Simple Lever in 2D Plane Stress

The simple lever is to be modelled taken advantdgiee symmetry with the geometry and the loading.
It is thus necessary to only model half of thedtice with symmetry conditions applied.

The geometry is constructed using the sketcherabBlbshaz.

The dimensions used appear in the following image:-
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From the start up dialog,
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Close Close this dialog hox and enter Rioshaz

The sketcher tool dialog appears with the sketsbiegen behind it

The first tab holds the menu of operations

The second tab allows the user to change settings
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For this example increasing the number of divisian20 is
sufficient to give the required scale range forrtradel
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Return to the Menu tab and click the top left nimgton "create chain of lines"
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Left mouse click at the origin (0,0) position
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Then left mouse click at 0,40 and a line is drawtwieen the two click positions
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Next click on 120,2
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Then click on 140,40 followed by 140,0 and lastlgicback on the origin 0,0

With the last click the loop of lines is closed @hd command finishes
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Save Sketch

Title: Click on the next button along, "Create Circles"
[sketch 1 ]
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First click is at the circle centre 130,10

The second click defines the circle radius, do #hi$30,17.5

A pop up acceptance box appears, accept this
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Create another circle centred at 0,20 with a radfub

Then a right click on the mouse exits the circkation command
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Save Sketch

Title:
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| © 0
— | I |

7

Un-Zoarm

e wlex b,

x Quit

Undo Last zf Build
Cotmand

The last circle created requires trimming

Click on the intersecting lines command (second, tbwd along)

and click on the vertical line (indicated in yell@as below)
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Next click at abou-12.5,27.5 to select an arc of the circle
(note: in snap to grid mode clicks can only be madenap positions)

The vertical line is now "broken" at the interseanti
Repeat for the lower intersection and exit the camadnwith a right click
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To remove the unwanted arcs and lines click omwtheelie bin command

Then click on the vertical line that passes throtighcircle centre, next click on
the point at -15,20 (note deleting a point als@ts lines that use the point)
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To construct the cut outs return to the "Creaténcbhlines" command and click
at positions 20,50 20,5 60,5 60,50 656B5 115,5and 115,50 then right
click to exit the command
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To construct a line parallel to the upper slopidgesuse the "Define local UV axes"
command (fourth row of commands, third along)

Click at 0,40 followed by 120,20
The orientation of the sketch changes to UV coatdis

Click on "Horizontal Line" command (first on secorav)
and click at 155 followed bv 1:0.-5
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Return to XY coordinates by clicking on the "Cldgeal UV axes" command
(first button bottom row)

You should then see the picture below
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Trim the lines using the "Intersect Lines" commaméreak them at the intersects
followed by the "Delete” command

(note parts created in UV coordinates may onlyiblk @ble in XY coordinates when
the snap to grid setting is unchecked)
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Use the "Create Fillets" command on the four caéreach pocket (radius setting at 5)
by clicking on the sharp corner point
(note for the fillets on the sloping line set shagrid off)
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For the outer radius of the pin loaded lug on thktrhand side change radius to 10
and for the final fillet on the upper edge setriddius to 75
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The final sketch image should look like this below
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Click on the Build button

The program exits Sketcher mode and a Face lakellexppears
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The Display Manager

The screen display is controlled by the view cotg@manager dialog, which can be started by clickimg
the binoculars icon on the left hand side of threpldiy area.
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The following dialog then appears:-
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Line U arrow MNode Point
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Property
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cf Apply

Using this dialog any combination of items can lspldyed, by adding to the current plot, or a néot p
can be started. Highlighted items are not addeldelot list and will disappear with a re-plot e

spray can icon is clicked (two above the binocgldtesms can be labelled or not.
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Erasing Iltems from the Display

To remove items from the display list, click thencof the hand holding a cloth.

B Roshaz simple lever 2d
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A fly out row of icons appears. The first one, gi@n hand wipes the entire display, the second han
with the —1 wipes the last item displayed only, la@d with the ? produces a list of plotted iterosif
which various items can be selected and finallywthée hand erases all highlighted items.

Dialog produced by the hand with ? Note all entbasthose are on display are greyed out.
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Returning to the Model

The face can be meshed by clicking on this icon:-
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and the following appears on screen (a default roésiangles using a program chosen mesh size) :-
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To change the default global mesh size, P Global Mesh Size
click on this icon:-

Eletnent Size Settings

This dialog then appears, A
g] @ enter target mesh size as 2.5 ;T;,gr::m [2 : ]

AF 4K

;] Set Global Mesh Size E
_ |:|f".uh:uma1ic Size Variation

[ remove all local sizes

{Apply xclnse ‘
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To change element type and element attributesrgtatem under the Mesh menu is selected.
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On the first tab sheet changing from trianglesuadyilaterals deletes the existing triangular mesh.
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On the third tab sheet check that parabolic elesneiit be meshed.

Linear triangle and quadrilateral elements onlysess corner nodes and have three
and fours nodes only, whilst parabolic elementshaid side nodes as well which
give them six and eight nodes respectively.

Parabolic elements are generally preferred beaafubeir improved accuracy,
however they do require more computation and predarger models to sol\

Element Type E|

Surface Shape | Salid Shape | Shape Function Order | Analyziz Type |

A A

) Linear (%) parabolic
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Finally on the last tab sheet, the type of analgkdment is selected, select Plane Stress.
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selected the track ba#l switched off tc
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Now clicking the mesh all faces icon, producesfttiewing plot:-
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Zooming in the right hand side (using the zoom toox or the mouse right button or scroll
wheel) shows a coarse mesh with only one elemethéjath around the hole..
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To set local element sizes click on the icon bdn#e global mesh size icon.

Help

&) e =R (B |
1% )as) (09)| (&) BB (14 |

Set Local Mesh Size(s)

The Local Mesh Size dialog appears. Click on tHggmm pick Parts tab sheet.

Enter 1.5 as the local mesh size to be assignezk @aw polygon button.

Place the mouse cursor to a position above artketteft of the selection area as shown b
and left mouse click. Move the cursor diagonallpagite to the lower right side and right
mouse button click. This draws a rectangle arotmedstlection area and entities within this
area have the local mesh size assigned to
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The items that have been selected by the polygohighlighted as in this image:-
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Clicking the mesh all faces icon, deletes the agstnesh and now produces the following mesh:-
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Before loads can be applied, a load case mustfireedeor initiated. This is done simply by
creating a load case title. This is found underAtiebutes menu Loading Case Title...
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In the dialog the title “Pressure Max 250” can héeead.

R Load Case Title
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Title: [Pressure M 25III| ]

(leave blank to quit)
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The following dialog box appears for 2D line loaglin
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=7

Load Case Mumber: 1

(@) Line

Line set

Constant Pressure | Pressure Equations | Lug Loading

Traction (0
Marmal |0

Create Set

* b [

K3
]

(%) Constant

G

Fotation  Zoom  Frame
Centre

7
¥
Mormal

Pressure Type

)
o] |

¢ X @
Box  Display

%)

(O Equation (O Lug

7

ROSHAZ

Int 44 Line 30 Shpe 1 Face 1 Vol 0 Node 1786

Elem 476

EBIX

Ritation
Increment

0910212011
20:10:33
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The lug bore is to be loaded using an empiricahtda published by Ozzie Gencoz of Boeing in
the International Journal of Fatigue in 1980. Thrsnula is considered to be more representati
the contact pressure distribution between a pinaglod than a simple cosine or uniform pressure.

The geometry of the borehole is built using fourety-degree arc lines in Roshaz.
Before a load can be defined these four arcs neuptdred in a set.

Click the Create Set button and the Set Definil@iog appears. The line box is already checked.
Click Select and click on the four lines used téraethe bore, a double click on a line or a click
away exits selection mode. Click the apply button.

B oo~ B & & & B[] ]o)Ee 8RR F)E ) e
R =i~ | ™ [ Y « Coipon LI

:"ﬁ Model : SIMPLE LEVER 2D 09/02/2011
R 20:20:08
™ -
4
H Set |1 (%) Add Ttems () Remove Ttems
a Single Pick | Paly Pick | Connectivity | Type | Size | Agsigned | Free | Action | __________________
X Entity Types to be Added or Remaved .""‘...
¥ y‘ [ raint Line [ |Face [] Shape [ Element [ Mode " ...
A Ttems ... (pick item twice to end) ' %‘
S
[LFLaLsLe ]
#
k Set Contents
Point Line Face Shape  Wolume  Element  MNode
o] o] o] o] o] o] 0
{ Apply x Cloze

7 T

ROSHAZ

start P1Z end P14 arc centre P13

T

Line L&
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B! Roshaz SIMPLE LEVER 2D

Point PLlS

Control passes back to the 2D Pressure Loadingglidhe newly created set name appears in the
dialog as the set selected.

Click the Lug Loading tab sheet.

A direction for the resultant direction of the loaddefined by picking any point (except the bore
centre!). To define a load in negative Y directiselect the point immediately below the circle
centre. The resultant load direction is then defial®ng the vector from the circle centre to this
point.

Enter a maximum pressure of 250, this is the midtipised in the Gencoz formula.

File Wiew Preferences Geometry Attributes Mesh  Analysis Results Delste Tools List Help
D @ W |- o & ¢ a B |8 st
Mew Open Save Undo Redo Copyto  Print Fotation Zoom  Frame .
Clipboard Centre Box  Display
:"@ Model : SIMPLE LEVER 2D 09/02/2011
20:22:42
| .
Load Case Mumber: 1
A O G L
Marmal
X NN vARRY,
.3
Y A [51 ] Pressure Type .’
A (O constant () Equation (3 Lug ’
A8 : .
Constant Pressure | Pressure Equations | Lug Loading I
& Distribution 'C' Cosine 'G:' SENcoZ '
*
L3 Direction Point  [P15

Maximum Pressure (250

MNOTE: ling or lines in set must be ares

Roshaz Software Limited
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The loading can be displayed (binoculars icon)

Action Taken Attributes
e () Mew Plot (%) Add to Plat () Geametry Only () Label Only
) Highlight  Chvvipe () Geometry + Label
Colour Translucence

DEFALULT w

Lefault A I—]

Entity Type
() Element () Element Connectivity () Element Hidden Remaval
O Face O Line O Line Connectivity
() Ling U arrow () Mode ) Paint
2 paint Ling Ends  shape ) Shape U arrows
(*) Load ) Modal Forees
) Element Mormals () Eletnent Axes

ifﬂ.pply xclose

The equivalent (and consistent) nodal set of focteated by this pressure loading can also be
displayed. Note, these are nodal force vectorsnahgressure magnitude vectors. The nodal
forces displayed correctly honour the underlyirgment formulations to yield a smooth
pressure variation, hence the difference in size/den element corner nodes and element mid
side nodes.

Action Taken Attributes
(O Mew Plot () Add to Plot (@) ceametry Only () Label Only
O Highlight O wipe O Geometry + Label
Colour Tranzlucence
Red v
Default Al [_]
Entity Type
(O Element () Elerment Connectivity () Element Hidden Removal

~
() Face
_! Line U arrow

O Line (D Line Connectivity
de: () paint

() point Line Ends () Shape () Shape U arrows
) Load (%) Maodal Farees
() Eletnegnt Marmalz () Element Axes

{ﬁ\pply xclose
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To find out how much load has actually been appietthe meshed model by the loading, click
on the List Entities icon

) )| [E] 4=
|[®) [[iist Entitiesh| .
I

Select Load in the dialog that appears and clicklpAfnote ALL appears automatically in the
selection line if nothing else is entered)

List Entities X
Entity Type
point () Line ) Face C}Shape
() Set () Element
() Mode
{(*) Load () case

() Beam Azsignments

Lizt by Part M ame | Lizt by Palwgon Pick, |

(pick itetn twice toend) | Clear Line

[ALL |

[ Auto-execute ‘ Set ‘ All

Roshaz Software Limited
www.Roshaz.com



In the text only console window a load listing igtéen

B Roshaz

LOAD DEFINITION LIST

Load Case

B Y]

Maximum Hodal
F¥
FY
FZ

Hodal Forces

1 1 Lug 51

*xx Creating nodal forces for load

Loads

190.236
185.838
A.a80808

Summation

GLOBAL Loads

Gencoz dir. P15 Pressure 258,

=x% Resetting load storage area s==x

1 xxx

*xx Scanning loads For maximum value **x

and Moments {(about Origin)

Total X load
Total ¥ load
Total Z load

Total X moment
Total ¥ moment
Total Z moment

B.25579538E-12
-2931.3695
0.8000080

0.8000080
A.A80A080
-381878.83

A=k

To save the contents of the console text

R Roshaz simple lever 2d
View Preferences

window to an external text file, first open a
listing file under the file menu. Writing of

text to this file can be switched on and off as
required. The listing file can be closed at any
point and a new listing file started. The
listing file itself should not be accessed by
editor or printed until Roshaz has closed it.

v

Start Up Wizard...

MNew Model
Open Model
Read

Save

Save as

Save Part as...

Import
Export

Log File
Listing File

Write Undo Files

Roshaz Software Limited
www.Roshaz.com

Geometry Attributes  Me

Cu |
Fedo Copyto  F
Clipbaard




Hovering the mouse over the loading until it highbis then right clicking on the mouse button
creates a pop up menu with a quick access todistiditing or deleting of the load.

.
| Close

List

Edit

Dielzte

The dialog below shows the edit load facility. Ugthe current load listing and the MS calcul;
tool it is then a trivial task to factor the loagito any desired total resultant load level.

R 2D Line Pressure Loading @

Load Caze Number: 1

LineSet | | Select |

Distribution Coszine @ Gencoz

Dhrection Point | Select |

Factor Loading by | Apply |
Maximum Pressure

Action to be Taken with Loading
@ Modify Current Definition

Create New Loading

‘f Apply x Close

Roshaz Software Limited
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The centre hole load in the complete model balatiesvo end loadings.

Initially a unit pressure of 100 maximum is to lppked. The actual resultant load determined is
listed. This is then factored to match the endilogd

Only half the centre hole has been modelled angdingeshould only occur over 90 degrees, therefore
a set of lines is not required and just the uppetiae can be selected as shown below.

The direction point at the whole top centre is celd.

IR 2D Line Pressure Loading

Load Caze Number: 1

@ Line @ Set | Create Set ;/

FHormal

Line/Set | Select | Pressure Type

Constant Equation @ Lug

Constant Pressure | Pressure Equations | Lug Loading

Distribution Coszine @ Gencoz

Direction Point Select
Miaximum Pressure

MNOTE: line or linez in =et must be arcs

Roshaz Software Limited
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Listing the centre loading shows a Y resultantbf4.6076 whilst the end load had
previously shown a Y load of —2931.3695

Therefore the centre load can be edited and fatigueoy 2.49561598

1 Roshaz ||| ]

#%* Creating nodal forces for load 2 =xx

#%* Scanning loads for maximum value **x

Maximum Hodal Loads

FX = 123.717
FY = 119851
FZ = d.00080

Hodal Forces Summation

GLOBAL Loads and Homents {about Origin)

Total % load = 1855 . 8267

Total ¥ load = 1174 . 6076

Total 2 load = B.08088088A

Total & moment = 0.d08080808

Total ¥ moment = B.0880080808 =
Total 2 moment = -21188.541 1
Fi I k

B 2D Line Pressure Loading

With 2.49561598 entered as the
factor click the Apply button to the
right of the entry box.

Load Case Number: 1

LineSet [L9 Select

Distribution Cosine @ Gencoz

I This scales up the maximum

Direction Point Seect | pressure in the entry box below.
Factor Loading by (233561558 | | gy | Then to activate the new loading
Masimum Pressure[100 | level click the green Apply button

Action to be Taken with Loading on the bottom line.
@ MModify Current Definition

Create New Loading

ff Apply x Close

Roshaz Software Limited
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The overall loading on the model is now as in gicure:-

L
O s

A

ab s - AL -
SeaEhERss AN AR H O A

In the list entities dialog select Case and Applyis sums all the applied loadings.

The total applied Y load is negligible. The modesatisfactorily load balanced. The total X
load and Z moment are symmetry conditions thabalanced by the non-modelled half.

R Roshaz [ |@

Load Case Humber 1

Title - HMaximum Pressure 258

1 1 Lug 51 Gencoz dir. P15 Pressure 258.

2 1 Lug L9 Gencoz dir. P17 Pressure 249 552

Hodal Forces Summation

GLOBAL Loads and Homents {about Origin)

Total ¥ load = 2632 .941%
Total ¥ load = B8.12443871E-83
Total Z load = 0.00000606
Total X moment = 0. d880888
Total ¥ moment = a. 8888888
Total 2 moment = -433736.88

Roshaz Software Limited
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From the main menu click Attributes Supports

Enter RX as the support label, check rigid raditidruagainst Direction 1
Click the first green Apply button, this creates gupport.

Now assign the support to the two left hand veltioas along the symmetry li

e IEVE »

&} Supports

Support Edit/Create
Support ‘ New |

Translation | Ratation |

Direction 1 Frze @ Rigid
Direction 2 @ Free Rimd
Direction 3 @ Free Rigid

Assipn Support
Point @ Line () Face () Shape (T) Sat

Auto-execute  Part Select |

{.{PP:?" xmc&“

Now, even though theotal Y load is negligible, the model still requirggounding” in the Y
direction for the finite element model solutionpimceed, otherwise the model will not solve.

Therefore create a support called RXY with the X &ndirections rigid and assign this to the
point at the bottom of the central hole. This powit only react the round off errors in the Y
direction and will have no effect on the solutiesults.

R Supports

Support Edit/Create
Support | New | | Pick ‘
Translation | Rotation |
Direction 1 Free @ Rigid Spring  wvalue

Direction 2 Free @ Rimd Spring  wvalue

Direction 3 @) Free

Assign Support
@ Point () Line (O Face () Shape (2 Set ) ALL

Auto-execute  Part | Selact |

{ Apply x Close

Roshaz Software Limited
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Use the display manager to check that the nodahrets have been applied correctly.

The appearance of the nodal restraint vectors eaitéred by drill down from the View
menu Vector Sizes...

B Vector Display Factors

Size Factor

MNodal Forces
Modal Supports
Element Normals

Applied Loads
Axes Systems
U tine direction

Ak AF AF AF AF 4F
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The model should now be saved (FileSave). Only saved models can be analysed.

From the analysis menu select the default sohere the Roshaz solver is used.

-

B Analysis Preference @
Solver Selection
,.-"Lbaghus. Caleulix FemDesigner Lusas
Nastran MMystran @ Roshaz

Solver Location
| C:'Program Files Roshaz'fz exe

Locate Solver

e,
x Close
—

1 Analysis Type

Fun Analysis Option - From the analysis menu select
Analysis Type, for a small model
like this the frontal solution methc
can be used.

Oleay

From the analysis menu select Submit... and submifat

Results should be returned very quickly and thpldeements automatically displayed

-

B Analysis Submission @

iOverwrite Existing Results

Change

using notepad axe £
) Editor

Edit
Fils

Create Analysis File Only
(no job submission)

Use Existing Analysis File for submission
Submit az Background Job

Prompt to continue after solution
(to leave solver window on screen for review)

Roshaz Software Limited
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Use the view contents to tidy up the display. Bejost results and face in black are displayed.

The black to white toggle icon (fifth down on l&tind side has been used to set the backg
to white)

Model : simple_lever_2d 10/02/2011
Case : Pressure Max 250 15:28:13
Displacement ALL

Scaling = 1.

Maximum = 1.118
Minimum = 0.000

. T O 0 A B A

X

To change the result display select the results
attributes icon (delta and sigma symbols)

Ew) @
utes

- Abio
e ib Calculz
1
1
R Results Attributes (223w
Result Case Number 1 — Results Type
@ Nodal () Elemental
Resalts Attribate This dialog.gives a choice of
@ Resultant Disp dlsp_lay at?rlbutes. Currently non-
) X displace. ©) Y displace. available items are greyed out.
() XX stress () YY stress . . .
@ XY shear Users are invited to investigate the

equation attribute.
(@ Maximum Principal (7 Minimum Principal )

) Maxtmum Shear () Von Mises () Equation
UL stress WV stress WW stress
UV shear VW shear UW shear
Axial stress Radial stress Tangential stress
Radial-Axial shear Radial-Tang. shear Axial-Tang. shear

Result Equation |

Equation Help
= Auto-Repaint { Apply x Close

Roshaz Software Limited
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i G ENCE H
EEET

|Results Display Seﬂingslﬁ
1£

The rainbow icon starts the result display
settings dialog. This dialog controls the
manner in which results are displayed.

1 Results Display Settings

— Plot Method

Show Peak Value Positions

Contours |Q1'splacements | Mesh Deformation | Principal Vectors

=

@) Filled: () Diffuse [T Spectra Inversion
(") Solid Lines (7 Stippled Lines [ | Grey Scale

— Lewels

Step Parameters

@ Automatic  (7) Number IZE} @) Step

Sz ] Minimon 0| Masimoa{ 30|

Contour Colour above maximum | DEEAULT =
Contour Colour below minimum | DEFATLT

Y s

x Cloze

Filled contours with resultant deformation scaletka and peak results checked
appears thus:-

Roshaz Software Limited
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Maximum Principal Stress vector direction arrowslaiment centroids scaled in length
according to their magnitude on a solid line confgot appears as follows:-

49U,
400.
350.
300.
250,
200.
150.
D 100,

?/Iﬂ@’ JITN =T C 50.
o —— /‘{’ bl B 0

A -50.

Atrow Size
ScaleFactor=[1 | Vary Length with Magnitude

= L=
Result values can be interrogated by clicking @nlLtist

Results icon (beneath the general item list icon)

B/
&

[E_G] M @ Rot

Ine . .
) £ Abort Results can be listed for the entire model, ongeometry
m { m Calouation (8 entity (point, line or face) or for individual nosland

|List Results| 10/02/2011  elements simply by selecting them.

&)

16:26:56
Alternatively a polygon pick can also be made.
Q 750.
D 7nn
R List Result Values I__EE__I
— Bezult Attribute
(") Displacement

@) Average Nodal Stress
(") Modal Coordinates + Displacements + Strass

' | (71 Element Stress
- x EE
.52 List by Part Name | List by Polygon Pick |
{pick item twice to end) | Clear Line |

[152

[T] Avto-execute Set

X cis
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The results listing appears in the console textioim

This listing can also be written directly to ailgf text file.

Finally under the Results menu is a drill down fResults Animation facility. For this to
work in a linear static analysis, deformation massfirst applied to the results.

The frames used in the animation can be exportéddabsequently used to make an AVI file
using third party tools like AViedit.
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