ANSYS Workbench 17.0

TR FEAFRNE HEF

T F I F &R A
Publishing House of Electronics Industry

4t % - BEIJING



N R

AA55E ANSYS Workbench 17.0 589 73 HTRE N T 48R (1048, NS ANSYS Workbench 17.0 [)3
MRAE . JUTERE . 30T X AR . MR SRS 25 35 A HL D R B S BT iR s, B
HR A KR A SR SR A N 451

AL “POENTT. TR, G e, JHREERAR, NRIEWIRI . B0, A ZHEL,
LA RKEN BT ANSYS B R — S S, &4 ShEEMM AT TR, @165
T, WIRECATI S Aoh, RBATEEHI A — R SLhRrs i, IR e HERE 3 S e B N\ S5 44 4 A7 i
EORES AEEERR L, ARPBEWRA R B AT MR, iR B0 bR, R
SIRE, mEAEFEIARBE, R REHIEN ANSYS B sksg f— s i B H R T TAE. A&+
T 1 3k 2844 DVD #5068, B3 7 SA PSR R MIEZF R, 46 KE ANSYS BB IGH
FAT BT S5 O A (AR IR B S 2t i) . e T ABITA MEM SCE. 43S0
AP B SCE

ABAME R TIRE AR N B ANSYS H ¥ ZIEMS % H4E, WAt K EBRRHNE ITiE %,

REVFR], AMFUAEM T R 23D A Mo AN A
FRBLFTAT AR T

BEHEEMS%E ( CIP) i
ANSYS Workbench 17.0 Z5# 3 #THUE N 138/ : Ao SFEMANERE / brkilRH AR AR . —Iba:
B ok H ik, 2018.3

ISBN 978-7-121-33673-7

[. QA 1. @t ML OFRILHT—NHRG—HERE V. ©0241.82-39
R [ AR B 30 CIP HdE %7 (2018) #F 028395 5

FkgtE: B
TR R Y. 2N &
B Rl
Ik il
HREAT: B Dk it
b X T 75 173 1548 HEZm: 100036
FF A 787x1092 1/16  EPk: 19 FHr: 486 TF
B k. 201843 HE 1R
Bl K. 2018 4E 3 AEE 1 IKETRI
E e 50.00 6 (2 8H4A DVD JB#E 15K

JURTIE S B b H Rt B R sk i ) R, 3 e ) S P R 6 . 5 PSRk, T 5 AR RAT R,
162 S B HL G . (010) 88254888, 88258888.

R EAUFIE KR 2 zlts@phei.com.cn, #MURECZEHRIG KIS dbqg@phei.com.cn.

AP EMELR TR (0100 88254460; guanphei@163.com; 197238283@qq.com.



e —_
Bl =]
ANSYS Workbench 17.0

L 2 ANSYS Workbench 17.0

L 2

V'S ANSYS

Workbench 17.0
< ANSYS
L 2 1 DVD 167 ANSYS
zhanygjames@163.com 010-82176248 010-82176249

EE NP ERER:
ER—: AP BEEAR” hEFZ REEARBF BT, HARESAREF, H

E-mail 4431, E-mail: JE@RHE zhanygjames@163.com, guanphei@163.com.

EZ: A—HHAN 4B, FREREERAAME (HREAKS
zhaodikeji), B5EE), MAT#HITELR.

RL& A E5ERD, BIAT3R 13 Ik RS 5 2R 1% A0 B 48 TTHITELLIRTE— 1T,
FERT B SIKBMNE 780 TTHKE RIAELIRTE.

4 4 4 11}



xHFE

[ SRR ]

ANSYS Workbench 17.0

[ BIETENBRERS ]

Windows7 Windows
[ e ERRRRA )
DVD 1 DVD
D
anscl7.0
1 work
2 video
¥ ok Y
ANSYS Workbench 17.0
[ RBATE ]

& KB T XFAFRE G EHRRAEG R LT,
o Pk WRAFHRMBEELIL, REH—T AAre) A4,
o NF: PRAMFFTABEXLEL, RBEL R ibief R R Are £4E.
® Lt WAMBHABEXLGLEL, RE&HE—T AR A4,

v » > »



BEbh: FAFRABELEEL, REHE—T A6 T4,
ARE P RRERFHRAF P4, MAZIT P4

WwHE (RIR) £ % H RS E LR E, EHEUARREAT L,
BREMNE: BRAFEBABEELN L E, REBTIAFWYEAERK, AN
A, Wiart BB B E B AT R AR AL,

© KBFA A SN, TR RN, — 5 RE %, hAHE
G SN

& RBVHBEFTRAA U257 F FR BALF, AT,

o xtF—frusttitk, SRS RACECDF . blde, TERELKE
G 4&%@ BAE TR KR
o # % “Draw” # % g4/ DCiBectanele jo 4y
o ﬁ@@i&ﬁ%%%*%%éoE@%E%ﬁﬁi%,ﬁﬁﬁ%%#

AN B, KRG TR EFTE K
w CED c L EHuE A AL, BREE, KEEHG L —/A L.
SRT, RABERA A SIS H —ANET,

o MAEN “HHT BHMELLAEE, THTEH S ATFHRE. v, CE@T
TS (1) (2). (3) 7845, (1) TRETTHRLLD. @. OF
F#RME, OFHMETTERE AL a). b). ¢c) F T84,

o T3 imsumn, Nas vy an@EE EO EO®s:,
A RS BTN EA “FRY BRI 6 HRAM.

® T L BE A B A P 4 BT S S BT AL 49 D A, AT

BPAEZREE D ZRITFAE M, BRI RYL “D:” .

(AR H]

CAD/CAM/CAE
ANSYS UG CATIA Creo Adams

http://www.zalldy.com
010-82176248 010-82176249

4 4 < V



1.3
1.4

1.5
1.6

F28

2.1

2.2

23

24

2.5

ANSYS Workbench 17.0 EEBE .......c.oouiiiiiiiie e 1
ANSYS Workbench 17.0 e 1
ANSYS Workbench 17.0 s 2
1.2.1  ANSYS Workbench17.0 e 2
1.2.2 ANSYS Workbench17.0 e 6
ANSYS Workbench17.0 ottt 7
ANSYS Workbench s 9
L L ettt sttt b et e et nne et 10
L 2 ettt sttt h ettt nne et 15
ANSYS Workbench e 17
ANSYS Workbench e 17
L0, L ettt h et s h ettt b et bttt sbe et bt neeae 17
L0, et h et h et sttt et b et bttt sb e beebe et ene 19
ANSYS Workbench EREIEVE ..o 22
............................................................................................................................................. 22
............................................................................................................................. 22

22 et ettt et sttt et e et ettt s 22
2.2 et ettt h e et e bttt ht e e bt e e ha e e bt e et e e bt e sab e e bt e et e enbaeeatean 26
2.2 3 ettt ettt et e et e bt et e e bt e bt eatees 27
22 ettt bttt b e et e e be bt et e bt et bt et e bt e te bt ebeeaeentens 29
............................................................................................................................. 31

5 T OO O OO OO O PO U OO SO U OOPPOTUPRPOO 31
2.3 ettt ettt st e bttt e bt st e bt et e e at e et e nbaeeate s 34
............................................................................................................................. 39

2l ettt bttt h e b et e et bt et e eheenbe bt e besheenbe bt enbeeaeenaens 39
2 ettt ettt h ettt h e be et e et bt et e bt e be bt et e she e te bt entenaeentens 39
..................................................................................................................................... 41

255 OO O PO ROPPRSOPRRP 41

vio >



252
2.6

2.6.1

2.6.2

2.7

ZE3E  DesignModeler JLIATZBAE ..ottt ettt eas 53
3.1 DesignModeler
311 DesignModeler ettt st 53

3.1.2  DesignMOdeler ettt bbbt ee 56

32
321
322
323
324
325
3.2.6
3.2.7
33
33.1
332
333
334
335
3.3.6
3.3.7
3.3.8
339
34
3.4.1
342
343
344
3.5
3.5.1
352
353
354




355

3.5.6

3.6

3.7
3.7.1
3.7.2
3.7.3

3.8

3.9

3.10

B AE B R G E T oo 132

L ettt bbbt h bbbt b bbbttt ebe e eaes 132
A 1L bbbtttk ettt 132
1.2 ettt bbbttt 133
A 1.3 bbbttt ettt 134
A 14 ettt 135
AL S ettt ettt 136
1.6 bbbttt 136
A 1T bttt b ettt 137
A1L8 bbbttt b ettt 138
A LD etttk 139

A ettt b bbbttt h bbbttt eaes 140
A2 1 bbbtttk bttt 140
A2 bttt sttt 143

BEBEE  THABRIST e 152

5.1 ANSYS Workbench 17.0 e 152
S L L AN S Y S ettt sttt b e sttt 152
5.1.2 ANSYS Workbench e s 153
5.13
5.14

52
5.2.1
522
523

53

5.3.1
532

vie » » p



533

534
5.3.5
5.3.6
5.3.7
5.3.8
54
5.5
5.6
#F6ZE ANSYS Workbench K545 RSATE
6.1
6.2
6.3
6.3.1
6.3.2
6.4
6.4.1
6.4.2
BTE BSEBRSTERIER
7.1
7.2
7.3
7.3.1
7.3.2
7.4
7.4.1
7.4.2
7.5
7.5.1
7.52
7.5.3
7.5.4
7.6
7.6.1
7.6.2
7.6.3
7.6.4




X

7.7
7.8
7.9
7.10
7.11

> > >



ﬂ ANSYS Workbench 17.0

1.1 ANSYS Workbench 17.0

ANSYS Workbench ANSYS
2002 ANSY'S Workbench ANSYS Mechanical APDL

”” Project Schematic

CAD
ANSYS =~ 7z
ANSYS Workbench
ANSYS Workbench

ANSYS Workbench ANSYS
ANSYS

*

ANSYS Workbench Application: iX 52 & _E T LAGA A & ANSYS /= b 64 5L A AE4R , 4o CFD.
M. MRS A F . BRES I AAIE T 5.

Mechanical APDL: ANSYS 2 #pa Bp4£ 4ehi, 84k MAPDL.

ANSYS CFD: ANSYS 7#ih3h /) 44+, & @45 CFX A= FLUENT.

ANSYS ICEM CFD: #A 7T, J& A ILAFAE 49 M 45X 54 4

* 6 6 o

ANSYS AUTODYN: ANSYS #) 2 73 /) F 4.
€ ANSYSLS-DYNA: LSTC #)273) /) 54k, 7T/ ANSYS ¥ #EATA] . AL,
ANSYS Workbench 17.0

ANSYS Workbench 17.0  ANSYS Workbench 16.0

ANSYS ANSYS Workbench 17.0

4 4 < 1



ANSYS Workbench 17.0 ## a5tk ~i1d8& P P p

1. ¥FRTIENA

RET CAD AR 494 22 Fo X 5 M A4-049 T 6.
TIAEFAR A AL,

FITT AT AL At B 7 B EE T

MAPDL #= ANSYS Workbench #3 % % 4 ..
G AHAL AT E AT AR

R T SN IRARIE A

ABAFR 5T 240 Rab ik 69k N RE.
X #F %k B MAPDL R &6 RATEHELT,
A8 e 2 XK.

Z R AR BRI B T A HRAR G 5 R
He3% T ANSYS EKM = 5 64 7 4 o 2
ANSYS HFSS 5 ECAD T #4445, Slwave 8945 #i b A= B IR 135 T 38 3%,
. BERENHE

ik T B AT A AR,
12TREZHEHA.

I TS SBMAARE, §RT ARG,
T RARIR . M A Rk AD .

BR 4 BE ) s AR Fe B S AR,

HPC IR zh Gl #T

Mg T AAKARE LS HPC.

5% T AR SEAARAZ DL,

HALT 5 M3+ B 5 HPC.

BE 4% e A W IE 5 A TR 51 504

I T F R,

N e e 6 6 6 66 06 06 06 00

® ¢ 0 0 0P @600 0o

1.2 ANSYS Workbench 17.0

1.2.1 ANSYS Workbench 17.0

ANSYS Workbench 17.0 Win 7



4443 i % ANSYSWorkbench17.0 4 s

EE @i \2x2EH

ANSYS Workbench 17.0

1.2.1

fi\Belease 17.0

Release 17.0

Install ANSYS Documentation
Only

Install ANSYS EEM Server

Install MPI for ANSYS

Parallel Processing

Install ANSYS License

Manager

tallation |

1.2.1

“e i In=ztall ANSYS Products 122

{* |AGREE

fA\Release 17.0 Product Installation - "Vindows x647

Release 17.0

Please read the following license agreement carefully:

CLICKWRAP SOFTWARE LICENSE AGREEMENT
Version August 21, 2013

ANS

==F LICENSEE HAS PREVIOUSLY AGREED IN WRITING TO A SOFTWARE LICENSE AGREEMENT WITH LICENSOR THAT SPECIFICALLY

Realize Your Ty TR TTITET VeSO DT IS CICRw Ty SOTATE TRemse TR T TSR T el
o DO NOT AGREE™ and go to LICENSE TXT in the installation media to retrieve and print this Clickwrap Software License Agreement
Product Promise
READ THIS CLICKWRAP SOFTWARE LICENSE AGREEMENT ("AGREEMENT") CAREFULLY BEFORE PROCEEDING. THIS IS A LEGALLY -
LICENSEE OBTAINED THE PROGRAM(S), AND LICENSEE WILL RECEIVE A FULL REFUND. :I
 |AGREE

" 1DO NOT AGREE

# Getting Started - Installation | #F Getting Started - Licensing | #3f System Requirements | #f Installation Help

1.2.2



ANSYS Workbench 17.0 ## a5tk ~i1d8& P P p

123

Release 17.0

Enter the installation directory:

Install Directory: |C:\Program Files\ANSYS Inc
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Geometry 3 G Geometry ? .
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1.4.19
- A -
ZOGeumah'y?‘ 20 ZQEncjleeringData v
Geometry \'3 @ 3 @ Geometry ?.
4 @ Model ? 4 4 @ Model ?.
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-
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ANSYS Workbench 17.0
1 ANSYS Workbench
2
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¢ SYS: &4 A FHEANZLERFHFE (4o Mechanical. Fluent. CFX % ). 42 %
B Sk @A R MRE 4a A 4o MECH F B Sk @445 R LA+ ds.dat LAFF= solve.out A ).
& user files: &4F B AR K &G AN T Fo ] P o2 A

View | ey S 1.6.5

A B c D E F
1 Name v | CellID v | Size ~ Type = Date Modified ~ Location ot
2 ) material.engd A2 18KB | Engineering Data File | 2014/11/18 8:47:33 | D:\ansc17.0\work\ch01.06\bracket_files\dp0\SYS\ENGD
3 | @ Sts.agdb A3 2MB | Geometry Fie 2014/11/188:49:14 | D:\ansc17.0\work\ch0 1,06 \pracket_fles\dp0\SYS\DM
4 | @ sts.engd As 18KE | Engneering DataFile | 2014/11/188:47:33 | D:\ansc17.0\workich01.06\bracket_files\dp0\global MECH
s | I\ bracket.wbpj 28Kp | WoABenchProject | 2014/11/18 8:48:14 | Drlansc17.0\work\ch01.06
6 | (D svs.mechd As s3kg | MechenkalDatabase | 51411118 8:49:13 | Dr\ansc17.0\workich01.06\bracket_fies\dp0\global WECH
7 | @ engnesringDatasml | A2 17KB | EngineeringDataFile | 2014/11/188:45:14 | D:\ansc17.0\work\ch01.06'bracket_files\dp0\SYS\ENGD
8 |_| caERep.ml Al 12KB | oml 2014/11/18 8:48:39 | D:\ansc17.0\work\ch01.06\pracket_files\dp0\SYS\MECH
9 ||| caERepoutputxml | A1 8498 | oml 2014/11/18 8:48:45 | D:\ansc17.0\work\ch01.06\pracket_files\dp0\SYS\MECH
10 |l ds.dat Al 197KB | .dat 20141118 8:48:39 D:\ansc17.0\work\ych01.06\bracket_files\dp0\SYS\MECH
11 |[_] fleBcs Al 2KB | .bes 2014/11/18 8:48:44 | D:\ansc17.0\work\ch01.06\bracket_files\dp0\SYS\WMECH
12 || fleer A1 5998 | e 2014/11/188:98:44 | D:\ansc17.0\workich01.06 \bracket_files\dp0\SYS\MECH
3 || flerst A1 76818 | st 2014/11/188:98:49 | D:\ansc17.0\workich01.06 \bracket_files\dp0\SYS\MECH
14 || MatMLxml A1 18K | ml 2014/11/188:98:39 | D:\ansc17.0\workich01.06 \bracket_files\dp0\SYS\MECH
15 || solve.out A1 218 | .out 2014/11/188:98:45 | D:\ansc17.0\workich01.06 \bracket_files\dp0\SYS\MECH
6 | designPoint.wbdp 76kp | porkbenchDesOn | 2014711/188:49:14 | Drlansc17.0\workich01.06\oracket._fies\dp0
1.6.5
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Contents of Engineering Data =

3

Source

1
2 = Material

Fatigue Data at zero mean stress

3 % Structural Steel ] General_Materials.xml | comes from 1998 ASME BPV Code,
Section 8, Div 2, Table 5-110.1
~ Click here to add a new
material
224

4. MHEME

W structural Steel

Proper : Structural Steel * o ox
A B o D | E |=
Property Value Unit (=]l
2 %4 Density 7850 kam~-3 =lE|E
z = TE] IEs:pt;z::emnt Coeffident of Thermal |
4 EI Coeffident of Thermal Expansion 1.2E-05 Ca-1 ;I ]
5 % Reference Temperature 22 C ;I [
6§ |E T Isotropic Elasticty 0
7 Derive from Young's M... ;I
8 Young's Modulus 2E+11 Pa ;l ]
9 Poisson's Ratio 0.3 ] ~|

5 BHEx

2.2.6
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2.2.7

225
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Density (kgm~-3) ¥

7350
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ANSYS Workbench
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[ AV 3y
1. EXFA#
01 ““Engineering Data”” ANSYS Workbench
Compaonent Systems i i cc . . >3
= p " @® Engineering Data Engineering Data
4 cc : : E R
02 Engineering Data | @ engreerngoata v
€2 03 Outiine of Schematic A2: Engineering Data
Click here to add a new material material001 Enter
2.2.8
Outline of Schematic A2: Engineering Data * o x
A B | C D E
1 Contents of Engineering Data .= | () | Pl Source Description
2 IE
@ - = ) Fatigue Data at zero mean stress comes from 1998

H Structural Steel [] |2 General Materials.xml | oy moy Code, Section 8, Div 2, Table 5-110.1
4 2% materialool = [
= Click here to add a new material

228
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Properties of Qutline Row 4: material001

_21A Densty 75 229

Properties of Outline Row 4: material001 L
A B c D |E
1 Property Value Unit |
2 %] Density 7.5 kg m~-3 HO@
229
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D:\ansc17.0\work\ch02.02\bracket.stp

- A - B
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18l . Engineering Data

2 & EngneerngData ~ ,——M2 & Engneering Datz v
Engineering Data 3| @ Geometry ? .,

4| @ Model =l

5 a Setup =

6 Solution )

7 | @ Results F o

Static Structural

2.2.10
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| 2211 o7
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g2 ot erial0nd
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[
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J _—I @ Stiffness Behavior Flexible
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g [ﬁl Model (B4} Coordinate System Default Coordinate Svstem
e
E ﬁ Geometry FReference Temperature |Ey Environment
v @ 72 Echavieor None
E| ;/!\ Coordinate Systems | Material
i v+ Global Coordinate System Assignment material0ol

/% Mesh Nonlinear Effects Yes
2[=] Static Structural (B5)
Analysis Settings

=t Solution (B6)

/[E Solution Information
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Properties
Statistics
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2.2.3
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File

1. MREIRERE

View

Tools

ANSY'S Workbench

filUnsaved Project — Yorkbench

Units  Extensions  Help

2.2.14

NEEE
I Filter Engineering Data ﬁ Engineering Data Sources

Project ||G AZ:Engineering Data X

(1oobo NI Enoneering Bata Soliees Sy
| W
Physical Properties I A B C D ‘,
Linear Elastic 1 Data Source / Location Description : 1 Temperature (C) ~ | Density (kg
3 3 3 ) |
Hyperelastic Experimental Data o -~ Favorites l:‘QL.lfna:k access list and i z 7850
- 1 . efault items
Hyperelastic :
General use material
|
GiabocefestDaa 3 ﬁ General Materials (] & | samples for use in various :
Plasticiy I analyses. 1
- 1
Creep A . General use material |
- I 4 ﬁ Eﬁ::::iaallsl\lnn-hnear [ &, | samples for use in non |
Life | Jinear analvses. ;I|
Strength Outline of General Materiz + o % 1
Gasket A B | c |p |: ‘I
" : e S
Viscoelastic Test Data i Contents of General Materials & Add  jourcerp Al i
Viscoelastic _' ————————————————————
T shape Memory Alley 12 Structural Steel re & |2 _'
- E
Damage == = Density spe
= 1
Cohesive Zone X: —
=~ 3
Fracture Criteria A B c j: % +
1 Property Value Unit : 05
2 T8 pensity 7850 kg m~-3 | E by - 1
Isotropic Secant Coeffident of W a Temperature [C
| T View All  Customize. .. 3 iE' Thermal Expansion LI: P e
M o 1 & - --T 5 1 !
|; Ready ? :I t I Show Pr@aress | ¥ Show 1 Messages I_"_

28

2.2.13
* o %

A B C D
1 Data Source /| Location Description
2 ¢ Favorites Quick access list and default items
3 ﬁ General Materials ] & | General use material samples for use in various analyses,
4 ﬁ General Non-inear Materials ] & | General use material samples for use in non-inear analyses.
5 ﬁ Explicit Materials (] [l | Material samples for use in an explicit analysis.
[ ﬁ Hyperelastic Materials [} . | Material stress-strain data samples for curve fitting,
7 ) magnetic B-H Curves [} . | B-H Curve samples spedfic for use in a magnetic analysis,
2 ﬁ Thermal Materials ] & | Material samples specific for use in a thermal analysis.
9 ﬁ Fluid Materials (] &l | Material samples spedific for use in a fluid analysis.
10 ﬁ Composite Materials [} . | Material samples specific for composite structures,
* Click here to add a new library

2.2.14
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2. MEE

2.2.15
Qutline of General Materials - e
A B = D E
1 Contents of General Materials = | Add Source Description
Fatigue Data at zero mean stress comes from
3 % Structural Steel an | @ |22 General_Materials.xml | 1998 ASME BPV Code, Section 8, Div 2, Table 5
-110.1
4 T Ar gp General_Materials.xml | General properties for air.
@ ; ) G | Elumi llovy. Fati i
5 Aluminum Alloy &+ S General_Materials. xml C:;:rgoiumfﬂtjg;_ %I;%ieﬂﬁr es
[ T Conoete qp General_Materials. xml
7 "% Copper Alloy op General_Materials. xml
2 Gray Cast Iron op General_Materials. xml
[+} Magnesium Alloy op General_Materials. xml
10 Polyethylens op General_Materials, xml
i1 "% stainless Steel op General_Materialz, xml
12 T Titanium Alloy op General_Materialz, xml
13 T siicon Anisotropic op General_Materialz, xml
2.2.15
ANSYS Workbench
4 ¥ . . 7
01 Engineering Data ANSYS Workbench
Component Systems i i . .
=] p v ¥ Engineering Data ““Engineering Data””
02 ““Engineering Data”” [@ Eoneengnat v
ﬁ Engineering Data Sources
03 2.2.16 ““Engineering Data Sources””
[ Click here to add a new lbrary static analysis material Enter
“ 7z static analysis material
S
D:\ansc17.0\work\ch02.02 i
1 ““Engineering Data Sources”” @ General Materils ““Outline of General
Materials”” 2.2.17
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2 2217 % Aluminum Aloy

v 3 oX
A B C D
1 Data Source /| Location Description
brd 5 Favorites Quick access list and default items
3 ﬁ General Materials ] & | General use material samples for use in various analyses.
4 ﬁ General Noninear Materials ] & | General use material samples for use in non-inear analyses,
5 @ Explicit Materials ] & | Material samples for use in an explict analysis.
[3 ﬁ Hyperelastic Materials = & | Material stress-strain data samples for curve fitting,
7 ﬁ Magnetic B-H Curves ] . | B-H Curve samples specific for use in a magnetic analysis.
8 ﬁ Thermal Materials ] E | Material samples specific for use in a thermal analysis.
9 @ Fluid Materials ] & | Material samples spedfic for use in a fluid analysis.
10 ﬁ Composite Materials = & | Material samples specific for composite structures,
3 Click here to add a new library
2.2.16
Outline of General Materials * 0 X
A B C D E
1 Contents of General Materials .5 | Add Source Description
3 " Titanium Alloy oR General_Materials. xml
Fatigue Data at zero mean stress
4 % Sstructural Steel ap | General_Materials, xml comes from 1998 ASME BPV Code,
Section &, Div 2, Table 5-110.1
5 T Stainless Steel op General_Materials, xml
6 " Silicon Anisotropic oR General_Materials. xml
7 % Polyethylene gr General_Materials. xml
8 T Magnesium Alloy ar General_Materials, xml
9 "% Gray CastIron op General_Materials, xml
Sample FR-4 material, data is
averaged from various sources and
meant for ilustrative purposes.
10 " FR-4 gn General_Materials. xml dllt éﬁ:ﬁ??ﬁiﬁ;ﬁ?ﬁ:ﬁm&iﬂ; ar
warp yarn direction,
while the material y direction is the
cross-wise (CW), or fill yarn direction.
11 "% Copper Alloy gr General_Materials. xml
12 T Conoete oh General_Materials, xml
General aluminum alloy. Fatigue
13 T Aluminum Alloy oR General_Materials. xml properties come from MIL-HDEK-5H,
page 3-277.
14 % Air gr General_Materials. xml General properties for air.
2.2.17
3 % Copper Alloy % Gray Cast Iron
% Titanium Alloy % Silicon Anisotropic
““Engineering Data Sources”” W stetic analysis material
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+ X3 . . >3 : . .
ezl 06 Engineering Data Sources 8 static analysis material
[ ““Outline of static analysis material””
2.2.18
- 7 %
A B C D E
1 Contents of static analysis material = Add Source Description
; &= . General aluminum alloy. Fatigue properties
3 @ Aluminum Aloy | @ | D Dilensc17.0\h02eh0] o lTE T HDBK-SH, page 3277,
4 Copper Alloy gh Q D:\ansc17.0Ych02\cho
5 Gray Cast Iron e g D:\ansc17.0\ch02\cho
5 Titanium Alloy onl | D:\ansc17.0\ch02\cho
7 silicon Anisotropic anl | Dilansc17.0%ch02\cho
2.2.18
Ea2-1 07 ﬁ Engineering Data Sources
““Outline of Schematic”” 2.2.19
Qutline natic o X
A B |C D E
1 | Contents of Engineering Data = | ) | Fal Source Description
POl =
3 Aluminum Alloy - @ Di\ansc14.0\ch02\ch0 s:;:r;lza%rlninum alloy. Fatigue properties come from MIL-HDBK-5H,
4 Copper Alloy -| O D:Y\ansc14.0\ch02\cho
5 Gray Cast Iron ~| [ D:\ansc14.0\ch02Ycho
[ Silicon Anisotropic ~| [ D:'ansc14.0Ych02\chil
7 % s ol Steel +| @ General_Materials. sl ;:2&:: ga[tﬁvag z_le_:;lrene;;lsgiss comes from 1998 ASME BPV Code,
8 Titanium Alloy = D:\ansc14.0\ch2\cho
. Click here to add a new
material
2.2.19 ““Outline of Schematic”~
ANSYSS Workbench
ANSYS Workbench

@ UHABTT AL B E b 2 L, EE 2.3.1 Ty A B 5] A ob ik 3 —A R
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JEvEst B E ) 6 SRR, BPeT AR B B ARG, AR A AR S A
53|54,

& HHABTOELS I AT E L, £B 232 FratgiEma A, b L ek A7
B FERAE, BT AR SUAIRT AR, B oAk m s R R ST ) e AR
ey, SR A8 KON RS AR, EAIMARB AL B AT

Properties of Outline Row 3: Structural Steel > o ox
A B c D|E|[=

1 Praperty value Unit [x<]le2)

2 4 Density 7850 kgm~-3

Isotropic Secant Coefficent of
3 = H—EI Thermal Expansion

4 E Coeffident of Thermal Expansion | 1.2E-05 Co-1 B ]

'EI Reference Temperature 22 C |- (] ;I
2.3.1

A 233 Frmtgitms) &, RAELN R HERa b, EiziFmslk bk

il - LP RSl 77 09 F A AE, PP R 5 R A MMEAME ik A A
5z otrd, BAXANRKEEMN T REIFH LR, P ZASE T Hrd
Pt &

Details of “Force”

[=l| Scope Details of “Equiwalent Stress”
Scoping Method | Gecmetry Selecticn Scope
Geometry 1 Face Definition
| Definition | Integration Point Results
Trpe Force Displar Opticn Averaged
Define Br Vector [| Results
P Magnitude -500. N (ramped) P Minimum 5. 5865e—003 MPa
Direction Click to Change
Suppressed Ko Information
232 233
[pd Parameter Set
ANSYS Workbench
1. SHIIR

32 >
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Tools

Units  Extensions

filUnsaved Project — Workbench

Help
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23.6

File  View
U 5| ] ] prosee @ mrsineennateta x| = -

/## Update All Design Points

rameter Set X

Toobox Cutline of All Parameters > 3 X
| Bl Parameter Charts A B I
Em Parameters Parallel Chart (all} i his] Parameter Name : i Mame ¥ | P1-Density *
¢, Parzmeters Chart 2 |E InputParameters e Units kam~-3 |
3 B Ea static Structural (A1) " 3 | Curent | 7850
4 b P1 Density 7aso =
* ['p Mew input parameter Mew name i
[ [ Output Parameters
7 B fa static structural (A1)
8 pd P2 Equivalent Stress Minimum
9 pd P3 Equivalent Stress Maximum
& p_J Mew output parameter
11 Charts
—T®
1|7 ® View Al / Customize... LI 1 Property [ Value
: Ready (1 Show Progress | ﬁshow 1Messages | .:
234
v o X
D
1 D Parameter Name Value Unit
2 E  InputParameters
3 B k& Static Structural (A1)
4 h pP1 Density 7350 kam~3 7|
* [*p Mew input parameter MNew name New expression
51 E  Output Parameters
7 B Ea Static Structural (A1)
8 pd P2 Equivalent Stress Minimum 0.012752 MPa
9 pd P3 Equivalent Stress Maximum 113.96 MPa
3 p_J Mew output parameter Mew expression
11 Charts
Proper utline A4: P1 * 1 X
A B
1 Property Value
3 Expression 7350 [kg m*-3]
4 Description
5 Error Message
(5] Expression Type Constant
7 Usage Input
8 Quantity Name Density

2.3.6
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3. BHLITER

2.3.7
Table of Design Points * o ox
G
Note ~

2 Units kgm~-3 | MFa MPa

3 | Curent §1 7850 0.012762 113.95

* ]

2.3.7

2.3.8
* o X
A B C D E F G
1 Mame <~ | Updat.. ~ | P1-Density ¥ | P2-Equival.. P3 -Equivale... | Bxporte Note -
2 Uniits kam~-3 | MPa MPa
3 Current 1 7850 0.012762 113.96
4 DP 1 2 3000 F F 0
5 DP 2 3 9000 F F 0
= [
2.3.8
2.3.9

B: Static Structural

Bearing Load

Time: 1. =
2013/12/14 17:14

. Fixed Suppert

[l Bearing Load: 1000. K
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7850kg/m’ 1000N
0.026833Mpa  55.642Mpa 0.047555mm
7000 kg/m® 6500 kg/m’ 500N 200N 100N
01 D: \ansc17.0\work\ch02.03\parameters_analysis.wbpj
““Static Structural”” (@ Enoneemngoae v
03 1 ““Outline of General Materials””
% Structural Steel 7 Density 2310
g B2:Engineering Data X -
2.3.11
Properties of Outline Row 3: Structural Steel * 0 x
A B c D|E
1 Property Value Unit |
2 ¥ Density 7850 kg m”~-3
3 % _Irs}::tropilcESemntl Coefficient of "
Ermal Cxpansion
& 8 1sotropic Elasticity ]
12 TE] Alternating Stress Mean Stress = Tabular 0
16 El Strain-Life Parameters =
24 T2 Tensile Yield Strength 2.5E+403 Pa | T ]
25 78 Compressive Yield Strength 2,5E408 Pa FHO|E
26 T8 Tensile Ultimate Strength 4.6E+08 Pa ElE|E
27 % Compressive Ultimate Strength 0 Pa R |
2.3.10
- A - B

2 @i‘ Geometry " 4 2 Q Engineering Data  +" 4
Geometry _\“.3 ) Geometry v 4
4§ Model v o4

5 ﬁ Setup v o4

6 Solution v 4

7 @ Results v

8 rp:‘ Parameters
Static Structural

| (pd Parameter Set |

2.3.11
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2
1 ““Engineering Data”” [@ model &
2 2.3.12 ““Outline”” 23.13
““Details of “ Bearing Load ™~ [ Z Conponent )

J Filter: Yame

-

Gecmetry Selection

1 Face

Project
B @ Model (B4) | Seope
‘/?1 Geomgtry' Scoping Method
- ;oorhdmate Systems Ceometry
AFH Mes
E|Definition

/=] Static Structural (B5)
e N Analysis Settings

iTpE

Bearing Load

AT, Fixed Support Define Br

Components

< ZE]

Coordinate System

Global Coordinate System

£ Component

=R Solution (B6)

N

,,m Solution Information
,,ﬁi Equivalent Stress
,,ﬁi Total Deformation

Y Component

Suppressed No
2312  ““Outline”” 2.3.13 ““Details of “ Bearing Load =~
1 2312 ““Outline”” «@ Equivalent Stress 2314
““Details of “ Equivalent Stress =~
Details of “E
[=l| Scope
Scoping Methed Gepmetry Selection
Geometry All Bedies
[ Definition
Trpe Equivalent (ven—Mises) Stress
B¥ Time
Displar Time Last
Calculate Time Historry [Yes
Identifier
Suppressed Ko
Integration Point Results
[F| Results
Pl 2.6833e~ 002 MPa
55. 642 MPa
Information
2.3.14 ““Details of “ Equivalent Stress ™~
b 2312 <<Outline”” W] Total Deformation 2315

& Maceimum

““Details of “ Total Deformation ™~
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1 2.3.16

Parameter Set .

““QOutline of All Parameters””
2.3.17
b d A -
3 _— m " 1 1 tic Structural

Details of "Total Deformation”

ol Seope 2 ﬂi) Geometry ‘—\_. 2 Q Engineering Data " 4
Scoping Method Geometry Selection Geometry 3 @ Geometry v o4
Geometry All Bodies 4 ﬁ Model v g

[F| Definition 5 ﬁ. Setup v .
Trpe Total Deformation

6 | g )
o Time Solution v 4
Displar Time Last 7 9 Results v 4
Calculate Time History |Yes 8 PP:‘ Parameters
Identifier Static Structural
Suppressed Ko
| Results
Minimum 0. mm
4. 7555e-002 mm
Information |['pj Parameter Set
2.3.15 ““Details of “ Total Deformation =~ 2.3.16
f All Parameters * o oXx
A B C D

i D Parameter Name Value Unit

2 = Input Parameters

3 B B static Structural (B1)

4 h P1 Density 7850 kam~-3 =]

g fp P2 Bearing Load Z Component -1000 N LI

= rp MNew input parameter MNew name MNew expression

7 [E Output Parameters

3 B B static Structural (B1)

9 p—J P3 Equivalent Stress Minimum 0.026833 MPa

10 pd P4 Equivalent Stress Maximum 55.642 MPa

11 p:| F5 Total Deformation Maximum 0.047555 mm

3 p_d MNew output parameter Mew expression

13 Charts

2.3.17

2 23.18 ““Table of Design Points”” OP 0 (Current)

-3 Duplicate Design Point | 2318

3 2.3.19 2.3.19

#+ Update All Design Points

2.3.20
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38

%
A B c D E F G H I =
P2- P3- P4-
: - j P5 - Total :
. Bearing Equiv... Equivalent . . |Retained
i Name ¥ | P1-Densty v | =50 E . DEMf:rl_nahnn v ([] Retain |*5="°| Note
2 Units kam*3 x| N =l ra Pa m
3 | DPO(Current) | 750 -1000 26833 5.5642E+07 4,7555E-05 v
4 |DP1 7350 -1000 26333 5.5642E407 4,7555E-05 F
5 |Dp2 7850 -1000 26833 5.5642E407 4,7555E-05 F
& |DP3 7850 -1000 26833 5.5642E+07 4,7555E-05 F
7 |DPa 7850 -1000 26833 5.5642E407 4,7555E-05 F
8 |DPS 7850 -1000 26833 5.5642E+07 4,7555E-05 F
y O =l
2.3.18 ““Table of Design Points””
x
A B o D E F G H I =
P2- P3- P4-
; ; ) P5 - Total :
. Bearing Equiv... Equivalent . . |Retained
E L IR — Stress Stress DEMF:"_“""" (L] Retain [T | Note
2 Units kgm~3 x| n =l ra Pa m
3 | DPO(Current) | 7850 -1000 26833 5.5642E407 4,7555E-05 v
4 |DP1 7000 -1000 F F 7 7
5 |Dp2 8500 -1000 F F F 7
s |DP3 7850 -500 F F Ed 7
7 |ora 7850 -200 F 7 # 7
8 |DPS 7850 -100 F F 7 7
- =]
2.3.19 ““Table of Design Points””
%
A B C D E F G H I =
P2- P3- P4-
; - j P5 -Total 2
. Bearing Equiv... Equivalent . Retained
L R R — e Stress Stress DEMF:"_'““"" ~ | Retain [T | Note
2 Units kgm*3 =N =l ra Pa m
2 | DPO(Current) | 7850 -1000 26833 5.5642E+07 4,7555E-05 v
4 |DP1 7000 -1000 26833 5.5642E407 4,7555E-05 v
5 |bpz2 6500 -1000 26833 5.5642E407 4,7555E-05 v
& |DP3 7850 -500 13416 2,7821E+07 2,3778E-05 v
7 |DP4 7850 -200 5366.6 111286407 9.5111E-06 v
& |DPS 7850 -100 2683.3 5.5642E+06 4,7555E-06 v
- O =l
2.3.20 ““Table of Design Points”
€371 08 File
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2.4

241

ANSYS Workbench
ANSYS Workbench
CAD
ANSYS Workbench

|w HEHDEigIHndeleermetrv_|

G iGeomekry e d

— 3 |

444 2 & ANSYSWorkbench A sk #% #

CAD
ANSYS Workbench

G Geornekry - 4

G Geometry ? 4

ANSYS Workbench

Irnpott Geometry »

2.4.1 “ i
13 @)
ACIS (*.sat:".sab)
AMNSYS Neutral File (*.anf)
AutoCAD (*.dwg;*.dxf)
V4TI BladeGen (*.bgd)

0

. = anzelT.0 » work » chZ2. 04

Catia [V4] (*.model;*.exp;*.session;*.dlv)
o lmJ Catia [V5] (*.CATPart;*.CATProduct)
Catia [V6E] (*.3dxml)

0~ FRERNTiRSE Creo Elements/Direct Modeling (*.pkg;*.bdl;".4
:I £ - Creo Parametric (*.prt*;*.asm*)
& DesignModeler (*.agdb)
- FE Modeler (*.fedb)
B gﬁ [ GAMBIT (*.dbs)
ey ‘H'- IGES (*.iges;*.igs)
-\ T Inventor (“ipt;*.iam)
J E5 e
Maonte Carlo N-Particle (~.mcnp)
o FEE NX (~.prt)
Parasolid (*.x_t*.xmt_bet:*.x_b;*.xmt_bin)
™ EA Solid Edge (*.par;*.asm;*.psm;*.pwd)
£, s SolidWorks (*.SLDPRT:*SLDASM)
Lo THEEE ) SpaceClaim (*.scdoc)
= Fihmis ) STEP (*.stp;*.step)
c S F ol <l All Geometry Files (*.sat;*.sab;*.anf;*.dwg;*.dxf;
IEE(N): |cover_part.stp El |A|I Geometry Files (".sat".sat 'l
amo | wmw |
VA
241 == 7z
2.4.2

O Geometry 2 4

242
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Easic Geometry Oplions

A B
1 Property Value
3 Component ID Geometry
4 Directory Mame Geom
5 2 Motes
7 Used Licenses
g B2 Geometry Source
0
i1 B Basic Geometry Options
12 5olid Bodies
13 Surface Bodies
14 Line Bodies |:|
15 Parameters
16 Parameter Key ANS;DS
17 Attributes [l
18 Mamed Selections |:|
19 Material Properties [l
21 Analysis Type 3D LI
22 Use Associativity
23 Import Coordinate Systems [l
24 Import Work Points [l
25 Reader Mode Saves Updated File [l
2% Import Using Instances
27 Smart CAD Update
28 Compare Parts On Update Mo ;I
29 Enclosure and Symmetry Processing
30 Decompose Disjoint Geometry
31 Mixed Import Resolution Maong ;I

242 =

R3k: A TRE VTR R B,

Solid Bodies 3% 3 ; 3 B 37 28 R, N9 JUATAR T AR 4K, Shik I A BRIA L T .
Surface Bodies i 37 : ik LR, FALIUTIRT AR EAR, ik A KALER.
tine Bodies 3 37 . i P %A R, FAM JUATIRT 0L R &AK,

Parameters ;% 57 ik P iZiR R, FAEIUATAR R SHK.

Parameter key b 7 . RAELIE AR, RAFALART 04 Key 0954, Key &
KA “DS”, deFANFTA A, Key BEZ.
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Attributes 3 IR . sk PR R, A L FAJUTIRE M.

Mamed Selections 35 5% . b b iZ AT, AAFAS LABE,

Material Properties of 377 . 26 P iZ R R, A4 SFAMBEMN, FAGHBLEAE
“Engineering Data” ¥ .

Y Y ©dvanced Geometry Options Jig R A TFIXE JUTIR % 28 B,

[ ]
[ ]
[ ]
[ ]
[ J
[ ]
[ ]
[ ]
[ ]

2.5

251

Workbench

Lnits

Uniks » Unit Systems. ., U.S.Engineering (Ib,in,s,R,A,Ibf,V)

“Unit Systems””

Analysis Type 38 3R . AT R AR E, —ME 3D #), —EHFRGMN (FEH
AT ) F R EA 2D, — KRBT RE 2 K.

Use Associativity 36 57 . 38 H JUATAR K R B 1 .

Import Coordinate Systems 3% 177 . 1% F 37k R, FAIUTIRT 49 B L A7 4.

Import Wark Paints 26 37 . & ¥ 3% R, FAJUATIR T 69 5.

Reader Made Saves Updated File % oy - 3% o 37 8 0, #7380 i1 B B AR X AR A4 837 A+,
amart CAD Update 36 57 . & P L R, R £ CAD ARk P 152030 o 247
Enclosure and Symmetry Processing 6 37 . 3k P LA R, FAILFTART 40 B 5t
AREAE.

Decompose Disioint Faces 34 5. 4 A, R Ao M AREEN D,

Mixed Import Resolution 5 371 . 3% B A0S AAE X, TILFA TR, @R, KiK.
S AR o B AR 69 TR AR BB AR e SR AR B TRAA AR

ANSYS
ANSYS APDL ANSYS APDL
ANSYS Workbench
SI (kg,m,s,K,A,N,V)
2.5.1 ¥ Metric (kg,m,s,°C,AN,V)
Metric (tonne,mm,s, °C,mA,N,mV)

U.5.Customary (lbm,in,s, °F A Ibf,V)

v Display Values as Defined
Display Values in Project Units

Unit Systems...

2.5.1 Units

444 #
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(¥imit
A B |C |D A B =
1 Unit System % S5 .@. 1 Quantity Mame Urit
2 [SlamskAany > o |
3 Metric (kg,m, s, ®C,a,MN,Y) @ | @ |[@O 3 Angle radian
4 Metric (tanne, mm,s, “C, mé, N, my) =] 4 Chernical Amount mol
5 1.5, Custamary {lbr,in, s, °F, &, IbF, ) (& 5 Current &
6 11,5 Engineeting {lb,in, s, R, &, 1bF, ) ] & Length m
7 Metric (g,cm, s,%C,M,dyvne, ) 7 Lurninance cd
] Metric (kg,mm,s,C,md, M, mi 8 Mass kg
9 Metric {kg,pm,s, *C, mé, b, ¥ 9 Solid Angle st
10 Metric (decatonne, mm,s, “C, mé,M,mi) 10 Temperature K
11 1.5, Custamary {lbr,ft, s, °F, &, 1bF,Y) 11 Tirne 5
12 Consistent CG5 12 Carnman Lnits
13 Consistent MMr 13 Electric Charge As
14 Consistent pHMES 14 Energy 1
15 Consistent BIN 15 Force M
16 Consistent GFT 16 Pressure Pa
17 AMNSYS UnikSystem |:| 17 Power W
15 voltage Y
19
Duplicate Delete Irmport. .. Export... | 20 Acceleration m 52
21 anmilar Arreleratinn | rar a7 | ﬂ
Close |
2.5.2  “*“Unit Systems””
25.2

““Unit Systems””

Duplicate |

Metric (ka,mmm,s, 2, md, M,my)

253

4 g | c | o2l A B =
1 1nit System % 5 g 1 Cyuarnkicy Mame 1nit
3 Metric (kg,m, s, °C,8,M,4) @ | @ | [0 | 2
14 Consistent pMKS [E I3 ETECTIC Charge meouomb 7]
15 | Consistent BIN F 14 Energy ml =l
16 Consistent BFT [E 15 Force M [
17 | AMSYS UnitSystem [& 16 Pressure MPa [
15 o | O 17 Poer Wy LI
P | | R 15 Yolage it ;I
19
Duplicate | Delete Irmport. .. | Export... | 20 Acceleration mm s™-2 ;I
el | Anmilar Arreleratinn rad &7 ﬂ
Close |
2.5.3  ““Unit Systems”~

42
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2.6

2.6.1

2.6.1

JSelec‘t:lE k;l @IE@' %

444 2 % ANSYSWorkbench A sk #%

E% Bow Select

m Single Select |

01

A

5l Extend to Adjacent
@ Extend to Limits
@& Flood Blends

E:-?j Flood Area

W Extend to Instances

2.6.1 “* i
2.6.1 <« i

* il A A TRBLXAE—IUT S, A, &fed.,

4 ard A TAER U £,

o SETNEINEREN 4 m ikt i P hast fARbnit e LA £

o CETERERESNG 4 M Tt b st SRR SRV 4 9 LT £

o CURIEERNG 4 A Fsbat B A DL E A @ L,

o CHEEDMG o 7T TR A SRR BT R,

D:\ansc17.0\work\ch02.06.01\selection.wbpj

2,622 < - i~
R <\ Extend to Adjacent

2,63

2.6.4 < - &~
R Ext end to Adjacent
2.6.5

2.6.4 < - (%A

—) E‘.-:‘t end to Limits
2.6.6

444 43
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2.6.5 2.6.6 2.6.7
06 2.6.4 cc 3 (R
—) Flu:u:nj Area 2.6.8

2.6.9

4 P> p p
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2.6.2

1. EXMAEFRE

2.6.10
““D:\ansc17.0\work\ch02.06.02\named-selections.wbpj”~
[@ Model 7
selection
1 ““Qutline” 2 Insert »

““Details of “ Selection ™~

2 Ctrl 2.6.11 5 ““Details of © Selection ™~

adv—selection

2014/5/31 17:20

. Selection

. hole-zelection
. chamfer—selection
. adv—zelection

SLAL ) 2 64 4 R B AE selection 2 FEZT L P AN @A BZAF A —AE4

hole-selection

1 2.6.12

2.6.13 ““Selection Name~””

2 “Selection Name” hole_selection i Apply geometry itemsz of =ame:

V' Size

3 ““Outline”” 2.6.14 Worksheet

Generate

4 Graphics

4 44 45
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|hole—selection

" Apply selected geometry
& Apply geometry items of same:

3
5

i i i |
E

-

Apply To Corresponding Mesh Nodes

e

2.6.13 ““Selection Name””

SRR E 6% 2L hole-selection R AU LATA RT 5ik i@ R
HFmE (—k 124) A ANEL.

hole-selection

Generate |

Note: Comparisons of values with unit are done in the CAD Unit System: Metric (m, kg, N, s, V, A). Current Unit System: Metric {(m, kg, N, s, V, A)

] Action I Entity Type I Criterion | Operator | Units | Value | Lower Bound I Upper Bound ICnnrd.inll.c,“
=] Add Face Size Equal m 1. 7299-003 /A N/A Wik

'\_anl.ie§ Korksheet
2.6.14 ““Worksheet?””

2.6.14 ““Worksheet””
o [ hetion 5. AFREIHROTARR, RRMTABX T SRR 8k
F AN, BATRRE 698, EEOIEAT I,

o Buisn: it R, TUAQRBES T FMESL.

° W RFILER, TANGEELSFHHRES.

o EEEN:on: it fl, RX—A ik Btk Eotimitl, Amifs
A A R

o EEEDNun: iz, RX—ARik, HiEL TR Pk SR
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*

*

H A U7t £,

PSR % 7 AP g R, AL — AT, kb ey o E R,
EEHJEQ%:H%?X%%%@%%W%E,b%uT&ﬁa

BERxon: abize, dBhari,

B on. v s, wfdmhati,

-@lﬁ bR, HED L,

. kiR, AESA R,

Hesh Elenent Boes R R S I =S LR L S b 5
Eriterion |5): B F R —AREAN, B0 TIUR.
BEN e on: it R, RIBRTHAITRE,

Bl om. it R, R4 AR BT R,

B R A PR R, RYE X A AR AT
Locstion T Bl o I S G AW s P
IO o7 . ik P kAR, KR Z G A AR AT R,
Eﬂﬁ@ﬁ WP AR, RIS R B RS AT
U PR, AR F RS ATR S,

C Operster |5): A FRUkHOHB 5K, EEHUTIU.

o EBENuion: sdizk R, AT A bk RA0F 0 LT A M £
BB 7. iz R, AT HIM 5k a fRARE 0 LT ARt R
R R, AT R Tk s Rd JUAT At £

Less Than or Eoual Bk v o e A I LN T P LRS- REL D W i
ot %

Greater Then Byl it WG I I st A S S DL S 3o

o EMERTNEEINN . ofi: b inaF, AFHEHATRF Tkt £69 U
ARt %,

g

A

e 6 o o o o o
?ét

° D P R, AT RIB— AN R A 6 JUAT A st £
° s PR, AT R B R U Akt %
° 1 PR, AT R B R KU A £

CUmits g M TR E AL
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L Value 7). A F R LRIk RS,
Lower Bound §|]: W%EXTFEQ}}%’L,
pper Bound|5i|. ] F 2 3L LR A,

Coordinate S¥stem |§|J: AT X ALAFE%.

*
*
*
*

BRI LR FRGIEF, —RERT ML ¥ LT 6948 X IUTHEKL,
¥R T EHR Miﬁ?éﬂ, 2 E 2.6.15 i) “Selection Information” & 2, &
T O AR TR P TR R69 & TR XU RS

Selection Information
Coordinate Global Coordinate Srste = | @ | Shew Individual and Summsr
Sretam-
Entity Surface Area Centroid [ Centroid Centroid [ Body [ Type
(m*) K (m) ¥ (m) Zim)
1 Face, Summary Z.4731e-004 -0. 134686 -8. 93152003 4. 8083=-002
Face 1 2. 4731004 -0. 134886 -8.9315.-003 4. 8083.-002 BOX-COVER | Cone

2.6.15 ““Seiection Information””

chamfer-selection 2.6.16

1 2.6.17

““Selection Name?~

2.6.16 chamfer-selection
2 ““Selection Name”~ chamfer-selection & hoply geometry items of same:
F Size
3 cc Outline >3 chamfer-selection < ‘Worksheet, £
Generate
4 Graphics 2.6.18

st ) 69 o % 545 & chamfer-selection &4 U LATA R+ 5k + w &
R-fPaFegwd (—% 124) Ah—4%6.
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8 ~} Generate 1
3.10.4 4 ““New Plane> | =
““Details View”” Pase Face

3.10.4 Transform 1 (KNE)

Jl FO1, Value 1 -20

'-/.'E Ganerate

3.10.2 1

3.10.4 4
3.10.5 2
1 3.10.6 2 Plane4 ““New Sketch”” & 3.10.6
R1=15 V2=50

EExtrude ““Details View?””

Operation Add Frozen Direction

W F0i, Depth (0] #s Thin/Surface?
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W FD2, Inwmzd Thickness [»=0) p

3.10.5 2
3.10.7 |

““Details View””
3.10.8

¥irror Flane

ZXPlane

'-J,; Gererate

3.10.7 |

Tools

““Details View?”? W FL1, FEadius (>0) 50

G2l 08 3.10.9 )
3.10.10 2
~/ Generate .
3.10.11 5
““Details View?””
3.10.12 1

'-} Generate

128 » > b

W Fu3, Outward Thickness [»=0)

'-} Ganerate 9

3.10.6 2

Create — ﬁ Body Operation

““Details View”~

'-j Generate




Operation

Eztent Trpe

:} Ganerate

444 4 3 %  DesignModeler JUAT 2 4%

3.10.9 1

3.10.11 5 3.10.12
3.10.13 3
3.10.14 3 Plane5 ““New Sketch”~ ta 3.10.14

H1=100 H2=10 V3=60 V4=15 H5=50 D6=40 V7=117

EE}{ trude ““Details View”?”

Cut Material Direction

3.10.13 3 3.10.14 3
3.10.15 4
3.10.16 4 YZPlane “<New Sketch”” it

HI=50 V2=45 V3=25
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@ Extrude ““Details View”” 4

Cut Material Direction

Operation

Eztent Trpe

?j renerate

3.10.15 4
3.10.17 5
1 3.10.18 5 ZXPlane ““New Sketch”” ]
3.10.18 DI1=15 HI10=47.5 V9=38
2 Eextrue ““Details View?~

Direction

Operation Cut Material

Eoth — Srmmetric

W F01,  Depth (00 0

?; Fenerate 5

3.10.17 5 3.10.18 5
3.10.19 ) Creste wep @
<<Details View?? W Fri.  ERadius (30
3.10.20 4
?; Generate )
3.10.21 3 Create —- ‘. Fixed Badiuz Elend

W F0i,  Eadius (>0) 5 Feometry

““Details View””
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31022 4

:‘; Gererate 3

3.10.19 2 3.10.20

3.10.21 3 3.10.22
e 15 File e |20 e

] IrtHE () sheet-part {277 (5 |

FIMR: A—RAAMNZYERD, FTUREFEIESWRHE.
WRAZR: ANSYS AT ERIIR, EXREREF.
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4.1

Supports

““Environment””

ANSYS Mechanical

Pesupports | 4.1.1

|Enviromment @ Inertisl + ®hLoads » @k Supports : @ Conditions » @ Direct FE - | [B:

41.1

gzd 01

ﬂ; Fixed Support
@, Displacesent
q Eemote Displacement —_—
f’:ﬂ Velooi ty

ﬁﬂ Impedance Boundary
e‘.ﬁ Frictionless Support ——
q Compression Only Support —
@ Cylindricel Support ———
EL Sinply Supported
& Fixed Rotation

@, Elastic Support

411 == 77

Fixed Supports

XY Z

File -_—p [

““ D:\ansc17.0\work\ch04.01\fixed-supports.wbpj >~

““Mechanical””

132 > p p

““QOutline””

~|=] static Structural (B5)

Qpen, .

““Environment””



@“Supports T )y Fi:-:e.:l

Support

Support =
Apply I

Details of “Fixed Support”

Scope
Scoping Method

Cenmetyr

Geometrr Selection
2 Paces

)| Definition

Fized Support
Ho

|Trpe
Suppressed

4.1.2 ““Details of © Fixed Support ™~

4.1.2

rz3

F

&

<4 4 < T EXHRXRHEMA

4.1.2 ““Details of © Fixed

Displacement XY Z
ccg7>
M " Cpen..
““ D:\ansc17.0\work\ch04.01\displacement.wbp;j”
““Mechanical””
<<Outline” 4[] Static Structural (A5) <<Environment””

ﬁ.. Supports * splacement

—p

“ Displacement =~

B: Static Structural
Fixed Support
Time: 1. =

2014/6/4 9:58

. Fixed Support

““Details of

Detailz of “Dizplacement”

[=]| Scope

Scoping Method Gecmetrr Selection

Gecmetrr 1 Face
=|pefinition

Irpe Displacement

Define Br Components

Coocrdinate Svstem|Global Coordinate Sveten

i Component Z. mm (ramped)
¥ Cemponent Fres
'Z Component Fras
.Suppreaae Ne
4.1.5 ““Details of © Displacement =~

4 4 4 133
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Compornent =

X Component 2mm ¥ Component

T Component Free

A Static Structural
Displacement
Time: 1. s

2014/8/4 10:11

. Displacement

Components: 2., Free, Free mm

4.1.6 4.1.7
4.1.3
Remote Displacement
EZ2.4 01 Filiz —pp
““D:\ansc17.0\work\ch04.01\remote-displacement.wbpj””
““Mechanical””
02 <<Outline”” +[=] static Structural (A5) <<Environment””

G&Supports T ey ﬁ?, Eemote Displacement 4.1.8 ““Details of

“ Remote Displacement ™~

Geometry

N
B
(=}
w
N
—
e

!

Apply

Coordinate Srste

i
=
=)
kS

€2 05

i Corponent Omm

L Component Fotation X

0 o FEotation ¥ Fotation T

€1 07 4.1.10
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Scoping Method Gecmetry Selectien
Geozetry 1 Face
Coordinate Syetem |Coordinate System 2
X Coordinate 0. =
¥ Coordinate |0 mm
Z Coordinate 20, m 4.1.9
Location Click to Change
= Definition A: Static Structaral
Trpe Remote Displacement m_mte Bisplacensnt
: Time: 1. =
1Comonent |0. = (resped) 2014/8/4 10:23
Y Cosponent 0. =m (ramped)
I Cosponant 2, = (razped) Dﬁemule Displacement
Fotation & 0. °  (razped) Compenents: 0., 0., 2. ma
- — - Eotation: 0., 0., 0. *
Rotation ¥ |0 (razped) Location: 0., 0., 20. mm
Rotation Z |0, ' (razped) 1
Supprezeed o
Eehavior Deformable
4 Advanced
4.1.8 ““Details of ©“ Remote Displacement =~ 4.1.10
4.1.4
Frictionless Support
€221 01 File S Open..
““D:\ansc17.0\work\ch04.01\frictionless-support.wbpj” > B vl
““Mechanical””
€221 02 <<Outline”” -pE] Static Structural (AS5) <<Environment””
ﬁ - . - - (=g - ¥ :
= Supports —) ﬁgj Frictionless Support 4.1.11 Details of

“ Frictionless Support =~

€21 03 41.12 Geonatrr |
_toply | 4.1.13

]| Scope
Scoping Method |Ceometry Selection
Geometry 2 Faces
| Definitiom
Trpe Frictionless Support
Suppressed Ho
4.1.11 *“*Details of © Frictionless Support ™~ 4.1.12
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4.1.5
Compression Only Support
EZ1 01 File e COpen. .
““D:\ansc17.0\work\ch04.01\compression-only-support.wbpj”~”
““Mechanical””
““Outline”” 3[=] Static Structural (A5) ““Environment””

ﬁm Supports v —) I:-:.rnpressinn Only Support 4.1.14 <<Details

of © Compression Only Support ™~

Details of “Compression Only Support”

A: Static Structural —

Frictionless Support i El| Scope

Time: 1, = Scoping Methed |Gecmetry Selecticn
2014/6/4 10:32 - N Geometry : Facs

N

- Definition

Trpe Compression Only Support

. Frictionless Support

Suppressed Ne

4.1.14 ““Details of © Compression Only Support ™~

4.1.16

A: Static Structural
Compression Only Support
Time: 1. =

2014/8/4 10:36

. Compression Only Support: 0. am

4.1.15 4.1.16
4.1.6
Cylindrical Support
EZ1 01 File e COpen. .
““D:\ansc17.0\work\ch04.01\cylindrical-support .wbpj”~
““Mechanical””

136 > > >
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<<Outline”” 4[] static Structural (A5) <<Environment””
Bsuprorts | e O BT 4.1.17 “<Details of
“ Cylindrical Support =~
4118

Details of “Cylindrical Support”

[< Scope

Scoping Method |Geometry Selection

Geometry 1 Face

[< Definition

Irpe Crlindrical Support
Radial Fized

Azial Fized

Tangentizl Fres

Suppressed No

4.1.17 ““Details of © Cylindrical Support ™~ 4.1.18

0s

k2.l 05 4.1.19

:

4.1.7

Simply Supported

01 File —p | R

““D:\ansc17.0\work\ch04.01\simply-supported.wbpj >~

““Mechanical””

02 <<Outline”” 7[—£| Static Structural {A5) <<Environment””
Ei.\ Supports - — [:j‘_\ |

“ Simply Supported =~
E2 03 4121 ceonetrr |

Apply 4.1.22

:

:

4.1.20 ““Details of

e

<4 4 < 137
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A Statie Structural
Cylindrical Support
Time: 1. =

2014/8/4 10:43

1s of “Simply Supported”

Scoping Method Geometrr Selection

[ crlindrical Suppert: 0. mm

Geometrr 1 Vertex
S Definition
Trpe Simply Supported

Suppressed |10

4.1.19 4.1.20 ““Details of “ Simply Supported =~

A: Static Structural

Simply Supported
Time: L. s

01464 1435

'Simply Supported: 0.

4.1.21 4.1.22

4.1.

[oe]

Fixed Rotation

N
b

01 File S Open..
““ D:\ansc17.0\work\ch04.01\fixed-rotation.wbpj ””

““Mechanical””

:

““Outline”” =] Static Structural (B5) ““Environment””

£, Supperts v — Fi:—:e-ﬂ. Botation

4.1.23 ““Details of* Fixed

Rotation ™~

62 0 4124 Geonatrr |

Apply

%LE

B Ectation X B fotation ¥
B Eotation T

4.1.25

138 > > >
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Details of “Fixed Rotation”

[=| Scope

Scoping Method Geometrr Selection

Gecaetry L Face
|Definition

Trpe Fized Rotation

Coordinate System|Global Coordinate Srstem
Rotation X Fized

Rotation Y 'Fi:ed

Rotation I Fized
Suppressed No
4.1.23 ““Details of © Fixed Rotation ™~ 4.1.24

4.1.9

Elastic Support

File S Cpen..
““D:\ansc17.0\work\ch04.01\elastic-support.wbpj *~

““Mechanical””

(1] “<Outline’” 7@ Static Structural {(B5) “<“Environment””

Q&Supports T ey El:astin: Support 4.1.26 << Details of

“ Elastic Support =~

B: Static Structural
Fixzed Rotation

Time: 1. s

2014/6/4 10:57

stic Support”

= Scope

[ [, Scoping Method [cacmetry Selection
[ Fixed Rotation: 0. - i
Geozetry T Faces
=] Definition
Trpe ]E'-.nt:t Support
Suppressed No
Foundation Stiffness |100. X/==’
4.1.25 4.1.26 ““Details of © Elastic Support =~

4. 1 27 Geometrr
Applry I
24 04 Foundation Stiffness 100

4.1.28
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B: Static Structural
Elastic Support

Time: 1. =

2014/6/4 11:02

.Ellstic Support: 100, H/mm®

4.1.27 4.1.28
4.2
421
Inertial
““Environment”” M 4.2.1 “
| Enviromment © Inertial id O Loads ~ B Supports ~ PhConditions ~ @ Direct FE~ | B

G Acceleration
™ ] Standard Earth Gravity ———
@, Rotational Velocity

421 “*
1. IERE&EG
Acceleration m/s?
EZ2.4 01 File S Open..

““ D:\ansc17.0\work\ch04.02\acceleration.wbpj ”~

““Mechanical*~”
““Outline” 9[=] Static Structural (A5) ““Environment””

Telnerticl 7| wep G} [EISTENETRY 422 ““ Details of

“ Acceleration ™~

140 » » p
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10
Direction 423

423

€21 06

424
Details of “Acceleration”
A: Statie Structaral
Geometry ALl Bodies Acceleration
| — Time: 1. s
-}‘Deflnnwn 2014/6/4 9:35
Define Br  |Vector
[ Dt\ccelernlio:\. 10. mmls’v \
Components; 10, 0., 0. mafs’ L ]
‘Sup»zes;ed .Xe
4.2.2  ““Details of © Acceleration ™~ 423 424
2. BENOMEEFMY
Standard Earth Gravity
9.806665m/s?
AL S B Cpen... ““D:\ansc17.0\

work\ch(04.02\standard-earth-gravity.wbpj”” ““Mechanical””

<<Outline”” [ Static Structural (A5) <<Environment””
SR TRt T IR R S 1] < . dox d Earth Gravity 425 “<Details of

“ Standard Earth Gravity ™~
Direction

42.6
3. WEFEE&Y
Rotational Velocity
rad/s r/min

4 4 4 14
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A: Statie Structaral
Standard Earth Gravity

425

““ D:\ansc17.0\work\ch04.02\rotational-velocity >~
““Mechanical””

““Outline””
CEL Trertial - — ﬁo

“ Rotational Velocity ™~

““Details of © Standard Earth Gravity =~

Time: 1. =
[-]| Scope 2014/8/4 9:43
GeometrT All Bodies _
[]5tandard Barth Gravity: 9806.6 na/s’
[-]|Definition Components: 0., 0., -9806.6 mm/s*
Coordinate Syetem|Global Coordinate Sriten
% Component 0. =fs’ (ramped)
Y Component 0. m/s* (ramped)
I Cemponent =9806.6 =/s* (ramped)
Suppressed No
Direction =Z Direction

4.2.6
Open. ..

File: N

=] Static Structural {(A5) “<Environment””

4.2.7 ““Details of

[-]| Scope
Scoping Method Geometry Selection
Geometry All Bodies
[F|Definition
Define Br Components
Coordinate System |Global Coordinate System
X Component 0. rad/z (ramped)
¥ Component 1000. rad/e (ramped)
Z Compeonent 0. rad's (ra=ped)
X Coordinate 0. ==
¥ Coordinate ¢ ==
Z Coordinate ¢ ==
Suppressed No
4.2.7 ““Details of “ Rotational Velocity ™~
€21 03
%05 . ¥ Component 1000

S b Ak 0 A R rads, AT ES Wit e a4 T
A ik E B A tmin (BEEEA).

142 » p p



<444 %'ié‘ EXHREHA

A: Statie Structural
Rotational Welocity
Time: 1. =

2014/6/4 9:51

[J Rotational Velocity: 1000 radfs
Rotation: 0., 1000., 0. rad/s
Location: 0., 0., 0. am

428
4.2.2
Loads ANSYS Mechanical
““Environment”” - 4.2.9 “
1. WEE
Force
N
ez 01 Qpen...
““D:\ansc17.0\work\ch04.02\force.wbpj”” _ ““Mechanical””

429 ** 77
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ezl 02 <<Outline” {2 static Structural (B5) “<<Environment®”
Blosts | ey 5, [ 4210  ““Details of Force =~
42.11 Feometry
Applr I

[-]| Scope

Scoping Methed |Gecmetry Selection

Geometry 1 Face

[Fl| Definition

Trpe Force

Define By Vector
Magnitude 200. N (ramped)
Direction Click to Change
Supprezsed Yes

4.2.10 ““Details of © Force ™~

G 05 200

Direction 4.2.12

4.2.13

W rorce: zo0. ¥

Components: -0., 125.56, -153.21 H

-
=

42.12 42.13

4.2.10 ““Details of © Force ™~

TFiglk: A TFREBMETLERAE,

o SENNMN R MO RFARFLM, BPIZAR, BEE 4214 FTRL
“Import Load History Data” & 4E, J T iAo fo 4 45 8 47 LA,

5T FR BT S, AP AR, RBEE 421578 A5
B wFistE, A sk, 35 BES L, mpor 3wkt

o [VEEEENMuom. sdizA, AFALIERMRTMA.

’ W ¥aenitude

144 » p» p
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Import Load History Data

Data Source:

&dd. .. Eemorve
/™ Load Hiztory Data to Import:
Filter | I
OF | Canecel |

42.14 ““Import Load History Data””

M Bk
RTFTE (1) | | chOS. 01 j ¢ o

cacceleration_files
cbearing-load_files
 bolt-pretension _files
., force_files
Jline-pressure_files
.moment_files

.ok

 pressure_files

itk () | | wrs |
1RTF2E2 (1): IEngineering Data Library Files (% xmlll B |
A

42.15 *“* 7
o [VEEEEMEE:: 7. o ixith, AFRL—ARBELEN, B 62HE
AE4e B 4.2.16 Ff=, B 4.2.17 Ff 74 Tabular Data %4 % (—) ¥ & L&
MBI

Details of “Fe
[-| Seope

Scoping Method |Geometrr Selection

Geometrr 1 Face

[Fl|Definition

Troe Force
Ta'bular Tata » Steps | Time [s] | [v Force [H]
Direction Click to Define 1 |1 0. 0.
2 1 1. 0.
Suppresszed Ho o
4.2.16 ““Details of © Force ™~ 4.2.17 Tabular Data

o [IEEEEN:ss. iR, AFALERERN GBS, W EELE
4.2.18 Fi, fEstitdE b o DIl 5. A AE i A RS . A
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4.2.19 P 7~ 4§ Tabular Data # 3 % (=) + & L &K,

|$con£nt Methed Gecmetry Selection
|5oo:|f::r 1 Face
()| Definition
|Trpo Force :
[Define By Vestor - f“' gime (=] DF Force [H] fa
|Magnitude = 0.0 2 1 5: =003 U-
irsction Click to Change 3 1 1. e=002 0
| Suppressed No 4 1 1.5e-002 0
_| Fanotion 5 1 2. «-002 0.
— & 1 2.5e=002 0.
|L'r'.£: Srstem Metric (om, kg N =5, =V, =md) 7 1 3. =002 ]
|J.nzu:|= Measurs Degrees g i 3.5e=002 0
= 9 1 4. =002 0
=] G h Control
|Graph Controle 10 1 |45c-002 0
[Nusber Of Segments |‘c:. 11 1 5 =002 a |
4.2.18 ““Details of “ Force ™~ 4.2.19 Tabular Data

2. NEHE

Moment

EZ-1 01 File m—p | e
““D:\ansc17.0\work\ch04.02\moment.wbpj~” ““Mechanical””

““Outline”” 7[=] static Structural (A5) ““Environment””
o] - e cc . < >
hLoads -| w5 [N 4220 Details of © Moment

Details of °
| Seope
Scoping Method Geometry Selection
GCeometry 1 Face
FlDaefinition
Irpe Moment
Define Br Components

Coordinate System |Clobal Coordinate System

% Component 1000. N-mm (ramped)
Y Component 0. N~== (ra=ped)
Z Component 0. N-=m (ramped)
Suppressed No
Behavior Deformable
[+ Advanced

4220 ““Details of ©“ Moment ™~

62 03 4221 G eonetar
ADDlF I
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1000N - mm

4.2.22

A: Static Structural
Moment

Time: 1, 3

2014/6/4 9:27

.Moment: 1000. ¥ - mm
Compements: 1000., 0., 0. H+mm

4.2.22
ANSYS Mechanical Pressure Hydrostatic
Pressure Line Pressure
Pressure

Pa

& o1 e | ey T ““Di\ansc17.0\
work\ch04.02\pressure.wbpj~” ““Mechanical”~

€2 02 ““Outline” 3] Static Structural (A5) ““Environment””

W Loads = — Iﬁx\|

42.23 ““Details of “ Pressure ™~

€21 03 4224 Geonatrr |

@ os 10MPa

[=]| Scope
Scoping Method |Ceometry Selection
Geometry 1 Face
= Befimition
Trpe Prassure
Define By Normal Te
Magnitude 10. MPa (ra=ped)
Suppressed No
4.2.23 ““Details of © Pressure ™~ 4224

4. IEFEETE

Remote Force

<4 4 < 147
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(Fle | [
work\ch04.02\remote-force.wbpj””
<<Qutline’” -;[EI Static Structural {A5)
@, Loads - —) Ei‘. Remote Force 4225

Force ™~

Details of “Remote Force”

]| Scope

Scoping Method Gecmetrr Selection

2 Faces

te System (Coordinate System

. ==

X Coordinate o
Y Coordinate 0. =
Z Coordinate |0, ==
Location Click to Change

[=|Definition

Trpe JRe:ote Force
Define By Compenents
X Component 0. N (ramped)
¥ Component [s00. & (razped)
Z Component 500. N (ramped)
Suppressed IS

Behavior Deformable

+|| Advanced

4.2.25 ““Details of © Remote Force ™~

42.26

““D:\ansc17.0\
““Mechanical””
““Environment””

““Details of © Remote

% 04 m Coordinate Srstem

. X Coordinate . T Coordinate . L Coordinate
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gz 06 Component =
¥ ) 3 I Compormernt 500N
42.27

A” Static Structural -
Eemote Force
Time: 1. =

2014/6/3 17:04

.lle-ote Force: TOT.11 M
Components: 0., 500., 500, W
Location: 0., 0., 0. mm

4.2.27

5. AT

Bearing Load

e | —p [
““ D:\ansc17.0\work\ch04.02\bearing-load.wbpj >~

““Mechanical””
““Outline”” 9| Static Structural (B5) ““Environment””
] = e T ce . < .
ﬂ —p 0 EIEER 4.2.28 Details of © Bearing
Load ™~
[-]| Scope
Scoping Method Geometrr Selection
Geometry 1 Face
[l|Definition
Trpe Bearing Load
Define Br Components

Coordinate System |Global Coordinate System

X Component =500. N

Y Component 0. N

I Component 0. K
Suppressed Ne

4.2.28 ““Details of © Bearing Load ™~

42.29 Geometry
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4.2.29

6. BEETT

Bolt Pretension

3D

gzd 01

g o ENIES P PP

Definition

B: Static Structural
Fearing Load

Time: 1. s

2014/8/4 8:49

[ Besring Load: S00. W
Components: -500., 0., 0

4.2.30

File | wep [

““D:\ansc17.0\work\ch04.02\bolt-pretension.wbpj ”~

““Mechanical””

Pretension ™~

““Outline””

U, Loads = — -‘;,'uil Balt Fr

etension

7[—£| Static Structural (A5)

CompoTent 5

-500N

"

Qpen...

““Environment””

4.2.31 ““Details of “ Bolt

4231

150 » > >

]| Scope
Scoping Method |Geometry Selection
Geometry 1 Face
[Fl|Definition
Type Bolt Pretension
Suppressed Ne
Define By Load
Preload 300. N
““Details of “ Bolt Pretension ™~

4.2.32

Apnlry I

500N
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4.2.33

A: Static Structural
Bolt Pretension B
Time: 1. =

2014/6/4 9:17 m

[B Fo1t Pretension: S00. W
. Bolt Pretension 2: S00.
. Bolt Pretemsion 3: S00.
. Bolt Pretension 4! S00.
. Bolt Pretemsion 5: S00.
. Eolt Fretenzion 6: S00.

4232 4233

= o = = =

4.2.31 ““Details of “ Bolt Pretension ™~
& EESRATI R A TFRESRESTLS K.
o BBV iz A, TR UMAETRS, it A EAEF 6
KAAE F iy N R AEEAT .
o BEEEEN: 7. sthinit A, MF A UEARMERMR, ot £rTiEIET &)
M Freadiustnent PP DPNGEE SN L1
o LEElM: ozt R, &A—ANFRFHEMT.
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5.1 ANSYS Workbench 17.0

ANSY'S Workbench ANSYS Meshing
ANSYS Mechanical ANSYS ICEM CFD ANSYS CFX
GAMBIT TurboGrid CADOE  ANSYS /
ANSYS Meshing
CAD
ANSYS Meshing CAD
CAD-CAE

ANSYS Meshing

ANSYS Meshing ANSYS ICEM CFD  ANSYS TurboGrid
ANSYS Meshing
ANSYS

5.1.1 ANSYS

ANSYS
Workbench ICEM CFD TGRID CFX-Mesh Gambit

FEM
R FhahH % (BX) ARk,
TR X3 A ¥4 A (ANSYS LS DYNA &AUTODYN) 49 M 4%,
BT @R A6 M.
CFD
A F ANSYS CFX it 3189 M %,
| T ANSYS FLUENT 3+ 3 #9 B 4%,
/A F POLYFLOW it 364 M #.,

L K IR JECIEE R R

152 » > b



444 5 F RBL 5
5.1.2 ANSYS Workbench

ANSYS Workbench ANSYS ANSYS
Meshing ANSYS
ANSYS
““Geometry”” ““Mesh”” ANSYS
““Geometry”” ANSYS Workbench Toolbox
B Component Systems G Geometry “=Geometry™”
02

=
- Geometry

Import Geometry ¢ wepp ] Browse... ““D \ansc17.0\work\ch05.01\mesh
-divide.Stp~”
““Mesh”” ANSYS Workbench @ Mesh

“Geometry™”
D sy oot

ANSYS
€2 05 << Outline ** 2] sh
5.1.1
MA : Mesh - Meshing [ANSTS ICEN CFD] =] E3
JFile Edit Wiew lmits Tools Help |J =+ | T}Generate Mazh Eﬁ Hlﬁ— Y 'ﬂorksheet i\
(2R EDOE &S Qa QEQOE s o -
J ' Show Vertices é@_'ﬂireframe DE;Show Mesh j«!\ b Random Colors @Armotation Preferences
J JN Edge Coloring A" /" A' A' AY x "‘?” |"‘|Thicken Annotations
JMesh ‘.}' Tpdate | %Mesh - @,‘Mesh Control = | _||||Metric Graph
JFilter: Name -
Project
= (@] Model (A3)
----- ﬁ Geometry
% Coordinate Systems
e ‘(% Mesh
T
neteils of “fesh NN
| Defaults - 0.000 . () ¥
Fhrzics Preference Mechaniczal
Eelevance 100
Sizing - GeometryAPrint PreviewhReport Preview/ |
3 x
& Text
LIEEELEEEE Global Coordinate §
| | |LVQIN0 Hessage|Ho Selection |Metric m, kg, H, =, ¥, A) e
5.1.1 ANSYS
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““Mesh”” ANSYS
““Mesh”” ANSYS Workbench
B Component Syskems i@ Mesh “<Mesh””
e Mesh™”

Import Geometry ¢ ey ,ﬁj Browse. ..

.Stp,’
€2 03 ANSYS
ANSYS
5.1.2 ““Mesh””
JMesh './: Update | %Hesh; @.‘Hesh ControlI
'-/: Generate Mesh
'-/: Freview Surface Mesh
’ Ereview Source and Target Mesh

5.1.3

ANSYS Meshing
MultiZone

Dominant
1. BEIMEXIS

Automatic

2. MHERMERISY

Tetrahedrons

154 » P b

““Mesh”?

@Mesh Edit .-|—> ﬂ Meshk Conmection Group

' Marmal Mesh Cormection

Toolbos

% (o] Contact Mateh Group
% dazh Grouy % Contact Mateh
@,\ Sizing

Hode Merge Group

M. Contact Sizing
N % Hode Merze

& Eefinement

i @.‘ Hode Move
. Face Meshing

G Match Control

1 Finch
h Inflation
B st bnele

512 = 77

Automatic

Tetrahedrons

Patch Conforming

Sweep

““D \ansc17.0\work\ch05.01\mesh-divide

Hex



* 6 0 o

*

P

ath Conforming

TGrid

<4 4 < %5

=

T R o

FEBNK BN, 2FEJUTER TR 6934 @ 5 JUTR T4 a9 4 42,

S RIS T AL SR R A RET S RA W B AR ARARFeoT @R P A

JA B #3640 BT A R 4G CAD 422! 6940 MFAE, A5 FRA.

R RS R Bk ik £B 5.1.3 BT 49 “Details of ‘Patch Independent’ -Method”

L AR & K 35 44 EE T 455 & f ik 42

IR kAF

Tetrahedrons

... B

Patch Independeant liijﬁ\ .
Details of "Pateh Independent” - Method

S5cope

Definition

Suppressed Ho

Method Tetrahedrons

Patch Independent -

WUSE Global Setting

Advanced

Defined By Mazx Element Size
Maz Element Size Default (48,602 mm)
Feature Angle 0. 52360 rad

Mesh Based Defeaturing 0ff

Curvature and Prozimity Refinement |Yes
Min Size Limit Default
Hum Cells Across Gap Default
Curvature Hormal Angle Default

Smooth Transition 0ff

Growth Rate Defanlt

Minimum Edge Length &4. mm

Write ICEM CFD Files Ho

5.1.3 ““Details of “ Patch Independent ™ -Method””

Patch Independent

CAD
HARSHTIE ) T b Bk R 969 M A%,
KAk T4 R Bk R, X3 FER TH RGN GRS R Bk SRAk 25
R FERI 6 P A
WA TR Bkt ik R EBRESWORAS R BEA—H, A, £B 514 i
#) “Details of ‘Patch Independent’ -Method” *f+&4E ¥ ¢4 B*ﬁﬁﬁ HR

ICEM CFD Tetra

Octree

CAD

WA R AR ATIER TR 7 Bk
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B A AR 6 B A0 iR B ( i ) A Tt E fu A0 AT 69 LK E
(@ co e ture and Frominitr Satinenen ! IR RLI S | ¥ 4k
Kash Based Defasturine|g R Rl SR es o N Il 0= ca tuzine Tolesanc: EQEUIEAEDNCLIIS
AL E, WFTRE£TCE N6 MFAE. Z R 97 k47T 5 i ICEM CFD XA+ ( Write

ICEM CFD Files ).

Smooth Transitiom )

Details of "Patch Independent” = Method

[+]| Scope
[+ | Definition

[=]| Advanced

Defined By
Max Element Size
Feature Angle

| Defenturing Tolerance

Curvaturs and Prozimitry Refinement
Hin Size Limit
Hum Cells fcross Gap
Curvature Normal Angle

fmooth Transition

Growth Rate

Minimum Edge Length

Write ICEM CFD Files

Hax Element Size
Default (48, 602 mm)
0. 52560 rad

resh Based Doroturine 8 -

Default(0. 1215 mm)
Tes

Default

Default

Default

On

Default

B4, mm

Ho

5.1.4 ““Details of “ Patch Independent ™ -Method””

3. NERMEXIS

Hex Dominant

ANSYS Meshing

4. FEMIERIS

Sweep

Thin Sweep Method
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5. ZEHMIERIS

MultiZone

ICEM CFD Hexa
6. Cut Cell M#&%l4%
Cut Cell
ANSYS FLUENT
Cut Cell 5.1.5 ““Details of © Mesh ™~

1 Defaunlts FPhrcsics Preference Solrer Preference
2 dssembly Meshing Feature Capture

Feature Angle

0 CAD Tezzellation Refinement

Ab=olute Tolerance

fb=olute Tolerance ANSYS Workbench 17.0

[Fl|Defaunlt=s
Physics FPreference CFD
Solrer Preference Fluent
Eelevance 1}
Sizineg
Inflation
[F|issembly Meshing
Method CutCell
Feature Capture Feature Angle
Feature Angle Default (40.0 rad)

TSR AN Ahzolute Tolerance W
Absolute Tolerance Default (3 797e-002 mm)
Statistics

5.1.5 ““Details of “Mesh ™~

7. EMERS

ANSYS DM CAD 2D
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5.1.4 ANSYS Workbench

ANSYS Workbench
o 3R 3G Fa M AS R 577 ik

*

& KEAEMELRL, ML,
& REEIMAESL, xR
*
*

L
TR 5 P A%

E MRS, Wk EE, FERAARE 05 M.

5.2

““Outline””

“Mesh ™~

5.2.1

522

Details of “Mesh”

[F]|Defaults
Fhy=zics Preference Hechanical
Relewance 1}
El| Sizine
Use hdwanced fize Funetion |Off
Relewance Center Coarse
Element ESize Defaunlt
Initial Size Seed Active Assemblr
Smoothing Medium
Transition Fast
Span Angle Center Coarse
Hinimum Edge Length 20,0 mm
Inflation
Patch Conforming Options
Addwanced
Defeaturing
Statistics

5.2.1 ““Details of “Mesh ™~
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““Mesh”~ ANSYS Workbench TaE e
E Component Systems @ Mesh ““Mesh?”
M ® G 7
Impart Geametry b w41 Browse.., ““D \ansc17.0\work\ch05.02\mesh-divide.stp””
ANSYS ““Mesh*"
ANSYS
““OQOutline >~ A

52.2b

F£ ANSYS Workbench F, 2FF-FA8JUATIR, & %AARE JUFTIREEM 5 R
St RN BB AR A KD R, A2 R4 B 3052 69 MAS R — i, &
BRRAW KRB RIGE, vk, BT AT REHRME, —fRBrT ML
AT e Ry R FR IR

Jo BB ZFH R IUTIR T 69 M #%, TOAE “Outline” 4 & /O MEN, fd
abRiE R FikdE P4 C1cor Generated Data oA, R #9523 AT 69 “ANSYS
Workbench” £ 4E ¥ # % ﬂ’ﬁ’%iﬂ BPeT.

AHSYS Workbench

":‘TP) Do you want to clear all meshes, results and any restart points from this model?

2 T |

523 <<ANSYS Workbench””
5.2.2
1. BEXRSHIZE ( Defaults )

524 ““Details of < Mesh =~

Details of "Mesh”
Display
| Defaults

ics Preference

Shape Checking Standard Mechanicsal
Element Midside Nodes Program Controlled
Sizing

Inflation
Advanced

Statistics

ENCHEEE

5.2.4 ““Details of “Mesh ™~
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*

*

bbb (132 ) KA ) FALF R QBN . R BTN F A0,
HAERE 45, LA AHEE R R,

CEEEEER ki A% AR B sk, A Tasl RS RRE, AR AT
@ R AR, R EAE; AEEMTARARMK, FERE, WwhB 525 FF.

a relevance=—100 b relevance=100

525

DN (ki d) Tk AT RRMEGE RRNHREEREH, &
BAEAT LA 7 K.

®

®

Sl (AT E M T N AR IR ) RR: EA T A RAAR S

[PIIEURREEN (i 49 22 M3t M AR K ) £ A T X EH A MH

A kb AR 4

SRRMLLEEE] (b % F i AN AR ) LR EX BN T REFE .

B (ko h it ERARIK) £ LR EEA T RKS.

BB 2 X h 3t SRAHIK) AR RXEEATIX3HESH.

Bl ~) a5 drsxsrrtisris,

Elenent Midside Vodes QRIS RN FEEIF SR S ICF S PP Pk AU Ao

QA5 T L 7 XK.

o EEEDEENENR (miiszAindl) AR A4 A DEHRLGTET S,

o EEEEDN (x1) o A THAKEARA, =5 H Dropped (A ¥ A% &,
KR T ).

o BNl (1ry) 5. s FEAH DA, RA A Kept (AF T L&, =k
¥ 7T),

2. MER~H&E ( Sizing)

5.2.6 ““Details of < Mesh ™~ m
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Details of “Mesh”

Display
Defaults

El| Sizing
Adaptive &

Felevance Center Coarse

Element Size Default
Initial Size Seed Active Assembly
Smoothing Medium
Transiticn Fast
Span Angle Center Coarse
Automatic Mesh Bas... |On

Defeaturing Tele...|Default
Minimum Edge Length 16.0 mm

Inflation
Advanced

Statistics

5.2.6 ““Details of “Mesh ™~

Size Function

5.2.6 ““Details of © Mesh ™~

size Function DOPERTE SRS S S G

T AT IZLIR, FRANDLITEX 5 N, R RERL
mALA LR, ETREAGAL, RETERRE,

o EENIEEETEENEN::r. izt R, Z4ENDMAR, AR
X ( Proximity ) A= # & ( Curvature) PIH 6945 &, {27469 0] 8] &K .

o BEEER i 5. 2 bR, WAARBEG E XA AE
B Curvature Fomal incl: DEESETE QPR E SRR P R B S 270) S o N

o EEEEE . s bina R, AFHHABEGERAKAR, L2ERNTFH
HF T R A K

o BRluxs. npcrntax sk, ZARAREYERN G
fm A0 P A%

M Gl evence B rel evance Contox WoR PRI QUL E R RS S I RVY L PN OV % Y4

4 R s AR

o [EEEEM::sn: m 73t % M E, HMM-100 £2+100, A= R4 &b
LA B A 4w

EODRCRE T 45 5 £ A T4 E WAk micA2 i, .4

(v%) 4 BB (i) =4 LA,

d ().
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162

*

L 2
3.

*

. Element

B ($ AR IAAE: THRARMMSR T, vAdEH AR SR

nitial size secd JEDEVINE EININSEEIF SR RS S AP STV S E 35S £

8. o NI (ir etk ). I (pih k) 4Bl (&

) Z AR,

o [EIMNWNNNN R ik bR, A LOAHE )RR WA R TR h M
AR A,

o EEEEREINN: 7. z s iAotk MR A R A& IR+ 54,

o EXNiin: 2ot BHQ MR TS REMBIR T AE,

P (8% ) T A ATREPRE, CAEBHRENT St

FVR S T EA LY SR 1o [l veain o8 ricn ERNTES

o B rzpmFumits.

o EBENixi: s2m Tk hEFumyitH, ¥ CFD 4 Emag.

o EEN: . z2m TR sa gt E, B Explicit.

RN (5% ) THa5)k: A TR ELR, BH4undaeigt, £+ o

(i) 4 BN (12i%) AL,

o EXdiisn: £ Meshing #2 Emag M = 4 W AR

o EEdiion. & CFD 4 Explicit MAs & 4 M #5it 5,

PICHICRRNIN (525 b o fi) THF A AFREATAG ML AR AR, Rk

EEwREme, L3 Eme s, o Hn). I (v%) f

BB (wie) =,

o EEER:n: #2508 -900-60°.

o EEEEY: 7. 4 em-750-240.

o B, 4ziwm-36-120

EEEEIRERN (2o etk ) AME: A FRERERS R ELDK,

FEZRZE ( Inflation )

5.2.7 ““Details of < Mesh ™~

52.7 ““Details of © Mesh ™~

Use futonatic Inflation [NEEEHICIEREEAN I G-R NS FEEIE SRRCT- VO S F P W
o EBH (~) . pmih, EATFAHEALESFHEE.
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Tetails of “Mesh”

Defaults
Sizing
-
Use Automatic Inflation Hone
Inflation Option Smooth Tranzition
Transition Ratic 0.avz
Mazimum Larers 5
Frowth Rate 1.z
Inflation Algorithm Fra
View Advanced Options Ho
Patch Conforming Options
Addvanced
Defeaturing
Statistics

5.2.7 ““Details of “Mesh™”

® Proeram Controlled [ jF}"_E, w3z 4] ) 2k I - Eﬁiﬁ» 1z 4 2 )3)1’1]‘ i) j’D{‘P\Z I,
£ FARBEAAED.
A1l Faces in Chosen Famed Selection ( VA ép\/g ﬁ%ﬁfr;ﬁ @ ) iil)ﬁt T’Tﬁ/’ixél}/g Ki

HR BT o A0 w9 @ Ak B A4S X 5 2 BRIA Y

o ROORSLIU (LRE) 4T QEFWIRE, RE—ERTIHE—EBK
VY Rt A M Funte of Larers [ Il browth Eate 7Y [l Mezinun Thicknes: BRRPSETY
A ) 2 R IR P A

Y Firzt Layer Thickness | %ﬁ ,A)%[g/g ) %I ﬁ']}%"%" g/;}]ﬁg:, ;gr\‘_gg — EFTF
Sl — AWk B EAY S, ML ISEECaRel | RESTESEE] £
Ll A Rk 4 ) A AR I B P 26

o EREGEDINRINLE (5 — A AL ) I 45 8 AR Al R 45 A9 0 A bb R 35 4
T8 IR 2 0 3

o ENELIDEND (REEZHUM) T AAF—EHZHEM. RdHEMAA
WA R AT B IR E

L RESSNRRSNE (PR E ) AE: FRAGMEA 0272, A P TRIEE St

HHAT B,

| BEEROEE (R KB ) IAE: BEKIANERERKA 5, AP TOUREESE

it H AT B R
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& LESSESE (4 Kk E ) XAE: AT R 1 &L 5B ts], BIAMEA 1.2,
F P 7T DAREE Bexd L HAT B
o EREWESE (wixzix) Taok oxB (ram) ~ B (Bam)
AT ik
° (ATATE ) . AT TGrid Bk, A A MR ER hHKINKE .
o (A ): AT ICEM CFD ik, fh/ —# e @ ik M 4 A R G 15
8 /5 2 A K, A3t Patching Conforming #= Patch Independent 9 & & M 44

‘ Tiew Adwranced Options ( %gg\ﬁlﬁ%ﬂﬁ ) iil)ﬁ: ‘b‘ﬂiﬁigﬁéﬁ)ﬂ /£o
4. MEBHSEIEE ( Advanced )

5.2.8 ““Details of “ Mesh ™~

Details of "Mesh”

Display
Defaults
-
Inflation
[-| Advane ed
Number of CPUs for Parallel ... |Program Controlled
Straight Sided Elements No
Number of Retries o
Extra Retries For Assembly Mo
Figid Bodr Behavior Dimenszionally Reduced
Mesh Morphing Dizsbled
Triangle Surface Mesher Program Controlled
Topologr Checking Ko
Finch Tolerance Default (0.114280¢ mzm)
Generate Pinch on Refresh Ko
Statisties

52.8 ““Detail of “Mesh ™~

’ Kumber of CPUs for Parallel Part Meshing (CPU &}i'@%) iiijﬁ\: m*iiﬁﬁ’?‘ W]*Z‘X'ny\ﬁ'%:

# CPU #4938,

o BEEEEEEE (Mukmanda) Tk RE Yes” MAFKALA
F 7, TMRRBALT.

SRR (XA H) IARE: WRASREE, TEREIHMU L P
ELDRE RN (Em e EK) Taslk: RE Yoo’ WAFWRA, &
N AL

2

L 2
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444}35%

& EEESSRSRE (WIRATA ) R RTFRIRAT A K.

o EEEZEER (rxm) IAE: REATAHRBEY. L9 ot BRI (4#)
- I ( Rk ) B,

‘ Triangle Surface Mesher (':_}/ﬁ .}f/; &‘]Jh\ég ) 'F;I}l%]ﬁ /’J’Rﬁ:}@,li.:_ﬁ] -}f/ﬁ &)Jﬁ\ﬁf\‘ﬁ,ﬁ’—&”é]\o

* (&AM E) FHI1K: RE “Yeso HATRA, FHREA.

* (PN £ ) LIAIE: RERBKRGENE.

V'S Generate Pinch on Refresh ( M*%/%‘J%ﬁ'}é‘ﬁi)ﬁ&) ‘Fiiﬂ%x ‘Liﬁ “Yes” Hj‘ﬁﬂ?/f}‘t)ﬂ ,
TN AL .

5.2.3
529
5.2.10

529 5.2.10

““Mesh”” ANSYS Workbench Toolbox
B Component Syskems i@ Mesh ““Mesh””
“Mesh- & oy 7

Import Geometry b sl .ﬁj Browse. ..

““D \ansc17.0\work\ch05.02\mesh-adv.stp””

ANSYS ““Mesh™”
ANSYS
eald 04 “<Qutline”” S
== 5.2.11
1 ““Details of < Mesh ™~ __ Uateremen

100

Eelevance Center
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W Element Size 10.0mm o/ Update 5.2.12

2 52.13 “<Details of = Mesh ™~ | 5izine]

Size Function Frozimitr and Curvature Span Angle Center

. Curvature Hormal Angle . Hum Cell=s Across Gap

0.06

W Frowth Eate

1.5

@ Display

Phrsics Preference Mechanical
Relevance 100
Shape Checking Standard Mechanical
[Element Midside Nodes 'F:o::u Controlled
= Sizing
£ Size Function Proximity and Curvature
Wit~ [Relevance Center |Fine
;?:"é' [Initial Size Seed [active Assembly
9"'35?; Smoothing Medium
‘ﬂ Transition Fast
'Snn Angle Center Fine
[ re Normal Angle le0.0
5 2 11 Across Gap 8

z¢ Function Sources |Faces and Edges

[6.e-002 =
Preximity Min Size 6. e 002 ==
Max Face Size 5.0 m
Max Tet Size [10.0 =
Growth Rate ".. 50

Automatic Mesh Based Defeaturing |On

Defeaturing Tolerance Default (3.e-002 ==)

|Minizum Edge Length 30.0 ==

#| Inflation
[+ Advanced
# Statistics

5.2.12 5.2.13 ““Details of “Mesh ™~
5.2.13 ““Details of © Mesh ™~

KIAME (WEEOAE): ATREGEEGAELAL, AEMA
Hols, 5w BB K3 0 MASR R TR E . 3% B % AT R AL X 9 80 i e )
5.2.14 T .

& L BRGSUREERESRL 7 A e (U EAE ) A TR E MAS R S e E R AL

o [EEXDNWEEEER : ki: ($aiUmms): AFRELTILABAK, AHMK,
TELEMERARAL 04 R AR R 3B . 1% B ARt R X 49 Wotrde B 5.2.15 PP .

o [EEEED: 1z (R RT): AFRELARNRTA

[EEDUETEE - k5 (&R +): AFREL AR EHERTE.

’ . Currature Hormal Angle
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¥ e 5.2.16
5.3
““Outline”” S
5.3.1
5.3.1
Automatic
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Tetrahedrons Hex Dominant Sweep MultiZone

) Method

@‘ Sizing
"l'_‘ Contact Sizing
& Refinement —————

. Face Meshing T
G Match Contrel — |

&D Finch
A Inflation —————————
5.3.1
““Outline”” B o] =t
—p G [EENE 532 ““Details of © Automatic Method * -Method”~

Details of “Automatic Method” - Methed
-l Scope
Scoping Method Geometry Selection
Ceometyry 1 Bodr
| Definitiom
Suppressed Ho
Tetrahedrons
dutomatic o |Hex Dominant
Element Nidside Hodes |Use Global Setti Sweep
ement Nidsi s |Use Global Setting ¥ultiZone

5.3.2 ““Details of © Automatic Method * -Method””

1. B3M#EXI4 ( Automatic )

2d M . & COpen..
““ D:\ansc17.0\work\ch05.03\automatic.wbpj ~~
““Mechanical ”~
G ““Outline”” o [
— @ 53.3 ““Details of* Automatic Method *
-Method””
w Applr I
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¥ Uz -/ [ 534

Details of “Automatic Method™ - Method

[=]| Scope
Scoping Method 'Ceametxy Selection |
Feomet ¥y I]. Bodr l
[=]|Definition i
Suppressed .Ho
Hathod Iﬁutomatic

Element Midside Nodes Use Global Setting

5.3.3 ““Details of © Automatic Method ™ ~Method”” 534

533 ““Details of © Automatic Method * -Method””
’ Element Midside Hodes _F;}lﬁjﬁ )—ﬂ %"J‘E%’] W#%;%E‘i%f’ﬁnqﬂ lﬂ%fi—‘ﬁfﬁ, i—ﬁ-;ﬁl’y\j‘—:’_ﬁ

Y Use Flobal Setting iiﬁ,lﬁi ,Ti)ﬂ é\/‘%_ﬁ;ﬁo
o EEEl:ow. xipomMisr TS E, BALAHXMEL, B 53.52 Ff=.
o RN, XNoMEBAFETE, LLRAHZKREAL, 0B 53.5b FFx .

a Dropped b Kept
5.3.5

2. MEEMigXI45 ( Tetrahedrons )

““Patch Conforming”

““Patch Independent””
e | —p O3
““D:\ansc17.0\work\ch05.03\tetrahedrons.wbpj >
ANSYS
€21 02 ““Outline”” S

—p G [ ““Details of © Automatic Method * -Method””

04 Tetrahedrons

Definition Patch Independent
. Haz Element Zize

(=] (=] [=]
(=] (3] w
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25.0mm [T TN I x5 ze Lini 12.0mm

53.6

w31 o Y 5 AR A it 845 A9 T R 2 rad, HeAb B B $ 4
BB, i Uits| e [V A T R A

G | St - M [ 53.7
53.6 ““Details of* Patch Independent Method *-Method”

o BEEDMriisix. mFnsRBI0EE, TBOEATHMLL.

Fatch Conformine BRs N AR P R T SR A s N - [ O N v/ BN BN N B
HATRI D, R, AaFET TR LG @mEAR, QAR E LMK R
E% (A 53.8a), & TIHARF R M E 6 JUMTIK,

o ERRIUhd R £ X 5 W AR AR KB IUATARGIR . &, 48

Bt AT R 5, EE R T AR E RAR G e 0 JUAT AR JUATAR L o PR A% & A& 32 5

F R E T RAAR B, BPALRR A NS T A AR LTI A B e m T, do

MR

B 5.3.8b Ff =,

Details of “Fatch Independent” - Method
[+]| Scope
[H|Definition
Suppressed No
Method
Algoritha
Element Midside Nodes Use Global Setting
[-]| Advanced
Defined Er -)ta: Element Size
Max Element Size |25 =
Feature Angle [30.0 "

Mash Based Defeaturing

Curvature and Proximitr Refinement |Yes

Min Size Limit 12. ma

Wum Cells Across Gap ‘De:‘a:'.‘.

Curvature Nermal Angle k:e:‘a:'.-.
Smcoth Transition ‘:f:‘
Growth Fate k:cﬂ:'.-.
Minizuz Edge Length [1z.095 =
Write ICEM CFD Files [¥e

LR . 7 . 4% A % K $ R # P AS AT A, S A 35 AE 49
W ¥:= Element Size i$#gq:§ﬁ\}\ﬁk$7t&ﬂ—,fﬁo
Y fpprozx number of Elements per Part iil)ﬁ: ;FE‘;}% g/a\/ri é’]-ﬁ:—‘/l\}L’fFIﬁ\zﬁ:M\ é/] :‘é:$7t
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Zﬂ]—i*%]éj\m *5, ll'bﬂﬁ-/é‘ . Approz ramber of Elements per Part ]j—_ig‘a‘;gqg%_q\ /é‘éﬁ$7téio

a ““Patch Conforming”” b ““Patch Independent””
5.3.8

’ Write ICEM CFD Filex ‘F;}iﬁdi }ﬂ ‘T‘éz%’] ICEM CFD i{%iﬁxo

o ERluion: st+bizitsh, RAMICEM CFD 4.
o EEliion: iz, 4 & ICEM CFD L 1F,
o RRESRRE . A F i, R EZXF N4 R ICEM CFD XL fF.
o EEEN:on: sz, mA#as o XA K ICEM CFD X4,

3. NHEEMIEXI4 ( Hex Dominant )

€24 01 _f@ij S B Cpen.

““D:\ansc17.0\work\ch05.03\hex-dominant.wbpj >~
ANSYS
€2 02 ““Outline”” 1
- i [N ““Details of © Automatic Method * -Method””

ADD1F I
04 Method Hex Dominant

03

Geometry

60

5.3.9
& 05 +/ Update -/ 53.10
5.3.9 ““Details of Hex Dominant Method *—Method””

o EEEEEERR 0. ATaslahaRBELER, 18044 THMT.
o ERUEN: . v, A EOREEALETAR AN,
o BN sr. it f, Ao ERBELREEAK,
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minant Met

[=|5cope
Seoping Method Geometrr Selection
Geometry 1 Bodr

[l Definitiom
Suppreszed Ho
Element Midzide Hodes |Uze Global Setting
Free Face Mesh Trpe Quad/Tri
Control Meszages Ho

5.3.9 ““Details of © Hex Dominant Method * ~-Method”~

4. A% ( Sweep)

:

““D:\ansc17.0\work\ch05.03\sweep.wbpj”~

““Outline””

mSwup Method

5.3.11

172 > » »

53.12

““Details of © Automatic Method * -Method””

= Method
Scope
Scoping Method -Geo:e:rr Selection
Cecmetry | 1 Bodr
Definition '
Suppressed |5
Methed hS*th

Element Midside .\‘-:r-ﬁflh
Sre/Treg Selection
Source

Target

Troe
Sweep Num Divs
Sweep Bias Trpe

Element Opticn

Use Global Setting

Manual Source and Target

Divisions

[solid

““Details of © Sweep Method ™ ~Method””



% 5 & M B

5.3.13

53.13

5.3.12 ““Details of © Sweep Method ™ -Method””

EOITRBOIEN 1 15 5| & A TR BB @A B AR@ a9k X, T2 TIL,

iutons i< B R I I R R O R oL =T

ML . P AR, FEFHARAE, A4 HDARA G,

Marual Source and Tarcet Bk UNNETRCR  SL A E g O SRR

LLof: PR, AselEELaRAE.

SN 7. b s, FaeagdsaiRkg,

o EEEREENNE sk 5xmhRENS TR QAR —4, RHERA T4
Ao AL LR, hamhRgs LY 37— DR, Tols4xH
ME AR,

o BEBrisa mrismsmuy X, 1E208ATHEMF K.

o LELEANILE J: PR, @I XFEART WAEAT@EL, i FH
anent 3izc POEE A PNE I
o LELSESRINNNE o7 : kP ® R, A AFEAEHT AT @, b
et Ml 525 un Div: EQPIF NG O

5. %idi% ( MultiZone )

2l M . S Cpen...

““ D:\ansc17.0\work\ch05.03\multizone.wbpj >
ANSYS
““Outline A
—p IR ““Details of © Automatic Method * -Method””

gz 03 Geometry hpplr I
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(€2 04

€2 05

53.14

*

5.3.2

53.14

'-} lpdate

Details of "MultiZene” - Method

[=]| Scope

-

Scoping Methed

Geometry Selection

Geometry 1 Bodr
[g|Definition

Suppressed Ne

Method MultiZone

Mapped Mesh Type Hexa

Free Mesh Trpe

Not Allowed

Element Midside Nodes

Use Globzl Setting

Sre/Trg Selection

Automatic

5.3.14

Source Program Controlled
[-]| Adwvanced

Mesh Based Defesturing |Off

Minimum Edge Length 20. mm

Write ICEM CFD Files No

Mapped Mesh Trroe

® Heza/FPrism

““Details of © MultiZone * ~-Method””

BLl T35k A FKE B RAEEE,
EXEEE . 5n. o isiaW, 248958,

BENion izt A, A XMALE A mEARBER,
M 1 7R ;A P IZLETR, TANAAEEUSEARA L FEA,

. 7 o R, R FAERR AN B ARNBEFEE

““Outline””

174 » > b

5.3.16

““Details of © MultiZone * -Method””
Fiaglk: ATk Eost Mg LA,
o ERuim: biza R, A ERASTIK,
MR kT IRRT, WA EE AN @R,
o EENusn. iz, medtEA HMHA.

Free Mesh

R AN T RA,

_;% Mesh

““Details of © Edge Sizing * - Sizing””

5.3.15

FRQIBEATIUARLA,
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[=]| Scope
Scoping Method |Geometyr Selection
Geometry 1 Edge
| Definition
Suppressed Hao
Element Size LW
Element Size |Default Humber of Divizions
Behavier Soft Sphere of Influence
Biaz Trpe Ho Bias

5.3.16 ““Details of © Edge Sizing * —Sizing”~

1. BEBR~T#=4] ( Element Size )

5.3.17

““D:\ansc17.0\work\ch05.03\element-size.wbpj *”
ANSYS

;Ii;;;ﬁh
T
,ﬁi‘?ﬂﬂﬁ
"L‘i_’-'u
Lo\ A
a1
EL{E"
Ea‘:-\y’a_.:i_’
ST
7S5

5.3.17

““Outline”” ] [1=sh
““Details of = Face Sizing ~ - Sizing””

5.3.18 Feomet ¥y

.El-'-_rn-'-_nt Size 3.0mm

*/ Update -/ [ 53.17b
5.3.19 ““Details of © Face Sizing ~ -Sizing””
bl T 115 £ A TIREMAEBMATA, TROEUTHAANLRA,
o Bllliisn: it init R, HAHKETORIEHNAREL.
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o ERWiion. it , WAWEEROWEMITITHABL.

Details of “Face Sizing” - Sizing

=]| Seope

Scoping Method |Geometry Selection

Gecmetry 3 Faces
| Definition
Suppressed No
Trpe Element Size

Element Size |3. =m

Behavior Soft

53.18 5.3.19 ““Details of “ Face Sizing 7 -Sizing”~

2. NaEki=#l ( Sphere of Influence )

5.3.20

il 52

a b
5.3.20
gz:{ 01 Open, ..
““D:\ansc17.0\work\ch05.03\sphere-influence.wbpj~
ANSYS

““Outline”” -/ (S
““Details of © Body Sizing ~ - Sizing”~
Feometry ApDlF I
Sphere of Influence

. Sphere Radius 30.0mm

W Element Size

176 » > »

3.0mm 5.3.22

07 '-j Update ,/% Mesh 5.3.20b



5.3.21

3. WFSEAET

“D:\ansc17.0\work\ch05.03\number-of-divisions.wbpj”

ANSYS

Scope
Scoping Methed |Gecmetrr Selection

Geometry 1 Bedr
=l Definition
Suppressed Ne
Trpe Sphere of Influence

Sphere Center Flaned
Sphere Radius |30. ==
Element Size (3. mm

5.3.22 “*Details of © Body Sizing * —Sizing”~

53.23

File N Open.

5.3.24

5.3.23

““Outline”” i
““Details of © Edge Sizing ~ - Sizing””

53.24 Geonatrr |

Humber of Dirvisions

W fumber of Divizions

[<]| Scope

Scoping Method Geometry Selection
Gecmetry 4 Edges
[=]| Definition
Suppressed Ne
Trpe Number of Divisions

Nuzber of Divisions |25
Behavior Hard
Bias Trpe No Bias

5.3.25 ““Details of © Edge Sizing  —Sizing””
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Eehavior m 5.3.25

gt | -/ 5.3.23b

5.3.3

<<Outline”” 120 [

5.3.26 ““Details of* Contact Sizing -Contact Sizing””

Details of “Contact Sizing” - Contact Sizing 0
=] Scope

Contact Region Home

=] Definitiom

Suppressed Ho
Falewance
Element Size

Element Size Please Define

5.3.26 ““Details of © Contact Sizing ” — Contact Sizing”

CTIESET . A ’..:?4‘3"4
LR, ] AN Y, v
VAva =
a b
5.3.27
““D:\ansc17.0\
. Mesh v 4 ANSYS

o] 1=
““Details of © Contact Sizing ~ - Sizing””
€221 03 m Contact Region

. Element Size

Contact Kegion

€21 06 ~ ) Update

5.3.27b
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;;]_ﬁ ;}%@KT‘_;}E%’]%@ Eij Kelevance Hd- , E . Relevance iﬁ;’:g—* _L)gj—l"v" ,;g] *Z\
LRV a8
5.34
1~3 ~
““Outline”” i [
— 5.3.28 ““Details of“ Refinement ”-Refinement””
Scoping Method |GCeometry Selection
Geometry Apply Cancel
=l Defini tion
Suppressed Ho
Refinement 1
5.3.28 ““Details of © Refinement ~ -Refinement””
5.3.29
& o1 e | ey [

““D:\ansc17.0\work\ch05.03\refinement.wbpj”~
ANSYS
““Outline”” -/
I — A

““Details of © Refinement * -Refinement””

5.3.30 Feometry

5.3.29 5.3.30

4 4 < 179
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gz 04 M Eefinement 3
/tpdate | - 5.3.29b

“*Outline™” e [

gl | o= Neshins 5.3.31 ““Details of © Face Meshing - Mapped Face
Meshing”?
Details of “Face Mezhing” - Mapped Face Meshing
[-]| Scope
Scoping Methed Geometry Selection
No Selection
[-]| Definition
Suppressed No
Mapped Mesh Yes
Method Quadrilsterals
Internal Number of Divisions |Default
Constrain Boundary No
5.3.31 ““Details of © Face Meshing ™ — Mapped Face Meshing”~
5.3.31 ““Details of © Face Meshing ~ - Mapped Face Meshing”~

o EEENvtisiz mEARER (AFAK).

Ehtttiiad T A WL, ARAZKESZWAN, LBV A HILAR.
o RELCULORISINNN G . SV IZAR, RARVALSZ AT IEAL.
& 4 BRRELY v S kg @ e (LR EARGIEZ R K] ), “Details of ‘Face Meshing’

- Mapped Face Meshing” *f#EAEF ¥ A B AE 5332 AR, L+ ad

Specified End=s E‘/l\liljﬁ\o

Specified Sides Specified Corrners

[E| Scope

Scoping Method Geometry Selecticn
Apply Cancel

[ Definition

Suppressed No

Mspped Mesh Yes

Constrain Boundarr |No
[E|Advanced

Specified Sides No Selection

Specified Corners |No Selecticn

Specified Ends No Selection

5.3.32 ““Advanced””
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Y Specified Sides

R AR LB E (side vertex ), H 457 69,5 5@ L A3
FTEAOTEEXAA —F%, B 5333 7%,

Y Specified Corners N

%R B R45 5% A TRE (corner vertex ), H48E 69 & 5l T
Vq%ﬁ%‘ﬁ‘éﬁiﬁﬁ\ﬁé&ﬁﬁjﬁ%%’ 4o B 5.3.33b T,

o EEERSLREES 5 . H k45 5% TR 5 (end vertex ), Hi5 28 s 5T AT
ST RERRGE, WA 53.33c Frw.

side vertex end vertex

corner vertex

a side vertex b

corner vertex c end vertex
5.3.33
43.1
#®431 HBEM

end vertex 0 0°=~135<
side vertex 1 136 <=~224<
corner vertex 2 225<~314<

5.3.34
gz 01
““D:\ansc17.0\work\ch05.03\mapped-face-meshing.wbpj”~ B resh 7 4
ANSYS

5.3.34



ANSYSWorkbench 17.0 ## st s & il & P P P

““Outline” 2
m—p- G| [HEREY ““Details of © Automatic Method * -Method””

S¥e/Treg Selection

5335 Free Face Mesh Trpe
-/ Update -/ 53.36

Mamual Scurce and Target 5.3.35

53.35 5.3.36

| ““Outline”” e —-
““Details of “ Mapped Face Meshing - Mapped Face Meshing”?

2 5.3.37 _dwzly |

3 side vertex [specified Sides] 5.3.38

Specified Ends 5.3.39

.- 5.3.34b

5.3.37 5.3.38 side vertex 5.3.39 end vertex
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<<Qutline”” et

il Dol 5.3.40 ““Details of Match Control 7- Match Control””

5.3.41

Details of "Match Comtrol” = Match Comtrel a

=||Scope
High Geometrr Selection |No Selection
Low Geometry Selection (Mo Selection

]| Definition
Suppressed IlTa
Transformation iCrc].ic
hzis of Fotation [N’am
Control Messages | o ‘

5.3.40 ““Details of “ Match Control ¥ — Match Control””
01 File S Open..
““D:\ansc17.0\work\ch05.03\match-control.wbpj”~

:

ANSYS
€2 02 “Outline™” =

““Details of © Match Control * - Match control””

High Geometry Selection EEEh bommatsy Seloctiem
53.42 1 _doply_ |

€21 04 Low Geometry Selection Loy beemaisy Sallaeticn
53.42 2 _boplr_ |

€221 05 Azis of Rotation Coordinate Srstem

BLAL ARG AT A R G ) 25N A AR A A A E S,

+/ Update Qs csh 5.3.41

““Qutline”” % [
Ins-‘-_rt i —) %l 5.3.43 ““Details of “ Pinch * - Pinch”~
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Details of “Finch” - Finch

[=l| Scope
2 Master Geometry Ho Selection

Slave Geometry Ho Selection

| Defini tiom
Suppressed Ho
Tolerance Flease Define
Scope Method Manual
Finch Behavior Fre

5.3.42 5.3.43 ““Details of “ Pinch * - Pinch””

5.3.43 ““Details of © Pinch * - Pinch””
Faster Coonet s RPN LA WA

5.3.44
01 Fiz | weep [N
““D:\ansc17.0\work\ch05.03\pinch.wbpj >~ ANSYS

02 “<Outline”” /i Mesh
— %l ““Details of © Pinch * - Pinch””
Master Geometry Yaster Geonetsr] 5.3.45
1 Apply |

04 Slave Geometry Slave Geometry 5345
2 Apply I
05 Tolerance 1.0mm

06 +/ Update -/ 5.3.44b

.
l
I .

5.3.45

1
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“*Outline”” & [
—p | Y 5.3.46 ““Details of = Inflation ~ -Inflation””
Details of "Inflation” Inflation
[=]| Scope
Scoping Method Geometrr Selection
Ho Selection
[=l|Befinition
Suppressed Ho
Boundarr Scoping Hethod |Geometrr Selection
Boundarr Ho Selection
Inflation Option Smooth Transition
Transition Ratio Default (0, 272)
Hazimum Layers 5
Growth Fate 1.2
Inflation Algorithm Pre
5.3.46 ““Details of “ Inflation ” —Inflation””
ST
K
5.3.47
€21 01
cc . . . = . Mesh \/ A
D:\ansc17.0\work\ch05.03\inflation.wbpj ANSYS
€2 02

““Outline”” /%0 Mesh

Insert * A Inflation
—

““Details of “ Inflation * -Inflation””

Geometry

ApDply I

EBoundary

5.3.48 _doply |
& o5

5.3.48

4 4« 18
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W Mazimum Layers 5

 pdate -/ 5.347b

5.4

-/ Mesh 5.4.1 ““Details of © Mesh =~

542

““D:\ansc17.0\work\ch05.04\mesh-metric.wbpj~”

Details of “Mesh”

| Defaults
Phrsics Preference Mechanical
Felevance 100
#|SizinE
#| Inflation
[=]| Patech Conforming Options
Triangle Surface Mesher |Frogram Contrelled
[+]| Advanced
[+| Defeaturing
| Statistics
Nodes 4B4TE
Elgments 12737
MEZE:EM Suslity
Min 4.39522222651068E-02
Max - 99997303210746
Average . T61403246324333 Parallel Deviation |
Standard Deviaticn . 2a2173644425304

5.4.1 ““Details of © Mesh ™~

Mezh Metrics

Controls I

|—.—Tet10 . Hiez 20 —e. W2 d15 J——

Elements

4950, 00

% 2000, 00

f 0.00
0.04 0.13 0.25 0.38 0. 50 0.63 0.75 0.88 1.00

Element Metrics

Numbe

54.2
542
& —o—Tetl0 B £7 10 £ AT LW EARET, LEBET A EREHEKRE,

186 » P> b



PIVIPI N

EBFR BT GE@RET, 4o 543 i .
¢ —e—EEOE G FR 20 $AT A ADEEL, $EE R REGERE,
EBHRLFHA ) NBREL, w8 544 P17,

________________

----------

o n i B i
._“@a"(jsl‘ "‘ :-? ....... irt::' i
== oy

543

544

¢ VedlSE ;R 1S BT RSREET, EEBATHARENERE, £
B R B QRAELE T, Wl 545 FiF.

-------

& —o—TImLIEG]: k5 13 ST SR, Bk B AP AR E IR,
ERYELFHA QERAELL, 0B 54.6 FF.

&
5
'y

= o P . U8 !
L : "‘ oi‘ T - :
$ a2, = | ~
':‘ o8 A=)
. |
54.6

& BS540 5K BREBRETBA (—) PHRARETEGEEELINGEEL
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ZIA 54.1.

#5410 HEREPSENNHRE
Value of Skewness
1 degenerate
0.9~1 bad sliver
0.75~0.9 poor
0.5~0.75 fair
0.25~0.5 good
0~0.25 excellent
0 equilateral

& AGtAARHEE COls | iw b 547 FrasyatisdE, EiRAEREY T

VAR et B R A R AT

ANSYS Workbench

(x)

Y-Axis Option:

II'Iumber of Elements j

Mumber of Bars:lID Update Y-dxis |

Range

Min

Max

X-Axis 0. 043052

|n. 03998

Reset |

Y-fods |0

W Tetio [ Tet4
¥ Hex20 [ Hexs
W wed15 [T Weds
W Pyr1i3 [T Pyrs

54.7

[4950 Reset |

™ quads ™ Quad4

[T Trie 7 Tri3

Select 411 |

¢ #U/fiE# % (Element Quality ). X2 —FrbEG@ A MR R ERE LN, | ATT
2T HFRREFH; 0 KT 0 HRBRKFARR,
& APt (Aspect Ratio ). ##FMat /G, B AEGEATITHE 548 Frrtied R

“itBEE (=),
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Mezh Metries

Controls |

[—e—Tet10

R ) JR—— T . P71 13

8237, 00

f Elements

5000, 00 |
© 2800. 00

40,00 80.00 120,00 160. 00 200,00 232,21 |

Element Metrics =l

5.4.8

® Wl 549, AATFZAKMARI, ENHFIB, 4 Aspect Ratio /L% 1
B, ZAMAFA=ZAT, LI X0 RNER TR,

A B
1 20

549 Aspect Ratio

® 4wl 541087, A TwWHAHMMBEB, #HENH B, B Aspect Ratio /EH
10, WK AEFK, S X469 NA& 2 k4.

1 20
5.4.10 Aspect Ratio

& FEHF (Jacobian Ratio), HEF b FiE MM, —BA TFTRERH F 7 56951,

PR,

Mezh Metrics

Controls |

HEAZGHEFITAE 5411 FirthbE e R 5%t £ (=),

[—s—TetlD

JRE— ] JR—— . P71 13

5. 00 .50 10,00 12,560 15, 00 17. 6 20.62 ||
Element Metrics =l

54.11
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@ NF=ZAWMEL, BAZAMK TR EHME=ZAHLGFEE, Lkt
Jacobian Ratio 4 1, B 5.4.12 P49 Jacobian Ratio 4 1. 30. 1000 B & =
RATE -

/N AN A

1000

5.4.12 Jacobian Ratio
® N FTHEM—NEHEARPFTWABEL, FERAFLAFTHT S
Jacobian Ratio #f 4 1, B 5.4.13 PF = &9 % Jacobian Ratio 4 1. 30. 100 B &)

wH R (—).

54.13 Jacobian Ratio
® GbUS % R v9 A F LRI F LAY Jacobian Ratio A 1, & ARIEFTA 69 4 AT 47
RAETHA L PR F 2L TANAELGFELE. B 5414 Frae)2
Jacobian Ratio # 1. 30. 1000 B 44w ia H M 4& (=), sw@idH WA A
A% Jacobian Ratio 4 1 975 &4k 4,

I

1 1000

5.4.14 Jacobian Ratio
& A EF (Warping Factor ). Warping Factor /| T3P4& R+ Fwia # w80, wA WA
@ R E AR R AR FTHEA)F, Haad AR LA 712 T it
THET, FEHN Y. AFRKTE, AEEAETITHE 5415 it T L RA
HHEA (1),
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® [ 54.16FTHA_HwWiAR 5 E L) Warping Factor & #7348 Ao 49 P 4& 2
B, AE T 4 Warping Factor & 0.0 ¥ X £ 5.0 091342 5 M 4848 sh A2 B A%,

iE,

Mesh Metrics

Controls |

|—.—Hex20 JE—— J——

lements

8 2400. 00
= 16800, 00
% |
S 200, 00

M
_g 0,00 —

s 0,00 0,08 0,10 0.18 0,20 0. 28 0,30 0.33
=

Element Metrics =l

5.4.15

0 0.01
0.1 1.0

5.4.16 Warping Factor
® Exf = 43k ¥ 5049 Warping Factor &k, & %% 6 4~ & #9 Warping Factor # 47
phax, dIREF R RMAEAHABE R T, wwH 54.17 FF &,

@@@

5.4.17 Warping Factor

5.0

& P47k~ (Parallel Deviation). i#@itxtih k&9 EMRBATIHE, FHRE P ey45ad
KB &AL A; £ Parallel Deviation % 0 F&F, KA L-F4T, BB RE, £
TEAFITFE 5418 Fraeib 4 REHTEA (L),
® A 5.4.19 Ff 7~ A Parallel Deviation {A A\ 0~170 BF 4§ — 4 v A B £ 0 T
& R K#7T A (Maximum Corner Angle). T HERXAE, AT ZAKMmE, 60° &iF
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BAED =/, stFTwaHms, 90° JIFEA4EN, Wl 5420 Fir. difikit
M, HEAZEEPITFE 5421 Frrtied L2584 (55).

Mezh Metrics

Controls | Il
]
E |—.—Hex20 el W d15 J——
o
S 3128, 00
-
= 2000, 00
% |
© 1000, 00
H -
_g Q.00
s 0,12 25, 00 B0, 00 Th. 00 100, Q0 117. 27 =
= Element Metrics -
5.4.18
0 70 100
150 170

5.4.19 Parallel Deviation

LN
<

140 180

5.4.20 Maximum Corner Angle
& {R/E (Skewness). EAMBREEN T 27 EX—, RBFRATE, AT
FFH 5422 Frreithe s Rt B A (L),
€& EXS/ (Orthogonal Quality ). XZ MR EMEN EEFHZ—, AT 0F 1
Z 0, 0RE, | k4. ®FATE, AE L FITHE 5423 Frreibdsd Rt
BA& (AN\),
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Mezh Metries

Controls |

|—.—Tet10 el Hee 200 JE—— J—— S

ents

B 2249, 00
2
= 1600, 00

Lo
© 800, 00

El:i'OOO
a0

2

64.83 TH.0D 100, 00 125,00 150, 00 172, 30 .
Element Metrics =l

5.4.21

Mesh Metries

Controls |

|—.—Tet10 PR ) el W d15 p—— S

=ona
o
=
ra
=]
=3

f=]
f=l
L=l

0.00 0.13 0.25 0. 38 0. 50 0.83 0.75 0.88 100 |

Number of Elements

Element Metrics =

Mesh Metrics

Controls | Il
7]
E |—I—Tet10 e Hiz2 20 e Wi 15 el Py 13
1]
S a715.00
=
. 4000, 00
© 2000.00
H
-g Q.00
s 0,06 (.13 (.25 0. 38 0. 60 .63 0,75 (.88 1.00 | ]
= Element Metrics =l

5.4.23

5.5

AR R AT 5.5.1 BT e s BAF AT AR o, BT MAER S, 133 reiomd 6g
A& T, RIGAEF 48 MARFEH T B RAR#IT— 2 6g ik, |1 B3z d 7 x5 Mg
R BIE T MmN @IRMAAET, 4B 552 B, FTEEARNEZERNEX T4,
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—

5.5.1
““Mesh™”
E Component Systems ﬁ Mesh
02 ““Mesh””
Impott Geometty b el m Browse. ..

shaft-mesh.stp”~
ANSYS

ANSYS
“<Outline”
j rate Mesh
€ 05 ““Outline””

of “ Mesh ™~

rance Center Medium

'-_}’ Update

5.55

Method

194 » > b

ANSYS Workbench

552

““Mesh””

@ Geometry 2 /

““D \anscl7.0\work\ch05.05\
ANSY'S Workbench ““Mesh””
;% Mesh
553
-/ Mesh 554 ““Details
100 B
2.0mm

Defaults

Fhrsics Prefersnce Mechanical

Felevance

Bizing

Use Adwanced Size Function

Element Size

Initial Size Seed Active Assembly
Smoothing Medium
Transziticn Fast

Span Angle Center Coarse

Minimum Edge Length 1.97820 mm

Inflation

Patch Conforming Options

Triangle Surface Mesher Program Controlled
Advanced

Defeaturing

Statisties

5.54 ““Details of ‘Mesh’””

ﬁ.\lﬂesh Control =
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““Details of © Automatic Method * —Method””
Hexr Dominant 556 '.}: Update

. 557

555

[=]| Scope
Scoping Method Feometry Selection
Geometry 1 Bodr

[E|Definition
Suppreszsed Ho

Hez Dominant -
Element Midside Hodes Use Flobal Setting
Free Face Mesh Trpe Ruad/Tri
Control Messages Ho
5.5.6 ““Details of ©“ Hex Dominant Method  —Method”” 5.5.7 Method

5.6

KRB 5.6.1 B #) R T AT AR, Bt M AT A B d b, RE DAL
P A 5 R He i ] T BLad AR AT B 34 e, BAIRENE 562 FimayMAERI 4 R, Tk
RSB R ARl it A2,

5.6.1
““Mesh”” ANSYS Workbench
E Camponent Systems @@ Mesh “<Mesh””
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“Mesh®? [® ceonatry = ]

MpErEGEonEty [N mp ] BrORSE << Dr\anscl7.0\work\ch05.06\
support-mesh.stp”?
ANSYS ““Mesh”” [@ v 7
ANSYS
““QOutline”” < i lpdate

5.6.3

““Outline”” -/ Mesh ““Details of* Mesh ™~

Coarse | pdate | 564

£
s
e

o

Lo .

e Lo R
A A P e

e ey -WG.A\»

5.6.4

““Outline”” -/ Mesh

m.‘h!esh Contral -

““Details of © Refinement ™~Refinement””

565 — Geonatrr |

iy
AV

Refinement 06 5.6.7

1 5.6.8

196 » > b



444%5‘%‘ M #-%| o~

HAK
R

VAN

s

yavr)

o
]

Refinement

5.6.8

5.6.7

197

4 4 <



ANSYS Workbench

6.1

ANSYS Workbench

Tools —

6.1.1 ““Options””

@ Common Settings Analysis Settings and Solutien

[+ DesignModeler

ol Aqwa 5| Solver Controls =
=g fechanieal m Program Conireiled -
@ Connections Use Weak Springs Off
@ Convergence Solver Pivot Checking Program Controlled
@ Import = Solver Controls (Eigenvalue Buckling)
@ Exp.ort Include Negative Load Multiplier |PrG£ra.:| Controlled
@ Fatigue = Output Controls (Statie and Transient)
@ Frequency
@ Gaometry Stress Yes (I
@ Graphies Strain Yes
@ Mizcellaneous Nodal Forces No
@ Report Contact Miscellansous No
s Analysis Settings and General Miscellaneous No
@ Rl‘":‘lfsl Calculate Reactions Yes
@ v’.'“lbl'lny [calculate Therzal Flux Yes
o o Yizerd = Output Contrels (Modal)
[*] Meshing i
¥ 3 FE Modeler | Strass e

‘l I L] IS‘.:'r.n Ne ;I

Reset | (1):4 I Cancel Help |

6.1.1 ““Options””

““Options ”~

Solwer Trpe

6.1.2 ““Solve Process

Settings”” _Advanced. .. | 6.1.3 ““Advanced Properties””
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My Computer Add Local |

My Computer, Background

Add Remote |

Advanced. . . |

Delete I 0K I Cancel I

6.1.2 ““Solve Process Settings””

" pistribute Sclution (if possible)
U'se GPU accelerstion (if possible) INDFIE vI
Max number of utilized processors: IZ

™ Manusiir specifr Mechanicsl AFDL solver memory settings

Additional Command Line Arguments:

CE Cancel

6.1.3 ““Advanced Properties””
6.2

Mechanical

Mechanical
“<Qutline”” /|| Solution (A6) 6.2.1

““Solution””

Solution ﬁd Deformation - 'ﬁEStrain - 'ﬁUStress - ﬁEEnergy - | ﬁiﬁLinearized Stresz v

L Qﬁl?robe - Tools - | m!User Defined Result | EC&mphell [T agram | ﬁaeCl:u:url:linatz:_- Systems =

6.2.1 ““Solution””
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<<Qolution™” @EEUser Defined Result | 6.2.2 <<Details of ‘User
Defined Result’””
““QOutline”” -3 Solution (A6}

6.2.3

Scoping Method Geometry Selection
Geometry All Bodies
[H|Definition
Trpe User Defined Result
Expression =
Input Unit System Metric (mm, ke N 5 =V, =A)
Cutput Unit Stress Tool J S I
Er Time Deformation L
Dizplar Tims Last Strain b
Coordinate System Global Coordinate Svstem
Stress )3 I
Calculate Time Historry |Yes Al
Tdentifier Enerzr
Suppressed Yo Linearized Stress L
| Integration Point Results Fatigue b
Display COption Aversged
Average Across Bodies |No Contact Tool | 35
it 1t
= ESt_I _S Bolt Tacl L3
Minimum
Max imum Frobe |5
[=]| Information
Tims Coordinate Systems |25 I
Load Step L @En User Defined Result
Substep 1]
Iteraticn Number o & Commands
6.2.2  ““Details of “ User Defined Result ™~ 6.2.3
cc T Solution Information ce 1 ¢ i
Outline W] 5clution 6.2.4 Details of ‘Solution
Information’”?
6.2.5
<<D: \ansc17.0\work\ch06.02\solution.wbpj >~
““Mechanical”” ““Static Structural”” B vodel
““Mechanical””
““Outline”” /%] Solution (A6)
Inzert 2 @ —) Equif.':al»‘-_nt (won—Mises) <<QOutline’”

-/|68| Solution (AB)
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€24 04 <<Outline”” ~{ég1] Solution (AB)

—) formation * b <<Outline””

-/dp] Solution (A6}

| Solution Information

Sclution Cutput Solver Output
Newton—FRaphson Residuals 0
Identify Element Viclatiens (O
Update Interwval 2.3 s
Displar Points All
[F|FE Connection WVisibilits
Activate Visibility Yes
Displar 411 FE Connectors

Draw Connections Attached Te [All Nedes

Line Coler Connecticn Type
Visible on Results Ko
Line Thickness Single
Displar Trpe Lines
6.2.4 ““Details of “ Solution Information =~ 6.2.5
6.2.7 ““ANSYS Workbench Solution Status””
Outline o
Project

Bl [ Model (A4)

A Geometry

-‘/;!‘\ Coordinate Systems

AL Mesh

,/E| Static Structural (AS)
: {:\ Analysis Settings Owerall Progress. ..

Jﬁ?, Fixed Suppert ]
..ﬁ( EDI’CE 2 Preparing the mathematical model. ..

e ]
ﬁ Force 3

..... /- Solution (A6) Interrupt Seluticn |
.;m Solution Information

Stop Sclution |

6.2.6 6.2.7 ““ANSYS Workbench Solution Status”

— R R, FG RN, AT UTARSAT M A X 4 CRA X5 R
T ), RESTEASHPAARITRBTE, IHEFEALT, 24adhid
B 6.2.8 P74 “ANSYS Workbench Mesh Status” *+£4E, 27 £ 24 WARX| 5t F2.,

gz:d 06

1 ““Qutline”” - M Equivalent Stress 6.2.9
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0.022246 MPa

AHETSE Workbench Mesh Statuz

100.12 MPa

Generating mesh for Hanger..

]

Preparing to model boundary for part

]

Stop |

6.2.8

2 ““Outline””

6.2.10

kI Static Structural
Equiwalent Stress

Type: Equiwalent (won—Mizes) Stress
Tnit: WFa
Time: 1
2014/6/3 9:53

100,12 Nax
85,999

77877

BE&. TS5

55 B33

44 511

33,389

22 266

11.144
0.022246 Hin

6.2.9

6.3

ANSY'S Workbench

6.3.1

|68 Solution (A6)

““Outline””

““Result””

1. GERRLLB

202 > > »

““ANSYS Workbench Mesh Status””

- M Total Deformation

0.23458 mm

k. Static Structural
Total Deformation

Type: Total Deformation
Tnit: mm

Time: 1

2014/6/3 9:55

0.23458 Nax
0. 20852
0. 13245
0. 15639
0. 13032
1}
0
0
1}

10426
078195
05213
. 026065
0 Hin

6.2.10

6.3.1

“I(esult” 47 lAute Secale) -

6.3.2
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|§ Contour Bands

B Iszolines
[] selid Fill
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ﬁ No WireFrame

ﬁ Show Tndeformed WireFrame
ﬁ Show Tndeformed Model

B Show Elements

JResult |43 (huto Scalel T

0.0 Undeformed)
1.0 (True Scale)
22 (0. 5x #dutol

BB (Zx Auto)
2. 24002 (S Auto)

. - E -
’lEx‘ter

B IsoSurfaces

ﬁ Capped Iso3urfaces

m slipe Blates

M~ 3|

[2z:Frobe

ior

6.3.1

a 1.0 True Scale

6.3.2

2. EE/LMERES

b 47 Auto Scale

Exterior

“Result”

¢

¢ 23et+002 5x Auto

““Result””

Slice Flanes

a Exterior

6.3.3

6.3.3

N
! ) 3!
l!“ ..l
\

b IsoSurfaces
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““Result”” RN ] c oo e T=cSurfaces 634

““Capped Isosurface”

6.3.5
<<Result”” B~ — @ 3lice Flanes
JCapped Izozurface E% EE Ei | = 0. 203
6.3.4 “Capped Isosurfaces”
Iy ]
X |
a Top Capped IsoSurface b IsoSurface ¢ Bottom Capped IsoSurface

6.3.5

3. ZEETRENES

““Result””

a- 63.6

a  Smooth Contours b Contour Bands ¢ Isolines d Solid Fill

6.3.6
4. HEIREIES

““Result”” ﬂ

6.3.7
5. XERRERES,
““Result”” 5 6.3.8 ““Vector Display”~
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a No WireFrame b Show Undeformed WireFrame

¢ Show Underformed Model d Show Elemnets
6.3.7

A
e
kN

J'Lfector I:lispla}.rljj 3 L
6.3.8  “Vector Display”

- [+¢

o
e

““Vector Display”” = =
6.3.9

8

a  Proportional, 5 b Uniform Vectors 5 ¢ Uniform Vectors 7
6.3.9
<< i > i P
Vector Display i il
6.3.10

a Element Aligned b Grid Aligned 40 ¢ Grid Aligned 70
6.3.10
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““Vector Display~”

6. RESHEUERRES .
““Result””

[ErProbe

7. BfIRREE

L 4

6.3.13

b Solid From

Edit
futematic Value

HNamed Legends ————*—

Wertical

Horizontal

Date and Time

Max, Min on Color Bar

Logarithmic Scale
411 Scientific Notation —
Digits b

Independent HBands —————*
Color Scheme —M

Semi transparency

Adjuszt to Wizible —
Rezet 411
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6.3.14
023458 Nax 0.23458 Nax
0.20852 0. 023458
0.18245 0. 0023458
0. 15839 0. 00023456
0.13032 2. 34585
010426 2. 34588
0.078195 2.3458e-T
0.05213 2. 34580
0.026065 2.3455=-9
0 Hin 0 Bin

a b

6.3.14

6.3.15 6.3.16

o

a Rainbow b Reverse Rainbow
6.3.15
a  Grayscale b Reverse Grayscale
6.3.16
6.3.17
A Static Structural A: Static Structural
Total Deformation Total Deformation
Type: Total Deformation Type: Total Deformation
lTnit: mm Unit: mm
Time: 1 Time: 1
2014643 11:46 20144843 11:45
0.23458 Nax 0. 23458 Max
0. 20852 0. 20852
0. 15245 0. 1524%
0. 15639 0. 15639
0. 13032 0. 13032
0. 10426 0. 10426
0.078195 0. 075195
0.05213 0.05213
0. D2E06S 0. 026065
0 Hin 0 Hin
a b
6.3.17

<4 4 < 207



ANSYSWorkbench 17.0 ## st s & i1 & P P »

6.3.18

a None

¢ Bottom

6.3.18

14 =]

0.23458 Max
0. 15639
0.078195

0 Rin

6.3.19

6.3.20 “e 77

6.3.2

208 > b »

b Top

d Top and Bottom

+ B

b

0.23456 Nax
0. 21783
0. 20107
0. 18432
0. 16736
0. 1508
0. 13405
0.11729
0. 10054
0. 08378
0. DBT0Z24
0. 050263
0.033512
0. 016736
0 Hin

Cuztom Colaor. ..

6.3.19
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@ 6.3.22 ““Section Planes””
BE
BEx B):
|l el Il
| _JImashms 8§ |
[ Ay b el ) |
[ il B 0 0 0 § |
C 8 B B B 0 B |
T .
BEXHEC):
emmmmmEE | S
AN (S): [240 (6D [255
BB R D) > | #elgeo  spo:eo Bo:p
W | FMEIGE XS W |

“ ”

0_23458 Nax
0. 20852
0.18245
0.15638

0. 13032

0. 10426
0.073195
0.05213

0. 028065

0 Hin

0_23458 Nax
0. DB3084
0. DBZES1
0.056018
0. 043485
0. 042952
0. 028635
0.014317
0 Hin

6.3.21

Jﬁx >

6.3.22 ““Section Planes””

““Section Planes”” E ﬂ

ﬂ ““Section Planes””

““D: \ansc17.0\work\ch06.03.02\section-planes.wbpj””
““Mechanical”” ““Static Structural””

““Mechanical””

<<Outline” - A Tatal Deformation
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““Section Planes”” ta
6.3.24

6.3.23

6.3.23 6.3.24
€2 06 ““Section Planes”” ““Section Planes””
IE 6.3.24
6.3.25 6.3.26
6.3.27
““Section Planes”” ﬂ

6.3.28

l
---m

6.3.26

6.3.25

6.3.28

6.3.27

HBE T BRI Frtodrss Reh A, LA T Rikth & E, £ “Outline”
Fodird BMEG 5, TAsERBEE F2RE, £5THITET.
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6.4

ANSY'S Workbench
6.4.1
Word  ppt
ﬁ Equivalent Stress v’% Equivalent Stress

<< Outline >” ‘/ﬁ Equivalent Stress

hPrint Previewd 6.4.1 ““Print Preview””
6.4.2 ““Print Preview””
6.4.2 ““Print Preview””

o Bilrygs: mrmasisRBRGEAKE.
o [VIEEEEEEEEREN. . wviues. A—REELALRBH (B
6.4.3a).
o [vENNEDEEEEIER o it pixard, AR RITRBAE, BAR
Fr—HRaELS (B 643b).
PY |T High Rezolution(Memory Intenziwvel 4’7\/?\ A CP 72/?\/7\ , VA ‘% }ﬁ’t,: =B {%i )5&‘§$ z

Ar (B 643c).

o

Equivalent Stress

Subject:

Author:

Prepared For:

Date Thursday, May 22, 2014
Comments:

A: Static Structural

Equivalent Stress

Type: Eguivalent (von-Mises) Stress
Unit: MPa

GeonetrvAPrint PreviewARenort Preview/

6.4.1 ““Print Preview?””
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JPI’iILt Frewiew E - @Print | SEII.d To = @EMall Recipient (A= Attachment). ..

W] Microsoft Yord. ..
Microsoft FPowerFoint. ..

6.4.2 ““Print Preview””

A: Static Structural A: Static Structural

Equivalent Stress Equivalent Stress

Type: Equivalent (van-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa

Tirme: 1 i

Time: 1
20147653 14:29 2014/8/315:31

100.12 Max 100.12 Max
828.9949 88.999
TrarT 77.877
B6.755 66.755
55.633 55.633
44511 44.511
33.3849 33.389
22768 22.266
11.144 11.144
0.022246 Min 0.022246 Min
a Normal Image Resolution b Enhanced Image Resolution

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1
2014/6/3 15:32

100.12 Max
88.999
L TTeTT
. 66.755
55.633
44 511
33.389
22.266
I 11.144
0.022246 Min

¢ High Resolution Memory Intensive

6.4.3

o SEnRaa R MR T AT, b A AT R AR
o eBmdTorcityge. BFREARRESK, QAT
PY @ EMail EKecipient (b= Attachment]. . 4|7\/7\ % q;, 724["\/7\ . AW FER R o XK A2 3R

, YA Word # X A RIRE.
c P Ea A, VA ppt AR A RIRE.
““Print Preview”” £515end To ~| E

Word 6.4.4

ft Word. ..
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'@Ij{ﬁ 1 — Bicrosoft Tord !EB
HEFE EEE HE® A0 HAo TEO FHEW FOW® FEIME  Adobe PIFE)  Acrobat EIEC) x

DEERSRIE-FL A S-c-BpTdR =BT BiEs -f

mﬂl TE0OrA B BT N0 R M VB 1E0 200 z3 a0 028 280 0300 F20 03 1381 135 _j &
- Equivalent Stress oo
- Subject: J D
- Date Thursday, May 22, 2014 |
- Comments: 1
- |
- A: Static Structural
Equivalent Stress 2
- Type: Equivalent (von-Mises) Stress i
b Unit: MPa N
Time: 1 =
- 2014/6/3 15:32 =
Z B A8
. 100.12 Max £ -
- 88.999 @ A -
© 77.877 ®
= o[E =84 | 2 B ]
2H0- k BEERO-\ NOOH WA g EE S-Z-A-=S=g @ @0
1B 1 11 fuf T 5 FEEl BT TR HE mEEE) G 4
6.4.4 Word
6.4.2
Word  ppt
hReport Preview/ 6.4.5 ““Report Preview””
6.4.6 ““Report Preview””

Project

First Saved | Thursday, May 22, 2014
Last Saved|Thursday, May 22, 2014

Product Version 14.0 Release
Save Project Before Solution Mo
Save Project After Solution Mo

GecmetryAPrint PrevievAReport Preview

6.4.5 ““Report Preview””
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“Report Preview”” Send To 7| e Microseft Word. ..
Word 6.4.7

|Report Preview [FiSend Te ¢ | ShFrint *gFublish | AFont Size

@ EMail Recipient (A= Attachment] ..

W Microzaft Word .
Microsoft FowerFoint. ..

6.4.6 ““Report Preview””

E“Report Previewaalﬂ_#éqjiial—é Send To + » Mi-:r-:nsn:-ft PowerPoint. . .
w4, RGAE PPT XM HHRE, 0B 6.4.8 Fir.

t!ﬂlet:]uanit:al_]?.e]mrt — Hicrosoft Tord !E
HHE REEE® WE® BAQ B0 TEO RHEW FOW FEHE)  Adebe PIF(E)  herobat FIF ) x

I SHRGR E-PRIsRAS - BUEEERBSs  Riom i

Project

First Saved | Thursday, May 22, 2014
Last Saved | Thursday, May 22, 2014

Product Version 14.0 Release
Save Project Before Solution Mo
Save Project After Solution MNo
=
— +
\[ °
L\ LB ¥
SIE=EREKD | v
LAL- & gRO- N\ NOOHE 4L @E - Z-A- == @ @O0l
[} il fud iT Bl OFEE BT ¥R 5 ERGEE) OF v
6.4.7 Word
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Elicrosoft PowerPoint - [CERNEE1] !E
] THE HEE MEW Ao o TEO SRR O FO0d) ZEEIH)  Adcke PIFE) x
TN -1 - B 7 U|E]EEAEE we oo B

2 Fanaion
st
- ANSYS Workbench Report
3 Fusritttipn
Project
q Fusridttlpn
5 Flasrediéa g
BEHEMEE Bl
Mz = 4| I [~
eEe-LeEEre- N\ NOOH H4d3 g@ - L-A-==c=adf
DA 1/ s A IHELR 37 GRED @
6.48 PPT
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ANSYS Workbench 17.0

ANSYS Workbench Toolbox

[zl Static Structural <<Static Structural”?

Excel

ANSYS Workbench 17.0
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ANSYS Workbench 17.0

7.2
ANSYS Workbench 17.0
7.2.1
500N
““Static Structural®” ANSYS Workbench Toolbox
Bl Analysis Systems [ Shatic Structural <<Static Structural®?
““Static Structural”” |® Geomety 7 .

““D:\ansc17.0\work\ch(07.02\static-analysis.stp~”

03 ““Mechanical”” ““Static Structural””

““Mechanical””
““Outline””

““Details of < static-analysis ™~

Structural Steel

BHATHEEMPATERY, LPARIAT Z R B M, £ ANSYS
Workbench ¥, TTVAZ “Static Structural” 2 B 7 & & Ak [€ seneemgoats 4] 31
NZHHAREEBRE, RIARKMA B, X THABEASR, KEF2FF L
Wt WA, ERRBEHE,
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gz2:1 05 < ‘Outline, > _;% Mesh
722
““Outline”” % ““Details of “ Mesh ™~

m 100 m Felerance Center
 piste | 723

723
ez 07 <<Outline’” ?[EI Static Structural (A5)
gl x4 Support ““Details of “ Fixed Support ™~

724 Feometry ApDlry I

7.2.4
= & : 9 3& -
Environment ﬁ —) '5"«|M
““Details of “ Force ™~ 7.2.5 EermetHy
Applr I Define Er
B M=gznitude 500

725 Direction Apply I

““Qutline”” /s3] Solution (AG)
R G trecs quiwalent [(won—Mises) ““Details of
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‘Equivalent Stress’””

“<Outline”” /8 Solution (A6)
—p RN — <R ““Details of ‘Total

Deformation’””
1 '-_,; Solve

2 ““QOutline”” ﬁ Tokal Defarmation 72.6
0.01028mm

k. Static Structural
Tatal Deformation

Type: Total Deformation
Tnit: mm
Time: 1

2017/11/2 15:54

. 01028 Max
0091374
00Te956
00658534
LO0STLLZ
00456E3
0034267
0022345
0011422

0.00 100.00 fmm)

Rin |
50.00

== =T = R = R R R R = -

7.2.6

3 ““Outline”” - A Equivalent Stress 727
0.005846 MPa 16.85 MPa

4 4 < 219



ANSYS Workbench 17.0 #&# o4& Nildsd P P P

>3 JEiE

static-analysis ﬁﬁ_ﬁs)l

k- Statie Structural

Equiwalent Stress

Type: Equiwalent (vonMizes) Stress
Tnit: MPa
Time: 1
201711152 15:56

16. 85 Nax

14. 975

13,107

11. 235

9.3637

7.4921

5. BZ05

3.749

1.8774
0.005546 Hin

100, 00 (nm)
S0. 00

7.2.7

7.3

7.3.1

ANSY'S Workbench

1. R

2. ZR|OWM

ANSYS Workbench
ANSYS Workbench 17.0
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7.3.2
7.3.1 3000mm 100mm 60mm 10mm
7.3.2
7.3.1
l 3000N
y 3000 R
73.2
Static Structural ANSYS Workbench Toolbox
B Analvsis Svskems fd Static Structural <<Gtatic Structural””

“<Static Structural”” |® ceomety 2 |

—_ o
““D:\ansc17.0\work\ch07.03\rectangle-beam.stp”” ““Static Structural””

DM Tit: ——p [T
~f Generate 73.1
ADDlrF I _-j’ Fenerate

““ Tree Outline *”

I@] Suppress Body

st - o TR #1747 1 44 B 6 3R A 28 5 JUATARRT 25 5 5 4

M E T, AEH KR e R AN EIEREMN.
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Conecept L M Croz= Section 4

1
““Details View”” WI1=60 W2=100 tl=10 t2=10

3=10 t4=10 734
¥z
L § e—

Rectangular Tube

““Tree Outline””

““Details View?”?”

3 View Crozs Section Solids 735
Workbench ““Static Structural®”
““Mechanical””
“<Outline”” i

[l Element Size 100

““Details View”?”

Generate Mesh

_Hpaste | 73.6

7.3.6
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(11:] <<Qutline” ?E Static Structural (AS5)
Applr I
<<Outline”” (=] Static Structural (A5)

— = 738
Apply Component =

-3000

!

il ““Qutline” /&3] Solution (AB)

L gl Beam Tool Ei-:-_:am Taol

2T BH@IHEM S (Direct Stress). #4845 A (Minimum Combined

Stress ) o K204~ /7 (Maximum Combined Stress ).

7.3.8

“<Outline”” /i Solution (A6)
[ g Feam Results I = H-‘-.nding Moment

'./5 Salwe 739

-
N

AZ Statie Structural
Dlirect Stress

Type: Direct Stress
Tnit: MFa

Time: 1

201771142 16:47

2.307T9e-15 Max

@45Te-15

. 583Be-15

221415

597616

_aTle-18

_3494e-16

-2 FT21e-16

-5.B93Te-16 ‘

-9.5153e-16 Nin 0.00 1000. 00 (m )
500.00

— a0 e e e

a Direct Stress

73.9
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A: Statiec Structural

Minimum Combined Stress

Type: Minimum Combined Siress
Unit: MPa
Time: 1

20174112 16:50

—0. 44281 Hax

-1

-11.374 BRin

(B5T4
a7z
. 0365
3011
(5157
i ]
L9445
0.159

0.00 1000. 00 (m )
|
S00. 00
b Minimum Combined Stress

AZ Static Structural
Maximum Combined Stress

Type: Maximum Combined Stress
lmit: MPa

Time:

11.37T4 Nax

1o
g

T
&
5
4
z
1.

0. 44281 Bin

1
20174112 16:51

L1589
9448
T303
5157
3011
0865
iz

BST4

7.3.9

h: Static Structural
Total Bending Moment

Type: Total Bending Moment (Unaveraged)
lnit: H-mm

Tima:

2017/11/2 16:55

T.491TeS Hax
(BO1TeS
.891Te5
09175

B
5
5
4
3
z
1
1

1

2917eD

.4917e5
(BH1TeS
.891TeR
.0917e5
29167 Hin

7.3.10

0.00 1000. 00 (mm)
L  SS—
S00. 00

Maximum Combined Stress

7.3.10 749170N - mm

0.00 1000. 00 (nm])
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ez 14 cc
i St W beam-analysis —Iﬁﬁ 2
7.4
7.4.1
10
ANSY'S Workbench 18x SHELL181
ANSYS Workbench DM
ANSYS Workbench 17.0
7.4.2
7.4.1
ANSY'S Workbench
Static Structural ANSYS Workbench Toolbo:x
Bl Analysis Systems = Static Struckural <<Qtatic Structural”?

cc . >3 =
Static Structural I%I
- -

““D:\ansc17.0\work\ch07.04\shell-part-analysis.stp”~ ““Static Structural””

'-} Ganerate
& 03 Tools | iy G T “<Details View””
Ctrl 7.4.2 1

2
Applr I './: Generate

7.4.3
ANSYS Workbench ““Static Structural””
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@ vodel @&, ““Mechanical”®”

FrFae, ZBARFETEARGIEATGE, RERHEFEARBNE, &
M) 2B vh) J& ) 49 R AT s Am,

7.4.1
1 ‘ e {
7.4.2 7.4.3
€= o5 <<Outline”” SHELL-PART-ANALYSIS
““Details of “ SHELL-PART-ANALYSIS ™~

5.0 Enter

2 06 “<Outline”” /&
j Generate Mesh 744

=1 o7 <<Outline”” (=] Static Structural (A5)

— Fi:-:e-i Suppert
Geometry Apply I
€221 08 <<Qutline” ?[EI Static Structural (A5} <<Environment””
tosts | oy %, (Y 746
Geometry Apply I Define By

200

7.4.5
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7.4.4

7.4.5 7.4.6

“<Outline””
- [ — &
“<Qutline””
—p NN — &N

1 EESolve

2 ““Outline”” - A Equivalent Stress 74.7
OMPa 0.0042289MPa

A: Static Structural
Equiwalent Stress

Type: Equiwalent [(won—Mises) Stress — Top/Bottom
Unit: MFa
Time: 1
2017711/2 17:14

0. 0042259 Nax
003759
0032591
0028192
0023494
0015735
0014036
00093974
00048937

0 Hin

e e

400. 00 (mm)

200,00

7.4.7
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3 ““Qutline”” ﬁ Tokal Defarmation 748
1.9003e-6mm

A Static Structural
Total Deformation

Type: Total Deformation
lnit: mm

Time: 1

201771142 1T:16

1.9003e—6 Hax
1. 68926

1. 4T5e-6B

1. 266896

1. 05576

8. 4458e-T

6. 3343e-T

4, 2E20e-T

2 1114e-T

0 Hin

400. 00 (mm)
200,00

7.4.8
Gl 12 Fil:  wp |G

77 THE W) shell-analysis f,“k?&‘—(s)l

7.5

7.5.1

7.5.2

7.5.1
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z==t/2
) _.=0 () =0 (z,) ,=0
3 - =
c0.=0 r.=7.=0 7,=7,.=0
1
&= E(Gl -Ho,)
_ 1
< SV—E(O',_/UO'Z)
200+ w)
N\ o E Tw
ANSY'S Workbench 2D

ANSY'S Workbench 17.0

7.5.2
50N
753 2D
7.53 2D
““Static Structural”” ANSYS Workbench Toolbox
[ENDEEET N & static Structural ““Static Structural””
“<Static Structural”” @ Geometry P
Impaott Geametry b el ﬁ] Browse... cc >3 D:\

anscl7.0\work\ch07.05\plane_stress.stp
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““Static Structural”” Seewighiy

|m Edit Geometry... | DM '.j’ Generate

7.5.4 1 Tools | mep [lEHY 755
“<“Details View?? Eztraction Trpe Er Cavitr m

7.5.4a Applr I _-} Generate

7.5.6 2 E - [|E2EE ““Details View””
Extraction Trpe Er Cawvitr m

7.5.7

7.5.4 1

| Details of Filll
Fill Filll

Extractiom Trpe By Cavitry

Faces 2z

7.5.5 ““Details View””

7.5.6 2 7.5.7

€2 06 Toiks| |

FARGEGARRE, RTIEIRCAEL, ShAE P HE.
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Ez2d 07 Tocls — & frecze
Apply I '-}’ Generate 759

7.5.8 7.5.9
(€2 08) 7.5.10b

< ‘Details View’ E] Selection Trpe

Geometrr 7.5.10a Applyr I
[ FDi, Thickness (»=0) 0 _-} Generate

7.5.11

7.5.10

[/ Details of Thinl
Thin/Surface Thinl
Zelection Trpe Faces to Keep
Geometrr 1 Face
Direction Inwmrd

FD1, Thickness (>=0) o mm
FD2, Face Offset (»=0) [0 mm

7.5.11 ““Details View””

ET@E A ST, B E L T %rt AR A6 XY Fad, TN
RGN BAT T & L) A

video\ch07.05\

““plane_stress-r01.exe””

> Gl ““Static Structural””
““Mechanical®”
G 1+

video\ ch07.05\
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““plane_stress-r02.exe””

7.5.12 ““Details

100  51zine |

““Outline””

7.5.14 ““Outline”” =+ £ Coordinate Systems

““Details of © Coordinate Systems ™~
7.5.16

H 7.5.16

7.5.15

[=|Defaults
Fhrzics Preference Mechanical
Felewance 100
El| Sizine
Uze Adwanced Size Function |[On: Curvature
Initial Size Seed Active Assembly
Smoothing Medium
Span Angle Center Coarse
Curvature Hormal Angle Dafault (30. o-° )
Win Size Default [2 40920 mm)
Maz Face Zize Default [12. 0460 mm)
Growth Rate Default
Minimum Edge Length 4. 87260 mm
Inflation
Patch Conforming Options
Adwanced
Defeaturing
Statistics

7.5.12  ““Details of “ Mesh ™~ 7.5.13

Fl|Definition

Trpe Cartesian W Y
Coordinate Srstem Program Controlled
| Drigin
Define Br Feometry Selection
Geometry Click to Change
Origin X 32329 mm
Origin ¥ —34. 574 mm 7.5.14

H|{Principal dxis

hzis X
Geometrr Selection - 'Ha..I|I ,/'
1n .
Geametrr Click to Change e, -
X

Drientation About Principal Axis 'ﬁu.

Directional ¥Yectors

Transformations

7.5.15 ““Details of < Coordinate System ™~ 7.5.16
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(=] Static Structural (A5)

““Outline””

— EXREI 7.5.17 ““Details of < Fixed
Support =z 7.5. 1 8 Feometzry
&I 7519

Details of “Fixed Support”

[=| Seope
Scoping Method Geometry Selection
Geometry 2 Edges

E|{Definition

Trpe Fized Support

Suppressed Ho

7.5.17 ““Details of ‘Fixed Support’”~

. Fixed Support

7.5.19

<<Outline”” (=] Static Structural (A5)
—p L 7.5.20 ““Details of © Force ™~

GFeometry

Coordinate Srste

[-]| Scope

Scoping Method Geometry Selection

Geometry 1 Edge

[l Definition

Irpe Force

Define By

Components

Coordinate System |Glebal Coordinate System

£ Component

0. N (ramped)

Y Ceomponent

-50. N (ramped)

Suppressed

No

7.5.20

““Details of ‘Force’””

. Force: 50. W

Component=s: 0., -50. KW

7.5.21 7.5.22
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16 ““Outline”” -|63] Solution (AB)

BNl —

# @U | Equivalent (won—Mises)

““Outline”” 3| Solution {(AB)

e Sl Deformation b @d|

18 ““Outline”” -|63] Solution (AB)

—) w —) @8| Equivalent (worrMises)
= /5 Solwve

<<Outline”? ‘,ﬁ Equivalent Stress 7.5.23

RN

0.0012669MPa 21.297 MPa

A: Static Structural

Equivalent Stress

Type: Equivalent (von—Mises) Stress
Unit: MPa

Time: 1

2017410410 14:27

21_297 Hax
18.931
16, 565
14.199
11.832
9. 4661
T.0993
4. T33T
3875
0.0012669 Hin

0.00 00,00 (nm)
150, 00

7.5.23

3 <<Qutline” ﬁ Total Deformation 7524
0.20023 mm

A: Static Structural
Total Deformation

Type: Total Deformation
Tnit: mm

Time: 1

2017/10/10 14:30

20023 Nax '

17798 T
15573
13349
11124
05599
OBETA3
044495
022248
0 Rin

oo o0 oo o oo

0,00 300. 00 (mm)
150. 00

7.5.24
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<<Outline’” (ﬁ Equivalent Elastic Strain 7.5.25

9.2749x10” mm/mm 0.0001065 mm/mm

A- Static Structuoral
Equiwvalent Elastic Strain

Type: Equiwalent Elastic Strain
Unit: mmfmm

Time: 1

2017/10/10 14:31

0.0001065 Nax
9. 48605
. 28375
T.1004e-5
5. 9172e-5
4.7330¢°5
3.5507e-5
2. 3B74e-5
1.164%e-5
9. 27499 Bin 0.0d 300,00 (nm)
150,00

7.5.25

plane_stress

IR ()
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S P
&= oo
1-u H
&= (o, 17;1‘7*)

201+ p)

w E Txy

ANSYS Workbench 2D
ANSYS Workbench 17.0

7.5.26 100MPa
1/4
7.5.27 2D
“<Static Structural”” ANSYS Workbench Tos RS
N & Static Structural ““Static Structural””
““Static Structural””
Import Geometry b e ] Browse... ce >

““D:\ansc17.0\work\ch07.05\plane-strain-analysis.stp”~
z J}f Generate

DM
7.5.28 Symme try ““Details View””
(ﬂ. TZF]l ane '-j Fenerate
1
7.5.26
7.5.29 ““Details View>”
(ﬁ‘ TYF] ame '.}’ Generate

236 > > >



444 3 7’!%‘ # & G4 oA 9 AL E R

2
7.5.30b Create | wp (G EEEVER IR ““Details
View?? Faces to Eeep 7.5.30a
Thickness [»=0] 0

'-} Generate

P E R B F, BREGE ST Tt AR 4 8 XY @, TN
AARBAT @R T 54, X— S P d R A 9 A EAL,

7.5.29 2 7.5.30

video\ch07.05\

““plane-strain-analysis-r01.exe””

&l ““Static Structural®”

““Mechanical”~
video\ ch07.05\
““plane-strain-analysis-r02.exe””
09 “<Outline”” i ““Details of < Mesh =™~
100 Y pdate | 7531
€ 10 75732 <<Outline”” Bl sk Coordinate Systems
el (oo dinate System ““Details of* Coordinate

Systems ™7 Crlindrical m
Geometry 7.5.33 Apply I
0

1 11 <<Outline”” (=] Static Structural (A5)
— ““Details of < Pressure ™~

7.5.34 Feometry Apply I Define Br
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Fornal To 100MPa 7.5.34
<< Outline”” (=] Static Structural {(A5)
—p G- ““ Details of

“ Frictionless Support =~ 7.5.35 RN

_doplr | 7.5.35

Z
Kq-lc:://’ g
7.5.31 7.5.32 7.5.33
<<Outine™" Mol eModel”
ﬁ?’Construction Geometry
Path video\ch07.05\
““plane-strain-analysis-r03.exe””
A- Statie Structural A: Static Structural
Pressure Frictionless Support
Time: 1. = Time: 1. =
2014/8/8 13:53 2014/6/6 13:56
. Pressure: 100. NPa 4 . Frictionless Support
7.5.34 7.5.35
15 <<Outline”” -7|3] Solution (A6)
eformation b IS ﬁd |
€21 16 <<Outline”” Solution (AG)
—> — 5 ““Details of “ Normal Stress ™~
Orientation m Coordinate Syr=stem
Coordinate Srstem
17 <<Outline”” -7/ Solution (AB)
- — | ““Details of “ Normal Stress2 ™~
Orientation T Azis Coordinate Srstem

Coordinate System
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ez 18 Path <<Outline”” Solution {AB)
—) m — ﬁﬁl ““Details of © Normal

Coordinate Sy=tem Coordinate System

€1 19 Path “<Outline”” /5] Solution (A6)
— M — ﬁﬁl ““Details of ©“ Normal
Orientation T hzis

Coordinate System

Coordinate System

1 '-_,5 Solwve
2 <<Qutline” ,/ﬁ?i Total Deformation 7536
0.080889 mm 0.090711mm

h: Static Structural
Total Deformation

Type: Total Deformation
lInit: mm

Time: 1

201TF11/3 1448

0.090711 NMax

0. 06962
0. 088529
0. 087437
0. 086346
0. 085254
0. 024163
0. 083072
0. 08188
0.080889 Nin 508 50.00 fm)
25.00
7.5.36
3 ““Outline”” /0 Normal Stress 7.5.37
-99.988 MPa 0.16774 MPa
4 ““Outline”” - Normal Stress 2 7.5.38
355.39 MPa 455.55MPa
5 Path ““QOutline”” /1 Normal Stress 3
7.5.39 Path -99.942MPa 0.040872 MPa
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““Graph”” 7.5.40

A: Static Structural
Hormal Stress

Type: Hormal Stressz (X Axisz)
Unit: MFa

Coordinate System

Time: 1

Z0ITA1L/3 14:54

0.167T4 Nax
-10. 961

-22 0&9

-33. 217

-44. 346

55 474

-B. 603

-T7. 731

-68. 859 0.00

-99_088 Nin 25.00

7.5.37

AZ Static Structural
Formal Stress 2

Type: Formal Stress(¥ Axiz)
Init: MPa

Coordinate System

Time: 1

201741143 14:56

45555 Nax
444, 47
433. 79
42216
411.03
399.9
386, T7
3TT.65
366. 52 0.00

50.00 (mm)

50.00 (mm)

355.39 Min £5.00

7.5.38

A: Static Structural
Hormal Stress 3

Type: Hormal Stress (X hxiz)
Init: MFa

Coordinate System

Time: 1

201771173 14:57

0.040872 NMax
-11.068
-22 178
-33. 287
-44, 396
-55. 505
-B6. 615
-T7.724
-99.942 Nin 25.00

7.5.39 Path
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Graph a x
J.P.nimation ’-’i”m‘l_llj | (;' 10 Frames + | 2 Sec (Auta) - | Q | Hﬂn" 3 Cyecle
0.
"= 4. 0872e-2
& -50.
= 99,042
0. 1.25 2.5 3. 75 E. 6. 25 7.5 8.75 10.
[mm]
= Hessage§ Graph
7.5.40 Path
6 Path ““QOutline” /& Normal Stress 4
7.5.41 Path 355.52 MPa 455.48MPa
““Graph”” 7.5.42

A: Statiec Structural
Hormal Stress 4

Type: Hormal Stress(¥ Axis)
Unit: MNPa

Coordinate System

Time: 1

2017F11/3 15:00

45548 Nax

399,95 *

358, 84
ITT.73 4
366, 63 0.00 50. 00 (mm)

) L S —
395.52 Rin 25.00

7.5.41 Path

Graph nx

Jﬂnimation >|i|mu_|! | Q 10 Frames - 2 Sec (Auto) - | Iﬁ | Ql Pn"d" 3 Crcle
0

35h. 52

0. 1.256 2.5 3.78 g, 6. 25 T.5 8.75 10,

[MPal

", Hessagei Graph

7.5.42 Path
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p O z Z
Z
P z Z
ANSYS Workbench
 dxisrmnetric]
Z Yo 0
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DP=Alnp+Bp*Inp+Cp’>+D
A B C D

O—p:§+B(l+21np)+2C

03=—12+B(3+21np)+2c
Yol

Tpa:THpZO
1 4
&= (1+,u)7+(1—3,u)B+Z(I—y)Blnp+2(l—y)C:|
1] 4
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Y
X
Y Y
Y
ANSYS Workbench 2D
ANSY'S Workbench 17.0
7.543 200Mpa
7.5.44 2D

““Static Structural”” ANSYS Workbench

Bl Analysis Systems [zl Static Structural <<Qtatic Structural”?
““Static Structural””

Import Geometry ¢ sl ﬁ] Browse. .. cc >3

““D:\ansc17.0\work\ch07.05\axisymmetric-analysis.stp”~
= j’ Generate

DM
7.5.45 1 ““Details View””
«;‘I'I:-. KYPlane '.}’ Generate
1
7.5.43 7.5.45 1
7.5.46 2 Sy ““Details View””
J}*- TiPlane '-} Generate
2
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1 05 7547 A S = | Thin/s
View”” alostien rme EEEEIE 7.547a
Apply I [ F0l, Thickness (»=i] 0

““Details

'-j Generate

7.5.46 2 7.5.47

JEds T AR ASAT S, WIEG B L T st 47409 XY FR P, HF Y
ARG, TN ARG ARRATET oA, X—afPF@mpu . F&@aEEH
EXDN

g

video\ch07.05\

““axisymmetric-analysis-r01.exe”

0 ““Static Structural””

““Mechanical””

video\ ch07.05\
““axisymmetric-analysis-r02.exe”

€2 09 ““Outline”> - Pl Symmetry 7.5.48

X << ANSYS

Workbench”?

10 ““Outline”” o ““Details of “Mesh ™~

100 -/ pdate | 7549

Eﬁ

= -; ﬁ Symmetry
24ls Symmetry Region
~4ls Symmeiry Region 2

7.5.48 7.5.49
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“ Frictionless Support 7 7.5.50
_heplr | 7.5.50
““Outline””

—) Fi:—:e-i Support

7.5.50 2
€213 ““Outline””
—) Pr-'-.ssln'e

Geometry

Hormal To

W ¥:eni tude

. Friectionless Support 1

7.5.50

““Outline””

BNl —

4 4 <« ;ﬁ;ﬂfi

““Outline””

—) E}-_.J Frictionless Support

Feometzrr

““Details of* Pressure ™~

ApDlry I

# & 5 o7 9 AL H

(=] Static Structural {A5)

““ Details of

1 GFeometry

(=] Static Structural (A5)

““Details of “ Fixed Support ™~

Apply I

(=] Static Structural (A5)

7.5.51

200MPa

Define Br

7.5.51

. Fressure: 200. MFa

7.5.51

-/ Solukion {AB)

# @U | Equivalent (won—Mises)

15 ““Qutline’” /&3] Solution (A6)
[ il Deformation b I @d |
““Outline”” /&3] Solution (AB)

““Qutline””
100.87MPa
““Outline””

0 mm

- ” "o % % % %
-— =Y -—
N o >

““Outline””

0.0013927 mm/mm

'-_,5 Solwve

— m — E.:p:liv:alent [von—Mises)

- M1 Equivalent Stress 7.5.52
41692MPa
- M Total Deformation 7.5.53
158.08 mm
- M Equivalent Elastic Strain 7.5.54

0.20846 mm/mm

4 4 4 245



ANSYS Workbench 17.0 #&# o4& Nildsd P P P

A: Statie Structural

Equiwalent Stress

Type: Equiwvalent (ron—Mises) Stress
Tnit: MFa

Time: 1

201771143 16:13

41692 Nax

37Tl

32450

27529

23207

18586

13965

9343 4

47221

100_87 Hin 0.00 300. 00 imm)
150,00

7.5.52

A: Static Structural
Total Deformation

Type: Total Deformation
Tmit: mm

Time: 1

201771143 16:14

158. 08 Max
140.51
122 95
105,35
a7. 82
T0. 256
52, B92
35,125

17. 564

0 Bin 0.00 300.00 (um)
150,00

7.5.53

A. Static Structural
Equiwalent Elastie Strain

Type: Equiwalent Elastic Strain
Unit: mm/mm

Time: 1

2017/11/3 16:15

0. 20846 Max
0. 18545
0. 16245
0. 13944
0. 11643
0.093423
0.070416
0. 047405
0

L0244

0.0013327 Rin D'DD_:SDD[ 00 o)

150.00

7.5.54

File

axisymmetric-analysis ﬁ#—ml

>3 pra 2=
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7.6.1

& TRMRG AT R LASE.
&  TRRIWRR T AE i EE A Fbne) ).
® AR feEEIEG A .

7.6.2

ANSYS Workbench
J%I Connections

““Details of Contacts””

““Outline””

7.6.1 7.6.2

FIIRAPNTARAR, EETUITF LM “D: \anscl7.0\work\ch07.06\
contacts-define.wbpj” #4748 X 4E4E.

Details of “Contacts”

[l definition

Connection Trpe |Contact

[-]| Scope
Scoping Method Geometry Selection
Geometry All Bodies
[-]|Auto Detection
Tolerance Trpe Slider
Dutline n Telerance Slider [O.
Project Tolerance Value |[0.6242 mm
E| Model (A4) Use F:a.nze No
..... '/J% Geometry Face/Face Yes
----- s Coordinate Systems Face/Edge No
-8 Connections Edge/Edge No
: Contacts Priority Include All
;% Mesh Group By Bodies
----- (=] static Structural (A5} T P T T

7.6.1 ““Outline””

7.6.2 ““Details of Contacts”
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7.6.2 ““Details of © Contacts ™~
L 4 kil 135 R A TXEBE AL ASHIENBERIES R ERA, QI T =4

KR T ik 4%,

o BER::: intn, frtisiEe
RN B E A

o IBEM:u:om. it init o, fstisiE ¢ DR . A AE & # A AL A £ A .

o LRIt R e xt it A2 ¢ RIS 5 A A o 4 A7
TAEAEM B LA

erance Slider ii—\}ﬂg ‘;P j@z—:j"] l'?]‘ ‘H{'"’T'L)g]

o B ris 4. AFagEnGgsmuem, sl aslsa, z24x
N & L & 44
* Tk ATFEEEMNESheEm, ABsn, arBlaR, 245

i L5 e A,
o BERSrtisk: mruazmansnenm, wlBen, wrBBan, 258
Wi B i 6 Ak

““QOutline””
7.6.3 7.6.4

Outline n

Project

= Model (A4) Contact Regiom 2
-4 Geometry 2014466 15:58
,,L Coordinate Systems
EJ% Connections . Contact Region
R = . Contacts . Contact Region &

i — "M, Contact Region
i, B, Contact Region 2
_//% Mesh

[--9(=] Static Structural (AS)

7.6.3 ““Outline”” 7.6.4

“¢ Outline 7

Fename EBazed on Definition

Bonded 7.6.5

7.6.6 “ 77

248 > >



ftline

Project

E-- [ Model (A4)
----- ﬁ Geometry

------- &1 Mesh

444 3 7% & k¥ pAr A AR

2 Coordinate Systems

=81 Connections

i s B, Bonded - contacts-assy To contacts-assy
- v ‘"l,\ Bonded - contacts-assy To contacts-assy

----- 7(2] static Structural (AS)

7.6.5 ““Outline””

Dletails of “Fonded - contact To contact”

F|Definition

[l Scope
Scoping Method Geometry Selection
Contact 2 Faces
Target 1 Face

Contact Bodies
Target Bodies

Scope Mode Automatic
Echarior Program Controlled
Suppressed Ho

[F|hdvanced

Formulation

Program Controlled

Detection Method

Frogram Controlled

Hormal Stiffness

Program Controlled

Update Stiffness

Program Controlled

Pinball Region

Frogram Controlled

7.6.6 < 7z
7.6.6 Fi SHEIES T RAIN T .
. SOAE: TR SR,
o B ki AFEE RS,

P BRERTO—AREEARRE, F—AREED G, LTREEORETE
BARE. AR SR @A B AR E 5 e B BRI h e RSl £, 6 mAaEmA-4.
o BEX vz s mFasUEMER, £ Workbench ¥ L4560 T AMIEMER
B 7 A F A aamERk, LRAGKAGEMBER .

o Separstion B RN S S-S S S
B 7. ) F e SU PR A i K 3K
rouzt B R S E R Y S e
Friction ] B N S A S Y L e

4 4 4 249



ANSYS Workbench 17.0 &4 a4 & il d P P »

& ERRER TR ATREEBTABEN, LEATZATAHEX.
MSMUGRER) 7 0T ;T SUAE MR XK A AR 2T AR AR, AR AT AR AR AL R AR A AN | P —
Mo RERRE, 5 —A@ABFE.
MR 7 T : T Sk XK A 2 AR AR, 3T ARG Ak kR 38 B A @ AR A Rk
& X AN AR B AT
o LERSLUREE N : X LA B Fh AR AT AR AR
BLEA: AR KA amdE B LK 7.6.1.

R7.6.1 FEMRARMES
R AR 10153 28 DI
ghiE 1R T [E] B UNAGE
i 1K TelE] B RVFIEHE
TEE ZIK VA 18] B RFER
Lk Z IR JCVFA 1B UNAGE
S g2 FEVFA 18] B INAR GRS
7.6.7
7.6.8 ““Contact Body View””
|‘E’| Sync ¥iews
1. EXGEREM
7.6.9
File: " COpen .
““D:\ansc17.0\work\ch07.06\bonded-contacts.wbpj >~
““Mechanical””
gz 02 <<Qutline’” E| ----- 1 Connections B Cantacks
25 7.6.10
1 <<Qutline? ----‘,»‘l,,\ Conkact Region << i
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2
;
Contact Body View
0.00 !
Bonded — contacts—assy To contacts—assy ﬂnul‘x}(

2014/8/6 16:07

. Bonded - contacts—assy To contacts—assy

*

*

'
—mTon &

0.00

7.6.7 7.6.8 ““Contact Body View”” 7.6.9

stiEiE Ml (S E) R TR T.

DRI T 155 . T RSEMAX, AWE L, BREZERHELIEE, BR
2B A 2 P AR B 69AR B 4 R EAE AT b 60 F ik, A ARIER AR @ 6 R HI R £ R
JE ANSYS Workbench ¥ 324t 7 vA T w9 ik X,
o DEENTERINNon. siziasy A k.
o EEEERDL: 5. iz,
o Elirs: ss5955%.

Homal Lagranee By REIPERTS I IEN
Fomnal stitiness ORERTE SN PP ACE S ) S AP EY L A & Y
S, AR EAK, 2 EAAEA, AR R, ANSYS Workbench 324 T
(F3) F D (425 :4)) A X, %k KM X5, AP T
P iomnal stitiness Facto: EERORIN A eI I E VN3 L) -4
BEEFAAY, s TFRRA LG, LEQRERTH 1, dF0Edh 269
M, HLEeRERTE 0.01~0.1,
Upiste Stitiness PERAE SN AL ST SR e St e
o EERN::n. »oxm#.

<4 4 < 251



ANSYS Workbench 17.0 #&# o4& Nildsd P P P

[ Each Iteration iﬁjjﬁ: _&Kﬁ{)&}é E'J T%ﬁ—o

Each Iteration. heeressive B

““Outline””

ed on Definition

7.6.11
o ine n
Project Project
B- Model (A4) B Maodel (A4)
. - M Geometry
--\,),4. Coordinate Systems ‘;;f\‘.. Coordinate Systems
- /B Connections B Connections
E| B 7| Contacks
Contack Region --(‘i,,. Bonded - MUT To BOLT
Contack Region 2 -------(‘i,,. Bonded - MUT To LIMK-SHAFT
B, Contack Region 3 -------(‘i,,. Bonded - MUT To BOLT
Contack Region 4 -------(‘i,,\ Bonded - MUT To LINK-SHAFT
B, Contack Region 5 o B Bonded - MUT To BOLT
Contack Region & -------(‘l,,\ Bonded - MUT To LINK-SHAFT
Contack Region 7 ------(‘l,,\ Bonded - MUT To BOLT
Contack Region & --(‘l,k Bonded - MUT To LINK-SHAFT
Contack Region 9 o B Bonded - MUT To BOLT
Contact Region 10 -------(‘l,,\ Bonded - MUT To LINK-SHAFT
Contack Region 11 -------(‘l,,\ Bonded - MUT To BOLT
B, Contack Region 12 oo B Bonded - MUT To LINK-SHAFT
Contack Region 13 -------(‘l,,\ Bonded - BOLT To LIMK-SHAFT
B, Contack Region 14 -------(‘l,,\ Bonded - BOLT To FLY-WHEEL
Contact Region 15 -------(‘l,,\ Bonded - BOLT To LIMK-SHAFT
Contack Region 16 - B Bonded - BOLT To FLY-WHEEL
Contact Region 17 -------(‘l,,\ Bonded - BOLT To LIMK-SHAFT
Contack Region 18 -------(‘l,,\ Bonded - BOLT To FLY-WHEEL
#, Contack Region 19 -------(‘l,,\ Bonded - BOLT To LIMK-SHAFT
Contact Region 20 -------(‘l,,\ Bonded - BOLT To FLY-WHEEL
B, Contack Region 21 - B Bonded - BOLT To LINK-SHAFT
Contack Region 22 -------‘/&i‘ Bonded - BOLT To FLY-WHEEL
Contack Region 23 ------‘/"i,,ﬁ Bonded - BOLT To LIMK-SHAFT
Contack Region 24 --‘/"i,,ﬁ Bonded - BOLT To FLY-WHEEL
Contack Region 25 -------‘/&i‘ Bonded - LINK-SHAFT To FLY-WHEEL
------- /% Mesh X Mesh
.;[EI Static Structural {A5) _,/[EI Static Structural (AS5)
7.6.10 ““Outline”” 7.6.11
““Outline” Solution {AB)
—) m —) Ea.3| Equiwalent (wonMis
“<Outline”” Solution {AG)

L gl Deformation —) @d|
1 link-shaft “<Outline”” /& Solution (A6)

—) @ —) Equif.':alr‘-_nt (vorMises)

““Details of © Equivalent Stress2 ™~

link-shaft

252 > > »



Apply I
2

fly-wheel

444 3 7% & k¥ pAr A AR

““Outline”” -] Solution (A6)

Insert b m — Equi';-:alerlt [won—Mis=

““Details of © Equivalent Stress3 ™~ RN fly-wheel
Applry I
EZ2.d 10
1 E;Solve
2 “<Outline”” ,/ﬁ Equivalent Stress 7.6.12
0.0031753 MPa 2496.4MPa
3 <<Outline’” vﬁ Total Deformation 7.6.13

2.4599mm

A: Static Structural

Equiwalent Stress

Type: Equiwalent (won—Mizes) Stress

lTnit: MEa
Time: 1
20171143 16:25

2496_4 Nax
2z219

19418

1684, 2

13586.9

1109.5

83212

55470

27738
0.0031753 Min

7.6.12

k: SBtatic Structural

Total Deformation

Type: Total Deformation

Tnit: mm
Time: 1
2017/11/3 16:30

24599 Nax
2. 1865
1.9132
1.8399
1. 3866
1.0933
0.51995
0. 54664
0. 27332
0 Nin

7.6.13

0.00 200.00 nm)
100,00

0.00 200. 00 (nm)
100. 00
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4 link-shaft “<Outline”” /1 Equivalent Stress 2 7.6.14
shaft 0.0031753MPa 2496.4MPa
5 ﬂy_wheel <<Outline”? ‘/ﬁ Equivalent Stress 3

7.6.15 fly wheel 23.036 MPa 1619.7 MPa
File | mp '

A: Static Structural

Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

2017/11/3 16:31
2496. 4 Nax
H 2219
v

1941,
1664 2
1386, 9
109.5
832. 12
554. 75
217.38
0.0031753 Win L — L
100,00

7.6.14 link-shaft

A: Static Structural
Equivalent Stress 3
Type: Equivalent (von—Mises) Stress
Unit: MFa

Time: 1
201T/1143 16:32

1619. 7 Nax
1442.3
1264 9
1087.5
10,07
T3Z. 66
555.25

377,85
200, 44
23.036 Nin 0.00 200.00 (um)

100,00
7.6.15 fly-wheel

2. EXRG B

7.6.16

‘EiEll!i' File —pp
““D:\ansc17.0\work\ch07.06\no-separation-contact.wbpj”
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““Mechanical””
“<Outline’” ,,I%] Connections
— '”-,,.l Marmal Contact Regzion cc >3

. m Contact 7617
6 Aoplr I
5 7.6.18 6
hoply I

7.6.16

7.6.18

““Outline”” /3] Solution (A6)

ﬁg | Equiwalent (wonMises)

06 <<Outline”” -/ Solution (A6}

aser] LY.

1 slider  “Outline”” /s Solution (A6)
—

““Details of < Equivalent Stress2 ™~ EEEmaEy slider

Apply I

— Equir.-:al:-_r.t (won—Micses]
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Ez2:d 08

1 12501ve

2 “<Outline”? ﬁ Equivalent Stress 7.6.19
0.019763 MPa 39.632 MPa

A: Static Structuoral
Equiwalent Stress

Type: Equiwalent (won—Mizes) Stress
Tnit: MFa

Time: 1
20177113 16:52

39.632 Nax
35,23
30. 529
Z6. 428
ZE 026
1T.BES
15. 224
g, G224
4. 4211

0.019763 Rin 0.oa 50.00 (mm)
25.00

7.6.19
3 <<Qutline’” ‘/ﬁ Total Deformation 7.6.20
0.0075382 mm

k- Static Structural
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

FOLTS1145 16:54

0.007T5382 Nax
0. Q0ETO0G
0. 005563

0. 0050255
0. 00415879
0. 0033503
0. 0025127
0. 0016752
0. 00083755
0

Hin

50.00 (mm)

25.00

7.6.20
4 slider ““Outline”” -/ Equivalent Stress 2 7.6.21
slider 0.55997MPa 39.632 MPa

File | e |
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A: Statie Structural

Equiwvalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

201771143 16:54

39.632 Nax
35.29
30,949
26. 608
22. 265
17.925
13.584
9.2426
4.9013
0.55997 Win 0.00 50.00 (mm)

L S———
25.00

7.6.21 slider

3. ENTCEEZHEA

7.6.22

o
-

Grt e | [
““ D:\ansc17.0\work\ch07.06\frictionless.wbpj >

““Mechanical””
(1] <<Outline”” -8 Connections
—) y-,,.l Marual Contact Region cec 23

m Contact 7.6.23
ApDly I
5 7.6.24
Apnlry I

7.6.22 7.6.23 7.6.24

4 4 « 257
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1 <<Outline”” (=] Static Structural {(A5)

—p T RN ““Details of < Fixed Support =™~

7.6.25 Geometry ADDlTF I

1 7.6.25
€24 06 2 <<Outline” -[=] static Structural (A5)
el Fixed Support ““Details of “ Fixed Support ™~

7.6.26 Feometry Apply I

2 7.6.26

. Fixed Support . . Fized Support 2

7.6.25 1 7.6.26
<<Outline”” -{Z] static Structural (A5}
—) ﬁifl ““Details of © Force ™~
Feometry Apply I

. X Component . ¥ Component 1000N

Compornent =

7.6.27

[ Force: 14142 W
Components: 1000, 1000, 0. W
\

-

7.6.27
€2 08 ““Outline”” -|63] Solution (AB)

ﬁg | Equiwalent (wonMises)

€2 09 <<Outline”” -7/ Solution (AB)
— ogm
1 frictionless ““Qutline”” /[ Solution (AG)

EF —

258 > >

— Equir.-:al:-_nt (won—Mises)
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““Details of “ Equivalent Stress2 ™~

Apply I

frictionless
1

2 ““Outline””

0.024066 MPa

A: Static Structural
Equiwalent Stress

Type:
Init: MPa
Time: 1
2017/11/3 17:08

145.14 Hax
129.02

112,89

6. TT

a0. 646

64,521

43. 397

32273

16. 148
0.024066 Hin

<4 4 <

EESolve

- M Equivalent Stress

N

¥

o

Feometrr

145.14 MPa

Equiwvalent (wom-Mises) Stress

# & 5 o7 9 AL H

7.6.28

0.00

&00. 00

300,00

7.6.28

““Outline””

0.43032 mm

h: Static Structural
Total Deformation

Type: Total Deformation
Tnit: mm

Time: 1

20174113 17:11

43032 Nax
38251

3347

ZEAEE
23907

19125
14344
095627
047814

Hin

coopooooooo

7.6.29
3 frictionless

7.6.30 frictionless

0.00
300.

““Outline””

- A Tatal Deformation

[mm])

7.6.29

GO0, 00 (nm )
[ |

an

0.10973 MPa

- M Equivalent Stress 2

139.74 MPa
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A: Static Structural

Equivalent Stress 2

Type: Equivalent (von—Mises) Stress
Unit: MPa

Time: 1

2017/11/3 17112

139.74 Nax
124. 23

108. 71

93.2

7. 685

B2, 17

46, B55
31.14

15. 625
0.10973 Nia 0.00 800, 00 (mm)

300. 00
7.6.30 frictionless

File| mmp LG
4. TENHHKEHEER

7.6.31

7.6.31
01 File e COpen.
““D:\ansc17.0\work\ch07.06\rough-contact.wbpj ”~

N
38

““Mechanical”
<<Outline” -8 Connections
—) u',,\l Marual Contact Region cc i
g2 03

m Contact 7632
Applry I
7.6.33
ApDlry I
0

ﬁ ) —_
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&l 05

0.125

<<Outline”” (=] Static Structural (A5)
—) Fi:.:c-_u:'l Support ““Details of © Fixed Support -z

Geometry &I

7.6.34

. Fixed Support

7.6.33 7.6.34

€2 07 <<Outline”” -7/ Solution (AB)
—p B — &)
““Outline”” /%] Solution (A6)
SHAFT ““Qutline”” /8] Solution (A6)
- I — s

““Details of “ Equivalent Stress2 ™~ CeEnetsy 7.6.35

SHAFT _iwslr |
RING “<Outline”” /4 solution (A6)
—) m —) m5| Equivalent [(wor—Mises)

““Details of © Equivalent Stress3 ™~

RING _foply |

SHAFT

7.6.35

7.6.35

ez2d 11

1 '-j’ Salwve

4 4 <4 261
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2 “<Outline”” ﬁ Equivalent Stress 7.6.36
3.8826 MPa 711.56MPa
A: Static Structural
Equivalent Stress
Type: Equivalent [(vonMises) Stress
Init: MFa
Time: 1
201771145 13:49
T11.56 Hax
B32.93
5543
475,67
397. 04
318 41
239.78
161. 14
g2.514
3. 8826 Nin 0.00 100. 00 (um)
50.00
7.6.36
3 <<Qutline’” \/ﬁ Total Deformation 7.6.37
0.11535mm
k- Static Structural
Total Deformation
Type: Total Deformation
Unit: mm
Time: 1
201771145 13:51
011535 Nax
0. 10253
0. 039718
0. 076501
0. 054054
0. 051267
0. 033451
0. 025634
0.012817
0 Bin 0.00 100. 00 imm)
50,00
7.6.37
4 SHAFT ““Outline”” -/ Equivalent Stress 2 7.6.38
1 3.8826MPa 144.24 MPa
5 RING ““QOutline”” -/ Equivalent Stress 3 7.6.39
2 427.5MPa 711.56 MPa

1| e [

262 > > »
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A Static Structural

Equivalent Stress 2

Type: Equivalent (von-Mizes) Stress
Unit: MPa

Time: 1

2017/11/5 13:54

144.24 Nax
128,85
113.05
a7, 458
&1.861
BE. 285
50. 669
35.074
19,478
3.8826 Win

0.00 100. 00 (mm)
S0. 00

7.6.38 1

A Statie Structural
Equiwvalent Stress 3
Type: Equiwvalent (von—Mises) Stress
Unat: MPa
Time: 1

2007/1145 13:55

T11.56 NHax
630

645 44

616 65

585, 31
553.75
52219

0.00

458.07
427.5 Rin 100. 00 (mm)
50.00

7.6.39 2

5. ENHEZEM
7.6.40

Ez2-1 01 File m—p | e
““D:\ansc17.0\work\ch07.06\frictional-contact.wbpj >~

““Mechanical””

7.6.40
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€221 02 <<Qutline”” ‘,% Conneckions
R N 11 ziual Contact Region
1 =3 Contact 7.6.41

2 7.6.42

7.6.41

621 04 Fricticmal
E221 05 Bl Friction Coeffieient 02

<<Outline”” (=] Static Structural (A5)

gl =i Support ““Details of “ Fixed Support ™
7.6.43 G eomet ry ipply |
7.6.43
24 07 <<Outline” -#[=] static Structural (A5)
— . ““Details of “ Force ™~ 7.6.44

Geometry Applr I

. X Component

Compornent =

. Z Component _SON

7.6.44

7.6.43 7.6.44

264 » > »
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€2 08 <<Outline”” -7/ Solution (AB)
— m — $ﬁ| Equiwvalent (won—Mizez)
““Outline”” /8] Solution (A6)
Ll Deformation b - @d |
1 handle “<QOutline”” /3| Solution (A6)
—) @ —) ﬁ5| Equivalent [(von-Mises)
““Details of “ Equivalent Stress2 ™~ Geometrr handle
_ioply_ |
2 base-down ““Outline”” /3| Solution (A6)
—) w — @U| Equiwalent (wor—Mises)

““Details of < Equivalent Stress3 ™~ Faamainy base-down

Apply I

ez 12
F4
1 ~f Solwe
2 <<Outline”” ﬁ Equivalent Stress 7.6.45
0.030476MPa 57.838MPa
3 <<Outline”” ﬁ Total Deformation 7.6.46
0.058701mm
AZ Static Structural A: Static Structural
Equiwalent Stress Total Deformation
Type: Equiwalent [(won—Mizes) Stress Type: Total Deformation
Unit: MFa lnit: mm

Time: 1
2017/11/5 14:07

Time: 1
2017/11/5 14:09

57.838 Nax
51. 415

0.058701 Nax

0.052178
44,992 0. 045856
38,969 0.039134
32146 00326811
25.723 0.028089
19.3 0. 019567
12 877 0. 013045
B. 4535 0. 0085223
0. 030475 Bin 0.00 - 100. 00 fun) 0 Bin U_Hm:m|_00 ()
7.6.45 7.6.46
4 handle ““Outline”” - M Equivalent Stress 2 7.6.47
handle 0.030476MPa 57.838 MPa
5 base-down ““Qutline”” /& Equivalent Stress 3
7.6.48 base-down 0.27513 MPa 48.16 MPa
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A Static Structural A: Static Structural

Equivalent Stress 2 Equivalent Stress 3

Type: Equivalent (von-Mises) Stress Type: Equivalent (von—Mises) Stress
Unit: MPa Unit: MPa

Time: 1

Time: 1

20171175 14:11 01T/ 11/5 14:13

5T7.838 Nax 48.16 Wax
51.415 4z 339
44,992 37.519
38.569

32198

32148 - 6. 878

.723 21,557
18.3 16,237
12,877 10.918
6.4535 5. 5058
0.030476 Win 0.0 100,00 Gen) 0.27513 Ein 0.00 100.00 (e
50.00 T
7.6.47 handle 7.6.48 base-down
gz 13

7.6.3

7.6.49

File M  COpen..
““D \anscl7.0\work\ch07.06\shell-contact-analysis

-wbpj”” ““Mechanical””

A\

7.6.49

““Outline””

““Details of” Part]l ™~

“Details of Part]’”sF £ 4E F ¢4 EASAIEEE T 35 7\ & A T84 2K B E 7 @),
o . . SN EEEERE N oo i, s 2 EEA R, &
v g, BB Lk T 5 R, LRAEKN LR 5
R, B BRI, FEAE DR i R
F, R P TOA RSB A R

2 pdia] Surface Body 3.0mm
““Outline”” % (X ““Details of < Mesh ™~
W Eelevance 100 m ERelevance Center
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[ Fine | pdste | 7.6.50
st F oAk, RGER S RNERAH BLREEHL, WRETR2 PELE

B R RER, RAERASTRE R EAE 7.6.51 FimtssR, Fd, £RATRA
Mg aagidizd, BRBRFEL, LoF RREET @8 FA.

7.6.50 7.6.51
76.52
| <<Outline””

—) M:anu:al Contact Region
2 7.6.53

hpply I Contact Shell Face

3 7.6.54
Applr I Tarpet Shell Face

Bonded — Surface Body To Surface Body
2014/8/7T 11:18

. Bonded — Surface Body To Surface Body

AN |

7.6.52 7.6.53 7.6.54
4
il 06 5 7.6.55

<4 4 < 267



ANSYSWorkbench 17.0 ## st s & il & P P P

ez 07 <<Qutline” ?E Static Structural (AS5)

gl i Support ““Details of “ Fixed Support =

7.6.56 Geometry Applry I

<<Outline”” 2] Static Structural (A5}
—p . ““Details of “ Force ™~ 7.6.57

Geonet zy _dooly |
120N 7.6.57 _tooly_ |

7.6.57

Bonded — Surface Body To Surface Body
2014/8/T 11:29

. Bonded - Surface Body To Surface Body

o

7.6.55

B Foree: 120, ®

Components: —0., -1200, -0, W

7.6.56 7.6.57
gz 09 <<Qutline” - Solution {AB)
—) —) mg| Equiwalent (wonMizes)

€24 10 <<Qutline” /|3 Solution (A6)

L M Deformation —) ﬁa‘:||

1 Z_}’ Solwve

2 “<Outline”? ‘,ﬁ Equivalent Stress 7.6.58
O0MPa 14.157 MPa

268 » > >
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h: Static Structural
Equivalent Stress

Type: Equivalent (worrMiszez) Stresz — Top/Bottom
Tnit: MFPa
Time: 1

2017/11/5 14:30

14157 Hax
12, 584

11.011

9. 43581

7. 66851
6. 2921
4.7191
3146
1.573
0

Hin

0.00 100. 00 fmm)
50,00

7.6.58
3 <<Qutline” ﬁ Total Deformation 7.6.59
0.02355 mm

k. Static Structuoral
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

2017/11/5 14:40

0.02355 Nax
0. 020933
0. 018317
0. 0157
0. 013083
0. 010467
0. 00785
0. 0052333
0. 0026167
0 Bin  — 100,00 )
50. 00
7.6.59
& 12 File | mump
7.6.4
CAD
7.6.60
““D \anscl7.0\work\ch07.06\mesh-connection-analysis.wbpj””
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j Generate Mesh

““Mechanical””

““Outline>”

7.6.61

[-————=—==—=-=----1°7

7.6.60

““QOutline””

1
—) ﬂ Manual Mesh Conmection

2 Master 7.6.63
Applry I
3 Slave 7.6.63

Applr I

Details of “Mesh Conmection”

[=| Scope

7.6.62

7.6.62

Scoping Method

Geometry Selecticn

Master Geometry

2 Faces

Elave Gecmetry

2 Edges

Master Bodies
Slave Bodies

[Fl| Definition
Scope Mode Manual
Tolerance Trpe Slider
Tolerance Slider (0.
Tolerance Value |0.24081 mm
Suppressed Mo
Znap to Boundary (Yes

Snap Trpe

Manual Tolerance

Snap Tolerance

Default

““Details of © Mesh Connection ™~

270 > > >

““Details of © Mesh Connection ™~

_/% Mesh

7.6.61

ZEB) T Q3@ | fo@ik 2 AR (B 7.6.60), 640 Rik4E,
Fivh TR MAR R 25, AR EAEA 6 MAR 2 R 50, ol 7.6.61 Fir.

““Details of ‘Mesh Connection’””

Master

Slave

Slave Geometry
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aster ceonet BRSNS S E X e Y UL

SRl 5T AR : T R S AR IUATA Fe, R TUATRT FAF R 2] 2T L,
ENCERNCE R

Sl T K R TR E A GAR EAY U 5 4 LT 18] 4 4 19 1K

B AT =M R TR,

o EREd:ion: stbintdl, T fextisiE ey ERREAMREI . K AE  463h 78 4 78
AR 19 AR

o B o intn, o fafisie o) IEDNAMMI X A AE F S AR MIAA

LR V= ctest Thickne:< BoRi i WP LR R i chne=z Soale Factor B AL RPNV 4
B T4k 4 4E A

snap to Bounds: WoRSRTIE SN S NN E E Pl E S S ] << B

BT EBE AR L (B 7.664); kbt BAR, BT RERE AR L (B

7.6.65 ),

7.6.64

BB 325 £ AT ROUHRARER, Q4 TR EE,

o EENMBERERN: o7 kb ikt F i A £ RBATHI, foat i 4E ¢ IR
KA b A £

o EEEMERDERIE:: . it 4t A, MASARSEFRAATHI, frtisiEe
aster Elenent 5ize racto: EENEDNE RN SN R

““Outline”” S ““Details of “ Mesh ™~

m 100 m Relevance Center
m ““Qutline”” '//@ Mesh Edit Bl Generate
/B Mesh 7.6.66
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RPN EIEE, MR A RGN EAE, PHRNERSE, HtEEL
W42 5 by, 4 7.6.66 FTT.

R
SN WY

=

e

-‘-

7.7 —

2 R «

A RANETE 7.7.1 BB sh K SRR AT, 78 SR SUEA & 18] [ ILAe 95 A 4hdk ), B
v@m T eEE, @2 LZE—ALEamEl, saa TR KR, T4 KA 1000N,
SHTEIL A AT BRI, BIRRM TAE G898 R L 89K /) ) 300MPa, BAZEAFRE. Tl
BERNBHLpridAE,

““Static Structural”” ANSYS Workbench
E Analysis Systems fd Static Structural <<Static Structural””

7.7.1
s & . 7 ‘?
Static Structural @ ceometry @
Import Geometry b sl lﬁj Browse. .. cc >

““D:\ansc17.0\work\ch07.07\bracket-part.stp~~

k2l 03 ““Static Structural””
Tnits e [USSSLELES <} Generate

272 > > »
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7.7.2 Plane4 video\
ch07.07\ ““bracket analysis-r01.exe””

Workbench ““Static Structural””
““Mechanical””
““Outline”” < ““Details of “ Mesh ™~

m 100 m Felerance Center
m M Element Size 1.0mm '-/5 Update

7.7.3

w.‘h!esh Contral -
““Details of “ Automatic Method * —Method””
'-/: Update

Hez Dominant

7.7.4

7.7.3 7.7.4
<<Outline” ?E Static Structural (AS5)
Insert * M A Cvlindrical Support ““Details of Cylindrical Support =~

Appl
775 _doply |
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e | 773

<<Outline”” (=] Static Structural (A5)
SN 7 Support ““Details of “ Fixed Support ™~
7.7.6 e _hoatr |
7.7.6
<<Outline®” (=] static Structural {A5)

— ““Details of “ Force ™~ 7.7.7
6 eomes 27 | Apply I Dafine EBr
Coordinate Srstem M = Component

Component s

1000

7.7.5 7.7.6
“<Outline”” /8 Solution (A6)
—) —) I!Eai.3| Equiwvalent (wonMizes)

““Qutline”” /s8] Solution (A6)
L Ml Deformation ¥ - ﬁd |

1 '-_}’ Solwve

2 ““Outline”” - A Equivalent Stress 778
0.025535MPa 237.76MPa
3 “<Qutline”” - A Total Deformation 779
0.35839mm
File| mumpp Lo e

i i 0 bracket-analysis ﬁﬁ_ﬂs)l
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A. Static Structural
Equiwalent Stress
Type: Equivalent (von-Mises) Stress
lnit: MFa
Time: 1

e 2017/11/5 15:40

237T.7T6 Max
211.35

154. 93
158,52

132.1

105. B3
79271
52,856

26, 441

0.025535 Nin 0.00 100. 00 (nm)
0. 00

7.7.7 7.7.8

AZ Statie Structural
Total Deformation

Type: Total Deformation
Tnit: mm

Time: 1
2017/11/5 15:42

0. 35839 Nax
0.31857

0. 27375

0. 23593
0.19311

0. 15329
0.11946

0. 073643

0. 039821
0 Ein 0.00 100.00 (mm)

7.8 —_

[z R ik

AERANBTE 181 BTt GEZAMREEMGSN . REMEZTREZFIEFTFIL, ) 5.
ER, R KEIMGEE EARE L, LT LMo EERT L%, B 781 BTt A=A
MRE, BontyMARE T 2B R, EAEE ERAESANRLE—AGHEELGETAER, K
% 3000N. ARFEHT & F T B REMHITRAZ, BAT ZOEREMABMEHEE (B 782), RB
T HBATEMHAT, T o ERNBHE oL

B
““Geometry”” ANSYS Workbench Toolbox
E Component Syskems 9 aeamektry

““Geometry””
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e ~._ 1
AL —
il -
7.8.2
““Geometry””
|W New Geometry... DM Units sl
1 e >3 XY¥Flane j J‘;*‘ X'Plane
““New Sketch”” il 7.83 1
H1=6000 V2=400
§
: -
i
7.8.3 1
7.8.4 Conecept — Liruz-:-. From Sketches
Sketchl Baze Objects ApDlF I '-_}’ Generate
7.8.5 video\
ch07.08\ ““triangle-frame-analysis-r01.exe””
““Outline”” =t

CircularTubel

““Details View””
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EE= 7.86

et }

¥

7.8.4 7.8.5

Ii%} LA Cross Section Solids 4[’\4\’\7 %gﬁ,lﬁ’riﬁ:mﬁ%#ﬁ’ﬁ‘@}%:]‘i}é

B RLEM, T A RARR T 6 RARAEX,

2. REXISH

““Static Structural”” ANSYS Workbench ToolERs
B Analysis Systems [z Static Structural
““Geometry”” ““Geometry””

<« Geometry™”

““Static Structural””

02 ““Static Structural””
““Mechanical””
€2 03 ““Qutline”” o ““Details of “ Mesh ™~

m 100 m Relewance Center
3
100mm ““Mesh””? 4‘/’ Uigeaiic

7.8.7

04 <<Qutline”” 7E| Static Structural {B5)
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gl ixed Support ““Details of “ Fixed Support ™~
78.8 Feometry Apply I

7.8.7

7.8.9 1 ““Outline? E(,L. Coordinate Systems
dinate System ““Details of* Coordinate

Systems -z Feometzry 789

5]

78.10 2 7.9.10
[ xis | 0 Define B7

7.8.9 1
W 07 1 <<Outline” ‘}E Static Structural (B5)
—p [ ““Detail of “ Force =~ 7.8.11

Coordinate S¥st

E221 08 2 7.8.12 3



444 3 7 & HALH N M ER
Apply I Define Ey Components

Coordinate System 2 . T Component —3000N
7.8.12
‘
£
7.8.10 2 7.8.11 1
<<Outline”” ~9(=] Static Structural (B5)
gl 5t eniderd Eaxth Gravity ““Detail of = Standard Earth

Gravity ™~

7.8.13

““Outline”” 8] Solution (B6)

[l Bean Tool 2 — |
<<Outline”” -/ Solution (B6)

e Sl Deformation b m|:||

7.8.13
1 '—jf Solve
2 <<Qutline’” - M Total Deformation 7814
0.58444 mm
2 “<Outline?>  H- %] Beam Taol - /B Direct Stress

- M Minimum Combined Stress - M1 Maximum Combined Stress
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7.8.15

A: Statie Structural
Total Deformation

Type: Total Deformation
Tnit: mm

Time: 1

2014/68/T 16:44

058444 Nax
0.5195
0. 45456
0. 35963
0. 32469
0. 25975
0.18481
0. 12988
0. 064938
0 Hin
A: Static Structural A: Static Structural
Direct Stressz Minimum Combined Streszz
Type: Direct Stress Type: Minimun Combined Stress
Unit: MPa Tnit: MPa
Time: 1 Time: 1
201476/ 16:45 2014/8/T 16:48
Z.686 Wax 2.686 Nax
1.6539 V 0. 36614
0.62185 ' 1. adat
-0. 41021 ) 42675

—1.4423 -6 5854
—2.4743 i -5, 9032
~3. 5064 ‘F 11,281
4. 5385 -13.530

-5.5705 . -15.857
—6.6026 Hin -18.175 Rin

a Direct Stress b Minimum Combined Stress

A: Statie Structural
Maximum Combined Stress

Type: Maximum Combined Stress
Unit: MFa

Time: 1

2014/6/7 16:46

11. 147 Bax
9.1998

72524

5.3049

3.3574

1.41

-0.53743

-2. 4544

-4, 4324
-6.3799 Nin

c Maximum Combined Stress

7.8.15

File

i i 0 triangle-frame-analysis ﬂl

7.9 —ABS

I AR -
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AR RN TE 7.9.1 FTa6) ABS 424] B44E L REM ST, Bt R IR 6y g B M T4, 4F
FIEL R G MG R AT AT, BB Al T @ARA (B 7.9.2), REx T @ARA SATLEM 5
Mo BB NIL(—F4N) RAB R, REHF LT ILas 22 5&E 5 Q6 T a3% A
BA, KASAH 50N F2 80N, HH4RAMAEIZZATHE . BHEL., B, ARG ILL
MPLE B Je g B R P @A, A CAD b F FATUT AR, 2% A BN —kdmE 4 e
A (T AGIHATY BAREE, — R E b T BELNFAL), §E2FHITEAN, TEHE

WA BES AT,

““Static Structural”” ANSYS Workbench
B Analysis Systems = Static Struckural <<Qtatic Structural”?
““Static Structural””
Import Geometry ¢ sl m Browse. .. cec >3
““D:\ansc17.0\work\ch07.09\sheet-bracket-analysis.stp~” ““Static Structural””

Geometry " 4 Units el Millimeter

'-} Generate

I

€2 03 7.9.2 video\
ch07.09\ ““sheet-bracket-analysis-r01.exe””
ANSYS Workbench ““Geometry””
““Mechanical””
““Outline”” T ““Details of < Mesh ™~

. Relevance 100 m Size Function
Relevrance Center
F sz 7.93
video\ ch07.09\

““sheet-bracket-analysis-r02.exe””
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g2 07 1 ““Outline””

— P

GFeometry

50 7.9.4

(=] Static Structural (AS5)

““Details of “ Force ™~

Applr I

7.9.4

7.9.3 794 1
08 2 795 Geometry
ety | 80 79.5
““Outline”” -7/ Solution (A6)

Deformation ¥

““Outline””

R N Equivalent (vorthi

/65| Solution (AB)
— % Em

1 './5 Salwe

2 ““Qutline”” -0 Equivalent Stress 796
0.060471MPa 117.78MPa
3 ““Qutline”” ﬁ Total Defarmation 797
0.91941 mm

%

7.9.5 2

282 > > p

A: Static Structural

Equiwalent Stress

Type: Equivalent (won—Mizes) Stress — Top/Bottom
Tnit: MPa
Time: 1
2017711718 14:13

117.76 Hax
104.7
91,618

T8. 83T

BS. 458
52,378
39,299
26,219

13.14
0060471 Min

0. 0o 100,00 (mm)
50. 00

7.9.6
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A: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1
2017/11,/8 14:16

0.91941 NHax
0. 81725
0. 71509
061294
0.51075
0. 40883
0. 30647
0. 20431
0. 10216
0 Rin 8.a0 100. 00 fun)
50.00
7.9.7
File | mupp |0 e
> JFHE sheet-bracket-analysis _RHES |
7.10 S
I PRI -
AL ANLET B 7.10.1 B AR R ELAAHLEM AT T IR B4 B A L 2P T et
A AR, A Z, B E N TEAER, RS AT @ AR, TR

FESUE ) 2 AR R AR B AR HE, A FMK, BREHMK, HREN®MAE, FEAHTETL
I RIRE F AR BB E R, TS &, AR RERM M K A E M., Bk, EAK%
THET LI AR B EA AR AR G oh . BTk, F BATAT R R BT A4 A AR R AR ) 69 %
R, FHERENERRKE (AXERBR) fBfkm ) (AEEMRE ).

B 7.10.1 Frmeg4e kbt M £ & d A% (shaft-bush). 4% (out-bush) Feit )4
(connector-shaft) Z0e% (B 7.10.2) (HAwLEMHATT F40), @idss @mifieegER A £ QEN
SNEg R E T, XA AE B AN R AN A, S Al IR AR AT ek B SRAR BRI 69 R E AR R
AL AN L, A BB AL S5,

BEZEMO MY, T RINE N HAe ) BIMEZ A 09 1L B B b B A Atk 3h h 18] 49 1 A e
b BHFIRT SHeg AL “Gray CastIron” 41, HALLEM A A 2 ABING LR, T @ LA
BHASITIEA,

<<Static Structural®” ANSYS Workbench Toolbox

B Analysis Systems [z Static Struckural <<Qtatic Structural””
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ezl 02 <<Static Structural”” |# Engneerngoats

ﬁ Engineering Data Sources |

out-bush

connector-shaft

7.10.2

video\ ch07.10\

““contact-analysis-r01.exe””

ezl 04 ““Static Structural””
Import Geometry b wefp ] Browse... cc >3
““D:\ansc17.0\work\ch07.10\shaft-bush-assy.stp"
““Mechanical”” ““Static Structural””
““Mechanical””
<< Outline *~ i

““Details of = Shaft =~ hssi ganent ||

Contacts

1 << Qutline >~ 5] Connections

-‘,hl,,. Contact Region
2 <<Outline”” =51 Connections
moce 013

1 ““Qutline”” =221 Connactions

““ANSYS Workbench”~

-‘f"..\ Contact Region 2

Contacts

£

» H Manual Contact Region
2 7.10.3
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3.0

Geometric Modification

0.15
““Details of “Mesh ™~

““QOutline””

WALLC &

o)

i i

EYVATAVAL

o

ha e

7.10.4 7.10.5

ﬁ,‘ Meszh Control -

““Mesh””
““Details of “ Contact Sizing ~ - Contact Sizing””

Element 31

@.\ Mesh Control =

s c Mesh >
““Details of “ Contact Sizing * -- Contact Sizing”~

OUT-BUSH

M 7.10.6

(=] Static Structural (A5)

““Outline””

““Details of = Fixed Support ™~

Apply I

7.10.7

““QOutline”” : ,/@,, Fixed Suppork

““Details of “ Moment ™~

ADDlrF I
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1200

““Qutline”” -/dp] Solution (A6}
— mﬁl E
““Outline”” 3| Solution {(AB)

— oEm

7.10.7 7.10.8
out-bush “<Outline”” ~//6a] Solution {(AB)
Inzert [ Sl Stress g Equivalent
““Details of < Equivalent Stress2 ™~ CEIE
e bush_asm Applr I
14 shaft-bush
14 connector-shaft

! s

2 <<Outline” - M5 Equivalent Stress 710.9
0.00021536 MPa 1569 MPa
3 <<Outline’” - A Total Deformation 710.10
0.20064 mm

4 out-bush <<Outline” - B Equivalent Stress 2

7.10.11 out-bush 4.5643MPa 1569 MPa
5 shaft-bush ““Outline”” - M Equivalent Stress 3
7.10.12 shaft-bush 16.529 MPa

1350.6MPa

6 connector-shaft <<Outline”” - M Equivalent Stress <

286 > > »
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7.10.13 connector-shaft 0.00021536 MPa
866.46MPa
A: Static Structural h: Static Structural
Equivalent Stress Total Deformation
Type: Equivalent (von-Mizes) Stress Type: Total Deformation
Unit: MPa Unit: mm
Time: 1 Time: 1
201771148 15:24 2017T/11/8 15:27
1569 Nax 0.20064 Nax
1394.6 0.17835
1220.3 0. 15605
1046 0.13378
a71. 84 0.11147
B9T. 32 0.059174
522,99 0. DB6ST
348, BB 0. 044587
174.33 0.022293
0.00021536 NMin 0.o0 ZUU‘. 00 (mm) 0 Nin 0.00 ZUUI. 00 (mm)
100.00 100. 00
7.10.9 7.10.10
A Statiec Structural A: Static Structural
Equivalent Stress 2 Equivalent Stress 3
Type: Equivalent (von—Mises) Stress Type: Equivalent (von-Mizes] Stress
Unit: HPa Unit: MEa
Time: 1 Time: 1
2017/11/8 15:28 Z0LT/11/6 15:29
1569 Nax 1350.6 Nax
1395.1 - 1202, 4
12213 1054, 2
1047, 5 \ ans, 93
aT3. 87 - T57. 69
699,85 609, 46
526, 03 46173
352,21 312,99
178. 39 164, 76
4.5643 Nin 0.00 ZUDI-UU (mm) 16.529 Nin 0.00 ZUUI.DU (mm )
100.00 100. 00
7.10.11 out-bush 7.10.12 shaft-bush
A Statie Structural
Equiwalent Siress 4
Type: Equivalent (won-Mises) Stress
Unit: MFa
Time: 1
2017711/ 15:30
G66. 46 Nax
T70.19
B73.91
STT. B4
431,37
385.09
283, 82
192,55
96. 274
0.00021536 Nin 0.00 200. 00 (mm)
100.00
7.10.13 connector-shaft

Fil:

»> IS () contact-analysis

4 4 « 27
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7.11 —_

2 PRI -

AFRANBTE 7111 PR e Bt e o, Aty a4s L4144 (UP-SHEET). B
R4 (FIX-BOARD) #= £ & M4 41 (SIDE-SHEET ), W/AMRAMZ R B T edEfmk. B AHRE
P8 T A 49 BB, STOARA B A T sk AT LM AT, PTOASAI L @A (B 7.11.2),
B A3t R RAMN, LEE T LY MAAEEGEA, TolhANBLomids.

FIX-BOARD

UP-SHEET

.......

SIDE-SHEET
7.11.1
““Static Structural”” ANSYS Workbench Toolbo
B Analysis Systems fd Static Structural <<Qtatic Structural®”
02 “<Static Structural””
Import Geometry ¢ el ﬁ] Browse. .. cc >3
““D:\ansc17.0\work\ch07.11\shell-contact-ex.stp >~ ““Static Structural””

Uniteg — Millimeter
:j’ Gemerate
7113 1 Tools | w6 ERTEER ““Details
View?”” Ctrl 7.114 3

Face Pairs Apply I

=

7.11.3 1 7.11.4

g2 04 7115 2 7115

:} Fenerate

288 » > >
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7.11.6 7.11.6
3 4
7.11.6 3 4
ANSYS Workbench ““Static Structural””
““Mechanical””
UP-SHEET ~ FIX-BOARD
1 <<Outline”” 3] Connections
Insert —) E NManual Contact Eegion
2 7.11.7
7.11.8
-
7.11.7 7.11.8

3
onid

€l 08 1 ““Outline” A
» Ful:'::ml:al Mesh Comnection “Details Of ‘MeSh Connection,,,

7.11.9 Master Master Geometrr ApDlry I
7.11.10 Slave Slave GFeometry ADDlrF I

Use Sheet Thickness
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7.11.9 Master 7.11.10 Slave
2 “<Outline”” 1 Mesh Edit Mesh Connection Group
SR Jltexual Mesh Connection 711.11
Master Mazter Geometry Applry I

Slawe Geometry

7.11.11 Master 7.11.12 Slave
3 cc Outhne >3 _;-’% Mesh Edit

» M:a:ml:al Mesh Conmection

71 1 13 Master Ma=zter Geometry
Slave
7.11.13 Master 7.11.14 Slave
4 ““Outline”” /M Mesh Edit Mesh Connection Group
» E Manual Mesh Connection 7.11.15

Master Master Geometry Aoply I
7 1 1 16 Slave Slarve Geometry Applr I

290 > > >
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7.11.15 Master 7.11.16 Slave
2 12 “<Outline” i ““Details of “ Mesh ™~
Relevance Center

7.11.17

(=] Static Structural (A5)

““Outline””
» Fi:-:enﬂ. Support

““Details of = Fixed Support

Apply I

Geometry

7.11.18
7.11.18

““QOutline””
— .

(=] Static Structural (A5)

““Details of “ Force ™~ 7.11.19

Applr I . Magnitude 200N

7.11.19

Geometry

7.11.19
““Qutline”” ~{e] Solution (AB)

quivalent (wonMizes)

[ Force: 200. W

Components: -0., -200., -0 H

7.11.18 7.11.19
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UP-SHEET

B —

““Details of “ Equivalent Stress2 =~

UP-SHEET
G 18 15 FIX-BOARD
15 SIDE-SHEET

““Outline””

L S Deformation ¥

Applry I

|3 Solution (A6}
— %R
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