3

7(t) = (R-sin (w-t), R - cos (w - t))

Rl
Il

;

\

x(t) = R - cos (

y(t) = R - sin

z(t) = —p- (

Math In Roller Coasters

b Lnrl = Tn + 'U(T-n) - [NE
Yn+1 = Yn + v(y'n,) - At
2a1%
= 1_:(;),'”) = 7‘9
1+ 4a%z%
4ay, g
U(Yn) = ——=—
\ 1 + 4ay,
__g-sinh =)
('I'J')n 1 — { (vx)n+1 - 1 e sinh2 (i) At r - ('l)z),,
Tl == ('U;p)n - At + Tn
Fn-t-l =
g - sinh? (£)
n+ - — . A n
(rydntr = { gl 1 + sinh? (f) P
Yn+1 = (‘Uy)" At + Yn

=3

el

S

0.71

Ont1
9114—1
;L",, +1
Tn41
yn—i—l
Yn+1

2R2 + 2p?

2R%2 + 2p
w9 B
2R? + 2p?

=70 -
g1 T fz -+ l,'()f = 20)

P .
g I > '[J2+U0[+Z())

. t2 + ‘U()t -+ Zo)

i a8 cos(0,)
o .n 3 R2 . l\fg
0.1 = Ogeli-L 0,
0,1 =6, At+06,
Ty —> Tp1 = R -cos(0,)
e — k- 0,
r, — Zp+1 = R-sin(6,)
= g -sin(6?)
= @, WAL + 6,
=0, - At + 0,
= cos(6?)
=1  At+ 28
= sin(6?)
= 'gn - At + Yn
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Why math?

Z F=m-a
What is the objective?

r(0) — r(t)

What is Blender3D ) ?

Motivation and objective
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1. Trigonometric Projection

30

20

10

<A / 1

—920 /‘ 0

—30 / _
3(—6 —4 —2 0 2 4 6 1_ 1 0 1 92 g 4 5

|ar| = g - cosf laz|| = ||ar|| - cosd = g - cos® 8



2. Vectorial projection with respect to a variable




3. Vectorial projection with respect to a parameter

u (2'(0),y'(6),2'(6))
ldl ~ \/22(0) + y2(6) + =2 (0)

e 9-2(6)-¥'(0 g-27(0)
2 (9) q yrzw) E 2/2(0)’ le(g) e yl'Z(g) + 27 (g)a :1:’2(9) n ylz (9) v




4. Euler’s method

f(@ni1) = f(zn) - Az + f(zn) TOT - .

4
I

Vngl = @y - AL+,

N & Sl



Elements

@

N o ok

Curve
Parabola
Catenary

Helix

Vertical Loop
In-line twist
Corkscrew

Explicit elements

> Parameterized elements

_/



Helix

—p-0(t) = g+ cos*(B)

0(t) = 5 9P gt 4 g

A
R2 - 2p2

.

. —g-p 2
LE(t) —R'COS(W J - +’U()t+20>

- . —g-D 2
y(t) = R-sm(m -t +v0t+zo>

—9°p 2
L) = =P+ |\ ————1 Vot
2(t) (2R2+2p2 + Yo +Zo>

=i
|
N

\

- 8
- T
15 — \\
i S RS
/r{r \)
= 10 Yo SN . 7
" Nt 1 "’\‘
{ i \‘_,.f’
1} A" s
- N )
e R P
~ ~_ Sl TR
5N\ — 2
0.5 e g
b 0.5
0 ;\\\_7 A %5
) 2 0 0.5

g{ Tangential projection
|| Vectorial projection w/ variable

|| Vectorial projection w/ parameter




Parabola (Camelback)

y=az’+br+c

(.. 2ax(t)g
P(t) = < =T da*x?(t)
. (t) = day(t)g
| y 1 + 4ay(t)

[ @giq = @y + tlmy) ~ At

Ynil = Yn + ’U(yn) - At

- 2L,
T(t) = ’U(l’n) = H—Tafxz
oon) = 1o
1 P 1+ 4ay,

. -

-4

TZJ Tangential projection

d Vectorial projection w/ variable
|| Vectorial projection w/ parameter
Qf Euler’s method

Difficulty: ****7//\3



Catenary

Fn+1 = 4

f(z) = a - cosh (2)

a
; 5 _ 9 1@
B =% 1+
\ & = Uz
) by =2 f'(z)
Ty =4 1+ f'(x)
(Y =y
g-sinh (£
(Tz)nt1 = e 1+ sinhz((l) B+ {fads
Tnt1 = (Vz)n * At +
g - sinh® =
s = (’Uy)n+1 = T Sinhz((%)) - At + (’Uy)n

YUn+1 = ('Uy)n - At + Yn

\ J
- /
5 \ /
= B

X] Tangential projection

Qr Vectorial projection w/ variable
(] Vectorial projection w/ parameter
Qr Euler’s method

leflculty i‘zi\(*i‘(



Curve

2 2 _ p2
B =g = R [ ] Tangential projection
[ ] Vectorial projection w/ variable
F(p) = { z(p) =R-sing (] Vectorial projection w/ parameter
ylp) =R-cosy (| Euler’s method
(t) =0

7(t) = (R-sin(w-t), R-cos(w-t))



Vertical Loop (Clothoid)

i 4
co = /cos A% dA
2(6) — 0
() = 4 0 g Tangential projection
50) = / sin A* dX ™ Vectorial projection w/ variable
) ’ ngectorial projection w/ parameter
6 = g -sin(6) Q{Euler’s method

0 =280, =B8u-At+84
0,1 =0, At+06,
r(t) = {a‘cn+1 = cos(67)

i { 0n = g-sin(63)

S5
I

Tni1l = Tn- At + Ln
Yoy = sin(63) ~

Yot = G Db+ Difficulty: 3¢5 vy

Serce . Ml
p '1 .'.;"‘ i 4
Y | Pafea

s

ﬂ
=
I




In-line Twist

Ft)=qylt) =k-0
2(t) = R -sin(0)
5, B R - cos(6)
R 4 I
1 - g-R-cos(6,)
o =g
= s =8, -avtd,
')_"‘(t) = £ 0n+1 - en - At + en

ry — Xni1 = R-cos(6,)
T'y — Ynt+1 = k . Qn

(7 —  2Zp41 = R -sin(6,,)

-9 30

-4 20
d5 TS 15
9 5 10
@ Tangential projection
121 Vectorial projection w/ variable
Qr Vectorial projection w/ parameter

QrEuler’s method

Difficulty: i@’h’k



Corkscrew

=

(2)

\

(

\

g R-cos(6y)

011 R2 i kz

én+1 :HnAt—i—Hn
0n+l — 0,, * At + en
ry — Tpt1 = R cos(6,)

9:

ry — Yny1 =k - by
r. — 2Znt1 = R-sin(6,)
6, = g - sin(6?)
0 =1¢6,1 =0, -At+6,
0,1 =0, At+6,
{j;m,l = cos(0?2)

Tz = .
LIntl — Tn* At + Ln
= o {g71+1 — Sln(e’le)
Y Yntl =Up- A+ Yn

E Tangential projection

™ Vectorial projection w/ variable
gf Vectorial projection w/ parameter
GEuIer’s method

-

.\",‘,,. ;

Difficly: ikik
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Conclusions

Difficult Fun
Ingenuous Objective Interesting
Complex Worthwhile

Good experience overall






