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We continue our discussion. We were talking about the payload and we discussed about
the transparent payload which is another term people use which is called bent pipe in the
sky. So, it is bent pipe transponder or bend pipe you know, but then there are certain
requirements through for that people use much more complex transponders which is

called onboard repeaters or onboard switching repeaters.
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Onboard switching repeaters

For multi beam operation there may be
requirement form sending sub band signal
from one beam to other beam.

This is done by
’ microwave switch matrix, or
’ IF switch matrix.

Let us see from multi beam operation, different spot beams are used. We will discuss
about that later. There may be requirement from sending the sub band signal from one
beam to another beam. This is done by the microwave switching matrix onboard or i f
switching matrix when we convert into intermediate frequency and matrix, it can be

regenerative and also, the signal can be demodulated and regenerated.
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Regenerative Transponder

When there is requirement of base band data
routing the demodulation switching and re-
modulation is done after IF stage.

Uplink noise is not amplified and
transmitted in the down link

In a symmetrical or balanced link
Regenerative transponder has 3 dB advantage
Over bent pipe transponder

So, it is called regenerative transponder. So, that is another form when there is a
requirement for the base band data has to be extracted and then, routing is done through
the switching. So, after demodulation switching is done and remodulation is done after
the IF stage. So, this is much more complex in that case advantage is uplink noise is not
directly amplified because you have come down to the base band and then going up from
the base band. So, the noise is not transferred to the downlink is one of the advantage.
So, in the symmetrical or balanced link when uplink and downlink are symmetrical link,
we will discuss about that later. Regenerative transponder has certain 3 dB advantage

over the bent pipe transponder. We will discuss that one much later.
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Receiver Regeneration Transm

Regenerative Transponder

A very short block diagram we will be discuss in detail of that, but short block diagram
is this is the receiver very small symbol put this block is amplifier and the mixer means
system conversion together. So, from different beams, it is coming and then, they are put
into a demodulation. | said a demod actually there are many demods here and then, after
that there is the processing or routing or switching is done at that digital level, this bent
level and then it goes into the modulation and then up conversion and then amplification.

So, this plot after the receiver is called regenerative transponder which includes in bent
transponder. That is there is the omox, demox and the amplifier also the demodulation
remodulation along with the switch which is regeneration put together is called
regenerated transponder. Now, with this we go into one of another important sub system
which is their onboard as well as which comes on the ground is antenna. We will discuss

the antenna briefly now and more details of the antenna will discuss later.
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\ntenna

\ntenna 15 a reciprocal device

A plot of recerved signal level as o function of angle 15 known as
radiation pattern

Moximum power direction in the radiation pattern 18 called bore-sight
Half power beam width is the angular separation between halt power

(=3dB3) across bore-sight

As we go through this course, antenna is an important thing that is we are trying to take
at certain advantage from the antenna in particularly in satellite communication, antenna
is required for wireless communication is nothing, but it is reciprocal device is same.
Antenna can be used for transmission as well as for reception. Now, | will try to plot
antenna as directive. So, you can think of a coordinate system which is theta pi r
coordinate r theta phi coordinate system. So, receive signal level is a function of the
angle theta is known as radiation pattern or transmit signal level as | said it is reciprocal
device. So, transmit or received signal is immaterial in a linear scale. It can be plotted
like that in x direction. If it is the theta angle or phi angle here, | have shown theta and

then the power is at zero degree is the maximum power.

It is assumed and then as we increase the theta either in positive direction or in the
negative direction, the power falls and it fix, again it falls, again fix again like that. So,
the main peak is called the main lobe and the small peaks are called side lobes and from
the maximum power when the power falls at a particular angle of theta when the power
is half of that maximum power its minus 3 dB point. So, these angles is called theta 3 dB
as engineering, but approximation we will try to always use this theta 3 dB which is half
power from the maximum and this maximum power direction is called bore sight. The
maximum power direction of the radiation pattern is called bore sight. This radiation

pattern can be drawn in theta phi coordinate also is a linear.
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Radiation intensity P(8,¢) is the power radiated per unit
solid angle from an antenna in (8,¢) direction

Directive gain D(8,@) is the measure of focussing
property of an antenna
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Half power beam width is angular separation between half-power across the bore sight.
Now, let us try to see how much we are focusing. So, that can be expressed in by term
radiation intensity. That is nothing, but a power radiated per unit solid angle in theta phi
direction. Let us call p theta phi from an antenna in theta phi direction per unit solid
angle. So, therefore we can define a term called directive gain capital D which is also
theta phi direction. Directive gain is the measure of the focusing property of the side
which is p theta phi and transmit power by 4 pi. This P t by transmit power by 4 pi is the
total radiated power per unit solid angle. So, the ratio of p theta phi by p t by 4 pi that is
the directive gain, but this is with the radiated power we have sending power amplifier
output which is going to the antenna which is the input power to the antenna. So,

therefore this has to be translated into the input power.

Now, the power which is going to the satellite antenna as an input, many not be fully
radiated because there may be some loss in antenna system. So, there is certain

efficiency.
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P =nF,
where, 7 1s the efficiency of antenna
P is the power input to antenna
Antenna Gain G in (€,¢) direction is
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So, that transmitted power is some factor of the input power which is we call efficiency.
That eta in this case is the efficiency of the antenna. So, input power is a power input to
the antenna and then, we can define another term antenna gain g in again theta phi
direction is ratio of p theta phi by p input by 4 pi and p input by 4 pi is p t by eta 4 pi. So,
this whole ratio is p theta phi divide by p t by eta 4 pi. Now, this eta can be taken up. So,
it is p theta phi by p t by 4 pi which is nothing, but directive gain d theta phi. So, g which
is we call antenna gain in theta phi direction is the efficiency time eta times the directive
gain D, D theta phi.

So, this efficiency determines how much power which is going as input to the antenna is
really getting radiated. So, efficiency should be as high as possible it depends on antenna

design.
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Generally, antenna gain G is referred to the boresight
for maximum gain

Antenna gain is related to the physical parameters of
the antenna as
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Now, this g again is related to some physical parameters. Generally this antenna gain g is
referred to the both side. We won’t go for g theta phi detail. So, with g is generally taken
as bore side the maximum gain. So, it is actually g max. So, g is 4 pi of effective aperture
of the antenna by lambda square. This effective aperture is eta times the physical
aperture because there are certain losses in the aperture. Aperture may not have exactly
the way it is supposed to transmit. So, 4 pi eta a by lambda square and as we know is phi
d square by 4. So, the g is expressed in terms of eta into 4 into pi d by lambda whole

square. This 4 get cancelled pi d by lambda whole square.

Now, this also can be related to the theta 3 dB which is nothing, but beam width the half

power beam width theta 3 dB is expressed in terms of wavelength.



(Refer Slide Time: 09:15)

Half power beam width 8, is expressed In terms of
Wavelegth and antenna diameter as
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Antenna diameter it depends on the radiation to the antenna and generally in case of
satellite antenna, we use because higher focusing abilities is required. We use a parabolic
reflector. So, as | give you last time example at one near bank ATM, you will find
certain VSAT’s. The reflector is parabolic. You might have seen that the directive home
services through which you receive TV that is on the roof top, many people are put. That
is also a reflected parabolic reflector and the cable operators we also use parabolic
reflectors for satellite normally on satellite also we have parabolic reflectors that picture
of satellites what | shown you earlier. So, the diameter of that parabola the phase of the
parabola is called is here small d and the wavelength on which is operating is lambda and
depending on the radiation pattern of the primary feed to the reflector. This term, this

number 75 is appearing.

So, theta 3 dB is 75 lambda by d this 75 is just a typical number. Some of the books say
it is 72, some people take 70. It is just approximate number. So, here we have taken 75
theta 3 dB 75 lambda by d. Other way we can say d by lambda is 75 by theta 3 dB. Why
we say d by lambda because previous expression we have seen gain in terms of d by
lambda. So, the gain then can be expressed as eta times pi square 75 square by theta 3 dB
square. This d by lambda is replaced there by 75 by theta 3 dB and if we take efficiency
eta 60 percent which is generally true if you put this number, approximately this number
comes as 33, 310. Some people take it as 33000 and some people take it as 33,300. You

can go to very near 33309 point something. So, there is all thumb rules for calculation.



So, gain is related to a number by theta 3 dB square. So, theta 3 dB and gain can be

found out or other one if it is known.
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o [Ix: For a global beam, sarellite ar GSO
subtends 17" angle. Assuming this is 0,
what will be the sarellite antenna diameter
ar 4 GHz and what will be the gain?

d--715 78 4k
2R 17

at 4 GHz,
A=0075m

d= 4.4x0.075=0.33m
G 3::;30 20.6dBi

Let us see for a quick calculation a global beam, the satellite at GSO subtends 17 degree
angle just recollect in out orbit discussion is 17.4 or some on other angle we have
calculated almost 17 degree angle global beam assuming theta that is a theta 3 dB of the
satellite. So, what should be the satellite antenna gain and it is a diameter at 4 Giga
because lambda is coming at 4 Giga hertz. What should be its diameter and the gain?
Easy calculation is d by lambda. First you calculate that is 75 by theta 3 dB 75 by theta 3
dB is 17 degree. So, it is d by lambda ratio is 4.4. So, at 4 gigahertz, lambda is roughly
let take 0.75 meter. So, d is 4.4 multiplied by 0.075 comes to 0.33 meter or 33
centimetre. A4 size paper and corresponding gain assuming that thumb rule 33,310 by 17
square theta 3 dB square is equal to in terms of dB, when you calculate it is 20.6 dB. |

have put dB i, dB with respect to isotropic antenna.

When we discuss about the antenna detail, we will come across once right now you take
this as simple dB. So, gain max will be 20.6 dB and the diameter of the antenna is less

than meter. So, for that is for global beam for 17 degree angle.
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o Lx: Satellite antenna makes 3 to cover
India and surrounding ocean and
neighbouring countries. What will be
satellite antenna diameter rand gain at

4GHz?
d_75_1s
A 5

at4 GHz, A=0.075m
d =15x0.075=1.125m

G= 33532") =31.24dBi

Now, let us see what will happen for smaller angle which is 5 degree which covers
roughly from geostationary satellite roughly Indian land mass to cover India and
surrounding ocean, neighbouring countries. What will be the satellite antenna diameter
and gain? You just instead of 17, you put 5. So, you get d by lambda is 75 by 5 is 15 at 4
gigahertz, lambda is 0.75, d is 1.125 meter. So, 0.33 needed to it as become 1.125 meter
and gain is increased to 31.24 dB. So, that is just roughly to show you some thumb rules

of the antenna calculation.
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« Satellite antenna can be global or regional or spot
depending on service requirement

+ Itcan be shaped to reduce wastage of radiation into
unwanted area like sea,

+ Shaping of beam is done by shaping reflector or
array of antenna




So, satellite antenna can be global regional or much smaller which is spot beams on the
services requirement. It can be shaped, it need not be always circular or electrical on the
ground may be shaped in different shape. So, that wastage the radiation non-service area
like sea and other places can be referred and shaping the beam can be done by reflector

shaping and various techniques array, array antenna and various techniques are there.
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Polarization

Polarisation is the orientation of E field vector
of propagating EM wave.

As Polarisation diversity 1s used in satelhte
communication, the iterference due to
impure polarisation is to be considered

Now, one of the important parts of the antenna is polarisation. Polarisation is orientation
of the electric vector field of the propagating electromagnetic wave. The polarisation
diversity sometime used in the satellite communication we have seen for isolation. | said
polarisation has to be used. Polarisation diversity we have to reduce the interference for

to impure polarisation if it is to be considered.
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XP| is the cross pol interference
XPD is the cross pol discrimination

Polarisation could be linear. e.g., vertical or Horizontal

It could be circular, e.g., Right Hand Circular (RHC) or
Left Hand Circular (LHC)

In practice, it is elliptical. Axial Ratio defines the loss
due to ellipticity.

Axial Ratio = (Emax) / (Emin)

Now, that can be expressed in terms of cross pol interference. The term is XPI and cross
pol discrimination XPD polarisation could be linear if the electric field is linear as
vertical or horizontal with respect to the antenna from where it is being transmitted and it
could be circular also in the right hand circular side or left hand circular side LHC or
RHC and this axial ratio is the ratio of electro vector maximum to the electro vector

minimum and for circular, it is seen for ellipse. It may be different.
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So, it can be 3 dB to understand what XPIs. Let us see there is an electric field which is
transmitted, a vector is vertical and horizontal vector v is transmitted. Now, at the
receiver because of some impurity, this vector may have a component of x in the x
component falling and co-polar component that is the vertical. So, if there is a x
component coming that is cross pol component coming over the co pol, the cross pol
discrimination is defined as 20 log a co pol by a cross pol a ¢ by a x is 20 log in dB and
cross pol interference is 20 log a ¢ by b x and the b is transmitting its component cross
pol component is b x. So, actually cross pol XPI gives us how much interference is
occurring. So, for orthogonal polarisation with good pure antenna design in transmit and
receive side, this should be XPI should be as high as possible. That means, b x should be
as low as possible. Ideally it should be 0. This should have advantage and sometimes it is

taken.
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o Lx: Whatis the effective aperture of an
Isotropic antenna operating at a wavelength
of I em

)

Some questions | am putting you try to find, put your answer what is the effective
aperture of an isotropic antenna operating at a wavelength of 1 centimetre? You try to

use the formula.
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o Fx: An LHCP satellite transmit antenna has
3 dB axial ratio. For a linearly polarized
mobile antenma what is the maximum
variation expected in recerved power.

a) novariation
h) 2 times

¢l 3 mes

An LHCP satellite transmit antenna has 3 dB axial ratio for a linearly polarized mobile
antenna. That means, the transmit antenna is LHCP and receive antenna is linearly
polarized antenna that is circular polarized transmission and linearly polarized reception.
So, what is the maximum variation expected in the received power. No variation, 2 times
variation or 3 times variation. Find out the answer. So, with this we close the antenna
chapter.
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Satellite environment

Zero gravity
Difficulty in liquid flow

Ease of antenna deployment and
solar panel manoeuvring.

Negligible atmosphere pressure

about 107 torr
increase friction between moving surfaces.
Special lubrication needed
outgassing of electronic components
increases surounding gas pressure




Let us go into the environment on with the satellites are operating satellite environment.
Couple of things occur. There it is a gravity is very low zero gravity. So, there is
difficulty in the liquid flow. Whatever fluid is there will be certain difficulty, but there is
certain ease of antenna development. There is no additional force acting on it or solar
panel manoeuvring. There is no atmosphere pressure. We should negligible atmospheric
pressure of the order of 10 to the power minus 7 torr. So, that increase the friction
between the moving surfaces and special lubrication is needed for that outgassing of
electronic components increase surrounding gas pressure out. Gassing means because the
vacuum is there, so some gas forms comes out of the electronic component that will
increase the gas pressure. So, a negligible atmospheric pressure may be reduced little or
increases the atmospheric pressure or global pressure environmental pressure is

increased.
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High temperature variation

dynamic range 330K to 350K

Space debris and particles

protons, electron, cosmic rays, meteorites,
man made space objects,
reduction in solar cell efficiency

Finite Eccentricity of earth orbit

variation of solar flux resulting variation of
solar power generation.

There is a high temperature variation you have seen in thermal design. That is a dynamic
range is get large space debris and particles that might be occurring on the satellite body,
protons, electron, cosmic rays, meteorites, man made space objects, reduction in solar
cells, finite eccentricity of the earth surface, earth orbit. There is a variation of solar flux

resulting variation of solar power generation. This we have seen already.
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Magnetic field
very low, - 1/300 relative to earth surface

Van Allan belt

Due to earth magnetic field cosmic particles are
charged and captured by earth forming a dense
layer.

There is a magnetic field. Earth magnetic field is very small. There is almost 1 by 300
relative on the earth surface. So, it does not have much effect. There is a Van Allan belt
which is cosmic particles, charged particles move around the earth and they are forming
a dense layer. So, that can create problem in the electronic device which is passing
through this belt. This belt is almost from the surface of around 20,000 kilometres among
the surfaces of the earth. So, the satellite which is passing through this belt has to be

protected properly.
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Life of a satellite

mainly depends on
on board fuel capacity
component and subsystem reliability

Life time of present day satellites are
kept around 15 years




So, life of the satellite mainly depends on the onboard fuel capacity and the failure of the
component and subsystem which depends on the reliability. Life time is presently kept as
15 years. Its onboard fuel capacity part we have already discussed. When the fuel is
much less, then it is deorbited. So, how much fuel is left that depends on roughly its 15
years to some satellites around. So, 20 years satellite, some satellites are 7 years to 10
years, but let us concentrate more on this subsystem reliability or component reliability.
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Reliability

Reliability of satellite is mainly governed
By the reliability of its critical components

Reliability can be improved by keeping
redundant components ready at satellite

Redundant components replace the failed
Component through switches

However, It is not possible to keep redundancy
for some components, like, antenna, solar panel etc

Reliability of the satellite is mainly governed by the reliability of the critical
components. Reliability can be improved by keeping the redundant components ready at
the satellite. So, you can switch. Redundant components replace the failed component
through the switches. So, the path is changed and however, it is not always possible to
keep redundancy for all the subsystem like antenna, like solar panel. This cannot be

having redundant too much of weight you will be carrying unnecessarily.
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Reliability

Itis the probability to perform intended function
over specified time and operating condition,

'
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R=e®

where, A is the component failure rate

2 number of component failures in given time

So, we will try to see how we do the reliability engineering. Reliability by definition is a
probability performs intended function over specified time and operating condition
probability to perform over the specified time and over the operating condition. So,
reliability is defined in as exponential of the component failure rate into time over the
time that is minus integration of zero to t lambda d t and lambda is number of

components failure in given time by number of components that is surviving. That is a

failure rate.
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number of components surviving

Failure
probability

finfant Wear

out

random

Time

Most components follow this failure mode pattern




Generally for all components whether it is space are round, it follows a life time circle
where initially it fails. Failure probability is quite high during the life time longer period.
The probability is random failure and then, there time comes which it wears out is true
for the human life and life on the earth everything it is true like this the most components
follows these failure pattern. You will try to operate them in this region where it is

random failure.
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In satellite system,
careful selection of components are done based on

Components complexity
Components heritage
Manufacturing process
Manufacturers’ credentials
Spent Shelf life

VN .Y N

In satellite system careful selection of the components are done based on the components
complexity, its heritage where and how it is used, how it perform, its manufacturing

process, its manufacture certification that is its credentials spent life in the shelf.
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In satellite system,

early failures of components

are detected and eliminated to a large extent through a
test called

Burn-in

Components are kept in specified condition
i.e., specified input, output load,

power, temperature, pressure, RH etc

For about 168 hrs, or 7 days

Then in the satellite system, the initial part of the failure of the component is tested and it
intentionally those who are supposed to fail, let them fail by a test called burn in. That
means you keep it on for 168 hours or roughly about 7 days with a specified input output
load power temperature pressure relative ability etcetera with all this specified condition
you continuous keep it on for 7 days. So, if it supposed to fail in the infant condition, it
will fail. Those component subsystem pass this, they are taken for this satellite
fabrication. The main aim is really eliminate the random failure during this operating life

time.
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But the main aim is to eliminate the random failure
During its operating life time

This is done using reliability engineering techniques

The wear out phase can be delayed by improving
material selection and manufacturing process




So, that is done by reliability engineering techniques. The wear out phase can be delayed
by improving material selection and manufacturing process. So, let us try to calculate
what should be the improvement in the reliability engineering. How can you do it? So,
we have seen this r is equal to exponential to the power minus integration of zero to t

lambda d t assuming constant failure rate over time.
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'
Iu:
R=e"*
Assuming constant failure rate over time
!

At
R=eg"=e™

where, m - ,Il = MTBI

MTBF is Mean Time Between Failure

So, it can be e to the power minus lambda t which is e to the power minus t by m lambda
is 1 by m which is MTBF m is equal to 1 by lambda. MTBF mean time between failures.
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When components are connected in series,
failure of any component fails the complete system

—IR, R, Ry LR

The overall reliability

R, =R, xR, xRyx..xR
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MTBF is mean time between failures when the components are connected in series
failure. So, the component any failure of any one of the component fails a complete
system. So, the total reliability is overall reliability RO can be multiplication of R1, R2,

R3 up to R n and these r values vary from 0 to 1 is fraction.
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Ex: What is the overall reliability for two components
in series

When R, and R, both are equal to 0.9

When R, =09 and R, =0.7

For series connection,
R=R;xR,=09x%x09 =081
R=R{xR,=09x07 =0.61

Note
overall reliability ower than that of the lowest

Let us see the numbers. What is a reliability of two components in series? When R1 and
R2 both are 0.9 and when R1 is 0.9 and R2 is 0.7, multiply them over all reliability when
they both are 0.9, it is 0.81. So, it is less than the individual reliability when it is 0.9 and
0.7, it is 0.61. It is lower than the lowest one. So, over all reliability is lower than the

lowest.
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When components are connected in parallel, when all the
components fail

Alternately stated, system failure occurs when all the
components are unreliable

When they are connected in parallel, when all the components fail, then only there is a

failure. So, therefore, you can say the system failure occurs when all the components are
unreliable.
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Consider a system with / parallel elements,
in which reliability of each element is independent
to all others

If Q, is the unreliability of the i-th element, then
Probability of all units will fail is product of
Individual unreliability

Q, = QyxQ,; xQq x...xQ,
when all of them are equal, then Q, = Q',

unreliabil ity has decreased because Q' <Q
Therefore, reliability has increase as R, =1-Q,

That can be calculated consider a system with i number of parallel elements in which
reliability of each component is independent to all others. If Q i instead of R, let us term
Q i is unreliability of the ith component, then the probability of all units will fail is a

product of Q's that is over all unreliability. Q0 is Q1, Q2, Q3 up to Qi or when all of



them are equal, the overall reliability QO is Q to the power i and unreliability has
decreased because Q to the power i. Q is since R is less than 1, Q is also then 1. Q to the

power i is less than Q, therefore the reliability is over all is RO is equal to 1 minus QO.
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Consider a system with / parallel elements,

in which reliability of each element is independent
to all others

If Q,is the unreliability of the i-th element, then
Probability of all units will fail is product of
Individual unreliability

Q, = Q xQy X Qs X...xQ;
when all of them are equal, then Q,=Q,

unreliabil ity has decreased because Q' <Q
Therefore, reliability has increase as R, =1-Q,

Over all reliability can be derived from individual elements of reliability like this that is
QO is multiplication of Q1 to Q i and when all of them are equal, QO is equal to Q to the
power i. R is 1 minus Q. So, RO is 1 minus Q0. So, 1 minus Q to the power i is 1 minus 1
minus R to the power i. This way you can calculate if the reliability of individual
numbers is known overall reliability. When they are parallelly connected can be found
from RO is equal to 1 minus 1 minus R to the power i.
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Consider a system with / parallel elements,
in which reliability of each element is independent
to all others

If Q,is the unreliability of the /-th element, then
Probability of all units will fail is product of
Individual unreliability

Qp = QxQy xQy x...xQ,
when all of them are equal, then Q, - Q',

unreliability has decreased because Q' <Q
Therefore, reliability has increase as R, =1-Q,

What is the overall reliability of two components in connected in parallel? When both
are 0.9 by putting the same relation, RO is equal to 0.99 because 1 minus 1 minus R1 into
1 minus R2 which is 1 minus 0.9 whole square is 0.99. When RO, R1 up to R3, all three
components are connected in parallel and all of them are 0.9, you can see overall
reliability is increasing 0.999. When two of them, it was 0.99. So, by increasing the

number of components connected in parallel, you can increase the reliability number.
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Parallel configuration improves the overall reliability

In practice, redundant components are
kept in parallel through switches.

When primary component fails
the redundant component is used
Thus improving the overall reliability

Change over
command

Com b -

Primary
l [ Redundant




Parallel configuration improves the overall reliability. In practice redundant components
are kept in parallel through the switches. When primary component fails, redundant
component is used thus improving the overall reliability, but this change over is done by
switch and command the switch reliability and this command reliability is also very

important.
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In case of satellite payload and bus, any subsystem
failure fails whole satellite.

Then for the reliability estimation purpose they are
assumed to be connected in series,

The overall reliability of the satellite is
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R, = Raocs* Rrrc"RProp % Ry % Rpow* Rstryct* Rpayloat

In case of satellites, all subsystem payloads, all have certain failure rates and on the
reliability estimation is done as if they are connected in series. So, overall reliability of
the satellite is as if AOCS TTC propulsion thermal etcetera payload everything is
connected in series though physically. They are not connected in series is reliability
purposes. So, overall reliability is reliability of individual multiplied overall reliability of

the satellite.
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For a payload having one each of Receive
subsystem, Transponder subsystem and
Antenna subsystem, the Reliability of payload will
be

Recerver Transponder Antenna

RPaonod = Rreceive * RTmnsponder x R Antenna

So, payload when one receives subsystem transponder system and antenna system is
used, then it is multiplication of individual reliability payload. R payload is R receive R

transponder R antenna.

(Refer Slide Time: 27:54)

Transponder _I
Receiver \ Transmit
Antenna

l_ [ransponder _I

Receve
Antenna

RPaxbod = Rprx.Antenna * Rreceive *

% [1— (1= Rpansponder 1% Ry,

When transponder is connected in parallel and receive an antenna receiver and transmit

receive antennas are in series, then it becomes over all payload reliability.
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Redundancy increases Mass

Figure of Merit

where, M = increase in mass due to redundancy
R Reliability with redundancy
R Reliability without redundancy

There is also increase In mass and cost due to
redundancy due addition of switches and failure of
sensors

R receive antenna R receive multiplied by 1 minus 1 minus R transponder square
because two of them are there into R transmit antenna. This redundancy increases the
mass. So, therefore figure of merit is R by M. M is the increase in mass due to
redundancy and R is the ratio of reliability with redundancy and without redundancy.
There is also increase in the mass and cost due to redundancy due to addition of switches

and the failure of sensors.

(Refer Slide Time: 28:37)

What was covered

+ Satellite bus

+ Payload

* Antenna

* Environment and reliability




So, what we covered till now is satellite bus, payload, antenna, environment and

reliability, where briefly we have covered the space segment. We stop here now.

Thank you very much.



