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Problem Definition

A parachutist (Mass m, Area Ag) falls down on earth. He gains speed as long as the weight is equal
to the aerodynamic drag (absolute value). When he reaches a defined height h; he opens his
parachute (Area Ap). The drag increases rapidly and he slows down.

1. Calculate the maximum speed of the parachutist
on two ways: T Fy
.. Analytical
1. Computational (SIMULINK)

2. Display the height and the speed over time
(computational/Simulation)!

3. Task List
v me

Given: ¢ m-h
h
hy = 3000m (starting height), h; = 1500m
As = 0,5m?, A, = 30m?, m = 85kg A S S S

cp = 1,3 (const. for both cases), o = 1,2%
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0. Prerequisite Equation of Motion

D'Alembert's principle: m-h= F,L—m-g

Aerodynamic drag: FL=cp-A-=v? v=~h

N D
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Solution
1. Analytical Solution
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1. Analytical Solution

Closed parachute:
Stationary (maximum speed): h =0

> _ 2-m-g
cp-A-o
> v=—462" = _166,5 "
S h
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Solution

1. Computational Solution
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1. Computational Solution | Function Block

Stationary (maximum speed): m-h = FL—m-g

. c ‘A .vz
_> h — &

— or
2'm g

CTDAQUZ_mg

-> ii:

m

This differential equation can be expressed via a function block (older Matlab versions), where u[1]

(new: u(1)) is the surface and u[2] (new: u(2)) is the velocity (mux-combined). The newer versions
offer an interpreted MATLAB function block:

Block Parameters: Interpreted MATLAB Function X
Interpreted MATLAB Function
= Function Block Parameters: Fen =] | Pass _Ihe input values to_a MATLAB funr:t'lon for gvaluaﬁon. T11(=T
f[u] > |nte rp reted function must return a single value having the dimensions specified
) Fen ) MATLAB F > by "Output dimensions' and 'Collapse 2-D results to 1-D'.

General expression block. Use "u" as the input variable name. cn B vy, SO, e, (e
Fen Example: sin(u(1)*exp(2.3%(-u(2)))) P o

Parameters MATLAB function:

Expression: | (cD/2*u(1)*rho*u(2)"2-m*g)/m| |

| (ew/2=ul1T*rho*ul2]~2-m*g)/m| | Output dimensions:

Sample time (-1 for inherited): |.1 |E|

-1

| | Qutput signal type: |au‘m - |

Collapse 2-D results to 1-D

oK || Cancel H Help Apply

oK || cancel || Help Apply
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1. Computational Solution | Mux Block

To get a multiplex scalar where u(1) is the surface and u(2) is the velocity a mux has to be
implemented and the inputs have to be routed accordingly.

#i)
|

Switch —> f(u) "0

Function

Mux
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1. Computational Solution | Switch Block

The height acts as an threshold for a switch block, where the Area is defined:

W Function Block Parameters: Switch AI
Switch

Pass through input 1 when input 2 satisfies the selected criterion;
otherwise, pass through input 3. The inputs are numbered top to bottom
(or left to right). The first and third input ports are data ports, and the
second input port is the control port. The criteria for control port 2 are u2
== Threshold, u2 = Threshold or u2 ~=0.

| >=

Switch - main | Signal Attibutes |

Criteria for passing first input: |u2 == Threshold - |

Thrashold:
11500 |

Enable zero-crossing detection
Sample time (-1 for inherited):

-1

") oK || Cancel || Help Apply
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1. Computational Solution | Integrators, Scopes and To-Workspace

Two integrators create the height h(t); and the velocity h'(t) and the height h(t) can be visually
displayed by two scopes. The initial height hy, must be inserted as initial condition for integrator 2!

Two “To Workspace”-Blocks will route the calculated signals to the Matlab-Workspace.

Block Parameters: To Workspace 1 X
To Workspace

Write input to specified timeseries, array, or structure in a workspace. For

menu-based simulation, data is written in the MATLAB base workspace.

Data is not available until the simulation is stopped or paused. 4, f(u)
To log a bus signal, use "Timeseries” save format.

Parameters EXIt - Func.hon StOp S|mu|at|0n

Variable name:

| ——» out.Speed «—p out.Height

Limit data points to last:
[inf B
Decimation:

. . ] S

Save format: ‘Tlmeseries 2 ‘

To Workspace 1 To Workspace 2

Log fixed-point data as a fi object

Sample time (-1 for inherited): Speed [ml’S] Helght [m]
! [t

h'(t) h(t)

Q' OK H Cancel || Help Apply
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1. Computational Solution | Simulation Stop

An additional function and the sinks block stop terminates the simulation when the parachutist

reaches the ground. Because of the Boolean-required input, it is necessary to implement another
function. This can be a Exit fcn or a Compare To Zero block.

Block Parameters: Exit - Function Y

Fcn

General expression block. Use "u" as the input variable name.
Example: sin{u{1)*exp(2.3*(-u(2))))

Parameters
f( Ll) Expression:
u[1]<=0
E \

xit - Function Stop Simulation

Block Parameters: Stop Simulation X oK I | cancel | | Help Apply
Stop
Stop simulation when input is non-zero.
OK | | Cancel ‘ | Help Apply
Block Parameters: Compare Te Zero X
Compare To Zero (mask) (link)
Determine how a signal compares to zero.
Parameters
Operator: |<: - |
4.. <=
0 STOP Output data type: boolean -
Enable zero-crossing detection
Compare To Zero Stop Simulation
J I OK I ‘ Cancel | | Help Apply
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1. Computational Solution

After adding the variables to the workspace the simulation can be made. The maximum speed can
be obtained via the min/max command:

Frmin(v{l:end,2)) »= min{out.Speed)
ans = or ans =

-46.2393 -45.9&687

The result is equal to the analytical one.
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Solution
2. SIMULINK Scope Screenshots
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2. Computational Solution/ Simulation

Height over time:

4 h [m]

ECER LT IERR
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2. Computational Solution/ Simulation

Speed over time:

4 v [m/s]

ECER LT IERR

I
|
-
|
i
|
=
|
-5
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2. Computational Solution/ Simulation

Extract from the m-File:

MAS © D. Zimmer

Speed over Time
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Task list
3. To be delivered prior to 06.0
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3. Task list

e Create a Simulink model with the name “P03_S Parachute ”“+YourLastName+”.sIx” with all
necessary blocks and signals to achieve the presented results. The stop time should be
changeable via the variable tstop.

Please add an Initialization Function (InitFcn) Callback to load all your variables in the Simulink
model

* Create a m-File with the name “P03_M _Parachute ”+YourLastName+”.m”. This file should
contain:

An Init part
A part to load all necessary variables
A part to run or sim your Model
A part that saves your results of the height and the speed over the time in one plot with the
name “P03_Parachute_Results ”+YourLastName+”.png”. This should also implement a proper
title, proper labels and of course the correct results (see p.17).

e Just send the .m and the .slx files (not the .pngs!) to denis.zimmer@Ilba.hs-bremen.de

* An example m-File is uploaded in the current folder
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