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Abstract: In order to solve the on-line performance optimization problem of three—stream adaptive cycle
engine, an intelligent performance optimization control method was developed. This method used deep determin-
istic policy gradient (DDPG) algorithm to adjust engine pressure ratio control law online. In this paper, the equal
thrust characteristic curves under different external culvert areas were given on the baseline engine characteristic
chart. The minimum specific fuel consumption (SFC) control law curve was marked on the above chart. When
performance degradation or characteristic deviation of the engine occurred, the baseline control law would no lon-
ger be optimal. Then the DDPG algorithm used the data stored in the previous period to train pressure ratio in-
struction and adjust the engine control law autonomously. The simulation results showed that, for the subsonic
cruise, the SFC is decreased by 7.63%, the error between the adjusted SFC and the lowest SFC point is 0.03%.
For the supersonic cruise, the SFC is decreased by 5.04% and the error between the adjusted SFC and the lowest
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SFC point is 0.01%. The intelligent performance optimization control method can optimize the engine control law

online and decrease the SFC when the deviation of engine characteristic occurs.

Key words: Aero engine; Adaptive cycle; Control law; Performance seeking control; Reinforcement

learning; Deep geterministic policy gradient
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Fig. 1 Schematic diagram of adaptive cycle engine (ACE)
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Fig.2 ACE model calculation flow chart
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Table 1 Calculation results of rotation speed, pressure
ratio, air flow and SFC (A, = 0.03)

Gma! (kg/s) SFC ny/(r/min) A /m? m, T
18.33 1.002 8824 0.26 2.64 2.48
18.82 0.986 8824 0.30 2.20 2.28
18.87 0.990 8824 0.32 2.00 2.25
18.53 1.132 8824 0.40 1.44 2.40
18.38 1.343 8824 0.45 1.24 2.46
21.88 0.993 9546 0.26 3.22 2.98
22.36 0.963 9546 0.30 2.74 2.70
22.51 0.951 9546 0.34 2.30 2.58
22.36 0.937 9546 0.36 2.07 2.69
22.16 0.985 9546 0.40 1.80 2.81
24.00 0.983 10045 0.27 3.45 321
24.36 0.961 10045 0.30 3.06 2.97
24.55 0.932 10045 0.35 2.46 2.81
24.40 0.912 10045 0.37 221 2.93
24.14 0.960 10045 0.42 1.87 3.11

Table 2 Calculation results of rotation speed, pressure
ratio, air flow and SFC (A, = 0.12)

0! (kgls)  SFC  n./(x/min) A /m’ 7, T
18.33 1.002 8824 0.26 264 2479
18.99 0.990 8824 0.30 224 2178
19.44 1.230 8824 0.45 1.31 1.666
19.44 1.320 8824 0.47 1.23 1.672
19.43 1.506 8824 0.50 1.13 1.702
21.37 1.045 9546 0.24 345 3.176
2231 0.968 9546 0.29 287 2731
22.81 1.013 9546 0.40 1.94  2.100
22.85 1.096 9546 0.48 1.48 1.896
22.82 1.231 9546 0.53 130 1.982
23.24 1.055 10045 0.24 382 3508
24.49 0.965 10045 0.31 297 2852
24.80 0.992 10045 0.40 218 2317
24.84 1.041 10045 0.49 161 2.062
24.80 1.106 10045 0.53 143 2130
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Fig.7 Pressure ratio and SFC of using baseline control law
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Table 3 DDPG algorithm network configuration

Algorith
gont . m Parameter Value
composition
Replay buffer MEMORY_CAPACITY 1x10*
Episode Episode 30
Ep_Steps T 2000
Mini-batch N 32
Number of input neurons 8
Number of output neurons 2
Actor Number of neurons in each layer [8,200,100,2]
(online/
ta Neuron activation funciton [ relu relu tanh ]
drget)
Learning rate 1x107*
Soft update factor 0.01
Number of input neurons 10
Number of output neurons 1
Critic Number of neurons in each layer [10,200,100,1]
(online/
¢ Neuron activation funciton [relu relu linear]
arget)
Learning rate 2x107
Soft update factor 0.01
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Fig. 8 Pressure ratio and SFC of using DDPG (H=13km,
Ma=0.8)
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