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SUMMARY:

Meazures of aocelerations 1aken on the OclopLs nde show that nders are subjecied
to g-forces acting in X axis (positive 0.43 — negative 1.76g), Y axis (positve 1.156 —
negative 1.32 g) and Z axis (positive 2 46 — negative 0.77g). Due bo uncommon, but
possible, combinations of accelerations leading to a force veclior tat will
simultaneously elevate and proped the occupant foraards the handral ks an essential
part of the rdes containment for passenger safety. As well a5 Tor contalnment
purposes, passengers will be dependant on this handrail 1o brace against foraards
and sideway movement

The handrail s made up of two ralls that close cenfrally. The central gap between
the taw sldes of the sliding handrall should b= significaniy less than 2mm o
ensure that ejection cannot occur throwgh his gap. The gap on the modified dde at
Symonds Yat Is now 3imm, and Is adequate to elminate the eaction of passive
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1.0 introdustion

Al the reguest of HM Inspector Janios Dale | wisited the Oclopus Ade at 2 ymords Yot
‘West Laisur= Park, Ross on Wye, Here*grdshine, HR3 EBY on 21% July 2008 to

performs an srgonomics assessment of the ride conainmend systems. This was
Tolicwing previcus infervenBon fmem HM Inspecior Dale wiven she had requesied Hhead

the contaimment sysiem be mproved by dosing a gap In the handrals where |§ was
thowght a small passenger could be ajachiad during ride operation.

1.4,  Alme

Trie alm of @ ergonemilcs assessmzn of e Oclopus was D establisn Ehe
effectveness of e mprosed containment system (e, hamdrall and frond Car cover]
as a means of presentdng passemngers beng secied fTrom the dde (ghven the Fde

Toro=s which wil be experiemnced)
1.2 The CGotopus Flds

The Octopus Is a rotating fde with passenger cars that are pivoted on the end
of a long elevating arms. During the rotation cycle the octopus ps, sending
the passenger cars wpward, 50 while expenencing two dagrees of rotation the
pocupants are also eevated and lowered 3-8 times each rofation. A piciure,
taken from viden of the ride ks provided In Photograph 1.

Fhotograph 1 Cobopus ride mid oyols.

After recent imlerrention from HM Inspecior Janice Dale, the ride osner had sitered
part of e comalnmant syshem 10 namow 3 Jap bebveen e o sldes. of 8
horizontal, handrall Sat can b= splt amd =id ops=n 1o allow for passeEmger
migressiegress. The hamdrall ks lestabed in Fholograph 2. Thee =nds of Ehe rall had
been =xiended o that when In & chosed posBon, L=, wfen the ride 1= oooupled;
there was gap of 21mm betwesn the feo ends whereas. previousy the gap had besn
of the magribede of 170 — 120mm. In order & iengress e e rde, e =niee ide
Troimt 1= fipped foraarnds and dowrswands (hingsd at the ansa below &ie cocupant's
Enee, & shioswn In Phodograph 3). Each skie of e con@inment hamdrall ks Seen sid
apen o creyle 3 gap e the font where the riders can Ingressiegress.
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Fhotograph 2 Frond view of the Cobopus ride, showing the hamdrall In
the oloced poslilon.

Phatograph 3 Frond viaw of the Cotopus ride, showing the ride fromt
Hipped op=n and the kandrall in the open pocition, to allow

PAEEB MY BT i) Ingreceegracs.

In order io asceriain whether the present, modfed syt of containmrsnt 1=
adequabe, measur=ment of the: g force applicabon of the: rids wers @ken o
understand the probable movements of the ccoupants syperienced on the ride.
Exita ati=nton was ghven to whether the @ Torces sxpssrienced by B ide oooupanbs
wiold force Biem b tavel fToraards or upwards on the ride, and @us reguire e

handrmall for condainment purposss.
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2.0 Rlds O Foross
21 Forssc on paccengarc snd pacclve forcec on hamdrall
FoOro#c om pucsan e

Ax the ride moves, passenpers sypersnce Toroe:: el can cause @em bo o in
cerfain directions. Thils assessment of the foroes on passengsrs amd pobendal
directions of passandeEr moveEment, assumes that passengers are mol actheely rying
i miowe, L=, they are siting passhely i the car.

If & passive passenger was sypefencing ride Torces acfing fonwanrds ot of B s=at
or verbcally upwands e passEnger may sevabs from thelr seaded posibon bowards
the Randral. | s teen essantial that the handrall T sdequaiely posiboned o conain
the passemper saf=h wiiilm the ride.

To asssss e scopes Tor passive passemnper alachon, e nde forces wens considered
during the ride cycle. Durng this cpcl= Ehe op=mbor was asked o nan the ride as fast
as they feit confident to, wiEout risking darmasge bo the ride. Thils was eporbedy
sighfy fasber than they wouwld run e fde when passsngers were on, but not quie at
the gl speed of the ride. The ride forc=s are shiown om the following gragh, In =ach
of tre= thres direcions of scceieration. These g-forces were measured for ths
purpose of ks report usieg rHavisl pre-amplfed acoelerometer (Entran EG G334
25 Tasiened io the ==t pan of the ride, af fe occupant posBon. T ride dsousssd
below represenbsd 3 normal ride operation wittoul passengers on e de. |
determined the durabon of ride operafion, while the spae=d of e ride was coniroled
entin=ly by e operator.

Octopus g force overview - full cycle
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IMPCRTART HOTE:

Al grforoes are descrbed refathie Bo the seaf posEon (1.2, relathe bo the posifion of a
seabed pErson]. For example 3 negatve g-force in the y-axis would be a g-force S
wowld push someone back against ther s=at back, regardi=ss of the orien@abon of
the ride relafhe io the grownd i that point in ime.

Thie conventbon for namieg g-force drecltions ars provwwided In Flguns 2

£ e

Flgurs? Muctrating the naming convsntione of the sMeots of trl-axks g-
foroas on cooupants of a Esir grownd ride.

HOTE: amowe Imdioats reculing ‘movemant’ of oooupant

¢ X-avis g-foroes ars fore'aft forees
= Poshive = pushing & person aaay from Sier seat back, slidieg them
foraards.
& Negabve = parshing 3 person o e seal baick.

¢ Y-axis g-forces are side o side forces
& Posive = pushing & person io their =9 hand side {=.g. the cenbrfsgal
force gensrabed by the clockbwise car nodabon ).
& Megathe = pushing 3 person o @er fight hand side (e.g. the
cenbrfugal force peneraied by any (assumed ) ant-Cickwise car
rotaton).

¢ F-ayls g-forces are updown fonces
& Poshe = pushing 3 person dowrsy ands info thelr seat (=g, the fonce
feit die= fo gravEy when seafied slabonary and on a surface which Is
horizontal rejative o e ground].
& Negabhve = pashing @ person upwands oul of Selr seat
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Thie plot for the: =ntire fAde (Flgure 1) oondains a sigeifcant amount of daka which ks
difiouit o ===, =0 3 represaniabdve plot @Een of 30-s=cond duraton from Sie middle
of b= ride cyche s presented.  Thils shall e used o discuss slements of Q Toroe
noticeabie during the ride activation. In iolal, & complete ride scivablons haysve b=en

conskdsrsd, 3 working normally wEhout passerngers and two with mysel nding on the
car it was Being measored. Thernes were Tew significant difersnces bebween b

gach actvation, amd =0 the folowing g Torce piot can be consider=d represenaive
Tor all ride activalions measured, unless atherwise mentioned.

Octopus g force ovandlew - mid cycle

Flgurs 3. Meacursd Cotopes ride aooalerations durlmg the middis S0
cacomde of the ayole

In order io usderstand key aspects of this data, furfer guldance |s provsded on
Figure 4, where key points of @ Tonce sciv iy are Righilght=d and discuss=d.
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Octopus g Torcs overview - mid cycle
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Figurs 4. Esy palnte of g-loros sctvBy during the milddls 38 csoomds of
ond repracentaties rides oyole. The g foros plots shown are &
raplina of Flgurs X,

In Figure £ the letiers and amoas derole B follcwing stages of a cars: rotabon
durimsg mid-ride mosemients .= when the ride i running at normal operabing spead|c

A Shiras a sk posifve sie-side (Y-aus) grforce (+1.16Q1 hal moves
passEngers sigrificantdy o thadr l=fl. This level represents 8 smgke, shor peak n
thie =ve Y g-force which ks appmaimately one teenileih of 3 secomd, at e =nd of
a3 4.5 s=rond perisd of =ve Y g whilkch was susiaimed at amourd 0.59. The greales]
magriBude of =ve Y g foroe measured over & rldes was =1.7g. AL suchi l=vels an
oooupant wil bt b thelr =t kand side withoal actively bracing against these g
foroes.

E Shoas a pEak negatve skie-side (y-axis] g-forc= {-1.32g] thal maoses
passengers significanty io the rdght. Hi=s oocurs &t the =nd of 2 s=oond pericd of —ne
¥ g-force which imcreased fom zero to this peak. Thie gresiest magnEude of —e ¥
g-force measunsd over S rides was —ve 2,70, but this ssied only ane Beeniets of a
second. Durng perods of aieral sidesays acoeleraiion the cccupands amre k= bo
acthrely brace usimg thelr feet amd hands on the Fand bar. They may shilt to the side
of b ride: ard use e sidewalls of the ride oar o =sn sgainst during certan imes of
high acoeleration, but such Gmes would are nod susiained Tor ong pericsds.

L Shas a peak poskhe fore-aft (x-axis) g-force | 00439~ which F experemnced
alone wouwld push am ocoupant forwands on thelr seat. Howeser, In this case, at the

S - OO R e — - s = LF g T -
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point C the svector combinaton of all @ force |5 also pushing e aooupant dosmeands

o thisdr s=at pan (eS=cively making them heavier] wiikch will mibigate e chance of
an oorupant movement signficandy foreards. Thers may be & nesd B0 braice against

sudh foroes Sough, and the handmll offers S grestest affcrdanoe o do Shls.

1] Shows a p=ak negafve fore-aft (x-axis) g-fonce { -1.76g). Al Bis poink, and
durirg the miaorty of the fde duadon the cccupant s b=ing pushed Esckwands Into
thedr s=at.

E Shows a p=ak posEle vertical acoeleration (Z-axds) g-foroe (2. 26Q) whsne e
oocupant Is being push dowrrsards indo the seat pan. This 1s common Smeaghout
much of the ride and e fder seldom f=els ompleiely weliphitiess' In the vertical
axts. However, for much of the rde opssrafon the verfical g foroe |5 lower San +ne 1
(igravity] =0 the cooupant wil feel Iphfer, =spedally a5 the long arms of the ride
iower. \Whike ever the vertical g fome | greaier Ban Zero 3 passhve fder should
rermain in conBact wis the s=at pan (unk=ss Fey iy o shed up).

F OFoas 3 peak negative vertical acoejeration [T-axls) g-force [F0.77g) — AL thiz

point S rder will Bave the sersalion of being welghtess, and could porssible begin
i IFt off Feer seaks. Therns ars common SoDamences whsre B vertical g Tonce

becomes less tham zero L=, the socupsnt will f=el welghfess) and at =ach oycle, as

ihe ride drops from one of the 2 =levations, the vertical g force femds 0 drop bo
bebwesn —0.2g fo —0.39. Thess negafive 7 accei=mbons are of short duaiion and

ar= s=idom sustained loniger Fan one 5% of a secomd (ard ar= normally arourd one
teni of a second) befone e g force Nuctuabes bo greader Ban zero again. The

cumulatve distance of separabion of the Ader from Ehe seat Fas been esimated at

this e of p=ak negalive g fome ocouring af amaed 115 secomds. Thils |s
llusiraied In Fgure 5. Ol the e®ect of even &ils highest peak g foroe 1= 0.55cm,

which Is considered megligibde In farms of cumukathe sooupsnt mosemsment

Lisfarncr semetalion calculaion v e Octopus Fde, durdng & 1 second eak s
£ imoekmradon midd-oyc s dusalion

—Z @
—F |-
— i i il v deiliros froed

Tima (e

Flgurs 5. Cumulative vertloal dictanos of ceparation durimg 1 ceoond of
poak —ve Z aooalarabdons, mid orole of the Codopus Ride
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2.2 Synopelc of ride ago=lerationg

Crverall, the rde cccupanks: will commaonily be subjecied fo —ie £ and +ye X
accerafdon shuafons. These are obviows of Inferest, & syposure o such g Toro=
can elevabs Fide occupant upwards in relafion io thedr ==at or foreards. Thils Been
preafes a nesd for appropriate condainmeni.  Howeser

Megabve 2 axls (upreards) scceleraticns ans not sustained.
Megabve 2 axls (uprwards) acceieraticns are not prolonged.
Hegatve Z axis (upreands) acceleraticns are not of & high magnEude.
Hepgatve Z axis (upreards) acceierations are =35 frequent when the rde ks
oCcupled (but are more Ccommon when e ide |s unoccupled amd nan atk
speeds Fat ars repaoriedly slightly Sxsier Boan normal .

¢  Nepgabve T axls (upsards ) stcelerations do nof offers ooour with positve X
axls acceieraticns, which would resut In & force vechor of slevabng &
per=on and ss=nding thes foreands. Such circums@nces woukd requine

greaber oonskderation and de=sign of passenger con@inment Sy siemis.
Hioweyer, on e tao ootaskons whisne they were recondesd simukaneowushy

(during fa=f ride sctvation wien unsocupled] they wers of low Fisgn ude
and woukd rol SERFCant CAUSE DasSErEr O e mEnt.

# [Oecpite an absernce of these In e ecorded ride actvations, due & the
riabon of the passenger car, E ks concelvable that megative Z and posibve
X axls accelerations will cocasionally soour smaEaneoushy.

¢ Ppshie X axls foneands ] acceleralions do oocowr frequenthy, armd amr=
ger=rally arcund the magnibads of 049, peaking penerally £ — 5 mies
each Fde up o 0.8 — 0.9 g. These [aler ioroes especialy will push the
ot cupant foreards, Righlghiing the Imporance of the presence of the
con@inmant hardraill.

¢  Analyss of aneas of peak rde operation, whiers there are peaks of
negytive £ axls (upwards] acoelsrations shiow that these are nof sustainead
for long ercugh B0 produce sctual sieEvabon of the occupant foe their
sEat for a disharce greater an 0osom.

3. Efficany of Contalmenant &yehemn

Whiks the s®ects of the wertical amd horieontal pEak g forces measured wens
conshdersd o be cnly milmor, Sy ooubd product sigrificant movement of a
passEnger, especlally when erperisnced during rids roéation and sideways
accel=madon. Due o the abiity of sach passemger car b spin on Bs 0w
rdepemdent pivot, @ movemeant of e Coiopus cars are sSecively andom (or al
=ast depemdant on oo many Taclors fo be confroli=d, such as occupank size, weiphit
disfributon, movements, =c.). Thers may Bemefore b= occasions whers the
combinations of g force prosduce a Torsard ard upwands fomoe veEcior. For this reason
and for secure conainment durisg the commonly experiencs sideways accsierabons

o whicki Ehe ccoupanis are subjeched, an enclosed confaimmient system |s considered
ess=nbal

Trie relxyant dimensions of the containment handrall and passengsr Car Were
measured and are provided In Pholgraphs 4 — 6.
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Fhotograph 4 Frondi vwiew of the Cotopus ride, chowling the widthe of the
paccenger car and width of the gape Im the sonfalmmani.

Fhotograph & Side view of tha Dofopue ride, chowing the depth of the
paccenger caat and position of the contalnment, hand bar.
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Fhotograph & Frond vwiew of the Cotopus ride, chowlng the elght of the
paccemgar caat.

Thie whdthi of the cepiral opening bebvween Fie teo shdes. of the handrall has recenby
been reduced after Intervention from the Inspecior.  Inlialy the cenfrally locabed gap

bebwesn Fie two parts of the FEndral was of the miagniude of 170 — 180mim (&l |5

now measured af 31mm a5 sfoan In Fhodograph 4], This was based on
messuremeants bebwvesn b beginnings of the weid polals: on the akeresd handrall,

wihere it Fas been extended. E ks guib= comcehable, gven @ie magnBede of the

Bieral acceierations, that an cocupant Fokdieg onbo =Eher Bie =nds of the hamdrall or
the ralls af the side of Bhe ride Could rotate In thelr seatand Instead of facing
oubsands face efther sidie of the ride. In such circumsianoes, especkally whsn
coupled Wi a Torsard miomenums the oocupant may appnsach the hardrall skd= on,
at approximakely walkst Feighit or B Bl emcugh wpiper Ehigh hefghf. To proside an
Imdication of the spproadmats magnibede of the previcus gap Figuns & sihows the
previows gap widis, acoonding fo the measures tsken on 21 July, 2008 with a S0

percentie, T yearobd ofild in e rde. A disual comparison bebeeen B handrall gap
and the chikd's walkst wid does indicales bt ejection through Bie gap milght hawve
besn possibie.
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Figurs . JACE llustration of & &0™ parosntlles T year old Boy on the

Cotopus. A& c=ntral gap batwesn the two cldes of the handrall,
misasuring 17Emen le Nusirated.

Thie depd of the walst = one of e narmser paks of the body and when subjectead
1o & comipression force will maroe by approeEmatesy 19% in width (soume, HEL
festing, reporied In HEL report ERGIDEZE). To prevent an sjecticn unid=r such
condiions the cenfral gap betwesn the teo sides of Fe handrall souid eeed D b
b=zs fhan the depth of the abdomen, when 6 Ks compressed slab=. The depth of the
abdormien for 15t peroentle adults and for 158 percenile T year odd girl fwhic wowuldl b=
the Finmest children to =very fde) are provided In Tabil= 1;

16t parosnills abdomimal depth Tor:

adults 164 mim
7 yearokd gir 11.6 mim

Ectimaisd, compreceed 1ot porosntis sbdominal

depth for:

adults 133 mim

7 yearokd gir 84 i

Tabl= 1 Abdomimal depthe for cmallect (st paroantis) aduts and
ohlldran aged 7 yeare old befors and afer belng cubjsoted fo
TP e O,

Gven that te compressed abdomiiral depths for 1st perosntle adults, and =specially
Chidren are consikderably smaler than the previows cendmal gap bebveen B teo
shdes of the Fandral @ woukd have besn possibee for ejecton o ooour Brough this
rouie. Chsing e gap o 31mm has effecively =iminabed this f=x of ejection
through @e ceniral gap in = handrall Corslderaton showlid b= ghesn i e design
of egquidalent fdes throughout the UK, ard measures =hould be taken o siminabe or
minimise the cenfral gag in e handrall shere e E=xisk Ay such oeps should be

signfcanty k=55 Fan the 22mm o =nsure that thimner chilldren are not at sk of
ejection Im this manner with =3 allowanos Tor a safety margin.
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Figurs 78. JECE lustration of & 0™ paroentlls mals adult on the Cotopus
rlides.

Fligure 7 shows @ mosdel of a S0® peroentie sdult sitSng WEh his back against the
backrest. The model 1= based on the dimersions of the ride measured during the she
visi on 21'.1!..!:.!, 200, Ghien that fens were not Instamces recondsd whisns Ehe g
forces wens of the vecior magniude B cayuse sefous slevabon of the ocoupand from

the seak, there s ey Hbe o sugpest thal oocupant ejecton poses a risk on this ride.
Thie rider will syperience @ forces Bt push te=m forsards onbo the hard bar, but
ghven the gap between the cliosed bar ks arourd 3imm there |5 mo oppsoriunity b st

the ride In this directon omce Ehe hamd bars are securely closedl

Flgura &. JACK lluctration of 2 507 parosntils mals adult on the Cotopus
rids, clids wiew.
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Thie =id= view of the nde does show hough Siat even e aduit ozcupant will Rot be

able to pland thelr feet on the Noorof @ ride dee b e helght of the seak pan (s=ai
boticm) In relation b Bie posiicn of B Tloor.  The reswft of this |s thak the occupant
will mot always be able fo use el fesf and le=gs b brace apamst the acoel=rafons
Caused by b= mosemant of B ride, and will therefore be mone depenidant on e
use of @he harmd bar. Thiks emiphasksess @e need for 3 more cliosad hand bar fo
mrease e surfsce ares of the bar avalable o the occupant s ) and further supports

the scton previously BEik=n b Close the gap at @ie cenbre, befween Bie o sldes of
the Fiand bar. The lack of asallable fioor upon which o brace the lower limbs will

have an =qual If not greater Impact on small oooupants.

Flgura 3. JACHK llluctration of & 507 paroantlls 7 year old ahlld adult on tha
Cobopus

Flgura 10.  JACK lllustration of a 507 peroentlle 7 year odd ohlld adult on the
Cobtopus. Glde view
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In B Case of the chilld, = ablily o successfuly reach and us= the hamdrall Is

paramount, especlaly ghven that there |5 mo soope by use fhe feef on the Toor io
acthvely brace sgainst e foneands sccserabons egperemnced on e nde. Whik
there will b= some scops for Bracing Wil as the thighs apaimst the s=af pan, the

handrall wil remain =ssenfal for the ootupant o shp themselves sikding Torsards
ather tham. Furifisrmore, ghen the significan adsral, skdeways acceleration that will

tend b nesuit In Be smaler pocupant Eanieg skeways, durmg which ey may

experienc: fonsards acceieraton maximisieg the smount of handrall avalakde o
thersi ks Importank.

As wtth B adult occupanis ough, the g fomoes ars not of the magniude o = levaie
and =jact e paschie passanger. The handrall il b= used by the socupant o

braces against the accelemadions caussd by exposures o Bie g foroe veclors,
eopecialy siosways movermsnt and oocxsional forwards movemient Under the

Crmumstance reconded durieg the obs=mnabdons | 1= my opinicn thak the particoular
containment, especialy the modified hardrall, on Fe Cciopus Rlde &t Symonds Yak
ks adequaie o eM=cively slminais the sk of passive passenger sjection.

E. Congluclone

&  The present design of the handral |s adeguate, when considersd for use uRder

the comdBons obssrved and recorded during the ske vish 11‘Ju|‘:r 2008. This did
Fvokae running Ehe fide &t 3 madmers of % speed ard not Sull poser.

¢ Ownmer of other OCiopus fdes showkd be emcoaraged o alber gaps In e handralls
of oiner rides o reduce the gap o a distance as short as possbie, mnd no mone tham
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