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A Random Talk on the Appearance of Man-made Satellites

W Lingyao

[ Man-made satellites show a freat variety of their di“ferent appearances.
This article tries to investi~ate what are the factors that require such a

v variety and how to decide the appearance of a man-made satellite.

Undoubtedly, peovle are familiar with the arpeararce of airplanes. The ]
apoearances of various aircrafts, such as fichters, transporters, jet planes
or propelled ones, and subsonic or suppersonic ones, are cenerally similar
only with difference in details, Thev are basicallv composed of a stream-

lined body with a pair of stretched wings. Mevertheless, people mar not
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know that the shaves of man-made satellites are multifarious., They can look

i et Mt

like a sphere, a cone, a cylinder, a spherical polrvhedron or a

poluhedral cylinder. Some carries huge pieces of flate baords; some shoots
forth. slender stickes; and some simply has an inconceivably stranse form
(see Fizures 1, 2, 3, 4, 5, 6 and 7), In short, the variation of the
appearance of man-made satellites is limitless and each of the satellites
shows a unique style. Airplanes and man-made satellites are all vehicles
desi-ned to be able to fly in the sky. Why does the apnearance of the

former show a general similarity while of the latter one varies from the

other? YNow we would like to besin our talk of the essence of the difference
between zeneral aviation and spaceflisht from the point of view of the

"theory of contradiction', ACCESSION for
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Once Chairman Mao said, "In any “orm of movement, there exists a special

kind of contradiction, This special contradiction constitutes a2 special

property which distinsuishes one thing from the other.," Mn airpl-ne can fly

in the dense z2ir, while a man-made satellite can fly in the space where the
nir is thin, As the specific characteristics of these two different kinds

of flichts are contrastive, the factors that determine the appearance of a

flvine vehicle are therefore different,

Aviation -~ Strurcle Against Air
The contradiction in aviation is one that exists between an airplane
and the air, The action of the air to an airplzne is one which can be
divided into two. For an airplane, the air c2n vroduce lift force to overcome
the effect of aravity so that the airplane can remain in the air without the
danver of falling down,

This is the advantaseous asvect of the action., At

|9

Ficure 1 Soherical Fisure 2 Conic shape
shape

the same “ime, air can produce drag force which prevents the 2irplane from

beins able to make speedy flisht, This is the disadvantaceous aspect of the

action. In the develooment of aviation technoloov, ef“orts have been made in




the improvement of the appearance of airplanes. This is in essence a

strurgle arainst the air and to try to make use of the advantaceous aspect
of its action to overcome the disadvantaseous aspect. In order to utilize
f‘ the 1lift force to support the weight of an airplane, the airplane rmst have

a pair of wincs stretching leftward and rightward, For reducing resistance

and increasin~ speed, the body of &n airplane must be streamlined. So the 1
specific appearance of an a2ircraft is determined by a specific kind of

contradiction between an aircraft and the air, i

Spaceflicht -- Strurgle Azainst the Farth Gravity

The contradiction in spaceflizht is cne that exists between a man-made
satellite an? the gravity of the earth, The action of the earth zravity to
a man-made satellite is one which can be divided into two. The earth cravity
is the source of power which can mske  things able to stay on the surface
of the earth or in the viecinity of the earth. In case that the earth gravity
disappears, nothing will be able to stay on the earth any loncer, and the
atmosphere which the lives depend upon will vanish, too, It is the action of
earth gravity that helps man-made satellites cycle around the earth and not
fly away. But, however, in order not to fall down, a . man-made satellite,

at a certain point, has to become free from the effect of earth ~ravity,

otherwise, the satellite simply cannot co up into space. In this sense, the
earth zavity is not always useful. In developing space technolocy, we must

i_( first of all strucrle against the earth ~ravity. On the one hand, we must

make use of it, and on the other hand, we have to trv to ~et rid of it, The




success in launching a man-made satellite is the result of utilizing the
earth gravity as well as disassociating with it. The operation obviously
involves the stages of contradiction, unity and strurgle, Then, how can

we vet rid of the earth gravity?

Speed is the Key Point

Chairman Mao once said, "In order to obtain freedom from the nature,
people must try to use natural science to understand the nature, to conquer
it and to reform it. Then we can have freedom from the nature." So, in
order to obtain freedom from the earth gravity field, penple must try,through
celestial observation and the study of celestial body, to understand the
earth zravity field. Over a lonz period of scientific practices, we have
come to understand that a body on the earth can become a small man-made moon
if it has the first space velocity (cosmic velocity) of 7.9 kilometers per
second; it can leave the earth and travel among the planets in the solar
svstem if it has the second space velocity of 11,2 kilometers per second;
and not only can it et rid of the earth gravity but can also fly out of the
solar system and enter into vast space if it has the third space velocity
(spacefli~ht velocity) of 16.6 kilometers per second. This obviously means
that a body can overcome the earth 7sravity and have the freedom to fly amonc

planets if it has adequate speed.

Centuries ago, people bewan to have the idea of flving in the space.

Only bec~use of the lack of strong power that could make a body have
tremendous velocity, svacefli~ht remained to be a 702l for continuous

endeavor, "In the strurgle for production and scienti‘ie practices, people
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contimie to advance a~d the nature 2lso develops inceasingly, So they never
stop at a certain level," Yow , as a result of the development of rocket
technolo~y, especially the success in mamufacturing and launchins of multi-
staged rockets, spaceflisht has from an ideal become a2 realitv, Carrier
rociet provides the velocity necessary for man-made satellites and other
space vehicles a2d it is a powerful instrument to conquer the earth gravity

and a foundation for the development of space undertakings.

Linitations Imposed upon the ippearance
of Satellites by Carrier Rocket

A carrier rocket is usually of a slender body, of which the uprer part
is thinner than the lower part., The cowling on the head of the finsl-staze
rocket has only limitedspace, so the maxirmum size of a man-made satellite,
especiallv its transverse size, is strictly conditioned by it. In the
earlier davs, the carrying capacity of a carrier rocket is relatively smell,
the structural weicht of a satellite is therefore required to be as small as
vermitted, 2nd most of the satellites are of svherical shape. Compared
with other shapes, under the condition of same capacity, the surface area
of the shell of a  spherical shaped satellite is the smallest, the
weisht is the lis“ted and the withstanding power to the shock, acceleration
and vibration of the main section of a carrier rocket is the stron-~est. In
order to make full use of the limited space in the cowling, some satellite
is made in a conic shape similar to the cowling, and in some cases, the
colwine is directly used as the shell of a satgllite. But, because it often

contradicts with the research reacuirements, structural desisn, attitude

control and the installation of solar battery of a satellite, ~enerally it




is not used excep* for a recovery satellite.

Sometimes, due to the hugeness of the iransverse size of a satellite,
*he cowlin~ of a earrier rocket has to be heavier, \s a consecuence, the
rocket becomes "big-heeded". Such a "top heavr®" appearance is easv to mnite
the carrier rocket instable in “li~ht and to cause trouble in reinstalline,
Corpared with man-made sntellite, the technolo~y of mamufacturing carrier
rocket is much more complicated, the cost is higher, ~nd the time used in
orenaration and memufacturine is much lonzer., ‘'oreover, a carrier rocet is
often transformed from a ~round-to--round
missile which has been made readr for
launching. On the other hand, however, before
the desiminc of a satellite, &-
rocket "as ~lready been c-mpleted without ruch
necessity to mnl:e any change. So the desisn
of a satellite is 2lw~ys in accordance with
+he readv-made rocket. 'hen the size of a
s=tellite is “ound contradictory with that of
™M~ure 3 Cylindrical a carrier rocket, it is renerallv to chance
shape
the size of the satellite to adant to “hat of

the cerrier rocket.

Wy So Indispensable is a Carrier Rocket

People nay like to ask why camnot a man-mnde satellite, lile

pl-ne, carry its own power inst~lla‘ion and propellant and indeperndently ~1v

into the space, ~nd why it must depend on a carrier rocket? The ~uswer o
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;f sails question is that, at the present time, the mexirum specific pulse

£ (the thrust produced by consuming one kilorram of propellant per second) of
orovellant is only a little more than 400 seconds. If we went a satellite to
accelerate to the first space velocity, it must carrv mufficient propellant
and large “ox enou~h “or storing the propellant, And, in order to warrant
that the satellite can accurately enter the prescribed orbit, it rmust have

control and stablization systems and other eaipment, Consequently, the weight

of the satellite is increased -reatly, 2nd correspondingly the nropellant

E and its store-box have %o be increased. Cnce the wierht of the satellite is

increased, the propellant must be increased. Thus it forms a "vicious cirecle”

o

of "as .t

1 1

he water rises, the boat rises with it", As a consequence, the

propellant is plenty, but the satellite still cannot ~o up because a large

part of the propellant has been consumed on acceleration and *he store-=box,
Even if the satellite can go up, it carries so

y emphty store-boxs and most of the labor is

el
i
3

spent in vain, There is only a lose without
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saining anything., The basic solution to such
a problen is %o improve the specific pulse of

*he propellant. It needs, at least, to be

doubled to reach 300 - 1000 seconds. Yow,
Ficure 4 Spherical
rowever, there is difficult to realize this, polrhedron
In order to solve such a contradiction, people havediscussed whether it is
L possible to drop off one store-box o vropellant when it becomes empty so to

reduce the weizht, The multi-sta~ed rocket is a concrete realiza*ion of | '

such idea., The rocket works stace br stage and it drop of the emoiy boxes
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stare by state, Finally it enters the vrescribed orbit to~ether with the
satellite as it has become an emp*y shell of the final sto~e rocket. Even
so, if we want to launch a man-made satellite o” 100 kilo~rams, we need 2
taree-sta~ed rocket which can weisht several tens of tons, ad more then

eichty per cent of the weizht is propellant,

So far we have only pointed out that the maxirmum size of a satellite is
determined by the carrier rocket., What are the factors which determine the

anpearance of man-made satellites? We shall investi~ate in the followin~,

Tor Utilizing Solar Battery

As food is to human body, so is the source of electricity to a satellite.

)

At the present time, the enersy of chemical batierv is ruch limited and its

lifetime is too short; the structure of fuel cell battery is all too much
complicated and its volume is too biz; and +he
atomic bettery is still under experiment, 5 the
only one that is suitable to a satelli*e is the
solar battery, and the source of solar ener~r is
inexhaustible, A solar battery can directly
convert solar enersy into electric energy and

it is both simple and reliable, So it is

especially suitable to a man-made satellite which

Fizure 5 The complex wusually works for a very lonc period of time,
wing plate
which carries a solar The solar battery is made of semiconductor
battery
single crystal thin plates., The thickness of the

plates is usually less than one milimeter, its len~*h is about two centimeters
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and the width is one centimeter or two centimeters square. In a satellite,
there are always several thousands to tens of thousands of plates, Thus
the surface of the satellite can have an area sufficient to attract the
solar batteries. On the other hand, when the satellite is in movement, the
direction from which the sun shines upon the satellite varies contimuously,
so every side of the satellite must be made able to attach solar ba‘tery.
Consequently it forms a network of solar batteries of M"all-direction®, So
whatever direction the sun comes from, there is electricitv renerated. It is
therefore better to have a satellite of spherical shape or t+hat of axial
symmetry. Due to the fact, howver, that the surface of a sphere is bent not
plane and it is not easy to attach the battery, most of the man-made
satellites are of *he shape of a spherical polvhedron or a cylinder (see
Pirures 4 and 3). In some cases, the surface of a satellite is not ~ood
enouch to attach a solar battery or the surface area is not lar~e enourh,
then some movable wing plates are installed to the.body of the satellite
exclusivelr for the purpose of attracting sloar ba‘teries. They are called

solar batterv winc plates (see Firure 5).

Network of Solar Batteries of "All-direc*ion"

Somehow, there can be one part of a network of solar bateries of M"all-
direction", which will, at a time, receive sun shine and geﬂerate electricity.
If the solar batteries are all over the surface of a satellite of spherical
shape, the sun shine, in fact, can only reach the batteries of half sphere
surface, Moreover, a larze part of the batteries can receive sun shine

obliquely,so the electric ener7y ~enerated from these batteries squals to
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only half of that generated from the batteries upon which the sun can
shine vertically. This means that the efficiency of the "all-direction"
solar batteries is only twenty five per cent
and three fourth of the batteries gannot
operate fully. In order to remedy such
defect, the side of the satellite where
batteries are attached is made facing the
sun all the time. However, this remedy
proves contradictory with other requirements

of the satellite, such as earth orientation,

So some other measure of utilizins solar

ha*tery wing plate to face the sun sinely Pirure 6

nas been advanced. In wha“*ever attitude the satellite can be, the solar
battery wing plate which carries batteries is always facin~ the sun. The
requirements of the satellite for axial symmetrv and surface area can be

thereby relaxed and there is no af”ect upon the earth orientation of the

satellite.

The Stabilization of Attitude Control
The simplest method of attitude control sf a satellite is spin control.
A certain axis of the satellite can have inertia] space orientability when
it revolves. In order to prevent the shake crused by the vanishine of the
orientability of the SPiRaxis or by some interference to the spin axis from
becomins more and more serisus, the appearance of a satelli‘e must be axial

symmetric to the spin axis and the mass distribution of the satellite must

10
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also be axial symmetrical. Then the revolvine inertia of the spin n2xis of
the satellite must made ~"reater than the revolvins inertai of any spin axis
vhich revolves throush gravity, This is a very important point, Thus the
orientability of the satellite can be very strong, very stable and able to
resist aga‘nst anr interference when it revolves, So the transverse size of
a spin-stabilized satellite is the creater the better, This is the answer
to the question why the spin-stabilized weather satellite, corrunication
satellite and scientific experiment satellite 2re ~lw~ys made in the shape

of cylinder, drum or oblate sphere of which the lensth of diocmeter is lonwer

than the height.

Ficure 7 Polyhedral cylinder
(carrvine thin poles)

The Method of Reducing Revolution :
Without Consuming Extra Enerzy

To launch a medium or small type of man-made satellite often uses a

three-staced carrier rocket as encine and the final stace of “he carrier

o«
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rocket is a solid rocket. When the en~ine of the final sta-e solid rocket
is workin~, it depe~ds on the spinning around t'ie lonsitudinal axis *o keep

“he thrust direction unchanved. The spinnins speed is usually very hirch 35

11




and it can revolve more than one hundred times per minute. Thre satelli*e in
front of the envine follows it to revolve. After enterins the orbit and
beins separa‘ted from the final stage rocket, the satellite continues to
revolve with hich speed 2nd the normal operation of the instruments and
equipment in the satellite is thereby seriously affected, so the revolving
speed has to be reduced., However, if tre jet method is used to reduce the
times of revolution, it needs to consume a lot of vpropellant 2nd , in
addition, there must also be a relativelyr complicated system of jet engine.
As everyone knows, when a ficure skater on the ice wants to stop, he must
first stretch out his two arms which have folded in front of his breast, then
his speed becins to decrease. In the same mammer, a satellite can use the

four wins plates out-stretched around its body or use the two slender poles

Picure 8 Diagram of slender poles on
the antenna of the satellite
which stretch out symmetrically from inside alons the ends of *he diameter
to achieve the purpose of reducing the time of revolution, The reason is
that the product (moment of momentum) of the revolvins inertia of the
satellite multiplied by the revolvinc speed is conservative, When one is

increased, the ot“er is automatically decreased.
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When the satellite opens its wing plates or stretches out its slender

voles, the revolving inertia increases and the revolvinc sveed decreases
irmediatelry, This set of wing plates is the solar bettery plates 2rd they
are fixed on the satellite, before opening, like human arms rzising up a2nd
hancing down. Some of the slender poles used to reduce the revolution are
whip antenna and some are surporting poles and on their tops, they are
equipred with macnetometer or particle collector (see Fizure 7 ), The
surporting poles can help the searching instruments to search in the space
as far as possible from the satellite, When the satellite enters its orbit
and opens its wing plates and stretch out its slender poles, the plafes and
the poles can,on the one hand,complete their reguired nerformances, and, on
the other hand,they can help to reduce the times of revolution, They both
can achieve tow missions by a single move. The poles used as antenna, in
fact, carry steel bands which have good elasticity and, before stretching
out, they like steel ruler tie tithtly around an axis inside the satellite,
so their volume is very sﬁall. When a band is released from the axis, it
depends on its own elasticity alons the direction of its width automatically

to roll into strons pipe (see Fizure 8).

Changing Air Resigtance into z Help
Perhans people think that air resistance is always detrimental, In fact,
however, air resistance,like evervthing else, has its aspect of usefulness
and that of harmfulness, For satellite recoverins, 2ir resistance is an

indispenable help 274 so are in heat-vreventing and deceleration.
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The specific contradiction in the orocess of le*tins a returning
s~tellite re-enter the atmosphere is the impetuous heating of ~ir asainst

the satellite., "Different contradictions can be solved only by methods of
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different nature®, In order to reduce the aerodynamic heating, a satellite i
rmust have a headthat is very blunt. When reentering, the blunt head is
“oreward to meet the airstream, In front of the blunt head, an area of air i
rnolecule concentration is formed. The boundary surface between this area
and that where the air is thin is the so-called "shock wave", The shockweve,
like a laver of screen, can bloc: the incoming air molecule to touch the
sntellite, Thus the kinetic ener~y of the hich speed 2ir molecule changes

ﬂ into heat, which diffuses in the airstream between the shock wave and the

| blunt head. So the heat the satellite receives reduces greatlv, Consequently,
the satellite can have a bottom with a radius of sreat curvature. 'Then the

satellite reenters, the bottom turns foreward to function as a blunt head.

The returning satellite comes down by a speed of 7000 meters per second
and,under the action of ~sravity, the speed is incre2sing. Is the gpeed is
not reduced at a -~roper time, the result will be a disaster. Under such a f |
condition, it is a good opportunity to make use of 2ir resistance. The blunt é
bottom zoes foreward,and it can both prevent the heat and reduce speed. 4s é
a result, before the satellite reaches low space where the air is dense, its
speed has reduced to subsonic =nd the lower speed further reduces the | |

aerodymamic “eating., Of course, the speed-reduction that helps a satelli‘e

return to the earth safelv depends mainly upon t“e unboos*ed rocket and
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parachutes.

Ever since the solar batteries begin to use the orientation wing plates,
and the attitude control of satellite realizes triaxial stabilization, the
apoearance of satellites has broken the varicus restrictions of axial
symmetry and has had creater freedom., The novel appearances of the inter=.:
stellar explorers,which can fly to the Moon, the Vemus and the Mars, have

been developed on such a basis.
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