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Model Optimization for Turboshaft Engine Gas Path Based on PSO-SA

SHI Haotian, CAI Jing, LI Ming
(College of Civil and Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The gas path model plays a crucial role in the fault diagnosis and life prediction of turbineshaft engines, How-
ever, the gas path model of the turbineshaft engine established by the component method generally has problems such as
slow convergence of balance solution, abnormal convergence, and large model error. To address the above issues, the vari-
able specific heat method is first used to establish the gas path model of the turbineshaft engine. Then, a Newton-Raphson
method is used to solve the balance equation of the model, analyze some reasons that affect the convergence of the disturb-
ance model, and propose a solution for the algorithm, such as adding the variable solution domain boundary constraint. And
then, two types of convergence factors are used to accelerate the solution convergence. Finally, a solution success rate of
the algorithm reaches up to 97%. The particle swarm optimization (PSO) algorithm and the simulated annealing particle
swarm optimization (PSO-SA) algorithm are used to optimize the model and reduce the large error of the model. A compara-
tive analysis of the results obtained from the PSO and PSO-SA algorithms shows that the PSO-SA algorithm is superior to
other algorithms in the convergence and optimization performance. The model’s absolute error is successfully reduced by a
range starting from 7. 27% to 1. 59%, and the local absolute error is reduced by from a maximum of 19% to about 4. 6 %.

Keywords: turboshaft engines; gas path simulation; component method modeling; PSO-SA; Newton-Raphson method
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POTRE, SHEURGEE W O RR A BT B L S PR
Mo B, ALOEXMEE N OREHFITEBIE, WK
A F R B IEA ST
Tiws = Coomp Toomp (37)
Hor: ke, ABABEE WL O SR IERE.
3.2 MR AKNFEEXRE
ki B A P (PSO, particle swarm optimization)
BRI R, ARG B AR T L. AR 2R
2. BRI R, A 2 4 52 2% ) 800 I 5 Oy
B 0 BERIR k& (SA, simulate anneal arithme-
tic) & KL 4 AR K i B T A ST R 1 — b 4 R R A Ak
ik BB R A O R A RE T . (R FE SE PR AAR S R
o, T AR B A ) R AR SN A K.
I, KRR Kl AR RER T, @ gl A SA Y
Metropolis ¥ " S i G B A e 38 S 0 e . HL O30 20 B
He D WIEAL: VIR ARRL T RE . AR R B  AE K
LTI BB s BIAR AR IR T 5 2) THR R T8
NFE s 3) BRI S 2R R UL 4) SR
BEFNAL AL B Tl s 5) E LR &
Horb, OB RS Y U SO A 2K
v, (t+1) = wv, (O +or[pl —x, (O] +
e g — ()] (38)
Horp: o, AR fERT ] ¢ (BB o AEACEE , o
ey ARERAS R RO AL 25 09 Jin 38 B2 W8, 0 L AR O,
1] Z 35350 i i LR, pr AR DT e B R B g AR
REPJRMALE , x, FRF i TEWFE]) ¢ fHLE
FFH T —MIETEE (0D +9,¢+ 1D . iTE
WL~ B ok T 7 I O N R Y 25 1E
Af = fla, (D + v+ D] — fla (0] (39)
Forbre Lo (o) DAL T 18 3 1 B2 1R BR
ARAGE KA — AL E AR

2 (t+ 1) = x.(t) +v,(t+ 1) (40)
] B R 40 A A0 (B 58T DT s e L 5 4 D e A A
.t Af<o0
pi{ﬁ, Af >0
o= {Pf-” p<g D)
g p>4g

AR KB Z )G, RIE Metropolis i 1 3 32 B
fif s U0 R HT E S A R B A (E S RS L 1
1, Af <0

PZlexp(*%), Af >0 42)

() + v+ 1D,
I,(f) ]

P = rand (0,1)
P << rand (0,1)
(43)

2+ 1) ::{
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EHEMEE, BARE, FEHERREES T
SRR . R R T R
T (t+1) = aT s (1)
a NBEERLR KR K
3.3 ETF PSO-SA
RS G IR £ X iR S R S LB LR RS, Bk E
12 B IESE, DRAIRGS M 3. A 150 40 5% 1
EAPUEE . AWK, AlmiREEKEL. EX
ML O BE, BRREEORE. Al 08K,
EAME O SR, BRmREH OS8R, AmkiHsa S
IR R R 12 AN S BN BE S B Y
o X iR 25 AE S BT IS N R PR AL, I N R L
X
f=—"
Hof, fORRTFENE s n N TAESEAS: T, T,
Oy BRI | A S ROTH A AR R .
HERLFRE S E I o = 0.8.¢, = 0.9.¢,
= 1.2, I H 78 %] R 7 3 BE A7 B E AT BB e, 5 2R
BOEMEEWRGEE. BT XAV BEIBERC £
W, Wb E SN RE A BB N IHTE 1 AL
T34, £ EER 0.8, 1.2), #HEEH
K (0, 0.05), HAh, BERTFEH N 100, HEAR XL
ZMF R R R B K T 400 W B IE B EEALF 0.01, &
BRI E N 3 000, mARE N 1, B KER
0.97,
1652 B A 3 72 R 43 5 6 PSO-SAL SA 5 PSO
AL E R XS BT S T R RS R T4,
11 A BERLR KB . BT RER L . BLR JOR TR L

44)

(45)

38 A S R A R . A i B 5 9 sl 4= K 3l
HEAT HE A B b e sh L AR 2 80 S i 4 o (E
XS DL L2 3 Bz . Al LU H DR JORL 0 5k H
B e DA A B A4 R 3% 22 B/

5.5
— - SAfAL
5.0 — - - PSO-SAfAL
: — PSOfRAL
4.5
U
4.0
ol
2 3.5%
w3 T—,
3.0
v L.
)
2.5—" ‘o
2.0 Th—e T —_-
S S—
1.5 I L .
0 100 200 300 400
RIS
B 11 Bk
4 LRIF

BXEEGMAE RN BRI BT TR 2
G EHIE . LT Python i & P& T Wl & sh Il %
D5 A IF e AT 4 R G kAR A . B PSO-SA, H i
MR AT AL . B TAEWT . D M 7 i &)
PLAHE B R B P, JF B8 1 1 38 Al 3 HL AR R e A
B K AR — P IR A G AR AR K 1. AT L
A A0 figp VR A5 TR WA SR R, O SR B Bl 706 3R T
E97%; 2) FIH PSO-SA. SA. PSO B il T
DLHEAT AL SRR AT X B oAk e Y R 4
X% 2% H e 19 V0 BEAR B Ry 4. 6 0 Ze A 12 4 k) ik
ZEMN T 2700 DL EREARE] 1.59%

3 MENR IR AR B SR RN
. SA 1k PSO 1k PSO-SA {1k
A LA R 4 W2/ % LAY B 4 W2/ % LA K 4 W/ N
ORI 5 il s o/ rpm 38 400 38 212 —0.55 38 072 —0.91 38 142 —0.73
1 by W % 5 7/ rpm 20 000 19 790 —1.05 19 650 —1.75 19 720 —1.4
JFEAMLE H 13 12.93 —0.53 13.166 96 1.28 13.09 0.68
R K E 3.799 3. 897 2.58 3.762 217 —0.97 3.835 0.95
ER:RRE 1 904 3.048 3.039 —0.3 3.075 89 0.92 3.025 —0.75
JEA ML O 3 E /kPa 1 304. 05 1273.15 —2.37 12.963 91 —0.59 1312.94 0.68
PRI O A E /kPa 332,92 325.61 —2.195 337.99 1.52 331.91 —0.31
B B RS 8 O A E /kPa 106. 495 105. 321 —1.1 105. 93 —0.53 106. 975 0.45
HEA MR/ kPa 104. 365 103. 214 —1.1 103. 81 —0.53 104. 835 0.45
FEAMLH O /K 657.99 671.12 2.0 669.832 5 1.8 668. 81 1.64
REIREE H O BIR/K 1120.43 1067. 85 —4.69 1 068.918 —4.6 1 068. 56 —4.63
[EREERZE N N B R VA N 865.76 880. 31 1.68 863.078 —0.31 880. 45 1.70
HeS AR /K 862. 51 876.79 1.66 859. 625 7 —0.33 876.93 1.67
A A DR kW 1330.73 1347.143 1.23 1312.132 —1.40 1324.97 0.43
S K o 4 iR 22 1.97 1.672 1.59
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