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Development and application of online measurement device for water

content of lubricating oil based on microwave resonance technology
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Abstract: In view of the shortcomings of the current lubricating oil water content detection technology with
expensive equipment and few online measurements, an online measurement device based on microwave
resonance technology was designed. It consists of resonator, microcontroller unit, coaxial transmission
line, voltage—controlled oscillator, logarithmic detector and PC. Combined with the finite element
simulation software HFSS, a microwave resonator was designed, and the S—parameter response curve was
simulated under the state of uniform and non-uniform distribution of water and oil, and the relationship
between resonant {requency and water content was obtained. In the experiment, the measurement device
was fabricated to measure the relationship between resonance frequency and water content in the range of
0~1.2%, and the results are consistent with the simulation. Temperature compensation was carried out

within 16~30 °C to improve the measurement accuracy. Finally, the device was connected to the oil pipe
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for on—line measurement, and the results prove the effectiveness of the measurement device.

Key words: electromagnetic measurement; lubricating oil; microwave resonance; water content; water—

oil distribution

0o 51 F

TR A Tl A e R EE EENEM
A DAY/ AL I A5 B AT 0 R A i R Tl
A PR s I IR R K RO S A AR K
W DL VI K R I bR o Y o B RN
0. 1%, B [ 1 ¥l $5c K $e 3 A o R f 7K R >
1.0% CREEHLIM) o A ST T M o ok 2 v i v
W AR AR b, BRI B R A H 0. 1% .
REMSIELRAG I RS T 1.0% .. HAET, &/KRM
W kAR L, s Pkt e Rk L
A7 S O (5 1| B e R e 8 [ 5 e
T Jy kA AR R R SR AL
WL MO IR RS . Hh IR AT
SR BSUR 43 E R EA T ARG I L 12y i BORE U B PR R
S5 SRR 2B R IR SRR AT M 3 38 1 4 BT
Ok AR TR BB LORAE B W M O B E
BE S BR AR BB 5 T 08 B0 20 A0 56 3% U 351
W R o BT A B 2% B Bt R 5 S Bk
1K 5 B R 2 R E A OK R KO IE IR
FERBE 5 W 45K, IF 5 UM BT & K o o R
WY, 2 7 R e R

Bl e A AR R A T 5 K S Y s AL TG B R T
Ao TR AR ARG T 3 9 K B T T 43 S g
) 9 48 B R S R R s s Horh i
R i 2 B0 TR B 298 OR s PN R A T AN A LR
B R A N AR A B 3 S A T R G R A e S
HOLA W K S AL . BT SR R T R Tk
T B 90 TR K R B 2 R K R A i A R
Y5, HAGIIORS BER AR (=>5%0) 121 Bt i )
TG B K R DL K R T 5 LR I K 43 A
AN S G s

25 LTIk X H I K S I 4 A
TEAE VLA B 50 I A5 BRBUB RS AN DA AR
2R 2 A ) R, A SCRRE T T — el AR K R
R &R A B OG5 BARF HFSS B3 T3
PRI 2 IR 1 52 2K I AR 35 20 A3 A S i 5/ | g %
A AKCHS D T B T 0~ 1. 2% B S KR, T AR
RN 8. 88~9. 33 GHz, 3 Al il i I FE #M B2 2 i 4

DA R o RS I R A I AR B A N
JH U B AT T e 8 T IR

L BRI e B

1.1 &R TIERIE

TR A A A T 2he 1 A0 BB A3, e T B
P 3006 VU, TS () 8 05015 5 80D > Ul A 5
PR HIE R T LIS, 2377 Al Pk o I IR I TR
Jir B e G B e, BP A BT A LR BOR A R Y
Ak R x5 W T RO A T Y A H
BB B E R R AN RS KEA L,
2 PN B R 5 K R A AR AR AR R Y AR
WA, e A AR AR . B RE N Y R 3 R AR AR T
VNI B B 5 /= W S [ NS R

L h_ JV(Aemix\ E|"— Mg H |2)dv
/ J (emiX|E|2_#mix|H|z>dV

2 £ R R AR T S BRI AR AR s e B
VRN 5 - T R 1 T A N S S QS A
i = €&, Fe 1 e i I HI 25 TR B A HLH B, e, AR
XF A HL R E R H 43500 R E R I L3 FVRE 3
VR BEA AR B AR A 5 Ao T A 53500 49 DY
WA H R BOR G S R 1 A8 b, PR R Tl 2 AR
PEA T, 1 2 1, At = 00

H =0 (L) AT, JEE N A BT 1 8 4 A3 BE A BT
A1 HL R e A2 AT A2 AR
1.2 MKEEWHTEEHER

H iy, A B2 1Tk & KRR IR &
A HL AR A I Maxwell-Garnett #5511 Brugge-
man A5 AR A SO R T R RO K TR
G R ACIRE , AT A Bruggeman B, 3
T Bruggeman #5231 550 0] 75 31V 9 5 K0

(1)

1

ix ater ol 3
ﬁzligmlx Ewa (81) (2)

€oil T Ewater Emix

FH B IR A YB3 7K R e er Eoil ~ Emix 73
Kl KR A YR A LR R

54 20 (D) (2) ] LA B« Bl 3 % 7K R 1 3
KIRAA YA B B K, T R A 3R el



% 6 3

HBLE R THEBEREARGEFT A RELEAEMNEZHLAE TR - 1925 -

1.3 WNEELEY

REAS R I e E I AR R IR 5 A (Volt
age—controlled oscillator, VCO) X £k I 45 A5 e
(AD8317) . ifi B2 1% Jg i LA B A4 1 558 (Micro-
controller unit, MCU) 4 B¢ , W1 ¥ 1 fir 75 , MCU
(STM32H7) i id D/A ¥ # s 9 VCO 42 A5 41l
HL AR 5, VCO MR i AR H T £ 1 i 43 0303
W A5 5 G AR IR, 0 HORGE il 5 A I ) S5 035 5
B WL TRAR T o RN I B A% JR % S IR 3
& 0 9B TR TR B . MICU 45 i) SR 4 o B50KG: Tk 2
DL K 45 A% A 1015 5, Rk 45 PC gt A7 73 B b
PiREEE

BB
v T &
MCU [ D/Afs#g8 ™ veo b iR ;{;
i ¢ i
YR P

E1 akEHNEERER
Fig. 1 Schematic diagram of moisture content

detection device
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Fig. 2 Resonant cavity structure
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Fig.3 S21 Response curve of the resonator filled with

pure oil under simulation
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Fig.4 Electric field distribution of the resonant cavity
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Fig. 6 Relationship between resonant frequency and

water content of uniform water—oil mixture
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Table 2 Comparison of online measurement

and standard
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