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Inverse prediction of flow-path structure parameters based
on intershaft bearing lubrication efficiency
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(1. School of Mechanical Engineering.,
Northwestern Polytechnical University, Xi’an 710072, China;
2. Sichuan Gas Turbine Establishment,

Aero Engine Corporation of China, Chengdu 610500, China)

Abstract: An inverse prediction method considering the constraints of flow-path struc-
ture parameters was proposed to satisfy the designing requirements of aero-engine intershaft
bearing lubrication system while obtaining feasible structure parameters corresponding to the
given bearing lubrication efficiency. Lubrication efficiency function was constructed to dem-
onstrate the fitting relation between structure parameters and lubrication efficiency according
to the neural network model. By virtue of structure parameters optimization, the distraction
between lubrication efficiency function values and the given lubrication efficiency was minin-
ized, the constraints of each parameter were considered to obtain, the flow-path structure

parameters satisfying the given lubrication efficiency (minimized distraction). In comparison
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with the present analytical methods, the proposed inverse prediction method could improve

the prediction precision by 4. 39% , shorten the average calculation time by 17. 5minutes, and

predict multiple parameters simultaneously, providing an approach to the design of intershaft

bearing lubrication system.

Key words:

intershaft bearing; lubrication efficiency; flow-path structure;

inverse prediction; prediction precision

1 R i 25 i 3l B e ARG /e 5 8] 09 A1 BR0RE 5
F Al R DT 4 S 1 RN D/ K Sl Bl
Jo R A5 T I VR R ARAS T TIZ Y B R B
P 756 7 1 25 32 & b A Sl R B A A R
Xof AR I T Ak R R T R B R A Y
I ¥ T A B R T A R v R

Al R T U T 25 A S AT A
£L % 3 AR AL s DA R T I R RN 4
P BT B B B A . A O R A iR i I
iRt Bl 2 Rk A ROTHE AR H# T HE 0 &
THEA L DAARAS 20 Ay Lt F A a0 o Cl R i
TR B I A B AR SR AT il i 1 R
(4 3L T8 25 48 2 80, A DR X O Tl BE R E A
B

R R B T W AR AR Dy A — b oK B
TE 25 R 8 Bl R I T R R ET R T L 3R 5 2 I
TC £ 5 L% Y] T 3 45 R 2 s LUK N AN [ T
B H bR R ESK . H 7R A U A — SE A
58 T AE  AF 5l i o 3 3 oA 53X — i 1) i
W A B 5 UL $i% 36 PRI T Ll 7 T 9 R
R A ) U B 25 A S50k B i R ) T
MR, BA A TSR K E 2 E X
S E.

[ A2 2 B 7 T 38 1 3 1) Ao 8 T 4% 7 1k DA
SRS ] T A3 BT D Re . Herh —Fh Oy kR A
S THE JU) K 338 i) oft 22 ) 28 I R AR ) 03 Sl A T TR
A F T REAN i1 BB 3 R A A
25 (i SR [ S D) 57 4] 43 I R AR T U )
I N B 1 BU R e R K i BB A B U R
ZW AL Kabir, Lakshmi, Dervenis &7 5%
WM 75 v T T MERE o J 1 45 A BT R R O A X
IO 265 5 ity Jo DR A MR e H SRR A A S B HL X —
5 A F Al R 4R g 1 o R I R .
AR XA T AR E R N T A T
R Z 0 I G AR ) 43 R0 R TR R R 2
L B 559 00 0 87 I ke B3 2 B AL AS B R A
Jp A A R N A R TR T
TS IR Ho B 22

T 00 o) 2 ) 4% RELARLER) Oy — s 2 AR
it i 28 I 5 AT, g A S WA A o R LA
R F 1t X eR B 7E At A R B IS LT
T AT AU B BSOR A X I 45 0 (A Y A
NS &, WM EF R TAEA
Hamzaoui &M 73 5 &1 5t 45 52 28 1K ML - 77
iy TN E I 6 S A% R . BL R BT Ak A AR
H (chemical oxygen demand, COD) #% [ 3 2 /2 7
FHBR 55 50 /9 4k % 5 ng B [a] . Labus Al Laidi
L By T = Wi R WL AN RIS
i K BH RE Rl B R S Y 0 PR i i A
Marquez-Nolasco % T T W e 3 S0 5% e 2% 1Y
ZVRHE DR R TR RE TR AR A 5 R
iy A28 R O B At Ay A AR, LM A o
T 5 5 A TR S 3K — R B BR A O O ) AR
A0 E IR A N 8 R 7 S I (2 6 N &2 RS a1 |
i N\ AR 1 U 24 T ) R

B & SAIL A A Al R e T T TR K
ASCHE T BT A Rl R T R R R A S5 2
B Il T Oy . A A A S S —
ZRTER g & U AN TR VS N B e S &k
R T R0 Y R A OC R X Gl W RCR R EO L DL S
S T TR 2803 0 A8 R B Y 1R 2 B /M H
i o 38 S0 0 BT AR AT I 25 A T T R0 (IR 25
AN T IE S5 S8, AR SCHR R Y s 1 T vk
B 3238 N RE ) 5 T[] s ST B 22 A4S 5 4 2 50 T
b= R S S T A I Y VA = 8
1w oy B RGE 5 R 1B 45 4 R Bl R

pE = B g

ES AN VR S 1 D e B =
F o W R FEEMSHCE T AL AR 4,
FECH my % BRI AL BAR ds FIECH ms o
JEFE L AR ds B VG 9% BRI B 5% 2% B 095 0
[BIBE 00 Fl 6, AL B AR & MECH my ARE S
FilfL B do FECH m, . Z R TREN £ 45
P 2 HOBE a1 Fs

22 WO LR A Bl AR T i A T Y A S IR



442 it

¥

I IS

%35 %

i e~ T 2 o A L 160 90 30 4% £ 10 9 30 » 3 3
A IR BE L O R L T
BB RIBRAE R B O . A T I I O
B2 T H R AR 5G  HErp B0 T gk L G 2 kR
{8 T AR P A Rt 2 L D e SC R A il R T T Ak
BN N NS VR I o o ol 0
Z L,

A iR
SHED
N T kL
RN T FRAE T
AT 14

Bl

(ViR

Bl 1 SR N R SR
Fig.1 Structure of intershaft bearing lubrication

flow-path

®1 HHSYRERE

Table 1 Structure parameters and values
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N [4,10]
ds /mm [0.5,3.5]
ms [4,8]
01 /mm [0.05,0.35]
8, /mm [0.05,0.35]
d, /mm 8
d,/mm 3.5
m 8
msy 4
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Table 2 Weights between input layer and the first hidden layer of neural network (wi , )

Wi

n

m=1 m=2 m=3 m=4 m=2> m=6 m=17 m=3§ m=9 m=10 m=11 m=12
1 —0.05 0.28 —0.48 —1.08 —0.12 0.13 —0.54 0.26 0.18 0.53  —0.59 —0.35
2 0.19  0.33 —0.59 0.44 —0.39 —0.75 —0.76 0.02 —0.10 —0.32 —0.65 —0.77
3 0. 50 0.67 —0. 26 0. 20 0. 32 0.09 —0.15 0.76 —0.23 0.55 —0.98 —0.75
4 —0.05 0.13 —0.49 0. 66 0.02 —0.84 0.11 0.42 0.86 —0.01 —0.07 —0.58
5 —0.75 0.17 —0.33 —0.81 —0.55 0.48 —0.53 0.51 —0.26 —0.38 —0.08 0.37
6 —0.30 —0.28 0. 54 0.21 —0.22 0.97 0.47 —0.39 —0.75 0.32 0. 66 —0.61
7 —0.73 0.26 0.11 0.01 —0.70 0.24 0.74 0.50 —0.63 —0.24 —0.04 0. 31

£33 FAIREEZEAMNEE b
Table 3 Biases between two hidden layers (b, )

ZH m=1 m=2 m=3 m=4 m=>5 m==6 m=7 m=38 m=9 m=10 m=11 m=12
bim —1.71 —1.25 —0.92 0.74 —0.56 —0.12 0.129 —0.63 —0.86 1.05 —1.02 —1.58
4 EF_EREAESEHEAHBENZEENE w.
Table 4 Weights between the second hidden layer and the first output layer (wy, )
2 m=1 m=2 m=3 m=4 m=>5 m==6 m=17 m=3~8 m=9 m=10 m=11 m=12
W, 0.604 —0.63 —0.549 —0.74 —0.37 0.54 —0.39 —0.74 0.74 0.042 —0.33 —0.42
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Fig. 4 Comparison between the bearing lubrication
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efficiency calculated by finite element

method and the formula (12)
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Table S Structure parameters of flow-path obtained by the inverse prediction method of this paper and the approach 1
corresponding to the four given bearing lubrication efficiency
7./ %% T Iy 2 ds/mm d,/mm m, d;/mm m; 81 /mm 3> /mm
AR5k 1.35 2.92 8 1.10 6 0.19 0.16
" Fik 1. 40 2.85 8 1.19 6 0.25 0.20
ATk 1. 47 3.14 8 0.85 4 0.17 0.12
” Fkl 1.39 2. 90 8 0.96 4 0.20 0.17
VNS QYIRS 1.87 3.71 10 0.56 4 0.14 0.11
v Ji 1 1.49 3.11 10 0.75 4 0.18 0.12
AR5k 1.98 3.95 10 0.50 4 0.10 0. 086
» Tkl 1.57 3.32 10 0.62 4 0.13 0.10
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Table 6 Calculation time by approach 1 and the proposed approach of this paper
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