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Static Characteristics Analysis of Nozzle Flapper Pressure Servo

Valve Under the Influence of Ambient Temperature
LIU Jian' ZHOU ZhenHfeng® SUN Mu’ WU Hong—ao' ZHU Yu-chuan'

(1. College of Mechanical & Electrical Engineering Nanjing University of Aeronautics and Astronautics
Nanjing 210016 China;
2. AVIC Nanjing Servo Control System Co. Ltd. Nanjing 210032 China)

Abstract: In order to study the influence law of ambient temperature change on the static characteristics of nozzle flapper pressure servo valve
under service conditions based on its structure and working principle a AMESim simulation model of whole valve was established and the
influence law and influence weight of changes in oil viscosity spring tube stiffness magnetic steel remanence and torque motor air gap length
on the static characteristics of whole valve under the influence of temperature were simulated and analyzed. The results show that when the
temperature changes from —55 °C to 135 °C  the influence weights on the static characteristics of whole valve from strong to weak are: oil
viscosity magnetic steel remanence spring tube stiffness torque motor air gap length. With the decrease of oil viscosity the dead zone
current decreases by 21.4%  the pressure gain increases by 30.6% the maximum output pressure increases by 33% and the hysteresis loop
decreases obviously. The change of air gap length of torque motor has almost no effect on the dead zone current the pressure gain is reduced by
2.3% and the maximum output pressure is reduced by 2. 1% . The accuracy of simulation model is verified by experiments. The simulation
results can provide basis for fault location structural design and optimization of pressure valve.

Key words: nozzle flapper pressure servo valve; pressure characteristic; AMESim; temperature drift
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" o Fig.1 Schematic diagram of nozzle flapper
pressure valve
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Tab.1 Main parameters
/T 0.4
/(kg * m®) 2.2x1077
/(Nemes-+rad™") 0.005
/(Nes+m™) 50
/mm 10. 1
/GPa 128
/(mm® +s7") 1.7 x10°
/(kg*m™) 839
/mm 0.06
/mm -0.12
/ pm 3
/pm 2
-55~135 C -55 ~
135 C
3.1
YH-S
-55 20 135 C
1 620.993 22.482 4.027 mm’/s
3 2
3

Fig.3 Pressure characteristic curves of oil viscosity

change caused by temperature

2

Tab.2 Static characteristics of oil under changes

in viscosity caused by temperature

(mm® *s7") mA (MPa*mA™") MPa
1 620.993 5.556 0.395 7.37
22.482 4.387 0.516 9.80
4.027 4.367 0.516 9.80
o -55C 135 C
5.556 mA 4.367 mA
21.4% .
-55<C 135 C
0.395 MPa/mA 0.516 MPa/mA
30.6%; 7.37 MPa 9.8 MPa
33% o
-55C 135 C
3.2
-55
20 135 C 132 128 125 GPa
4
3 o
o -55C
135 C 132 GPa 125 GPa
4.408 mA 4.367 mA 0.9%
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4
Fig.4 Pressure characteristic curves of spring tube
under change of stiffness caused by temperature

3
Tab.3 Static characteristics of spring tube under
stiffness change caused by temperature

GPa mA (MPa*mA™") MPa
132 4.408 0.505 9.60
128 4.387 0.516 9.80
125 4.367 0.525 9.96
-55<C 135 C 132 GPa
125 GPa 0. 505 MPa/mA
0.525 MPa/mA 4%, 9.6 MPa
9.96 MPa 3.7%
3.3
o 14

112

B. T (8)
B. = 1-0.0002(T-20) -0.4 (8)
(8) -55 20
135 C 0.406 0 0.400 0 0.390 8 T
5
4 .
5

Fig.5 Pressure characteristic curves of magnetic steel
under remanence change caused by temperature

4
Tab.4 Static characteristics of magnetic steel under
remanence change caused by temperature

T mA (MPa * mA™") MPa
0.406 0 4.408 0.527 9.99
0.400 0 4.387 0.516 9.80
0.390 8 4.285 0.499 9.52
-55 C 135 C
0.406 0T 0.390 8 T 4.408 mA
4.285 mA 2.8% -
-55<C 135 C 0. 527 MPa/mA
0.499 MPa/mA 5.3%;,
9.99 MPa 9.52 MPa 4.7%
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3.4
Abaqus 7 (T=-55C)
Abaqus Fig.7 Deformation cloud image ( T= -55 C)
135°C -55<C
AMESim
1)
4
1/4 o Abaqus
8 (T=135 C)
Fig.8 Deformation cloud image ( T=135 C)
’ 2
o Bolt ) AMES;
load “ 7 1m X
9 5 o
6 o
6 Abaqus
Fig.6 Torque motor Abaqus simulation model 9
20 °C Fig.9 Pressure characteristic curves with variation of
20 °C -55 C 20 °C 135 C air gap length caused by temperature
7. 8 -55<C 135 C
o 0.3 mm 0. 524 MPa/mA
20 C -55 C 0. 512 MPa/mA 2. 3%,
6.4 um 2. 1% 9.58 um 9.95 MPa 9. 74 MPa 2.1% .
3.2% o 20 °C 135 C
18.68 pum 6.2% 24.02 pm
8% o o

113



/2026 5

5
Tab.5 Static characteristics under varying air gap length
caused by temperature

C mA (MPa * mA™") MPa
-55 4.387 0.524 9.95
20 4.387 0.516 9.80
135 4.387 0.512 9.74
4
AMESim
10 o
0.02 Hz.21 mA
28 MPa 0.6 MPa
o 11
12 o
10

Fig.10 Electro-hydraulic servo valve experimental
schematic diagram

11

Fig.11 Electro-hydraulic servo valve test bench
4.39 mA
4.20 mA 4.5%;
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Fig.12 Comparison of pressure characteristic

curves for whole valve

5%
5
AMESim

(1) ~55 C
30. 6%

(2) ~55 C

4%

(3) ~55 C

5.3%

(4) ~55 C

AMESim

135 C

21.4%
33%
135 C

0.9%
3.7%
135 C

2.8%
4.7% -

135 C



Hydraulics Pneumatics & Seals/No.5.2026

2020 40( 12) : 54 - 56.

2.3% 2.1% . N 9 . I
2021 41(3):54 -56.
WANG Lining. The Temperature Zero Drift Analysis of
o ’ Electro-hydraulic Pressure Servo Valve ] Hydraulics
(5) -3 ~135 ¢ Pneumatics & Seals 2021 41(3) ;54 —56.
A N 10 .
N ° J. 2024 44(7):75 -81.
SUN Jing CAI Kun SHA Yiwang et al. Research on
) M . . 2008. Parameters Sensitivity of Dual Nozzle Baffle Brake Control
TIAN Yuandao. Electro-hydraulic Servo Valve Technology Valve J . Hydraulics Pneumatics & Seals 2024 44(7) 175
M . Beijing: Aviation Industry Press 2008. -8l
Simulink M . 11
: 2020. ] 2022 5
LI Yuesong ZHU Yuchuan. Modeling and Simulink Simulation (1):16 -22.
of Electro-hydraulic Servo Valve M . Beijing: China Machine YANG Hanhao  GE Shenghong  ZHOU Zhenfeng et al.
Press 2020. Investigation on Static Characteristic of Deflector Jet Pressure
) 7. 2021 49 Servo Valve Under the Influence of Machining and Assembly
(7):172 - 177. Errors J . Flight Control & Detection 2022 5( 1) :16 —22.
CHEN Yuanzhang. Brief Introduction of Electro-hydraulic 12 :
Pressure Servo Valve J . Machine Tool & Hydraulics I 2022 46(11) : 147
2021 49(7) : 172 ~177. -152.
ANDREW Plummer. Electro-hydraulic Servo Valves—Past ZHOU Zhenfeng  BAO Yiping SONG Weishan et al.
Present and Future C // 10th International Fluid Power Orthogonal Simulation Research on High Pressure Gain  of
Conference. Dresden Germany: University of Bath 2016: Pre-stage of Jet Deflector Servo Valve ] Chinese
405 —423. Hydraulics & Pneumatics 2022 46( 11) : 147 - 152.
) 13 .
J. 2021 45(4):69 -73. I 2021
LI Yuesong. Physical Model of Two-stage Nozzle{lapper 53(13) 1350 - 358.
Electrohydraulic Servo-valve with Force Feedback ] JIANG Yulei ZHU Yuchuan  GE Shenghong et al. Effect of
Chinese Hydraulics & Pneumatics 2021 45(4) :69 —73. Screw Assembly Stress and Stress Relaxation on Electrohydraulic
) Pressure Servo Valves Zero Position ] . Journal of Nanjing
J . 2011 22(8) :957 —960 970. University of Aeronautics and Astronautics 2021 53( 3) : 350
YIN Yaobao MENG Wei. Characteristics of Electro-hydraulic - 358.
Servovalve with an Asymmetric Nozzle Flapper J . China 14 :
Mechanical Engineering 2011 22(8) :957 960 970. I 2017 45(9) : 105 - 109.
ZHANG X YIN Y B HUANG W D. Influence of QIN Jiayan LI Changchun YAN Hao et al. Effect of
Temperature on Null Position Pressure Characteristics of Temperature on  Torque Motor Air Gap Reluctance and
Flapper-nozzle Servo Valve € // 2010 International Permanent Magnet Polarization Magnetomotive Force ] .
Conference on Computer Design and Applications ICCDA Machine Tool & Hydraulics 2017 45(9) : 105 - 109.
2010. Belgium 2010. 15 - YHAS
. J. 2015 34(5) :42 -43.

HUANG He MAO Yang SUN Yongbin et al. Test and

HE Hanlin. Parameter Analysis to Improve Servo Valve Analysis of YH-5 Aviation Hydraulic Oil Viscosity-temperature
Dynamics J . Hydraulics Pneumatics & Seals 2020 40 Characteristics J . Ordnance Industry Automation 2015 34
(12) :54 - 56. (5):42-43.

J. 2026 46(5) : 108 - 115.

LIU Jian ZHOU Zhenfeng SUN Mu et al. Static Characteristics Analysis of Nozzle Flapper Pressure Servo Valve Under the Influence of
Ambient Temperature J . Hydraulics Pneumatics & Seals 2026 46(5) : 108 - 115.

115



