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Equations for Straight Section

\ X (u,w) =X, +T(0)x(u,w)
- X,] [cosd sin® O x(u,w)’
_____________ " =| Y, |+|-sin@ cosB O] y(u,w)
;T 1Z,) [ 0 0 1fz(uw)
] x(uw)] T —r cos(vT)
y(u,w) | = {@d-u)
| z(u,w) | | h@-u)+r@-sinfwm)
(u,w) O[0L




Equations for Elbow Section

X CCW Elbow:
X(u,w) =X, +T(0)x(u,w)
Xo| [ cosB sin® 0f x(u,w)

Y, [*|—sin@ cos® 0O} y(u,w)
Z, | 0 0 1| z(u,w)

X (U, w)} (R —_r cos(v) cos(@.—_ u)® - R

0

y(u, w) (R —rcoswm))sin((1l— u)®)
z(u,w) r@—sin(wt)) +H@—u)
(u,w) L [01]
CW Elbow:
CCW Elbow x(u,w) | [ (-R—rcos@T))cos(L-u)9) +R
Wall: {y(u, w)} = [ (—R —rcos@vT)) sin((L— u)®)
[ X(u,w) | [cosup(-R=r) 2(u, W) r(L-sin(wT)) + H(L— u)
y(u,w) | =| r@—sinwm) + H(1—u) (u,w) O [01]
| z(u,w) | |sinu@(-R%£r)+R
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Motion Analysis Theory

e Lagrange’s Equations of Motion

djoL| oL _ T
T a—

oq

Object Path

 Lagrangian: L=T-U
— T: kinetic energy

mf+2 +2 .2
T:Z(x +y +z]

— U: potential energy

X

U = mgz(u,w)
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Motion Analysis Theory

 Friction Forces
Q, =H(mgn, +ma, [n)(~e, [x,,)
Q,, =u(mgn, + ma, )~ x,,)

 Ordinary Differential Equations
[ X J 02 [ 2 o O
Kou=kqu + ko w + kg uw+ ky
[ X J 02 [ 2 e o
Kow=kgu +Kkgw + K7 uw+ kg

e |nitial Conditions:
0 0

u(0) = u°, w(0) = WO,.u(O) - U ,MO): "
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Numerical Computation

e Solving Equations of Motion
— Mathematica’s NDSolve function

— Adams Predictor-Corrector and Gear methods for
solving the ordinary differential equations
numerically
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Example Slide

3 (Seam#15-12 CCW)
5 (Seam#10 Str)

1 (Seam#l7 Str)

" 11 (Exit St
9 (Seam#4-2 C% (Exit Str)

8 (Seam#5 Str)
7 (Seam#6 Str)

Mathematica SolidWorks

10 (Seam#1 Str)
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Sample Case 3: p=0.05

Critical Spot B _
w>1 (Section 6) -

Critical Spot E N
w~0 (Section 9) N

Critical Spot D
w~0 (Section 9)

Critical Spotgu = 0.05
Critical Spot A N L5 12 O'clock
w>1 (Section 6) Critical Spot C 4 B =
w~0 (Section 8) 1.0 3 O'clock
0.8 AN\
\V/
Critical Spot F 05 JAY \VI v 6 O'clock
w~1 (Section 13) | o3 AN
0.0 /C-I 5 aO'clock
Critical Spot G 0.3 |
w~0 (Section 14) 05 2 Qclock
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Sample Case 3 (cont’d)

e Total time: 11.28 seconds (Sections 1-
11)

e W value is beyond (or very close to the
limits of) the regular 3-9 O’clock range
(0.0 <w<1.0) at 7 locations

e Maximum w value is 1.1 and minimum Is
-0.04

e Average velocity: 11.00 MPH
 Max velocity: 15.08 MPH
 Max acceleration: 2.57 ¢



Summary

 Reasonably accurate simulations have been obtained for
the slide example, based on the Lagrange’s equations of
motion for the rider with concentrated mass.

* The simulation results depend on the rider’s initial
position and velocity, and other factors such as friction.
The results simulated assumed specific conditions.

o Case 3 (1 =0.05) reveal that the rider slides very close to
or over the edge of the flume sections at multiple
locations. The simulated riding time and average velocity
match well with measured data.

 Even though the side walls (8" and 18" tall) provide some
protection, the results raise flags in riders’ safety,
especially for experienced and aggressive riders.
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Disclaimer

e Simulation results do not answer all the
guestions regarding safety of the slide.
However, they do provide accurate
predictions on the positions, velocities, and
accelerations of the riding object.

* The safety issues must be further ensured
by adequate tests carried out on the slide
once It is built as well as regular safety
iInspections performed by experts. These are
beyond the scope of the simulation task
summarized in this document.



