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Overview

> Reminder of earlier studies
> Sub-structuring method
> First results

> Qutlook
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AHCAL submodule

case 2 submodule installation

installation of submodules in front of the cryostat by crane

sub module connection by plates from the front and back side
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Earlier studies

> Static calculations of absorber structure
deformation and stress

= Including configurations during assembly

= Design validated

> Data from 2011 earthquake pre-
processed for dynamical analysis

> First step: modal analysis: determine
eigen modes and frequencies of system

> Combination of large dimensions and
small details very challenging

= Full model impractical, slow convergence

= For the study of the complete configuration a

different approach is needed
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AHCAL Mechanics

absorber structure validation (static)
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Use realistic earthquake data

> a apan_2
From 1 1 '3'201 3 '_‘Eile Edit Search Insert Project View Format Column Macro Scripting Advanced Window Help
vux”Zd,
IWT0101103111446.NS  x
—|| t Origin Time 2011/03/11 14:46:00
2 Lat. 38.103
3 Long. 142.860
H H H 4 Depth. (km) 24
> Typical excitation s
& Station Code IWTO010
7 Station Lat. 38.9334
pu Ise B g2 Station Long. 141.1173
3 Station Height (m) 37
10 Record Time 2011/03/11 14:46:52
11 Sampling Freq(Hz) 100Hz
12 Duration Time(s) 300
> Data processed for 5o
14 Scale Factor 3920 (gal) /6182761
. . . 15 Max. Acc. (gal) 997.780
tranSIent anaIySIS In 16 Last Correction  2011/03/11 14:46:37
17 Memo.
~ || 28 -39088 -39090 -39093 -39094 -39173 -39140 -39087 -39094
ANSYS < i ] B 19 -39064 -39086 -39145 -39161 -39151 -39123 -39073  -3903%
ed 20 -39118  -39212 -39147 -39005 -39056 -39206 -39153 -39038
Y _Name Date mods Type 21 -39081 -39124 -39119 -39142 -39079 -39047 -39122  -39129
o 22 -39103  -39087 -39091 -39183  -39190 -39043 -39035 -39163
et . Dekmsvr 27.06.2014 10:... Dateiordner 23 -39164 -39169 -39164 -39021 -38986 -39067 -39196 -39317
u Inltltal State Wlth 1 g Olicense 27.06.2014 10:...  Dateiordner 24 -39088 -38818 -39073 -39342 -39149 -38980 -39097 -39189
IDlinx64 21.07.2014 15:... Dateiordner
static force, prism 150 3010:2000(8)
support in cryostat
. 2
> Modal analysi:
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i 35
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Figure C.1 — Normalized design response spectrum
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Eigen modes

> Swinging barrel: 3Hz
> Swinging module: 8Hz

> Swinging plate: 6Hz

> Higher modes: 15 Hz

> Several plates: 45 Hz
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Appropiate calculation method for complex structures

> First tests with a substitution method for the complex AHCAL-Segments
with effective material parameters (effective elastic modules and sheer
modules, as well as effective Poisson's ratio) in combination with a
homogeneous body as a replacement for the detailed AHCAL-Segment
=> unfortunately no real breakthrough

> Another way to calculate such a complex model like the AHCAL-
Structure had to be found ...

> The chosen calculation method is the Substructuring Method and
hereby especially the Component Mode Synthesis (CMS) as a form
of substructure coupling analysis in ANSYS used in structural dynamics

> Built up test cases in ANSYS to develop the APDL-Command-Snippets
(handling geometry/model, combine result-files)
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Substructuring — A short explanation

> Substructuring is a procedure that condenses a group of finite elements
into one element represented as a matrix. The single-matrix element is
called a superelement. (Source: ANSYS Help V17.0)

> Three steps to use this method:

= Generation Pass to calculate the superelement matrices (mass, stiffness, damping)
and to define the Master DOFs

= Use Pass to integrate the superelments into the Finite Element Model, the Master
DOFs are used to define the boundary conditions (supports, loads, contacts)

= Expansion Pass to assign the results of the superlements to the original geometries

Substructure--1 Substructure--1

AL T LA
\ [ [0 14
N AR

Substructure--2 Substructure--2
O Master DOFs @ Master DOFs solved All results obtained
Full FE-Model Generation pass Use pass Expansion pass AHCAL | 11.03.2016] Seite 9
Figure-Source: CADFEM GmbH/Germany



Substruturing — Pros and Cons

> Pro:

= Complex models can be calculated, n-Elements describing the complex FE-model
can be simplified with the CMS-method to one! single element

= For same geometry/mesh, the created files for super-elements can be saved/reused
(huge time saving potential)

= Very good performance (with reusing super-element-Files) in dynamic analysis

= Less relevant eigen modes can be sorted out by filtering the calculated modes with
APDL-Commands

> Contra:

= Long time to simplify geometry / to prepare the Finite Element Model

= Long preparation/calculation time in Generation Pass and Expansion Pass (these are
additional calculations to the real model/analysis) => BUT: very effective in complex

models with several analysis steps

= APDL (ANSYS Parametric Design Language) and FE-models around APDL-
commands (sometimes) sensitive to handle ;-)

. - .w
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Scheme for dynamic analysis-run with CMS-Method

> Generation Pass only calculated for
Build up CMS-Model the first run, with same model, the
with Generation generated Superelements (and the
and Use Pass . . :
corresponding files) can reused in
various analysis again

Pre-

stress MSUP B8 =] n
Modal esponse
Spectrum

View

Analysis Results

Analysis
Expand Expand Expand
Superlement- Superlement- Superlement-
Results onto Results onto Results onto
original original original
Structures Structures Structures
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Tests to develop the substructuring process for AHCAL

> Simple model, only 8 segments connected by front plates =>
geometrically identical to detailed AHCAL geometry

> Geometry and mesh for 3D-Full-Model and CMS-Model identical

ANSYS

R17.0
Academic

X
0,400 {rm) 7
L .|

0,200

ANSYS

R17.0

Academic
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Tests to develop the substructuring process for AHCAL

> Boundary conditions comparable to AHCAL-boundary conditions

(prism-supported side and loose side, free in x-direction) identically as
well

L 2016_02_22_CMS_reduced_Model Verslon L Meodal 4,
Model-Setup_Boundaries '
02.03.2016 14:02

[ Fixed Support
Displacement
E Displacement 2
[D] Displacement 3

ANSYS

R17.0
Academic

0,400 () -
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Tests to develop the substructuring process for AHCAL

> Modal results of 3D full model

s
J: 2016_02 18 3D-Full Model Modal o
Total Deformaiion 3
b ] Ansys Type: Total Deformation
1:2016,02.18 30-Full Model Modal S :2016.02 18 30l Model Modal = Frequenay 2178375375 Ha
Total Deformation TotalDeformation 2 Urit mm

Type: Total Deformation Type: Total Deformation

Frequency: 119636531 He Frequency: 1740045571 Hz 81,36 Max
Uit mm Uit mm 75548
69737 I
74,804 Max 52,063 Max peveid
69461 48344 58114
64118 44625 5230
56715 e “6an
e s 40
4088 33469 34868
2745 2075 oy
37402 26031 o
32050 2313 e
6116 18594 e
173 14875 sene
16029 1156 onin
10686 74375
52431 s
o0Min 0Min N )
\ \ %
z
000 25000 500,00 (mm)
o x o x
7 7 12500 37500
000 25000 50000 (mm) 000 25000 50000 (mm)
12500 37500 12500 37500
i 3
J:2016.02 18 30-Full Modsl Modal J:2016.02 18 30-Full Modal Modsl o y
Total Deformation 5 Total Delormation 6
Type: Total Deformation Type: Total Deformation
Frequency: 3125435353 He Frequency: 4036325402 Hr
g Unitmm Uit mm
J:2016.02 18 30-Full Modal Modsl G
Total Deformation & 73,681 Max 50,752 Max
Type Total Deformation 68418 7127
Frequency: 3309870625 Hz 63155 3502
Uit mm 57893 30877
5263 36252
58,144 Max 7367 3262
53991 42104 29001
49838 36841 25376
pryen 1578 25
asn 3315 18126 b
31378 21052 14501
3325 15789 10875
29072 1052 7.2503
299 5263 36252
20766 omMin oMin
16613
12459 y v
83063
1531
. ° ° x
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Y — — — —
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z
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Tests to develop the substructuring process for AHCAL

> Modal Results of CMS-Model

12016 02 22 CMS reduced Model Version_II Modal 2
B oo ANSYS e
Frequency: 1186143575 Hz E7~0 Frequency: 171,74728 Hz
Unit: m Academic Unit: m

0203.2016 1402

I 2016 _02 22 CMS_reduced Model Version_IL

Deformation Mode.3 ANSYS
Type: Total Deformation R17.0
Frequency: 275,6570497 Hz -
Academic

I 2016_02_22_CMS reduced Model Version I M

Uni
9 02.03.2016 14:02
02.03.2016 14:02

0,081103 Max
0,074749 Max

0,05195 Max 0,072092
0,066443 0,046176 0,06308
0,056138 0,040406 0,054069
0,040832 0,034633 0,045057
0,041527 0,028861 0,036046
0,033222 0,023089 0,027034
0,024916 0,017317 0,013023
0,016611 0,011544 0,0090114
0,0083054 0,0057722 0Min

0Min

1 118,61

l g
0,400 (m) 0,000 0,400 (m) k‘
]

2 171,75

M: 2016_03 03 CMS_reduced_Model_with_contacts Modal M: 2016_03 03 CMS_reduced Model_with_contacts Modal

Mode 5 Mode_6
I 2016_02 22 (MS reduced_ Model_Version_IL Type: Total Deformation Type: Total Deformation
Deformation_Mode_4 . s Frequency: 335,6739856 Hz Frequency: 384 8876532 Hz
)

Type: Total Deformation Unit: mm

Unit: mm
Frequency: 326,6724364 Hz
Unite m 74,751 Max 51,24 Max
02.03.2016 14:02 69412 4758
64,072 4392
0,058429 Max 58733 4026
0,051937 | 53304 | 366
0,045444 48,054 [
0,038952 2715 2928
0,03246 31376 2562
0,025968 32036 219
0,019476 26697 183
0,012084 21357 1464
) 0,0064921 16018 1098
0Min 10679 73199
53394 366
0 Min 0 Min

000 30000 600,00 (mm) 000 30000 600,00 (mm)
— — — —
y 0,400 ()
L S—

150,00 450,00 15000 450,00

6 384,89

Martin Lemke | FEM-Study ILD-AHCAL | 11. 03. 2016| Seite 15




Tests to develop the substructuring process for AHCAL

> Single static-mechanical and
modal analyses performed to
check the calculation accuracy of
FE models using the CMS-
method

> Fixed support and two forces

> 6,4 Mio. elements in both
analyses (3D-/CMS-FE model)

mmmmmm




Tests to develop the sub-structuring process for AHCAL

> Accurate results with CMS method

C: 3D-Model Static Structural ANSYS
Total Deformation E: 3D-Model_fine_mesh Static Structural o

Type: Total Deformation Total Deformation A
Unit: Type: Total Deformation
nit: mm

Time: 1 ;Ji::te,:rqm
0,502 Max 0,522 Max
0,466 0485
043 0,448
0395 041
0359 0373
0323 0,336
0,287 0,298
0,251 0.261
0215 0224
o
0,143 0112
0108 00746
0,0717 00373
0,0359 0 Min
0 Min

Y

a

0,00 500,00 1000,00 (mm)
[ — — 225,00 675,00

250,00 750,00
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Tests to develop the sub-structuring process for AHCAL

> Accurate results with CMS method

C: 3D-Model Static Structural ANSYS
Total Deformation E: 3D-Model_fine_mesh Static Structural 0
Type: Total Deformation Total Deformation !
Unit: mm Type: Total Deformation
L Unit: mm
Time: 1 !
Time: 1

0,522 Max
0,485

0,502 Max
0,466

043

0,395
0,359
0323
0,287
0,251
0,215

0179
0,143
0,108
0,0717
0,0359
0 Min

0,00 500,00 1000,00 (mm)

250,00 750,00

> Should be verified == 4
by measurement =
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General AHCAL-Model

> Results CMS-Model:

28693 Max
26643
24594
22544
20495

3000,00 (mm)

H: 2016_03 10 FINAL_AHCAL 3D-Geometrie_neuer ]
Total Deformation 3 .
Type: Total Deformation

Frequency: 8058905834 Hz

Urit mm

52322 Max
46508
40695
34881
29068
23254
17441

300000 (mm)

musrs

H: 2016_03_10 FINAL AHCAL 3D-Geometrie_neuer_ Aufbau Modal angS
Total Deformation 2 —
Type: Total Deformation
Frequency: 573255501 Hz
Urit mm

2,8974 Max
25755
22535
19316
16097
12877
09658
064387
032193
0 Min

300000 {mm)

225000

msrs
Total Deformation 4 e
Type: Total Deformation

Frequency: 8412952102 Hz
Unit mm

3,9881 Max

3545

| 310
26588
22156
17725
13294
048625
044313
0Min

Nr.

Shell-Model
(prestressed)
f [in Hz]
1 2,97
2 5,27
3 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 5,73
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 42,72 25 41,03
26 42,72 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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General AHCAL-Model

. Shell-Model Shell-Model CMS-Model
> Results 3D-Model: (prestressed) (free) (free)
Nr. f[in Hz] Nr. f[inHz] Nr. f[inHz]
1 297 1 283 1 3,13
2 527 2 518 2 5,73
3 6,11 3 707 3 8,06
4 765 4 746 4 8,41
I: 2016 03 11 Shell-Model Modal ’ £ 2010,03_11_Shell-Mode! Modal ANSYS 5 9, 1 6 5 9,94 5 1 0,84
e Tol Detometon e e - 6 985 6 11,60 6 12,91
oot o 7 1168 7 1365 7 1502
0,0027313 Max :g;:;‘ Max 8 13,32 8 14,70 8 16,47
00025362 v
ooz oromess 9 1465 9 1537 9 16,83
poesstin byt 10 14,67 10 17,18 10 18,07
omnest oooisia 11 1576 11 1875 11 20,38
Sommeer Qinotss 12 1737 12 19,29 12 21,14
Pt Sanosres 13 18,32 13 2021 13 22,44
A?ii’m own 14 19,37 14 2146 14 2334
. L. 15 2029 15 2248 15 24,44
® x
L—Z' ong e soom ‘ 16 21,99 16 2363 16 26,12
20 03 3 Shl ol Mo ] o o 17 2283 17 2552 17 27,06
T Total rmation i
bttt - 11 Sl Mo 18 2405 18 31,37 18 3228
— Py T 19 2449 19 3339 19 38,16
%:; U 20 2523 20 3512 20 39,50
Sonvis frocwes 21 31,22 21 4107 21 41,03
00031493
aouzree e 22 3529 22 42,68 22 41,03
00020495 00024191
s Soumises 23 38,82 23 4268 23 41,03
oo ptyaed 24 30,76 24 4272 24 41,03
s ours, 25 40,52 25 4272 25 41,03
" , ooms 26 4055 26 4272 26 41,03
L_.' omin 27 41,00 27 42,72 27 41,03
-~ N 28 4127 28 4272 28 41,04
- - L?'. x 29 4232 29 4281 29 41,04
30 4378 30 4333 30 41,04
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Nice option: The Modal Participation Factor

> Modal Participation Factor to sort out irrelevant eigenmodes; especially
the AHCAL-Structure produces a lot of eigenmodes caused by large
amount of single plates in each of 16 segments

> This method saves disc space and reduces calculation time
> Only interesting modes used for following dynamic analysis with MSUP-
Method

***x*%* PARTICIPATION FACTOR CALCULATICN *****ROTY DIRECTION

CUMULATIVE RATIO EFF.MASS
MODE FREQUENCY PERICD PARTIC.FACTOR RATIO EFFECTIVE MASS MASS FRACTION TC TOTAL MASS
1 2.97162 0.33652 520.02 0.641397 2704189. 0.180528 0.180302
2 5.27491 0.18958 83.665 0.103194 6999.91 0.185201 0.466719E-02
3 6.11162 0.16362 -125.79 0.155153 15823.6 0.195765 0.105504E-01
4 7.65056 0.13071 -137.90 0.170092 19017.4 0.208461 0.12679%E-01
S 9.15632 0.10921 7.1844 0.008861 51.6155 0.208485 0.344146E-04
6 9.85323 0.10149 21.563 0.026596 464.951 0.208806 0.310006E-03
7 11.6803 0.85615E-01 -92.694 0.114330 §5%92.23 0.214542 0.572887E-02
8 13.3242 0.75052E-01 -14.826 0.018287 219.821 0.214688 0.146565E-03
9 14.6512 0.68254E-01 -28.183 0.034761 794.260 0.215219% 0.529572E-03
14.6706 0.68164E-01 -163.66 0.201864 26785.7 0.233100 0.178593E-01
15.7643 0.63435E-01 3.5688 0.004402 12.7361 0.233108% 0.849182E-05
17.3655 0.57585E-01 92.957 0.114655 8641.04 0.238878 0.576141E-02
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To Do: General tasks (short term schedule)

> Build up the prestressed modal analysis with CMS-Testmodel (actually
working)

> Response spectrum analyses with earthquake data generalised with
ISO 3010 and Eurocode 8

> Handover the modal-results to a response spectrum analysis with
Earthquake data from Japan/Ichinoseki (Source:NIED K-NET IWTO010
2011/03/11) has to be implemented in the Testmodel, max. amplitudes:

= East-West 852,134 gal (alternatively 8,52 m/sec? => 0,36 g)
= North-South: 997,780 gal (alternatively 9,98 m/sec? => 1,02 g)
= Vertical: 352,666 gal (alternatively 3,53 m/sec? => 0,36 Q)

> Mandatory: regular adjustments in models (Commands, geometry, ...)

> ... (next slide)
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To Do: Towards the whole barrel-Setup (long(er) term

schedule)

> To get real amplitudes, the
whole support-structure for the
AHCAL has to be calculated

> Thereby the CMS-Method is the
key ...?! In my opinion:YES!!!
=> a possible path:

= In the first step, the barrel yoke with
feet and cryostat, and mass points
for AHCAL+ECAL+... will be
calculated

= Second: the system response at the
AHCAL guide rails will be analysed
and saved

= Third: with these detailed excitations
at AHCAL guide rails a second
»<analysis turn“ will be done for the
AHCAL (again with CMS-Method)

0,000 4,000 8,000 (m)

2,000 6,000
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Summary, outlook and remarks

> Seismic study is progressing

> Successful change to sub-structure method which will allow integration
into cryostat and yoke whilst retaining all details

> Getting ready to simulate with real earthquake data

> Will also address rotated case (by 22° as preferred by ECAL) and
ECAL support details

> Results are conservative with respect to

= Thicker absorber (fewer layers for cost resuction)
= Smaller inner radius

= Adaption to SiD
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> APDL => ANSYS Parametric Design Language (ANSYS scripting/
programming language to expand the capabilities in ANSYS
Workbench)

> Master DOF => a previously defined set of nodes, which are excluded
from substitution with the superelement and to define boundary
conditions and contacts to other bodies/parts/superelements

> CMS => Componenent Mode Synthesis
> MSUP => Modal Superposition Method

> Modal Participation Factor => Each mode of a structure has an effective
mass representing the share in the relevance for structural dynamic
investigations, for this reason a modal participation factor less then a
defined value will have no relevant impact on following dynamic analsis
reusing the modal results for the MSUP-Method
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You can download strong-motion data by selecting 2n earthquake from monthly earthquake list
>Data Download after Search for Earthquakes

> Bei Bauwerken muss nach Norm
(ISO 3010 und Eurocode 8) die T N
Standsicherheit nachgewiesen =

werden
> Eingangsleistungsspektrum aus e le  —
ISO 3010/Eurocode 8 fur die FE-
Analyse aufbereiten (Faktoren fur  ®°®™*®
Aufstellort/-Erdregion) bestimmen
und globales, dynamisches Modell

aufsetzen

> Globales, dynamisches Modell mit
Erdbebendaten Ichinoseki (NIED K-
NET IWT010 2011/03/11)
durchfiUhren und Detailmodelle —
prufen

Normalized design response

spectral ordinate, kg

—_

Natural period, T

Figure C.1 — Normalized design response spectrum
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> Direct comparison between 3D-FE-model and FE-model with CMS

method is not necessary, because the CMS method rests upon a 3D-
FE-Mesh

> A selected substructure, which has to be reduced to a super-element
(CMS-Method), is replaced by one! single super-element with all
mechanical characteristics of the original 3D-Model saved in Mass,
Stiffness (and if needed) the damping matrix

#Nodes Calc.-Time Delta to Delta to Delta to Fulll Mode 4 |Delta to Full
in Min.] Full [in %] Full [in %] [in %] [in Hz] [in %]

Full 3D 396.111 4,80 19,64 174,00 277,84 330,99
CMS-Model

_ 299.296 92,40 118,61 8,86 171,75  -129 27566  -0,78 326,67  -131
Fine Mesh
CMS-Model

“viode 79.400 1442 12031 056 17442 ~~Q24 28033 090 331,78 0724
Medium Mesh
CMS-Model

377.930 1,50 123,32 3,08 174,60 0,34 285,96 2,92 332,71 0,52

Coarse Mesh

M. Lemke Bale: 02.03.2016
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