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Workbench Igg: SEKRE

CAD

Ve .‘-a 4

TR

DesignModeler
SpaceClaim
Catia V5
UG NX
SolidWorks
Creo Parametric
Solid Edge
Autodesk Inventor

Structural

Engineering data
Meshing
Mechanical
Mechanical APDL
ExplicitSTR
Vista TF, CCD...
Icepak
nCode

CFD Electromagnetics

CFX Ansoft Products:
Fluent Designer
CFD Post HFSS
Polyflow Maxwell
AQWA Q3D Extractor
ICEM CFD Simplorer

LINREE—EBENER:

Excel, External Connection
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BY: CADRTSH :

+ CADSMEILANRTSER ST -
.+ TBABEREOANDS (AIMEHEREMIR) ?[@ comeny 2

GE( [Hew Spaceclalm Geometry...

. FTREEEIRR R AT ICADS SIS ® (Lo oot Comerr.

Import Geometry k
1=BE|Workbench.

@ Options :

- Project Management Anahysis T : =
- Appearance Iﬁ =
- Regional and Language Options = ——
- Graphics Interaction Basic Options
- Journals and Logs
-~ Project Reporting I Solid Bodie —— e
- Solution Process ==
— Extensions W Surface Bc x o
- Mechanical AFDL ™ Line Bodies
- Mechanical
- Microsoft Office Excel [~ Material Properties
- System Coupling
- TurboSystem ¥ Parameters

-~ Meshing Filtering Prefixes and Suffixes

DTN eproranen | DS
fGeometry Import |

Restore Defaults
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Design Modeler&£{i2HY 9

Tree Outline 1 Graphics
[=/88 A: Model, Environment  ~
| w3k XYPlane
3t ZXPlane
E-y 3= YZPlane
iy Sketchl
g Sketchd
B BallMount
- Planed

m

—

L RERARE e

Details View
= Details of Gusset

YT

|

% “ Gus Set ” Extrude Gusset
Base Obj Sketch4
ase Splect et A: Model, Environment - DesignM...

Operation Add Frozen
Direction Vector None (Normal) Create a new Design Parameter for
Direction Both - Symme..| | reference Gusset FD1?

- Syt

foce? ithick_ds‘ I
Merge Topology? | Yes

| Model View |PrTnt Preview

2. BED1F B HAE
. 2B EF L
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* Parameters and Named Selections can be transferred to
Workbench by creating Groups in SpaceClaim

* Driving Dimensions can also be created
— Need to use the Pull or Move menu
— Make dimension appearing on the display window.

Groups

I# Create Group L Delete
Root Part

Name

3} Driving Dimensions

----- < Hole1 rad
7 Named Selections

<) Hole1

---- «?) bearing casing

Type

Ruler dimension:
5.000mm

Groups
* Parameters can also be edited and modified within v
Workbench which will modify the geometry in SpaceClaim e
2 |8l Geometry 4 2 | @ EngineeringData v/ 4
‘i' Project A B C D Geometry 3 @ Model ¥
= X - 5 @ setwp ®
- EQ Model (B4) 1 D Parameter Name Value Unit ~ = < :
_____ J& Geometry < 2 = Inpﬁuf Parameters < @ reis y
[ Coordinate Systems = B @ Geometry (A1) 8 | (2 Parameters
' /@ Connections 4 E)P P1 Hole1rad 5 Static Structural
________ N & [’p New input parameter New name New expression
[3 -| @ Named Selections Bl @ OutputParameters
i 7 @ bearing casing = pd New output parameter New expression [pd Parameter Set
Hiienes » @J Hole1 8 Charts

— o SUTK
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S8: WBHREIHH. BRFEFSEHL 1

ZMechanical & 61/ = #L Y & Mechanical APDL

2 | &5 analysis oy

Mechanical " )
2 Edit in Mechanical APCL...
A Fatigue Data at zero mean stress comes from 1998 ASME
E Structural Steel € BPV Code, Section 8, Div 2, Table 5-110.1 Open Mechanical APDL...
* Click here to add a new material
Details of "Safety F | Add Input File 3 Browse... |
=/ Scope
Scoping Methad Add Reference File 3
Geometry
A B c =l Definition 53 Duplicate
1 Property Unit Type
— - Ery Transfer Data From Mew 3
2 4 Material Field variables Display Time
3 T4 Density kg m~-3 | Calculate Time H Transfer Data To New 3
- - - Use Average
4 = % Isotropic Secant Coefficent of Thermal Expansion melilaiakicic _/ Update
5 Coefficent of Thermal Expansion 1.2E-05 c~-1 =]
2! pa — P Minimum Clear Generated Data
Informa
—

ZCFX, Fluent#CFD/&R2E & B B #4 B S Refish

Reset
EE Rename
Properties N
| Outline || Eoundary: Boundary 1 Expressions ¢ | @& Velocity Inlet
Expressions Zone Name Quick Help

- || inlethot |
Expressions

24| 1n

InletYelocity 20 [m s~-1]
COutletyvelocityl avelvelocity i@Outlek 1

COutletvelocikyz avevelocity i@ Oukletz
=

Momentum IThErmaII Radiation | Species| DPM | Multiphase | ups |

velodity Specification Method [ Magnitude, Normal to Boundary -

Reference Frame | ahoolute Sequencd Mews ...

v Use as Waorkbench Input Parameter velocity Magnitude (m/g) e Tirme Edit ...
akstep Edit In Carrmand Editar
CE Copy Turbul constant
5 il EES Mew Input Parameter. .. ckstep Duplicate ...
=2 Duplicate welocty-1

Spedfication Method)| intensity and Hydraulic Diamdpe

Turbulent Intensity (2e) [ |

sstep
. 7% Delete

Use as Workbench Inpuk Parameter
Use as warkbench Output Parameter

e
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- IRESE
- IRESH BRI RATM ARG H S4B IS RIATLI.

- IRESHETLIBEAEREE. =AURFTTRECREN.
- EFIERE (BARRT):

— o BT

© BRAEE(.e., FREBAIRERIRLE)

« FREHRLA(e., RN BRLARENNAYRLS])

© WIERT (REMBSEN AR TRIRE)

Outline of All Parameters

A B Z D

1 ] Parameter Name Value unit
2 = Input Parameters

Static
3 B k& Structural

(ANSYS) (A1)
4 b P3 Force Y Component 100 N
s B P4 width 8.6151
6 % Ps height 8.1833
7 b P8 length 30
= [ Efmlﬂg‘g Mew name MNew expression
9 = Output Parameters

Static
10 = k= Structural

(ANSYS) (A1)
11 pd P2 Total Deformation Maximum | 0.012105 mm
12 B P6 Geometry Mass 0.016603 kg
13 pd P7 Equivalent Stress Maximum 36.668 MPa_g
= @ o oot New expressin |

X

2
[=[= .

9 = Output Parameters
Static
10 = k= Structural
(ANSYS) (A1)
11 pd P2 Total Deformation Maximum | 0.012105 mm
12 M P& Geometry Mass 0.016603 kg
13 pd P7 Equivalent Stress Maximum 36.668 MPa
B ga Mew output 0.02*P4*P5*Pg|
parameter
15 = Charts
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What if FF5%

ATIHER
B E /AR
SHABXSH
LRt
BT EYEEIRITR
MmN ESurface

Y — R
e
BB EE TR
= REERT

Six Sigma 431

L TEF 3R FEIE 73X 21
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DX 4&%g5: What if i35S

16
S T—RYIANEENRITR
BT — R ANEERRITR
=¢ Reconnect @ Refresh Project # Update Project | Resume ## Update Al Design Points | & Return to Project &9 Compact Mode
Table of Design Points
A B C D E F G
1 Name =~ | P1- wvelocity-1 = | P2 - Face Sizing Element Size ~ | P4 - PipeLength ~ | P3 - Solid Volume = | PS5 - PressureDrop ~ |[ | Exported
2 ms~-1 =1 m m"3 Pa
3 Current 1 0.001 1 # 3.0844 # 1.1146E+05
4 DP 1 2 0.001 1 Fd +
5 DP 2 1 0.002 2 F +F
[ DP = > Co 2 Fd #+ 7
- =2 PY 1 Static Structural
Paste
2 Q Engineering Data v
Set Update Order by Row
Show Update Order 3| @) Geometry v 4
Optimize Update Order 4 @ Model 7 4
% Delete Design Point 5 @ sewp 7 4
Za Copy inputs to Current & @3 solution F
E— B ) P i P — 4
=a Duplicate Design Point 7 @ Results 7,
/7 Update Selected Design Points —2 8 |[pd Parameters _—
> Export Data (Beta) Static Structural
-
|lﬁ Parameter Set | ]
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Default DOE (CCD)

BAY:
EDOEITREIIEEEA, Wit ESHEMNASIHENEINRIEE
0, MmEEITEIERSEREEE.
I DO ARFGIEAEEN SR D AV ERIHF AR,

Number of Design Points

T3k
SHBXME B RIERIT BRI R TR (ERACT

LT ABILF
BIARER) LB RFIESET ArExt ° . A

BT S-HARZBINER, BRRBENRIT-EE . .
HRMASE, FANEHRFERE. o T
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DX 15 SURE / XS "

w Reuse ﬂ.‘IE samples already generated ((X _ f Y— }_7
- SHIREEAIS e — - "\/ZZ(”)ZXZ(Y{)Z
Auto Stop Type FE?.:Euncnﬂuw ] D‘,

BINZ3

P12 Z—

P13
P14
24
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27

I Py N B2 5 L RO R
TR
|

far
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- WESHIVEXRIER: SRR TIR

Froperties of Dutline A1 ENEAl Correlation between P4 - width and F7 - Equival - x
- a | B | c |
- Lingar Trend ling s
1 Property Value Enabled a5 O el ek i
z Shmples W
3
"
4 - -
5 40
5 inear RZ = 0.17725
7 Quadratic | R2 =0.19282 | |

35

P7 - Equivalent Stress Maximum [MPa]

20

79 8 81 82 83 B4 B85 B6 B7 858 89 © 91 92 93 9.4
P4 - width

—

« EXERERIT A RS HI BRI RIS RN MAIFN
TIRBIRERE

o EEAHIERAEZE, REREHEL

« MRS ENXRENERHBRBEE— MR ZIREIEX
ML RARRE, XBEHLE— MrERNE (2ZMEZIR) |
mxXMER T, BERECmAEmEE (RERE. E55E
I3EE......)

P3-VTF power [.L0f) (W]

ssssss

aaaaaa

Sensitivities

04

03

02

01

-0.1

-0.2

03

04

0.5

-0.6

0.7

08

v =%

PL- L
P2-H

PI-P —
Pl = B —

0.9

P5 - DEF_Y
Output Parameters

— o SUTK
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- B WEBRFRMN—EEIEREMIINE, KBRS RERE.
- I8EDOE#E (&%)

- EXESHECEEMZEE (F4. BEl. JHiEE )

- BIlEERIT RREMIRRSHEE
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DOEEE (&)

« Central Composite Design

« Optimal Space-Filling Design

« Box-Behnken Design

« Sparse Grid Initialization

« Custom

« Custom + Sampling

« Latin Hypercube Sampling Design

« External sampling methods as defined by the DOE extensions loaded to the project.
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= Failed Design Points Management

MNumber of Retries ace-Centered

& Design of Experiments  ReElel]ld

VIF-Optimality
G-Optimality
Auto Defined
| VIF-Optimaiity

5.5 - & )

Central Composite Design (CCD) H.(:E&1%iT
c BEBETREZMRE(FARE, 88
I e ST WY
« 2N PMHIER

Design of
Experiments Type

| Design Type

[ ] (]
« 27M(N-f) BFm o o
O m O
# Face Centered
= Rotatable
5 = S M {8 |/ VIF Optimality
max < G-Optimality
— O Face Centered (extended)

Pl
min

X3

| 20] 11 553] 1,048:617‘

— [_gﬁlggx © PERA Corporation Ltd. All rights reserved. —
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23
Box-Behnken i&it '
1 e
KR, MASKIREASI2 | e
° E*lajl LRAY '5¢IILJ\I \\gﬁm D .
- LK CCOEBMRIT S 05 ¢ " !
- B TR RKIERRS 5 e
- | e
1\\0\\7/_( Custom + Sampling
-1 A 0 1 10 ' * . ¢ °
Custom / Custom + Sampling | |
S e o 5 o I
« BEMBASHEUL T EIABDOEIZIT 3 |
g 0 l 2 2 l o |
. EJSASMIBICSV iR P Eemas el
- fEL—RDOEEER bit{TiEm JSEEEL AmEED SN AN
« EIRIIRAES, EEEFEQITEE g e B s

Parameter 2

— o SUTK
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Latin Hypercube Sampling (LHS) o 23
s e Ak +
© IRITEEIRS S "‘. LHS
« BPMEFAVKFELUER ® . (20 Design Points
& or 2 inpu
- S5, SHIRHEI— NS . o poremeters
>
Ll
®
L
|
®
Optimal Space Filling . *
© BRSBTS T s
. USRS, WEKAER o - OSF  OTRESETILS, &
N o . esian Points bt o0 QIR EE SRR
. EEEROAT— R . e o mrat
. SRR TR . . parametere) K] OSPEIROCHIAZ
. - HIEERS, R MRITESE
" & T MEGSINH, LEES
* itas(a)
» ’i 154
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o ER—ERIRE,
v RN ENREIEE SIS0 R TR T B AN R
v ERHKENE S, AEELMITE, MRS 0T GE
- RA/RIMBEER
v SRS EES EE THRIER
- 2D/3DER=
- SEPBURE
+ RS REiHh
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mhESRE (FiX)

Z(X) SRR

—msmtiE

© USRS TR AR _

C W=t BN EHER —
KrigingiZ

- ZUEVRE, INLEBEkMRE

« HH=f @A) +Z (8N) EHZm (AR

BERYTSA) , 8 (EIER (ARG T.)

©  AIFEEEEMEANRITRE T
SRS BRARE ISR R, KrigingiALEmENR AL
AR, (BEERPEREHEAZEIRA
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El E%ﬁ@ 'EI ;ﬁ f(X): Framse
. ELTRHERST—EEERE, EEAE
MR AR R, -
. T RREA TR R A N

. BRI EASHTE, RRHNES

mezm y823 C— R ESARTE, ARk ok iR O o TELeY A 487
Hik

. BT RS R AR ;
. BMNANSIERXE, FRIRERR ;’

. BTSN MG Ol
. BASMENE RSN, WRBLEREHR R / |

o u 1-exp(-u;)
”;:Z“,;\‘ O‘,:fanh[;l] = I:,( J) hy=u,0;

- K

]| e
24 ~
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DX 5= IR

TRl MItE
. EENEERAE
. BEESIHHE

. QIEREMENE LA (SR, EE o]
ERAMEHEESE S EE K TARARE) ]

]
Goodness of fitil&E  .Jz-n .

S T, /
« TEXISRIRE
« ENEXENHERE
- ENEYERE

Surface

Predicted from the Respo
Predicted from the Response
o

[] 0.1 02 03 04 0.5 0.6 0.7 08 0.9 1
Observed from Design Points

Observed from Design Points

— o SUTK



DX 4555 il 29

- EXB¥r. ARLUNIZITESE
- ETF N ENA SRR

~ - RS 74 \}-L\ [ | P& - WB_DIS )] =
« EJEEIRERERT MRS E Reference neme e
j: / E 7I</ ~. I -LX-L =< = Parameter Value Variation from Reference
el Optimization @ —— Initial Design — *» 79.999 0,00 %%
=l Objectives and Constraints [&) —— Initial Design ——- (verified) (DP 0) *x 80 0.00 %
@ Se=kPe =500 mm™3 ey dote Po *
[ =] Candidate Point 1 Priat Sl -48.19 %
Minimize P7; £7 <= 9500 1P (iveensaies
@ inimize ! 2 %) Candidate Point 1 (verified) *ﬁ* 41.632 -47.96 %o
) Minimize P3; 40 mm <=P8 <= 50 mm — ] >
L] with Rounded values < 5 41.185 -43.52 %
@ With Rounded Walues (verified) *** 41.373 -48.28 %
e N
° ET&L {jE 1 % Mew Cusfom Candidzte Poinf

- EEEEIEE

1109

PS5 - WB_Stress
#2-WE fnihs

© PERA Corporation Ltd. All rights reserved. —

— = A
,- PeRA GLoBAL



DX 4‘:"1\\\ ﬂ“‘b 30

RHEE
. #E (Screening) [EAIA]
IRERRIERERERE
ETFHammersley&iABBH 4 k=S
NZHREEENE, ERTEEARNESSEH, Bal/2RI
BREETEARRTE

D N N NN

. MO@H%E%&%%%)
HERERITERBER B
BEERER, ATFHANEEFREHNERRNRIRES;
ERTER/RERLL;
ARBEA B

D N N NN
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DX $5:: ffift 3

IEx |

+  NLPQL (ZRAMEHE B IFZERLL)
BERERAL

IEFF R

HER, BEE
NERTESSH

£ R

+  MISQP (BEEEUELIXMK!)
B EE

IER, B
BT S HEHEH

£ R

D N N N NN

D N N NN
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RLA I
ENER S B iR(RUEF T B L)

> BE—FASTLHSIZHRR, KriginglAMEFINLPQLILIL A EANEREE;
> R T — TR RETmIE S AT USRI 2 B RINE;
> BiEe 8
> B BRI
- RO EEESSH
BENZ Hin(RERTEEI)
> B—BEE T MOGAESEMKriging i M E & EAGEITHE A
> ERTREE/ 2B
> Z BiRiitt

> (RAIBELERSEY
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WNSHAI1KEY]

uuuuuuuuuuuuuuuuuuuuu

= WS

Dintrebution funstion for P - WE_W i

o o o
o o " o N o
g £ & & b 2
g
7
3

e N ow o ou oD owom

58 845828 33

136 1920
Prod sty Denaky |10 |

. ,u\,n%xeilﬂﬂﬁ EEIRITRFRMENR (=REDT)
. HRERLEERD ATRESN
. 3%?&“55%7/‘5*& S SRy STl
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DX 4§53 Six Sigma 91

34

2151

NR(FEHTRDWT, FAEEKESEXANS, it8

Otherm = E o AT

© HATNAILIE BN DS ERELIN#

NG (1

B AR ZREURKIELL .

- PRI T —ERAN DR TRARENMIEETNSETRELRAN S T ERHSERE,

Uncertainty variables taken into
account

Probability that the thermal stresses are
more than 5% higher than expected

Probability that the thermal stresses are
more than 10% higher than expected

Young's modulus (Gaussian
Distribution with 5% standard

deviation) ~16% ~2.3%
Young's modulus and thermal

expansion coefficient (each with

Gaussian distribution with 5%

standard deviation) ~22% ~8%

© PERA Corporation Ltd. All rights reserved. —
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35

— o BT

X

2
[=[= .

BINZS I A

a A B C
: G | Qi
2 & Engineering Data v, 2 |E 7 Design of Experiments (SSA) (5]
3 @ Geometry Y 4 B B Input Parameters
|#|® modd 7 4 2.8 s SyS) AL
|5 @ Setup V4 5 JWhip  P3 - Force Y Component
(6] sounon 7 3 P4 i
7 @ Resufis v o e
8 (5 Parameters Z Wi P5 - height
Static Structural (ANSYS) 8 i Ps- length
9 & Output Parameters
10 = @ stauc structural (ANSYS) (ALY
53 Parameter set 11 2 ;;;?fﬂ Deformation
12 5 P6 - Geometry Mass \
13 #1 P7 - Equivalent Stress Maxintym
14 B Charts
Desqn of Experiments (554) 15 A Parameters Paralle \
[31] Response Surface (S54) v 16 -'Vﬂ Design Points vs Parameter ‘
lul] Six Sigma Analysis v A v 2 x
Six Sigma Analysis A B
i
2
3
4 Type Uncertanty Variale
5 Classification Continuous
6 = Distributio
7 Distribution Type Uniform [=]]
8 Mean Uniform
S Triangular
9 Standard Deviation Normal
10 Skewness Truncated Normal
11 Kurtosis ;:2:;”;3"
JVAN = Value Beta
13 Lower Bound Weibull
14 Upper Bound 102.5
15 Initial Value 100

[eeerar———

8] Aarssad

o
=
Y
3

WeibullZ v

© PERA Corporation Ltd. All rights reserved. —



DX §§=: Six Sigma 34

36

% A

Display Parameter Full Name

B c
1
2 |2 ~ sixSgmaAnalyss | Deformaton . o iy v | S9ME .
3 = Input Parameters (I'IIITI)
4 =& 5[?‘“ Structural (ANSYS) (A1) 0.0062317 0.00069291 | -3.1976
5 ||:|.rp P3- Ffzc: ¥ Component 0.0069278 0.0058188 -2.5229
6 e P4 - widt
= ‘||| %P5 heght 0.0076238 0.016447 21334
! -
G 1o PB- length 0.0083198 0.036654 -1.7909
il -
9 2 output 0.0090158 0.095628 1.3069
10 =N (A1) 0.0097119 0.1566 -1.0085
- Jl, g2 P2~ Total Deformaton 0.010408 0.23858 -0.71088
i :
Maxmum 0.011104 0.33533 -0.42525
12 ol @ P6 - Geometry Mass 10 | 00118 0.44104 -0.14834
13 i B2 P7 - Equivalent Stress Maximum
TRECRT ™ AN 11 | 0.012496 0.56098 0.15346
i Jal Sensiivites 12 | 0013192 0.65184 0.3903
13 | 0.013888 0.7264 0.60196
4 | 0014584 0.79763 0.8332
roperties of O Al11:P2 > 3x
A 8 ~ | ™\ 001528 0.84211 1.0032
= T 15976 0.88428 1.1966
3 Units o 6672 0.92547 1.4429
. - E— e
5 Calculated Minimum 0.0035...
6 Calculated Maximum 0.0409...
> Empfid:t Cumulstive DistrpSiFuncrion ——
bility Defiity mmmm
8 Probability Table Quan... =] 150
9 Mean 0.0124...
10 standard Deviation 0.00%... | |[|Z
11 Skewness 047765 ||| |8
12 Kurtosis 0.0232... 2"
13 Shannon Entropy (Complexity) -4.5511 E /
2
14 Signal-Noise Ratio (Smaller is Better) 37.926 S /
15 Signal-Noise Ratio (Nominal is Best) 13.341 56
16 Signal-Noise Ratio (Larger is Better) -38.728
17 Sigma Minimum -3.1976
18 Sigma Maximum 3.1976 o S mi
19 m

0.00BOMOCE000.00.011.012.012.010.0T:016.017.018010 03031022

P2 - Total Deformation Maximum [mm]

P2 - Farce ¥ Companent

05 P4 width
= PS - height mee
[T —

05

Sensitivities

P2 - Total Deformation Maximum PE - Geometry Mass P7 - Equivalent Stress Maximum

Output Parameters

— +
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« WorkbenchfUi NFlEiH S22 DX DS

o p— < \—/—?A\n\ 5 . . M ‘ P, N
AERHEI TSR RRuUN Design Points simultan 1+ .
- SEHETT Simultaneous [l
o Design Points
* ’jj\é-\\*ﬂ’a% Enabled
[l
« BINFRIENERETZ MRS —
16 |
[
. N—/— 1> 8
 BERERERVFRIRIEITIRITR s ::: .
1 2 3 4 5 *

Number of HPC Parametric Pack Licenses
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