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A Calculation and Prediction Method of

Lubricating Oil Consumption Rates for Aeroengines
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(College of Civil Aviation, Nanjing University of Aeronautics & Astronautics, Nanjing 211106, China)

Abstract: Since the measurement of oil quantity in aviation engine lubrication systems is susceptible to
multiple parameters, it is difficult to calculate and predict oil consumption rates. We propose an improved
method for extracting oil quantity data and predicting oil consumption rates. Engine data are cleansed using
density-based clustering algorithms, including density-based spatial clustering of applications with noise
(DBSCAN), to obtain stable oil quantity data during steady flight conditions. By the least squares method,
oil consumption rates are derived with an average fitting goodness of 0.86. Subsequently, a multi-layer
perception (MLP) is employed to establish the relationship between oil consumption rates and flight status
parameters, resulting in a predicted average absolute percentage error of 1.15% , compared to actual values.
The proposed method meets practical engineering requirements, providing a reliable reference for assessing
the health status of aviation engine lubrication systems.

Key words: acroengine; oil consumption rate; density-based spatial clustering of applications with noise

(DBSCAN) ; multi-layer perception(MLP)

T RGN AL R S SR W DL FE R R R AT R A B R
T #E RS SR S HLE R RO AR AR Wl TE KL AL 3 P AT LA b 223 A o 78 ) i
AR I W AR RS WU bR, R0 A VRL B 2 A2 A, o 98 0l 68 ol 8 1 e A 333
B AT E RS B W R S IO A Sl A AR IR B L RHLR S A S T AR

E&THE : RAL 2R s H(2021-198)
Y #5 B H#A - 2023-12-12; 18T H #7 : 2024-05-30
BISEE 4505, W W%, E-mail: caijing@nuaa.edu.cn,

Sl AN ik R A B Bk L A L A R S HL I T AR R RS B0 5k [T ). S R KA AR, 2024 ,56(4)
668-676. ZHANG Zhensheng, CAI Jing, ZHANG Rui, et al. A calculation and prediction method of lubricating oil con-

sumption rates for aeroengines[J]. Journal of Nanjing University of Aeronautics &. Astronautics, 2024, 56(4):668-676.



5 4 3]

SRAR A, A 902 e S AL T AR T 5T 5 B Oy vk 669

O F 1 = HEE I AT LLAR 4l D0 A5 3 ek 4R AL TR
B AR FR S A RAL P s R sh L T
RLFRD 8 Vit A6 Vil B D R T, T R S A £ A A IR
MES S BRI, Y RALAL TP AR RAT RS B, W A
THE R AT I B S 7 AR A S e T T R
THAETE L

R, RS K S HLTE I FE R A A oY F AR
H e T BT FE S TS B0 B X A2 TRATAE 55
[ 5 A BT CAL o P 2 00 6 5802 08 o il SR B R TR
T o i R DL R B RAT S ] A5 3 A s AL i
T ST S TH AR R R Sy S sh L /NI T AR
PR 21 47 S i B T 4B SO RS 4 (Neighborhood
rough set, NRS) J1- 5 46 K AT By BEAHXT F 15 90 14 #E
A GRS E € TANE S R Y LS
(Convolutional neural network, CNN) #, ] H ¥
2 v 1) 45 FRUZ R Ak 2 27 2 e 4 T 2 B0 TR
FRAE 2 57 Y VT R R PO AR, 4T SR AR i
2 SCR A W A L A5 R OR 2 B TR T
B SAEABE M IS AR L T L T A
Pt Ak 5 1 (Whale optimization algorithm, WOA ) 4%
EIR AW R 2% 2 HL (Hybrid kernel extreme learn-
ing machine, HKELM) (% il Il #5% %4 X 240 > fiig PE
(4 T T AR SR AR HE AT S0 A T, T MR Y T
T FE TN AR AL L SR BN TR R B A2 1 RAIL,
V- 347 TP R 2 BT 1A o R X T i 9 R A R

BEXT LR (Al AR SCE T T — Rl AR e AT IR
P8 T 2 AN R AR AR AT RS T il i
17 /N IR A G A5 B W I AR R Ol 2 )2
FHET AT RS S0 W I FE R B 56 R X
e 23 e S AL T I AR SRS S 5 R AT IR .

1 6 5 ¥ 5k

1.1 BB R

A L2 K B T FE 2R I T T Y S PR
5 B 2R 05 g b [ A0 R A Ky T A i
5 SCHRIC SR o AT 5 R & sh ML AY T T R R T
SRR, T 3 AR AR UL R B AL T RE R
MR TR

(D) RHEHB TR FHEERES CI 2
1394B 52 38 17 i e TG 125 3R 45 5080 5

(2) U2 AY 13948 BER (5 5 KHL L A 2
T TR A BB T A R O 1

(3) #3521y 13948 M5 5 KHLL A B
T TR AR IR R B R A " 1

(4) 79%<<N,<81%;

(5) 9 [0 9 35 B T,,=>100 °C H. 5 22 Aif ] =

1 min,

P U R SR BRI AR IR R AL
N2_80 % — Rk AFa i TARIRES , 30 s LI 4 3 i
WAL Loy 20 050 T, CFE 9 45 0 300 ), e 282 T
ERSHO Y LR (D) H(2) &AL E
wo R ((1) 5 (2)) &R, & 8 I bR il & s AL
N2 80%F 2 itk AFa s TAERA 10 5% L B 9 9% i
WAL Ly, B2 45 Ty, 24 To~Ty,>>30 min B, 0] 338
b 10948 54 i 13 ok s 220 9 v AL Y 9 AR R Oy (T
Tl JE S5 S RD S B R 2 T R 240

G,=(L,—Ly)/(T,—Ty) (1)

U, 25 F (1) 20 84 % <XN,<<86 % W FRiN &
HAHLN2_85, 5 F (1) h 89 % <<N,<<91% I hpil &
HHLN2_90.

AT RN EAFAE LT )

(D) A (2) 5 &4 (3) i RML AT 2 W i
WAL AR TR R R TR B R TR
THEAT W B R AR AR AT IR T A
S AR HY 5

(2) N, 3 X 8] (136 Bl 5 H A & sh Bl N, 3%
X [BIANAF 5

(3T, a5 Bbr ZZHL T, AFF -

DL b 3 T 0 A5 4 P b 3 A0 00 %k B A5 & Bl
HLHEAT W T AR R B A 7 T i 2K &
SRS ANFF NGO . XTI, AR SO R T b
P WU W T AR AR T AU A A Y A ek, O x
THTH B T 7 B FEAT AT
1.2 #HiE#HR

L 43 B & B AL & B B 45 il #% (Engine
electronic control, EEC) 2] 1t £ #5 # 8. 5C (Remote
control unit, RCU) 9 i {5 B ¥ & 5z A b 508 15
BB 1FR(BTFEREEARZ, BRI
UL B 5 o T FE R DA G I T B o

A (2) T2 250 L T T A A% SR A
BUR TR RALE R AR, R i v T S A S K
o A R B HL R A AR AR iR L A L
71N, B XF [ il 22 S i R a2 A 2, N AN A S
T HL 2 A Y AR AR, R S A 2 (R] Y pR AR
KRIATWAL I AL AR B A s Rk T R

2rhe, 2nx (e, — &)

R, R,
ln( ) ln()
R1 Rl

A C o PR A ] ) L 7 () S ey DA 99T FR 90 HE
R e W LT RA A GEM T 2 S0 B iU
B, R, AL AR INE B A2 RO IR AR WA AR, 2
R N AME R BE e S T 5 P A A PR ) g E

C= (2)




670 Moa o o= i KR ¥R %5 56 &
x1 BEFER
Table 1 Data field
FB =¥ X HAp
TXCNT  INTI16U  ARINC429 % %4t 4
P, INT16S T AT 2 kPa <
T, INT16S TE A R C
=
T, INT16S Rl NSSCIRTRI Y S C
Lhyw INT16S HERTLIE L N
N INTI6S (6 T )y P A O A SR T AR T R
N INT16S T T y Fig.1 Working principle for capacitive liquid level sensors
2 [P P 0
T, INT16S e KA MLE SR K
Py INT16S  wEESHIEALSE  kPa g 5650}
T, INT16S R e 6 R C 5600
2
~ =
P, INT16S KAL) kPa 5550 | A 8 025 LA
==l ° L :
T INT165 KA c 17 18 19 B2 234
T, INT16S #E O SE C IR /107 s WIR] / 10° s
P INT16S e P (a) Climb-cruise phase (b) Climb phase
1 pra sl S YA D a
H INT16S RATE m . - 7925 o AT R
=y — ~ 4000 - ~ 7900
Ma INT16S LV 14 I~ ™
v, INT16S E31 km/h e ¥E 7875}
N, INT16S {5400 £ ’ 3000¢ . (- :
. 104 106 354 356 358
N, INT16S B A B /107 B /107 s
N. INTI16S fi 3 A (c) Descent phase (d) Descent-cruise phase
Ry INT16S WA B2 sl HUIRAS 300 43 288 bk 24 K4l A
R INT16S 3 £ Fig.2 Cruise status data points divided by engine status
vy - A
d
bit14-21 b T Sl RS - rore
it14-21 TR 2 — . — g TS
Engstate O HERLR R 2 7 7 L % B HLIR 25 57 X 673 KU T
bit14-21 THIRES - s ey s 1 4
1 f”ﬁk B 50 B IR AT A . B
bit14-21 ¢ ORE —

N EngStatefé)‘Lﬁiij%?‘.&,ﬁ%?ﬁh
XA E (2) BEAT B 50 W, A2 Sl AR 25 77 30 23 i A
W B A7 A [R) R, 8] 2 B 7« € T B80T e 3 38 Ay 1)

A T EIOT I AR G0 BR, I AR P
T VRS A SR ) P 2 9ot S T Y, A 3 T
R TR RS LA AR AR R 2 A . fE
g [z e ML RAT AP BOR N, N, H, LA & Ma,

(T hr d RARSEOBAR, Bl s ), L, AT RIAR

o AR A A 1R b R a3 A IR A X T & B Pl
o e e v o A 5 5y A 4
BRI, LY I 75 % — B A o B BB B3R 2O AT R RS B T T
N \ s, %ﬁ%ﬁ&[lﬂ
3 s
125 oo
222 100} 0.005 0
o 1Ir : 075 0.002 5 1 0
gr ol b; 0.50 i 0.0000 —2
> | 2 oast ISR e 1 ’ﬂ]mfl 00075 = 17100 %
a1t B ool HWJ P e M o o ) S =
5 & 00 00025~ | 3
P g 200
B, =-025F -0.005 0
050" -0.007 5 {-300
i 14 |

0 2 000

B3 Wl R AT R

4000

6 000 8 000
AR /s

SR AL

Fig.3 Variation of oil quantity with flight attitude parameters
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Table 4 Oil consumption data under different flight conditions
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Jm ERRRIcE TR/ 0 BRI REGR/ %
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T 0.099 74 0.762 66 99.319 5
T 0.056 40 0.431 23 99.750 8
N 0.011 63 0.088 91 99.839 7
N, 0.010 47 0.080 08 99.919 8
P 0.004 92 0.037 65 99.957 4
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Fig.12 Relative errors of test set under different convolu-

tional layers and number of neurons
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Fig.13 Maximum, minimum and mean square error of relative error of test set under different parameters
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