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Large-scale network measurement in the field of
marine engineering equipment manufacturing

Fan Yinjiu' Zhang Fumin' Qu Xinghua' Wang Junlong

(1. State Key Laboratory of Precision Measuring Technology and Instruments , Tianjin University,
Tianjin 300072, China; 2. State Grid Hebei Electric Power Company, Shijiazhuang 050021 , China)

Abstract: In order to meet the double requirements which are the large-scalein measurement range and high-precision in local detail in
the manufacturing and assembly process of marine engineering,a method to construct the global control network and optimize the transfer
station is presented in this paper. Based on the research on the rules of the measurement process of laser tracker, the mathematical model
of measurement process is established, and the uncertainty of single point measurementis predicted according to the result. The
experiments show that the actual measurement and simulation data are in good agreement. Therefore, the point measured by the tracker
different weight distribution is given, andwhich is integrated into the SVD decomposition method, then the parameters of transfer station
can be obtained. And compared with the ordinary SVD in RMS, the SVD method with the weight has a statistically significant
optimization. Transfer station parameter is used to analyze the transfer station accuracy. The measurement errors existed in bothtwo
stations are considered with TLS (total least squares) , the affecting factors of precision are figured out, it laysthe foundation for the
follow-up study to improve the precision of the transfer station.

Keywords : laser tracker; global control network; coordinate transformation accuracy; ocean engineering; error analysis

AR BT R B e R ORIz il i 2 75 A 8
RO RAFRR R BIANETE Al 201 S BRI E A E R
e TR A, AR 4 4 000 t R T AE /) Al 360° 4 [a]
FURTFR R IEAE R ) & R it e TR w2 4, AR #% i H4% 3 000 m JROK Il 0 HIEE R AS £k | g 3l DA 1L

1 5

[l

Wk F391:2016-11  Received Date: 2016-11
w JEQI H  RHTIT B T H (KIXH2014-08) 1 B)



- 370 - SRR~ e T o 1

3%

A1, 12 A MRl E 0 A ) A v e AU 7, (9 1 T
T JEII K Ay 446 0 L M BARAIR , 28 b i, LA e TRk g
SR K i T A PR B 7o {HLJR I b o 2R 2K 45 7 il
T IR AR TP AR A N T2 Shai R k| A
WK S )L, 5 B 0 ) i 34 A S W, -5 CAD 3
R T LA B IE . RUOMXERE K, SRR AR R 45 %
WLZEAEBR A, B UK ) — B2 R B Tl %% 1138
SRECHRA B AR, 1 B ET ST 2450 B A i U Jm 1 R ()
I B

AR SCRIFFE BRI S o7 I 45 4 B R 5 8 R i
R A S A 4 A 2 ) ) 4 SR s o S, ST RS
104 Jey A s 28 4 1 P 4%, S2 B TR0 R Bl s ) 1 2 4
FR R BIGE— , TR 22 Al b R Sl 4 5 | R A i 25 AR, 52
G — LU D

TR RSB R B Sy 4 o s A I 4%, MAAS ot 3 2
4= JRr P ol 4 B AV DG E ) BT, BRIV FE A TRD ok 1 4 )
P ol 0 B ) R A R T 2 ) B RE T SR B, SEBRAS
[l ARAR 2R B e . H TR RS T2 KB T K
A2 2 T G - RIS Bt IS X AR T L TR R A T T
W5, Bl 2R S ANV AR I T — R T TR R
B INBLAT S o 5, S DRAF AT 2925 1 B H AR B 25
s FR YA A T — R R AT 25 A e
A AR AR IS B T i, s IR T A A AR 220 K
PRI 5 B e N R 2 4 N A5 FH O BR
ASORE B 14 A 3 D0 {1 ok 249 B A R 00 (L, 36 1) 488 v 1R
N R 0 P 1 A 5 R 5 A )P T e/ — TR ik
SRR AR 22 7 R v K ZR B R LA S 0L 17 4 5 Moghari %5
TSR A S 5 RN 22 T IE 2500 A, IR A AL Sk A
T H AR He 28, Predmore™ 1 i # <7 I 45 1)
AT RE PR ZE AR R — PP I T2 % 5 S R
Tt/ NG S 5 A v T et R B o

2 BCERERMNER =

WOCHRER SO RS A 3 D RERIES 1)
JEERAT 5 BT DL 52 ) DAEOE R B R A i 2%, 7
By DR ETR 53 ) 45 & A [ i sk BT DL 52 A
IR 2R A A 55 P OGBSI e ) B8l 228 i
OGN AT B0 BE B A, AP kG B2 G 44 79 £
JEEARL, oy A 3SR AE LB R A Ry o0 BB A b 28 Y
EE SRR AL AR AR A B B R JR A s 28T AR D
LT S £ 2. /AW (|

x IsinBcosa
I:y] = |: lsinﬁsina} (1)
z lcosB

WOGHRER AN TRAT 1 NI REAL B 0 2 A A 4% 2%

i, ML A 25 R B 3 3 MG AR B & 1. SR mTA%
RS2 2 B PR E AURSE R R 1520, PRI g ALk
i BT H T P E A  A7 AE DU 52 0R 22 &, WO IR ER U5 1k
A BRI
l " g
E:
B B’ &g
Her, (- ,a',B" )" A A, Cep,e, ,gB)T i
IR,
IR 23501 B B ASCIN) S 445 2R A4 1 R K AR bR ] LR
2V

x
:)/ =
z (1" + gcos(g” +gB)

bl TR B R 2 /N T B R 22, PRI RT DL 220 AN
Tho XF AR EE R IEA T2 A R AN 22 JFF TR L B 28 4
JEFF AT R A
x =—IsinasinBe,(1 - 0. 5,9/32)] — IsinacosBl &, SB] +
lcosasinB[ (1 —=0.5 852) (1-0.5 saz) + lcosacosﬁ[sg(l -
0.5¢6,)] 4)
y = lcosasinB [ e,(1-0.5 gﬁ2)] +lcosacosBl &, SBJ +
IsinasinBl (1 -0.5£,(1 -0.5¢,) - 11+
Isin acosﬁ[eﬂ(l _0'5%2)] (5)
z = leosB(1 _O.SgﬁZ)—.sinﬁgB (6)
M (4) ~ (6) ATEITH, a8 FfAHE ORI 2t x
vz BB AR RIS o R B A% A B AN 7 2
PR TC 5 AR A0 pR R, it DAAE 50 T, BE AL
Z—MMRMIES /34, Bl e, € N(O,0,) , &, € N(O,
o.) e, € N(O,0,7) 3 AMEIEAR I AR A & B
R e, o, oy o RS E B I DN BE B
ARG, U HC B 7 28 R0y

(2)

(J* +81)Sin(ﬁ* +8B)COS((1* +£a)

(3)

(q* +81)Sin(ﬁ* +8ﬁ)sin(a* +€a)

o’ 0 0

Vo= 0 o7 0 (7)
2
0 0 oy

RGO R A P B AR AR 45 R B R O AL s 1) e 4
A (1), A5 2 FHAE AT AR RS
0x 9x 0x

al oo B

J = |9y oyoy|_
al da 9B

0z 0z 0z

al oo 9B
— IsinasinB  lcosacosB

Isinacosf (8)
- lsinB

sinacosB

sinasinB
cosfB 0

lcosasinf



3 1)

T TR 4 il i B3 RO 2 i =371 -

TR A R A S A 5 A Bl 22 R

vV, =JV,J"' 9)

DAAE S5 1) B Bt AL Al AR 35 75 TR D JHCARE 36 4 A ) B AL
BRI BENL R 22 5 I Em A RA(3) /)
FTAS B AR T BE A 25 SR A . RIS LR IR m ik
DIASE] m A FEAAE, WA GE T 0] 45 BN 5 B S50
B 5 P8 R B AU B 5 R 10 m, £ BB FE LS
0° ~180° M 1 o MFE RIS 0° ~360°, B 2 000 4N FEA
1B, Wi A5l A i FE TR 1 BT

MM o

(d
BT () ST « BARTRERE; (b) AT y 1)
AHERE s (¢) S5 MBET = BATIERE 5
(d) %A B2 AR 5

Fig. 1 (a)The uncertainty of x under various angles;

(b) The uncertainty of ¥ under various angles;
(¢) The uncertainty of z under various angles; (d)The

uncertainty of ensembleunder various angles
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Fig. 1 (a)The scene graph of the first group test;
(b) The scene graph of the second group test;
(¢) The scene graph of the third group test
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Table 1 Actual variance and its simulation variance
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Kb E HEFE FEhrE HEFE SkFE EFE
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Fig.3 Contrast diagram
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Fig.4 Schematic diagram of global control network
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Table 3 Comparison of SVD and weighted SVD transfer station evaluation (mm)
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