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Abstract: An adaptive unscented Kalman filter is designed for variable cycle engine health parameter esti-
mation. The algorithm establishes adaptive update equations for process noise covariance and measurement noise
covariance by maximizing the posteriori density function. Unlike the traditional unscented Kalman filter design,
where prior parameters need to be set according to experience, the designed adaptive unscented Kalman filter can
reduce the impact of human factors on the filter performance. A simulation test of health parameter estimation was
conducted for a variable cycle engine with CDFS, and the designed adaptive unscented Kalman filter algorithm
was verified by simulation comparison. The results show that the average estimation error of health parameter was

no more than 2% under single—parameter degradation condition, and no more than 1.8% under multi—parameter
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degradation condition. The performance of this algorithm is better than that of the augmented Kalman filter and

the traditional odorless Kalman filter, and the performance is improved by 9.5% compared to the traditional un-

scented Kalman filter.

Key words: Variable cycle engine; Parameter estimation; Kalman filter; Adaptive unscented Kalman

Filter; Probability density function
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Fig.1 Schematic of VCE
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Table 1 Engine model states and nominal values

State Nominal value
LPT rotor speed N, /(r/min) 12848
HPT rotor speed N,/(r/min) 23054

1661.94

Average hot section metal temperature T,/K

Table 2 Engine model controls and nominal values

Control Nominal value
Main burner fuel flow w/(kg/s) 1.772
Variable nozzle area Ay/m” 0.2299
Rear bypass door variable area A ,¢,/m’ 0.1506

3 (FESH

3.1 BESERUEMAITTSH
TEFEAT B2 BOR A AN T 2 A i AR U 43 ) 7 E
2 MR B A 25 F Ahw, = 0.01, (i = 1, -+, 5), Ahe, =
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Table 3 Engine model measurements, nominal values, and 1.06
. . . 1.04 - -
signal-to-noise ratios
1.02 + -
Nominal - 1.00 + 4
Measurement omma = + + + i % % }
value < 098+ 1
<
LPT exit pressure p/Pa 379753.29 0586 | + T
0.94 - .
LPT exit temperature T5/K 989.52 092 | |
Percent low pressure spool rotor speed n,/% 88 0.90 | | | | | | | | | |
Ahw, Ahe. Ahw, Ahe, Ahw, Ahe, Ahw, Ahe, Ahw, Ahe,
CDFS exit temperature T,,/K 468.05 Wi ke, 2w, She, S, She, Siw, She, S, 2ne,
UKEF algorith
Compressor exit temperature T,/K 841.72 (@) algorithm
Fan exit pressure p,,/Pa 361621.46 1.06
CDFS exit pressure p,s/Pa 432279.78 1.04 -
Compressor exit pressure p,/Pa 2932772.11 102 - +
1.00 +
Percent high pressure spool rotor speed n /% 96.06 c§ 098 | ] + * ' L] * % % +
HPT exit temperature T,5/K 1223.53 = 0.96 -
. 0.94 +
0.01, (i = 1,-,5), MW AZHu=[0 0 0] Ji 092 |
0.90

TR LS Kk AL B S BGR A, AR S50
BE AR i AE . B 248 T B S 8GR LA UKF,
AUKF B35 RS BT I E AR HE 2 . RS54
H T LKF, EKF, UKF, AUKF 5 3 %} 45 4~ 2 50l 11 10
RMSE (A [7) 5235 14 °F- 4 RMSE {8 .

Wk B 2 Mk 4 0] LA, EKF A F LKF 7675
AE AR TR /N o 3 Y ARSI 7 S A B T AT S 8
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T RE % i Wt J5E AR 2 1 AR ) h 25 A T B AR /N D S
WA EKFPERE S LKF 22 51 80/h . Rz, HiiRlia
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Pl 2x 98 WSk . UKF AT LKF F EKF # B A 1
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SRS AR R R G s B 2w PR e B A AT
B PEfE . AUKFAHX T UKF L B4 B & e RE o .
UKF LR — B LS ZHES
M, AUKF 336 76 R UKE 8k 3R a1 bl o i KAk s
0 %5 B eR Bk X B S BOHE AT AN T {5 UKF (9 2
BHEHAAENEEH TS . RATTLIE 45
SR RUBE L CDFS | H ML I i 250 % i e 2 B Ak 1t
) 00 SR L 1 R v P e AR 8 R A B S 0 Al

Ahw, Ahe, Ahw, Ahe, Ahw Ahe, Ahw, Ahe, Ahw, Ahe,
(b) AUKEF algorithm
Fig.2 Means and standard deviations of the estimated

results of single-parameter degradation

TR . fERSHOR A AT, AUKF 53 19 °F 1
RSME 3 1.987%
32 SSHERUMETTSH

TEHEAT 2 Z 8GR AAG T2 B B, 43 0 76 AR G P A
iR 24 58 Ahw, = 0.005, Ahw, = 0.01, Ahw, = 0.015,
Ahe, = 0.02, Ahe, = 0.025, HAx 1% & H 0. [6] B 4 A
Z¥u=[0 0 0], ATHEMELL LI L ESH
IR Ak, A5 AT I 2 BCHE A = s . B3 45 i
T 2 Z¥GE LIt LKF, EKF, UKF, AUKF %5 3% 5B 1k
SR B R . £ 54 T LKF, EKF, UKF,
AUKF 5325 A S 80 1T 1 RMSE A8 FIUR [R] 58375 11
V- 34 RMSE fH .

i & 30 LA, LKF, EKF, UKF, AUKF DY fh %
RS 2 S HGR LR IR AL S BRI, DR
P ST KU L CDFS, IR AL B 1L 2 B3t
RO R R RIS R I AR 850K R 1k S 500 Ak
ihe AN EZ SR, UM EE R E R S

Table 4 Estimation accuracy of different algorithms for single-parameter degradation

Error/%
Algorithm Average RSME/%
Ahw, Ahe, Ahw, Ahe, Ahw Ahe, Ahw, Ahe, Ahw, Ahes
LKF 1.5 1.93 2.02 2.44 1.47 1.26 2.38 3.57 3.05 3.42 2.304
EKF 1.5 1.93 2.02 2.42 1.47 1.24 2.35 3.57 3.05 3.38 2.291
UKF 1.35 1.78 1.24 2.01 1.30 1.02 1.97 3.29 2.95 3.55 2.046
AUKF 1.31 1.78 1.17 2.01 1.26 1.04 2.01 3.17 2.86 3.26 1.987
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Fig. 3 Simulation results for multi-parameter degradation
Table S Estimation accuracy of different algorithms for multi-parameter degradation
. RMSE/%
Algorithm Average RSME/%
Ahw, Ahw, Ahw, Ahe, Ahes
LKF 0.496 0.960 1.450 1.82 2.25 2.431
EKF 0.497 0.960 1.480 1.90 2.38 2.240
UKF 0.497 1.010 1.492 2.01 2.42 1.915
AUKF 0.498 1.005 1.495 2.01 2.49 1.732

MBHGRILA —3. Ho  LKF 5 EKF B kA4 R
P, B 5 A & LKF R EKF 8 1 AR i #1 J2 38 5 Ja-
cobian T8 K 15 3] 35 24 77 B2 A0 & 5 RESH [, P A
SEVEAE 0 1 R S HL TAE AR 254k (H=0km , Ma=0,
1, . =0.88) & L J&: — B . AUKF 5 3% 3 o BF i 31
14 2o R W By 25 R A M PR B O 25 1 [ 3 N R
Ty B, UL A B8 J0 3 R R 2 R U AR R T T AR 4 2
B E R S B IRV BRI . UKF 5
AUKF 535 Ak 1 h 45 423, H R0 UKE B i B 1Y
Se U S Bk N PR AE  AUKF & ¥ i % 4 RSME iy
1.732%.,

4 & g

AL T —F AUKF 5525 D) i e 1% 42 UKF 36
Wit h R EREL R BB S B, LU
7 CDFS 4 XA A 16 36 & sh MLk X 4, 947 T 38 Ik

T S50 ERUE B DL 458

(1) 2R FH fe KAb I 56 % Ji bR B0H UKEF 553k Se 50
SR B AR R A Ak I A S g R R RS P O 25 R
TN e PR P O 22 0 T N BT O R 3 o 3 AR AR
JE 8 S BT 8 A 1 B 1 52 e Jr 3R] B0 % 48 UKE
IEPE AR SHOE N, FERSHRL AT,
RS BMTHRZEA R T 2%, 2S8R &M
T @RS ECEEAAITHRE R KT 1.8%.

(2)EF X ARG K sh LT BT F ) AUKF 38 3 2% 1
BEL T LKF, EKF, UKF 38 3 4% , A48 T UKF 38 i #5 PE
AEHRTF 9.5% , il S B X & B HLIEE e S 50 e S 505
AN A] S B AR A T 6 T ARG BR & AL
BEis i DL N HE RS R ER MR A A EE
£SO RV NP A NN ST iR a7 S N
B vh 2 B AR BL 2 LR AF 5 R R B
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