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The Influence Of The Layout Of The Satellite Vehicle On The Overall
Cost Of The Project.

The artifiocial satellite project is one which must be regarded as the
most important of all astronautical projects,due to the fact, that

the construction of the satellite vehiele is the preliminary condition
for the realization of more extensive space travel,

From this reason we can state that it is very likely that the space
station or artifieisl satellite will be constructed sooner or later
in spite of all technical and financiel difficulties existing at pEx-
present.This fact is well kmown and i% is an open secret ,that the
Weat and the East are both working on this project with the greatest
energy.Therefore it seems %0 be necessary,that the astronautiesl and
rocket societies should 2lso engage themselves on a larger scale ,than
has been done to date,in order to move the centre of gravity of this
part of scientific research somewhat to the peaceful application of
space travel.We have to make all efforts to remove the work on this
project from the secret classification for the benefit of the human
race.,

The artificial satellite in general ,with a special consideration of

the influence of its layout on the overall cost of this project,will
be discussed in this paper.

However,before entering into this discussion,we have to assume that
all stability problems of the satellite can be handled.Thies is s+ill

an unsolved problem,which will be probably solved but might change
the conditions considerably.

l.Definition

e space station or artificial satellite is a specisl vehicle of
rocketry whieh has to be projected outside the atmosphere into a
circular or eliptical orbit around the Earth,in which it would continue
to move withount any impulse,as long as the balence between grgvity
and centrifugal force is not disturbed by external forces.

2.Proposed nses of the artifieial satellite
e wifI differentiate the following fTour gzroups in discuseing the
utilization of the satellite: '

A.Freliminary work needed in the preparation for more extensive
space travel projects,

B.Employment of base in connection with fumdmmemis the realigation
of more extensive space travel projects,

C.Employments in connection with fundamental research in natural
sciences, -

D.Uses which have political,psychologiecal or military inflpences.

Summarizing all individual tasks of these four groups the satellite
will have during ite entire existence the following detailed +asks,
listed in a logical sequence:
1.To be an object for accurate determination of the orbit elements

of bodies encireling the Earth,
2.Extra terrestrial explorstion of the highest layers of the atmosphere,

,3.Investigation of the behaviour of the human body under the influence
of unreduced radistion from spece,

4.Investigation of the behaviour of the humsn body at aceellerations
between 0 and 1 g ,

5.Investigation of the physiological and psychological behaviour of
the human body in space,

S.lmprovement of astronomical and astrophysical researkh by reducing
the disturbing effects of the atmoaphere on opiical observations,
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7T.Ilmprovement of investigations on coamic rays,

g8,Fondamental physicsal research such as the inveatigetion of the
behaviour of solids,gases and fluide under the physical conditions
of space,

0 ,Fundamental chemical researh ench ae the investigation of chemical
reactions under the physical conditions of space,

10.Biological research including the jnvestigation of the behaviour
of plants under the physical eonditiona of space,

11.Long period obeervations of weather conditions,long period weather
forecasting esnd study of the possibilitiens of artifieially induced
weather conditions,

12.Repeater station for short wave communicetion and television,

13.Central station for messages and emergency staiion for sea- and
air-traffic as well as for isoleted territories,

14 .0bservation station for the U.N.security forces,

15.Refaelling station for space vehicles,

16.Space vehicle building- and repair depo,

17.Control station and navigation aid for space vehicles,

18.Rescue station for space vehicles,

19.Investigation of the possibility of power supply on lerger scale
by means of solar redistiom,

20.Medical clinie for special ocases,

21 ,Expansion of human horizon by directing the thoughts of the indivi-
dusle to space and towards the recognition of the necessity of an
worldwide political organisation sfxtheraezensity and to aid in ite
realization in order to form a harmonious political,enltural and
economical life for all nations of the Earth.

3.The task faced in the construction of the artificisl satellite
s task may be formulsted asa follows:

It is to find,to derive and to prove the most economical solution of
the problem of constructing an artifie#al satellite,

By the most economical solution is meant the satellite of minimum cost
to accomplish the reguired purpose.

Therefore we can hope for a realiszation of the space station project
if the condition of economical balance is fulfilled.This condition is:
Overall cost for the construction and for the meintenence of the

satellite sgusl to or smaller than the finesncial returns o savings
resulting from its use.

Cost of the construction and mesintenance of

@ over cost o e conatruction o he satel e can be calecu-
lated by eq.(l).This is 8 formula which consiste of 14 terms.The
Pigures above. the individual terms mesns: 1,2,3 cost of the developNER
ment of the cargo rocket,satellite and equipment necessary for mounting
4,5 cost of the aonatruc%ion of the satellite vehicle parte and
equipment on the ground; 6 construction cost of the passenger stages,
7 construction coste of the cargo stages, 8 gonstruction costes of the
booster stages taking into account the salvage of the returning gtacges
to an extent of 50% of its original value, 9 fuel costs,which are
ealonlated with 100 Dollar per tom, 10 cost for salveging the booster
stages, 11 generasl cosis, 12 plant cost , 13 and 14 direct and indirect
labor costs.
The formula for the mainmenﬁba costs e ) is smaller because the
development costs and the construction (to = certain extent)are
not included here,These equations allow us %o calculaete the construc-
tion and maintenste costs for a specific satellite to a first appro-
yimation .They can teke into account the progress of science and en-
gineering by chenging the constante and theyare therefore,accurate
for any fossible design.
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Having now obtained a genersl cost formuls we aore ready to discuss the
specifications of the satellite and a specifiec desigzn proposal which
satisfies the proposed specifications,

5.5pecifications of the satellite

The investigation of the construction problems of the spece station

shows that there exists a large number of conditions under which the

station has to be built and operated.These conditions led %o specifi-

cations,which - if all taken into consideration - determine the layout

of the space station or satellite within close limits.To these arxioms

or apecifications belong:

1.The components of the last stages of the cargo rockets must be used
as components for the satellite in order to keep the cost as low as
possible.The parts of the cargo rocket are already closely determined
and thie determines the components of the satellite to a large extent.

2.The time for a mamnned satellite hse to be short,as the condition of
gravity must be simulated as soon =s possible.The pxriw lower limit
of the construction time is fixed by the time required for assembling
agd by the desirsability in the intrests of salvaging the booster
E E.EEE I L

5.The moments of inerties must have a symmetricel distribution for the
sske of stability.

4.The masses have to be placed as near as possible to the ratation axis
in order to place low stresses on the material of the comnection
elements.

J.The rotation axis must be vertical to the plane of the orbit for
stability reasons.

6.The plane of rotation and the ecliptic must be identical,if the con-
nection pipes between the central body and the outer ring are to be
used for condensation purposes.

7.The satellite must have a control system by which all changes in
motion and the plane of rotation as well as the velocity of rotation
can be controlled.




8.The gravity,produced by centrifugal forces,should be between 0.5 and

Er
Q.The mass of the satellite should be as great as possible to minimize

perturbation effects.This requirement is limited for economic reasons.

10.The assembling work in space must be limited To the minimum due to phy-
gical,technical ,phsyrimimgizsx physiological and economic reasons.

11.A11 parts which have to be maintained must be accesaible and if possib-
le be located in pressured compartments.

12 . Useful assembling- and transport vehicles for the construction and
operation of the satellite must be available.

13.S5ecurity and rescue devices must be available in sufficiant nambers.

14.Extremly light construction is the most important demand in detailed
construction.The safety factors must be calculated very accurately.

15,The shape and distribution of the individusal compartments is
detgrmined by the eguipment which is required for the supposed uses.

As a result of all these specifications and considering the necessi-
ty for the most economic solution we can formulate now the following
rule:"The construction of the satellite is very Itkexy closely con-
nected with the construction of the optimum carge rocket to the
satellite,hence the designe can not be seperated from each other!

-E.Daaign study for an artificsl satellite

In summarigzing a1l the mentioned specifications we are led fo a solu-
tion which might look like Fig.(1).The central body is connected by
pipes with the outer ring in which the 1iving cabins and laboratories
are loceted.The station is rotating at 3.5 revolutions per minute
which gives at am diameter of 60m an srtifical accelleration of 0.8 g.
A 1ift is installed in each second pipe for the transport of persons
end goods.The pipes also house the condensation device of the steanm
power plant.

The entire satellite consists of the following components ,which will
be .common to 21l construction proposals of manned satellifes To a
fairly large extent:

A.Outer ring.-Consisting of the cabins of the laat stages used as living
rooms and lsboratories,connected. by air preesured gangways.

B.Connection pipes.- with the pipes themselves,the 1ifte,the condensa=-
tion device and connection elements.

C.Central body.- This central body is shown in Figd2L,It consists of 2
of the last rocket steges mounted together with two cabins as a con-
trol centre,the passenger exit cell,the material exit cell,the elec-
trical network (with generator,batteries,light system),the highfre-

uenecy part(with transmitter,receiver,navigation aids,television etm.)
%ha airconditioning equipment,the fire extinguisher,workshop and
storage room,fuel station and containers,the laboratory free of
gravity and of the steam power plant with two turbines.This steam
power plant is shown in detail in Figl3) with the mirror,boiler (which
rotates),the water container,the control sysftem and the condensation
system in tke connection pipes:in addition,there is suxiliary
equipment:space tractors,construction devices,emergency devices ete.

This design has the advantage of simplicity,of great lightness and
greatest economy.By the using of rocket parts as componente for the
satellite we have to transport as a payload only half the weight of
the station,This is a very important point,.The gyerall trans orted

1load for a manned satellite which previouslyjessumed to 5 0 to
1000 tons is reduced to not more than 100 tons.Consequently the over-
all cost are also reduced to 1/5 or 1/10 of the previouely estimated
values.

The proposed satellite will have the following mass distribution to
g firat approximation:
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38 cabins 57.0 tons

26 connection gangways A6 M

8 connection pipes 20,0 "
central body 7.0 *
steam power plant’ 12,0 *®
equipment 15.0 "
fuel reserve 15,0 "
water 3.0 *®
space tractoras 4.0 "
rescue vehicles 3.4 "

Total weight o: =atellite on ground csa, 150,0 tons

Avout 75 tons of the total 150 tons can be taken from the cargo
rockets itself.Hence approximately 75 tons of construction maferial
and about 10 tons of equipment are to be transported to the station.
This is equal to the total payload of 24 cargo rockets with an indi-
vidual payload of 3.5 tons each,By this means we may assemble 24
cabins of 38 reguired for the construction.

In order to determine the supplies required monthly we have to esti-
mate the number of personmel employed on the station.The number of
personnel is =lso important in the consitruction of the air conditio-
ning system,=0 thus it must be considered.The number of persons for
thie station has been calculated to be between 50 and 65.( refer.l )
If we now assume the supply for the station as 7.5 kg per man per day
we must have therefore 3 ecargo rockets with a capacity of 3.5 tons
each per month for 50 men in addition.l more cargo rocket for
equipment and spare pertspnd two passenger rockels per month are
assumed for the regular traffic.That means that we have 12 more cargo
rockets and 6 passenger rockets after = construction time of 3 months
We then have 36 cabins availsble for the conetruction of the space
station.The last two cabins ( we need 38 ) are taken from the Tiret
two cargo stages which arrive during the last days of the construe-
tion bringing the first regdlsr monthly supplies,

With these figures the cost of this design proposal will be cealeunlate
later,after a short discuseion of some construction problems,

T.Individual construction problems

Under this paragraph a large number of problems are listed such as:
the production of artifical gravitation,the electrie power plant,
the air conditioning system,the exit cells,steering and stability,
The radiation protection,the design of space tractors ( which were
suggested by Dr.W.v.Braun |refer.2 ),the deaign of special tools

and equipment,the assembling off the atation,stress gnalysis ef bo-
dies under the physical conditions of space and others,.These prob-
lems are partly discussed in detsil in(refer.l).For an example we
mention only the relation for determining the forces snd demensiones
of the connection pipss between the central body and the puter ring
of the station.-The radius of the station for a certain accelleratior
and & certsin number of revolutions is given by eq.(3):

. b-6o?
f yent {m]

This relation is shown in Pig.(4).The number of revolutions is indi-

cated on the mriimsiwysmixt abzisse and the radiuns of the satellite

is indicated on the ordinate.The accelleration is chosen as paramete:

Using the symbols shown in Fig.(5)we find for the force acting in

one connection pipe the relation eq.(4)

p. hls M+ M3
2 ZF 450 & "?dxtlﬁljﬂp jr [%ﬁf
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this equation can be simplified for meterizls with a high tensile
etrength ( such ss those between Durel end steel ) t0 eq.(5)

T S 3 .
p = '1;;Hr ( ﬁh?ﬁﬁé?ifiJ ‘{%?}

For the wall thickness required we get eq.(6)

d- BL [m
T 27r8 [md
and for the weight of one connection pipe eq.(T7)

G, = 2rlrdy [%]

For our design proposal we get a weight of approximately 180 kg
fn§ an?lgannactian pipe.These formulae are derived in the report
refer, .

An oversll view of the proposed space station or artifical satellite
during the construction might look like Fig.(6).

8.Discussion of the influence of the individual psramgters on the
OvVersll cost OF EE&_prnﬂeci

After we have found a reasonable layout of the satellite and as we
have already developed an advanced deaign of a cargo ahip to the
satellite ( refer. 3 ),we now are able to make a rough caleculation
of the comnstruction and meintenance cost sccording to eg.(l) =im
and (2) which we have mentioned before.We present there the indivi-
dual sume for development,construction,fuel supply etec.As a result
for a construction time of 3 months we get with prices valid to day
to a first approximation for our example the following costsi

cost for development Dollar 108, 10 D) - 20,8 %
cost for the construction of the satellite 6
parts and equipment 15 10Y = 2.5
costfof the construction of the passenger 6
stages without booster stages 7.10° # 1.4 "
cost for the construction of the last stages 5
of the cargo rockets 38,107 = T3 "
cost for the construction and repair of 6
the booster stages 277 .1GE = 53,5 "
cost for fuel 26 .1ﬂﬁ = 5.,0"
general cost 12 10, = 2.3 "
cost for the salvage of the boosters 14 100 = 2.7 %
wages(excluding conatruction) %, 10" = 0.6 "

Total cost for the construction approx. & =18 -;GE

This figare is strongly dependant on the design of the corgo ships
and of the satellite iteself.As the constants of eq.(1) are only
estimated very roughly this figure can Dbe regarded naturally only
as a Pirst approximetion.But it can easily be corrected if more
pain is taken in the caleuletion of the constants.-le can calculate
the maintenance costs for the satellite accnrﬂing EE{E) in the
same way.%e get as a resull an amount of 40 to 50 HEilliom Dpllar
per month,if the supply can De handled by 6 ships as assuned.

Looking at this table we can =see which sums are the most important
ones and must be consequently kept to g minimum.The cost for the
development and the cost for the construetion of the cargo and
passenger ships take about 3/4 of the entire cost.This means that w
are able to reduce the project costa to & large extent by concen-
trating our work on these jtems .For detailed discussion of these
eums refer to refer.(l}.
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9.Procedures for the reduction of the overall cost

The overall cost is strongly influenced bY & reduction of the overall
weight ratio which is defined as the ratio of gross weight to the
payload of the last stage.That means thet we have to consider prob-
lems of detaile construetion of the cargo ship in order o reduce the
overall weight ratio.We can reach the same resul? if we take into
consideration the fact that the use of vehicle parte in the satellite
means a reduction of the flights required.Thus we have to work on the
design of the cargo vehicle and the space station at the same time
because they are definetely dependent on each other.The cost for the
development will also be reduced by this work.
The investigation of materials and their application in this space
travel project must be also pushed forward in order to reduce weights
E{ means of very accurate and limited safety factors.

e overall cost can be influeneced further by well organized pro-
duction and operation systems.A large number of problems are still
to be investigated.
We must not forget however,that this project is s%ill in its first
stage of development which means that we can do a lot of work with
pencil,slide rule and brain,This does not cost much money only time
and good organized societies and working groups.The way which we should
proceed is as follows:First,to create the foundation by solving the
undeterminable number of individual problems; second,to prove that
the artifical satellite would be of use for manfin order to get the
money required); third,to start the construction which will undoubtly
again produwe undeterminable detailed problems which must be solved
then.This way of development and improvement needs necceasarely long
periods of time and this is the reason,why en artifical satellite
does not yet exist and why it will not be realized for many years.

Regarding the question of proving the usefulness of the space station
for our planet,we want to point out here only one fact:Undoubily the
construction of e space station or satellite will lead the human
spirit and the thoughts of the individuals as well governments into
space and enlarge their horizon,If now the probability of a third
world war,which would cost at least 1 000 Billion Dollars and the
1ife of millions of men,could be reduced by only 1% by this "space
work" ,we would be able by the equivalent sum of more than 10 Billion
Dollars +to construct several satellites,a moon rocket and even fo
sent an expedition to the planet Mars.This is not the only useful
figure we are able to mention but perhaps the mos® impreseive one,
Other reasonable figures are given in refer,(1).

10,Summ
The purpose of this paper was:

l.t0 give a2 clear definition of the arfifical gatellite and ist uses;

2.%0 prove,that the construction of the optimum gsatellite cargo
vehicle 2nd the construction of the satellite itself can not be
seperated from each other,according the prilbeipal provaed here:
"The cargo vehicle for the satellite and the gatellite out of the
cargo vehicle";

2.to0 prove,that the construction of the satellite is related to &
number od physical,smi# technical and economical conditlons;

4.to show,that it is possible to give a formula which allows us
to calcnlate the construction and maintenence costs of artifical
gatellites and to discuss these relestions for a specific design
proposal of the cargo vehicle and the space station;

5.to show briefly the influence of the construction problems on
the cost of the project and how these ean be reduced;

6.to check the condition of economic balance for this project.
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We are now able to assert after all these considerations that a
reasonable economic balence will probably exist for thie project as
far as we can see at this early atage of development.This fact gives
us the right and binds us %o duty to draw to the notice of the public
the need to devote more attention,more energy and more talent to

this project,than has been done to date, as the spsce travel is and
will ever be a cultural task of the menkind ,which is pressing for
realization.
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Symbols:

A  general costs ( g/ month )

B salvaging cocts ( ® / flight)

b accelleration (m / see? )

d wall thicknesas (m)

F area ( m? )

G weights ( to )

I plant coste ()

E ocosts ( $ )

1 length of pipe (m )

M mass ( kg sec®/n )

H number of flights reguired

$  wiiiigtew , pressure ( kg / n”)

g time ( month )

r radius (m)

n number of revolutions per minute

T safety factor

& recovering factor(takes into account the extent of recovering)

«¥ correction factor(takes into account the extent of dgmage
of the recovered vehicle component)

f salvaging factor of the satellite (takes info account that

part of the satellite whiech is built out of components
of the last rocket stage)

EG* correction factor (takes into account the sdditional work
at the satellite due to salvaging )

¢ salvaging factor of the cargo vehicle( takes into account
that part of the returning stages which can be reused)

@* correction factor of the salvaging factor of the cargo
vehicles(takes into account the repair and meintenance
coste of the salvaged booster steps)

W angle velocity (°/sec )
§ stre Edn'iht (K;M)( kg /EE)

[
1§ density ( xg/m? &%)
Indices:B construction

E development

L

AS satellite

H equipment and tools
LR cargo rocket

L

T E netto 1ife neccessities
I:Ea direct labor costs
T fuel L(u) dindireect labor costs
U maintenance g] passenger ruglf{:gt x
% ‘PAYL0N I.11 Ii}:sizngmezi:d ic :u o
6 fuel Lot et ual atages
goesyne total

rea Treaerve



Déscription of figures:

Fig.l. Design proposal for an artifical eatellite

A,cabins used as living room8 and leboratories
B.gangways

C.control rocket engines

D.connection pipes with y¥#taxunt condensation device
E.central bedy

F.connection pipe with 1if%

G.Mirror of the steam power plant

Fig.2. Central body of the artifical satellite

A.space tractor

B.entrance

C.airconditioning cell for passenger entrance
D.fuelcontainers

E.fuel container

F.weter container

G.windows

E.spare parts and material storage
I.assembling and workshop
K.material entrance cell
n,connection pipe

M.1ift

N.central

O.oteam pipe

P.axle and bearing of the mirror
R.steam turbine

5 .generator

Fig.3. Mirror of the steam power plani

A.Central body

B.center line of mirror axle
C.gexireigezzizs mirror
D.nozzles for control

E.guy rod

F.steam boiler

G.,water container

H,engine for boiler

I.steam pipe

Fig.4 Variation of sccelleration with the padius and number of
revolutions of the safellite

Fig.5 Dimenshones of the satellite

Fig.6 Overall view of the satellite during the construction
with spzce tractor



i
s



—

FW A — L 7
1 7l
%
G
b
< MY a w L O I ™~
[ S

. —— .

T W& ™

e

I T o0 A




F L




%8 ocabine
36 connsction gangways
8 connection Pipes
central body
steam power plant
equipment
fuel reserve
water
8pace tractors
Tescoe vehicles
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10 tons of tools are to be transport
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ction material and about
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Payload of 3.5 tons each.By this means we may -assemble 24 cabins of
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