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It is difficult to align accurately the components of the particle accelerator in a narrow g § = P> Zenith angle and direction ® Known Estimated variance factor | 0.97 | 0.93
and straight tunnel using standard 3D measurements, due to the geometry of the | | |
network. We propose to use stretched wires to improve the geometry of a 3D * Polypropylene braided rope type wire stretched over 50 m (azimuth ~ 43°)
longitudinal network. The main advantages of using a stretched wire are: * S marks (with a pen) on the wire: F1 to F5

* Itis Insensitive to horizontal temperature gradients « Experiment was conducted in the ESGT laboratory
« All measurements were taken in both telescope faces
Objectives + Atmospheric EDM errors were corrected using meteorological
SEensors
Use a common polypropylene braided rope type, lightly tensed wire « Zero and cyclic errors of the EDM were determined using the 50m-
Perform direct measurements on the wire (in both telescope positions) long interferometric bench of the laboratory
Include these measurements in a network adjustment process « Standard deviation for EDM measurements: +0,5mm + 0,5ppm
Study how it can improve the geometry of the network, especially along the radial axis « Standard deviation for angle measurements: 0,15 mgon

« Centring error of 0,5 mm for points located onto the wire and of
0,3mm for the others

Stretched wire mechanics z: vertical

I

Results: points coordinates accuracies
Point Strategy 1 Strategy 2
« Coordinates of the lowest point (eg,Ng,Zg) Radial | Long. | Vert. | Radial | Long.
P2 0.9 0.7 0.4 |0.7(17)

T5 0.9 0.7 0.4 | 0.8(18)
. - / F1 1.1 2.8 0.8 | 1.0 (8)

* Azimut of the plane containing N/ 19 1 4 1 9 0.9 | 0.8 ( 42)

the stretched wire:y T - F3 1.5 20 | 09 |08(47)
F4 1.4 1.8 | 07 |08(44)

5 1.0 3.9 | 08 | 1.0(3)

Stretched wire parameters (5):

* Coefficient controlling the shape
T

e: east Table: Estimated standard deviation at a 95%-confidence level, along the radial, longitudinal

of the wire a = e and vertical components, in mm, and percentage of improvement in parenthesis

Dp T: horizontal tension (Newton) . . . .
Catenary equation: zp —zz =« (ch (_) — 1) orovement between 11% and 17% for points outside the wire (radial)

a g: mass per unit length (kg/m) orovement up to 47% for point F3 (radial)

provement up to 38% for points on the wire (vertical)
Wire in use at CERN: a = 65000; @ = 0,20 mm; sag = 20 mm (100m-long wire) orovement up to 10% for all points (longitudinal)

Wire in use in this study: a = 650; ® = 2 mm; sag = 1,8 m (100m-long wire)

How to include the wire in the adjustment process ? Distribution of redundancy contribution values for the

observations in intervals [0, 0.3], [0.3, 0.6] and ]0.6, 1]

n a network adjustment process, our aim Is to estimate the cartesian coordinates of

all the unknown points of the network, in a geocentric cartesian reference system. * Improvements mainly due to:
. » Agreater degree of freedom

(Xp,Yp, Zp): cartesian coordinates of point P - » Achange in the geometry of the network (functional models

(®p, Ap): astronomical latitude and longitude of point P
p, AP

(ep, np, zp ): local coordinates of point P in the local geodetic system of point V

) 5 2D horizontal and 1D vertical external reliability (95%,
&) = = 0 - - .
S: from-station point F: to-station point (on the wire) B: lowest point on the wire = = = | 2 5%) for aII_ points and percentage of improvement in
| B = g | = parenthesis .
Strategy (1): no wire-information in the adjustment of the data S| = = = =
Point | @2 | — - < =
Strategy (2): Observation equations expressed as function of the arameters of the P2 [ 1 | 132 0.5 133 | 0.5 @
wire 2 190.9(25) |05(0) | 133105 (2)
T5 1 14.9 0.5 133 | 0.5
2 15.6(62) |05(0) | 133105 (4)
In the local astronomical coordinate system of the lowest point B, for a point F onto S B B o) o ) il )
the wire, the following relationships exist: F2 |1 | 168 0.6 53 | 1.9
2 | 10.6 (37) | 2.4 (75) | 45 | 0.5 (72)
0 F3 1 18.2 14.1 87 1.7
b b : b b _ b _.b _ FEY 2 194 (48) |33 (77) |42 | 0.5(70)
€r — €p = PrSIMYy Ngp —Ng = PrpCOSY ZF —Zp T @ (Ch (a) 1) T4 |1 | 15.1 2.7 138 | 1.1
2 |1 10.1(33) | 4.5 (-65) | 44 | 0.5 (50)
. . : : . PR : E5 1 | 47.3 19.0 55 1.7 P1 5m 1cm
Using astronomical latitude and longitude of points S and B, it is possible to 2 | 155 (67) | 82 (57) | 54 | 1.4 (14 N

consider the rotation matrix R such as: | | |
For points outside the wire (P2 and T5):

- s s -eb B eb- « 25 1to 62% improvement along the radial axis (1/2 length)

°F ~ B F B _ hg « A change in the geometry of the network (functional models and degree of freedom)
ns —n3| = [Rij] nl —nf A; = Ri1hp siny + Ri;hp cosy + Riza | ch — -1 For other points:
Zp — Zp _ZI{Z — Zg_ « 25 to 77% improvement along the radial and longitudinal axes

« Up to 70% improvement along the vertical axis
Then, the observation equations could be rewritten as follows:

A +ep — e Conclusion
Ler = arctan — G . . L .
>F A, + n3j — nid 05 « Using a stretched wire in a 3D longitudinal network can improve both accuracy and
- — - — reliability of the network, especially along the radial axis.
Acp = arctan (‘/(Al tep —es)” + (A +mp — 1) ) - The main limitation is currently the pointing accuracy on the wire
Ay + z3 — z3
BT Next steps
The observation equations are written as function of the parameters of the wire, the  Propose a more complex geometry for the network
longitudinal coordinate of the point onto the wire and the cartesian coordinates of « Using a stretched wire to connect several sub networks

the points outside the wire. « Using several stretched wires with different lengths
« Perform distance and automatic measurements on the wire (using spherical pearls)




