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Abstract 

 With the new instruments come forth, the many portable 3D CMM, like laser tracker, etc. was widely applied to alignment and survey of accelerator. Now，the primary problem is how to use them more efficiently face to our alignment. SpatialAnalyzer (SA) is a traceable metrology 3D graphical software platform that can simultaneously communicate to virtually any number and type of dimensional measurement system like laser tracker etc, and perform complex analysis tasks. In the alignment and survey of our project CSR(Cooling Storage Ring), we operate the laser tracker to survey network, analysis and solve the results, and monitor adjust the position of magnets etc, all the tasks rely on the SA.  This method was more reliable than Insight4.0 we used before and can accomplish more tasks.
Key words: 3D survey network, SA , laser tracker  
1. Introduction
The Cooling Storage Ring (CSR) is upgrade project of the Heavy Ion Research Facility in Lanzhou (HIRFL), it is as one of the national scientific projects in 9th five-year plan was put into operation in 2007. 

It greatly enhanced the performance of HIRFL for those researches by using Radioactive Ion Beams and high-Z heavy ion beams in the fields of nuclear physics and atomic physics. The CSR consists of main ring (CSRm) and experimental ring (CSRe). The circumference of CSRm and CSRe is 161m and 128.8m respectively (see Figure. 1). Every year during the checking and fixing mouth in summer, we need survey control network in order to check the position of magnet and decide to if need to adjust position error of magnets.
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     Figure1. Layout of Hirfl-CSR

A Laser tracker provides a relatively fast, accurate and intuitive method of measuring large objects in industrial environments, now it was wide applied to alignment and survey of accelerator. API T3 is the newest laser tracker with compact shape and reliable performance. Formerly，we used the SMX tracker 4500 and its application--Insight 4.0 to measure tasks , but they were outdated after 8 years, so we must find new solution for our project.
  SpatialAnalyzer (SA) is a traceable metrology 3D graphical software platform that can simultaneously communicate to virtually any number and type of dimensional measurement system like laser tracker etc, and perform complex analysis tasks.
2. Laser tacker measure 3D survey control network

It is necessary to build the 3D control survey network in the CSR for monitoring and aligning the magnets, Unified Spatial Metrology Network (USMN) brings answer to our measurement uncertainty issues, and the USMN is GUM compliant and meets ISO standard requirements. Some highlighted features list:

a. Different weighting for different observation points and instruments.

b. Considers instrument uncertainties and calculate point uncertainties.
c. DOF (degree of freedom) freely definable.

d. Using scale bars can constrain dimension error.
Following example is measurement of CSRm.

 Firstly, like before, we measured all the net points, including the reference points on the magnets (8 reference points on every magnet were fiducialized previously) , 8 leveling net points, and the nets on the wall, in the 14 stations one by one, used bundle adjustment to link the both adjacent stations and close loop around ring finally.( the magnet layout of CSRm in Figure2, and the survey control network illustrated in Figure3)

[image: image2] 
Figure2. Layout of main ring in Hirfl-CSR

         [image: image3.jpg]



Figure3.  Illustration of surveyed CSRm
Secondly, Run the analysis of coordinate uncertainty in the USMN. Then choose all stations and solve it after trim outliers, the summary of the points error: overall RMS is 0.043 with 95.46% confidence interval(2.0 sigma). It is the outstanding result.
Thirdly, the level plane was created from 8 net points that corrected height with the known value measured by Digital Level from Leica DNA03, The 8 net points were measured by tracker too in the survey network, It solved how to decrease the deviation of height during building the 3D Control Survey Network.  The plane, which RMS is 0.068mm(Figure4),constructed by the 8 net points, and This plane  was used to construct a local frame to align the part frame. 
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   Figure4.  Best-fit plane from 8 leveled net points.

Fourthly, When the 3D survey control network was built, any measurement on the Ring is convenient, each equipment, like magnet, hold the own part frame with different coordinate and rotated angle in the local Ring frame. In the SA, we can create the part frame for each equipment and change frame among them freely.
We can use the 3D survey control network to check and adjust the position of magnets.

3. Checking and fixing the position error of magnets

After located instrument beside the monitored magnet in the 3D survey control network depended on the nets around it, changed the live frame to this magnet part frame, the 8 reference points were measured on the magnet would be the actual data. an application of best-fit programmed by Matlab(also can do this in SA) can solve them with the actual data and the nominal data come from fiducialized magnet before. after solve it ,we can get the 7 parameters: DetlaX,  DetlaY,  DetlaZ,  RotatedX,  RotatedX,  RotatedZ and Scale in the nominal part frame  respectively, these parameters imply if the magnet need to be adjusted.
Each equipment need to check with the same method mentioned above.Figure5 and Figure6 illustrated the process respectively.
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[image: image5]Figure5.  Illustration of locating the instrument in the network  
[image: image6]after best-fit:  
Figure6.  An example of actual data and nominal data of reference points on the magnet.
4. Best-fit position of magnets on orbit 

  In the SA, the best-fit transformation is powerful function, it not only can best-fit actual points to nominal points, but also can best-fit actual points to nominal 3D object/surface, or point clouds to object.

  When we measured all adjusted Q-magnet tie to 3D survey control network. Each the center of Q-magnets will be used to best-fit the object of orbit, it was 

simulated by the 0.01mm thin plane of boundary of orbit shape was built by Catia V5. After solved, every magnet error can be showed,  it is clear that we need to know deviation to orbit ultimately.

[image: image7]
Figure7.  An illustration of best fitting orbit
5. Others useful function in the SA

The SA is power software in the survey, especially in the field of large dimension with high precision. Others the function is as well as very useful. 
SA can drive almost all the portable measurement instrument and bundle adjustment for different instrument and stations.  we achieve the laser tracker API T3 and Leica total station TCA2003 worked together.
Measurement plan, it is an advanced programming language for automated measurement, analysis, reporting and archival processes.

Survey simulation, it is very useful function for measurement planning and precision estimation

6. Summary 

It brings much help for us for implementing survey in the layout, measurement, analysis, report with SA.

I think, its strongpoint: 

a. Strong platform drive all kind of measurement instrument;

b. Data analysis accords with GUM and ISO standard;
c. Much functional module for all kind of tasks.

  its shortcoming:
a. Price and cost of maintenance is expensive;
b. It’s not easy to understand operate the software
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				CSR-mQ靶标数据				此为永久性保存数据！

						X		Y		Z

		MG21Q1		Q07_b01		-502.945		-134.205		163.59		MG1Q1_1		-502.877		-134.236		163.778

				Q07_b02		-502.875		-134.455		-201.63		MG1Q1_2		-502.844		-134.508		-201.343

				Q07_b03		-415.065		242.475		216.45		MG1Q1_3		-415.066		242.373		216.758

				Q07_b04		-415.325		241.785		-214.32		MG1Q1_4		-415.339		241.692		-214.05

				Q07_b05		-241.575		416.195		216.61		MG1Q1_5		-241.413		415.935		216.85

				Q07_b06		-242.525		414.965		-214.89		MG1Q1_6		-242.495		414.897		-214.632

				Q07_b07		134.135		485.215		198.11		MG1Q1_7		134.182		484.959		198.306

				Q07_b08		134.285		485.075		-196.84		MG1Q1_8		134.305		484.883		-196.637

		MG21Q2		Q32_b01		-503.085		-134.59		239.6		MG1Q2_1		-503.113		-134.685		239.618

				Q32_b02		-503.275		-134.9		-277.95		MG1Q2_2		-503.212		-134.94		-277.909

				Q32_b03		-415.535		242.15		290.34		MG1Q2_3		-415.501		241.985		290.457

				Q32_b04		-414.955		242.63		-290.74		MG1Q2_4		-414.841		242.591		-290.697

				Q32_b05		-243.185		414.29		290.34		MG1Q2_5		-243.023		414.107		290.494

				Q32_b06		-241.975		415.52		-290.64		MG1Q2_6		-241.794		415.411		-290.512

				Q32_b07		134.875		485.03		272.48		MG1Q2_7		135.105		484.73		272.693

				Q32_b08		134.315		485.01		-272.9		MG1Q2_8		134.516		484.741		-272.745

		MG21Q3		Q03_b01		-502.91		-134.175		162.24		MG1Q3_1		-502.705		-134.341		162.526

				Q03_b02		-502.83		-134.715		-204.62		MG1Q3_2		-502.754		-134.871		-204.31

				Q03_b03		-415.22		241.665		216.37		MG1Q3_3		-414.98		241.409		216.66

				Q03_b04		-415.32		241.315		-215.58		MG1Q3_4		-415.188		241.153		-215.286

				Q03_b05		-241.47		416.165		215.48		MG1Q3_5		-241.206		415.918		215.8

				Q03_b06		-241.93		415.645		-215.97		MG1Q3_6		-241.819		415.488		-215.686

				Q03_b07		134.79		485.045		197.24		MG1Q3_7		135.021		484.73		197.458

				Q03_b08		134.23		484.935		-198.68		MG1Q3_8		134.376		484.7		-198.464

		MG21Q4		Q02_b01		-502.893		-135.035		163.15		MG1Q4_1		-502.601		-135.071		163.211

				Q02_b02		-503.003		-133.855		-201.83		MG1Q4_2		-502.659		-133.943		-201.79

				Q02_b03		-414.273		242.675		215.26		MG1Q4_3		-413.987		242.696		215.264

				Q02_b04		-415.173		242.205		-216.51		MG1Q4_4		-414.821		242.111		-216.52

				Q02_b05		-241.463		415.825		214.24		MG1Q4_5

				Q02_b06		-241.603		415.725		-217.21		MG1Q4_6		-241.239		415.667		-217.227

				Q02_b07								MG1Q4_7

				Q02_b08		134.257		485.015		-199.37		MG1Q4_8		134.673		484.973		-199.405

		MG21Q5		Q08_b01		-503.19		-133.703		239.88

				Q08_b02		-503.28		-134.723		-276.77

				Q08_b03		-415.1		241.727		291.13

				Q08_b04		-415.23		241.947		-290.38

				Q08_b05		-242.48		415.127		291.22

				Q08_b06		-242.1		415.447		-290.88

				Q08_b07		133.9		485.057		272.6

				Q08_b08		133.93		485.237		-273.25

		MG21Q6		Q22_b01		-503.355		-134.7		240.03

				Q22_b02		-503.195		-134.22		-276.07

				Q22_b03		-414.975		242.92		291.33

				Q22_b04		-415.515		242.79		-289.44

				Q22_b05		-241.785		415.21		290.58

				Q22_b06		-241.615		415.41		-290.05

				Q22_b07		134.295		485.29		273.54

				Q22_b08		133.865		485.08		-272.28

		MG21Q7		Q19_b01		-503.103		-133.62		164.95

				Q19_b02		-502.963		-134.05		-201.11

				Q19_b03		-415.633		242.15		215.57

				Q19_b04		-415.513		242.56		-215.38

				Q19_b05

				Q19_b06		-242.063		415.71		-215.6

				Q19_b07		134.317		484.95		197.7

				Q19_b08		134.817		485.17		-197.59

		MG22Q1		Q26_b01		-503.33		-133.705		164.58		MG2Q1_1		-503.254		-133.789		163.798

				Q26_b02		-503.02		-134.125		-201.62		MG2Q1_2		-502.861		-134.26		-202.442

				Q26_b03		-414.77		243.015		215.34		MG2Q1_3		-414.687		242.94		214.61

				Q26_b04		-415.14		243.035		-215.46		MG2Q1_4		-414.964		242.975		-216.207

				Q26_b05		-242.16		416.055		215.98		MG2Q1_5		-242.062		415.943		215.241

				Q26_b06		-242.12		415.865		-215.5		MG2Q1_6		-241.948		415.77		-216.257

				Q26_b07		134.63		484.955		197.16		MG2Q1_7		134.774		484.848		196.583

				Q26_b08		134.18		485.065		-197.28		MG2Q1_8		134.368		484.967		-197.928

		MG22Q2		Q30_b01		-503.085		-134.157		240.18		MG2Q2_1		-502.934		-134.186		239.932

				Q30_b02		-502.935		-134.377		-276.85		MG2Q2_2		-502.772		-134.408		-277.134

				Q30_b03		-415.705		242.383		290.86		MG2Q2_3		-415.514		242.295		290.693

				Q30_b04		-414.345		243.523		-290.77		MG2Q2_4		-414.148		243.487		-290.937

				Q30_b05		-242.805		414.903		290.66		MG2Q2_5		-242.569		414.794		290.515

				Q30_b06		-241.555		416.233		-290.35		MG2Q2_6		-241.333		416.163		-290.52

				Q30_b07		133.965		485.073		272.37		MG2Q2_7		134.245		484.972		272.253

				Q30_b08		134.745		485.403		-271.5		MG2Q2_8		135.038		485.312		-271.639

		MG22Q3		Q27_b01		-503.085		-134.93		165.19		MG2Q3_1		-502.952		-134.98		164.762

				Q27_b02		-503.005		-134.59		-202.74		MG2Q3_2

				Q27_b03		-414.975		242.86		215.53		MG2Q3_3		-414.824		242.788		215.093

				Q27_b04		-415.505		242.25		-215.62		MG2Q3_4		-415.258		242.24		-216.052

				Q27_b05		-242.365		415.48		214.95		MG2Q3_5		-242.199		415.359		214.586

				Q27_b06		-242.615		415.21		-216.22		MG2Q3_6		-242.34		415.151		-216.606

				Q27_b07		134.445		485.09		196.5		MG2Q3_7		134.693		484.947		196.268

				Q27_b08		134.445		485.28		-198.46		MG2Q3_8		134.745		485.162		-198.719

		MG22Q4		Q29_b01		-502.975		-134.295		164.69		MG2Q4_1		-502.409		-134.264		164.386

				Q29_b02		-502.915		-134.625		-202.33		MG2Q4_2		-502.37		-134.636		-202.578

				Q29_b03		-415.675		241.975		215.34		MG2Q4_3		-415.044		241.977		215.041

				Q29_b04		-415.395		242.785		-214.35		MG2Q4_4		-414.793		242.758		-214.598

				Q29_b05		-242.685		414.935		215.89		MG2Q4_5		-242.041		414.919		215.587

				Q29_b06		-242.585		415.345		-214.42		MG2Q4_6		-241.963		415.294		-214.684

				Q29_b07		134.395		484.995		196.96		MG2Q4_7		135.008		484.962		196.688

				Q29_b08		134.955		485.065		-197.69		MG2Q4_8		135.574		484.977		-197.945

		MG22Q5		Q31_b01		-503.138		-134.29		237.8

				Q31_b02		-502.968		-134.47		-277.46

				Q31_b03		-415.018		243.29		289.07

				Q31_b04		-415.498		242.6		-290.82

				Q31_b05		-242.468		415.84		289.32

				Q31_b06		-242.768		415.08		-290.82

				Q31_b07		133.612		485.09		271.75

				Q31_b08		134.582		485.13		-272.78

		MG22Q6		Q33_b01		-503.203		-134.273		239.57

				Q33_b02		-503.153		-133.743		-275.26

				Q33_b03		-416.163		241.027		290.39

				Q33_b04		-415.323		242.347		-291.76

				Q33_b05		-242.933		414.517		290.25

				Q33_b06		-242.003		415.287		-290.86

				Q33_b07		133.987		485.037		271.72

				Q33_b08		134.917		485.217		-273.37

		MG22Q7		Q28_b01		-503.205		-133.827		163.84		MG2Q7_1		-502.846		-133.961		163.526

				Q28_b02		-503.035		-133.897		-202.01		MG2Q7_2		-502.662		-134.059		-202.342

				Q28_b03		-415.925		242.443		215.46		MG2Q7_3		-415.574		242.33		215.237

				Q28_b04		-414.795		243.063		-216.37		MG2Q7_4		-414.367		242.947		-216.635

				Q28_b05		-242.815		415.063		214.95		MG2Q7_5		-242.436		414.951		214.729

				Q28_b06		-241.765		416.153		-216.12		MG2Q7_6		-241.331		416.047		-216.366

				Q28_b07		135.075		485.153		196.79		MG2Q7_7		135.467		485.027		196.664

				Q28_b08		134.345		485.123		-197.15		MG2Q7_8		134.785		485.036		-197.329

		MG23Q1		Q20_b01		-503.127		-135.11		165.49		MG3Q1_1		-502.363		-135.219		165.219

				Q20_b02		-503.057		-134.61		-200.64		MG3Q1_2		-502.358		-134.697		-200.88

				Q20_b03		-415.897		242.04		215.67		MG3Q1_3		-415.186		241.942		215.578

				Q20_b04		-415.667		241.66		-215.97		MG3Q1_4		-415.031		241.579		-216.078

				Q20_b05								MG3Q1_5		-242.476		414.132		215.08

				Q20_b06		-242.587		414.66		-214.99		MG3Q1_6		-241.896		414.58		-215.087

				Q20_b07		133.203		485.27		196.42		MG3Q1_7		133.857		485.05		196.26

				Q20_b08		133.113		485.36		-197.03		MG3Q1_8		133.821		485.147		-197.198

		MG23Q2		Q10_b01		-502.88		-134.64		240.9		MG3Q2_1		-502.122		-135.103		240.809

				Q10_b02		-502.76		-134.54		-276.88		MG3Q2_2		-502.282		-134.87		-277.109

				Q10_b03		-414.72		242.37		291.24		MG3Q2_3		-413.93		242.011		291.027

				Q10_b04		-415.37		241.7		-289.81		MG3Q2_4		-414.684		241.319		-290.036

				Q10_b05		-241.73		415.9		290.69		MG3Q2_5		-240.98		415.496		290.419

				Q10_b06		-241.98		415.15		-290.23		MG3Q2_6		-241.344		414.694		-290.429

				Q10_b07		134.68		485.35		272.81		MG3Q2_7		135.424		484.851		272.645

				Q10_b08		134.21		484.8		-272.57		MG3Q2_8		134.958		484.278		-272.832

		MG23Q3		Q01_b01		-503.005		-134.132		163.39		MG3Q3_1		-502.121		-134.827		162.974

				Q01_b02		-503.175		-133.582		-202.24		MG3Q3_2		-502.244		-134.395		-202.671

				Q01_b03		-414.495		243.188		216.02		MG3Q3_3		-413.743		242.492		215.521

				Q01_b04		-415.285		242.468		-215.46		MG3Q3_4		-414.455		241.679		-215.959

				Q01_b05								MG3Q3_5		-241.492		414.734		215.622

				Q01_b06		-242.775		414.588		-215.73		MG3Q3_6		-241.977		413.834		-216.227

				Q01_b07		133.855		485.058		196.89		MG3Q3_7		134.539		484.503		196.483

				Q01_b08		134.645		484.968		-197.83		MG3Q3_8		135.422		484.378		-198.303

		MG23Q4		Q16_b01		-503.123		-133.868		165.44		MG3Q4_1		-502.195		-133.719		164.932

				Q16_b02		-503.383		-133.358		-201.73		MG3Q4_2		-502.487		-133.269		-202.203

				Q16_b03		-415.603		242.172		214.75		MG3Q4_3		-414.617		242.292		214.267

				Q16_b04		-415.453		242.572		-216.53		MG3Q4_4		-414.501		242.605		-217.028

				Q16_b05		-243.033		414.712		215.41		MG3Q4_5		-241.976		414.763		214.812

				Q16_b06		-242.183		415.122		-215.72		MG3Q4_6		-241.193		415.099		-216.306

				Q16_b07		134.367		484.972		196.76		MG3Q4_7		135.368		484.878		196.067

				Q16_b08		134.277		485.082		-197.69		MG3Q4_8		135.315		484.958		-198.296

		MG23Q5		Q24_b01		-503.315		-133.863		240.47		MG3Q5_1		-502.458		-133.93		240.115

				Q24_b02		-503.085		-134.693		-276.86		MG3Q5_2		-502.27		-134.777		-277.183

				Q24_b03		-415.515		242.577		290.11		MG3Q5_3		-414.745		242.45		289.75

				Q24_b04		-415.485		242.427		-292.03		MG3Q5_4		-414.692		242.307		-292.353

				Q24_b05		-242.305		415.337		290.58		MG3Q5_5		-241.499		415.193		290.255

				Q24_b06		-242.395		415.257		-291.18		MG3Q5_6		-241.629		415.129		-291.485

				Q24_b07		134.305		485.257		271.5		MG3Q5_7		135.082		485.067		271.095

				Q24_b08		134.015		485.017		-272.76		MG3Q5_8		134.777		484.864		-273.031

		MG23Q6		Q23_b01		-503.103		-134.325		239.52		MG3Q6_1		-502.422		-134.369		239.127

				Q23_b02		-503.113		-133.815		-275.94		MG3Q6_2		-502.436		-133.941		-276.294

				Q23_b03		-415.243		242.435		290.63		MG3Q6_3		-414.554		242.366		290.195

				Q23_b04		-414.823		242.995		-291.49		MG3Q6_4		-414.198		242.824		-291.88

				Q23_b05		-242.183		415.495		290.89		MG3Q6_5		-241.484		415.397		290.425

				Q23_b06		-241.773		415.795		-290.17		MG3Q6_6		-241.158		415.591		-290.612

				Q23_b07		134.277		485.125		272.15		MG3Q6_7		134.969		484.998		271.583

				Q23_b08		135.087		485.365		-272.26		MG3Q6_8		135.71		485.145		-272.792

		MG23Q7		Q13_b01		-502.96		-134.905		166.69		MG3Q7_1

				Q13_b02		-503.13		-133.585		-202.23		MG3Q7_2

				Q13_b03		-416.25		241.605		216.35		MG3Q7_3		-415.753		241.794		216.363

				Q13_b04		-414.93		243.315		-214.95		MG3Q7_4		-414.29		243.457		-214.909

				Q13_b05		-242.11		415.315		217.38		MG3Q7_5

				Q13_b06		-241.33		416.525		-214.15		MG3Q7_6		-240.653		416.609		-214.076

				Q13_b07		134.49		485.155		198.99		MG3Q7_7

				Q13_b08		134.35		485.025		-196.64		MG3Q7_8		135		485.006		-196.482

		MG23Q8		Q17_b01		-503.205		-134.24		166.06		MG2Q8_1		-502.881		-134.18		165.626

				Q17_b02		-503.185		-134.97		-200.86		MG2Q8_2		-502.738		-134.895		-201.286

				Q17_b03		-415.045		243.07		214.67		MG2Q8_3		-414.69		243.07		214.265

				Q17_b04		-414.555		243.93		-216.95		MG2Q8_4		-414.095		243.974		-217.333

				Q17_b05		-241.725		415.79		215.44		MG2Q8_5		-241.382		415.761		215.087

				Q17_b06		-241.085		416.5		-216.33		MG2Q8_6		-240.651		416.525		-216.621

				Q17_b07		134.545		485.3		197.86		MG2Q8_7		134.855		485.231		197.589

				Q17_b08		134.515		485.04		-197.73		MG2Q8_8		134.918		485.005		-197.997

		MG24Q1		Q04b_01		-502.95		-134.04		164.55		MG4Q1_1		-502.623		-134.368		164.442

				Q04b_02		-502.85		-134.49		-202.09		MG4Q1_2		-502.55		-134.806		-202.231

				Q04b_03		-415.67		241.7		215.08		MG4Q1_3		-415.282		241.413		214.918

				Q04b_04		-415.2		242.25		-216.8		MG4Q1_4		-414.766		242.003		-216.986

				Q04b_05		-243.06		414.75		215.75		MG4Q1_5		-242.643		414.419		215.56

				Q04b_06		-241.3		416.47		-216.06		MG4Q1_6		-240.855		416.173		-216.235

				Q04b_07		134.93		484.96		197.92		MG4Q1_7		135.245		484.612		197.706

				Q04b_08		134.59		484.94		-198.63		MG4Q1_8		135.098		484.608		-198.845

		MG24Q2		Q11_b01		-503.061		-135.038		240.331		MG4Q2_1		-502.588		-135.243		240.164

				Q11_b02		-503.285		-134.233		-276.282		MG4Q2_2		-502.851		-134.433		-276.446

				Q11_b03		-415.636		242.12		290.392		MG4Q2_3		-415.126		241.93		290.356

				Q11_b04		-415.018		243.021		-290.728		MG4Q2_4		-414.519		242.798		-290.724

				Q11_b05		-242.745		415.246		290.87		MG4Q2_5		-242.192		414.938		290.731

				Q11_b06		-242.129		415.733		-289.947		MG4Q2_6		-241.717		415.472		-289.975

				Q11_b07		133.994		485.257		272.826		MG4Q2_7		134.412		484.932		272.749

				Q11_b08		134.739		485.256		-272.418		MG4Q2_8		135.15		485.024		-272.371

		MG24Q3		Q18_b01		-503.36		-134.185		165.44		MG4Q3_1		-502.904		-134.337		165.2

				Q18_b02		-503.27		-134.085		-200.99		MG4Q3_2		-502.843		-134.213		-201.258

				Q18_b03		-415.38		242.565		215.73		MG4Q3_3		-414.925		242.378		215.559

				Q18_b04		-415.05		242.805		-216.38		MG4Q3_4		-414.61		242.625		-216.519

				Q18_b05		-242.04		415.535		215.8		MG4Q3_5		-241.594		415.331		215.618

				Q18_b06		-241.52		416.275		-215.45		MG4Q3_6		-241.069		416.114		-215.564

				Q18_b07		134.08		484.875		198.2		MG4Q3_7		134.458		484.707		197.974

				Q18_b08		134.87		484.905		-196.98		MG4Q3_8		135.21		484.754		-197.004

		MG24Q4		Q14_b01		-503.14		-134.53		166.13		MG4Q4_1		-502.58		-134.576		166.591

				Q14_b02		-503.07		-135.17		-200.17		MG4Q4_2		-502.485		-135.24		-199.663

				Q14_b03		-416.13		241.67		217.33		MG4Q4_3		-415.588		241.607		217.717

				Q14_b04		-415.3		242.53		-213.61		MG4Q4_4		-414.734		242.38		-213.245

				Q14_b05		-242.09		415.2		217.23		MG4Q4_5		-241.593		415.1		217.581

				Q14_b06		-241.58		415.55		-214.88		MG4Q4_6		-241.041		415.398		-214.521

				Q14_b07		134.54		485.23		199.57		MG4Q4_7		135.035		485.123		199.958

				Q14_b08		135.03		485.08		-196.05		MG4Q4_8		135.561		484.898		-195.59

		MG24Q5		Q09b_01		-503.033		-134.172		240.52		MG4Q5_1		-502.652		-134.205		240.878

				Q09b_02		-502.973		-134.642		-276.01		MG4Q5_2		-502.627		-134.606		-275.645

				Q09b_03		-415.003		242.898		290.78		MG4Q5_3		-414.492		242.91		291.147

				Q09b_04		-414.933		242.488		-289.95		MG4Q5_4		-414.518		242.439		-289.606

				Q09b_05		-241.033		416.038		290.48		MG4Q5_5		-240.524		415.974		290.819

				Q09b_06		-241.573		415.418		-290.47		MG4Q5_6		-241.154		415.409		-290.132

				Q09b_07		134.787		484.888		273.57		MG4Q5_7		135.315		484.699		273.863

				Q09b_08		134.597		484.838		-271.74		MG4Q5_8		134.998		484.8		-271.419

		MG24Q6		Q21_b01		-502.898		-133.929		239.216		MG4Q6_1		-502.347		-134.036		239.579

				Q21_b02		-503.041		-134.025		-276.218		MG4Q6_2		-502.527		-134.01		-275.834

				Q21_b03		-415.415		241.925		288.879		MG4Q6_3		-415.012		241.882		289.278

				Q21_b04		-415.062		242.532		-292.931		MG4Q6_4		-414.591		242.507		-292.503

				Q21_b05		-242.361		414.884		289.355		MG4Q6_5		-241.991		414.856		289.691

				Q21_b06		-241.73		415.625		-291.814		MG4Q6_6		-241.295		415.597		-291.435

				Q21_b07		134.413		485.129		271.218		MG4Q6_7		134.751		485.132		271.59

				Q21_b08		134.467		484.824		-273.417

		MG24Q7		Q15_b01		-503.16		-134.26		165.38		MG4Q7_1		-502.749		-134.005		165.795

				Q15_b02		-503.24		-134.18		-200.94		MG4Q7_2		-502.96		-133.953		-200.638

				Q15_b03		-414.92		243.4		215.97		MG4Q7_3		-414.462		243.59		216.297

				Q15_b04		-415.3		243.2		-213.74		MG4Q7_4		-414.869		243.405		-213.411

				Q15_b05		-242.02		415.83		214.68		MG4Q7_5		-241.599		415.993		215.066

				Q15_b06		-242.22		415.49		-215.06		MG4Q7_6		-241.859		415.674		-214.638

				Q15_b07		133.96		485.45		197.07		MG4Q7_7		134.368		485.596		197.38

				Q15_b08		134.21		485.16		-197.16		MG4Q7_8		134.562		485.317		-196.802

		MG24Q8		Q12_b01		-503.07		-134.483		165.13		MG1Q8_1		-502.737		-134.156		165.477

				Q12_b02		-503.04		-134.213		-201.84		MG1Q8_2		-502.831		-133.931		-201.464

				Q12_b03		-415.04		242.677		215.28		MG1Q8_3		-414.681		242.942		215.592

				Q12_b04		-415.5		242.597		-215.98		MG1Q8_4		-415.233		242.852		-215.644

				Q12_b05		-241.98		415.737		215.17		MG1Q8_5

				Q12_b06		-242.56		415.617		-215.6		MG1Q8_6		-242.293		415.841		-215.303

				Q12_b07		134.27		485.167		197.73		MG1Q8_7		134.527		485.364		197.936

				Q12_b08		135.21		485.487		-197.71		MG1Q8_8		135.377		485.659		-197.456

						坐标说明：

						X		指向环内

						Y		竖直向上

						Z		束流方向

						右手坐标系





Sheet2

		

		1		MG21Q4		0.361         -0.053          0.087         -0.196          0.113         -0.006          0.000         19.000

		2		MG21Q3		0.141         -0.234          0.169          0.156         -0.268         -0.113         -0.000         19.000

		3		MG21Q2		0.047         -0.243          0.096          0.143          0.090         -0.322          0.000         19.000

		4		MG21Q1		-0.019         -0.143          0.167          0.130         -0.168         -0.142         -0.000         19.000

		5		MG22Q1		0.140         -0.121         -0.674          0.023          0.223         -0.041          0.000         19.000

		6		MG22Q2		0.194         -0.115         -0.195          0.103          0.040         -0.134          0.000         19.000

		7		MG22Q3		0.183         -0.123         -0.335          0.079          0.238         -0.151          0.000         19.000

		8		MG22Q4		0.568         -0.042         -0.260         -0.043          0.014         -0.109         -0.000         19.000

		9		MG22Q5

		10		MG22Q6

		11		MG22Q7		0.409         -0.143         -0.214          0.063          0.156         -0.016          0.000         19.000

		12		MG23Q8		0.340          0.014         -0.319          0.076          0.214         -0.075         -0.000         19.000

		13		MG23Q7		0.479          0.072          0.175         -0.121          0.291         -0.265         -0.000         19.000

		14		MG23Q6		0.633         -0.125         -0.439         -0.155         -0.118         -0.046         -0.000         19.000

		15		MG23Q5		0.763         -0.105         -0.348          0.029         -0.025         -0.016         -0.000         19.000

		16		MG23Q4		0.894         -0.024         -0.548         -0.145         -0.113         -0.270         -0.000         19.000

		17		MG23Q3		0.868         -0.619         -0.358         -0.225          0.195          0.284          0.000         19.000

		18		MG23Q2		0.659         -0.482         -0.249          0.014         -0.150         -0.190          0.000         19.000

		19		MG23Q1		0.662         -0.134         -0.230          0.188         -0.085         -0.068         -0.000         19.000

		20		MG24Q1		0.371         -0.351         -0.154         -0.059          0.017         -0.122          0.000         19.000

		21		MG24Q2		0.421         -0.227         -0.110          0.126         -0.028         -0.052         -0.000         19.000

		22		MG24Q3		0.405         -0.129         -0.205          0.139          0.006          0.037         -0.000         19.000

		23		MG24Q4		0.510         -0.087          0.486         -0.196          0.106         -0.013         -0.000         19.000

		24		MG24Q5		0.393         -0.083          0.282          0.077         -0.153         -0.170         -0.000         19.000

		25		MG24Q6		0.459          0.046          0.381          0.042          0.026          0.189         -0.000         19.000

		26		MG24Q7		0.355          0.180          0.312          0.064         -0.107         -0.091         -0.000         19.000

		27		MG21Q8		0.223          0.262          0.261         -0.042         -0.184         -0.063         -0.000         19.000

		28		MG21Q7

		29		MG21Q6

		30		MG21Q5
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						偏移		单位：		mm		旋转		单位：		mrad

		序列号		磁铁编号		ΔX(mm)		ΔY(mm)		ΔZ(mm)		Δω_x		Δφ_y		Δκ_z(mrad)

		1		MG21Q4		0.361		-0.053		0.087		-0.196		0.113		-0.006

		2		MG21Q3		0.141		-0.234		0.169		0.156		-0.268		-0.113

		3		MG21Q2		0.047		-0.243		0.096		0.143		0.09		-0.322

		4		MG21Q1		-0.019		-0.143		0.167		0.13		-0.168		-0.142

		5		MG22Q1		0.14		-0.121		-0.674		0.023		0.223		-0.041

		6		MG22Q2		0.194		-0.115		-0.195		0.103		0.04		-0.134

		7		MG22Q3		0.183		-0.123		-0.335		0.079		0.238		-0.151

		8		MG22Q4		0.568		-0.042		-0.26		-0.043		0.014		-0.109

		9		MG22Q5

		10		MG22Q6

		11		MG22Q7		0.409		-0.143		-0.214		0.063		0.156		-0.016

		12		MG23Q8		0.34		0.014		-0.319		0.076		0.214		-0.075

		13		MG23Q7		0.479		0.072		0.175		-0.121		0.291		-0.265

		14		MG23Q6		0.633		-0.125		-0.439		-0.155		-0.118		-0.046

		15		MG23Q5		0.763		-0.105		-0.348		0.029		-0.025		-0.016

		16		MG23Q4		0.894		-0.024		-0.548		-0.145		-0.113		-0.27

		17		MG23Q3		0.868		-0.619		-0.358		-0.225		0.195		0.284

		18		MG23Q2		0.659		-0.482		-0.249		0.014		-0.15		-0.19

		19		MG23Q1		0.662		-0.134		-0.23		0.188		-0.085		-0.068

		20		MG24Q1		0.371		-0.351		-0.154		-0.059		0.017		-0.122

		21		MG24Q2		0.421		-0.227		-0.11		0.126		-0.028		-0.052

		22		MG24Q3		0.405		-0.129		-0.205		0.139		0.006		0.037

		23		MG24Q4		0.51		-0.087		0.486		-0.196		0.106		-0.013

		24		MG24Q5		0.393		-0.083		0.282		0.077		-0.153		-0.17

		25		MG24Q6		0.459		0.046		0.381		0.042		0.026		0.189

		26		MG24Q7		0.355		0.18		0.312		0.064		-0.107		-0.091

		27		MG21Q8		0.223		0.262		0.261		-0.042		-0.184		-0.063

		28		MG21Q7

		29		MG21Q6

		30		MG21Q5
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