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What is Substructuring?

[M]{u}+[C1{u}+[K1{u}={F)

where: - Plate superelement - Master DOF
il .

A _ Contact elements

[E]:[T]T[KI T] = reduced stiffness matrix / o {@{{Q‘/
£

i -r- b
[M]z[T] ’M [T] = reduced mass matrix

[C]z[T]T[C”T} = reduced damping matrix

] rJr-
{F}z[T] {F} = reduced load vector

Vv,
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Why Substructuring?

Table 2: Comparison of CPU and Elapsed Times for Modal Analysis

Number of Modes = Full CMS Fixed Interface

100 Model

CPU Time (s) 2034.280 |Gen 2022.670
Pass
Use 4,630
Pass

Elapsed Time (s) 1291.000 |Gen 1336.000
Pass
Use 3.000
Pass

©2020 ANSYS, Inc.
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Superelement. Wheel 1

Superelement. Body

Superelement. Whee! 2

Table 22.4; Comparison of CPU and Elapsed Times for Harmonic Analysis

Number of Full Model CMS Fixed Interface
Modes = 20
CPU Time (s) 13580.800 Zen Pass 2022 670
Use Pass 1758.800
Elapsed Time 7866.000 (zen Pass 1336000
(s)
Use Pass 1764000
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Submodeling

- A - B

Bl = Static Structural Wl 7 Static Structural

2 @ Engineering Data  +" 4 2 @ Engineering Data " o
3 i) Geometry v 4 3 Geometry v 4

= @ Model v L=

3 @' Setup v F 4

] Solution \( T

7 | @ Results v 7.

Full Madel Submadel

90,00 {ram)
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Two methods of doing this

« Substructuring analysis (Guyan reduction): Static reduction which reduces the system
matrices to a smaller set of nodal DOFs. Substructuring analysis applies to structural and non-
structural analysis types. For structural analysis, this condensation method is also called

Guyan reduction

« | Component mode synthesis (CMS): reduces the system matrices to a smaller set of nodal
DOFs complemented by a set of generalized coordinates. CMS applies to structural analysis
only. CMS is more accurate than the Guyan reduction for modal, harmonic, and transient
analyses because CMS includes truncated sets of normal mode generalized coordinates,
which capture the basic modal characteristics of the components.
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Supported Analysis Types

« Harmonic Response (MSUP only)
« Modal

« Random Vibration

« Response Spectrum

« Rigid Dynamics



How to proceed substructuring?

Othior files:
[EMAT, ESAY,
EELD, .LM2Z,
FULL, .CB

GENERATION PASS

Available saoheérs; sparse

|

Superelament
madriz file:
SuE

USE PASS

Available solvers, sparse, pog,

jeg. ioeg

ll

Risducad DOF
solution file:
DEUB

EXPARNSION FASS

Backsubstitudion method

Available sohvers (auto selected):
SpArsE, pog

Rasulls Flls
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How to proceed substructuring?

« Top-down Substructuring:

« Bottom-up Substructuring:
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Condensed part

Condensed Part 3
2021843 T 03:56

. Contact Region 4
[BY Input_Tip_Ux

. Contact Region 16
. Contact Region 2
. Contact Region 15
[ Contact Region 3
. Contact Region

0.00 500.00 100000 (rrm)
I a0
250,00 750.00
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CO m Da rI SO n Tote] etormation ANSYS Tabular Data e Tabular Data e - Iil. O

Type: Tots| Deformation

:Moda requency: 7. = 2021 R -~
ANSYS i Mode |[ Frequency [Hz] | | Mode ||V Frequency [Ha] |
(e 5580t AR e 1]1. 7.5986 11 7.5458
202176/3 T4 04:39 0..54749 — — :
0.61577 Max g:ﬂzsi i 2 8.895 i 2 .40
oareen e 313 10.842 3(3 10.844
05t208 015782 414 87.421 4|4 87.239
oaris aomsts 55 105.43 55 105.33
00e8sa 6|6 113.15 6|6 113.66
00012682 Min —

v Full model Bottom up
[Q 1000.00 mm) z CMS

X 500.00
Q 2e+03 {mm)
I
1e+03

B:Modal C: Copy of Madal

Total Deformation 2 ANSYS Total Deformation 2 ANSYS

. Type: Total Defarmation
Type: Total Deformation ¥
Fracqoency: 8893 He 2021 R1 Frequency: 8401 Hz 2021 R
U ? i Unit: mm
235}2;”3 T 0440 202176/ T4 0444
0.56388 Max

0.563 Max 05037

0.3008 043885

04381 0.37634

0.37581 0.31383

0.31342 025132

025103 0.18881

018883 01263

012624 0.083788

0.063543 0.0012766 Min

0.0014491 Min

b W
Z
0 25403 {mm) z
L

500.00
Te+03
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EB:Modal

Total Deformation 3
Type: Total Deformation
Frequengy: 10848 Hz
Unit: rarm

2021/8/3 T4 M40

0.36459 Max
0.36478
0.34467
032457
030446
022435
026424
024414
022403
0.20392 Min

B:Modal

Total Deformation 4
Type: Total Deformation
Frequency: 87.421 Hz
Unit: mirm

2021/6/3 T4 0441

1.1056 Max
098286
0.86007
073728
0.61449

04917

036831
024612
012333
0.00053674 Min

ANSYS

2021 R1

2e+03 () z
1e+03

ANSYS

2021 R1

L]

2e+03 {mm)
1e+03

C:Copy of Modal

Total Deformation 3 ANSYS
R1

Type: Total Defermation

Frequency: 10.544 Hz 2021
Unit: rm

2021/6/3 T4 04:45

0.39281 Max
0.36318
0.34356
032393
030431
028468
0.26506
0.24543
022581
0.20618 Min

0.00 1000.00 {rmm)
[ ]
500,00

C:Copy of Modal

Total Deformation 4 ANSYS

Type: Total Deformation

Frequency: 87.239 Hz 2021 R1
Unit: mrn

2021872 T4 0445

12276 Max
1.0013

0.9349

051854
0.68218
0.54552
0409456

0.2731

0.13674
0.00037834 Min

L
1000.00 (mm

[ht

500.00
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B:Modal

Total Deformation 5
Type: Total Deformation
Frequency: 105.43 Hz
Unit: mm

2021643 T 0d:41

1.3883 Max
1.2342

1.0801

092801
077152
061783
046373
0.30084
015554
0.0014509 Min

B:Modal

Total Deformation &
Type: Total Deformation
Frequengy: 11315 Hz
Unit: mm

2021/6/3 T4 0441

T.6819 Max
14852
1.3085
11218
09351
07454
05617

0375

01883
0.001596 Min

C:Copy of Modal
Total Defarmation 5
ANSYS Type: Totsl Defermation
2021 1 Frequency: 105.33 Hz

Unit: mm
2021/8/3 T4 (445

0.76542 Max
0.68072
0.539601
05113
042661
034191
0257211
017251
0.087813
0.0031127 Min

2e+03 (mm) z

C:Copy of Modal

Total Deformation &
Type: Total Deformation
Frequency: 113.66 Hz
Unit: mm

2021/6/3 T4 04:46

11813 Max
1.0502

0.9190
078785
0.65669
0.32553
0.39437

0.2632

013204
0.00088365 Min

Lo}

2e+03 {mm)
1e+03

©2020 ANSYS, Inc.
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0.00 1000.00 (mm} z
| |
2021 Rl
¥
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0.00 100000 (rmrm) z
[ e

500.00
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Substructure Generation

Bl 88 Named Selections

Engineering Data v 4 ....... v [T Fixed Support
Geometry v 4 P e ] Force
& % Substructure Generation (AS5)
Model v 4
------- ~T=0 Pre-5tress
Setup # 4t e v Hﬂ Analysis Settings
= W =11 iti
colution 7 /=) Substructure Definition
....... f_. & FDFEE
Results - S -
Substructure Generation
Warksheet * 1 %
Clear |
Interfaces
Mame | Scope Method Environment Mame Source Type Condition Side
Fixed Support Geometry Selection Substructure Generation Manual General Mamed Selection A
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Coupled Field Static
Analysis
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Coupled Field Static Analysis

* Piezoelectric coupling and Acoustics physics is supported for Coupled Field Static
analysis

@ Mesh
1 Property Value ) Q’
= . EM=:ce R e
o Initial Physics Options
Coupled Field Stati v
t 3 Component 1D Setup 7H Analyss settngs
2 @ Engineering Data v ., 4 Directory Mame 5Y5 + B Physics Region
3 g Geometry v ., 5 Update Condition Parameter (Beta) | Mone LI V'f_’ Fixed Support
& B Motes ”\" b .
4 @ Model 7 =& Solution (AS6)
e A S o PR
55 Setu /‘ E AT !
ﬁp ............................... A B B Used Licenses
6§ souton 7 4 9 Last Update Used Licenses ] Details of “Coupled Field Static (AS)" - w § O] X
7 @ Results 7 sl = System Information - Physics Definition
Coupled Field Static 1 Physics Multiphysics Structural Yes
1z Analysis Static Acoustics No
13 Solver Mechanical APDL Thermal Yes
15 Structural - Dennition
15 Acoustics ] Analysis Type Static
17 Thermal Solver Target Mechanical APDL
18 Electric [l S| Options
Generate input Only No

— Taiwan Auto Design Co.
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Physics Region and Analysis Settings

* PML settings are supported for respective Acoustics

physics in the Physics region object

* Voltage and Charge convergence supported on Analysis

settings
- Program Controlled
On

- Remove

Details of “Physics Region”

-/ Scope
Scoping Method Geometry Selection
Geometry All Bodies

- | Definition
Structural No
Acoustics Yes
Thermal MNo
Electric No
Suppressed No

- Acoustic Domain Definition
Artificially Matched Layers Off

Element Morphing Program Controlled
Agvancedsetings |
Reference Pressure 2.e-005 Pa
Reference Static Pressure | 1,0133e+005 Pa
Fluid Behavior Compressible

2 J=E

Confidential

—/[f@ Coupled Field Static (A5)
- ¢T=0 Initial Physics Options
- 4 H1] Analysis Settings
- /% Physics Region y
Details of “Analysis Settings' * 1 Ox
+ Step Controls
+ Solver Controls
+| Restart Controls
=/| Nonlinear Controls
Newton-Raphson Option |Program Controlled
Force Convergence Program Controlled
Moment Convergence Program Controlled

Displacement Convergence | Program Controlled

Rotation Convergence Program Controlled

Line Search Program Controlled

Stabilization Program Controlled

Voltage Convergence Program Controlled

Charge Convergence Program Controlled
+| Advanced

+|| Output Controls
-/ Damping Controls
Ignore Acoustic Damping | Yes

+ Analysis Data Management

— Taiwan Aufo Design Co.
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Boundary Conditions

« Electric and Acoustics boundary conditions are supported

& [

®

Physics
Region
Phiysics

@

E}r_‘_] @ @ Force 3 @ Fixed [.;i:j _@_ _@_ _@_

@. Moment “S¥F @ Frictionless

Inertial &':g:al.éitic Acoustic E«:un_dary' -':‘-cous,tif Loads @, Pressure Supports & Displacement Dire'ct Electric Voltage Voltage
. Conditions Models - £ FE Charge (Ground]
Acoustics Structural 11 Coupling i
I’ Voltage Coupling
@@ Constraint Equation
Insert P G Physics Region
GoTo P @ Acceleration N
Q Filter Tree Based On Visible Bodies % Standard Earth Gravity =
@ 1sometric View @, Rotational Velocity [
s Set . Rotational Acceleration
A, Restore Default H Acoustics » Opp Absorption Element
@ ZoomToFit F7 Structural v I Port
@ ZoomTo Selection . Electric 3 'ﬂ Transfer Admittance Matrix
@ Image to Clipboard Ctri=C E. Commands [ Low Reduced Frequency Model
Cursor Mode v !
View »
& Select All Ctrl+A
[ Select Mesh by ID... M

CADMEN

Taiwan Auto-Design Co.

©2020 ANSYS, Inc. / Confidential



Results

« Electric results and probes are

supported

@ =®

©® ® ®)

& a

Insert

Go To

Deformation Strain

Filter Tree Based On Visible Bodies

Isometric View

Set

Restore Default
Zoom To Fit

Zoom To Selection
Image to Clipboard
Cursor Mode

View

Select All

Select Mesh by ID...

Ctri=C

Ctri+A
M

u

-

9 9

B
=

E}. ]

@

L &

v v

Deformation
Strain

Stress
Energy

Linearized Stress
Electric

Stress Tool

Contact Tool

Bolt Tool

Probe

Coordinate Systems
Volume

User Defined Result
Commands

Energy Vector

ENFENEY.

QN

Stress

D

O

Q6 e @

Energy Damage Linearized Acoustics Volume Electric Coordinate

Stress ™
Results

. v

Electric Voltage

Total Electric Field Intensity
Directional Electric Field Intensity
Total Electric Flux Density
Directional Electric Flux Density

Joule Heat

©2020 ANSYS, Inc.

v v Systems ™~
Deformation »
Strain >
Stress »
Energy >
Linearized Stress b
Electric b
Stress Tool >
Contact Tool b
Bolt Tool [
Probe »
Coordinate Systems »

Bv Volume

%  User Defined Result
5. Commands

# Python Code

ﬁg Energy Vector

Confidential

44 44888484848

&)
-1

2

USER
User Defined
Result
Electric »

Deformation
Strain

Stress

Position
Rotation (Beta)
Flexible Rotation
Energy

Volume

Force Reaction
Moment Reaction
Joint

Spring

Bearing

Beam

Bolt Pretension

%?\ Charge Reaction
& Joule Heat

G? Electromechanical Coupling Coefficient

Y C A DM EN
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Pre-stress Coupled Field Analysis Enhancements

* Pre-stressed Coupled Field Modal and Pre-stress Coupled Field Harmonic (full harmonic)
is supported by linking to upstream a Coupled Field Static analysis

- A - B - C

2 Q Engineering Data W i 2 Q Engineering Data W P 2 Q Engineering Data s y
3 Geometry e | 3 Geometry v —1 3 Geometry v
4 @ Model v 4 @ Model v R4 @ Model v .,
5 @ Setup v 4 85 @ setup 7 4 #5 @ setup 7,
& Solution v & Solution 7o, & Solution 7,
7 @@ Results v . 7 @ Results 7o, : 7 @ Resulis 7,

Coupled Field Static Coupled Field Modal Coupled Field Harmonic

Structural Structural
Acoustics [l Acoustics & Structural
Thermal [l Electric Acoustics =
Electric Electric

Y C A DM EN
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Pre-stress Coupled Field Enhancements

* The physics combination which can be performed in Pres-stress

Coupled Field analysis are: ‘
=8 Coupled Field Static (AS)

o Structural — Acoustics 7= Initial Physics Options
o Structural — Electric with Piezoelectric coupling gl :}:‘é‘yi‘fe?t’”gs
o Acoustics with Piezoelectric coupling j(ﬁ ‘v‘ol"t:z; Ceo?;;?ng
* Physics region specified in the upstream coupled field static analysis will v, Displacement
be automatically selected on downstream linked environment. jj :2:::3: (Ground)
* Thermal physics selection in the coupled field static analysis will not i r;.—. «(?nﬂ"::: L‘\ﬂmm e
support pre-stress workflow YT 5 Pre-stress (Coupled Feld Stati)
* Linking on Coupled Field Modal and Harmonic can be done by selecting yHH Analysis Settings
the pre-stress environment on the Initial conditions :% SSK:;REQM

=% Solution (B6)
s3] Solution Information
v ¥ Electric Voltage

Y C ADMEN



Imported Heat Generation Load from Coupled Field Harmonic

* Loss due to damping in the upstream Coupled Field Harmonic analysis can be imported as Heat
Generation load in Transient Thermal analysis by linking the solution cell of Coupled Field
Harmonic to setup of Transient Thermal analysis

* The losses are only considered from the coupled structural-electric bodies with Piezoelectric
coupling and is applicable for dissimilar meshes. The source frequencies is split over equal time
intervals in the transient thermal analysis when All option is selected from Worksheet of Imported
Heat generation object

T project
. . . : B i
- * @ Geometry Imports
/8l 5 Coupled Field Harmonic s [, Transient Thermal @ % Geometry
: [ .
+ y Materiats
. . - - e v La
2 4 Engineering Data v ,——M 2 & Engineering Data v 4 @i Coordinate Systems
=l Geometry v /<D Mesh
@ 8 Named Selections
v 4 @ Model v 4 =~ Transient Thermal (85)
r:0 Irvtial Temperature
5 @ setup v -85 @ Setup v 4 R
7 HH Analyss Settngs
& GE Solution o 4T - 5] G]l:l Solution W 4 - —
= Imported Load (A6)
7 @ Results v 7 @ Results W i arg

# - P§ Imported Heat Generation

Coupled Field Harmonic Transient Thermal = /& Smn'“tion(u)
&l Soluton Informaton

Y C A DM EN

Taiwan Auto-Design Co.
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Prestress Wire Bonding Ultrasonic Transducer

@ Enginesing Dat

) coue el Q© codredramanc——
|2
3

------------------------------------------

Coupled Fizld Static Coupled Field Harmonic

Y C A DM EN
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Define physics region

=@ Coupled Field Static (FS)
------- =0 Initial Physics Options
------- .~ Analysis Settings
------- /& Physics Region
------- -/ % Physics Region 2
------- 9 Displacement
....... ”, AZr Voltage
------- ~w Bolt Pretension
=& Solution (F6)

------- » El Solution Information
%@ Equivalent Stress
- ( 3 Equivalent Stress 2

Jetails of "Physics Region”
1| Scope

scoping Method | Geometry Selection

Geometry & Bodies

1| Definition
Structural Yes
Acoustics Mo
Thermal Ma
Electric Charge Based
Suppressed Mo

1| Coupling Options
Piezoelectric on

Details of "Physics Region 2"

-l| Scope

Scoping Method | Geometry Selection

Geometny
|| Definition
Structural
Agoustics
Thermal
Electric
Suppressed

=8 Coupled Field Static (F5)
------- =0 Initial Physics Options
------- 1] Analysis Settings

------- v lﬂ Physics Region

....... v % Physics Region 2

------- /8 Displacement
------- o B l|."|:IH:EIQE

------- v w Bolt Pretension
H""'{@ Solution (F&)

b v E' Solution Information
%08 Equivalent Stress
- 8 Equivalent Stress 2

7 Bodies

Yes
Mo
Mo
Mo
Mo

©2020 ANSYS, Inc.
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Harmonic result

G: Coupled Field Harmonic
Directional Defermation

Type: Directional Deformation(Z Awis)
Frequency: 58900 Hz

Sweeping Phase: 80,473 ©

Unit: m

Global Coordinate System

2022737 T 04:33

3.5426e-7 Max
2755%4e-7
1.9681e-7
1.1800e-7
3.0362e-8
-3.0362e-8
-1.1809e-7
-1.0681e-7
-2.7554e-7
-3.5426e-7 Min

3.5426e-7

1.2579e-7

1.586e-8

Amplitude (m)
s
A

5.6316e-9
57100 57600 58000 58400 53800 59200 59600

_ Frequency (Hz) o ' CAD M E N

Taiwan Auto-Design Co.
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Imported Temperature

C: Static Structural

Imported Body Temperature
Tirme: 2.5
Unit: *C
2022/3/6 TR 1118
- 30 Max
27778
25556
23.333
21111
18589
16667
14 444
12222
- 10 Min

E(E‘ Imported Load (B&)

Bl » F] Imported Body Temperature

iwe [ 7] Imparted Load Transfer Summary
"./.EE Monlinear Adaptive Region

ey

Details of "Imported Body Temperature”

-l| Scope
Scoping Method Geometry Selection
Geometry 2 Bodies

| Definition
Type Imported Body Temperature
Tabular Loading Pregram Contrelled
Apply to Initial Mesh Yes

CADMEN

Taiwan Auto-Design Co.
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With and Without “Apply to initial mesh”

C:Static Structural
BFE

Expression: BFE
Unit: #C

Time: 2 s

2022/3/6 T 11:27

. 30 Max
27774
F{ 25.556
| 23.333
1 21.111
| 18880
1 16667
14.444
12.222
10 Min

¥

C:Static Structural
BFE

Expression: BFE
Unit; #C

Time: & s

20220306 T 1127

. 30 Max
27774
F{ 25.556
H{ 23.333
{ 21.111
| 18880
 15.667

14 444
I 12,222
10 Min
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