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As a concLusion of the part dealing wth aviation simuLators

one should also remember to mention the space flight simulators.

PartLy because apace travel is close ly related with aeronau-

tics but mainl y bec~ 4se the space flight simuLators represent

todays highest point in simulation technology in general. In

civil or military aeronautics there is always a certain limit which

sometimes is utilitarian but mainly it is set by economic con—

aiderations. The aim in to train pilots or~~tire crews under trai-

ning cond itions on the ground and then it is more practica l to carry

out flight exercises. ~paoe fl i ght simulators represent an

example of the so called total simulation which allows to recreate

on a ground device the actual space f Light conditions to such

a degree that the crew will be able to work within the res~L space

conditions with complete reliability. This is accomplished of

course at the expe nse of great compLexity of such simulators and

of their ancillary installations which al t  require great econo-

mic investments and operationa l costs.

Simulators of various types of spacecraft are used by the two

space powers, the Soviet Union and the United States. These

simuLators serve not only crew training purposes but aLso to check

outworking and operational conditions of space ships. Their In-

portanoe as welt as the reliability of the simuLation is demonstrated

by the fact that during a real flight, of the Apollo or Soyuz

programs, the substitute crew carried out a simultaneous simulator

flight and in cases of any unusual conditions the substitute crew

attempted to contro l any particular prob lems wirat and onLy than the
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reaL crew would receive their proceduraL inetructions e

American space centers used simulators for all modifications

• in manned spacecraft of the Mercury and Gemini programs. Already

in 1965, at the start of the program which send man onto the surface

of the moon, it was ordered to build a simulator of the command

module of the Apollo space ship (CMS - Command ModuLe Simulators).

One of them was installed at the manned space flight control center

in Houston , Texas, further two were Later put in the Kennedy Soace
Center in Florida. Their construction was completed in 1968. These

simu lators are the Largest and most complex instalLations of such

kind ever built anywhere. Each is about 10 meters ta LL and weigh
and

about 11.0 tons . They were introduced to compLete L~’\( efficiently

train Ap oLlo spacecraft crews for aLL space flight phases. In

order to achieve fully all the training requirements aLL the con-

ditione of a real f Light had to be faithfully reproduced inside

the cabin as welL as around it. The simulator for the Apollo

command module reproduced aLL flight phases, starting by pre-ignition

preparation including the so-called count down time, ignition of the

first and second stage rocket eng ines, their separation, guidance

into the earth orbit, transfer in to the moon orbit, communication

of the command module with the instrumental section and their

connection with the Lunar modu le, trayectory correction towards the

moon, transfer to the Lunar orbit and up to the separation of the

Lunar module , During the return flight aLL the phases were also

simu lated from the docicing of the Lunar module in the Lunar orbit ,

the flight back to earth inc l ud ing atmosphere re-entry and landing

.2
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The simulator cabin was kept motionless. The sense of motion

was not simulated directly by physical means but only through vi-

suaL devices. The reality of the flight was impLemented by all

pertinent sound effects such as the booster roc~cet engine noise,

noise of control engines, noise of pyrotechnical mechanisms etc.

Smoke couLd be injected into the cabin to simulate the burning of

eLectrical wire insulation to cover cases of fires or chemical

reactions that may occur onboard. PD complete the scene, Life

conditions were also imitated ~uoh as oxygen supply and air re

generation, water supply regeneration, storage of poisonous ma-

terials in the refrigerator, food preparation procedures ari d

finaLLy the eLimination method of excretions. To mimic the earth

atmosphere re -entry the space suits of theastronauts were heated .

The command moduLes were outfitted ad Lootc e d d iffe rentLy depen.

ding on the individual Ap oLLo program fLights. The command modu le

of each flight had its own characteristics which had to be In-

dluded in their simulation . Because of this the actuaL simulator

cabin was set on rails so that, when needed, it couLd be quickly and

easily repLaced with another version.

Of particular significance was the visuaL orientation simu-

Lation system whioh had to imitate faithfully objets at a distance

of not quite 2 meters away (the Lunar module ) as weLt as objects

at distances of many light years (stars up to the 6th. magrii-

tude order) . Images of the sun, earth, moon, Lunar moduLe cloud s

etc had to ohange same as during a real fLight . The image was

created in aLL four windows of the spacecraft and in further six
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versions images from te lescopes and sextants were simu lated . A rea-

Listic visuaLization was assured first of all, for the docking

maneuver with the Lunar moduLe by means of a co lor te levision

system with a high image reso lution ability. During the Lunar

module doo~cing the Lunar module image was televised by a compLex

optical system using a small scale model At a distance of 1.8 to

180 in the image dimensions were changed ~~portionally to the

distance . From i80 m to 211.00 m the Lunar modu le’s image appeared

as an object of constant d imensions and beyond 2~4~00 in it appeared just

as an iLluminate d point.

The mathematica L model which described the fLight  and the space-

craft functions, incLud ing the systems of the Saturn booster ,

was so lved in a real time-frame wi th a repeat frequency of up to

20x per second by a set of four d igital. computers (HoneywelL)

which cooperated in paralLeL as one unit which was capab Le to perform

up to one mill ion operations per second . The data transfer speed

at the input and output terminaLs reached UP to one million of turns

per second through one transducer. The computer also created

te lemetric data in a real way so that their simu Lated tran smission

could be received by the ground command center.

The functioning of the simulator was governed from the control

and steering aecti~ n of the simu lator. From there a three member

service group managed the ind ividual simulator ey*ems, monitored

aLL th. actions of the crew , started the initia L training condi-

tions and simu lation of aLL kind s of problems, recorded the flight

parameters and the crew reactions. The instrument panels of this

~~~~~~~ ~~~~~—•— - - - - 
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section dupLicated all indicators and equipment of the spacecraft as

weLL as indicators for the position of aLL switches and controLs

of the spacecraft cabin, The communication with the crew was assured

by a teLevision system which monitored the crew during the entire

fLight simu Lation. The f Light of the spacecraft could actualLy be

‘frozen” instantly for any Length of time with respect to aLL

parameters. It was also possibLe to stbre any flight segment in the

magnetic tape memory bank of the computer for La ter re-runs.

The simulators cooperated within an integrated regime directly

with the gr ound apace fLight command center in Houston . This aLlowed

not onLy to maximize the simu Lation of real conditions of future

space flights but also made possible a simultaneous training of the

spacecraft crew and the ground control staff at the center. To simu-

late the function of the ground assurance media, such as radio-

—Location and tracking stations etc . the contro l center was Linked

with a further complex of computers which assured that simulation.

During the simulation of communications be tween the spacecraft and

the ground controL center the signal delay corresponding to the

distance between the spacecraft and the earth was also simulated.

For the training of the aotuat moon landing other moon lander

simulators were used. One was in Houston and the other in Florida .

The simulations could be used Independently or in conjunction with

the command module and the ground control center. As in the co-

mmand module the moon Lander had simulations of all its function s

controls, systems and equipment. The view from its wind ows were

simuLated by television images taken from an exact model of the

5
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moonscape at the pro jected Landing site .

In the manned moonLanding program other two training devices were

used which do not belong among the electronic simulators consIdered

here so far but it is useful to mention them as well.

One of them was a free—fLying device maintained aLoft by a

Lifting jet engine with a directional, draft vector which couLd

simulate the different flight stages of the lunar module within the

Lunar grav~tation conditions. The control organs ancillary

equipment and aLl their functions corresponded with the Lunar

moduLe. Five auch trainers were buiLt by Belt Aerospace. In order

to rescue the pi Lot in case of engine failure this trainer had an

ejection seat provided with a rocket engine. During one of the

training fLights, on May 6, 1968, due to contro L problems the trai-

ner maneuvered into an uncontroLLab Le position angle and its pilot,

NeIL Armstrong (who Later became the first man to step on the moon)

was saved by the ejecting seat.

The other trainer was built for research and development tasks

related to its Landing functions on the moon. It was Located at the

T.angLey Research Center. This trainer consisted in a tall ~upport

structure with a moving hanging part to which a mock-up of the moon-

-Lander was attached. The suspending arrangement allowed the

mock-up to move 110 meters Lengthwise, 15 meters transversally

and 55 meters verticaL Ly. This suspension allowed any rotation of

the mode L around alL its three axis and the models weight was

5/6 of the real weight to simulate the conditions of the Lunar gravi-

tationaL field. To keep the mock-up aloft and for steering purposes

6
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it had reaction engines fueled by hydrogen peroxide. The model. could

achieve a speed of up to 27 cm/h .

In 1971 in Houston a simu Lator of the Sky lab ca te tl it e  was

introduced . It assured a real ist ic  simulation of a L L  its systems and

equipment including of a lL  experiments planned onboard . The simu-

lator was contro lled by a IBM 360 ModeL 65 computer. In 1972

NASA finalized its bids order for the construction of a simulator

for a rocket-craft (Space ShuttLe).

As in the American space centers, space ship simulators are

wideLy used at the Soviet Cosmonauts training center at “Star City”.

During the joint flight Soyuz-ApoLLo preparations the Soviet

cosmoriauts trained jointly with their American couterparta on the

complex Soyuz apace ship simulators. The Soviet crews aLso trained

at the American Center. According to their comments the training

with these simuLators assured a very thorough technica l preparation

of both crews.

The complex simulator of the Soyuz space ship Is substantially

simiLar to the ApoLLo command moduLe simuLator. FundamentaL Ly it

isan exaqt reproduction of the reaL space ship for a two-membered

crew. For docking operations exercises of the spaceship with the sa-

teLLite station Satyut the docking simuLator VoLga is used. It

consists in an exact copy of the Soyuz spacecraft adjoining an

exact copy of the Satyut station which aim it its opponents dimi-

nished models up to a distance of 15 meters. The aimed-at object

is observed by the coernonauts through a periscope or by means of a

te levision image .

Next times Czechoalovak f Light trainers and simulators

-
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SimuLator compLex of the ApoLLo command module . In foreground -

contro l and steering section ~f the simu lator

Cosmonauta V.A. Dzhanibe tcov and B.fl. And reyev in front of a Soyuz

spaceship simuLator.
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Trainer for moonLaridjn~ exercises - BeLt. Aerosystems.

~~~~~~~~~~~

DeveLopmental simuLator for rnoonLanding - NASA
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R ‘~~- e ~~~~~~~~~~ ‘~f ~he ,~oint Soyuz — Apo!J~ fti~~~t. A.’ . rLtl pchentco

and N.N. Rukavishnikov at the contro L pane L of the Soyuz simulator.

:~
‘

Another reserve crew for the

____ 

joint Soyuz — Ap ollo fL igh t .  V.A
i~T~ i 1~T~~~“t’ flzhanj be lcov and B.fl. Artdreyev

I during training. In background -

- simulator of the spaceship

~~~~~~~~~ Soyuz .
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