
Alignment Design and Status of the Taiwan Photon Source
W.Y. Lai, C.J. Lin, H.M. Luo, C. S. Lin, T.C. Tseng, M.H. Wu, M.L. Chen, H.S. Wang, D. G. Huang, C. K. Kuan,  H.C. Ho, K.H. Hsu, S.Y. Perng, P.L.Sung,H. C. Lin, J.R. Chen *
National Synchrotron Radiation Research Center, No 101, Hsin-Ann Road, Hsinchu 30076, Taiwan
*also at Deparment of Biomedical Engineering & Environmental Sciences,
National Tsing-Hua University, Taiwan

Abstract

Taiwan Photon Source (TPS) is a new 3-GeV ring under construction at NSRRC in Taiwan with high brightness and low emittance characteristics. Due to the stability consideration, the whole building is constructed half underground, so the survey and alignment works are quite confined and difficult. For positioning magnets precisely and rapidly, a highly accurate auto-alignment girders system in conjunction with survey network procedures were designed to accomplish the alignment tasks. The survey network includes the preliminary GPS network and laser tracker network. Then, the position data from the survey network define a basis for the motorized girder system to auto-tune and improve the accuracy. The networks are established locally during the construction period and also used to monitor the building construction precision. The detailed alignment design and status are described in this paper. 
Introduction  
Taiwan Photon Source is a new 3-GeV ring under construction at the NSRRC site in Taiwan with circumference 518.4 m and 24 double-bend cells. For stability reasons, the entire building is being constructed half underground at depth 12 m relative to TLS (Taiwan Light Source). After a long time for excavating and constructing, the building will be finished recently, as shown in Fig. 1.
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Figure 1:  The satellite photograph of the TPS construction  
The accuracy of control points is critical for positioning the building and the component. However, it difficult to use the method of trilateral-triangulation network adjustment due to the poor accuracy, because the TPS ring position is lower than the neighboring terrain. In this paper, we propose the procedure of the survey network obtained from several survey apparatus is important.  The global coordinates of the control points obtain from the survey through the GPS network. Furthermore, to improve the precision of survey and modify the coordinates of the control points, we employ the relatively accurate theodolite (TDA5005) to survey base on the free station method. Moreover, the laser tracker constructs complete control-point coordinates of the TPS to align components in the future. Finally, the auto-alignment system will adjust all girders of the storage ring in TPS construction [1, 2].  
Survey and alignment process
The choice of control points is important to the survey and alignment work of the TPS. In addition, the TPS system composed of girders, magnets, vacuum elements, and beam line systems are aligned by the control points. Therefore, a specific procedure is necessary for the procedure of survey and alignment, as described next. 
The GPS survey network of TPS
There are only 4 GPS fiducial points on the building in original status. Consider stability and accuracy of the GPS control points; we increase 4 new fiducial points in the GPS survey network before the construction. The 4 new fiducial points, the yellow points as shown in Fig. 2 were inlaid in the laccoliths with the inserted depth is up to 5m. 
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Figure 2: The GPS survey network of TPS
Due to that the survey data in height direction obtained from the GPS system is not sufficiently accurate, the GPS control points of TPS is employed to combine the 8 GPS fiducial points with precise height survey network obtained from precise levelling instrument. The accuracy of GPS control points of TPS is under 2 mm in transverse direction and 0.3 mm in height. The variation of the 8 GPS control points is less than 5mm, respectively, for the survey duration from December 2010 to July 2012, as show in Fig. 3. 
[image: image5.emf]TPS GPS Control Points during the TPS construction
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Figure 3: The variation of GPS control points
The theodolite survey network of granite pillars 
In the beginning of the building constructing, we installed 36 granite pillars distributed uniformly as the control points of the TPS. The 36 granite pillars include 12 granite pillars in the storage ring and 24 granite pillars in the experiment area. These granite pillars need to be surveyed by GPS system before the roof of the building has completed. The accuracy of the granite pillars surveyed with the new 4 GPS control points is less than 1mm, as shown in Fig. 4. A survey network is precisely established from the location of these fiducial pillars surveyed from the theodolite, and further verified through the control points obtained from GPS.
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Figure 4: The GPS survey network of granite pillars
It should be mentioned that the global accuracy of the control points (locations of granite pillars) is important to positioning during the TPS construction. However, when the roof of TPS building has completed, the survey through GPS is not available. Therefore, several windows installed on the inner wall in TPS construction are available for surveying through theodolite. We can then obtain the reliable location information by integrating the survey data obtained from the GPS and the theodolite, as shown in Fig. 5.  
[image: image1.png]


[image: image19.png]


[image: image20.png]Variation

Variation of benchmark during the TPS construction

——2009-01-08
—=|—2009-03-02
~4—2009-04-08
—=—2009-06-11
—%—2009-09-10
——2009-11-05
—+—2010-05-03
——2010-05-19
———2010-06-01
2010-06-24
2010-07-13
2010-08-24
2010-10-12
2011-01-10
2011-11-01
2012-01-03
=—Q=2012-05-07

] N [CI) o o s © ) ] - 0 o 0 o o) - o -4 o - ™
S ] ISR 6 0 00 o o o o o o =] = 4 m @ 13 8] o = | |
B B B B B x x x x =) =) =) [ ) ) =) = 0 o
&) &) &) &) &) &) = = S = = = lan = = 5 0 o
o8 8 508
=4 =4

Z
g
=3
@
@



[image: image21.png]


[image: image8.png]



Figure 5: The theodolite survey network of granite pillars
The laser tracker control fiducial points network 
After the TPS building floor is grouted, we will install survey targets on the wall and floor and the distance between two survey targets of the storage ring is about 10 m, as shown in Fig. 6. Although there are many survey target in the storage ring, the geometry of survey network is very long and narrow. To improve the accuracy of the survey network, the area of survey network needs to be expanded. There are 48 survey holes on the shielding wall, and the survey targets are installed on the two side of the wall, as shown in Fig 7. The survey network connects the survey of the storage ring and the experimental area by the view holes.
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Figure 6: Survey target of TPS
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Figure 7: The storage ring and survey hols
Survey network status
The TPS project is a big-scaled construction, and it takes a long time to be completed and heavy machines would be employed to complete the half underground building. The location of control points vary with time and temperature during construction of TPS building [3]. The maximum variation of the benchmark is up 12mm for the survey duration from January 2009 to May 2012, because there is a sewer construction near the benchmark as shown in Fig 8. Except few granite pillars are damaged during the TPS construction, the variation of control points of granite pillars are up to 15mm in the transverse direction from January 2011 to July 2012. The variation of control points of granite pillars is less than 1mm in the height direction, as shown in Figs. 9. 
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Figure 8: The variation of benchmarks around TLS
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Figure 9: The variation of granite pillars in TPS

The half tunnel of building is completed, and control points of the tunnel network could be established by a laser tracker and levelling survey network partially, as shown in Fig. 10. The principal survey network is constructed by a laser tracker. The partial control points are in outdoor environment and have a long distance between each other.  A theodolite is preferred to employ in the survey network. The accuracy of control points are analysed by the software, Spatial Analyzer.  The accuracy of indoor control points is about 0.2mm, and the accuracy of outdoor control points is about 1mm
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Figure 10: The Laser tracker survey network.

Conclusion

To overcome the rigorous terrain, the control points of TPS were constructed from GPS, theodolite, laser tracker gradually. The accuracy of control points is under 0.5mm recently. However, the variation of control points is obvious up to 20mm during the TPS construction. Therefore, the procedure of the survey network obtained from several survey apparatus is important to the control points surveyed persistently. The survey network includes the preliminary GPS network and laser tracker network. The position data from the survey network can then be defined a basis for the motorized girder system to auto-tune and applied to improve the accuracy of alignment [4]. The networks are established locally during the construction period and also employed to monitor the building construction precision. 
References

[1]
T.C. Tseng and others, “A Precise 6-axis Girder System with Can Mover Mechanism,” MEDSI, 2006

[2]
T.C. Tseng and others, “Design and Prototype Testing of the Girder System for TPS,” SRI, 2008.
[3]
H.M. Luo and others, “The Survey Status at NSRRC during the TPS Construction,” IPAC, 2011.

[4]
W.Y. Lai and others, “Auto-Alignment System and Calibration Procedure in TPS Girder System”, PAC11, 2012

