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Component description e

y4 Vsurface
%

lon

pump
x4
Tuner
x32 Local flange coordinate system:
X_global=X_local
Turbo or
NEG pump
Turbo or
NEG pump e
Instrumentation
x8 Window
x4
x1

Loads on flanges taken into account in all studied load cases

flane coord S stem Nm

+-Z (Iocal) +/- Y(Iocal) +/- X (global)

lon pump 1490 0 0 + 195 1053.6 1053.6 205.5
Turbo or NEG pump 340 0 0 +195 240.4 240.4 46.9
Tuner 65 0 0 - 20 46.0 46.0 0.9
Instrumentation 100 0 0 +100 70.7 70.7 7.1
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Geometry simplifications

Design Calculated model
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Supports

« Steel supports are included in the calculation, considering fixed frictionless spherical joints
at the bottom (image below).

* Besides, calculations with fixed contact plate & symmetry were previously done (see
backup slides).

0.00 500,00 1000.00 (mm)
I 0O a0
5 250,00 750,00

Supports:

» Spherical joints allow free rotation in all 3 axes, but displacement = 0.
* Rigidity of the supports taken into account.

« Connection with RFQ through the 4 pins per support (bonded contact).
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Load cases studied

* Self-weight (without RF window)
 Self-weight (complete model)

 Self-weight + 1 accidental person load on one side of the window (100 kg).
 Previous, after unloading the person load.

Time: 2. s

[ Force: 980. N
Components: 0,0,-980. N

0.00 450.00 900,00 {mmy)
[ > I 00O .00
Hs v 225.00 675,00

(Person load is actually applied where it is shown here, on the waveguide flange)
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Assumptions

Linear elastic / elastoplastic assumption;
Static structural calculation;
Small displacements assumption;
All contacts are perfectly bonded;
Material properties at room temperature:
- OFE Cu (annealed): elastoplastic model
- All steel parts: linear elastic, E=195 GPa (316L)

- Alumina: linear elastic (only its density is relevant)

; Poisson’s | Elastic Yield stress Tensile
) Density )
Material modulus Rp0.2 strength
(kg/m?3)

OFE Copper
8890 0.3 115 8 240 [7]
(Annealed)

Waveguide

SS 316L 7950 0.26 195 190 490 [8][9]

4000 n21 72 A70 AN rMnir111 s
2L S S —— X
. Y,
Tensile tests on OFE Cu 18
samples 16
https://edms.cern.ch/doc 14 SR P ————
— j ———oample 1. Anneale: —rupture
ument/1451106 RP)
= 10 ¢y ——Sample 2. Annealed-0.12%
g s | L& Sample 2. After 0.12%-0.5%
@ 5 —— Sample 3. Annealed-0.12%
4 - Sample 3. After 0.12%-0.5%
2 - == Model (bilinear Kinematic
i Hardening)
T 0"
|
E;.mp ‘ @ 000 002 004 006 008 010 012 014 016 018 020 7

EMCIMCERING Strain (%)


https://edms.cern.ch/document/1451106

Mesh

Element size between 50 and 0.5 mm
= 1 million elements
800k nodes

R

0.00 400.00 800.00 (mm)
200.00 600.00




Results
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Only Waveguide case: deformations

Type: Directional Deformation{Z Axis)
Unit; mm

Global Coordinate System
Tirre: 1

0.013052 Max
-0.00533976
-0.025047
-0.044006
-0.063146
-0.082195
-0.10124
-0.12029
-0.13934
-0.15839 Min

Type: Directional Deformation(y Axis)

Unit: mm
Global Coordinate System
Time: 1
0.13354 Max
0.11254
0.081543
0.070543
0.040544
0.028544
0.0075447
-0.013455
-0.034454
-0.055454 Min
| .@ . . ) .
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WG+window case: deformations

Type: Directional Deformation(@ Axis)
Unit: mm

Global Coordinate System
Tire: 1

0.089342 Max
0.017991
-0.05396
-0.12591
-0.19786
-0.26881
-0.34176
-0.41372
-0.48567
-0.55762 Min

Type: Directional Deformation(y Axis)
Unit: mm

Global Coordinate Systerm
Tirne: 1

0.44478 Max
0.36004
0.2753
0,19056
0.10582
0.021086
-0.063652
-0.14839
-0.23313
-0.31787 Min
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1 o

Red arrows = minimum
distance between poles
(design nominal):
+ 24=6.5mm

Pole 1 A 7
Black dots = |
displacement probes

Deformation of the vanes

: + 1-3=6.5mm
/ D 4-1 x‘ D 1-2
Pole 4 Y% R
Y «- --—)(-: : x Pole 2
Pole displacements at the symmetry plane, and
. D3-4 D 23
separation between them |
00&60 53;3;11?“ Width = 5.54 mm in
*gs‘ Pole 3 the four poles
. ~ 1/ &
Units: pm
No window, Wind Load of
O WHIEO WG added HEONE Cagore Unload person
No WG added person
DirY Dir.Z DirY DirZ DirY DirZ Dir. Y Dir.Z DirY DirZ
1 (Top) 56.2 @ -50.7 | 186.9 | -58.7 | 298.0 | -65.1 | 189.9 | -59.1
2 (Behind) 55.3 -50.1 183.7 -55.3 292.8 -59.5 186.7 -55.6
3 (Bottom) 53.6 @ -49.8 ' 177.6  -55.1 | 283.0 | -59.3 | 180.5  -55.5
4 (Window) 56.4 -53.6 187.6 -66.9 299.2 -77.9 190.6 -67.4
Distance change poles 1-3 1(6.501 mm) | 4(6.504 mm) 6 (6.506 mm) 4 (6.504 mm)
Distance change poles 2-4 -1(6.499 mm) -4 (6.496 mm) -6(6.494 mm) -4(6.496 mm)
Distance change poles 1-2 0(2.974 mm) | 0(2.973 mm) 0(2.973 mm) 0(2.973 mm)
Distance change poles 2-3 -1(2.972 mm) | -4(2.969 mm) | -7 (2.967 mm) | -4(2.969 mm)
Distance change poles 3-4 -1(2.973 mm) | -1(2.972 mm) | -2(2.972mm) | -1(2.972 mm)
Distance change poles &1 PersBbEmdbESTEE Biblstica RSt tddramse
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Alignment (centre of the 4 vanes)

Geometry
19/11/2020 14:39

[ 216l
] Alumina

[] Copper

Cross-section X coord. (mm)

1 1528.091
1020.57
513.0499
512.95

0

-512.95
-513.05

-1018.27 ] . ]
-1523.48 Horizontal axis in next slide plots
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Alignment (centre of the 4 vanes): only WG case

Horizontal Absolute Displacement[mm]

Vertical Absolute Displacement [mm]

-2000

0.0000
035 2000 1500 1000 500 0 -500 -1000 -1500
03 . -0.0100
- Z axis
02 N
\\’\:.5
G S— ~
. o
2000 1500 1000 500 0 -500 -1000 -1500 -2000 -0.0600
—a—Y WG+Window —e—Y 100kg on Window Y load removed
-0.0700

Horizontal Displacement (aligned) [mm]
0.002

0.0015

0.001

0.0005

2000 1500

-0.0005

——Z WG+Window  —#—Z 100kg on Window Z load removed

Vertical Displacement (aligned) [mm]
0.0100

+0.4 pm

+5.2 um

0.0050 R

2000

1500 1000 -1000

-1500 -2000

-0.001

-1500

-2000

-0.4 pm

—o—Y WG+Window —®—Y 100kg on Window (out of scale) Y load removed

-6.4 um

Y load removed + new aligi

02

005

-0.0150

—o— Z WG+Window —=&—Z 100kg on Window Z load removed

- Maximum |deviation|: 6.4 pum

* | RFQ RF Window: Mechanical simulations

-1500

-1000

Z load removed + new align.
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Alignment (centre of the 4 vanes): WG + window case

Horizontal Absolute Displacement[mm]
06

Y axis

Vertical Absolute Displacement [mm]

0.0000
2000 1500 1000 500 0 -500 -1000 -1500 -2000
-0.0100
\ Z axis

0
2000 1500 1000 500 0 -500 -1000 -1500 -2000
—e—Y WG+Window —o—Y 100kg on Window Y load removed -0.0700
——Z WG+Window  —#—Z 100kg on Window Z load removed
Horizontal Displacement (aligned) [mm] + 1 7 um
0.002 ’
0.0015 Vertical Displacement (aligned) [mm] +7 um
0.0100
0.001 \ L
= L % E:
0.0005
N
2000 1500 1000 -1000 -1500 -2000 2000 1500 -1500 -2000
001 - 1 6
.0 MM 12 Hm
-0.002
—o—Y WG+Window —&—Y 100kg on Window (out of scale) Y load removed Y load removed + new align. 0.0200
-~ 02 '
- —8o— Z WG+Window —#&— Z 100kg on Window Z load removed Z load removed + new align.
0.15
o1 - . . .
. Maximum |deviation|: 12 pm
-":L’h:hl 005 . - - - -
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Conclusions

« Stresses slightly higher than the elastic limit of annealed OFE copper (>8 MPa) are
found in several areas, so locally plastically-deformed material is likely to occur.

* An accidental load of 100 kg on the window leads to further plastic deformation,
mainly at the flange brazed area. However there is no relevant plastic def. at the RF
vanes.

« Deformations at the RF vanes close to the waveguide can be limited by adding
stiffeners to the steel flanges that are brazed to the RFQ. To be studied if necessary.

« Worst area: Distance between poles 4-1 increases 6 um when RF window is added.
With stiffeners it increases only 1-2 um.

- Deformations of the RF vanes due to the rotation of the single-support can be
corrected by the beam-alignment, reducing the maximum deviation to 12 pm.

» Report will be available here: https://edms.cern.ch/document/2418061
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Thank you for your attention!
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Backup slides
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Supports: Single vs double

(Deformation magnified x1000 in the visual representation)

Type: Directional Deforrm ation(Z Axis)
Unit mrm

Global Coordinate Systern

Time: 3

09/11/2020 0228

0.028386 Max
0.015931
0.0034753
-0.00898
-0.021435
-0.033891
-0.046346
-0.058802
-0.071257
-0.083712 Min

0.00 300.00 600.00 {mm}) ¢
I 00O Y
120,00 450,00

Waveguide + window case, without accidental 100 kg load
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Symmetric calculations with simplified
supports (fixed on RFQ surface)

These results are comparable to the ones shown before (including steel supports), except for the

rotation due to the single support. Relative deformations between vanes and stresses are almost
identical.

Minor differences are explained due to the small angle change of gravity acceleration for the loads:
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Fixed support calculations (with symmetry)

[l Fixed Support

Boundary conditions

01/09/2020 09:55
[] Displacemen t

Components: 0,Free,Free mm

0.00 400,00 800,00 (mm)
200,00 600.00 ¥
T~ : : : .
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No Waveguide, No Window case

F: No window, No Waveguide Ve rtl Cal (Z) d efO rm atl O n

Directional Deformation 5
Type: Directional Deformation(Z Ax
Unit mm

Global Coordinate System
Time: 1

25/09/2020 14:35

0.00481 Max
0.0024669
0.00012386
-0.0022192
-0.0045623
-0.0069053
-0.0092484
-0.011591
-0.013934
-0.016278 Min Z

<]

There is only one area with stresses slightly above the yield limit: the ion pump flange (9.0 MPa). Minor
plasticised elements are found (strains up to 260 pm/m).
This load does not vary including the WG or window.

Deformation at the symmetry plane constant =15 um in —Z, see table afterwards.

ni"/}’\'l ‘ @ ) 25-Nov-2020 RFQ RF Window: Mechanical simulations 22



Effect of the waveguide (current situation)

Vertical (Z) deformation

G: WG, but no window
Directional Deformation S

Type: Directional Deformation(Z
Unit: mm
Global Coordinate System
Time: 1

25/08/2020 15:38

0.0051208 Max
-0.0012288
-0.0075783
-0.013928
-0.020277
-0.02e827
-0.032977
-0.03%9326e
-0.045676
-0.052025 Min
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Effect of the RF window + wavequide

E: elastoplastic 0.00 300,00 500.00 {mm) z

Equivalent Stress RFQ %
Type: Equivalent fvon-Mises) Stress (Elernental hMear) 150,00 450,00 @
Unit: MPa
Tirne: 1
9/4/202012:08

8.8166 Max
7.837

6.8574

5.8778

48982

39186

2.939

1.9594

0.97979
0.00019085 Min

E: elastoplastic ) 0.00 250.00 500.00 {mm) z
Equivalent Plastic Strain RFQ [ . S v
Type: Equivalent Plastic Strain (Elermental hearn)

ittty 125.00 37500 @

Time: 1

S/47202012:10
2.1232e-004 &

0.00026172 Max
000023264
000020356
0.00017448
0.0001454
0.00011832
8.7241e-5
5.8167e-5
2.908e-5

0 Min

1.0406e-004 4




Effect of the RF window + waveguide

E: elastoplastic

Equivalent Stress flange brazing

Type: Equivalent (won-hises) Stress (Elemental hean)
Unit: MPa

Tirne: 1

974720201213
8.8166 Max
77163
6.616
55157
44154
3.3151
22147
11144
0.014126 Min

0.00 50,00 100.00 (mm)
T ]

25.00 7500

E: elastoplastic

Equivalent Plastic Strain flange brazing

Type: Equivalent Plastic Strain (Elemental Meam)
Unit mm/mm

Time: 1

97472020 12:14

0.00026172 Max
0.00023264
000020356
0.00017448
0.0001454
0.00011632
8.7241e-5
5.8161e-5
2.908e-5

0 Min

0.00 50.00 100.00 (mm}
T ]

25.00 7500




Effect of the RF window + waveguide

Stress distribution progress due to the accidental 100 kg load on the window

Type: Equivalent (von-Mises) Stress (Elemental Mean)
Unit: bAPa

Peak ~9 MPa

14158
1239

;%?iZEMax Initial

. N Peak ~14 MPa
3.5501
1.7821

0.014126 Min

14.158 Max
124
10643

=2 Person load on
s> the window

1.8543
0.096679 Min

The plastically
deformed surfaces
(after the person

14158
12391

load) lead to more 10824 Unload
evenly distributed sovsvex Window

0.022338 Min

stresses (that is
why the peak
stress decreases).

Peak ~5 MPa ‘.,

-"'.f' y - r.;'
:I' ERM |.\\,I ENJ
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Effect of the RF window + waveguide

E: elastoplastic

Equivalent Stress wawveguide
Type: Equivalent (von-Mises) Stress (Elemental Mean)
Unit: MPa
Tirne: 1

8.0414 Max
71509
6.2604
5.3699
44794

3.5889
2.6984
1.8079
091739
0.026888 Min

E: elastoplastic

Equivalent Plastic Strain waveguide

Type: Equivalent Plastic Strain {Elemental Mear)

Uit mmy/mm

Time: 1
61311e-005

2:2797¢-5 Max 7.1408e-005 ] '
8.2486e-5 !
7.2176e-5 -

6.1865e-5 /

5.1554e-5
412435
3.0932e-5
2.0622e-5
1.02117e-5
0 Min




Deformation of the vanes [

Pole displacements at the symmetry plane, and

separation between them

(design nominal):
* 2-4=4.061mm
« 1-3=4.077 mm

Radius =
5.94/2 mm

Red arrows = minimum
distance between poles

ob

Width = 5.54 mm in
the four poles

Units: um Z
No window, WG added Window Load of a Unload person
No WG added person
Dir.Z DirY DirZ @ DirY Dir. Z Dir. Z
1 (Top) 0 -146 | 0.6 -16.7 1.9 -20.2 4.2 -26.1 2 -20.4
2 (Behind) 0 -15.3 | 0.5 -17 1.6 -19.9 3.4 245 1.6 -20
3 (Bottom) 0 -14.7 @ -03 | -15.7 -1.7 | -16.5 -4.5 -17.5 -2 -16.4
4 (Window) 0 -15.3 1.7 -18.8 5.8 -26 12.9 -384 6.1 -26.6
Distance change poles 1-3 | 0(4.061 mm) | 1(4.062 mm) | 4(4.065mm) | 10(4.071 mm) @ 5 (4.066 mm)
Distance change poles 2-4  0(4.077 mm)  -1(4.076 mm) -4 (4.074 mm) -9(4.069 mm) -4 (4.073 mm)
Distance change poles 1-2 | 0(1.255mm) = 0(1.255mm) = 0(1.255mm) -1(1.254mm) = 0(1.255 mm)
Distance change poles 2-3 = 0(1.255mm) -1(1.253 mm) -5(1.250 mm) -11(1.244 mm) -5(1.250 mm)
Distance change poles 3-4 = 0(1.255mm)  -1(1.254 mm)  -1(1.253 mm) | -2(1.252 mm) | -1(1.253 mm)

Distance change poles 4-1

0(1.235mm) pAHLG [BAH dbES I Plastitaify B rm tHE%74MR!s

—
' T
T~ N

e

2
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How to limit deformation?

— Reinforce the flange so that the moment is distributed over
adjacent flanges. The stiffeners must be rigid to bending moment for
optimal results.

This is just a concept check, integration to be checked.

They can slide into place, and could be produced by milling a
50x50mm square bar, or welding 10mm thick plates. Total weight in
steel (8 pieces)= 14.4 kg

Optimal reinforcement
v2

Separation  No window, WG Window Loadofa Unload
change no WG added added person  person
No reinforcement Change 1-2 0.000 0.000 0.000 -0.001 0.000 mm
Change2-3  0.000 -0.001  -0.005 [ 70.021 -0005 mm
Change 3-4 0.000 -0.001  -0.001 -0.002 -0.001 mm
Changed-1  0.000 0002 0007 | 0015 0007 mm
Optimal reinforcementv2 Change 1-2 0.000 0.000 0.000 0.000 mm
Change 2-3 0.000 -0.001  -0.002 -0.001 mm
Change 3-4 0.000 -0.001 -0.001 -0.001 mm
Change 4-1 0.000 0.002 0.005 0.002 mm
@I ?ﬂmw 25-Nov-2020 RFQ RF Window: Mechanical simulations 29




Deformation of the vanes: 2D plot

2D representation of the deformation probes
(displacements are multiplied by 100 to be able to see the difference in the plot)

No reinforcement

-8
Horizontal coordinate (mm)

Vertical coordinate (mm)

Reinforced (green stiffeners prev. slide)

6

—@— Nominal

~—@— No window, no WG
—@— WG added 8
—&— Window added

—@— Load of a person

- @ = Unload person

-8
Horizontal coordinate (mm)

L
\

—
T~ N

2

N

EMCIMEERIMT
LDEHARIENT

25-Nov-2020

RFQ RF Window: Mechanical simulations

30

Vertical coordinate (mm)



Why the vanes deform in this way?

Magnified x3000 !l

H: Elastoplastic Window+WG
Directional Deformation Z poles
Type: Directional Deformation{Z Axis)
Unit. mm

Global Coordinate System
Time: 1
25/09/2020 16:37

global torsion
on RFQ

-0.0086384 Max
-0.010566
-0.012494
— -0.014422
< -0.016349
1 -0.018277
-0.020205
-0.022132
-0.02408
-0.025988 Min

local traction on

flange contact / N

local moment due local compression
to window + WG on flange contact

e
Il’ff-h:
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Other reinforcement concepts

Model

Other concept

“/
I.‘
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Results: comparison table

Reinforcement RFQ max RFQ max Waveguide Waveguide RF window max Z
flange stress flange plastic ~ Max stress Max plastic deformation [mm]
[MPa] strain [um/m] [MPa] strain [um/m]
No 8.9 270 8.1 100 -0.210
Window 1(A) 7.2 20 8.2 120 -0.140
2dded 2 (A+B) 6.7 0 8.2 120 -0.135
4 (A+B+C+D) 3.9-5.5* 0-0* 8.3 130 -0.118
2 (A+B) + beam 6.5 0 6.7 10 -0.082
No 14.2 1200 10.4 500 -0.467
Load of a 1(A) 8.9 280 10.7 560 -0.307
person 2 (A+B) 8.5 200 10.8 560 -0.300
(100kg) 4 (A+B+C+D) 5.8-7.8* 0-30* 10.9 600 -0.258
2 (A+B) + beam 8.4 20 8.6 190 -0.162
No 5.0 1150 4.8 480 -0.222 (p=12 um)
1(A) 4.7 280 5.0 530 -0.144 (p=4 pm)
Unload person 2 (A+B) 4.6 200 5.0 540 -0.139 (p=4 um)
4 (A+B+C+D) 3.9-4.,5* 0-30* 5.0 570 -0.122 (p=4 um)
2 (A+B) + beam 4.6 20 4.3 190 -0.082 (p=0 pm)

Values with symbol * come from the flange just above the one of the waveguide (one of the stiffeners is under traction
and pulls it downwards). Note that the contacts between stiffeners and flanges are assumed as perfectly bonded; this
is not realistic for the stiffener D which is under traction stress (and possibly also for C).

p= plastic deformation

e
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