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N\

Using Matlab

K. Otto
2.670 ME Tools

1 00E Toals 1

Notes:

This the first day of matlab, and presumes you have sat through the “Introduction to
Matlab” training session.
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M\ Setting Up for Matlak:-|

athena® rmidir ~/matlsh
athenai cd ~/matlab
athenas add mat lab
athenas

1 E0E Toals 2

Notes:

First you need to set up your athena (server) environment to be matlab-happy.
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\ Basic Calculations

IR ] == iml(T)
ans = an: =
15 0L ESTO
v TRE - osin(PEpiflEn)
ans = ans =
56 0.1il13
o TG e LF0
ans = Warming: Diwide by mero
57E4E 01 ans =
r Int
=110
15 0ME Toals E)

Notes:

Matlab does basic calculations as you would expect.
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\ The Matlab “Environment”

+ UNIX commands |+ Workspace commands

e >> help TOPIC
Fi omawe
> ocd L. >r 1=
>> pwd - .- mat 1 ab . mat
Fmie/USER
> quit
> cd matlab
>> !lpr FILEWZME .p= athena® matlab £
> load
>
10 ME Taals ]

Notes:

In matlab, you can do all the UNIX commands.

There is an idea of the matlab workspace. As you define variables and formulas, they are stored,
overwritten, expanded, deleted. But there is a state of the matlab environment at any point.

You may choose to leave matlab because of time pressure. You can store the state of matlab with a
save command. Then quiot matlab, and leave. Later, after starting matlab, just enter load, and the file
matlab.mat will be loaded, which restores the state of matlab to what it was when you did the save.
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\ Matlab Functions

4 Consult your Quick Reference Guide
4 help function provides info
+ 20 Categories of Functions

color funfun matfun sparfun
datafun general ops specfun
demos graphics plotxy specmat
elfun iofun plotxy= sounds
elmat lang ployfun strfun

1 0L Toals

Notes:

There are many matlab functions..
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Matrix Math

1 00E Toals
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L Matrix Math
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Notes

lets try some matrix math.
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\ A Motivating Example

+ 2.007 Contest
runner up from a
few years ago

+ Drove across a
pipe, lifted up a
box of balls, an
dumped them
into a bin

10 MWE Taals z

Notes:

Now lets see how we might use this.
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\ Examine the Lift Linkage

+ How much weight in
the bin can the air
cylinders lift?

= An air cylinder can
exert ~2 |bs force at
50 psig.

1 00E Toals
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Wodel a System of Forces

X
X

—_—
=l

1 00E Toals
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\ Support Forces

¥

Y- Fsin{z-8)+R=0
X—Feos{z—4)=0 |

1 00E Toals
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Q‘ﬂ“/orces on the Bin

—Y+Fsin£ - =0
L cosZW — Leos £Fsin( #— £)— Lysin £F cos(— £) =0

1 00E Toals
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Q‘”“ System of Equations

This defines a system of equations

1 0 cosé 0|x 0
0 -1 sin & 0| ¥ W
0 0 Iysinig-&) 0||F[° |i,cosei
01 —sné 1| & 0
O in rmatrixfvector notation
[B]F =R
Mote that
& =70  L,=15
& =110

4,=62" L,=65"

1 50 TE Toals 1=
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. " What Force for 10lbs Weight?

== radf = 7F0*%pisla0;
== radi® = 110%pifl80; Frec =
== radw = G2*piSlE0;
»= LZ = 1.5; 10. 8247
== Lwr = &.5; 159 7408
== W = 10; 31. 6493
= Bmat = ... 10. 0000
[ 1 0 cosirad3) 0O ;_._.
0 -1 sin{radd) 0 ;... S0 the twa pistons need a
0 0 LE*sin(radi-radZ) 0 ;... combined force of 32 |bs
01 -sin{rad3) 1 ]: to lit a bag of sugarin the
¥+ Presc = .. hin.
[ O ;W ; Lw*cosi(radw)*W ; 0 ];
=% Fwec = Bmat™i{-1)*Bwvec

1 50 TE Toals "
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Q‘”“ What about other Weights?

= To try many weights,
we heed an m-file to
call many times

+ Call the m-file

force.m

function Fvector = force (TN
¥ returns the reaction and
% piston forces for a given
¥ load, at the initial position.

rZ = T0%pisl80;

r3 = 110*pi/s180;

rw = &0%pi/ 180,

Lz = 1.5;

Lw = &_5;

Bmatrix = ...

[ 1 O cosi{xr3) 0O ;...
0 -1 =sinir3d) O ;...

0 0 LE*sinlr3-rZ) 0 ;...
01 —-zinir3) 1 ];
Brrector = ...
[0 ;W ; Lu*cos(rwm *W ; 0 ];
Frwector = Bmatrix™{-1)*Bvector;

1 00E Toals

12
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Q‘”“ Call the mfile

»» F=force (7] »» F=force (6]
F = F =
7.5773 6.4945
15.5154 11.5444
2Z2.1545 15.9596
7.00og 6 .0000

# force onthe pin

Y force an the pin

F piston force

F force holding up structure

1 50 TE Toals *®
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ME Tools H
\ Expand the m-ile
function Fvector = force (W, atdg)
% returns the reaction and
+ Read into the m-file |} risten fovess tov & given
oad W, at a giwven ancgular
radz, rad3, radw %anﬁiti-.?lljang = [al aZ a3].
r& = ang ;
as a vector ang r3 = ang(2);
rw = angid);
i T[‘}Jr Lz = 1.5;
. Lw = &_5;
ang (1) = 70%pi/180 |5 0. 02%
ang (2) = 70%pi/ 180 [ 10 cosir3) 0 ;..
: 0 -1 =sinird) 0 ;...
= #*
S (3) b2 pl.-""lBD 00 LE*sinir3-rz) 0 ;...
<+ What happened? poaeroy imiEal L
Why", [ 0 ; W ; Luw*cosiradw)*W ; 0O ];
Fvector = Bmatrix™(-1)*Rwvector;

1 50 TE Toals T
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#r force (10, [TO*pifLE0 ...
T0*pif1E0 B0 *pd F1E0])

\ The Matrix Determinant
function Fvector = force (W, atndg)

r& = angil);
r3 = angiZ);
rw o= ang(3);
Lz = 1.58;
Lw = &6.5;
Bmatrix = ..

[ 1 O cosgr3) O 2...
0 -1 =inir3a) O ...
00 LE¥*sin(r3-rZ) 0 ;...
01 -=infr3) 1 1;
disp {*The determinant i= *);
dispidet (Bmatrix) )

Brrector = _ ..
[ O ; W ; Lu*tcos(wmi*W ; 0 1;
Fvector = Bmatrix™i{-1l)*Rwvector;

The determinant is

n
WMarming: Matrix is ringular tao
working precision.

i =
HaR
Ha¥

HaH
HaR

+ B is singular

+ S0 even infinately
large forces cannot
support the bin at
these angles.

1 00E Toals
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Plotting Data in Matlab

1 00E Toals =




... Matlab plots data, not

\ functions

« |f you have a vector - If you have a function

pair of data, plot it to plot, first you must
generate data that
»» losd | ‘data.dat’) represents it
>r plot(datai:, 1) ,...
datal: 2] >» Eveo = 0:0.01:4;

x> Twec = =in(dvec) :
x> plot (Hrec, Treo)

1 00E Toals
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\ A Motivating Example

+ How long until you can grab the
machine after blowing out the flame?

FYE

1 0E Toals =
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. " Cool Time Data
Measure Temperature at regular time intervals

1]} FIF) Ijmn} FIF) I} FIF) 1] mn) TIF) 1] mn) L [} 1]} FIF)
orr Lt im0 243 aamr 1w 1233 1as 1ron g8.3 2ar ara
033 LI imr 20 2 aas ¥ ] 1300 (R | rr g8.3 2183 ara
LEL] am i3z zHEA 00 1A aar g 1rag gna 2180 ara
oEr  sma so0 m gIr 1ag -1 B R} 1ran L 21Ar an
0ag oA wir  amA 99 1arz 19s0 g irAr L 2139 an
om0 ama wgy  2ma 980 leas L g 1rag L 2200 an
vir ima ssg 292 L. LI Y| 111 R 1ann g9z T an
133 L Lsar 2132 33 13 1ion ma s 932 2233 ez
80 Lima sams 2oz oo 1an wir o ma 1293 g9z 2280 Az
ar LmnA BO0  zmA mr 1an 1igg  iorm 1as0 g9z 28T Az
ram uma mar ma g3 1@z 1isg iorm 1anr LIS 2238 Az
Zoo0 smz mag 1ar nan WA AT w3 1233 g9z 2900 Az
217 smn as0 1w 1. L. LENT- ) 1i3s  ma 1900 LIS mr Az
233 anr & amar rma roas -] [-F: 1] e aar ars 2333 aza
280 FE R aa3 ma roo -0 taar e 13a3 ars 23a0 aza
Iar o5 roo ran s r -0 1333 e 13an ars zaAar aza
2a3 gzrz rar | 11g3 '=n 1asn mz2 raar ars 2333 aza
200 g rag ) (T | [F-¥.1 (7.1 m2 1933 asa 2400 aza
air gor & rsg ) 1ar [F-¥.1 [EY-1'] ma 2000 asa ear aza
293 o rar - 1133 '=a 'aon ma 200 asn 2a43 azi
280 2% ras 'ma 1200 ma raar ma 2033 ara 250 aza
gar 2 aoo -2 zar ma ag33 ma 2050 an anr aona
2ag am arr T 1293 = [L.ET ] 2an zoAr ara FI¥-L] aona
oo 2m ass -] 1250 = taAar I3anm zZ0a3 ara 25300 aona
waar Ima aso [ ] 1zar mz L) -F.1] Isa 2roo ara 50T aona

1 00E Toals =




2870

. " Plotting Data

Copy the termperature data file fram the 2.670 locker
athena% cp /wit/Z_ 670/Computers /matlab/cenp. dat ~/matlah

Fead data fram a file inta matlab o
== load | *tcenp. dat’ ) ;

=+ twec=temp(: 1)

> Twphatavec=temp|(:,2);

Mowe plot the measured data

== plot (twec, TupDatawrac)

Hrmrmimn. ...

Looks expaonential.

1 00E Toals |
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\ Why an Exponential Look?

The plot looks like an exponential decay...

Convection Cooling == ¢ =hA(T(H)—T,)

L d M ¥ ar
Lmpe ASS —q:mﬂp—
dt

d’f_—m(ﬁ r)

dt  me (-1

F

1 00E Toals =




2870

. " Convective Cooling

\ Transform variable D =7T-7 h=7

=0 gy — kA — k4 A0
T me P B %=

F F

Integrate A ‘qdﬂ — hAt T—T
[Za- = o =1n[ “J

0 MCy A

=0

1 00E Toals =
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\ Curve Fitting

« Matlab only fits polynomials
to data....

>x polyfit (Evec, Twec, 1)

fits a least squares best line %
yprealfcred = JBEI + ﬁ‘x
to a dataset

[x? Vrneasured ]

1 00E Toals Fol
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\ Transform Data to a Linear Form

+ Qur data is exponential, not linear

So fake the 1og (. ) of the data

logi.)
-\ . (T-L)
: £
ToT, o B

1 00E Toals =
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Q‘”“ Plot the Ln Data

Justta convince ourselves, lets plat the log (. data.

l_’_’_’_,_,—— Ambient Ternperature is B5°F
>»> Tinf = 65; ’

*»> Deltalatawec = .
TrpDhatares — Tint:
>»> lnbeltalatavec = .
log (Deltabatawvec) ;
> plot (twvec, InDeltalataved)

Is it linear?. .. ..

1 00E Toals =
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\ Find the Least Squares Fit

Find the coefficients that least squares best fit a
line (a linear palynomial):

> beta=polyfitc (tvec, lnbeltabatawvec, 1)
beta =

-0.1251 5.7895

A

Which tells us  In(T(t)- 65)= 58-13
or  T(t)=65+3308

Do you believe this least squares best fit madel?

1 00E Toals 0
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Q‘”“ Plot both Data and Line

Lets check by visualizing the data.

7 T

»» Fitwec = ...
hetai(l) *twvec ...
+ betalz):

Fx plot(twvec, ...
Inbeltalatswves, ...
YE oY oo o
tves, ...
Fitweo, ')

Do you believe the model?

1 50 TE Toals 3
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Q‘”“ Formatting Plots

Add titles, axis labels, and legends with
plot formatting command s

> title(*Ln(Delta Temp) w=s. tCime");
rr ¥label(*ine (mwin)”’):
> ylabel(*Ln(lelta Temperature)] *) ;

L [z I3 T2 mp) w=lima

LiiDe B Temp)

T TR TR S TR
Lima [ min]

1 00E Toals 22




.. Plot the Exponential

\ Equation

The least squares
best fit expaential
madel ta the data is
then

T=65+330e

How lang until we
can grab our engine? 1

58588

5

=

Do you believe
- the maodel?
- the time prediction?

1 00E Toals
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