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State Prediction of Helicopter Gearbox Based on Grey Prediction Method
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Abstract: As a key part of the helicopter, the helicopter gearbox can convert power into the power output, so as to meet the need of dif-
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ferent forms. Aiming at the technical problem of helicopter gearbox condition can not be accurately forecast, the grey prediction method is
applied to the helicopter gearbox, so effectively solve the difficult technical problem of the accurately predict to the status gearbox. Firstly,
the vibration signal of helicopter gearbox which have been collected, and the feature were picked up. Then, the paper used the information
fusion technology for the characteristics of different values vibration signal to fusion. Finally, the paper used the grey prediction method for
helicopter gearbox to state prediction. In this paper, the proposed method is verified by experiment. The results show that the proposed state
grey prediction method can achieve the accurate prediction of helicopter gearbox state performance, and the state prediction method has a cer-

tain significance for other aviation equipment and machinery equipment.

CHRFRIRAG A

Keywords: grey prediction; gearbox; state prediction; information fusion

0 3|5

LT O A 1 Sk B FEBIL L 5 — T 43 42 8 B0 g 11 3%
WAE, HARICRE S % e sh It R S A D EIR S . T H b
g S, L. fE B TPl R A L
A e R T B O BT WILOE AT 1 e AT S
Gt £ HTHHUIERE B0 LA MR R K2 60 %6 M B
R U T BB T e B L R L AR 5 R A IE AT
SR e A A R A L B L B AR VS A R L O U B
DL A AT 9 TR TR E LI RAT% 4
WAV L TF AL W o L o o B2 L A A A SR s i A
PR eSS

AR . AATFE R i i AT B 5T 0 36T 1. 4648 T
G 1IN PR o K b B L S AL Rl ) T
FAE L THHLI S A RO AS T 1. RSB T — 52 iR 4 T
RO SR EE Jy A HAE We . JEHEE  H 2R f i
BRI B L 5 K R 0 B O R RS R K
{6 28 G5 BE P A IR €5 T 7 kA /B AR B 1 B . LA
WAL . A SCOR B TR € O R 2 By

K HE:2015-11-16; f&EAH#R:2015-12-22,

ES£MA fis B4 (2014ZD3301) .

TEH B B (1987 - 5 TR R e AL WF 58 Ak, BB
KL B 18 9T 5 i B A 0L 1 P F 5

W X E AL FRA TR T, A5 BB AT T A5 R,
1 IR E
1.1 RBRSFERR
ARG Z 1982 FHEFEAFHENRREARRL, H
{GE o L T AIE B . SRR A IER 4. M ARAR B DF 5
Xt G P AE AL LT L I — 2R, ST RS2 3 T E A S
REyXkdE, IFZMHTEFER., ERRHE. BEAERZR ¥
WGk, I —EA Tk & 2,
KERGHE EENEZ R KOFIEN . WHEKA
JF AR KT Y S B, AR T KA 2R, AR B AR
LS AR AN i [ RA DT A T
1.2 IRBRGER
KAETPAR (GM (1, ») HED py@fidfEm Y.
YRGS X? = {af (k) sk =1,2,--
Zead — R B IA K, SRR R BE LY, B .
XV = A{a" (1), x"(2) o2V (m) ) =

1 2 m
(206G D G D (G )
j=1 j=1 i=1
i=1,2,,n
M b LS o oe— B PR T AR
dxi” (D

T + axi’ =

byxs? + by s e b 2l

smii = 1,2, 0} ,

@Y

(2)



R TR (T A BT HLIR S AR ZS B s i < 25

61 Wit %
Vi& = (asbl 9])2 v"'vbn)T ’ iﬂ:
a (757 a
A — 2351 az: as
(2] A2 o Ay
B = (b by s sb,)7 (3)
(i (1) + 2 (2))/2
(2 (2) + 2V (3))/2
L - .
(P n— D42V ) /2 (a2 (n—1) 4 25V () /2
702) 27 (2) W (2)
23 2V (3) xy (3)
= . X A 7)
7 () a3 (n) x (n)

/R 6 F (D WA 5 KA, Killa, WA
DATS 3 2 500 B 1 B R A FIB . 55 SR R sy oy AR i B
R R, 5 e M M, e B AT ) 2 AE 1K o T
55 7Y (1 B () ) 7 R 4R

XV = M(XP(O)+A"'B)—A'B (8

A o [0 W 7 o 25 8 A A R 0 A 3

XOU+1D =XV %)+1)— XV %
k=1.2,n 9)

R, B AT A K o oA 1
2 IRBNESHFERI

T8 3 A S I F R A B E LR R A 1 S BR TAERE
KEWRBNIRNES . ABH 3 MRSIL IR RE N
EARFBIRSNES A5 0 50 A RS 1000 A0 D U6 i . R 3
TN A3 AT B AE B2 B R 3 IR A A 5 AT AR AR SR B, 4
RNk 1 PR,

F£ 1 HTPHL A 00 4% 20 15 5 4 E 1

—BrflE | BRI | =B AR
1 0. 481 0.928 0. 386
2 1.008 0.392 0. 887
3 0.524 0.526 0.594
4 1.888 0.207 0. 603
5 1.251 0. 349 0. 337
m 0.814 0.141 0.924

3 IRESHIAEMS

162 8 FORS TR B 9 BT HLIA Fe 48 00 B . EAT R AE
I SRIAEW RAE ELTH LG AR S MO FRIEE . O T AF
SCBXT BT HL A A BEA TR B . 75 2 B T HL A S A U 2
55 PR IEE AT (5 B RS B ERAS A B FR k(8 2 [ B9 2 B AR
B AT 5 842 A 6 T 7 35 %68 T LA 48 A4 2 A7 IR 3 B
W38 I e T 00 A Rl B8k YRR AL R B S O i AT R R
AL SR 2 iR .

(asP (1) + 52 (2))/2
(25 (2) + 25V (3)) /2

Hirp, A, BRI S HOE R, HPFRE A B A L &
N E . B

A= (aysans o sa,)" B = )7 4)

a; = (L"L)7'L'Y (5)

E

(P + 2P @»/2 1
(a2 (2) + i (3 /2 1
* 1. / (6)

(2P (n— 1D 4 2P () /2

2 EIHHLE R A IR 305 5 R fE

—BrE | BRSO | R e AR
1 0. 481 0.928 0. 386 0.480 9
2 1.008 0.392 0. 887 0.8419
3 0.524 0.526 0.594 0.570 4
A 1.888 0. 207 0. 603 0.804 5
5 1. 251 0. 349 0.337 0.5215
m 0. 814 0.141 0.924 0.749 3

4 ETREMUNEFANELERSH
41 ETREWMNHRERNATEZIASTE

T 3 X B T 5 3 B R AT ST 5 . R B T 5
BE BN E T LR AR ST . B BB R BONBCR . BB
SEPAL PRI

IR 1. TESCER SR A T Y T HL A FE A 1 S5 PR AR
& RIEWRAN ZBIRIET;

IR 20 B /NG BT O EE R IR 4R B = Bk IR S 1F 5
FPFFAEAR T, SRBUR BN ME 5 h A FRAEAH 5

AR 3. dz FIIA A B8k T 4R TR B R AE (AT R R
e S G o SR AR T =

AR 4 Gz R @ B0 55 2 3 T PL I R AR HE AT RS
A5 2 FO 4528 5

AR 5. 5 BUM 45 2R 5 52 bR &5 R AT X L. SR BB
PR
4.2 ETREVFNHEAVNERHERSINEG

ARG BT RIT 5 A9 0 €9, B v 8 R €4 B0 2 08 LT LA e A
PEAPRAS TN . AT 10 L K0HE Dy 1. 7 0 95000 45 2 8 an 3%
3R, ISR BN E A LR 25y 0. 187 9626, 55 SEBR HUIE i
FIAHEE . S5 RAE 20 B 2 9 . DA AT 45 2152 T3 TR (4 75
TN BT HIL DA 58 A 00D 25 U D5 2% BE 0% 5 B %) B TH LA SR AR 1Y
AR . BEAE 7 BIAR L5 (9 B AR
5 #it

ARICH Se R B THHL $e 46 & R I & R SR B 5 R AR B
THIL A8 HE RS FRAE A = AR S5 5 . 285 140 R 46 21 /9 4k 3
fE, BRI, RBRIIE S R FAE Ry . AT
e AR SIR 7 A R, HU A 4R IR R AT AR
B AR SR E B B IRRER R E R T A RS, 8

20
=



. 26 TR AL S %24 %
3 HILHLE SR K G T 10 4UEE 45 8 5 92 PR Xt L S E 3k
i 0 K4 S5 5 0 0 B 1] k&S, BIREZE. skIuIe, 55, Aias & S AL T 6l 5 s I i oF 22
Wik (V). ik TR 2, 2007, 7 (4): 21 -23.
! 0.724 < 0.698 4 [27] Wilkinson C. Prognostic and health management for avionics [ A7J.
2 0.724 8 0.716 8 2004 TEEE Aerospace Conference Proceedings [CJ. 2004: 3435
3 0.725 3 0.7359 —3447.
4 0.725 7 0.741 2 [3] £ E. s RAHLERCRES BN A RBFFE (D] W AT
5 0.726 1 0. 663 3 EMLRARAE - 2010,
[4] Azam M, Ghoshal S, et al. Prognostics and health management
6 0.726 6 0.723 3 (PHM) of electromechanical actuation (EMA) systems for next—
7 0.727°0 0.730 8 generation aircraft [J]. American Institute of Aeronautics and As-
8 0.727 5 0.7310 tronautics, 2013.
9 0.727 9 0.715 8 (5] BE#E, 45, J&F D—S TEHE B 0 R0 L 3l WL T 0 2 W5 1k
10 0.728 4 0.731 6 WEge [J]. W LA AR, 2004, 19 (6): 36 —38.
[6] Mfett, R B, AMCE. 5T EMD— 4 W 45 09 B gl L3 7l b
BWirEprgy (1], T30, 2011 (4) . 36 -39,
. A' (7] AR, BTLEELME IS REEET BN [D]. K.
b W Tl k% 2010,
Y B S [T A OL. U SR AL o B G 5 R S A
codea o -~ N AA R “a ¢ [D). 7% o4 FRHE RS, 2013,
é B 'E"”AA T - (9] RALZE. FET 3245 B a4 R w2 & s HLs 2 o7 i 8 58
08 4 an s - [D]. Jets ol RS 720 2009,
0.4 A - [10] SRZHT. F/NE, k. EIHHUE 3 RGRE B A [T]. #L
- 0 - WAL, 2011, 35 (1), 86 - 89.
. ° C10] 2% R 6 1 B A 204 1 0 58 235 1630 B P 5
% 10 20 30 10 50 6 W [D]. MK FRK, 2013
t/s [12] Guillen A J, Gomez J F, Crespo A, et al. Advances in PHM appli-

B1 ELTHHLYE SR A R A TN £ R 1A

ia AR AU J7 ¥ % I HLG S A AT IRS B . ). il
XK RSB HIRA ST ST, KO RGE IR A
T 5 2 38 20 BT HUR R AR AT b . AR 2 B TP
FORIRAS TN 45 2R o Ak DR L THATL 047 e A4 A A5 X LA 9 i 0 00 ) 4
AR

A AR ST B LG AR R AR A O U5 i BRI, AR
HI UL A AR IO 45 5, HL W0 45 3R 5 55 bR (e BE A7 %) 1L
BV BITE AT 2 VB 2 N TSR B2 5 TR RE S S BN B
LV S A HEAT RS TIM . X T JH Al T 4 BIL A rr R 25 T
A — 8 E .

cation frameworks: processing methods, prognosis models, deci-
sion making [J]. The Italian Association of Chemical Engineering .,
2013, 33: 391 - 396.

[13] Simon D L, et al. Aircraft engine gas path diagnostic methods:
public benchmarking results [J]. Journal of Engineering for Gas
Turbines and Power, 2014, 136: 1 -10.

[14] Nickerson B, Ulv R. Development of a Smart Wireless Network-
able Sensor for Aircraft Engine Health Management [J]. IEEE,
2001, 7. 3255 -3262.

150 P, 5k B 0 3. BT R/ Jr 2 M /D ki
mg Ay [J] BS54, 2013, 35 (2): 33 -36.

[16] FlE¥. HT BP MAM %R K ABMAR [D]. 4%, WM
TR, 2009.

229,999,299,299,999,999.299,999,999.299,993,999,299.209.999,999,299,993,999.299,999,999,999,299,999,999. 299,993,999, 299,993, 999,999, 999,993,999, 299,993,999.299. 993,999,999, 999,993, 999,299,993, 999,999.299,097

(255 20 50

EL. BEMIKAE T 0.1 mV, B4R 1 mV I ARER,
LR 3 T 0. 01 mA, T2 2 0.1 mA 4 KRR, B
MRS EEAE 6 V2N, e 30 pV I RZR, Wi
T ARG R UE . T4 UL B R 8 0 I RORS B .

6 Z5iE

TS T 92 BT Y 2 I R G A (P R AR . DN ORS B v L U
WP, B SRR B, T LS BE 5 S5 B XS R T N HR Y

. BT I HZ AT AME AN ER . IR RSB —
58 ¥ -
2% 30k

(1] 05 Jh. £D8h 8P A F B9 fF SR BUb B s AR [T 404k, 2003
(3): 1-8.
(2] #I%. ERR 2 S ML S pnas A ShEK AT [T 58P

5P, 2015, 23 (2). 434 —436.

(3] 5 o, ® & LVDS e sl s B GRS R iit [J]. BF
TEH AR, 2009 (08): 24 - 27.

(4] ek, 205 S S scy i 5 2 g iit V] i pLm &
sk, 2014, 22 (2): 394 —395.

(5] 20 A0 48718 9 R S B0 AR WS (ST, 1998,

(6] 2= M. LL5MEFIE S AR ER LG5 (D] R %
BHE K24, 2000.

[7] RAL45. JEF TMS320DM6437 BILLAN AG 22 48 AE ¥ A9 P e 1F vk
Moe5seE [D]. BwK. ERMRHE K%, 2011

08 X . £I 4k BLfg 7 G Wk 75 55 AR 25 5 B0 i 55 vk B n A 5%
[J]. oL 588 . 2015, 23 (3): 975-978.

[O] AP ATIE. 2T PCI LR Y 20 445 000 ik B 1R B0 R 4 R B i i 5 52
BOLID. YL SR, 2014, 22 (6). 1915-1917.

(107 #R RO, 0405 5] R G0 m KR B v RE Mk H R (1], S5 ML
B, 2014, 22 (4), 1587 —1589.



