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|l ntroducti on

Preliminaries

APM Studio represents pre-and-postprocessor of three-dimensional model/assembly for the finite
element analysis. By means of APM Studio, it is possible to create surface or solid models, to specify
boundary conditions and to generate a finite element mesh, make calculations and view results. Thus,
finite element meshing is executed automatically. Besides, it is possible to import model (assembly) to
APM Studio from external three-dimensional editors, using the STEP 203, SAT or Autodesk Inventor
formats.

After FEM meshing system allows to perform following types of analysis:

1 static;

1 buckling;
1 modal;

M thermal.

As a result of the calculations, the following information is available:
1 maps of displacements, loads, strain, stress;
9 buckling factors and shapes;
1 modal eigen frequencies and shapes;
I temperature maps;
1 model general info (mass, inertia, etc.)
To edit finite element mesh or add elements of various types (rod, plate, solid) to a model and
analyze model, the program allows to transfer finite element mesh with supports, join displacements
and loads to APM Structure3D.

Hardware and software requirements

APM Studio works with operational systems MS Windows Vista/7/8/10.

Minimal requirements:

1  Processor: dual-core, supporting 64-bit addressing;

T Memory (RAM): 4 GB;

1  Video display adapter: Radeon or NVidia with OpenGL hardware support or its analog.
Recommended requirements:

1  Processor: 4-core processor, supporting 64-bit addressing and higher;

T Memory (RAM): 12 Gb and higher;

1 Video display adapter: Radeon or NVidia with OpenGL hardware support.

Brief guidebook
The information is given in this book, concerns to APM Studio.

In the Introduction (this section) common information about APM Studio is given.

Chapter 1, Basic Concepts and Definitions describes the basic concepts of APM Studio.

Chapter 2, APM Studio Interface gives the complete description of all commands located in
toolbars.

Chapter 3, APM Studio Commands gives the complete description of all commands located in
main menu.

Chapter 4, Modeling in APM Studio describes the process of modeling in detail.

Chapter 5, Operations with Models Imported From STEP Format is resulted the procedure
of STEP files import.
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Fonts used in this book
To help you reading this book we used the following set of fonts

a: \ setup This font represents the text the way it occurs on the screen, and
also text, which user should enter with the keyboard

SETUP.EXE We use all capital letters for the names of files and keys

Help APM Studio command names and buttons of dialog boxes are
shown in boldface

Results Italics is used for the frame names of dialog boxes and controls

How to contact APM

To contact APM you can use one of the following ways:

Send fax. Our Moscow fax number is +7(498) 600-25-10.

Call by phone +7(498) 600-25-10, +7(495) 514-84-19 (Moscow).

Write a letter and send it to

Research and Software Development Center APM Ltd
Oktyabrsky boul evard 14, of fice 76

Korolev, Moscow Region, 141070, Russia

e-mail: com@apmwm.com
internet: www.apmwm.com
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Chapter 1. Basic Concepts and

APM Studio is considered within the APM WinMachine system as a preprocessor to create models
for the structural analysis in the APM Structure 3D module. Therefore, all the basic concepts will be
considered from the standpoint of strength of materials and creation of objects in three-dimensional
space.

The basic concepts are a solid model and a surface model.

Solid model is a certain volume of any configuration filled with elastic material (Fig. 1.1). The basic
way to create a solid model is to carry out operations (extrude, revolve, etc.) on closed flat contours
(see Chapter 4).

Surface model is a physical body with one of its sizes essentially less than two others (Fig. 1.2).
The basic way of surface model creation is carrying out of operations (extrude, revolve, etc.) on
closed and open flat contours (see Chapter 4).

Fig. 1.1 Solid model Fig. 1.2 Surface model
Assembly is an aggregate of solid (surface) models with various types of constraints describing

teamwork of these models.

Sketch is a plane in three-dimensional space intended for drawing of various flat contours and
other graphic objects (Fig. 1.3).

Flat contours and graphic objects constructed later will be used for creation of three-dimensional
objects. Work in the Sketch is exactly the same as in the two-dimensional graphic editor.

3D sketch is a three-dimensional area intended for creation of spatial curves. A basis of 3d sketch

is the three-dimensional model (Fig. 1.4).

CCRCIE
Zloix

T
O %4 ARD TBBOROPRE

Fig. 1.4 A surface model on the basis of which a
Fig. 1.3 Sketch 3d sketch will be made

Edges of three-dimensional model as well as linear segments obtained through connection of

junction points can be included into a spatial curve (Fig. 1.5).
In practice, a spatial curve can be used as a path for the Sweep contour along a path operation

(Fig. 1.6).

De f
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Fig. 1.5 3D Sketch Fig. 1.6 Sweep contour along a path operation

Types of finite elements - two types 4
of finite elements are used for finite
elements meshing:
4-noded tetrahedron for  solid
modeling (fig. 1.7)
3-noded triangular plate for surface
modeling (fig. 1.8) 3
1 1 2
Fig. 1.8 3-noded
triangular plate

2
Fig. 1.7 4-noded tetrahedron

Global system of coordinates is a conditional system of coordinates describing three-
dimensional space.
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Chapter 2. APM Studio Interface

The APM Studio main window (Fig. 2.1) can be divided into five areas: the main menu, the editor
window, toolbars, the tree bar and the status bar.

=BT
WA Fle Edit view Tools ‘Window Help 1= =
cerwsas2e|loaqaaaagOs i @ x@ D |

s sl-1a 2 & omw||[

3/ A %I AD BRSNS BEORFODHE

=4 Part
D Geometry
E [ sketcht
“.{_7] Constraints
Ready o

Fig. 2.1 APM Studio main window

You can display the toolbars of this editor, using View / Toolbars. In the editor, eight toolbars are
used: File, Status bar, Input, Tree bar, View, Control bar, Sketch, Features.

2.1 File toolbar

Using this toolbar, you can create a new File x|

surface model, a solid model or an assembly,

save a model, create a finite element mesh and O B 5 th | = H | . 2
open a model created earlier. Fig. 2.1.1 File toolbar

New surface model

This command creates a new surface model.

Shortcuts: D or Ctrl+N

New solid model

This command creates a new solid model.

Shortcuts: E or Ctrl+M

1C



APM Studio. User's Guide

Structural analysis

This command creates a new file of structural analysis. Thus, the active three-dimensional model
(assembly) will be completely transferred to this mode automatically.

Shortcuts: Jﬁ; or Ctrl+A

Structural assembly analysis

This command creates a new file of structural assembly analysis. This mode creates assemblies
for the structural analysis from 3D models of parts created earlier in APM Studio. The command
invokes dialog box where the type of assembly must be specified.

x
C surtae

@ Cancel

Fig. 2.1.2 Assembly Type dialog box
Shortcut: it

Open

This command opens a file created earlier. After this command is enabled, the standard Open

dialog box is displayed on the screen.
Ta

Shortcuts: L= or Ctrl+O

Save

This command saves the active model in one of the following formats:
1 asurface model - *.ams
1 asolid model - *.amp
9 structural analysis of a surface (solid) model - *.ssa
9 structural analysis of an assembly - *.saa
After this command is enabled, the standard Save dialog box is displayed on the screen. If the
model was not saved earlier, the Save as... dialog box appears.

Shortcuts: E or Ctrl+S

2.2 Tree bar
= AI_I objects_ and ske_tches created by you in APM
Studio are displayed in the Tree bar.
=i Part Besides, the Tree bar allows you to address
I:I GEometry operatively to any element of a tree to make
[ Sketcht necessary modifications that eventually reduces
(& sheil1 time spent to create a 3D model.

@ Extrusions

Fig. 2.2.1 Tree bar

If in the Select Mode you select the Sketch and make a right-click, the contextual menu will be
shown and the following commands will be enabled (Fig. 2.2.2).

11
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| x Delete
This command deletes the selected sketch.
[+ Geometry Hid
m ide_ -
& M Delete This command makes invisible the selected sketch.
Hide Rename
- This command changes a name of the selected
Rename sketch.
Edit Sketch .
LoE Edit Sketch
Fig. 2.2.2 Sketch contextual menu in the This command allows you to go to the sketch mode
Tree bar to edit the selected sketch.

If in the Select Mode you select the 3D Sketch and press the right mouse button, the contextual
menu will be shown and the following commands will be enabled (Fig. 2.2.3).

| x Delete
This command deletes the selected 3D Sketch.

-] Geometry Hide
E ra |

[+]- Sketchil . L

@F—_' ':. This command makes invisible the selected 3D
Extrusionl

__ m Sketch.

pel Rename

Hide This command changes a name of the selected 3D
Sketch.

Rename
Edit Sketch

Edit Sketch This command allows you to edit the selected 3D

Fig. 2.2.3 3D Sketch contextual menu in  Sketch.
the Tree bar

If in the Select Mode you select any feature and press the right mouse button, the contextual menu
will be shown and the following commands will be enabled (Fig. 2.2.4).

Delete
This command deletes the selected feature.

Hide
-] Geametry This command makes invisible the selected feature.
[ sketchi

¥ e crusioni Rename

Delete This command changes a name of the selected
feature.
Hide:
Edit Sketch
Rename This command edits the selected Sketch with
, elements that are used by the selected feature. Thus, the
Edit Sketch . - . .
i result of the operation will be changed in accordance with
Edlt Feature. . sketch modification.

T
Fig. 2.2.4 Contextual menu of features in
the Tree bar Edit Featureé

This command allows you to go to the selected
operation mode to edit.

When making the structural analysis you select any load (restraint) and press the right mouse
button, the contextual menu will be shown and the following commands will be enabled (Fig. 2.2.5).

12
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I % Delete
=S Structural Analysis This command deletes the selected load (restraint).
|:| EEomeLry )
kA Part Hide _ o
m This command makes invisible the selected load
b Restraintl Delete (restraint).
Hide Rename
This command changes a name of the selected load
Fletisiniz (restraint).
Edit a Load... . ;
Edit a Loadé

n
Fig 2.2.5 Load (Restraint) contextual This command edits the selected load (restraint).
menu in the Tree bar

In the structural analysis mode it is possible also to select several objects using frame.

When making the structural assembly analysis you select any part of assembly and press the right
mouse button, the contextual menu will be shown and the following commands will be enabled (Fig.
2.2.6).

‘%  Delete
=+ & Stress Assembly Analysis This command deletes the selected part.
-] Geometry
dic Hide
iy St Delete This command makes invisible the selected part.
— Rename
Rename This command changes a name of the selected part.
Open Part Open Part
FEM Mesh on a Part This command allows you to open selected part in
Invert Part new window.
Fig. 2.2.6 Part contextual menu in the FEM Mesh on a Part
Tree bar This command allows to create mesh of selected part.
Invert Part

This command allows to invert normal for a part
imported from STEP file.

When working with assemblies you can create subassemblies ("parent-child" relations between
the parts of assembly) in the Tree.

When viewing maps of results in structural assembly analysis mode you can hide the results of all
part using contextual menu command Hide of the corresponding part.

2.3 View toolbar

Using this toolbar, you can change scale, view |
move, rotate the created objects in APM Studio +
editor window. < =} O & @

Fig. 2.3.1 View toolbar

Dynamic pan view

Using this command you may move created elements. For panning, press and hold the left mouse
button in any place of the editor window and move it. The image will move in concordance with mouse

movement.
+
b

Shortcut: "+

13
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Dynamic zoom

Using this command you may move, enlarge or reduce the image dynamically. For dynamic zoom,
press and hold the left mouse button in any place of the editor window and move it upwards or
downwards. The image will enlarge when moving the mouse upwards and reduce when moving it
downwards. Thus, the screen center point will be a zoom center. Having released the mouse button,
you will fix the current scale. Having pressed the right mouse button during zoom, you will return to an
initial condition.

Shortcut:

Zoom in/out

Using this command you may enlarge the image on a fixed scale. You enlarge the image 1.5 times
pressing the left mouse button and reduce it 1.5 times pressing the right mouse button. The center of
zoom is a point of a mouse click.

+
Shortcut:

Zoom window

Using this command you may select the required area to enlarge it. Press the left mouse button to
specify the first corner of a rectangle. Having selected the required area, press the left mouse button;
after that, the selected area will be increased up to the size of the edit window. You can cancel
operation pressing the right mouse button.

Shortcut:

Zoom selected

Using this command you may enlarge the selected elements of the model up to the maximum size.
Having selected the required elements, press the Zoom selected button. After that, the selected
elements will be enlarged up to the size of the edit window.

Shortcut:

Zoom all

Using this command you may scale the model / all elements so that they would be completely
visible on the screen.

Shortcut: El

Rotate view

Using this command you may rotate a view in space. A circle with segments in quadrants - the
three-dimensional rotation tool - appears in the editor window. If the mouse cursor is outside a circle,
the view rotates in a plane of the screen around of the center of the editor window. If the mouse cursor
is inside a circle, the view rotates around three axes of global coordinate system. This command can
be activated using SPACE or CTRL key.

Shortcut: 4

Look at

Using this command you may match the active sketch or the specified plane with a plane of the
screen. It is enough to press the Look At button for the active Sketch. In order to match one of the
planes of a three-dimensional model with a plane of the screen, it is necessary to do the following: to
select this command, to bring the mouse cursor to required plane and press the left mouse button.

Shortcut: @

Standard views T toolbar with predefined views. Clicking on this panel, you can select one of
the six standard views (front, top, right, rear, bottom, left) and a custom view. When you select one of
the types, your editor window with a part/assembly will be rotated to take the appropriate position.

14
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Shortcut:
|~

7404343

2.4 Control toolbar

Using this toolbar, you can create and activate sketches, select an element and switch to a finite
element mesh generation mode. The view of the toolbar depends on the Selected Mode. The Control
toolbar for surface and solid models is given in Figure 2.4.1a, for the structural analysis mode of a
detail - in Figure 2.4.1b and for an assembly - in Figure 2.4.1c.

Contral Bar n
O; [:3 ﬁ b @ |ﬁ

Control Bar ﬂ
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Fig. 2.4.1 Control toolbar

Select mode

Using this command you may select one or several elements. If you are in the sketch, move the
mouse cursor to the required object and press the left mouse button. Holding the Ctrl button you may
select a group of elements highlighting objects one after another. Also it is possible to select a group
of elements by means of a frame. For this purpose, it is necessary to hold the left mouse button. If the
frame is drawn from left to right, only those objects, which are entirely inside, are selected,; if the frame
is drawn from right to left, only those objects, which are partially inside, are selected.

If you are in 3D space, move the mouse cursor to the required object and press the left mouse
button.

The selected objects are shown on the screen in red color.

Shortcut: E&

New sketch

Using this command you may activate a new or already existing Sketch. To create a new sketch
select, choose a flat curve, which has not been created directly in the sketch but as a result of a 3D
operation, and the editor will create a new sketch for it. If it is impossible to define uniquely a plane (for
example, using a segment of a line) with the help of this flat curve, it is necessary to select the second
curve, which uniquely defines a plane in space together with the first one.

The new sketch can be created on one of three predetermined coordinate planes, on a working
plane or a flat side of a 3D model.

If you are in the sketch mode (in this mode a coordinate grid is shown on the screen), you may
press the New sketch button in order to leave the active sketch and to switch to 3D space.

The active sketch can be selected from sketches created earlier. For this purpose, it is hecessary
to press the left mouse button on the required sketch in a Tree bar or to press the left mouse button on
the object of the required sketch in the editor window.

&
Shortcut: %
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New 3D Sketch

Using this command you may activate a new or already existing 3D sketch and exit the active 3D
sketch.

To create a new 3D sketch it is enough to press the New 3D Sketch button. Elements of the
sketch will be edges of a 3D model, besides, node points of the model can be connected by linear
segments.

To exit from active 3D Sketch it is enough to release the button.

To switch to the earlier created 3D Sketch it is necessary to select the sketch in advance in a Tree
bar and press the New 3D Sketch button.

Shortcut: @

Update part

Using this command the APM Studio module will recalculate and to redraw a three-dimensional
model.

Shortcut: H

FEM Mesh

This command invokes the dialog box (Fig. 2.4.2) where you may choose a meshing algorithm (for
a solid model) and specify mesh parameters. Mesh parameters depend on a model type (surface or
solid model).

Shortcut: @

Mesh Parameters of Solid Model ﬂ
— Solid meshing algarithm
&+ Auto
' Delaunay refinement
£ Interior filling + Delaunay
Mesh Parameters of Surface Model ﬂ -
-~ Solid element bype
- Plate element type & 4-node tetrahedion " 10-node tetrahedron
" 3noded plates €1 Erioded plates | Snode herahedron € 20-node hepahedron
™ dpoded plates ) Biroded|plates T
= Buad dominant mesh ¥ Adjust b bourdaries
IE M aximum length of element side
IE =T (=gt & clemeil dtie |1 M aximurn condensation ratio on surface
|1 P aximum condenzation ratio on surface I— . g
145 Rarefaction ratio on wolume
0K I Cancel | Adyvanced.. | Ok I Cancel | Advaticed.. |
a) Mesh parameters of a surface model b) Mesh parameters of a solid model

Fig. 2.4.2 Mesh parameters dialog box

Plate element types:

- 3-noded plates - triangular mesh;

- 4-noded plates - quadrangular mesh.

Solid element types:

- 4-noded tetrahedron;

- 10-noded tetrahedron.

It is possible to use Adjust to boundaries option to take into account curvilinear geometry.

Maximum length of element side - the value specifying the size of a finite element (mm):

The maximum length of a side of a triangle for surface modeling;

The maximum length of an edge of a tetrahedron for solid modeling.

Maximum condensation ratio on surface is the value specifying in how many time the sizes of finite
elements will be reduced by adaptive meshing, i.e. restriction with regard to the minimum side of a
triangle on the surface. If the condensation ratio equals to 1, all final elements will have the same size
and adaptive meshing will not be performed.
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Adaptive meshing. To activate this mode it is necessary to check in front of a corresponding text
box. Adaptive meshing is intended for meshing of models with complex geometry. The essence of
adaptive meshing amounts to reduction of a finite element in places with changeable or complex
geometry.

a

b) Parts with complex
geometry
Fig. 2.4.3 A model, which requires adaptive meshing

c) Parts with changeable
geometry

a) Initial model

Solid meshing algorithms:

1 Auto T first of all, the system will try to mesh by the modified Delaunay algorithm, if it is

impossible, it will make interior filling + Delaunay algorithm.

1 Moadified Delaunay algorithm generates Delaunay tetrahedrization only on a set of boundary
points, then restores borders, and then adds internal nodes to improve quality of tetrahedrons.
It is faster, it has an additional parameter to regulate the quality of tetrahedrons, generates a
better mesh, but it is more sensitive with regard to the quality of the initial model.

1 Interior filling + Delaunay algorithm i besides boundary points it places internal nodes (so that
distances between the points are approximately identical or slightly vary from one border to
another (in case of adaptive meshing), then Delaunay tetrahedrization is generated on the
whole set of nodes (through the algorithm of a convex shell in a 4D space). This algorithm is
slower, but it is less sensitive to quality of a model.

Rarefaction ratio on volume is a degree of tetrahedron side reduction when dipping into the volume
of a solid model. The less it is the more identical finite element layers are. The range of variation is:
07é 5.

Advanced... button enables the dialog box with the option: Simplify model.

Manual Edge Meshing

This command allows to set mesh nodes on edges explicitly specifying places of a mesh
condensation or decondensation. These nodes are considered by edges meshing. In this mode all
earlier entered nodes are highlighted.

Shortcut: r!nﬂl

Edge Meshing x|

" Adaptive from Center
= Manual

— Meshing type tezh Parameters
O e Mode |3
" Adaptiv

Condenzation R atio |1

Apply Femove Modes on Edge |
—&l Modes Check Mezh Quality
Show Check Model |
Hide Hide Selection |
Remaove
Cloze |

Fig. 2.4.4 Edge Meshing dialog box
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Meshing Type:

1 Uniform - we enter the Number of Nodes and specify an edge by the mouse.

1 Adaptive - a condensation (decondensation) of nodes from one end of an edge to another.
Additional parameters are the Number of Nodes and a Condensation Ratio.

1 Adaptive from Center - a condensation (decondensation) of nodes from the middle of an edge
towards the ends. Additional parameters are the Number of Nodes and a Condensation Ratio.

1 Manual - nodes are selected on an edge by means of the mouse. Specify a node by the left
button of the mouse. Keep the left button pressed and move the node on the edge: if the node
turns out to be outside of an edge, it will be deleted. To cancel the operation, press the right
button. It is possible to enter the distance from the edge beginning to an established node in
the Input toolbar. The number of nodes is shown in the Number of Nodes box for reference (it
cannot be edited).

Mesh Parameters:

1 Number of Nodes - number of nodes on an edge after its meshing.

1 Condensation Ratio characterizes variation of distance between nodes on an edge. If the
condensation ratio is positive, it means condensation of nodes; if it is negative, it means
decondensation; if it is zero, it means that meshing is uniform; the value of ratio means a
degree of condensation.

After all the parameters of edge meshing are set, it is necessary to press the Apply button in the
dialog box (Fig. 2.4.4). Thus in a tree bar of model Edge mesh object is created, and points draws on
edge according to meshing parameters. It is possible to remesh edge using Remove Nodes on Edge
button that deletes all nodes on a selected edge and then set mesh with other parameters.

adaptive from center
(condensation ratio 4) (condensation ratio 4) (condensation ratio -4)

Fig. 2.4.5 Meshing types

uniform adaptive adaptive from center

All Nodes group allows to Show / Hide or Remove all nodes of detail edges. If you select
Remove button the system will suggest to confirm operation.
Check Mesh Quality:
1 Check Model button checks correctness of user meshing by internal criteria. Incorrect edges
are highlighted.
1 Hide Selection button hides highlighting of the previous item.
Limitations:
1 Itisimpossible to mesh edge if it bounded by faces with defined FEM mesh.
1 Itis impossible to delete nodes on edge after face meshing. You need to delete surface mesh
first and then delete nodes on edge.

Manual Face Meshing

This command allows to set finite element mesh for different faces of detail by specifying
condensation location on face. Besides, it is possible to condensate mesh around of the specified
nodes on face.

This command works in two modes:

1. Finite element mesh generation.

2.  Mesh condensation around of the selected node of a finite element mesh on surface.

1. Specify a face, thus it will be highlighted in green and fields of a dialog box become accessible
to input meshing parameters (fig. 2.4.6). Further enter parameters of a mesh (The maximum length of
element and The maximum condensation ratio) and press the Mesh button. Thus Face Mesh and
Edge Mesh objects connected with a face will be created in the Tree bar (fig. 2.4.7). A mesh will be
drawn according to the entered meshing parameters. To generate mesh with other parameters press
the Remove Mesh from the Face button and then mesh face with another parameters.
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Element type that will be used for surface meshing, you can select the appropriate section of
the dialog box.

To generate mesh anew it is required to remove nodes on edges of face which have remained
from the previous mesh on a face, differently the new mesh will be generated crossing edge nodes
created earlier.

The group All Points of a dialog box allows to Show / Hide or Remove all nodes of face mesh (but
not edges). If you select Remove button the system will suggest to confirm operation.

Face meshing specificities:

1 Nodes on bounded edges are created at face meshing (fig. 2.4.7). These nodes on edges are
connected with a face mesh. To remove mesh it is necessary to delete face nodes and then
delete nodes on edges.

1 If there are nodes on edges the FEM mesh of face will be crossed edges through these
nodes.

1 At meshing of two faces having shared edges, the face mesh generated second will cross
these shared edges in nodes that have been created as a result of the first face meshing.

Face Meshing

Select a face and set the parameters All Points

. g Show
@ 3 &

(" 4-noded Quadrilateral

5 The maximum length of element
1 The maximum condensation

‘ | ' " Edge Mesh1

Hide

Delete

)

[v From edges

ra " Edge Mesh?2
" Edge Mesh3
Remeshing area " Edge Mesh4
Select a mesh node and set the parameters : " Edge Mesh5
. @m_

3 Number of levels (radius) Delete

Delete with edge fem meshes

2 Condensation/rarefaction ratio Show
[ Close Rename

Edit a Face Mesh...

Fig. 2.4.6 Face Meshing dialog box Fig. 2.4.7 Face mesh Iobject

2. To condensate a mesh select a node. After that fields of dialog
box become accessible to input mesh parameters (fig. 2.4.6). Enter
Number of levels (radius) and condensation/rarefaction ratio and then
press Remesh button (fig. 2.4.8).

Number of levels - numbers of rows around of the selected node
which will be remeshed. Delete the Selected Node checkbox allows to
use the selected node in new remeshing or to delete the selected node
(option is marked).

Fig. 2.4.8 Mesh with
Shortcut: condensation

FEM Mesh on a Part

This command allows to create mesh for any part of assembly with self-unique parameters. After a
part which needs to be meshed is specified the dialog box appears on the screen where you can set
required mesh parameters (Fig. 2.4.9).
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Mesh Parameters of Solid Model ﬂ

— Solid meshing algorithm
* Auto

" Delaunay refinement

 Interior filling + Delaunay

— Solid element type
& d-node tetrahedron 7 10-nods tetrahedron
= Brrode henahedion ) Anede hevahedion

¥ | Adjust to Boundaries

IE I aximum length of element side
7
15

I I awimum condensation ratio on suface
I R arefaction ratio on volume

oK. I Cancel | Sdvanced.. |

Fig. 2.4.10 Example of FEM Mesh
Fig. 2.4.9 Dialog box for solid part meshing parameters for part of assembly

&

Shortcut:

Screenshot
This command allows to create *.jpg or *.bmp files with current screen view.
Shortcut; K&

Leader

This command allows to create leaders on result maps. It calls dialog box shown below.

123
Shortcut: 7

Delete All Leaders

Leader [
|

Delete the Last Leader

Cloze |

Fig. 2.4.11 Leader dialog box

Measure Distance

This command allows to measure distance between two points. After the command was activated
specify two points and distance between points will appear in the dialog box.

ET—

‘ VK2HUTE BTOPYIO TONKY

Distance:
X Offset:
¥ Offset:
Z Offset:

Fig. 2.4.12 Example of Measure Distance command

Shortcut: e
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Ruler.

A command allows to measure the distance between points on the results map. The first click of
the mouse is to specify the first point on the results map, the second click is to place the second point.
As a result, an information window appears having the distance between the indicated points.

Shortcut: =

Transmit finite element mesh to APM Structure3D

This command transfers the generated finite element mesh to APM Structure3D.

Shortcut: iﬁ

Working plane

This command sets a new working plane. See more detailed description of this command in
Section 2.7.

Shortcut: ﬁ]

Plate Thickness

This command sets a thickness of selected plates. When you choose this command a dialog box
appears where you may enter thickness values.

Shortcut:

Materials

This command allows to specify different materials for different construction elements. A dialog box
appears where you may select one the materials in the database or enter material properties
manually.

Shortcut: ﬂ

Coincided Faces

This command allows you to specify how assembly parts are connected to each other. The dialog
box shows up after pressing the button. In this box press the button Select First Part to specify the
first part of assembly. After specifying the part, it is necessary to select the surfaces contacting with
the second part. After that we specify the second part by pressing the Select Second Part button in
the Coincident Faces dialog box. In the similar way you may select the second part and coincident
faces.

The mode of coincided faces specifying can be automatic and manual. For automatic detection of
all coincided faces press the button Start located in the bottom part of a dialog box. After automatic
search all coincided faces will be placed in a Tree Bar of model. Having switched to the Select Mode

[:&, you can specify coincided faces in a Tree Bar of model. Thus they will be highlighted on the
model. It is possible to check all automatically created coincided faces. For editing of coincided faces
press Edit Ob j e c ¢osdtextual menu command by a right click in a Tree Bar. You can redetect
coincided faces as it is described for a manual mode.

Il Remark. By pressing the button Start the program defines ALL pairs of contacting parts and
allocates ALL faces. l.e. actually all faces of one part contact to all faces of other part that is
impossible practically. Further it is required to delete not contacting surfaces for each coincided faces.
To do that select face in the face list (it will be highlighted on model) and press DELETE key.
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Coincided Faces x|
— Selection
I Select First Part Select Second Part | ak. I
Clear | [Clear | Cancel |
Faces list of the first part Faces list of the second part

Sutomatic Faces Selection |

— Contact Tyupe
" Full Cortact Radius |2— i
" Sliding Contact
" Uszer-Defined
Marmal Stiffress I A
Tangent Stiffness M Ao

— &utomatic Model Coincided Faces Detection

Sitart | [

Fig. 2.4.13 Dialog box for Coincided Faces definition

The manual mode of coincided faces detection consists of two stages: 1) the selection of parts; 2)
the set of all coincided faces for the selected parts. It is necessary to repeat this operation for all pairs
of contacting parts.

In the Coincided Faces dialog box you have to click the Select First Part button and specify the
first element of the assembly unit. After that you will have the specified part on the screen and the
other elements of the assembly become semitransparent.

After that specify the second part. For this purpose click the Select Second Part button in the
Coincided Faces dialog box. Immediately after that all semitransparent components will become
visible and you have to move the cursor to the second part and make a left-click.

After specifying of two parts you have to specify those surfaces, which are in contact with the
second part. For this purpose you have to move the cursor to the required surface and make a left-
click. You have to specify all surfaces, which are in contact.

After specification of the second part you have to indicate those surfaces, which are in contact with
the first part. For this purpose you have to move the cursor to the required surface and make a left-
click. You have to specify all surfaces, which are in contact.

To accelerate selection of coincided faces use Automatic Faces Selection button.

You can also define type of contact: Full, Sliding and User-Defined contact with the Radius of
contact zone specification.

Shortcut: T

Set local coordinate system

This command sets the local coordinate system of a part. The part may have several local
coordinate systems. In this mode it is necessary to specify a part and then starting endpoints and axes
X, Y. Colors designate x (red), y (green) and z (dark blue) axes.

Shortcut; *7*

Coincide local coordinate systems

This command allows you to position parts by alignment of their local coordinate systems. Specify
the first local coordinate system then the second one. The parts are positioned in such a manner that
their local coordinate systems are aligned.

Shortcut: ,I},L’

22



APM Studio. User's Guide

Displace local coordinate system

This command moves the local coordinate system created earlier. It is necessary to choose a local
coordinate system and set a displacement vector or type-in its parameters.

Shortcut: }L“

Rotate local coordinate system

This command rotates the local coordinate system created earlier. It is hecessary to choose a local
coordinate system for rotation and set rotation angles.

Shortcut: 34

2.5 Sketch toolbar

Using this toolbar, you can RTINS o
create various lines, circles, arcs
and other elements in the active “F’;F [=] -/. - A 'I"fl = B E s‘ﬁ i ’fﬁ M -
sketch. Fig. 2.5.1 Sketch toolbar

On/Off Object Snap

This command enables the global object snap in the sketch mode.

Shortcut: j:‘

By means of object snaps, you can fix on characteristic points of the existing objects of the sketch.

Object snaps types:

Global, which work always if they are enabled;

Local, which enable during one operation to fix on one point.

By pressing the On/Off Object Snap button, global object snaps become active. In order to disable
the activation mode of object snap, it is necessary to press this button again, which will visually push

up.

Enabling of local object snaps is carried out by the following Cortral points
ways. ) . Cenker
1 Press on the mouse scroll or on the third (middle) Middle
button (if the mouse has no scroll);
. . . Quadrant
1 Press simultaneously Shift key + the right mouse .
. Inkerseckion
button (if the mouse has only two buttons).
After that, the contextual menu will open (Fig. 2.5.2) in which HeETEst
you have to select snap for the forthcoming operation. Mormal
Parallel
Tangent

Cantral paint grid

Fig. 2.5.2 Contextual menu of
local object snap

Span is enabled by clicking the left mouse button on the selected snap.

The list of object snaps of APM Studio module:

Snap name Description

Control points If the check box is selected when the mouse cursor approaches the control
point at the distance less than the zone of sensitivity, the cursor will
automatically jump on the control point.

Shortcut: ﬁf

Center If the check box is selected when the mouse cursor approaches the circle (the
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arch) at the distance less than the zone of sensitivity, a point corresponding to
the center of the circle (arch) will be shown automatically.

Shortcut: @

Middle

If the check box is selected when the mouse cursor approaches the middle of a
line at the distance less than the zone of sensitivity, the cursor will
automatically jump on the point corresponding to the middle of the line.

Shortcut: /'/

Quadrant

If the check box is selected when the mouse cursor approaches circle points
corresponding to the angles of 0, 90, 180, 270 degrees at the distance less
than the zone of sensitivity, the cursor will automatically jump on these points.

Shortcut: O

Intersection

If the check box is selected when the mouse cursor approaches a point
corresponding to the crossing of two and more elements at the distance less
than the zone of sensitivity, the cursor will automatically jump on this point.

Shortcut: 7‘4

Nearest point

If the check box is selected when the mouse cursor approaches to a graphic
object at the distance less than the zone of sensitivity, the cursor will
automatically jump on the nearest point of this object.

Shortcut: +

Normal If the check box is selected when you draw a graphic object, an object, for
which the object under construction is normal, will be automatically highlighted
in red. It is better to use this object snap when you need to draw a
perpendicular line to a graphic object.

Shortcut: .}

Parallel If the check box is selected when you draw a graphic object, an object, for
which the object under construction is parallel, will be automatically highlighted
in red. It is better to use this object snap when you need to draw a parallel line
to a graphic object.

Shortcut: -"Il -"ll
Tangent If the check box is selected when you draw a graphic object, an object (a circle,

an arch, an ellipse, a spline, a bi-spline), for which the object under
construction is tangent, will be automatically highlighted in red. It is better to
use this object snap when you need to draw a tangent line to a circle, an arch,
an ellipse, a spline, a bi-spline.

Shortcut: /i/d

Control point grid

If the check box is selected when the mouse cursor moves in the editor
window, this span works out if cursor coordinates coincide with coordinates of
control points.

+-T
Shortcut; %+

Draw node

This command allows you to draw node in a plane of the sketch.
Using the Input toolbar (fig. 2.5.3), you can enter node coordinates from the keyboard.

Shortcut: [=]

nput |

B R [45 ¥ [35

Fig. 2.5.3 Input toolbar
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Draw line segment
This command draws a line segment in the sketch.

If you press the button % in the Input toolbar, it activates setting of line segments length from the
keyboard in different ways:

by length and angle B L[k & [30
by coordinates of second point ®oxh V|45
by displacement relative to the first point J ¢ [0 dr:|25
Shortcut: ./

Draw spline

This command draws a spline in the sketch.

Splines are smooth curves of the 3-rd order, which possess continuous derivatives of the second
order in points of segments connection, thus all the points specified on the sketch will belong to the
curve.

To draw a spline it is necessary to place characteristic points of a curve by pressing the left mouse
button. To set the exact position of points in the sketch, it is necessary to address to the Input toolbar
(Fig. 2.5.4) and specify coordinates X and Y.

nput =

B %4s ¥: [35

Fig. 2.5.4 Input toolbar

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut: *’J

Draw b-spline

This command draws a b-spline in the sketch. B-splines are homogeneous irrational b-splines,
which unlike splines of 3-rd order do not pass directly through tops of a polygon but smooth down
these angles. To construct a b-spline it is necessary to select the Draw b-spline command and then
the B-Spline Parameters dialog box will appear (Fig. 2.5.5).

In that box you specify the order of a curve, which you wish X
to draw, and press the OK button. Further, by pressing the left
mouse button you specify all necessary points on the sketch. Oder 7 &l

After drawing all points it is necessary to press Enter on the
keyboard in order to fix a curve on the sketch.

Cancel |

By a right mouse button click, it is possible to cancel a IR G5
current step of drawing a curve and return to the previous & Uni
X . . . * . | rifrmm
step. Pressing the Esc key it is possible to cancel all drawing N
mode at once.
Shortcut: T Fig. 2.5.5 B-Spline Parameters
dialog box

Draw circle by center and radius

This command draws a circle by center and radius on the sketch.

To create a circle by means of the mouse, it is enough to click on a point, which will be the center
of the circle, and then moving the cursor fix the second point of the circle by the second click to finish
its creation. Between the first and the second mouse clicks, the cursor will drag the dynamic object
drawn by yellow line.

However, you can precisely set parameters of a circle from the keyboard. To set coordinates of the
central point, you have to go to the Input toolbar (Fig. 2.5.6).
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nput |

A |35

Fig. 2.5.6 Input toolbar
After the input of point coordinates, it will be highlighted in yellow on the sketch. If you accept this
arrangement, press the left mouse button in order to fix the position of this point on the sketch.

After that if you press the button in the Input toolbar you will activate the opportunity to set a
circle radius from the keyboard in different ways:

[ b B R
by point a belonging to the circle J e E

J B R:Jesagrareses

by a circle radius

by a circle diameter

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut: 7'?1

Draw circle by two points on diameter

This command draws a circle by two points in the sketch, which will set a piece that is the circle
diameter.

To create a circle using a mouse you have to click on a point, which will be the first point of a circle
diameter and then moving the cursor fix the second point on a circle diameter by a the second click to
finish it.

Between the first and the second mouse clicks, the cursor will drag the dynamic object drawn by
yellow line. Also on the sketch there will be 3 points, which will designate the beginning of a
diametrical segment, the end of a diametrical segment and a point describing the center of a circle.
However, you can precisely set parameters of a circle from the keyboard. To set coordinates of the
first point of the diametrical segment you have to use the Input toolbar (Fig. 2.5.7).

nput |

B 45 |35

Fig. 2.5.7 Input toolbar

After input of point coordinates, it will be highlighted in yellow color on the sketch. If you accept the
given arrangement, press the left mouse button to fix the position of this point on the sketch.

. F . . . .
After that if you press the button in the Input toolbar, you will activate an opportunity to set a
diametrical piece from the keyboard in the different ways:

by coordinate of a diametrical segment J #: 45 Vi[5
by length and angle of a diametrical segment J B D:fo [0
by displacement relative to the first point ] d¥: U5 dv: [0

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut: @

Draw circle by two points and radius

This command draws a circle by two points and a radius in the sketch.

To create a circle you have to set two points of a circle by clicking the left mouse button on the first
point and then on the second one. After the input of the second point (the second click) the cursor will
drag a dynamic object in eth form of two radii coming from the dynamic center of the circle. Also a
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current position of the circle will be shown. After that it is necessary to set the center of the circle by
clicking the left mouse button.

-
To set precisely the radius of the circle you have to use the Input toolbar. Pressing the button
activates an opportunity to set a radius in 2 different ways:

J #: s ;|5

by a point belonging to the circle

J B R:Jesagrareses

by a circle radius

Shortcut: 1@

Draw circle by three points

This command draws a circle by three points in the sketch.

In order to create a circle you have to input coordinates of three points of the circle. You can do it
by a left click of the mouse or type-in coordinates of these points in the Input toolbar. After you set two
points of the circle, a dynamic object will be drawn - a circle coming through two points, which were
already set, and changing when the cursor position is changed. Finish creation of the circle by setting
the position of the third point of the circle (or by a left click of the mouse either by entering its
coordinates in the Input toolbar).

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut: D

Draw ellipse by three points

This command draws an ellipse by two axes and the center in the sketch.
You can set the first point, which is an ellipse center, by clicking once on the left mouse button in
the sketch plane or by specifying coordinates X and Y in the Input toolbar (Fig. 2.5.8).

input #

B %4s ¥ [35

Fig. 2.5.8 Input toolbar
To set the second point, which determines the length of the first ellipse axis and its position in the
sketch, you have to click once with the left mouse button on the sketch plane. In order to set precisely

the coordinates, you have to use the Input toolbar. If you press the button, you activate an
opportunity to type-in an ellipse axis in three different ways:

by a semi-axis length and an angle B L 4|30
by displacement relative to the central point B dfo |25
by point coordinates B = v.fa5

To set the third point, which determines the length of the second ellipse axis, you have to click
once with the left mouse button on the sketch plane. In order to set precisely the coordinates, you

have to use the Input toolbar. If you press the button, you activate an opportunity to type-in an
ellipse axis in two different ways:

by semi-axis length L #sssrdarszrs
by point coordinates B x| v: 45

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut:
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Draw ellipse by rectangle

This command draws an ellipse inscribed into a rectangle.

You can set the first point (the beginning of the diagonal of a rectangle, in which an ellipse will be
inscribed) by clicking once on the left mouse button in the sketch plane or by specifying coordinates X
and Y in the Input toolbar (Fig. 2.5.9).

nput =

B %4s ¥: [35

Fig. 2.5.9 Input toolbar

To set the second point (the end of the diagonal of a rectangle, in which an ellipse will be inscribed)
you have to click once with the left mouse button on the sketch plane. Or you can use the Input toolbar

F . . .
and press the button in order to type-in rectangle parameters in 2 ways:

by length and height of a rectangle B L[5 H:[35

by coordinates of the end of a rectangle diagonal Bl %[5 i[5

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.
o

Shortcut; *™

Draw arc by three points

This command draws an arch using its beginning, intermediate and end points in the sketch.

To set an arch by three points you have to specify the first point of an arch. You can do it by a left
click of the mouse (this point will be fixed) and then set the second point in the similar way. When
moving the mouse cursor from these points a dynamic object will drag highlighted in yellow. Make the
third click and set the third point in order to finish an arch.

You can type-in coordinates of the points using the Input toolbar (Fig. 2.5.10).

nput |

B R [45 ¥ [35

Fig. 2.5.10 Input toolbar

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut: -I-'i-"

Draw arc by end points and point on arc

This command draws an arch using its beginning, intermediate and end points.

To set an arch by end points and a point on the arch you have to set the first point of the arch (its
beginning). You can do it by a left click of the mouse this point will be fixed) and then set the second
point in the similar way. When moving the mouse cursor from these points a dynamic object will drag
highlighted in yellow; its position will depend on a cursor position. Make the third click and set the third
point in order to finish an arch. You can type-in coordinates of the points using the Input toolbar (Fig.
2.5.11).

put ]
% [45 |35

Fig. 2.5.11 Input toolbar

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.
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3
Shortcut: J‘F

Draw arc by the center, start and arc angle

This command draws an arch using its beginning and end points and a central angle.

To set an arch by its beginning, central points and its central angle you have to set the first point 1
its center. You can do it by a left click of the mouse this point will be fixed and then set the second
point in the similar way. After setting these points a dynamic object (an arch) will be drawn, which end
radius will change depending on a cursor position. By a third click you enter a central angle to finish
your arch. You can type-in coordinates of the central point using the Input toolbar (Fig. 2.5.12).
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Fig. 2.5.12 Input toolbar

In order to set the beginning point from the keyboard, you have to use the Input toolbar. If you
press the button, you activate an opportunity to type-in an ellipse axis in two different ways:

by coordinates of the beginning point Bl R[E0 v:[45

by radius and a beginning angle of the arc Bl R:Jk0.3112887415 A:|352.8743336511

You can also set the central angle form the keyboard; to do this you have to use the Input toolbar.
If you press the %] button, you activate an opportunity to type-in an ellipse axis in two different ways:

by the point coordinates B x[=0 v:[45
by the value of central angle B & [z6585051177

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut: b‘

Draw rectangle by diagonal points

This command draws a rectangle using its diagonal points in the sketch.

To create a rectangle, first of all, you have to set the first point i the beginning of a rectangle
diagonal. You can do it by a left-click (this point will be fixed). After input of the first point, a dynamic
object will be drawn T a rectangle, which length and width will change (depending on the cursor
position). By the second left-click you input the end-point of the diagonal to finish creation of a
rectangle.

You may input coordinates of the first point from the keyboard using the Input toolbar (Fig. 2.5.13).

nput #
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Fig. 2.5.13 Input toolbar

To set coordinates of the end point from the keyboard you have to use the Input toolbar and press

the button to specify rectangle parameters in 2 ways:

G

by length and height of a rectangle E H |5

by coordinates of the end point of the diagonal Bl *s0 VB

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut: H
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Draw rectangle by three points

This command draws a rectangle in the sketch using its three vertexes.

To create a rectangle, first of all, you have to set the first point i the beginning of a rectangle
diagonal. You can do it by a left-click (this point will be fixed). After input of the first point, a dynamic
object will be drawn T a rectangle, which length will change (depending on the cursor position). In the
same manner you have to input the second point. After input of the second point a dynamic object will
be drawn 7 a rectangle, which height will change (depending on the cursor position). By a third left-
click you input the third vertex and finish creation of the rectangle.

You may input coordinates of the first point from the keyboard using the Input toolbar (Fig. 2.5.14).

nput |

A |35

Fig. 2.5.14 Input toolbar

To set coordinates of the second vertex from the keyboard you have to use the Input toolbar and
press the E] button to specify rectangle parameters in 3 ways:

by length and angle s &30
by displacement relative to the beginning point o [0 dr: |25
by coordinates of the second point of the side B v.[45

To set the height of the rectangle form the keyboard you have to use the Input toolbar and press
the button in order to specify rectangle height in 2 ways:

by height of a rectangular J i Hfo

by coordinates of the third point of a rectangular J i = v:[45

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut: f'j'

Draw polygon

This command draws a regular polygon in the sketch.

It is possible to draw a polygon in two different ways: by
vertex or by edge. In the first case a user specifies a radius of a
circle circumscribed about a polygon; in the second case i a Vertex number. Cancel |
radius of an inscribed circle. After enabling a corresponding Polugon creation ype
mode the Polygon dialog box opens (Fig. 2.5.15). & By Verex

This Polygon dialog box allows working with the window and ~ Bygdge
the object, a polygon, which parameters are set in this window. -
In this window it is necessary to choose a method how to set a

polygon and specify a number of its vertexes.

Fig. 2.5.15 Polygon dialog box

Further, it is necessary to set the central point of a polygon or by means of the mouse, or the set of
its coordinates in the Input toolbar (Fig. 2.5.16).

nput E
% [45 : |35

Fig. 2.5.16 Input toolbar

After that moving the cursor, to which one of the vertexes (the middle of the side) of a polygon is
shapped, we will get a dynamic object in the form of a polygon draw by a yellow line. If you would like
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to change the number of polygon sides after you specified its central point, you can do it without
canceling the input of its central point. You just have to change the number of its vertexes in the
Polygon dialog box.

Further, it is necessary to fix the point defining a radius of the circumscribed circle for a polygon
drawing mode by vertex or a radius of the inscribed circle for a polygon construction mode,
construction by edge. To make it, you have to make a left-click or address to the Input toolbar where

F:
to press the button in order to activate an opportunity to the set parameters of a polygon by three
ways:

by radius and angle J B L {30
by displacement relative to the central point J Bl @0 dr: [25
by coordinates of a point of vertex/edge J Bl # o v.f45

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

{=

Shortcut:

Draw fillet

This command draws a fillet for two objects.

Admissible objects for the given operation are lines and arches. For fillet objects, it is necessary to
specify the first and second objects. To specify the first fillet object, it is necessary to bring to it the
mouse cursor. The nearest object to the mouse cursor will be highlighted with yellow color. After left
mouse button click, object will get blue color, thus showing that it was selected. If after moving the
cursor from the object it will not get blue, it means you have not selected it.

After specifying the first object, it is necessary to select the second filled object. You can do it in the
same way as you selected the first object.

When you select two objects, you have drawn an arch, which radius will change depending of a
cursor position. Pressing the left mouse button you fix the current value of the arch radius in order to
finish your fillet.

In order to type-in the radius you have to use the Input toolbar to enter the value of radius (Fig.
2.5.17).

J B RJ208222904518
Fig. 2.5.17 Input toolbar

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut: r_

Draw chamfer

This command draws a chamfer to two objects. Admissible objects for this operation are lines and
arches. To draw a chamfer it is necessary to specify the first and the second objects, on which it is
necessary to draw a chamfer. You can select by a left click on the required object (selected objects
are highlighted in blue).

After selection of two objects you will have drawn a line, which length will change (depending on a
cursor position). By a left click you fix the current value of chamfer parameters to finish chamfer
installation.

To specify the chamfer from the keyboard you have to use the Input toolbar where you press the

button to fix chamfer parameters in 3 ways:

by two cathetuses J e1: [30.2520408577 £2 [30.2520406577
by cathetus and angle J B o [30.2520408577 #:[65.548321 7058
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by cathetus with angle = :; & [30.2520008577

Clicking the right mouse button you can cancel the current drawing step and return to the previous
one. If you press the Esc key you can cancel the whole drawing mode.

Shortcut: I’_

Trim curve

This command removes the part of a curve confined with the nearest point of intersection with
other objects of the sketch.

For curve trimming click the left mouse button on that part of object, which has to be removed.
When intersection points coincide with end-points of the curve (i.e. if the object does not have any
protuberances) the object will be deleted.

To leave the specified part and to remove external sites concerning it, during this operation hold
pressed the Shift key. You can cancel the operation using the Esc button.

Shortcut: 5‘:&

Extend curve

This command continues a curve up to the nearest object in the sketch.

For extending a curve, it is enough to click the left mouse button on object. The part of the curve,
on which the mouse cursor is placed, will be extended. You can cancel operation with the right mouse
button or by pressing the Esc key.

Shortcut:

Offset curve

This command allows you to create an equidistant curve of the required object. To displace a curve
it is necessary to specify this curve by pressing once the left mouse button. After that move the cursor
at the distance where you wish to displace the curve and fix a cursor position by the left mouse button.
After that in the sketch, there will be a copy of the selected curve.

To set displacement from the keyboard it is enough to address to the Input toolbar where it is
necessary to specify size of displacement (Fig. 2.5.18).

J B D:IE

Fig. 2.5.18 Input toolbar

By a right mouse button click, it is possible to cancel a current drawing stage and to return to
previous. By pressing the Esc key it is possible to cancel at once all mode of drawing.

Shortcut: /&

Copy objects

This command creates a copy of the object that already exists in the sketch.
Before you pass to the Copy operation it is necessary to select those objects, which copy you wish
to create. After selection we pass to the Copy Objects command by pressing the left mouse button on

the icon m . After that we set a base point also by pressing the left mouse button. After input of the
base point, dynamic objects will be drawn, which fully correspond to those, which were selected earlier
and their position in eth sketch will change (depending on a cursor position). Then move the cursor to
new position and fix by pressing the left mouse button.

To set a base point from the keyboard you have to address to the Input toolbar and specify
coordinates of the point (Fig. 2.5.19).

input |

A |35

Fig. 2.5.19 Input toolbar
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To set the final position of the copied object from the keyboard, you have to use the Input toolbar

where to press the E] button in order to activate an opportunity to set parameters of the copied object
by three ways:

by length and angle of displacement g L & [a0
by displacement relative to a base point 2o dv: [25
by coordinates of the end point B % v [a5

By clicking the right mouse button you can cancel the current copying step and return to the
previous one. If you press the Esc key you can cancel the whole copying mode.

Shortcut: m

Move objects

This command moves the existing objects in the sketch.

Before starting the Move operation you have to select the objects, which you would like to move. In
order to select the objects you have to use the Select Mode.

After selection of objects we pass to the Move Objects command, by pressing the left mouse

button on the icon . Further, we set a base point by pressing the left mouse button. After input of
the base point a dynamic object will be draw, which fully corresponds to the objects selected earlier,
and its position will change (depending on a cursor position). Than move the cursor to new position
and fix it by pressing the left mouse button.

To set a base point from the keyboard you have to use the Input toolbar where it is necessary to
specify coordinates of a point (Fig. 2.5.20).

mpat S
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Fig. 2.5.20 Input toolbar

To specify the end position of a movable object from the keyboard you have to use the Input

F . . . . .
toolbar and press the button in order to activate an opportunity to set parameters in three different
ways:
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by length and angle of displacement B L[S 4 [a0
by displacement relative to a base point < [o dv: [25
by coordinates of the end point | =P v.[45

By a right click it is possible to cancel a current stage of moving and to return to the previous one.
By pressing the Esc key it is possible to cancel at once all mode of moving objects.

Shortcut:

Rotate objects

This command turns the existing objects in the sketch at a certain angle.
Before you pass to the Rotate operation it is necessary to select those objects, which you wish to
rotate. In order to select the objects you have to use the Select Mode. After selection of the objects we

pass to the Rotate Objects command, by pressing the left mouse button on the Ca icon. Further, we
set a base point of rotation also by pressing the left mouse button. Then move the cursor for the set
the initial angle of rotation. After input of the initial angle a dynamic object will be drawn, which fully
comply with those selected earlier, which position in the sketch will change (depending on a cursor
position). The final stage is the selection of a final angle of rotation, by pressing of the left mouse
button.

To set a base point of rotation from the keyboard you have to use the Input toolbar where it is
necessary to specify coordinates of the point (Fig. 2.5.21).

opue______ E

A T ¥ [35

Fig. 2.5.21 Input toolbar

To set the initial angle of rotation from the keyboard, you can use the Input toolbar and press the

E] button to activate an opportunity to set the initial rotation angle by two ways:

by point coordinates %[ v [as
by angle & [203.1985305136

To set the final angle of rotation of rotated objects form the keyboard you can use the Input toolbar
and press the E] button to activate an opportunity to set parameters in two different ways:

by point coordinates g x| v [45
by angle o [a0ai9sa05

By a right click, it is possible to cancel a current stage of rotation and to return to the previous one.
By pressing of the Esc key it is possible to cancel at once all modes of objects rotation.

Shortcut: C—"

Scale objects

This command allows you to change scale of the existing objects in the sketch.
Before you to pass to Scale operation it is necessary to select those objects for which you wish to
change scale. In order to select the objects you have to use the Select Mode.

After selection of the objects we pass to the Scale Objects command by a left-click on the El
icon. After that we set a base point of scaling also by pressing the left mouse button. After input of the
base point of scaling a dynamic object will be drawn, which fully comply with those selected earlier,
which position in the sketch will change (depending on a cursor position). The final stage is to specify
the scale by a left click.
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To set a base point of scaling from the keyboard it is enough to address to the Input toolbar where
it is necessary to specify coordinates of a point (Fig. 2.5.22).

nput |

B 45 |35

Fig. 2.5.22 Input toolbar

To set a scaling factor from the keyboard you can use the Input toolbar (Fig. 2.5.23):

J BF  M:[T.4505043758 |
Fig. 2.5.23 Input toolbar

By a right click, it is possible to cancel a current stage of scaling and to return to the previous one.
By pressing of the Esc key it is possible to cancel the scaling mode at once.

Shortcut:

Create a mirror image copy of objects

This command creates a mirror copy of the existing objects in the sketch.
Before you create a mirror copy operation, it is necessary to select those objects, which you want
to mirror. To select objects it is necessary to use the Select Mode.

After selection of objects we pass to the Create A Mirror Image x|
Copy Of Objects command by a left-click on the icon ﬂ"\_x, After
you choose a mirror copy mode on the screen there will be a dialog o |
box (Fig. 2.5.24), in which you can either keep the earlier selected = cencel |
objects, or to delete them. Fig. 2.5.24 Mirror dialog box

To remove the earlier selected objects, it is necessary to mark the Delete source objects. After that
we set the first point of a line of symmetry by a left-click. The final stage is the selection of the second
point of a line of symmetry by a left-click.

To enter the first point of a line of symmetry from the keyboard, you can use the Input toolbar
where it is necessary to specify coordinates of the given point (Fig. 2.5.25).

put S
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Fig. 2.5.25 Input toolbar

To set the end point of a line of symmetry from the keyboard you can use the Input toolbar and

F:
press the button to activate an opportunity to set parameters of a piece in three ways:

by length and angle J W L[S 4:[30
by displacement relative to the first point B a0 dv: [25
by coordinates of the end point T v:[45

By a right click, it is possible to cancel a current stage of a mirror copy and to return to the previous
one. By pressing the Esc key it is possible to cancel at once the whole mode creating a mirror copy of
objects.

Shortcut: iml

Array objects

This command allows you to create an array of objects in the Sketch.
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Before you use this operation it is necessary to [ x|

select in advance those objects, which become a
basis of the array. To select objects it is necessary to
use the Select Mode. After selection of objects we

Rectangular Array | Palar Array |

r— Fiows and Colurn

pass to the Array objects command, by a left-click Rows 2 Columrs |2
on the icon EH. After you choose a mode to create ~ Dffset and Angle
an array, a corresponding dialog box will appear on Column Offset o
the screen. This command works in two modes:
. Raow Offzet I'ID—
1 creation of a rectangular array
1 creation of a polar array Angle o Paint fingle |
We shall consider a mode of creation of a
rectangular array. - Obiect Rotation
After you see the Array dialog box you have to I Retation
activate the Rectangular Array sheet. After that it is [™ Base Point (for nonzera angles]
necessary to specify parameters of the array: | Point |

Rows i in this case it means how many similar

objects will be created vertically. You have to key-in

the number of rows. Ok | _Caed | _ show |
Columns i in this case it means how many similar - :

objects will be created horizontally. You have to key- Fig. 2.5.26 Array dialog box

in the number of columns. (Rectangular Array sheet)

Column Offset 7 the shortest distance between two nearby columns. You have to key-in the
required value.

Row Offset i the shortest distance between two nearby rows. You have to key-in the required
value.

Angle 7 an angle, at which nearby horizontal lines will be displaced. You can type-in the angle or
set it using a mouse. In order to use a mouse you have to use the Point Angle button and after that
you will be in the working window of the editor where you have to draw a segment. The angle between
the created segment and a horizontal like will be inputted into a corresponding field of the Array dialog
box.

Rotation 1 this option rotates the initial and new objects around the base point at the angle
corresponding to the value entered into the Angle field.

Base point (for nonzero angles) i the point around which initial and new objects will rotate. The
base point is set with use of the mouse. To set a base point it is necessary to press the Point button
then you will be in a working window of the editor. To fix a current cursor position as a base point you
have to make a left-click.

&
Rectangular Anay | Polar Array |
Fiows and Columi
( Fows [2 Cohumns |2 ‘
(- Offset and Angle————————————————————
Column Difset 50
Fow Difset 50
- Angls B Pint Angle
(- Obiect Fatation
™ Fiotation
I~ Base Point (for nonzero angles]
Pl
ok | concel | show |

Creation of a rectangular array without angular displacement of columns and without rotation of
objects
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zn
Riectangular &y | Polr anay |
Rows and Col
’V Fows |2 Columns |2 ‘

- Offset and Angl

Column Offzet 50

Row Dffset 50

- Obiect Rotation

I” Rotation
I Bass Point for nonzero angles)
Poirt
ok | cencel | show |

Creation of a rectangular array with angular displacement of columns and without rotation of objects

aray x|

Fiestanguler Array | Palar Aray |

Rows and Columns:
’7 Rows |2 Columns |2

~Difset and Angl

Column Offsst 50
Row Offset 50
- fngle 5 _Painténge |

~ Object Rotation
IV Rotation

[# Base Point (for nonzero angles)

500 [ |
ok | cacel | Shon |

Creation of a rectangular array with angular displacement of columns and with rotation of objects

Let's consider a mode of creation of a polar array.

After the Array dialog box appears in the window, x|
you have to activate the Polar Array sheet (Fig. 2.5.27).
After that you have to indicate parameters of the array:

Number of objects i the number of objects received & TotalAngle
as a result of the Array operation (the number of  Bngle and Betwean & [
objects equal 2 means that there will be two objects:  Angle betwesn obiects
that one selected earlier plus a new one).

Rectangular Array - Polar Armay |
—hmay Type——————— — Mumber of objects

Total angle T selection of this mode envisages that [ Angle
you have to specify the number of objects and an gz [0
angle, on which the earlier specified number of objects Between [0

will be distributed evenly.
Angle and the angle between - selection of this

[~ Reverse Direction

mode envisages that you have to specify the angle ~ Center Point———— ~ Objects Fiotation
within which an array will be created and an angle  Pont | ¥ Ratation
between two neighbor objects. In this case the number | e |
of created objects will be got automatically and the

Number of objects field will be inactive.
ok, | Caricel | Show |

Fig. 2.5.27 The Array dialog box
(Polar Array sheet)

Angle between objects - selection of this mode envisages that you have to specify the number of
objects and an angle, between two neighbor objects of the array. In this case the angle on which
objects are distributed will be got automatically.

Reverse direction 1 the tick helps to receive distribution of new objects counter-clockwise. No tick
means distribution of new objects clockwise.
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Center point i in this case you have to input the rotation center of the future array. To set the
central point you have to press the Point button after that you will be in the working editor window
where to fix the current cursor position you have to make a left-click.

Rotation i the tick helps to receive an array by rotating around the central point and the rotation
radius will be the distance between the central point and a geometrical center of the earlier selected
contour.

Rectangular Anay PU\arAlrayl

~ra Typ
& Total Angle
" Angle and Betwesn A
" Angle between objects

Humber of ob

—

|

gl
360

—

™ Rieverse Direction

Angle

Between

i~ Center Pain

(0:01 Foint

(l— Pt

Dbjects Rotation
[¥ Rotation

ok

Cancel |

Show

Fiectangular dmay  Polar dnay |
~Anay Type

© Total Angle

' Angle and Between A

" Angle between objects

Mumber of abjects——

—

|

gl
0

-

™ Reverse Direction

Angle

Betwesn

1~ Center Paint.

(0; 0) Point

Objects Ratation
[V Rotation

oK

Cancel |

Shaw

Rectangular Anay Paler Ay |
- Aray Type

€ Total ingle

€ Angle and Between 4

& fngle between objects

MNumber of objects ——

—

|

nl
%0

o

I Rieverse Direction

Angle

Betwesn

1~ Center Point

0:0) Foint

Objects Fiotation
[¥ Rotation

|

oK

Cancel | Show

Creation of a polar array by a number of objects and an angle between two neighbor objects

2.6 Input toolbar

Using this toolbar, you can see coordinates of the cursor position in the Sketch, and enter
parameters of created elements (lines, circular arcs, etc.) from the keyboard within the limits of the
active sketch.
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mput El
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Fig. 2.6.1 Input toolbar

2.7 Features toolbar

Features B Features |
1 L= - 1 DM/ T =20 O &6 @R
Fig. 2.7.1 Features toolbar for solid Fig. 2.7.2 Features toolbar for surface models
models

Using this toolbar, you can create surface or solid three-dimensional objects.
Let's consider functionalities of the Features toolbar in a mode of Surface modeling.
Extrude

This command creates a surface formed by a contour selected by you and the guiding line will be a
straight line directed as a normal to the sketch containing a generating contour.

Before you use the contour, it is necessary to Ecrude X
create elements earlier so that they would serve as a ~Seleion————— ~Dperation type
. i . ﬂj I Select Contour & Uriicr
generating contour. After pressing the icon there C o
will be the Extrude dialog box (Fig. 2.7.3), in which @ (i

you can set parameters of the Extrude operation. The
pressed Select Contour button, allows you to specify

— Estrugion parameh

- ¢ Distance 100

forming contour. The contour can be both closed, and  ToNearest
unclosed, however, it is possible to select only one
contour. The contour selection is done by a left-click. (% Faward direction
If the contour consists of several elements it is Al " Reverse direction
necessary to specify consistently all the objects, " Bidiection
which are a part of a contour, in order to select it. " Two directions

Shortcut: @ Taper angle: IEI

[" Create upper cover [only for closed contours)

[~ Create lower cover (only for clozed contours)

Cancel |

Fig. 2.7.3 Extrude dialog box
When you point the cursor on the contour element, this object will be highlighted in blue. After a
leftt:cl i ck on the selected object, this object wildl be
moving the cursor from the chosen object its selection will be gone, it means, that the object is not
chosen. To deselect it you have to make a left-click on the selected object.
After contour selection, you have to specify a distance at which the initial contour will be extruded.
The next step is to indicate the extrusion direction:

1. Forward direction extrude at the distance of 100 mm.
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" Bidiection
" Two directions

— Selection Operation bype
I Select Contaur & Uniion
1 Cut
£ [ntersection
— Estrusion p ‘
* Distance 100
 ToMearest
& Fonward direction
O al ' Reverse direction

Taper angle: |0

™ Create upper cover [only for closed contours)

™ Create lower cover [only for closed contours)

o |
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2. Reverse direction extrude at the distance of 100 mm.
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I-direction

 Two directions

i~ Selection Operation type
I Select Contour £ Unior
1 Cut
) Intersection
— Extruzion p ‘
i Distance 100
= To Nearest
i all

Taper angle: ID

[™ Create lower cover [only for closed contours)

I~ Create upper cover [only for closed contours)

o]

Cancel |

3. Bi-direction extrude at the distance of 100 mm (forward 50 mm + reverse 50 mm).

x|

 Two directions

— Selection Operation type
I Select Contour % Whior
1 Cut
| |ntersection
r— Extruzion p
@ Distance 100
 To Nearest
" Fonward direction
Al " Reverse direction

Taper angle: ID

™ Create upper cover [only for closed contours)

™ Create lower cover [only for clozed contours)

o]

Cancel |

4. Two directions extrude at the distance of 100 mm (forward 100 mm + reverse 100 mm).
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