

















































































































HAGRID'S MOTORBIKEADVENTURE EquationsUf

fight NewtonianmechanicsÉ spike
70 t angle u at t u

x X t Vo t t fat
vi

f x Xo t t v Vo I t
v2 v 2 t 2 a x Xo IIjijn.fi iia gravity x exo tuft Eat

9 q M s
32.2ft g2a 32.2 Sin70

30 26 ft s

Y Yi If Iifa it 0 1 30.261 64.7
Vi 64.7 Als 44.1mph o t 2 138 S

From the bottomof the hill
Assumptions

The switch track isdirectly at the baseof the spike
The videvehicle uses the entiretyof the height 1654 to reach zerovelocity

With these assumptions the switch track has around a seconds

Basedon observation the aboveassumptions are not entirelyaccurate
in reality
there is track inbetween the switch track and the base of thespike
Thevidevehicle travels most butnot all of the height
Alongthetrack in between the switchtrash and the spike'sbase boosters or Iggyspeed trimmers can increase ordecrease the speed of the ridevehicle

621
Byobservation there are actually about 6.34secondsofvidetimebetween the

g z
6.49

switchtrack and thespike or about 12 13seconds for the trackto switch

Adding extratvask
Vf
g g

Estimatingabout 5feet ofspikeheight
height as a buffer thus 65 5 60ft

u I
Uplength x Xo 63.85FL

Vf V02 za x Xo

Xi O V 2 2 30 267163.85

Vf at t Vi
Vz V becauseacceleration O 30.261 t t 62.163
20 withoutboosters trimmers
disregardingfrictionIdrag Vi 62.163Hls t 2.05 seconds

or 43.53mph

yjt.FI 34 269.787 ft




















































































































Theoretically we would heed 270ftof track for thehide vehicle to travel
for 4 seconds Realistically a theme parkmay not have this space

it timitation.tt gtseqnq.natnsinbetreentneswitantvaakespine
when x Xo 200 ft when x Xo 175ft

V2 25.337 Hls
X Xo I IV t Vo t a 9.207 452 or 2.81 M s2
200 112 62.163 V2 4

when x Xo 150 H
V2 37 837 H S V2 12 837 Hls
a 6.08 ft s2 for 1 85 mis21 a 12 3315 A s2 or 3.76 M s2

Basedon thecalculated initial velocity ve and the accelerationneededto
increase it to thevelocitybefore thespike Vi we will use
a track extensionof200ft

Hagrid's specifically alsofeatures adip beforethespike adding to thevelocity
of the ridevehicle so rather than

Uf Uf
Height

V2 u y
coaster
looksmore

a I
so includinga feature likethiswould also ypikeadd to thevelocityof the vehicle
For thepurposes of this design we will not

v 62.163Flstake thisfeature into consideration notconsider
decided thisbecause I i second

the samething
at same height doesntimpact energymoreDetailedtimecalculations
where the train is no longer apointin space

train

state p fight
43.4 1

hide train length 33.1 Ft

4,1 Because of the train length the
centerof mass is at 16.55ftaway
from the originally calculated

a Ise endpoints
Distance 200ft
Acielevation 6.08Hls Thus Ix Xo 200 16.55 183.45ft

and the new track lengthfor
thespike is
63.85 16.55 47 3ft




















































































































Forwards Total Time

New peakheight'sLength NewDistance

Vf 0HT
3

30.26 s
183.45 ft

V 53.5Hls a 6.08 A s2

Vf V02 za x Xo v 2 V02 t za x Xo I
0 V 21 30.2611473 153.512 V0 216.0876183451

if Étzfit 53.574s 53 s 9 54 t 25.13

Vi 53.5ft s t 1.77seconds Vi 25.13 74s t 4.67 Seconds

Forward Total 4.67 seconds t 1.77 seconds

Backwards Total Time

Going Back Downthe Hill 1.77 Seconds
Horizontal Track after Vi 53.5 s Vf 53.5 Hls x Xo 183.45ft

x Xo Vo t t Eat
183.45 53.5 t to

t 3 43 Seconds

Backwards Total 1.77 Seconds 3.43 seconds

Total Timeto switch the Tracks 11.64 Seconds

This i plentyof time to switch the tracksfrom one configuration to another




















































































































sizing the Bolts

adjusting the diameterof the boltsso that the applied force does not exceed the
material's shearyield stress

MEEKE
stress on a Bolt

F 2 Double shear
F 814

F 2 T EA IF
Fatty shear yieldstress

topsjiffy
tmeter

0.75 x Tensilestrength

compared to a according to McMasterCarr
single shear

High strength steel 150.000 psiTensilestrength

6 F
shearyieldstress 0.75 x 150 000 112500psi

T E c units psi tht
iteration 1 1.5 diameter

T IF 3,135,9517 j 70.7351k 70.735 psi

safety Factor

fatty capacity resistingforces
demand disturbingforce 4 735 1590.44

i 1.5 diameter rod madeofhighstrength steel is overengineered
iteration 2 0.25 diameter

T 2.250 lbf
T 10.25 in 2 0.15 A 2546.48 psi

safetyFactor

F I 24
0

8 44.18

Theoriginal diameter of 0.25 works as the safetyfactorreflects that
the Vodwill not fail




















































































































ASTM salutations considerations

ASTM F2291 22A standard Practicefor Design ofAmusementrides and Devices

8 22 Load combinationsfor strengthusingASD allowable stressDesign
8 22 1 Thefollowingtoads are tobeconsidered
DeadLoad permanent loaddueto the weightof the structural elements
and the permanentfeatures on the structure

designiteration 1

y

gravity andbodyforce
M É8q inwentlywith steel set asmaterial for all components

mass 11727 78 lbs 5.86 U.S tons

F

design iteration 2 after reducing materialthroughstructural analysis























































































































7.1.4 Sustainedaccelerationduration limits are shown in this section see fig 6 8
Thefollowingdefinitionsapply
7 1.4.1 Acceleration units are g I 32.2 ft is s or 9.81 m Is s

And
7 1.5 Simultaneous combinationsofsingleaxis accelerationsshall be limited as
follows
7 1.5.1 The instantaneous combinedaccelerationmagnitudeofany two axes
shall be limited by a curve that is defined in eachquadrantby an ellipse
Theellipse is centered at co o and is characterised bymajor and minor
radiiequalto the allowable 200ms g limits Graphicalrepresentations of
this requirement are presented in Figs 10 17

Switch Trask Length 144 ft
Vehicle speed 25.13 74

direction Allelevationfor
5.7 Seconds

aft
mannnn

f a I where v 25.13 fils
V 340 in 28.33ft

ac 24533T 22.29 4 52 0 693 G
in the Yaivestion




















































































































8.3 35 000 operational Hour criteria
8 3.1 Allprimary structures of an amusement ride ordevice forexample
tracks columns hubs and arms I shall be designedusing calculations
andanalyses that are based on the minimum 35,000 operationalhour
criteria The designerengineer shallverifythecalculations and analyses
meet or exceed this minimum operational hour requirement This
requirement isintendedto ensure that allprimarystructureswithin an
amusement ride ordevice are designedfor at least a minimumfatigue life
General Reductionfor LoddI unloadTime

Total oddI unload time for one ride cycle
Total load unload time

Tifetylenefor one ridecycle

operationalHonus
35000 operational
hours criteria x i oo generalreduction

for Load unload time

fitting Toit devsper hour
2000videosperhour 33ridersperminute
with 12videosper train we need 2.78 trains to leaveeveryminute

Weneed a train to leave every 21.6 seconds

LoadIunload Time for oneridecycle 21.6 2 43.2 seconds

generalreductionofLoad unload time
43.2

43.2 t 150
0 2236

Numberof cyclesbasedon operationalHonus

27174 Hours x
I train

Fatigue Life of steel
2 b stands 4528667 s malfingthendgingening

4,528,667cycles 4.5 x 106cycles

stress basedon operational hours

29 Ksi 199947961.5 N m2
I 2.0 x 108 N m2

Thesimulationstress must
remain under this value

4 5 x 106cycles




















































































































structural Simulations Finite Elementanalysis IFEAI

Determining how much Forceto calculate with

cawed Track 116192.76 grams straight Track 111943.59 grams
1139.46 Newtons 1097 79 Newtons

Average Rollercoaster train 500kg when fully loadedwith passengers
4903.325 Newtons

Totalmaximum 1139.46 4903.325 6042.785 Newtons
Mass of Base Axis 3327252 67 grams
Yieldstrength 6.204 x 108 Nme fffystffnomalabore 2.0 x 108 N m2ofmaterial

Designiteration 1
simulation l

3

External
Loads 3 ExternalLoads

on Basesubassembly on BaseAxis component

j Iggy

simulation s

I

FixedBaseAxis Supports Fixed planesofeach shaft end

results results

maximumstress
1303 x 106 N m2

maximum stress
9 753 x 105 N m2

Basedon thestresspointsof these results the areas connecting the shaft and
the rotatingplatform were thickened



simulation 3 most realistic simulation

3 External Loadson
BaseAxiscomponent

me i
s

Fixed Center shaft maximum stresson thematerial
4 172 X 105 H m2

smiteffactor 43 417 479.38 over engineered

Evensimulation I whith produced the largeststress at 1.303 x 106 N m2
has a safetyfactor of 153.49 still overengineered

Because this configuration is overengineered in all simulations the next
iterations attemptto reduce the amount of material whish would lower
the cost and weight
Thehighestpoints ofstress are at the axispoints Thus since the centerface
isnot impacted material can be reduced in these areas

Design criteria must avoid removing material from the pointsof external
force and must maintain the geometry width length1

Decreasing material in the z direction via cut outs

ii

Fixed center shaft
maximum stress 5.307 105 Im

ing's sit tight.istsgtitmrencein the stress



iteration 3

Decreasing material in the y direction bymaking the rotatingplatform
partiallyhollow

Thestress results were lower thanI I that of iteration 2

mass 2088669 07grams
Fixed center shaft 37.22 1 decrease in mass

comparingDisplacements

iteration I iteration 2

2 356 10 3 3.253 10 3

iteration 3

2 820 10 3




