries. 

 The importance of the Wright brothers lies 

in the fact, that it was a manned flight for a distance 

of 120 feet and Orville Wright became the first man 

to fly. But Talpade’s unmanned aircraft flew to a 

height of 1500 feet before crashing down and the 

historian Evan Koshtka, has described Talpade as 

the ‘first creator of an aircraft’. Talpade was the first 

to discover Ion Mercury Vortex Engine. It was 

advanced Vedic Mercury ion plasma, imploding 

and expanding vortex noiseless flying machine, 

which could move in all directions. Accelerated 

pressurised Mercury when spun and thus heated 

gives out latent energy.  

 Vedas had a deep understanding of 

Quantum physics. The Vaimanika Shastra 

describes in detail, the construction of what is called, 

the mercury vortex engine the forerunner of the ion 

engines being made today by NASA. The 

information on the mercury engines can be found in 

the ancient Vedic text called Samaranga Sutradhara. 

This text also devotes 230 verses, to the use of these 

machines in peace and war. The Indologist William 

Clarendon, who has written a detailed description 

of the mercury vortex engine in his translation of 

Samaranga Sutradhara quotes thus ‘Inside the 

circular air frame, place the mercuryengine with its 

solar mercury boiler at the aircraft center. By means 

of the power latent in the heated mercury which sets 

the driving whirlwind in motion a man sitting inside 

may travel a great distance in a most marvellous 

manner. Four strong mercury containers must be 

built into the interior structure. When these have 

been heated by fire through solar or other sources 

the vimana (aircraft) develops thunder-power 

through the mercury. NASA (National 

Aeronautical and Space Administration) world’s 

richest/ most powerful scientific organisation is 

trying to create an ion engine that is a device that 

uses a stream of high velocity electrified particles 

instead of a blast of hot gases like in present day 

modern jet engines. Surprisingly, according to the 

bi-monthly Ancient Skies published in USA, the 

aircraft engines being developed for future use by 

NASA. With some strange coincidence also uses 

mercury bombardment units powered by Solar cells! 

Interestingly, the impulse is generated in seven 

stages. The Mercury propellant is first vaporized, 

fed into the thruster discharge chamber, ionized, 

converted into plasma by a combination with 

electrons, broken down electrically, and then 

accelerated through small openings in a screen to 

pass out of the engine at velocities between 20,000 

and 50,000 meter per second. Although minute 

details of the Vedic engine would be available only 

after great research, the resemblance of the 

"modern" engine to it is totally indisputable. The 
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Ion Engine developed by NASA is capable of 

producing, at best, about one pound of thrust- a 

thrust which is virtually useless for lifting an object 

of any practical mass off the earth.   

 

VI. MERCURY IN ION ENGINE  

 

NASA'S MERCURY ION ENGINE 

 Ion propulsion technology development at 

Glenn began when Dr. Harold Kaufman, now 

retired from NASA, designed and built the first 

broad-beam electron-bombardment ion engine in 

1959. It used mercury as fuel, but is otherwise 

similar to the engine flying today on DS1. The 

laboratory tests of variations of the original ion 

engine were promising enough for Glenn to begin 

suborbital flight tests in the early 1960's. By 1964, 

an ion engine launched on the Space Electric 

Rocket Test I (SERT I) operated for all of its 

planned 31 minutes before returning to Earth. In 

1970, two modified ion engines were launched on 

SERT II; one operated for nearly three months and 

the other for more than five. Both engines suffered 

grid shorts, believed to have been be caused debris 

from thruster grid wear, before the planned end of 

the mission. After an attitude control maneuver 

cleared its grid of the short in 1974, one of the 

engines was started and was operated on and off for 

six more years. The information learned from these 

genuine space success stories was used to refine and 

improve the technology that today flies on 

communications satellites and, of course, on DS1 

[4]. 

 

VII. LESSONS LEARNED BY NASA 

 

Early ion engines used mercury or cesium 

instead of xenon as propellants. (Glenn researchers 

had worked on cesium ion engine technology in the 

mid 1950's.) But both proved to be difficult to work 

with. At room temperature, mercury is a liquid and 

cesium is a solid, making them easy to store. But 

both had to be heated to turn them into gases. Then 

there was the cleanup. After exiting the ion engine, 

some mercury or cesium atoms would condense 

onto the ground test hardware, causing numerous 

cleanup difficulties. In the 1970's, NASA managers 

decided that if ion propulsion research was to 

continue, it would have to be environmentally clean 

and less hazardous. Glenn researchers soon turned 

to xenon as a cleaner, simpler fuel for ion engines, 

with many of the same characteristics as mercury. 

One of the first xenon ion-engine-like devices ever 

flown was a Hughes Research Laboratories design 

launched in 1979 on the Air Force Geophysics 

Laboratory's Spacecraft Charging at High Altitude 

(SCATHA) satellite. It was used, not to propel the 

spacecraft, but to change its electrical charge. 

Researchers then studied the effects of the 

"charging" on spacecraft system performance. In 

1997, Hughes launched the first commercial use of 

a xenon ion engine on the communications satellite 

PanAmSat 5. This ion engine is used for station 

keeping that is, keeping the satellite in its proper 

orbit and orientation with respect to Earth [5].  

But according to the study, if pure mercury is 

used, it could give better efficiency [Figure-8]. 

 

 
Figure 8: Comparision Table; Mercury and 

xenon 

 

VIII. MERCURY ION ENGINE OF INDIAN 

VIMANAS 

 

Vimanas of Ancient India used mercury as fuel 

in their ion engines. The mercury used was a 

purified one. Mercury has been known to Indians 

11000 years ago. Dharnidhar Samhita gives the 16 

steps to purify Mercury and make a SOLID Shiva 

Lingam out of it [Figure-9].  

 

 
Figure 9: Shiva Linga made of mercury 
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For the one hundred and ninetieth “richa” (verse) 

of the Rig Veda and the aeronautical treatise of 

Bharadwaja mention that flying machines came 

into full operation when the power of the sun`s rays, 

mercury and another chemical called “Naksha rassa” 

were blended together. This energy was, it seems, 

stored in something like an accumulator or storage 

batteries. The Vedas refer to eight different engines 

in the plane and Bharadwaja adds that they are 

worked by electricity [9]. 

 

 
Figure 10: Vimanas Flying off the ground 

RASA SHASTHRA  

In Ayurvedic medicine, the traditional medical 

lore of Hinduism, rasa shastra is a process by which 

various metals and other substances, including 

mercury, are purified and combined with herbs in 

an attempt to treat illnesses.  

 

METHODS  

The methods of rasa shastra are contained in a 

number of Ayurvedic texts, including the Charaka 

Samhita and Susruta Samhita. An important feature 

is the use of metals, including several that are 

considered to be toxic in evidence-based medicine. 

In addition to mercury, gold, silver, iron, copper, tin, 

lead, zinc and bell metal are used. In addition to 

these metals, salts and other substances such as 

coral, seashells, and feathers are also used. The 

usual means used to administer these substances is 

by preparations called bhasma, Sanskrit for "ash". 

Calcination, which is described in the literature of 

the art as shodhana, "purification", is the process 

used to prepare these bhasma for administration. 

Sublimation and the preparation of a mercury 

sulfide are also in use in the preparation of its 

materia medica. A variety of methods are used to 

achieve this. One involves the heating of thin sheets 

of metal and then immersing them in oil (taila), 

extract (takra), cow urine (gomutra) and other 

substances. Others are calcined in crucibles heated 

with fires of cow dung (puttam). Ayurvedic 

practitioners believe that this process of purification 

removes undesirable qualities and enhances their 

therapeutic power.  

 

 

TOXICITY  

Modern medicine finds that mercury is 

inherently toxic, and that its toxicity is not due to 

the presence of impurities. While mercury does 

have anti-microbial properties, and formerly was 

widely used in Western medicine, its toxicity does 

not warrant the risk of using it as a health product 

in most circumstances. The Centers for Disease 

Control and Prevention have also reported a number 

of cases of lead poisoning associated with 

Ayurvedic medicine. Other incidents of heavy 

metal poisoning have been attributed to the use of 

rasa Shastra compounds in the United States, and 

arsenic has also been found in some of the 

preparations, which have been marketed in the 

United States under trade names such as 

"AyurRelief", "GlucoRite", "Acne nil", "Energize", 

"Cold Aid", and "Lean Plus". Ayurvedic 

practitioners claim that these reports of toxicity are 

due to failure to follow traditional practices in the 

mass production of these preparations for sale, but 

modern science finds that not only mercury, but 

also lead is inherently toxic [6]. 

 

IX. CONCLUSION 

 

In NASA after exiting the mercury ion engine, 

some mercury or caesium atoms would condense 

onto the ground test hardware, causing numerous 

clean-up difficulties. In the 1970's, NASA 

managers decided that if ion propulsion research 

was to continue, it would have to be 

environmentally clean and less hazardous. Glenn 

researchers soon turned to xenon as a cleaner, 

simpler fuel for ion engines, with many of the same 

characteristics as mercury. But using Mercury in 

ion engine, has given more specific impulse when 

compared to xenon. And using the purified mercury 

will boost up the efficiency of ion engine. The 

solution to the problem faced by NASA mercury 

ion engine, can be found in ancient science of 
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purifying metals known as Rasa Shastra. We can 

improve efficiency of ion engines, by using 

mercury purified by Rasa Shastra. If mercury is 

purified and used in ion engines then compared to 

xenon ion engines, Mercury ion engines would be a 

better choice for space exploration as it will give a 

better specific impulse according to the 

experiments and more over there will be much 

better efficiency even with larger beam diameter 

used in the ion engines. 

Upon considering all the experiments done in 

modern world, there is a clear path laid in front of 

us, describing that the ancient writings are not myth 

anymore, they are not science fiction anymore. So, 

by further studying on Rasa Shasthra and 

implementing the knowledge for experiments on 

mercury, we can use mercury in Ion Engine, as we 

are able to get more efficiency. This can make space 

exploration much simpler. By deeper understanding 

and practical experiments on the book Yantra 

Sarvaswa and Rasa shasthra, many more advanced 

technology can be Rediscovered and Reinvented, 

which will modify the world into much better way. 
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Abstract— For safe long distance travels into 

space,  special spacecrafts are needed. Suitably 

designed Space crafts themselves can offer 

protection against the cosmic radiation. The space 

suit offers good protection by the suitable design 

and the specialized fabrics. What if the space craft 

traveling is to explode with crew having to 

abandon it?  

                    A space survival inflatable dome is 

proposed for such exigency. Space craft with  

ejection mechanism with eject button to activate, 

propel with the inflatable dome strapped to the 

back  is proposed. On ejection outside, this can be 

inflated by the escaping crew to float up. The fabric 

and material are designed to withstand the 

enormous expansion due to gravity less outer 

space. The inflatable dome is a temporary shelter 

till some rescue came. The dome is an inhabitable 

quarters with water and food  arrangements with 

cosmic ray shields.  

                 There will be a secure down-link 

communication to keep in touch with Earth. Are 

there ready space crafts for rescue? At present 

none. But in an era of constant space travel we 

need spacecrafts ready to take off any time and 

reach the stranded in space crew. Like the 

Americans and the Chinese space stations a series 

of space stations by several countries to have space 

crafts docked into them proposed. Space colonies, 

space hotels and other space outposts may serve 

as rescue points to ferry back the stranded in 

space. What about crash landing the space craft 

when something amiss? 

                    There are not many immediate parking 

options to land, set up a post, wait for the rescue. 

This is possible when in the vicinity of some 

landable planet or asteroid. In that lucky case too 

the dome can still be inflated, made into a camping 

on the surface of the planet, asteroid . The space 

craft may not be workable after landing safely. The 

complete loss of space craft is the ultimate 

scenario to plan survival in space.  

             The loss of a space craft completely may 

happen very much A complete package of survival 

is offered by this inflatable dome with water, food 

facilities and secure down-link.  Elaborations in the 

full paper with diagrams 

 

I.Introduction 

The concept of  Space survival kit in the event of 

complete loss of spacecraft  while travelling in space 

is introduced in this  paper. The concept for the paper 

is from one of my science fictions titled “Oxygen 

please!” The protoganist is returning to Earth. The 

fuel tanks catches fire and because of that he is in 

danger of losing his spacecraft.  To save his life he 

mailto:Mohansanjeevan2011@gmail.com
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abandons the spacecraft operating the ejection 

mechanism he escapes into the deep space he is 

travelling taking with him the folded inflatable dome, 

with  pump to inflate, ready made food and the hunger 

pills(which is another concept within this 

concept.),water  ,on board processing computer. On 

settling far away from the spacecraft due to no 

resistance in zero gravity he takes out the folded 

inflatable dome pumps in air to make the inflatable 

dome to float up. The inflatable dome is made of 

strongest fabric material like Kevlar and Vectron to 

withstand and balance the enormous stress generated 

on it by the  resistanceless expansion of air inflating 

the dome. There is built in provisions of 

communication, power, waste disposal, water storage. 

When the dome stabilizes the protagonist moves in 

and begins sending SOS signals and he is rescued by 

aliens.  

This is paper is a concept design of the space 

survival kit with the inflatable dome and the survival 

methods adopted by the escaping crew who lost the 

spacecraft completely. This as of now is a paper 

design as it has not been tested in space. Normally the 

spacecraft in deep space refers to the space probe after 

all the stages of the launching rocket have been 

discarded. However in the journey to the moon by 

Apollo 11 the crew module flew with the third stage 

of the rocket finally discarding it before entering orbit 

around the moon. The crew module had its own 

rocket motor to propel it towards it. The spacecraft 

referred in this paper is such a powerful crew cabin 

equipped with rocket motor and the loss refers to such 

spacecraft. This spacecraft will have an ejection 

mechanism to eject the crew from the about to be lost 

spacecraft. The inflatable dome tucked in the 

spacecraft is backstrapped when the mishap occurs.  

The inflatable dome idea came up without the 

knowledge of the various inflatable domes especially 

the Transhab designed by NASA and the Bigelow 

aerospace’s 330 inflatable module launched into 

space and now chosen for sending to 

ISS(International space station).  However a brief 

look at these is undertaken as a reference before going 

into the details of various survival arrangements built 

within the dome and also carried by the escaping crew 

backstrapped and as a carry package. 

Communications, power, water, air, food, waste 

disposal, provisions are elaborated 

The concept of hunger pill serving as food instead 

of ready to eat, packaged food is also introduced, 

based on my own research article published.  

Designing the space survival kit 

               The idea is to design an inflatable dome 

with built in arrangements of power, 

communication, water storage,waste disposal. For 

air and food separate package with pneumatic 

pump oxygen and nitrogen cylinders, canisters for 

oxygen making torches,fuel cells for making water 

all have to be kept separately for backstrapping, 

carrying when the space craft is about to be lost due 

to fire and other mishaps.  

     Inflatable fabric dome has been tested by NASA 

by the design of Transhab short for Transit 

Habitation Vechicle intended for use as Mars transit 

vehiclehas been around for many years as hot air 

balloons, air ships, space suits. One fine idea to 

emerge is the inflatable fabric for use as a space 

transit habitat and later as a Transhab is the 

inflatable fabric dome designed, tested and 

originally intended to be used as Mars transit vehicle 

TransHab, short for 'Transit Habitation Vehicle'.. 

TransHab consists of a lightweight aluminum and 

graphite-composite core, 3.35 meters (11 feet) 

diameter by 10.97 meters (36 feet) tall, surrounded 

by a 8.23 meter (27 -foot) diameter inflatable shell. 

TransHab's inflatable shell has the ability to be 

folded for launch and then deployed on orbit. 

     Inflatable habitation module made of several 

functional constituent layers to protect the 

structure as well as the crew from the perils of 

cosmic radiation, micro meteoroid and orbital 

debris, planetary dust, UV rays. Particle hits test of 

hyper velocity Impact, hydrostatic pressure test in 

John Space Center’s Neutral Buoyancy Laboratory 

with testing high 4 atmospheric pressure were 

carried out. The entire shell was tested for folding, 

holding the package configuration by deflating and 

reinflating by pumping with gas by heat exchanger 
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proving the entire workability in vacuum /zero 

gravity in space.   

     Though this Transhab was a vast improvement on 

the metallic ,composite structure inflatables and 

intended to be used in the  as a habitat this concept 

was procured by Robert Bigelow of  Bigelow of 

aerospace  and made further vast improvements to 

this by his experience in sending inflatable modules 

Genesis I, Genesis II and real space testing. The 

Bigelow Expandable Activity Module  The Bigelow 

Expandable Activity Module (BEAM) now in 

agreement with NASA to fly to  in 2015. If everything 

goes well with BEAM, Bigelow has plans to launch an 

inflatable space station of its own sometime after 

2016, built around a much larger inflatable module 

called the BA 330.It will have 330 cubic meters of 

internal space, hence its numeric designation. The 

exterior of the craft is intended to be 13.7 metres 

long by 6.7 metres in diameter and the module will 

weigh between 20,000 kilograms  and 23,000 

kilograms . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 Figure 1. (Transhab cut away) 

          In-spite of their soft shell, Bigelow’s inflatable 

modules are  more resistant micrometeroid orbital 

debris MMOD  than current metallic-shelled  ISS 

modules, in part due to Bigelow’s use of multiple 

layers of Vectran, a material which is twice as strong 

as Kevlar. In ground tests, MMOD objects that 

would penetrate ISS modules only penetrated half-

way through the skin of Bigelow’s modules. 

Bigelow also claims that the module 

provides radiation protection  equivalent to, 

and ballistic protection superior to, the International 

space station  

The habitat is designed to have two solar arrays  and 

two thermal radiator arrays for heat dissipation, as 

well as life support systems to sustain a crew of up to 

six astronauts. It will also have "a zero-g toilet with 

solid and liquid waste collection, semi-private berths 

for each crew member, exercise equipment, a food 

storage and preparation station, ... lighting, and a 

personal hygiene station. 

The wall thickness will be approximately 0.46 metres 

when the module is fully expanded. The walls are 

made up of 24 to 36 layers for ballistic 

protection, and radiation protection and will be as 

hard as concrete once the craft is fully expanded. The 

exterior will also feature four large windows coated 

with a UV protection film. 

     Modelled on the Transhab and the Bigelow 

modules, an inflatable fabric dome in Toroid shape 

may be built for use when the space craft is lost. We 

have to remember this is not a full fledged habitat and 

it’s only a stop gap arrangement until someone came 

to rescue. Accordingly an inflable fabric structure is 

built with lesser dimensions say 4 m in diameter, 8 m 
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tall, weight around 3000 kgs may be built. 

Neodymium magnets may also be embedded in the 

fabric to generate a magnetic field to ward off cosmic 

rays.  While the inflatable taken out with the escaping 

crew can be pumped up pneumatically with air as the 

same pressurizes the dome and serves as a breathing 

gas. As there is zero resistance to the internal 

pressure developed by the   Due to the enormous 

pressure two type of stress viz., hoop stress and 

longitudinal stress develop on the wall  or the layers 

covering the wall. As the materials like Kevlar and 

Vectron have been proven to be strong enough to 

withstand the stress in zero g. The hoop stress and the 

longitudinal stress are given by Roark’s equations for 

stress and stress 

     The hoop stress in the Toroidal inflatable is  

Equation 1. 

σ1= qb/2t 

 

where q is the differential pressure between the 

internal volume and the exterior environment. For 

space applications, the external environment is 

near vacuum, so q simply represents the internal 

pressure of the module, t is thickness of the wall 

 

The longitudinal stress in the Toroidal is 

 

Equation  2 

 

σ2 = qb r(ɸ)+a 

2t  r(ɸ) 

 

Here  a is major diameter, b is wall diameter. 

Toroid shape is unique shapes because there is no 

structural limit to how large the major diameter of the 

toroid can be. So, for a toroid, the stress is dependant 

on b, but independent of a. This means that atoroid-

shaped (unlike a cylindrical or spherical-shaped) 

pressure vessel is not limited structurally to what 

maximum diameter it can be. For example, the 

maximum stress in a module with dimensions of a = 

30 meters and 6 meters, is the same as the maximum 

stress in a toroidal-shaped module with dimensions of  

a = 3000 meters and b = 6 meters. Therefore a toroidal 

shape may be desirable from a structural-design 

perspective when an extremely large volume is 

required. However in the purely temporary shelter 

awaiting rescue such high volume is not needed. A 

temporary shelter is ready when the folded inflatable 

is inflated by pumping pressurized air 

Communicating with Earth 

    For those stranded in space communication is a 

life line to message through radio waves as they don’t 

need any medium to propagate.  Space probes have 

high gain antenna and low gain antenna for 

communication with Earth for data transmission and 

receiving commands instructions from Earth to move, 

process  data. In this temporary set up only radio wave 

devices in personal possession of  the crew are only 

needed. The moment the shelter is inflated, save our 

soul messages will be sent as a priority  

               

production of oxygen for breathing 

Electrolysis of water is one of the method used in 

space to produce oxygen for which water is needed.  

Another method is chemical oxygen generation 

where oxygen is produced by chemical reactions.  

 A  chlorate candle, or an oxygen candle, is a 

cylindrical chemical oxygen generator that contains 

a mix of sodium chlorate and iron powder, which 

when ignited molders at about 600 °C (1,112 °F), 

producing sodium chloride,  iron oxide, and at a 

fixed rate about 6.5 man-hours of oxygen per 

kilogram of the mixture. The mixture has an 

indefinite shelf life if stored properly: candles have 

been stored for 20 years without decreased oxygen 

output. Thermal decomposition releases the 

oxygen. The burning iron supplies the heat. The 

candle must be wrapped in thermal insulation to 

maintain the reaction temperature and to protect 

surrounding equipment. 

     Chemical oxygen generators are used as a backup 

supply. Each canister can produce enough oxygen 

for one crewmember for one day. With adequate 

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0CC8QFjAD&url=http%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25CF%2583&ei=nvKYVOnfItPluQT-p4LoCQ&usg=AFQjCNEeSL8ZuVvpHzWuq4rhDLzejN3o_Q
https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&cad=rja&uact=8&ved=0CC8QFjAD&url=http%3A%2F%2Fen.wiktionary.org%2Fwiki%2F%25CF%2583&ei=nvKYVOnfItPluQT-p4LoCQ&usg=AFQjCNEeSL8ZuVvpHzWuq4rhDLzejN3o_Q
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precautions this method is used. Taking the 

canisters when ejecting from the spacecraft is 

something to be worked out with more planning 

Getting water for the daily needs 

Water is essential for survival. Drinking water , 

bathing, washing all need precious water. A 

revolutionary method of producing water is done by 

Sabatier system which has been installed in the 

International space station, This process was 

developed by the Nobel prize winning French 

Chemist Paul Sabatier in the early 1900s.  This 

process use a catalyst which reacts with carbon di 

oxide and hydrogen producing water and methane 

 

This techonology has been  in development for the 

past 20 years. This uses a furnace.a muli stage 

compressor and a condenser/phase- separation 

system 

 

 However in the stop gap arrangement of a 

temporary shelter using fuel cells meant for 

producing electricity is the best option.  Space is the 

constraint in carrying water in  space. When space is 

a constraint nano technology can come in handy 

packing more particles in so small a space,  Panasonic 

has recently created nano particles of water. Such a 

development may be proceeded further  to pack a vast 

quantity of water in small containers so water meant 

for many days may be carried in them. From 

academic point of view there may be other methods 

to produce water but practical implementation in such 

situations may not be possible 

 

Meeting power requirements 

Power is needed for lighting, on board computer, 

instruments 

Fuel cell is a better option in providing power. 

Radio isotope thermoelectric  generators  provide 

electricity  to the unmanned space probes travelling 

into deep space.  Whether this could be used for 

manned spacecrafts may be studied for future 

development.  

 

Cosmic rays always bombard spacecrafts in space. 

Cosmic rays contain free electrons too. Placing 

powerful Neodymium permanent magnets will repel 

the charged particles and if a device and method could 

be developed to channelize this deflected electrons 

they may be used as a power source. This again could 

be a future development 

 

quenching the burning hunger 

 

We have to eat food to survive. The survivor from 

the spacecraft loss has to eat too. Apart from taking  

ready made food I have mooted a new concept of 

hunger pill in my research paper published in Scribd. 

.Carobodydrates, proteins, vitamins, minerals, fiber  

are the essential nutrients needed by our body.  45 

other nutrients are needed to completely fulfill the 

nutrient requirements.  We now have a wonderful 

technology the nano technology by which we can 

pack more molecules of all the nutrients in a small 

space of a pill. Such a pill will eliminate the need for 

eating food. A pill a session will do 

 

Such a pill eliminate the need for taking food. Will 

be a boon in space travel.  In the case of the escaping 

crew ready made food as well as hunger pill are 

available so the crew will make merry as far as food 

is concerned. 

 

The rescue of the stranded crew 

At present we don’t have many space stations 

except the International space station and the Chinese 

one. In an era of space travel many countries will set 

up space stations in several locations in space other 

than Earth. In such a scenario there will be always 

space crafts parked in them which may be used to 

ferry the stranded crew. Space colonies, space hotel 

may also have space crafts parked in them making 

them rescue points for the crew.  

 

The space craft may also crash land on a nearby 

planet or asteroid but may become unworkable on 

crash landing. In such case too the inflatable dome 

will be inflated dome to take shelter till rescue came 

along. Better luck crew! 
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