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.  

-
. -

 Design Modeler  
: -

 (Sketching) –  
,  

 (Modeling) –  
 

-
.  

-
-
 

 ( . 3.10).  

. 3.9 

. 3.10 
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 Design Modeler  
 Oxyz,  

:  x – ,  y – ,  z – .  
, -

,  
. ,  

. -
: Oxy (XYPlane), Oxz (ZXPlane), Oyz 

(YZPlane). , -

 Create New Plane  -
.  

 Details View.  (  Plane)  
 ( . 3.11): 

 From Plane – ; 
 From Face – ; 
 From Point and Edge – ; 
 From Point and Normal –  ,  -

; 
 From Three Points – ; 
 From Coordinates – , -

. 
, , -

 –  (Base Plane), 
 (Base Face),  (Base Point, Base Edge) . -

 
, : 

  (Axes) – -
, , ; 

  (Offset) –  
; 

  (Rotate) – -
. 

 83 

-
 Transform ,  

. -
: -

 Move Transform Up – -
 Move Transform Down  

. -
 Remove Transform. 

-
, ,  Generate  

.  Design Modeler  
. , -

 Generate -
; , 

. 
, 
. 
-

 .  

. 3.11 
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 Sketch1, -
, .  

,  
:  (Hide Sketch), -

 (Look at), -
 (Show Dependencies),  

(Rename)   (Delete) . -
 (Look at)  

,  Sketching. 
 (Tree Outline) 

 (Sketching Toolboxes), 
 ( . 3.12): 

 Draw – ; 
 Modify – ; 
 Dimensions – ; 
 Constraints – -

; 
 Settings – . 

-
:  

 
, -

.  
-

 Modify -
-

 Constraints –   
.  

,  
-
 

 Generate.  . 3.12 
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, -
, .  

, -
. -

,  
. 

 Settings -
 Sketching Toolboxes. : 

  (Grid). : Show 
in 2D –  Snap –  

; 
  (Major Grid Spacing).  

. -
; 

  (Minor-Steps per Major). -
. -

, , -
; , ,  

; 
  (Snaps per Minor). -

-
, .  

, , 
 

,   
. , , -

. 
 

 Draw, Modify, Dimensions, Constraints. -
-

. , -
 

 ANSYS  Design Modeler. 
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3.2.1.  

Design Modeler  
. -

 Draw : 
  (Line).  

; 
 ,  (Tangent Line). -

-
. -

, ; 
 ,  (Line by 2 Tangents). 

 
; 

  (Polyline). . 
-

,  
 Open End. ,  
 Closed End; 

  (Polygon).  
. -

 n; 
  (Rectangle). , 

. -
 Rectangle by 3 Points;  

  (Oval). , -
-

.  
;  

  (Circle). ,  
. ,  

,  Circle by 3 Tangents; 
  (Arc by Tangent). ,  
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.  
,  

.  
 (Arc by 3 Points)  

 (Arc by Center); 
  (Ellipse). ,  

; 
  (Spline). , -

. -
 Polyline. -

: -
 (Open End),  

 (Open End with Points),  (Closed End), -
 (Closed End with Points); 

  (Construction Point).  
. , 

,  
Construction Point at Intersection, -

. 
-

 (Sketching 
Toolboxes).  Esc.  

, , 
 Undo . -

 Redo.  
 

. -
, , -

. -
.  

,  
,  Back. 
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-
 

,  
 Details 

View. . 3.13 -
.  

-
 (  Full Circle). 

-
 

, , ,  
.  

3.2.2.  

-
.  Modify -

: 
  (Fillet). , -

. , -
 Radius. -

. 
 

, :  
 (Trim Both),  (Trim 1st, Trim 2nd),  

 (Trim None),  (Full Circle); 
  (Chamfer). .  

 Length. -
, . -

-
; 

  (Corner). -
. -

,  
; 

. 3.13 
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  (Trim).  
; -

, . -
.  

, -
 Ignore Axis; 

  (Extend).  
. -

 Ignore Axis; 
  (Split).  .  -

 
: Split at Select , -

, Split Edges at Point – , 
; Split Edges at All Points -

; Split Edge into n 
Equal Segments –  n ; 

  (Drag).  
. ,  

, . 
. -

, , 
, ; 

  (Cut). -
.  

 « » (Paste Handle) , -
.  

. ,  
, . -

 ( )  
: End/Set Paste Handle – -

, End/Use Plane Origin as Handle – -
-

, End/Use Default Paste Handle –  
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-
.  Clear Selection  

. -
, -

.  (Paste),  
:  (r)  

 (f)  
. -

 ( . 3.14),  
.  

 
. , -

, .  
 End.  

 Esc.  
, , -

; 

  (Copy).  
. ,  

 Cut, ; -
.  

  (Move). . -
,  

. 3.14 

 91 

 
; 

  (Replicate). . 
,  

; 
  (Duplicate). -

.  
 ( . 3.15), 

-
, .  

; 
 

. 3.15 

  (Offset). , -
.  -

. -
,  

 End Selection/Place Offset.  
, , -

. , -
, ; 

  (Spline Edit). -
,  Spline. -

.  
, -

, , . -
 

,  
. 
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3.2.3.  

, -
-

, -
.  

,  
. -

, -
.  Constraints, -

, : 
  (Fixed). -

. -
 ( -

). 
 

 Fixed Endpoints – -
.  

; 
  (Horizontal). -

 ( -
 X).  ,   X  

; 
  (Vertical). -

 (  Y). 
,  Y ; 

  (Perpendicular).  
-

. , -
-

. , , 
-

; 
  (Tangent). -

. -
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, , -
; 

  (Coincident). -
, -

. ; 
  (Midpoint). -

.  
; 

  (Symmetry).  
 

. ,  
,  ( , ). 

 
. -

 (  Select new symmetry axis); 
  (Parallel). -

.  
, -

. ,  
, -

 (  Select multiple). -
.;  

  (Concentric). -
, . -

, ,  
; 

  (Equal Radius).  
. -

, , -
; 

  (Equal Length).  
. , -

, -
; 
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  (Equal Distance).  
 

. -
.  

-
 (1-2  2-3, 

2-3  3-4 .). 
 Design Modeler  

, : -
, , , -

. -
. 3.16.  

. 3.16 

 Auto Constraints -
. : Cursors  Global.  Cursors -

, -
, -

.  Global -
. 

 Design Modeler -
. -

,  
, ,  

. -
. -

, 
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,  Design Modeler  
.  

 AutoConstraints. 

3.2.4.  

-
,  

, , , -
. -

, , , ,  Design 
Modeler . -

, , , , -
. 

, 
: ,  

,  
. -

. -
. Design Modeler -

,  
,  

(over-constrained) .  
 

 Dimensions.  
 Semi-Automatic.  Design 

Modeler -
; , -
. ,  

,  Details View. -
: Skip –  

; Exit –  
; Continue – 

. 
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 Dimension;  

.  
, -

. Design Modeler  
, ,  

,  
. ,  

. 
  (Horizontal). -

 (  X).  
, , -

, -
; 

  (Vertical).  
 (  Y).  -
; 

  (Length/Distance). -
. -

,  
; 

  (Radius). -
, .  

 (RMX)  (RMN),  
; 

  (Diameter). -
. ; 

  (Angle).  
.  

: -
. -

 (  Alternate Angle); 
  (General). -
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. -
, , , , . -

-
. -

, -
. 
 

. 
 
 

 Details View 
. 3.17). -

 ( -
 

),  (Value). 
, -

,  Reference Only; -
.  

 Edit.  
 

Move. , 
, -

. 
-

 Animate, -
. -

, . 
 ( ) -

 Cycles. 
 

. -
.  

 Display Values.  Values  

. 3.17 



 98

,  Names – . -
, . 

-
 

-
. Design Modeler -

 
. -

 Sketch Instance, 
-

,  
. -

 Details View ( . 3.18) : 
 Base Sketch – ,  ( ). 

-
. , , 

; 
 Base X, Base Y – -

. ; 
 Instance X, Instance Y –  

;  
 Rotate Angle –  
 (Instance X, Instance Y); 

 Scale – . 
 

 Generate. Design Modeler  
. -

, , . 
-

.  
.  

. 3.18 
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3.3.  

-
, .  

, 
 Modelling .  

-
.  

,  Details View,  
 Generate. 

:  
 ,  

; 
 ,  

; 
 . 

3.3.1.  

: 
, , , -

, . 
 (Extrude)  

-
.  

. 3.19 : 
 Base Object – , -

.  
;  

 Operation – , -
.  Add Material, 

.  
,  Cut 

Material ,  Imprint Fac-
es –  « » ,  
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.  Add Frozen -
 ( . . 110); 

 Direction Vector – , . 
-

, .  None 
(Normal), ; 

 Direction – .  
: Normal –  -

, 
Reversed – , Both Symmetric -

, Both Asymme-
tric  . 

 Extent Type – .  Fixed – 
,  

Through All – , To Next -
 , To Face – -

, To Surface  
-

 ( . 3.20); 
 Depth – , -

. . 
 

. 3.19  
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. 3.20  
 

 
,  (Line Body), -

 –  (Surface Body).  
 (Revolve) -

 ( . 3.21).  Base 
Object, Operation  Direction  Extrude.  Axis 

 – , -
.  Angle .  
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.  
-

, -
. -

,  
.  As 

Thin/Surface?  Yes,  
. 

 (Sweep) 
-
 

. : 
 Profile – ; 
 Path – ; 
 Alignment –  

.  Path 
Tangent – -

.  Global Axis -
; 

 Scale – .  
; 

 Twist Specification – ,  
. 

 (No Twist)  
Turns –  

 –  Pitch – ,  
.  Turns  Pitch  – 

. 
 Sweep . 3.22. 

,  
. -

. 3.21  
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 ( ),  -
. ,  

. 

 (Skin/Loft). ,  
-

, .  Profiles 
, .  

,  
, -

 Ctrl. . 3.23.  
 

 
. 3.22  
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. 3.23 

 Design Modeler -
, -

 (guide line). , 
 Fix Guide Line. 

 
.  Continue Sketch Selection -

. 
,  

, .  
 ( . . 3.23). -

. 
 

 Details View. -
,  

 Profiles -
 ( .  3.24): 

 105 

 Move to Top –  
; 

 Move Up – -
; 

 Move Down –  
;  

 Move to Bottom – -
.  

,  Delete. 
,  

, -
 ( . 3.25).  

:  
 Line Body – , -

 ( ).  
, 

,  Lines From Points, Lines From 
Edges, Lines From Sketches ( . . 126); 

 Surface Body – , .  
, ,  

 (  Thickness). -
, , -

 Surface from Edges, Surface from Sketches, Surfaces from 
Faces ( . . 128); 

 Solid – , . -
, , ,  Primi-

tives ( . . 109). 
 (Parts) -

 Form New Part .  
-

. 
 

. 3.24  

. 3.25  
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.  

.  
 Extrude, Rotate, Sweep, Skin/Loft -

 As Thin/Surface?, .  
 (  No).  (  

Yes), : Inward Thickness – 
, , Outward Thickness  
, .  

-
. ,  Solid  

. 
 

 Thin/Surface. 
 Selection Type -

:  
 Faces to Remove – ; 
 Faces to Keep  c , -

; 
 Bodies Only –  

.  
 Geometry  

 Selection Type.  Direction -
: Inward –  

 z, Outward -
, Mid-Plane –  

. 
, 

. Design Mod-
eler ,  

.  
 ( .  Freeze 

Body . 110).  
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-
 

 Fixed Radius Blend. -
 Geometry -

, -
,  Radius -

.  
 

, -
 Variable Radius 

Blend.  Transitions -
: Smooth – , 

Linear – .  Start Radius, End Radius -
. -

-
.  

. 3.26. .  
 

 ( . 3.27) -
 Chamfer. -

 Geometry -
.  

,  
. 

 Type -
: Left-Right –  

 
, 

, Left-Angle (Right-Angle) – -
-

. 
 (Line Body) 

 (Sufrace Body)  Vertex Blend.  

. 3.26  

. 3.27  
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 (  Verticies) -
.  

, ,  
. 

, , -
 Points. -

: Construction Point – -
, Spot Weld – , -

 « », Point Load –  
.  (  

Base Faces)  (  Guide Edges), -
 (  Definition): 

 Single – , :  
 (Sigma),  

 (Edge Offset), -
 (Face Offset); 

 Sequence By Delta – , -
:  

(Sigma),  (Edge Offset)  
 (Delta),  

 (Face Offset); 
 Sequence By N – , -

:  
(Sigma),  (Edge Offset), 

 (N) -
 (Omega),  

(Face Offset); 
 From Coordinates File – , 

; 
 Manual Input – . 

 Points . 3.28.  

 109 

. 3.28  

 Design Modeler  
: , , , -

, , , . -
 Create Primitives ( . 3.29). -

,  
(Base Plane),   (Ori-
gin Definitions), , -
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.  Opera-
tion  Add Material, Cut Material -

, .  
-

  As 
Thin/Surface?, -

. -
 
 

Design Modeler. 
 

 
 
 

3.3.2.  

 
. , -

, , -
. , Design Modeler -

, -
, , -

.  
, ,  

 
, . 

, , -
,  

.  Design 
Modeler  Freeze –  ( ) -

.  
.  

 ( . 3.30).  

 
. 3.29  
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 Freeze  
, .  

 Unfreeze.  Freeze  Unfreeze  
 Tools ,  

. ,  
 Generate .  

-
, .  

 Orientation  Add Frozen. 
-

 (Pattern),  Create. -
-

.  Geometry . 
 Pattern Type :  

 Linear – . -
 

(Direction),  (Offset)  (Copies); 
 Circular – . -

, -
 (Axis),  (Angle)  

(Copies).  Angle  Evenly Spaced 
– ; 

 
. 3.30  
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 Rectangular – .  
-

. 
 Pattern -

 Pattern Type . 3.31. -
, 

,  « » 
.  

. 3.31  

-
 Body Operation.  -

 113 

, , , -
, . -

 Create -
, -

.  Bodies , -
.  Type 

; . 
 Mirror –  ( . 3.32). 

 Mirror Plane , -
.  

 No  Preserve Bodies?; 

. 3.32  

 Move – .  
:  (Source Plane)  (Destination Plane). 

 
.  No  Pre-

serve Bodies?, ,  
.  

. 3.33; 
 Delete – .  

 Body Operation  
.  
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. 3.33  

 Scale – .  
,  

 Scaling Origin): World Origin –  
, Body Centroids – , Point –  

.  (Scaling Factor) -
 0,001  1000.  

 Simplify – . -
 Design Modeler . -

 Simplify Geometry ( -
 Yes). , , -

 Simplify Topology; 
 Sew –  ( ). -

 (Surface Body),  
. -

, , -
 Tolerance, : Normal – , 

Loose – , User Define – . -
.  

,  Yes  
Create Solids.  Sew -

. 3.34.  (0,5 ) 
,  User Tolerance (1 ), -

; 
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. 3.34  

 Translate – .  
,  (  Di-

rection Definition): Selection –  
, Coordinates – -

.  
 Distance,  – -

 X Offset, Y Offset, Z offset.  Preserve Bodies? 
; 

 Rotate – . -
,  (  Axis Defini-

tion): Selection – , Components –  
. -

 Angle.  Preserve Bodies? -
; 

 Cut Material – .  
 Body Operation -

 (Extrude, Rotate .)  
. -

,  ( ) .  
 (  Preserve Bodies?  

 No).  Body Operation -
 Cut Material . 3.35. 
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. 3.35  

 Imprint Faces – -
.  Body Operation « -

» . -
-

 Operation,  Imprint Faces.  
-

 ( . 3.36).  (  
Preserve Bodies?  No); 
 

 
. 3.36  

 Slice Material – .  
, , -

, . . 
 (  Preserve Bodies? 

 Yes).  Body Operation 
. 3.37. 
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. 3.37  

, -
 Boolean.  

 (Solids),   (Surface 
Body).   (Line Body)  

. -
 Create. 

 Operation : 
 Unite –  .   Tool Bodies  

; 
 Subtract – .  Target Bodies -

,   Tool Bodies .  Pre-
serve Tool Bodies? -

; 
 Intersect – .  Tool Bodies  

,  Intersect Result – -
: Intersection of All Bodies –  

, Union of All Intersection -
. -

 Preserve Tool Bodies? ,  Yes/No, -
 Yes, Sliced, -

 (Frozen) .  



 118

 Boolean  
. 3.38. 

. 3.38  

 
 Slice.  

 Create , ,  
,  ( , -

 Freeze).  Slice Type 
: 

 Slice by Plane – . -
 (Base Plane).  -

,  Slice Targets ( -
 – All Bodies)  Selected Bodies  

.  Slice  Slice by Plane 
. 3.39. -

; 
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. 3.39  

 Slice By Surface – .  
 (  Target Face)  -

 (Slice Targets=Select Bodies).  
,  Slice Targets=All Bodies.  Bounded Surface? -

-
 (  No).  Slice  

Slice by Surface . 3.40.   
 Target Face -

 Slice By Surface  
, . 

 
 Bounded Surface?; 

 Slice Off Faces – . 
, -

.  Faces.  Design 
Modeler ,  

.  
 Slice  Slice Off Faces . 3.41; 
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. 3.40  

 
. 3.41  

 121 

 Slice Off Edges – . -
 Slice Off Faces -
 (Line body). -

 (Cross 
Section).  Edges.  

 Slice . 3.42.  
 

. 3.42  

-
 Face Delete,  Create.  

Faces ,  Healing 
Method  « »  

 (  Automatic). -
 Edge Delete,  

.  Face Delete  Edge Delete  
.  Face Delete 

 . 3.43. . 3.44 
 Edge Delete -

 Healing Method. -
,  

,  No Healing  Healing Method -
. 



 122

. 3.43  

 

 
. 3.44  

 

 123 

-
. -

 Sketch Projection, -
 

. -
, , . -

, ,  
-

. 
 Geometry . -

 Generate.  -
,  

, . -
, ,  Sketch 

 Instance, ,  
 

. 

3.3.3.  

 
, Design Modeler -

, . -
-

, -
,  

.  
 Named Selection,  

 Tools . 
 ( ), -

, ,  
, , .  

 
, ,  
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. -
,  «-». 

 (Surface body)  
 Mid-Surface. -

 Face Pairs, ,  
. -

,  
,  

. 3.45).  
. 

. 3.45  

-
, -

, . , -
,  

.  
Symmetry  Tools.  Number of Plains  

 (  1  3). ,  
, -

 Mechanical , 
. -

. 
-

 Symmetry . 3.46. 
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. 3.46  

 Fill -
.  Tools.  

 (  Extraction Type): By Cavity – 
, By Caps – 

. -
 Faces.  

 
 (Surface Body).  

 (  Preserve Capping 
Bodies  Preserve Solids).  Fill  

. 3.47. -
-

, . -
 1  2  3, -

 (Surface Body).  Extraction Type  By 
Caps  Fill, , 

 2  3 .  
 (Line Body)  

(Surface  Body) -
 Concept. : 
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. 3.47  

 Lines From Points – . 
 Point Segments -

, -
,  Points. -

 (  Point Pairs) , -
 (  Point Chains). 

, -
; -

 (Remove 
Last Segment)   (Clear All Segments). -

 Operation,  
 Add Material,  Add Frozen -

; 
 Lines From Sketches –  
.  Base Object ,  

,  (Plane from Face), -
.  Operation ; 
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 Lines From Edges -
.  Edges  Faces -

;  
. , -

.  Operation . 
 3D Curve  

. , 
,  Points. -

 Definition -
: Point Selection –  ,  From Coordinates File – 

.  Operation  
. -

,  
-

: Open End – , , 
Closed End , , Clear 
All Points – , Delete Point 
– .  

 
 Split Edges.  Edges , -

,  Definition  
: 

 Fractional – .  
Fraction , -

 0,5 ; 
 Split by Delta – : 

Sigma – , 
Delta – ; 

 Split by N –  N . -
: Sigma – -
, Omega – -

, N – .  
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, -
. -

 Surface From Edges ( . ), -
. -

, . 
 (Surface Body) -

: 
 Surface From Edges – -

.  Edges  
, , -

.  
 

 Flip Surface Normal?)  ( -
 Thickness); 
 Surface From Sketches  

, .  Base Object 
.  Operation  

 (  Add Material)  
 Add Frozen) .  

-
 Orient With Plane Normal? (  Yes  – -

).  Thickness ; 
 Surface From Faces –  

.  Faces  
,  Operation .  

, -
,  Holes Repair Method ( -

 No Healing)  Natural Healing.  
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-
 Design Modeler -

-
. -

-
 Concept Cross Sec-

tion. . 
3.48, -

, -
-

. ,  
 User Integrated,  

, -
, ,  

.  User Defined  
. 

-
.  

 Cross 
Section  Details View . 3.49). -

-
 (  Offset Type). 

 
. 3.49  

 

. 3.48  
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3.4.  

, 
. ,  

-
. ,  

,  
, -

,  
. , 

.  
: 

 Edit Selection – .  
 

,  Details View; 
 Insert – . , 

,  
. . 3.5  . 77); 

 Rename – .  
. , -

, -
, -

, ; 
 Delete – ; 
 Generate – . 

-
;  Generate 

; 
 Always Show Sketch –  
, .  

 
Show Sketch; 
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 Hide Sketch – -
. . -

-
 Show Sketch; 

 Look at – -
. -

; 
 Suppress – .  

,  
.  Suppress & All Below, -

; 
 Unsuppress –  Suppress. -

.  
 Unsuppress & All Below, -

;  
 Show Dependencies – .  

, -
, .  Parents  

 ( ) ,  Children –  
. ,  

, -
, ; 

 Suppress Body – -
. ,  

 (Line Body, Surface Body, Solid), -
 Mechanical.  

 Unsuppress Body; 
 

.  
. 3.50.  
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. 3.50  

3.5.  

-
, -

, , . -
, ,  Depth  

 Extrude,  Angle  Revolve . -
,  

. , , ,  
, -

.  
,  

,  
. 

, -
, , -

. -
 

 . -
,  

-
 ANSYS.  

-
, -

 133 

 . -
, -

. , -
-

,  . -
 Workbench -

, , , . -
 

.  
. 

 
 Parameter Manager,  

 Tools Parameters. -
.  

   Details 
View . 3.51). Design Modeler  

,  
.  Parame-

ter Manager,  . 
 

. 3.52  
: 

 Design Parameters – -
; 

 
. 3.51 
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 Parameter/Dimension Assignments – -
; 

 Check –  
; 

 Close – . 

,  
 Parameter Manager.  

-
,  Parameter/Dimension Assignments.  

-
. -

 @.  
:  

 – abs(x),  sin(x), cos(x), tan(x), -
 ln(x),  exp(x),  – 

sqrt(x). -
 Generate.  

: 
 ZXPlane.L1 = @ZXPlane.L1 –  

ZXPlane.L1 -
 @ZXPlane.L1; 

 
. 3.52  
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 ZXPlane.L2 = 2*@ZXPlane.L1 + @ZXPlane.L3 – -
 ZXPlane.L2  

: @ZXPlane.L1  @ZXPlane.L3; 
 Extrude1.FD1 = dist –  

Extrude1.FD1  dist,  
; 

 Extrude1.FD1 = sqrt(x_dist*x_dist+y_dist*y_dist)   
 Extrude1.FD1  

x_dist, y_dist, . 
 Check Design Modeler -

 ( . 3.53). -
, -

.  Close  Parameter Manager. 

 
. 3.53  

-
.  

 Parameters  Parameter Set  
. 3.54).  

, , -
.  Parameter Set  
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.  
 

. 

 

 

1.  ANSYS Workbench, -
 Static Structural.  Design Modeler. -
: 

  Tree Outline  Details View? 
 ? 
  Graphics ? 

2. . -
 Draw  

.  Dimensions  
. 

 
. 3.54  
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3.  (XYPIane, ZXPIane, 
ZYPIane),  50  

 X  45 .  
. . 

4.   
.  Move  

. 
5. , -

.  – .  – -
. 

6. -
.  

 Extrude . , 
, . . 

7.  3 .  
 5 . 

8. . -
.  

 Revolve  90° . 
9.  Revolve ,  

. 
10.  Body Operation -

. , -
. 

11. . 
. 

12.  
. . 

 (Surface Body). 
13. -

. .  
14.  10R,  R –  

. -
. -
.  
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4.  

 
.  Workbench 

,  
 Engineering Data. -

 
, . -

 
. 

-
 Engineering Data  ,  

.  
. 

-
. 

4.1.  
 

-
, ,  

, ,  
 

-
. -

 Engineering Data, -
 ( . 

4.1). 
 

,  
 

 Engineering Data -. 4.1  
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 Edit ( . 4.2).  
, ,  

,  
. 

 Engineering Data 
 
, 
-

.  
-
-

. 
 

-
.  View -

. . 4.3 -
. 

-
. 4.1. 

. 4.2  

. 4.3  
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 4.1 

   

A 
Toolbox 

) 

,  
 

 

B 
Outline Filter  

) 

 
, -

 

C 
Outline Pane 

) 

-
 

 (Outline Filter) 

D 
Properties Pane 

) 

 
-

 (Outline Pane) 

E 
Table Pane 

) 

 
 

 (Properties Pane) 

F 
Chart Pane 

) 

, 
 

(Properties Pane) 
 

,  
, , -

. 2.1. -

 ,  
, .  

 ( ). 
 (Toolbox) -

.    
,  

, . , . 
4.3  ( ) –  (Structural Steel). 
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. 4.4,  

.   
 Toolbox  

: 
 ; 
 -

,  
; 

 . 
 (Outline 

Filter) -
, .  

 (  Engineering Data), , -
, .  

 Favorites, -
. 

 Outline Filter : 
 ; 
 ; 
 ; 
 ; 
 . 

 (Outline Pane)  
 Outline Filter  

. 4.5). ,  
. , . 4.5  Outline of 

General Materials ,  
 General Materials.  

. 
 

. 4.4  
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 (Properties Pane) , 
 ( . 4.6).  

:  
 ,  

 ( ); 
 ; 
 ; 
 ; 
 . 

 (Property) , -
. -

.  
. 

 

. 4.5  
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. 4.6  

 (Table Pane)  
,  ( . 4.7). -

 ( , 
) -

-
,  

, -
-

. -
 *,  

 
. -

 
. 
 (Chart Pane) -

 ( . 4.8). -
, -

 Edit Properties  
 Properties of Chart ( . 4.9).  

, -
, , -

. 

. 4.7  
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. 4.8  

 
. 4.9  

4.2.  

 
. , -

:  
, . 

,  
. -

. -
, -

 Outline Pane. -
. 
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.  
, -

. , -
 Outline Filter. 

 

   Add  Outline Pane. 
 

ANSYS\v120\Addins\EngineeringData\Language\<lang>\Samples. -
: 

 General Materials -
. , -

; 
 General Nonlinear Materials -

; 
 Explicit Materials  

; 
 Hyperelastic Materials  

, -
. -
; 

 Magnetic B-H Curves ,  
 B-H , . 

 
File Import,  Import  

.  
 Engineering Data File *.xml, *.engd. ,  

, ,  
. 

 
 (  Favorites).  

,  
XML- .  
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-
. -
   Location  Outline 

Filter. -
 Ok. 

-
, , -

: 
 , -

 ANSYS  9.0  11.0; 
  MatML 3.1 Schema; 
 ,  AUTODYN. 

   
, -

. -

. -
 Outline Pane,  *. -

-
.  Outline Pane  

 Outline Filter,  
. -

,  
.  

. 
 (Location) -

 ( ). , 
, . 

 
,  

, ,  ( ). 

 « » ( Favorites) , -
. -
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,  

 Add To Favorites).  Favorites -
 ( . . 4.3). 

4.3.  

 
 Outline Pane. -
: 

 ; 
 ; 
 ; 
  (Suppress); 
 ; 
 ; 
  

. 
,  

. -
. -

: 
 , , ; 

 , , -
. 

 (Suppression)   -
.  

, ,  
. , -

. 
 (Add)  

, -
, . -
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,  
 Favorites.  

 ( ).  
,  ( ). -

 – -
 Engineering Data. 

,  , -
, -

. -
,  Outline Filters  

 – « » (Favorites).  
 Source  

. ,  
, . -

-
: 

 ; 
 ; 
 -

. 
, -

,  (  View Linked Source), 
 (  Refresh From Linked Source) 

 (  Break Link To Source). 
 (Description) -

, .  
, .  

, ,  
. 

,  
,  Outline Filter ,  

 Outline Pane  

 149 

 « » (  Add to Favorites).  
Outline Filter ,  Favorites,  

, , -
 Default Solid Material ( -

),  Default Fluid/Field 
Material (  

). -
 (Structural Steel),  

 –  (Air). 
, 

. -
,  (  

) , -
. 

-
, . -

 
.  

,  Toolbox  
 Properties. 

, 
 

.  
 (  Value)  

 (  Unit)  Properties Pane. -
 

. , -
. 

, , -
,  

 Tabular. , -
 Table Pane. -

,  
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. -
,  *. -

, -
. -

,  
. -
, . 

: 
 ; 
 ; 

 , , -
; 

 , -
, . 

-
 Display Validation Failure  

 ( . 4.10).  
 

. 
 

.  
Suppression,  . -

.  
. 

 Parametrize    
.  

. -
, -

.  
 Parameters 

. . 135). -
 Parametrize, -

. 
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. 4.10  

 
.  

-
.  

. -
: 

 =  *  + . 

 
 1,0  0,0 -

. 
. 4.2 , -

.  
 

. 
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 4.2 

  

 
 

 

1.  
Engineering Data  

 Edit…. 

 
 

1.  
 Outline Filter Pane. 

2.  Edit Library  
. 

3.  File Import Engineering Data…. 
4.  . 

 
 

1.   
. 

2.  . 

 
 

1.  
. 

2.  File Export Engineering Data…. 
3. ,  

 . 

 
 

1.  
. 

2. -
 Outline Pane. 

3.  File Export Engineering Data…. 
4. ,  

 . 

 
 

1. -
, . 

2.  Edit Library  
 

. 
3. . 
4. -

 
, -

. 
5. -

. 
6.  Save ( )  

. 
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. 4.3 , -
.  

: 
 ; 
  Outline Filter Pane; 
 ,  

. 
 4.3 

  

 
 

1.  Outline Pane  
,  Click here to add a 

new material. 
2. -

 Enter. 

-
 

1. , 
. 

2. ,  
 Toolbox. 

 
 

1. , -
, . 

2.  Properties 
Pane. 
3. ,  

 Delete. 

 
 

1. , 
. 

2.  Properties Pane. 
3. : 
    – , ,  

; 
    – , , -

-
 Table Pane. 

 
 

1. , 
. 

2. -
 Parametrize. , , 

. 

-
 

1. , 
. 

2.  
Suppression. 
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.4.3 
 

  

 
  

1. ,  
. 

2.  
 Add to Favorites. 

3.  Favorites  Outline Filter. 
4. ,  

, -
 Default Solid Material ( -

),  Default 
Fluid/Field Material ( -

) . 
 

, -
 Toolbox.  

 ), ,  
. , -

,  ANSYS.  
, , 

, . 
 (  Suppression) 

-
. ,  

(Bilinear Isotropic Hardening) -
 (Multilinear Isotropic Hardening) -

. -
, , -

, . -
. 4.4. 

, ,  
 x, y, z,  

 ( )  
). -

. -
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. -
 – ,  

 x, y, z (2D-  x, y). 
 

 4.4 

 
–  (Isotropic Elasticity); 
–  (Orthotropic Elasticity); 
–  (Mooney-Rivlin); 
–  (Neo-Hookean); 
–  (Polynomial); 
–  (Yeoh); 
–  (Ogden) 
–  (Bilinear Isotropic Hardening); 
–  (Multilinear Isotropic Hardening); 
–  (Bilinear Kinematic Hardening); 
–  (Multilinear Kinematic 
Hardening) 
–  (Thermal Conductivity Isotropic); 
–  (Thermal Conductivity Orthotropic) 
–  (Isotropic Resistivity); 
–  (Orthotropic Resistivity) 

 

,  (  f(T)  
),  

. -
. -

 
, -

,  
. 

-
.  ANSYS 
, -

.  
: 
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  (  – ); 
  (  – ); 
  (  – ); 
 . 

-
: 

  (Mooney-Rivlin); 
  (Neo-Hookean); 
  (Polynomial); 
  (Yeoh); 
  (Ogden). 

, -
-
-

. 
 CAD- -

.  
. 
 

(Material Properties)  Properties 
Pane. ,  CAD-

, . -
 CAD-  

MatML 3.1, . -
 

, . -
 CAD- .  

,  
.  

(Material Properties) ,  CAD-
, -
. 
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4.4.  

 – -
. -

-
, ,  

 ( . 4.11). 
 
 

,  
-

. -
   

-
.  

 
. -

,  
 ( ) ,  

, -

. 
 , -

. 
, -

: 
 . (149) 

-
 

: 
 1 , ln 1 , (150) 

 . 

. 4.11  



 158

, -
: 

  (  
); 

 -
. 

 
 – » ( . . 4.11). -

. -
, -

 
. 

,  
: 

  – ; 
  – . 

, -
,  

-
. -

 ( -
) : 

 

 2 2 2
1 2 2 3 3 1

1
2e , (151) 

 1 2 3, , . 
 

.  

321 . ,  
, . , 

 
( 321 ), . 
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 ( .  4.12) -
.  

-
. , -

. -
 

. 

 

. 4.12  

 ANSYS ,  
: 

 .  
 

 ( . 4.13); 
 .  

 ( . 4.14). 
 

  
. 4.13 . 4.14 

 

 “ e -  
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, ,  

.  «  – » 
. 4.15. 

 

 
. 4.15 

-
, -

.  
, -

-
. -

, -
.  
,  y2 ,  

. . 4.15). . 
-
 
. 
-
-
 

 ( . 4.16). . 4.16  
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, -
-

 ( .  4.17).  
 

 
. 4.17  

 ANSYS  «  – -
»:  ( . 4.18). -

, ,  
. -

 
. -

.  
. 

 

 
. 4.18  
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4.4.1.  

 
.  

.  
. -

, . 
 Toolbox  Plasticity -

. , . 4.19 -
-

. -
 Include 

Property,  
 Bilinear 

Isotropic Hardening  
 Properties Pane. 

 
-

 (Yield Strength)  
(Tangent Modulus) . 4.20). -

 (Chart) -
 ( . 4.21). 

 
. 4.20  

 

. 4.19  
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. 4.21  

, -
 (Multilinear 

Isotropic Hardening)  (Multi-
linear Kinematic Hardening) ( . 4.22). 

 
. 4.22 

 

 

 



 164

-
,  ( . 4.23). 

 
. 4.23 

4.5.  

, -
, -

 
 

 ( . 4.24). 
-
-

: 
 ; 
 ; 
  ( ); 
 ; 
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 ; 
 . 

-
. -

 ( , -
 E1 ). -

, . -
, -

-
. 

. 4.5  
. -

,  0,5. , -
. -

 ( 5,0 )  
: 

 ; 
 ; 
 . 

. 4.24 
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 4.5 
 
 

  1  2 

  
 

 
 
 

 
 

 
 
 
 

 

 
. -

 «  – »  
. 4.25. ,  
,  
. , 

 (Mullin).  ( -
)  (  

) -
. 

 

 

. 4.25 
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.  
 Toolbox  Experimental Stress Strain 

Data, , -
.  

, , Uniaxial Test 
Data – ,  

 Include Property,  
 ( . 4.26). , -

. 

. 4.26 
 

: 
 ,  

 Ctrl + C, ; 
  Table of 

Properties,  Ctrl + V. 
-

 (  A)  (  B).  
 – »  

 ( . 4.27). 
-

 Toolbox, -
 ( . 4.28). 
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.  

, -
 ( . 4.29). 

 

 

. 4.27 

. 4.28 
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Curve Fitting  
Solve Curve Fit. -

 
,  

. -
 Chart 

Pane  «  – » 
 ( . 4.30). 

 

. 4.30 

 Error Norm for Fit ( . 4.31)  
.  

 

 

. 4.29 
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 (Normalized Error) ,  
 (Absolute Error)  

. , -
. , 

,  
. 

. 4.31 

 

1.  ANSYS Workbench, -
 Static Structural. . 

: 
  Outline Filter  Outline Pane? 
 ? 
  Table  Chart? 

2.  «NewMat1».  
 ( ). 

3.  «NewMat1», -
. . 

4.  Aluminium Alloy  General 
Materials .  

. 
5.  Aluminium Alloy ,  

. 
6. ? 
7. -

? 
8.  ANSYS? -

? 
9.  Curve Fitting -

? 
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5.  

-
.  

 Mechanical.  
, -

. 

5.1.  

-
-

. : 
  

. -
 (  review) , 

; 
 .  

 
. 

 
: 

1.  ( , .),  
. 5.1. -

, , -
 FLUENT, CFX . 

2. -
 ( , , .).  

. 
3. , , 

.  
. -

. 
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4. . -
. 

5.  
 2  3. 

-
 
 

-
.  

 
-
 
 

.  
 (Surface 

bodies) -
.  (Line 

bodies)  (Beam). 
-

. 
 DesignModeler -

 
 – , -

 (Multibody Part). -
. , , -

.  DesignModeler 
,  

. -
. 

. 
  ANSYS Workbench  

 

 
. 5.1 
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.  
-

. -
-

. , -
. -

 
. 

. 5.2 . 
 (Mesh) -

.  
 Mesh , -

.  
,  

 Mesh. 

 
. 5.2 



 174

-
 Preview Surface Mesh  

 Mesh ( . 5.3). -
 Mesh . 5.4). 

-
. 5.4. 

 

 

 
. 5.3 . 5.4 

 

5.2.  

 Defaults  (Details of Mesh)  
 ( . 5.5): 

 , -
 (Physics Preference); 

  (Relevance). 
 

. ,  (Structural) –  
, . 
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. 5.5 

,  
, .  

-
 (Relevance),  

100  +100 ( . 5.6). 
, -

.  
 

Preview Surface Mesh.  
 

. 5.7. 
 

   
Relevance -100 

 426 
 212 

Relevance 0 
 986 

 492 

Relevance 100 
 2766 

 1382 
. 5.7 

 Statistics -
. . 5.6  

. 

 
. 5.6 
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. 
 

,  
 ( , .) -

.  
, .  

.  
 

. 
 (Relevance) -

 (Relevance Center)  
 (Sizing).  

. 5.8, . 5.9. 

 
. 5.8 

 

 
. 5.9 
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 (Element Size) -
 ( . 5.10). -

, .  
 

 (Use Advanced Size Function): 
 ,  

 (Relevance)  (Initial Size Seed). 
 . 

  

. 5.10 

 (Initial Size Seed) -
,  

. 
 (Smoothing) -

 
 (Use Advanced Size Function). -

.  
. -

 ( . 5.11). 
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 (Transition)  
 ( . 5.12).  Tran-

sition -
 (Use Advanced Size Function).  

 Fast. 

 Span Angle Center ( ) -
. 
 

, -
. : 
 Coarse ( ) –  91   60 ; 
 Medium ) –  75  24 ; 
 Fine ( ) –  36  12 . 

 
Span Angle Center . 5.13  5.14. 

 

 

. 5.11 . 5.12 

  
. 5.13 
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. 5.14 

  ANSYS Workbench -
: 

1.  (Use 
Advanced Size Function) . 

2.  
: 

2.1.  (Element Size)  
. -

 ( , ). 
 Ele-

ment Size  ( . 5.15). 
2.2.  (Proximity and Curvature) -

 
 ( . . 5.16).  

100  +100.  (Element Size)  
 (Default),  Proximity and Curvature  

,  Relevance ( )  
.  (Proximity) -

.  
2.3.  (Shape Checking)  

 ( . 5.17). -
 (Standard Mechanical), -

-
 (Aggressive Mechanical). 
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2.4.  (Initial Size Seed)  
,  

 ( . 5.18). 

 

  

 

 

 

. 5.15  . 5.16 

 

 

 
. 5.17  . 5.18 
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5.3.  MESH CONTROL 

 Mesh Control  
,  

. 

5.3.1.  

 Method  Mesh Control  
 ( . 5.19, ) -

,  Scope 
)  Geometry  

 Apply. -
-

 ( . 5.19, ): 
 Automatic ( ) – -

, ,  
; 

 Tetrahedrons ) – -
; 

 Hex Dominant ) – ,  
, , ,  

; 
 Sweep ) – . 

. 5.1.  
 

    
  

. 5.19 
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 5.1 

 
1 –  Method 

 Mesh Control 

 
2 –  

 Method 

 
3 –  

 

 
4 –  Geometry 

 

 
5 –  

 

 
6 –  Method  

 Tetrahedrons 
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. 5.1 

 
7 –   

Patch Conforming Method 

 
8 –  

,  Update,  
 

 Generate Mesh 

 

 
9 –  

 Mesh 
 

 
10 –  

 
 

 Hex Dominant. 
 

-
, .  

.  
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. , -
-

. , 
.  

:  
1. . 
2.  Design Modeler  

, . 
3.  

. 
-

.  
, . 

 
. 5.2. 

 5.2 

 
1 –  Method 

 Mesh Control 

 
2 –  

 Method 

 
3 –  

 

 
4 –  Geometry 
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. 5.2 

 
5 –  

 

 
6 –  Method  

 Hex Dominant 

 
7 –  Hex 

Dominant Method 

 
8 –  

,  Update,  
 

 Generate Mesh 

 

 
9 –  

 Mesh 
 

 
10 –  
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, , -
. 5.20. ,  

, , -
, ,  

Tetrahedrons. 

 (Sweep Method) -
. 
 

.  
,  

,  
.  

. -
 ( -

), . 
 -

 
. 5.3. 

   
,  

 
  

. 5.20 
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 5.3 

 
1 –  Method 

 Mesh Control 

 
2 –  

 Method 

 
3 –  

 

 
4 –  Geometry 

 

 
5 –  

 

 
6 –  Method  

 Sweep 
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. 5.3 

 
7 –  

Sweep Method 

 
8 –  

,  Update,  
 

 Generate Mesh 
 

 

 
9 –  

 Mesh 
 

 
10 – -
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5.3.2.  

  Workbench . 
 Sizing ( )  Mesh 

Control , -
.  Type : 

 Element Size ( )  
; 

 Number of Divisions ( ) -
; 

 Sphere of Influence ( )  
,  

. 
 Sizing -

, -
, .  

, . 5.4.  
,  

. 
 5.4 

   
 

 
(sphere of influence) 

Bodies    
Faces    
Edges    
Vertices    

 
 
 

. 5.5. 
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 5.5 

 
1 –  Sizing 

2 –  Sizing 

 
3 –  

 
 

4 – -
, -

 

 
5 –  

 

6 –  
Vertex Sizing 
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. 5.5 

 
7 –  Sphere Radius -

, -
; 

 Element Size  
 

 
8 –  

,  
 

 
9 –  

Generate Mesh -
 Update 

 

 
10 –  

 Mesh 
 

 
10 – , ,  
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. 5.6. 

 
 5.6 

 
1 –  Sizing -

 Mesh Control 
2 –  Sizing 

 
3 –  

 
 

 
4 –  

,  
 

 
5 –  

  
6 –  

Face Sizing 
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. 5.6 

 
7 –  

 

 
8 –  Type -

 Sphere of Influence,  
 Sphere 

Center, Sphere Radius  Element Size 

 
9 –  

-
 (Global Coordinate System) 

 
 (Coordinate System) 

 
10 –  Sphere Radius  

, 
 Element Size  

 

 
11 – -

 

 
12 –  

,  Update,  
 

 Generate Mesh 
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. 5.6 

 
13 – -

 Vertex Sizing 
 Mesh , -

,  
 

14 –  
 Mesh 

 

   
15 – , , 

 

 
16 –  
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,  
, , -

-
. 

5.3.3.  

 Contact Sizing (  
)  Mesh Control , 

-
.  

 
.  Element Size 

 Relevance  Type -
 ( . 5.21). 

5.3.4.  REFINEMENT 

 Refinement ( )  
 Mesh Control ,  

, .  
 

. -
,  

 
  

 

. 5.21 
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, -
.  Refinement,  1,  

. , 
, . , -

 Refinement ,  
.  Refine-

ment, -
. 

 
 Refinement -

. 5.7. 

 5.7 

 
1 –  Refinement 

 

 
2 –  

Refinement, , 
 

 

3 –  
Refinement 

 
4 –  
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. 5.7 

 
5 –  

,  
 

6 –  
.  

 Refinement,  1, 
 

 

 
7 –  

 

 
8 –  

 
Refinement  

 
 Update 

 

 
9 –  

 Mesh 
 

 
10 –  

 
Refinement =1. -
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 Sizing  Refinement 
. 5.22) . -
 Sizing  

-
, -

-
.  

Refinement -
 

. -
, -

 
-

.  Sizing  Refinement 
-

.  Sizing  
,  Refinement  
. 

5.3.5.  

 (Mapped Face Meshing) 
.  

. -
 (quadrilateral)  (trian-

gular) , -
, -

.  
, , -

. 
 (Mapped Face Meshing)  

. 5.8. 

 
. 5.22 
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 5.8 

 
1 –  Mapped Face Meshing 

 
2 –  

Mapped Face Meshing,  -
, -

 

 
3 –  

 Mapped Face Meshing 

 

 
4 –  

,  
 

 
5 –  

 

 

 
6 –  
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. 5.8 

 
 

 
7 – -

 Refinement 
 

 Update 

 

 
8 –    

 Mapped Face Meshing 
, ,  

 

 

      
9 –  
(Mapped Face Meshing)  

,  
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5.3.6.  

 
 Match Control -

 
. 5.23)  

-
-
-

 ( .  5.24). -
-

. 
 

-
-

: 
  Match Control -

 Mesh; 
 -

; 
 .  Z -

. 
 

     
 . 5.24 

 
. 5.23 
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5.4.  

 
,  

.  
 New 

Section Plane ( ),  
.  (Section Plane)  

.  
. : 

 ; 
 ; 
 . 

. 5.9. 

 5.9 

 
1 –  New Section Plane 

 

 
2 –  
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. 5.9 

 
3 –  

 

 
4 – ,  

 
 

 
5 –   

6 –  
 

 
7 –  

 

 
8 – -

 
 « » 
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5.5.  

, 
.  

, -
 Problematic Geometry ( ), -

. 
: 

 -
, -

; 
 -

 CAD, -
; 

  (  Ag-
gressive). 

 
: 
 -

 (  Sizing); 
 ,  

; 
  CAD-  

,  
; 

 ,  
. 

5.6.  

 (Virtual Topology) -
.  

, -
 Model. ,  
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, -
,  (Model) 

. 5.25).  (Virtual Cell)  
-

.  
.  

,  
. -

. -
. -

, , -
 ( ).  

. 

 
. 5.25 

 Virtual Cell 
), -

. -
, -

. -
-

. , -
, -

.  Model ,  
, . 

-
 Virtual Topology, -

 ( . 5.25). -
 ( . 5.26, )  



 206

 ( . 5.26, ).  
,  

-
 ( . 5.27, ).  Virtual Face ( -

) ( . 5.27, ),  Geometry 
) . ,  

. -
. -

. 

 

 

  
. 5.26 

 

  
  

. 5.27 

. 5.28, -
 

. -
 – .  

 
.  

-
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. -
-

 ( . 5.28, ). 

 

 

  
. 5.28 

, -
, -

-
 ( .).  

, -
. -

-
.  

. 
. -

: 
 :  

; 
  

; 
 ; 
 ,  

. 
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5.7.  
 MECHANICAL  ANSYS 

-
 ANSYS. 

 Part Relevance  
SMRTSIZE . 

 Sizing (Element Size –  Number of 
Element Divisions – )  LESIZE  
ASIZE. -

 Sphere of Influence  ANSYS . 
 Contact Sizing  ANSYS,  

 AESIZE , . 
 Refinement  KREFINE, LREFINE, 

AREFINE. 
 Element Size  ESIZE. 

 Proximity and Curvature  SMRTSIZE. 
.  

 
. 

 Shape Checking ( ) -
 SHPP, LSTET,ON. -

 (SHPP, LSTET,ON)  
(Standard), . -

 (SHPP, LSTET,OFF)  
 (Aggressive), . -

 
, -

.  ANSYS 
 (SHPP, OFF),  ANSYS 

. 
 Mapped Face Meshing ( ) -

 MSHKEY,1 -
 MSHAPE. 
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 Element Shape ( )  
VMESH ( )  VSWEEP. 

 Part Proximity ( )  
SMRTSIZE. 

 (Hex-dominant) -
 ANSYS. , , SOL-

ID45, .  
 ANSYS  

 (hex-to-tet) , -
,  

,  
.  ANSYS -

 Workbench. 
 

 

1. -
? 

2. . 
3. . 
4. ,  

, ? 
5.  Ansys Workbench  

? 
6. -

. -
: 

 , , , -
, , ? 

 ? 
  

? 
  Defaults ? 
 ? 
  Statistics -

? 
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7. .  
. -

 Relevance  Relevance Center. -
,  

. 
8. -

 Sizing ? 
9. . -

. 
10. ? 
11. -

 Extrude. -
 (Sweep Method). 

12. . -
. -

. 
13. -

 Extrude.  
. -

 Refinement  Refinement,  2.  
. 

14.  
?  

? 
15.  Match Control -

? 
16.  New Section Plane -

? 
17. , -

. . -
, -

. 
18. -

. 
19.  Virtual Topology ? 
20.  (Virtual Cell)?  
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6. . 
 

-
-

 ( , .) . 
 

.  « »  « »  
,  

, .  « -
»  Workbench : , -

,  
;  »  

 (  
)  ( ) .  

 Work-
bench , . 6.1. 
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. 6.3 

 Environment -
 

Static Structural. 
-
-

. -
 (Global Coordinate System)   

-
. -

-
 

 Coordinate Systems.  
-

,  
 ( . 6.4).  

-
, 
 

Coordinate Systems -
   

 ( . 6.5). -
-

 – -
 Coordinate Systems,  

 Insert Coordinate System. 
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2 Metric (cm, g, dyne, s, V, A) cgs 
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