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Getting Started

Welcome to Analytix, theketchbased mechanism design and analysis
package.

By working through the detailed example in this manual, you will

acquire a sufficient understanding of the program to experiment on your
own.



Feature Summary

In this chapter we will outline the featuresddanctions which make
Analytix a powerful design and analysis tool.

What is ANALYTIX?

Analytix is a software tool that helps you createalyze, and solve
design problems of virtually anpechanism, especially those with
moving partsThrough the easto-use Constructive Variational
Geometry engine and Windows user interface,gauuse Analytix like
pencil and paper to sketch theometry of your design. You can then
annotatedimension, and constrain tgeometry.

The power of Analytix is in the systes ability toconstruct geometry
from dimensional informatiorin a traditional CAD package, the user
must furnish

the geometry which is used to extract dimensiarfalmation.
Alternatively, Analytix allows you thélexibility to formulate solutions

to design problemsAnalytix is not a drawing package where the design
is already understood, but rather a conceptuahtbere the user is free
to play with design parameteustil the correct geometric solution is
achieved.

Besides providing an easg-use and powerfusketching and
dimensioning tool, Analytix is alsequipped with powerful and versatile
analyticalcapabilities. Once the geometry is sketchedamsistently
dimensioned, you can use Analytixapalyze the design's static,
kinematic, dynane, andtolerance characteristics. To use Analytix's
analyticalcapabilities, you may need to specify initainditions and
model constraints such as velocitiascelerations, tolerances, masses,
applied forcessprings, dampers, and actuators. Basethemformation
you specified, Analytix will perform &ull range of force analyses which
include staticjnversedynamic, kinematic, and tolerance analysis.
Analytix is also able to display the analysis resultsasyto-understand
tables and graphs. Bddition,Analytix supports exporting data to other
Windowsapplications such as a spreadsheet prografufibrer analysis
and optimization.



Functionality

Analytix's capabilities can be organized into thiéowing function
groups:

1 Drawing functions

Analysis functions

1

1 Animation functions

1 Calculator and Equation functions
1

Support functions

Drawing Functions

Analytix's drawing functions enable you to creatrawing that models
the mechanism you wish tiesign. These functions include:

Sketching Functions- These functions let you sketghaphical entities:
points, lines, fillets, arcs, circleand construction lines to create the
geometry foryour design.

Note that the drawing model Analytix usegifferent from other
Computer Aided Design (CAD)pplicatons. Analytix allows you to
sketchgeometry freehand without concern abdimensions. This
flexibility gives you the ability tajuickly come up with a rough
geometry withoubeing bogged down in dimensional details. Wien
have sketched the geometrguycan themimension it. When the
geometry is consistentlyimensioned, Analytix will automatically
redraw thegeometry to scale. See the last chapter inniaisual,
"Inconsistencies and Redundancies", fon@e detailed discussion on
dimensioning.

Annotation Functions - Annotation addsiphanumerics to the drawing.
A previously definedrariable can be used in an expression which
Analytix automatically updates whenever there is a change.

Dimension Functions- These functions let yospecify dimensions to
the geometry or ask Analytbo automatically dimension it for you. The
dimension functions enable you to specify: length e, distance
between a pair of parallel lingserpendicular distance between a line
and a pointdistance between a pair adipts, angle between twimes,
tangency between a circle or arc and a circlaroror line, and the
position of a point on a line @ircle. Furthermore, Analytix can
automaticallydimension your geometry.

Edit Functions - Through the Edit functions, yamay select single,
multiple, entities of a type, or ahtities in the drawing. After you have
selected thentities, you can change their values, or cut or ¢begn to
the clipboard. You can also paste tdoatents of the clipboard into your
drawing.



Constrain Functions - The Constrain functions lgbu specify that two
or more line segments are todrethe same line and two or more points
and / orcenters of circles are to be identical. Through thesetions,

you can also fix a point and / or adiandset a line to be either vertical
or horizontal.

View Functions- These View functions let yomove or rotate the
drawing, zoom in on thérawing, blank a selection of entities in the
drawing(e.g., all dimensions or all annotations), and unbkntkies. To
allow finer control over what is visibléhe View functions allow you to
put entities of youdrawing into one of the 16 levels and apply Blank
and Unblank functions to the selected level(s).

Analysis Functions

The analysis functions let you penfn staticskinematics, dynamics, and
tolerance analysis oyour design. You can not only dimension and
constrain your design geometry, but also siecifications to points and
lines in the geometry.

For each point in the geometry you can specify:
1 Positon
1 Velocity
1 Acceleration
1 Mass
1 Applied force
For each line in the geometry, you can also specify:
1 Angular velocity
9 Angular acceleration
9 Tolerance
1 Inertia
1 Applied torque
Bar properties (for trusses)
For an actuator in the drawing you can specify:
1 Spring progrties
1 Damping coefficient
i Black Box formula for a force

With the above specifications added to dirmensioned and constrained
geometry, Analytiwill derive and display these values for points or
lines:

1 Velocity



I Acceleration
9 Position
1 Shear and Bending Nhaent
9 Stress and Deflection (for trusses)
Analytix will compute the following values falimensions:
1 Force
1 Torque
1 Tolerance

Animation Functions

Analytix can also display the above information foaage of values in
tables and graphs.

In addition to the daulation oriented analysignalytix also provides
animation and incremefiinctions to let you determine if a mechanism's
movement will satisfy the design requirementsu$e these functions,
you need to select the drivimgtity (such as an angle), sifg its initial

and finalvalues, and determine the increment. You can itigate the
display of:

I Animated movement
1 Trace of a point

1 Envelope of motion

Calculator and Equation Functions

Analytix provides two calculation tools that help yexaluate
expressions and solve equations. Bxeression calculator lets you
define variables anevaluate expressions consisting of numbers,
variables, and functions. There are two equatmwers: one solves for a
single variable, the otheplves simultaneous mivariable equations.
Both of these equation solvers let you enter equatonsisting of
numbers, variables and functions.

Analytix implements uriand multivariate rodtinders to support these
equation solvers. While theguation solvers are useful folving
equationsalone, their real power comes when they are coupittdthe
drawing and drawing functions.

Support Functions

The support functions allow you to set varialg$aults and drawing
options, and display drawirajtributes and measurements:

9 Choose default pen color, style and widitid font
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Enlarge or shrink the pick aperture
Display dimensions either as expressiongabnes
Select unit system and drawing alignment

Specify default linear and angular toleranttegt will be applied
to the georatry

Calculate tolerances as either statisticallmsolute

Set default bar properties for cross secti@mah and modulus of
elasticity

List an entity's attributes

Report various measurements from dnawing, e.g. distances,
angles, areasreamoments.

10



Example: A Film Drive

With the above overview of what Analytix can aee will use an
example to illustrate how you can us®ne of these capabilities to solve
a mechanicadlesign problem.

The mechanism that we'll analyze is an intermitfiémtdrive in a movie
projector as depicted in tligure below.

E

Crank AB drives the motion. The hook at Eegjuired to advance the
film downward, withengagement and disengagement close to right
anglegto the film. The linkages have tolerance of 0.0%heir lenghs

and 0.1 on their angles. We will desigpch a mechanism and verify that
the mechanisrndeed produces a downward motion that satisfies
engagement and disengagement requirements.

We will also examine the tolerance on the verticahtion of the hok at
the start of the downwaistroke. In addition, we will study the
kinematic,dynamic, and static characteristics of the mechanism.

Through the process of designing the mechamisthexamining its
physical characteristics, we wiiscuss the followingopics in the
ensuingsubsections:

1 Invoke Analytix

Create the Drawing

Animation and Geometry Analysis
Kinematic Analysis

Dynamic Analysis

Tolerance Analysis

Applying Loads

Save and Document the Work

Exit Analytix

= =4 4 4 -4 -4 -4 -—a A

Inconsistentcies and Redundancies

11



Building the Model

Invoke Analytix

After Analytix is properly installed in the Windovesivironment, you
can invoke it by positioning thraouse pointer on the Analytix icon and
double clickthe left mouse button. You will see the Analytiindow
appears on the scregith an emptyworkspace.

Z8 Analytix-Untitled (=] E [

File Edit 5ketch Dimension Constrain View Defaults Tools Attributes  Analysis  Help

A -/0C AD@ "
HMEPNALDAO DESHL BB &K

Create the Drawing

We are now ready to create the drawing forrtteehanism previously
specified. Here are the steps:

1. Select a wider line width for geometry
Sketch the geometry
Dimension the geometry

Constrain the geometry

o M w0

Annctate the geometry

Select Wider Line Width for Geometry

Because the default geometry and dimension hiaee the same line
width, it is sometimes difficult tdistinguish one from anotheWWe can
correct thigproblem by choosing a wider width for sketajpgeometry.

12



Geometry |

Constructions
Dimensions
Added Dimens — - E—

Highlight
Trace N —
Tolerance
Loads
Graph - —
Graph Axes
Red 4] |
Green 4] |
Blue 4] |
Cancel Style | | i
" width 4| _ i3

The steps to accomplish this are:

Select the Defaults / Default Pens menu item to dighkadialog box
below Ensure that Geometry is highlighted and the blaaktangle
displaying the default line color selectiencircles the black linaext
to Geometry.

Click on the right arrow of the scroll bar next to Widthtil the black
thin line in the rectangle becomes abtwiice its original thickness.

Sketching the Geometry

We will first make a complete sketch without dimensi@tsrt by eitler
selecting the Sketch Lirauttonon the toobpalette or the Sketch/Line
menu item to enter lindrawing mode. Then draw a line representing
linkage ABwith thefollowing steps:

For point A, position the mouse anywhere in the |lougdtt area of
the winadw and click the left mouse button

The mouse pointer changes from an arrow to a crossavégitfjuare at the
center.

Move the crosshair up and right to a location for poinaBd click
the left mouse button again

The line for linkage AB is now drawn. TherBensionStatus BoxIn the
status bar at the bottom left of the Analytix windaligplaysUnder
Dimensionedindicating thathe drawing has not been fully dimensioned
yet. Themessage box shows the name and position of thpant

When you start each stessive line, be sure that ttr@sshair is on top
of the end point of the adjacent line. Tihessage boix the status bar
will display POINTx (xcoord, ycoord). This &shortcut way to
automatically constrain adjacent linesd points to the same paifr,

13



two lines can also bexplicitly joined by selecting the respective end
points,then using the menu ite@onstrain/Same Point

Tip: to select more than one entity at a time, hold dther{Shift] key
while clicking on the entities.

We now use the sanmeocedure to complete tlgeometry Draw lines
BE, AF, and FD. Draw line DC lastas you finish drawingine DC, be
sure that line BE turns red (indicating that is&dected for joining point
to-line). This is the way tautomatically constrain a lireeénd point to an
intersectiorwith a line.

We now use the same procedure to completgebenetry.

During the sketching process, if we made an exnorwish to delete an
entity, say a line, we needfiost select the entity. To change from
Sketchto Sekectmode simply click on the right mouse buttamclick
the mouse pointer over the Selbatton(thearrow). Next, move the
mouse pointer above tlemtity to be selected and click the left mouse
button.

The entity will turn red indicating that it is seted.

Then, press thBeletekey on the keyboard or seldgbe Edit / Delete
menu item to delete the line.

Annotation

To make dimensioning and analysis easierywald like to label the
points using the annotatidanction. The following steps demonstrate
how toannotate point A with character "A":

91 In select mode, click on point A to indicate ttret
annotation will be relative to this point

Click on the Annotatiobutton

Move the mouse pointer to a location where waint to
place character "A"

1 Click the left mouse button to display tfedlowing dialog
box

1 Type "A"in the input area (just below the heallar) where
the typing cursor is blinking

Leave the Tag Line and Border boxes empty
Click on theOk button

14



r |
Annotation [ﬁ

o
[ Tagline [ Border
Fu:unt...| | Ok | Eanu:el|

e

A red character "A" appears in the desilechtion.
Repeat the procedure and label points A through F

as shown below.

=)

Attributes  Analysis  Help

Z5 Analytix-Untitled

File Edit Sketch Dimension Constrain  View Defaults Tools
k- /70CTABE "
DEE % BREa oG8

CRRNALLDSQ

=]

K1

Under Dimensioned -

Dimensioning the Geometry

You may use any internally consistent set of uioitslimensioning
geometry. Units need to Ispecified only when you use Analytix's
Statics andynarrics functions (discussed later in this tutorial).

Check the Defaults/ System Defaults meneresure that the angles are

specified in degrees.

The dimensions specified for our drawing areftilewing: AB = 2, BE

=12,BC =5, DC = 3, AF = HF = 4, Angk DFA = 90.

We will follow the procedure below to specify tlemgth for line AB:

i Select the Dimension Lifmitton

1 Move mouse pointer over line AB

15



I Press and hold the left mouse button; a dimenksnen
appears attached to the pointer

1 Drag the cursor so thahe dimension line iglaced
appropriately and release the left mousedton

1 Type the dimension value "2" in the Dimendiariry Box.
1 Click on the Y button or press the Enter key
The dimension dialog box disappears and line Adingensioned to 2.

We will repeat the above procedure for lines BE, BE, and DF.
Z8 Analytix-Untitled [E=EENX™)

File Edit Sketch Dimension Constrain  View Defaults Tools Atftributes  Analysis  Help
k- /70CTABE|"
BHMNALDA QO DEEHLEB ~ SN

Kl

Under Dimensioned -

There is one remaining linear dimension, BC, wiigch point to point
dimension. The steps are simitarthe dimensioning of line lengths
detailed above:

i Select the Dimension Point to Pomttton
9 Click the mouse with the cursor over point C

9 With the cursor over point B, press and holditih@use
button and drag the dimension line to @ppropriate position

Proceed as with the line length to enterdheension.

16



Z8 Analytix-Untitled (=] E [

File Edit Sketch Dimension Constrain  View Defaults Tools Atftributes  Analysis  Help
k- /70CTABE|"

SN ALD,Q DEHLIB@B Y ~ Sk

Kl

Under Dimensioned -

Next we will dimension angle DEAThe steps tdimension an angle are
as follows:

1 Select the Dimension Angbaitton
9 Click the mouse with the cursor over line DF
9 Click the mouse with the cursor over line FA

The dimension line appears on angle DFA addéhbbg box appears in
the DimensiorStatus Boxwvaiting for you to input the value for the angle

17



EE Analytiv-Untitled =[=] = |

File Edit Sketch Dimension Constrain  View Defaults Tools Attributes  Analysis  Help

@ k -/Z70C"ABHR
B ALDD S Q ODEE & BER o =« S8

I
l —

L] o 2]

Under Dimensioned DIMENSION22 -

Type in "90"
Click on Y or press thEnter key
Angle DFA is now dimensioned to 90.

Notice that the Dimension Status Box displaysder Dimensioned",
telling us that we are stithissing some daension(s).

Z5 Analytix-Untitled I (| E ]
File Edit Sketch Dimensicn Constrain  View Defaults Tools Attributes  Analysis  Help
k- /70C"ABE "
M AP0 DEHIBRB- 8N
E
Kl _ 2
Consistently Dimensioned -
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To fully dimension the geometry, we will set anBl&F to 120. This is
the driving angle for thenechanism. Once angle BAF has been
specified, thegeometry is consistently dimensioned as evidebyettie
"Consistently Dimensioned" messagetia Dimension Status Box and
Analytix draws thegeometry to scale automatically.

Constrain the Geometry

Because point A and point D are grounded partee@mechanism, we
need to do the same for auodel. Analytix can fix a point and a line at
thesame ime, so we will fix point A and line FA tground. The
procedure is as follows:

i Click the Seledbuttonto enter select mode
i Selectline FA

1 Hold down the shift key and while holdingldwn Select point A
(holding the shift key enablesultiple selections)

9 Select the Constrain / Fix Point/Line matem

A pin icon appears at point A and a roller i@ppears in the middle of
line FA. The two iconsignify that point A cannot move (i.e. it is pinned
to the ground) and line FA cannot rotate duramgmation.

Point D is fixed as a result of the dimenside$ining its positions: line
lengths DF and FA, arahgle DFA.
Z8 Analytix-Untitled E=EE)

File Edit Sketch Dimensicn Constrain  View Defaults Tools Attributes  Apalysis  Help

Bk« /OC~ABHE| "

Kl o 2

Consistently Dimensioned -
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Animation and Geometry Analysis

At this point, we are ready to begin analyzinggkeemetry of the design.

Animating the Geometry

Using the aniration feature we can see the motidrihe linkages within
the mechanism. Animation done as follows:

Tracing a Point

Select the Tools /Animate menu item

A dialog box appears where we enter informatioth@nfollowing fields:

T

1
1
1

Iterator : specify the iterator lmficking on the dimension of
angleFAB

Initial Value : enter 120
Final Value: enter 480

Increment: enteb

Click on the Ok button

F

Iteration Parameter

-
lterator IDIMENSION24
Initial Yalue 20
Final Value 480
Increment |5|

Ok Cancel ‘

e

=

Crank AB rotates clockwise for 360 degrees drides lines BE and CD
along their paths of motion.

Angle FAB shows the final valuaf 480 degrees.

We will use the trace function to verify thatint E travels a near straight
line down strokeand engages and disengages at an angle cl&8e to
degrees. To produce the trace for pointritéion we perform the
following:

Select point E

Point E's name and position appear in the medsageonfirming the
point is selected.

Select the Tools / Trace menu item

20



An Iteration Parameter dialog box (same dialog &in the animation
function) appears with the sarparameter valuese previously
specified foranimation. No need to change any of plagameters.

Click on Ok
Z% Analytic-Untitled [ESTIEES)

-

File Edit Sketch Dimension Constrain View Defaults Tools Attributes  Analysis  Help
k- /70C"ABHE
BETALDA,Q | DEELBBE ~ S

Kl o 2

Consistently Dimensioned POINTT (-5.498654,11.820039) -

The trace of point E's motion appears with a cubkédshape. The trace
confirms that point E movedownward in a straight line and its
engagement ardisengagment movements do occur at close to right
angles.

To erase the trace simply selé&tit/ Erase Background.

Blanking Dimensions and Annotations

During the animation, the dimension lines maleng with the
geometry. On some occasions line and angle dimnsions as well as
annotation texoverlap one another and the drawing becomes very
crowded. To avoid dimensions and annotatimscuring the geometry
during animation, we camake them temporarily invisible, or blank
them out.

To do this:
Select thd=dit / Select All... Dimensionsenu item.
Select thdedit / Select All... Annotationsnenu item
Select th&/iew / Blankmenu item

This action blanks all dimensions and annotations.

21



Z5 Analytix-Untitled ” . [E=R

"

File Edit Sketch Dimensicn Constrain  View Defaults Tools Attributes  Apalysis  Help

k-/70C"ABHE -
HENALDA,O DEH BB ~ 5K

Kl o 2

I Consistently Dimensioned POINTT (-5.498654,11.820039) -

Display the Range of Motion

To view the envelope of the geometry's motieerform the following:

Select the Tools / Envelope menu item.

An Iterator Parameter dialog box (same dialog &®in the animation
function) appears with the sarparameter values we previously

specified foranimation and trace.
Click on Ok.

22



ZE Analytix-Untitled [E=R

File Edit Sketch Dimensicn Constrain  View Defaults Tools Attributes  Apalysis  Help

k-/70C"ABHE -
HENALDA,O DEH BB ~ 5K

Kl o 2

Consistently Dimensioned -

Analytix displays the envelope of the geometmtation as line AB
cranks over the full revolutioiNotice that line BE's envelope follows the
trace ofpoint E.

To erase the envelope, we simply seledit / Erase Background and
the original geometry reappears.

Unblank the Dimensions and Annotations

After animation, we wish to see the dimensions amubtations again.
To make the previously blankedhtities reappear, we simply sel&oew
/ Unblank All to redisplay the dimensions and annotation.

23



Kinematic Analysis

We are interested in determining the velocityaint E if line AB rotates
at an angular velocity df5 revolutionger second. Note that the
Defaults / Default Units dialog box specifies theelection of angular
units for kinematics. Toonstruct the kinentiz model, we first specify
the angular velocity of angle FAB as follows:

1 Double click angle FAB's dimension to dispthg
information dialog box for the angle

i Enter 120 to the Value field
1 Enter 1 to the Velocity field
1

Leave the remaining fields unchanged

M Click on Ok
(87 ANGLE =)

Value |1 20 Degrees
Velocity |1 5 revls
Acceleration |I]. revfs?
Tolerance + |I]. deg

- |I]. deqg

........................ 0 k Cancel e

With angle FAB having the desired velocity, we eaaamine point E's
velocity and acceleration louble clicking point E. This will display
thefollowing dialog box which shows the horizontald vertical
components of point E's positiorelocity, and acceleration.

[ POINTT [ |

Position X -5.49865 in
PositionY 11.82 in

Velocity ¥ 33.1829 in{s
Velocity ¥ -178.031 infs

Accel. ¥ 7038.34 in/s*
Accel. Y -f501.56 in/s?

Weight 0.1 Ibs

Ok Cancel ‘

24



Graphing and Tabulating Results

The above analysis reveals the kinematic conditbdmint E when
angle FAB is at 120 degrees and I8 is rotating at one radian per
second. Given theame angular velocity of line AB, whaill be the
kinematic conditions of point E throughout an enteeolution of the
crank? Analytix is able to answitis kind of question with graphs and
tables. If wewould like to graph the velocity magnitude of pdihversus
the driving angle, we willo the following:

1 Select Tools / Graph menu item to display@mnaph
Parameters dialog box

1 Fillin the Parameter t box by clicking on andté&B's
dimension

This causes "DIMENSION32" to be entered in ltlosx (Note: the
dimension name you see mayditferent. This is not important.
Analytix provides ainique name for each entity).

1 Fillin the Y axis variable field by typing "vel(".

1 Click on point E which inserts "POINTxx" aft&l, the open
parenthesis, where xx is the pommber assigned by Analytix.

1 Type in the closing parenthesis,

The Initial t, Final t, and t increment fields wéllready be defined from
our previous operations.

9 Click on Ok
= vel(POINTT) : =O0C0 X
600

ISVAN

100 150 200 250 300 350 400 450 h00
DIMENSIONZ24

A graph showing point E's velocity magnitude daraction of angel
FAB is displayed. (Note: If yoget all zros then you may not have
closed théracket or entered the function name properly.)

Use the Graph window's System icon boxiantly convert the graph
to a table or to plot thgraph on your printer.
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Inverse Dynamic Analysis

System defaults and units

Before proceeding with a dynamics analysis ifriportant to take a look
at theDefaults / SystemDefaults dialog box. This allows you to specify
how yourdrawing is aligned with the gravitational force.

Default Units Lihj

keasurement System

[ System Defaults | | £ 8l (m/kg/sec] £ EPS [/bs/sec]
" LGS [cmigfsec] 6 |PS [indlbs/zec)
v Perform Kinematics Calculations " Qther
[ Show Dimension Expressions -

[ Show Trace Yelociy

Model Onentation 386.083

" TapYiew - Gravity acts into the screen Angles Angular Yeliboo
Side Wiew - Gravity acts down the screern {* Deciess ® Degzes
" Other - Incline from Top Yiew _ _
= . " Radians " Radiars
a0 st .
£ Revolutions * Hevoltions
0k | Cancel k. | Cancel |

L. b

The Defaults / Default Unitsdialog box letgyou specify what unit
system you will be using.

In our model we will us@s, the defaulgravitational constant, and a
vertical drawingalignment, so that body forces from the effeatj@vity
on masses will be included in Analytixignamical calculatins.

Adding a weight

The next step in the dynamic model of thechanism is to add®llb
weightat point E and se&hat resultant force or torque thigight
produces orrank AB. To specify mass at point E:

9 Click on the selediutton
1 Double click on pait E to open its dialog box
1 Enter0.1in theWeightfield
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[ POINTT [ |

Position X -5.49865 in
PositionY” 11.82 in

Velocity ¥ 33.1829 in/s
Velocity ¥ -178.031 infs

Accel. ¥ 7038.34 in/s*
Accel. Y -f501.56 in/s?

Weight 0.1 Ibs

Ok Cancel ‘

Measuring torque

Point E, having mass, velocity, and acceleratiooggating a torque on
crank AB. To study the torquen crank AB:

Select angle FABy clicking on the angle dimension
SelectAnalysis / Resultant Force/Torque

Analytix displays the resultant torque in a pgpwindow.
DIMENSION24 5]

Torque A.12316 in:lbs

Compression

e

Note that the popup window specifies thattitngjue is in compression;
i.e., the resultant torqfeom a mass on point E and line AB rotating at
anangular velocy is forcing the angle closed. At othealues for FAB
you might see a torque in tension.

That means the torque on that angle is pullingatigde open.

We can use the increment function to changethek angle and watch
the resultant torque instantiypdate in the window:

Make sure angle FAB is selected
SeleciTools / Incremento display the Increment dialdgpx.

Notice that the Iterator field has specifBtMENSION32 indicating

angle FAB and the Valugeld should have the current angle at 120. The
remaining values should also be specified frevious operations:

Initial Value = 120,Step Sizel0, Final Value = 480, and_arge Step
Size= 40.
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We can then click on the right arrow of the scroll #tathe top of the
Increment dialog box to incremettie angle by the step value, 10, to 130
degrees.

F

% Increment S
] L+
lterator Value
DIMENSION24 20,
Initial Value Step Size Final Value
20, no. 1480,

Large Step Size [ Continuous Increment
la'-il].—
Ok Cancel ‘

Notice that the torque value in the torque windihanges as a result.
We can tabulate the torquedifferent angles or draw a graph of torque
againstangle using th&ools / TableandTools / Graph functions that
we have used during the kinemaditalysis. The only change to make is
in the Y axisvariable field when we open the table or grdjdiog box.
The correct function ifreact(DIMENSIONX)". Analytix will generate
thegraph or table for torque.

= react{DIMENSION24) 1 ] B o
100+
50
0 ——hﬁx___/‘\m /\ —_—
—
50 /
-100
| | | | | | | |
100 150 200 250 300 350 400 450 500
DIMENSION24

As you can see from the top of the table windows #lso very easy to
instantly convert your table intograph, or copy it to the Clipboard, or
obtain a plot.
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= Table [

Copy (Graph Print

DIMENSIONZA reactiDIMENSIONZ24] -
120. 4.123¢2
125. 3.6214
130. 3.3566
135. 2.775
140. 2.1054
145. 1.3636
150. 0.5561
155. -0.31698
160. F1.2595
165. -2.2763
170. -3.3664
175. -4.5269
180. -5.7216
185. -6.8837
190. -7.6812 -
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Tolerance Analysis

Tolerance Zone

Because all physical linkages have tolerancesymmael must take
tolerarce into consideration to lyealistic. We can specify linear and
angulartolerances for all entities in the geometry andlyze the result
of this tolerance specification.

We will specify default linear tolerance of 0.01 ardyular tolerance of
0.1 for dl entities in thegeometry:

Select Defaults / Default Tolerance... to dispglag tolerance dialog
box

Enter 0.01 to the + (plus) andminus) fields foDefault Linear
Tolerance

Enter 0.1 to the + andfields for Default Angulaifolerance
Click on Ok

Default Tolerances li_E-J

Linear Tolerance +|0.M Inches

-|0.M Inches

Angular Tolerance + 0.1 Degrees

- |01 Degrees

117

v Set all tolerances to these values.|

Ok Cancel ‘

e

Individual tolerances can be adjusted for dimgension from the
Attributes / Info menu after firgelecting that dimension, or simply by
doubleclicking on the dimension.

With the above tolerances applied to the linedages and angte we
would like to examine whadffect they have on the position and motion
of pointE. Analytix can display point E's tolerance zoneagea in

which point E is guaranteed to lie, as welttas tolerance trace which
shows point E's possibpositions diring its motion. The tolerance
analysigresults that Analytix returns can either be absolutairstical
depending on the tolerance mode gelect. The tolerance mode is
selected via th®efaults / Max Min Tolerance andDefaults /

Statistical Tolerance menu items. In absolutelerance mode, all
tolerance input and analysissults are specified in absolute bounds. In
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statisticaltolerance mode, all tolerance input and analesslts are
specified in statistical terms based dNa@mal Distribution.See the
reference manual fatetailed explanation of each mode.

We will use absolute tolerance analysis in example. To generate the
tolerance zone for point E:

Select point E by clicking it
Select Analysis/ Tolerance Zone

When the computation is comptewe will note a small black ddike
area on point E.

Zoom in on Tolerance Zone

At its normal size, the tolerance zone is too smastady. Analytix
provides zooming functions thallow us to zoom in (enlarge) on any
portion of thedrawing or zoom oufshrink) on the enlargedrawing. We
will now enlarge the tolerance zonepaint E using the Zoom Box
function Analytixprovides:

Select the Zoom Bduttonfrom the tool box or th¥iew / Zoom Box
menu item.

Position the mouse pointer to the upper ¢eftnerof the area on
which you want to zoom in.

Press and hold the left mouse button.
A rectangle appears with the lower right coragached to the cursor.

Holding the mouse button, drag the rectangléhsd it encloses the
area to be enlarged.

Releasehe left mouse button.
Z8 Analytix-Untitled (=] E s

File Edit Sketch Dimension Constrain View Defaults Tools Attributes Analysis Help
k-/70C"ABE "
BN ALD,Q |DEEHS BB ~ 5K

4

Consistently Dimensioned POINTS (-6.011385,11.470658) -

|-

The tolerance zone is enlarged to afford a clear \ikemther
enlargement can be done by repeatingath@ve procedure.
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To return the drawing back to its original size, se\detv / Zoom
Min/Max.

Tolerance Stack-up

With the toleances in place, the perpendicud@stance between line DF
and point E will als@ontain a tolerance that can be derived from the
tolerances of the various entities in the geometry.

Analytix can measure the distance and its tolerdhcan also compute
the tolerance percentagentributions each of the entities made to the
total distance tolerance.

To measure the perpendicular distance betweerDihand point E:
Select line DF
Press and hold down shift key
Select point E
SelectAttributes / Measure

Themeasurement appears in a popup windbawing the distance and
tolerance values.

| LINEQ/POINTS =3 |
Distance 2.01139 in
Yelocity 1.28191 in/s

Acceleration -0.261709 in/s*
Tolerance + 0.0772703 in
- 00772703 in

[Absolute] Sensitivity

b

To see the percentage contributions made by etftéies in the
geometry to the distance toleranckck on the Sensitivity button. A
Sensitivity windowappears displaymthe percentage contributions to
the distance tolerance by the entities whichideatified by their
dimensions.

If you want to know which entity is referencedick on the dimension
name in the Sensitivitwindow and the dimension of that entity in the
drawing will be highlighted in red.

With the Sensitivity window open, you can chamggdividual tolerances
by double clicking on thdimension and adjusting the input tolerances.
Seethe sensitivity percentages change instantly.
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rl Sensitivity ﬁ1
23.06% DIMENSION1G

20.002% DIMENSION1S
17.89% DIMENSION1S
16.59% DIMENSION13
9.52% DIMENSIONTS
7.56% DIMENSIONTY
3.93% DIMENSIONZD
1.45% DIMENSIONTA

Statistical Tolerance

The above tolerance analysis is calculated basebsolute bounds for

the input tolerances. Analytixill also calculate tolerances on a

statistical basisssuming a Normal Distribution.

28 Analytix-Untitled =) (]

File Edit Sketch Dimension Constrain View Defaults Tools Attributes  Apalysis Help
k- /0CSABE "

BT ARLD SO DeEd iR ~ 58

kil

Consistently Dimensioned POINTG (-6.011385,11.470658) -

|+
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Applying a Load

In addition to the dynamic analysis capabilitidaalytix is also capable
of analyzing staticharacteristics of a mechanism. To demonstrate the
static analysis capability, we will continue with @xample; we will
apply a upward load at pointdhd examine the force exerted to line CD
at point Chy line BE. We will also add a spring to ttmechanism and
investigate the effect on point C.

To add an upward load of 10 at point E:
Select point E
Select Analysis /Add Load to display the Ldadog box
Enter "10" to the y field as in the following figure
Click on Ok

[ Load L-g_g-y

¥ Component 0 Pounds
¥ Component 10| Pounds

Ok | Cancel ‘

Analytix displays an upward arrow labeled with "J®inting at point E

to indicate the load.

'g Analytix-Untitled E=EE)

File Edit Sketch Dimension Constrain View Defaults Tools Attributes Analysis Help
k- /70C"AB®

HEANALD,Q DEE BB ~ 5K

Kl o 2l

Consistently Dimensioned -
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Examine the Force Exerted to a Subsystem

With the upward load at point E, we wishedwamine the force exerted to
line CD at point C byine BE. Theprocedure to examine the force is as
follows:

Select line CD
Select Analysis/ Force on Pin
Click on point C

Analytix displays the force applied to line DCpatint C in the following
information window.

i POINT10 S
Force 12.7007 lbs
Direction 60.1255 deg

X component  6.32625 lbs
Y component 11.013 Ibs

Note that because the mechanism is in equilibrittennet force at point
C is zero. That is, if wexamine the force exerted to line BE at point C
by line CD, we will see a force that is the samenagnitude but
opposite in direction to the previof@ce. To examine this force, we do
the following:

Sekct line BE
Select Analysis/ Force on Pin
Click on point C

Analytix displays the force on point C by line DCtive following figure.
Note magnitude and directiaf the x and y component force are exactly
as wehave predicted.
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Adding a Spring

(25 Analytix-Untitled E=EE)
File Edit Sketch Dimension Constrain View Defaults Tools Attributes  Analysis  Help
k- /Z70C-ABHE| "
BENNALDA,O DL BRE - ~ SN
7 POINTI0 E
E Force 12.7007 Ibs
Direction -119.875 deg
X component -6.32625 Ibs
Y component -11.013 Ibs
7 POINT10 B
Force 12.7007 Ibs 3
Direction 60.1255 deq A
X component  6.32625 lbs
Y component  11.013 Ibs
Kl _ 2
Consistently Dimensioned LINE7 length 12.000000 -

We will now add a spring that connects point F &melcenter of line DC
and examine the effect that tisigring has on point C.

Before adding the spring, we will add a point thdbeated at the center
of line DC through théollowing steps:

Select the Sketch Fiibutton

Move the cursor to the approximate center of @ and click the
left mouse button to place theint

Select the Dimension Point to Pomitton

Click on point D

Click on the point lying on line DC and haldwn the button
Drag the dimensionftie to the desired location

Release the left button to display the dimendiatog box on top of
the Dimension Status Box

Enter 1.5 to the dialog box
ClickonY

Dimensioning the point places the point at the cesifténe DC.

Annotate this point as poi@ using theannotation procedure discussed

previously.
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Z8 Analytix-Untitled S [iE) |

File Edit Sketch Dimension Constrain View Defaults Tools Attributes  Analysis  Help
k- /Z70C-ABHE| "
HRRNALDA/O | DSEHIBER SN

Kl _ »

Consistently Dimensioned POINTG (-6.011385,11.470658) -

With point G added, we will add a spring tleannects point F and G as
follows:

Select point F
Hold down the Shift key and select point G

Select the Analysis /Add Actuator menu iterpop up the aoator
dialog box

'Actuator I&.'

Unextended Length |4 in
v Spring

Stiffness 4 Ibsfin
[~ Damper

Constant 0. Ibs-sfin
[ Black Box

Ibs
" Tension Only
" Compression Only
+ Both Tension and Compression
Ok | Cancel

Enter "4" in the Unextended length field
Click on the Spring box to select it
Enter the spring constant "10 "in the Stiffnéstd
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Click on the Black Box box to deselect it
Click on the Ok button

Examine Force

With the added springye will examine the effedhat it has on the force
exerted by line BE on point C.

Select line CD
Select Analysis /Force on Pin
Select point C

Analytix displays the force on a payp window, ashown below.
Compare the above force with tfigces calculate previously.
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