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2D Sketching
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CADEE g A

- 3D Modeling

- Import External Geometry File
- UG NX(*.prt) - CATIA(*.model, *.CATpart)
+ Creo(*.prt, *.asm) - Solid Edge(*.par,*.asm)
. SolidWorks(*.sldprt, *.sldasm) - STEP(*.stp)

. Attach to Active CAD Geometry
- CATIA
- Creo ( Pro/ENGINEER )
- SolidWorks
- Solid Edge




Exercise 1 CAD-1 ¢reE - pinrezmezsm

. 1375
R0.313 RO.313

[11The arm is a part
of a clamping
mechanism.

3xD0.25

[3] The global
coordinate
system.

[2] Details of
the arm.

Unit: in.
Thickness: 0.125 in.

RO.5
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Exercise 2 CAD-2 ¢ - pinreszmezism

. ] Beam model 0.63mm 0.38mm
i_' - =%
"+_

16.25mm

R 0.375mm

L
| 7.07mm |
—
Cro
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Exercise 3 CAD-3 giE - sinrszmenis

X
0.375 ' 1.250 7
I
0.219 | 0.250
RO.313
Unit: in.
o 2 xR0.100
wy
~
S| 0250
RO.156
=
~ 6 xD0.25
X
- -
@ 3
S 2
L]

2.500

[11The arm is a part
of a clamping
mechanism.

1.000

RO.100

17



Exercise 4 CAE-1 oeE - mnrs=mens)

281 Ibf

126 Ibf

[11The arm is a part
of a clamping
mechanism.

[1] The clamping
mechanism is
designed to withstand
a clamping force of
450 Ibf.

[2] This is the deformed
structure under the design
loads. The wireframe is the
underformed configuration.
Note that, for visual effects,

the deformation has been
exaggerated.

~

[3] The external
forces on the arm.
These forces are
calculated
according to
17a-13.

. 4

18



Exercise 5 CAE-2 geE - mnrs=meys)

[2] This is the deformed
structure under the design
loads. The wireframe is the
underformed configuration.
Note that, for visual effects,

the deformation has been
exaggerated.

380 Ibf [3] The external

force on the arm.
See | 7a-14.

163 Ibf

o 380 Ibf

[4] The horizontal
plates are fixed to
the ground.

o
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#4815 53 Ell(mesh)

Area
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Exercise 6 MESH-1 @' - mnrs=mess)

TR B S ) 2 (1) M e
(Tetrahedrons) - (2) 75 Hi f2 (Hex il 0.38mm

Domain) - (3) [E#Emesh - K~ + —
2mm - (2)7NHEE + K~T2mm Ll

16.25mm

R0.375mm

w
| 7.07mm |
E—

Cross section
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Exercise 7 MESH-2

(R : ANSYS Workbench BIRT 2 #T1E AFS RIS

. B FBIEREE! (pipe.agdb) T REITAE 2 418 1L MR

)
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Project
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2 A Mesh ) ] Clear Generated Data
Patch Conforming Method b Rename L, Pressure
UB. Hydrostatic Pressure
w21 Analysis Settings . Force
=1 ,, Solution (A6) ¥, Remote Force
&) Bearing Load
—)ﬁ Bolt Pretension W
% Moment
. Line Pressure
8 Thermal Condition
. . 7 Joint Load
Details of "Static Structural (A5)" a . Fluid Solid Interface
[=I| Definition
Physics Type S e Geometry A Print Preview] B, Fixed Support |
Analysis Type Static Structural Graph ﬁ.v Displacement 1 Tabular Data ']
Sohver Target Mechanical APDL 3, Remote Displacement
| Options U8, Frictionless Support Y
Envirenment Temperature | 22. °C .;v Compression Only Support
Generate Input Cnly MNo Qv Cylindrical Support
3, Elastic Support
3, Constraint Equation
* Mation Loads...
B Commands
|Press F1 for Help |@ Mo Messages |No Selection |Metr|'c {mm,t, N, s, mV, mA) Degrees rad/s Celsius ¢
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EERE (R R E

Step Control

Number of steps,

Current Step Number,

Step Ends

Time Control
RBEA
. REWZE

File Edit View Units Tools Help |J a | :}' Colve - ff. Eﬁ" E

[ "ERRE &S eaqaa e
J Show Wertices @_Wireframe | Il Edge Coloring - /ﬁv ﬁv Av A
JEnwronment U Inertial @, Loads ~ @, Supports = | B

Qutline

Project

B (] Model (A4)

Eﬁ Geometry

Eﬁ Part
-y Bl Solid
oy Bl Solid

Bl ./;*\ Coordinate Systems

- ‘,I%] Connections

........ Contacts

------- v,%] Patch Conforming Method

- 1 Body Sizing

= ;E| Static Structural (A5)
: ;_f_:{ Analysis tethna.,

‘ ./13&, Fixed Support

- ﬁ I Pressure

;- Solution {A6)

-------- ;m Solution Information

Details of "Analysis Settings"
[=1| Step Controls L

MNumber Of Steps 1.

Current Step Mumber | 1.

Step End Time 1.5 :— =

Auto Time Stepping | Program Controlled Geometry 4 Print Previe
=I| Solver Controls Graph

Solver Type Program Controlled

Weak Springs Program Controlled B0,

Large Deflection Off

Inertia Relief off o —

Restart Controls

Monlinear Controls _
L

Output Controls
Press F1 for Help |
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Exercise 8 MESH-3
GRE : I ABEIEE HiE)

- Pneumatic Fingers 2% (Symmetry) SEBFI7R - &
1THE (1) BE A& (Automatic) ~ (2) FHEAE(Sweep)
BB DT - 15 pneumatic fingers Z Il & E
0.2MPaB /] - BIEHYHMUBEE L -

Poisson’ s ratio=0.48

. chamberZE
B K% E E=2MPa -

A I AERBENE
EFTAR AT
& ht A
EXVNDE
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Exercise 9 MESH-4-CONVERGENCE
SR : INAB B HIE)

— MRl & (stee ) B 2B ER - R~TA100X10X10 mm - _EinF HE i
PIIMPatg s - FIEAAES/ B TEKARBITEKR/) (element
Size)RaY R B R A UL EUE (1) B E#AE1S(Automatic) ~ (2) R4S
(Sweep) ~ (3)7NEH3=(Hex Dominant)

1MPa

AL

-

10 mm

100 mm
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18 EI8 (Post-processing)

J File Edit Wiew Units Tools Help |J 9 | “Solve v @ b [ » [ Worksheet

AT L RRER @5 TAQIQEQOE S O

J B’ Show Vertices 8 \Wireframe | W EdgeColaring v A~ A~ A~ A~ A~ |#| |=IThicken Annotations

JSolution B, Defarmation » W, Strain = @, Stress ~ WL Energy = | B | inearized Stress | €, Probe ~ (@ Tools | W, User Defined Result | %, Coordinate Systems ~

-, ﬁ Geometry
e I part

o B Solid
f—
[EREE )!\ Coordinate Systems
= ,,J% Connections
- /@] Contacts
=- ,,% Mesh
: ,,% Patch Conforming Method
ﬁ.‘ Body Sizing
E--,{=] Static Structural (A5)

: f'i Analysis Settings

.,Jaﬂ Fixed Support

ﬁ.\ Pressure

= solution (A6)

| 4] Solution Information
ﬁ Equivalent Stress
ﬁ Total Deformation

Mataile AFCAL AR FASW

ENEERE

File Edit View Units Tools Help |J al “)Solve = F@ [ @ - B\ orkshest
FHE IR Sr QA @ARAEME|O-

P Show Vertices  &8Wireframe | Il EdgeColaring » A~ A~ A~ A~ A~ [Fl |=lThicken Annotations
15002 (Autoseale) v I B~ G- 2|

- [ Solid
[]....V;.é\ Coordinate Systems

[l A8 Connections

- el Contacts 0.0195 M ax
B A Mesh 0.017333
/A2 Patch Conforming Method :
ﬁ.\ Body Sizing 0015166
E-/El Static Structural (AS) LS
“;:/'\:‘ Analysis Settings 0.010833
A, Fixed Support 0.0086665
. ﬁn Pressure 0.0084999
=] Solution (A6) 0.0043332
',m Solution Information 0.0021666
A Equivalent Stress 0 Min
2ot oefomoten) .

AREMMRAT
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Contour il

. EE _EZcontourtiz GOl TR E

- BEIRUE
- EINE LR
- BEl@&¥

150.24 Max
oo

18778
67557
56.335
45114
33.802
22.871
11.4449
0.22792 Min
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Slice Planes
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Capped ISO surface

- IR ERELIIMNE I 2 B AR

- Top capped #8:E B & 5 A B
- Bottom capped BREERIEAER

}Capped Isosurface Lox IE-’-‘ Ox

J= | 1.27e+00S

| T TS

JERRE T SE
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File Edit View Units Tools Help || @ |

ot

%

-

E

RRE

A : Static Structural - Mechanical [ANSYS Multiphysics/LS-DYNA]

“Solve - T [id (@] ~ W\ orksheet

J
)

'_E, x.ﬁz

-SSR QAR E NS B

J P’ Show Vertices 58 Wireframe | I EdgeColoring v A~ A~ A~ A~ A~ )| |=IThicken Annotations

|Result 1.5e-002 (Auto Scale) » [T B~ Wi~ F | B | [EProbe

Qutline ® |Total Deformation
Elﬁ Geometry ~
Eﬁ Part
g 1 Solid
[ ,«!\ Coordinate Systems Unit: mm
Jai] Connections Time: 1
L@ Contacts 2014/6/5 F4F 02:5
=, A Mesh
; «% Patch Conforming Method 00195 Max 0.0195 Max
J@.\ Body Sizing 07333 Wy 0.017333 WY
=-,[=] Static Structural (A5) 0.015166 0015186
w4 Analysis Settings 03 0.3
- - - \,.f
/8, Fixed Support 0.010833 0.010833
ﬁ!. Pressure
' Solution (A6) , Equivalent Stress Total Deformation
'/m Solution Information
'/% Equivalent Stress
'/% Total Deformation v
Details of "Total Deformation et el
[l Scope "~ Time: 1 Tirne: 1
Scoping Method Geometry Selection 2014/5/5 £5F 024 2014,/6/5 £ 02:50
Geometry All Bodies
= Definition 150.24 Max 0.0195 Max
Type Total Deformation 133.57 0.017333
Time 1189 0.015166
Display Time Lot 100.24 x.—.{v 0.013
Calculate Time History | Yes 83.568 0.01 0833
dentifier 660 0.0086665
=l Results Geometry A Print Preview)\ Report Previ ew/
Mini.mum 0. mm Graph 1 Tabu J Ei x >
Maximum 1.95e-002 mm -
Minimum Occurs On | Solid i IJA”'mEt'c’” >|i”ﬂ-E iz} | Q 10 Frames v 2S5ec(Aut) v | rﬁ - [l Slice Plane 1

Press F1 for Help

| |@ No Messages Mo Selection
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Exercise 10 CAE-3 gk - piprszmeys

° Eé*%_ﬂﬁdﬁ;&??i ’ %_Hﬁ“ﬁﬁﬁ%_@ﬂ 0.63mm 0.38mm
100MPa - BEESHENRUBEEE - , e

MRHE MY - B EHE: 110000 MPa - A I
WEE : 0.3

16.25mm

R 0.375mm

\
I‘i 7.07mm |_"_
—

Cross section
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Exercise 11 CAE-4

(R : ANSYS Workbench BEETT 2 #T 1 AFSRITEE)

EREASRARINE A - ELEMENT SIZER10 - R AEEEETEE -
H— It —4NJJ1000N - BRREFWNE N KUBEE(E - MEHTHE | KIS
#2(GRAY CAST IRON)
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Exercise 12 CAE- 5-#%,
GRE : BIA B e HiE)

ull

WEEAY . R~TW MR - fEAMULTIZONEZ @18 75 A8 E2RIEHE - [k
fim - FEEEBEETMESHERE - WikEREERESE Z ESMER
EELEMENT SIZER7HMESH - ZFEEHWNEF® - ikFRADZHEEE - L
K TIRE—] - RESMET - UBEE(E - &A= NSAFETY
FACTOR - &zl - (EfZ: MM, N)

2/000N

Multizone 180 -

II\\_ '
j 1 lE:-J Efﬂ_
R16 f
R10

| 140

184

38



Exercise 13 CAE- 6

(2R : ANSYS Workbench BRIt #EAPIRIIEE)

g = - R WEFTR - Bt EENNEERARERE L NES
EIE BRI E B E 5 A BE R EE T TNES) ; £ AREAREEN—RIZZ
1ESPARIET] - RREFUE N RUBSE1E -

L)
} 5
L
(- 2
2 A
LT | <
f _ i
.
] ! -l:' } =}
. )/ <
= I~ ]_ : fi;\f'\' %g |
- - | = TN
1 kk"\ JQ__—______!_ = j
[ i

I -
- 39




Exercise 14 CAE- 7/

(2R : ANSYS Workbench BRIt it AFSEIiE53E)
SRR . R NEFTRI R RIS — 19S5 2 250MPAEE

7] - BREEFWET] - UBEE(E - MikERN -
2.
| : |
) ] <3
Tl o N
16

¥
[

J—

16
B
o

e M0

[
J




Exercise 8-1 MESH-3
(RIR . BRINAKEZ B IEFHE)

- Pneumatic Fingers 122! (Symmetry) HlEFI7R - S5 ARBREERF T E
1TH0E (1) BE A& (Automatic) ~ (2) BB (Sweep) I £ TT 4R 4 E15E
R DHTEEER - i pneumatic fingers ZIEE - chamberZE & fii )
0.2MPaB 7] - BIEHVYEUBEEE - BEKHEE=2MPa - S LE
Poisson’ s ratio=0.48
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RetaiEE TH

. Create
- Pattern
- Body Operation
- Mirror, Move, Scale, Sew, Rota

- Boolean
- Unite, Subtract, Intersect..

. Slice
- By plane, By face, ...

- Tool
- Symmetry
- Merge B o -

RetaE S IAEINEEANSYSEE Slice 0



I ( Suppress )

- I&BIMEASREEBEHRE T
- T EAZEEREMWorkbenchi&ZZHC

Sk

R R 48

- IBFEEBEREEFIEE—T X"

BH W

-, B Solid

el e 6 Solid
“ﬁﬁhﬁh;ﬁﬁh

e, B Solid
e I S0lid
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It H R 52 E

° 1(;5: ﬂ % ,%B_ /E|\ 142 H% ’ % % I%B /El\ 1':': =] /88 A: Static Structural

-y X¥Plane

B AE - EANREEE T e
Y T Ee o R Yo

[+l

{E%&$4H >From New part - -y Plancs
EE|----¢E| Extrude?
- EEASHREEERENE - @ o2

ZZ|contactX R - RIAR 5/ 2Pars 2 Bocie
E(TULENE - /BE ADesign Yo B
SimulationBFERES = B £ &R @ Hide Body

ngE%%gﬁng'f/\ o ':;' Hide All Cther Bodies

Suppress Body

L fomNewpart

Suppress Solid Bodies

sketching  Modeling

E j Generate
Mataile Viowar o
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Exercise 15 CAE- 8

. Tﬁﬂjﬁﬁﬁ’;a;ﬂ?’”’*alﬁffﬁ ET?Dlﬁﬁ
T - 7 i 9h B8 CAD EX 3 LT%EHZE s &

(screw.iges) & A QMM% R %(%—EET%

2= 17000 MPa ; S8tAtE=0.3) - %&’E%(%E&

%21=200 MPa ; 55 tE=0.2) X 1E# (fii/a\ﬁ

S & E(=110000 MPa ; &M EtE=0.33) - I

e 200N 2 A 8 18 0 (27073 JF W

HEBE—MRNEE) L UTREBEES/FRES

9#1?J§HHV%O (U0 ~E) -

(1) 53 HETMEREE D E (mesh)(azfrﬁﬁiﬂﬁ(iﬂ
’f‘ZETL*EHE—OSmm ;B85 =0.
=1 Omm)&ﬁiﬁﬁﬂ’fﬁz(ﬂﬂ’rﬁﬁ\ ~ 1E %= 0.3mm ; EEs EBEs
=0.5mm * %ZE5&=0.5mm))

- (2) E%?EBZEEE,LEEE“@/%;E%“ H A4S (unbonded)
REE VR E (R B EEREASIE) - (B)Eam}iﬂﬁﬁ_“éf,—iﬁﬁ
=5 Ez%*% H 45 & (bonded)AkBE 7 & E(’f?i‘%ﬁﬁﬁgﬂ
ﬁEEE“E“'ﬂm) ]I&%/—R,\Hkﬂb—FZE BEERANTEE

(Maximum PrlnC|paI strain) K& 1E% E—jt%};ﬁlrj](von—
Mises stress)i5H -

200N

A .
<

17mm

AAAAAAAALAAN

[
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% & (contact) IE &R 14 2 ¥

- iXDesign SimulationZ1EAI£I3FBonded 2 F @
iR ConnectionP &7~ P A Z contacti& g,

Project
5 [§3 Model (D4)
.,‘ Geometry
-f-;ii Coordinate Systems
= Connections
N = Contacts
------- v l Contact Region
b . l Contact Reqion 2
- A1 Mesh
= 7- Transient (D5)
b Initial Conditions
Y Analysis Settings
..... .J- Solution (D6)
-------- /|1-| Solution Information
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1 (contact)IER D

.- EERTEEEG T
- Bonded

- YERRIEH - RARLYBE MO E - ERYIEE
(penetration) - E#H1H G EE

- No Separation

- ItEREAblBonded - EEAI3D ( H ) 202D (18 ) Z3%=A -
REMBE DB - EolEEAEAEMNEERS

L,

. Frictionless

- IREEEE - R 2850 - NEFHEEEY - LR BT
ABEBR R0 - iﬁgﬁﬁ

- Rough

. g&EﬁEiE1Llfrlctlonless EERGZRE - BAEEEE - ZOE 50

. Frictional
- BEEEGE - AHEEE - AOE R

E
4_1}
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% & (contact) IE &R 14 2 ¥

- Interface treatment
. Offset : IR ATE— 103 3F0RIE
Adjusted to Touch : ANSYSIEEIfmRZEZ 5 i EENUE

Contact 16 Faces
Target 16 Faces
Contact Bodies

=1| Definition
Type Fricticnal

Friction Coefficient | 0.2

Scope Mode Automatic
Behavior Symmetric
Suppressed Mo

= Advanced

Formulation Pure Penalty
Adjust to Touch -
Mormal Stiffness Program Controlled

@i

Contact palr before any Interface Treatment.

Penetration exists.

Contact pair before any Interface Treatment.

=

Contact pair after Adjust to Touch treatment.
Gap is closed automatically. Pair is "just touching”.

>

Contact pair after Adjust to Touch treatment.
Pair touches at interface.
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. BB & f1(residual stress)
FERMEMRIERTE -

- Toolbox> Plasticity>Bilinear Isotropic Hardening

- % x

Physical Properties

Outline of Schematic B2, C2: Engineering Data

B Linear Elastic A B o
'_El IsotropicElastidty . P = @ - o
E Orthotropic Elastidty > -
Anisot ic Elastid
E nlslo rapic Elastiaty . = % - ]
Experimental Stress Strain Data 4 2 [
Hyperelastic 0| Fatigue Data at zero mean stress comes
. 5 @ Structural Steel = | from 1998 ASME BPV Code, Section 8, Div
= Flasticity 2, Table 5-110.1
[1# Bilinear Isotropic Hardening 5 2% 2 ]
Multilinear Isotropic Hardening w Click here to add & new material

Bilinear Kinematic Hardening
Multilinear Kinematic Hardening
Chaboche Kinematic Hardening
Anand Viscoplastidty

@ 8 @& 57 0 59 17 7

Life A B C D |E
Strength 1 Praperty Value Unit | fpd
— 2 % Isotropic Elasticity [

] = E Bilinear Isotropic Hardening [}

g Yield Strength 80 MPa Fl B

10 Tangent Modulus 0 MPa ;I [
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SKEETT A

- Workbench#E A 2R R E =/

R NELT

You need at least one structural load to proceed with the solution.

A AEStep-FFE R (Time) K45 EE S,

= 2= Static Structural (B5)
e, Q_«[ IAnalysis Settings
....... ﬁﬁ] Fixed Suppaort
....... x@,‘ Pressure

= D
Mumber Of Steps 2.
Current Step Mumber | 1.
Step End Time 1.5

=

Auto Time Stepping

Program Controlled

Solver Controls

-1 -

[~ - ' "o

=

Steps [Time [s] [+ X [MPa) |_ Y [MPa] ||| Z [MPa]

11 0 0. 0.
21 1. 0. 01 0.
32 2 0. 0. 0.
&

Definition

Type Pressure

Define By Components

Coordinate System | Global Coordinate System

¥ Component Tabular Data

¥ Component Tabular Data v

Z Component Tabular Data

suppressed Mo
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B: Statfc Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1
2014/6/10 T4 02:02

101.8 Max
90493
70.186
67.879
56.573
45.266
33.96
1 22.653
ol 11.347
0.040016 Min

Time=1

B:Static Structural

2
B

Equivalent Stress 2
Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 2

2014/6/10 T4 09:02

Time = 2
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Exercise 16 CAE- 9-mzmEHa4
GE - IR IR IEH1T)

- MEH—EWooH - MEAFELHEEHIS5mm - a=170mm - b=110mm -
c=120mm - L=100mm - d=110mm - e:SOmm - RAEZEEEt=10mm -
WE =B Np=0.1MPa - [REEASBE TR - 2ITEMRAIRA - mm -
N - MPa - 4‘?#47%3@?5 411l (perfectly elastic- plastlc material) - 5 Fcf4
20%3200GPa - JBMEE#0.3 Bﬁﬁﬁﬁﬁr 80MPa - slope=0 K ZBHE
BNUENEERENBZAK -

a

d__ P Y, £l
N A\ _ ~g N f




Exercise 17 CAE- 10-se@m ikl
GRE - I AEBZIE e 2IE)

SNE & —KFAEFIFI T - At R —RIRFZ S RAER - SRDEE LR
HA RSB E SRS 2I(TESTDATA) - 612 E /€ w685 & 55 718
al c ABEERSBUOEREREEBEEASIEEEMENST - WERER
SR (E=200GPA, N=0.3)1E2 2 D217 - IRFLU2DETREIEZ -

W PIPLANE STRAINETEREBBREEGAFEN(E)/&/NEEN(E)/FE
%54
jj ( )fﬁg0.85"
1.100
800 200
- R.200 iaxia
il 1
[.133 | /‘__ Z 120 : }
it i g " [3] Shear test.
867
u R“/ls'O/ROSO 40 / [1] Uniaxia |
test
R 0 0.1 0.2 0.3
Y/ 333 500 /////R 200 ! S R.050 Engineering Strain (Dimensionless)

53

B : inch



