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Abstract ; Aiming at the problem of how to ensure the measurement accuracy of the on-site mounted ultrasonic flow measurement device,
a precise measurement method of geometric parameters of the on-site mounted probe based on articulated arm coordinate measuring
machine(AACMM) is proposed. Firstly, the flow-rate calculation model of ultrasonic flow measurement device is analyzed, the results
show that the measurement accuracy is based on the accurate measurement of the geometric parameters of the probes. On this basis,
through special design of probe and comparison of internal and external test, feasibility of using external probe 3-D coordinates value
measured by AACMM to calculate probe actual geometric parameters is verified. Finally, in three test cases of middle route of south-to-
north water transfer project, 3-D coordinates value of probe of plug-in four-path ultrasonic flow measurement device are accurately
measured by AACMM, precise geometric parameters of the probe and corrected weight coefficients are obtained by analysis. Through
analysis of the influence of different weight coefficients on the average flow velocity of ultrasonic flow measurement device, the results
show that the method can improve the measurement accuracy of the on-site mounted ultrasonic flow measurement device by 0.02% ~
0.58%, the accuracy of scribe localization is evaluated, and also the rationality and effectiveness of the method are verified.
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Fig. 1 Principle of ultrasonic flow measurement
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Table 1 Theoretical installation position of probe

e Al A2 A3 A4
A M/ () 54 18 -18 -54
I/ () 45 45 45 45
I/ mm 0.3mr 0. lmr 0. l7r 0.3mr
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Fig.2 Special design and on-site installation of probe
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of geometric parameters of probe
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Table 2 Comparison of internal and external geometric parameters
HMINAR AR B JE NP PN Py A2 2 1H AHX 22

509. 464 mm 9.6 mm 499. 864 mm 500. 339 mm —-0.475 mm -0.09%
BEE oo Al A2 A3 A4

AR/ mm 798. 87 1 328.26 1 327.80 797. 80

P/ mm 798. 57 1327.75 1327.33 797.07
IR Z{H/mm 0.30 0.51 0.47 0.73
FHXT 246/ % 0.04 0.04 0.04 0.09

¥I{E/mm 798.72 1328.01 1327.57 797. 44

CARiLl 45.03 44.94 44.94 45.17

v e (o Rl 44.90 44.84 44.85 45.06
PR (*) 21 0.13 0.10 0.09 0.11
BIfE 44.97 44. 89 44.90 45.12

AN/ mm 405. 06 154. 44 155. 62 404. 76

P/ mm 404. 96 154. 83 155.79 404. 89

7 Z{H/mm 0.10 -0.39 -0.17 -0.13

YA/ mm 405. 01 154. 64 155.71 404. 83

AHXT i 0.809 5 0.309 1 0.3112 0.809 1

H b IR ZE R AT A, AR A X R 254 0. 09% , 7
TE K EARH i 22 Fe K AR 0. 09% , 74 T8 7 B AR X i 22 B¢
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Table 3 Geometric parameters-case 1

A 1B G Al A2 A3 A4 Bl B2 B3 B4
P 1/mm 1016.8 1623.1 1624.6 1033.3 1037.8 1631.4 1624.7 1010.7
M 2/mm 1017.0 1623.2 1624.8 1033.4 1038.0 1631.5 1 624.6 1010.9
EBERIS S 28/ mm -0.2 -0.1 -0.2 -0.1 -0.2 -0.1 0.1 -0.2
AHXF 2218/ % -0.02 -0.01 -0.02 -0.01 -0.02 -0.01 0.01 -0.02
B/ mm 1016.9 1623.2 1624.7 1033.4 1037.9 1631.5 1624.7 1010.8
1 44.82 44.78 45.25 45.03 45.39 45.11 44.84 44.06
N . 2 44.84 44.77 45.24 45.03 45.39 45.12 44.83 44.05
HEAB () 218 -0. 02 0.01 0.01 0.00 0.00 -0.01 0.01 0.01
Bl (] 44.83 44.78 45.25 45.03 45.39 45.12 44.84 44.06
I 1/mm 487.72 195.22 -178.25  -482.38 479.17 177.03 -191.52 -491. 56
I 2/mm 487. 68 195.21 -178.29  -482.36 479. 03 177.04 -191.75 -491. 49
P Z{l/mm 0. 04 0.01 0. 04 -0.02 0.14 -0.01 0.23 -0.07
¥IE/mm 487.70 195.22 -178.27  -482.37 479. 10 177. 04 -191. 64 -491.53
A v 0.8155 0.3264  -0.2981 -0.8066  0.8012 0.2960  -0.3205 -0.8219
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Table 4 Geometric parameters- case 2
7H B i Al A2 A3 A4 BI B2 B3 B4
M 1/mm 1021.2 1625.0 1628.4 1022.6 1027.5 1623.2 1623.7 1024.5
I 2/mm 1021.3 1625.1 1628.5 1022.6 1027.5 1623.2 1623.8 1024.5
K 2/ mm -0.1 -0.1 -0.1 0.0 0.0 0.0 -0.1 0.0
AR 2 1E/ % -0.01 -0.01 -0.01 0. 00 0. 00 0. 00 -0.01 0. 00
HIE/mm 1021.3 1625.1 1628.5 1022.6 1027.5 1623.2 1623.8 1024.5
1 44.50 44.70 44. 69 44.54 44.99 44.91 44.99 44.83
2 44. 50 44. 67 44. 68 44.50 45.01 44.94 45.00 44.88
FRIEFRE/(°)
2MH 0.00 0.03 0.01 0.04 -0.02 -0.03 -0.01 -0.05
(] 44.50 44.69 44. 69 44.52 45.00 44.93 45.00 44.86
W 1/mm 487.17 188. 12 -184.56  -485.05 483.30 183.83 ~183. 64 -484.71
W 2/mm 486.22 187.49 -185.21  -485.44 482.76 183. 11 -184.13 -485.24
A IH = ZAE/mm 0.95 0.63 0. 65 0.39 0.54 0.72 0. 49 0.53
B/ mm 486.70 187. 81 -184.89  -485.25 483.03 183. 47 -183. 89 -484.98
AR B 0.814 0 0.3141  -0.3092 -0.8116  0.8079 0.3069  -0.3076 -0.8112
x5 JLasH-%613
Table 5 Geometric parameters- case 3
7 BT Al A2 A3 A4 BI B2 B3 B4
W 1/mm 1028.8 1637.8 1636.5 1.020.0 1026.0 1 640.2 1639.3 1023. 4
W 2/mm 1028.9 1638.0 1 636.6 1019.9 1026.1 1 640.3 1639.3 1023.4
JEBERIS S 24{H/mm -0.1 -0.2 -0.1 0.1 -0.1 -0.1 0.0 0.0
FHXTZEAE % -0.01 -0.02 -0.01 0.01 -0.01 -0.01 0. 00 0.00
B/ mm 1028.9 1637.9 1636.6 1.020.0 1026. 1 1640.3 1639.3 1023. 4
1 44.84 45.29 45.22 44.73 45.21 45.30 45.41 44. 80
e 2 44. 86 45,32 45.24 44.76 45.19 45.27 45.40 44.78
PR/ P -0. 02 -0.03 -0.02 -0.03 0.02 0.03 0.01 0.02
Baf(i] 44.85 45.31 45.23 44.75 45.20 45.29 45.41 44.79
W 1/mm 485. 64 191. 66 -179.87  -473.82 485. 45 191. 62 -178.00 -471. 67
W 2/mm 483.92 189. 89 -181.58  -475.48 483.78 189. 98 -179. 64 -473.41
FHIE Z{l/mm 1.72 1.77 1.71 1. 66 1.67 1. 64 1. 64 1.74
{8/ mm 484.78 190. 78 -180.73  —474.65 484. 62 190. 80 -178. 82 -472. 54
A v 0.802 2 0.3157  -0.2991 -0.7854  0.8019 0.3157  -0.2959 -0.782 0
X SR (22 PO S A FC A R BB IE AR Bt k=0.5,g,(k)=1.570 796,g,( k)= 0.392 669,
P 2 . () H L)/ F OWICS B IEALE R EHT, k=0.6,g, (k)= 1.513 365,
E100 & et L 2,(1)=0.360 325, A TF HBR LT 2 ARG E I 1
((1-2) ﬁ (1, = 1,)) (9)  AUEFREIE 6~8 PR,

k=1k#i

s o, FOREFAMS FIE R, R G-] B IEAE &R

Fo6 WMERE-FEH1
Table 6 Weight coefficient-case 1

SR RE Al A2 A3 A4 B1 B2 B3 B4
*ﬁﬁ?aﬁﬁ =4 BE 0.809 0 0.309 0 -0.309 0 —-0.809 0 0.809 0 0.309 0 -0.309 0 -0.809 0
%B/J\*foﬁlﬁl%}g 0.8155 0.326 4 -0.298 1 -0.806 6 0.801 2 0.296 0 -0.3205 -0.821 9
ZH 0.006 5 0.017 4 0.010 9 0.002 4 —-0.007 8 -0.013 0 -0.0115 -0.012 9
W,(BRIN) 0.217 1 0.568 3 0.568 3 0.217 1 0.217 1 0.568 3 0.568 3 0.217 1
W, (G-J) 0.206 4 0.561 9 0.581 4 0.2212 0.228 2 0.567 2 0.5713 0.204 0
W,(OWICS) 0.204 1 0.562 7 0.582 6 0.218 6 0.2253 0.569 3 0.570 9 0.202 8
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Table 7 Weight coefficient-case 2

iR G Al A2 A3 A4 BI B2 B3 B4
ToHAAR X 7 18 0. 809 0 0.309 0 -0.309 0 -0.809 0 0. 809 0 0.309 0 -0.309 0 -0.809 0
SR o P T v 0.814 0 0.314 1 -0.3092  -0.8116 0.807 9 0.306 9 -0.307 6 -0.811 2
P 0.005 0 0.005 1 -0.0002  -0.0026  —0.0011 -0.002 1 0.001 4 -0.002 2
W,(#R0) 0.217 1 0.568 3 0.568 3 0.217 1 0.217 1 0.568 3 0.568 3 0.217 1
G-I) 0.211 4 0.571 4 0.573 3 0.2147 0.219 4 0.565 2 0.569 8 0.216 3
W,(OWICS) 0.209 3 0.5722 0.574 3 0.212 4 0.217 0 0.566 4 0.570 4 0.214 3

*8 NMERH-FHGI3
Table 8 Weight coefficient-case 3

Vb E e Al A2 A3 A4 Bl B2 B3 B4
AR X 7 18 R 0. 809 0 0.309 0 -0.309 0 -0.809 0 0. 809 0 0.309 0 -0.309 0 -0.809 0
SRR o P T 0.802 2 0.3157 -0.299 1 -0.785 4 0.801 9 0.3157 -0.2959 -0.7820
P -0. 006 8 0.006 7 0.009 9 0.0236  -0.007 1 0. 006 7 0.013 1 0.027 0
W,(#R0) 0.2170 0.568 3 0.568 3 0.2170 0.2170 0.568 3 0.568 3 0.217 0
W,(G-I) 0.2179 0.562 1 0.552 4 0.238 2 0.218 2 0.560 9 0.548 9 0.242 6
W,(OWICS) 0.204 1 0.562 7 0.582 6 0.218 6 0.2253 0.569 3 0.570 9 0.202 8
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Table 9 Difference in average flow velocity-case 1

WM 1-W,(BIA)/(mesT") 2-W,(G-J)/(m-s"") 3-W,(OWICS)/(m-s™") 1-3 X2/ % 2-3 MR 22/ %
51 0. 167 365 0. 167 483 0. 167 264 0.06 0.13
5 2 0.206 149 0.206 274 0. 206 002 0.07 0.13
WAL 3 0.242 546 0.242 645 0.242 304 0.10 0.14
i 4 0.284 212 0.284 192 0.283 774 0.15 0.15
M5 0.321 405 0.321 356 0.320 873 0.17 0.15

F10 EHRFER-FHB2

Table 10 Difference in average flow velocity-case 2

EHEE W BN /(mesTh) 2-W,(G-J)/(m-s™") 3-W,(OWICS)/(m-s™") 1-3 MXHR 22/ % 2-3 AN R 22/ %

A1 0.077 538 0.077 584 0.077 521 0.02 0.08

] 0. 169 084 0.169 172 0. 169 009 0. 04 0.10
e 0.244 837 0. 244 958 0. 244 707 0.05 0.10
s 4 0.343 976 0.344 138 0. 343 768 0. 06 0.11
A S 0.474 976 0. 475 195 0.474 672 0. 06 0.11
53 6 0.615 287 0. 615 580 0.614 891 0.06 0.11
W5 7 0.770 575 0.770 943 0.770 085 0. 06 0.11

F11 EHRERER-FEF 3

Table 10 Difference in average flow velocity-case 3

TR 1-W, (BN /(mesT") 2-W,(G-J)/(m-s"") 3-W,(OWICS)/(m-s™") 1-3 X2/ % 2-3 MR 22/ %
Y= 1. 272 420 1.269 355 1. 266 995 0.43 0.19
A5 2 0.902 681 0. 900 433 0. 898 775 0.43 0.18
S 3 0. 610 819 0. 609 219 0. 608 110 0.45 0.18
5 4 0. 426 289 0.425 123 0. 424 367 0.45 0.18
M5 s 0.114 054 0.113 551 0.113 394 0.58 0.14
M6 1.272 420 1. 269 355 1. 266 995 0.43 0.19
WA 7 0.902 681 0. 900 433 0. 898 775 0.43 0.18
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Fig. 5 Difference in average flow velocity
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