HAGRID'S mOToRBILE AbVeENTWERE

v € quations
| .
specs : | HelgWt  Newtonian Mecnanics
65 Ft cpike I b5 .
F04+ anglu ' Vo at+ v,

X=X, + Vot t Tat?
Th(.or@h.cal catcnlahons: Vi l X ® Xo + "li CV +Vo)t

V2= Vo2 +2a( x~Xo)

vp length (X-Xo) = 69.1%F f. gmvﬂ-q X = %X, + yt ~+tat?
V‘: =0 . V(' =2 _q_amlsz £

_ -32.2#/¢2
as -32.2 sindo

= -320.26 Ft)s?

V2= Vo2 + 22 (X-%o)
0= Vi®+2(-30.2b)(6.13) 0= (-30.2b) t + b4F

* Vi= &3 s (~q4. mph) * t= 2.|38 s

From tne battom of the hill-
Assumptions .
- The Switth4radk is oh'recﬂ\a at the base of the gpike .
~ The vide Veluele uges the emﬁrch& of the heignt (bS +t) to reach zevo ueloei'hd.

With these asc v\myao'm, the switth track has avonnd 4 seconds.
pased on observakion, tne above assumphions ave viot e,wﬁrelca accuratfe.

n veanty:
- nere is vtk in between the gwitch track and +he bage of e spike.
- Tevide vehicle travels most, butnot all, of the height.
- Rlng tne track m between We switthtrack aned the Spike’s base, boosters or
Speed trimmers cdn iNtredce or dewedse the Speed .Fm nde vehicle.

By obsewation, ere ave actually about 6.4 Seconds of viole Ame betwen tne
switdh track and the Spike , or abont 12 =13 Sewonds for Hhe track o switch.

Rdding e extva track :

vf . Estimating about 5 feet of spike height
| Helght an a buffer, thus, 655 = 6o ft:

I 60 ft.
| > Wplength (x-x0) = ¢3.85 &
v v .
‘ 'N¥ v*.’- = Vo2 +2a(x-Xo)
— — 0= V,*+ 2(-30.26)63.85)
4 sec. 2 Sec. Vg = at+ Vg
-+ V2=V, becawse accelevation 0= (-30.2b) t *+ 62.163
20 withowt boosters|-tnmmars,
disregarding €riction | dvag. ® Vi = 62.163 g , t,=2.05 seconds
(or 43.53 mph)
V't = X-Xo

(62.163)(434) = 269.38% ft.



Theoretically, we wonld heed ~230t of track fov the vide vehicle ts travel
or 4 Scoom?s. Realistically, a theme park may not have thus space .

1f we estimate using diffevent track lengths in betwean the switch track & spike,
Viz €2.163 ®[s , and with t=4 §€oonds,

when ¥-Xo =200 €, when X-Xo =135 ft,
N Vo = 25.33% g
X=%o = = (VtVved t a= 9.20% ftfg2 (ov 2.1 Mis2)

200 = V2 (62.163 + Vo) - 4
when x-Xo =150 ft,
Vv, = 3%.83% ft/g Vo = 12.83%F ffg
0= ¢.08 ft[s2 (or L85 mjg2) o= 12.3315 sz (or 3.3p M[s2)

Based on the calculated wiitiad velocity (V=) amd the accelerahor needect to
iNwense it to the velocity befove e spike (Vv,), we will e
o-track. exytension of 200.

Hagridy spedfi cally also features a olip befove the cpike, adding to the velocity
of the wde verucle. So, y gbes than -

Ve ve
: Helght : Helght
LR S I b0 ft.
! coaster Va '

Va Vipe looks more Vipw

— e Uke : — |

4 sec . 2 gec. 4 sec . 2 gec.

Howevel. becawse tine stakting and ending i spite

Weights ave the smwe. [t does pet impack thw

energy of tne vehicle: Thus. in this .

model, we will net conider tic featuve . v, = 62163 §fs

t =& Isecond.

More Detadled Time Calcnlations:

Wheve the train io o longer a. poing

') H
Fucigus PSP
) | b0 ft. vehicle | traan Length: 33.1 Ft.
; Length .
1 63.85 f Becowse o€ the traun Qm%«lh, the
& il cunter of mass © at 1b-55 £L aw
VL I/ N— from Ha ovfayina,\ha calculared
4 sec . 2 gec. W points.
pistance : 200 ft.
Accelvation = 6.08 £&[g2 Thus, (X’ -Xo) = 200 — 15.65 = 183.45 #.
and tne new track. length for
4he gpike 0

6.5 ~16.55 = 47.3 f.



Fovwdvrds Total Timw:

New Peak Heing'S Length : New Pistance :
4%.3 ft. (83.45 £t.
Ve =0 fbls  a=-30.2b fs? Vi =53.5 ft]s a=4.08 ffs2

Ve® = Vo? +2a(x-%o) Vi2=Vo? + 2a (X-Xo)
0= V2 + 2(-30.26)(4%.3) (63.5)% = Vo> +2(6.08)(183.45)
Vg = ot + Vg

Vi = at +Vg
0= (-30.2b) t + 3.5 Fs g3fs = ¢.0pt + 25.13

vi=93.5&s +=13%sewnds Vi=2513 fs 1t=443 sewnds

Fovpavd Total: 4 43 seconds + .3% Secohnds

Backwards Tetzml Time:

Going Back pown the Hill : 1.33F Seconds

Hovi zontal Track after : Vi = 63.5 ffs Vp= 3.5 Ffy  x-x, = |g3.454
x=Xo = Vot +zat® t = §econds
183.45 = §3.5% to0 .43

Backwdrds Totol: 1.37 Sewnds + 3.43 geconds

Totd Time to switch $he Tvacks : 1. 64 Sewonds

= Thw b plenfy of time to gwitch tre tvacks fom one configurakion to anctirer.



Sizing e Bolts

Adj uSﬂnq e diameter of the bolts So thot the applied forwe does not exceed the
material's shear yield stress.

nerdle

-fnb:‘v{f.r& Stress ono. Bolt:
beanngs [ =——=Fl Pouble svear
Fet_17] | _F_ 2F
UHJJ =" e
d .
. shear yield stress =
2% 0 |bf Plametop 0.35 x Tenhsile strength
ToP VIEW
compared ts a Accoraﬁng to McMaster Carr,
Single shear :
High-Streng+h Stee|  _ i
r q ---- E TengSi[t Strevig+h 150000 psi
7 F shear yield stress = 0.35 & 150,000 = (12500 psi
E . b
T=7 Cunits > psi = Ty
ltceranion #(: 1.S" digmeter
2F 2-2G0 Ibf 500 b
= = = 30.935 —,Tf = 30.33S psi

™ T- (1.6 in)> ~ LS2T

Sa(‘e-hj Factor:

Safety - capacity (vesisvingforced 112500 - ..
Fachk ~ demand (distuvbing forcey 70335 1044

1.9* diameter rwd made of Wigh strength steel is ovevengiveered .

1tevation ¥2: 0.26" diameter

2-250 |bE 600 .
= = = 2%4y.
T (0-25uwm)? 0.26%- T s4t.48 psi
Qa(-‘e-hj\'-'achn-‘
- = - _2So0
P o448 - I8

“ The oviginal diameter of 0.2G" works . as e safetyfacter refleuts +hat
ta vod win hot fail.



ASTM calculations( considerations

ASTM F229| - 224, Stoyndard Prachce for Desw'an of Amusement Rides ana Devices

.22 Load Combinations for Strength using ASD ( allovuable Stress Design):
8.22. Tha followin% loatdo ave to he conwdered:
pead Load: Pevmanent vad dus o the weighd of the Structural elements
and e pe,wnumne features on the Styucture.

design iterahion #1 :

3wwi+a ook Lad'ﬂ fovce :

CUivanily with Steel Sel as material for all oompomw‘l's
_. - mass = 1132F.38 IbS. = 5.86 WS.tons.

design itevation #2: aftev vedwu'ng matenal throngh stmctural analysis

totad assembly oviginod weight -
|

I n32%. 28 s
ovig«'md base axiS mass:
3323252.6% g = 3335.34 Ibs.
L ttevation %2 base axis mass:

19839565.33 9= 43%13.4% lbs.

new ass-embl% weight -
N¥23.38 - 23%36:34 + 4332.89 = 826631 lbs.
= 4.383% W.S. Tons.



3.4 Sustained accelevahon duration Umits are shown i tis Section (SeeFig. 6-8>.
e -Fo\lowing definitions apply:
2. 141 AccZleration wunits are “g" (32.2 f/s[s or 2.8l misis)

And
1. 1.5, Simwltaneons combinakiens of sm'gLe, axis accelerndions shall be Liniteo ow
follows:
3.1.6.1 The nstountouweous combined acceleration m itude of any {two axes
Shall be Lmi ted b& o curve thatis defined wi each quadrant by an ellipse.
Tne em‘»sc, v tenifeved at (0.0) and v charac+enzed by maior and wminor
voudiy equwt{v Hrhe allowable 200 ms gwmk Graphical vepresentations of

Hus requiremend ave presended m Hgs. 10713
Switch Trdck Length: 144 ft. Y- divection Accelevation for
Vehicle Speed : 25.13 fs ? 5.3 Seconds
/ y | : :
/ / cuntmpetad accelerahon:
vz
{ lud ¢ Ac = — wheve v = 25.13 [
" v v 234010 = 28.334¢
1 J 26. |37_
wrved track “ Qe = g 33 = 2229 ®fs2 = 5493 6

m the Y direction

Acceleration +Y

(Eyes Right) - 40 +G, [g] (eyes right)
Z 40 ]
4G 36 26 -G _ | _ +16 +2G +36 +4G +5G +6 g 30 2'|0 9
+6G T SR E T (2 - 1 -T2 TR 0 TR 0 2 |
£ 20 | T
b5
3 1.0
;ﬁ 0 VO—ZS Duration [s]
I [ 10[20304050[60] 70 80|90 [100] 110] 120
Dol [ e
-2.0
L T T T T T T T T
3.0 | fremp—t Note:
a0 v For amusement rides and devices with bench seats (for example, without
Acceleration X Acceleration +X G, [q] (eyes left) individual patron retention or seat dividers) with sustained lateral accelerations
(Eyes Front) (Eyes Back) greater than 0.7 g in only one direction, patron seating order shall be from
smaller patron to larger patron in the direction of the load.

FIG. 7 Acceleration-Duration Limits for Gy (Eyes Right and Eyes Left)

Acceleration -Y
(Eyes Left)

FIG. 10 All ble C¢ i of Xand Y

e accelevmtion does Nt exceed tne Limits set by the stmndards.



8.3 35,000 operational Hour cvitena:
8.3.1 Al primang stvncuves of pn amusement ride or device ( for example,

tvacks, colvimng, hubsS. and dvms) shall ve desiovied using caleu lahons
and analyses thot are bdsed 0V the wminimuim 35,000 opernfional hour
citeria. Tae desighev | engineer shall vem‘fn tne calculahons and analyses
méeet or exceed thif minimum opcrational houv vequivement. This
vequirement 1§ intended to ensuve that all prmavy) structures within an
omungenent vioe oy device are odesigned for ak least a minwvnuwmn -FaA'icp\n, ufe.

General Reducton for Ledd | unlodd Time:

( Total Lodd( UNload Time for one Ride cycle)

( Total Lodd/ Unioad Tim) . ['ﬂ'vm. for one
for One Ride tycle vioe cycle

operasiovad Howys:

35000 opevafionat . neved vednchov
Honrs cwviterion x ("M %r Load [unload Time )

* Note : Egtimanion
Aiming for 2000 wdaevs pev nour :

2000 videvs per hour = > 33 videys per minute
with 12 videvs per train, weneed 2.38 traing to leave evew minnte.

> We need A truin 4o \eave evewy 21.b6 seconds.

Tinmw for oV Vide cyole: 2.5 minutes = 150 geconds
Load | untoad Tine $ov ovie vide cyole: 21.6x2 = 43.2 seconds

- %vwval vedunction of Lodd /nnload Time-

43.2 0.223b
43.2 + 150

opevaxiovial Hovrs: 35000 x (1= 0.2236) = 23134 HOWrs
Nuwmber of cycles baked on operational Howrs:

{ Arain

23134 Hours 21.b sewonds =

4528667 cycles  (as defined by

matenals ehgineen'ng)
Fatigue Life of Steel

SN Cunve
T

4,52866% cycles = 4.5 x (o cycles

™ Enducance it 1 stvess based on oyeratonal nounys :

L T 20 ksi = 149943961.6 N[m?
el il il GiIHE LEIGE TEESR L) N 2.0 x 0% N|m?

: R Tne simunlation Stress must
vemain undr +his valine.

4.5 x 105 cycles



Stvucturod Simwlakions & HFwite Element Analysis (FER)

Detevmining How minch Force to calcnlate with:

cuvved Track: 116192.96 grams straight Track : 111a43.69 grams
= 1139, 46 newtons = (09%F. Fa Newtons

Mege ROILY coaster Train: 500 kg wneh Fnllg loacled with passengers
= 4903. 325 Newtons

Total maAximnm @ 1129.44 + 4903.326 = 6042 .45 Newtons
Mass of BaSe Axis: 2323252.43 ﬂmms

Yield strengin 4 opevationod .
of matevi ©6.204 X 10" Nfm? oS Brom Abore ¢ 2.0 x (0% N[m2
Desigin tevahion 4 :
Simwnlation #1: Simwulation #2:
3 gxternal Loads 3 gexternal Lodds
on Base Subassembly on Base AxiS Lomporiemt
[
v v Tl
] [}
Fixed: Base AYiS Supports Fixed: plavies of each shaft end

ReSw\ts: Reswlts:

maximum Stress: max imum Stress:
(.320%2 x(0°® N[m? .13 x 05 Nim?

Based on the stress points of these resutts, the aveas connecting tne shafe and
tne w-tw\—img plaxform weve thickened.



Sivnnlarion #3: most "realistic" simnlation

3Ekternal Lodds on
Bage AXxiS componenlt

7

maxinmmum Stress on the matenal :

Fixed: centeR Shaft
4.132 x10° N[m?

mateviod 2.0 x10%
: = . - . i
Safety Factor: —-—m S 439.38 ovev.engineerved.

gven simulaAiM #1, which produed +he [avgest stresg ok 1.303 x 10t N[mz2,
has a safety factor of 153.49 (ctill oVerengineered).

Because this Configuration 7] ovevengine,eru{ m all Simulations, the nex+
iteraxions attempt to veduw e awownt of material , wnich would tower
the st and Weight .

The Wighest poinds of Ctress ave at the axis poinds. Thus, since thw teviter face
w et impacted, matevial can be reduced W +hase areas.

Design chiteria : must avoid vemouning matevial fom tru points of extemal
force , qnd Mnst maintam tne geometvy (width [ lenigtn).

Iteration #2:
becreasing matenal wm the 2 -direction Vil cwt-onts.

—
L

Cixed: center shalt

maximnm Stress: 5,307 x10° Nim?

There (st 100 muchof A olifference n the gtress.
Mass = 1983955.33 grams =  40.3% 1 decvedse mi mass



(teration #3:

vecveasing matenal w the y -direction bymaking e rotating platform
Pdﬂ?iﬁ"lj %\ol|0W~

R S, The stre< results wewve lower than
o that of Iferation #z.

mMass = 2088664 0% grams
Fixed: center shaft: ~>  3%.22° dowWease wi" mass

Compaving Displatemunts

\teration #1: \tearakion #2

2.356 x10°> mm 3.253 x 10”2 mm

Itexratitn #3:

pisplacenments:
#1: 9.28 % (075

o ’ #H2: .28 X(07F n
? E H3: .U x 107% in

Althovgh #2 hag the lavgest dicplacemtnt,

the valnes ave not lavrge wouﬂh 'S Impaol:
the ctucture.
2.820 x10°3 m

i

Thus, it we ave pviorit;a-,'ng the least amonntof mass . (termhion #2 would be the
peSt oytion.

mouing fovward, | wonld Use tud moded to itevite different geoneties that would
furiner decveage the mass and, pmlvu.e different stress an dicplacenwunt reswiis.



Ca\ou(wh’ng Forces fyr 4he Lockviq mechoawnisim

wmass oF entire subassembly @ 260446. 31 qrams
mass of rods g swaft: 92913b. 59 gyoms

3 “ Torgwne : T=rFsing
? where 8407 and v = 12" = 0.3302m

o F‘_
N\ F= (4b0.46631 kg5 - (a8l M|s2)
%422. 165 N = 2118.18% lbs

T = (960.4b531 kq) - (2.81 m[s2) . (0-3202m)
= 3111.2 N'm of Torgue Neeodsed.

cwvenwty w my model, e actvedtoR hWas a dwcmwio push( pwll load of 250 Ibs.
Possible’ Solutions :
© Replate the actvator with an achotor with a, louvgey aloa«arm‘c, Pushlywll load.
P.eotmv?}n the locking mechanism wd to dccommodate for multiple actuators,
oand confi than o operate simultaneousiy,.
- keep the single achuador, butold a metor to the locking mechanism so that trure
is less torgue, needed to votate the assembly.



