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1 THE FINITE ELEMENTS PROGRAM Z8dINA

Working Directory for input + Z8802.TXT

Vstorage/sdcard0/288

Directory for loading of exist. structure

/storage/sdcard0/z88

Load ex. Structure I Enter new Structure

Exit Run

About Results

Graphics

Z88Tina (vww.z88tina.dé is a very, very small cousin of our fidtale FEA program
Z88Aurora (vww.z88.dé for Windows, LINUX and MadOSX and is designed for Android
Smartphones and Android Tablets. Z88Tina was thoroughly testecairosuBg smartphones
Gal axy S2 and S3, and on a Samsung Tabl et

Z88Tina can operate in two modes

1. Enter a new structure interactively
2. Read in an existing structure

Before we begin please keep in mind:

Always compare FE calculations with angytical rough calculations, results of experiments,
plausibility considerations and other tests without exception!

Sign definitions of Z8&ina (and also other FEA programsiaydiffer from the usual definitions
of the analytical technical mechanics fréime to time .


http://www.z88tina.de/
http://www.z88.de/

If you already have FEA experiences, you can start at once. If you are a beginner in this area, i
would recommend secondary literature. Here are a few chioeggecially the first two ones are
excellent

1 Zienkiewicz, O.C.; Taylor, R.LThe Finite Element Method, Volume8,15" edition,
Butterworth Heinemann and John Wiley & Sons, 2000

Bathe,K.J.: Finite Elemente Procedures. Prentice Hall, 1995

Rieg,F.; Hackenschmidt, R., Albeaukant, B.: Finite Elemente Analyse flir Ingenieure.
Carl Hanser Verlag, Miinchen Wien 2012, 4th edition (in German languageEnglish
edtion is under way)

T
T

Some hints for operating T88Tina:

" e

double-tap

/ for a - sign

A
| Android's Back

softkey (not used)

Android's Home
key (not used)

Android's Menu softkey: Used for Z88TINA
main menu & for Graphics menu

Return from OpenGL graphics screen: Tap on graph screen.



Summary of the Z88 element library:
(You will find the exact description of the element library in chapter 4.)

Beam No. 2

- Linear function for tensile stress, cubic function for bending stress
- Quality of displacements exact (Hooke 's law)

- Quality of stresses exact (Hooke ' s law)

- Computing effort: Low

- Size of element stiffness matrix: 1212

A /,U3

y,ue

e

parallel to

/ X=Y plane

== >><}U1

Truss No. 4

- Linear function

- Quality of displacements exact (Hooke 's law)
- Quality of stresses exact (Hooke ' s law)

- Computing effort: Minimal

- Size of element stiffness matrix3 65

2
/ Y

Cam No. 5

- Linear function for torsion and tensile stress, cubic function for bending stress
- Quality of displacements exact (Hooke 's law)

- Quality of stresses exact (Hooke ' s law)

- Computing effort: Low

- Size of element stiffness matrix: 1212

ZU3 Y2

ue




Truss No. 9

- Linear function

- Quality of displacements exact (Hooke 's law)
- Quality of stresses exact (Hooke ' s law)

- Computing effort: Minimal

- Size of element stiffness matrix34

2
Y

Beam No. 13

- Linear function for tensile stress, cubic function for bendiingss
- Quality of displacements exact (Hooke 's law)

- Quality of stresses exact (Hooke ' s law)

- Computing effort: Low

- Size of element stiffness matrix38

Y . ue Y signs
2 i
Up Up
Y\/ \ U3 A us
S YT ALY
Ul 1/ > /) X

Plane Stress Isoparametric Element No. 14

- Quadratic Isoparametric Serendipity element
- Quality of displacements very good

- Quality of stresses in the corner nodes good
- Computing effort: medium

- Size of element stiffness matrix: 1212

5




Torus No. 15

- Quadratic Isoparametric Serendipity element
- Quality of displacements very good

- Quality of stresses in the corner nodes good
- Computing effortmedium

- Size of element stiffness matrix: 1212

A

| soparametric Plate Element No. 18

- Quadratic Isoparametric Serendipity element following Reisdierdlin's theory
- Quality ofdisplacements very good

- Quality of stresses in the corner nodes acceptable

- Computing effort: medium

- Size of element stiffness matrix: 18.8




2 A QUICK TOUR THROUGH Z88TINA

2.1 ENTER A NEW STRUCTURE 1°" EXAMPLE

Let us assume the following yesimple structureA beam fixed on the left side and with a load
on the right side:

AY
F=150N

0 50 100 150 %

The parameters for crosgction areasecond moment of inertia zz (bending around zz axis)
max. distance from neutralaxiszz Youngo6s modul uame:and Poi ssonbd

A=100mnf , L, =3000mm ,e 40mm, E 206009% n, €
m

We want to see results not only for the right side but in addition for x = 50 mm and x = 100 mm.
Thus, we need to have 4 nodessulting in 3 beam elements. Rememhec u 6 | | get r es
where nodes are.

One computeanalytically:

s ”
w= F..@ = ..150 150 — =0.27mm
3l 3 206000 3@0O
s )
V= F..@ = ..150 155 — =0.0027rad
2l 2 206000 3@O
My =F © 22500Nmm
M N
sbleﬁzl_bezz =7'5m
Now wedll solve this problem with Z88Tina:



In themain menuZ88TINApressEnter new Structurand enter now the general data, i.e.

- the total number of nodes = 4 for our example

- the total number of DOF (deggs of freedom) = 12 for our example because we want to use
Beams No.13Beam in plane) with 3 DOF each times 4 nodes

- the total number of elements = 3 for our example

-t he tot al number of EIl ement data =htde for oul
same parameters
-t he tot al number of BC (boundary conditions

node in all the ®OF and enter a load onto node 4.
- set the appropriate flags, h&eamginternally IBFLAG). The flagsPolar/Cyl.Caor.
(internally KFLAG), Plates(internally IPFLAG) andsurface Loadg¢internally IQFLAG)
dondét apply here for this example. See chapt
flags.

PressEnter general Datdhen.

T .M%%§ 16:30

Enter new Structure

‘E” 2D Structure ( -’;' 3D Structure
total # of Nodes

total # of DOF

total # of Elements

total # of Ele.Data

total # of BC

Polar/Cyl.Coor. Beams

Plates Surface Loads

Enter general Data

Element Type

Element Data Boundary Con.

The default menu.



Enter new Structure

((® ) 2D Structure (* )3D Structure

total # of Nodes

3

total # of Elements
total # of Ele.Data
total # of BC
Polar/Cyl.Coor. + |Beams

Plates Surface Loads

Enter general Data

Memory allocated - go ahead with Nodes

Element Data Boundary Con.

After entering the appropriate data presder general Datdo allocate memory. Proceed with
Nodes

10



96% [ 16:32

\ Return

Node # 1

Degrees of Freedom 3

X 0
Y 0
Z 0

Enter

The first node. Predsnterafter each node. The node counter is incremented (though you may
enter your own node number if you made a mistake) ugetbighest counter you entered one
screen before faotal # of nodes

11



T .49 16:32

Return

The second node.



96% [ 16:32

} Return
Node # 3
Degrees of Freedom 3
X 100
Y 0
z 0

Enter

The third node.

13



96% | 16:33

Return

Node # ‘ STOP

Degrees of Freedom ‘ 3

X 150
Y ‘ 0
Z ‘ 0
Enter

Nodal Entries stored - return and continue
with Element Type

The forth node. TheReturnto theEnter new Structurecreen. Proceed wittlement Type

14



¢ o O X3 T 4o%§ 16:33

Enter Element Type:

Return

We 61 | use Beam No. 13 in plane:

—— & =
XUl o1 / a X
You may entepnly the first two node, . Nodeand2"™ Nodebecause a Beam No. 13 is
defined by 2 nodes. Thus, dondét care about t

15



Y (o 0 B3 5 4% 16:34

Enter Element Type:

Return

The second beam.



P ol O BB = .4do%H 16:34
Enter Element Type:

Return

STOP

13

Enter

Element Type Entries stored - return and
continue with Element Data

As you may see on the screen yoessingenhterfgredch a hi
el ement 6s coincidence that you mayEnermemx eed w
Structurescreen and proceed wiflementData:

Pl ease note that this menu is quite | arge, t

17



¥ [ O 3 T 4%# 16:35

Enter Element Data

1

1

3

206000

0.3

1

Herd s why:

from element # 1 this data set is validém element 1

to element # 3 to element 3

Young6s M 206000

Poi ssonbs|0.3

INTORD 1 (arbitrary) | arbitrary for beams

QPARA 100 for beams & trusses: crosgection area

lyy 1 (arbitrary) | Secmd moment of inertia yy (bending around yy axis
applies only for Beam No.2 in space

ezz 1 (arbitrary) | max. distance from neutral axis applies only for
Beam No.2 in space

Izz 3000 Second moment of inertia zz (bending around zz axi

ezz 10 max. dstance from neutral axis zz

It 1 (arbitrary) | Second moment of area (torsiooply for Beam No.2

Wit 1 (arbitrary) | Second modulus (torsiornly for Beam No.2

Remark: The Beams No.2, No.13 and Cam No.5 amabed Bernoulli beams. Our fudicale
FEA program Z88Aurora features in additioncsadled Timoshenko beams.

18



¢ o D o = 4§ 16:35

Enter Element Data

206000

0.3

Element Data Entries stored - go back and
continue with Boundary Conditions

Enter

Very important:Scroll the menwlownand pres&nterto store your just entered datgernally.

As we have here only one datasetmay nowReturnto theEnter new Sticturescreen and
proceed wittBoundary Con.

19



T .d9%H 16:36

} Return

Boundary Condition # 1
Node # 1
DOF 1
IFLAG (1=Force,2=Displ.) | 2
Value 0

Enter

Hereds why:

BoundaryCondition # | 1 every BC needs an uniquestrictly ascending
Node # 1 the node with the BC
DOF 1 the degree of freedoof the node, here: DOB1 of node 1
ISFLAG 2 2 means Displaceemt applied 1 means Force applied
Value 0 a Displacement of O = fixed.e. DOFU1 of node 1 is fixed
Y, Ue N signs
2 i
ue ue
Y 8 \ Uz A uz
i BV VY
— G X
XUt 1 / c / X

20




T .49%H 16:36

} Return

Boundary Condition # | 2
Node # 1
DOF 2
IFLAG (1=Force,2=Displ.) | 2
Value 0

Enter

Herebds why:

BoundaryCondition# | 2 | every BC needs an uniquestrictly ascending
Node # 1 | the node with the BC
DOF 2 | the degree of freedoof the node, here: DOF U2 of node 1
ISFLAG 2 2 means Displacement appliedmeans Force applied
Value 0 | aDisplacement of 0 = fixed.e. DOF U2 of node 1 is fixed
y,ue Y signs
2

~
i
1>C
— v
J
[
>FU
_
J

21




T . 47%# 16:36

} Return

Boundary Condition # | 3
Node # 1
DOF 3
IFLAG (1=Force,2=Displ.) 2
Value 0

Enter

Herebds why:

BoundaryCondition # |3 | every BC needs an uniquestrictly ascending
Node # 1 | the node with the BC
DOF 3 | degree of freedomf the node, here: DOF U3 of node 1
ISFLAG 2 2 means Displacement appliedmeans Force applied
Value 0 | aDisplacement of 0 = fixed.e. DOF U3of node 1 is fixed
v,ue Y signs
2

~
i
1>C
— Tu
J
[
>FU
[
J

22




= A% 16:37

Enter Boundary Conditions

Return

How to enter a negative $1§ Doubletap the key-.

Herebds why:

BoundaryCondition # | 4 every BC needs an uniquestrictly ascending
Node # 4 the node with the BC
DOF 2 degree of freedomf the node, here: DOF U2 of node 1
ISFLAG 1 1 means Force applie@ means Displacemenpplied
Value -150 | a Forceof 150 applied onto DOF U2 of node 4
y,ue Y signs
c




After entering the last BQReturnto Enter new Structurenenu andReturnto Z88TINAmMain
menu and launch tH&olver

T .49%H 16:46

Return to Main Menu

Store Input ’ Return to Data Entry Menu

Formatting Z88A done
Memory for 6S| 51,DOF=12
Compilation Z88B done
Solving Z88CC ran successfully
Stresses Z88D done,v.Mises Str.
Nodal Forces | Z88E done

Results Results ready

Input Data was stored - everything seems
to be well - return to watch Results and
Graphics

Looks good, thus, pre§&tore Input Your input data will be sted in the two files
- Z88I1.TXT : the structure data
- Z88I2.TXT : the boundary conditions
in theWorking Directory(usually /storage/sdcard0/z88) you selected irZ8&T INAmain menu.

If the Solver ran successfully, the file Z8802.TXT containing the dispiaats is stored, tom
the Working Directory You may nowReturn to Main Menand watch th&®esultsand the
Graphics

What if the Solver collapsed? You may now pressurn to Data Entry Men{note: this works

only if you did not presStore Inpubecaise then the files are closed!) and ebdter data: If a

FEA Solver collapses means in many cases wrong or too few boundary conditions especially for
beams.

And quite freakyOr you mayStore Inputand check and edit the input files Z88I1.TXT and
Z88I2.TXT directly. How? Download anytxt-editor from the Google PlayStore (for example:
JOTA, DroidEdit etc.). The format of these two files is descriped precisely in chapter 3. Be sure
to operate with the correct coding standard when editing: As AndrodUgN&X system the

24



coding standards for such files are ASCII or ISO 8858 Windows 1252. Here, the two files
look as follows:

\p [aa] E2
% Z88i1 .txt

1 3206000 03 1 100 1 1
3000 10 11

Save f§ Undo RedoICopy Cut || Paste Quit-

I{J E] l;l
¥ zssi2.ixt

Ao s

Save j Undo § Redo | Copy || Cut

4

. B - B ‘B -
qwe r t |z u I

2 ISl e i i M O A B

* y x cvbnm «a

123 o Deutsch 7
Sym E) =1 ‘ «

25



Let us continue witlsomeResults

T .M9% 8 16:29

Z88TINA

Working Directory for input + Z88
Vstorage/sdcardO/zSB

Directory for loading of ucture

/storage/sdcard0/z88

Load ex. Structure Enter new Structure

Results

Graphics

Return

Displacements

Stresses

Nodal Forces




Return

Node #
u(m)
uE)
uE)
u(a)
u(s)
u(e)

| Prev ‘

1

0

Next

Prev
™ )

| Return J
Node # 4
u() 0
u@) -0.27305825
u@ | -0.0027305825
u@)
u(s)
u(e)
Next

27



T M@ 1732

Return

Element# Beam 2D Ele.13,# 1
Sig(1) SIGXX=0
Sig@) | SIGZZ1=-75

Sig(3) SIGZZ2=-50

Sig(4) 0
Sig(5) 0
Sig(6) 0

Prev Next
b

| Return J
Node # 1

F(1) 0

F(2) 150

F(3) 22500

F4 |0

Fs) |0

F) |0

| Prev | | Next

And now theGraphics

28



A%%E 16:49

Choose Graphics
Return

Zoo+ Zoo- PaX+
PaX- PaY+ PaY-
PaZ+ PaZ- RoX+
RoX- RoY+ RoY-
RoZ+ RoZ- Autosc
Def+ Def-

Go

Labels

Undef/Deflected

You should know:

1. Youodl |ItherOpen@Lrscreeri by mspiang it.

2. The graphics of Z88Tina are optimized f@rtical position thus,hold your smartphone or
tablet in a vertical position.
Andr ol

3. Tapp ng on

Coordinate System

Stresses/Deflections

dos

sulbmenus which are quite sedkplaining.

4. You fi

rst

Abuil do

PaXt: increase panning in X direction

PaX-: decrease panning in X direction
same

€ just

RoX+ increase rotation around the X axis by 30°
RoX- : decrease rotation around the X axis®§°
same

€ just

Def+ : increase the enlargement of the deflections (default is 100)
Detf : decrease the enlargement of the deflections

t he

t he

net yow sedhib mena directing yYoletd 4

Op e nGa.Uf in slauld just presd t h
AutoscandGo and watch the scene. Then apply improvemenke buttons are:

Z0o+. increase zoom

Zoo-: decrease zoom



Autosc(ale) fit the structure in the screen, set all graphics parameters to default values
5. The OpenGL screen does not react @iuges with the one exception opping because there
are too few gestures defined in Android for stearing a realséalle 3D graphics program.

Y [ O B3 = 4%%H 1651

Graphics

=<
w

Heredbs a scene with the 3 beams deflected (n
straight lines dr speed reasoristhus, you see here no real cubic bending curve) and labeled.

2.2 ENTER A NEW STRUCTURE 2"° EXAMPLE

Let us assume the following structure of Plane Stress Elements iNih&4ketchbelowwas
made oldfashioned by hand with paper apencit took 10 minutes

30



=
72\
l

with these parameters:

E=206OOOl n =03t =A.3338mr
mnt

This structure implements a Abeamo similar
the same resulté serie of screenshots should give you some advise:

T M9%@m11:54

Enter new Structure

((® )2D Structure (3D Structure

total # of Nodes
total # of DOF
total # of Elements

total # of Ele.Data

total # of BC

Polar/Cyl.Coor. Beams

Plates Surface Loads

Enter general Data

Memory allocated - go ahead with Nodes

Element Data Boundary Con.

31



L —2
= L M90%
:

11:58

Return

Node # STOP

Degrees of Freedom | 2

X 150
Y 30
z 0
Enter

Nodal Entries stored - return and continue
with Element Type

To enter the 21 nodes is fairly easy.

32



] 3 BB

Enter Element Type:

Return

The first element. Please keep in mind to enter at first the 3 corner nodes and then the 3 middle
nodes.You may declare any of the six nodes tmade, then enter the next corner node and so
oni counterclokwise! Thus, you could have entered the coincidence of element 1 also as
3117127 61415.

33



] 3 BB

Enter Element Type:

Return

Coincidence for element 2. | think you néwow how to enter elements 3 ~ 6 dnd | | presen
screenshot for element 6:

34



[a]

Enter Element Type:

é

Return

j ustEnteref or e

35



] O BB

Enter Element Type:

Return

STOP

14

13

21

15

17

18

14

Enter

Element Type Entries stored - return and
continue with Element Data

We may now enter the element parameters. As all the 6 elements feature a thickness of 1.3333
mm (Why? Crazy thickness! Just because the height of 30 mm and the thickness of 1.3333 mm
makes an Izz of 3000 nijn

36



[aa] 6

Enter Element Data

Return

6

206000

0.3

7

1.3333333

Donét forget

t oEntserc r o |

37

down

t
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press



QnQo,
@ % 00 %
Pl

Enter Element Data

6

206000

0.3

7

1.3333333

1

Element Data Entries stored - go back and

continue with Boundary Conditions

Enter

Let us continue with thBoundary Conditions

Y

. i i ,
b IS o K A0 NS A

However, we o1l | need to fix the DOF 1 & 2 of
di stributed onto the nodes 19, 20 and 21. He

38



The distribution of the Iadis tricky. You'll need to distribute a force put on a side of an element
in this way (see chp. 3.3 for more information):

F/6 F2/3 F/6
o 3 RO | ]

—

Of course, it would be possible to put the whole load on only one single node either node 19 or
node 20 or node 21 but this wddéad to a stress concentation in this single poirdt
recommended!

Thus:

39



How to enter thé sign? Doubletap onto the key.

40
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Just befordenter

42



@ﬁ@?@@lﬁﬁf@l@

L —2
= L M87%
:

12:08

Return
Boundary Condition # STOP
Node # 21
DOF 2
IFLAG (1=Force,2=Displ.) 1
Value -25‘

Enter

BC Entries stored - return and Run the
Solver

We may now run th&olver

43



[a] [>¢) T .A87%l 12:08

Running the Solver

Return to Main Menu
Store Input Return to Data Entry Menu

Z88A done

471,DOF=42
Z88B done
Z88CC ran successfully
Z88D done,v.Mises Str.
ZB8E done

Results ready

Input Data was stored - everything seems
to be well - return to watch Results and
Graphics

As the Solver ran successfully we may ngterethe Input If you want to take a look to these
two files Z88I1.TXT and Z88I2.TXT you may do this by any editor (see chp. 3 for a details of
thes files):

Z88I1.TXT:
22164210000
1200
22 015
32 030
42250
522515
6 225 30
7250 0
8 2 50 15
9 2 50 30
102 75 0
11 2 75 15
12 2 75 30
13 2100 O
14 2100 15
15 2100 30
16 2125 O

44



17 2125 15

18 2125 30

19 2150 O

20 2150 15

21 2150 30

14

79485

14

9 3562

14

13 15 10 14 11
14

159 11 12 8

14

13 19 21 16 20 17
6 14

13 21 15 17 18 14
1 6 206000 0.3 7 1.333333 000000

ONBRNWRNR R

Z8812.TXT

9

1120
1220
2120
2220
3120
322 0
1921 -25
2021 - 100
21 21 -25

If you want to keep these files for later use you should move or copy them to a (new) directory
other than the working directory. For control reasons, the file Z8802iTik& displacementis
are stored in youworking directory.

Now some results:

45



= . A4e7%@ 12:09

Return

Node # 21

u(1) ‘0.040402554
u@) ‘—0.27164873
u@)

u(4)

u(s)

u(e)

Next

Prev

The displacement 60.27 mm fits quite good to the result of the beam problem chp. 2.1.
I f youdéll add the Nodal Forces of the nodes
i 596 + 409 makes 150the raction force on our load of 150N.

46



a] @ BB

Graphics

2 2 14 - 20
4 19 14 19

A plot of the structure with nodes and elements labieleskthe menu lefside of the Home
button.

47



T A8 127

Labels

No Labels

Label Nodes

Label Elements

Label All




T 481218

Undef/Deflected

Deflection yes

Deflection no

ChooseDeflectionfrom the menu lefside of the Home button.

49



Graphics

Von Misesstresseslf you want to se®ricipal or Trescastresses adjust this in the menu of the
Main page before running the Solver.

50



97% 12:18

Stresses/Deflections

Wireframe only

Stresses Cornerp.

Stresses Elements

Deflections X

Deflections Y

Deflections Z

Where is the difference betweBtresses Corne(pints) andStresses Elememts

Plot of stressesThe kind of plotting the stresses within FEA programsuby tof philosophical
character. As a matter of fact, numerous experiments and computer studiegnatitile of
Engineering Design and CADBf the University of Bayreuth, Germany, showed, that some very
expensive and weknown professional FEA progranpsoducedincorrect stress plotén some
situations! The best way is the computation of stresses directly in the Gauss points. However,
this is odd for OpenGL in some modes so i decided for the following way after a lot of
experiments:

1 von Mises/principla/fesca stresses in corner nodés.fact, the stresses are computed not
really in the corner nodes which would lead to very wrong results especially for very tapered
elements but in Gauss points laying in the near of the current corner nodes. Stresses are
computed for just the same number of Gauss points like the number of corner points.
Because often a node is linked to more than one element the stresses are computed to a mear
value from the Acorner nodefd str #yshalansed of a
stress shadings which are mostly somewhat lower than the maximum stresses in the Gauss
points, however.

1 von Mises/principla/Trescatresses as a mean value for each elemBm. stresses are
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computed in the Gauss points of the current elenasgltted and then divided by the current
number of Gauss points. This results in a mean value fovaheMises/principla/Tresca

stressper element.
1 von Mises/principla/Tresca stresses in Gauss poirtigs is most accurate but delivers not
always very prity pictures Not implemented in Z88Tina, only in Z88Aurora.

Z88Tinamay show these stresses after a ruth@Solveri but only one type of stress:
- von Mises stresses
- Rankine or principal stresses

- Tresca stresses

Thus, if you have computed tiven Misesstressesvith a Solverrun Z88r i n @raphicswill
show thevon Misesstresseslf you want to see now therescastresses you mushooselresca
stresseand reruntheSolverThi s | ooks awkwar d b startingthe RES t
computatbns which type of stresses is suitadnel correcfor your task?

] @ B

Graphics

B -2706-001 - -2.47E-001
B 047E-001 - -2.000-001
B 2oor-001 - 1950001
B 1950001 - -1.73F-061
~1.73E-001 - -1.48E-001
~1.48E-001 - -1.23F-001
~1.23E-001 - -9.95F-002
-9.8BE-002 - -7 41E-002
B 000 - 450002
B o002 - 247000
B os7t-002 - oor+000

Y

Y

oy

The deflections V in Y direction.
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23 READ IN AN EXISTING STRUCTURE 3P EXAMPLE

The following example isaken from the book

Rieg,F.; Hackenschmidt, FAlber-Laukant, B. Finite Elemente Analyse fur Ingenieut@arl
Hanser Verlag, Minchen Wien 2012, 4th edition (in German languageEnglish edition of
this book is under way)

for our fullscaled FEA program Z88Aurora, seew.z88.de. Thus,because this structure is too
heavy for manual i1 nput weoll read it into Z8

The is the torsion element reacting as a torsion spring for a torque Semesamner edge is fixed while the node of
the outer edge with a diamter of 80 mm are mdlfed his means a tangetial displacemen® afmm:

s=/ -r=1°-£-40mm: 0,7 mn
180

Nodes which are not d0°, 180°, 270° or 360°/Qfeed an angular transformatidet us assume the node 281
located om5°0r1:300 6 c | oc k

=a+b=2.&
Cc=+2&
c

7z

Thus, node201 features a displacement ©0,494in X direction and+0,494in Y direction

a=——=0,4949
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T M59@ 11:10

Working Directory for input + Z8802.TXT

/storage/sdcard0/z88

Directory for loading of exist. structure

/storage/sdcard0/z88-8

Load ex. Structure I Enter new Structure

Exit Run

About Results

Graphics

Files Z88I1.TXT and Z88I2.TXT properly
loaded, choose type of Reduced Stresses
from the menu and proceed with Run
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Reduced Stresses

v.Mises Stresses

principal Stresses

Tresca Stresses

—
=
i)

al

86%

12:14
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T M59%& 11:10

} Return to Main Menu

} Store Input } Return to Data Entry Menu

Formatting Z88A done

Memory for GS | 209000,DOF=2424
Compilation Z88B done

Solving Z88CC ran successfully
Stresses Z88D done,v.Mises Str.

Nodal Forces = Z88E done

Results Results ready

56



(A5 11:10

-

L77]
=
=

o

(]

B
o

57



P [l T A59%& 11:11
Graphics
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P [l T L M59%& 11:12
Graphics

L.

24 READ IN AN EXISTING STRUCTURE 4" EXAMPLE

The following example isaken from the book

Rieg,F.; Hackenschmidt, R.; Albeaukant, B.: Finite Elemente Analyse fir Ingenie@atl
Hanser Verlag, Minchen Wien 2012, 4th edition (in German languageEnglishedition of
this book is under way)

for our fullscaled FEA program Z88Aurora, se&w.z88.de. Thus, because this structure is too
heavy for manual i nput wedl | read it into
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The circular plate was modelled PTC Pro/ENGINEER.

It features 2.000nm diameter and 10@m thickness, materiateelwith E = 206.000N/mn? and 7= 0,3, a surface
load of2 N/mn. The outer edge is fixed idirection

To proceed, please load the files frerample z88, seevww.z88tina.de
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99% |l 16:52

Working Directory for input + Z8802.TXT

/storage/sdcard0/z88

Directory for loading of exist. structure

/storage/sdcard0/z88-5

Load ex. Structure Enter new Structure

Exit Run

About Results

Graphics

Files Z88I1.TXT and Z88I2.TXT properly
loaded, choose type of Reduced Stresses
from the menu and proceed with Run
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} Return to Main Menu

} Store Input } Return to Data Entry Menu

Formatting Z88A done

Memory for GS | 463278,DOF=3849
Compilation Z88B done

Solving Z88CC ran successfully
Stresses Z88D done,v.Mises Str.

Nodal Forces = Z88E done

Results Results ready
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The undeflected structure in default view. Now rotate &@und the X axis by pressimpt+

three times:




P[] 0 2B T .49%8 16:55

Graphics

Now activateDeflected yes
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Now thev. Mises stresses, deflected:
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¢ ] O 2B =T .499%8§ 16:53
Graphics

3 EDITING INPUT FILES
3.1 GENERAL INFORMATION

Z88Tina worksin reading mode with the following files and writes them in aditmode, thus,
you may edit these files on a PC and store them via USB on the smartphone:

(1) Input Files:
1 Z88I1.TXT (general structure data, coordinates, coincidence, material informations)
1 Z88I12.TXT (boundary conditions, loads, constraints)

Details tothe input files see sections 3.2 pp.

(2) Output Files:
1 Z8802.TXT (calculated displacements)

Rules for entering values:

There is no need for special rules or field divisions, only the usual C rules apply:
1 All values are to be separated by at least onalbla
1 Integer numbers may contain any point or exponents
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1 For floating point numbers no points need to be provided
1 Numerical values which are 0 (zero), have to be entered explicitly.

Integer numbers

Right |1 345 55555 0

Wrong | 1. 345. 55555E+0 |no entry

Floating point numbers(Z88 uses internally double precision floating point numf2esible])

Right [1. [345 5.5555E+10]0

Wrong |1, 345, O (letter O) |no entry

Z88 input files may have comments in every line if all corresponding data has been filled out
before. Separate the last data and the comment at least by one blank. Blank lines and pure
comment lines are not permitted.

Examine when error messages or abnormal program stops of Z88:

1 Are the files really pure text files, well in the ASCII format? Or have thegn added
unnoticed hidden control characters by your text processor?
Is the last line of an input file terminated by at leastRBE& URN?
Is your structure statically determined or in any way statically overdefined (allowed!)? Or is
it statically indetemined, i. e. boundary conditions are missing which may cause serious
trouble. Statically indetermined structures can appear easily for Beams No.2, Cams No.5 and
Beams No.13 (take care of the rotation degrees of freedom).
Is the coincidence list definedqgrerly?
Plot the initial structure. If you @vn $eé some pretty good stuff, then the rest can hardly be
better!
1 Always do a rough calculation! Are the calculated deflections extremely high? Then check

the boundary conditions quite carefully!

1
1

= =

3.2 GENERA. STRUCTURE DATA Z88I1.TXT

Use the data types [Int] and [Double].
1st input group, i. e. first line, contains:

Dimension of the structure (2 or Bit]

Number of nodes of the FEA struct(irg]

Number of elemenit]

Number of degrees of freeddimit]

Number of material information lingBt]

Coordinate flag KFLAG (0 or 1Jnt]

Beam flag IBFLAG (0 or 1)nt]

Plate flag IPFLAG (0 or 1)int]

Surface and pressure loads fIE@FLAG (0 or 1)[Int] T not used for Z88Tina V1.0

Write all numbers into Bne, separate at least by one blank respectively.

Explanation KFLAG:
At input of O the coordinates are expected cartesian while at input of 1 polar or cylindrical
coordinates are expected. The latter are then converted into cartesian coorGmaias. The
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axisymmetric elements N5 positively expect cylindrical coordinates, set KFLAG to 0 here!

Explanation IBFLAG:
If Beams No.2 or Beams No0.13 appear in the structure, then set beam flag IBFLAG to 1,
otherwise it must be 0.

Explanation IPFLAG:
If Plates N0.18 appear in the structure, then set plate flag IPFLAG to 1, otherwise it must be 0.

Caution: This Z88 release allows only beamar plates in a structure, not both in the same
structure, because the DOF of the beams and the plates are not cortipiz!

Explanation IQFLAG:
1 Setto O for this release of Z88Tina.

Example: Your structure features 4 nodes with 3 beams No.13 (=3 DOF per, 2ode
dimensiong), the same parameters for albeams, cartesian coordinates.
Thus:i2 4 3 12 1 0 10 O

2nd input group, starting with line 2, contains:
Coordinates, one line per node.

Node number, strictly ascendifigt]

Number of the degrees of freedom for this rituté

X-coordinate or, if KFLAG is 1, Reoordinate [Double]

Y-coordinate or, itKFLAG is 1, PHicoordinate [Double]

Z-coordinate or, if KFLAG is 1, £oordinate [Double]

The Z coordinate can be dropped atiensionalen structures. Enter angles PHI in radian.

Write all numbers into a line, separate at least by one blank reghgctiv

Example 1: The node no.15 has 2 degrees of freedom and the coordinates X = 45.3 and Y = 89.7
. Thus: 156 2 45.3 89.7

Example 2: The node no.68 is supposed to have 6 degrees of freedom (a Beam No.2 is attached)
and cylindrical coordinates RE00. , PHI = 0.7854 (corresponds to 45 °), Z = 56.87. Bius6
100. 0.7854 56.87

3rd input group, starting after last node, contains:
Coincidence, two lines for every finite element

1st line:
Element number, strictly ascending
Element typeQ, 4, 5, 9, 13, 14, 15, )8i.e.
2 = Beam No.2 in space, 2 nodes, 6 DOF
4= Truss No.4 in space, 2 nodes, 3 DOF
5= Cam No.5 ( along the-Axis), 2 nodes, 6 DOF
9= Truss No0.9 in plan€ nodes, 2 DOF
13=Beam No.13 in plane, 2 nodes, 3 DOF
14= Plane Stress Element No.14 in Plane, 6 nodes, 2 DOF
15= Axisymmetric Element No.15, 6 nodes, 2 DOF
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18= Plate Element No0.18, 6 nodes, 3 DOF

Write all numbers into a line, separate at least by one blank respectively. All numbers here of the
type [Int].

2nd line: Depending on element type
1st node number for coincidence
2nd node number for coincidence

6th node number for coincidence

Write all numbers into a line, separate at least by one blank respectively. All numbers here of the
type [Int].

Example: An Isoparametric Serendipity Plane Stress Elemenidbas element number 23.
The coincidence has the global nodés8, 17, 20, 38, 51 (locally these are the nod2s344-5-

6, see chapte#.6 ~ 4.8 . Thus resulting in two lines:

23 14

16 8 17 20 38 51

4th input group, starting after last element, contains:
Material information, one line for each material information.

This material information line starts wiglement noinclusively[Int]
This material information line ends widlement noinclusively[Int]
Youngs's Modulufbouble]

Poisson's Rati§Double]

Integration order (0, 1, 37 or 13)[Int]

Cross section value QPARBouble]

... And if beams (but not plates!) are defined in addition:
Second moment of inertia yy (bendargund yy axisjDouble]
Max. distance from neutral axis jiyouble]

Second moment of inertia zz (bending around zz as)ble]
Max. distance from neutral axis f2ouble]

Second moment of area (torsigBpuble]

Second modulus (torsiofpouble]

... And if plates (but not beams ) are defirmdd IQFLAG=0, in addition:
area load

Write all numbers into a line, separate at least by one blank respectively.

Explanation cross section value QPARA:
QPARA is element typdependent, e.g. for trusses QPARAhs crosssectional area and for
plane stress elements QPARA is the thickness. See chapter 4.

Example: The structure ha$ finite elements Nd4. The thicknesses is supposed to vary:

Elements 1 t® thickness 10 mmelement3 15 mm and elementto 6 now 18 mm. Material
steel. Integration order is supposed t&b&hus three material information lines:
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1 2 206000 0.3 7 10.
3 3 206000 0.3 7 15.
4 6 206000 03 7 18.

3.3 BOUNDARY CONDITIONS Z8812.TXT

Use the data types [Int] and [Double].

1st input group, i. e. first line, contains:

Number of the boundary conditions: loads and constrdint}
2nd input group, starting in line 2, contains:

Boundary conditions and loads. For every boundary condition and for every load respectively one
line.

nodenumber with boundary condition: load or constra|imi]
Respective degree of freedom (1,2,3,4 5]

Header flag: 1 = forcdint] or 2 = displacemenfint]

Value of the load or displacemditouble]

Example: The node 1 shall be fixed respectivetynss 3 degrees of freedom: support. Node 3
gets a load 0f1648 N in Y direction (i.e. DOF 2), the degrees of freedom 2 and 3 is supposed to
be fixed for the node 5. Resulting in 6 boundary conditions. Thus :

OO wWwkrEFEPFEO®

WNDNWN P

NNEFENDNDDN
o

However, for elements with higher shape functions, i. e. Plane Strek4 Norus Nol5, and

Plates No.1&dge and surface loads have to be put onto the elements according to fixed rules
which are not always physically obvious. Rgdilnny, some load components can haggative
values(for cubic interpolation function)Though these facts are not obvious, nethertheless they
lead to correct results which is not the case for intuitive distributiotoatls to the respective
nodes- please see any good book on finite elements:

70



F/6 F2/3 F/6
e k3 R ] ]

An example shall clarify the facts:

We want to distribute a force of 5400 N otlioeePlane StresEementdNo.14- the same is true
for Torus Elements No.15 and Plate Elements No0.18 because they featulesJer edgee. a
quadratic interpolation function

Ef7 F/7

F/7
Ff F/7 F/7 7

l

WRONG !

An equal distribution for all nodes i.e. 771 N per node is only correct for elements with linear
interploation functions (not true for Z88Tinatontinuum elements). Here's how to do it
correctly:

F/6+F/6 F/6+F/6
F/6 3 3 F/6
3 F2/3 F2/3 F2/3 3
| SR

3
l

™

CORRECT!

Thus, you'llput on node 1 a force of 5400N/6/3 elements= 300N, on node 2 a force of 5400N x
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2/3/3 elements= 1200N, on node 3 a force of 5400N x 2 /6/3 elements= 600N and so on. This
results in;: 300 + 1200 + 600 + 1200 + 600 + 1200 + 300 = 5400N ectlorr

4 DESCRIPTION OF THE FINITE ELEMENTS
4.1 BEAM NO.2 WITH 2 NODES IN SPACE

Beam element with any symmetric profile (no slanting bend) with the restriction that the-local y
y axis must be parallel to the globat¥Kcoordinate system. The profile vekiare provided in
Z88I1.TXT. Thus, you can use any symmetric profile in contrast to other FEA programs which
sometimes incorporate a variety of different special beam and profile subroutines without
matching all symmetric profiles as necessary. The elemmatiches exactly Bernoulli's bend
theory and Hooke's law. It uses no approximate solution as for the continuum elements.

/3
A y,ue
4 c
%UE) Us A parallel to
/ X=Y plane
>/<} L] R N
1
—{— == X, Ul
U4
Input:

> KFLAG for cartesian (0) or cylindrical coordinates (1)

> Set beam flag IBFLAG to 1

> 6 degrees of freedom in a node (Atten: DOF5 (not right hand rule), see below)
> Element type is 2

> 2 nodes per element

At the material information lines:

> Integration order INTORD is arbitrary, has noeaning
> Crosssectional area QPARA

> Second moment of inertia RIYY (bending aroysycaxis)
> Max. distance EYY from neutral axig/y

> Second moment of inertia RIZZ (bending arowzdaxis)
> Max. distance EZZ from neutral axiszz

> Second moment of area (torsion) RIT

> Second modulus (torsion) WT

Results:
Deflectionsin X, Y and Zand rotations around X, Y and Z. Attention DOF5 (not right hand
rule), see below
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StressesSIGXX, TAUXX: Direct stress, shear stress, SIGZZ1, SIGZZ2: Bending stress around
z-z for node 1 and node 2, SIGYY1 SIGYY2: Bending stress aroyniynode 1 andiode 2
Nodal forces(= outer forcesjor each node.

signs
Y /
Y

Je ue U3

U3
S I PO
T ) 2 Jx 1) euéx

7 U6 U6 US>
X=Y plane X=/ plane

4.2 TRUSS NO.4 IN SPACE

The truss element No.4 can take any location in space. It is part of the simplest elements in Z88
and is calculated extremely fast. The truss elements matches Hooke's lay.exactl

2

Input:

> KFLAG for cartesian (0) or cylindrical coordinates (1)

> 3 degrees of freedom for each node

> Element type is 4

> 2 nodes per element

> Crosssection parameter QPARA is the creestional area of the truss

Results:

Displacementsn X, Y and Z
StressesNormal stresses

Nodal forces(= outer forces) for each node.

43 CAM ELEMENT NO.5 WITH 2 NODES

The cam element is a simplification of the general beam element No.2: It has always a circular
crosscut. The element lies concentrically tbet X axis, consequently local and global
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coordinates have the same direction. Inputs and calculations are simplified strongly through this.
Like with the beam element the results are exact according to Bernoulli's bend theory and
Hooke's law, and not appaonate solutions like with the continuum elements.

25 Y U2

U U5

2
—— — XU
U4

Input:

> Set KFLAG on O for cartesian coordinates

> 6 degrees of freedom in a node (Attention DOF5 (not right hand rule), see below)
> Element type is 5

> 2 nodes per element

> Crosssection parameter BARA is the diameter of the cam

Results:

Deflectionsin X, Y and Z and rotations around X, Y and Z. Attention DOF5 (not right hand
rule), see below

StressesSIGXX, TAUXX: Direct stress, shear stress, SIGXY1, SIGXY2: Bending stress in X
Y plane for nodd and node 2, SIGXZ1 SIGXZ2: Bending stress i Blane for node 1 and
node 2

Nodal forcesin X, Y and Z anchodal momentsaround X, Y and 4= outer forces & moments)
for each node.

signs
Y /
Y
ue
U{ U3 Zrug
NN N
1) 2 Jx 1) 2 /)%
7 Ue U6 US US
X=Y plane X=/ plane

44 TRUSS NO.9 IN PLANE

The truss element No.9 can take any locatiothe XY plane. It is the simplest element in Z88
and is calculated extremely fast. The truss elements matches Hooke's law exactly.
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Input:

> KFLAG for cartesian (0) or polar coordinates (1)

> 2 degrees of freedom for each node

> Element type is 9

> 2 nodes per element

> Crosssection parameter QPARA is the cresxtional area of the truss

Results:

Displacementsin X andY
StressesNormal stresses
Nodal forces(= outer forces) for each node.

45 BEAM NO.13 WITH 2 NODES IN PLANE

Beam element witlany symmetric profile. The profile values are provided in Z88I1.TXT. Thus,
you can use any symmetric profile in contrast to other FEA programs which sometimes
incorporate a variety of different special beam and profile subroutines without matching all
synmetric profiles as necessary. The element matches exactly Bernoulli's bend theory and
Hooke's law. It uses no approximate solution compared to the continuum elements.

Y, U Y signs
A o A
e Up
Y . I U3 A U3
S I VRS YT
XUl 1/ > /) X

Input:

> KFLAG for cartesian (0) or polar coordinates (1)
> Set beam flag IBFLAG to 1

> 3 degrees of freedom in a node

> Element type is 13

> 2 nodes per element
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At the material information lines:

> Any integration order INTORD (1...4), has no influence

> Crosssectional area QPARA

> Insert O for second moment of inertia RIYY (bending iadogy axis)
> Insert O for max. distance EYY from neutral axis y

> Second moment of inertia RIZZ (bending arowzdaxis)

> Max. distance EZZ from neutral axiszz

> Insert O for second moment of area (torsion) RIT

> Insert O for second modulus (torgijpWT

Deflectionsin X and Y andotations around Z.

Stresses SIGXX, TAUXX: Direct stress, shear stress, SIGZZ1, SIGZZ2: Bending stress around
z-z for node 1 and node 2

Nodal forcesin X and Y andnodal momentsaround Z (= outer forces & moments) faach
node.

4.6 PLANE STRESS ELEMENT NO.14 WITH 6 NODES

This is a curvilinear Serendipity plane stress element with square shape functions. The
transformation is isoparametric. The integration is carried out numerically according te Gauss
Legendre. Consently, the integration order can be selected in Z88I1.TXT in the material
information lines. The order 7 (=7 Gauss points) is mostly sufficient. This element calculates
both displacements and stresses very exactly.

3

/‘
Input:

> KFLAG for cartesian (0) opolar coordinates (1)

> |QFLAG=1 if edge loads for this element are filed in Z88I5.TXT

> 2 degrees of freedom for each node

> Element type is 14

> 6 nodes per element

> Crosssection parameter QPARA is the element thickness

> Integration order INTORD peeach mat info line. 7 is usually good. Possible is: 3 for
3 Gauss points, 7 for 7 Gauss points and 13 for 13 Gaaisss.

Results:
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Displacementsn X and Y.

Stresses.The reducedstressesSIGV are calculated in the corner nodesd per element, each.
You may choose this when plottinGhoosevon Misesor principal or Trescastressesn the
menu before running the solver

Nodal forceg= outer forces) for each node.

4.7 TORUS NO.15 WITH 6 NODES

This is a curvilinear Serendipity torus element with sgu&rape functions. The transformation is
isoparametric. The integration is carried out numerically according to Qagendre. Thus, the
integration order can be selected in Z88I1.TXT in the material information lines. The order 7 is
mostly sufficient. Tis element calculates both displacements and stresses very exactly.

A

Input:

> |n principle cylindrical coordinates are expected: KFLAG must be 0!
R coordinate (= X), always positive
Z coordinate (= Y), always positive
> |QFLAG-=1 if edge loads fothis element are filed in Z88I5.TXT
> 2 degrees of freedom for each node, DOF R and Z (= X and Y).
> Element type is 15
> 6 nodes per element
> Crosssection parameter QPARA is 0 or any value, no influence
> Integration order INTORD per each mat info linéis usually good. Possible is: 3 for
3 Gauss points, 7 for 7 Gauss points and 13 for 13 Gaaisss.

Results:

Displacementasn R and Z (= X and Y).

Stresses:The reducedstressesSIGV are calculated in the corner nodes and per element, each.
You ma choose this when plotting. Choogen Misesor principal or Trescastresses in the
menu before running the solver.

Nodal forceg= outer forces) for each node.

4.8 PLATE NO.18 WITH 6 NODES
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This is a curvilinear SerendipitReissneiMindlin plate elementvith square shape functions.

The transformation is isoparametric. The integration is carried out numerically in begth ax
according to Gauskegendre. Consequently, the integration order can be selected in Z88I1.TXT

in the material information lines. Therder 3 (= 3 points) is mostly sufficient (reduced
integration). This element calculates both displacements and stresses quite good. Area loads are
defined in the appropriate material lines, file Z88I1.TXT, instead of Second moment of inertia
RIYY. For this element you need to set the plate flag IPFLAG to 1. Attention: In contrary to the
usual rules of the classic mechanics Z88 defupethe rotation around the-#xis andqgy the

rotation aroundhe Y-axis.

Input:

> KFLAG for cartesian (0) or cylindrical coordinates (1)

> set plate flag IPFLAG to 1 (or 2, if you want to reduce the shear influence)

> set surface and pressure loads flag IQFLA® timr your convenienc& hen the entry of the
pressure is done via thi&econd moment of inertia RIYY", see below.

> 3 degrees of freedom for each node @y )

> Element type is 18

> 6 nodes per element

> Crosssection parameter QPARIis the element thickness

> "Second moment of inertia RIYY" is fliessurdoad

> Integration order INTORD per each mat info line. 3 is usually good. Possible is: 3 for
3 Gauss points, 7 for 7 Gauss points and 13 for 13 Gaaisss.

Results:

Displacementsin Z (i.e. w) and rotationgy around Xaxis andj, around the Yaxis.
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Stresses: T Stresses:The reduced stresses SIGV are calculated in the corner nodes and per
element, each. You maghoose this when plotting. Choogen Misesor principal or Tresca
stresses in the menu before running the solver.

Nodal forceg= outer forces) for each node.

5 FURTHEREXAMPLES

Example 1: Crane truss. Modelled with Trusses No.4.

Example 2: Transmisson cam. Cam with different diameters, forces and moments in different
planes with cam elements No.5, statically edefined.

Example 3: Beam in plane, repeatedly statically ovedefined. On both sides firmly fixed
Beam No.13.

Example 4: Press fit. Axially symmetric problem with Tori N4&5.

5.1 CRANE TRUSS WITH TRUSSES NO.4

Copy the example fieZ88I1.TXT and Z88I2.TXT fronwww.z88tina.de directoryz88-4.

The example is simple and straight. Experiment widB8D featuresof the Graphicssection

A crane truss consists of 54 trusses, 20 nodes and forms a spatial framework. The nodes 1, 2 and
19, 20 are fixed, the nodes 7 and 8 are loaded30e000 N. The total length is 12 m. The inputs

in the sample fileare in mm but inputs in meters are just as possible if the other entries like
Young's modulus and cresgectional area also refer to meters (or yards or inches). The Young's
modulus is 200,000 N/mMmPoisson's ratio 0.3, the cresactional area 500 nfreach.

This example is taken from the (very good) book SCHWARZ, H.R.: FORTRAN Programme zur
Methode der Finiten ElementEeubner Verlag, Stuttgart, Germany 1984.
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Z88I1.TXT:

320546010000 (3-dim, 20 nodes54 element$0 DOF, 1 mat ird
line, flags 0)
13 0 2000 0 (1st node, 3 DOF, X, Y and Z coordinate)

23 0 0 0 (2nd node, 3 DOF, X, Y und Z coordinate)
3 3 1000 1000 2000
4 3 2000 2000 0

53 2000 0 O

........... (nodest ..18 dropped here)
19 3 12000 2000 O

20 3 12000 0 O

1 4 (1st element, type Truss No.4)
1 2 (coincidence 1st element)
2 4 (2nd element, type Truss No.4)
4 5 (coincidence 2nd element)
3 4
7 8
.......... (elements 4 ..53 dropped here)
54 4
17 19
1 54 200000 0.3 1 500 (mat info from ele 1 to 54,Young's modulus,Poisson's

ratio, INTORD (any), QPARA is crosection area of the trusses)

The structure should be fixed to the node 1, 2 an@Q.9A load of 30,000 N each is applied to
the nodes 7 and 8. The load should be agpl@vnward, therefore30,000 N

Z88I12.TXT:
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10 (10 boundary conditions)
1220 (Node 1, DOF 2, Displacement 0 (=fixed in Y direction)
1320 (Node 1, DOF 3, Displacement 0 (=fixed in Z direction)
2120 (Node 2, DOF 1, Displacement 0 (=fixed in X direction)
2320 (Node 2, DOF 3, Displacement 0 (=fixed in Z direction)
7 31 - 30000 (Node 7, DOF 3, load30,000)
8 31 - 30000

19120

19 3 2 0

202 2 0

20 3 2 0

Reducedstressesare not provided irz88Tinafor Trusses No.4But Z88Tina does it because
tensile stresses of trusses are equivalembmoMisestressesVhy dondét you try i

P 0 (el T M75%m 12:04

Graphics
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B 100002 - 12104002
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And indeed, there ian element with ~160 N/mnt (ResultsA Stresses\ Ele # 45) and one
with ~ 54.5 N/mm (ResultsA Stresses\ Ele # 38).
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5.2 TRANSMISSION CAM WITH CAM ELEMENTS NO.5

Copy the example files Z88I1.TXT and Z88I12.TXT framwvw.z88tina.de directoryz88-3.
However, this example is so short und simple that you should consider to enter the data
interactively.

Basically, the calculation and displayingretlucedstressess not provided in Z88inafor cams

No.5, because newer literal sources state correctly that reduced stresses for cams and other
machinery parts under dynamic loads do not only depend on the normal and direct stresses
(which are computed by Z8#a), but also on stress concentratidactors (impossible to
calculate in Z88ina, Z88Auroraand other FEA systemgith beam or cam elements; however,

plane stress elements like Mdwould do this job, of couryeand other factor©Of cour se, vy
get the several stresses for each camelen t and itdés up to you to
your own:

Task: A transmission cam is designed as follows:

1 Cam section, D= 30 mm, L = 30 mm, fixed bearing at the left end
1 Gear wheel 1, reference circle D = 45 mm, L =20 mm
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