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22.321 MATHCAD Softwar e Usage

MATHCAD isageneral purpose mathematical software package commonly used in engineering
analyses. Some basic familiarization using MATHCAD is presented in this document to acquaint the
student with MATHCAD and itsuse. (Only use of MATHCAD asit pertainsto itsusein ME 22.321 is
presented in this document.)

Thefirst step isto start up MATHCAD

In order to run MATHCAD software :

From the START menu, click

START I

r rograms
PROGRAM S I Ik
MATHSOFT Apps r&'; td athS oft Apps
MATHCAD ﬁ Mathcad 2

Only a handful of commands will be presented here for the smple utilization of MATHCAD to generate
some simple functions and plots of those functions. Thiswill be followed by an example.

MATHCAD isagraphical program where What You See | s What You Get (WYSIWUG). Sinceitis
graphically based there are many commands that can be given using either the pull down menus or by
using special keystrokes (basically, secret handshakes). Asyou step through this tutorial, these will be
explained. Once MATHCAD has been started, you will see a clean page.

Now as you work, you may want to either save an existing session or reload a previous session that had
been saved earlier. To do this, you can use the File command to Open, Close and Save (asin any
typical windows based programs).

In MATHCAD, if you need assistance with a particular command, you can use the HEL P function.
This operates as any other windows based help function. The Resour ce Center isvery useful in
providing additional information to help in ussing MATHCAD. It is strongly recommended that you
look at the Getting Started section to get more familiar using MATHCAD.
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Rather than list out all of the MATHCAD commands that might be needed, let’ s start by trying to do
some simple operationsin MATHCAD to do some simple manipulations and plotting. Let’s start with a
simple function to plot.

First let’s get a series of values for the variable x. Do this by clicking in the window (ared cross will
appear) and typing

x:1;5 but x:=1..5appears

The first of the secret handshakes occurs. What happened here is that an assignment of x equal to the
values 1,2,3,4,5 was made. Theway thisisdoneis by using the assignment “ :=" statement but thisis
obtained by typing “ : ” at the keyboard.

The second secret handshake is that we need an array of numbers from 1 to 5 in increments of 1; thisis
obtained by typing “ ; * at the keyboard which produces“ .. * (which indicates a series of numbers from
1to5)

Now to see the values of x, then we would type
X = and an array of numbers appears

Now just to allow for some formatting of this simple array, let’s move the output of x towards the right
side of the screen. To do this, move the cursor somewhere outside the equations generated thus far and
use the normal windows “click and drag” to highlight the x output. (Notice that the regions become
activated as dotted boxes appear around them, but change to solid lines as the mouse isreleased.) Now
move the cursor to the exterior of the highlighted region and a hand will appear indicating that the
mouse (with aclick and hold) can be used to move the selected item on the page.

We can move these items anywhere on the screen, but the actual location is very important. It turns out
that while MATHCAD isavery powerful tool, it isalso very fussy! The items must appear in order
from left to right and top to bottom. Basically, what that meansis that you can’t print out the values of x
until they are defined. But that makes sense.

22.321 MATHCAD Software Usage 2 Rev 091100
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Now let’s define x differently by using a subscripted array.
Firgt, let’s define an array with n equal to sequential valuesfrom 1to 5. Type

n:1;5 which producesn :=1..5 on the screen
This now sets up an array of numbers that can be used as a subscript for variables.
Now let’senter in datafor x andy. Thiswill be done using a subscripted approach. First let’s enter the
two lines of information in MATHCAD and then explain what the input means. The variable x will be

input by using the variable n directly and the values of y will be entered individually.

x[n:n which produces X, := n on the screen
y[n:0,2509 15 which producesy, with the values shown in a column

The[ indicates a subscripted variable. The x variable was subscripted with ‘n’ values which were
assigned to be the values of ‘n’ and the results were shown in a column on the screen. They values were
subscripted with ‘n’ values which were typed in at the keyboard (separated by commas).

Right now the data on your screen should look something like the window below.

%] Mathcad - [junk.mcd]
ﬁEiIe Edit “iew |nsert Format  Math  Symbolic:  \Window

Help =181 %]

DM &&aV| 40280 oc|™ R

| Narmal l|aal =0
ni=1.5 j

H
-

3
Fress F1 for help. !A_UTD_ hﬂ
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Now let’stry to plot x and y and show the use of the plotting commands. At the keyboard, type @
which is a shortcut key to generate aplot. The plot window will open with no data or information to plot
as shown below.

Click on the dark box along the x axis of the plot and enter x. Do the same for y along they axis. Then
click outside the plot box. The plot window will have data as shown below. Notice that MATHCAD
did select some reasonable plot limits based on the values of x and y contained in those arrays.

20 T T
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Double click on the plot window in MATHCAD and there are several plotting attributes that can be
modified to change the “look and feel” of the plot. Explore some of these plotting options.

Formatting Currently Selected X-Y Plot Formatting Currently Selected X-Y Plot
# Ares ITracesi Labelsi Defaultsi A dees  Traces iLabeIsi Defaultsi
LT ¥t
i : I LogScale Legend Label Symbol — Line  Color  Twpe  ‘wWeight
Fole e e TR R ......i.r T
T Ie i trace 2 none dot bilu lines 1
= = trace 3 hone dazh  amn lines 1
V' Autoscale IV Autoscale trace 4 hane dadat  mag  lines 1
[~ Show Markers [ Show Markers trace § hone zolid cya  lines 1
¥ Aute Grid ¥ Auto Grid trace B none dok b lines 1 _'_]
Fﬂbﬂ of Giids: Pbef of Gds: ltraCE'l inone j !solid :j Iled __'_! !Iines :j I'I __'_I
— Awes Shyle ™ Hide &rguments ¥ Hide Legend
% Bozed
" LCrossed [~ Egual Scales
" None
k. I Cancel I Lpply | Help l 0k I Cancel I Al I Help |
Formatting Currently Selected X-Y Plot Formatting Currently Selected X-Y Plot
= A:-:esi Traces Labels IDefauItsi X-Y.-’-‘n.Hesi Tlacesi Labels Defaults |
- Titl Changes all plat settings to
! Change to Defaults I the default settings for this
docurment.
& fbove € Below ™ Show Tile [Jze the current plat settings
az the default zettings for thiz
. document.
- fwiz Labels
otz W I
Yedwis I
k. I Cancel Lpply Help I 0k, I Cancel Sl Help
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Now let’s add some labels to thisdata. Double click on the plot to open the formatting window. Select
the Labels tab and enter in:

Title: Title of My Plot
X-Axis x axis label of plot
Y-axis

y axislabel of plot

Formatting Currently Selected X-Y Plot
=4 A:-:esl Traces Labels I Defaultsi
— Title
|Title af My Plat

& Above O Below [ Show Title

— iz Labels

bz W I:-: avis label of plot

Vohuis W ]_.,. aris label of plot

k. | Cancel Apply Help

15 20 | |
L=
u
k=
& ¥ 10 —
% TR ||
=
0 I |
Ha
1] ) 4 ]
B X A
¥ axas label of plot
m al
Try other features to customize your plots
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Now let’s skip to something more interesting like plotting afunction. First let’s do asimple sine wave
and then move on to an exponentially decaying sine wave.

Let’s define the variable x to have values from 0 to 4p and then plot the sine of it. First, define an index
counter ‘'n’ that has one degree increments from 0 to 720 degrees. Then, define the variable x,, to be the
variable n (as was done in the previous example).

n:0,1:360*2 which producesn :=0, 1 .. 360* 2 on the screen
x[n:n which produces X, := n on the screen
This variable needs to be converted to radians so that the sine of the function can be obtained.
xrad[n:p*x[n/180 which produces xrad,, := p X, /180 on the screen
y[n:sn(xrad,) which producesy,, := sin (xrad, ) on the screen
Now plot the function just as was done earlier. Note that the plot variables are typed in as

xrad [ n which produces xrad,, on the screen
y[n which producesy, on the screen

Then click outside the plot box to see afigure like the one shown below
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Now let’s put a more difficult expression together and put together some more elaborate plotting
commands with multiple plots. Only some brief explanations of the commands are given here.

Let’s plot adamped exponential sine wave here (with 6 cycles) and overlay the exponential envelop on
the plot —we will aso include colors and line types and dump the plot out to the clipboard in
WINDOWS so we can import the picture into WORD for instance.

Type the commands shown in the window below. Use the plotting Format tools to change the line type
and colors of the envelop of the damped exponential sinewave. (In MATHCAD, multiple plots can be
obtained for the y axis by separating all the variables with a comma)

i%f Mathcad - [pete_exp_2.mcd]

ip Fle Edit View Inset Fomat Math Symbolics Window Help 18] x|
D 24| BEB|oo|"s My =8|
[Normal =] [aial o =B oz w|:
=l

BRI ey B
B 180 |

¥, ‘=sin [::cradn:] “BXp (— 01 -:cradn)

T, =-exp (-El.l -xradn)

] 20 40

Tirne foede Warishle

i o

Press F1 for help. {AauTo | | Page1 .~

Asthe MATHCAD fileis modified, the file can be saved to the original file name or new file name. Itis
strongly recommended that you save the file periodically as you develop your equations and plots.
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This is the generation of a sine using non-subscripted variables

0P
XE0G Py =sn(0)
~ y(x) =
0 0

0.785 0707

1.571 1

235 0.707 y(x)

3.142 0

3.927 0707

4,712 E)

5.498 0707 «

6.283 0

This is the same sine generated using subscripted variables

n n
0 0
0.785 0.707
1.571 1 Yn
2.356 0.707
3.142 0
3.927 -0.707
4.712 -1 X
5.498 -0.707
6.283 0




Example of GIVEN and FIND MATHCAD Commands

x:=1
Gi The GIVEN command is typed on the screen
Iven Itis NOT a Text Block for annotation
2 420 The equation to be evaluated is typed and the
X -a= CTRL/=is used to complete the equation assignment
Find(x) =2 FIND is then used to solve for the roots
x:=-1
Given
- 4=0
Find(x) =-2

Example of POLYROOTS Command

Evaluate the same function using POLYROOTS

240
w=C60"~ Enter a vector using the MATRIX (CTRL/M) command
c - inserting the coefficients of the polynomial to be evaluated
elg starting with the lowest order term in the first vector slot
POLYROOTS finds the roots of the equation.
x2§ Remember to enter the polynonial coefficients
polyroots(w) = ¢ 5 B from lowest to highest and all terms must be

included even if one is not present as in this case

In MATLAB, similar commands exist. The coefficients of the polynomial are input to
a vector array in decending order (opposite to MATHCAD) and then evaluated using
the ROOTS command in MATLAB

>> C=[1,0,-47;

>> ROQOTS (C)




Numerical Evaluation for Root Finding

The roots of the function below are 2,-2
On either side of zero there will be a switch between each of the roots

What happens close to zero?

y:=-4,-3.99.4
i:=1..10 0 , yy = 0
: R z(y) =y - 4
X :=-1x10""
1] -2 20
Given 2| -2
3| -2
2 — —
(Xi) -4=0 a2 «(y) 10
Find(x) =
5] -2 A _
6| -2
7 I
-10_
5 5 0 5
y
9
10

The root extraction process uses a numerical scheme to find the roots. Care should be
exercised in extracting roots. Most times the root finder will work fine but this simple example
shows that the two different roots will be found with very small changes in the starting values



Simultaneous Equations Solution - Matrix Inversion Approach

Let's define 3 equations with x, y and z given and step through a solution
Let x=1, y=2 and z=3. And the three equations are :

2x-y=0 ; x+2y-z=0 ; -y+z=1
One way to solve these are through the use of matrices as follows:

62 -1 OUxi 10
é a. i _TA0
g1 2 -Ljyy=ioy
go -1 14 ZE 11h
The 3x3 matrix needs to be inverted and post-multiplied by the vector
on the right hand side of the equation to solve for x,y,z.

2 -1 04 1 B6 A6 In MATHCAD use the CTRL/M to create a matrix

or vector by specifying the size of the matrix. The

: : : matrix can be inverted by using the menu

@0 -1 1 g @alg @&3g Math -> Matrix -> Invert or use the Matrix Toolbar

12 .17 xSoT=627
Cc cC ~ C —+

In MATLAB, similar commands exist. The matrix is input as a 3x3 matrix along with

the 3x1 vector of the right hand side. The a solution is obtained for A x =B as shown below
>> A=[2,-1,0;-1,2,-1;0, -1, 1];% The 3x3 matrix called A
>> B=[0;0;1]; % Vector B describing right hand side
>> C=A\B; % Solution is found in C

Simultaneous Equations Solution - Given/Find Approach

x:=0 y:=0 z:=0 Initial variable values are assumed
Given
The GIVEN command is typed on the screen

2xx- 1xy+0xz=0 It is NOT a Text Block for annotation

-X+2xy-2z=0 ) ]
The equations are entered with CTRL/=to
-y+z=1 assign values for the equations
ég The FIND command is then used to solve
Find(x,y,2) = 82 i for the variables in question

e3g



Programming Toolbars

In MATHCAD, u
- a variety of too

X:=-2,-1.

y(x) =

se the Math Toolbar to select the Programming Icon
Is appear with the most important being the program operator

.2
it 0 In defining a program, the first item is
"X b X< use the Add Line from the
X otherwise Programming Tool. Then expressions
can be specified as needed
y(x) =
2 In this example, the values of x which were
1 less that zero are changed to positive values
0 otherwise they were left unchanged
1 Note that the value of (-x) could also have
2 been written as absolute |x|

>>
>>

>>

In MATLAB, similar commands exist. MATLAB uses the if else end command shown

A=-2; % input arbitrary value for A

if A<O

A=-A %%% notice that there are NO command
else A=A %%% prompts >> until end typed

end

(answer appears here)

This needs to be typed every time this evaluation is needed.
A function can also be generated which makes this much easier and is the better approach.




In MATHCAD, another simple example using the program operator

-0 p 3 p Let's consider the quadrants for a sine wave and
X:= ) find the absolute amplitude in each quadrant
my_sin(x) := [sin(x) if 0EXE p Consider the quadrants for a sine wave and
2 find the absolute amplitude in each quadrant
(sin(p - )) if L X<p The logic for this could be written many
2 different ways
-sin(p- ) ifp£x£3xg
ri‘%nr: + 20 if3><£<x£2><p ok P
e e 2gp 2 y=0, 6" 2
X = sin(x) = my_sin(x) = L T
0 0 0 ‘ 9
0.524 05 05 gy
1.047 0.866 0.866 my_sini?%gg o5l ]
1571 1 1 o 20 0.
2.094 0.866 0.866 my_sin(y+p)
2.618 0.5 0.5
3.142 0 0 | |
3.665 05 05 %% 2 4 6
4.189 -0.866 0.866 yoy+ g yp
4712 -1 1




A MATHCAD hint for getting the atan(y/x) into the proper quadrant
(handed out on last year's take home exam)

Using the programming toolbar will make creating this function a snap.
Once this function is defined within the program, simply use atan2(x,y) like any
other function built-in function in MATHCAD. The function needs to be defined

near the top of the worksheet so that it can be referenced further down in the
worksheet. (J.Sherwood 16 Dec 1999)

atan2(x,y) = (0.5 ><p) if x=0

atan{ag if x>0
exg

r}rﬁtanéwi9+ pg otherwise
e eXg @
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22.321 MATLAB Softwar e Usage

MATLAB isagenera purpose software package commonly used in engineering analyses. Some basic
familiarization using MATLAB is presented in this document to refresh or re-acquaint the student with
MATLAB and itsuse. The student is expected to have seen some use of MATLAB in previous
engineering courses. (Therefore, only use of MATLAB asit pertainsto itsusein ME 22.321 is
presented in this document.)

Thefirst stepisto start up MATLAB
(assuming that a Windows based version is being used)
In order to run MATLAB software :

From the START menu, click

START I

r ‘Tograms
PROGRAMS E Progran
MATLAB EEREEE

Only a handful of commands will be presented here for the ssimple utilization of MATLAB to generate
some simple functions and plots of those functions. Thiswill be followed by an example.

When starting MATLAB, the commands that are entered at the MATLAB prompt can be saved to alog
filecalled adiary fileusing

diary filename (the filename is your choice)
Thelog file can be turned on and off using diary on and diary off as desired.
Upon starting MATLAB, typically you will be working in one of the MATLAB directories such as
C:\MATLABR11\bin. In order to determine this you can use

pwd (which identifies the current working directory)

22.321 MATLAB Software Usage 1 Rev 090900
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In order to move to adifferent directory to do your work, you can change using

cd c:\temp (thisdoesachange directory to c:\temp for instance)

Now as you work, you may want to either save an existing session or reload a previous session that had
been saved earlier. To do this, you can

save (save the session to default matlab.mat)
save new_session.mat (saveto aparticular file with .MAT)
load previous session.mat (reload a previous saved file)

In MATLAB, if you need assistance with a particular command, you can type

help (listsal MATLAB help info)
help “command” (provides help on particular command)

Another important feature of MATLAB isthat you can write very simple script files that can be saved as
text filesand used to run MATLAB. Later in this session, we will discuss script files further.

Rather than list out all of the MATLAB commands that might be needed, let’s start by trying to do some
simple operationsin MATLAB to do some simple manipulations and plotting. Let’s start with asimple
function to plot.

22.321 MATLAB Software Usage 2 Rev 090900
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First let’s get a series of values for the variable x. We will do this by typing

[1:1:5] Array x startsat 1, incrementsby 1,t0 5
[0 259 15 Array y has values shown

X
y

Y ou will notice that as you typed this, the values appeared on the screen. In order to prevent this, the
commands can be ended with a semi-colon “;” and then the output will not be shown on the screen. But
if you wanted to check what got entered in as your data, then you could type

[1:1:5];
[0 259 15];

(tolist the valuesin x)
(tolist the valuesinyy)

< X< X

(One point to make isthat MATLAB really thinks in terms of linear agebraasits main purposein life.
This meansthat it really expects to see data as vectors and matrices. The data we have entered aboveis
actually arow vector - not a column vector)

Before we plot, we might want to put these valuesin atable for printing

table(:,1)=x; (puts al data of x in column 1 of table)
table(:,2)=y’; (puts al data of y in column 2 of table)
disp(table); (prints out table of valuesin columns)

Now let’s plot this data and look at some plotting alternatives.

plot(x,y) (shows data in plot window)

Now let’s add some labels to this data.

title(*title of my plot’) (plot title)
xlabel(‘x axis label of plot’) (x axis|abel)
ylabel(‘y axislabel of plot’) (y axis label)

Y ou can do various customizations of your plots — see additional info with help plot

22.321 MATLAB Software Usage 3 Rev 090900
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Now let’s skip to something more interesting like plotting afunction. First let’s plot asimple sine wave
and then move on to an exponentially decaying sine wave.

Let’s define the variable x to have values from 0 to 4p and then plot the sine of it.

x=[0: pi/180: 4*pi]; (valuesincremented by 1 degree)
y =sin (x); (sine computed using radians)
plot(x,y) (shows data in plot window)
title(* 2 cycles of sine’) (plot title)

xlabel(‘radians’) (x axis|abel)
ylabel(‘amplitude’) (y axislabel)

Now let’s put a more difficult expression together and put together some more elaborate plotting
commands with multiple plots. Only some brief explanations of the commands are given here.

Let’s plot adamped exponential sine wave here and overlay the exponential envelop on the plot —we
will also include colors and line types and dump the plot out to the clipboard in WINDOWS so we can
import the picture into WORD for instance.

22.321 MATLAB Software Usage 4 Rev 090900
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(In MATLAB, when we want to multiply terms of an array together one at atime and not perform a
matrix/vector multiplication, then we will need to precede the operator symbol with the “.” command —

take note of it in the commands below.)

x=[ 0: pi/180: 12*pi ];

y=sin(x) .* exp(-x/10);

Z = exp(-x/10);

plot(x,y,'r", X, z, 'b--", X, (-2), 'b--")

title(' Damped Exponential Response with Envelop Overlaid')

xlabel('Time AxisVariable')
ylabel (' Amplitude of Response’)

Damped Exponential Response with Envelop Overlaid

1 T T T T T

0.8+

o

0.47H \

0.2

021 1 ﬁ
0.4 \/
-0.6 |-

-1 1 | | 1 1

Amplitude of Response

0 5 10 15 20 25
Time Axis Variable
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There are avariety of features that are available in the MATLAB plot window to customize the plots. It
is advised that you explore some of these capabilities.

| Flle Edt Tools windaw H

Mew Figure Chil+M I_L:u:uls "Window Help
Open... Chrl+0 v Show Toolbar
Cloze Chrl+haf Enable Plat Editing
Save Chl+5 | Edt Tools ‘window Help Lues Properties...
Save bz ndo Line Properties. ..
Expart... Cul Chle Teut Properties. ..
Property Editor... LCopy Chrl+C rlaek SxesEusrtiong
Preferences... Eiaste e Show Legend

Ear
Fage Setup - fuld :
Print Setup... Select Al Cirle#, Zoom |n
Print Presiew. .. Copy Figure Zoom Dut
Erint... Chrl+F |::|:||:|_Irl |:_||:|ti|:|r'|:5:___ EDtatE a0

Preferences I

General i Command ‘indow Font  Copying O ptions I

- Clipboard Format

" Windows Bitmap

¥ Match Figure Screen Size

Select thiz option to copy the figure az it appears an
zoreen, of leave it unchecked to uze the Page Setup
zetlings bo determine itz zize.

V¥ “white background

Select thiz option to copy the figure with a white
background.

| ok, I Cancel el
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One other useful featurein MATLAB isto use a script file, commonly called an “m” file since the name
of the file always has an extension of *.m’

Basically, the text editor can be used to generate afile that can be used in MATLAB. Inthe example
below, afile was created in Notepad in Windows and saved to the file named “exponential.m”. Thisfile
was then executed by typing the file name without the extension at the end. Aslong asthere arevalid
MATLAB commands in this file then the resulting output is exactly the same as typing all the
commands at the command prompt in MATLAB. Thefileis shown below for reference.

& exponential. m - Notepad [_ (O]
Ele Edit Search Help

This is a short script file to plot the —
damped exponential response

8 - pi/188 @ 12=pi ]; % define the values for x
sin{x) .* exp(-x/18); % define the values for y
exp{-=/18}); % make the envelop portion

How let's plot the function and apply titles, etc.

NN E SF 2P a8 2F
o

plot{ =%, y, 'v', %, 2, "b——", %, (-2), 'b—-" )

title('Damped Exponential Response with Envelop Overlaid')
®%label('Time Axis Variahle') S
ylabel( ' Amplitude of Response’)

EN A7

The commands typed are shown below. Note that the ‘%’ allows for comment lines to be added to the
script file to allow for easier reading. This file can be run by typing its name (without its extension) at
the MATLAB command prompt (providing you are in the current working directory)

%
% Thisisashort script fileto plot the
% damped exponential response

%

x=[ 0: pi/180: 12*pi ]; % definethe valuesfor x
y=sin(x) .* exp(-x/10); % definethe valuesfor y

Z = exp(-x/10); % makethe envelop portion
%

% Now let's plot the function and apply titles, etc.

%

plot( x,y,'r", X, z, 'b--", X, (-2), 'b--")

title(' Damped Exponential Response with Envelop Overlaid')
xlabel('Time AxisVariable')

ylabel (' Amplitude of Response’)

22.321 MATLAB Software Usage 7 Rev 090900



%
% Script file to illustrate the use of a function script
% (NOTE: Function bel ow nust be in a separate file)
%
X = -5; % pi ck a negative value for x
%
make pne(x); %this will return the value +5
%
y = make_pnz(Xx) %this returns the value to variable y
%
%
x = 19; % pick a positive value for x
%
y = make_pnz(Xx) %this returns the positive value to variable y
%
%
zero =0 % now try a value of zero
%
wow = nake_pne(zer o) % WOWthat's a big val ue
%
I e e I
%
% The lines after this point need to be put in a separate file
% that nmust be named 'make_pmm which is then a funtion file
% The first line of the script nust contain 'function'
%
% This function can then be called fromany MATLAB scri pt
% (note that function nust be in the 'path' or 'pwd
%
%o ------m - - FUNCTI ON STARTS ON THE NEXT LINE-----------------
function [a] =make_pnz(a)
%
% return positive value for plus or mnus val ue
% and when zero return value 1234567 !!! (as an exanple)
%
if a==0
a = 1234567,
elseif a<0
a=-a;
else a = a;
end
R FUNCTI ON ENDS HERE- - ----------------------
%
%
%
% AVAVAVAVA SEPARATE FI LE BELOW AVAVAVAVA
%
%
%
% --- ANOTHER SCRI PT FI LE FOR ATAN QUADRANT DETERM NATION -----
function [my_atan] =check_at an(x,y)
%
% Get the ATAN into the correct quadrant
% (adapted from J. Sherwood' s MATHCAD fil e)

%
if x ==

ny_atan = pi/2;
elseif x >0

ny_atan = atan(y/x);
elseif x <0

ny_atan = (atan(y/x) +pi);
end

I e I
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22.321 WORKING MODEL Software Usage

Working Model isacommercially available motion simulation software package. Some basic
familiarization using Working Model is presented in this document; a separate more detailed and
complete tutorial is available and handed out separately. (Only the use of Working Model asit pertains
toitsusein ME 22.321 is presented in this document and only to help acquaint the student with some of
its basic features.)

In order to run Working Model software :

From the START menu, click

START A Star

r rograms
PROGRAMS = Ek

. LB wicrtking Model 2D Hormewark, E ditior ¢
Worklng Model 2l wWorking Model 20 Homework, Edition 4.1

A program startup screen similar to that shown in Figure 1 will appear.

| okingModel2D
! Wersion 4.1
Copyright € 1983-1997
Knowledge Revalution, [he.
BE Bovet Road. Suite 200
San Mateo, T4 94402

This software iz licensed to:
Peter dwvitabile:
UMASS Lowel

- Partigns @ 1992-1996 Summit Software

Fig 1 —Working Model Startup Screen

This tutorial will expose the student to some of the features of Working Model through the use of a
simple example problem. Various aspects of Working Model will be highlighted through the use of this
example problem (rather than provide a detailed description of each command as a separate item).
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The main window of Working Model is shown in Figure 2. There are severa categories of tools that are
identified in the figure. Some of these tools will be used in this tutorial in order to acquaint the student

with the use of Working Model.

'41} Working Model 2D - [Untitled1]

k W!AI,@!ﬁ' ‘ Runhlﬂiugill Hesetl ‘

=] & [Be[ |

PULL DOWN MENUS

OBJECTS

Joih®E

POINTS/SLOTS

PIN/SLOT JOINTS

MECHANICAL ELEMENTS

b
FORCING FUNCTIONS
L
|‘.EJ_ —
:-:E i v m -
B[ 1]« 8 LlJ
A

Fig 2 —Working Model Screen Regions
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Let’s start by trying asimple four bar linkage. With Working Model started, first let’ s enable some
featuresin the Wor kspace.

View |Wiew
Wiorkspace. .
v [GEnd Snap
v Dbject Snap
System Center of Mass
Lock Faints Chrl+L

8 o e r

Hurmbers and Lnits...
Wiew Size...
Background Calar...

Mew Reference Erame...

[eEteHererence Erame: F

v Home Chrl+0

Workspace (turn on Rulersand Gridsto provide better workspace description)
Numbersand Units (to select the desired units English(pounds) for this example)
View Size (to set the screen size at 10 inches for this example)

Figure 3 shows these screen windows.

—Mavigation———— — Toolbars
_ Close I
¥ Coordinates ¥ Standard
¥ v Edi
: ¥ Run Contral
I R Bxes IV Join/Spli
I Eody
—Scraling————— ¥ Puirts
[+ Tape plaver controls W Jaints
¥ Sl bars W Cnzh
[~ Simple
¥ Status bar
MHumbers and Units
—Numbers- Yiew Size
: : ~E ;
e Fied Pt Objects on screen are !0.021 timez actual size

" Floating Paint IS_ Digits Cancel |
Window width i in Cancel |
£+ Suto More Choicesi

Fig 3—Working Model Screens —Workspace, Numbers and Units, and View Size
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Now select the rectangular object tool and draw alink with dimensions 2 inch long (height in
vertical direction) by 0.25 inch wide; locate the link so that the lower left corner of thelink is at

(0.0,0.0). Asthelink isdrawn, the geometric X,y coordinate |ocations are shown at the bottom of the
screen as shown in Figure 4.

2000 Sy SRR, LN SO - NORNE. LS. |
i SO SO SO O T T SO T
]| T O R s B T s O e
P> T i T T i T i T T i T T T i T T T i LI i T i T T i T T i T
2,000 0.000 2.000 4.000 6.000
#0125  in p1.000  n h2000  in w0250 in  B0O00 -
A0 JENI3EN E k

Fig 4 — Working Model Geometry Information Region

Draw another link with dimensions 1 inch long (height in vertical direction) by 0.25 inch wide; locate
the link so that the lower left corner of thelink isat (2.5,0.0).

olo
=)

Now draw atriangular link using the polygon tool LS Set the vertices at (0,3) for the first point,
(2.5,3) for the second point, and (1,5) for the third point; close the polygon by clicking on the first point.

The current workspace will look like that shown in Figure 5. The Properties, Appearance and
Geometry can now be viewed. These can be used to modify the characteristics of the links draw
(aswell as any additional Working Model components that are included in the model).

Each of the components can be selected in the pull down menus in these individual windows.

Properties (properties can be specified here)

Appearance (parameters can be specified here —notethe Track ... selections)
Geometry (coordinates defining each component are defined here)

Figure 6 shows these screens.
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B i king Hodel 20 - s
alw]lf |
=
]
o R . -
5| I,
B
£l A
P L
$E|Ae
e
hodls
&)=
A ] I:I
| dk
e A A EES SR A Ao R 7 o bl A RIS
L] i oG 2 4 [ (AL
#1337 L FRAEET N B0 it -
[ ﬂ"'

Fig 5—Working Model with Unconnected Linkage Par-ts

_ Polygon : Palygon
8 1.333 in Area 2000 2
y 3667 in ~COM
5 ooon * & Auto

V“I 0.000 indsec | H-nffsetl 0.008 iy
Wiy 0.000 indsec _I,J-Dh‘satl 0.000 ity

Vi 0000 *fzec I~ Curved body
materiallStandard 'I —Display in
mass[  0.004 Ib " Shape cooidinates

satfic] 0300 % Wworld coordinates

k. fric: I 0,300 Table

elastic I_m { Copy | Easte]
charge im. statcoul Ihzert | [ielete |
density 0.001 Ibin™2 W ¥

Planar  ¥] 1 0000 (2000 il
mament 0,003 Ibvin"2 2 [2000  [zom0

3 fooo 5o =

v Show

I — ™ Show name
Color  Pattern Palygan

FiII:I v”I:I _I [~ Track centerof mass [~ Show center of mass
™ Track connect [~ Shaow charge

Frame:l- v” — vl W Track outine I Ehie e Eiarertatict

Fig 6 — Working Model Screens— Properties, Geometry and Appearance
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Now some points need to be identified on the links created so that the links can be joined.

ag

=

Use the point #| @) tool to specify points on the links. Select points at the end of each link and on
the ternary link. (Make sure that the points on the links are at the mid-point of the link and at the corners
of theternary link).

.
B3

Select the motor tool and place amotor at the lower end of the shorter link. The rotation speed
of the motor can be specified in the Properties window. Now depending how the motor was placed at
the end of the link, the motor may already be attached to the end of the link.

Pressthe M button and observe what happens. If all the links fall to the bottom of the screen, then
the motor is not hooked to the end of the link. However, if the shorter link rotates about the center of the
motor, then the motor and link are hooked together. At this point, the links need to be Joined together
or Pinned to ground to form an assembled system.

Select the point that was placed at the lower end of the longer link. This can be done by clicking on the
point or using the mouse to draw a selection box around the point at the end of the link. (Make sure that
the point doesn’t move from the mid-side of the link.) This approach can be used to select one or
severa points simultaneously for joining purposes.

Now let’s select the pin 08 ' tool and select the lower end of the long link to be hooked to ground

with asimple pinned joint.

Now select the point at the upper end of the longer link and the lower |eft corner of the ternary link so
that these two points are the only points selected in the window.

Join®
Splite

Usethejoin tool to connect these two points. Also select the lower right corner of the ternary
link with the point at the upper end of the shorter link and join these points. Y our Working Model
should now look like Figure 7. (The components can aso be named as shown and Tracking turned on
asdesired). Figure 8 shows the associated appearance screens.
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Dl |G| S]] (v 3|Al2]2] Rune]son]na]
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P [5]
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b
| Bx |
|
L] s
sgle
Lo £
ol |k
& =
“pidk
ﬂ— B 1
1.000 iy 1.000 200 ; )
W7 n w21@ h BlamE ot &
0 |3 | a8 B ¥
Fig 7 —Working Model with Linkage Connected and Components I dentified
Appearance
I*Bod_l,l['l]-Fiocker 'I v Show
Colar  Pattern IFIou:ker MEr e
FiII:I v” 'i [~ Track center of mass [ Show center of mass
D [ Track connect ™ Shaow charge
Frame:!- v” — vl o : I Showicicle anertation
Appearance
I*Body[2]-Crank v| v Show
Colar  Pattern IErank MEr e
FiII:I v” 'i [~ Track center of mass [ Show center of mass
D [ Track connect ™ Shaow charge
Frame:!- '” = 'I | : ™| Showieieleanentation
Appearance
I* Body[4] - Coupler 'I v Show
Colar  Pattern ICoupIer MEr e
FiII:I v” 'i [~ Track center of mass [ Show center of mass
D [ Track connect ™ Shaow charge
Frame:!- '” = 'I | : ™| Showieieleanentation
Fig 8 — Working Model Appearance Information Associated with Figure 7
Rev 091700
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Now MI the assembled system and observe what happens. Watch the link motion.

Now go select severa points on the coupler and place points at those locations. Set the properties of
these points so that the motion can be tracked.

Now select the coupler and change its Appear ance so that the fill color iswhite and there is no pattern
selected (which alows the coupler to appear transparent) as shown | Figure 9.

I" Biady(4] - Coupler 'I v Show

Appearance

I ¥ Show name

Color  Pattern Coupler

FiII:I v” _I [~ Track centerof mass [~ Show center of mass
™ Track connect [~ Shaow charge

Frame:l- v” — vl ™ Track outiine I Ehie e Eiarertatict

Fig 9 —Working Model Appearance Screen for Transparent Definition for Body 4

Select the point at the top of the coupler that it not attached to alink. Once the point is selected, then

Time

Fozitioh

Welocity
select measure Messue and position . “€=EErEen 15 open up awindow for plotting the

displacements of the selected points. The plot box is shown in Figure 10. Click on the arrow to
change the style of the plot.

Pazition of Coupler 4

iy 1.773in
Y 21810k
llir 19326

In order to erase the screen to start with afresh animation,
select | Edit and then Undo Appearance Chil+Z
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Figure 11 shows the final design with the coupler curves for the points selected on the coupler and the
position of the selected point on the coupler.

¥l Working Model 2D - [tut-1c.wm] Hi=] E3
File Edit “World Yiew 0Object Define Meazure Scrpt Window  Help &l I ) |_§I
D'Iﬁ!ﬂl Jﬂl'ﬁl %l?l ITﬁlAl@lﬁ' Runl-lStupIIlResetI
) E.EIEI% |2 Pasition of Coupler 4 | o . : L
== | g ; 1 1 1
) P | I ] ] ] ]
Join® || 4,000 [zec] __E ________ _E ________ _E ________ _E ______
S| 1 ! : : : : :
i I I 22321 I I
[=} o ] 1 1 1 | |
T L —— V. AU S o L —
Zlel 7 E
AR oog N NN NN _—
1E% 1 :
63 i i
LU 3 ol
o d [ :
o]l 7 |
W 0 L I A [
£l=) 3 ! : : : :
& 7 ! E E E E E
i | H b 1 | | : : :
_‘I DB. 1 1 1 1 1 1
|El_ Lol _-I-I-i -I I- I- I-I-I-I-I-I-i -I I- I- I-I-I-I-I-I-i -I I- I- I-I-I-I-I-I-i -I I- I- I-I-I-I-I-I-i -I I- I- I-I-I-I-I-I-i -I I- I- I-I-I-
-1.000 0.o0o 1.000 2000 3.000 4.000
43400  in y0B00 in v
[0 I [— ) T I b
o
Fig 11 — Working Model Screen Showing Coupler Curves and Plot Window
22.321 WorkingModel Software Usage Rev 091700



M echanical Engineering Department L owell, Massachusetts 01854
University of Massachusetts L owell 978-934-4000

u HASS

CREATING LINKSIN A CAD PACKAGE AND IMPORTING INTO WORKING MODEL

Thelinks for your design may come from a CAD drawing package such as AutoCAD, CADKey or Pro-
Engineer. When designing links in this manner, the links should all be drawn separate from each other.
The resulting CAD file should be exported (from the CAD software) to create a .DXF file which can be
read into Working Model.

To import the CAD database,
File | Eie
Import

And then select the file that contains the linkages.

Once the linkages have been imported into Working Model, the lines connecting the linkages may be
seen by Working Model as separate entities. If thisisthe case, then it may be necessary to group lines
together to form alink or polygon. To do this, use

Objects | Qbiect

Convert Objects Corveert Objects

[Eariertalines

Corvert to Polygon

Corvert to Curved Slot

Convert to Polygon

Figure 12 shows the ternary link represented only by three lines defining the profile of the coupler. Once
the points are selected and a polygon identified, the properties can be changed to select color, etc. as
shown in the Figure 13.

&Ewm!m;ﬁmn-hu—nsuumuw 5| wm!m;ﬁmn-hu—nsuumuw 5|

Cce @] ¥ |mim| @) |_-"i|A|;E-I.E'|| Run e = | S| DleE|| &|=@ 8% |_-"i|A|;E-|£-|| Ruin | e |

cilo] #Ele | e =]

| +©

el el ; B
= =

i [ [

[5+] 2 [5+]

| = |s=pEEE

=1 =i Coupii \

Pl Pl .

| | 2

RED RED

ﬂt& - ﬂt& « 1313 L L Ts (L] k -

i r o EE e H] r -
Fig 12 — Working Model Linkage Showing Lines Fig 13 — Working Model Startup Screen
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