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Multidimensional Sensor Optimization Placement for
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Abstract: A method of multidimensional optimization placement of turbopump sensors is proposed to
address the issues of missing structurally important modal information and incomplete extraction
of fault-sensitive information during the health monitoring of liquid rocket engine turbopumps.
Experimental verification is conducted using a fault simulation test bench. Firstly, a finite element
model of the turbopump’s optimization area is established to conduct structural constrained modal
analysis and transient dynamic analysis of bearing faults. Subsequently, candidate points for sensor
placement are indentified based on the discrete artificial bee colony algorithm and transient analysis
results. The final sensor placement method is determined through a comprehensive multidimensional
evaluation method of sensors. Finally, the comprehensive indicators between the proposed sensor
placement method and the traditional method are experimentally compared. The calculation
results show that, compared with effective independence, after optimizing the placement of

measurement points, sensor monitoring signal modal shape compliance increased by 20. 1%, and the
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accuracy of bearing fault detection increased by 27. 5%. This verifies that the multidimensional

optimization placement method has good comprehensive performance in fault diagnosis.

Keywords: liquid rocket engine turbopump; sensor optimization placement; turbopump; discrete

artificial bee colony algorithm; transient dynamics analysis; multidimensional evaluation
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Fig. 1 Flow chart of discrete artificial bee colony algorithm
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Fig. 2 Sensor optimization layout strategy
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Fig. 4 Schematic diagram of the fault bearing
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Fig. 5 Global trend chart of objective function values
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Fig. 10 Cloud map of the first six modal shapes of node 1
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Table 5 Comparison and errors of the first 6 modal

frequencies of node 1

iR /Ha iR /Hae w2/
1 820. 644 806. 750 1.69
2 1016. 144 1020. 856 0.46
3 1074.398 1088. 469 1.31
4 1427. 446 1439. 340 0.83
5 1507. 480 1532.121 1.63
6 2491.529 2518.011 1.06
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Table 6 Calculation of 11 test points-coincidence rate of mode shape
ZH Ll
AL W2 W3 W4 WES O PHE6 W7 W8 W9 sl W1
R./% 0.5426 0.8528 0.6331 1.6288 1.8206 1.4719 1.1825 0.6157 0.9483 1.7138 0.7448
Ry 184.300 117.260 157.950 61.395 54.927  67.939 84.567 162.417 105.450 58.350 134.260
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W 4.1 TR 3 AR ASE 2 il 2R % R R T A
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B 6 B PR il 75 K OK Bl 15 A — A A X
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Table 7 Comparison of fault frequencies and their errors at node 1

Y% 3 K, A Ik 78 Kollmorgen WorkBench H % 1 T s 431 i A1 R TS
B AKM H ALK B 2% 1 3 R 600 r/min, Ji sl AL % 5 WEM/Hz 28R/ He %/ %
Jo& TF ARSI A FH /NI 43 A7 D7 125 A 3R 4 ) 194 Jon ek Fl 62.0 61.27 1.18
BOH P H B L 11 AN R I 5 A k2 16.8 1640 218
o I 20 15 e R 19 2 5 B 0 2 3 A R L I ©-0 1210 209
A8 11 AMF® Y B d AR A R
Table 8 Dynamic fault detection accuracy of 11 points to be selected
. bl
WAl W2 A3 WH4 WS WHe  WAT  WHS W9 WAl WH1
R,/ % 1.8000 2.4215 3.6657 4.0137 2.5104 3.8403 2.3817 2.1020 3.1106 3.9114 2.8913
R,! 55.556  41.2971 27.280 24.915 39. 834 26. 040 41.987 47.574 32.148 25.566 34. 587
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Fig. 11 Evaluation indicators for the number of sensor nodes
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Table 9 Dual dimensional comprehensive indicators

P RRAR Y A 4B A B R F® FH(®
WL 2N 8 0.408 6 2.447 4
A IR 2T A9 0.4753 2.1039
WA WA WA 0.442 8 2.258 4
A I 89 0.436 1 2.293 1
A I s 1 0.403 6 2.4777
PRI WA 9T 1 0.470 2 2.126 8

WAEZ 9 /AL 5N 1+8+11 Ay T4,
(A% B A1 B 5 2 22 Ak FE 25 G 48 A B 1 181 80
2,477 7, B AE LA b 6 FhECE kP R, BOR
HEAEAEIHGA BB E R, 2 0, & E
MITCE R R A4S0 1.8, 11 B35 2 B 196 5.
393 %5 454 SAR AR AL E A A .
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Fig. 12 3D plot of the MAC modal matrix
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Fig. 13 Comparison of visualization for sensor placement

schemes
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Table 10 Comparison of comprehensive indicators of two

methods
posig N R QLIRS LU A
R 133.53 160. 33
R;! 27.891 35.561
F'(® 2.0415 2.47717
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