HW 13 Problem 1

Zipline Problem Statement:

A zipline company, Skyline Eco-Adventures, sponsored a clinic team to design an active speed
control system for riders of ziplines. In this problem, we will be attempting a variation of this
problem, where the goal is to determine the optimal vertical drop and tension for the wire rope,
such that with no wind, certain conditions are met. These conditions are that a 30 kg, 70 kg, and
140 kg rider will all make it to the end of the zipline and not have an exit velocity exceeding 5
m/s, all while maximizing the speed of the 70 kg rider to make the ride as fun as possible. After
determining the catenary, the curved shape of a uniform rope hanging from two supports, use the
provided zipline paper, as well as given differential equations, to determine the optical zipline
tension and vertical drop between the end supports, the maximum velocity and exit velocity for
30 kg, 70 kg, and 140 kg riders, as well as create plots of each rider’s position and velocity
profile as a function of position on the zipline.

Pages 3-06 detail the steps and process L ook +o complere the gsreps.

The i i
& TInal answev is on page 7, followed by a wrire up on page B,
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GOALS:

ipline tension
@ Derevmine oprimal vertical drop between end Supports F.\ND ziplin
such that the Veloclty of the o L] rider is maximized.

® calcviate maximym velocity and exit uelocity for al three ridevs.

@ Piot each vider's path AND velocity profile as a function of position on the =2ipline.

MORE INFo:
Decision variables :
® ziptine tension

® vertica) dvop between the end 8supports

Objecrive function:

*peak Ve(ocii—(j o the 30 kq rider ) .
inni er the ridev wi )
= steeper +the Slope at the beginning, the fast 9

constvraints:

© exit vetocity of an three riders must be less than ¢ m(s
® an toree riders moust make it to the end of the Tipline (not get stuck)

® wire Yope tension moust be less than &o kN
Use fmincon upper w tower bounds
@ 1ome vertieal drop &£ 10 m

PROPOSED STEPS:

© At ditterenr f-varves ranging from 0 to 1, yse fsolve +o €ind a and b.

® At each £, solve for % ana §j vusing tne valve of a and b a+ that .

®

convert +he % ang g vawes to x and y valves.

@ Now thar we Wave a daraset of videv position values, use spline and PPVAl comman ds

o interpolate tne data.
® Calcviate +he devivarive of the data in Step 4, aka %HZ’ Vsing the +fndev command
© compvine the differential equations given in the Problem statement +o develop
a Singulav diffevential equation +o solue for dvuz/g,
® sove +he difeerential equation in step © to get a4 solution for yz
Take +he square voot of yz found in Sstep ¥

Figure our which constraints +o implement:

Plan out implementation of constraints in MATLAB vsing fmMincon

@ Lmpiement optimizarion in MaTLAB

@ Use the caicuiateq optimal +ension and vevtical dreop to find +the maximum and
exit velocjties for an riders

P vi . athh and Velocj pvofile
@ Piot each idev's p y Page 3



STEP 1:

To ting
and

a .
and b at different valves of ¢
eqgn 10 ¢ eqn 17 - ‘

We can vse eqgh 8+ eqn 16 = eqn 4
= eqn ll. Thig gives uyg -

Two equations wivn TWO Unknowwns: a v b.

i+‘§’= X ~ ~ ~
/ N XZ\ b g+ ‘d, =Y (-\
Squation ::‘V\:Ailvz;l v N\ equation 1,
3 i a . -
contains A, eQ,UA'I'-(OVI Lo, And b, o egvation 10, equation 1%, contains a,
b ’ sontaing a, tontains a, tontai and be
. and £ b, £, ana X b, and 4+ bn{rmns o,
’ »€, and Y
~ ~ = -
FrX -Xs0 G+§° -Y:o

T Vst already caleviared 4. and bo Values, for tie “no vider" case

— - M vider? a
¥ = Do mass M= 1§ N, —— Caleviated
Cable's mass wm ‘e'\gﬁn of roye

sSTepP 2

Plug in each a and b vale ¢vom step 1 Into equations for % and § +o get a
set of % and § vawes ar varying £ valuves.

* D0 IT |N THE SAME FOR LOOP ¥

STEP 2:

STEP y:

data .
set Interpolated in MATLAB, produces the Fo(lowihg plot:

path of 70 kg rider (To = 60000, hori span = 500 m, vertical span = 40 m)

y position [m]
\ W .
3

0 50 100 150 200 250 300 350 400 450 500
X position [m]

STEP o

4 evalvated In MATLAB
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STEP G:

v _ i Fd
At - 9SIN(-x) - Fdragq_
ag = 88in(-) o

—_—

i s dv
PIV4ging in the following equations in -

d= mnﬂ(% and deag = l?P CdAVz
L 02)U0.0s mE) v
- 0.03m1’3 V’-
dv . a4 0.03m*'3 y2
P gsm(fam '(f;)) - —
dv _ . - (d _ 003v2
t- 93|n(+an ' _de>) ml[3
d(\‘:') - di .dj_ 2
T \Jl+(dx.)
d(va) . -1 dy)\ _ 0.03V: dy\z
T z[gsm(—mn (“)) | A |+(d‘

STEP F+ « STEP 8:

done in MATLAB

STep 9q:

Constraints:

® an videvs must make It to the end of the zjpline
-t the 3p Kg vider makes ir to +tne end, then all of them wil
- exit velocity> ot the 30 kg vider must be greater tan zevo
Vexir® (30) ¢ o

© exir Velocity of ay Mree viders must ve less than S mys

=~ heavitv indiuidu‘us wWill hoaue a higher exit ve,locihd. thevetore, ag
long as  the 10 kg rider has an exi+ Lelotity less than S wys,
'I'heg al  wijy.

- exitr uuocih1 of tHhe

%o Kq videv wmust be |esg than 5 wmy(s
Vevit*(40) & »5

so Vexit* (140) - 25 co0

@ wire ope tension moust be less than B0 kN

@ 10m < yertieal dvop £ 40 m
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STEP (0

¥ using the nomicon version 0f €mincon

-"fun"  is the Objective fyuction ovtputting the mavimum exit velooity of %o kq
(out making i+ negarive to maximize i1)

~ Objective funcHown should contain/depend on two variables, yertical dvop and
Tewsion, vecavse lower ang Lppev’ bounds Wheed v be placed on theim

T Uxgt . [Zo,qo.ooo'j — initial quesses for verHcal dvop and tension Cwithin bounds)

A.b, Aeq, beq ave an L] bic theve are no linear constvaints

6 ave tower wbounds of dvop ¥ tewnsion [(0 —> lowev bound of 4drop

©Jd— lower vound of tension, chosen
™ be zevo ble we don'+ want
“egarive tension

Vo aye Uppevy bounds of dvop ¥ tewnsion [ to ]—avPPe—V‘ bound of dvop

80.000) - wpper woung of tensioy,

T nonicon containsg the wvownlineay

inequaiities clx) or egualities ceqlr)
that tne minimiza+on is

subje.ci' to

¥ fmincon wi Opfimize gsueh that c(x) 20 ang ceq,=0. for us:

“Veyisr?
) b/c Vexit* exie®(20) < 0 Vexit*U140) - 25 co
hWas o actvaily oy
be gveatrer than
Zevo

ceq is empty ble
s . theve are wno noniinear
* ~Vexirz(30) clyy,

z Uekif'-(p(o)_zs eq,uannj constvaints

STEP 11, 12,13
done in MATLAB
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ANSWERS

oprimal tension: 39,5% N

opHimal vevtical dvop: 4o m

for 30 kg videv:
maximoum ue,\oc,(hﬂ: 11.5308 wmy/g
exit velocity: 0.0232 m/s

for 30 kq videv:

mMmaximom Uea\ot.(hﬂ: 12.3844 m/g¢
exit velocihd; 2.1833 w/s

for 190 Kkq vider:

maximom Ue\oo(hﬁ: 14.033%5 wm/s
exit velocif\j: 3.3%81 mys

GRAPHS:

Position profile for each rider
T T
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Velocity profile for each rider
T T T T T

30 kg rider
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- WRITE - vp -

First, the decision variables, objective function, and constraints were all determined for this
problem. There were two decision variables in this problem were the tension of the zipline and the
vertical drop between the end supports. The objective function, which is what [ was trying to optimize,
was the peak velocity of the 70 kg rider. The constraints were that the exit velocity of all three riders must
be less than 5 m/s, all three riders must make it to the end of the zipline, the wire rope tension must be less
than 50 kN, and the vertical drop must be between 10 and 40 m. The goal of the problem was to
determine the optimal vertical drop between the end supports and the zipline tension such that all the
aforementioned conditions were met.

After using the equations in the zipline paper, as well as the differential equations provided in the
problem statement, I found the following things: the catenary shape of the zipline with no riders, the
position of riders (of different weights) on the zipline, and the velocity of riders (of different weights) on
the zipline. More information on the steps I took to find these are detailed above.

I decided to use MATLAB’s fmincon command to implement the constraints. I used the nonlcon
version of fmincon because this problem had nonlinear constraints, which are implemented through
nonlcon. The first constraint I looked at was that all riders must make it to the end of the zipline. Using
simple physics, I reasoned that if the lightest rider (30 kg in our case) makes it to the end of the zipline,
then all of them will make it to the end as well. This is because heavier riders have a higher exit speed,
while lighter riders are more likely to get stuck somewhere on the zipline. If a rider doesn’t make it to the
end of the zipline, the square of their exit velocity will be negative. Therefore, the constraint I
implemented was that the square of the exit velocity of the 30 kg rider must be greater than zero, in which
case all of the riders will make it to the end of the zipline. The second constraint I implemented was that
the exit velocity of all three riders must be less than 5 m/s. Using the same physics reasoning, since the
heaviest rider (140 kg in our case) will have the largest exit velocity, as long as their exit velocity is less
than 5 m/s, all of the riders will pass this constraint. Therefore, the constraint I implemented was that the
square of the velocity of the 140 kg rider must be less than 25 m/s. Since nonlcon contains the nonlinear
inequalities and equalities that the minimization is subject to, the two constraints I described in this
paragraph were implemented through nonlcon. The other two constraints are that the wire rope tension
must be less than 50 kN and the vertical drop must be between 10 and 40 m. Since these are constraints
on the decision variables, [ used the lower and upper bounds on fmincon to implement these. I set the
vertical drop’s lower bound to be 10 m and its upper bound to be 40 m. I set the tension’s upper bound to
be 50,000 and its lower bound to be 0, because I thought it would not be appropriate for the tension to be
negative.

The answers I got at the end of this problem are specified on the page above. They satisfy all of
the constraints, because all of the exit velocities are under 5 m/s, the tension of the rope is under 50 kN,
and the optimal vertical drop is between 10 and 40 m, inclusive. I also know that [ optimized the velocity
of the 70 kg rider. I know that fmincon tries to find the minimum (or in our case, the maximum) based on
the starting point we provide. Sometimes, it might think it found the minimum point, but it only found a
local minimum, and not the global minimum. In order to ensure my solution found the global (and not just
a local) minimum, I provided different initial guesses for the decision variables (vertical drop and
tension). I found the velocity at the optimized tension and vertical drop with these guesses. After multiple
guesses, I realized that the velocity I got was in fact the global maximum, because I did not find a higher
velocity. If I had more time, to streamline this process, I would create a 3D plot of the velocities for the 70
kg rider to ensure the maximum that I found was in fact the global maximum.
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