Worked Examples



Example 1: A Piston Mechanism

The Problem
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The above is a schematic diagram of a
variable-stroke engine mechanism. If crank AB
rotates at 2000 rpm, give displacement, velocity and
acceleration profiles for the piston G.

Fixed points C and H are on a horizontal line, and
point G is constrained to slidein avertical slot. The
perpendicular distance from this vertical lineto
point H is 6. The following are various distanced
measured from the figure: AC =12; CH=18; AH =
17, AB=7; BID =20; DE=19; EF=7; DF=22; EG=
14, FH=09.



The Model

We first draw a vertical construction line for piston G
to lie on and a horizontal construction line for points
C and H. We draw lines representing AB, BD, EG
and FH, and we draw triangle DEF. We finally draw
point C on the intersection of the horizontal
construction line and the line DB.
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We now need to dimension the mechanism then
specify which piece of the mechanism isto stay
fixed.

1 - Add line length dimensions to specify the
lengths of lines AB, BD, DE, EF, DF, EG,
FH.

2 - Add Distance Point to Point dimensions
between C and H, A and C, A and H.

3 - Add Distance Line To Point dimension
between the vertical construction line and
point H (distance = 6).

4 - Add an angle between the two construc-
tion lines (90 degrees).



All the dimensions we have specified so far will stay
constant during the motion of the mechanism. It
remains to add a driving dimension. Thiswill be the
angle of crank AB. In order to give a convenient
baseline for this angle, we sketch intheline AH .

Now we add the angle BAH. (any angle will do as
we have to study the whole cycle).

To set the fixed elements of the drawing, select point H
and the horizontal construction line, then choose

Constrain/Fix Point/Line.
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The Solution
First we can animate the model to make sure it
actually doeswhat it is supposed to.
Choose Animate from the Tools menu.

Y ou will see the iteration box. Y ou should make sure
the text cursor isin the edit control labelled lterator,
then go back to the drawing and click on the angle



dimension which drives shaft AB. The name of the
_angle will appear in the Iterator edit control.
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Fill in the Initial Value, Final Value, and Step Size to
make a complete cycle.

Before starting the animation, you should blank the
dimensions, so the drawing is not so cluttered.

Do this by choosing Select all Dimensionsfrom the Edit
menu them choosing Blank from the View menu.

Click on OK in the Iteration Box to start the Animation.

Setting the velocity

We are now in aposition to derive the displacement
of point G at any point in the cycle. However, in
order to derive its velocity and acceleration, we need
to enter the angular velocity of the crank. The steps
areasfollows:



1 - Set the default units for angular velocity
to be revolutions. (Use Defaults/System
Defaults.)

2 - Unblank the dimensions. (Use View / Un-
blank all.)

3 - Select the driving angle, then choose Info
from the Attributes menu.

4 - Set the velocity to 2000.
Deriving results

We wish to look at the functions ycoord(), yvel(),
and yacc() as applied to point G, over the range of
motion of the mechanism.

Use Table or Graph from the Tools menu to give
you either tables or graphs of the required results.
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The values entered for the animation should already
be in place for the independent variable, the initial
and final values and the step size. Y ou need only
add the dependent variable.

Inthe Y axisvariable box type ycoord(

il

In the main diagram select the point corresponding to G



The edit control should now contain:

ycoord(POINT37

(Although the point number will probably be
different in your drawing).

Complete the entry by closing the parenthesis.

Press Ok to create the table or graph.
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A similar sequence of commands will let you
construct graphs or tables of yvel(POINT37) and
yacc(POINT37).



Example 2: Piston Mechanism 2

The Problem

Over acycle of the mechanism, find the torque
output on arm FG as aresult of a unit force applied
to piston A.

Find theforcein arm CE.

D and E are on the same horizontal line. A is
constrained to liein a horizontal cylinder distance 6
above D. AB =11; BD=16; EC=9; CF =9; FG=5;
DE =6; EG=6; DG =11.




The Model
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We sketch a horizontal construction linefor A tolie
on, atriangle to mark the three fixed points (we
change the line style of this triangle to emphasize the
fact that it is not part of the mechanism.

Lines are added for each bar of the mechanism, and
we fix point D and the line DE.

Dimensions are added as follows:

1 - Paralldl distance between the construction
line and DE.

2 - Lengths of lines AB, BD, CE, CF, FG, DE,
DG, EG.

All these dimensions will stay constant during the
motion of the mechanism. We now need to add the
driving dimension. This could be an angle
specifying the orientation of crank FG, or a distance
giving the position of piston A. Our problem asks for
an output torque on FG as a result of aforce applied
to A. Analytix allows usto ask for resultant torque



The Solution

in an angular dimension, therefore we should
dimension the angle of FG with (say) DG.

We now need to apply aunit force to A. We do this
by selecting point A then using the AnalysisyAdd
L oad menu option.
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To find the torque on FG, we need to find the
resultant torque in angle FGD. To do this select the
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angle then choose the Analysis’Resultant
Force/Torque menu option.
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To find the force on bar CE, select the length
dimension for that line, then choosethe
Analysis/Resultant For ce/Torque menu option.

Now change the angle either by using the Increment
tool or using Attributes/Info. Asyou change the
angle you can watch the resultant torque and force
alter.

Alternatively, you can produce a graph or table of
the reaction force using the react() function with the
appropriate dimension name as an argument.

The resulting graphs would perhaps lead us to
redesign the linkage.




Example 3: Statics of a Bridge Truss
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The Problem

In the bridge truss shown, each horizontal member
isloft long, and the structure is 12ft high.

For the load shown, we wish to find the force in
member JK, CJand CK.
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The Model

We sketch a construction line to act as the horizontal
ground on which the bridge will rest. This
construction line will be the fixed line. The point A
of the bridge will be the fixed point.

We sketch each individual horizontal member
separately. For convenience while sketching (so we
can tell where each member ends, we make the
horizontal lines arch.)

Analysis

File Edik Ehetch Dimensien Coamstraim Wirw Defaults Towls Attributes

A Anadptiw s : ; LYK

cansistently Dimenciansd |

The Solution

We dimension the length of each line segment: these
lengths are 10 for horizontal segments, 12 for vertical
segments, and sgrt(10"M2 + 1272) = 15.62 for the
diagonal segments.

We now add loads to points H,I1,J,K,L.

The force in any of the members is obtained by
asking for the Resultant Force in the length
dimension corresponding to that member.



For each of the members we are interested in, we
select the dimension, then select Analysis/Resultant
Force/Torque.

Forcesin JK, CJand CK are shown on our screen
with JK at the top and CK at the bottom.
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Example 4: Vice Grips

The Problem

The Model

Opposing 150N forces are applied at points F and G
of the pictured handgrips.

We are required to find the gripping force between
A and H when they are 10mm apart.

We are also required to investigate the effect of
changing length BE (by adjusting the screw at F.)
Length AB is 30mm, BH is 32mm, BC is 30mm, HC
is 35mm, CD is 20mm, DG is 75mm, DE is 67mm, BE
is85mm, and BF is 100mm. Angle ABF is 170
degrees, and angle CDG is 165 degrees.

We sketch the figure using straight lines to join the
critical points as shown.
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We dimension the line lengths and angles given. The
rule for statics analysisisthat all the dimensions
should have some corresponding physical entity
which acts to preserve the dimension when some
forceis applied. Hence it is appropriate to specify
the angle CDG asthisis part of asingle piece of
metal and thusis being physically constrained. The
angle CDE, however, is the angle between two
different members which are joined at apin. Thereis
no physical constraint directly preserving the angle -
it iskept constant only as aresult of length
constraints on other members. Thus it would not be
appropriate to enter angle CDE asadimension in
the specification of the geometry.

Thefinal dimension we enter is the distance between
points A and H, 10mm. Although thereisno
physical piece of the grips corresponding to this
dimension, thisiswhere the reaction force which we
wish to measure occurs.

We enter aforce of 150 vertically upwardson G. We
could also enter aforce of 150N downward at F.
Instead, however, we fix the point at F. This means



The Solution

that Analytix will automatically add an equal and
opposite force to the fixed point F.

Having added our externally applied forces to the
diagram, it remains to measure the force output by
the grippers between A and H. We do this using the
Analysis/Resultant Force/Torque menu option.

First we select the 10mm dimension between A and
H. Then we pick Analysis/Resultant Force/Torque
from the menu.
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The Force box appears, showing that this dimension
Isunder compression of 3467N.

To investigate the effect of altering the length of BE,
we create a graph of this reaction against BE.

We do this asfollows:
1 - Pick the Tools/Graph menu option

2 - Put the text cursor in the "Parameter t"
variable box



3 - Return to the main window and select the
dimension between B and E.

4 - Put the cursor in the y-axis variable box.
5 - Type react(
6 - Add the appropriate dimension name by

selecting the dimension between the two
teeth of the gripper.

7 - Finish off the expression by closing the
parentheses.
8- Add an initial value of 80.
9 - Add afinal value of 85
10 - Specify astep size of 0.25
We see that the reaction force increases dramatically
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as BE getslarger.

When BE reaches about 85.3, the mechanism
becomesill defined geometrically, and the reaction
force becomes infinite.



Example 5: Statics of Hydraulic Actuators

The Problem

We wish to determine the forces in the hydraulic
actuators BC and GE when AF is at 20 degrees to the
horizontal and HI isvertical. We also wish to
measure the forces which act on member DF.

A isfixed 1.25m vertically above B. Length AF is
2m. Point C is 0.15m below the linejoining A and F,
and 1.6m along that line from A.

DF measures 0.8m and EF measures 0.5m. Fl is2m
and point G is 0.15m above the line joining F and |
and 1.2m along the line from F. Angle AM is 170
degrees.

DH is2mlong, HI, IJand HJ are all Im.



The Model
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We draw avertical construction line on which to
locate the point A and B.

We draw member Al asthe pair of lines AF and FI
along with two small spurs connecting points C and
G to these lines.

The scoop is modeled by the triangle HIJ.

We add the length dimensions given above and 90
degree angles fixing the directions of the small lines
at points C and G.

To complete our static model, we need to add the
lengths of the actuators BC and GE. However these
are not given to us, instead we are given the angles
BAF and (indirectly) FIH.

We could sit down and do some trigonometry to,
calculate the resulting lengths of BC and EG, but it is
far easier to let Analytix do thisfor us. We can enter
the angles into the sketch, let Analytix turn the
sketch into a scale drawing then measure the lengths
of BC and EG.



AF is 20 degrees from horizontal, hence angle BAF is
70 degrees. |F is 170 degrees from AF, and henceis
30 degrees from horizontal and HI isto be set
vertical; so angle HIF is 60 degrees.

We enter a 70 degree angle at A and a 60 degree
angleat I.

We now have a consistently dimensioned figure, but
it is not an accurate model of the statics of the
mechanism. This is because the two angles which
we just entered have no corresponding physical
structure acting to constrain them. Both A and | are
pinned joints. The angles there are constrained not
by the local physical structure (asthey would, for
example if they were welded) but indirectly as a
result of the hydraulic actuators which constrain
lengths BC and EG.

To make an accurate model of the statics, then we
must delete the angles at A and | and add length
dimensions for BC and EG.



First we measure the lengths of these members
which yields the required angles. We do this by
selecting the line. The information box at the top of
the Analytix window gives you the length of the
line.

BC haslength 1.557 and EG has length 1.524.

The picture obtained by removing the two angles
and adding the two lengths should be identical.

The Solution

However from the point of view of Statics Analysis
they are completely different. BC and EG will now
bearloads.

We complete the model by fixing point A and the
construction line AB and by adding a downward
force of 25 at J.

To find the force in the hydraulic actuator BC we
select the length dimension between B and C, then

choose Analysis/Resultant Force/Torque.
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To find the force in the hydraulic actuator EG we
select the length dimension between E and G, then
choose Analysis/Resultant Force/Torque.
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To find the forces on member DF, we select the line
DF, then choose Analysis/Force on Pin. We then
point in turn to points D, E and F. The force exerted



on the member at these points by the other parts of
the structure are displayed.



Example 6: Tolerance in Manufacturing

The Problem

During the manufacturing process, the above plateis
to fit on a set of three pins whose centers are aligned
with the true position of holes F,G, and H. The pins
have radius 0.7.

If plate ABCD is aligned by fixing point A and line
AD, then we wish to examine whether the holes are
guaranteed to fit under the following two sets of
conditions:

1 - All linear dimensions have tolerance plus
or minus 0.01, all angular tolerances are
plus or minus 0.1 degrees.



The Model

2 - All linear dimensions have tolerance plus
or minus 0.025, all angular tolerances are
plus or minus 0.5 degrees.

If the the fit is not guaranteed under absolute

tolerancing, we wish to know whether root sum
squared statistical tolerancing gives us afit.

The Solution

We draw the part and dimension it as given.
A is made the fixed point and line AD the fixed line.

Using the Defaults/Default Tolerance menu option,
we set the linear tolerance default to be 0.01 and the
angular tolerance default to be 0.1.

We will use the tolerance zones derived for the
location of the center of circle F to tell us whether the
fit will be good. For this to happen, the center of the
circle must lie within 0.05 of itstrue position.




We draw atiny circle of radius 0.05 centered at the
center of F. The condition for the fit to be good is
that the tolerance zone should lie within this circle.
To create the tolerance zone, we select the point then
pick Analysis/Tolerance Zone from the menu.
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Both the circle and the tolerance zone are too tiny to
see without magnification. Use the View/Zoom Box
function to look more closely at them.




We see that the tolerance zone does indeed lie inside
the circle, so with this tolerance setting, we are OK.

However, if we change the default tolerances to
0.025 for linear and 0.5 for angular, the tolerance
zone no longer lies within the circle and we are in
trouble.

However, if we change to statistical tolerancing (by
picking the Defaults/Statistical Tolerancing menu
option) we see that the root sum squared tolerance
zone lies within the prescribed circle.

This means if we assume that the individual
tolerances are met (say) 99.5% of the time, then the
hole will fit at least 99.5% of the time.



Example 7: Kinematics of a Cam

The Problem

The off-centered cam in the figure rotates about A at
50 rad/s. Bar CB maintains tangential contact with
the cam. Point A lies on the vertical line on which D
is constrained to slide.

We seek the displacement, velocity and acceleration
of D over a complete revolution of the cam.

The cam isradius 2. Point A isdistance 1 from the
center of the cam.

B is 3.5 to theright of A and 0.75 above it.

BC islength 5 and CD islength 4.



The Model

We draw a horizontal and vertical construction line
and acircle whose center is offset from the crossing
of the construction lines.

We draw aline from the crossing of the construction
lines to the center of the circle.

Two lines for members BC and CD complete the
sketch.

We dimension the lengths of BC, CD and the line
joining the center of the circleto A. We dimension
the distance of B from each construction line and the
angle between the construction lines.

Setting the radius of the circle and making BC
tangential to the circle leaves us only to add a
driving dimension to move the mechanism.

The angle between a construction line and the line
joining A to the center of the circle can be used to
drive the mechanism..



To complete the model, we set point A and the
horizontal construction line to be fixed.

It isagood idea at this stage to do an animation of
the mechanism to make sure everything looks right.
If you have dimensioned the figure inappropriately
or forgotten to fix a point and line, this will show up
immediately in an animation.




The Solution

Now we need to set the velocity of the driving angle.
Use Attributes/Info:
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Draw graphs of displacement, velocity and
acceleration of point D, using functions ycoord(),

yvel(), and yacc().



Example 8: Kinematics of a Cam 2

The Problem

The constant width cam centered at A rotates at a
constant angular velocity of 35 rad/s. The cam
follower is attached to arm BD which is constrained
to remain horizontal.

We wish to find the velocity and acceleration of F
when one vertex of the camis at 75 degreesto
horizontal (as shown).

The cam has width 1. Point C is distance 1.5 below A
and 1.5 to theright. The track which holds F is



The Model

distance 2 above A. BD and CE are length 3 and EF
islength 4.

First we'll build the cam and cam follower, then we'll
add the rest of the linkage.

A constant width cam can be thought of as an
equilateral triangle with each side replaced by an arc

with the same radius as the triangl€'s side length.

We draw a horizontal construction line to use as a
reference for measuring the angle of the cam.

We draw the triangle and its center, positioning the
center on the horizontal construction line.

We dimension this figure by specifying the lengths
of the triangle sides, the angles of the lines joining
the vertices to the center, and the angle one of these
lines makes with the horizontal.

We now complete the picture of the cam by drawing
arcs between the vertices of the triangle, and giving
these arcs aradius of 1.

Our drawing is destined to become rather cluttered.
To reduce the clutter, we use the level management



l
capabilities. First let us put all the dimensions so far

on anew level.

| - Pick Edit/Select All Dimensions.
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2- Choose View/Change Level.

3 - Click on the box representing the second
level.

The dimensions are now all on level 2. We also
might want to put the horizontal construction line on
yet another level. To do this:

1 - select the construction line.
2- Choose View/Change Level.
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3 - Click on the box representing the third
level.

We can now draw the cam follower: abox fitting
round the cam.
The follower is dimensioned by setting the parallel
distance between its sides and a right angle between
two of itssides.
The follower is constrained to sit with its sides
aligned with the horizontal and vertical. We can

model this by setting the angle between the side of
the follower and the horizontal construction line to
be 90 degrees.

We have now described the shape of the follower
and its alignment, we must now describe its contact
with the cam.

The cam is always in contact at two vertices and two
arcs. There are two issues here.

If you specify both the point contacts and the arc
contacts, the system is overdetermined. For example
if you set the two verticesto lie on the edges of the
follower, then the opposite arcs will automatically be



tangent to the opposite sides of the follower.
Therefore we only need specify that the two vertices
of the cam lie on the edges of the follower.

A more serious problem is that as the cam turns, a
different pair of vertices become the contact points
with the follower. To model thisin Analytix is
difficult: you have to go in and break the
point-on-line constraints which you just added then
add new point-on-line constraints to the new
vertices.

To see the problem try incrementing the 75 degree
angle between the cam vertex and the horizontal.
You will see that the model is fine until this angle
reaches 90 degrees, then the arc between the two
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contact points starts to leave the follower box. At
this stage, we need to set the other point in the figure
to be in contact with the follower.

Our model, therefore, isis only good for a segment
of the total revolution of the cam. Specifically, for
the segment between 60 and 90 degrees.

We now enter the rest of the mechanism. We draw a
horizontal construction line for F to run on, and a



The Solution

vertical construction line to position C on. We draw
the linkages CE, EF and BD.

A parallel distance dimension is given between the
two horizontal construction lines, and aright angle
between the vertical and horizontal construction
lines. The distance between C and the horizontal
line through A is given and the distance between A
and the vertical line through C.

Lengths are given for the threelinks and link BD is
specified relative to the follower by setting its angle
with the follower's edge and the distance of B from
the corner of the follower.

Our geometrical model of the mechanism is now
complete. To perform the required kinematic



analysis, we simply need to give avelocity to the
cam angle.
Select the 75 degree angle, then pick Attributes/Info.

Enter 35 for the velocity of the angle.

To find the instantaneous velocity and acceleration
of point F, we select the point, then pick
Attributes/Info from the menu (shortcut by double
clicking on the point)..

POINTS2

Position X 0.23799
Position Y 2.

elocity X 2.7184
Velocity Y -2.2204e-016

ccel. X 247.38
cel. Y -5.218e-015
M

ass 0.




Example 9: A Cam Driven Crosby Linkage

The Problem

A cam isfrequently described by a displacement
function which is entered into Analytix asaformula
for the value of a dimension. The type of dimension
will depend on the type of follower; it will be a
length if the follower is reciprocating, it will be an
angle if the follower is oscillating.

One aspect of cam displacement functions is that

they are typically made up of different segments,
each of which has an analytical formula. In this

example we model a cam with two dwells joined by
simple harmonic rises.



The Model

The cam of length d has displacement 1.5+sin(2*t-90)
if tisbetween 0 and 90 degrees, 2.5 if t is between 90
and 180 degrees, 1.5+sin(2*t-270) if t is between 180
and 270 degrees, and 0.5 if t is between 270 and 360
degrees.

We want to use derivatives of cam displacementsin
order to study velocity and accelerations, so it is
convenient to work in radians:

Select the Defaults / System Defaults menu option.
Notice the default angular units are degrees.
Click the Radians button under Angles. Then select OK.

E Kinematics
(/Shaw Dimension Expressions]
[ Show Trace Velocity

Angles Angular VelfAcc
) Degrees ) Degrees
#® Radians # Andians
i Revolutions 2 Revolutions
I Ok | | Cancel '

Now sketch the linkage as shown below giving the
line length representing the distance between cam
and follower some initial value, eg. d=1.

We will use the Calculator to define distance,

velocity, and acceleration in the cam's four
quadrants.
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Select the Tools/ Calculator menu option.

Enter the value for pi, an initia value for t, and four
displacement formulas in the Input box. Click on the
Result button after entering each formula.

Equation Calculator
input | d1=i[>=0 AND 1<pif2, 1.5+sin[2"-pif2). 0 |
Result IB ]
Messag
VARIABLE VALUE EXPRESSION
pi 3.141539
1 2

0 ifp=0 AND (<pif2, 1.5 ¢ sin[2"1-pif?
a2 2.5 H[=pif2 AND t<pl. 2.5, 0}
| d3 0 iff>=pi AND $€1.5%l, 1. S+gin{2"1
| g 0 If>=1.5"pi AND t<2%pi, 0.5, 0
| d 25 dl +d2+d3+dd

[Resun ] [Detete |

Notice the use of the if function to define the
quadrants:



dl = if(t>=0 AND t<pi/2, 1.5+sin(2*t-pi/2), 0)
d2 = if(t>=pi/2 AND t<pi, 2.5, 0)
d3 = if(t>=pi AND t<1.5*pi,
1.5+sin(2*t-1.5*pi), 0)
d4 = if (t>=1.5*pi AND t<2*pi, 0.5, 0)
Thefinal formulayou see in the expression list
calculates the current value of d.

d=dl+d2+d3+d4
We can now display agraph of d against t, whichis
a displacement diagram for our cam.
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In order to generate a kinematic model of our cam,
we need expressions for the velocity and acceleration
of the cam displacement.
Let dt be the (constant) angular velocity of the cam
in radians per second. If the cam isrotating at 3 revs
per second, then:

dt = 6*pi
Now we create expressionsvl, v2, v3, v4 and a, a2,
a3, a4 for the velocity and accelerations of the
different segments of the cam.



vl =2* cos(2*t - 0.5*pi) * dt
v2=0
v3=2* cos(2*t -1.5*pi) * dt
v4=0
a =4*sin(2*t - 0.5*pi) * dt
a2=0
a3=4* sin(2*t -1.5%pi) * dt
a4=0

The remaining two expressions to enter are the
summing of the Vs and a's as shown in the

calculator window below.

= Equation Calculator |
input Iu=al+a2+a3+ad [
Resull E t
Message
VAHIABLE VALUE EXPRESSION
wil 0 ifft>=1.5"pi AND t<2*pi, 0, 0] :
al 0 ifft>=0 AND t<pif2, -4*sin[2"+-0.5}
a2 0 ifft>=pif2 AND t<pi, D, 0] _
al 0 i{t>=pi AND t<1.5%pi, -4*sin[2"-1"
ad 0 [ijt>=1.5%pi AND 1<2%pi., 0. 0]
v 0 w1 ¢#w2+vd+vd
a 0 al+a2+ad+ad +
| Rewt]  [oetee ]

Having input these calculations, we must now
assign v and ato the dimension for the cam:

From select mode, double click on dimension d and you
will see the Line Length info box. Enter v and ainto their
respective boxes.



The Solution
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We can now examine the kinematics of the linkage.
The cam drives a Crosby linkage, which produces an
amplified approximate straight line motion.

We have given the length dimension for the cam a
value of d, avelocity of v and an acceleration of a.
The output graph depicts the vertical component of
the resultant velocity of the end effector. To do this
we use the function yvel (pointxx) for the Y axis
variable, and as with the displacement plot above,
parameter t goes from 0 to 2"pi. As shown below,
theinitial t, final t, and increment must benumeric
values, not expressions.

Note that the geometry of the cam is not explicitly
created. Instead, the kinematic behavior of the cam
/ follower pair is embodied in the formulasfor d, v,
and a.
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Example 10: A Dynamics Model

The Problem

The Model

In the above mechanism, bars AC and CE are each
length 400mm and have negligible mass. The
vertical rails are 560mm apart.

Coallars A and C have mass 200g, collar E has mass
1008.

If the mechanism isaligned vertically, and A is
released from rest 240mm above B, we are to find the
initial acceleration of A and the forcesin bars AC

and CE.

The geometric model is simple: lines for the vertical
and horizontal rails, and two lines for the bars AC
and CE.



We dimension the geometry by giving the parallel
distance between the two vertical rails, entering the
right angle between vertical and horizontal, giving
lengths to the vertical rails, and specifying the
lengths of AC and CE.

Our dimensioning is completed by specifying the
distance between point A and point B.

Sl ARy TN -ERNE . RRE e b A
File Edit ZIketchn Oimeesion Constrals Uiew Befaults
foels AEtributes asalpsls
funsistently Blaensioned |

To set up the model for performing the dynamic
analysis we need to:

1 - Set the fixed point and line.
2 - Make sure the units being used are
correct.
3 - Specify the orientation of the drawing.
4 - Specify masses for A, C and E.
Fix point B and the horizontal rail by selecting both

the point and the line and using the Constraints/Fix
Point/Line menu option.

To ensure our units are correct and specify the
orientation of the drawing, we use the
Defaults/Dynamics Defaults menu option.



Set the units to be Sl and the drawing alignment to

be Vertical by clicking on the appropriate buttons of
the Dynamics Defaults dialog box.

Units

@®s1 Ofps Oips O other
® Mass Units
O Weight Units

Gravitational Constant
|D-EH&65

Drawing Alignment (for body force)
(O Horizontal

® Uertical
O Other. .. [90. |

[ Ok ] [[:am:el]

Set the masses of the collarsat A, C and E by
selecting each point in turn and picking the
Attributes/I nffo menu option.

-5.64257e-028
0.24




The Solution

Enter the mass in the appropriate box and click on
the Ok button.

We now have a model which knows about masses
and therefore the gravitational forces applied to

those masses. We wish to derive the acceleration of
A due to those forces.

Our model, however is not an accurate
representation of physical reality, because we have a
dimension keeping point A 240mm above point B.
In reality there is nothing constraining A to stay in
this location.

Further the dimension between A and B is
supporting aload. In fact we have amodel of the
situation before A isreleased from rest.

To model the situation an instant after A isreleased,
we need to give the dimension between A and B an
acceleration.

But how do we know what acceleration is correct?

The answer is we don't but we will find out. Here's
how:

t - We set the distance between A and B to
have acceleration a (a variable).

2 - We use the Iteration tool to find the value
for awhich leaves the dimension
supporting no load.

Thisis now an accurate model of the physical reality
an instant after A isreleased.

To set the acceleration of the distance between A and
B select the dimension and pick Attributes/Info from
the menu.

Y ou now see the Dimension Info Box. Enter a as the
acceleration.



To perform the iterative solution choose Tools/
Univariate Iteration from the menu.

Y ou will see the Iteration Box. Type aasthe variable
to be iterated on.

Type react( in the Solve box. Now go into the main
drawing and select the dimension between points A
and B. The name of the dimension will be inserted
into your equation (in our case DIMENSIONA43).
Finish off the equation react(DIMENSI ON43)=0.

Now Click on the Ok button to solve the equation.

|l variable a
| Soluve react (DIMENSION43)=0
| Solution -4_09630783201067

| Error -5 46562795 06229646e-013 \

[ 0k ] [l:am:el]




The solution yields that this length dimension has an
acceleration of -4.096 ms*-2. As point B isfixed, thisis
the acceleration of point A.

We now need to find the reaction forcesin bars AC
and CE.

We do this by selecting in turn the length dimension
of each bar and choosing the Analysis/Resultant

i R U anargrix-extz.xl L 00
File Edlr Sketch Dimension Bunstrain Uiew neraults
Tools Attributes Analysis

] unsistently ninenﬁluneu|
Force  1.903447389 = s oqs N

Compression Force 1.513852894

Compression

Force/Torque.



Example 11. Dynamic Data Exchange

The problem

This example uses Windows Dynamic Data
Exchange (DDE) to model the above hydraulically
linked mechanism. Crank AB drives piston BC,
which forces fluid out of the cylinder C and into the
cylinder D. The piston in cylinder D isdriven by the
consequent fluid flow and in turn drives mechanism
DEFG. The cylinders have different widths.



The Model

To analyze this system, we create two separate
models, one of the input crank and cylinder, one of
the output mechanism. These models are created in
separate instances of Analytix. We link the two
models by a Dynamic Data Exchange (DDE)
connection between the two copies of Analytix
which contain the two models.

Analytix-HyD1.A% (0| 1]

File Edit Sketeh ODimension Constrain
Uiew DeFaults Tools Attributes
Analysis

Consistently Dimensioned

] -]
bl rf

B
|

The first model is of the input cylinder. Create this
in one copy of Analytix. The variable which will be
output is the volume of fluid in the cylinder. Enter
this as the formula:

v = 3.14159* 0.5A 2* distance(point15,linel8)
Where pointl5 is the point at the center of the piston
and linel8 is the top of the cylinder. 0.5 isthe radius



of the cylinder. (If you wished, you could
parametrize the problem by entering the variable r
for thisradius.)

To create a second model, do not clear the current
version of Analytix, but start up a second copy.
Draw the output mechanism as shown.

Analytix-HYD2 . A%
File Edit Sketch ©DOimension Constrain Ulew
DeFaults Tools Attributes Apalysis
consistently Dimensioned I

eyt

The position of the piston in the cylinder is given by
aparalel distance of 1. Thisistemporary and will
be altered when we connect up the two drawings.

The next step isto create a DDE link between the
two models along which we can pass the value of v.
Then we can cause the position of the piston at D to
have the correct behavior as the volume in piston C
changes.

To create the link, go into the input model, and select
Edit / Export Link. Y ou will see the Export Link



Dialog Box. Here you should enter the expression
whose value you wish to export: in this case v.

Export Link

Export Expression |v

Ok |Cancc| |

Now go into the output mechanism model and select
Edit / Import Link. You will see the Import Link
Dialog box. Y ou should enter here the name of the
variable where you want to store the incoming
value. In our case we'll call thisv also.

Import Link

Link To Variable Y]

Ok |Cance| .

Now the variable v in the second copy of Analytix
should have the same value as v in the first copy.
Our next step is to make the piston location D
depend on v in the appropriate way. Bring up the
Info Box for the parallel distance dimension which
sgecifiesthe location of D. Enter the formula:
(2-v)/(3.14159*0.3"2)

Y ou should see the piston move to a new location.

Now if you change the value of the crank anglein

the input drawing, you should see the output
mechanism update accordingly.



Example 12: Steady State

The Problem:

The Model

)

The above linkage hangs vertically under its own
weight. Our problem isto find the equilibrium
position of the linkage.

AD is3 meterslong, DC is5 meters, BC is 2 meters
and AB is 3.5 meters. All three bars have mass
density Ikg/metre.

We draw the linkage in a sample configuration such
that angle DAB is 110 degrees. W e add mid-points
to each line and give each mid point the mass of its
bar. We make sure the drawing is vertical (using the
Defaults/ Dynamics Defaults menu option.



The Solution

Analyth-Untitled I"[_
File Eda Skeich Dimension Constain View Delawlts Tools Alwibules
Analysls

Canaistenily Dimensioned|

We now have a static model of the situation where
the structure is being held in place by the anglein
the picture. In fact there is no support at this angle.
Hence if the structure were in equilibrium, there
would be no force transmitted by this angle.

To find the equilibrium position of the structure,
therefore, we need to find avalue for the angle such
that the force transmitted by the angle is zero. This

problem is conveniently solved using the Iteration
tool.

Select Tools/ Iteration. You will see the Iteration
Box. Click in the Variable Box, then select the angle.
The name of the angle should appear in the Variable
Box. We now enter the equation to be solved in the
Solve Box. Thisis:

react(DIMENSION13)=0



Iteration .
Variable  |pIMENSION13
Solve react(DIMENSION13)=0
Solution
Error
Solve |Canccl |

Instead of 13, you should use whatever the
dimension number isfor the angle dimension in
your model.

When you push the Solve button; Analytix will
search for avalue of DIMENSION13, which satisfies
react(DIMENSION13)=0.

=='] lteration
Variable  |pIMENSION13
Solve react{DIMENSION13)=0
Solution  104.638045304017
Error -2.244710232801594e-006
Solve ‘Cunccl I

The Solution we see is 104.638045 degrees, and this
isaccurate to 5 decimal places.

If you redraw the picture by clicking on the Scroll
Bar, you will see the model in the equilibrium
configuration.
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To confirm that no force is transmitted by the angle
in this configuration, select the angle, then choose
Analysis/ Reaction Force/Torque.



Example 13: Area Mass Properties
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In this example we see how to display the area and
area moments of inertia of the L bracket displayed
above.

In Analytix, mass properties are attributes of a group
of lines and arcs. To display mass properties,
therefore, we need first to group the lines, arcs and
circles which form the outline of the part under
study.

We do this by selecting all the lines which form the
outline of the bracket, then selecting the circles
which represent holes cut out of the bracket (while
holding down the Shift button). Then we select
Edit/Group from the menu.



The profile is now asingle group. Whenever you
select an entity in the group, they will all be selected,
and the Current Selection Display in the top right of
the Analytix screen will contain the group name and
not the name of the individual line or arc.

(To ungroup the entities use the Edit/Ungroup menu
option.)

To display the area mass properties, select the group
then pick the Attributes/Info menu option.
(Alternatively you can double click on the group.)

Group
A 58575222
b 537.720611
Iy 128.25460]
Iz 1265.975214
bey 272 822011
I a 821.964511
Imin 344010703
thetaMax 35375629
thetaMin 54624371
> 0347916
e 0.08r495

The following properties are displayed:

Area - the area of the outer profile minus any
profiles contained within. (If the profiles intersect
the result is meaningless.)

Ix - Area moment about the x-axis through the
centroid.

ly - Area moment about the y-axis through the
centroid.

Iz - Area moment about the z-axis through the
centroid. (Thisis sometimes denoted J).

IXy - Area product of inertiathrough the centroid.



Imax, Imin - Maximum and minimum area
moments about an axes through the centroid.

thetamax, thetamin - the angles which the directions
of maximum and minimum area make with the
X-axis.

Xc, Yc - thex and y coordinates of the centroid.

Mass Functions

Note that we can also obtain the values of these
guantities using the following functions:

area(groupl)
Ix(groupl)
ly(groupl)
Iz(groupl)
Ixy(groupl)
Imax(groupl)
Imin(groupl)
Xcentroid(groupl)
Y centroid(groupl)

Thuswe can access the mass properties for use with
the Table, Graph, Calculator and Iteration tools.

Below isagraph of 1z varying as the height of the L
bracket varies from 8 to 12.

B Tzlgroupl)

lL’IuI‘.t—l
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Example 14: Truss Deflection & Stress

The Problem

The model

The above bridge truss has a vertical height of 40ft.
Each of the four horizontal spansis 30ft. The
horizontal members have a cross sectional area of 15
sguare inches, the vertical members have a
cross-sectional area of 10 square inches. Members

AB and DE have a cross-sectional area of 25 square
inches and the other diagonal members have cross

sectional areas 12.5 square inches. The modulus of
elasticity for each bar is 30000 kips per square inch.
If H, G and F each have a vertical load of 80kips, we
wish to find the vertical displacement of G and the
stressin AB.

Point A of the bridge isfixed, and point E is free to
roll on a horizontal line through A. Weuse a



construction line to represent this horizontal line and
draw the bridge truss ensuring that points A and E
lie on the construction line but H,G and F do not.

A will be the fixed point, while the horizontal
construction line will be the fixed line for the
diagram.

We use Defaults/Default Bar Propertiesto set the

File Céin Skeich Dimension Constrain View Defsulls  Tools  Aarbutes
&nahrain
e D mwimn e d ]

modulus of elasticity of all barsto be 30000. We set
the default cross sectional areato be 15.

The cross sectional areas for the vertical and
diagonal members may now be set individually
using the Info box for each line.

L ength dimensions are added to the model to make
it consistently dimensioned. (As we have specified
the cross sectional areain inches, we specify lengths
alsoininches.)

Note: In Analytix the statics model is usually
determined by which dimensions are specified. An
exception to thisisin deflection and stress analysis
of trusses. In this case the static model is determined
by which lines have non-zero modulus of elasticity
and cross sectional area.



The solution

Variation

Asthetruss we are analyzing is statically
indeterminate, we will not be able to dimension the
length of all the bars. However we simply add
enough dimensions to fully specify the model.

To compute the displacement of point G, we select
the point, then select Analysis/Point Deflection
from the menu.

To find the stressin the bar AB, we select the line
then select Analysis/Stress from the menu.
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We now repeat the analysis for the situation where
point E is fixed rather than free to roll. To model this
situation, we create afictitious bar between A and E
and give it alarge cross sectional area: say 1000
square inches. An exact model would have a bar
with infinite cross sectional area, however a bar
which is considerably thicker than othersin the
picture will give sufficient accuracy.



A H C F A

Reanalyzing the model shows that the deflection of
point G is different, however the stressin bar AB is
approximately the same with this new attachment.
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Example 15: Bending Moment & Shear Force

In this example we look at the bending moment and
shear force at point B in the member AC during a
cycle of the mechanism.

During the compression phase of the cycle, the
piston at D experiences an opposing force of

22/ | DE | Ib. During the expansion phase it
experiences an opposing force of 1.125 Ib. The

piston weighs 1.251b. ACis7"; BFis1"; CDis5". Fis
3" above A; Eis4" above and 8" to theright of F.

We wish to look at two conditions: where BF is
rotating at 30 rpm, and where BF isrotating at
300rpm.



The model

= Equation Calculator

Input  |{=fin*dir+fout*(1-dir) ]
Result |-4.695289872 ]

Message
VARIABLE VALUE EXPRESSION
v A41.44827 xvel[POINTA)
dir 1 sleplv]
fin -4.69529 -22/distance[POINT4,POINT17)
fout 1.125

I -4,69528 fin*dir+foul™[1-dir)

We define avariable f to represent the force on the
piston. f is built up as follows:

Vv is the x-component of the velocity of the piston.

dir = step(v) (dir =1 if the piston is moving to the
right; dir = O if the piston is moving to the left).

fin isthe force in the compression phase.

fout is the force in the expansion phase.

f = fin*dir + fout* (1-dir).

We draw the mechanism, set the mass of the piston,
apply aforce with x-component f and y-component O
to the piston, and set an angular velocity of 3.14

rad/s to the driving angle. (We start with the 30 rpm
example).



The Solution

To derive the bending moment at B on line AC, we
select the line and, holding down the Shift key select

the point. Then we select Analysis/Shear/Bending
Moment from the menu.
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We can obtain a graph of the bending moment as the
mechanism turns by graphing
moment(POINT17,LINE9) against crank angle.

moment(POINTY 7,LINEY)
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Changing the velocity of the crank angle to 31.4 lets
us look at the 300 rpm case:

moment[LINEL,POINTZ7)

" N

B | T 4 | | T ]
100 150 200 2hi aon asn 400 450 00
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Example 16: Creating a Simulation

The problem

Some mechanisms cannot be modelled directly in
Analytix. This occurs when the dimensions which
are appropriate to specify the mechanism do not
allow Analytix to construct the mechanism. In this
example we explore the techniques which may be
used to circumvent these limitations.

As an example we do a kinematic analysis of the
above mechanism, where FG is the crank and B
slidesin the slot AC. Dimensions of the mechanism
may be read off the Analytix drawing below.

In particular, we wish to graph the velocity and
acceleration of B as the crank angle moves from 60
degrees to 150 degrees at a constant velocity of 10
rad/sec.
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The Model:

We wish to add the driving angle between the
horizontal construction line and the crank to the
above drawing. However Analytix responds by
telling us that this angle is redundant. This means
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that, using Constructive Variational Geometry,
Analytix is unable to solve the geometric problem as
posed.

If, however, we specify the height of the end effector
rather than the crank angle, then Analytix can solve
the geometry:

The problem is, we do not have any control over the
crank angle, which isreally the input parameter for

Analyix-ex] b.ne
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our motion.

We can use the iteration tool, however to find the
value for the height which makes the crank angle
egual to adesired amount: say 60 degrees.

This gives us the appropriate geometry for a crank
angle of 60 degrees. Now to get a correct kinematic
model, we need to carry out two further steps. we
need to iterate on the velocity and acceleration of the
height dimension so that the angular velocity and
angular acceleration of thecrank havethe
appropriate values.

L et's assume we wish to drive the crank at a constant
3 radians per second. First we give avariable



H lteration

Variable DIMENSION42

Solve angle[LINE15,LINEG)=60
Solution  4.03857334213993
Error 2.01779315325723e-004

velocity v and acceleration a to the height dimension.
Then we create two more iteration boxes, oneto find
an appropriate value for v, another to find avalue
for a

lteration

Variable  |pipMENSIDN 42
Solve anglc[LINE 15, LINEG)=60

50'“'! Iteration

Error | variable

L

Salve angvel[LINE15]=10
Salution 1.42201 27457505

Err
Heration

Variable

a
Solve angacc|LINE15=0
Solution -91.85225135376

Error -2 1942225203272 6e-008

We now have an accurate kinematic model of this
instant in the motion of the mechanism. If we get
information on the end effector, we will seeits
velocity and acceleration for thisinstant in the
motion.




To graph the velocity and acceleration of the end
effector over a range of motion, we need to collect a
sequence of instantaneous pictures of the mechanism
in motion. We do this by creating a"new
simulation".

A simulation collects a sequence of values for one or
more dimensions and their velocities and
accelerations. You first select the dimension(s)
which you will vary (in this case the height of the
end effector), then select Edit/New Simulation.

Y ou are asked for the maximum size of the
simulation. Enter 12.

Y ou will then see the Edit Simulation dialog box.

To create your simulation, keep on screen the three
Iteration boxes created above. Ensure you have the
correct model for a crank angle of 60 degrees. Then
press Add in the Edit Simulation Box.

The first instant of the simulation has crank angle 60.

Now change the angle in the first iteration box to 70;
then solve each box in turn: first for the angle, then
for the angular velocity, then for the angular
acceleration.

'—'l ~ Edit Simulation

| Add i 1il:1:I|:I|:| |Ir15|:ﬂ| Use

40385733
3.9997391
3.9327957
3.8379266
1.7161346
3.56967 36
3.4022268
3.21872008
3.0248096
2.8262119
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Now press Add in the Simulation box.

Now repeat the procedure for an angle of 80 degrees,

90 degrees and so on to 150 degrees.

Now, to graph the velocity of the end effector, select
Tools/Graph. Y ou will see the graph dialog box.

Select Use current simulation, then enter the

expression to be graphed.

Use Current Simulation is also an option on the

Table, Animate and Envelope tools.
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Example 17: A Pantograph

The problem:

The model:

A pantograph isfixed at B and a pen at C generates
ascaled inverted replica of the curve traced by stylus
A.

In this example we model the pantograph as A
traces a simple parametric curve depicting a letter

We draw construction lines to represent the axes,
and a point at the intersection of the construction
lines. We then draw the pantograph and specify
that the point at the intersection of the construction
lines lies on each of the intersecting bars of the
pantograph.

The pantograph should be dimensioned so that the
two parallelograms are similar. The relative sizes of
the parallel ograms determines the scaling factor of
the device.
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The location of point A is specified by its distance
from the horizontal axis and its distance from the
vertical axes.

We specify this position by the parametric curve:
X = -(1+0.5sin(t))
y = 2 + 0.5cos(t) 0<t<180
y =1 - 0.5cos(t) 180<t<360

We can view the operation of the pantograph by
animating with t as the variable over the range O to
360 in steps of 20.

Iteration Parameter

) Use Current Simullation

leralar 1
nitial Value 0.
inal Velue 360,
nerement 20,




Select both points A and C then select Tools/Trace
from the menu to see the curve which the stylus
follows and the magnified curve traced out by the

pen.

i




Example 18: A Governor

The problem:

D

An engine governor is mounted on aflywheel
rotating clockwise about O. It consists of an
eccentric mass with center of gravity at B and weight
O.lIb pivoted on the flywheel at A.

A spring with stiffness O.llb/in and free length 2
inches is mounted on the flywheel at D and on the
eccentric mass at C.

OA is0.5", A,B and C are collinear and AB is 1" and
BCis1". OD is 3" and angle AOD is 135 degrees.
We wish to determine the angle OAC when the
flywheel isrotating at 25 rad/sec.



The model

We create a fixed horizontal construction line as the
background against which the flywheel will rotate.
We create lines to represent OA, AC and OD, and a
point on AC to represent B.

We use Defaults/Dynamic Defaults to set our units
toips.

We set the angle between OD and the horizontal to
be (arbitrarily) 45 degrees, and give thisangle a
velocity of 25.
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We also set the angle OAC to an initial value of 90
degrees.

To attach a spring to CD, we select both points then
use Analysis/Add Actuator.



The solution:

To find the steady state value for the angle OAC, we
use the iteration tool. The angle OAC isfree to move
in the device, it will therefore only be in equilibrium
if the torque transmitted by the angle is 0. Hence we
need to find the value of the angle for which the
reaction torque in the angleisO.
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The solution is 88.85 degrees.

If we wish to create a graph of angle versus angular
velocity, we can vary the angular velocity, repeat the
iteration performed above and capture the results in
asimulation.

Below we see agraph for governor angle as a
function of angular velocity
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Menu Reference

In this section, we systematically examine the
different menu options available in Analytix.

First we look at each of the options available on the
main menu and make general statements about the
different menu selections to be found in the
corresponding drop down menu.

Secondly, we examine each individual menu option
in turn and describe the corresponding functions
thus invoked.



Main Menu Options

System

File

Edit

Sketch

Dimension

The System menu contains the standard Microsoft
Windows options for sizing, closing and moving the
main Analytix Window.

The File menu contains options to let you create a
New file, Open an existing one, save the current
drawing as afile, and Print the current drawing. It
also contains functions to read and write DXF files.

The Edit menu lets you Select portions of your
drawing. It also lets you Cut, Copy or Paste selected

portions of the drawing or Snap bitmaps from the
screen.

The Sketch menu contains all the commands to let
you sketch drawing entities: Points, Lines, Arcs,
Fillets, Circles, and Construction Lines are all here.

The Dimension menu is where you can add
dimensions to your sketch in order to convert it into
ascale drawing.



Constrain

View

Defaults

Tools

Attributes

The Constrain menu contains options which allow
you to specify which point and line of the drawing
will stay fixed in any motion or statics problem.
Further menu options allow you to specify line
segments in the sketch as being portions of the same
lines, and specify circles to be concentric.

The View menu lets you move or rotate selected
portions of the drawing, it lets you zoom in or out, it
lets you blank or unblank portions of the drawing
and do level management.

The Defaults menu lets you set default pen colors
and styles, set default unit types, set default
tolerances and specify whether tolerance analysisis
to be statistical or absolute.

The Tools menu contains functions which let you
animate your drawing, create an Envelope of it, or
Trace the curve followed by a given point. It also
has tools for creating Graphs and Tables of values of
interest, a Calculator and Equation Solver.

The Attributes menu lets you view the various
attributes of all the drawing entities and dimensions
in the drawing. It lets you change whichever
attributes are appropriate to change. Thereisalso a



Analysis

Help

function which lets you measure distances and
angles from the drawing.

The Analysis menu lets you add loads to the
drawing, derive reaction forces and tolerance zones.

The Help menu shows you step-by-step procedures
for every Analytix option.



System

Restoxe ALc+#F3
Hove ALL+F7
Gize Alc+F8

Minimize ALC#FY
Maximnize Ale+F1B

Llose Alc+Fq

About...

The System menu contains commands which are
included in all Microsoft Windows applications for
moving sizing and closing the window.

It is activated by clicking on the small box in the top
left hand comer of the Analytix window, or by
pressing [ALT] + [SPACEBAR].



System / Restore

Restores awindow to its original size, either by
expanding it from Iconic (or Minimized) form or
reducing it from full screen (or Maximized) form.

This option can be invoked by clicking on the double
arrow box at the top right of your Analytix window,
or from the keyboard by pressing [ALT] + [F5].



System / Minimise

This causes Analytix to go Iconic. The whole
window is reduced to an Icon at the bottom of the
screen.

This option may alternatively be invoked by clicking

on the down arrow at the top right hand corner of
the Analytix window, or by pressing [ALT] + [F9].



System / Maximise

This option causes the Analytix window to cover the
entire screen. Thisis convenient if you are working
solely in Analytix, but less convenient for switching
between windows.

This option may be invoked by clicking on the up
arrow at the top right hand corner of the Analytix
window, or by pressing [ALT] + [F10].



System / Close

This closes the Analytix application. The option may
alternatively be invoked by double clicking in the

System Menu Box at the top left corner of the
window.



System / About

This option brings up the Analytix copyright notice.

Saltire Software
Analytix
AV Version 3.0

Copyright © 1983 - 1392 Saltire Software
. oY




File

Ii!E Edit Skeich |
Open... “0
Save
Save as..
Plot
Configure Printer..
DXF Out
DXF In

The file menu contains options which perform a
number of disk and printer / plotter related tasks:
reading and writing drawings to disk, reading and
writing DXF files for communication with CAD
systems, and plotting.



File / New

Creates a new file with no name and no contents.
Erases the current drawing.
If your current file has not been saved, Analytix will

ask you whether you wish to save it before erasing
it.



File / Open

This menu option allows you to open a previously
saved Analytix file.

Analytix presents you with the File dialog box. It
contains afile list box which will initially be filled
with al the files with the ax extension (the default
Analytix extension). The dialog box also contains a
file entry area, where the name of the file to be
loaded may be typed in.

To select one of the filesin the directory box, click on
the file name. Notice that this name will be echoed in
the filename box.

The scroll bar on the side of the file list box may be
used to scroll through the files.

File Hame: Direclones:
| examplel.ax I c:hax
— Cancel
_ ol 2
example. ax e
exampled. ax =
exampled.ax
example5. ax -
exampleb.ax | | [l Read Dnly
example . ax ||
exampled. ax ¥ |
Lizt Files of Type: Drives:
Analytix Files [“.AX) Itl !—E c: ms-dos_5 Iii

Alternatively the file name may be typed directly
into the filename box.

When the correct file name has been entered, click on
the OK button, or pressthe Enter key.



File / Save

This option saves the current drawing in afile with
the current name. If the current drawing is untitled,
you will be prompted to give the fileanamein a
similar way to the Save as... option below.



File / Save as...

This option prompts you to give the name of the file
in which the current design isto be saved. A fileis
then created with the given name and the extension
"ax' if no alternative file extension is given.

File Hame: Direclories:

lSaI!ilu.a: I c:\ax

=

BE= ax

] Read Only

Save File az Type: Drives:
|Analytix Files *.AX) | = e ms-dos_5




File / Plot

Generates a plot of your drawing on the default
printer or plotter.

To change which printer is selected as the default
printer, you can use the Microsoft Windows Control
Panel. Thisisinvoked by double clicking on the
Control Panel icon in the Main window.

The Printersicon in the Control Panel allows you to
change the default printer or add a new one.

Y ou may change the configuration of the current
printer from within Analytix; see File/ Configure
Printer option on the following page.



File / Configure Printer...

This option brings up a dialog box which lets you
configure the current default printer. Thislets you
choose for example, between landscape and portrait
presentation, and set whatever parameters your
printer has which may be altered.

The exact form of this dialog box depends on what
specific type of printer isinstalled.

This dialog box is the same one as appearsin the
Printers Setup utility of the Windows Control Panel.



File / DXF Out

This option lets you output geometry as a DXF file.
Thisfacilitates transfer between Analytix and other
CAD programs.

A filename box will appear into which you should
type the name of the DXF file. The default extension
.DXF will be added if no file extension is given.

In the current release of Analytix, only geometry
entities are saved in DXF files. Dimensions are not
saved.



File / DXF In

This option lets you read in DXF files created in
other CAD systems.

When you select this option, you will see the same
file selection box which appears with the File / Open
menu option. Thistime files with the extension
.DXF will be preselected in the File List box.

Toread in aDXF file, select or type in the name and
Click on the Open button.

The current release of Analytix isonly able to read
geometric information from DXF files, and not
dimensions.

In DXF files dimensions are regarded as ornaments
and the geometry is defined by the drawing. In
Analytix the dimensions are the things which define
the geometry. This difference in outlook explains
the fact that the DXF files are not rich enough to
preserve afull dimension driven geometry
description.

If you are importing a correctly sized part from a
CAD system, and do not care how it isto be
dimensioned, you can have Analytix automatically
dimension the part using the Dimension /
Automatic option.

Note that if your DXF file contains more than 350
entities, you will not be able to read it into Analytix.
It is best to keep the size of Analytix files moderate
to avoid excessive degradation of the system's
performance.



Edit

|Iii!!! Sketch Dimension Cun’

Select S

Select All
Geometry °G
Dimensions “D
Force Elements
Annotations

Cut Del

v Copy Ctritins

Paste  Shift+Ins

Import Link...

Export Link...

Edit Links...

Snap

Erase Background

Group Selected Lines/Arcs
Ungroup Selected Lines/Arcs

The Edit menu contains the Sel ection options, which
are used to select which entities certain operations
will be performed upon.

The Edit menu also contains the standard Cut,
Copy, Paste operations , the Undo function, Erase
Background and the Snap function which allows
you to take a "snapshot"” of your screen to be
included in some other document, perhaps a word
processor, using the Microsoft Windows Clipboard.
The Group Selected... allows Analytix to display
mass properties of the selected profile.



Edit / Undo

When a sketch is consistently dimensioned, Analytix
automatically converts this dimensioned sketch into
a scaled drawing. If the sketch and the dimensions
are too far out of line with each other, the results of
this process can be a little confusing. It can turn out
that the scaled drawing does not look like the
intended picture.

The root cause of the dimensioned drawing not
looking like it was intended is that the sketch istoo
far removed from the part defined by the
dimensions. This can either be because one or more
dimensions were entered wrongly, or because the
sketch is not close enough to the intended part.

At this stage, the Undo option is available and will
return you to the sketch before Analytix redrew it.

Y ou can now remedy the situation either by altering
the sketch (using the Move, Rotate, and
Select-then-drag options) or by altering one or more
dimension values.



Edit / Select

This option is used to select entities in the drawing.
Selected entities can then have one of a number of
operations performed upon them. They can be Cut,
Copied, Blanked, Moved, Rotated, and, depending
on the type of the selected entities, a variety of more
specialized functions may be performed.

Many of the menu items are "grayed out" and
unpickable unless some entities (sometimes of a
specific type or combination of types) are selected.
Examples are the Cut and Copy options in the Edit
menu, which become active only when some entities
are currently selected. A more complicated example
isthe Attributes / Measure option which is only
active when either a pair of points, a pair of lines, or
aline and a point are selected.

To enter the select mode click on the arrow icon in
the toolbox

Keyboard Shortcut:

Press[Control] + S

Mouse Shortcut:

Click on the right mouse button. Thisisthe only use
for the right mouse button in the system.

Selecting a Single Entity

To select asingle entity, position the cursor over that
entity and click with the left mouse button.

If there are too many entities in the same region you
can use the View / Zoom commands to zoom in on
the region of interest. Y ou should thus be able to



spread the entities out sufficiently to discriminate the
entity which you wish to select.

When an entity is selected, its name and some
information about it appears in the Information box
at the upper right of your Analytix screen.

‘ nnalytiu
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Except for points, selected entities are drawn with
the current highlight pen style and color. By default
thisisasolid red on color systems and a broken
black line on black and white systems. These
defaults may be changed using the Defaults /
Default Pens menu option.

If more information about the entity isrequired, use
the Attributes | Info menu option.

Unless you hold down the shift key (see Selecting
Multiple Entities below), when you select an entity
by clicking over it, whatever was currently selected
becomes desel ected and the entity which you clicked
on becomes the only selected entity.

Note that only entities which are visible on the
screen may be selected in thisway. Blanked entities
for example are not selectable.

Selecting Multiple Entities

To select multiple entities, hold down the [SHIFT]
key when you click on the entity to be selected.
Then the previously selected entities are not
unselected and the entity you click on is added to
their number.



Information about the latest selected entity still
appears in the Information box at the upper right of
the Analytix window.

Selecting Points

To select apoint click on that point. Points are not
highlighted when picked, but the point information
appears in the Information box.

If you hold down the mouse button after you have
clicked on a point, you can drag that sketched point.
Thisisreferred to as " Select-and-drag”, and isa
convenient way to alter the shape of your sketch.

A more sophisticated way to alter your sketch is by
selecting a number of entities then using the View /
Rotate and View / Move menu options to rotate and
move the selected entities.

Selecting Lines

To select aling, click on that line away from the
endpoints. If you are too close to one of the
endpoints, that point will be selected rather than the
line.

When it is selected, the line's name, and its length
will appear in the Information Box. It will also be
drawn in the highlight pen style/ color.

= G B 0| anagtix r
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| attributes Analysis
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Selecting Arcs and Circles

Select an arc or circle by clicking on its circumference
(away from endpoints in the case of an arc). If you
click on the center of acircle you will select only that
point.

When it is selected, the circle's name, center and
radius will appear in the Information box. The circle
will be drawn in the highlight pen style/ color.

4|8

Attributes
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Note that for avariety of purposes, selecting acircle
or arc is equivalent to selecting the center of the
circle. For example if you select acircleand aline
and then pick the Attributes / Measure menu
option, you will be given the distance of the center of
the circle from the line. Thisisthe same asif you
had selected the center point and the line.

Selecting a Dimension

Select adimension by clicking on or near the text of
the dimension.

When it is selected, the dimension's name wiill
appear in the Information box, and the dimension
will be redrawn using the highlight pen color / style.
If you hold down the mouse button when you select
adimension you can drag the dimension to a new
location. Use this Select-and-drag option to make
your drawing more readable.

To change the value of a selected dimension use the
Attributes/ Info menu option.



Selecting a Force / Torque

Select aforce or torque by clicking on or near the
force or torque value.

The force arrow or torque arc will be highlighted.



Edit / Select All

This option selects al the entities in the current
drawing. Both blanked and unblanked entities are
selected.

For example Select All followed by Cut resultsin the
entire drawing being removed and put on the
clipboard.



Edit / Select All Geometry

This option selects all the points, lines, arcs and

circlesin the current drawing. Dimensions are not
selected. Both blanked and unblanked geometrical
entities are selected.

Keyboard Shortcut:

Press[Control] + G.



Edit / Select All Dimensions

This option selects all the dimensions in the current
figure. Geometric entities are not selected. Both
blanked and unblanked dimensions are sel ected.

Keyboard Shortcut:

Press [Control] + D.



Edit / Select All Force Elements

This option selects all applied forces and torquesin
the current drawing. Both blanked and unblanked
force elements are selected.



Edit / Select All Annotations

This option selects all annotations made to the
current drawing. Both blanked and unblanked
annotation entries are selected.



Edit / Cut

This option Cuts the currently selected entities and
any dependent entities from the drawing. These
entities are then pasted onto the clipboard.

What is removed

All the currently selected entities are removed from
the drawing. In addition, any dimensions, applied
torques or forces which refer to any of the selected
entities are removed. For example, if we have a
triangle dimensioned by the length of itsthree sides,
and we cut one of the lines, the line length
dimension referring to that line will also disappear.

Points are of two types:

| - Explicit - these are drawn using the
Sketch / Point menu option and are
drawn astiny circles.

2 - Implicit - these are line and arc endpoints
and arc and circle centers.

Explicit points are cut only when selected. Implicit
points are cut when all the lines arcs and circles
which use these points are cut. For example, if one
line of our triangle is cut, no implicit points are
removed, as both end points of the selected line are
also endpoints of other unselected lines. If we were
to cut two lines, however, the shared endpoint
would also be cut.

What appears on the clipboard

When you cut a selection of entities from a drawing,
the clipboard receives a description of those entities
in Analytix format, plus any entities dependent
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solely on those cut, minus any entities dependent on
other entities which were not cut.

Any entities which are dependent on entities which
were not Cut are not placed on the clipboard. For
example if aline length dimension is cut but the line
which it refersto is not cut, the dimension is indeed
removed, but it is not placed on the clipboard.
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The Analytix format description on the clipboard has
all the information needed to Paste these entities into
another Analytix drawing. However thisformat is
not readable by any other programs.

If you use Copy rather than Cut, both an Analytix
format description and a Metafile pictureis stored
on the clipboard. The Metafile picture format is
understood by a number of Windows applications.
The most widely used way of communicating
graphics information with other Windows
applications is by pasting a bitmap onto the
Clipboard. Thisisdonein Analytix using the Edit /
Snap menu option, described later in this section.

Numerical values may be copied in aform suitable
for pasting into the Excel spreadsheet or into a



Word Processor document using the Copy option in
the Table window's menu. A table is generated
using the Tools/ Table menu option.

When aline, circle, or arc is put on the clipboard,
endpoints and centers for those entities are also put
on the clipboard, regardless of whether those points
were removed from the drawing or not. This means
that Cut followed by Paste is not necessarily anull
operation, as additional implicit points may be
generated.



Edit / Copy

This option copies all currently selected entities to
the clipboard. Any entities which depend on
unsel ected entities are not copied.

The selected entities are not removed from the
drawing.

What appears on the Clipboard

All the selected entities appear on the clipboard
drawn in Metafile Picture format. This format may
be pasted into a number of different Microsoft
Windows applications. The Metafile Picture format
keeps a description of a drawing as a sequence of
drawing commands. This can be preferableto a
bitmap as it takes up less memory, and can be
redisplayed to whatever resolution is available,
which may be considerably greater than the screen
where the picture was originally drawn (thisis often
the case, for example with laser printers).

Copy also puts an Analytix format description of the
selected entities on the Clipboard. This may later be
pasted into another Analytix window or on the same
Analytix window to create a duplicate of the selected
sub-drawing.

Any entities which are dependent on entities which
were not copied are not placed on the clipboard. For
exampleif aline length dimension is copied but the
linewhich it referstois not , the dimension is not
placed on the clipboard.

When aline, circle, or arc is put on the clipboard,
endpoints and centers for those entities are also put
on the clipboard



To copy bitmap picturesto the Clipboard use the
Edit / Snap menu option described later in this
section.

Numerical values may be copied in aform suitable
for pasting into the Excel spreadsheet or into aWord

Processor document using the Copy option in the
Table window's menu. A table is generated using

the Tools/ Table menu option.



Edit / Paste

If you have previously Cut or Copied an Analytix
drawing to the clipboard, this option allows you to
Paste that drawing onto your current drawing.

Paste is"Grayed out" unless the clipboard contains a
drawing in Analytix format. This drawing may have
been Cut or Copied from the current Analytix
window, or from a separate Analytix window.

When you pick Paste, the entities in the clipboard
will be added to your current drawing. The pasted
entities will then become the currently selected
entities. They will be positioned in the same
coordinate position they were Cut or Copied from.
This can be alittle confusing under certain
circumstances:

1 - If the entities are pasted outside the cur-
rent screen window - then you will not
immediately see them. Y ou can use
Zoom max/min from the View menu to
see the whole picture.

2 - If the entities have just been Copied from
the same window - then the new copy
will be pasted on top of the old ones. Y ou
can use View / Move to move the new
COpy SO yOu can seeit.

It isimportant to note that Cutting an entity then
Pasting it back in does not necessarily give you the
same object you started with because of the
additional entities which are added to the clipboard
along with selected entities.

For example, if you cut one edge of atriangle, the
line and a pair of end points are put on the
clipboard. However the line's end points are not



A Copy & Paste

removed from the drawing as they are necessary to
define the ends of the other lines of the triangle.
When you Paste the line back in, both the line and its
new endpoints are pasted. Thus the line is no longer

attached to the rest of the triangle and may be
Moved away from it. To reattach the line you would
need to use the Same Point constraint.

Example

We give a brief example of copying and pasting. We
draw a hole pattern, and create a second copy of the
pattern using Copy and Paste. The steps are as

follows:
1 - Draw the hole pattern
2 - Select All
3 - Copy
4 - Paste
5- Move the copy to a new location
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Edit / Import Link...

This option lets you set up a Dynamic Data
Exchange (DDE) link which feeds data into Analytix
from another program running under Windows (or
from another copy of Analytix running under
Windows).

Edit / Import Link is selectable only if thereisaLink
currently on the Clipboard. Hence, before selecting
this option, you must ensure that alink is present on
the clipboard. How this is done depends on which
program you are linking to Analytix.

If you are creating a link from another copy of
Analytix, you do this using Edit / Export Link.

If you are creating alink from Microsoft Excel, you
use Edit / Copy.

When you select Import Link, you see the Import
Link dialog box. Use this box to specify the name of
the variable to which the imported values are to be

given. This may be any legal variable name or the
name of adimension in our Analytix drawing.

Import Link

Link To Variable temperature

Ok |CHI‘1EE| |

Once a DDE link has been imported into Analytix,
any change in the exported value will be
automatically reflected by a change in the variable to
which it islinked in Analytix.



Edit / Export Link...

This option is used to export a Dynamic Data
Exchange (DDE) link from Analytix to another
program running under Windows (or to another
copy of Analytix running under Windows).

When you select Edit / Export Link, you will see the
Export Link dialog box.

Export Link
Export Expression |length[LINE3)

Ok | Cancel |

Y ou may enter into this box any legal Analytix
expression. Examples of such expressions are:

12.5

X

Xx"2-sin(theta)

angle(LINE4,LINES)
In order to create aworking DDE link, after using
File/ Export Link. you then have to import the link
from the clipboard into a second application (or
second copy of Analytix). The command used for
this depends on the application with which the link
is being established.
If you are creating a link with a second copy of
Analytix, you use Edit / Import Link for this.
In Microsoft Excel, you use Edit / Paste Link.
Once alink is established, whenever Analytix has

reason to believe that the value of the linked
expression may have changed, the updated value is



sent to the other program, which in due course
should recalculate and refresh its display based on
this new information.



Edit / Edit Links...

This menu option lets you view the links which have
been imported into Analytix. It also lets you
temporarily or permanently disconnect the links.
When you select the option you see the Link Edit
dialog box. This has alist of existing imported links,
recorded in the following way:

Application | Topic! Item
The application is typically the name of the program
where the link initiated. The topic is typically the
name of the current file being handled by that

Links

Analyiix | sulo.AX | LENGTH[line3

Link
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program. The item is typically the name of the
individual piece of information which has been
linked. If the link is with another copy of Analytix,
the item is the expression which was exported. If the
link iswith Excel, the item is a spreadsheet cell
identifier.

When you import alink to Analytix from another
Windows application (or from another copy of
Analytix) whenever the exporting application



believes that the value of the link may have changed,
it sends a new value to Analytix. Analytix then
automatically recomputes the current model based
on this new information.

Sometimes it is convenient to suspend this behavior
temporarily (for example to enable you to make a
sequence of changes in the exporting application).

Y ou can do this by selecting the appropriate link in
the link list box. Then press the Unlink button.

To reestablish the link, select the link in the link list
box, then press the Link button.

To permanently close alink, select the appropriate
link in the link list box. Then press the Delete
button.



Edit / Snap

This menu option lets you transfer a bitmap picture
(or snapshot) of part of your screen to the Clipboard.

Y ou can then Paste this picture into another
Windows application, perhaps a Word Processor.

When you select Edit / Snap, you will be give the
choice of snapping either

1 - The entire screen.

2 - The current Analytix window only

3 - The contents of the current Analytix win-
dow (without the menu bar and sur-
rounding box.

4 - A region of your choosing.

(O Entire Screen
{_ Entire Window
{) Window Contents
@® Region

[ Ok ] [[:ant:el]

If you select one of the first three options, the
snapshot will be taken as soon as you click on Ok. If
you select Region, you must first click on Ok, then
specify the region to be snapped by pointing to its
top left corner, depressing the mouse button and
dragging to the bottom right corner of the required
region. When you lift the mouse button, the bitmap
will be pasted onto the Clipboard.




Y ou can inspect the Clipboard using the Microsoft
Windows Clipboard utility.

The Snap function converts Color bitmaps to black
and white in order to save on memory.

If there is not enough memory to save your bitmap,
you will be presented with a message to that effect.



Edit / Erase Background

Analytix has a special Background layer. Thisis
regarded as a sheet of paper behind the model,
which certain tools can draw lines and curves on.
The Edit / Erase Background option erases this
background layer.

The specific things which appear on this background
layer are:

| - Point traces constructed with the Tools/
Trace menu option.

2 - Tolerance zones constructed with the
Analysis/ Tolerance Zone menu option.



Edit / Group Selected Lines / Arcs

This option lets you create a group out of a set of
lines arcs and circles. The main use of thisfeatureis
to define a profile in order to compute area mass
properties.

To create agroup, first select all the lines and arcs
which are to be included (holding down the Shift
key to create a multiple entity selection). Then
choose Edit / Group Selected Lines/ Arcs.

The selected profile is now treated as a group.
Whenever you select one of the constituent entities,
you will find that the whole group will be selected.
To derive the area mass properties, you should select
the group then select Attributes/ Info. (A shortcut
isto double click on the group.)

If you wish to select individual entities within the
group, you must first ungroup it using the Edit /
Ungroup Selected Lines/ Arcs menu selection.



Edit / Ungroup Selected Lines / Arcs

Groups are created in Analytix using the Edit /
Group... menu option. Once a group is established,
its constituent members may not be selected
individually, they can only be selected all at once.
The Edit / Ungroup... menu option allows you to
break up agroup in order that itsindividual
members may again be selected.

To use this menu option, first select the group by
clicking on one of its members. Now choose Edit /
Ungroup....



Sketch

Gl Dimension

Line
Fillet
Arc
Circle

Construction Line
Annotation

Create adrawing of an object in Analytix in two
basic steps:
1 - Sketch the approximate shape of the
object.
2 - Add dimensions to specify the exact ge-
ometry of the object.
The commands in the Sketch menu let you draw
lines, arcs, circles, pointsfillets and construction
lines.
All the Sketch commands in Analytix are modes.
This means that once you have picked, for example,
Sketch / Line, you can continue sketching lines until
you make another menu choice.



Sketch / Point

There are two types of pointsin an Analytix drawing

1 - Implicit - these are created as aresult of
sketching aline, arc or circle. For exam-
ple, if you draw aline, two implicit end
points are defined.

2 - Explicit - these points are created using
the Sketch / Point menu option.
There are the following differences between the two
types of points:

1 - Explicit points are graphically displayed
as small circles, implicit points are not
displayed.

2 - Explicit points must be explicitly selected
to be Cut, implicit points are automatical -
ly Cut if all the other geometry depend
ing upon them is Cut.

3 - Explicit points are created using Sketch /
Point, implicit points are created as are-
sult of sketching other entities.
Explicit points are very useful aslocationsto add
point masses and applied loads and as points whose
motion may be traced. Explicit points are also useful
to mark the intersection between pairs of lines or
circles.

To create a point:
1 - Pick the Sketch / Point toolbox icon.

2 - Position the cursor at the location where you
want to place a point.

3 - Click on the mouse button.



Example

When you move the mouse over aline which
aready exists, that line will be highlighted and its
name and length will appear in the Information box
at the upper right of the Analytix window. If you
click the mouse while alineis highlighted, the point
will be constrained to lie on that line.

When you move the mouse over acircle or arc which
aready exists, that circle or arc will be highlighted
and its name will appear in the information box
along with its center and radius. If you create the
point while the circle is highlighted, then the point
will be constrained to lie on that circle.

When you move the cursor over the intersection
between apair of lines, or apair of circlesor aline
and acircle, you will notice that both entities are
highlighted. If you create a point while both entities
are highlighted it will be constrained to lie on both.

To model afolding stool, we sketch three lines
representing the two legs of the stool and its seat.

We can dimension the lengths of each leg and the
length of the line representing the seat. To complete
the dimensioning, we wish to dimension the position
of the hinge on each of the legs. To do this we need



to create a point at the intersection of the lines
representing the legs.
Thisis done using Sketch / Point and ensuring both

lines are highlighted at the place where the point is
added.

Point to point dimensions can now be added
between the line end points and the intersection
point.



Sketch / Line

Y ou sketch alinein Analytix as follows:

1 - Choose Sketch / Line from the toolbox icon.

2 - Position the cursor at the place you wish your
line to start.

3 - Depress the left mouse button and, while
keeping it depressed, drag the cursor to the
place you wish the line to end.

4 - When you have reached the line end point, re-
lease the mouse button.

When you move the cursor over an already existing
point in the drawing (either explicit or implicit) you
will see the point's name and coordinates appear in
the Information Box. If you release the mouse
button while the cursor is positioned over the point,
the line will adopt the indicated point asits
endpoint.

When you move the cursor over aline which already
exists, that line will be highlighted and its name and
length will appear in the Information box at the
upper right of the Analytix window. If you locate the
line's endpoint while another line is highlighted, the
endpoint will be constrained to lie on that line.

When you move the cursor over acircle or arc which
already exists, that circle or arc will be highlighted
and its name will appear in the information box
along with its center and radius. If you release the
mouse button while the circle is highlighted, then
the endpoint will be constrained to lie on that circle.
When you move the cursor over the intersection
between a pair of lines, or a pair of circlesor aline
and acircle, you will notice that both entities are



Example

highlighted. If you locate an endpoint while both
entities are highlighted it will be constrained to lie on
both.

An elementary geometry theorem states that the
altitudes of atriangle meet in a common point.

We cannot prove such atheorem with Analytix, but
we can verify specific examples.

Draw atriangle. Dimension the lengths of itslines.

Now draw altitudes by sketching lines connecting
vertices of the triangle to the opposite sides.

Ensure the altitude end points are constrained to lie
on the triangle sides by making sure the sides are
highlighted when the altitude endpoints are created.
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Dimension the altitudes to be at 90 degrees to the
respective triangle sides.

By inspection, note that the altitudes meet at a
common point.

Of course, you can change the lengths of the sides of
the triangles, and see that the altitudes still meet at a
point. Do thisthree times, according to the story,
and you have a physicist's proof of the theorem.



Sketch / Fillet

To sketch afillet in Analytix simply -

Select the Sketch / Fillet menu option.

Click the mouse on the common endpoint of a pair of lines.

A fillet isreally an arc tangent to each line whose
endpoints match the endpoints of the lines.

The radius of the fillet sketched by Analytix is
arbitrary, and chosen by the system to "look o.k."
The required fillet radius must be specified using the
Dimension / Radius menu option.

Occasionally the addition of afillet to an already
consistently dimensioned figure will cause the figure
to become over dimensioned. Thisis because adding
afillet adds three new dimensions to the system: a
radius and two tangent dimensions. It is therefore
best to draw fillets before completing the
dimensioning of afigure.



Sketch / Arc
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A circular arc is sketched in Analytix in the
following way after selecting the arc toolbox icon:

1 - Position the cursor on the screen where one
end of the arc isto be located.

2 - Press the left mouse button down and drag a
chord to the position where the other end of
the arc isto be located.

3- When the chord is correctly positioned, release
the mouse button.

4 - Move the cursor to athird point which should
lie on the arc.

5- Depress the left mouse button and drag the
arc into the desired shape.

6 - When the desired arc shape is achieved, re-
lease the mouse button.
All arcs must have their radius dimensioned before a
drawing may be consistently dimensioned.

Apart from fillets, arcs do not automatically become
tangent to each other or to adjoining lines.

Tangencies must be explicitly set using the Tangent
dimension.



Example

The picture shows a part comprising 4 joined arcs
dimensioned by making the arcs tangent, by
specifying the radius of each arc, and by specifying
the distance between the centers of the two end arcs.

115




Sketch / Circle
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Sketch acirclein Analytix by selecting the Circle
toolbox icon:

1 - Position the cursor at the place where you
want the center of your circle to be.

2 - Depress the left mouse button and drag the
circumference of thecircle.

3 - When theradius of the circle looksright, re-
lease the mouse button.

When you move the cursor over an already existing
point in the drawing (either explicit or implicit) you
will see the point's name and coordinates appear in
the Information Box. If you release the mouse
button while the point is thus indicated, the circle
will adopt the indicated point as its center.

When you move the mouse over aline which
already exists, that line will be highlighted and its
name and length will appear in the Information box
at the top right of the Analytix window. If you

rel ease the mouse button while another lineis

highlighted, the center will be constrained to lie on
that line.

When you move the mouse over acircle or arc which
already exists, that circle or arc will be highlighted
and its name will appear in the information box
along with its center and radius. If you release the
mouse button while the circle is highlighted, then

the center will be constrained to lie on that circle.
When you move the cursor over the intersection

between a pair of lines, or a pair of circlesor aline
and a circle, you will notice that both entities are



Example

highlighted. If you release the mouse button while
both entities are highlighted the center of the circle

will be constrained to lie on both.

We take the part pictured above as the Arc drawing
example and draw two holes concentric with the arcs
at either end of the arm.

We do this by drawing two circles, but ensuring that
the mouse was over the center of the arcs when we
position the center of our circles. To ensure the
mouse is correctly located, we verify that the point
information is displayed in the Information box.

We now need only dimension the radii of the new
circlesto have a fully dimensioned part.



Sketch / Construction Line

Example

In Analytix, a construction line differs from an
ordinary line in two ways.

1- Itisusually drawn in adifferent line
style.

2 - It has no specific end points, rather it is
automatically sized to overlap the current
figure alittle.

Drawing a construction line is identical to drawing
any other line, except the endpoints will not become
automatically constrained to lie on any point, line,
arc or circle. (Other points, however, may be
constrained to lie on the construction line.)

End points of construction lines may not be
dimensioned. However the construction line itself
may be dimensioned (using Angle, Distance Line to
Point, or Parallel Distance).

We construct a hole pattern.

15




1 - Draw two construction lines as shown.

2 - Draw acircle whose center lies at the inter-
section of the construction lines.

3 - Draw 4 smaller circles at the intersection of
the construction lines and the larger circle.

4 - Dimension the figure by specifying the radii
of all the circles and the angle between the
construction lines.



Sketch / Annotation

Annotation in Analytix can be positioned absolutely
on the drawing, or relative to a point of the drawing,
or aline of the drawing.

Absolute annotation stays at the specified location,
even when the drawing moves.

Relative annotation, on the other hand maintains its

position relative to the geometry when the geometry
moves.

Relative annotation is good for labeling geometry or
for displaying information about some piece of the
geometry. Absolute annotation is good for
providing information about the drawing as a whole.

Annotation may include text; it may also include
expressions in between @ symbols. These
expressions are sent to the calculator and evaluated,
then displayed. Thisletsyou display analysis
results as annotation on the drawing.

Absolute Annotation

To create absolute annotation, select Sketch 1
Annotate, or click on the Annotation Icon of the
Toolbox.

An Annotation dialog box now appears.

E - Annotation |

My drawing

[ 1ag Line [] Border
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Type the text of the annotation into this box. Y ou
may select the corresponding button to place a
border round the annotation, or to change the font of
the annotation.

Once an annotation has been created, it may be
selected and moved by clicking on it and dragging it.
An annotation may be edited by selecting it then
using the Attributes/ Info menu option, or by
double clicking on the annotation.

Relative Annotation

Annotation may be specified relative to a point, a
line or apoint and line.

If the annotation isrelative to a point and line, the
location of the top left comer of the annotation is
measured in a coordinate system whose origin is at
the point and whose x axisis aligned with the line
and scaled to the length of the line.

Asthe line rotates or the point moves or the line
grows or shrinks, the top left corner of the
annotation moves accordingly.

Annotation relative to aline is equivalent to
annotation relative to one end point and the line
itself.

Annotation relative to a point is equivalent to
annotation relative to the point and a unit line in the
X direction.

To specify relative annotation:

Select the point, line or point and line to which you want
to attach the annotation.

Select Sketch / Annotate or the Annotation Icon in the
Toolbox.



Click the location on the screen where you want the
annotation.

The Annotation dialog box appears.

Type the text of the annotation in this box. Y ou may also
specify aborder and atag line.

The tag line joins the annotation to its referenced
geometry.

Atsalube
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Expressions in Annotations

Any expression which is typed between @ symbols
in the text of the annotation will be evaluated by the
calculator and the resulting number displayed on the
screen.

For example if aisavariable in the calculator with a
value of 2.5, the following annotation:

will be displayed as follows:
a=2.5
If DIMENSIONZ23 has areaction force of -1.275, the
following annotation:
Reaction force is @react(DIMENSION23) @
will be displayed:
Reaction forceis-1.275

If POINT3 has coordinates (1.7,3.5), the following
annotation:

will be displayed:
(1.7,3.5)



Dimension

Canstrain
Line Length
Parallel Distance
Line to Point
Point to Point
Angle
Radius
Tangent
Point on Line
Point on Circle

Automatic

When you have entered a sketch into Analytix, the
way to convert that sketch to a scale drawing isto
add a consistent set of dimensions to the sketch. You
do this using the Dimension menu.

A good analogy is with the way drawings were
made before CAD. The engineer would
communicate his design to the drafting department
using a not-to-scale dimensioned sketch. The sketch
indicates the overall shape of the object, but the
dimensions give the draftsman the precise distances
and angles to use. However, if there were either too
many or too few dimensions to correctly define the
part, it would come back from the draftsman for
clarification.

Analytix worksin asimilar way

1 - Sketch your part without worrying if
your sketch is exactly right, but ensuring



the sketch does in fact resemble the in-
tended part.

2 - Add dimensions to indicate the exact
geometry.
Analytix will tell you whether your part is under
dimensioned, consistently dimensioned, or has a
redundant dimension. This appears in the
Dimension Status Box in the upper left corner of the
Analvtix screen.

= Analytix-C:AWINMATH\SKETCHAX |
File Edit Sketch Dimension Constrain Yiew Defaults
Attributes Analysis Help

Under Dimensioned

When the sketch is consistently dimensioned,
Analytix will automatically produce a scale drawing
from the dimensioned sketch representation.

While the sketch is under dimensioned, Analytix
makes no attempt to alter the drawing to match the
constraints already entered. It simply waits until it
has a consistently dimensioned drawing. Thisis so
that when it does come to create a scale drawing it
has your original, unaltered sketch to work with.

If, however, you have entered all the dimensions
you care about, you can ask Analytix to finish off the
dimensioning for you using the Dimension /
Automatic menu option. Analytix will create a
consistent dimensioning scheme for your drawing
which includes the dimensions which you have
already specified.

Redundant Dimensions

There are two situations where Analytix will declare
adimension to be redundant:



I - When the distance or angle to be specified
by the dimension is already determined
by some other combination of
dimensions.

2 - When it is not possible to construct the
drawing from the dimensions using ruler,
protractor, compasses and parallel rules.

In either case, Analytix will give you the option of
removing the redundant dimension. If you do not
do this, you will need to remove some other
dimension before you can proceed to create a
consistently dimensioned drawing.

Analytix
Edit Sketch 0Oimension Constrain Uiew
Defaults Tools Attributes Analysis
iunder Dimensioned
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bo you wish it deleted ?
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1. Dimension value already known

In the picture, all three dimensions are parallel
distances. They obviously comprise a redundant set,
asthe fact that the larger distance is 6 can be derived
from the fact that each of the smaller distancesis 3.

If you click on the Y es button, Analytix will delete
the most recently added dimension. If you click on
the No button, your drawing will remain



redundantly dimensioned. Y ou could delete any of
the lengths given to return to a non-redundant
situation.

2. Figure not constructible

Analytix uses Constructive Variational Geometry to
convert a dimensioned drawing into a scale drawing.
Constructive Variational Geometry is the computer
equivalent of a human making a drawing with ruler,
compasses, protractor and parallel rules. If it is not
possible to draw the figure using only these tools,
Analytix will not be able to construct a drawing
either.

An example of afigure which is not constructible
(although well defined geometrically) isa
guadrilateral defined by three side lengths and two
opposite angles. There is no way to construct this
figure from the dimensions using the prescribed
tools - go ahead, try it. You would haveto "trig it
out" : use the given lengths and angles to calculate,
perhaps, one of the other angles.
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There are two ways to enter the above part into
Analytix:



1 - Trig it out and calculate the value of some
other dimension and enter that.

2- Usetheiteration tool. Delete, say, the 100
degree dimension and add a dimension at
the angle between the line of length 2 and
the line of length 3. Now iterate on the
value of this dimension so that the re-
quired angle comes out to be 100 degrees.
(See the documentation under the Tools/
Univariate Iteration menu option.)

Inconsistent Dimensions

Analysis Help

A drawing may have dimensions which are
mutually independent - no one dimension is known
as a function of the others - but it still may not be
possible to draw the figure. For example a basic
geometrical condition such as the triangle inequality
may be broken. [The triangle inequality states that
the sum of the lengths of any two sides of atriangle
must be greater than the third side].
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If there is such an inconsistent dimension, then
Analytix is unable to create a scale drawing from the
sketch. Y ou should go back and change the values
of one or more dimensions to make the figure
drawable.
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Multiple solutions

Some dimensioned sketches have more than one
dimensioned drawing which satisfies the geometry.
For example, there are two different representations
of aquadrilateral with the lengths of each side and a
single angle dimensioned. One is convex, the other is
not.

Analytix decides which solution to use based on the
sketch. In all cases the criteria used by the system
are simple geometrical ones. For example in the
quadrilateral case, if the quadrilateral asdrawn is

convex, then the solution used by Analytix is
convex. Otherwise, the solution used by Analytix is
concave.
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If you find that Analytix has used the wrong
solution, you need to reshape your sketch to look
more like the solution you had in mind. Y ou can do
this by dragging single points using the
Select-and-Drag option or by Moving or Rotating
whole segments of the drawing using the View /
Move and View / Rotate menu options.

File Edit Sketech Dimension Constrain Uiew
DeFaults Tools Attributes Analysis
Consistently p:-rns.]mwull

Expressions as Dimension Values

Instead of entering a number as the value of a
dimension, you can enter any legal Analytix
expression. You could for example set the value of a
dimension to be:

'9t(3502 +4.7572)

roSin(t)

v 2%(atb)

v c=35
Assuming, in the above that variables a, b and t have
been defined either in some other dimension in the
drawing or in the Calculator. (See Tools/
Calculator.)



Setting Velocities, Accelerations and Tolerances

To use the sophisticated Statics, Kinematics,
Dynamics and Tolerance Analysis capabilities of
Analytix, you must give velocities, accelerations and
Tolerances to dimensions.

Y ou can do this using the Attributes/ Info menu
option.

!\'Blur Z
Velocity 5.
cceleration 1.
L{:ulcranc: +(0.01

-10.01)
Ok | [Cancel




Dimension / Line Length

The Line Length dimension lets you specify the

-
-

ﬁv‘ length of aline.
e £§§§§& . . .
el To enter aline length dimension:
Gl 1 - Choose the Dimension/Line Length toolbar
Lo
L

2 - Position the cursor over the line to be
dimensioned.

e

3 - Press down on the left mouse button and drag
the cursor away from the line. Y ou will notice
adimension symbol following the cursor.
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4 - When the dimension symbol isin an ap-
propriate place, release the mouse button.

5 - Type in the dimension value in the Dimen-
sion Entry Box.

6 - Complete the dimension value entry by click-
ing on the Y button, or by pressing the
[ENTER] key.
= | analytis | 8%

File Edit Sketch Dimension Constrain Ulew Defaults
Toals Attributes #Analysis

W L |




Note that you cannot give alength dimension to a
construction line, as the construction line has by
definition no specific length.

Example

The example shown is a linkage dimensioned by
specifying the lengths of all the linesin the
mechanism, and two angles.
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Dimension / Parallel Distance

Example

The parallel distance dimension specifies that two
lines are parallel and it specifies their distance apart.
Thisis the dimension which will be heavily used in
defining parts which are comprised mainly of
horizontal and vertical line segments.

To make a Parallel Distance dimension:

1 - Choose the Dimension/Parallel Distance
tool box icon.

2 - Click on thefirst line to be dimensioned.

3 - Position the cursor over the second line to be
dimensioned.

4 - Press down on the left mouse button and drag
the cursor away from theline. Y ou will notice
a dimension symbol following the cursor.

5- When the dimension symbol isin an ap-
propriate place, release the mouse button.

6 - Type in the dimension value in the Dimen-
sion Entry Box.

7 - Complete the dimension value entry by click-
ing on the Y button, or by pressing the
[ENTER] key.
Y ou can dimension construction lines using the
parallel distance dimension.

The example shows a part dimensioned using only
parallel distance dimensions, along with one angle
and four radii. (Along with the fact that the circles
were constructed to lie on the intersections of the
construction lines.)
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Dimension / Line to Point

e

Example

This dimension lets you specify the perpendicular
distance between aline and a point.

To make a Distance Line to Point dimension:

1- Choose the Dimension/ Line to Point tool
box icon.

2 - Click either on the line or point to be dimen-
sioned (or on the circumference of acircle or
arc if its center point is to be dimensioned)

3 - Position the cursor over the second entity to
be dimensioned.

4 - Press down on the left mouse button and drag
the cursor. You will notice a dimension sym-
bol following the cursor.

5- When the dimension symbol isin an ap-
propriate place, release the mouse button.

6 - Type in the dimension value in the Dimen-
sion Entry Box.

7 - Complete the dimension value entry by click-
ing on the Y button, or by pressing the
[ENTER] key.
Construction lines may be dimensioned using the
Line to Point dimension, however the end points of
construction lines may not be dimensioned since
they have no end points.

In the example, the centers of the circles are
positioned by Distance Line to Point dimensions
specifying their distance from the edges of the part.
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Dimension / Point to Point

The Point to Point dimension lets you specify the
distance between two points.

If the points happen to be the endpoints of aline,
this dimension is the same as the Line Length
dimension applied to that line.

To make a Distance Point to Point dimension:

1 - Choose the Dimension / Point to Point tool
box icon.

2 - Click one of the points to be dimensioned (or

on the circumference of acircleor arc if its
center point is to be dimensioned)

3 - Position the cursor over the second point to be
dimensioned (or on the circumference of a
circleor arc if its center point isto be

AN dimensioned).

4 - Press down on the left mouse button and drag
the cursor. Y ou will notice adimension sym-
bol following the cursor.

5- When the dimension symbol isin an ap-
propriate place, release the mouse button.

6 - Type in the dimension value in the Dimen-
sion Entry Box.

7 - Complete the dimension value entry by click-
ing on the Y button, or by pressing the
[ENTER] key.

Example

In this model of apair of snips, points were sketched
at the two line intersections. These points were
dimensioned using Distance / Point to Point



dimensions. The separation of the two handles of
the snips is also specified using the Distance / Point
to Point dimension type.
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Dimension / Angle

This lets you specify the angle between two lines.
The lines do not need to share a common endpoint..

To make an Angle dimension:
1 - Choose the Dimension /Angle tool box icon.
2 - Click on the first line to be dimensioned.

3 - Click on the second line to be dimensioned.

4 - The angle dimension symbol will appear in ei-
ther the acute or obtuse angle between the
lines.

5 - Typein the angle value in the Dimension
Entry Box.

6 - Complete the dimension value entry by click-
ing on the Y button, or by pressing the
[ENTER] key.
Construction lines can be given angular dimensions.

Example

In this example we illustrate a geometrical theorem
due to the physicist Roger Penrose. It says that the
triangle formed by the trisectors of the angles of any
triangle is equilateral.

It isinteresting that such an elegant theorem in
elementary geometry should have remained
undiscovered until this century. One reason for this
isthat the Greeks thought of geometry in terms of
constructions using straight edge and compass. The
problem of trisecting an angle using these tools was
a classic unsolved problem, which was finally shown
to be impossible in the 19th century. Hence
mathematicians had not gone beyond trying to



construct angle trisections to see what properties

such trisections would have.
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Our triangle is dimensioned by the length of its base
and the angles at either end of the base. These angles
are entered as a=75 and b=50. Angles between the
triangle sides and the trisectors are entered as a/3 ,
b/3, and (180-a-b)/3. Two out of three anglesin
each set need to be dimensioned: the third one
comes for free.

With these dimensions, our figure is consistently
dimensioned. We can measure the length of the
sides of the small triangle in the center of the figure,
using the Attributes/ Info menu option (or by
double clicking the right mouse button).

As stated by the theorem, all three sides are equal.
We can alter the shape of the original triangle by
changing aand b and verify that the theorem still
holds.



Dimension / Radius

Thislets you specify the radius of an arc or circle.

In Analytix, all arcs circles and fillets must be given
an explicit radius.

To specify the radius of an arc or circle:
| - Select the Radius icon from the tool box.
2 - Position the cursor over the arc or circle.

3 - Press the left mouse button and drag the di-
mension symbol to an appropriate position on
the curve.

4 - When the radius symbol is correctly placed,
rel ease the mouse button.
5 - Type the radius value in the dimension entry

box.

6 - Click on the Y button or press [ENTER].



Dimension / Tangent

Thislets you specify that acircle or arc is tangent to
e aline or to another circle or arc.
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i .és“'j"' 1 - Select the Tangent icon from the tool box.

2 - Click on thefirst entity (line, circle or arc).

S

e 3 - Click on the second entity.

Unless the tangency creates a redundant dimension,
the entities are now tangent.
ST analgtin B R
File Edit Sketch Dimension Constrain Ulew DeFaults

Topls Attributes Analysis
Icnnsistfnriy bimensioned |

e
=
g

Example

The four arcs in the example are tangent. The whole
figure is dimensioned by the radius of the arcs and
the distance between the centers of the end arcs.



Dimension / Point on Line
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Thislets you specify that agiven point lieson a
given line.
To specify aPoint on Line dimension:
1 - Select the Dimension / Point on Line icon
from the tool box.
2 - Click on thefirst point or line.

3 - Click on the second line or point.
Construction lines may be dimensioned using the
Point on Line dimension, but their end points may
not as they have no end points.



Example

In the exampl e, the circle center is located at the
intersection of two of the construction lines. The
Point on Line dimension is used to constrain the

other two construction lines to pass through the
center of the circle.
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Dimension / Point on Circle

This lets you specify that a given point lieson a
given circle.
To specify aPoint on Circle dimension:
1 - Select the Dimension / Point on Circle icon
from the tool box.
2 - Click on thefirst point or circle.

3 - Click on the second circle or point.




Dimension / Automatic

This menu option tells Analytix to complete the
dimensioning of the drawing itself.

Thisisavery powerful feature and is of particular
use in these circumstances:

*  When you do not know what else to
dimension.

When you have read in from file the
correct geometry for a part and do not
care how it is dimensioned.

+  When you have entered all the
dimensions you are currently
concerned with and wish Analytix to
fill in the rest.

There are many different ways to consistently
dimension a given drawing. Analytix has a suite of
heuristic algorithms which try to find "reasonable"
dimensionsto fill in. However there is no guarantee
that the dimensions it uses are the ones which you
want.

Analytix fillsin avalue for the dimensions which it
creates by measuring from the sketch and scaling to
make them match any dimensions which have
already been entered. The value thus achieved is
then rounded.



Example

This part was dimensioned completely by Analytix.

First a sketch was entered, then Dimension /
Automatic was invoked.
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Constrain

SEETE View D
CSame Line L
Same Point . “P
Fix Point/Line “F
Horlzontal
Verical

The Constrain menu has options which let you
constrain line segments to be collinear, circles and
arcs to be concentric, and to set which point and line
of the figure isto stay fixed.



Constrain / Same Line

Sets the selected line segments to be collinear.
This option is grayed out unless the current set of
selected entities comprises two or more lines.

To constrain a number of line segments to be
collinear:

1- Make sureyou are in Selection mode, either
by picking the Edit / Select icon from the tool
box or by clicking the right mouse button.

2 - Click on thefirst line to be constrai ned.

3 - Holding down the shift key, click on the se-
cond line to be constrained.
4 - Repeat step 3 for therest of the linesto be
constrained.
5- When the correct set of linesis selected, pick
Constrain/ Same Line.
If the addition of the Same Line constraint causes
the drawing to be over dimensioned, then you will
see the Redundant Dimension message. Otherwise
the lines will be constrained to be collinear.
To remove a collinear constraint, you must delete the
line, then redraw it.



Example

In the example, the three lines at the top of the tabs
are made collinear; the two lines between the tabs
are made collinear. The part is then dimensioned
using Parallel Distance dimensions and a single

angle.
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Constrain / Same Point

Example

&l

Sets the currently selected points and/or circle
centersto beidentical.

This option is grayed out unless the current set of
selected entities comprises two or more points, arcs
or circles.

To constrain a number of points to be the same:

1 - Make sure you are in Select mode, either by
picking the Edit / Select icon from the tool
box or by clicking the right mouse button.

2 - Click on the first point to be constrained (Or
click on the circumference of acircle or arc to
constrain its center).

3 - Holding down the shift key, click on the se-
cond point to be constrained (Or click on the
circumference of acircle or arc to constrain its
center).

4 - Repeat step 3 for therest of the pointsto be
constrained.
5- When the correct set of pointsis selected, pick
Constrain / Same Point.
If the addition of the Same Point constraint causes
the drawing to be over dimensioned, then you will
see the Redundant Dimension message. Otherwise
the points will be constrained to be the same.

In this example, we construct a model of afour bar
linkage, where each link is a bar with semi-circular
ends and circular pin holes.



Sketch Dimension Constrain
es Analysis

v Select All
Ceometry
bimensions

Cut

Faste
Snap
Erase Background

First construct a prototype bar by sketching two
parallel lines and arcs to join the ends of the bar.
Now sketch circles making sure the circle center is
the arc center.
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Add tangency dimensions between the arcs and the
lines, radii for all arcs and circles, and the distance
between the circle centers.

Now Copy this entire part to the Clipboard, then
Paste a second copy onto the screen.

Use View / Move and View / Rotate to position the
second copy.

Paste another copy to make the third link, and draw
alinejoining the first and third link to form the base.
We are now ready to complete the dimensioning of
the linkage.

We do this by dimensioning the length of the
ground line, by changing the lengths of the links as
appropriate, and by "glueing” the centers of the
circles at the end of links together using the Same
Point constraint.
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If we now fix the baseline and add the angle between
the driving crank and the baseline, we have a
working linkage.



Constrain / Fix Point/Line

This option lets you specify a point and a line of the
drawing to be fixed. The fixed point must lie on the
fixed line.

This menu option is grayed out unless either a point,
aline or a point and aline are currently selected.

To specify the fixed point and line:

1 - Make sure you are in Select mode, either by
picking the Edit / Select icon from the tool
box or by clicking the right mouse button.

2 - Select the point (or line) to be fixed.

3 - (Optionally) select the line (or point) to be
fixed.

4 - Choose the Constrain / Fix Point/Line
option.
A pinicon will appear at the fixed point and aroller
icon will appear in the middle of the fixed line. You
may have at most one fixed point and one fixed line
in your drawing.

When is it important to fix a point and line

When velocities and accel erations are specified in
Analytix, they are alwaysrelative. In order to
convert these velocities and accelerations to
absolutes, you need to tell Analytix what is fixed and
what is moving.

Hence, for dynamic and kinematic analysis, it is
necessary to specify afixed point and line.
Many static problems assume some points of the

figure are anchored, for these problemsitis
necessary to fix a point and line.



Example

If you use the tolerance zone analysis, you should
specify afixed point and line. These will then be
assumed to be in true position and tolerance zones of
other points will be displayed.

If you want to measure velocities and accelerations
with respect to some moving (even accelerating)
frame of reference, all you need to do is specify a
point and line in that frame as being fixed.

If there are several fixed pointsin your drawing, you
need only specify one asfixed, and fix aline joining
two of the points. Additional fixed points are
constrained by dimensions.

In this worked example, we wish to determine the
envelope of the slider mechanism shown above. We
also wish to determine the velocity of point C along
bar BD when the crank AB is at 120 degreesto the
horizontal.



AB islength 4, BD islength 16, C is distance 8 above
A and distance 2 to the left. Crank AB rotates
counter-clockwise at 24 rad/s.
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To draw the envelope of the mechanism, we must
ensure that points A and C stay fixed while the rest
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of the mechanism moves. In Analytix, we cannot set
two points to be fixed - as then Analytix would not
know what to do if the distance between the points
was caused to alter by the changing of a dimension.

We therefore set point A to be fixed and a vertical
line through A. As none of the dimensions which
define the position of C with respect to A change
over the course of the motion, C will also stay fixed.

To complete the second part of the problem, we need
to calculate the velocity of point C relative to the
moving bar BD.

To do thiswe simply make the bar BD stationary by
fixing point B and line BD. (When fixing a new
point and/or line, any previously fixed point or line
is automatically released.)

Assuming we have already entered the velocity of
theangle at A, we use Attributes/ Info to measure
the velocity of point C. Asline BD is stationary, this
isthe velocity of C with respect to BD

File Edit Sketch Olmension Constrain Uiew
DefFaults Tools Attributes #Analysis
fiConsistently Dinensmneql




Constrain / Horizontal

If you fix alineinusing Constrain/ Fix Point/Line,
its orientation will be exactly the orientation in the
sketch.

Youcan usethe Constrain/ Horizontal option to
specify that the selected line is fixed and horizontal.

First, from select mode, click the line to be fixed; then
choose Constrain / Horizontal from the menu.

In Analytix you can have at most one fixed line.
Hence if you already have afixed line before
selecting Constrain / Horizontal, then the existing
fixed line will be freed up.

In Analytix, your fixed point must lie on your fixed
line. Henceif you have afixed point specified which

does not lie on the selected line when you choose
Constrain / Horizontal, then it will be freed up.



Constrain / Vertical

L

If youfix aline in using Constrain/ Fix Point/Line,
its orientation will be exactly the orientation in the
sketch.

Y ou can use the Constrain / Vertical option to
specify that the selected line is fixed and vertical.

First, from select mode, click on the line to be fixed; then
choose Constrain / Vertical from the menu.

In Analytix you can have at most one fixed line.
Hence if you already have afixed line before
selecting Constrain / Vertical, then the existing fixed
line will be freed up.

In Analytix, your fixed point must lie on your fixed
line. Hence if you have afixed point specified which
does not lie on the selected line when you choose
Constrain / Vertical, then it will be freed up.



View

LTS E Defaults Tools

Mowve

Rotate

Zoom box

Zoom MinfjMax °Z
Zoom oul[2x])

Zoom out[dx]

Blank “‘B
Unblank Al "U
Change Level...
Blank/Unblank Level...

The View menu contains options to let you Move
and Rotate selected objects, Zoom in or out on the
drawing and Blank selected objects. It also has
options to perform level management.



View / Move

Lets you move the currently selected portion of the
sketch.

To move a portion of your drawing:
| {% 1 - Select the geometrical entitiesto be moved.
(Dimensions on their own are not moved, but

follow the geometry.) To select multiple enti-
ties use the shift key.

2 - Choose Move from the View menu.
3 - Position the cursor over the entities to be
moved.

4 - Press down on the left mouse button and drag
the entities to their new position.

5 - When the new position is reached, release the
mouse button.

What is moved

If your set of selected entities shares points with
some non-selected entities, then the shared points
are not moved.

For example, if you select a single edge of a polygon,
then perform a move, nothing will move as both
vertices of the line are shared with non-selected
edges.



If you select two adjacent sides, then perform a
move, the common point will move.
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If you select three adjacent sides, both common

points will move. This has the effect of moving the
complete middle edge.
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Notes & Alternatives

Note that the Move and Rotate operations are
performed on the sketch, before the drawing is
consistently dimensioned. If you have a consistently




dimensioned drawing, the way to alter part of the
drawing is by changing one or more dimensions.
However, if Analytix has adopted a different
solution to your set of dimensionsto the one you
intended, you may wish to move some part of the
drawing to give Analytix a better sketch to work
from. The move, however, will not change the
assigned dimensions in the drawing.

To change the position of a dimension relative to the
geometry, Select-and-Drag it.

To move asingle point Select-and-Drag it.

To move the whole drawing on the screen, use the
scroll bars and View/Zoom functions.



View / Rotate

This lets you rotate the currently selected portion of
the sketch.

To perform arotation do the following:

i Y

2 -

3-

4-

5-

6 -
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Select the geometrical objects to be rotated

(Dimensions on their own are not rotated, but
follow the geometry.)

Choose Rotate from the View menu.

Click on the center of the rotation (this may be
any point on the screen.)

Position the cursor over some part of the ob-
ject to be rotated (away from the center of
rotation).

Press down the left mouse button and drag
the object round.

When the object is correctly positioned, re-
lease the mouse button.
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What is rotated

If your set of selected entities shares points with
some non-sel ected entities, then the shared points
are not rotated.

For example, if you select a single edge of a polygon,
then perform arotate, nothing will move, as both
vertices of the line are shared with non-selected
edges.

If you select two adjacent sides, then perform a
rotate, the common point will be rotated about the
center.

If you select three adjacent sides, both shared points
will move, with the effect that the the common line
will be seen to rotate about the center.



View / Zoom Box

This function lets you zoom in on your drawing.
To zoom in on the drawing:

1 - Choose the View / Zoom Box icon from the
tool box.

2 - Position the cursor at the top left corner of the
region which you wish to fill the entire
window.

3 - Press down on the left mouse button and drag
the mouse to the bottom right corner of the re-
gion, creating a rectangle delineating the

region.
4 - Release the mouse button.
Analytix immediately zoomsin on your region.




View / Zoom Max/Min

This menu option zooms to fit the drawing optimally
to the screen.



View / Zoom Out (2x)

This option zooms out by afactor of 2.



View / Zoom Out (4x)

This option zooms out by a factor of 4.

Use the Zoom Out options followed by Zoom Box to
achieve afiner Zoom Ouit.



View / Blank

Blanks the currently selected entities.

A blanked entity is not visible on the screen but it is
still there. For example, adimension still constrains
the drawing when it is blanked.

Blanked entities are not selectable except by using
the Select All options.



View / Unblank All

Unblanks all the currently blanked entities.

More selective control of which entities are visible
and which are not may be achieved using the level
management facilities described below.



View / Change Level...

All entitiesin Analytix are drawn on a specific
"level". There are 16 different levels.

Levels may be blanked and unblanked individually,
thus giving you a finer degree of control over what is
visible than the ordinary Blank and Unblank
functions.

By default everything is placed on the first level.

If there are no currently selected entities, View /
Change L evel changes the level where subsequent
entities are placed.

If you have selected entities, these will be moved to
the new level.

To change levels

1 - (Optionally) select entities whose level you
wish to change.

2 - Choose Change Level from the View menu.




3 - The Level Selection Box appears. Click on
the level you wish to change to.

4 - Close the Level Selection Box by double
clicking on its System Menu Box in the
top left corner.

The Level Selection Box contains sixteen miniature
screen pictures, each containing the entitiesin that
level. The current level is highlighted by displaying
the reverse image.

To choose anew level, click on the miniature screen
representing that level.



View/ Level Blank/Unblank...

Thisoption lets you select which levels are visible
and which are not.

When you pick the Level Blank/Unblank menu
option, you will see the Level Selection Box. The
currently visible levels will be displayed normally,
the currently blanked levelsin reverse.

Click on the miniature screen representing alevel to
toggle it from blanked to unblanked or vice versa.
When you are finished, double click on the System
Menu Button of the Level Selection Box to close the
Box and cause the changes to go into effect.



Defaults

IAEIES Tools Aftribute

Default Pens...
Pick Aperture...
System Defaults...

Max/Min Tolerance
Statistical Tolerance
Detault Tolerance...

Default Bar Properties...
Dynamics Defaults...

The Defaults menu lets you set up various defaults
for the system It lets you define pen colors and
styles, units, default tolerance and tolerance types,
and gravitational constant.



Defaults / Default Pens...

This menu option lets you set the colors, styles
(solid, dotted, dashed, etc.) and width of the lines
used by Analytix for various parts of your drawing.

Analytix has sixteen logical pens. The Default Pens
dialog box allows you to set which of these sixteen
pensis used for each different type of entity. It also
lets you set the color, style and width of each pen.

The List box in the top left corner of the dialog box
lists the different types of entities which may be
drawn. Sixteen buttons to the right of the dialog box
show the current color, style and width of the
different pens. Sliders at the bottom of the screen
control the color, style and width of the current pen.
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The different entities which may be given an
individual pen are:



+  Geometry - al lines (except
construction lines), arcs and circles.

+ Constructions - Construction lines.

+ Dimensions - al dimensions created
by the user.

* Added Dimensions - dimensions
created by Analytix when Dimension
/ Automatic isinvoked.

* Highlight - the pen used to highlight
selected entities.

+ Trace - the pen used to trace the path
of apoint in the Tools/ Trace option.

+ Tolerance - tolerance zones.

* Loads- external forces and moments
added using the Analysis/ Add L oad
menu option.

+ Graph - thegraph line.

+  Graph axes.

When you click on one of these entities the current
default pen for that entity is highlighted.

To change the default pen, position the cursor over
one of the sixteen sample pens and click the mouse
button.

To change the color, style or width of the current

pen, use the Red Green and Blue slider bars to set
red green and blue color values for the new color,

use the style bar to set its style, and the width slider
to adjust the width.

Note that changing the default pen for a given entity
type means that, until the default is changed again,
all objects of that type subsequently drawn will be
drawn with the new pen. Existing objects will not be
affected.

Changing the color and style of a given pen affects
all objectsin the drawing of that type.



To change the pen on existing objects, use the
Attributes / Pens menu option.



Defaults / Pick Aperture...

The pick apertureisasmall box around the current
cursor location which Analytix uses to decide when
the cursor is close enough to be considered to lie on
top of a given entity.

For example, when you are in Select mode, if you
click the mouse button when a particular point lies
within the pick aperture, then that point will be
selected. If aline crosses through the pick aperture,
but neither of its end points lie in the pick aperture,
then that line will be selected.

The Defaults/ Pick Aperture menu option allows
you to make the region bigger or smaller. Multiple
clicks are meaningful.
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Defaults / System Defaults

This menu option lets you specify certain settings.

Whether kinematicsisto be
performed.

Whether dimensions are to be shown
as numerical values or as expressions.

Whether the trace line style indicates
velocity.

Units for measuring angles

Units for angular velocities and
accelerations.

L] Show Trace Velocity

Angles Angular VelfAce
® Degrees O Degrees
O Radians @ Radians
O Revolutions O Revolutions
on] [Cancel

If Kinematics is enabled, Analytix calculates
velocities and accel erations as well as positions for
points and lines in the drawing. Turning
Kinematics off will speed up the time it takes to
make changes to the drawing. (Except in the
animation tools, where Kinematics is automatically

turned off.)



If Show Dimension Expressionsis enabled, then
any dimensions which are given as algebraic
expressions will be displayed as expressions. If
Show Dimension Expressions is not enabled, then
the value of the expression will be displayed.

If Show Trace Velocity is enabled, the trace line will
be broken so that each line segment starts at the
position of the next step, thus displaying relative
velocity of the trace at a glance. If Show Trace
Velocity is not enabled, the trace line will be
continuous.

Asit iscommon practice for engineers to use
different units for angles and angular velocities/
accelerations. Analytix lets you set these units
separately.

The initial default is for angles to be measured as
degrees and for angular velocities and accel erations
to be measured in radians / time and radians /
(time).



Defaults / Max Min Tolerance

This option sets the tolerance analysis functions to
return absol ute tolerances, rather than statistical
tolerances.

Tolerances input for dimensions are treated as
absolute bounds, and the tolerances calculated for
measurements from the drawing are absolute
bounds on that measurement.

Tolerance zones calculated under max / min
tolerancing represent the region inside which the
point must lie.



Defaults / Statistical Tolerance

This option sets the tolerance analysis functions to
return statistical tolerances rather than absolute
tolerances.

The tolerances are set to come from Normal
Distributions, which can be centered at the true
value of the dimension, or may be centered away
from the true position for asymmetric tolerance
situations.

If U and L are the upper and lower tolerances and V
is the stated value of the dimension, then the Normal
Distribution has standard deviation points at VV-L
and V+U. That is, the actual value of the dimension
istaken to come from a Normal Distribution mean V
+ (U-L)/2 and standard deviation (U+L) / 2.

For example if the stated value of the dimension is
V=10.3, and the upper tolerance is 0.03 and the lower
tolerance is 0.01, then we assume a Normal
Distribution mean 10.31 and standard deviation 0.02.
Tolerance outputs for dimensions are standard
deviation points of a Normal Distribution. If the
upper and lower resultant tolerances are the same
then the distribution is centered at the true value of
the measurement. If the upper and lower tolerance
values are not the same then the tolerance is
asymmetrical and the Normal Distribution is
off-centered.

Tolerance zones are the standard deviation
equiprobable curve for the bivariate Normal
Distribution of the position of the point of interest.



Note

Example

Notice that, if you enter 3 standard deviation points
rather than 1 standard deviation point for your input
tolerances, then your output tolerances will be 3
standard deviation points.

In the drawing shown, all the lengths have upper
and lower tolerances of +0.01. We have measured
the length of the undimensioned tab at the top right
of the drawing. The upper measurement is under
max / min tolerance conditions, the lower
measurement under statistical tolerance conditions.

We see that under max / min conditions the

tolerances stack up additively, under statistical
conditions they stack up as the root sum sguared.

Analytix Ei; b
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Defaults / Default Tolerances

This option lets you set default tolerancesfor all the
linear and angular dimensions in your figure.

Tolerances may also be set individually by selecting
adimension and using the Attributes/ Info menu
option.

Setting the default tolerances causes all dimensions
in the figure to have these tolerances. If you have
already entered some special tolerances for specific
dimensions, it will overwrite these. Y ou should
therefore use this option before setting specific
tolerances using the dimension's I nfo box.

Defaull Linear Tolerance

Defaull Angular Tolerance

+ [2.e-002 |

- |2.e-002 ]

e ] [Goneei]




Defaults / Bar Properties...

Analytix allows you to do deflection and stress
analysis on trusses.

In order to perform these analyses it is necessary to
know the cross sectional area and modulus of
elasticity of each bar in the truss.

The Defaults/ Bar Properties menu option allows
you to set default values for all the linesin the
model.

Default Bar Properiles

Cross-sectional aresa A ]D.? |

Modulus of elasticity E [3Uﬂﬂﬂﬂﬂﬂ l

To set different values for A and E for a particular
line select that line then use Attributes / Info.



Defaults / Dynamics Defaults...

The Dynamics Defaults dialog box lets you specify
three things:
1- Whether your units use mass (inertial
mass) or weight (force).
2 - The gravitational constant for your sys-
tem of units.
3 - How your drawing is aligned with the
gravitational force.

Units

st Ofps @®ips O Other
> Mass Units
@® Weight Units

Gravitational Constant
|38ﬁ.ﬂﬂﬂ

Drawing Alignment (for body force)
) Horizontal

® Uertical
O Other. .. [';m

[ Ok ] [[:anc:el]

Standard Units

If you are using any of the standard unit systems
included in Analytix: S, fps, or ips, then you should
click on the button corresponding to that system.
Analytix will automatically set whether it isaMass



system or a Weight system, and will enter the
appropriate gravitational constant.

Otherwise, click on the Other button, and you will
need to set the either the Mass Units or the Weight
Units button and enter in the Gravitational
Constant.

Gravitational or Absolute Units

In Analytix, you may specify either the mass or the
weight of objects. Which one you adopt will depend
on whether you are using a gravitational system of
units or an absolute system.

If you are using a gravitational system (such as fps
or ips) you will probably wish to use weight rather
than mass (pounds rather than slugs).

If you are using an absolute system (such as Sl units)
you will probably want to use mass rather than
weight (kilograms rather than Newtons).

In either case you need to enter the gravitational
constant for the system of unitsyou are using. (That
isthe force exerted by gravity on a unit mass).

If you are using a gravitational system, then
Analytix uses the gravitational constant to calculate
the dynamic force acting on a given accelerating
weight.

If you are using an absolute system, Analytix uses
the gravitational constant to calculate the body force
on the model due to gravity.

Drawing Alignment

In calculating resultant forces, Analytix considers
three types of forces applied to the model.



1 - External applied forces and torques
(Created using the Analysis/ Add Load
menu option).

2 - Dynamic forces due to accelerating
masses and moments of inertia.

3 - Body forces due to the effect of gravity on
masses.

If your drawing is aligned horizontally then only the
first two types of forces are considered.
If your drawing is aligned vertically, then each point
has a gravitational force applied. The forceis
equivalent to the mass times the gravitational
constant and is applied in the downward (negative)
y direction.
If your drawing isinclined at some other angle theta,
aforceis applied which is equivalent to the mass
times the gravitational constant times sin(theta). The
force is applied in the negative y direction. This
models the situation where the part is on a plane
inclined at theta degrees to the horizontal.



Example

We wish to find the torque required to rotate crank
AB at 120 rpm assuming the piston C has weight
0.51b, and neglecting the weight of AB and BC.

AB measures 2 inches and BC measures 8 inches.

We wish to solve the problem both for a horizontal
orientation of the mechanism and for a vertical
orientation.

First, as we wish to use revolutions as our unit of
angular velocity, we need to change the default from
radians. Do this using the System Defaults menu.
Now we wish to use inches, pounds and seconds.
Thisisagravitational system, hence we specify that
we wish to use Weight Units.

We select ips as our unit system, Analytix
automatically enters the correct gravitational
constant and the fact that these are Weight Units.

We first specify a Horizontal, then a VVertical
orientation.

The weight is entered as 0.5, the angular velocity as 2
revs per second. It isimportant to use revs per



second rather than minute as the second is the basic
time unit inips. If you used minutes, then the
gravitational constant (whose units are

(distance)/ (time)*2) would have to be different.

The resultant torque in the angular dimension gives
usthe torque on crank AB.
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Tools

A1 Attributes
Animate...
Increment...

Trace...
Envelope...

Calculator...
Univariate Heration...
Multivariate lteration...

Graph...
Table...

v Toolbox...

This menu contains a number of toolsto let you view
the behavior of your model. There are drawing
animation tools, calculation tools, drawing
information tools and a switch to display the toolbox
icon bar.

The animation tools: Animate, Increment, Trace and

Envelope are grayed out if the drawing is not
consistently dimensioned.



Tools / Animate

The Animate tool lets you watch your drawing
move as Analytix steps the value of avariable
through a prescribed range.

The variable will often be the value of some
dimension.

When you pick Tools/ Animate, you will see the
Iteration Parameter Box. This allows you to either
enter a new animation or use the current simulation
if any (see Analysis/ New Simulation later in this
manual). To specify an animation, enter avariable
for the parameter to be iterated on, the initial and

final values for the parameter, and the required step
size.

[ Anatytix-Untilled [ v i
File Edit Skelch Dimension Constrain View Defaulls Tools Attributes
Anslysis  Help
-Cunstsl:ntl-,r[}im:nslunudl
leration Parameter -
e
O U Current Simulation EE_E
Herator DIMENSION13 o
initial Value 120 j
Final Value 480 o
Increment 10 ;%
i
i
e ol -
[Lok ] [eanel] -
Eac
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i
i
»
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Frequently the iteration parameter will be one of the
dimensions of the drawing. In this case, you can
position the text cursor in the Iterator Box then go



back into the main drawing and select the
dimension. The dimension's name will be
automatically entered into the Iterator Box.

When you have filled in the iteration parameters,
click on Ok to start the animation.

The iteration parameter is remembered by Analytix.
Next time you use Animate, Trace or Envelope you
will notice that the parameter's details are already in
the Iteration Parameter Box. To perform the same
animation again, you just need to click on Ok.



Tools / Increment

Thistool lets you step through an animation by
incrementing (or decrementing) a particular variable.
The variable would typically be adimension or a
variable on which one or more dimensions depend.

==
MBIy
i Iterator Value
| | VEEIIE l [120.

Initial Value alep Size Final Yalue
| [120. | [10. | {s0. J

i Large Step Size

(] Continuous Increment

The edit control of the Increment box consists of: the
variable to be incremented (Iterator), the current
value of the Iterator (Vaue), itsInitial Value, the
quantity to be added or subtracted (Step Size), its
Final Value, and aLarge Step Size. If you select the
Continuous Increment box, you will not be limited
by the initial and final values.

To increment a dimension, make sure the text cursor
isin the Iterator box, then return to the main
Analytix window and select the dimension which
you wish to alter. Alternatively, you may type a
predefined variable directly into the Iterator box. Fill
in the remaining edit control values.

Now use the arrows on the slider to increment the
step size of the variable (or dimension) or drag the
slider square along the bar to change the iterator's



value. If you click the cursor on the slider bar in
front of or behind the slider square the large step
size is used. Each time the iterator value changes,
the drawing is recal cul ated.

Close the Increment box by clicking on OK.



Tools / Trace

This tool draws the path followed by a point during
the course of an animation.

To use the Trace tool, you must have:

1 - A consistently dimensioned drawing.

2 - One or more points selected.
Unless you have both of the above, the Trace menu
option is grayed (disabled).
When you select the Trace tool, the Iteration
Parameter Box appears. Fill in the variable or
dimension on which the motion depends, its start
and end values and step size. The Tracetool like
the Animate tool can use the Current Simulation if
one exists (see Analysis/ New Simulation later in
this manual).

If you have already used one of the animation tools,
the information from your last use should already be
in the Iteration Parameter Box.

The Trace Tool draws on a special layer of the
drawing called the background layer. Traces cannot
be individually selected and deleted. | nstead you
delete the whole background layer using the Edit /
Erase Background menu option. The background
layer is also used by the Tolerance Zone analysis
tool.



- ' .e.nammu“mr:d i
File Edit Skeich Dimension Constrain View Defaults Tools Attribuies

Analysis Help
Consistently Dimensioned




Tools / Envelope

The Envelope tool performs an animation where the
screen is not refreshed between frames. The effect of
thisisto give arepresentation of the total space
occupied by the part over the prescribed range of
motion.

When you select the envelope tool, the Iteration
Parameter Box appears. Fill in the parameter or
dimension on which the motion depends, its start
and end values and step size.

If you have already used one of the animation tools,
the information from your last use should already be
in the Iteration Parameter Box. The envelope is only
drawn temporarily. It is removed whenever you
cause the screen to be refreshed.

: Anohtix-Untitled
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Tools / Calculator

The Calculator is atool which lets you evaluate
expressions and define variables.
Expressions can be numeric:

+ 5%(8-4.6)

or may contain variables:
«al(b**2-c**2)
«dist(point27,point13).
Y ou can assign values to variables:
a=27
*b= cos(45)
*DIMENSION17 =10
Or you can assign expressions to variables:
«a= (b-c)/(d+e)

Input  |sqrif12°2-472) -

Aesult [10.39210865 |

Hessange

UARTABLE UALUE EXFRESS 10N

E——

belete

Variables (except for dimension names) must be at
most 10 characters long and must start with aletter:

e.g. rad , x12, bladevel

Thereisaspecial set of variables which are
predefined by the drawing. These are the



dimensions. The dimension name consists of
DIMENSION followed by the number of that
dimension.

eg. DIMENSION17, DIMENSION237
If you assign adimension variable, this has the effect

of inserting the value or expression on the right
hand side of the assignment into that dimension in

Input |i'75 - |
Aesult [25. T ._I|
Hessage = ————— _Eq.uati.im Ealculatm‘_
tnput  [bei/sgricay ]
UARIADLE UALUE _ EXPRESSION Result [0.2 |
o Hessage
URRIABLE UALLE EXPRESSIOM
a 5 t
b 0.2 1/sqrefa)
+
o)
the drawing.

If the expression which you assign to a variable itself
contains variables which have not been declared yet,
the Calculator will declare the value of the
expression to be undefined. When the necessary
variables are defined, the calculator will fill in the
values.

Y ou cannot enter circular definitions: e.g.

a=Dbtc

c=2*b-a

Thisisnot allowed as c isin the expression which
definesaand aisin the expression which defines c.



Y ou can, however enter:
a=Db+c

b=27

c = sgrt(b)

even though b and c are not defined at the time
when ais declared.

Using the Calculator

To enter expressions:

Type the expression in the I nput box. When the
expression is entered, click on the Result button.
The value of the expression will appear in the Result
box.

If thereis an error evaluating your expression, a
message will appear in the Message area.

To assign variables:

Enter an assignment statement of the form
[variable name] = [expression]
in the Input box.

The variable will be entered into the table of
variables displayed in the window at the bottom of
the Calculator box.

If an expression (rather than a constant value) is

given for avariable, both the expression and its
current value are given

To edit a variable:

To edit avariable which has been entered into the
variable table, click on that entry in the variable
table.



The assignment statement for that variable will
appear in the Input Box and the value of the variable
will appear in the Result Box.

Y ou can now go ahead and edit the assignment
statement.

To delete variables

Delete avariable by highlighting it in the variables
table then clicking on the Delete button.

i Equation Calculator .
input  |b=1/ sqrt(a) |
Result [0.2 |
Message

VARIABLE WALUE EXPRESSION

[Resuli]  [Delete

A variable will not be deleted if other variables
depend upon it. You will have to go and delete
those dependent variable first.

Interacting with the drawing

The calculator interacts with the drawing in a
number of ways:

1 - Dimension values may be assigned from

within the calculator. e.g.
DIMENSION7=sqrt(2)



2 - Variable assignment statements may be
incorporated in the definition of a dimen-
sion. (You might define the dimension
value to be a=sqrt(2)).

3 - A number of Calculator functions take as
arguments the names of points and lines,
circles and dimensionsin the figure. e.g.
a=angle(LINEG6,LINES)

There are two ways to enter the name of a point,
lineg, circle or dimension into the calculator. Oneisto
type the name in. The second way is as follows:

1 - Position the text cursor in the input window
at the place you wish the name to appear.

2- Go back to the main drawing and select the
entity whose name you want. (Y ou may have
to move the Calculator out of the way first by
dragging itstitle bar, or even move the
drawing.)

You will see the name of the entity appear in the
Input box. If you wish the name to replace some of

the existing text in the Input box, highlight this text
before selecting the entity.

Valid Expressions

The arithmetic operations used in the calculator are:

sum

atb
difference

ab
product

a*b
division

ab



power
a*bora*b
parentheses
a-(b+c)
The logical operations used in the calculator are:

greater than
a>b
less than
a<b
greater than or equal to
a>=b
less than or equal to
a<=b
not equal to
al=b
equal to (logical)
a==
logical AND
aANDbDb

logical OR
aORb

logical NOT
aNOT b

Functions

Here we will list the different functions which are
available in Analytix. These functions may be used
as part of expressions, either in the calculator or in
specifying what expression to graph or table.
Functions take as arguments one or more real
numbers, or points, or lines or dimensions.
Functions will first be listed by category. They will
then be listed alphabetically.



Functions By Category

Mathematical

earccos(reall)
earcsin(reall)

earctan(real 1)
ecos(reall)
eexp(reall)

e In(reall )
elog(reall)
*log10(reall)
esin (reall )
esgrt(reall)
estep(reall)
stan(real1)

Geometrical

eangle(linel, line2)
«distance(pointl, point2)
distance(pointl, linel)

elength(linel)
excoord(pointl)
eycoord(pointl)

Logical
eif(condition, statement, statement)

Area properties

earea(groupl)
eImax(groupl)

Imin(groupl)
eIx(groupl)
eIxy(groupl)
ely(groupl)



*lz(groupl)
excentroid(groupl)
eycentroid(groupl)

Velocities & Accelerations

«aangle(linel, line2)
sacc(pointl)
eadistance(pointl, point2)
eadistance(pointl, linel)
salength(linel)
eangacc(linel)
eangvel(linel)
svangle(linel, line2)
svdistance(pointl, point2)
«vdistance(pointl, linel)
svel(pointl)
svlength(linel)
exacc(pointl)
*xvel(pointl)
syacc(pointl)
syvel(pointl)

Forces, Torques, Bending Moments &
Deflections

ereact(dimensionl)
sreact(pointl)
eXreact(pointl)
eyreact(pointl)
ereact(actuatorl)
smoment(point1,linel)
eshear(pointl,linel)
sstress(linel )

oxdef(pointl)
eyder(pointl)



Functions - Alphabetical

aangle(linel, line2)

acc(pointl)

This function returns the second derivative of the
angle between two lines. Theresult isgivenin
current angular acceleration units (by default radians
/ time)

This function returns the magnitude of the
acceleration of pointl.

adistance(pointl, point2)

This function returns the second derivative of the
distance between pointl and point2.

adistance(pointl, linel)

alength(linel)

angacc(linel)

This function returns the second derivative of the
perpendicular distance between pointl and linel.

This function returns the second derivative of the
length of linel. The result is given in current angular
acceleration units (by default radians/ time),

This function returns the angular acceleration of
linel. The acceleration is given in current angular
acceleration units (by default radians/ time.)



angle(linel, line2)

angvel(linel)

arccos(reall)

arcsin(reall)

arctan(reall)

area(groupl)

cos(reall)

This function returns the angle between linel and
line2. The angle is given in current angular units (by
default degrees).

This function returns the angular velocity of linel.
The velocity is given in current angular vel ocity
units (by default radians/time).

This function returns the inverse cosine of reall in
the range between O and 180. The value of reall
must lie between -1 and 1.

This function returns the inverse sine of reall in the

range between -90 and 90. The value of real1 must
lie between -1 and 1.

This function returns the inverse tan of reall in the
range between -90 and 90.

This function returns the area enclosed by the profile
defined by groupl.

Returns the cosine of anglereall. Reall is measured
in current angular units (by default degrees).



distance(pointl, point2)

Returns the distance between point1 and point2.
distance(pointl,linel)

Returns the perpendicular distance between pointl
and linel.

exp(reall)
Returns e\(real1)

if(condition, statementl, statement2)

This function evaluates the condition and returns the
value of statementl if the condition istrue, or the
value of statement? if the condition isfase.

Imax(group 1)

This function returns the maximum area moment of
inertia through the centroid of the object defined by
groupl.

Imin(groupl)

This function returns the minimum area moment of

inertia through the centroid of the object defined by
groupl.

IX(groupl)

This function returns the area moment of inertia
about the x axis through the centroid of the object
defined by groupl.



Ixy(groupl)

ly(group 1)

Iz(groupl)

length(linel)

In(reall)

log(reall)

log1lO(reall)

This function returns the area product of inertia of
the object defined by groupl.

This function returns the area moment of inertia
about the x axis through the centroid of the object
defined by groupl.

This function returns the area moment of inertia
about the z axis through the centroid of the object
defined by groupl.

Returns the length of linel.

Returns the natural logarithm of reall. Reall must be
positive.

Returns the natural logarithm of reall. Reall must be
positive.

Returns the base 10 logarithm of reall. Reall must be
positive.



moment(pointl, linel)

This function returns the bending moment of linel
measured at pointl. (pointl should lie on linel).

react(actuatorl)

This function returns the force in actuatorl. (Or the
torque if actuatorl is an angular actuator).

react(dimensionl)

This function returns the reaction force or torque in
dimensionl. It isequivalent to selecting Resultant
Force/Torque from the Analysis menu.

react(pointl)

This function returns the magnitude of the reaction
forcein pointl.

shear(pointl,linel)

This function returns the shear force at pointl on

linel.
sin(reall)
Returns the sine of angle reall. Reall is measured in
current angular units (by default degrees).
sqgrt(reall)
Returns the square root of reall. Reall must be
positive.
step(reall)

Returns O if real1<0; returns 1 if real1>=0.



stress(linel)

This function returns the stressin linel. (Usedin
truss analysis.)

tan(reall)

Returns the tangent of angle reall. Reall is measured
in current angular units (by default degrees).

vangle(linel, line2)

This function returns the first derivative of the angle
between two lines. The result is given in current

angular velocity units (by default radians/time)

vdistance(pointl, point2)

This function returns the first derivative of the
distance between two points.

vdistance(pointl, linel)

This function returns the first derivative of the
perpendicular distance between pointl and linel.

vel(pointl)

This function returns the magnitude of the velocity
of pointl.

vlength(linel)

This function returns first derivative of the length of
linel.



xacc(pointl)

Returns the x component of the acceleration of
pointl.

xcentroid(groupl)

This function returns the x-component of the
centroid of the area defined by groupl.

xcoord(pointl)
Returns the x coordinate of point1.
xdef(pointl)

This function returns the x-component of the
deflection of pointl. (Used in truss analysis.)

Xreact(pointl)

This function returns the x component of the
reaction force vector at point1.

xdef(pointl)
Returns the x component of the velocity of pointl.
yacc(pointl)

Returns the y component of the acceleration of
pointl.

ycentroid(groupl)

This function returns the y-component of the
centroid of the area defined by groupl.



ycoord(pointl)
Returns the y coordinate of pointl.
ydef(pointl)

This function returns the y-component of the
deflection of pointl. (Used in truss analysis.)

yreact(pointl)

This function returns the x component of the
reaction force vector at pointl.

yvel(pointl)

Returns the y component of the velocity of pointl.



Tools / Univariate Iteration...

This tool implements a univariate root finder.

This uses an iterative technique to solve eguations
which cannot be written as a simple expression.
Enter the variable for which you wish to solve in the
Variable box, and the equation you want solved in
the Solve Box. Press Ok to calculate. The solution
and error will appear below if the numerical analysis
algorithms converge to a solution. Otherwise you
will be given an error message.

T e o

| variable | s
Solve |sinfx}=x"3
Solution n.1321109
Error 1.73873e-008

Saive | |Cancel

While the Iteration tool is useful for solving
equations, itsreal power comes when it is coupled
with the drawing. This coupling is achieved when
both the following are true:

1 - The variableis an input to the drawing
(either a dimension name or avariable on
which one or more dimensions depend).
2 - The equation to be solved includes some
functions which depend on the drawing
(such as angles or distances).
We look below at an example of the use of the
iterator in such a circumstance.
When drawing entity names (lines, points, circles,
dimensions) are required in the Iteration Box they



Example

may be acquired by positioning the text cursor in the
appropriate entry field then selecting the entity in
the main drawing.

The collapsible chair shown above should have angle
bae 65 degrees. Given that ae isto be length 4, ceto
be length 7, and bd length 3, find positions for b and
d such that the chair is able to fold flat:

i.e. ab+ae = bd+de.

Enter a drawing of the triangle ace in the upright
(unfolded) position of the chair.

Enter the given dimensions and a guess at the distance
between aand b (2 is the guess used in the figure).

Now open the Iteration tool. Position the text cursor in
the Variable Box, and select the dimension giving the
distance between aand b.

Inour casethisis called DIMENSION15. (In your
case it will probably have a different number.)



Help
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Now in the Solve Box, enter the equation

DIMENSION15+4=3+DISTANCE(POINT4,POINT9)

Except rather than POINT4 and POINT9 enter the
names of pointsd and e in your diagram. (Do this by
positioning the cursor at the correct position in the Solve
Box then selecting the points.)

Press Solve to derive a solution to the problem.

Now if you cause the screen to be repainted, you will
see the part generated by the equation solver.

Analytie-Untitled

Consistently Dimensi unt_di

u;.| Iteralion
Variable DIMEMSIONIS

c Solve DIMENSION] 5+4=3+distance[POI
Solution 2.139448

Error 7.7118335=-007
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Tools / Multivariate Iteration

This tool implements a multivariate root finder.

it allows you to simultaneously solve a system of
equations in a number of unknowns. (The number
of equations must be equal to the number of
variables.)

[x"y=2'.i I
Variables Equations Conditions

*® [x*yﬂ 5

v x*y=25

Max lterations Accuracy Tolerance

25 | [1.e-006 | |1.c-008 |
Result: ]Cnnvcrged successfully l
[Soive ] [Eoncel| [Deiete] Mouin] [Aduv] [Add £] [Add €]

To specify a multivariate iteration problem, you
need to specify the names of the variables whose
values you wish to find. Y ou also need to specify
the equations which you wish to solve.

Variables may be any calculator variables, or the
names of any dimensions. Equations may be any
valid calculator expressions.

To enter avariable, type into the text entry field at
the top of the multivariate iteration dialog, then click
the Add V. button.

To enter an equation, type into the text entry field at

the top of the multivariate iteration dialog, then click
the Add E. button.



The example above shows the dialog box for solving
the system

x+y=15;
X*y=25;
for x andy.

The values for x and y which the solver found may

be inspected by clicking on the down arrow at the
right of the Result box.

|x+y=]5 I
Variables Equations Conditions

x

y y=25

Max lterations Accuracy Tolerance

[25 | [1.e-008 | [1.e-008 |
Result Converged successiul

Solve

Conditions

It is also possible to specify conditions which are to
be set for each of the equations. These conditions
take the form of assignment statements, such as
x=23, DIMENSION13=90, DIMENSION27=2*t, etc.

A set of such conditions may be attached to each
equation. Before it tests the value of the equation,
the multivariate root finder will first perform all the
condition assignments attached to that equation.



The condition assignments are particularly useful for
mechanism synthesis problems. Our second
example problem (below) coverstheir use.

To enter acondition, first select the equation it isto
be attached to. Then type into the text entry field at
the top of the multivariate iteration dialog, then click
the Add C. button.

Delete & Modify

To select avariable or equation, click on its
representation in the variable list or the equation list.
To select acondition, first select the equation to
which the condition is attached, then click on the
condition in the condition list.

To delete avariable, equation or condition, first
select it, then press the Delete button.
To modify avariable, equation or condition, first

select it, then modify the text in the text entry field,
then press the Modify button.

Setting Computation Parameters

Y ou can set three parameters which let the iterative
equation solver decide when to accept a solution,
and when to give up trying to find a solution.

The maximum number of iterations specifies how
many iterations of a Newton Raphson root finding
algorithm will be performed before the solver gives
up and returns a Numerical Error.

The Accuracy and Tolerance specify how close you
need your solution to lie to the real solution. The
solver accepts a solution as successfully converged if
each variable is within the accuracy value of atrue
solution and the error in each equation isless than
the tolerance value.



Example 1

0y

.

We wish to synthesize afour bar linkage which
moves a shutter through the three positions shown
above.

One way to do thisisto create a single Analytix
model which incorporates all three configurations
(see below).

We draw alink from point A to another point C and
asecond line from A' to C representing the same link
in the second configuration of the mechanism. We
draw athird line from A" to C representing the same
link in the third configuration.

Similarly, we draw three lines BD B'D and B"D

representing the three configurations of the link
attached to B.



For this mechanism to work, we need the lengths of
AC, A'Cand A"C to be equal and we need the
lengths BD B'D and B"D to be equal.

We specify AC and A'C to have length b (initially
specified to be 1.5). We specify BCand B'Cto bea
(initialy set to be 2).

Having set values for AC, and A'C, however, we are
not able to specify avalue for A"C, and thisis not
1.5. Hence we need to find the value of awhich
makes the distance A" C equal to b. We also need to
find the value of b which makes B"D equal to a.

We can do this using the multivariate iteration tool.
The variables which we wish to solve for are aand b.
The equations which we wish to solve are:
length(A"C)=b
length(B"D)=a
Solving finds a solution



a=1.7517
b=1.5514

Multivariate Neration

[length(LINE44j=a |
Variables Equations Conditions

8 length{LINE 4

b \

Max Iterations Accuracy Tolerance

[25 | [1.e-008 | [1.e-008 |
Result:

Solve

Example 2

In our second example, we show how conditions can
be used to facilitate the solution of certain types of
synthesis problems.




We wish to synthesize afour bar linkage where the

output link angle BCD has the following relationship
to the input link angle ABC:

ABC BCD
90 90
135 75
180 60

We could solve this problem, as above, by drawing
all three configurations of the linkage. Alternatively
we can use a single drawing and set conditions as
follows:

Our variables are a,b,c.
Our equations are:
angle(BC,CD)=90
angle(BC,CD)=75
angle(BC,CD)=60
We have one condition on each equation:

(i) DIMENSION9=90
(ii) DIMENSION9=135

(i) DIMENSION9=180

oo Multivariate lteration

[angle[LINE3,LINEB)=60 ]

Variables Equations Conditions

a angle[LINE3LINES]s| |DIMENSIONS=180
b angle[LINE3,LINES

c

Max lierations Accuracy Tolerance

[25 | [1.e-008 | [1.e-008 |
Result:

Sulie




DIMENSIONS9 is the angle dimension between AB
and BC.

The multivariate iteration tool will now look for a set
of values a,b,c such that:
When DIMENSION9=90, angle BCD = 90,

when DIMENSION9=135, angleBCD=75,
when DIMENSION9=180, angle BCD =60.

What if iteration is unsuccessful?

If your iteration fails to converge, it may indicate
that there is no solution to the problem you are
posing, or it may mean that a solution exists but the
iterative equation solver was unable to find it.

The equation solver uses the current values of the
input variables as a "first guess"' at the solution it
may be that by changing the initial values of the
variables you can help the equation solver converge.

Asageneral rule, the closer the initial guessisto the
solution, the more chance there is that the solver will
converge.



Tools / Graph...

Thistool lets you create a graph.

When you select the Graph tool you are presented
with a dialog box with some choices. If you have
built a simulation (see Analysis/ New Simulation
later in this manual), the Use Current Simulation
button will be selected and you can autimatically
display the last ssmulation created. If you desel ect
the Use Current Simulation or have not created a
simulation, you have a choice between a graph or a
parametric plot.

In the case of asimple graph, you to enter avariable
for parameter t, an expression for the y axis, and an

initial value, final value and step size for t.
Graph Peramelers

O Use Curremt Simulation

O parametile

Parameler 1 b I
i

¥ mln varinble ginfx]

initial 1 0. !

Final 1 120. '

i increment 10. |

ok [Eaneet ]

If you have already used one of the animation tools,
then the values which you used for your iteration
parameter appear as defaults in the Parameter t,
Initial t, Final t and t increment boxes.



Click on Ok to see the graph.
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The graph facility is most useful, however, when the
parameter t is an input to the drawing and the y-axis
variable is an output.

For example, if the parameter t isthe value of a
particular dimension, and the y-axis variable is the
angular acceleration of a particular line.
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When drawing entity names (lines, points, circles,
dimensions) are required in the Graph Parameters
Box they may be acquired by positioning the text
cursor in the appropriate entry field then selecting
the entity in the main drawing.
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A trace or displacement curve is a simple example of
aparametric plot. When Parametric is selected the x
axis variable is added to the graph parameters which

you specify.
O Use Current Simulation

B Parametric

Parameter t DIMENSION13
X axis variable xcoord[POINT4]
Y axis variable yeoord[POINT4)

Initial t 60,
Final 1 420.
tincrement 10.

Lok ‘Cancel

To remove the graph from the screen, double click in
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its &/stem Menu Box in the upper Ieft corner of the
graph window.

Graph Window's System Menu

The graph window's System Menu is obtained by
clicking on the System Menu Box in it's upper left
comer. You can display the values as atable by
clicking on the Table option of the graph window's
System Menu. The Plot option allows you to plot
graphs d| rectly

| . yeoord{POINT4]
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Sixe Copy Graph Print
i DIMENSIONT Jcoord{POINT{coord[POINT 4%
o a g
Switch Ta... Cll+E 2 : B
e = 120. 7.2641 -
Plot 130. 6.9784
140, 6.7038
2 —1—T——1 0. 6.452
SRR e
xco0d(PONTY) 180. 0.98599 .
190, 5.9972 .
00. 5.9812 o
*




Tools / Table...

This tool creates atable of the values of an
expression for a given range of an expression.

The Table dialog box isidentical to the Graph
Parameter Box.

O Use Currant Simulation
O Parametric
Parameter 1 IDIMENSION1 3
Y axis varlable angacc[LINES)] J
Initial 50, |
Final t 20, |
t increment 10.
ol (e

If you have built a simulation (see Analysis/ New
Simulation later in this manual), the Use Current
Simulation button will be selected and you can
automatically display atable of the last simulation
created. If you deselect the Use Current Simulation
or have not created a simulation, you have a choice
between atable with one or two dependent
expressions.

In the first case, you enter an independent variable,
Parameter t, and a dependent expression for the Y
axis variable. Then set your Initial and Final values
for t and a step size.

Click on Ok to generate atable.
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Thetable originally appears small and in the top left
of the screen. It can be repositioned by dragging its
title bar and resized by dragging the frame around
the Table window.

The Scroll bar in the Table allows you to scroll
through the values.

The Copy option in the Table menu copies the table
values onto the Windows Clipboard. It iscopied in a
text format with values separated by tabs. This
format allows the table to be pasted into an Excel
spreadsheet. Alternatively it may be pasted into a
word processor document.

To transfer atable of datainto Excdl:

1 - Create the Table using the Tools/ Table
menu option.

2 - Click on the Copy option in the Table
Window's menu.
3 - Go into Excel and position the Cell point-

er on the upper left cell of the range
where you want the table to go.



Graph

Print

4 - Select Edit / Paste from the Excel menu.

Clicking on Graph in the Table menu allows you to
turn your table into a graph.

Y ou can print your table directly from the Table
window by clicking the Print button.



Tools / Toolbox

Invoke this menu item to display the Toolbox.

To remove the Toolbox from the screen, double click
the system button in the upper left corner of the box.




Attributes

Attributes

Info... “l
v Measure
Pen...
Font...

M

The Attributes menu contains two very important
functions for communicating with the drawing.

1 - The Info function gives you information
on the currently selected entity, and lets
you add more information to it, such as
the velocity and tolerance of a dimension,

the mass of a point, the moment of inertia
of aline.

2 - The Measure function lets you measure
distances and angles (along with their tol-
erances) from the drawing.

There is also the Pen function which lets you change
the style and color of the selected graphic entities,
and the Font function lets you change the style and
size of any alpha-numerics in the drawing.



Attributes / Info...

This function brings up the Info Box for the
particular entity which is selected.

The Attributes/ Info menu option is grayed out
unless you have a single entity selected.

[§ A shortcut to get into Select mode isto click on the
right mouse button or the arrow icon in the Toolbox.

The Info box tells you the various parameters and
properties of the selected entity, and lets you edit
whichever ones are appropriate.

Keyboard Shortcut:
Press[Control] + |
Mouse Shortcut:

Double clicking on an entity while in select mode
will select the entity and its Attributes/ Info box.

Dimension

The Dimension Info Box lets you edit the
dimension's value, its velocity and acceleration and




Point

Line

If you select a point then pick Attributes/ Info, you
will see the Points Info Box.

3.6016

3.4683
iVelocity -20.024
luelocity 20.794
lhccel. ¥ -153 .43

-80.953
|ﬂ.

Thistells you the position, velocity and acceleration
of the point. It also lets you edit the mass of the
point.

If you leave the Point Info Box on the screen while
you change the value of adimension using the
Dimension Info Box, you will see the Point Info Box
automatically update its value.

Y ou can make the Point Info Box less wasteful of
screen space by moving and resizing it.

The Line Info Box tellsyou the length of aline, its
angular velocity and acceleration, and tolerances on
its length.

Y ou can edit the moment of inertia of the line.

If the line represents the bar of atruss, you can
define its cross sectional area (A) and its modulus of
elasticity (E). (See also Defaults/ Default Bar



Actuator

Force

Properties, and Analysis/ Stress covered elsewhere
in this manual.)

(Length 1.4641

Ang Vel 0.

iAng Acc 0.

Tolerance 4.937%e-003
-4.9379e-003

finertia E!

A 0.

E 0.

In select mode, double clicking on an actuator
symbol (or clicking on the Actuator then selecting
Attributes/ Info) brings up the Actuator dialog box.
Y ou can use this box to change the type of the
actuator or to change it's parameters.

In select mode, double clicking on an applied force
(or clicking on the force then selecting Attributes/
Info) brings up the Force Dialog Box. Y ou can use
this box to change the values of the applied force.

Expressions may be entered for force values. Forces
are evaluated after geometry in Analytix. Hence the
expression for a force may include functions of the
geometry (such as ANGLE, DISTANCE, XVEL, ACC
etc.). However an expression for aforce should not
involve a function which itself is dependent on the
forcesin the system (such as REACT).



Torque

Group

In select mode, double clicking on an applied torque
(or clicking on the torque then selecting Attributes /
Info) brings up the Torque Dialog Box. Y ou can use
this box to change the value of the applied torque or
its direction.

Expressions may be entered for torque values.
Torqgues are evaluated after geometry in Analytix.
Hence the expression for atorque may include
functions of the geometry (such as ANGLE,
DISTANCE, XVEL, ACC etc.). However an
expression for atorque should not involve a function
which itself is dependent on the forces and torques
in the system (such as REACT).

Double clicking on a group while in select mode (or
clicking on the group then selecting Attributes /
Info) brings up a box which displays the area mass
properties of the group.

These properties are:

Area - the area of the outer profile minus any
profiles contained within. (If the profiles intersect
the result is meaningless.)

IX - Area moment about the x-axis through the
centroid.

ly - Area moment about the y-axis through the
centroid.

Iz - Area moment about the z-axis through the
centroid. (Thisis sometimes denoted J).

IXy - Area product of inertia through the centroid.



Attributes / Measure

This function lets you measure quantities from the
drawing.
Y ou can measure:
+  The distance between two points.
+  The perpendicular distance between a
point and aline.
The angle between two lines.

Relative velocities (first derivatives) and
accelerations (second derivatives) of these
measurements are also reported.

Tolerances as well as tolerance sensitivities are given
for these measurements.

The Measure box tells you whether the tolerances
were measured under an assumption of absolute or
statistical tolerance accumulation.

If you leave the Measure Box on screen, you can
change dimension values and watch the
measurement and other reported values update.

To remove the Measure Box, double click on its
System Menu Box initstop left comer.

Distance between two points

To measure the distance between two points:

1 - Select the first point.

2 - Holding down the [Shift] key, select the se-
cond point.

3 - Pick Attributes/ Measure (“"M).

Distance between a point and a line

To measure the distance between a point and a line:

277



1 - Select the point (or theline).

2 - Holding down the [Shift] key, select the line
(or the point).

3 - Pick Attributes/ Measure ("M).

LINES/POINTIO B3
Distance 3.9885
elocity -2.39748
Acceleration -5.7932
olerance 0.17612
-0.17612

e
 Sensilivity,

Angle between two lines

To measure the angle between two lines:
1 - Select the first line.

2 - Holding down the [Shift] key, select the se-
cond line.

3 - Pick Attributes/ Measure (“M).

LINETZ/LINES - B8
Angle 50.988
elocity -1,7581
Acceleration -3.4461
olerance 8.5155
-8.6155

Absolute) Sensitivi

Tolerance Sensitivity Analysis

Click on the Sensitivity button in the Measure Box to
display the effective tolerance on a distance or angle
measured from the drawing.



DIST. BTWN. PNTS.

Y ou see the Tolerance Sensitivity display. Thislists
the dimensions in the figure along with the
percentage contribution of each dimension to the
tolerance stack up.

SEensitivity

28.13% DIMENSION18
24,17% DIMENSION17
24.07% DIMENSION14
16.762%¢ DIMENSION13
3.36% DIMENSION1S
2.48% DIMENSION15
1.02%6 DIMENSIONZD
0.00% DIMENSION1E

If you click on a particular dimension name in the
tolerance sensitivity box, that dimension will be
highlighted in the drawing.

If you double click on the dimension name, the Info
Box for that dimension is displayed. This enables
you to adjust the tolerance on the selected dimension
and watch the effect of the adjustment on its
contribution to the stack-up.

o Sensitivity

29.08% DIMENSION1 7

28.96% DIMENSIONTA
20.17T% DIMENSIONT]

13.54% DIMENSION1S

4.04% DIMENSION1S
2.99% DIMENSIONIS

1.23% DIMENSIONZO

0.00% DIMENSIONTG




Attributes / Pen...

This option lets you change the pen used for the
selected entities.

To use this function:
1 - Select the entities whose pen you wish to
change.
2 - Choose Attributes/ Pen.

3 - Click on the new pen you wish to use.

Y ou can also change the color, style and width of the
selected pen using the sliders.

Note that changing the color, style and width of a

pen will affect all the other entities which have been
drawn using that pen.

el e
Green (el f = s}
Blue [T 7 Ie]
iswle FIE 91
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Analysis

Analysis

+/ Add Load...
Add Actuator...

Hesultant Force/Torque
Stress

Shear/Bending Moment
Force on Pin

Derive Accelerations

New Simulation
Edit Simulation

Tolerance Zone
I Tolerance Trace

The Analysis menu contains options to allow you to
add external forces and torques and actuators to the
drawing, to measure the resultant forcein a
dimension or on a point, to analyze stress and
deflection of trusses and shear force and bending
moments at some point on aline, and to report
instantaneous accel erations of any point or linein a
model which contains masses or applied forces.

Y ou can collect a sequence of drawing configurations
as a playback simulation which can be used in many
of the Tools functions.

The Analysis menu also has Tolerance Analysis
functions which create atolerance zone or a
tolerance trace of a given point.



Analysis / Add Load...

Thisisthe option which allows you to add an
externally applied force or torque to the drawing.

The menu option is grayed out unless a point or line
is selected.

Applied Force

To add an applied force to the model:

1 - Select the point where the forceisto be
applied.

2 - Pick the Analysis| Add Load menu option.

3 - Fill in the x and y components of the force in
the Load dialog box.

The applied force appears in the diagram as a small
arrow pointing towards the point of application,
with the force size typed at its tail.

Load

* ]

Y -25
| Dk | Eancell

15

Applied Torque

To add an externally applied torque to the model:

1 - Select the line to which the torque is to be
applied.

2 - Pick Analysis| Add Load from the menu.



3 - Fill in the value of the torque and its direction
(Clockwise or Counterclockwise).

Flpplied Torque
Torque [12“ _I

) Clockwise
@® Counter-Clockuise

( ok ] [cance]

The applied torque symbol is a curved arrow
applied to the center of the line.

Torques may be applied to construction lines.

g(/?\ﬂ

Applied Loads and Fixed Points and Lines

Applied forces and torques are used in performing
Static and Dynamic analysis. Analytix will perform
either a static equilibrium analysis of the figure or a



dynamic equilibrium analysis (if there are masses
defined and there is movement).

There is no constraint on the user to enter a balanced
set of external forces and torques. Hence Analytix
adds balancing external forces and torques so that
the entire drawing has zero total force.

Where does Analytix apply these extra forces?

A balancing force is applied to the fixed point and a
balancing torque is applied to the fixed line.

This means that unless the external forces and
torques which you add have a zero sum, you should
make sure you assign the fixed point and line
appropriately for your statics or dynamics problem.
If you do not, then Analytix will apply balancing
forces and torques to an arbitrary fixed point and
line. Thiswill make your results somewhat difficult
to interpret.



Analysis / Add Actuator

An actuator may be composed of any combination of
Spring, Damper, Actuator. It may be translational or
rotational.

To create atranslational actuator:
Select its two endpoints (holding down the Shift key while

sel ecting the second) then choose Analysis/ Add
Actuator from the menu.

To create arotational actuator:

Select the two lines to which it is to be attached (holding
down the Shift key while selecting the second) then choose
Analysis/Add Actuator from the menu.

Actuator
Unextended length B
] spring |
Stiffness 10
X Damper
Constant 25
Bd Black Box

xvel[POINT13)"2

O Tension Only
O Compression Only

® Tension and Compression

Ok Cancel




Spring

Damper

Black Box

When you select Analysis/ Add Actuator, you will
see the Actuator Dialog Box. This lets you select any
combination of spring, damper and black box
actuator.

If you select Spring, you should enter both the
unextended length (free length) of the spring and the
spring stiffness (spring rate). This stiffness should
bein force/ distance units. In Sl units, this would
be N/m, in fpslb/ft, inipslb/in.

If you select Damper, you need to enter the damper
constant (damping coefficient). Thisisin units of
force per unit velocity. In Sl itisin Ng/m, infpsitis
Ib.g/ft, inipsitislb.g/in.

A black box actuator lets you enter your own
formulafor aforce which acts between the endpoints
of the actuator. (Or, in the case of arotational
actuator atorque acting between two lines.)

A positive force in the black box actuator denotes a
force tending to pull the ends of the actuator
together (atensile force). A negative force in the
black box actuator denotes a force tending to push
the ends of the actuator apart.

Tension & Compression

If the actuator is set to be Tension Only, the spring
will exert force only if itslength is greater than its
unextended length.



Uses

If the actuator is set to be Compression Only, it will
exert force only if itslength isless than its
unextended length.

If the actuator is set to be Tension and Compression,
then it will exert aforce whether itslength is greater
or less than its unextended length.

An actuator may be any one of the types Spring,
Damper, Black Box, or it may be any combination:
Spring & Damper
Spring & Black Box
Damper & Black Box
Spring & Damper & Black Box
The Spring & Damper combination provides a useful
model of a shock absorber.

A Damper alone can provide a crude linear model of
friction. (A rotational damper may be used to model
friction at joints). Alternatively you can use a black
box actuator to enter a more sophisticated friction
model.



Analysis / Resultant Force/Torque

The Analysis/ Resultant Force/Torque and
Analysis/ Force on Pin options are the waysin
which you ask Analytix for the results of static or
dynamic analysis.

The Analysis/ Resultant Force/Torque option is
grayed out unless a dimension or actuator is
currently selected.

To use Analysis/ Resultant Force/Torque:
Select adimension or actuator.

Pick Analysis/ Resultant Force/Torque from the
menu.

The Resultant Force/Torque dialog box will appear,
which tells you (for alinear dimension or actuator)
the force in the dimension / actuator, or (for an
angle or angular actuator) the torque in the
dimension / actuator.

The force is either a Tension or Compression.

The model where internal forces are transmitted in
dimensions may appear alittle strange at first, but it
isvery easy to get used to and you do not need to
learn awhole new set of toolsto specify how aframe
or mechanism is connected. Y ou do this by the way
you specify dimensions.

For example, if two bars come together at a welded
join which is capable of transmitting moment, then it
is appropriate to enter the angle dimension between
the lines. The moment transmitted by thejoin is just
the resultant torque in the angle dimension.



How to dimension for statics & dynamics

We show two different mechanisms, which have the
same geometrical representation. The dimensioning
scheme reflects the functional differencein the
mechanisms.

The first mechanismisafour bar linkage with

pinned joints at A,B,C,E. Distance BCis20. AB is
the driving crank.

The mechanism is represented by dimensioning
lengths of lines AB, BD, CE and AE, and the distance
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between B and C. The driving angle BAE isaso
added.

Therule hereisthat all the dimensions represent a
physical component of the structure which is
constraining the structure: the lengths represent the
fact that the holes in the bars are set at afixed
distance apart. The angle dimension represents the
driving motor which is physically constraining the
size of the angle.

In the second mechanism, point C is no longer
pinned but is allowed to slide on line BD. the angle
at E is constrained to be 90 degrees.

In this case, the distance BC is no longer physically
constrained to remain constant, so this dimension is
Nno longer appropriate. However the angle at E is
physically constrained, hence thisdimension is
appropriate for the mechanism.

To model the second mechanism, therefore, we
remove the distance BC and add the angle CEA.
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constraining the structure: the lengths represent the
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driving motor which is physically constraining the
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constrained to remain constant, so this dimension is
Nno longer appropriate. However the angle at E is
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To model the second mechanism, therefore, we
remove the distance BC and add the angle CEA.



Output Forces

To find the force output from a mechanism, you
need to make sure thereisa dimension
corresponding to the output force. An example will
illustrate this:

We wish to calculate the output force across the
cutter blades BC as the snips are forced shut by a

unit force across the handles HI.



We can model the snip mechanism by a set of four
triangles, and dimension the triangles by their line
lengths. All these dimensions remain constant
through the closing of the snips.

We need to add one more dimension to specify how
closed the snips are. There are a number of
possibilities: we could specify the distance HI
between the end of the handles, or the angle HFI, or
anumber of other angles.

However, as we wish to measure the output force
between the ends of the cutter blades, B and C, we
should enter this dimension.

In the model, all dimensions except the distance
between the cutters have been blanked out. Unit
forces have been applled aH and l.
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Notice that we did not create any fixed point, which
was OK as the applied forces add up to zero.

We could alternatively have made | afixed point and
applied only aforce to H. Analytix would have
automatically balanced this force with an equal and
opposite force applied at the fixed point I. Note that
the Calculator function react(dimension) returns the
same value as Analysis/ Resultant Force/Torque.



Analysis / Stress

Analytix 2.0 allows you to do Stress analysis and
Deflection analysis on trusses. The trusses may be
simple, compound or redundant. Each member of
the truss, however must be a two force member.
That is: the lines forming the truss must only be
joined at their ends. This means that forces are all
along the axis of truss members and there is no
bending.

In order to do stress analysis you need first to define
across sectional area and a modulus of elasticity for
each bar in the truss. Y ou can do this for each line
individually using Attributes/ Info, or you can set
them all at once using Defaults/ Default Bar
Properties.

In contrast to the standard Analytix static model, the
truss may be dimensioned in any way. In truss
analysisit isthe lines rather than the dimensions
which are responsible for bearing the loads.

Loads may be applied to the ends of any of the lines
representing truss members. L oads may not be
applied to points in the middle of lines representing
truss members as such loads would conflict with the
requirement that the members carry only axial load.

To perform stress analysis, select the line

representing the appropriate truss member, then
choose Analysis/ Stress.



You will see the Stress dialog box.

LINEG
Stress 394.3669305

Tension

If you have not specified cross sectional areas and
modulus of elasticity for sufficient linesto define a

rigid structure, then an error message will appear.
Stress may also be derived using the function:

stress(linel)



Analysis / Force on a Pin

Use this option to derive the force transmitted
through a point of the model.

Thetotal force at apoint in equilibrium is of course
zero (unless the point has some external forces
applied toit.)

What we need to ask for isthe force applied to a

given point regarded as part of some sub-component
by the other components in the drawing.

To use the Force on a Pin option

! [{( 1 - Select the geometric entities which make up
the sub-component whose forces you wish to

examine.

2 - Pick Analysis/ Force on aPin.
3 - Click on the particular point whose force you
wish to examine.

Example

We use the wire cutters described in the above
section. We wish to find the force transmitted
through the pin at F.
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The force at F is transmitted between triangles FGH
and FIJ. These forces will be equal and opposite.

We first select triangle FGH, then pick the Analysis|
Force on a Pin menu option.

The force box gives us the force exerted by the rest of
the diagram (i.e. triangle FIJ) on triangle FGH at F.
If we now select triangle FIJ and ask for the force on

the same point, we see that the result is indeed equal
and opposite.

File Edit
Analysis

Skeich Dimension Constrain  View Defaulls Tools Attributes

Help

AnalytixUntitled [~1+]

'lEnnsisttnII\,r l]im:n:lnﬂ:d[

T
[t] *
S QO
¢
=)y
Rig
5hO
.
O
AS

orc

y 571302 |

1.96501e-015

—— T
POINTIZ || /’J
i |

I

;

=T __powriz_

Harce
2.36443e-015
-5.71902

_qir] I+

More examples of the use of the force analysis
capabilities of Analytix can be found in the Examples
section of the manual.



Analysis / New Simulation

Simulations are created in two different waysin
Analytix.

The Dynamical Analysis module Dynamix
automatically creates a dynamical simulation. This
records at each time step the configuration of a
model which is responding to applied dynamical
forces.

Alternatively, you can create your own playback
simulation using Analysis/ New Simulation.

A playback simulation lets you collect a sequence of
drawing configurations, then play them back as an
animation, or use the ssmulation in a graph or table.
It gives you more flexibility than the regular

Animate, Graph and Table tools because it lets you
vary more than one dimension. It also lets you vary
the dimensions by irregular amounts.

To create a playback simulation:

Select the dimension or dimensions which will vary in the
course of the simulation.

Select Analysis/ New Simulation.

Y ou will see the New Simulation dialog box, which
lets you set the maximum number of steps which
may be saved in the simulation.

New Animation |
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When you press Ok, you will see the Edit Simulation
Dialog Box (See the next section of the manual).

To create asimulation, you first change the
dimensions to match the first position of your
simulation then add this configuration to the
simulation.

Y ou then go back and change the dimensions to
match the second position in your simulation then
add this configuration to the simulation.

Y ou repeat this procedure till the whole simulation is
built.

Note that not only the dimensions themselves but
also their velocity and acceleration are stored in the
simulation.



Analysis / Edit Simulation

The Analysis/ Edit Simulation option lets you
create your own playback simulation, or inspect or
edit a playback simulation created by the Dynamix
add-in.

The Edit Simulation dialog box contains two list
boxes. The left hand list box contains the names of
the dimensions which vary in the simulation and
their derivatives.

=| Edit Simulation
Add | [Detete | Insertl | use |
0.0075 59.4149 [+]
DIMENSION37" 0.01  61.7192
DIMENSION37" 0.0125 64.6881
DIMENSION31 0.015 68.3296
DIMENSION31"* 0.0175 72.6413
DIMENSION31"* 0.02  77.5964
0.0225 83,1509
0.025 89.2311 B
0.0275 94.9029

0.03 93.3691 '+

In the case above DIMENSION37 and
DIMENSION31 vary. DIMENSION37' denotes the
first derivative (or velocity) of DIMENSION37.
DIMENSION37" denotes the second derivative (or
acceleration) of DIMENSION37.

The right hand list box contains the values for the

quantity highlighted in the left hand list box
throughout the simulation. Y ou use this list box to



Add

Delete

Insert

select atime step of the simulation. Y ou may then
Insert a step before it, Delete that time step or Use
that time step in your drawing.

In this case DIMENSIONS3Y7 is highlighted in the left
hand list box so the right hand box contains values
of thisdimension. If DIMENSION37' were
highlighted in the left hand box, the right hand box
would contain values of the velocity of
DIMENSION37.

The Add button allows you to add a step to the end
of the current simulation. When you press Add,
Analytix will record from the drawing the current
values of all the dimensions in the left hand list box
and their derivatives. It will add this configuration
to the end of the simulation.

The Delete button will remove from the ssimulation
the time step highlighted in the right hand dialog
box.

For example, to remove time step 3:

Highlight time 3 in the right hand dialog box (it does not
matter which dimension is displayed). Then press the
Delete button.

The Insert button allows you to insert a step before
the currently selected time step in the simulation.
When you press Insert, Analytix will record from
the drawing the current values of all the dimensions
in the left hand list box and their derivatives. It will
insert this configuration into the simulation before



Use

the time step currently selected in the right hand list
box.

When you press the Use button, Analytix will take
the dimension values, velocities and accel erations
from the ssimulation for that time step and substitute
them into the drawing.

This option lets you go to any specific time step in
the simulation and interactively make measurements
from the drawing.



Analysis / Tolerance Zone

This analysis option draws the region within which
the selected point must lie given the existing
tolerances on the drawing's dimensions.

Tolerances on distances and angles are displayed
using the Attributes / Measure function.

To create a tolerance zone:
1 - Enter tolerances for the dimensions in the
drawing as appropriate.
2 - Make sure that an appropriate point and line
are fixed.

l E 3 - Select the point whose tolerance zone you
wish to display

4 - Pick Analysis/ Tolerance Zone.
Tolerance analysis can be quite time consuming; so
there may be areasonable lag, then the tolerance
zone will be drawn.

If the tolerances are realistically tight, this zone will
probably be too small to see with the naked eye and
you will have to zoom in to find it.

A technique which is sometimes useful isto scale the
size of the tolerances up by an order of magnitude or
two, then you will be able to see both the overall
drawing and a scaled up version of the tolerance
zone.

It isimportant to make sure you have fixed a point

and line when performing tolerance zone analysis, as
there has to be afixed reference with respect to

which to measure the variation of the selected point.



Max / min tolerance zone

If the current tolerance mode is Max/Min, then the

tolerance zone is a polygon. This polygon isthe
locus of all the positions attainable by the point for
within-tolerance values of the dimension.

N

For example, we draw the tolerance zone for the end
of the grabber arm of the log loader shown above.
All lengths are given tolerances of 0.01, and all
angles are given tolerances of 0.25 degrees.

\\‘ e




The tolerance zone is along thin polygon about the
point.

Statistical Tolerance Zone

If, in the above example, we switch to Statistical
Tolerancing (using the Defaults menu), and draw
the tolerance zone for the same point, we see that it

is an ellipse nestled inside the polygon representing
the absolute tolerance zone.

There are several different ways of describing this
ellipse. The most succinct is its mathematical
definition: it is an equiprobable ellipse of the
Bivariate Normal Distribution which describes,
statistically, the position of the point.

This gives you the shape of the region where the
point will lie "most of the time". The definition of
what is meant by "most of the time" depends on the
statistical interpretation of the tolerances which were
given for the dimensions.

When you use the Statistical Tolerancing mode,

Analytix interprets the upper and lower tolerances
as being fixed percentiles of a Normal Distribution.
For example you might regard the input tolerances



to be 99.9% percentiles - i.e. failure to meet tolerance
on a given dimension will occur only 0.1 % of the
time. In this case the ellipse shows aregion inside
which the point will lie 99.9% of the time.

If you interpret the input tolerances to be 95%
percentiles, then the output tolerance zone must be
interpreted as the region inside which the point will
lie 95% of the time.

Erasing Tolerance Zones
Tolerance zones are drawn on the Background level.

Y ou erase them using the Edit / Erase Background
menu option.



Analysis / Tolerance Trace

This analysis option draws the region of tolerance
for a selected coupler curve, given the existing
tolerances on the drawing's dimensions.
Tolerances on distances and angles are displayed
using the Attributes / Measure function.

To create atolerance trace:

1 - Enter tolerances for the dimensions in the
drawing as appropriate.

2 - Make sure that an appropriate point and line
are fixed.

3 - Select the point defining the coupler curve
whose tolerance trace you wish to display.

4 - Pick Analysi¢/ Tolerance Trace.
Aswith the Tools/ Trace function (described earlier
in this manual), the Iteration Parameter Box appears.

Y ou may use the current simulation if appropriate or fill
in the variable or dimension on which the coupler curve
depends, its start and end values and step size.

Tolerance analysis can be quite time consuming; so
there may be areasonable lag, then the tolerance
trace will be drawn.

If the tolerances are realistically tight, this zone will
probably be too small to see with the naked eye and
you will have to zoom in to seeit in detail.

A technique which is sometimes useful isto scale the
size of the tolerances up by an order of magnitude or
two, then you will be able to see both the overall
drawing and a scaled up version of the tolerance
trace.



It isimportant to make sure you have fixed a point
and line when performing tolerance trace analysis,
as there has to be afixed reference with respect to
which to measure the variation of the selected point.
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Erasing Tolerance Trace

The Tolerance trace is drawn on the Background

level. You erase it using the Edit / Erase Background
menu option.



Introduction

Analytix 3.2 has 3 magjor additional features, which
are documented in this manual addendum:

* Unit Display
* Table Defined Functions
+ Cam Support



Unit Display

Analytix 3.2 displays the units, in the current unit
system, in the dialog box for any measurement made
from the drawing.

Y ou can set the units using the Defaults/Units menu
option:

s Default Units

T Measurement System

@51 (m/kg/sec) O EPS (/Ibs/sec)
O CGS [em/g/sec) O IPS (in/lbs/sec)
) Other

{E Fromity have maee moload of weight

FrAngles | [ Angular Yel/fcc ]
® Degrees O Degiees
O Radians ® Radians
 Revolutions O Revolutions
[ ok 1| canee

Y our options are:
Sl (kg/m/s)
. CGS(cm/gls)
FPS (ft/Ibs/sec)
IPS (inch/Ib/sec)



+ Other
If you choose Other, you need to specify the
gravitational acceleration, and whether the basic unit
isamass (assin metric units) or aweight (force) as
in English units.
Here is an example Info Box, with unit information

in place:
Length 3.60555 m
Ang. Velocity 0 rad)s
Ang. Accel. 0 rad/s?
Tolerance + Dm
~0m

Inertia 0] kg'm?®
Bar Properties
Area A |p m*
Elasticity E |g Pa

Ok | | Cancel




Table Defined Functions

The Table Defined Functions capability allows you to
define afunction by specifying a set of values.
Analytix will then interpol ate between these values
to evaluate the function for any parameter value.

To invoke the Table Defined Function Dialog, use
Tools/Table Functions.

lable Defined Funclions




We first describe how to create a simple table defined
function. Then we systematically describe the menu
options of the Table Defined Functions Window.

How to define a table defined function
When you first see the Table Functions Window, you
should select File/New to create a new function.

Y ou see the following Dialog, which lets you specify
the size of the table:

New Table

Y ou can specify theinitial parameter value and the final
parameter value and the step size.

Alternatively, you can specify the number of rowsin the
table, along with theinitial and final values.



Table Defined Functions
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Y ou should give the function a name (the name will be used
to invoke the function in calculations).

Y ou may also enter atext description of the function.

Y ou may then fill in values for the function by clicking on
the appropriate place in the grid, and entering the number in
the data entry control.

Clicking on the check box accepts the entry. Clicking on
the X box rejectsthe entry.
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Y ou can now register this function with Analytix, by
selecting File/Update Analytix, or File/Exit to Analytix.

In Analytix, you can now use the function Fib() anywhere
you would use a built in function.



Equation Calculator
Input y=Fib(t]

Result 7.25

Message

VARIABLE VALUE EXPRESSION
1 5.75
y 7.25 Fibfy

g S
. Resuit]  |Delete]

Function Defined at Unequal Intervals

The above function was defined at even intervals. It
is possible to define the function at irregular

intervals. You simply edit the leftmost (x) column of
the table.

Derivatives of Table Defined Functions

In addition to specifying a function, you can also
specify itsfirst and second derivatives. Alternatively
you can use Edit/Sort & Differentiate to

automatically fill in derivatives computed by finite
difference from the table values.

Derivatives are accessed by appending a single
quote (') for thefirst derivative, or a double quote (")
for the second derivative to the function name.



In the above example Fib'(t) would access the first
derivative of Fib, and Fib"(t) would access the second
derivative.

Creating Functions from Analytix Output

You can turn an Analytix output table into a
function by clicking Create Table Defined Function
on the Table Dialog.

[ Use Current Simulation

[] Parametric

Parameter t DIMENSIONT

Y axis variable |, 010 (LINE3,LINES)
Initial 1 3.

Final t

t increment

S

Note this does not work if the Table Defined Function
Window is already open.

Menu Reference for Table Functions

The following menu options are available for the
Table Function window:



Table/New

Delete

Update to Analytix
Restore from Analytix

Print

Graph Tables
Parametric Table

Exit to Analytix

This menu option lets you create a new table defined
function Ax). You are prompted to specify the
number of rows in the table and the initial and final
valuesfor x

New Table
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You canfill inany 3 of these values, and the 4th one is
automatically provided.



Table/Delete

Use this menu option to delete the current Table
Defined Function.

Table/Update To Analytix

This menu option updates Analytix but does not
close the Table Function window.

Table/Print

This menu option prints the current table.

Table/Graph Tables

This menu option graphs the current function.
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Table/Parametric Table

This option allows you to create 2 table defined
functions f(x) and g(x) over the same range of values
of x.
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When you invoke the Parametric Table command, a
list appears containing all the functions whose
domain is the same as the currently selected
function. Y ou can select one function for the x axis
and one for the y axis of agraph.
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The main reason for the parametric table defined function
feature isto provide support for invocation of table
functions from within a parametric graph or tablein
Analytix.

Table/Exit to Analytix

Updates the Analytix model and closes the Table
Functions window.



Table Defined Fund

Copy Ctrl+C
Paste Ctrl+V

Properties
Sort & Differentiate...

Fill Rows
Insert Rows
Delete Rows

Edit/Copy
Copies the currently selected grid items to the
Clipboard. Y ou can then Paste these items into
another Windows Application, such as a spreadsheet
or word processor.

Edit/Paste

Pastes the contents of the Clipboard into the
currently selected grid locations.

Edit/Properties

This option lets you select whether your function is
bounded or periodic. If you ask for avalue outside
the domain of the function, a bounded function
returns Undefined Value, whereas a periodic

function assumes that the function cycles round
periodically.

Edit/Sort & Differentiate

This menu option sorts the data points in the
domain from smallest to largest. It also fillsin



values for the first and second derivatives of the
function.

In the following example, points in the domain of
the function have been entered in a poor order.
Applying Sort & Differentiate sequences the points.

Table Defined Functions
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Edit/Fill Rows

This menu option allows you to fill a number of
rows with a straight line sequence of values. First
select the rows to be filled, then invoke this option.
Y ou will be given adialog box which allows you to
specify the values which will be entered:
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Edit/Insert Rows

This option inserts extrarows into your table.

Edit/Delete Rows

This option deletes the selected rows from your
table.



Cam Support

Analytix 3.2 provides full support for Cams. In
order for this option to be available, you need to
have the Analytix/Cams package.

The Cam capability is fully documented in the
Analytix/Cams documentation.
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