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Abstract: The dynamic analytical model of aero—engine axial piston pump is complicated, has high order
and a great number of estimated parameters and needs large demand for competing resources. Based on the simpli-
fied dynamic on—board model disregarding the high order characteristics of the analytical model, a new identifica-
tion method based on the step response of typical transfer function characteristic parameter was proposed , and the
dynamic parameters of the piston pump were estimated. The simulation and experimental results show that the ac-
curacy of the simplified model can reach up to 95% and the simplified model requires less competing resources,
which provides a basis for the application of on—board model. Meanwhile, the influence on dynamic characteristic
of the servo control loop is analyzed based on the piston pump dynamic model, the bandwidth of piston pump
should be at least 4 times of the servo control loop and the dynamic characteristic specified in the national mili-
tary standard can meet the requirement of the aero—engine nozzle control.
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Fig. 1 Structure of axial piston pump
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Fig. 2 Diagram of variable displacement mechanism
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Fig.3 Diagram of electronic pressure control
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Fig. 4 Block diagram of variable displacement mechanism

23 HEREHER
Mk 2.2 795 ) R 5 R AR AT 0 B R RS AR
FE R AT AR B A FAAR S5 280, BAR B IR
e, A TR AT AR A o T T ) ML 2 T K
Pk tf — b BT 220 W e W B A5 R BB R ALk
2 5 B L I T
q; = Do (12)
AP D R ;0 WA H
10 AR A A I R B DL I8 A B Y S bR
HEm i 2N OCHR H

D =D, (13)
Kb a HH— G REBM , a <a < 1. WHELE
U, ATl K AT JE o3 A R AR R B Sl 3 2E 7 B8 4
SRS AT K BB AR X HE R A B e S AL
h BB o, 2R B HE i RE 08 7 f /D AR R HE i 2 1]
A
B2 1Y A T A J2= B i 3l 0 2 1 9 T
q1=C(pS—pi)=CAp (14)
2 g, o 2R PN B T 3 5 € O R R T R K p
RETR T, B 053 Ap AR BEH R 22

T B4 1 i U I = R
q.= C,p, (15)
Ao g, A ZE AR R O 55 C, A 2R AR I U AR R
TMEIES TN
_Vdp 1 dp.
9, - ¢~ 4.~ 4q, ~q. = 5 A U, i (16)

KAV, R TR AR B, A A B A R B
PERTR U TR ) R b AR R R O
Z5 i A R A A b A R S AT e i R 7 R AR 4 B
2BU,NEAL .
4335 [ H A 0.2k, 33 K BE S 9ON/mm , W
[ A 4% 238Hz, Bl 31 15 2 (1) 3 i Oy 0.25kg, 5 3%
Wil BE > 23N/mm , W [ A 451 %2 2 98Hz, it i T f] i
1 A R, B T RO [ A 00 S A g, T LA 22 e
BB
SRy aRE GBS A3 TG 1) ELAR DR R W 25 R B 3 T 2
11 A B 5 | A ] s A AR A 280 By U, o ) L L
R sh S FE AT Fi Ak . —MOn &, A8 'R AL
1) B0 25 5k 249 SRy B A R T A% 1 ) By Bl S R R 1 S B
DL b, PRt T IO AR B R 4T BIL R 4 A5 A B Ak A — By
P52,
K

= (p* - Ap) (17)
1 +7s
A rf K 8 AR AL 13 45 5 = o R AR AL A F) e 1 3 55

P NIEEE T
2o B, ] A5 F AR JE 5 04 15 4k B AR AN 1 5 T
IR o FH IR AR 2 R Y 15 3 o ECR
Ap(s) K,

= (18)
* 2
p(s) 37+27§S+1
0 o,
D, Ko
P RGWK, = —————————, I AR
L RG2S K, DKo+ C+C [ 2115 H SR D

D, K c+C, -
% o = /%,_M%wmrﬂt&

210766-4



Faal A4 e

#HooR

2023 4

_____________________________

Fluid
dynamics

Variable displacement
mechanism

P

Fig. 5 Simplified model of variable displacement
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Table 1 Static characteristic of axial piston pump

Ap/MPa ¢/(L/min) ¢,/(L/min)
5.0 191.3 5.9
10.0 190.4 6.9
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Fig. 6 Static characteristic of axial piston pump
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Table 2 Simplified dynamic model parameters of the pump

Parameter Value
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(b) Regarding the characteristic of the axial piston pump
Fig. 10 Nozzle control model
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Fig. 11 Comparison of the step response regarding and

disregarding the characteristic of the axial piston pump
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Fig. 12 Comparison of the sinusoidal response regarding

and disregarding the characteristic of the axial piston pump
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Fig. 13 Pump Bode diagram
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