+ 11214111111 - 1 -* 59 59* Autononopus safety system for the uSers of vehicle
sinmul ators The invention relates to an apparatus and to

operating a safety systemfor the users of vehicle sinulat owmmmmmmto
shorten the learning process involved in [earning to use dif erep gﬁhlcles
and, in practice, to 10 mnimze risks both in the |n|b+a¥~phase* such a
process and in relation to training, increasing use is being nade in recent
times of appropradgcsionsl 8b@esy Fostéhi SoPWHROSEerBEcF0v3R081823 955 B4
describes a 15 nethod for S|nulat|n Svents. and processes associated with

aircraft, |and-based vehicles or Sand a correspondi ng simnul ation
system for exanple. It is the underlying object of this invention to

activate a sipRdl atdRmcdew creellarterseado tarmea S dougiy the datR+Z8qr equi red

for activation are supplied i mul ation pro ran1 not
ol g e s R Bt Pod B SURGEa tP4t ShEy Chised yehilen  ranager

shoul d be comiensateds.Here, the term"real tine" is taken to nean the tine
25 actually required by processes in the real world. The term"real tine"
does not refer to a particular speed or processing power of_the program or
of the contr&ﬂeﬁrQEH RRr sPPTIER AdE t AKX S rBRRCHW T hitAVAhTeh the system
must respond.lethreiher np" hatedeytferefierseiioclee3Gerplr iiod pofactiiine, bebween an
action angd t rre n .t hat. _i;s e expe, d, ji.e a
delay. T g eggéhﬁﬁg f%% urebépgtec e%hg Q%lal ﬁ’§% %ﬁéﬁf data do
not arrive oProckes e dat agayimhi ¢ éma§@§n9$ ﬂmPFééSbygdaﬁa fBom
enpirical valgasgomaby 38 detent romdy et Qpprobribati OMmProgians, and these
data are then sent to the notion controller of the real-time simnulation
device.[0046]. No indications on the operation of a safety systemfor the
user of a vellicg etlsisubarpeseanbDBe fouhOhep@3 PPDP11R4 1d49¢did91411 - 2 -

DE 600 2@546§éﬁ%oEUF&ﬁ?rQP%&&&EE&&0§€§n@b"ﬁﬁaaﬁﬂ®ce%gggtaé@d%ﬁa%@ﬁr degrees
of freedom which achi eves the object of nDV|ng a nobi | g?ate Wi t h four
g

degrees of freddofdCHRitgh Sp@ETPARAIWERIELR ﬂraé’ééleéi: tbn28Ad3of

posi tioni ng Kh&I@BDthlpbaBémmiathmfﬁgﬁth&Mﬁhﬁ)mem@l&ccﬂmady tHere, the

tefm"para"%ndreq@gah zs f{eft%r L0;8,60POL i . 'acém,ar@é'tgp"mty
8ed réT ) e

of actuators 1s ar €l ng possl use a robot
of this kind Sifvdadiryi rﬂge@qﬂn altlorrelaér ‘alriﬁ)t 6We0erﬁhﬂ0§h f%?e efafple. In
thi s pubbbcatdeguiriear aldol robotvwtiidnh sdve deghgesiaf féepdonbar eamenti oned

n connection .ot LRE RLIQL Al unl eSS PehBg daed I LT ghtest gukators of

intention being that a latency caused by a data manager
should be compensated.
Here, the term "real time" is taken to mean the time
25 actually required by processes in the real world. The
term "real time" does not refer to a particular speed
or processing power of the program or of the controller
but merely defines the timeframe within which the
system must respond. The term "latency" refers to a
30 period of time between an action and the occurrence of
the reaction that is to be expected, i.e. a delay.
The essential feature protected in this patent is that,
if data do not arrive on time, the data gap which
arises 1is filled by data from empirical wvalues or by
35 data from previous simulation programs, and these data
are then sent to the motion controller of the real-time
simulation device. [0046]. No indications on the
operation of a safety system for the user of a wvehicle

simulator can be found here.
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+ 15 disclosed in US 5 333 514 and' US 5 715 729, for exanple. To achieve the
object stated in DE 600 20 466 T2, .a parallel robot is described which
consists essentially of a special arrangenent of a parallel Iinkage (3), a
20 moving platform (4), coupling conponents (42) and kinematic el ements
(33). This publication does not deal w th_safety systens for the users of
vehicle simulators. 25 It is therefore the underlying object of the
apparatus according to the invention and of the correspondi ng nethod to
propose an apparatus and a nethod where the primary concern is not only
obt ai ni ng opé&Eat fonal2kndvbedte dhrvbbrobes hlitscabsest he Sabetylef the user

30 of a Veh'QI %hmwl %O%OUQ Eﬂ%r%%gn%foEi%e%%ﬁh%hggh %%HH%XQ gﬂsaCCIdent

The object is achl eve ratus as cl
net hod as cl &P¥EEt rPfcIIa?‘fﬁ“ig 35mOP|lé9r ®lptestbiid afper spegrese 9|few of a

vehicl e SBrfu|f&Te@ldmeIagUfkﬁg21 splews aadpharhviaewiefh aktcapeakatys asgording to

the inventi on, %Eé%%lonmﬁ qhvxés %OE)E?ndg\il ew of of @ Sé saf t hsxéstt(:aLg] accordl ng

to the |nvent| o] Jrew ot s Taf's y syg dccor di ng
to the inventingh aqlflugf@rce’ -5:Hegtsowstlee ptarm vl'egratlaeherébont ssrusedre 100f a
saf ety systemacgerdirngcbo taherbsaantmn fth Q4 e aﬁ nﬁm%lac&regcl gk design

for a heav vehlc e cockpit I gure ective view of a
vehicle si )r/rulaéft 8P EPRS ﬁépFaFaH% ?Wo?lartaﬁgre\g@f ltA él%ﬁgclpgsééehﬁl £°3 havi ng

a cockpi tOuppere partotdt haf tans beiwnpenedaf driboagdsngulstoovedria the

desired manng,dR 3HiFBOSI 095 Ly, {mans of a flange-nmounted robot arm1 in
20 accordance with the instructions of a vehicle trainee and the defined

responses of & sihi abohl FriogiamParrtltd i BPRPosViFonSikneegserpit 3 is
supported onof damudug |ayerménasoride iwpcpanéciofort heitioatdéngrappar at us 5,

sald layer belng shaped ko, éﬂtug%dt 1%, 23 1600! %&quLtgpthQd%aél dengl the

cockpit. Respective boar stairs e topnost Step for
conveni ehP beEE@iLRgEd| ekl t§ the3 héilght and the Boar ng72290nef©f-’ t he
cockpit 3 onédxehpisi.des. Al the treads shown are provided on both sides
with a sensor, 30ac

to the controlol ha%/eer Zt%é\ll\glf)ap?c y§‘t Sﬁhegsalglgo §8%02§ox2£st£% sgwga: g(ra
boar di ng appa?raatadéeg. riokognd spatasianilogd ewdcdi memtsisspecisslensensdys (not
shown speci aldty hesgdce Promifeddn one; opa PRIt Pf 1inkage (3), a
20 moving platform (4), coupling components (42) and
kinematic elements (33). This publication does not deal
with safety systems for the users of vehicle

simulators.

25 It is therefore the underlying object of the apparatus
according ~to the invention and of the corresponding
method to propose an apparatus and a method where the
primary concern 1is not only obtaining operational
knowledge of vehicles but also the safety of the user

30 of a vehicle simulator in the event of a technical

fault or an accident.

The object is achieved by an apparatus as claimed in
claim 1 and by a method as claimed in claim 7.

35 |
The apparatus according to the invention is described

in greater detail below. More particularly:



35 the treads to neasure the weight or nmass of the respective persons
clinmbing onto the vehicle sinulator. In this,way, the controller of the
overall system obtains additional information for the purpose of - 4 -
estimating the force that has to be applied by the robot to accel erate and
nove the cockpit 3. This increases the gperational safety of the vehicle
simulator since it is possible to nmake a realistic 5 estimte of the |oad
peaks i nduced by ? L mu| at.i pr.o i nposed. on .t and the
machine. It is fut}F ﬁgjr%%mn?'e %l?r%q'(p)sftgn?g?a{)grpaet%%el%gnﬁ% %Fogasa&%%ggg% i nf ormed
by neans of a plurality of %@ﬁ@cﬁftso_ron each seat and at each seat belt in
the cockpit 3 whefphglirthe: 10 seat 4s pLanpi ededndokheadsenpparsensed is
al so belted up. The boardi n% cErocgiess tang correct closure OF t he cockpit
must al so be nonitored by sERSOrEFitGurEe218KERET® pl an vi ew of an
appar at usSaccor di Aggtioet Be $mwent rorfrold TheewwoprKi iy 2ohet vf syhéemehi cl e
simul ator is indicated in the.fQinPfcd hecangybatrisange 8 depicted in
dashed lines. In the plan view, it 1s, possible to see here the robot arm1
and the connecti ofitfHERed $PWheveftds e VdG¥kRT 8 i FPEHE r 8YF6R™of the
boarding stair 6. In 20 figaceotirthepetestiaveotivhe robot used is denoted
by 12 The slew ngpiing.17. can,pe seef cancentdd cald ¥ yjqungd e pedest al
12, together with tlhe Funni ngorai?S 14 of tcﬁ%lg rescue unic_)t 35N Hgle position
forming tAe 25 extension of °f hed r G tar MSYStALs| KBRS elt&t | RSt o the
use of the rescue unit 13 camvéecfsound in figure 4. The safety perineter 9,
which is interrupthLduggl X-bé’hé%‘é’ entr edcoloarls 1e’sii S st}%\]/:m %rogggv he entire
access zone and wWOrRI ng zone Th this I?glure. i tor | ng 30 sensors 11 are
installed at all the cornersehickhewafatty perimeter 9. These nonitoring
sensors 11 can be designed as optical sensors which, in interaction with
respecti light-emtting units, have the.function of .a Light barrier for
each secggon Etg‘c?uﬁg ni tsg'roéﬁ’&. ﬁer@erﬁgeFEéVFanﬁéegf Phe Pi gﬁ’teh\hﬁégl engt h
used can ext enighflaamrvi $nblend i ghtle oposfitapred theheef | n A herehowdr area of
figure 2, a @Gk on AULALe A drnekied a3 god: arprgifction surface B
denoted by 34 -"5 - are shown in cross_section from above by way _of
exanpl e. Her €PE6; 0% BRAETEPFcES JCYEhr Bt 1978 LSO PreseTcaBeof a
proj ection walimeastibna siyngleanbend. aPridjseceranuatefiacebd8 asmemrbadi ed as a
proj eptl 93 Vvaalclco%dvénntcg Wh{)e{hdes ilk%]tr_q%ﬂocf%se il Lh%ehgglgurtfr%(}.ﬁeevm' ch
| i kewi se "serves ‘as a projection surface, cannot be seen in such a
represent ati @nd Bdys cdebmaksreabensafy ¢b eheéiprdpetenoRTABEABd d8ed can be
found at the wnd of1éheodesebhpt ite t6ckpgtr 8 3ishawppbheetir st wi ew of a
saf ety system aecording Lo the Inventd ol noaddi tipn ho. tig . gehghed robot
’ apparatus 5, said layer being shaped to match the
25 contour of the underside of the cockpit. Respective
boarding stairs 6, made wider on the topmost step for
convenient boarding, lead up to the height of the
boarding zone of the cockpit 3 on both sides. All the
treads shown are provided on both sides with a sensor
30 layer 7, which indicates access to the vehicle
simulator to the controller of the overall system as
soon as someone steps onto the boarding apparatus 5.
In one particular embodiment, special sensors (not
shown specially here) are provided in one or more of
35 the treads to measure the weight or mass of the
respective persons climbing onto the vehicle simulator.
In this way, the controller of the overall system

obtains additional information for the purpose of



+cockpit 3, the danping |ayer 4, the boarding apparatus 15 5 and the
boarding stair 6, shown in front view, the |left-hand entry door 10 and part
of the safety perinmeter 9 are specially indicated in this view Moreover
one of the nonitoring sensors 11 nounted at each corner is specially

i ndicated. 20 Figure 4 shows a side view of a safety systemaccording to
the invention. In addition to the pedestal 12 of the robot and the slew ng
ring 18 of the revol ut t I .25 denote , vol ut e
joint 2 deno?% J%E i&g r%V%ISPejrméhA g%ﬁoﬁéﬁ qﬁ@ oﬁ%¥ Y&int 4
denot ed by széﬁd r éeol ateejerate 5 afghotredeby t28 aQQCmetdﬁ}ecﬂhastachnent

of the cockpiinddaRekebyan heespenhare if-sgauepge. (fhe slewing ring 17
of the rescue unit 13, 30 mhlch was shown from-above in figure 2, is

furthermore iTIRYHATES coMEnt fitcat Py RASSAPLRe 5P eWiokg r? ng]fefslléfclf:he r obot
arm The bPescstipnite 1X i sheaSeddorpe&rmarmcagesdleyV\Anheh giamlke iaved to

t he |0cat'0ngﬂﬂxﬂéﬁl%ﬁér§ﬂg qj&yggh@%n3g Lai .14, The drive required
ere

for this purpose is omtte asons of clari he same appl ies
to the slew N rihgfWERFTOKE ri@@OTEathi £OI7 LhPhEOrdgete PERPEATT tO
furthernore censirsticeermeid &ﬂlﬁaanegdmnd R hrfaan tyl offt iskgsareesaueaphat f orm

25, which is sseeactugee A gB0R MRY: AOHE, BYe e L AU, S RGN O e

rescue platforn12 can be acconp owerin t unrt 27 or,
in urgentOcas®ft Py P isH e ﬁ@@cweeg slargesnge. anaﬂhpshEdgede 4, the

formation of @one@ha\n bba@cdfiH@Ctﬁr%e@%noiﬁ‘cﬂ asrraktbag Luepneat thean be
seen in the flo deno IIustrated in greater detail in

figure 5. InTheH r|gﬁPS%aﬁﬁs%.%Eiqﬁnﬁﬁ%ﬁﬁpe 4 SERE°proj ection 10 surface 33

i s shown frofiitdveesiZdehoBasikcptemarksvwref atn neprar dthes magjoedtingn toet hod
used can be fnd gknihgnend of the description. Figure 5 shows a plan view
of the floor structure 16 of 15 a safety systenlaccordlng to the invention.
The circuPar Bfed®SHON 29%6r €5 dfe sttt & t5iElat osatlet y nPdreseds, for
exanpl e, W thim tite cfoan af r bag eagulmflaaEgérenuea¢btea sai daanhedas when

there is a riskQf 'Irrp%ﬁe %aﬁ peLaon; o1 8 Lﬂg‘e 't% %re%erle&e dgop a 20

correspondi ng i npact from above, as’ in the case inacar. A
sensor (not SARRAY) ag ch #3d a5BF gReAnEst bR hthErens F@uﬁhepaﬁhﬂéﬂeareas
requi red and oafikeh tded e@hs thel apigl appspaehebpdaaldingy Jmssessi stHsed in

each casgjas gger gh.eyents. The required 25 covering depends on
t he areaﬁof t gh |r%é éefﬁ Fatgd S agegagduFﬁ 65e%§?958828¥e of the
robot arm1 tiFat is to be expected and/or is technically possible in

interaction wHeh deiGRCkRidg 317 30aki BUr &lnshowscarsResh al, design
accor di ng toéﬁ pedestal 12, together with the running rail 14 of
the rescue wunit 13 in the position forming the
25 extension of the robot arm 1. A side view relating to
the use of the rescue unit 13 can be found in figure 4.
The safety perimeter 9, which 1is interrupted only by
two entry doors 10, 1is shown around the entire access
zone and working zone in this figure. Monitoring
30 sensors 11 are installed at all the corners of the
safety perimeter 9. These monitoring sensors 11 can be
designed as optical sensors which, in interaction with
respective light-emitting units, have the function of a
light barrier for each section to be monitored. Here,
35 the range of the light wavelength used can extend from
visible light to infrared light.
In the lower area of figure 2, a projection surface A

denoted by 33 and a projection surface B denoted by 34



invention for a heavy vehicle cockpit 3. In this design, the robot arm1l is
repl aced by the robot arns of a‘:tot.al of ‘three robots. In this way, the

| oad of the vehicle cockpit is distributed between the three 35 robots 29,
30 and 31, which jointly support the vehicle cockpit 3 via the platform 32.
Here, the slewing ring 17 of the rescuesunit 13 with a running rail 14 of
appropriate length and the carriage 15 is assigned to - 7 - robot 29.

| nst ead of i@hgra%gggn bg%megpothree robotsf interconneq;ion of t robot s
may al so be SUFTi SPEAE | A sone tases c8 Reolsfilc RYEetioh dRY eV4l uati on
of char act er issten® lgac hilgee noikgws ecanobe sisethes F4speepréserioditirent of the
means of enswiind <RBROIRAGE OF f4 PpHamgent G MACHIIRE GOHIRER! $ehiat could

| ead to the unforeseeable failure of a robgot and hence to a risky _situation
for users ofE?ﬁjﬁﬁngEhF8F5a§?nﬁgaﬁér%&988%&9n@5t€-ﬁﬁ€3ﬁﬁ§éﬁpi&ﬁ.lThe

spect rum &6f nortmaltwioilsesid.hainobctin dasesg the oper atirdacef whdastri al
robots is reconded Ry sacqusthc §eps05ScANdh used- A% a Jalﬁfn%rte%%e-s.eﬁﬁth

ai rborne noise signals and structure=-borne noise signals are suitable 15
here. |f noi sids irsidd&PEEsBRRANM ot h BiSiherHitATel TaledidacyroanBfor of the
noi se | evel qaaurcdibnngethedoperat icam afe stina £10bohe EHéSofs télet ect ed by
an electroniquﬁghﬁ%hgncircuit and reported to the controller for the
entire system p nélng on the 20 extent of the deviation detected in this
way, it AHy be necessary to switch off the entire systemat the next '

acceptabl e timepak to psidwd mtapPr ephhat evaddi dronal shecks dyisicag the next
service. As anot her. en?odgﬁent $royision can be nade, in the 25 case of
drives using BEEHRe “Pr SHE 2% O B ement s, where premature failure can
be detected deousddicaldry onl $hai tstkewehpdgrediotdidfm cll t ghet oetriplley opti cal

sensors. Wt huph sensais _datmgjﬁgpqsaé;'elil &t o fetest ARG reeand cugusual
f 1 appi ng gr i eny155|bh§ vibration,30 of conmponents. |f unusual neasured
val ues occur, e RBasHreY AUEtTpné t Tasth nfFARE c¥s8Wof the

acoustical | y ldeitethed f auttry. Bapegel0o ehect pacal ednpahent sagkty vehicle
simul ator can,alig@lgadgto,pun é%ié%ﬁ} hngQEEéSU' . 33 unfgreseeabl e
ch damage

failures of the entire system Since such i's often revealed by the
formation of MYRSREETsesor 9L f GRedatdd(tiord NotiTeaise Shokeurbedmeffon are
provi ded as aapecioaheenbedspenialny thelicelewant parts - 8 - of the
system reover, energency generating sets and/or buffer batteries are
provided™to counter failure of the electric power supply. 5 A typical
operating seduence i4s sbhownabeligw vheu9oEtepsafety system according
to the invention.
In addition to the pedestal 12 of the robot and the
slewing ring 18 of the robot arm 1, revolute joint 1
25 denoted by 19, revolute joint 2 denoted by 20, revolute
joint 3 denoted by 21, revolute joint 4 denoted by 22
and revolute Jjoint 5 denoted by 23 and the direct
attachment of the cockpit 3 thereby can be seen here in
sequence. The slewing ring 17 of the rescue unit 13,
30 which was shown from above in figure 2, is furthermore
installed concentrically with the slewing ring 18 of
the robot arm.
The rescue unit 13 is based on a carriage 15, which can
be moved to the location of use thereof along a running
35 rail 14. The drive required for this purpose is omitted
here for reasons of clarity. The same applies to the
slewing ring 17 of the rescue unit 17. The rescue unit

17 furthermore consists of a 1lifting unit 27 for



- Met hod steps for the operation of the sinulator according to the invention
whi | e 10t aki ng account of safety’lights for-users 1. Standby sensors,
wor ki ng zone (on) sensors, boarding zone (on) 15sensors, entry gates (on)
sensors, canopy (on) sensors, seat (on) light (red) 202.Personal ID
sensors, working zone (on) sensors, boargi-ng zone (on) sensors, entry gates
(on) sensors, canopy (on) 25sensors, seat (on) light (red) 3. Parking,

ready for opgr; %ttllgal 3} e%rc%e(g )at¥09%t 65, (bt Eh30§e“~°é%&§ed 934 ding zone

(off) sensors, sensors, cano on) “sensors, $85t (on)
li ght (green)ﬂa% mronwhrHYn@ aexekanyg gafle leiseeritnd, r Yat Ehe| gsgceesensors,

entry gates (quaft)fosanaeréanb@ar dbREmg oNend Py 1owe9fmg8%%or1§,ftm5kl ng zone
(on) sensors, C%HQPy g 1%eQE8£§ﬂ:Sg§ge On%y'%%ans(qggenge rescue
5 slides 26. In this figure 4, the formation of zones
with a function denoted as "airbag equipment" can be
seen in the floor, denoted by 16. This is illustrated
in greater detail in figure 5.
In the right-hand area of figure 4, the projection
10 surface 33 1is shown from the side. Basic remarks
relating to the projection method used can be found at

the end of the description.

Figure 5 shows a plan view of the floor structure 16 of
15 a safety system according to the invention. The
circular areas shown there represent particular safety
zones 28, for example, within which an airbag can
inflate from each of said areas when there is a risk of
impact by a person or a machine in order to damp a
20 corresponding impact from above, as in the case of the
alrbag in a car. A sensor (not shown) which is assigned
to each of the round partial areas required and which
detects a rapid approach by falling masses 1is used in
each case as a trigger for such events. The required
25 covering depends on the area of the airbag in the
inflated stage and the operating zone of the robot arm
1 that is to be expected and/or is technically possible

in interaction with the cockpit 3.

30 Figure 6 shows a special design according to the
invention for a heavy vehicle cockpit 3. 1In this
design, the robot arm 1 is replaced by the robot arms
of a total of three robots. In this way, the load-of
the wvehicle cockpit is distributed between the three

35 robots 29, 30 and 31, which jointly support the vehicle
cockpit 3 wvia the platform 32. Here, the slewing ring
17 of the rescue unit 13 with a running rail 14 of

appropriate length and the carriage 15 is assigned to



+5. ©pen canopy, boarding sensors, entry gates (on) sensors, boarding zone
(off) sensors, working zone (on) 10sensors, canopy (off) sensors, seats
(off) light (green) 6. Put on belts 15sensors, entry gates (on) sensors,
boardi ng zone (on) sensors, working zone (on) sensors, canopy (off)
sensors, seats (on) 20light (green) 7.- Gl ose canopy sensors, entry gates
(on) sensors, boarding zone (on) 25sensors, mnrking zone (on) sensors

canopy (on) Sensors,, seats gon)g q&%rac%d) o3 Ew%rle%_%os& Ry
adj ust nent sensors, entr ates (on) sensors, Soard zone fbﬁ) sensors,

wor ki ng zone ln;i@rrucwper:tft@nc@f tm)rmtsmrr@ay osalrﬁs)p;be( mv)ffass@nsom seats
(on) light (regk 2aStart simulation - 10 -

5 Acoustic detection and evaluation of characteristic
machine noises can be used as a special embodiment of
the means of ensuring protection from damage to machine
components that could lead to the unforeseeable failure
of a robot and hence to a risky situation for users of

10 the vehicle simulator according to the invention. The
spectrum of normal noises that occur during the
operation of industrial robots is recorded by acoustic
sensors and used as a reference. Both airborne noise
signals and structure-borne noise signals are suitable

15 here. TIf noises outside the Dbandwidth of the normal
frequency and/or of the noise level occur during the
operation of such a robot, this 1is detected by an
electronic analysis c¢ircuit and reported to the
controller for the entire system. Depending on the

20 extent of the deviation detected in this way, it may be
necessary to switch off the entire system at the next
acceptable time or to perform appropriate additional
checks during the next service.

As another embodiment, provision can be made, in the

25 case of drives using belt-like transmission elements,
where premature failure can be detected acoustically
only with wvery great difficulty, to employ optical
sensors. With such sensors, it is possible to detect
and record unusual flapping or impermissible vibration

30 of components. If unusual measured values occur, the
same measures must be taken as in the case ©of
acoustically detected faults.

Damage to electrical components of a vehicle simulator
can also lead to unwanted and, in particular,

35 unforeseeable failures of the entire system. Since such
damage 1is often revealed by the formation of smoke,
sensors for detecting noticeable smoke formation are

provided as a special embodiment in the relevant parts



©sensors, entry gates(on) sensors, boardi ng zone(on) sensors, working zone,
peri neter sensors, canopy(on) fence, (on) 5 sensors,seats(on) |ight(red)
10. End simulation sensors, entry gates(on) 10 sensors, boardi ng zone(on)

- 8 -

of the system. Moreover, emergency generating sets
and/or buffer batteries are provided to counter failure

of the electric power supply.

5 A typical operating sequence is shown below in 19

steps:
Method steps for the operation of the
simulator according to the invention while
10 taking account of safety lights for users '

1. Standby
sensors, working zone (on)
sensors, boarding zone (on)
15 sensors, entry gates (on)
sensors, canopy (on)
sensors, seat (on)
light (red)

20 2. Personal ID
sensors, working zone (on)
sensors, boarding zone (on)
sensors, entry gates {(on)

sensors, cahopy (on)

25 sensors, seat (on)
light (red)
3. Parking, ready for operation

sensors, entry gates (off) _
30 sensors, boarding zone (off)
sensors, working zone (on)
sensors, canopy (on)
sensors, seat (on)
light (green)
35
4. Boarding access, gate unlocking, gate closure
sensors, entry gates (off)

sensors, boarding zone (off)



- sensor s, wor ki ng zone, peri neter sensors, canopy(on) sensors, seats(on)
11 Return to parking position sensors,entry

i ght(red) fence,

sensors, canopy(on)

10

15

20

25

30 8.

35

(on) 15
gates(on) sensors, boardi ng zone(on) 20

sensors,
sensors,
sensors,

light

sensor s, wor ki ng zone,
_9_

working zone (on)

canopy (on)

seat (on)

(green)

Open canopy, boarding

sensors,

sensors,

sensors,

sensors,
sensors,
light

entry gates (on)
(off)

(on)

boarding zone
working zone

(off)

(off)

canopy

seats

(green)

Put on belts

sensors,
sensors,
sensors,
sensors,
sensors,
light

entry gates (on)

boarding zone (on)
working zone
{off)

(on)

(on)
canopy

seats

(green)

Close canopy

sensors,
sensors,
sensors,
sensors,

sensors,

entry gates (on)

boarding zone (on)
working zone (on)
canopy (on)

seats (on)

light (red)

Working position, adjustment

sensors, entry gates (on)

sensors, boarding zone (on)

sensors, working zone, perimeter fence, (on)
sensors, canopy {(on)

sensors, seats (on)

light (red)

Start simulation

peri met er



- sensors, seat s(on)

peri meter sensors, canopy(on) sensors, seats(on) fence,

10

15

20

“25

30

35

l'ight(red) fence,

(on)

12.
sensors, entry gates(on) sensors, boardi ng zone(on)

Par ki ng position -25
sensors, wor ki ng zone,

10.

11.

12.

13.

S5ensors,
sSensors,

sensors,

sensors,

sensors,
light

(on) 30
_10_

entry gates (on)

boarding zone (on)
working zone, perimeter fence,
canopy (on)

seats (on)

(red)

End simulation

sensors,
sensors,
sensors,
sensors,
sensors,
light

entry gates (on)

boarding zone (on)

working zone, perimeter fence, (on)

canopy (on)

seats (on)

(red)

Return to parking position

sensors,
sensors,
sensors,
sensors,
sensors,

light

entry gates (on)

boarding zone (on)

working zone, perimeter fence, (on)

canopy (on)

seats (on)

(red)

Parking position

sensors,
sensors,
sensors,
sensors,
sensors,
light

Unlock canopy,

sensors,
sensors,
sensors,
sensors,
sensors,

light

entry gates (on)

boarding zone (on)

working zone, perimeter fence, (on)

canopy (on)

seats (on)

(red)

open

entry gates (on)

boarding zone (on)
working zone,
(off)

(off)

perimeter fence, (on)
canopy

seats

(red)

(on).



i ght(red) 13.
sensors, boardi ng zone(on)

belts, get out sensors,
5sensors, working zone,

14.
sensors,
sensors,

5 sensors,
sensors,
sensors,
light

10 15.
sensors,
sensors,
sensors,
sensors,
15 sensors,
light

le6.

door,

20 sensors,
sensors,
sensors,
sensors,
sensors,
25 light
17.
sensors,
.sensors,

30 sensors,
sensors,
sensors,
light
35 18. Standby
sensors,
sensors,

sensors,

Unl ock canopy,
35
sensors, canopy(off) sensors, seats(off) fence,
entry gates (on) sensors,
perimeter fengeil (©on)

Exit via boarding

Leave boarding zone,

open sensors, entry gates(on)

sensors, wor ki ng zone, peri neter

(on)

Undo belts, get out

entry gates (on)
bbarding zone (on)
working zone,
(off)

(off)

perimeter fence,
canopy

seats

(red)

Close canopy

(off)
(off)

perimeter fence,

entry gates
boarding zone
working zone,
(on)
(off)

canopy

seats

(green)

zone, open gate,
(off)
(off)

perimeter fence,

entry gates
boarding zone
working zone,
canopy {(on)

seats (on)

(green)

close gate
entry gates (on)
boarding zone (on)
working zone, perimeter fence,
canopy - (on)

seats (on)

(red)

entry gates (on)

boarding zone (on)

working zone, perimeter fence,

light (red)
boar di ng zone (on)

14 Undo

(on)

close

(on)

(on)



*sensors, canopy (off) sensors, seats (off) light (red) 1015 C ose canopy
sensors, entry gates (off) sensors, boarding zone (off) sensors, working
zone, perineter fence, (on) sensors, canopy (on) 15sensors, seats (off)
light (green) 16 Exit via boarding zone, open gate, close door, 20sensors,
entry gates (off) sensors, boarding zonex(off) sensors, working zone,
perineter fence, (on) sensors, canopy (on) sensors, seats (on) 25light
(green) 17. Leave boardipg ggnebaﬁg gate sensors, entry gates (on)
sensors, boarding zone % ? DSEnsor rking zone, perineter fence, (on)
sensors, canopy (on) séﬁ@é@ésrs%%ﬂ%ﬁ(kﬂﬂ light (red) 3518. Standby sensors,

entry gates (on) light (red)

5 19. Switch off, charge batteries of emergency

systems

sensors, entry gates (on)

sensors, boarding zone (on)

sensors, working zone, perimeter fence, (on)
10 ' sensors, canopy {(on)

sensors, seats (on)

light (red)

One significant component of a wvehicle simulator is the
15 projection surface which simulates for the user the
reality to which he must match his motor responses.
Conventional projection methods often use curved
projection surfaces which not only require complex
controllers for the respective partial areas and
20 expensive projectors but are also dependent on a heavy
and expensive holding apparatus for such a curved
overall surface. A large-area holding structure of this
kind itself already represents a risk since the
necessary stability is often skimped  here. The
25 autonomous safety system according to the invention
therefore uses a projection surface which consists of
flat but flexurally rigid, lightweight projection
surfaces. In the simplest case, these can be two
vertical projection surfaces abutting at a suitable
30 angle which are covered by another surface, as it were
as a "lid", to simulate the sky. The abutting edges,
formed in this case, of the adjoining surface
components are precisely defined and can therefore be
managed relatively weasily 1in terms of programming.
35 Moreover, the illumination points representing these
abutting edges are very small and the corresponding
transition zones therefore do not appear in the overall

image. The relatively 1light holding apparatus for a



. sensors, boarding zone (on) sensors, working zone, perineter fence, (on) -
12 - sensors, canopy (on) sensors, seats (on) light (red) 519 Switch off,
charge batteries of energency systens sensors, entry gates (on) sensors,
boar di ng zone (on) sensors, working zone, perineter
fence, (on) 1l0sensors, canopy (on) sensogsy seats (on) light (red) One
significant conponent of a vehicle sinmulator is the 15 projection surface
whi ch siml ate: e h S not or
responses. ﬁ?%é%glSHggggétﬁ%%gﬁ%¥%%ﬁ§Bbf é%pdggl % g%%?gjgétlon

surf aces whl@ﬁdﬁéﬂoﬁﬁﬂysﬁéﬁbYr%ﬁRﬂﬁﬁm ex controllers for the respective
partial areas and 20 expensive projectors but are al so dependent on a heavy
and expensivgi %Idlng ﬁ R%{atus for such a curved overall(iurface

| ar ge- ar ea hot°#iAg st ? e SPmP F€ KN c?is@FPCSFF%EdYM} pregBAts a risk
si nce the5ne¢e@s&sylsgabpf|tyhes o¢herrskiwpetl herpiirkhe a25 spetandnous
safety syste@d%ggquFgggggmthe invention therefore uses a projection
surface which consists of flat but flexurally rigid, |ightweight projection
surfaces. In the sinplest case, these can be two vertical projection
surfaces abutting at a suitable 30 angle which are covered by anot her
surface, as it were as a "lid", to simulate the sky. The abutting edges,
formed in this case, of the adjoining surface conponents are precisely
defined and can therefore be nmanaged relatively easily in terns of

progranmm ng. 35 Moreover, the illum nation points representing these
abutting edges are very snmall and the corresponding transition zones
therefore do not appear in the overall image. The relatively |ight holding
apparatus for a- - 13 - projection surface configured in this way
represents an additional safety aspect. Control of the conplex notion

processes and signal 5 processing of the sensors used require a speci al
control program



+- 14 - List of reference nunerals 1robot arm 2cockpit upper part 3cockpit
4mounting | ayer for the cockpit 5boardi ng apparatus 6boarding stair 7sensor
| ayer 10 8operating zone of the vehicle sinulator 9safety perineter 1l0entry
door l1llnmonitoring sensor 12pedestal of the robot 1 15 13rescue unit
14running rail of the rescue unit 15carrthage of the rescue unit 16fl oor

w th airbag equi pnent 17slewing ring of the rescue unit 20 18slewing ring

of the robot arm 19revolute j grnf 1 %%r%Q% r ngrg 20revolute joint 2 of
t he robot arm 21revol ute jorﬁ%—éLe%f%he—fﬁgﬁﬁ—arﬁr;grevolute joint 4 of the

robot arm
1 robot arm
2 cockpit upper part
5 3 cockpit
4 mounting layer for the cockpit
5 boarding apparatus
6 boarding stair
7 sensor layer
10 8 operating zone of the vehicle simulator
9 safety perimeter
10 entry door
11 monitoring sensor
12 pedestal of the robot 1
15 13 rescue unit
14 running rail of the rescue unit
15 carriage of the rescue unit
le floor with airbag equipment
17 slewing ring of the rescue unit
20 18 slewing ring of the robot arm
19 revolute joint 1 of the robot arm

20 revolute joint 2 of the robot arm
21 revolute joint 3 of the robot arm
22 revolute joint 4 of the robot arm
25 23 revolute joint 5 of the robot arm
24 railing of the rescue platform -
25 rescue platform
26 rescue slide
27 lifting unit of the rescue platform
30 28 safety zone
29 robot 1
30 robot 2
31 robot 3
32 platform
35 33 projection surface A

34 projection surface B



- 25 23revolute joint 5 of the robot arm 24railing of the rescue platform
25rescue platform 26rescue slide 27lifting unit of the rescue platform 30
28safety zone 29 30 31 32platform 35 33projection surface A 34projection
surface B - 15 - Patent clains 1) An apparatus for the safe use of a
vehicle sinmulator in the formof a sipuhgtion cockpit (3) 5actuated by
means of a 6-axis robot, in particular of a flight simulator, having a)an

access zone, which is open only tga£go§e ﬁg&ﬂgrized and has a nunber of

saf eguards, 10b)a rescue unit (13); be noved on a running rai
(14) to each location of the operating zone of the vehicle sinmulator,

wherein this nescug udbbakasud resecuechd atfordn (2, & rail irgi44) and a

S s (Zgamulator in the form of a simulation cockpit (3)

5 actuated by means of a 6-axis robot, in particular
of a flight simulator, having

a) an access zone, which 1is open only to
those authorized and has a number of
safeguards,

10 b) a rescue unit (13), which can be moved on
a running rail (14) to each location of
the operating zone of the vehicle
simulator, wherein this rescue unit has a
rescue platform (25), a railing (24) and a

15 rescue slide (26),

c) a shock-absorbing surface installed
throughout the entire operating zone,
wherein said surface extends over the
entire operating zone of the cockpit (3),

20 d) a projection surface (33, 34) made up of a

plurality of planes.

2) The apparatus as claimed in claim 1, characterized

in that
25 the cockpit (3) 1is secured on a platform (32)

which is, in turn, actuated not by just one 6-axis

robot but by at least two 6-axis robots.

3) The apparatus as claimed in c¢laim 1 or 2,
30 characterized in that
the access zone is formed by at least one access
door safequarded by at least one monitoring sensor
(11), and 1in that each access door leads to a
boarding stair (6), which is monitored by means of
35 a sensor layer in respect of entry and/or of the

weight of the person entering.



- ¢) ashock- absor bi ngsurfaceinstall ed throughout the entire operating zone,
wherein said surface extends over the entire operating zone of the cockpit
(3), 20d)a projection surface (33, 34) made up of a plurality of planes. 2)
The apparatus as clained in claim1l, characterized in that 25the cockpit
(3) is secured on a platform (32) whiehigss in turn, actuated not by just
one 6-axis robot but by at |east two 6-axis robots. 3) The apparatus as
clainmed in clgim r ragteri in_t e cess.zone,i s fornmed
by at |east éﬂe a§8§s$%88§%gggfgéugﬁééﬁg%ygatQﬁ%aé? 82§9ﬁ%n3tgPi%g sensor
(11), and in that ceaercheEessddborthatads to a boarding stair (6), which is
nmoni tored by nmeans afho2%a s3RRIBAnhakelr rhBel @5REE1 168 €Rt kheanrdiek yof the
wei ght of the person enterlng. - %g - 43 The %gﬁaraagg.ai.cL imed in one
of clainms 1 to 3, 2CR&r SRPEFPERACT n*FRatCVer+0% Shot KU HESS i Ysaff ace
i nstall edSin the safbeyg-idke densists of the covering of a multiplicity of
5ai rbag-1i ke devices. 5) The apparatus as clainmed in one of clains 1 to 4,
characterizeggin that inmmnent failures in the robaot conponents are 10
det ect ed by méans '6f AEBASELESafd/ 6r2oPEfcalr RB&NnST &na Tai fuf8s?n the
el ectrical systensharecdeteet@dibytheans of snoke detecting neans, and said
fallures are takenhahenacCountuidy the, PLAGrapghag: donfineHia agparatus as
g

clainmed in one of the precedin , .
10 detected by “means of acoustic and/or optical

means, and failures in the electrical systems are
detected by means of smoke detectihg means, and

said failures are taken into account in the

programming.
15
6) The apparatus as claimed in one of the preceding
claims, characterized in that
an alarm is triggered in the event of
predetermined. fault indications or foreign-body
20 indications.
7) A method for the safe use of a vehicle simulator
in the form of a simulation cockpit (3) actuated
by means of a 6-axis robot, in particular of a
25 flight simulator, having

a) an access procedure (method steps 1. to 5.
and 11 to 19) which safeguards the access
zone, .

b) provision of a rescue unit which can be

30 moved to any location of the wvehicle
simulator (method steps 6 to 10),

c) the provision of a shock-absorbing surface
installed throughout the entire operating
zone, wherein said surface extends over

35 the entire operating zone of the cockpit

(3) (method steps 6 to 10),



-claims, characterized in that anal arm stri ggeredi nt heevent of
predeterm ned fault indications or foreign-body 20indications. 7) A nethod
for the safe use of a vehicle sinulator in the formof a sinulation cockpit
(3) actuated by neans of a 6-axis robot, in particular of a 25flight
simul ator, having a) an access procedurey(nethod steps 1. to 5. and 11 to
19) which safeguards the access zone, b) provision of a rescue unit which
can be 30noved to an )Ioc%(ieonro_\;itihoen Ve, iacl e, s.iec Ii%tnorS Q{gt Qo ;steps 6 to
10), c) the provision’'of a ShotK? absor bi ng Surtace i fhistar T edct rotughout the
entire operating zone, whéfki mass dupuréfice ertlendsibyerof3srhAenentire
operating zone of the cockpéthdd)st hodosteps 6 to 10), - 17 - d)the
provi sion of a projection surface (33, 34) made up of a plurality of
pl anes, (nethod steps 6 to 10). 5 8)The nethod as clained in claim?7,
characterbze®)i n That mehkodoekpiia{Bddisn actaiat e ndtarbytiewstednén6- axi s
robot but by at |egst two 6-axis robots. 10 9)The nethod as clainmed in
either of clains 7 or 8, characterized in that _ .

the cockpit (3) is actuated not by just one 6-axis

robot but by at least two 6-axis robots.

10 9) The method as claimed in either of claims 7 or 8,
characterized in that
a shock absorbing surface installed in the safety
zone consists of the covering of a multiplicity of

airbag-like devices.

15
10) The method as claimed in one of claims 8 to 10,
characterized in that
imminent failures in the robot components are
detected by means of acoustic and/or optical
20 means, and failures in the electrical systems are

detected by means of smoke detecting means, and
said failures are taken into account in the

programming.

25 11) The method as claimed in one of claims 7 to 10,
characterized in that
an alarm is triggered in the event of

predetermined fault indications or foreign-body

indications.
30 _
12) A computer program having a program code for
carrying out the method steps as claimed in one of
claims 7 to 11 when the program is executed in a
computer.
35

13) A machine~readable medium having the program code

of a computer program for carrying out the method



-a shock absorbing surface installed in the safety zone consists of the
covering of a nultiplicity of airbag-like devices. 15 10) The nethod as
clainmed in one of clainms 8 to 10, characterized in that immnent failures
in the robot conmponents are detected by neans of acoustic and/or optical 20
means, and failures in the electrical -systens are detected by neans of
snoke detecting neans, and said failures are taken into account in t he
programm ng. 25 11% Th net hod_as clal in one., of _clains .7 to
characterized in that gné?é?nﬁ?tfrﬁb %%eeventdf p?gdé#érnlE d fault
i ndi cations or fopgcghabody $X@ﬁ@%ﬂddwsa-3@m@2yeA conput er program having a
program code for carrying out the nethod steps as clainmed in one of clains
7 to 11 when the programis executed in a conputer. 35 - 18 - as clained
in one of clains 7 to 11 when the programis executed in a conmputer.



