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Flane Flaned
Sketches ]
Iype From Face I A
subtype Cutline Plangl
Base Face Selected |/
Use Arc Centers for Origin? | Yes
Transform 1 (RME) MNone

2-50 1
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9
Plane4 ¥ New Sketch ™  Look At Face/Plane/Sketch
2 2-51
10
Sketching 2-52
Details of Sketch2
ions: 4
H1 4 mm
H2 4 mm
V3 2mm
¢E Extrudel v 12 mm
E|¢;#. Planed
-, %@ 1 Part, 1 Body
2-51 2 2-52 2
11
Modeling Extrude Details Geometry
Sketch 2 Operation Cut Material  Direction Both-Symmetric ~ Extent Type
Through All 2-53 Generate
‘,ﬁ 1 Part, 1 Body
[=l| Details of Extrude2
Extrude Extrude2
|Geometry Sketch2
bperaiion Cut Material
Direction Vector MNaone (Marmal)
Direction Both - Symmetric
Extent Type Through All
As Thin/surface? Mo
2-53 1
12
Create > New Plane Details Type From Face Base
Face 2-54 Generate
13
Plane5 ¥ New Sketch 1™  Look At Face/Plane/Sketch

3 2-55
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E(n Extrude2
© e, Sketch2

H- @@ 1 Part, 1 Body

Details of Planes
Plane Planes
Sketches ] . ,
Type From Face I / .(El Extrude2
Subtype Cutline Plan{ E‘{* Plane5s
Base Face Selected |/ -
Use Arc Centers for Origin? | Yes .....
Transform 1 (RMB) None [ .‘(ﬁ 1Part, 1 Body
2-54 2 2-55 3
14
Sketching 2-56
Details View 7 :
Details of Sketchs
[-|| Dimensions: 8
H1 1 mm
H2 & mm
H3 9 mm
H8 1.5 mm
V4 0.6 mm
V5 24 mm
Vé 3 mm
w7 1 mm
2-56 3
15
Modeling Create > New Plane Details
Type From Face  Base Face 2-57 Transforml RMB
Offset Z FDI1,Valuel -1.5mm Generate
i 5= Plane5
-, %@ 1 Part, 1 Body
[-I| Details of Planes
Plane
Sketches
Type
Subtype
Base Face
LUse Arc Centers for Orisin?
Transform 1 (RMB)
FD1, Value 1 -1.5 mm| |
2-57 3
16
Plane6 ¥ New Sketch 1™  Look At Face/Plane/Sketch

2-58
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-, 5 Planes
-, 5= Planes

W@ 1 Part, 1 Body

2-58 4

Sketching Line Arc by 3 Points 2-59

18
Modify Trim 2-60

Draw
Modify

[ Fillet

F~ Chamfer
~ Corner
=+ Trim

7 Extend
> split

2-60 2

19
Dimensions 2-61 Generate

Details of Sketch4
-l Dimensions: 4

Hz2 3 mm
R3 7 mm
R4 7 mm
Wi 2.5 mm

2-61 2
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20
Modeling Sweep Details

Profile Sketch3  Path Sketch4 2-62 Generate

E‘,)}. Plane6
£ e, iSketchd]

; r—

- M@ 1 Part, 1 Body

[-I| Details of Sweepl

Sweep Sweepl
Profile Sketch3
Path Sketchd
Operation Add Material
Alignment Path Tangent

2-62

21
Blend Details Radius 0.3mm
2-63 20 Generate

‘,% Sweepl
@ FBlendl
-, art, 1 Body

[=| Details of FElendl

Fixed-Radius Blend |FElendl
FD1, Radius (=0) 0.3 mm

Geometry 20 Edges

2-63 1

22
Create > New Plane Details Type From Face Base
Face 2-64 Generate

o, @ FBlendl

I = Plane7

[, @ 1 Part, 1 Body

[ Details of Plane7

Plane Plane?
Sketches 1]
Type From Face | /
Subtype Outline Pla|r194r
Base Face Selected I\/
Use Arc Centers for Origin? | Yes

2-64 4

23

Plane7 ¥ New Sketch ™  Look At Face/Plane/Sketch
5 2-65
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E|«)'. Plane?

----,,ﬁ 1 Part, 1 Body
2-65 5

24
Sketching 2-66

Details View

Details of Sketchs

[=I| Dimensions: 4

H1 &mm
H4 15 mm
' &mm
VE 21mm

2-66 5

25
Modeling Extrude Details

Geometry Sketch 5 18mm 2-67
-, 4= Plane?

=
|

- 8@ 1 Part, 1 Body

Details View

[=I| Details of Extrude3
Extrude Extrude3
Geometry Sketchs |
Operation Add Material
Direction Vector Mone (Mormal)
Direction Marmal
Extent Type Fixed
| | FD1, Depth (=0) |18 mm |

2-67 2

. ﬁ/ﬁ)ﬂ&ﬂi

DesignModeler 72 A% SEARATE A #AE #5240, 4o RA H2HE B, H AN
Haik P EAN44E, BFA [Details View] P a3t 474572, Toli@ it [File]l >
[Auto-save Now] #47&4, @it [File] > [Restore Auto-save File] #4T1kE .

26

Blend Details Radius Smm
2-68 Generate
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-, @ Extrude3

FBlend2

EEI----‘,Q 1 Part, 1 Body

1w

Details of FBlendz )

Fixed-Radius Blend |FBlendz  /
FDL, Radius (»0) [Smm |/

Geometry 1 Edge /

2-68 2

27
Create > New Plane Details Type From Face Base
Face 2-69 Generate

- FBlend2
f.. Planed I
1 Part, 1 Body

v
Details View 1
[=I| Details of Planed

Plane Planeg

Sketches 1]

Type From Face |
Subtype Outline Plane/
Base Face Selected |/
Use Arc Centers for Origin? | Yes

28
Plane8 ¥ New Sketch ™  Look At Face/Plane/Sketch

6 2-70

«‘ FBlend2
E«ﬂ“ Plane8

- % 1 Part, 1 Body

2-70 6

29
Sketching 2-71

Details View

Details of Sketchg
Dimensions: 2
o1 8 mm
H2 5 mm
V3 3 mm

[1] [+

2-71 6

30
Modeling Extrude Details

Geometry Sketch 6 3mm 2-72
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¢$ Plane8

& @@ 1 Part, 1 Body

Details View q
[=| Details of Extruded
Extrude Extruded
Geometry Sketché |
Operation Add Material
Direction Vector Mone (Mormal)
Direction Mormal
Extent Type Fixed
FD1, Depth (>0) |3 mm_|

2-72 3
31
Create > New Plane Details Type From Face Base
Face 2-73 Generate
v‘a Extruded
=| Details of Planes
Plane Planed
sketches 1]
|| Type From Face |
Subtype Cutline Plan?"
Base Face selected }/
2-73 6
32
Plane9 ¥ New Sketch ™  Look At Face/Plane/Sketch
2-74
‘,E‘ Extruded
E|¢)}. Plane9
[, 1 Part, 1 Body
2-74 7
33
Sketching 2-75
Details View 1

Details of Sketch?
[-| Dimensions: 3

o1 & mm
H2 5 mm
V3 3 mm

2-75 7
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34

Geometry Sketch

Mode
7

- ;7= Planeg

3 Sketch7

-, &@ 1 Part, 1 Body

ling

3mm

B

Details of Extrucdes

Extrude

Extrudes

Geometry

Sketch? I

Cperation

Add Material

Direction Vector

Mone (Mormal)

Direction

Mormal

Extent Type

Fived

FO1, Depth (=00

Smml

2.
-

2-76

2-76

Extrude Details

7

H ke AR R AT, Bk
A, TUNRRIAZHER,

Z VAR %, B AAE DesignModeler FA|Z T —ANNmiEFRE, 2835
R UAT R . IR AR AR AR E R AR R

Type From Face Base

nerate

P

35
Create —> New Plane Details
Face 2-77 Ge
& Extrudes
= Planeld
‘,G 1 Part, 1 Body
Details View 1
[-I| Details of Planel
Plane Planel0
Sketches 1]
Type From Face |
Subtype Outline Plane A
Base Face selected I 7
Use Arc Centers for Origin? | Yes
2-77
36
Planel0 ¥3  New Sketch

2-78

9%  Look At Face/Plane/Sketch
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37
Sketching 2-79
‘,E Extrudes Do
E 3 Planel0 Details of Sketchg
[ % 1 Part, 1 Body o1 4mm
2-78 8 2-79 8
38
Modeling Extrude Details Geometry
Sketch 8  Operation Cut Material  Extent Type Through All 2-80
Generate
[—],)}. Plane10
Lo, 18 SketchB
EEI----,G 1 Part, 1 Body
Details View q
[=I| Details of Extrudes
Extrude Extrudeé
Geometry Sketchd
Operation Cut Material
Direction Vector | Mone (Marmal)
Direction Reversed
Extent Type Through All |
2-80
39 DesignModeler
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CAD DesignModeler
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2-81

B

2-81 CAD
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@1 B8 4

MIPER-F NGB PG B AR E BG4S, AR TR e AR 5. S AGAR XA IR S AT,
ok @Ak A [Surface Patch)., &k @ #Ad [Surface Extension]. 4&-5F [Merge). %4
[Connect ] %. £ AMAMEANS ik, FIZRIBARA 09 R IRAE SRR E, Kb Pt b —A4
BRFs e AT R @ AEAY, BUATREAN G, XA B 69 R T A RAFRIT e F . BEAARE
B RTRAR 3D KK, B R 2|4R3R4E [Body Operationl,

% 4% K # | —ME R “Start/Ch2/test]].x_t”
% & L84 |—P7 X B ““End/Ch2/repair.wbpj””
% —Bﬁ%ﬁ'ﬁﬁi ““AVI/Ch2/repair.avi””

2. BIEDER

1 Geometry CAD
Workbench - Component Systems —> Geometry A
Project Schematic A repair A2
Import Geometry testll.x _t 2-82
Bl Compaonent Systams | i &

- i Geome

T AcP (Post) CACE L

:3 ACP (Pre) 2@ Geomery 7 .

~ ' [repair | |8 Mo DesiomModeler Geometry
@ Autodyn - A

M o ﬁ Mew SpaceClam Geomelry..,
BladeGen R 5
| Import GEomERry
@) CFx iy Undsie g
@ Engineering Data 05 Duphcate - =

T fer Data From Me:
¥ Explicit Dynamics(LS-DYNA Export) romertetn “

- e Transfer Diata To Mew

§@ Bdternal Model B3 Rename #  Update

[n Feedback Iterator Propertes Update Uipstream Components

(@ FinitzElementModeler add Note e

E Fluent ’ Reset

B Fluent (with Flyefit Meshing) B Rensme

Properties
2-82 Geometry
2 CAD

Project Schematic A2 DM Units
Millimeter DM Importl Generate View -
Wireframe View - Graphics Options —> Edge Coloring -
By Connection 2-83

2-83 3

3D
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View Help
Shaded Exterior and Edges
Shaded Exterior

[ Wircframe] 5=

Graphics Options

o ER]SPRAa@aa

Edge Coloring 4 ||| By Body Color

3 »
|| By Connection

Free 4

Face Coloring

|T Frozen Body Transparency
Edge Joints

Wehare Topology

2-83 CAD
3
View > Shaded Exterior and Edges View -> Graphics Options
-> Edge Coloring - By Body Color
2-84 Tools -> Surface Patch Details
Apply Generate
2-84
[=| Details of SurfPatchl
Surface Patch |SurfPatchl
Patch Edges |6
Patch Method | Automatic
2-84 1
4
2-85 Tools -> Surface Patch Details
Apply Generate
2-85

Wireframe
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Automatic

[=I| Details of SurfPatch2
Surface Patch |SurfPatch2
Patch Edges |4
k Patch Method N

2-85 2
5
2-86 Tools —> Surface Extension Details
Apply Details Extent Type Natural 50mm
Generate 2-86
2-87 Tools > Surface Patch Apply
Details Patch Method Automatic Generate 2-87
Details of SurfaceExtl
[-I| Surface Extension Group 1 (RMB)
|| Extent Type Natural |
Edges 1
" | Extent Fixed
|| FD1, Distance (=0) |50 mm |

2-86

Details of SurfPatch3

Surface Patch | SurfPatch3
Patch Edges |2
Patch Method | Automatic

2-87

TR - #T

. Jxt H = AN B ATIS AT, &RATRA T 46 Surface Extension /& Surface
Patch 497k, ZHMS A B R D B R ILEGFOREBE, Wi R2ZA Surface
Patch 3&/{’]‘{'%;5&’ éﬁ%ﬁ? ﬁﬂﬁ'ﬁ*ﬁéﬁrﬁ?ﬁﬁ‘%ﬁ'ﬁ’ﬁx/ﬁ\

6 3D
Create > Body Operation

Details
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Apply Type Sew Create Solids? Yes 2-88
Generate 2-88

Tools > Unfreeze Details Apply
2-89 Generate

- /[8 A: repair

------- +#= XYPlane
------- 7= ZXPlane
------- 3= YZPlane

....... . m Importl

C| Details ef Bedyopr | /L5 SurfPatchl

Body Operation |Bodyopt | 7 [0 SurfPatch2
Type Sew T | % SurfaceExtl
Bodies ' /L1] SurfPatch3
Create Solids? | Yes I """" 1 BodyOp1
Tolerance Marmal EI""«_@ 1Part 1 Body

Merge Bodies | Yes ot @1 Solid

2-88

-/ A: repair
»3h X¥Plane
"* 7¥Plane
»3 YZPlane
.. _{m Impaortl
-, [3] SurfPatchl
- 3] SurfPatch2
-, [ SurfaceExtl
- [3] SurfPatch3
.. _’ﬁ BodyOpl
: -~ Unfreezel
Bodies 1 -8 1 Part, 1 Body
Freeze Others? Mo

[=]| Details of Unfreezel
Unfreeze Feature | Unfreezel

2-89

7 File - Save Project
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2-90

& (z8E%)

ZQ A 2-90 TR, T ALRERERA L MeA TR, WRARZEL
—AFARAER, XHEG R RF AR, ST BN IS, AT REEAN
BARSA, DARE R TR —HAE = &, B2 RTHATAHR, itk
XF. DX FZA, FE2F DesignModeler F4F2Ra9#E X Z K.

% #E A8 |—MTHE “End/Ch2/parameter modeling.wbpj”

| % —MiT & “ AVI/Ch2/parameter modeling.avi”

2. BIEDER

1 Geometry DesignModeler
Workbench Workbench - Component Systems —> Geometry
Project Schematic A2  Geometry DesignModeler Units
Millimeter OK 2-91
X NSl Project Schematic
Analysis Systems ~
E Component Systems
- A
@ ACP (Post) e —
4 BladeGen / Geometry
@ cFx
@ Engineering Data
¥y Explicit Dynamics (LS-DYNA Export)
External Data
@ Bxtemnal Model
Feedback Iterator
(@ Finite ElementModeler,
E Fluent
2-91 Geometry
2
Tree Outline XYPlane New Sketch Look At

Face/Plane/Sketch 2-92
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auto-Fillet |T]Rectangle wto-Fillet:w
H1
Details of Sketchl 3
[-]| Dimensions: & L
o4 & mm ?"'l - Td
H1 50 mm -1 L5
L5 7.5 mm (
L6 25 mm 2 L
R3 4 mm
Vi 15 mm
2-92
3
OK
D
Design DM
Mechanical
2-93
S A: Geometry - DesignModeler 4
Details View 3 }
Details of Sketchl Create a new Design Parameter for dimension reference
= Dimensions: XPlane.D4?
DO & mm
DH1 50 mm Parameter Name: I}'{YPlane. D4
DI|LS 7.5 mm
D|L& 25 mm
D|R3 4 mm ITI c |
D|v2 15 mm ance
2-93
4 3D
Extrude Details Geometry Sketchl
Smm 2-94 Generate
Details View a
[-| Details of Extrudel
Extrude Extrudel
eometry Sketchl |
Operation Add Material
Direction Vector Mone (Mormal)
Direction Mormal
Extent Type Fixed
FD1, Depth (=0 |5 mm |
As Thin/Surface? Mo
2-94
5

-
Tools = Parameters Parameters

Parameter Editor Design Parameters Parameter/Dimension
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Assignments 2-95
Parameter Editor e
Value [Target [Expression

v XYPlane.D4 & mm .~ X¥Plane.D4 @XY¥Plane.D4
w XYPlane.H1 50 mm v  X¥Plane M1 EX¥Plane H1
« XYPlanelS 7.5 mm v X¥Planel5 @X¥Flane.Ls
« XYPlaneN2 15 mm «  X¥PlaneN2 @X¥Plane V2
v XYPlane.L6 25 mm v X¥PlanelLb @X¥Plane.L6
~ XYPlane.R3 4 mm v X¥PlaneR3 SX¥Plane.R3
<

| De;i;n paramemsl Parameter/Dimen Design F!rirﬂﬂml Parameter/Damension Assignments I

2-95

Parameter/Dimension Assignments
XYPlane.D4 = @XYPlane.D4
XYPlane.HI = @XYPlane.H1
XYPlane.L5 = @XYPlane.V2/2
XYPlane.V2 = @XYPlane.V2
XYPlane.L6 = @XYPlane.H1/2
XYPlane.R3 = @XYPlane.Hl-@XYPlane.V2 / 0.8*@XYPlane.V2

Parameter Editor
[ Target [ Expression [ Type
v X¥Plane.D4 @XYPlane.D4 Length
v X¥PlaneH1 @XYPlane.H1 Length
v X¥Planels @XYPlane.V2/2 Length
v X¥Plane2 @XYPlane. V2 Length
v X¥Planel6 @XYPlane.H1/2 Length
v XYPlane.R3 (@XYPlane.H1-@XYPlane.V2)/(0.8*@XYPlane.V2) Length
<
| Check | Close
Design I Dimension it I

2-96

. ?/j)ﬂ&ﬁ

[Design/Dimension Assignments) F 2|8 T —2 2] “A£ia=Fki" ¢hFX.
FXAEDR AL+, — %, [HEREX, @FEZIHAHK (MFAHD) IR
. WHRBMEE,

Parameter Editor Check Demensions
2-97
Generate Parameter Editor Design Parameters 2-98
Design Parameters XYPlane.H1 40 Generate

2-99
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(s1)

Details View p Parameter Editor
=/ Details of Sketch1 ~ -
Sketch Sketcht | Targer | Expression
Sketch Visibility | Show Sketch v XPlaneDd  @XVPlane.D4
Shaw Constraints? | No. v XYPlane.H1 @XYPlane H1
| Dimensions=€ + XPlanels @XYPlaneN2/2
D D4 &mm v XYPlanev2 @X¥Plane V2
Dl HI 80 mm » XYPlane.L& @XYPlane H12
D L5 7.5mm » XYPlane.R3 (@XYPlaneH1-@XYPlane V2)/(0.8"@XYPlane.V2)
D/ LE 40 mm
b RS 5.4167 mm
Dvz 15 mim
=/ Edges: 9 | Design P F /Dimension Assi I
2-97
Parametes Editer
| Mama [ Ve [ Type
T Length
I . KfPlaneHl | &0 mm Length
r Length
o K¥Planai 15 mm Length
v XrPlanels 25 mm Length
+ XiPlane Rl i Length
€

6

Parameter Editor

LYY

Workbench

2-100
Project

Value
XYPlane.D4
XYPlane H1
XYPlane.L5
XYPlane.V2
XYPlane.L6
XVPlane.R3

E ;E E;E;EE | Parameter/Dimension

Parameter Set

2-100

2 @ Geometry

v 4

2-98

2-99

A3

Outline:No data

Parameter Set
50

Parameters
P2

1Paints

i Bd Parameterset X

—>3 |F|5] Parameters
Geometry

il'p? Parameter Set i

Project Schematic
Project

Outline of All Parameters a

D
1 N Parameter Name Value Unit
2 E InputParameters \
3 = e Geometry (A1) \
4 h Pt xtPlane. 0N | 6 mm =]
5 [ ¥¥Plane.H1 50 mm x|
3 G Pz XvPlane.L5 7.5 mm ¥
7 b p4 XfPlane.vz 15 |
8 [ ¥¥Plane.L6 25 m |
E b Ps ¥Plane.R3 4 mm x|

2-100 Project

A2 Refresh

Parameter

DesignModeler




( 52 ) ANSYS Workbench 17.0
BRITHTEFE (E 2 R

Editor Design Parameters 2-101

# Update Project /. Parameter Editor

Project Schematic I o I —
ame alue
» X¥Plane.D4 6 mm
v + XYPlane.H1
Y Geometry + XV¥Plane.L5 75 om
2 06 Geometry ~ XY¥Planev2 15 mm
>3 |[pd Parameters v~ X¥Plane.l& 25 mm
~  X¥Plane.R3 4 mm
Geometry a

|['|ﬂ Parameter Set | Design Parameters | Parameter/Dimer:

2-101 Project

2.8

DesignModeler 3D
CAD CAD 3
DesignModeler DM
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Mesh
2D 3D ICEM CFD ANSYS

ANSYS Workbench [ # % 2~/
Mesh & 4 5 P #-4% %

Mesh & i # P #-4%

ICEM CFD ¥ #%2-

Mesh *F- % 2D. 3D W #%|4-

3.1 ANSYS Workbench

ANSY'S Workbench 17.0 Mesh ICEM CFD TurboGrid
CFX-Mesh ANSYS Workbench
FEA CFD Mesh
34 ICEM CFD
3D
PU T #4 VAYIIIRGS T4 pigss
(€357 LATT D) GEF R G5 QLR I RENOR ) CPY TR AR B T 5D
3-1 3D
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Workbench Component Mesh Project Schematic
3-2

B Analysis Systems [
Bl Component Systems ||
i ACP (Post)

s RACP (Pre)

T Autodyn

ﬁ Eladeien

@y PR /
& Engireering Data

4 Exphcit Dynamics (L5-DYNA Export)

) External Data

@ External Modsd

B Feedback erator

@ Finite Element Modeler

B Fluent

B Fluent (with Flusnt Meshing)
Q Gaomatry

4 ICEMCFD

) lcepak

M\ Mechanical apoL

g Mechznical

3-2 3D

3-3 A A3 Mesh
33 DesignModeler

G 4 : Mesh - Meshing [ANSYS ICEM CFD) - o x
File Edit View Units Teols Help || *i | i Gererate Mesh tH ¢ (3] Wl v [DIWorksheet In

TV L-AEAEESE &S+ 64 a@Ac g &% O
F Show Vertices i Close Verices 15002 (Auto Scale) g Wireframe A #~ M Random Colo
# (+Reset Bplodefactor F———  assembiy Conter hd

M Edge Coloring * Av Av £~ Av Av A Pl FlThicken Annotations
Mesh =i Update | @ Mesh |5

Joint Configure
Element Orientation Display
Qutiine.

Filter: |pgame = W, Contact Sizing
£ Refinement

[ Foce Meshing
@ Match Control

)15 o

Petails of "Mesh™

Display

Display Style Body Color

Defaults

Physics Preference | Mechanical
Relevance [

Shape Checking Standard Mechani

Element Midside Nodes | Program Controlled

Sizing

Inflstion

Advanced

Statistics

Frins Praview h Report Praview;

D No Mess No Selection Metric (m, kg, N, =, V, &)

3-3 Mesh

ANSYS Workbench 17.0 Global Mesh Controls
Local Mesh Controls 3-3  Outline Mesh Details of
““Mesh”” &, Mesh Control »
Outline Mesh Insert
3.2 33 Mesh File -
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Export

3.2 Mesh

Tree Outline Mesh
34 Display
Inflation
Statistics

Project

B [ Model (A3)
----- ﬁ Geometry
Coordinate Systems

34
321 ETFERE

Display Style

Assembly Meshing

.meshdat

Details
Defaults

Details of "Mesh"

.msh .prj .tgf

Sizing
Advanced

Display

[=I| Defaults

Physics Preference

CFD

Solver Preference

Fluent

Relevance

o

Export Format

Standard

Shape Checking

CFD

Element Midside Mo...

Dropped

Sizing

Inflation
Assembly Meshing
Method

[ #

Mone

Acvanced

[l

Statistics

3-5

Body Color
Jacobian Ratio

Element Quality Aspect Ratio
Parallel Deviation

Orthogonal Quality

Warping Factor

Maximum Corner Angle Skewness

Details of "Mesh"

|

Display
Display Style

Body Color

Defaults
Sizing Element CQuality
Inflation Aspect Ratio
Assembly Meshing Jac-:tl:rllan Ratic
Warping Factor
Advarn?ed Parallel Deviatian
Statistics Maximum Corner Angle
Skewness
Orthogonal Quality

3-5 Display
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BRTOFRIAE (5 2 iR)
v N \"L
3.22 ENAIKE
Physics Preference
Sizing Inflation Physics
Preference
® Mechanical
e Noonlinear Mechanical
e Electromagnetics
e CFD
Fluent CFX POLYFLOW 3-6
CFD Fluent POLYFLOW Assembly
Meshing
e Explicit
Relevance -100 100 0
Relevance
?.D.gu‘ﬂsof'Mesh' o ltl Defaults I
ey Physics Preference CFD
Physics Preference 0 = Fluent -
| Solver Preference ] . Relevance
Relevance Monlinear Mechanical
Export Format Electromagnetics Sizing CFX
Shape Checking E:uca: Inflation POLYFLOW
3-6 Defaults
3.2.3 E{KBITR~
Details of ““Mesh”” Sizing 3-7
| Size Function | Adaptive
_erevance Center _Fine
| Element Size Default
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast
Span Angle Center Coarse
Automatic Mesh Based Defeaturing On
. Defeaturing Tolerance | Default
. Minimum Edge Length 77.480 m
3-7 Sizing
1 Size Function
Adaptive
Proximity and Curvature Curvature Proximity Uniform
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M A& X 5
5 3-8
Size Function Adaptive -
Relevance Center Adaptive
Element Size Proximity and Curvature
Initial Size Seed Cunvature
Smoothing Prqx|m|ty
- Uniform
3-8 Size Function
Curvature
Curvature Normal Angle
3-9
=1 Sizd
Curvature :I
Relevance Center Fine
Initial Size Seed Active Assembly
Smoathing Medium
Transition Fast
Span Angle Center L Coarze

Curvature Normal Angle
Min Size

Max Face Size

Max Tet Size

Growth Rate

Default (70.3950 %)
[ Default {5.0938e-003 m)
| Default (0509320 m)
| Default (1.01880 m)
Seil

3-9 Curvature

. Curvature Normal Angle
° Min Size Curvature
° Max Face Size Curvature

hard edge sizes
° Max Size Curvature
° Growth Rate
Proximity Proximity and Curvature
Curvature

2 Relevance Center

3-10

Relevance Center 3

Uniform

Coarse Medium Fine

Relevance Center

Element Size
Initial Size Seed Medium
Smocthing Fine

3-10 Relevance Center

3-10 Relevance Center

3-11

Relevance
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Relevance 100 Relevance
Fine Medium Coarse
Coarse Medium Fine

Relevance

3-11 Relevance Center  Relevance

3 Element Size
Element Size
Size Function Adaptive
4 Initial Size Seed
Initial Size Seed
3-12 Active Assembly Active or Unsuppressd  Full
Assembly

Initial Size Seed Active Assembly
smoothing Active Assembly
Transition |Full Assembly

3-12 Initial Size Seed

5 Smoothing
Smoothing 3-13
Low Medium High

00 q Medium '
Transition Low
Span Angle Center :

Automatic Mesh Based Defeaturing High

3-13 Smoothing

6 Transition
Transition 2 3-14 Fast
Slow

Span Angle Center
Automatic Mesh Based Defeaturing Slow

3-14 Transition

7 Span Angle Center

Span Angle Center Refinement 3 3-15
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Coarse 91< 60<
Medium 75 24< Fine 36< 12°<

Span Angle Center
Automatic Mesh Based Defeaturing [8aE 1=

Defeaturing Tolerance Medium
Fine

Minimum Edge Length

3-15 Span Angle Center

8 Automatic Mesh Based Defeaturing
On Defeaturing Tolerance
9 Defeaturing Tolerance
Advanced Size Function=on

sheet model solid model
10 Minimum Edge Length
Minimum Edge Length
+/ Al = AL
324 BKEXRE
Details of*“Mesh”” Inflation 3-16
CFD
Use Automatic Inflation MNone
Inflation Cption smooth Transition
Transition Ratic 0.272
Maximum Layers 5
Growth Rate 12
Inflation Algorithm Pre
View Advanced Options Mo

3-16 Inflation

1 Use Automatic Inflation
Use Automatic Inflation

3-17 None Program Controlled All Faces in
Chosen Named Selection Use Automatic Inflation 3D
hell 2D
Usze Automatic Inflation Rl -
Inflation Cption Mone
Transition Ratio Program Controlled

Maximum Layers All Faces in Chosen Mamed Selection

3-17 Use Automatic Inflation

2 Inflation Option
Inflation Option 5 3-18 Total
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Thickness
First Aspect Ratio

First Layer Thickness
Last Aspect Ratio
Smooth Transition

Maximum layers Growth Rate 3-17

Smoaoth Transition -
Total Thickness
Maximum La)'EI'i First Layer Thickness
Growth Rate Smoaoth Transition

First Aspect Ratio

Transition Ratio

Inflation Algorithm

Smooth Transition

Transition Ration

- . Last Aspect Ratio
View Advanced Options brrer i
3-18 Inflation Option
3 Inflation Algorithm
Inflation Algorithm Pre  Post 3-19
Pre
Post
Inflation Option
4 View Advanced Options
View Advance Options Yes 3-20
View Advanced Options Yes hd
Collision Avoidance Layer Compression
Fix First Layer Mo
Gap Factor 05
Maximum Height over Base 1
Growth Rate Type Geometric
On Algo Pre i Maximum Angle 140.0°
View Advanced Options | Post Fillet Ratio L
. N Use Post Smoothing Yes
Patch Cﬂ'"ﬁﬂrmmﬂ DPt Smaoothing Iterations 5

3-19 InflationAlgorithm

3.2.5 RECWHEXIH

CFD Fluent = POLYFLOW
Method None Cutcell Tetrahedrons
Assembly Meshing
Cutcell Patch independent
FLUENT Tetrahedrons

3-20 View Advanced Options

3-21

Cutcell
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# Statistics CutCell
Tetrahedrons

3-21 Assembly Meshing

3.2.6 SHIEmM

Assembly Meshing=None Advanced 3-22
1| Advanced

Mumber of CPUs faor Parallel Part Meshing | Program Controlled
Straight Sided Elements
Mumber of Retries 1]
Extra Retries For Aszembly MNo
Rigid Body Behavior Dimensionally Reduced
Mesh Morphing Dizabled
Triangle Surface Mesher Program Controlled
Topology Checking Yes
Pinch Tolerance Default (2.9114e-002 m)
Generate Pinch on Refresh MNo

3-22  Advanced

1 Number of CPUs for Parallel Part Meshing CPU
0 256
0 64
Shape Checking
2 Straight Sided Elements
3D enclosure
Yes

3 Number of Retries
Number of Retries

4 Extra Retries For Assembly

Number of Retries

5 Rigid Body Behavior
Rigid Body Behavior
Explicit Dimensionally Reduced

6 Mesh Morphing
Enable Disable Enable
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7 Triangle Surface Mesher
Triangle Surface Mesh Program Controlled Advancing Front 3-23
Advancing Front

Skewness Orthogonal Quality

Program Controlled -
Topology Checking Program Controlled
Pinch Tolerance Advancing Front

Triangle Surface Mesher

3-23  Triangle Surface Mesher
8 Topology Checking

9 Pinch Tolerance
Pinch
Pinch Tolerance automatic pinch Pinch
Tolerance
10 Generate Pinch on Refresh
Yes
3.27 it
Statistics 3-24 Nodes
Elements Mesh Metric
[=]| Statistics
Modes 10265
Elements | 5736
Element Quality 3
Aspect Ratio \i
Jacobian Ratio
Warping Factor
Parallel Deviation -

3-24  Statistics

Mesh Metric
1 Element Quality
1 0
0 Element Quality Details Min Max
Average Standard Deviation 3-25
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Mesh Metrlc Element Quality j
Min 7.58774030243604E-02
IWlax -999411062119119
Average .52331350139098
Standard Deviation |.201389169956068

3-25 Mesh Metric

Mesh Metrics 3-26
Controls 3-27
Mesh Metrics 1 x
Controls | B
L3l
£
O zz00 ‘
w
L
O 37500 1
.H [i1es)
E o.oe 025 038 050 063 075 [iF::] 100
=z
Element Metrics

3-26 Mesh Metrics

¥-Axis Option: INumber of Elements

Number of Bars: IlU Update T-ixis

Range

Min Max
X-Axis [0. 114752 0. 909832 Rezet
Y-fods |0 [4583 Reset

MTet1o [1Tetd [Jquads []qQuad4

[Heco [lHexs Otris  [Tri3
Wed15 [Jweds

Cwe Clwe Select 41l

[CIryr1z  [Clpryrs

3-27 Controls

2 Aspect Ratio
Aspect Ratio Aspect
Ratio 1
3 Jacobian Ratio
Jacobian Ratio

Jacobian Ratio
3-28
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%% w w

AAA
1<

3-28
4 Warping Factor
Warping Factor shell brick
wedge Pyramid Warping Factor
3-29 3-30

< Tl e T
e

3-29

[BIRVAVRV.Y

5 Parallel Deviation
Parallel Deviation 0 3-31

/N

o 70 100

3-31

6 Maximum Corner Angle
Maximum Corner Angle Emag  FLOTRAN

II IR F
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N—A E3=E
3-32
90"

N/

140° 180°
3-32
7 Skewness
Skewness
1 0 3.1
31 PREESBETRE
1
0.9—1
0.75—0.9
0.5—0.75
0.25—0.5
0—0.25
0

8 Orthogonal Quality
0 1 1

3.3 Mesh

3-33 Mesh
. Mesh Control *

Mesh Group

Refinement

Outline

Sizing
Face Meshing

Inflation Sharp Angle

ez |
I < vethod

-} Update &, Sizing
W, Contact Sizing

-/ Generate Mesh
i & Refinement

Preview Ld .
Show , H8 Face Meshing
’ : |
=# Create Pinch Controls @ h‘?atth Cotine
@ Pinch
of "Mest <] Clear Generated Data & Inflation

3-33

Mesh Insert
Method
Contact Sizing
Match Control Pinch

o
&5 Method

* Mesh Group

e, Sizing

1 Contact Sizing

A Refinement

HH Face Meshing
&g Match Control
&9 Pinch

& Inflation

B sharp Angle
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3.3.1 MHEXIN A
Outline Mesh Insert/Method Mesh Control
Method Method Details 3-34
E.;@ Mesh
i B Automatic Method
Details of "Automatic Method” - Method a
[-l| Scope
Scoping Method Geometry Selection
Geometry 1 Body
[=|| Definition
Suppressed Mo
ethod Automatic -
Element Midside Nodes [0
Tetrahedrons
Hex Dominant
Sweep
MultiZone
3-34
Geometry 3D
Automatic Tetrahedrons Hex Dominant
Sweep Multizone 5
Quadrilateral Dominant Triangles
MultiZone Quad/Tri / 3
e Automatic
3D Automatic
Sweep Patch Conforming

e Tetrahedrons

Independence
Patches
Smoothness
Patch Independence
e Hex Dominant
Hex Dominant

Patch Conforming
Patch Conforming

Patch Conforming 3D

Patch Independence

Hex Dominant

Patch

Growth
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e Sweep
Sweep 3-35
Source/Target
Outline Mesh Show/Sweepable
Bodies
Details of "Sweep Method™ - Method 2
= w
Scoping Method Geometry Sebechon
[Geometry 3 Bodes |
- Definition
Suppretied MNa
[M-M.'wd Sweep |
Element Midside Nodes Use Global Setting
Src,,.".'n; Sebection Marval Source
SeRsiEe 3 Fatet
Target Pragram Contralled
Free Face Mesh Type CQuadi/Tn
Type Mumbser of Daations
Sweep Num Divs d4
Sweeep Bims Type Ho Bl
Element Optian Solid
3-35 Sweep
e MultiZone
MultiZone
Surface Body
® Quadrilateral Dominant
Quadrilateral Dominant
e Triangles
e MultiZone Quad/Tri /
/ MultiZone Quad/Tri
Patch Independent

3.3.2 Mt%A

Assembly Meshing
Mesh Group Outline Mesh Insert/ Mesh Group
Mesh Control Mesh Group

3.3.3 BEBEITR~T

Outline Mesh Insert/Sizing Mesh
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Control Sizing Details 3-36
Details of "Body Sizing" - Sizing q
= Scop.e . 1| seope
Scoping Method | Geometry Selection scoping Method | Geometry Selection
Geometry 1 Body = s LBod
| Definition EOmETY oy
Suppressed Mo [=| Definition
Type Element Size | Suppressed Mo
Element Size | Default I Type Sphere of Influence I
Soft = Sphere Center Coordinate System
0 Sphere Radius | Le-002 m
Hard Element Size |le-002m
3-36
Details Geometry
Type Element Size Sphere of Influence
Element Size Behavior Hard
Element Size Soft

Curvature Proximity

Sphere Center

Element Size

3.3.4 HERAR~TZHI

Sphere of Influence

Sphere Radius

Outline Mesh Insert/Contact Sizing Mesh
Control Contact Sizing Details 3-37
Type Element Size Relevance Element
Size Relevance
Details of "Contact Sizing" -... &
[=I| Scope
Contact Region | Maone
[=| Definition
Suppressed Mo
Type Element Size
Relevonce
Element Size
3-37
335 BT
Outline Mesh Insert/Refinement Mesh
Control Refinement Details 3-38
MultiZone Patch Independent Tetra MultiZone Quad/Tri
Refinement 1 2 3 1 3
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=/ Scope
Scoping Method | Geometry Selection
Geometry 1 Face
[=| Definition
suppressed Mo
Refinement |1
3-38
336 MEMiELIH
Outline Mesh Insert/ Face Meshing Mesh
Control Face Meshing Details 3-
39
Outline Mesh Show/Mappable
Faces

Details of "Face Meshing” - Mapped ...

=] Scope
Scoping Method Geometry Selection
Geometry 1 Face
= Definition
Suppressed ‘Mo
apoedviein — |2 - —
Constrain Boundary Mo
+ Advanced
3-39
o
3.3.7 i
Outline Mesh Insert/Match Control Mesh
Control Match Control Details 3-40
Transformation Cyclic arbitrary
Details of "Match Control” - Match Control 1
[-l| Scope
High Geometry Selection | 1 Face
Low Geometry Selection |1 Face
[=l| Definition
Suppressed Mo
Transformation Cyclic
Axis of Rotation Global Coordinate System
Control Messages Mo
3-40

3.3.8 ezl

Outline Mesh Insert/Pinch Control Mesh
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Control Pinch Control 3-41
Master
Geometry  Slave Geometry Slave Geometry Master Geometry
[=]
Master Geometry 1 Edge
Slave Geometry | 1Edge
[=]| Definition
Suppressed Mo
Tolerance 1e-003 m
Scope Method | Manual
3-41
+/ Al2 459
3.3.9 RKITH
Outline Mesh Insert/Inflation Mesh
Control Inflation 3-42 CFD
‘ ,,A Inflation
Details of "Inflation" - Inflation 2
= Scope
Scoping Method Geometry Selection
[Geometry 1 Body ]
[=I| Definition
Suppressed No
Boundary Scoping Method | Geometry Selecti
boundary I 5 Faces é
Inflation Option Smooth Transition ~
Transition Ratio Default (0.272)
Maximum Layers 5
Growth Rate 12
Inflation Algorithm Pre
3-42
71 VN
3.3.10 R AEHl
Assembly Meshing
Sharp Angle Outline Mesh Insert/ Sharp Angle

Mesh Control Sharp Angle

Details
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3.4 ICEM CFD

ANSYS ICEM CFD

ANSYS ICEM CFD
ANSYS ICEM CFD
e Tetra
ANSYS ICEM CFD
Delaunay

e Hexa

Block
ICEM CFD O

® Prism

e Hybrid Meshes
ICEM CFD pyramid
ICEM CFD

e Shell Meshing
ICEM CFD 3D 2D All Tri Quad W/one Tri
Quad Dominant  All Quad
ICEM CFD .tin .p1j .uns
.blk fbc .par

.atr

3.4.1 ICEMCFD #m|

> - ANSYS 17.0 - Meshing -> ICEM CFD
ICEM CFD Workbench Workbench
Component ICEM CFD Project Schematic
3-45 3-45 A2 ICEM CFD 3-43
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I8 Unsaved Project - Workbench (|
File View Tooks Units Extensions Jobs  Help
=R [ eroject
gl import... | < Reconnect [$] Refresh Project o Update Project | B & ACT Start Page
;EI Analysis Systems | ~
| B Component Systerms |
I3 ACP (Post) )
i1z ACP (Pre) il - 1cemcrD
& Autodyn 2 TModed

G4 BladeGen

@ CFx

@ Engreesing Data
[ Explick Dynamics (LS-DYNA Export)
External Data

@@ Externa Model

[& Feedback Iterator
@@ Finite Element Modeler

ICEM CFD

Wiew All { Customize. .. |

¥ Job Monikor... | () Shows Progress | (%) Show 0 Messages .

3-43 ICEM CFD

3-44 342

& 1cem crD 17.0: - O x

Fie Edt ‘iew Info Setings Help =

(=] f Q‘E‘ #73 O\ | Geomety  Mesh | Blooking | Exit Mesh | Froperties | Constrants | Loads | FEA sulvenumﬂ
B0 AXE @ M BT\ S |

ANSYS

R17.0

Global Mesh Setup P +

—Global Mesh Parameters

weeas IR

Global Mesh Size

Scale factor |1 D
e e 3
poply |0k Dismiss | T Log sare] dea J

"EInhal Element Scale Factor

3-44 ICEM CFD

3.4.2 ICEM CFD M#&%! 4 =451

ICEM CFD

1. EHIHE

— 3-45 ICEM CFD
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Mg 5 @

3-45

@ (zns5)

FEABF, FAVEEA ICEM CFD 4§ MultiZone P44k B 3hA MRIEB R E 6 Rb
PASAER . MultiZone & A4 RIBIG T4 6@ (surface blocking), R/EFfH/42
X s @ 3 B AR H R B AR TREIR (06rid), BB LFEE LA F T4
WAEAS, REBAIEESE, @B 3D %K, BPT TR MA&R 5.

‘\ 2 45 £ 4 |—MiT St 8 ““Start/Ch3/DuctTransition_Long.tin””

% 2 8 & # | —MT & ““End/Ch3/DuctTransition_Long.prj”

“ —— M 2 ““ AVI/Ch3/DuctTransition_Long.avi””

2. #IESR

1 ICEM CFD
> > ANSYS 17.0 > Meshing -> ICEM CFD
3-46 ICEM CFD File > Geometry > Open Geometry
DuctTransition Long.tin Create new project Yes

W ICEM CFD 17.0

File Edit “iew Info  Settings Help

Save Project...
FRiefresh Project...
Update Project...

Geometry
Mesh
Blocking
Attributes

Parameters

* v v v w|

Cartesian

Impart Model
Import Geometry  *

Import Mesh L4
E=port Geometry  *
Replay Scripts~ *

Exit

3-46

|

[l

Open Geometry...

Save Geometry...

Save Geometry Az,

Save Visible Geometry Az

Save Only Some Geometry Parts As...
Save Geometry 4z Wersion...

Import Parameters. .

Cloze Geometry...

Geametty | Mesh | Black

++f‘\£ﬁﬁ?

s
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Model Geometry Surfaces 3-47

CHEd Geometry
00 Subsets

3-47 HVAC

Geometry > Repair Geometry -> Build Diagnostic Topology

Tolerance 0.003 Apply 3-48 surface
Patch connectivity surface blocking

L4

Fie EGt View Info Setings Help
@@ o TrBlocking | EdtMesh | Propaiies | Consraits | Loads |

lwr |l

:
I
il o I e B R

3-48

Mesh > Global Mesh Setup > Global Mesh Size Max element
0.8 Apply 3-49
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W ICEM CFD 145

File Edit View Info Seftngs ‘Windows Help ﬂ

Geometmy ] Blocking 1 Edit Mesh ] Properties ] Constraints ] Loads ] Solve Options H

(I K SN )

= BB »
BEPALE Q@

Mode!
Geometry
fuhszats
Global Mesh S}np/

-

P

"EIDha sh Parameters—————————————— a
e j

al Mesh Size

al Element Scale Factor

L

[ Global Nemenl Seed Size )
I tax element |DS | ﬂ
| D\spla% =
=l [ Lea Savsl E\earl
Appl Dismiss |
—

3-49
5
Mesh > Part Mesh Setup 3-50
Apply Dismiss 4  part CIRCLE DUCT FLUID SQUARE
Parts
L
Fie Edt View Inio  Selinge Help -]
BE @] non Gmu,eu.eug EdeMein | Propaties | Conumants | Loads | FEA Sobve Options | Duput Mesh,
HEoeAE @@ B pnv @
B oo A
e \ ANSYS
W Pant .
Pat Priam Madmum size | Height | Heght o | um L Tetta size ratio | Telos widkh - |
[GRCLE I LY [X] 0 0 [ [ [
CucT e A n 0.0 1% El] 0 []
0D r T
:JII.I-#-HE T \ (] Iu 0 [ ] 0 LfJ
¥ Shew sibe paraing wing scals laciol
™ gy inflstion paamesters o curves
I Rarraes inllybor paramebsis bom ouvet
Highiighted paris huree ol inact ores blark Beld because not ol enbie: n part have denbcal panameters
Exsting workbenchinpul paametess uiing & ighiblue background ]
3-50
6
Blocking > Create Block > Initialize Block Initialize Type
2D Surface Blocking Surface Blocking Method Mostly
mapped Free Face Mesh Type Quad Dominant Merge blocks across

curves Method None Apply 3-51
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3-51 Surfaces I g

Blocking Pre-Mesh
%
Fie Edt View Inio Selfngs Help =
ﬂﬁ/&ﬂ B OA | Goomey | M musn- Propesie: | Constaitz | Load: | FEA Save 05|
BoeLE e g o< 1 U]
T Faces =
== 3 ANSYS
RIT.0
Create Block. 9
' =l

Methed |Mostly mapped =

Fren Face Mesh Type [Gusd Do~ VI/ X
7 . -

Method [None: j I :‘I
o] _oismiss I Log Save] Clal
3-51
7 3D
Blocking > Create Block - 2D to 3D Method MultiZone
Fill Create Ogrid around faces &_q DUCT Fill Type
Method Advanced Apply 3-52
Geometry Curves Surfaces Blocking
Edges Pre-Mesh Solid & Wire 3-52
3-53
ﬂe/g‘n\nﬁ Genmetry]Me
BELAER Q@ @@ﬁ*
t‘!‘Eﬂ”Eﬁme\w / _l
Create Block @
Part [FLUID I =] 4l tiodel
I Irherit Pat Name Elg-j-!] UGeF:Jmetry
- Create Block :E‘ gz::i:ts
. O Ci
&S
2D to 30 \ W Bodiesx
BT Blocking
‘- & Subssts
[ Creste giid atynd isces ] ertice
urface Paits [DUCT 7 . m
D’:i:l\:ﬁzm [o7eeses "-' :El Eiccess
[tiethod Tadvanced ] =] Pre-es ;
N 5 £ Topolog % Wwire Frame
e ™ B Pats | Woid 4 wite

3-52 3D
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Plane Pre-Mesh
- Front

Method
3-55

3-53
Pre-Mesh Cut Plane
Method Middle Z Plane
3-54 3-55
Middle Y Plane Apply
3-55
{1 Blocks

=_re» esh
J ?op?{og Wire Frame

S— v Solid & Wire
it Plane Pre-Mes No Projection

Project Vertices

sthod | by Coeffici
© » Loericie Project Edges

v Project Faces

Cut Plane Pre-Mesh

Pre-Mesh
Apply

Cut Plane Pre-Mesh
View > Top
Ogrid

Method |hy Coefficients

Info

by Point and Mormal
L ax [ by Coefficients
" by Corner Paints
by 3 Paints
By [0 |2
o Move or Rotate
Middle X Plane

D |0.4{Middle Z Plane

Fraction Value:

Fit

Box Zoom
Top
Bottom
Left

Right

Back

i ID Active Parts
y |EI

,7 Recompute  se—
2 Pre-mesh Info
) I~D.SUUU49871 2 Convert to Unstruct Mesh
sction Value: Convert to MultiBlock Mesh
—_ Reference MultiBlock Mesh
2 I
F Scan planes
" Solid made
" Shiink elements Output Blocks

Apply

ok | Dismiss |

Isometric

3-54

Cut
View
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Mesh 2D

1. SEHIELA

2D
CFD 3-56

3-56

& @wTw

FEARBIF, BHE DesignModeler ¥ ANEH ) 2D R, ATAT/E@ag 2D MAEK]
% HEAAFARE F ) line body, £ Mesh F, HEE MAX S WL IRS I HAT B 2
WA X . Z 1L R B3k MA&dz 4] [Sizing) AfAEA 69 &4 #4742 4], R RA [Face
Meshing) & & Bt @ FIAS =T vA 2 B B 3-58 FIf e MASAR AL,

% 48 5 |— M85 3 4% << Start/Ch3/elbow tube.agdb
% BB & # |— M= &< “End/Ch3/elbow tube.wbp;™”
%—W%ﬁ%ﬁ‘m\/yehydbow tube.avi*”

2. BIESER

1 Mesh
Workbench Toolbox Component Systems Mesh
elbow tube.wbpj A2  Geometry Import

Geometry/Browse elbow tube.agdb 3-57




ACP (Post) A
ACP (Pre) 1

Autodyn El. Geometry T !

Bladaten 3@ ten = ‘@ New DesignModeler Geometry...
Bl Mew SpaceClaim Geometry. .
& Ergineering Data Mesh I Impart Geometry I
8 Rplicit Dynamics (LS-DYNA Bxpert) .
L ernal Data 43 Dupbcate
] Transfer Data From New
Transfer Data To New
#  Update
Update Upstream Components
4] Refresh
Resat
M rename
Properties
Quick Help
w5 Palyflow Add Mot
3-57 Mesh
2 DesignModeler 2D
A2 DesignModeler Generate 3-58
Tree Outline 1 Graphics
= ,, A: Mesh
v# XYPlane
oy b ZXPlane
oy YZPlane
; -3 Linel

8 SurfaceSkl
-, 8 SurfaceSk2
@ Surf2

; L& Surf3
-/ Generate / /& 3 Parts, 6 Bodies

3-58

3 Parts,6Bodies
[ X3 x E

Tree Outline
Suppress Body
DesignModeler

=@ A: Mesh
/5 XYPlane
3 ZXPlane
3 VZPlane
9 Linel
68 Surfaceskl
68 SurfaceSk2
e @ Surf2
@ Surf3
x ~ Line Body
RN Line Bodh
L& Part @ Hide Body
@ Hide All Other Bodies
uppress Body
nsuppress All Bodies
8 Invert Suppressed Body Set

-

-} Generate >

gk Rename

3-59

Line Body
3-59

-, 3 Parts, 6 Bodies

Line Body
Line Body

o9 Part
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4 Mesh
Project Schematic A3 Mesh
Outline Geometry Part 4 3-60

Outline 7

Filter: Name -

A A E el

H] Project

2 (5] Model (A3)
-, B Geometry

H- s 5< Cooraing

‘,'%J Connections )
@ Mesh 0.000 . 0.030 {m) Y[\K
3-60 Mesh
5
Outline Mesh Details
Physics Preference CFD  Solver Preference Fluent 3-61
Filter: mame -
B P ® e
[H] Project
= @] Model (A3)
- A8 Geometry
B s, Coordinate Systems
i S Connections
Details of *Mesh*™ o
I=I| Display
Display Style Bady Color
[=| Defaults
Physics Preference CFD
Salver Preference |Eluent
Relevance ]
[ Export Format [standard
-Shapechecking [cFo
| Element Midside Nodes Dropped
[#]| Sizing )
[#] Inflation
5] Assembly Meshing
Method Mone
[+]| Advanced
+]| Statisties
3-61
6 Method
Outline Mesh Insert/Method 3-62
7 Quad Dominant
Outline Automatic Method Details 3-63
Geometry Method Quadrilateral Dominant 2D

Mesh Generate Mesh =/ Generate Mesh
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3-64

B a L

R © -
ils of  Update e
Wﬂ B " W, Contact Siging

-} Genarate Mash /

ity 5] o A Rcfirement
efaults review L Meh
wysics Prefere. Show L .Fﬂl <
sver Preferen < § Craate Pinch Cantrals 2 -
| €] Clear Generated Data A inflation

1mcneclein|: Al Rename (F2)

emmm-dcic;l Group All Similar Children
ing

4] Mesh Connection Group
#F Marual Mesh Connection
M Conaet Matech Greup

B 7@ Mesh

2% Automatic Method

e

Mntion Start Recording
ysemily Meshing ‘ Corars Match
lothod Nane o Node Merge Group
vaneed @ Node Merge
Latisties B Node Move
3-62 Method
(f Automatic Method
Details of "Automatic Method" - Method a
=] Scope
Scoping Method | Geometry Selection
I Geometry |4 Bodies I
[-I| Definition
Suppressed No
|| Methed Quadrilateral Dominant |
Element Midside Nodes | Use Global Setting
Free Face Mesh Type | Quad/Tri
3-63 3-64 Quad Dominant
8 1
Outline Mesh Insert/Sizing Details
Ctrl 3-65 Apply Type
Number of Divisions Number of Divisions 10 Behavior Hard Bias
Type Bias Factor 10  Bias Type

Details of "Edge Sizing" - Sizing

=]
Scoping Method Geometry Selection
|| Geometry | 4 Edges |
[=|| Definition
Suppressed Mo
Type Mumber of Divisions
Mumber of Divisicns | 10
Behavior Hard
BiasType  |_ _ ___ __ _
Bias Option Bias Factor
Bias Factor 10.
3-65
9 2
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Outline Mesh Insert/Sizing 3-66 4
Details Apply
Bias Type
Details of "Edge Sizing 2" -
2] Scope
Scoping Method Geometry Selection
I Geometry 4 Edges I
[=I| Definition
Suppressed Mo
Type Mumber of Divisions
Mumber of Divisions | 16
Behavior Hard
ias Type Mo Bia_s
3-66 2
10 3
Outline Mesh Insert/Sizing 3-67
Details Apply
Details of "Edge Sizing 3" - Sizing q |
Scoping Method Geometry Selection
Geometry |1 Edge |
| Definiti
Suppressed Mo
Type Mumber of Divisions
MNumber of Divisiens | 12
Behavior Hard
Bias Type -
Bias Option Bias Factor
Bias Factor 15
3-67 3
11 4
Outline Mesh Insert/Sizing 3-68
Details Apply
Details of "Edge Sizing 4" - Sizing q
B
scoping Method Geometry Selection
Geometry 1 Edge |
[=/| Definition
Suppressed Mo
Type Mumber of Divisions
Mumber of Divisions | 12
Behavior Hard
Bias Type — - -
Bias Opticn Bias Factor
Bias Factor 15
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A: small deformation
Pressure
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2
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5 . .
Young’s Modulus 2>10"MPa Poisson’s Ratio
0.3 5-31
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B
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Properties of Outline Row 1 Structural Steel > B

B z D |E
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A\

5 2 T4 sotropic E\asﬁ&(y B
7 Derive from \ Young's Modulus and Po... ;I
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Mesh Insert/Sizing 5-36 4
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| Type Element Size
Element Size | 2. mm
Behavior Hard
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6
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Scoping Method | Geometry Selection
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Auto Time Stepping

Analysis Settings
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Details of “Analysis Settings*
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Mumber OFf Steps 1
Current Step Mumber 1.

1.5

Step End Time
I Auto Time Stepping

Program Controlled I

= Selver Contrels

Solver Type
Weak Springs

Pragram Controlled
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salver Pivet Checking | Pragram Controlled
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Inertia Relief

5-39

Solution A6
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Solution A6 Solve

5-40

10
Solution A6
Solution A6
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Solution Information
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Details
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5-41 5-42
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5-43
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1 445 35CLID1Z& 0.000 0.000000
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*%% TIME = 1.00000 TIME INC = 1.00000 HEW TRIANG MATRIX
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S F Pressure Inertia Relief off
5-46
14
Solution B6 Solve Solution B6
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5-47 5-48
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=% TIME = 0.202500 TIME INC = 0.202500
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"B Frictional - Part 1 To Par Scope.Mode Automat?c
V‘i,,. Mo Separation - Part 1 To Part Behavior Symmetric
- B Contact Region 3
'"""V"-. Contact Region 4
5-59
9
Coordinate Systems
Insert/Coordinate System 5-60
Details Type Cylindrical Axis Z  Define
By Geometry Selection Click to Change Apply

5-61




170 ANSYS Workbench 17.0
BRITHTEFE (E 2 R

(@] Model (A4)
MR Geometr
=2 N Coordinate Systems

3 - Coordinate System

[—
./ # Connections

E-[(=] Static Structural (A5)
G Y Analysis Settings

5-60
Details of *Coordinate System”
= Definition
| =3 Cylindrical
| Coordinate System _qurmcanlrnlled

Suppressed Mo

z
Geometry Selecton

(Geametry Click ta Change
5-61
10
Static Structural A5 Analysis Settings Details
Number Of steps 2 Large Deflection On 5-62
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Properties of Schematic A3:Geometry
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- Mesh
Element Control | Program Controlled
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Display Style Bady Color
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: ‘,‘l‘ Frictionless - belleville spring To rigid lower boundary Scope
.~ B Frictionless - belleville spring To rigid upper boundary = Definition
i o B No Separation - belleville spring To rigid lower boundary —
Type Frictionless |
Scope Mode Automatic
Behavior Asymmetric |
Trim Contact Program Controlled
Trim Tolerance | 0.3442 mm
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Apply Define By Components X Component Free Y Component zZ
Component 0 6-39
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9
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Modes to Find 10 6-41 10
10
Solution B6 Solve Solve
11
Tabular Data 6-42
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Mode ||7 Frequency [Hz] |
1 |1 011023
2 |2 0.1306
3 |3 014673
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““Total Deformation””
6-44 1
B: Modal
Total Deformation
Type: Total Deformation
Frequency: 011023 Hz
Unit: m
20072528 2137
¥t ] Solution (86) — H 0.00085405 Max
------- fé Sﬂlmliﬂng e 0.00075915
"/% Ett:I g:&[f/f Evaluate All Results ] 1 p.00066476
k4

"""" i Total Defe 2] Clear Generated Data ] 0.00056336

....... M3 Total Defe b Rename —{ 0.00047447

------- /g Iott:: EE: - 0.00037958

"""" w2 T0WEIVETE . Ty Open Solver Files Directory ||

....... _;‘ﬁ Total Defc__f___p_en alver Flles Lhrectory 0_00028468

....... _;-@ Total Deformation 8 = 0.00018979

------- /53 Total Deformation 9 0,4894e-5

------- /53 Total Deformation 10 a Min
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- &l Model (A4) Details of *Analysis Settings™

@& Geometry

-2 Coordinate Systems
o Mesh Range Minimurn
B -_,[_fq Harmonic Response (AS) Fange Maximum

sl (None) Solution Intervals
= Analysis Settings
- M

User Defined Fraquencies
on LAD
- ¥] Solution Information

=l Options
Frequency Spacing

Selution Method
Inelude Residual Vector
Cluster Results

Modal Frequency Range

Made Superposition
Mo

Mo

Program Controlled

Store Results At All Frequencies | Yes

+ Reterdynamics Contrals
=+ Gutput Controks

B oirprgcontres ]

‘Constant Damping Ratio

Stiffness Coefficient Define By

Stiffness Coefficient
Mass Coetficient
4 Analysis Data Managemaent

1 Options

Options 7-3 Range Minimum

o
Direct Input
[
0.

Range Maximum

Solution Intervals Range Minimum
OHz Range Maximum 100Hz  Solution Intervals 20 40 60
80 100Hz User Defined Frequencies On Off
Solution Method Full Mode Superposition
Harmonic Response
Cluster Results No 7-4

Mode Superposition

7-5

Cluster Results Yes
Details of *Analysis Setings”

Options

Frequency Spacing LT
Range MW inimum 0 Mz
Range Maamem 0 Mz
Solution Intervais 10

User Defined Freqguesncess O

Solubion Method Mode Superpoution

Include Resdual Vector Mo

Cluster Results Mo

Madal Frequency Rangs Program Controlled
Store Results At All Frequencies | Yes

7-3  Options

1.33182-6

1.e-6
—_
E
= 7.5e7

S.e7?
2.8221e-7

180, 182.5 187.5190. 192.5
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7-4  Cluster Results=No
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7-5 Cluster Results=Yes
2 Damping Controls
Damping Controls 7-6 Constant Damping Ratio
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Damping Contrals
Constant Damping Ratio 0.
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stiffness Coefficient 0.
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7-6 Damping Controls
722 BEHEZR
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Response Phase Response
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Details
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@ Geometry | Tree Hormal Stress Imaginary
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""/?- Analysts Settngs Mlinimum Freguency 0. Hiz -
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7/\ Analysis Settings
Solution (B6)
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Tabular Data 7-15
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8
Graph Select All Graph
Create Mode Shape Results 7-16
= ’Create Mode Shape Results
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Mode ||7 Frequency [Hz]
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4. 80.48 5. I
5

6.

116.61 0. !
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Solution A6
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Zoom To Range

Evaluate All Results
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7-18

Loads Force

Define By Components Y



ET7TE
&M R 53 A

211

Scoping Method | Geometry Selection

|seometry 1 Edge
B _D!ﬂhlﬂﬂ'l )
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Deformation Details Apply Spatial
Resolution Use Maximum  Orientation Y Axig 7-22
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| - Il Fixed Support Range Maximum [50. Hz
2 e S
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¥ Phase Angle |90, % o L . 0
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Concept Tools View He [, s XYPlane
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. Ed 1
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2D Curve : l Pl Edgesp“tll Definition S;Jitbv |
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7 DesignModeler Workbench
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Toolbox Static Structural A2 7-32
- A - B
1 W = static Structural
2 ) Geometry v 2 @ Engineering Data  +" 4
Geometry \3 W) Geometry v 4
4 @ Model & .
5 a Setup P .
6 Solution T 4
7 9 Results F 4
Static Structural
7-32 Static Structural
9
Units > Metric kgm,s, ,AN,V Project Schematic
B2 Engineering Data Outline of Schematic B2:Engineering
Data Mil 1 Toolbox Physical Properties
. . . . .. 3
Density  Linear Elastic Isotropic Elasticity 7920kg/m
Young’s Modulus  1.9E+11Pa Poisson’s Ratio 0.3 7-33
Project
Fatigue Data at zero mean stress
3 Structural Steel D General| comes from 1993 ASME BPV Code,
Section &, Div 2, Table 5-110.1
4 W M1 B
operties of Outline Row 4 - B X
A B c D |E
1 Property Value Unit 3 |
2 | 2 pensity |70 | kgm~-3 [ [&]
s = mE 5
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SR o
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M, 1 7-34
@ Model (B4)
E‘ ﬁ Geometr Graphics Properties
=
Definition
s, Coordinate Systems
B Mesh [=1| Material
-,[3 Static Structural (B5) Assignment M1 |
/'\ Analysis Settings Monlinear Effects Yes
= - Solution (B6) Thermal strain Effects | Yes
/{Il Solution Information
7-34
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Size 10mm 7-35 Mesh Generate Mesh
Model (B4) Details of "Mesh®
= /BB Geometry = Display
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E| ----- -;— Static Structural (B5) Relevance 0
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[=l| Scope
Scoping Method | Geometry Selection
Geometry 1 Vertex I
[=l| Definition
Type Displacement
Define By Components I
Coordinate System | Global Coordinate System
X Component Free
¥ Compenent | 0. mm (ramped)
Z Component | 0. mm (ramped)
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Z Component  |0. N (ramped)
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1
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=|| Solver Controls

Solver Type Program Controlled !
Include Megative Load Multiplier | Program Controlled
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Suppressed [0

= | Advanced

[Formulation Pure Penalty |
Detection Method Program Controlled |
Penetration Tolerance 'F'rogram Controlled |
Mormal Stiffness | Program Cantrolled |

|

10-51
Mesh Generate Mesh
10-52
Transient A5 Supports Fixed Support

Details Apply 10-53

7. Transient (A5)

Initial Conditions

[ Scope P
Scoping Method | Geometry Sew
Geometry 4 Faces I/

10-53



%10 &
BRSEHE S

8
Transient A5 Supports Frictionless
Support 6 Details
Apply 10-54
7[_@ Transient (AS5)
Initial Conditions
-l Scope / s
Scoping Method | Geometry n
Geometry 6 Faces
10-54
9
Transient AS Inertial Standard Earth
ravi etails irection irection -
Gravit Detail Direct +X Direct 10-55
- Transient (A5) Details of "Standard Earth Gravity” 2
Initial Conditions Scope
£ Analysis Settings =/ Definition
:g’ Izlr’i(::oililjszosripport Coordinate System | Global Coordinate System
% SondsrdEart Grav X Component 9.8066 m/s? (step applied)
Y Component 0. m/s? (step applied)
“sf ¥] Solution Information | Z Component 0. m/s* (step applied)
Suppressed Mo
Direction +X Direction]
10-55
10
Transient AS Initial Conditions Insert/Velocity
Details Apply Define By
Components X Component 10m/s 10-56
Transient (A5)
Initial Conditions
2 Modal (Mone)

{ Analysis Settings
,/@, Fixed Support
/@Q Frictionless Support
| Standard Earth Gravity

=

[l Scope
Scoping Method | Geometry %ction
l Geometry | 1 Body I/
[=I| Definition
Input Type Velocity
Define By Components |
Coordinate System | Global Coordinate Sy...
X Component | 10. m/s
Y Component | 0. my/s
Z Component | 0. my/s

10-56
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Transient AS Analysis Settings Details
End Time 0.001s  Initial Time Step 0.0001s  Minimum Time Step
Maximum Time Step 0.0002s  Mass Coefficient 0.02 10-57
7/- (®] Transient (AS)
E ‘,. Inltlal Conditions =/ Step Controls
; ‘,T =& Modal (Mone)
¥ 2 Velod Mumber Of Steps 1
Current Step Number 1
Fixed Support Step End Time le-0035 I
ﬁg Frictionless Support Auto Time Stepping on
/8] Standard Earth Gravity| | Define By Time
Initial Time Step le-0045s
Minimum Time Step 3.e-0055
Maximum Time Step 2e-004s
Time Integration on
[=l| Selver Controls
solver Type Program Controlled
Weak Springs Program Controlled
Large Deflection on
Restart Controls
Menlinear Contrals
Qutput Controls
[=I| Damping Controls
stiffness Coefficient Define By | Direct Input
stiffness Coefficient 0.
Mass Coefficient 2e-002 |
10-57
12
Solution A6 Stress —>Equivalent
Stress >Maximum Shear  Deformation ->Total Tools ->Stress Tool

Stress Tool Max Equivalent Stress

/{83 Solution (A6)

;[II Solution Information
;ﬁ Total Deformation
//ﬁ Equivalent Stress
fﬁ Maximum Shear Stress

& (@ Sress Tool]

/ﬁ Safety Factor

[=| Definition
Theory

Max Equivalent Stress |

Stress Limit Type | Tensile Yield Per Material

10-58
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10-59

10-60 10-61

Step
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11.21 EXIRERHEE

Thermal Conductivity
Isotropic Orthotropic
Thermal Conductivity Specific
Heat Isotropic Orthotropic

122 TEXEHITH

Thermal Point Mass
Thermal Capacitance

Geometry Thermal Point Mass 11-3
X Y Z
10J/ X Y Z
Model (A4) Details of "Thermal Point Mass" a
,,? Geom;trg:: B seope
7 "ﬁ o ) Scoping Method Geometry Selection
i ] Heat Sink
iy Tsolator Geometry 1Face |
i-...._, Il Transitor Applied By Remote Attachment
l 3 Thermal Point Mass I Coordinate System Global Coordinate System
' X Coordinate 5.e-003 m
¥ Coordinate 4.625e-002 m
Z Coordinate 0.m
Location Click to Change
=| Definition
Thermal Capacitance | 10. J/°C I
Suppressed Mo
Behavior Heat-Flux Distributed
11-3
o\ VA
11.23 TEX&EE
Pinball Pinball

Bonded No Separation
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q=T.(I,-T)

q T, T,
Thermal Conductance Manual
Tee Thermal Conductance Value 11-4

Details of "Bonded - No Selection To No Sele...

[=| Definition
Type Bonded
Scope Mode Manual
Behavior Program Controlled
Trim Contact Program Controlled
Suppressed Mo

[=| Advanced
Formulation Program Controlled
Detection Method Program Controlled
Elastic Slip Tolerance Program Controlled
Thermal Conductance Manual
Thermal Conductance Value | 0. W/m2-°C
Pinball Region Program Controlled

11-4
A\ ===
11.2.4 SIRE

Details 11-5
Details of "Analysis Settings"
Step Controls
[ Selver Contrals

Solver Type Program Controlled

Solver Pivot Checking | Program Controlled
[=1| Radiosity Controls

Radiosity Solver Program Controlled
Flux Convergence 1.e-004

Maximum lteration 1000.

Solver Tolerance 0.1 W/m?

Over Relaxation 0.1

Hemicube Resolution | 10.

=] Meonlinear Controls

Heat Convergence Program Controlled
Temperature Conver... | Program Controlled
Line Search Program Controlled
Qutput Controls
Analysis Data Management
Visibility
11-5

1 Radiosity Controls

2 Nonlinear Controls

cc

Details
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[=| Nenlinear Controls
Heat Convergence On
--Value 500. W
--Tolerance 0.1%
Temperature Convergence | Pregram Controlled
Line Search Program Controlled
11-6
11.2.5 TEMnErFLIR
ANSYS Workbench17.0 11-7
Environment @ Temperature @ Convection ﬂlRadiaﬁ:QHeat v O scs Flow fate 04 Conditions
@), Heat Flow [ d
&, Perfectly Insulated 11 Coupling
B, Heat Flux @ Fluid Solid Interface

®, |nernal Heat Generation

11-7
1 Temperature
/
Import
Temperature=100+z
2 Convection
Details h  Film Coefficient
Ambient Temperature 11-8 q=h,(T;-Ty) q
Workbench T, Workbench
Details of "Convection "
[=l| Scope
Scoping Method Geometry Selection
Geometry 1 Face
[=l| Definition
Type Convection
Film Coefficient 0. W/m2*C (ramped)
Ambient Temperature | 22. °C (ramped)
Convection Matrix Program Controlled
Suppressed Mo
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Details
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1 Surface to Surface F Enclosure
0, = Ag¢Fio 124_Tj4
Scope Scope
[-1| efinition [=| Definition
Type Radiation Type Radiation
Correlation To Ambient] Correlation Surface to Surface |
Emissivity 1. (step applied) Emissivity 1. (step applied)
Ambient Temperature | 22. °C (step applied) Ambient Temperature | 22. °C (step applied)
Suppressed Mo Enclosure 1
11-9
4 Heat Flow
w
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6 Heat Flux
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W/m’
11.3 1
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2. BIESER

1 Steady-State Thermal
Workbench Toolbox Analysis Systems Steady-State
Thermal 11-11 base.wbpj

L O Bl Froject Schematic
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W'l Steady-States Thermal -
gtea:vitate I:zarma: E:B F)) il | Steady-State Thermal
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- ineeri =
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(& Throughflow \ 3@ Geometry ? .
EH Throughflow (EladeGen) 4§ Model ? .
[zd Transient Structura: 5 a Setup =l 4

T ient Struck ABACLS -
=) rans?en ructural (ABAQUS) 5 "‘E colution ?,
[z Transient Structural (Samcef) —~
™ Transient Thermal 7 @ Results ¥ 4
[E Transient Thermal {ABACUS) Steady-State Thermal
E Transient Thermal {Samcef)

11-11
2
Project Schematic A2 Engineering Data Structural Steel

60.5Wm"-1" 11-12
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Project
QOutline of Schematic A2: Engineering Data > o X
A B |C D
Contents of Engineering Data 2 | #3 jource Description

2 = Material

Fatigue Data at zero mean stress
3 | % structural Steel | | comes from 1998 ASME BPV Code,
Section 8, Div 2, Table 5-110.1

1.
&3 CIiu# here to add a new material
1 x
C D|E
1 o Property Value Unit I
2 A E:;‘:ﬂg\:p:"ma' 60.5 WmA-1Cn-1 o |E
11-12
3
A3 Geometry Import Geometry/Browse base.agdb
11-13
- A
:
2 | Engneering Data ? .,
3| @ ceometry 2 [
4 I: Wodel r\ = = @@ New DesignModeler Geometry...
5 @ et B ‘\E New SpaceClaim Geometry. ..
6 @ soksion — ‘I‘*Immmml ol oonse. |
7 [ Resuls ‘? ‘;j Duplicate (if Browss From Repository..
Steady-State Thermal Transfer Data From New ¥
11-13
4 Steady-State Thermal
Project Schematic A4 Model Steady-State Thermal
Units > Metric m, Kg, N, s, V, A Celsius For Metric Systems 11-14

Units Tools Help

| v[Metric (m, kg, N, s, V, A) |
Metric (cm, g, dyne, s, V, A)
Metric (mm, kg, N, s, mV, mA)
Metric (mm, t, N, s, mV, mA)
Metric (mm, dat, N, 5, mV, mA)
Metric (um, kg, pN, s, V, mA)
U.S. Customary (ft, lbm, |bf, °F, s, V, A)
U.S. Customary (in, lbm, Ibf, °F, s, V, A)

Degrees

|T Radians
|7 rad/s

RPM

| v ICElsius (For Metric Systems) I
Kelvin (For Metric Systems)

11-14
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Mesh Generate Mesh

11-15

11-15

Steady-State Thermal A5 Heat Heat
Flux Details Apply
Magnitude 100W/m? 11-16

,/% Mesh
-7|= Steady-State Thermal (A5)
--‘/""':i;@ Initial Temperature
/| Analysis Settings

B8 Solution (A)
=/ Scope ) /

Scoping Method | Geometry SEIW

Geometry 1Face | =

[=| Definitien
Type Heat Flux
Magnitude | 100. W/m? (ramped) |

11-16

Steady-State Thermal A5 Temperature
Details Apply
Magnitude 100 11-17

(2] steady-State Thermal (A5)

J:F_E;B Initial Temperature

- o Analysis Settings

- LM Heat Flux

|/ MP] Temperature |
Details of "Temperature” 3
[=|| Scope

Scoping Method | Geometry Selection

Geometry 1 Face |

[=]| Definition

Type Temperature
Magnitude 100. °C (ramped |

11-17
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Thermal -> Total Heat Flux Thermal -> Directional Heat Flux 11-18
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/@8] Solution (A6)

b .| Solution Information
M3 Temperature

M Total Heat Flux

11-18
9
Solution A6 Solve
11-19 11-20 11-21 X
11-19 11-20
100W/m’ 11-21 X
0 Directional Heat Flux Z
100W/m?
116.53 Max
114,69 130 Max
112,85
111.02 1 Min
109.18
107.35
105.51
103.67
101.84
100 Min
11-19 11-20
5.3859e-8 Max
4.9662¢-9
3.54668-9
2127e-9
7.07395-10
7.1223e-10
-2.1318e-9
-3.5515e-9
-4.9711e-9
-6.3907e-9 Min
1121 X
10
Q__, 41
A dz
0 W 4 k
Az
Q_ + ]1 — T2
Ak
T, 0=100>=<0.5><1.0=50W Az=Im A=O.5><1.O=0.5m2,T1=100
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Reaction Solution A6 Probe
- Reaction Details Boundary Condition Temperature 11-22
Solution A6 Evaluate All Results
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/& Solution (A6)
,,m Solution Information | Definition
: - A0 Temperature = Reacti
v M Total Heat Flux yPE =l _
.. B Directional Heat Flux Location Method Boundary Condition
Boundary Condition | Temperature I
Suppressed Mo
11-22
Tabular Data
Time [s] ||7 Reaction Prabe [W]
1|1 -30.
11-23
12
Steady-State Thermal A5 Heat Flux Delete
Heat - Heat Flow Details Apply
Magnitude S50W 11-24
50W=100W/m’>0.5m> Im
4[] Steady-State Thermal (AS)
e T2 Tniitial Temperature
f':\. Analysis Settings
: g! TemEerah..lre
[=l| Scope
Scoping Method | Geometry Selection
| Geometry 1 Facel
| Definition
Type Heat Flow
Define As Heat Flow
Magnitude |50 W (ramped) |
11-24
13
Solution A6 Convection 11-25

Details Apply Film Coefficient
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Import Stagnant Air-Simplified Case
11-26 Details Coefficient Type
Temperature Ambient Temperature 50 11-27
2
SW/m” - 50
(2] steady-State Thermal (A5)
------JTE;@ Initial Temperature
o gioy Analysis Settings
o ] Temperature
(¥ Heat Flow
=/ Scope Import...
Scoping Method Geometry SelegHbn Impart..
Geometry TFace |~ Export...
=l Definition f —
Type Convection / F Constant
0. W/m="C (ramped) » Tabular
Ambient Temperature | 22. °C (ramped) Function
11-25
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#) Stagnant Air - Simplified Case
() Stagnant Air - Vertical Planesl
() Stagnant Air - Vertical Planes2
() Stagnant Air - Vertical Planes
() Stagnant Water - Simplified Case
4
OK
11-26
Details of "Convection” e
=] Scope
Scoping Method Geometry Selection
Geometry 1 Face
[=l| Definition
Type Convection
Film Coefficient Tabular Data
oefficient Type Bulk Temperature
b D 50. *C (ramped) !
Convection Matrix Program Controlled
| Suppressed | Mo
11-27 Details
14
Solution A6 Solve 11-28
11-29

11-19

11-20

OK
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04,003 12071
89.807 1056.8
84.71 20643
70.674 736.09
74517 605.76
69421 43542
64,324 305.08
50,228 134.74
54,131 Min 44078 Min
11-28 11-29
15
Solution A6 Probe > Reaction Details
Boundary Condition Convection 11-30 Solution
A6 Evaluate All Results -659.07W 11-31
/g Solution (A6)
v/ 4] Solution Information = Definition
Al Temperature = eaction
A Total Heat Flux ype . —
./ﬁ Directional Heat Flux Location Method Boundary Condition
B Reaction Probe hnundar_',r Condition | Convection |
----- [ & ReactionProbe2] | |Suppressed Mo
11-30
Tabular Data
Time [s] ||7 Reaction Probe 2 [W]
L 1. -659.07
11-31
16
Solution A6 Radiation 11-32
Details Apply Ambient Temperature 50

|2 Steady-State Thermal (A5)
------- v IE;B Initial Temperature

i1 Analysis Settings

------- ﬁ | Temperature

------- . Heat Flow
¥ Corwvection

[/ Radition

[=l| Scope

Scoping Method Geometry Selection

Geometry 1Face I ~—
[=I| Definition

Type Radiaticn

Carrelation To Ambient

Emissivity 1. (step applied)
| | Ambient Temperature | 50. °C (ramﬁ; I

11-32
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Boundary Condition Radiation 11-33
/| Solution (AG)
;[II Solution Information =) Definition
fﬁ Temperature =
:/ﬁ Total Heat Flux Type - Reaction —
A Directional Heat Flux Lecation Methed Boundary Cendition
:’Ql Reaction Probe Boundary Condition | Radiation I
A& Reaction Probe 2 Suppressed Mo
lE Reaction Probe 3 |
11-33
18
Solution A6 Solve 11-34
1020.8W -398.76W -672.53W  1020.8-398.76-
672.53=-50.49W 50W Heat Flow
Tabular 3
Time [s] “7 Reaction Probe [W]
;/@ Solution (A6) a1 |1 1020.8
i3] Solution Information / 1F-1=11
/&P Temperature Time [s] “7 Reaction Probe 2 [W]
- /& Total Heat Flux 1 39876
- M Directional Heat . .
... & Reaction Probe Tabular Data
. % Reaction Probe Time [s] “7 Reaction Probe 3 [W]
&, Reaction Probe 3= 1 | 1. -672.53
11-34
19
Analysis Settings 11-35

Details of "Analysis Settings"

Step Controls

[=l| Selver Controls
Solver Type Program Controlled
Solver Pivot Checking Program Controlled
Radiosity Controls
= Henlinear Controls

Heat Convergence Cn
;E] Steady-State Thermal (A5) |~ — T
s T} Initial Temperature .
7 Bnalysi Settings --Talerance 1.e-005%
T ‘i Temperature Temperature Convergence | On
& Heat Flow --Value User Input
ﬁ[ﬁ:mrecbon ----Input Value 1.°C
«’?1 Radiation --Tolerance 1.e-005%

11-35
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Solution A6 Solve 11-36
1021W -398.64W -672.32W 1021-398.64-672.32=
-49.96W 50W Heat Flow
Time [s] “7 Reaction Probe [W] I
J@ Solution (A6) ’ 1. 1021.
/4] Solution Information ab
- M3 Temperature Time [s] ||7 Reaction Probe 2 [W]
¢Q Total Heat Flux 1. -308.64
- /B Directional Heat Fjdx Tabular Data
,% Reaction Pr
/& Reaction Probe Time [s] “7 Reaction Probe 3 [W]
/& Reaction Probe 3——1"| 1. -672.32
11-36
21 Steady-State Thermal
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1 Steady-State Thermal
Workbench Toolbox Analysis Systems Steady-State
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A2 Engineering Data Outline of Schematic A2:Engineering
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Conductivity Properties of Outline Raw4 50W/m - 11-40
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N Structural Steel = | ASME BRV Code, Section 8, Div 2, Table 5-110.1

4 ~N Metal | ]
~ Click here to add a
A B C
1 Property Value Unit
2 F']El Isotropic Thermal Conductivity 50 Wm-1C"-1
11-40
3
A3 Geometry Import Geometry/Browse
transitor_steady thermal.agdb 11-41
- A

il | Steady-State Thermal

2 & Engneering Data ?.
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4 @ Model 2 | @§ MNew Design™odeler Geometry...
5 @ setw 2 ‘:-i; Mews SpaceClaim Geometry. ..
6@ souin S CEr E—
7 @ Results T . “a  Duplicate (iF Browse from Repository..
Steady-State Thermal Transfer Data From Mew 3
11-41
4
Project Schematic A3 Properties 11-42
Properties of Schematic A3:Geometry Analysis Type 2D 11-43
5 Steady-State Thermal
Project Schematic A4 Model Steady-State Thermal

Units > Metric m, Kg, N, s, V, A Celsius For Metric Systems 11-44
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eset Advanced Geometry Options
i ‘ Analysis Type
11-42 1 11-43 2
6
Part Heat Sink Details
Thickness 0.025m Assignment Aluminum
Isolator Details Thickness 0.025m Assignment
Copper Transitor Thickness 0.025m Assignment
Metal 11-45
Details of "Heat Sink”
+| Graphics Properties
- Definition
Suppressed |Me
stiffness Behaviar | Flesible
Coordinate System Default Coordinate .
Reterence Temperature | By Ervironment
e
[l @ Part s -
5||1.< ICKNess Wiode | L
Units Tools Help “'h Heat Behaviar Hone
i B Isolat

‘VIMeiricgm kg N s V, A I

Metric (cm, g, dyne, s, V, A)
Metric (mm, kg, N, s, mV, mA)

7 Transitor ﬂ'ﬂigﬂﬂl‘ﬂl Aluminum I

. Details of "Transitor”
Metric (mm, t, N, s, mV, mA} 5 5
Metric (mm, dat, N, s, mV, m#) = G"P'_-f'm
Metric (um, kg, pN, s, V, mA) =I| Definition
U.S. Customary (ft, lbm, |bf, °F, s, V, &) Suppressed Mo Mo
U.S. Customary (in, lbm, Ibf, °F, 5, V, A) Stiffness Behavior _Flﬂ;iblf Flexible
—— Coordinate Syst Default Coordinate . Default Coordinat
F Ra:ians Reference TempMature | By Envirgnment Reference Temiitrature By Enviranment
Thickness 2 5e-002 m I Thickness 2 5e-002 m |
’T rad/s Thickness Made M anual Thickness Mode Manual
(4 Behavior Mone Behaviar Mone
‘ v [Celsius (For Metric Systems) = Material = Material
Kelvin (For Metric Systems) I Agssgnment Metal I Assignment Copper
11-44 11-45
7
Mesh Generate Mesh
11-46
8
Steady-State Thermal A5 Heat
Details Apply
: 2
Magnitude 1500W/m 11-47

Heat Flux
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-#[Z] Steady-State Thermal (A5)
e 720 Initial Temperature

e Analysis Settings
E}--/[83| Solution (AG)

Details of "Heat Flux" 1
[=]| Scope
Scoping Method |Geometr_|,r Selection
Geometry |3Edges |
|| Definiti
Type | Heat Flux
Magnitude  |[1500. W/m? (ramp...|

11-46 11-47

Steady-State Thermal AS Heat Internal

Heat Generation Details
Apply Magnitude 5333333W/m’ 11-48
20W / 20/ 0.02>0.0075>0.025 =5333333W/m’

2] steady-State Thermal (A5)
------- v TE:B Initial Temperature
- ‘{_ﬂ Analysis Settings
. Heat Flux
-,/®. Internal Heat Generation | m

Scoping Method | Geometry Selegﬁn
Geometry 1 Body | 7

[=l| Definition
T Internal Heat Generation

Magnitude | 5.3333e+006 W/m? (rampe-d]

11-48

10
Solution A6 Convection 11-49
13 Details Apply Film Coefficient 51W/m’ -

Ambient Temperature 50

(2] steady-state Thermal (A5)
-/ T=0 Initial Temperature -
- ¢ Analysis Settings

',QQ Heat Flux

- M. Internal Heat Generation
-4 Convection

Scoping Method Geometry Selection

Geometry 13 Edges |
[=| Definition
Type Convection

Film Coefficient 51 W/m2°C (rampecﬂ_
Ambient Temperature | 50. °C_(ramped) |

11-49
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11
Solution A6 Thermal - Temperature
Solution A6 Solve 11-50 11-50
105.53
l--uz;:ti(:ﬂﬁl}nformaﬁon :g::: Max
h 10353
10254
10154
10054
99,537
98.538
97.529
86.539 Min
11-50
12 Steady-State Thermal
11.5 3
Transient Thermal
1. KA
2
145 15min
1
e s 10W
] 10W 2.5min
e 3min 20W
2
. 2min 5000  10000W/m’
3
. 2min 30 W/m? -
. 30s 50 W/m? -
° 22 40

22

11-51 11.1
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M Pl

A

f

XL

Tl

11-51

111 BN

Kg/m® W/m - J/Kg -
Metal 3500 50 500
Copper 8900 393 385
Aluminum 2700 156 963

& aen

Ao, BRI EAMA, ZEHEM4FF A Transient Thermal F& /5, AFAFIE]-F
BATIE G R T WA, s BER A A R B, R, AT EMHF-F
Z R AFE|RA, AT KR BRSSO ANK, REREFRBEBEG S H.

“ B & 4 | —iT £ << Start/Chl1/transitor_transient_thermal.agdb””
% #8584 |— M XE““End/Chll/transitor_transient thermal.wbpj””
% — BT H & ““AVI/Chl1/transitor_transient thermal.avi®”

2. B#IESR

1 Engineering Data
Workbench Toolbox Component Systems Engineering
Data 11-52 transitor_transient

thermal.wbpj
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Analysis Systems -
B Component Systems
i3 ack(Post) hd
iz ACP (Pre) 1y~ L
@ Adtodyn 7 z & EngineeringData 2
ﬁa BladsGen Engingering Data
@y R
Wi Explicit Dynarnics (L5-DiYMA Export)
11-52 Engineering Data
2
Units > Metric Kgm,s, ,AN,V Project Schematic
A2 Engineering Data Outline of Schematic A2:Engineering
Data Metal Toolbox Physical Properties Density
Thermal Isotropic Thermal Conductivity Specific Heat Properties of
Outline Row4:metal 3500 kg/m’ 50W/m -
500J/kg - 11-53 11.39 Copper  Aluminum
Project
|E| Physical Properties | A B | C D
|j: Density | Contents of Y inti
E] Isotropic Secant Owgefficient of The ¢ Engineering Data = @ [oures VBT
E‘ Orthotropic Secant Coefficientof T 2 =
Isotropic Instant Ffici . i
E SAten el e 'c'er 3 structralsteel | [ | O | e e v 3, e S10.1
,d IsotrcplcThermaICcnduchwt;I 4 Metal ]
4] Orthotropic Thermal Conduct - c "
73] SpecificHeat | = = = s
E‘ Enthalpy \ \ A B C D
Property Value Unit (<1
2N\ A pensity 3500 kg m~-3 o]l
\\3 X E‘ Isotropic Thermal Conductivity 50 Wm~-1C~-1 (=
4\,‘ T4 specific Heat 500 Jkgn-1C~-1 |
11-53
3 Transient Thermal
Toolbox Analysis Systems Transient Thermal A2
Engineering Data 11-54 11-55
ﬂ Steady-State Thermal (Samcef) ~
Thermal-Electric
@ Throughflow -
@ Throughflow {EladeGen) 1 [

[z Transient Structural 2
[z Transient Structural (ABAGUS) —
Transient Structural (Samcif/ Engineering Data
ﬁ Transient Thermal [ =" ]
™ Transient Thermal (ABAQUS)
!E Transient Thermal (Samcef)
@ Turbomachinery Fluid Flow

| El Component Systems |

11-54
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- A - B

I8 .. Engineering Data b8 . Transient Thermal

2 @ Engineering Data «" ,——M@ 2 Q Engineering Data

v A
Engineering Data 3 @ Geometry ? .
4 @ Model =
5 @8 setp =
6 Solution F .
7 @ Results =
Transient Thermal
11-55
4
B3 Geometry Import Geometry/Browse transitor
transient_thermal.agdb 11-56
- 5]
1
2 & EnginesringData 4
3 Geometry I\ ? 0 New DesignModeler Geometry...
L a Model \h'i\ﬁ Mew SpaceClaim Geometry...
2 Setup g Sa Impart Geometry I____——-rl K Browse,..
& 2 soltion k [ I li]_l
7 @ Resuls @ 43  Duplicate [4F Browse from Repositary..,
Transfer Data From Mew »
Transient Thermal )
11-56
5
Project Schematic B3 Properties 11-57
Properties of Schematic B3:Geometry Analysis Type 2D 11-58
6 Transient Thermal
Project Schematic B4 Model Transient Thermal
Units > Metric m, kg, N, s, V, A Radians rad/s Celsius For Metric
Systems 11-59
- B
| T

12 G Engneering Data  +"

3 @ Geometry h —~

4@ Model i} Edit Geometry in DesignModeler.
5 @ sewp Bl Edit Geometry in SpaceClaim...

6 | @5 sSolution Replace Geometry

7 @ Resdts Duplicate

Transfer Data From New
Transfer Data To New

Transient Thermal
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Units Tools Help

| v hﬂﬂric (m, ISE N, s, VA |
Metric (cm, g, dyne, s, V, A)
Metric (mm, kg, N, s, mV, mA}
Metric (mm, t, M, 5, mV, mA)
Metric (mm, dat, N, s, mV, mA)
Metric (um, kg, uN, s, V, mA)
U.5. Customary (ft, lom, Ibf, °F, s, V, A)
U.S. Customary (in, Ibm, Ibf, °F, s, V, A}

General
Motes
Used Licenses

Basic Geometry Options

Advanced Geometry Options

Degrees

g=a

RPM

| v ICelsius (For Metric Systems]l

Analysis Type Kelvin (For Metric Systems)
11-58 2 11-59
7
Part Heat Sink Details
Thickness 0.025m Assignment Aluminum
Isolator Details Thickness 0.025m Assignment
Copper Transitor Thickness 0.025m Assignment
Metal 11-60
Details of "Heat Sink”
+| Graphies Properties
-/ Definiticn
Suppressed :Nn
Stiffness Behaviar | Fleible
Coardinate System Default Coordinate .
Reference Temperature | By Enviranment
B/ Sy
- A Part - -
. ICKNEss Miode L
w0y HeatSink g | Mone
i B Isolat = )
. L s n Trarsitor ﬁ;gignmqnt Aluminum I
Details of "Transitor” / ils of "lsolator”
+ Graphics Properties [+ Grighics Properties.
=) Definition E
Suppressed Mo Mo
Stiffness Behavior _Flexihlc _Flexuhlg
Coordinate Syst Default Coordinate . Default Coordinat
Reference Temprature | By Envirgnment Reference TemSBrature By Environment
Thickness 2 5e-002 m I Thickness 2 5e-02 m |
Thickness Made Manial Thickness Mode Manual
Behaviar Maone Behaviar Mone
=] Marterial = Material
Iﬁ:ugnmenl Metal I IAﬂiaﬂlﬂellt Copper I
11-60
8

Mesh

11-61

Generate Mesh
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9
Transient Thermal BS5 Analysis Settings Details
Step End Time 900s Auto Time Stepping On Initial Time Step
0.00043s  Minimum Time Step 0.00043s  Maximum Time Step Ss 11-62
900s 15min
Transient Thermal (B5) Details of "Analysis Settings” n
T=p Initial 'I.'ernerature =1/ Step Controls
7\ Analysis Settings |
5 7 A;;TLE;:?E}S Mumber Of Steps L
_/,m Solution Information Current Step Mumber | 1.
Step End Time 900. 5
Auto Time Stepping | Cn
Define By Time
Initial Time Step 4.3e-004 5
Minimum Time Step | 4.3e-004 5
Maximum Time Step | 5. 5
Time Integration On
11-61 11-62
10
2 120 150 180s
Analysis Settings Insert/Commands 11-63 11-64
*dim,reset,array,4
reset 1 =2.0
reset 2 =120
reset 3 =150
reset 4 =180
tsres,%reset%
?[gl Transient Thermal (B5)
o TR Commands

r=e Initial Temperature

& I=0 Coupling

3 Temperature

3 Convection

@] Radiation

G Heat Flow

@, Perfectly Insulated
G Heat Flux

®_ Internal Heat Generation

& Commands I

11-63

! Commzands inserted inte this £il

! These ot may supersede co

Active UNIT system in Workbench
NOTE: Any data that reguires u

! See Solving Units

*dim, reset,array, 4
reset(1)=2.0

reset (2)=120

reset (3)=150
reset(4)=180
tsres, kresetk

11-64
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A F F B bGpds “xdinm” R ELFMAFYEH. “+dim, reset, array, 4”7
A TFZNL—AN %A reset #y 4 LEH ., “tsres” R L L KA.
“tsres, %hreset%” F AN VA reset FLLHA KAERTIE] L, B IHLE KR A B X
T HF TR RARTE], Bpsaled 180s N F o7& B 49 900s.,

11
theta=0.75
oslm=0.5 TOL=0.1 tintp 10
Commands tintp,,,,.75,.5,.1 11-65

*dim, reset, array, 4
reset(l)=2.0

reset (2)=120

reset (2)=150

reget (4)=180
tsres, freset®

tintp 4 A FTEXBEASRS> A%, EAKXH: tintp, ganma, alpha,
elta, theta,oslm, tol., & gamma A MBS0 IATRE K, KD
0.005; alpha =M BrARSAI, TikA 0.2525; delta H MBSk
., B 0.5050. He R RSB, W R A X PR RAET. H Ik,
ansys ¥ @A RR SR AG.

12
Steady-State Thermal BS Heat Heat Flux
Details Apply
Magnitude ““=5000+5000*sin  2*3.1415%time/120 >~ 11-66
13
Steady-State Thermal BS Heat Internal
Heat Generation Details
Apply Magnitude Tabular Data 11-67 10W
/ 10/ 0.02>0.0075>0.025 =2.666e6W/m’ 20W 20/ 0.02
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>=<0.0075>0.025 =5.333e6W/m’

-[@] Transient Thermal (BS)
=p Initial Temperature /
{ Analysis Settings

Commands {APDL)
[ Heat Flux
/3] Solution (B6)

//[II Solution Information

=

Details of "Heat Flux" Graph n
[=| Scope - 500,
Scoping Method Geometry Selection 10000.
Geometry 3 Edges |
[=l| Definition 5000
Type Heat Flux Z500. —
Magnitude = 5000+5000%sin(2*3.1415*ime/120) 4828325
Suppressed Mo

m

11-66

/(@] Transient Thermal (B5)

=

A Analysis Settings

‘/E Commands (APDL)

Heat Flux
Internal Heat Generation

Details of "Internal Heat Generatigh” 1 Tabular Data

[-I| Scope / " Steps | Time [s] ||7 Internal Heat Generation
scoping Method | Geometry Sy(ection 1 0. 0.

Geometry Tody | / / 2. 2.6662+006

[=i| Definiti 150. 2.6662+006

Type Internal Heat Ge}ération 180. 5.333e+006

Magnitude Tabular Data |/ a0, 5.3332+006
Suppressed Mo

[

[

#len | b | | b |
=

11-67

14
Solution BS Convection 13
Details Apply Film Coefficient Tabular
11-68

5@ Transient Thermal (B5)
/70 Initial Temperature

- ,/:/i_ Analysis Settings

= ‘/E Commands (APDL)

/3, Heat Flux D0

._Internal Heat Generation
]_ Convection
/&3] Solution (B6)

'{I] Solution Information

Det: T i i
= Sco Tabular Data
pe "
Scoping Method IGeometry Selection ﬁ Steps | Time [s] ||7 Con... ||7 Temperature [°C]
eometry ]13 Edges] / 1 0. 30. =22
=l| Definition 1 120. 30. 22
Type Convection / 1 150. 50. 40.
Film Coefficient Tabular Data |/ 1 900. = 50. = 40.
Ambient Temperature | Tabular Data |

* b w o=

11-68
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15
Solution B6 Thermal -> Temperature
11-69
16
Solution B6 Solve
11-70 11-71 11-72
11-70 109.75 145
11-71 11-72 104.95 110.4
900s 1800s 30min
109.75 Max
10849
107.22
105.96
104.69
/68| Solution (B6) 10343
B _;[Il Solution Information 102.17
i A Temperature - Global Maximum 1000
: <A Temperature - Global Minimum 09637
b M Temperature 98.373 Min
11-69 11-70
00
110.43
875
G
Ea sz
50
a7s
21937
0 125 230 375 500 £25. 750 200
11-71
Time [s] ||7 Minirum [*C] ||7 Maximum [°C]
253 | 856.83 95.609 108.04
254 | 861.83 95.912 108.72
255 | 866.83 96.269 109.33
256 |871.83 96.657 109.83
257 | 876.83 97.054 110.19
258 |881.83 97.436 110.4
259 | 886.83 97.78 110.43
260 |891.83 98.064 110.29
261 | 896.83 98.274 110.
262 |898.42 98.328 109.88
263 | 900. 98.373 109.75

11-72
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ANSYS Workbench 17.0 Design Exploration
5 2

Design Exploration

AR S H R X

¥ KL i T 2 AT

ERt R id

SRR K M

7S WA 3G AT

12.1
ANSYS
Workbench17.0 Design Exploration
12.1.1 Design Exploration {1t B
Design Exploration Workbench Toolbox 12-1
Design Exploration Direct Optimization Parameter
Correlation Response Surface Response Surface
Optimization Six Sigma Analysis
Goal Driven Optimization
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T - ¢ x

Analysis Systems

Component Systems

Custom Systems

B Design Exploration

@ Direct Optimization
m Parameters Correlation

[F9] Response Surface
@ Response Surface Optimization

m Six Sigma Analysis

N
> BRI
> S T
> T
> N BT

12-1
1212 EXBY
Design Exploration
1
CAD
DesignModeler CAD  DesignModeler
Relevance
Design Exploration +10%
0 0 10 Design Exploration
10710
2

Derived Parameter

12.2
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12.3

Screening  MOGA NLPQL MISQP
Screening MOGA NLPQL Adaptive Single-

Objective Adaptive Multiple-Objective

12.4

Spearman Pearson 12-2 12-3
Pl P2 P3 P4
P5
:’_I
B TR
1 w
E - I m o =]
4 T m o =} ! § . i !
. . T — ol o =+ i
— o o = ™ (=19 (=19 (=19 (=19 (=19
o (= o (= o
P1-L
P1-L
P2 -H
PZ-H
—_— P3-B
P - p Pd- P
PS - DEF ¥ - PS5 - DEF_Y
12-2 12-3

12.5

34
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upper specification limit lower specification limit
12-4 USL LSL 99.9996%
Fadl o> i
<+ A
N if 4 2N
§< LSL USL
& 4 > 0 2 4 B
12-4
12.6 1
Six Sigma Analysis
1. St
12-5
back bottom depth
Standard Deviation 0.8
Safety Factor 6 6 99.9996%
12-6 A
10 000N B

depth

12-5 12-6
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& (awen)

A B ZAT L= A (back. bottom. depth) Fe =Nk (ZARF. 2%
oo FREA ). BREMAEZNAZZL2AT, ERRFARERHFERE ), Mg,
B EHTEHEL, FARRXGWEMNGIEE. LB E Static Structural “F& Fxt
T ARATZ ) 0T, HAF A REE, KAVE Six Signa Analysis -F& e L= A
NEA QI A Aodr e £ 6910, FAFB| A8 B L, RBARIEZ LA/ B HOL T A
REaEE, RETAERZSRTHT 6 9E, AmFR| o4 R,

% 285 & 4 | ——BfT5 A 2 < Start/Ch12/Crane_Hook.agdb”
% #2484 |—MT AR ““End/Ch12/Crane_Hook.wbpj””
% —Bﬁ% Yt ““AVI/Ch12/Crane_Hook.avi>”

2. BIESER

1 Static Structural
Workbench Toolbox Analysis Systems Static
Structural 12-7 Crane_Hook.wbpj
Project Schematic
2% Harmonic Response A
@ Hydrodynamic Diffraction
Q’g Hydrodynamic Response - &
ﬁ IC Engine (Fluent) 1 = Skatic Skructural
5 1C Engine (Forte) ———
(i) Magnetostatic z Q Engineering Data / 4
fH Modal 3 Q Geometry P .
[l Modal (ABAGUS) Palls @ Model =
[ Modal (Samcef) 5 @ Setup =
[l R-andorn vibration 5 | @ o = 4
[l Response Spectrum iz Solution .i d
F Rigid Dynamics 7 | @ Resuls F 4
Static Structural
[ Static Structural (ABAQUS)
[ Static Struckural (Samcef)
12-7
2
A3 Geometry Import Geometry/Browse Crane
Hook.agdb 12-8
3 DesignModeler
Project Schematic A3 Geometry DesignModeler
4
XYPlane Sketch1 Details H11
V10 D back  bottom 12-9

D Design Parameter
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Skakic Skructural

. Geometry ? 1
— | @) New DesignModeler Geometry...

5 @ setup < Mew SpaceClaim Geometry. ..
6 §8 Solution S [ mport Geometry |———| ) BersB-"I

7 @ Resuls “P|53  Duplicate (44 Browse from Repositary..
Skatic Structural Transfer Data From New ¥
12-8
Tree Outline oo
= ‘,'\Q A: Static Structural #  Create 8 new Design Parameter for dimension reference
=] J¥Plane Fpene T
o
- Sketchl Parameter Hame: |h3¢k
! i 8 Sketch2 .
i Sheln:hl'r:g. madelin l
— = 14 | Cancal
Details View 2
=| Details of Sketch1

Sketch
Sketch Visibility Sketch Create & new Design Parameter for dimension reference
Show Constraints? XrFlme VITF

=] Dimensions:

H15
H1&

1200 mm o

12-9 1

Extrudel Details FD1,Depth
D depth 12-10
DesignModeler

Tree Qutline R Graphics
P X¥Plane ~
o ZXPlane

Sketching  Modeling A: Static Structural - DesianModeler

Details View B || Create a new Design Parameter for dimension reference

| Details of Extrude1 Extrude1 FD1?
|Extrude | Extruder
|Geametry | sketchi || Parameter Name: |depth
Operation | Add material | lr
Direction Vector .None (Mormal)

| Direction Mormal QK | Cancel

12-10 2
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Project Schematic

Mesh
Mesh

- 89 Model (A4)

Details of "Mesh”

Generate Mesh

Static Structural

A4 Modal

Element Size
12-11

Details

= «% Geometry
[ o= Coordinate Systems

#
+

Static

Y Component -10000N

Details of "Force”

Display
Defaults
Sizing

Size Function Adaptive
Relevance Center Coarse

M Element Size

12-11

Loads
Define By

Structural A5
Details
12-12

/2] Static Structural (A5)

7N Analysis Settings

Apply

=)

Scope

Scoping Method | Geometry Selection
—

Definition

1Face

Type

Force

Define By

Components I

Coordinate System

Global Coordinate System

X Component |0.N (ramped)

¥ Component  [-10000 N (ramped) |

Static Structural

Support

Details of "Fixed Support”

ZComponent |0. N (ramped)

12-12

A5 Supports

Apply

Details

[=l| Scope
Scoping Method | Geometry Sgl,eﬁfion
Geometry 1 Fac:_l -

Static Structural

10mm

Force
Components

Fixed
12-13
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BRITATRIGE(E 2R ©
R ?
-//@ fﬂﬂhltsi;:éjﬂﬁlifurmaﬁun solutton. A6
;«ﬁ Total Deformation Deformation > Total Stress eEquivalent
....... _;:ﬁ Equivalent Stress Mises Tools = Stress Tool 12-14
-] Stress Tool 10
. Ml Safety Factor Solution A6 Solve
12-14 121
12-16 12-17
12-17 6.0392 6
back bottom depth
6 99.9996%

100%

4.12404 Max
011025
0.006473
0.0826mM
0.068909
0.055127
0.041346
0.027564
0.013782
0 Min

41.306 Max
36.717

3z2az2v

27.537

22.548

18.358

13.769

9.1793

45897

0.00011 9562 Min

12-15 12-16

15 Max
6.0524 Min
5

0

12-17

%ﬁ%

L~

A E T RIEMA AR KL A et Az L 6 AE. de RAE R KL
FAEN, Nz BF F=tFHE IR/ 2 1, o RAAA LA 62 A
18 K F A AR RALTE, W AMAHZA R, ABIF 6.0392 x 41, 396=250Mpa, E4F
S MR JAd R IRAR R, FAd & ARAR PR ¥T VA /£ Engineering Data ¥ & 4.

II IR F
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11
Total Deformation Details Maximum
P Equivalent Stress Maximum Safety Factor
Minimum 12-18 Static Structural
Details of "Total Deformation” &
) . Scope
/@ Solution (A6) Definition
e A i Solution Information S Results
/B0 Total Deformatio —
M Equivalent Stre \ Minimum 0. mm
- /@] Stress Tool P| Maximum | |0.12358 mm
Information
Details of "Safety Factgr" 3
Scope / N Scope
Definition /' \ Definition
Integration P;{nt Results Q Integration Point Results
| Results ¥ =I\Results
P Minimum16.0392 AMinimum | 2.4818¢-004 MPa
Information P| Maximum | |41.396 MPa
12-18
12 Six Sigma Analysis
Toolbox Design Exploration Six Sigma Analysis
12-19
1 x p—
Analysis Systems 1 static Structural
Compaonent Systems 2 @ EngineeringData a
Custom Systems 3 0 Geometry v .
B Design Exploration 4 @ Model v .
@ DirectOptimizaﬁon- 3 a Setp v .
m Parameters Correlation = -
H Response Surface B Solution v 4
J) ResponseSurface Optimization 7 9 Results v 4
| SxSiomasnalyss | 58 (53 parameters —
Static Structural
Parameter Set
-
1 ix Sigma Analysis
2 | [ Design of Experiments (358) 4
3 U Response Surface (S54) 7.,
4 I-.|_||-| Six Sigma Analysis F .,
Six Sigma Analysis
12-19 Six Sigma Analysis
13

B2 Design of Experiment SSA Outline of Schematic B2
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P1-back Properties of Schematic B2 Design of Experiments(SSA)
Distribution Type Normal Standard
Deviation 0.8 12-20 P2-bottom  P3-depth
0.8
Cutiine of Schematic B2: Design of Experiments (S54) - =
T
- — 1 Progerty Vaue
2 B # Design of Experments (554) 8
3 = InpulPermlefs I -] Hotbes
4 B [ stasestrucheal (A1) ' BT = Civibutien
5 I e rr-pex P | ¥ 1 Distribusion Type Narmal -
6 s P2 -battom [F2 12 Distribution Lowes Bound | -Infirity
7 diip 3 - depth 13 Distribution Upper Bound | Infirity
8 = Cutput Parameters 14 Mean ! 200
3 B Bl Static Structural (A1) | 15 | standard Deviation P 0.8 |
12-20
+30
197.7=200-3><0.8 202.3=200+3><0.8 12-21 P1-back
B C
Table of Outline AS: P1 - back
C
Probability Density - Cumulative -
2 197.7 0.0079252 0.002
3 197.74 0.0093228 0.0023925
4 197.79 0.010931 0.0028533
5 197.83 0.012776 0.0033929
B 197.88 0.014883 0.0040223
7 197.93 0.017281 0.0047544
8 197.97 0.020001 0.0056031
9 198.02 0.023074 0.0065837
12-21 P1-back
14 Design of Experiment SSA
+ Update . .
7 Upda Design of Experiment SSA
Outline of Schematic B2 Static Structural Al
12-22 Project
15
B3 Response Surface SSA e
Outline of Schematic B3:Response Surface
SSA 12-23 12-24
12-23 back  total deformation Maximum
12-24 total deformation Maximum back
depth bottom
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Project

E + Design of Experiments (S54)
E InputParameters

E Bz Static Structural (A1)
dhfp P1-back
dhfp P2 -battom
A P3-depth

= Output Parameters
E B Static Structural (A1)

@ |~ o | | e [

[r]

Table of

E F
PL- P2- _ | P3- _ | P4-TotalDeformation _ | P5-EquivalentStress _ | P6-Safety
back bottom depth Maximum {mm}) Maximum {MPa) Factor Minimum
2 1 200 200 &0 0.12358 41,396 £.0392
3 2 197.53 200 &0 0.13401 43.862 5.6996
4 3 202.47 200 &0 0.11501 38,594 6.4777
5 4 200 197.53 &0 0.12316 40,876 &.1161
12-22
A B -
Response Chart for P4 - Total Deformatio - = X
1 Enabled .
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