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Design challenges

Stainless steel

Fine longitudinal sampling

— 2cm plate thickness only
No cracks, minimal un-
instrumented regions
Inside coil radius:

— compact design to
maximise no. of hadronic
interaction lengths

— tight tolerances over
large dimensions

Accessible electronics

— external: short access

— internal: longer shutdown
or upgrade

Earth quake stability
— computational challenge
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Small modules

e Small sectors (<18t) for
easy transport and assembly
in situ
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Design features

Uniform sampling along
shower axis

Structure is made from
rolled steel plates

— flatness with roller levelling
within 1mm verified

— no machining: cost effective
Assembly with screws

— moderate tolerances

— damping oscillations
Thin side walls (5mm)

16 phi sectors, 2 rings

Flexible structure, matched
to flexibility of scintillator
cassettes

Varying layer width no
problem for scintillator
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Cassettes

Housing the scintillator and electronics active layers
Made from stainless steel and contributes to absorbing material

Sum of absorber plate and cassette thickness = 20 m / layer
— for both AHCAL and SDHCAL
— material in absorber plate contributes to rigidity of structure
— material in cassette contributes to load on structure

AHCAL Physics prototype and early designs had 16 + 2x2 mm
Present design and new prototype have 19 + 2x0.5 mm

Weight is 17 kg /m2
— cf SDHCAL 48 kg / m2 with 2x 2.5 mm cassette

SPIROC2E, Tile, 3mm thick Polyimide Foil Electronics height: 177mm max

BGA372 Robust Interface DIF, CALIB and POWER
UV LED Flexlead Connector mezzanine cards

]
@ \ \

non-
absorber
material:

max

2.5

B i o \1‘
4141 3
18

Reflector Foils,
indiv. tile

Cooling F:’i/pe \ Centrél Interface Board-
wrapping  HBU, 0.75mm thick

CIB (1.7mm thick)
Cassette Bottom Plate

(Steel, 0.5mm thick) CIB socket (~2.4mm)
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Orientation

e FEarlier studies have shown that
the “roman arc” structure shows
less deformation with a tip at the
top than with a flat top

e However, this leads to a conflict
with ECAL endcap module
structure and square insert
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rientation

FEM2_HCAL1 Kschioneck.mfl

increase ECAL e’ﬁd
or rotation ?

e FEarlier studies have shown that
the “roman arc” structure shows
less deformation with a tip at the
top than with a flat top

e However, this leads to a conflict
with ECAL endcap module
structure and square insert
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Orientation

FEM2_HCAL1 Kschioneck.mfl

increase ECAL e’ﬁd
or rotation ?

Earlier studies have shown that
the “roman arc” structure shows
less deformation with a tip at the
top than with a flat top

However, this leads to a conflict
with ECAL endcap module
structure and square insert
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Alternative

Integration into
cryostat done

Stability calculation to
be re-done

Expect somewhat
larger deformations
On the other hand,
stability improves with
— up-to-date plate
thickness
e 16->19mm

— possibly even thicker
plates

— smaller radius
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Stability: static calculations

e Stability of modules for transportation and handling

e Stability of barrel structure - static

AHCAL seismic validation Felix Sefkow May 16, 2017



ANSYS model

Parameters for submodule validations:

Mesh types:

— shell bodies for all plates

— solid bodies for transportation and assembly brackets
Mesh statistics:

- ~ 575.000 nodes, 295.000 elements

- refined local sub-models: 1.5M nodes, 870k elements
Contacts:

- bonded contacts (all DOF fixed) on lines and faces of shell
bodies

— bolts modelled as spring elements in refined sub-model in case
of high load concentrations
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Module installation

ANSYS

R16.0
Academic

B <b\‘\‘\ / -
00 V
max. equivalent stress

=#=Ivax. Equivalent Stress [MPa]

¢ need some modification of module connection pates
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Ring structure

J: Model, Static Structural
Static Structural

Time: 1, s

Items: 10 of 14 indicated

. Fixed Support
Standard Earth Gravity: 9,8066 m/s*

Displacemen t

[D] Displaceren t2

B Displacement 3

E Acceleration: 9,81 m/s®
[&] EcaL-Masse I

[H] ECaL-Masse T

(B EcaL-Masse T

[ ECAL-Masse IV

e model includes ECAL
masses

3
0,000 1,000 2,000 (rm)

0,500 1,500
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Ring deformation

J: Model, Static Structural
Figure

Type: Total Deformation
Unit: mm
Tirme: 1

9,9 Max

m a X 1 O m m 0,00 1500,00 3000,00 (mm)
I =l 2

750,00 2250,00
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Local stress peaks

J: Model, Static Structural

Figure

Type: Equivalent {(von-Mises) Stress - Top/Bottom
Unit: MPa

Time: 1

741,48 Max
200

184,62

— 169,23

— 153,85

— 138,47

—{ 123,08

—{ 1077

—{ 92,316

—{ 76,932

— 61,549

46,165
30,782
15,398

0,014783 Min

0,00 1500,00 3000,00 {rmrm) Z

750,00 2250,00

e max tension 360 N/mm?2 - safe
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Local stress peaks

J: Model, Static Structural

Figure

Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: MPa
Time: 1

741,48 Max
I 200
184,62

— 169,23
— 153,85
— 138,47
— 123,08

07,7

— 92,316
—{ 76,932

— 61,549

46,165

30,782

15,398

0,014783 Min

0,00 1500,00 3000,00 {rmrm) Z
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Dynamical stability
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Dynamic analysis

In principe one needs to study the
entire system of yoke, cryostat and
HCAL

Not enough details known: assume
rigid transmission of excitation
forces to HCAL and study HCAL
alone

Steps:

— eigen mode analysis

— response spectrum (with damping)

— excitation with real earth quake
wave form

e East-West 0,36 g
e North-South: 1,02 g

e Vertical: 0,36 g
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EQ data processing

> Earthquake data from NIED
(Japan) can be processed
using commercial software
,RSTAB" from DLUBAL

(link: https://
www.dlubal.com)

> |nput: measured
accelerations

> Output: tabular wave form
to be directly used as
acceleration boundary
conditions in ANSYS

> Greatly simplifies work

RF-DYNAM Pro Eingabedaten
Datei Einstellungen Hilfe
‘Allgeme'n] 5 [ inati | fallg ‘ Antwortspektren ‘Dynamische Lasﬂle]
Vorhandene Antwortspektren AS Nr: Antwortspektrum-Bezeichnung
AS1 | Horizontal 1 Forizontal] vl
M| as2 Vertikal
Allgemein
Definitionsart Normparameter Tabele‘
(®) Nach Norm: Nationaler Anhang: | || Spektrum-At
[HEenvssi200  v| [BEom vl SpokinmAT [ & [
| | Horizontales S |
. =]
() Benutzerdefiniert e 2
Ref 0.6000 | m/s
Generieren aus Beschleunigung: I
= 1 1.0000
0.6000 | m/s
] Parameter zur i des A
B CR
B S 1.5000
Die untere Grenze des Bere | Ta-+ 0.0100 |s
Die obere Grenze des Berei | Tc-H 0.3000 s
Der Wert, der den Beginnd | Tp-H 2.0000 | s v
x| X S &3 E]=®
1.
1.000
0.800
0.600
0.400
0.200
-0.50( 500 00 1.500 00 500 00 3.500 00
Kommentar
BB e (X)) .
2] I@] Details Kontrolle | ok & Berechnen } ‘ OK ‘ [ Abbrechen

- %)


https://www.dlubal.com/
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EQ data processing

RF-DYNAM Pro Eingabedaten E

> Earthquake data from NIED — e

(Ja.pan) Can be .p rOCeSSed Vn-maneAnen A&l AklrurrLBezeicllnung v|

using commercial software [

B Definitionsart A | Normparameter | Tabelle|

,RSTAB* from DLUBAL B [ =

(link: hitps:// SEIEE S ———

www.dlubal.com) T e e e
> Input: measured D e |

accelerations = o8 ms|
> Output: tabular wave form

to be directly used as

acceleration boundary

conditions in ANSYS

> Greatly simplifies work

. EARTHQUAKE VALVE [ - .
| DO NOT REMOVE, [=

!

i )

" = . ' 17



https://www.dlubal.com/
https://www.dlubal.com/

Eigen mode analysis

> Swinging barrel: 3Hz

> Swinging module: 8Hz

> Swinging plate: 6Hz

> Higher modes: 15 Hz

> Several plates: 45 Hz

18
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Computational challenges

Within reasonable effort, first 200 eigen modes calculated

In order to obtain response spectrum with a frequency
sweep, need to introduce damping: further complication

Computation failed

Possibilities to simplify:

- omit details: use shells, beams, point masses, rigid bodies
e |loss of realism and predictive power

More efficient approach: sub-structured analysis

— condense group of elements into a “super-element”

— model behaviour for the overall structure in @ matrix describing
the characteristic properties of the super-element
e rigidity matrix exact, mass and damping matrix approximative

AHCAL seismic validation Felix Sefkow May 16, 2017
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Examples

‘

iy
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~———CARGO DOOR CABIN ANALYSIS
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Method commonly used T NN p

in aerospace and /N Al

automotive engineering | \\

since 1970s \\ |
P
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Examples

N e s I S e S e

Method commonly used
in aerospace and
automotive engineering
since 1970s

AHCAL seismic validation
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Sub-structured analysis method

"Component mode synthesis

Using ANSYS parametric design language APDL

Generation pass: calculate matrices and master degrees of
freedom (MDOF) at super-element boundaries

Use pass: integrate full striche, using MDOFs
Expansion pass: back-propagate results into super-element

Substructure--1

Substructure--1

Substructure--2

Substructure--2

QO Master DOFs

Full FE-Model Generation pass

AHCAL seismic validation

@® Master DOFs solved All results obtained
Use pass Expansion pass
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Substructuring — Implementation

> (Generation pass must be done

Built up CMS-Model only once
with Generation
and Use Pass > reduced super-elements and
l their matrices can be re-used
Pre-
stress
) . Analysis Iggse%?rr&\:ﬁ R\e/iseuvl\{cs
y Analysis
Expand Expand Expand
Superelement- Superelement- Superelement-
Results onto Results onto Results onto
original original original
Structures Structures Structures



Organisation of the CMS analysis within ANSYS

Generation Pass

v L - M
1 tatic Structural
2 y v 4 2 | @ EngineeringData v/
Geometry [———————®3 @) Geometry v 4
4 @ Model v 4
5 @ Setp v 4
6 @ Soluton v 4
7 | @ Results v 4

Ql7_02_04_6enerationPass_without _pretension_Staticmy

\ Save |

Definition Files to
describe the
Superelements
SIBAAL N S AR AL A LA 2

—

Use Pass

ol

v N

I8 77 Static Structural

i (o]

bl 1" Modal

2 @ EngneeringData v/

7 @ Resuts v 4
\ 2017_02_04_UsePass_Pretension_Static Strucural

3:°Geometry v ., #3 (@) Geometry v ,————m3 @) Geometry 7
4| @ Model v 4 ms @ Model v ——————a4 @ Model v .

?Q Setup /‘/os.ﬁ Setup /‘—_/—os\‘ﬂ Setup v .
6 @ Solution v o4 6 @3 Solton v 4 6 |§ Solution vV o4

7 @ Results v o4
2017_02_04_UsePass_Modal

#2 @ EngneeringData v ,——————— @ 2 & EngneeringData

="

1 ) Response Spectrum

7 @ Resuts v 4
2017_02_04_UsePass_Response W

Expansion Pass
( v Q

b8 77 Static Structural

2 | @ EngneeringData v/
3 @ Geometry v 4
4@ Model v o4
5 @ setp v 4
6 @) Soluton v .
7 |@ Resuts v 4

\ 2017_02_04_ExpansionPass_Pretension_Static Structural

v R

. BT
2 | @ EngneeringData v/
3.®Geometry v 4
4@ Model v 4
5 @ setw v 4
6 ) souton v .
7 @ Rests v 4

2017_02_04_ExpansionPass_Modal

v S \
1 Response Spectrum

2 @ EngineeringData v/
SXGGeometry v 4
T"‘W v 4
S.QSehD v 4
6 | @ Solution v 4
7"0Reslts v 4

20!7_02_04_5(pansionPass_ResponseSpemy
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B ane____E > Prepare geomet
e RS ! P J "y

@ Project i ifi i
B @ Model (4,84, C4) = general simplifications
I G ki . . . .
;;czgi‘;?n;’;esystm = find interfaces and MDOFs (few, and not in regions of
& Remote Points ; ;
JE| /2. Remote Paint_PN10 hlgh gradlents)
e [B% Commands (APDL) .
..... B, Remote Point_PN11 > Build up FE model
“ B Commands (APDL)
H""’?Cg"ifjf;s = Define local coordinate systems at boundary faces
-------- fé\ Fixed - Vertical_Beamivertical_Be: . t . f ” d t blt
- &8 Mesh => maintain full update capabili
- & Mesh Edit ‘ . P . P Y
5 ‘?"Nameg:::téfns = Define Remote Points at the boundary surfaces to
& BeamMdof reduce number of MDOF (optimise performance)
BA= Svtgtic Structural (A5)
:::Q i senines = Model components (named selections) using ANSYS
AAAAAAA 13, Moment work bench and APDL
...... 1, Force
I «{% :relprtocess(u:g)cms-cOmmands = Generation, Use und Expansion Pass within ANSYS,
----- olution . .
L Solution Information command objects APDL defined

---- & Total Deformation
----- v F: PostProcessing_CMS-Commands
EJ ~~~~~ v E," Commands (APDL)

E i @30 Post Output
- M Tatal Nefarmatinn 2
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Computing times— Example AHCAL structure

> Static model

> Full 3D FE-model
= Nodes: 609.544
= DOF: 3.657.264
> CMS FE model

= Master-Nodes: 384
= Master-DOF: 2.304

00

Solution Time [in sec.] 3D-Modell CMS-Modell

Solut. Use Pass 246 25
Total Time 246 95
Total CP-Time 10.549 975



General AHCAL-Model

Shell-Model Shell-Model CMS-Model
> Results CMS-Model: (prestressed) (free) (free)

Nr. f[in Hz] Nr. flinHz] Nr. f[inHz]
1 297 1 283 1 3,13
2 527 2 518 2 573
3 611 3 707 3 806

4 7,65 4 746 4 841
oyt o ¢ AR 3ot et wms 5 916 5 994 5 1084

) 985 6 11,60 6 12,91
7 1168 7 1365 7 1502
8 1332 8 1470 8 1647
9 1465 9 1537 9 16,83
10 1467 10 17,98 10 18,07
1 1576 11 1875 11 20,38
12 17,37 12 19,29 12 21,14
13 18,32 13 2021 13 2244
. . 14 19,37 14 2146 14 2334
L. le. 15 2029 15 2248 15 2444
16 2199 16 2363 16 26,12
o 17 2283 17 2552 17 27,06
18 2405 18 3137 18 3228
. e 19 2449 19 3339 19 3816
o - s = B 2523 20 3512 20 39,50
s i [ e 21 3,22 21 4107 21 41,03
s e 22 3529 22 4268 22 41,03
pre b 23 38,82 23 4268 23 41,03
- e 24 39,76 24 4272 24 41,03
e s 25 4052 25 4272 25 41,03
26 4055 26 4272 26 41,03
27 41,00 27 4272 27 41,03
28 4127 28 4272 28 41,04
L. L. 29 4232 29 4281 29 41,04
. 30 4378 30 4333 30 41,04
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E 2018 €3 11 Skell Mecd Modal
ICtel Lerorrton

Uritm

General AHCAL-Model

> Results 3D-Model:

12016 03 11 Shell-Model Modal
Total Deformation

Type: Total Deformation
Frequency: 2826279326 Hz

ANSYS
nin

s

12015 €3 12 Shall Modsl Modal
Ten Delerratioy

Tyse Tuld s relion
Fregusncy. 3.LA0S19600 4o

Unit m hitm
0,0027313 Max 9027836 Max
00025362 coassr
00023411 oz
0002146 ckean
00019509 Coasn
00017559 o
00015608 Gomse
00013657 oo

oo

00011706 coomaiz
000097547 LUy
000078038 Pyt
000058528 RS
000039019 R
000019509 < Win

0 Min

Y

L

awsys 2

Tyoe: Tl Defomaton rrmeme —e 12 She - Moddl Miadal ANSYS
Frecusncy. 7067-25328 Mz Total Deformation dcatonte
Trpe. Tolal Delanmati
Fi 7a80.11

4,004099 Ma< w';:"" s

00043491

29041591 £,002763 Max

00035452 oAUl

00034553 04012254

003145 0402666

o i
0£024141

0000806

00017166 xoziz0y

ncasion 04018815

00010208 armmT

s LIE )

90003:59) oconar

pre 000080623
Q00083787
LD /S
*Mn

Y
I',x
z

am i)

Shell-Model
(prestressed)
Nr. f[in HZ]
1 2,97
2 5,27
B 6,11
4 7,65
5 9,16
6 9,85
7 11,68
8 13,32
9 14,65
10 14,67
11 15,76
12 17,37
13 18,32
14 19,37
15 20,29
16 21,99
17 22,83
18 24,05
19 24,49
20 25,23
21 31,22
22 35,29
23 38,82
24 39,76
25 40,52
26 40,55
27 41,00
28 41,27
29 42,32
30 43,78

Shell-Model CMS-Model
(free) (free)

Nr. f[inHz] Nr. f[in Hz]
1 2,83 1 3,13
2 5,18 2 573
3 7,07 3 8,06
4 7,46 4 8,41
5 9,94 5 10,84
6 11,60 6 12,91
7 13,65 7 15,02
8 14,70 8 16,47
9 15,37 9 16,83

10 17,18 10 18,07
11 18,75 11 20,38
12 19,29 12 21,14
13 20,21 13 22,44
14 21,46 14 23,34
15 22,48 15 24,44
16 23,63 16 26,12
17 25,52 17 27,06
18 31,37 18 32,28
19 33,39 19 38,16
20 3512 20 39,50
21 41,07 21 41,03
22 42,68 22 41,03
23 42,68 23 41,03
24 4272 24 41,03
25 4272 25 41,03
26 4272 26 41,03
27 42,72 27 41,03
28 42,72 28 41,04
29 42,81 29 41,04
30 43,33 30 41,04
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Status

Status 4/2016: validated against full shell model for deformations and
eigen-modes

Resumed fall 2016. following parental leave of key engineer
- Common project with DESY central mechanics service
— Progress is slow (< 0.2 FTE)

Go one step back and establish method with a

simpler wheel-type toy model first

Code and data handling have been re-organised

Study dependence of computational effort on

details of model o /}l I:N(?IY?%
- mesh granularity \\ cdenic
- number of nodes to model the behaviour at sub-
structure boundaries i~

- in parallel, monitor deformation results and optimise
properties of nodes

Collected lots of experience

- need to invest in efficient and intelligent boundary
modelling in order to save computing effort

Full analysis chain for toy model appeared in reach
for this meeting

Hope to return to full HCAL structure soon
AHCAL seismic validation Felix Sefkow May 16, 2017 28




Test model: ring structure with 8 sectors

> At small scales, represent
problem, including several
segments, contacts between
segments via connection
plates, and overall ring shape

AC: MIT_Daempfung Model, Static Structural ANSYS
> Support analogue to et N
complete AHCAL model, but =
additional ECAL masses not %W
included C ot

> Can easily be adapted for
different investigations

> The full pass through the

analysis can in principle be T<’
transferred to the AHCAL FE
model



Studies with the test structure

> Static analysis to obtain pre-tension under gravity

> Transfer results from the static analysis to the FE model for subsequent
modal analysis to obtain eigen-modes and frequencies

> Transfer results from the modal analysis to the dynamic analysis

> use modal super-position to obtain response of the structure to
excitation spectrum

> Present results as Bode plots

> amplitude and phase shift as a function of frequency



Result data management

> in past analyses we had problems with huge result files (for Modal Analysis up to 400 GB)
> one part of the problem is the number of Master DOF in an analysis

> a second part is the type of result data, which is needed to do an appropriate pst processing of
dynamic FE-Models

> a simple test model show the influence on requested result type in the analysis set up

> the following table shows different result file sizes of the test model

Only Displacement Nodal Forces on|All Nodal Forces
boundary conditions

9 MB 36 MB (+300%) 42 MB (+366.7%)

m 6 MB 23 MB (+283.3%) 40 MB (+ 66.7%)
m 213 MB 872 MB (+309.4%) 1 GB (+ 369.5%)

> Lessons learnt:

> As soon as results on stresses - even if only in parts of the model - are added, data
volume increases drastically

> Next to the number of master nodes, biggest driver of data volumes for complex analyses

> Conclusion: first, go for displacement only, then obtain stresses in critical areas
31



Mesh convergence

> For final calculations use only
mesh set-up which have been
validated on a model with a
single segment

Ergebniswert

> Verify that results do not
change for even fier cell sizes

> Systematic study using
different model types, cell
sizes and numbers of MDOF

Elementanzahl

@



Study on model variants and resulting file sizes for result data

> Reference: calculation with full 3D structure

> If only one node with coupling to remote point is used on contact
surface, CPU time does not depend on number of elements at contact
face

> accuracy invariant, ~3%

> If several master nodes are used, but without coupling to remote point,
better accuracy, ~0.7%

> Conclusion: use 3 master nodes per contact face

Analysen-Uebersicht Bei allen Analysen in den Ergebnissdaten nur Verformungen gespeichert !!!
Verformung
Element im Vergl. Anteil
size on Zur Total- Data Size
Contact Gesamt- Referenz-  Solution- CPU-  Used Allocated Size Super- datasize totaldata CMSan large
CMS Mesh- Mesh- face [in verformung rechnung [in CPU-time time [in RAM RAM CP-Rate element [in segments size[in Gesamt defor-
Ifd. Nr. Was? Bemerkung Analyse-Art (i/n) Elements Nodes mm] [in mm] 100%] [insec] sec] [inMB] [in MB] [in Mflops] MB] [in MB] MB] [in %] mations Damping Solver
1 Referenzrechnung 3D Referenzmodell 3D Stat.-Mechan. n 202.960,00 1.117.692,00 4,50 2.409,70 100,00 311,30 598,30 31.135,00 32.405,00 44.541,90 0,00 0,00 2.657,14 0,00 off no PCG
2 Testrechnung 3D coarse global mesh density Stat.-Mechan. n 6.006,00 13.062,00 32,00 2.175,90 90,30 2,90 9,70 172,00 2.112,00 6.102,60 0,00 0,00 43,60 0,00 off no Sparse, direkt
3 Testrechnung 3D medium global mesh density Stat.-Mechan. n 10.959,00 34.529,00 32,00 2.297,00 95,32 560 14,60 510,00 2.112,00 13.818,40 0,00 0,00 92,20 0,00 off no Sparse, direkt
4 Testrechnung 3D fine global mesh density Stat.-Mechan. n 36.207,00  64.709,00 22,50 2.344,60 97,30 11,60 26,20 954,00 2.112,00 18.582,30 0,00 0,00 216,00 0,00 off no Sparse, direkt
5 Testrechnung mit einem SE mit RP und Joints  coarse global mesh density Stat.-Mechan. j 7.471,00  16.251,00 45,00 2.329,70 96,68 16,40 38,30 489,00 2.112,00 1.928,80 0,26 194,00 246,00 78,86 off no Sparse, direkt
6 Testrechnung mit einem SE mit RP und Joints  medium global mesh density Stat.-Mechan. j 10.959,00  34.529,00 32,00 2.350,70 97,55 2500 59,80 604,00 2.112,00 1.808,50 0,32 231,00 399,00 57,89 off no Sparse, direkt
7 Testrechnung mit einem SE mit RP und Joints  fine global mesh density Stat.-Mechan. j 36.207,00  64.709,00 22,50 2.392,60 99,29 69,50 113,00 2.166,00 4.143,00 3.095,40 0,58 975,00 1.149,00 84,86 off no Sparse, direkt
8 Testrechnung mit einem SE mit RP und Joints  coarse global mesh and small number of MDOF Stat.-Mechan. | 7.975,00 17.239,00 15,00 2.331,70 96,76 17,40 39,20 540,00 2.112,00 2.219,50 0,26 211,00 265,00 79,62 off no Sparse, direkt
9 Testrechnung mit einem SE mit RP und Joints  coarse global mesh and high number of MDOF Stat.-Mechan. | 10.487,00 22.202,00 6,00 2.335,10 96,90 21,70 46,64 1.082,00 3.122,00 3.264,60 0,32 352,00 418,00 84,21 off no Sparse, direkt
10 Testrechnung mit einem SE mit RP und Joints  coarse global mesh and very high number of MDOF  Stat.-Mechan. | 15.241,00 30.410,00 4,00 2.334,70 96,89 46,30 82,80 2.277,00 4.320,00 3.892,10 0,32 672,00 759,00 88,54 off no Sparse, direkt
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Results for different numbers of MDOF
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>—Exponential-dependence of CPU time and
data volume on number of master nodes

> Number of master nodes relates to cell size at
contact face

Possible optimisation

= Reduce connections of DOF with surface
cells

= Couple different nodes to a pilot node, to
reduce overall number
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Modelling techniques

> in a previous study it is shown, that the number of defined Master DOF
has a significant influence in model size and solution times

> Nodes-Coupling of common face with the use of ANSYS-Workbench
features:

= user defined coordinate systems for each face, on which the nodes have to
be coupled => The position of Coordinatesystems depends on the
underlying geometric face. Therefore geometric changes/updates are easier
to manage

= Remote-Point Feature in ANSYS Workbench is used to couple the nodes on
one common face — internally a surface to node contact is built

= the Joint Feature (fix joint) is used to couple the adjacent remote points of
two superelements — internally a MPC-Formulation is used (MPC = Multi
Point Constraint)
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Present status

> Results with only one node per face led to unphysical rotations around
the remote points

> use 3 nodes
> Coupling between bodes of adjacent super-elements verified

> Still problems with the assembly of the total model, so cannot store
intermediate results

> Practical issues: 16 segments, 2 faces, 3 nodes: 96 points to be defined

> must be possible to individually access these in the full model
analysis
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Location of remote points and their coordinate systems
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> Contact faces




In detail

Remote Points
[tems: 25 of 90 indicated




Conclusion

> Challenging project, new difficulties
encountered at every step

> Circumventing computing power
limitations requires brain power

> Next steps:

> Complete analysis

> Outlook:

> Validation

> use existing structures

> on a shaker
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