FA3 K H3 W L AR KR FFROA R F RO Vol. 43 No. 3
2024 5 6 A Journal of Shandong University of Science and Technology(Natural Science) Jun. 2024

DOI: 10. 16452/j. cnki. sdkjzk. 2024. 03. 006 XEHS:1672-3767(2024)03-0051-13

JE T 9 2 B2y A B RL Tt 25 B i 2 il o °F- 2

XER,ERE, M %

(FBIRXY REZEELEFE,Td M 450001

B OEARAGEREARFEANGRLZRERPNM. REEGERMNM T LR XHFTIMHYRIE. 4.8
BN ERZ R FATE ARE IR A AT LS 25 AR T CHERZ NG LAET £ MA
FARAETFERD I mPE, KRG AR GEEIH MG T @A AL A3 & RR W 454 BT K &
AME . ETFEIR M MmRALALG R, AR BB —-FRENE  STBEREERTRENET, A TRENE
BRARAZD BT E BEHABREIRFE. - FREBEHNRNEaHE., BB HAKA 1360 m 6918
HIEH R BEATH AR, SRAN MAMNGEZRKELE SRS EFZATRIEN M S @M E; Wimkin
kAHRTRSEHNA T OHERANAAMNLEL KAk ALMNARKRESERGEF EZMETRSEH LY
EATHG B BE T AR E A A, R RR T A AR TRF R H MR AF

XA R BERH A RERR LB £

FE S ES P258 XEFRERD A

Adjustment of particle accelerator tunnel control network based on
partial parameter constraints
LIU Zhonghe, LI Zongchun, HE Hua

(School of Geospatial Information, Information Engineering University, Zhengzhou 450001, China)

Abstract: To control the error accumulation problem and improve the accuracy of the adjustment of tunnel control
network, this study designed three constraint schemes. Firstly, considering the non-parallelism between the plumb-
lines of the station, the angle of the plumb-line between the station and the storage ring center was calculated based
on the control network. This constraint condition was taken into account during adjustment, making the adjustment
model more rigorous. Secondly. in order to improve the plane accuracy of the tunnel control network, a total station
was used to measure the long side angle of the control points that were far away, and the angle constraint was added
in the adjustment process. Thirdly, the first-order levelling measurement was carried out for tunnel ground points.
Based on the results of levelling, the control network was transformed to the horizontal plane by using the least
square transformation method to further improve the vertical accuracy of the control network. Finally, a simulation
experiment was conducted on a tunnel control network with a circumference of 1 360 m. The results indicate that
considering the difference of the plumb-line between stations and benchmark leveling or elevation difference and
adjustment value can improve the vertical accuracy of the control network. Adding the constraints of the angle of the
long side can improve the plane accuracy of the control network. Simultaneously considering the angle of the plumb-
line between stations, long side angle observation values, and benchmark leveling or elevation difference and

adjustment value can improve the accuracy of control point positions, verifying the effectiveness of constraint

—

YriE A H#8:2023-11-11

ES&TH:BEEARREILETH (41974216)

YEZ B A X B1995—) 5 T g I BE A, 1 LR 5T A, NS 2% TR 5 A P 5E. E-mail: 2936054806@qq. com
AR Q973 B IR H R B 1 S, 32 SRS 2 AR I T O AR Sl E AR
E-mail:13838092876(@139. com



. 52 . L AHBEKXFFROARFAFZ RO 2024 4% 3 #7

conditions. The research results can provide a reference for the deployment of control networks in related
engineering projects.
Key words: free stationing; tunnel control network; error accumulation; adjustment of three-dimensional control

network
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Fig. 1 Free station setting and overlap measurement
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Fig. 4 Design of tunnel control network
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Table 1 Design coordinates of ground network mm
R4 X Y Z
E, 0 218 450.723 —1 600. 000
E;, 218 450.723 0 —1 600. 000
E., 0 —218 450. 723 —1600. 000
E g —218 450.723 0 —1 600. 000
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Fig. 8 Design of leveling network
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Fig. 9 Simulation measurement and adjustment of ground network
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1XX10°° « D)) Ji) 08I0 &5 4 r s hin i AA X Y z
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Table 3 Mean square error statistics in control point coordinates mm
X Y A
ES
max min rms max min rms max min rms
@) 2.530 0.001 1.629 1. 236 0.014 0. 888 13. 264 0.025 7.943
® 2.514 0.001 1. 620 1. 230 0.014 0. 884 2.898 0.025 2.088
(©) 1.070 0.002 0.657 0.572 0.017 0. 387 16. 113 0.031 9.638
@ 1. 080 0.002 0.661 0.571 0.018 0. 387 1.597 0.033 1.127
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Fig. 11 Position error of control point
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Table 4 Position error statistics in control point coordinates mm
MR 2E A 5 R SR 2
ES
max min rms max min rms
) 13.536 0.034 8.156 0.241 0. 050 0.187
(@) 3.938 0.034 2.787 0. 145 0. 050 0.116
(®) 16. 149 0.042 9.668 0. 290 0.062 0.225
@ 1.909 0. 045 1.363 0.174 0. 066 0.134
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Fig. 12 Mean square error of control point coordinates
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Table 5 Mean square error statistics in control point coordinates mm
X Y A
ES
max min rms max min rms max min rms
0.091 0.007 0.057 0.091 0.007 0.057 0.123 0. 006 0.094
@) 0.116 0.036 0.078 0.115 0.036 0.078 0.168 0.042 0.139
® 0.108 0.030 0.065 0.108 0. 030 0. 065 0.221 0. 052 0.182
©) 0.119 0.036 0. 080 0.119 0.036 0. 080 0.092 0.019 0.068
() 0.100 0.031 0. 064 0. 100 0.031 0. 064 0.116 0.026 0.083
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Fig. 13 Position error of control point
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Table 6 Mean square error statistics in control point coordinates mm
s 2 A 5 g AR A iR 22
WIES
max min rms max min rms
© 0. 146 0.013 0.123 0.126 0.056 0.098
@ 0.208 0. 069 0.178 0.128 0.055 0.099
0.241 0.072 0. 204 0.158 0.070 0.122
©) 0. 156 0.058 0.132 0.126 0. 055 0.098
() 0.155 0.058 0.123 0.170 0.073 0.131
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Table 7 Standard deviations of the unit weights mm

YIS @ @ ©) @ @ ® W

o, 1.377 1.379 1.707 1.817 1. 383 1. 396 1.723 1.391 1. 895
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