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SUMMARY:

Measures of acceleralions takan on he Oclopus nde show that fders are sulbjecied
to g-forces acting In X axis [posttive 0.43 — negative 1.75g). ¥ axls (posltve 1.15 —
negative 1.32 g} and Z axis posiilve 2.46 — negative 0.77g). Due to uncommon, but
possible, combinations of accelerations leading to a force vecior that will
simultaneously elevate and propel the occupant foraards the handral ls an essential
part of the rdes contalnment for passenger salely. As weall as for contalnment
pumposas, passengers will be dependant on this handrall to brace against forwards
and sideway movement

The handrall Is made up of two ralls that close centrally. The central gap between
the baa sldes of the sliding handrall should b= slignificaniy less than S<4mm o
ensure that ejection cannot occur throwgh his gap. The gap on the modified nde at
Symonds Yat ks now 31mm, and s adequate to elminate the gaction of passive
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1.0 Introdusdlon

Al the reguest of HE Inspechor Janics Dale | wisibed the Oclopus Fde ak Symonds Yal
West Lelsurs Park, Ross on Wyes, Herefordshine, HES EBY on 2412 July 2008 bo

perfomm an srgomomics assessment of the Fde con@ainment systemis. This was
Tolicwing previous: Rf=rvenbon from HM inspechor Dale wiven she had rsquesied) bt

the confamiment sy=iem be mprovwesd by dosing a gap in the Bandrals where || was
thowght a small passenger could be ehecied during rde opEration.

1.4,  &lmc

Thie alm of B srgonomilcs assessmenl of e Ocopus was o esiabliskh Ehe
effectiveness of B mproved contalnment system (e, handrall and fron car cover]
A% A means of prevenbdng passemnpeErs bem) specied from the rde (gheen the rids
Torces which wil be =rpedemoed )

1.2 The Cotopus Rids

The Octopus I5 3 rotating fde with passenger cars that are pivoted on the end
of a long elevating arms. During the rodation cycle the octopus 1ps, sending
the passenger cars wpward, 50 while expenencing two dagrees of rotation the
pocupants are also elevated and lowered 3-8 tmes each rotation. A picture,
taken from video of the fde Is provided In Photograph 1.

Fhaotograph 1 Cotopus ride mild oyols.

After recend Intereniion from HE inspecior Janiice Dale, the ride osner had afbered

part of e comtalnment syshem o narmow a gap bebveen e o Sides of &
horizontal, handrall Biat can be spit amd Sk opsn 1o allow Sor possemger
mpgressiegress. The hamdrall ks lesrated in Fholograph 2. T =nds of the ral had
been Exi=nded o that when in @ closed posBon, L=, wien the rde s oocuplded;
thers was gap of 21mm betwesn the two snds whereas previousy the gap had been
of tre= magribades of 170 — 1E0mm. In order o iepress o e dde, G =nine ride

Troint |5 fipped Toraards and dowrssands (hingesd at the ares below e ocoupanit's
bnee, & showen In Phiodopraph 3). Each skde of @hie conainmend hamdrall s Gen shd

open o creaies a gap In the front where the riders can INgress'egress.
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Fhotograph 2 Front wiew of the Cotopus ride, showlng the kamdrall In
thie olocsd poslilon.

Fhotograph 3 Front view of the Cotopuc rids, chowling tha rids front
Hipped open and the kandrall in the open pocldon, to allow

paccengars io Ingrecc/esgracs.

In order io asceriain whether the present, modified system of containmesnt s
adeguabe, mEasuremeEnt of the g force applcabon of the rids were BEem o

undersiand the probable movements: of the occupants experienced on the ride.

Exta afiznbon was glven io whethar the g foroes axpenenced by e ide sooupants
woald force Sem o el forsards or upwands on the ride, and Sus eguire e

handrall for comtainment punpos=s.
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2.0 Rlda & Forosc
21 Forsss on paccangers and pacclve forser on handrall
Foross omn paccamgers

Az the ride moves, passengers experience foroes Siat can cause Sem b move In
perialn directions. This assessment of the forces on passengers and pobnial
direcons of passenger movemens, asmumes that pass=ngers are mot actvely rying
o micwe, L=, they are siiing passhely i the car.

i a passive passenger was sxperencing ride forces aciing forwands cut of e s=at
or verticaly upwards Fe passenger may slevats from helr seaied posibon wands
the Riandral. E s tren essential that the handrall i sdequate iy posiboned @0 cont@in
the passaner sahe iy wiliin the ride,

To assess e soope Tor passive passemnger ejaction, @ie fde forces wene Considers=d
during the ride cycle. During this cycke Ehe opsrabor was asked fo nun the ride as fast
as they feit confdent to, wERout risking damage to the ride. Thils was reporbedy
sighfy faster than they would run Be dde when passsngers wers on, but nof qus at
the full speed of the ride. The ride foroes ane shown on the following graph, In =ach
of the= three directions of acceleration. These g-forces wers measured for the
purpose of Fils report using rHaxisl pre-amplfled acc=l=romeier (Enran EGCE3-A-
257 Tasiened io the =i pan of the rAde=, af e occcupant posBon. T ride dsoussesd
below representsd a normal ide operation withoul passengers on T rde. |

determined the duration of ride operafon, while the spe=d of e fide was controled
enbirely by e operator.

Octopus g force overview - full cycle
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Figure 1. Meacured Oodopuc ride asoslsrationt durlmg =ntire fds oyols
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IMPORTART HOTE:

Al g-forpes are described relive o the seaf posBon e, relatns o the: posldon of a
seabed pErson). For example 3 negatve g-foe in thie y-axls woukd be & g-Sorce Sl
Wl push someone back against ther seat back, regardi=ss. of the orient@abon of
the ride nelative o the ground at thad point in dme.

The conventon for naming g-force drections ane provided in Sligune 2:

£ e

Flgures Muctrating the naming conventione of the sMeotc of rl-axic g-
forosc on cooupants of & talr grownd ride.

NOTE: smowe Indicate reculing ‘movemant’ of osoupant

¢ N-axk gforces ars fore'aft foroes
& Poshve = pushing & person aeay from Shelr seak back, sliding them
foraards.
s Nepgabve = pushing a person o B s=al back.

¢ Y-axks g-foroes ans side bo side forces
= Poslive = pushing & person o thedr =21 hand side {e.g. the cenbrfagal
force gensrabsd by the clociwise car rodabon ).
& Nepabve = pushing & person o e ight hand sikde (=.g. the
centrBfugal force generaled by any (assumsd) ant-Cliockwise car
rotabon].

¢ ZF-ayis g-forces are uptdown forces
= Posiive = pushing & person dowrssards inko their saal (2.0, the Sorce
feit die= io gravEy when seaied siabonary and om & sur'sc= which I=
horizomtal relabve b e ground]).
& Nepabve = pushing & person upwands out of Selr s=ak
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Thie plot Tor the: sniire Fide (Flgures 1) contains a sionfcant amount of dats which s
diffiouit bo s, =0 3 reEprecsniabve plot @Bken of 30-s=cond daabdon fom Ge middle
of tre= ride cycle s presented. Thils shall e wsed o discuss =lements: of g foroe

nobiceable during thee ride: sctivation. iniotal, & complsie ride scivabons hase =en

ponskdersd, 3 working normally wEhout passengers and two with mysef iding on the
car el was belng messared. There wers few signiflicant differsnces bebaeen e

Each sctvation, amd o the Salowing g foroe piot can be considersd represenBive
Tor all ide activations measun=d, upless otherwise mentioned.

Octopus g force overview - mid cycle

Figurs &. M=acursd Cotopuws rides acosbsrations durirg the middis 20
cacomde of the opols

In order o understand bey aspects of this daba, furimer guidance |s provided on
Figure 4 whers ey points of g force aciviy ane highilghi=d and discuss=d.

= ricke
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Octopus g force overview - mid cycle
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Figurs 4. Fey palnbs of g-foroe sctviy during the middls 30 ceoonds of

one repracentaties rids oyols. The g foros plots chown ars &
raplioa of Fligurs X,

In Fligur= £ the jetisrs and smoes denole e folicwing stage=s of & cars rolabdon
durimg mid-ride mowements (.2 when the ride i running at normal operabng speed)

A Shoas a peak posifee shde-side (Y-axis) g-force [(=1.16Q) thad moves
passeEngers significanty o thisdr l=ft.  This level represenis 8 smgle, ok peak
the =y Y g-force which xsts appmaimately one teenileth of 3 secomd, at e =nd of
a 4.5 sepord pericd of =ve Y g whilch was sustaimed at amurd 0.59. T gresi=st
magriBude of =ve Y g Torce measured over S rides was =1.7g. Al such evels an
ocounant wil be fal o thelr et Raind side withow! acthvely bracing sgainst these g
Toroes.

E Ihoas a peak negatve side-side (y-axis] g-force {-1.320) that moves
passengers significanty io the right. His cocurs ai the =nd of 2 s=cond pericd of —ane
Y g-force whichi imcreased from zero to this peak. Thie grestest magnBude of —we Y
g-force measured over S rides was —ve 2.7, but this ksi=d only one wenfeth of a
second. Durng perfods of el sidessys accelerafion the occupanis: ans [k o
acthnedy brace usimg their feet ard hands on the Ffand bar. They may shift bo the skis
of b= rde amd use e sldewalls of the ride car bo ean against during certain times of
high acoelsration, but swch Gmes sould are not susiainsd Tor ong periods.

[ Ihoas a p=ak poskhve fore-aft (r-axks) g-force | DL430 0~ whichi F expefemced
alone woukd push an ocoupant foneands on thelr seat. Howeser, I this case, at the

= La = == OO R g mipe M = R

=
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point C: the vechor combination of all g force s alss pushing e cooapant doemseands

Inio thisir =1 pan (eS=cively making them heasier] witilkch will mitigsi= e chance of
an oo upant movemanl signficandy foraards. Thers may be & negd bo brace against
such Torces. fwough, and the handrall offers @ greatest afondano= 1o do Gils.

D Bhows a peak negafive fore-aft (r-axis] g-fonce | -1.76g1. A Bis point, and
durireg the majortty of the rde daaion the occupant ks being pushed basckwards inbo
iheir seat.

E Shows a p=ak posEhe vertical acoe leration (Z-axis) g-foroe (Z.45g) whsne e
oooupant s being push dowrrsards imio the sealpan. This 1= comimon Srowghout
much of the ride and @e fder seldom feels compleiely welohbess' In the vertical
axls. However, for much of the ride op=maion the verfical g force 1= lower fan +ne 1
[gravity] =0 the cooupant wil feel Ighier, =spedally & the long arms of Ehe fide
iovwer. While sver the vertical g fiome |s gresisr Tan zeno 3 passhe fder should
remmiain in conact win the sealk pan (unlsss ey iy D s@d upl.

F Bhows a p=ak negaiive vertical acoeleration (2-awis) g-foroe [-0.77Q) — AL this
point e rder will have the sersalon of being welghbess, and could possible begin
1o IFt o el seats. There anrs Common OCOETeEnCes: where e vertical g Toroe
becomes less tham zero (Le. the oocupent will #eel weighfess) and at ssch cypcke, as
the ride drops from one of the 2 elevaticns, the vertical g fonce tends o drop b
bebtwesn 020 o —0.3g. Thiese negafive F aocei=mabdons are of short duralon and
are s=idom sustained longer Fon on= %5 of a second [amd ar= normally sroursd one
ienih of a second] bedore: fie g force luctuabes fo gresder &an zero again. The

cumulathve distsnce of separabion of the Fder rom Ehe s=at Fes besn esimated at

this timie of peak negaive g force occumring af smard 115 sscomds. Thils Is
lNuskraied In Fligure & Cvemall the e®ecd of =ven il highest peak g foroe s 0.550cm,

which |= considered miegligible In terms of curmukytve socupsn movement

Cisiareon sope allon calculation e The Oolopus Fde, during @ 1 second sak e
£ sooolerafon mid-oyc e dutalion
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Figurs 5. Cumulytive vertioal dictanos of caparation durlmg 1 ceoond of
poak —vs Z aooakerabons, mid oFole of the Cotopuc Rlde
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23 Eynopcic of ride aoo=lsratbone

Crverall, the ride occupanis will commonily be sublecfed o —ie £ and +ve X

accei=rafion shualors. These are obviows of Inberest, &5 syposune o such g Toroe
can elevabs ride occupant upwards inorebiion o thelr ==at or forwards. Thils Ben
oreates 3 nesd for appropiabs containment. Howeser:

Miegathve Z axls (upeards) scelerations ans not sustalned.
Megabve 2 axls (upraards) scceleraticns ans nob prokoengead.
Miegathve Z avds (upeards) scceleraticns are not of 3 high magniEude.
Miegathee Z axds (upeards) scceleraticns ane kss frequent when the ride ks
ocoupled (but are more common when @ rde |s unoccupled and nan at
spesds Biat are repoedy slighthy Sasier San normaij.

¢ Megabve Z axls (upaards) accelerations do nof offes oocur with positee X
axis socelerations, which would reswit in & force wechor of slesabing &
person amd sanding them foreards. Such crcums@noes would resgquie

greaber conskderation and design of passenger con@ainmant sysbemis.
Hiorareyer, on e teo oocasions whens they aere reoonded simukaneowshy
(during fxsd ride sctvation witen uncocupled) they wens of low miagnibde
and would mot s=ignficant cause passemgEr mOYEment.

¢ [Oecplbe an absemce of these in e recorded ride acbvations, due o the
roitabon of the passenger car, E s concefvable that megative Z and posibve
X axyls sccelerations will cccaskonally ooour SmuEsneously.

¢ Posive X axls forwands | aco=l=rafons do ooowr frequently, amd ar

germ=rally ancund the magniude of 0.4, peaking peneraly £ - S times
sach ride up o 0.8 - 09 g. These [afsr foroes especkly will push the

pccupant foreards, Righighting the Importance of the presence of the
cont@inmsnt hardrall.

s Analysis of aneas of peEak fde operation, whens thers ars peaks of
negative Z axis jupwards] accelerations show thak these are nof sustained
for long ercugh o produce actual elevabon of the occupant fom thelr
seal for a dishamce preater Fan 0.Som.

E. EmMcany of Contalmmeant &ycteam

Whilke the =®ects of the vertical and horizontal peak g foroes measursd wens
conshdered o be ooy milmor, ey ool product sigrificant movement of a
passeEnger, especlally when experienced durng ride robytion and sideways
soc=l=radon. Due o the ablly of =ach passemnper car b spin on Fs oam
mdepemndent pivat, B movemant of e Coiopus cars are eSscively random (or sl
=aci depemdant on ino many Taciors o be confroled, such as ocoupank skes, welgii
disiribubon, movements, =ic ). Thers may enedore b= oocasons whens the
combinafions of g Toroe prosduce a foraard ard upwands fome veclor. For Bhls reason
and for securs con@inment during the commonly seperenos sdeways accsermabons
1o which the occunants. are subjected, an enclosed contamment system |5 considered
ess=nbal

Thie reisvant dimensions of the comainment handrall and passenger Car wers
measured and are provided in Fhotographs 4 — B.
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Frond view of the Cotopue ride, chowlng the widthe of the

Fhotograph 4
paccEmgar oar and width of the gape I the conifalmmani.

Fhaotograph & Sid= view of the Dodopwe rids, schowlng the dapth of the
paccemger ceat and poslilon of the contalnment, hand bar.
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Fhotograph & Frond view of the Cotopus ride, chowling the helght of tha
pACLEngaT cayt.

Thie widthi of the cenéral opening befseen e two sides of the hamdrall has recenby
been reduc=d afber Imierventicn from the nspecior.  inliialky the cenfrally locabed gap
bebween Be two parts of the Randral was of the miagniude of 170 — 180mim (&S s
now measured ak 31mm a5 shoan In Fhodograph 41, This was based on
measurements bebveen e beginnings of Ehe weld polbmis on the akersd handrall,
wihene it Fas been exbemded. | s guite oomc=ivable, glven @i magnBade of the
Bieral accelerations, that an occoupank Boldieg onb =Ehver e e=nds of the handrall or
the ralls af the side of e rde cowld rotaé= im thedr seatand instead of Tacing
oubsards face either shde of the Fide. In such Cncursianoes, especkally when
coupled with a forarard miomenium the Gooupant may apprmsach the hamdrall sid= on,
at approximaiely walst Feighi or B @l emrough apper thigh helght. To provide an
Imdication of the approdmais magrBude of the previcus gap Figurs & shows the
previous gsp widih, acoonding B the messunes Eakan on 21% July, 200 with a =0
percentie, T year okl ohild in Bee rde. & visual comparison bebeessn &= handrall gap
and the chiid's walst widih does indicals bt ejection through e gap might hawe
been possibie.
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Figurs &. JACE Nustration of & B0 peroentlls T pear old boy on the

Cotopus. A c=ntral gap batwesn the b0 cldes of tha handrall,
msacuring 17Emm Is Nlucirated.

Thie depin of the walst ks one of e narmwer parts. of the bBody and when subject=d

i & compression Toroe will rerow By spprosimaiely 159% In width (soame, HEL
iesting, reporied in H2L report ERG/DE26). To prevent an sjection under such
condilons the ceniral gap betwesn the teo sides of e handrall wouold reeed o be
=z han thie depth of the abdomen, whisn In Fs compressed stabs. The depts of the

abdiormen for 15t peroentle aduits and for 158 percenile T year old girl fwho would b
the Sipmest children to svery fde] are provided In Tabi= 1:

16t parosnills abdominal depth for:

Aduits 164 mim
T yearald gin 11.E mim

EcHmatsd, compreceed 1ot paroamtils atdominal

depth for:

adults 133 mim

T yearokld gid 84 i

Tabls 1 Abdominal dspithe for cmallect [1ct peroantis] aduts and
ohlldran sgad T years old befors and afsr beslmg subjsoted fo
Gmpraccion.

Ehen that e compresssd abdiceriimesl depths for st perosnbe adults, and =specblly
chiidren are conskderably smaler than Ehe previows cental gap bebseen S two
sides of tThe Randral | woulkd have besn possible for sjecbon & ooogr Brough this
rogie. Chosing e gap b0 3imm has effecively =iminabie=d this sk of =jection
through &= ceniral gap In = handmall Conslderabon showid b= ghaen io B design
af eiquivalent rdes throughout the UK, amd measures should be tak=n o sliminabs or
minimis= the cenirmal gap In e handrll whers e exlsl Any such gaps: sihoukd be
signMcanty =ss en the 22mm o ensure that thimner children are not &t sk of
ejecticn I this mianner with exira allowance for a safety margin.
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Figurs T8,  JACKE lustration of & B0 parosntlle mals adult on ihe Cotopus
rids.

Figere 7 shews 3 model of 3 0™ peroenide sdult siting wEh his back sgainst the
backrest. The moded = based on the dimensions of the ride measured dering e s

vish on 21'.]!..!:.!, %S, Gheen that Fere were nof Inshrces reopnded winens the g
Toroes were of the vecfor magniude o cause serfous slesabon of the ocoupant from
the sead, theres s very e o suggest thad oooupant sjecbon poses & risk om this ride.
Thie rider will syperiesnce @ fonces Bt push wem foraarms onto the hand bar, buf
gheen the gap bebween the cliossd bar = aroumd 3 me there 1= mo oppaoriunity b =it

the ride in this dieecton oRce Ehe hamd bars ane securely closed.

Flgura &  JACK Iustration of a 507 paroentlie male adult on the Cotopus
ride, clds view.
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The shde view of the ride does show Sough Sat even e aduit cocupant will ot be

abie to plant their feet on the foor of B rde due b &e height of the seak pan (sl
botiom) in relation b e positbon of & fioor. T reswlt of this Is that the ccoupant

will mot always be abls o use ter feef and l=gs b bace against the accelerafions

caused by b movemant of S rde, and will therefore be mone dependsnt on e
use of e hard bar. Thils emiphaskses e need for a more cicssd hand Bar ko

mrease e surftsce ares of the bar avalable io Ehe cccupands) and further supports

the scion previously Sken b close the gap at &ie centre, between SHie o ddes of
the Riand bar. The [ack of avallable fioor upon which 1o brace the eser imbs will

have an equal I nof grester iImpsct on small oooupan s,

Flgura 5.  JACK Nustration of a §07 paroentlle 7 year odd ohlld adult on the
Cobopus

Flgura 10.  JACE lllustration of a2 507 paroentile 7 year old ohlld adult on the
Cobopus, clds view
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In e s of this cinilld, B abiity o sucoessfully reach and us= the hamdrall 1=
paramount, especialy ghesn thad thers s o soope by s fhe feed on ths Fiosor o
acthrely brace against b= forsards accsierabons experenosd on @e fde. Whik
thers will b= some scop= for bacing wiih as the thighs spainst the s=ak pan, the

handrall wil remain essenfial for the occupsnt o sop themsehves siiding foraards
Qther tham, Fuoridermone, ghen the significand aberal, skdeways acceleEmation that wil

tend Bo nesut In Bve smalier ccoupant Eaning skhsaays, durisg which tey may

experiemnoe fonsards soosierabon maximisieg the amount of handrall avalabie o
themi s Importani.

Ag with e aduilt occupanis Sough, the g Seroes are not of the mapniude: o elevaile
and =jack e passhe passenger. Thie handrall wil b= used by the ootupant o
braces aganst the accelermaticns caussd by egposure by Be g force weCiors,
eopeckaly sideways movermen and oocasional forwards moverment Under the
Ciroumstance recondsd during the cbissrvabons it 1S my cpinlon thal the particalar
cont@inment, especlaly the modified hardrall, on e Ccbopus Rlde &t Symonds Yak
B sdeguate o ef=cively siminate the risk of passhve passenger ejection.

B. Conaluclone

&  The present design of the Randral |s adeguale, when considered for use urder
the comdBors obssneed amd recorded during the sEe= vish H" July 2008. This did
Fwokie running the fde at 3 madmeas of % spesed amd not Sull power.

s Camer of gther Oolopus rides: showbd be spcouraged Go afber gaps In B handralks
of oiner rides o reduce B gap o & distance as short as posshie, and no monre tham
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