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Simulation research on transient air-fuel ratio control of

aero piston engine
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2. Stake Key Laboratory of Engines,
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Abstract: In order to solve the problems like the large dynamic overshoot in the control
of transient air-fuel ratio of aero piston engine, the model predictive control strategy based
on improved particle swarm optimization algorithm and Elman (VPSO-Elman) neural net-
work was proposed. The engine model used in the simulation was established based on a real
engine in AMESim. The model predictive control system was established in MATLAB/Sim-
ulink. Coupling simulation was carried out to test the effect of the model prediction control.
The simulation result shows that, compared with proportional integral derivative (PID) con-
trol, using VPSO-Elman network model prediction control the air-fuel overshoot can be re-
duced by 20% , callback time could be reduced by about 75% ; for different throttle opening

rate, VPSO-Elman controller also has a good control effect.

1 75 B #9:2016-09-02
HEETE :FR AR ¥REE(51476112)
TEEB AN IHEWA967—) TSR TS5 10 0 WKL P R B BT . E-mail: cemhu@ tju. edu. en

SIAAES IR L B L TSRO L A s 1 28 SR S LI A 2 R DL ) 0 BT ST (D). A 3 00 2 4. 2018.,33(5) - 1236-1244,
HU Chunming,BI Yanfei, WANG Qiying,et al. Simulation research on transient air-fuel ratio control of aero piston en-

gine[]]. Journal of Aerospace Power,2018,33(5):1236-1244.



A I A 0 s T 28 Uk S WL IR 25 2 M9 Ll R 7 ECATF Y 1237

Key words:

aero piston engine; transition condition; air-fuel ratio control;

model predictive control; neural network

AR TR AR P - e 2 3% 2E Xk sh LR A i
S Gl R AT SR LR AR AE AR A R I MOE APL A
AN R RAT 0 B Jy A UL H g R S 8 S
FIE 14 VHE 7 L 0 4 o i B R MBI AR AN
Gl i I EZS 7 oL B I K A 3 I S
BB FH 2 25 16 28 A Sl 2 sk B i A5
FAREES TR IIUE AR RS DL
13 FHMER O BCE AR RS TR S TR &
LSRR N Ty s BT AT AR 7R 6 Rk
FEWSTH T AAEMREATHEER R S IT
{14 0 4 L8 A TR M S LR S ) T R B LY B )
PERZ BT . A IR RS T F & shbl s i
Feda il A w2 X

AR SO RS TR T 4 R0 ON TR RE 5 o A 25
B oK AL T 2ok 09 kL #1046 55 1% (variation
particle swarm optimization, VPSO) Fil Elman
25 W 4% (VPSO-Elman [ 45 ) (1 4 5 7 0] 42 il 5w
XA 25 15 2E 2k S HLIBEAS T4 25 A e i A7 4541
15 R S HLE B AMESim b gt 37 R #4155,
F MATLAB/Simulink {4 i 17 #5784 7 0 4 il
F G500 g 37 [A] B 5 PID 4% i #5%  BF 5% b (il
FHPIRET HE 47 8K 5 0 B &R T 07 545 RPN A
SCHE B SR w6 LA T O B A BR 4R
il R

1 VPSO-Elman #5847 il 32 ) & %

1.1 VPSO-Elman & 8 77 i 4% ) 2% A9 1% i1
VPSO-Elman #58 2Y F ] 2 %5 A 1 22 2155 4
R P o F A% G R T ik 0 ) R R M R AR A
SRR B X G B RO AR AR N BEARS T AR AT
AR LM R G5B I A7 7R 19 T 40 5 L 45w S5 )
Al 8 T AT 2 2t bR B0 pl 8 I 48 2 R AT Y
£, WOR F VPSO-Elman 5% 3000 2 i 5% w
SEI AL E T BRI . B L R
VPSO-Elman 5 # 7 J 42 4] 45t #E . & b A
(O R EFREBRIL A (OGS HHBBEIERER
ZSPREE A, (et A o) A BRI F 51 Ax (o] o)
R 7S SR L FUE A (o) R SEPRZS HR L, e (o) R SEBR
ZRR S BESIR LR 2,1 (O 2 « B ZI T/
B BK FE »d (0 = (pionsa) MHFERIE T pi K BN
LI n ST ATV o ORI RS TR

| i it 2 | AT
KL

'y

iRl

d(t)=(p. n, o)

1 VPSO-Elman #5 %I i {1 3 i 45 44 #E &
Fig. 1 Structural diagram of VPSO-Elman model

predictive control

T2 K WA TIUIN AR Y | R A OE IR Sh Ak
S ATH. 1R T VPSO-Elman %
BR AL, X 2 B H R e b AT HER, 220 T R 46
FIZSBREE o 5 225 A A 6 T I A AR () R 25
St A O R 2= IR R H R Z S RIS
B IE AT R 46 I S 2 0 25 R HL TR 245 4R
e JE M H VPSO Bk R sh ik . oF 8 24
5 Vi fbk T A B G i
1.2 VPSO-Elman # 8 % il 32 1 25 A9 42 I 8 5%
1.2.1 VPSO-Elman i jii] £ 74

fifi i Elman 8 3 #5725 88 HE (0 79000 455 0
Elman #2825 25 ¥ 2 froRt . B 1o |
OO TR AGTH AT 0w vwi oy 57 RN A
FRREE REEIREZ BRY)E 85 )=
AL

AT

O(7)

I(7) Wy,

W

fiig A FAITC
2 Elman %4545y

Fig. 2 Structure of Elman network

YA T o

X LK S PR s K LG B (3 A9 2 A H
ACc— DRI (e — 1) VBT — B 220 %5 & BL S B it (E
ACe— 1) Je W ik 9 ¢, Co— 1) A Sy T A5 251 )
A GSEBRES BRI A N R GRS . RGO



1238

EE %33 %

FT e 04 B v i 2

¥ Elman W2 M5 AZ Thrl iGi=1, -,
DREFERTRAJG=1.2,,9  KEZ RN
[U=1:2, D FH)ZE RN k=1,
SRR RIS E OREZHRE R RE2

Wiji ~ Wil ~ Wy

F 2 RUE . 0 M P HEEARL,
T A5 780 4 ey A, B Elman #0122 P 28 b A2
) A o R
IP (o) =A(z—1 ilz—1 X(z—1D
ti(r—1) dz—D]" (@)
oy (o) =1IP (o 2)
AL )
Iﬁuw72%0w>+§pmmm
(3)
Op (o) = fPLIP (] (€9)
AR )Z B A o
IP () =09 (r—1) (5)
01(1))(2') — I[]?(T) (6)
i )2 R e A R
WQ%*Z%OWﬂ—m )
Vi (7)) = 0%)(1') = fOLI{ (o] (8)

e 2 A B T AL S Y B L RIS R L
{50}

[ R0 A AR R B vk A A S R RS R L AR S
TERRUE PSO Bk i Ak 1L n A28 381 1k
SRR E, TR AT AR 2 RN B s
PSO 53 (VPSO) , Il H11Z 5 2 % Elman #ft 28
Do 286 AT U G5 L i BRI 311 30 ok 1 Ak b 22 I 4%
1) 3 5 BRI B 55 S 80

I Zhad A2 ol Elman #f 28 (0 45 o (4 3% 324
I8 {45 & AF 25 0] v AR 1 o M4 2 [] v AT kL
TR E S E PR . 5 o DRI E
BIRN x,= (0 s X s sxan) S HRIER IR N v, =

(Va1 Va2 + 25Vt ) ' o
AN R o U AR A OBy
FAL
oh ™t = wolk Fe o RY ¢« (Pl — 25 +
ez o RY o (gl — b)) (10)
afi = 28 i (1)

#EX (100 ~2RAD L, K Fm Yarik Rk a B
B 1~P,g WA 1~M, P /5B #ERLEL, B FE A
. wRARBENE., oo £R¥ I? RY
FlRE e XA [0, 1345 43 A 9 B AL AL

UAEA R F a W of, CYEIA BN 2f
BT AL E R Pl » A FPEE R A7 R
Ghestow o LT Z I K Voo BRI S AL 07
KA [ — X s X J 09 BRI S LABR 1k 80 5K

H

>N

25 il
An(®) = Y (O 9 o A L e R 3 O 324 2 A
fESERVIN SR 5k 0 BP RS S AR st
SN ELYIG5 B ] K0T R o R T BEAR AL (PSO) 2 . o W (1)
Ve E YN 25 v 5 B Sl 8 B A e B O e W= W T
le
i PRI !
LI | D R
¥
BRI TR, R 2 || | XPRF 757 |
! ¥
R T IR, FPRT | SR TR |
RS} Ay s 278 ) g5 (UL EL AR R (i ‘ ¥

)
BRI I LA A, Bk T i
{7 5 e 1Y LA

TCHPR T AR GRBE A B0 |

B R < HBrist2s

———— P
| mﬁ“*fﬂ&m& | W R EG B
| WANGREIEE R TR | :
- ¥ | MRS RIS AR
| w0 |

iz [ 2R I R 5E

Kl 3 VPSO 5l %k Elman # 25 [ 45 3 12 &1
Fig. 3 Flow chart of VPSO training Elman neural network



551

A I A 0 s T 28 Uk S WL IR 25 2 M9 Ll R 7 ECATF Y 1239

I W s wein 73 591 4 B2 K B /MBERLE . T
AT IEACIRBL T 9 B RIEACREL
FAIWT e BITHEA AN
(Thax — 1)
T

¢ =4—c¢ 149
T Cona s Conin 73 H 1 BIHI IR R 4 {H L 0<<
Conin < Cmax <4 o
R T ARFERLF AR ) 2 M X A S A
SR R A B R AR SRR PSO Bk, kL
TRET B BT A R HR 32 A T B R, kAR
56 JC o H BRI SR L s (15) s, A2
SR A0 MR 23 i AL el bz 1) 7 o i v B — A i

R B
A5t

(13)

C2 = Cmax — (Cmax - Cmin)

max

if (R<pn)s xw =R+ X (15)

A po WAEFHER B0 1, 2, W a DRTAL
B 0 Ao, AL 1% 4 B R B B
WEAR B AL AE

FH 19 46 0 H 0 45 # AT LA 3], AR B9k Aok fr
B AR M OBUE 82,4 & Elman [ 2% 25 1 &
J2 0] B FEAUE AN B . KL a B S i AE 2

X, = (o s Tz s s Xugz )T = (wirswz »

St ew17 sW21 9 °tt s W97 961 [ 959 sW1 9 """ s Wy 56)

(16)
AL 38 IV RS . B IR 25 31 2 1) 1 25 pR B
P
E( =@ =imIF  an
L.2.2 =R RCBHALIE

R WU 5t 12 T R 2 7 ST I 42 ] 1 25K DA
Xof AR A 1% 2 A T A2 L S BB R E A S
L+ p) =G+ p) +HhAG — Ay (D],
p=1,2,+,P;0<<h<1 18
AP h HIRZEBIERELHO. 1,
1.2.3 ZRIESH PGB BE
T[] B R E 45 o) S A R L X R
B A BRE R 2 B AR R S AE ] G ORI
e s s DT PR AE 42 ] 7 1 AR . XIS %
Bk
A+ p) = A (D)
L2.4 LB
0 42 A R M BE i A 4 B UG A K 1
R ke W I bk 9 . AR AR R AR = AR 2R Bh A
A NS o i E e/ R - R N (SR
WA -

]):1,29"'9P (19)

,
minJ = >[4 (e + a0 — A, (c+ a0+
p=0

L
Sglatc+ar—1D7 (20)
—1

g, AR E A SCH 0.2 T B P OB S,
PN B L BUE 5. A (o) S W ik 55 48 &

& B VPSO 5332 Wil ik 5 S A 51 0% 7F 26
EENEALAS DL B, k7 0 B RN AT S
Lot A D) G=0,1, L), 2 B 6] £ il i 8% L,
LT 38 I FE R BB 2 (20) IS f= 1/ DD

2 (TERBES
2.1 REHHAERE T
AR SCAIE 9 X 2 A U G % 1 26 K % 2
LR E B EE AR SR 1,
R1 EZHUSH

Table 1 Engine parameters
28 HUAE K 13 B
Hif /L 1. 211
JE45 L 9:1
L EL 4
(L& XA7HE) /(mm X mm) 79.5X61.0
KITEK 8
HEATE HAmS
R =L AR B M=
I (SRR N RS

£ AMESIm 3 v i 1] & 2h AL (9 A0 DG 20
PR HE S B R S AL R 4 s, Bl R
intake manifold & 75 # K 1 2, maximum mass
flow rate &/~ fx K i & Jii & , injection timing 3
7~ W B ZI L spark advance & m 55 K HEHT M 5 ex-
haust manifold Fm HES B 4, controller /R 345
il 5 o 455 1 g 20 00 SRy i AR R EGO Oy S8 1% B A
{£5 ,intake temp F/R KIS ,intake_pressure
TR R TT s speed R e U 5 5 45 i & A4 M
i AR ing_dur FRARBUN B GE .

IR i P — B 22 R 4 1 ok 40l 25 R H AR 5
P JE IR, HEHE R B[] 35 B8 50ms, R 5 8 50
J5 s FIH B AR 5256 R 46 45 3 1 L e ity 4 ) A A
TR AE
2.2 EHSTEREET

£ MATLAB/Simulink H 3% 23 & [ #5 7



1240 i

B

&l

i e i 33 4%

%

PO P 5 B AR gE. JF A AMESim i)
SimuCosim BG4y H 4% 10K & 3l LA 1 A 42 il

@ Fluid properties

Engine definition

Intake
manifold

D==lpesi '-':I-‘QH

T

Cylinder head definition >~ Injection timing

TLRLARE A A 5 PR .

e O 6
® Y o

(i p—~Cr» Maximum mass flow rate

OIS)
Y'Y

(i~ Spark advance

Exhaust
manifold

K4 REHHLEE R
Fig.4 Engine mode

IR
: o Wl Bl . e _ IR S
7 e f;'—’ i WEk Wbk
SERICEN RS S8 _ S LA
VPSOE 1L W IR
i 2 1% 22 4 5l
Out1n!
Out 2
In 2=
SR L2 A0 T Out 3
J {554 A « Out 4 1n 3«
L] * - SR LB R Out 5
* + e In 4
e Out 6
PN @ VPSO-Elmanzs 4 11 Fiil 8
OUtTInJJ
[EReaibisil

Al 5

23 R A o A R

Fig.5 Air-fuel ratio control model

3 VPSO-Elman %5 84 Lk Fin i #2 BY #1218

&%*j%ﬁﬁIzl‘m[ivnmx’vmax]ﬂg I:i]-’
L] X [ — X X IR L5550 BEEAL
o = 1 4w = 0. 4y 2 A F o =35 Coin =

1, BGEAR R B 100, Elman B %% 1 Il 2554 1
S VPSSO, 25 I % b4

MR aE 6 pros. B 6 BT
JETE 3s W4 A 31 4 TRy i i T2 00, 6 (b) Sk
TARTIIFEEAE 4s NN 4 PA] 31 4 FF (0 9 T 450 .



551

WA I A 0 s T 28 Uk Sl WL IR 25 s 08 L A o 0 LA 5 1241

ATRLE E X TR T80, Elman 9 45 46 00 8 K
WREN 0.25% ., MAMIZEHE I &80, RE S 1E — E
FREE Ik R Ak /I A Ol Elman X 4% (1085 B fig
% 2 25 R L I BER 2K . IER] T VPSO-Elman
VLR T2 R B R SR Rk

22r

—— bR
e T

0 0.5 1.0 1.5 20 25 340
i 1a]/s
(@) i T8

1551 _aJ‘[;,]‘[H
sol = T
aq 145
&
w1 14.0F (a
ot Wt
AV
13.0

0 05 1.0 1.5 20 25 30 35 40
fa)/s
(b) Ve T

&6 25 R L S0 45 2R

Fig. 6 Air-fuel ratio prediction result

4 Z=MLHESH

ASCHR AR X A2 BB ) 25 8k He PID 2 4l
R HUCH PID #2488 280k K, = 0.6,K, =
1.8,K, =0,
4.1 ARETEIRERX THIEHIHE

HRIE ®ATH8 0 SEPRas 47 T80 . 5% F W Ao
THHEAT 5 B e 2 Fros, B AR =T 1 4
14. 7 WIS BRI,

£2 WEIREREE

Table 2 Transition mode setting

5N TARIIPEE/ % B4/ (r/min)
I 10~30~10 1000~2000~1000
Il 40~60~40 2500~3500~2500

K7 Fom ks Hlas i e a0 1T il OR
MPE AT L 25 1 T IE EE K 1096 1 K #)
3000 I, PID 5 F #4258 L il 8t b Tt
29% »Fere vh 8] 18. 5, B 5 1 [l I R AR SR AR PR
ZSRRLE T BRE) 11, 8. YT T 4 22 1k 21 72 % 7
P AR L T B IR 2s B4R /2 VPSO-EL-
man BRI BT L 2T IFEE AN 100018 K
2 3006 - 254 L R RE PR B T (B R i
16, A 24 906 a3 Inl v 21 B 25 #A 1L B 3 O
PRIFRRE MW 258 0. 55, Xf HERFA, VP-
SO-Elman 8 F00 4% 4] b PTD 42 i i 1 5 % {1
13. 500 , 5 i of 1] B2 PID #2145 1 1/4, 45 1 ok
J3E RS B A0 A B B O A A T R S L T B A
A A I . AR, 5 35 1T I )N VP-
SO-Elman #5550 45 1 88 3 4 L PTD 42 1 36 /)
14. 296, [l )8 i (6] [G]RF S PID 5 6 I [ f) 1/4.

— PID$
— — =VPSO-Elman#% il

0 2 4 6 8 10 12
] /s
I = v T R i Y E S
Fig. 7 Control effect comparison of air-fuel

ratio under pattern [

XFUA b 25 S HE AT A0 AT, 24 R s AL T R A AR
fEBt, VPSO-Elman £ 8 7] DL X} & 48 25 #5 L A8 1k
HEAT TIOM , AR 4 35 N7 R R B A Sl R
V18 % 30 ko T B 9 o S TR 1) FE 2 R IR OE L AR
G Wb figp e T 0N 45 2 A Ok A S T AN R ff Y ) A
ZRGE A VM U T 000 4 Jm AT 5, A
F14) W% e U 5 G 2 24 i %) e £F 8 B W) B X AR £k
18 223 J8K L A, g A 38 e A 1 s o R

B TT 6 5 K g 5 7 ol iE A7 A8 4k, AR 4k
G T A IR E 8 TR . FEIRAR
T L BEE 258 A AR 4L . PID 5 il 8OR e =t |
2R AT BN 40 00 1 K E 6000 B,
PRIk 36 %0 il R L B AR B W E 2. 0s. 1
VPSO-Elman 158 I FU £ i T, 25 #4 A8 4k 75 )
L S N S R I o/ = =1 R |



1242 i o= 3

% 33 &

16 (BRI BRI AE 0.5s 2247 . AT . VPSO-
Elman 58 7000 5 ] 88 98 B /N 20 %0, 42 i 15 ]
50E 750 MR TIFEE M 60 %0 /N F] 40%
i, PID 2 il 25 J& L fe /N3 BE /N 21 12, (H 5 —
YRR B v RE D S LA X T R A, B
KENR RS W R T 2.0s, VPSO-Elman
(iU O T S I N <1 i = o A A S OO A B A
14. 2%, [al JE st i) B PID 458 8 28 45 4 75 %

FERE LR R ShHLES o L RG34
B ) G AT R B R, TR AT
JiE B AR Bsf 2R 1 Bh A R AR K RS R T AR A
PRXE. T PID $a il A< B i) i b 0 125 52 1o R 8
R G502 Ak 5 kR b s AR R AR 22, i VP-
SO-Elman 5% 10 0 4% i (4 £ 3% 1 728 e &b 2% 07
TR BRI X 23 R LU 1Y) 78 Ak S T BT AR
b 38 B 25 K L 0 AR AL i RS E AR BRIS S R T
BHIE .

— PIDFEH
2 — — - VPSO-ElmanfZ i

i Tl /s
B8 i IT 25 B bb 4 il 35 R % e

Fig. 8 Control effect comparison of air-fuel

ratio under pattern ||

i EiR 5 B85 R e LLE H, VPSO-Elman £
TR 4 o A A 2 T 28 3 B MUY i 5 T 000
ZE PR L4 W O T, A PID 5 ) L L 400
B T A S A4 R JRE R JE L B B O D L
FEAN [R) T 250 ) T 3 U1 46 1 A 25 R Bl AL AT 2R 1R
(TR
4.2 FAREPRNELEZRETHESHLR

T KR AR SCHR Y VPSO-Elman 5 7 i
0 ) A A ] 0 9 0] A2 A 3 AT B o R
X HLBCE T =R )R RO R AR A R
R 3PR AT RTTHELE0.5.1.0.1. 55 =Fp A
[F] 1 B[] [ B A7 40 26 1 60 00 22 A1 A2 Ak, #E AT 4
HALK

x3 TRINFEZMAER
Table 3 Throttle opening rate patterns

o 106 ~600TF B T4 xd A B AR AL
AL I /s AR/ )/
1 0.5 36
2 1.0 18
3 1.5 12

B9 FFR R 15 ST HFBE M 60 Y0 /B 40 %6
AR T30 b, = Rl AR b 3R B AT VPSO-EL-
man A58 I 4 ] 1) 25 K b AR A X L L BT DL
H0 25 R LA I IR B ST R R A R R
MAE 2, MK TTIFELE 1. 5s P/ 20 %0 i, 758
GHEYE S 3 SO i v WD - R g A b
INE T4 LA B R P I, KA &0t 0.5 s,
2R FORK E B S B F 2 AR
FERAEW /N 23 BE L 2S5 ) IR A8 BB (A B ik
PRAFRRE T s M I BEAEL s DA 60 Y03/ 3
409 2SR ILSE N R 13,3 245 KA L5t 1.0s

60 .
fis 1
-~ B2
o e B3
E'v.,:
£ 5
v
= 45
40
1 L 1 L ]
0 | 2 3 4 5

M fal/s
(a) A TIFEEE(E

150
145+
14.0F
H 1351
éé‘
H13.0F
125
120+
11.5 -
] 1 2 3 4 5 6
A fil/s
(b HE YT ) 2 MR LA R
P9 AN [r) Ul 3 T 000 2 AR L 9 ) 280 R
Fig. 9 Control effect of air-fuel ratio under

different deceleration conditions



551

WA I A 0 s T 28 Uk Sl WL IR 25 s 08 L A o 0 LA 5 1243

JE MR 2 B A5 R L 2 T T A A R 4R
) 36 () /s I P ATTIT R AR LB, 2SR T
S /NE 11,8, 25 2. 0s £ A B A R A F
HHE 2SR LE 45 N R R

A LUE ), BEE & A8 8 BE 13 i . VPSO-
Elman A5 58 B0 £ 1 9 5 141 2 38 O, Wie S50 [a] SiE
K EHAORE 2% .

L 10 JiroR S AT RUAS TR f R AR 4004
R 6020 1 ik T4 F . VPSO-Elman % 15
UECS PR CE RS SON AT S I i Wl i -4 D
12.(%) /s PR BFRIG I o 23 98 P e i b b o e R
A 15,5, 285 0. 5s 7 Ay [m] 2 B8 (R 478 1) 3 122
WARPR FEAE S 2 7T 2 R L WY T 85 i R ik 3
16. 2. [m] 21 B IEAE BT 7 09 I AL GR 1 s 751
FTUATE i 3R 36 (°) /s 3 R, i T8 AR
SR AR L 2RI R B 17, 3, B 5 2 M ]V Bk
NEISE Z TR A PR BB, AT RGN
SE AT 2 4 RO B R WL A0 T 50 0GR T80
R

60
35
E-."‘:‘*
&
= 50
fed
r
# 45
——#iE5K1
.- (R
40 B -Hg
0 1 2 3 4 5
fif /s
(a) TP
18.0F
| it
17.51 - — -Hx2
17.0F
B 165F

2
1 160F
15.5F

1501

145F

0 1 2 3 4 5 6
et fil/s
(b) AR TIN5 ) 2 R Ll s A
B 10 A [ Jon 3 T 6 22 8 L 4 ol Ak 2R
Fig. 10  Control effect of air-fuel ratio under

different acceleration conditions

5 4 &

1) 7R SCHF 2 1 VPSO-Elman #5525 #%
AP R PR R G0t 5 R sh LAY
(B Y B KR 25 R 0. 25 %%, FEIFUORS B AR g 1 2
23R LU 1) T 25K

2) B XA R By o P T A 2L, VPSO-Elman
VR 26 A5 TR 00 s ) AT AR G R S R AROR . A5 R B
/R AH LT PID #24, VPSO-Elman % 25 58 £ i
D42 16 10 225 48K BLOBR 1A & 7T DA /INEY 20 %6 5 [l A
B F] 246 4 249 75 04, 45 RS B N B R A AR K Bl
H UEW] T AL R

3) THIN 5 AT I B AR Ak SRR [R] Y 4 AR
K, VPSO-Elman % £% 52 71 71 I 2 i) [/ A A R
T I AR AR, . TR URIE BH T A5E 78 0300 4 il 1 A 4K
PRI .

Sk

L1] EX%i, 5% 5. I AN /N 25 776 %€ & sh il i & T
[CT// B I AHLR 238 Sk, db st i as ol ik,
2006:523-527.

[2] FEBE.ZEE.ZHT. EASHEEHRRES KR
[J]. fii28 % 31 L, 2007, 33(1) :10-15.

YIN Zeyong, LI Shangfu, LI Gaiqi. Current state and de-
velopment of the unmanned aerial vehicle power plants
[J]. Aeroengine,2007,33(1) :10-15. (in Chinese)

(3] WEMLAR.JE . %202 B WL 3Bl 4R B

[JJ. M8 3 124 . 2015, 30(10) ; 2368-2375.
HU Chunming,GU Jun,ZHOU Hao. Combustion charac-
teristics for direct injection piston aviation engine[ ] . Jour-
nal of Aerospace Power,2015,30(10):2368-2375. (in Chi-
nese)

[4] Z#EB, @AM, DE. B ram g seE /N E APk 3)

BLPERE A7 [0, A2 242 . 2004, 25(3) : 233-236.
LI Yuzhen,GAO Peizhou, MA Zhen. Research on the im-
provement of performance of mini-UAV’s engine by elec-
tronically controlled gasoline injection[]]. Acta Aeronauti-
ca et Astronautica Sinica, 2004, 25(3) :233-236. (in Chi-
nese)

[5] EHRRTF TRITHER. s\l g shilk it 4 R 5 8
JIZREI Gy A LT . =8 8l 1 %4k . 2012, 27(4) : 846-853.
WANG Zhenyu, DING Shuiting, DU Farong. Analysis of
dynamic modeling of aviation heavy oil piston engine fuel
delivery system[]]. Journal of Aerospace Power,2012,27
(4):846-853. (in Chinese)

L6 1 JRIRR. B M 2 0 26 K shpL e 458 28 40 O Ml B R B e i
UECD]. mg 52« 028 R K2, 2012
ZHOU Zhangyi. Design and verification of key techniques
for electronic control system on new aero piston engine

[DJ. Nanjing: Nanjing University of Aeronautics and As-



1244

Ji

Es

e %33 %

[9]

[10]

[11]

[12]

[13]

tronautics,2012. (in Chinese)

AERE VIR S 00 2 MR L FE S O LT[ D . K
U KW HLT R, 2010.

LI Xue. Study on simulation of transient air-fuel ratio con-
trol strategy for gasoline engine[ D]. Changsha: Changsha
University of Science and Technology,2010. (in Chinese)

U . R TR K3 9 R s AL A MR LE O A R (DL K
A MRORE L2014,

FAN Yanan. Data-driven based engine air-fuel ratio predic-
tive control [ D]. Changchun: Jilin University, 2014. (in
Chinese)

KT I AT A2 M4 SR LML JE 5. b K ALK L AR
#£,2004:11-12.

Hh B M. Elman 28 5 45 (19 B A58 (D], Kt s RHEK A,
2006.

HAN Xuming. A study on application of Elman neutral
network[ D]. Tianjin: Tianjin University, 2014. (in Chi-
nese)

WEN Jinwei, ZHAOQO Jiali, LUO Siwei, et al. The improve-
ments of BP neural network learning algorithm[ C] // Pro-
ceedings of 5th International Conference on Signal Pro-
cessing. Beijing: IEEE,2000:1647-1649.

VR AR D37 5t —Fh e TR M 2 5 R F #E IR A 1L
IR FRA 0 2 N SR Bk LT ). B 5 P 3R L 2013, 28 (9)
1393-1398.

XU Shaohua, HE Xingui. A training algorithm of process
neural networks based on CGA combined with PSO[]].
Control and Decision, 2013, 28 (9): 1393-1398. (in Chi-
nese)

HIGASHI N, IBA H. Particle swarm optimization with

[14]

[15]

[16]

[17]

[18]

Gaussian mutation[ C] / Swarm Intelligence Symposium.
Piscataway,NJ, US:IEEE Press,2003:72-79.
SCOKAERT P O M,RAWLINGS J B, MEADOWS E S.
Discrete-time stability with perturbations: application to
model predictive control[J]. Automatica,1997,33(3) :463-
470.

BT ARZR M R G0 1 2 I 4 R R T 45 R LD oA R
I < Iy AR IR TR, 2007,

HUANG Libo. The predictive control with neural net-
works based on the non-linear system[ D]. Harbin; Harbin
University of Science and Technology,2007. (in Chinese)
P B BT 4 T 46 0 AR 2 v TN 45 o 9 B S LD K
i RE I TR, 2006.

TONG Zhegiong. Study of predictive control based no neu-
ral network in nonlinear system[ D]. Dalian; Dalian Uni-
versity of Technology,2006. (in Chinese)

R ICE BT . AL I i R G A H LT P
R CHARBE MR - 2011, 42(2) :384-390.

DENG Yuanwang, JIA Guohai. Co-simulation of injection
control system of gasoline engine[ J]. Journal of Central
South University (Science and Technology),2011,42(2) .
384-390. (in Chinese)

Bk, 4R, FISCHE. BT MATLAB/SIMULINK 59 i
25 KAV B 5 5 B8 [ ], i 2 3 J1 % 41, 2007, 22
(12):2134-2138.

XIA Feis HUANG Jinquan,ZHOU Wenxiang. Modeling of
and simulation research on turbofan engine based on
MATLAB/SIMULINK[]]. Journal of Aerospace Power,
2007,22(12) :2134-2138. (in Chinese)

(Rt TR A





