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Predictive control of extended-range APU based on relaxed

constrained Hammerstein nonlinear model

ZHAO Jiahao, WEI Minxiang, DING Yuzhang, SHA Zhao

(College of Engine and Power Engineering,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: In view of the speed control of the working point switching process of the extend-
ed-range auxiliary power unit (APU), a predictive control strategy based on the Hammerstein
nonlinear model was proposed. The excitation data were identified by sparse least squares support
vector machine -adaptive chaotic particle swarm optimization (SLSSVM-ACPSO) algorithm,
and the Hammerstein nonlinear model of engine was established. When solving the optimal con-
trol sequence in model predictive control, the relaxation factor was used to relax the constraint
boundary, and the active set method (ASM)-ACPSO combination algorithm was used to obtain
the solution. The variable predictive time domain strategy was applied in the control process. The
system simulation model was established, and the simulation results showed that in the processes
of switching from the warming-up point to low load point and from the low load point to the medi-
um load point, the stabilization times were 2. 57 s and 2. 77 s respectively, and the speed over-

shoot rates were 2% and 1. 6% respectively, which were better than the two comparison strate-
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gies. In the process of switching from medium load point to the high load point, the speed over-

shoot rate was relatively larger, but the change of torque was more smooth in the control pro-

cess. The simulation result showed that the model predictive control strategy for APU system had

fast speed response, small speed and torque overshoot rate, and exhibited good dynamic control

effect.

Key words: extended-range APU; nonlinear model predictive control;

Hammerstein model; relaxation factors; variable predictive time domain
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APU B AT T € TAE s, £ DO 22800 5%
EE AN APU i R G0 45 0 s S
R, Bl o PWM S ik o 5 B2 38 ] (pulse width mod-
ulation) ; P1 A 5l #1 43 (proportion integral) ; T~
J BRREE 5 i N d-q bR R AR, wluy N
HAR R s u, v, B o B PR R LR o

J WML o H 3 B DS R O H b AT A
R SAL ULk B AR AT SR A AL 1
D28 0 B X TR s R =0 R B AR

] XoF 7K 8 [F) A5 v LR A 4 1 e i AT A R i T
FEL AL 4 IS R 7 AR L e o, s (40) BT

3 .
Te:Epsﬁfl.q (40)

R F AL A T SR s 455 P SR 42 o) A R P, 3 4 o
BB R M PTEE® elgs B AR B0 T 15
d-q M A5 R B AR o0, BT S R i H A
LR gy, T30 20 A8 AR AR B0 45 B 0, u,, BT K
A A (B % & K TE 4 i) BB (space vector pulse
width modulation, SVPWM) # 7= 4 PWM
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Fig.5 Structure of APU control system

3.3 RSB F) 28
APU H s TAESA IR 1R, & S5 %
2 AR . B Hammerstein £ 8 I 2 i iff £
WA TAE S AL R BRI . R T kS oK A 48 ) it
BTG i 1 O, B Hammerstein B 8 # 25 9E
LR Z T AR R 3 B, B
v=/f(u)=ciu+t c.u’+ c;u’ (41)
A SCHE A AR 8L, 43 30 45 1077 01Ol & 3
ML, 38 it SLSSVM-ACPSO 5 ¥k R i )i 53 15
F) 4 TAE R BT S50, IF 0 B S R 38 1 %

i PRBU J0 R R A A 1) O AR A BRSOy R
RBUEM FRGE AR 2 TR . 7R TAE RS
590 S A IR T o A . SRJT AR IRZE T A S
AT HE RO B, n sl (42) BT . 0.47 kW T AE
AL B AR RS R R AN & 6 BT i o it SLSS-
VM-ACPSO % i ¥ 45 2] 19 45 T/ 4519 Ham-
merstein & B IR 45 40 3 2 Fras , 4 R B EORS 1
Rif.

d=|3—y|/]y]x 100% (42)

X1 APUB#HRIESX
Table 1 APU target working points

KNI/ kW 3/ (r/min) B/ (Nom) RSNHLR I FER/ (g/(kW+h))
0.47 3000 1.51 644.4
0.8 5000 1.52 571.7
1.18 7000 1.6 530.3
1.78 7500 2.25 468.7
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Table 2 Model identification results of engine target working points and controller number
APU HAF TS ek oe % Bl Hammerstein 1% 41 2 5 5
8/ %
BHPNR/W G ¢ A B c “
08014 —0.1858] [0.044 9]
0.47 C1 [0.029 28,0.292 8,2.927 9] ? } [0 4.165] 7.86
10.044 9 0.9952] [0.001 2
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0.8 C2 [0.054 7,0.109 4,3. 663 8]" } [0 2914] 8.3
10.0476  0.9965] [ 0.001 2|
[0.066 6,—6.802 610 °, [0.7948 —0.1978] [0.044 7]
1.18 C3 R [0 4.402] 9
4.262 2] 10.0447  0.9949] [0.0116 ]
i [0.7905 —0.20587] [0.044 6]
1.78 C4  [0.1011,1.8204%10 °,3.6386]" } [0 4.569] 11.07
10.0446  0.9947] [0.001 2]
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Fig.6 Model identification effect
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Fig.7 Influence of prediction time domain on

control performance
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Fig.8 Variable predictive time domain control process

(without relaxation factor)
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Fig.9 Variable predictive time domain control process

(with relaxation factor)
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Table 3 Control process number

i il 1 A2 %>
0.47~0.8 kW D1
0.8~1. 18 kW D2
1.18~1.78 kW D3

HLI/A

HEH/(N - m)
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A 1)/s
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Fig.10 Changes of generator current and

electromagnetic torque
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Change of engine torque
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Table 4 Control effect comparison

£ It o AR D R/ % K BHLEL KR I 4/ (Nem) Fa sz i) /s
M BRG] BRI PID  PID  BURBMEEE BBIPID  PID BRIBMEEE BUBIPID  PID
D1 2 5.5 3.75 0.19 0. 20 0.32 2.57 3.95 3.32
D2 1.6 3.1 1.8 0. 20 0.16 0.16 2.77 4.07 4.79
D3 4.8 0.2 1.06 0.12 0.21 0.28 2.81 2.99 2.54
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