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NCal to NCal distance
North to South (N-S) Far reference hole distance

● Results from 2021 and 2023 geometrical surveys
○ Surveys provide several measurements per point
○ Compute all N-S distances possible
○ N-S Far reference hole distance = 4797.57 ± 0.23 mm
○ Uncertainty is taken as the RMS of the measurements

Figure 1 from VIR-0029A-24 in TDS

https://logbook.virgo-gw.eu/virgo/?r=53883
https://logbook.virgo-gw.eu/virgo/?r=62657
https://tds.virgo-gw.eu/ql/?c=20088
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NCal to NCal distance
NCal to reference hole distance

➔ Uncertainty dominated by the setup motion uncertainty of 
0.2 mm and the NCal axis offset uncertainty of 0.3 mm

Table 10 from VIR-0029A-24 in TDS

https://tds.virgo-gw.eu/ql/?c=20088
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NCal to NCal distance

Table 12 from VIR-0029A-24 in TDS

● NCal to NCal distance uncertainty = 0.58 mm
○ Near NCals (1.7 m) = 0.14 %
○ Far NCals (2.1 m)   = 0.11 %

https://tds.virgo-gw.eu/ql/?c=20088
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NCal to beam axis angle

Beam axis

Worst case scenario with South Near reference hole position
➔ Uncertainty on 𝜙 = 0.06° (1.05 mrad) = 0.06 %/sqrt(2) for 2 NCals

Figure 5 from VIR-0029A-24 in TDS

Table 4 from VIR-0029A-24 in TDS

Strain at 𝜙=34.59°

Strain variation

https://tds.virgo-gw.eu/ql/?c=20088
https://tds.virgo-gw.eu/ql/?c=20088


8

NCal to mirror distance

Mirror position constrained within 5 mm around the mechanical center of the tower
● Using 2 NCals, the strain relative variation is about 0.01 %

5 mm

Strain relative variation of 2 NCals as seen by the mirror
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NCal twist

Figure 1 from VIR-0530A-23 in TDS

Beam axis

● Optimal twist 𝜓 for maximal signal ≈ 12°
○ Minimize the uncertainty ➔ Twist uncertainty (mechanical) = 0.1°

Figure 3 from VIR-0530A-23 in TDS

Tables 8 and 9 from VIR-0029A-24 in TDS

𝜓

𝜙

https://tds.virgo-gw.eu/ql/?c=19401
https://tds.virgo-gw.eu/ql/?c=19401
https://tds.virgo-gw.eu/ql/?c=20088
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NCal vertical position

Using the survey measurements of the elevation of the reference plates we 
transfer this value to the elevation of the NCals relative to the reference plates.

Table 7 from VIR-0029A-24 in TDS

https://tds.virgo-gw.eu/ql/?c=20088
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Rotor induced strain Density of the material

Metrology of machined rotors

FEM software for signal computing

Table 10 from VIR-0203A-24 in TDS

https://tds.virgo-gw.eu/ql/?c=20263
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Rotor induced strain
Density of the material
VIR-0160A-22 and VIR-0193A-24 on TDS

Density ρ23°C [kg.m^-3] = 2808.1

Density ρ23°C [kg.m^-3] = 1442.3

Table 4 from VIR-0193A-24 in TDS

Table 1 from VIR-0859A-22 in TDS

Table 8 from VIR-0160A-22 in TDS

➔ Density know up to 0.2 kg.m^-3
◆ Aluminum density uncertainty = 0.007 %
◆ PVC density uncertainty         = 0.014 %

https://tds.virgo-gw.eu/ql/?c=17806
https://tds.virgo-gw.eu/ql/?c=20253
https://tds.virgo-gw.eu/ql/?c=20253
https://tds.virgo-gw.eu/ql/?c=18505
https://tds.virgo-gw.eu/ql/?c=17806
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Rotor induced strain
Metrology of machined rotors
VIR-0203A-24 and 9 others on TDS

➔ Rotor dependant

https://tds.virgo-gw.eu/ql/?c=20263
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Rotor induced strain : Temperature
VIR-0203A-24 and 9 others on TDS

Operating temperatures at f = 21 Hz in the NE building : T = 23 ± 1.5 °C
● Signal uncertainty due to temperature uncertainty

○ Aluminum rotors = 0.007 %
○ PVC rotors         = 0.024 %

https://tds.virgo-gw.eu/ql/?c=20263
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Rotor induced strain : Modelling
VIR-0203A-24 and 9 others on TDS

Rotor modelling uncertainty = difference between a simple and a more refined geometry in FROMAGE*
➔ Rotor dependant

Simple rotor geometry, averaged values for sectors Advanced rotor geometry, sub-sectors with different thickness and 
radius, opening angles…

Figures 2 and 5 from VIR-0203A-24 in TDS

*FROMAGE is a simulation tool developed for gravitational effects induced by rotating masses using a Finite Element Analysis (FEA) and written in C/C++ (see VIR-0759B-20 in TDS)

● Each block is made of 8x17x14 sub blocks (grid size) for both cases

https://tds.virgo-gw.eu/ql/?c=20263
https://tds.virgo-gw.eu/ql/?c=20263
https://tds.virgo-gw.eu/ql/?c=15884
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Rotor induced strain : Opening angles
VIR-0203A-24 and 9 others on TDS

● Remaining uncertainty geometry < 5e-4 %

Figures 15 and 19 from VIR-0591C-22 in TDS

● Opening angles and asymmetry uncertainty (rotor dependant) ᯈ 0.002 %

Video Measuring microscope

https://tds.virgo-gw.eu/ql/?c=20263
https://tds.virgo-gw.eu/ql/?c=18237
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Rotor deformation at 21 Hz
PVC is expected to undergo more deformation than aluminum

● Compute the rotor elongation
○ Using simple analytical model (spring and mass)
○ Using FEM of rotor geometry to confirm 

● Impact on signal for a 21 Hz rotation
○ Aluminum rotor = < 1e-2 %
○ PVC rotor = 0.03 %
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Residual coupling

● Rotate the rotor about 90°
○ Actually 89.7° due to rotor/mirror size

● Expect cancelation of NCal signal
● Measured residual signal : 0.1 %

○ Aluminum rotor
○ Part is due to alignment/twist uncertainty
○ Other part from parasitic coupling : residual magnetic field
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PVC rotors Aluminum rotors


