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Abstract: Turboprop engine adopts constant speed working mode, and the test data are distributed central-
ly around several different speed working states. In order to make use of a large number of unevenly distributed
test data for component characteristic correction, a simulated annealing particle swarm optimization algorithm
with improved parameters is proposed to solve the problem of easily falling into local optimum when performance
matching at multiple working points, and improve the characteristic correction accuracy of turboprop engine com-
ponents. In order to solve the problem of low efficiency and limited searching ability of the algorithm when deter-
mining the correction coefficient domain by experience and trial and error in the past, a method is proposed to de-
termine the upper and lower limits of the correction coefficient in the region of non—design points according to ad-
jacent equal speed lines. The comparison between the calculated results and the experimental data shows that the
average error of each parameter of the modified model decreases from 3.95% to 0.89%, and the maximum error
decreases from 11.32% to 2.37%. The accuracy is obviously improved.
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Fig.1 Structure of Turboprop engine

Table 1 Section definition of turboprop engine

Section Definition
0 Atmosphere
2 Inlet of compressor
3 Outlet of compressor
31 Inlet of combustion
4 Outlet of combustion
41 Inlet of Turbine
5 Outlet of Turbine
6 Inlet of nozzle
8 Throat of nozzle
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Fig.2 Correction of design point

FE BT B IE I, D Of UE BE 96 fie K2 JEE Ml 3 v
168 TE A B2, i X Al e e 1 1) R 2 AT [ I R
AR T A BB 56 % 3 SE B IK . R o, BB
FEVR S FE o HEATIE I, B IE R B0 N

(o2
F, = 0.0p (5)
o
T o.nro
O g pp
F, =—— (6)
T 3 ppo

210662-3



a3k 11l

ST PR TR B 25 A L AR AR R AR IE

2022 4F

222 dREit AR

ST T A R R ST it s ARG B R K,
R K] BE 08 R g B 55 R S ML 3 TR SV L, 2R
B AR BT R R 2R AR K . R R TR v BT
BT BB IE B LB T 0 BT AN 1 06 92 Ak 2
B AR IR B B IE S5 RO Z 5%, R Hp X
B R

TS o R A 4 R 1 R R A
H IO AN Ay — N B A . AR SCTTAE A 4 AR
FEA BB, W T8 2 R Bl L A o A Y R R A L 8K
P £ v A3 A TE LA AS ) 9 T AR R S B 3, B9 e g 4%
3 SN 7 R R W | 2l B R VA 5 o O
— Qb S5 P G N P 32 S5 T T DX TA) O T R A B
172 BRGS0 R — B T R

BT AUBCHE X RE A T R R R R S, X
T A% A5 Bl R 28 1) 0 R R R X ok 10 AR S R AR DN
Bt 2 80 8 E DL U S5O B . Rk ix
AR R B E R

Tcopr — T epef

e
Foop = _ (7)
Teon = T et
_ W acon = WdZ(,,l‘ef
Fyop = W —w. (8)
a2e,0D a2erel

A T A5 0D, OD1 435 F 7 A8 1E 1if i 9 AR BT A %L
i, T AR ref R8RS 75 SR, 2 BT A

1 T AR BT A X A8 IE S 0 R 2R S B L
il AR, DR M AE T R B SR A R IE A 2R A B
L BAT fie A B s (] Y TR I O 5 AR i T R T
P BT ] 80, R 1 T e R AN AT A2 X, HL T AR AR
B R 2 5 AR AR P A5 2k ) BEOFOR 58 & — B A S8 55 5%
B ER bR A A L OC AR A R PR U AR I
F Y 58 SCHRN 2 527 3 R QB W 2% 45 e 2 i IR .
Bt R A AT S B O T R B R X R S Bt
AL R A B A AP S R O, W B S B RS R
R ZEBUN, BOE B IE R ETRR N

o Woeii = Wasere

alei,

(9)
4

. [ a2ei-1.j WuZ(:.rei ]
Fyop: < min| ————————
o Wu'_’nxi,j - Wazc,mr
K i BRI KRG RL RN G ELK L5
=
YT G U A R AR T A R R R AL T
fe 1B T A e A 55, PRt R B A 9 R A [R] A
32 B AH QB WA 2 A e T 2 i R ], 1D

Teivty — T eret
il > re
F,m()l),/ > max —

Teij ™ Teper

(10)
Tei-1 " T Cef

F. op; < min -
77(1. i,j 7T(I.r(:f

SRR LB A S A2 SRR PR b A R A
IERERFF AL R

F _ Mc.on (11)

7.0D

7’(2(()])
ARV A IE 5 R R A 2R AL A 18 3 BT .

A

New map

] 4

Wwow W

ac, OD1 ac, OD ac, ref

Fig. 3 Correction of off-design point

ST AR B PR R R AN 4 TR L R ek S %
TE SR B Y S 5 R 2R X ), R ik R — A
18 1F 2 850, B 1% X 8] 55 795 00 A& TF X J) AH 45 1) 55 7%
R IE REOR S, 2R kT — 4B
F4) DX [, FH TRRE 18 7 BB A, 1 28 0T A 45 R R &
ESER . BB IE MR S5 Fs .

T A

W,

Fig. 4 Adjust of characteristic curves

2.2.3 AN RREL
W Kk S ALK 5 5 R IEE GE S B R A i 2
[ (1 5% 22 V8 M A 025 SR v, 57 58 IE &
M G B AR sR AT
Pisin — P

f(F)Zmln{jwlpmle (12)
)3 07 B pR RS H bR sRBOE ARG A

210662-4



B43E E 1 ot

#HoR

2022 4F

[ Last corrected map ] [Initiate algorithm ]

!

|Original scaling factorsl

-
| Input Steadily compute
parameters
Update scaling

factors
Output
| Test data I parameters T
Get fitness

If reach
max iterations
Y

| Output best scaling factors and corrected map |

| Initiate model |

Update algorithm
parameters

[

Output
parameters

—>

Fig. 5 Correction process

J=kxf(F) (13)
K p.(i e 1~4) TR ERSE, T sim FKoR B
15 BB | veal £ R AH R T2 00 T 3 ZE 8095, AR IR TAE
P BAR SO n RS AL TR S p, %
JERRRE T, BN P, 0w KK HIR S
B RCE BB ko= 10 38 IV FE 8RR Ul WA B A s 1Y
s 5t g W s RO W) G R R R, AL Y R 2
N

Z A SIUEE, B AR sRBUE LR Sy

f(F)=min[lij, 1/m:l (14)

o m A R REA S A B
2.3 HERUR NS R FEEE L
23.1 Mk HEEE

B 7 BE S 6 5Bk (Particle swarm optimization,
PSO) J&t— Al 3 T A U4k Jy i o FPRE R 19 A4
T CRL 7 ) EBACF2 NV 2 1 A Ak Tm) 1 — A il 25 1), IR
AR T AL T BN 24 7 A AR A G R ) o7
BEEY, A2 AP EMEESFR. &% iR T
(ie M)LES kAR AL B K X = (2 o xlae oy, )
FE v, = (0hy0 0h o ween v, ) FLIE 07 B R 500 7 37 8 A
P BRI f (X))o PSO BE B 3B LG i ik an

vz ov, + o (L, - X))+ en(6,, - X,) (15)

Pisin = Pireal
Pirea

X=X, +v,,, (16)
X1, MG, NRLF H SRR T S B AR B
Flr, O 1 Z A ABEHLE s, Fl e, =T HF 50 M

A5PEACHE , [ o A 2 A OB s o R T Y R
AN 6 BT R

X

i
k+1
h

e
R
9,2
\ 2
VB2
2
%
p=

Fig. 6 Update process of particle

B 57 B B4 78 A RRE 7 R R = A (1)
W7 2 T R T, 37 W AR S (2) kLT H Bk
NI, 52 F B e AR E S (3) kT Ak S AN, 2
ol Bof e 7 S T

26 W1 PSO BLIE 4R il S 800 W SGE R B %%
S 5% B AR oA B 3k B R B et . O Tl S e
Ui i figp DR TG SC T A I A, 5 %o AT Bt o
232 BESHMLA

25 WL B B33k v — B SR T ol P 22k A U g
TN 2 T U A I A o, DA B B A R Y 2 ) A
To fleye w,e, Tl e, AU 5T 15 48 2 AE 1 A B 18 R
T 5 B 2 8] 22 30 0 2SR, S A I R g ) 2
B B B AE TN AS [F] A IR) 8B AN 8 R L 25 ) (il
R e oY &5 LI EWNO B B L e [

FHAE Y 7 TR e R AT dE R R K Y
WA E o DR UE 42 R R 68 7, 11 J5 o I PR3
Wk, 7 I BHG SO Y B N e R AR R e e
AR 8 3 o RELAEL BB F — ol 3k T 0E A 43 A R U
B

=

T 0? (17)

1
©=0,,* (wmux - wmin)

J2m o
KH w0, 7580 BT R ER ki KiE
R EL ;0 = 0.4,

22 T ey, e, 53 D6 RE KL 19 [ B A ATRE 1 A
RSN RE Y AR Sk R A T A R 1 R
J1 BB AE e >e,, R F 50 18] F S 09 08 A, i i g
P 7E B0 5 A ¢ <c,, 18 IR ] (415 858 T
I AR R R . P, SR B A R B A ] AR 2
AT

210662-5



a3 11 BT R RL TR A0 2 22 AL R VAR I 2022 4f
e P EEL AT IURICE e R TGRS LR

KT s
0= ot (s = ) X2 (19) Step 7 P 75 Bk B K Bk AR YRk, TS

T € s Crent > Conart Couna T3 I N € Fl 0y W WIELFN LA
B E RS HUT R ARRE RN, o T
JE 2 1% PR 22 L A8 T fh B BRI B a0 il A —
B2 0 AR BT — 2 il e >e,, JE 2R i
¢,<¢,0
2.3.3  BEHLE KRE
4L K B3 (Simulated annealing, SA) G5 7
R0 Ml it T S S R A ) R, PR G S B Rk g S E
FT A MRAL? . SA B3R R Metropolis 1 U 2
RGURES WAL T A AR — A 7 A 1 i AR
Xif SA o A0 ik 22 I, G 7 A M SRS Bl 52, DR i 4
KT 5502 Bk ) 7 dse 16 1) AT e o
Metropolis U 5 SCIR 2 A2 10 i HE 3
1 EL<E,
P=3 E-g (20)
e JE, > E,
K E M E, 5y 5 R 5 i AR RS kAR P RE AN
TP RE e A0 A N BE L B AR R BT B BR 2 T,
PN YL BE QU BOZ W R D
A RSB AR AR Sy 1, D) 3 ok 5 0 v e R
DU AR I s e DG A 1 A 4 R o 4 >
B IEFE A HE R

P = (21)

W B PLR T I KL 7 B S0 b A R
N S 5 5 A A | e G i A8 Ak 455 i s LA Meetropolis ¥ I
AR HEAT AR JCHERAE AT DA RO Bk R e
I AE %
2.3.4 Pk MR AR

Step 1 & & R EER /N M FI R K EAC KA k)
U A KL (o7 R

Step 2 VI £ T 0] LG 3E N FE L AR UAS R T 1,
FFEE G,

Step 3 MRIE(15), (16), (17) 5 H 15 P AL &
o CFE N TF e, Me,, IR E T;

Step 4 MR HE X (13), (14) #F47 — W &AL T
ARG

Step 5 T A KL T YIS N R MG
Step 6 H W 4 Jay d5e {10 Mt e 7 5 i, A 2 DU AR 9

HTAL i i 25 A AR O R T, 75 U ] 3 Step 3.
3 ERXLEES

3.1 BUHEEMRENTEE

Sk I B 2 79 v T AR o B R A R
IE TAE AR R, R FHAR T E A A 3 2 B0 908 43 1) 1k
T80 8 SR 2 B O X LU AS [ 3503 °F 35 g
JEE 2 1) A A i R R 2 AR

W FhRE RN MR R 60, T R IEAR RS E,, N
100; BN E 0, 0,, 53505 E K 0.4,0.9;2% 2 HF
Cram = 25C10 = 0.5, ¢, = 0.5,¢,.4 = 2. Metropolis 1fE
W) H R RE T, B R U R N 0.95, 3 N RE it 28 1% AR 4k
B 7 s, Hodr PSO om 2 Mk BE 3Lk, 1PSO R
FE PSO 5 Al I i 1 188 M A E R 2 o) IR i Rk
ISAPSO 7R~ B HULR kB ik s 1 57 o

5 e
)
1 Y —— ISAPSO
— 0.5
2
g
E‘) 0.1
= 005
g
=001} L
0.005
T
0.001 - L
0 10 20 30 40 50 60 70 80 90 100
Epoch
(a) Single-point computing
5 T T T
— PSO
— IPSO
i\ — ISAPSO
é 1
&g o0s
2 i
o
g
i q
0.1 [ N
e e — S —
0.05

0 10 20 30 40 50 60 70 80 90 100
Epoch
(b) Multiple-points computing

Fig. 7 Fitness change of different algorithms

JL AN R B30 AR A B 3 W RE R D fEL A0 2
PN
3 B 3 7 R 72 A i £k T LA, PSO SRvE AR 1% AR

210662-6



B43E E 1 ot

#HoR

2022 4F

Table 2 Best fitness of different algorithms

Table 3 Average error of different algorithms

Algorithm Single—point Multiple=point Algorithm Single—point Multiple=point
PSO 0.10514 0.38449 Original 3.5850 3.4895
IPSO 0.00681 0.14869 PSO 0.5275 0.7105

ISAPSO 0.00238 0.08779 IPSO 0.0325 0.4645
ISAPSO 0.0125 0.4395
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