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Selective assembly for aero-engine fuel nozzle driven
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Abstract: In order to reduce the repeated disassembly and reassembly in aero-engine fuel nozzle assembly and
improve the success rate of one assembly, a key part selective assembly method based on atomization performance
prediction was proposed. First, based on the historical assembly data of nozzle, the nozzle geometric precision-
atomization performance case library was constructed. Next, considering the impact of large fluctuations in sample
space size and nozzle geometric accuracy, as well as poor consistency, the sample space was expanded by adaptive
comprehensive oversampling method, and simultaneously the continuous attribute was discretized by improved
K-means clustering algorithm. Finally, the correlation between geomeltric accuracy and atomization performance was
established by association rule mining algorithm, and the accuracy of each rule was quantified by rule fitness
evaluation method. Based on these association rule sets, the nozzle atomization performance prediction model was
constructed to guide nozzle assembly. The research results show that the nozzle atomization performance prediction
model proposed in this paper has the best prediction effect, with a prediction accuracy of up to 98.33% , compared
with methods such as decision tree, support vector machine, and artificial neural network, which can effectively
predict the atomization performance of different parts combination, thus reducing invalid assembly and improving
the assembly efficiency of nozzle.
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Fig.1 Schematic diagram of dual oil circuit centrifugal nozzle

structure

5 R L, B T M 2%, HR R A
B AU S B0 2, JLAT S 00k Rl % 25 1e 1 e
(RSN EE i N B8 2 27 DRt AN S PR A —
BT AR % R BT 580 R BIFFE AN [R] e 3 s A
WE 1T 205 I B 55 A B 75 0l 2 2K, A TEAR
SCHTERIERC T L il AT PERA S5 . T 2 Dy il g
SERTRTIRL, b B S G TR 2E AR, D A A
B3 Fos e fe A 2 D HETAS (IC o BET Mg 1 e
VA 2) ki 2 e AT IR BE LR A I E , )
ZERINE IR, PEPR A EBLEAR d,), BIME I AME d,
FEiht 1 AR xd, FITELE xo, , BEFAY 2 HYIRIE xd,
FNTERE oo, , FETERCIE £, @IS A& 1 B A2 D, Al
EFA LA T ELAE D, 55 LA AR LK B il 0
FZACHEMAIX 2 D FRAEZNERER S5, IR il 4
M ACHE A S PEREZOR LA, 0 WAL TERE G I8 S
NG 2 FE(CRHEICH 1, AEHIC N 0) , My H mi
JUATHS B 0 25 AP BE — — X L A8 S 491 )2, Sy Wi i 25
PR RE PRI P (IR S8

D

1

A D, A /

Bl 0 ———

Jreias

e 9
d

1

B2 Bl SHaEE

Fig.2  Sketch of secondary oil circuit structure
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Fig.7 Cyclone and sub-nozzle selective assembly process based on nozzle atomization performance prediction model
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Tab. 2 Partial nozzle atomization performance classification
results
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33.6 90.21 0
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3 31.4 91.09 1

4 31.7 92.30 1

" 5 33.6 101.51 1
6 30.5 92.33 1
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Tab.3 Partial nozzle geometry accuracy-atomization performance example library
WEOWE O BEMME 1 BEMI2  BEEM BERM2 GERERA BERM SEB EwD BMREG B
B WEE/mm WE/mm FEE/mm SEEES/mm HEA/mm ROH/mm BEAR/mm SME/mm BEA/mm MR
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2 0.192 2 0.178 1 0.177 6 0.190 5 2.378 1 0.2855 0.2527 0.766 7 2.458 8 0
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5 0.210 4 0.190 6 0.179 3 0.1851 2.3717 0.250 8 0.257 4 0.7310 2.490 9 1
6 0.177 8 0.199 0 0.191 8 0.188 9 2.3617 0.261 4 0.27217 0.764 1 2.462 1 1
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Fig. 8  Impact of different sample expansion quantities on

prediction accuracy
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Fig.9 Continuous property discretization
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Tab.4  Discretization results of nozzle geometric accuracy
LT TR 1 TR 2 TR 1 BEMAE 2 BEIARIC A TE A FHB RE RIE 5
S
" RIE /mm WRIE /mm P& 5/ mm P )5/ mm W BEA/mm RO/ mm BA2/mm A2/ mm T BLA2/mm
i [0.1703, [0.1748, [0.1703, [0.1749, [2.3367, [0.2355,  [0.1915, [0.7310, [2.4396,
i
0,186 4) 0.1915) 0.183 8) 0.181 3) 2.364 8) 0.2747) 0.240 4) 0.749 0) 2.4699)
il [0.1864, [0.1915, [0.1838, [0.1813, [2.3648, [0.2747,  [0.2404, [0.7490, [2.4699,
]
0.1975) 0.210 1] 0.191 8] 0.186 6) 2.383 8] 0.3320] 0.269 1) 0.769 2] 2.4979)
X [0.197 5, [0.186 6, [0.269 1, [2.4979,
DX Ji] 3
0.2119] 0.193 8] 0.293 5] 2.526 3]
4.2 EEELERETHEER (RIS, 8 B SRS B2 AR AF B2 minsup = 0. 05 Al

Bt Ak 3 2 S5 A0 E 8 2 BE ALY 73 80% Ky
YIS ,20% FMAEE . BT Apriori S XFYIIZR4R
AT RIRHI T2 48 | 2 7 WS 6 TLAnDRS B85 A 25 fk 1k fig
ZIAI ARG OC R o TR OCHRAL 2 0 o A v | SR /N3
F5E minsup Fl/NEAFE mincon 3 EEXT SEHCHL
WA A il &8 R 4F 3R 2 G EH 2, Q1 2R minsup
mincon 1 /N, W 2 A4 W7 2 JC FH B9 B ) dn 2R
minsup F1 mincon 15 K, — 2645 B A SR AT fE
SRR , KA TR A Y 1 e 0 e 7, PR ke, AR
SCHE S AR 2R BN A SRR R B T Y
FEF TR B | 1 2 e fd: minsup Flifd: mincon, A<
S E01R E minsup #8ZE F0[0.05,0.20 ], KN
0.05; mincon HZTEEH[0.8,1.0], LK K 0.1,

5 MBI R R, 24 mincon BL 1.0,
minsup B2 0. 05 5% 0. 10 B, 0 A W5 186 557 10 14 fig Tt K]
ALY P TR BE v, o 0. 98, ERLAR minsup HUAN[H]

minsup =0. 10 Bf, 73 HHZHEE] 1 059 51 98 2% ICHK
FII s minsup #7042 88 2 /) TUA LI B # & | Kk
O R AR AS . BRI, A SC [ minsup , mincon
W4l E N [0.1,1.0],

x5 MEERALER

Tab.5 Grid search optimization results

minsup
mincon
0.05 0.10 0.15 0.20
0.8 0.65 0.65 0.67 0.67
0.9 0.87 0.90 0.88 0.57
1.0 0.98 0.98 0.60 0.27

TER 2 F 0 minsup AL mincon J& , Jx 2415
FI| Y 98 A5 I AL VU A4 B A4 W 6 55 10 PR RE IR A
PG (10) ~ (13) THEBIRL b &g 2% SRR 1) 35
N PE(E, 45 H WLFE 6, 6 6 iR ER 4y S e R | 5%
fEEREIE N C,
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Tab.6 Model part association rules

P75 I ] SRIRFR )
1 0.440 0 dy=1-C=0
2 0.284 4 xw, =2, xw, =1—C =0
3 0.150 0 dy =3, xd, =2C=1
4 0.100 0 dy=3, xd, =1, d, =1-C=1
5 0.279 2 dy =1, dy =2, xd, =2—C =0

4.3 KWEIFMIEIR

SIS DA SR ) T RE , 12 H
ETIREHEFE - RIEMIE AR KR f A
R f K & 3 A O R B0 ( Matthews  correlation
coefficient, Mcc) VENATIPENFEbR, AR £ SR A
SRR TR FE (R 5 b , A R s R A A Y
A HE R ;A AR, R RO T AR B TR AR
A A R RN AR AU A TR SRR e 5 B A
KRB oy Z— DN PPN FEIR, 25 5 5 18
TEWERMASSR, DBTARKE -1,1 ] ZE
ey =1 FRTEEM , ¢, =0 BHZE LLFEAL I
5R2E oy = -1 RORTUMEE R 5 BI{EE 2

TP, 45 . ZZ LR RR TN 9K 30 B AL 25 % SATLAR Thh Mo 55 125 T <113 -
AR .
np,
ho= Ny, +np, (14)
f — L (15)
P ng, +ong
g, " Mg =N, * N
cMc =

(ng, +ng,) (g, +np ) (g +ng,) (ng +ng )
(16)
K iey W BRI REL, n,, FRI7FIER Y IESE
FEARANEL, np ABRAEEEARANEL, 0, AIRETIE
FREARNEL, ny KI5 R IER R TRREAR AR
4.4 LHIWIESELER
N BUEA SCREAY” 5875 2 A 880, 4300 45 5
HEPE S  SMOTE |, Borderline-SMOTE L) ) bootstrap
SEJUMPEA A BOTEE AT IR, R R 7, 5
IEEAEARAH L RN RIREAY 807 8, Wi 25 1k
PERE FCAI TR SN RS B2 4 i dié = . dlia ADASYN
FEAY 70 I B8 B 5T B A, A i R 0 e
INTHA T AR08 NTCAR N A B s fE e
b A5 S8 A e, AR 3 0 D48 A DG R AR B
THABTT

RT TRBEEY RFEERILL

Tab.7 Comparison of different sample expansion methods results

Yk HER R/ % fi/% /% Cyo/ % e ey
FS/N 75.00 50. 00 37.50 0 509
bootstrap 78.33 66.67 53.34 68. 44 367
SMOTE 90.00 65.38 60.00 82.61 215
Borderline-SMOTE 90. 00 65.48 60.00 82.53 276
ADASYN 98.33 66.67 65.71 96.71 98

REASCHR H I B B T vk 5 2 S i S ik ik
FIXRFEE AR IR 8, SRR T 14 M A5 vk i 21 )R
PEBSHUILI , AT LUk B A 8 X o] A 22 | A il
(RIS AT P TN L I | 7 A T AR 115
IIEIRTFA ST RAA SO B AR e

RERS TE 7025 TS B A I3, ikl 0 2% IR i g X 23
3 T4 S

MM B 2 A REAR IR UEAS SO H 4158
W6 55 PR REIE AR Y 10 A 0P, 3k 2 S G J LA
KBS MERES R 9,

x8 FEBBUTEERILE

Tab.8 Comparison of different sample expansion methods results

Bk X [ 4~ HEWR/ % N/ % 2/ % en/ % F K
o 2 81.67 66.67 53.90 71.82 105
RS

3 73.33 66.67 48.00 62.75 52

e 2 95.00 64.20 63.81 90.41 217
S

3 83.33 61.90 56.76 72.44 35

ARICTT 98.33 66. 67 65.71 96.71 98
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Tab.9 Test sample parameters
WG R 1 JE AL 2 HEAE 1 BEVAE 2 BERMAALA JiE WAl FHEB I 1 AmiOES ik
F5  WE/mm R/ mm G/ mm & B/ mm MEA/mm  fOH/mm HA/mm AME/mm T EAS/mm g
1 2 2 1 1 1 1 2 2 2 0
2 3 1 1 2 2 1 2 1 2 1

HRHE 25 78 FEA JLANI RS B 5800, DAt s 25 1L 1 e
TSR i 5 1 1 T A D R U S R U
IOF A 5 R4 A D Ay e A R 00 T 0 I 4 g
10 M50 55 AL P RE TN 25 21, 1 5 g 5 U A
R 3 Z RN DCFC , S DL R0 A « XY IS 1 5 1T B
P FIX[A] 2, e 45 kAl 1 BRI R T IX ] 2, 4%
HEBERE T X 2 0, S840 R RE R O, B0 IE 1 3
h0.279 2;2 S5 WA 5 SR 00 DT L,
SRR . 2w iss G T ELAR R T X 2, BE iR
et A 1R R T IX R 3, BE U A A i A O
JEF X0 1 B, Z2AeERE R 1, BLEE 1 B4 0. 100 0,
FE T 25 Ak P R U AR (14 0 245 SR 5 S s
—0, 11 A 25 AP B AR AL BT I
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X JUFP 28 ML A3 JERR UEA T H A, %o b SR an el 10 Jir
N AR SO R AR IR B L i e IR AT, TR0 VA
3K 98.33% , BB W RECH 96. T1% , 1A T K
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Tab. 10

Prediction results of nozzle atomization performance

prediction model

M TS

. .
) SELw | I

s JEier
1 3 dy =2, xd, =2, dy=2—C=0 0.2792
2 5 d =2,xd, =3,1=1-C=1 0.100 0
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Tab. 11 Confusion matrix of atomization performance prediction
results
T &5 5%
0 1
0 34 0
1 1 25

= EHE e DB RE
100 94.56

80
60r

40

TR/ %

20F

ARILTTE
10 REFEMLER

Fig. 10  Comparison results of different methods
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