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Research on the Effect of Temperature on Static Characteristics of

Nozzle-Flapper Pressure Servo Valves

Chen Ce!, Zhou Zhenfeng?, Zhu Yuchuan?- *

(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing, Jiangsu
210016; 2. AVIC Nanjing Servo Control System Co. LTD, Nanjing Jiangsu 210032)

Abstract: To investigate the influence of environmental temperature changes on the static characteristics of nozzle
baffle electro-hydraulic pressure servo valves under service conditions, based on its structure and working
principle, an AMESim simulation model of the whole valve was established considering the initial air gap
asymmetry caused by dead zone current and the clearance between the floating sleeve and the valve core. The
simulation analyzed the influence of temperature on the static characteristics of the whole valve, including
changes in oil density, nozzle component deformation, slide valve component deformation, torque motor air gap
length, and baffle thickness. The results showed that when the temperature changed from -55 °C to 135 °C, the
influence weights on the static characteristics of the whole valve from strong to weak were: air gap length, nozzle
axial size, baffle axial size, valve core and floating sleeve clearance, valve core and valve sleeve clearance, nozzle.
Aperture and oil density. Finally, the accuracy of the simulation model was verified through experiments. The
simulation results can provide a basis for fault location, structural design, and optimization of pressure valves.
Key words: Nozzle flapper pressure servo valve; sleeve-spool clearance; AMESim; Temperature drift
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Fig.1 Schematic diagram of nozzle flapper pressure valve

A IR I T R PR AN R R R KB Tk 2
ERITE R E e TUa SV CIE VA - AL E 1S R £
WA B IR, RGBS AR, e M T Tt
s A S T B IR ZE P AR KT R

P R s iy, WA RS, 2l DT IR 4
73, BEH I EGBOR, R TR, fadk
JIRV St Ay, S S R R B AR, S
DU, A a0 s 77 5 3 ] R PE R &R

2 HRERSHEER

2.1 HFRA

JIHE Sk A KGR . TR SR R Lk
Wl e s . AR 2 mA R BES
BN IFE To, EZRRBFEET, k™
A, PR Ta A

T, =Ki+K,0 (D

e To NHBIHR | MNP E R 0
TR % T s KON JIHE Sk i A7 FELRE 7
FERE K N JIHE 53 1 v o i 5 28 I

TR A A A v 32 W s i e R AR
P xg, ZRIRBEIFE A WAL 0, 1EA
THHERS, HORH PR

d’0  _ do :

d*x dx
F+B’E+T‘“"e+(m dt;’ +B‘T:+ Fu) T (2)

A 3 BRI RS IR R B TR
PHEVECENPE REG Twoe MFREE RIS Hh
JIEs xg SRR ETMERIR A R R R A 1
BN s v TR AT 2l v BN o P S
m BRI R BONHTBRALIT T BIFHLJE &
i Fuve NS EIRITRIZHIE 17

M 2 RS LA P ] 5 1 ST L S AR5 A G o
B REMR AT R, R R R E S TR, 124
(R EI BT NEER E AL DI (iR

. . 3
P =%[Cd% %(ps’ p.) ’Cdan(Xmi’Xf) %(H* Po)1

. . PN )]
P, :%[Cd% %(ps - pz)’cdfT‘D(sz’Xv) %(pz’ Po)]

K p NHREE: Vis Vo 30N A%
AR Cars Ca 70 79 W W 4R 7 2% 7 L LA [
TR EREG pis p2 ps A1 po 435 N A2 W%
W s T 3 A s s s 7 A R g AL T 5 Be
A RS d. D 23 i A [ e T iR F LA



LR 22 5 52 AR

Mechanical Science and Technology for Aerospace Engineering

W ELAR s xe NFEARALAS -

77 e e A AE R AR B e B, B i
N A, T s, TR R s SR
AR R .

o - Yoo, (5)
Q-Q, 5

A Qo QB AHEH YR & By &
pa NN 775 Vo N i 2544

T WRAE AR 52 B /e W i i ) A
e 1. RBEE ) RaWEh 1. BESBN T,
). BRJE I A KRR /1, P TR

(6

2
dx, +C, d—)(V+I:‘,1-¢—Fﬂ-+—kxv

A(H_pz)_Az(pA_po):mv a2 vt

A AR IRZE . A s T AR s Az 4[R]3
R PER G Fus Fe 20080
BIASAS  BESIBN 15 xv NIEIRALEE s my I T 5
o NTE IRIPE B R E K BRI
2.2  AMESIim {fE#&E

W P A P YR 0 A I B B AL FEL VR 22 ) B
WA, T RICEE R EHE T SIS E R, R
AMESIim A g 7 EPAAR F R 70 £ TR 1 76 4 3
A, il 2 o, HFRIE SRR TS8R E,
HEHINER 1 R,

THESREME |y
B

EEHESECAR EETES RS

K2 #ix AMESIm {jj E R
Fig.2 AMESim simulation model of the whole valve
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Tab.2 Static characteristics of oil under changes in density
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Fig.4 Structure diagram of Fig.5 Simulation model for
nozzle component nozzle components
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Tab.3 Static characteristic changes of nozzle components under
thermal deformation

B >C | 1850
At 1] AR T 428 [A) AR T il 1) AR T 42 1) AR T
X H /A 0.05 0 -0.06 0
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Tab.4 Thermal deformation of the right nozzle

-55C 135°C
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/um /um /um /um
0.4750 -2.07 -0.20 3.31 0.68
0.4875 -2.08 -0.22 3.36 0.71
0.5000 -2.08 -0.23 3.36 0.75
0.5125 -2.07 -0.24 3.35 0.77
0.5250 -2.09 -0.26 3.31 0.81
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(a) AmEHEFLAE 0.475mm
(a) The aperture of the right
nozzle is 0.475mm

(c) AimiHEfL4% 0.5125mm
() The aperture of the right
nozzle is 5.125mm

(b) AiMEMEfLAE 0.4875mm
(b) The aperture of the right
nozzle is 0.4875mm

(d) A FLAE 0.525mm
(d) The aperture of the right
nozzle is 0.525mm
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Fig.8 Pressure characteristic curve of nozzle component under
thermal deformation (Nozzle radial thermal deformation)
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(a) The aperture of the right
nozzle is 0.475mm

(c) A MEMEFL4% 0.5125mm
(c) The aperture of the right
nozzle is 5.125mm

(b) A WEHEFLIE 0.4875mm
(b) The aperture of the right
nozzle is 0.4875mm

(d) A7mEHESLAE 0.525mm
(d) The aperture of the right
nozzle is 0.525mm
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Fig.9 Pressure characteristic curve of nozzle component under
thermal deformation (Nozzle axial thermal deformation)
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Fig.10 Torque motor simulation model
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Fig.12 Deformation cloud
image (T=135°C)
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image (T=-55°C)
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Tab.5 Static characteristics under varying air gap length

ELREC FEIX HL i AP kR LN YA
/mA /(MPa/mA) IMPa
-55 4,53 0.57 10.33
20 471 0.55 9.86
135 5.24 0.52 9.09

6 PRI THIBRSHHE

Tab.6 Static characteristics of baffle under thermal deformation

T T T T
/mA /(MPa/mA) /MPa
-55 4.73 0.53 9.65
20 471 0.55 9.86
135 4.69 0.57 10.23
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Tab.7 Static characteristics under variation of clearance
between floating bushing and valve spool

mgec  CEXHE R IR
/mA /(MPa/mA) /MPa
-55 4.77 0.55 9.82
20 471 0.55 9.86
135 4.64 0.55 9.90
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Tab.8 Static characteristics under variation of clearance
between valve spool and valve sleeve

mpgee  CEXEI RN IR
/mA /(MPa/mA) /MPa
-55 4.73 0.55 9.88
20 471 0.55 9.86
135 4.70 0.55 9.85
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Tab.9 Relative variation of static characteristics at low
temperature -55°C

ZH X R EAME WHEES
THIR 0.21% 0 0.10%
mEEFLA 0 0 0.20%
W% I8 2 ] RS 1.06% -5.45% -5.17%
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4R B 0.42% -3.64% -2.12%
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Tab.10 Relative variation of static characteristics at high
temperature 135°C
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Fig.21 Pressure characteristic curve under thermal deformation
of the entire valve
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deformation
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135 5.08 0.59 10.28
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Fig.22 Electro-hydraulic servo valve experimental schematic
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