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Abstract

To address the limitations of traditional calibration methods for online vibrating-tube liquid densi-
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tometers, such as cumbersome procedures, low efficiency, high manual intervention, and suscepti-
bility to human error, this paper presents the design and implementation of an automated calibra-
tion device based on a multi-pipeline parallel architecture. The system integrates a measurement
modaule, a circulation module, a moving mechanism, and a PID-based control system into a compre-
hensive calibration platform. The measurement module accommodates up to three densitometers
under test simultaneously, enabling parallel calibration. The circulation module comprises three
sets of calibration fluid circulation pipelines and three sets of cleaning pipelines, dedicated to den-
sity calibration under multiple medium conditions and systematic cleaning, respectively. A moving
mechanism facilitates the switching of the measurement module between calibration and cleaning
pipelines, allowing it to connect selectively to any one pipeline. When calibrating a densitometer
by switching among different calibration fluid pipelines, the solvent replacement within the pipe-
lines is either unnecessary or significantly reduced. This approach eliminates the time required
for pipeline and instrument cleaning while preventing cross-contamination caused by incomplete
cleaning. By supporting parallel calibration of multiple densitometers, the system substantially
improves calibration efficiency and is well-suited for large-scale, batch-based densitometer cali-
bration demands.
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Figure 1. Schematic diagram of the online calibration device for an in-line vibrating tube liquid densitometer
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Figure 2. Schematic diagram of the calibration fluid II circulation pipeline
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Figure 3. Circulation pipelines for water rinsing and gas purging
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Table 1. Experimental results

F 1. LR

#I%)”  Antonpaar HE L-Dens 7500 ) %% 85101289 BREER 014
PSR B AR/ S = IR AL DMAS001 FRERRE (20.8~21.6)C HEBE  (50~55)%

N KA wE Dciﬂ%'ﬁ )\Dciu%'lf?z HEIURE RESRRE EE HE M
(kPa)  (m/s) (<) (<) (kg/m?) (kg/m?) (kg/m?) (kg/m’)
1 70.2 1.0 14.789 14.791 999.15 999.125 0.025
2 69.9 1.0 14.994 14.986 999.12 999.097 0.023
3 69.8 1.0 14.930 14.928 999.13 999.106 0.024
4 70.1 1.0 14.890 14.890 999.13 999.112 0.018 0!
5 70.0 1.1 14.859 14.859 999.13 999.115 0.015
6 70.2 1.0 14.868 14.863 999.13 999.114 0.016
7 69.7 1.0 19.948 19.939 998.23 998.213 0.017
8 69.8 1.0 19.883 19.880 998.24 998.225 0.015
9 70.2 1.1 19.994 19.986 998.22 998.203 0.017
alizk 0.01
10 703 1.1 19.987 19.979 998.22 998.205 0.015
11 70.1 1.0 19.969 19.963 998.23 998.207 0.023
12 70.2 1.0 19.970 19.963 998.23 998.208 0.022
13 69.8 1.0 30.133 30.147 995.62 995.607 0.013
14 69.7 1.0 30.144 30.159 995.62 995.600 0.020
15 69.9 1.0 30.054 30.066 995.65 995.631 0.019
16 69.6 1.0 29.995 30.009 995.67 995.649 0.021 0ol
17 69.7 1.0 29.994 30.007 995.67 995.649 0.021
18 69.9 1.0 30.057 30.069 995.64 995.622 0.018
19 74.0 1.0 14.943 14946 112920  1129.190 0.010
20 73.5 1.0 14.907 14.908 112920  1129.191 0.009
21 74.7 1.0 14.833 14.835 112921 1129.197 0.013
22 73.8 1.0 14.826 14.829 1129.19  1129.177 0.013 0ol
23 73.7 1.1 14.577 14.572 112928  1129.257 0.023
24 73.7 1.0 14.829 14.832 112920  1129.181 0.019
25 o 73.6 1.0 19.914 19.907 111570 1115744  —0.044
26 TR 73.8 1.0 19.956 19.951 1115.68  1115.719 -0.039
27 73.8 1.1 19.966 19.963 1115.68 1115704  —0.024
28 73.6 1.0 19.982 19.978 111568  1115.701 -0.021 ool
29 73.6 1.0 19.979 19.973 111569 1115706  —0.016
30 73.6 1.0 19.982 19.978 1115.68 1115710  —0.030
31 73.8 1.0 29.979 30.000 111179 1111.824  —0.034
32 73.8 1.0 29.998 30.019 1111.78  1111.816  —0.036 00!
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33 73.5 1.1 29.989 30.012 1111.79 1111.802 -0.012
34 73.6 1.0 29.994 30.015 1111.78 1111.805 -0.025
35 73.9 1.0 29.981 30.004 1111.79 1111.809 -0.019
36 73.5 1.0 29.989 30.012 1111.79 1111.806 -0.016
37 52.5 1.0 14.941 14.950 896.59 896.652 —0.062
38 50.3 1.0 14.938 14.946 896.61 896.671 —0.061
39 51.6 1.1 14.948 14.958 896.61 896.663 —0.053
40 53.1 1.0 15.025 15.031 896.76 896.820 —0.060 001
41 51.0 1.0 14.950 14.956 896.81 896.874 —0.064
42 50.5 1.1 14.932 14.941 896.83 896.874 —0.044
43 56.8 1.0 19.979 19.976 893.36 893.409 —0.049
44 56.4 1.0 19.968 19.965 893.38 893.423 —0.043
45 o . 56.8 1.0 19.960 19.957 893.40 893.444 —0.044
46 AT 55.8 1.0 19.956 19.953 893.44 893.496 —0.056 001
47 54.4 1.0 19.963 19.960 893.46 893.520 -0.060
48 54.4 1.0 19.961 19.958 893.45 893.511 —0.061
49 533 1.1 29.984 29.996 885.22 885.281 —0.061
50 53.1 1.0 29.977 29.989 885.26 885.306 —0.046
51 53.1 1.0 29.957 29.971 885.29 885.332 —0.042
52 529 1.1 29.969 29.983 885.30 885.352 —0.052 001
53 533 1.0 29.977 29.990 885.31 885.363 —0.053
54 532 1.0 29.978 29.992 885.26 885.306 —0.046
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