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The DUNE Project — Far site detector
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The DUNE Project
DUNE Far Site cryostats
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The DUNE Project
Warm structure
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The Anode Plane Assembly (APA)

Some numbers:
* APA Dimensions: 6m x 2.3m

* DUNE APA are assembled as a vertically
stacked pair

* 3,520 prestressed copper-beryllium wires of
150 um diameter wound in 4 layers (per APA)

* Flatness of the frame must be within
millimetres

-Julien Ordan
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APA Transportation challenges and limitations

Lead (SD), USA
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APA Transportation challenges and limitations

A support and transportation structure designed considering the following:
* APAs are large (6.0m x 2.3m)

* Must be transported in landscape orientation

* APAs must be transported over a long distance (>6000km)

* Limited number of support points available on the APA frame

* Transfer of vibrations and shocks must be limited

e Shipping frame must allow for APA insertion in landscape orientation

e Shipping frame must allow for APA extraction in portrait orientation

e Shipping frame must allow for manipulations and 180deg rotations

* Shipping frame must allow for PD installation at predetermined locations
* Manipulations must be done in a controlled and supervised manner

e Cost of APAs and of transport
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APA Shipping Frame (ASF) Design

Manipulations:
1. Lifting into/out of truck/trailer/boat/airplane
2. Lifting and rotation into and out of the Ross shaft

3. Rotation to vertical for APA extraction
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Landscape
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ASME BTH-1-2017

(Revision of ASME BTH-1-2014)

APA Shipping Frame (ASF) Design Design of

Below-the-Hook
Lifting Devices

Design requirements: Impact:

1. Lifting code (ASME B30.20 and BTH-1) Load factor > 2

Transportation codes (below) Dynamic loading

AN AMERICAN NATIONAL STANDARD

Wire rope absorbers (WRAS)

&gﬁ The American Society of

'@ Mechanical Engineers

Y VY VY VY

2
3. Damping of vibrations and shocks
4

Critical lift Oversight of manipulations

NOT MEASUREMENT
SENSITIVE

MIL-STD-810H
- - 31 January 2019
Road Vibration spectra (PSD)
— MIL-STD-810G
ASTINTDFTOT-TO VCTTITAr wIChar.|ge1
— —MIL STD 810H Longitudinal 15 April 2014
Vo0l | T MIL STD 810H Transversal
. LHEID) Designation: D4169 16 DEPARTMENT OF DEFENSE
il I’ TEST METHOD STANDARD

INTERNATIONAL

1.0E-02

Standard Practice for

1.0E-03 Performance Testing of Shipping Containers and Systems’

This standard is issued under the fixed designation D4169; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1.0E-04

This standard has been approved for use by agencies of the U.S. Department of Defense.

Acceleration power density séectra [g2/Hz|

ENVIRONMENTAL ENGINEERING CONSIDERATIONS
1000 AND LABORATORY TESTS

1.0E-05

Frequency [Hz|
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APA shipping frame (ASF) assembly Top Closures .

Top supports

R

Central frame: ":l‘

v

End closure

Lateral frame

v

ASF Protection:

v
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APA shipping frame (ASF) assembly

|/
ASF in portrait orientation,
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APA shipping frame (ASF) assembly

ASF assembly w/ protection

-

Base absorber (WRA)

End absorber (WRA)
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APA Transportation Prototyping campaign

APA installed in the APA shipping frame
Testing at different levels:
ASF prototype — load tests
WRA tests
Assembling testing
Experimental modal analysis
Road vibrations testing

Sea inclination measures

N o U kR W N Re

Handling shocks

APA shipping frame (ASF)

Base frame (BF) Base wire rope absorber (WRA)
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Prototype ASF — Lifting tool Testing

wl Al
\\ \

1. Designed for a load factor of 2

2. Load test in all lifting and rotation
configurations

3. Qualified with a load test assuming a load
factor of 1.5

4. CE certified

17
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(42,5)

40+0,8

Prototype ASF — WRA Testing

218412

(51,85)

114,30 (51,85)

I

TN

O
W U U\\AEE MOUNTING OPTIONS

Series CAVOFLEX H220-218-H-W-4S

40108

Series CAVOFLEX H220-368-H-W

Compression

Tension

Roll

1.5E+05
1.3E+05
1.1E+05
9.0E+04
7.0E+04
5.0E+04
3.0E+04
1.0E+04

Force [N]

—H220-218-152-165
[below ASF]

- = -H220-368-152-165T
[at ASF ends] 4

-1.0E+04
-3.0E+04
-5.0E+04

-0.10 -0.08 -0.05

-0.03 0.00 0.03 0.05 0.08 0.10
Deformation [m]

Maximum elastic deformation capacity of WRAs

= F F
T Direction WRA Base WRA End
3d )
d = B ¥ Compression 64mm 64mm
/2
a2 dP? Tension 43mm 43mm
Shear/Roll 64mm 64mm
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Prototype ASF — WRA Testing
Testing performed by the CERN EN-MME team

16000

Experimental measurement l/

14000 VM/ 1

—— Manufcaturer data
12000

Manufacturer provides the force-displacement
/ curve in the three orthogonal direction

10000

Monotonic and cyclic tests were performed on
one WRA in compression to verify the
behaviour

8000

\\\\:

6000

Standard force [N]

4000

3. The manufacturer data was confirmed for large
displacements

2000 -

0 10 20 30 40 50 60 70
Strain [mm)]

Zwick ' Roell
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Prototype ASF — EXp

~

e CERN EN-MME team

—

p

erimental Modal Analysis (EMA)

ource Transversal [z] Longitudinal [x] Vertical [y]
Freq. [Hz] Eff. Mass[kgs] Freq. [Hz] Eff. Mass[kgs] Freq. [Hz] Eff. Mass[kgs]

Experimental Modal 6.25 n/a 10.25 n/a 16.75 n/a
Analysis 19.25 n/a

FE Modal Analysis 3.43 \ 1459.7 6.52 12132.8 7.83 2074.8
UNCALIBRATED 6.49 / 638 /

FE Modal Analysis 6.10 ¢ 1650 1028 & 2442 12.9 2037
CALIBRATED 11.04 620

20 31/05/2023 M. Zimbru - Prototyping and testing of the transportation strategy for a high energy physics detector LBN FI l:}'\x\ E



Prototype ASF — Experimental Modal Analysis (EMA)

B: Modal
Mode 1
Type: Total Deformati b
Frequency: 6.1047 ‘ Frequency: 10.284
Unit: mm Unit: mrn
Max: 35,605 M_ax: 21,656
Min: 0 Min: 0
35.605 21,656 R,

i 19.25 "
Calibrated Al 1925 :
FEA 23.737 12,438 v ‘:]

$5501 12,031 \ N
15.825 0625 =N
11.868 7.2188 l;' .
7.9123 48125 >
3.9562 24063 - /
0 0 .
2e+03 (mm) 2e+03 {mm) .
1e+03 " Te+03
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APA frame shocklog

Prototype ASF — Instrumentation
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Instrumentation by the CERN EN-MME team
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Prototype ASF — Dynamic Testing and FE model validation
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Data processing by the CERN EN-MME team
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Prototype ASF — Dynamic Testing and FE model validation

Design PSD

1.0E-01

1.0E-02

1.0E-03

PSD [g?/Hz]

1.0E-04

1.0E-05

= = = Longitudinal [x]

Vertical [y]
----- Transversal [z]

1.0E-06

Design PSD are extracted from international codes providing
three-dimensional random vibration spectra for road profiles

These are used as input at the base of the transportation

assembly

10 100
Frequency [Hz]

1’000

Measured PSD

1.0E-01
= = = Longitudinal

Vertical

1.0E-02 - --------- Transverse

1.0e-03 ¢

PSD [g?/Hz]

1.0E-04

1.0E-05

1.0E-06
1 10 100

Frequency [Hz]

1’000

Measured PSD are the result of the acceleration data post-

processing.

The values valid for comparison with the design PSD are the

ones recorded at the level of the base frame
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Prototype ASF — Dynamic Testing and FE model validation

Low amplitude of vibrations
compared to design level

10

Design PSD [ASTM... _
_____ Simplified Measured PSD 1. In order to establish the accuracy of the FE model,

the simplified measured PSD is used

2. To be noted that the amplitude of the measured

5 vibrations is well below the design PSD

NU)

E 3. The random analysis performed using Ansys is

Q based of a Modal analysis and thus the WRAs

(a1 . .
i cannot be modeled using the nonlinear response

0.001 Mllldl curve. The preliminary analyses were performed
E '|| considering an average and a maximum value of
‘ :
0.0001 ! the stiffness.

1 10 100 1’000

Frequency [Hz]
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Prototype ASF — Dynamic Testing and FE model validation

Analyses w/ uncalibrated model

10 ¢
: FEA Response PSD ASF
. IR | Me:as“:fe‘:’ ‘:’S:D:ﬂ:s:F 1. Using the average stiffness leads to discrepancies
§ between the experimentally measured and
0 numerically predicted response
N > 2. Due to the lower amplitude of the measured
E : vibrations, it is expected that the absorbers were
o 001 ¢ working in the low-deformation and high stiffness
= _ range
0.001 | . .
= 3. The FE model predicts well the field measurements
[ when the stiffness is correlated with the
0.0001 —— deformation (vibration) energy input
1 10 100
Frequency [Hz]
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Prototype ASF — Dynamic Testing and FE model validation

Low amplitude of vibrations Stiffness and damping need to be
compared to design level corrected for low energy inputs
10 ¢ : 1.5E+05 —— d K, factor
- Design PSD [ASTM... T E ;
: 33%F ay 33-100%F pay
—— = ===k Simplified Measured PSD 1.3E+05 )
[ [mm] [-] [-]
I LIEFOS o oo 3.5 0.7 0.6
_ E 9.0E+04 3 0.8 0.6
N -
E 01 = 7 OE+04 2.5 0.9 0.6
< < 2 0.9 0.7
E S 5.0E+04 1.5 1.1 0.8
= 0.01 S 30E+04 1.25 1.2 0.9
D .
& ; \ 1.0E+04 X -2 .
- \ .
i \ | 0.9 1.3 1 |
0.001 E \h___| -1.0E+04 0.8 1.4 1.1
: ! 0.7 1.5 1.1
i y -3.0E+04 0.6 1.6 1.2
1 10 100 1’000 -0.10 -0.0 0.4 1.9 1.4)08 0.10
0.3 2.2 1.6
Frequency [Hz] 0.2 26 5
0.1 3.6 2.7
0.05 4.9 3.6
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Prototype ASF — Dynamic Testing and FE model validation

Analyses w/ uncalibrated model

Analyses w/ calibrated model

10 10 ¢
FEA Response PSD ASF FEA Response PSD ASF
Measured PSD ASF i Measured PSD ASF
1 t —t+—+—+—+—+H t —t+——+—++H 1 E —+—+—+H t —t+—+——+++1
T T [
N 06k S ol
~ ~ N
< » g X
£ £ i
o 0.01 F o 0.01 E
44 F 7] -
[= a. -
0.001 E PSD low | PSD design 0.001 E PSD low | PSD design
: M nom M cont M nom M cont é M nom M cont M nom M cont
<) 10 B ) 10
£ Kmin : £ Kmin
3 £
0.0001 e 0.0001 -4 aq
L Kavg L] Kan
1 10 2 1 10 a
S g
Frequency [Hz] 2 K Frequency [Hz] 2 K
w0 “n
Recommended Recommended
Required (Done) Required (Done)
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Prototype ASF — Impact on the APA assessment for transport

A: ASF-Base-Lashes
Static Structural
Time: 1.7082 s

|| Acceleration: 10074 'mimkﬁ ‘:

Components: 0.,

Typical ASF assembly model

-QS Transp
[ IS :
\(L“ Y

9810,2289.9mm/s> 7|\
AUNLN =SS
o ‘\ [N . { ) \
<& —J i ‘\ \| E | r‘*’ X >
// 3 o
NI
- ‘ I »\/\‘ Y
e
- ‘/ l Y. X
0.00 1000.00 2000.00 (mm)
500.00 1500.00

Typical APA model (individual)

C: APA suspended in inspection cart
APA supported at bottom-,

Time: 1. s _i/

Items: 10 of 19 indicatedF

Iﬂ Displacement 2
Displacement 3

@ Displacement 4

m Displacement 5

@ Acceleration: 14028 m
B rorce 2:29284 N

Bl Force 4:16104 N

. Force 3: 16104 N

[l Force: 29284 N

B it

0.00 1000.00

2000.00 (mm)
|

| I
500.00 1500.00
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Prototype ASF — Impact on the APA assessment for transport

Individual APA model
Total Mass : 607 Kg

APA in ASF assembly
Total Mass : 2909 Kg

1 3 \{-“\
= | ! ' r ] N
01 ! i ‘ : ! SN
E [ : i g E E 15e+03
% oo1 : : S 001 f ] .
o F : : o : :
g : : g : !
0.001 ; i i 0.001 E E
0.0001 ' ' 0.0001
1 P10 100 1 P10 100
i Frequen:cy]Hz] EFrequem‘:y]Hz]
ASF vertical mode | | APA Vertical mode ASFoassemnyVerticaI modei APA:/erticaI mode.
—0% Mass ’ ' > 90% Mass Aizﬁ Massl g ;o'slf’ Bas L
(not modelled) Majority of APA mass Is accelerated as a mall mass participation
. mass, therefore less for the APA mode ->
participates to the APA ) . .
. . deformation/stressis lower magnitude of
vertical mode -> significant .
‘ observed forces/stresses/deformati
stresses/deformations
ons
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Prototype ASF — impact on the APA assessment for transport

oy s hor Global ASF+APA shell model
E:F:;E;‘S:w dy_static_apa-dy_harmonic_apa Kmax _ 10% damp ’-ng
w6 9601 APA Max Vertical Deformation: 5.6mm
By 7.0
25207 APA Kavg
e APA Kmax
o - 6.0 ASF Kavg
e = ASF Kmax
L 50
©
L
=
. S 40
L i
X m
g 3.0
Dy o Global ASF+APA shell model 5
Et‘[:;e;s:n: dy_static_apa-dy_harmonic_apa Kavg _ 1 0% dampmg % 20
v 1162 APA Max Vertical Deformation: 3.4mm S
<
10
T ——— St
0.0 e |
40 50
Frequency [Hz]
0.00 1000.00  2000.00 (mm)
— — ,
500.00 1500.00 L
Global ASF-shell APA assembly model )
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Prototype ASF — impact on the APA assessment for transport

A: Static K max

User Defined Result

Expression: vm_static_apa+vm_randy_apa
Unit: MPa

Max: 226.7

Min: 0.037212

226.7
H 180
157.5

135.01
112.51
90.019
67.523
45.028
22.533
0.037212

Max

@
X

0.00 1000.00 2000.00 (mm)
I |
500.00 1500.00
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Summary and Main Outcomes

 The FE model was calibrated and the initial discrepancies between measurements and FE results were
understood.

* High confidence level in the numerical model owing to the experimental validation

e Better understanding of the transportation conditions in comparison with the design values of the transportation
loads

e Road vibration levels are well below the design assumption

* Shocks can be limited when handling is done in a controlled manner. The recommendation for supervised
manipulations at all stages was reinforced.
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Thank you for your kind attention!

Questions?
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