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Fig.1 Engineering drawing of corrosion sensor

FHRD ARV 3R 0 ) 77 06 Ak PR TR 2 B T A s R A I
S SRS HORS L, PR e 7050 M T Na, CO L 35 2l /K R
B WA g 7 D e P e AR S AR R A T U
RBRH KB TR 5k B

SR FHER S AEHE JEE ok A2 Rt XU R AR R s T 4 G P
TS e O SR E M e Sl B o ol TR ez b R S AR
B AR AR AR AR B A O AR, DR IHR P MR A
LR E THURR T, R 2R AR S B
FHERAE IR G BE AR A2 SRS ) 75 T L DU, B H LR AT 2
JERTEIAR . FREEE S , FHITE K S B U A% g R i Ik
T WIFHREAN AL A2 AR AN 1 2 B

2 RiRfLRxEs

Fig.2 Corrosion sensor
2 (EREEAITIHIRIEIR IS
2.1 iHIEREE
ARYGR B L MR A8 Pl AL 25 B0 5 R T
(v 14 JE o P [ i o, 3 3 P A SR AR B Y 1
TR 5 T A S R JE T TR, S AL SRR T AT, B
R RR N 3 s



82 LIRAEE L P N

Jul. 25 2020 Vol. 31 No.07

| avswwmmesn |

A

| wiwwmmse |
Vs
LA

ERIESL
TN R
JE

| wma

SIEERNBE |

TR AR

RN

B3 RwriEE
Fig.3 Experimental flowchart
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Fig. 5 Polarization curve of corrosion system
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Table 1 Polarization resistance correction test data
EEEir &9 Me Ak SRR (1/Q) WAL HL B
(mV/s) A | 24l | 34l | 44l | ESsdl | FHIE
0.5 1.64e-5 | 1.17e—4 | 1.14e-5 | 121e-5 | 1.57e-5 | 1.39¢e-5
1 1.87e-5 | 2.07e-5 | 1.99¢-5 | 2.15¢-5 | 9.50e-5 | 2.02¢-5
2 2.96e-5 | 4.64e-5 | 1.56e-4 | 2.28c-4 | 4.38¢—4 | 1.80c—4
3 2.69e-5 | 3.19¢-4 | 3.57e-4 | 5.11e=3 | 7.82¢=5 | 1.95¢-4
4 5.78¢=5 | 2.12¢-4 | 4.83¢=3 | 6.6le=5 | 2.44c—4 | 1.45¢—4
5 9.65¢-5 | 1.18¢—4 | 2.96e—4 | 3.4le-4 | 6.45¢-3 | 2.13¢—4
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Fig.6 Polarization resistance correction curve
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Fig. 7 Aluminum alloy samples after the corrosion test
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Table 2 Quality and weight loss of aluminum alloy samples
before and after corrosion

PR | BT | SRR | R | A /m
#1 4.2300 4.1480 8.20e-2 2.38¢-5
#2 4.2379 4.1663 7.16e-2 2.27e-5
#3 4.4470 4.3587 8.83¢-2 2.44¢-5
#4 4.2474 4.1966 5.08¢-2 2.03¢-5
#5 4.2674 4.2052 6.22¢-2 2.17¢-5
#6 4.4920 4.4377 543¢-2 2.07¢e-5
#7 4.4299 4.3967 3.32¢-2 1.76¢-5
#8 4.1386 4.1128 2.58¢-2 1.62¢-5
#9 4.3590 4.3293 2.97e-2 1.69¢-5
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Fig. 8 Comparison of corrosion depth between the sample
and the sensor
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Table 3 Design of environmental parameters for corrosion
prediction test

45 g/ ~C HhZ UURIR/(mL/h) NaCI¥J/% | pHIH
1 15 1.0 2.0 4.0
2 15 1.5 35 43
3 15 2.0 5.0 7.0
4 30 1.0 35 7.0
5 30 15 5.0 4.0
6 30 2.0 2.0 43
7 45 1.0 5.0 43
8 45 L5 2.0 7.0
9 45 2.0 35 4.0

A

9 HEREEES

Fig.9 Test device connection diagram
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Table 4 Corrosion rates measured by sensors under different
environmental parameters

ikl LI 2L I 3ufl s
1 0.158 0.216 0.1844
2 0.4573 0.3188 0.5084
3 0.2347 0.217 0.2384
4 0.2145 0.1863 0.1911
5 0.2058 0.2057 0.2103
6 0.3618 0.3766 0.4635
7 0.2379 0.1587 0.2761
8 0.1956 0.1568 0.1905
9 0.1887 0.1497 0.1873

R5 IRFHERFUNSRDOMT(ERI:mm / a)

Table 5 Mapping model prediction result analysis (unit:mm / a)

e 1 kIR Ik
LAl PR | TN | DURHE | UG | M | B
0.2347 0.2157 0.217 0.2018 0.2384 0.2092
#5340
"2.8.1% PR:7.0% R2:12.2%
0.2379 ‘ 0.2121 0.1587 ‘ 0.1668 0.2761 ‘ 0.2687
55740
PR7%:10.8% PRE5.1% R2E:2.7%
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Corrosion Monitoring of Aircraft Structure Based on Linear Polarization
Resistance Sensor

Zhao Yizhao', Gao Pengfei’, Liu Defeng®, Li Xin®, Liu Mabao'*

1. State Key Laboratory for Strength and Vibration of Mechanical Structures, Xi’ an Jiaotong University, Xi’ an
710049, China
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3. AVIC Beijing Changcheng Aeronautical Measurement and Control Technology Research Institute, Beijing 101111, China

Abstract: In order to fix the weakness of domestic aircraft structural corrosion monitoring, the micro-sized linear
polarization resistance sensor was developed to monitor the corrosion rates of aluminum alloy structures in real time.
Accelerated corrosion experiments were carried out to verify the feasibility of the developed sensors. The results
indicated that the corrosion depth measured by sensors had the same trend as that of aluminum alloy samples with
time, which showed the sensors can monitor the corrosion rates of aircraft structures in real time effectively.
Meanwhile, the prediction model for corrosion rates of aluminum alloys was established based on BP neural network.
The established network model can predict the corrosion rates of aluminum alloy structures in different environments
with the average error less than 8%.
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