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Abstract:Space exploration has many uses and endeavours with wide range of functional and practical applications. Almost 
all of space activities are carried out by space shuttles in corroboration with astronauts. Most of the times, while functioning, 
astronauts face severe health ailments that ranges from reduction in bone mass density to overall bodily weakness and take 
significant time to heal, causing severe crunch on available resources. Appreciable work has been done and precautions are 
undertaken before every mission; however, the complexity of the problem involving diverse microgravity conditions has 
prevented a comprehensive understanding of the phenomenon. This has necessitated active research efforts to fundamentally 
understand the operating physics and suggest precise solutions to address the issue.  
The present work attempts to explore the primary cause of the concerned aspect and suggest an accurate solution for the 
same. The issue converses with microgravity conditions, thence the work subjects to create artificial gravity utilizing 
centrifugal forces to impart gravity effect. Space shuttles in operation rotate in respective orbits and artificial gravity can be 
generated by subjecting it to a defined pitch movement owing to centrifugal force. The proposed method can be actuated by 
the orbital control systems of the space shuttle. 
The primary objective of the work is to investigate effectiveness of the suggested method as a potential and attractive 
artificial gravity generator and to understand role of key controlling parameters. The predictions of the proposed design are 
compared theoretically and matched reasonably well. It is expected that the adaptation of the present design can significantly 
help the astronauts mitigate any health concerns. This would have an unequivocal effect on internal functions of the space 
shuttles and working astronauts and can drop the health issues to a very low level, thereby saving precioustime, which can be 
used for research activities. 
  
 
I. INTRODUCTION 
 
Space has always been an area of colossal interest to 
mankind, which has been researched on prodigiously, 
in many areas encompassing it. Gravity and its effects 
play a major role in any space related endeavour. The 
quandary of an environment with no gravity has 
troubled the scientific community ever since manned 
space endeavours commenced. Countries that have 
been successful in sending human beings to space 
have experienced and gainedfirst-hand knowledge 
about the effects of microgravity on the human body. 
Problems like decrease in bone mass density, 
deterioration of muscles and psychological stress due 
to prolonged exposure to zero gravity, necessitates 
active research efforts to fundamentally understand 
and comprehend the issue and evolve ways to 
extenuate these maladies. 
 
The revelation of the effects of microgravity has 
caught the attention of the scientific community. Now 
that space travel has become frequent, with astronauts 
and cosmonauts going to the ISS and populating it 
24x7x365, sometimes staying back for close to an 
year at a stretch, the area of microgravity has become 
an area, extensively researched with the hope of 
unravelling more mysteries and working out ways 
and means to negate the calamitous effects thereby 
providing astronauts a comfortable and healthy 
sojourn. 
 
One of the pro-active measures taken to counteract 
the effects of microgravity is a scientifically chosen 

nutritious diet coupled with a strict regimen of daily 
exercisefor the duration of their time in space. This 
paper proposes an idea about creating artificial 
gravity in a space shuttle so that the astronauts can be 
spared theharmful effects of microgravity. 
 
II. PROPOSED MODEL 
 
Out of the various methods of creating artificial 
gravity,the rotational effect is proposed. The physics 
behind the proposed idea is simple. The space shuttle 
would be required to rotate about its centre of gravity. 
The constant angular acceleration while it’s in orbit 
around the earth will create a centrifugal force in the 
direction of the nose (on account of the shuttles 
design, whose centre of gravity is 10m from the hind 
part, keeping in mind the space shuttle is capable of 
performing this particular manoeuvre. 
(Ref:‘Generating artificial gravity on board the Space 
Shuttle’ by Angie Bukley, Douglas Lawrence, Gilles 
Clément) 
 
The centrifugal force, so generated, will act like 
gravity in the space shuttle. The gravitational strength 
would increase with the distance from the space 
shuttle’s centre of gravity. The wall separating the 
room and the nose is around 24m from the centre of 
gravity (The particular room is shown in the space 
shuttle’s cross sectional figure below). If the shuttle is 
rotated with respect to the centre of gravity, the 
astronauts in contact with that wall will experience a 
significant amount of g force when the pitch rate is 
sufficient. 
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III. CALCULATIONS 
 
From the formula 퐀퐜 = 퐑 ⨯훚ퟐ 
where, 
Ac is the required gravity effect (centrifugal 
acceleration) 
R is the distance from the centre of gravity to the 
point where we want the concerned gravitational 
effect (in our case study its 24 m (reference value)). 
훚is the angular velocity of the shuttle about its centre 
of gravity (pitch rate) 
the angular rotation required by the shuttle to execute 
for the required gravitational force at a particular 
distance from the centre of gravity can be determined. 
The following table denotes the various angular 
velocities required to create specific times of earth 
gravity. 

 
 
From the data in the table it is observed that greater 
the distancethe astronauts are, from the centre of 
gravity, the stronger will be the gravitational effect 
and lesser the coriolis and centrifugal effects. The 
plot of the table is shown in the following graph. 
 

 
 
The above graph shows us the corresponding pitch 
rate required for the requiredg force (0.5 in the x axis 
denotes half of the Earth’s gravity.) 
 
CONCLUSION 
 
Mitigating the harmful effects of microgravity on 
astronauts in the space shuttle is the primary 
objective. From the graph it is seen that half of the 
earth’s gravitational effect can be produced in the 
room just before the nose part of the space shuttle if it 
rotates about its centre of gravity at 4.2 rotations per 
minute which is around 1 rotation in 15 
seconds.When in orbit around the earth, the space 
shuttle can be set to rotate at the particular angular 
velocities, to produce desired gravitational forces at 
specific locations whenever the astronauts need it. 
The space shuttle can be brought back to its normal 
idle position in the orbit whenever required. 
This idea could work if demonstrated and could lay 
the foundations for future applications of artificial 
gravity. The results and analysis done in this paper 
can act as reference for the designers of future space 
shuttles, taking into consideration the position of the 
centre of gravity. 
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