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Abstract: In view of the difficulties in the design optimization of an overall aircraft power system,
such as the considerable calculation scale, complex coupling relationships, sharp discipline conflicts and
complicated implementation processes, a variety of advanced technologies such as the high-precision
surrogate models, the efficient optimization strategies and the intelligent multi-objective optimization

algorithms were developed and applied in three aspects: system decomposition, system modelling and
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system solution. Finally, the design method of an overall aircraft power system based on multidisciplinary

design optimization (MDO) was established. Taking a turboshaft engine, a turbofan engine, a turbojet

engine and a main transmission chain of the main reducer of a helicopter transmission system as examples,

the engineering application research on MDO of the overall aircraft power system was carried out.

Moreover, the performance and strength tests of the optimised compressor, and the optimised overall

system test were carried out and verified for the turbojet engine. The research showed that the MDO of the

overall aircraft power system could effectively unleash the design potential, significantly improve the

comprehensive performance of products and considerably shorten the development cycle. Its engineering

application prospect is quite broad, which will change the design and development of an aircraft power

system.

Keywords: multidisciplinary design optimization (MDO); aircraft power system;

helicopter transmission system; overall system optimization;

overall system verification
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Fig. 3 MDO workflow of an overall aircraft power system
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MDO of a turboshaft engine
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Table 1 Key performance parameters of a turboshaft
engine before and after the overall system

optimization ( normalization )

TERES L AR ks AL 1%
T ES 1.000 0 0.9820 -1.80
B 1.0000 1.026 0 2.60
PRGEEE R B 1.000 0 1.0040 0.40
EEIARE %y & 1.000 0 1.0003 0.03
KT R & 1.0000 1.000 0 0
RS 1.0000 1.003 0 0.30
JESAHUE L 1.000 0 1.0017 0.17
PSR Y &S 1.000 0 1.0040 0.40
PR BRI R 1.0000 0.9990 -0.10
YTy ES 1.000 0 1.000 0 0
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Fig. 8 Geometric models of main parts of a turboshaft engine before and after the overall system optimization
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Table 2 Key performance parameters of a turbofan engine before and after the overall system optimization ( normalization )

PERES Ptk fitAb)5 (Pareto fi#)
KL R 1.0000 0.966 1 1.003 6 1.0127 1.0219 1.0254 1.0139
S PHIRIIAR X AR T i 1.0000 0.998 1 0.9973 0.999 5 1.003 2 1.003 6 1.0052
NOx HERCE R 1.0000 1.0029 1.000 5 0.995 6 1.004 1 1.0049 1.0110
MR TR D4 (R T1) 1.0000 1.003 1 0.999 4 0.998 8 0.9975 0.998 8 0.999 4
MRFRTR DI (L T.10) 1.000 0 1.003 8 0.999 4 0.999 4 0.999 4 0.998 7 0.999 4
MR TR D4R (#E 3 T 1.0000 1.0033 0.9993 0.998 7 0.9980 0.998 7 0.9967
R L 1.0000 0.9808 1.0203 1.0198 1.0105 1.003 5 0.996 7
JAUBR A1 L 1.0000 1.020 1 0.9953 0.992 6 0.992 0 0.9913 0.994 0
AR P T /4% PR LY 1.0000 0.9878 0.9783 0.978 4 0.9815 0.994 7 0.978 6
FEESAUE 1.0000 0.983 1 1.0109 1.0109 0.996 0 0.9977 0.996 1
PRBEEE T O R 1.000 0 1.0137 1.003 2 1.000 5 0.9958 0.993 4 0.9927
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Fig. 9 Geometric models of main parts of a turbofan engine before and after the overall system optimization
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Fig. 10 MDO process of overall system of a turbojet engine based on the CO method
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Table 3 Key performance parameters of a turbojet engine before and after the single-state overall system

optimization ( normalization )

PERES L AT i) ACE /%

RTIES 1.000 0 0.962 2 -3.78

e L 1.000 0 1.048 5 4.85
FESHUE L 1.0000 1.000 0 0

SR 1.000 0 1.0200 2.00

TREERCR 1.000 0 1.0230 2.30

RGBT R 1.000 0 0.9927 -0.73
Y B 1.000 0 1.0000 0
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Table 4 Key index parameters of each discipline before and

after the multi-state optimization ( normalization )

SERHERR AR AL A%

SRR SR S A BIRE 1.000 1.036 3.6
AURS BT A BIREE 1,000 1.040 40
TR AR B AR BRI 1.000 1.006 0.6
IRAUIRAS BT AR BT 1,000 1.012 12
O RFHCR SR AR EEL 1.000  1.014 1.4

WURAS BT AR L 1.000 1.019 1.9

e K TR AS Wi PR A 1 1.000 0.986 1.4
GRS g P 4 B8 1.000 1.164 164

TR BOR A SR /N RAR 1.000 0.876 -—12.4
LIRS o/ NI RAR 1.000 1242 242
T REGHRASM A B RAR M ST 1.000  1.022 22

R EEHORS T ARSI S 1.000 0.828  —17.2
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transmission system based on the CO method
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Table S Key performance parameters of the main transmission chain of main retarder of a 2 000 kW helicopter transmission

system before and after the optimizations based on multiple algorithms ( normalization )

etbia
RS OUERT ep xpm EaRe AERLURA JEF LRI
s N e e MOEA/Decomposition
pREGEL  REOE TSGR Fnik TR A #5 (Parcto fif)
ELNER A fEshieR it 1R+ R+ R+
fE B 1.000 0 1.0058  1.0000 0.9975 1.006 0 1.0063  1.0059 1.0056 1.0048
i /kg 1.000 0 1.0048  0.8613 0.8146 09167 09956  0.9461 09141 0.8964
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system before and after optimization
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Table 6 Key performance parameters of the main transmission chain of main retarder of a 500 kW helicopter transmission

system before and after optimization ( normalization )

PERESHL LR E4:D) KA AEALE /%
FAL Bl 1.000 0.838 -16.2
KIHFS-A7 B V5 I K IC 9l ) 1.000 0.896 -10.4
AR R R R T NIRRT 1.000 0.962 -3.8
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Fig. 17

Geometric models of main parts of the main transmission chain of main retarder of a 500 kW helicopter transmission

system before and after optimization
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Fig. 18 Configuration diagrams of the tested combined compressor
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Fig. 19 Machined centrifugal impeller and radial diffuser before and after the single-state optimization
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Fig. 20 Test characteristic line of the combined compressor before and after the single-state optimization
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Table 7 Test results of key performance parameters of the
combined compressor before and after the

single-state optimization
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Fig. 21 Test characteristic line of the combined compressor before and after the multi-state optimization
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Fig. 22 Test data of a turbojet engine before and after optimization
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