Dynamic analysis of the support tube
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Calculation of spring constant of the tension rods.
For the modeling of tension rods, spring constants are
defined on the top of support rods.

(Modeling)

Stainless steel
30mm-thick

_— o=¢E Tension rods; CFRP
Titanium p/ _Al ¢ E=130GPa
/A_T' Density: 1.5e-6kg/mm~*3
p:Al_l. E.A
When Al is1mm, P shows the spring constant.
1
P.iw = —— 1.3x10"-(50x 2
- b— I vertical 3180 ( )
Stainless steel — 410kg
10mme-thick . . .
. I K, =410kg/mm : Spring constant of the vertical tension rods.
0.00 1000.00 {mm) " 1 310" (202 82)
I 00000 P =—— 13x10*-x& 1
RO0.00 horizontal 3000
=1035kg

K, =1035kg/mm : Spring constant of the horizontal tension rods.
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Results of static analysis I
| (In case of Cantilever)
43597 Max The back surface is fixed. , 6.3051 Max
38753 S ED4E
3.3909 : 4504
2 5065 Supported by tension rods I 42034 Max. 6.3mm
24221 35028 .
it 23023
14532 | 21017
0565883 14011
045441 I 070057
0 Min 0 Min
Max. 4.4mm I
i
|
0 2e+003 {mm) e
1e+003 I 1e+003
22365% ‘Max I 45:33 g;gz,.,uq*
46 825 :
40973 4z 754
37408
gg;g? Max. 59MPa I 32 065 Max. 53MPa
23415 ' 2472t
17562 I f%gg;
i :
10689
Ly | 53445
: n I 0.00042581 Min
: l =
] 2e+003 (mm] VVJ I o] 2e+003 (mm) )971
ey E— ||
1e+003 I 1e+003
I (o]
1



Results of modal analysis

- Spring constants are defined on the top of support rods.
- The back surface is fixed.




Vibration analysis (Harmonic analysis)

- Input Acc. : a= 2x10'm/s?

- Mass: m=(2396.6+164.63+1000+4000)/9.8[m/s?]
= 772.9kg/(m/s?)

- Damping ratio=2%

F,=1.55x103N
o= 0 — 1000Hz




(Vertical direction)

Amplitude (mm)
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- Amplitude: 2nm @8.3Hz (Vetical direction)
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- Amplitude: 0.1nm @4.9Hz (Horizontal direction) END




Type Square Square Half Cylinder CyII:ilrjllcljer As_?ﬁgglscil\t/\élth As_?ﬁgzlstil\t/\;lth
Support conf. Cantilevar With tension rods| Cantilevar | Cantilevar Cantilevar With tension rods
HxB/Diamter(mm) 650x650 650x650 750dia. 750dia. 750dia. 750dia.
Size Thickness(mm) 30.0 30.0 50.0 50.0 50.0 50.0
Length(mm) 5565 5565 6000 6000 6000 6000
QDO(kg) 1000. 1000. 700.0 700.0 700.0 700.0
BeamCAL(kg) i 100.0 100.0 100.0 100.0
Lo.a.d LH(.:AL(kg) 40000 4000.0 3000.0 3000.0 3000.0 3000.0
conditions | LumiCAL(kg) 250.0 250.0 250.0 250.0
ECAL(kg) 420.0 420.0 420.0 420.0
Self-Weight(kg) | 2400 i 2400 2685.5 5371.0 5371.0 5371.0
Static Stress(MPa) 53 59 83.4 38.4 - -
analysis | Deformation(mm)| 6.3 f 4.4 19.7 3.2 6.0 3.4
1st mode(Hz) 35 4.9 3.7 95 - 9.7
Fr':ZL”;r?'Cy 2nd 6.9 8.3 5.7 78.9 - 80
3rd 19 20 20.2 1225 - 110
Harmonic Inp. force (N) 2.0E-03 2.0E-03 2.0E-03 2.0E-03 - 2.0E-03
analysis Amp.(nm) 3.5 2.0 7.8 2.7 - 1.1




On the influence of E.Y. square hole



Rough estimation of the phi-direction magnetic filed

Not Current model!! distribution due to the square hole.

- GLD model

-Bc: 3T

R400mm
- 2D calculation Square hole | v
""""""" 5 R283mm

0
o
[1=]
©
m ....'--------"“‘
5 «566mm
0
: Approach
pa By 2D magnetic field calculation, the difference of

magnetic field distribution in the phi-direction was

roughly estimated.

=] When the above square support tube is installed
™ to the square hole of End Yoke, the size of an

inscribed circle is to be R283mm and a 400mm-

radius of circumscribed circle.

f\ﬁ So the magnetic field calculation in case of R400

J

< - and R283 has been performed, respectively.

And from each calculation,

2.352.9 =2 || 3.35 595 || 6.8574

2.8 4.75 545 | 6.356.95 - Field uniformity in the TPC volume
485 585643 - Magnetic field along the beam line
4.38 _
Bc=3Tesla R=400mm were compared.
R=283mm The FEM model for this calculation was used an
2D-Magnetic filed calculation old GLD iron yoke model shown in left figure.
=P _ - 200mm
- R=283mm
have been calculated.




Magnetic field density (@Bc=3T)

(FEM model: ANSYS) (Magnetic field density: R283mm)

0.4m - 2.05m

« 2.35m

0 1.2 24

R=283mm, dz=50mm
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Magnetic field uniformity in TPC volume

SMN =2.9&87

(In case of R283mm)

TPC
2.967 - 2.982 Tesla
i

Z.962 B 2.968 2.9714 2.98

RE=283mm, dz=50mm

Fiald uniformity(mm)

B-field uniformity, sum(Br/Bzkdz, RE83mm dz=a0mm
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Distance from center (m)

Uniformity= Max. 3.8mm

(In case of R400mm)

SMN =2.959 M

SMX =2.98 "l

TPC
2.959 - 2.980 Tesla

| —
2.959 2.965 2.971 2.9717
- 2.968 2.974
R400, dz=50mm

E—field uniformity, sum(Br/Bz)4dz, R400mm dz=90mm
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Magnetic field along the beam line
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Although 3D magnetic field calculation should be carried out because the FEM
model is different from the present configuration and the central magnetic field is
stronger than this calculation.
- Difference of field uniformity between R400 and R283.
~1lmm (~20% different)
- Difference of magnetic field.
~ Max. 0.13T(Bc=3T) END
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