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Abstract: Replacing the torque motor with a piezoelectric bimorph can improve electrohydraulic
servo valve response, simplify the pilot stage, and enhance the stability. Yet existing actuator models fail
to explain constraint effects on output. A mathematical model using piecewise and equivalent principles
was developed. An equivalent actuator was designed for the jet-deflector stage, and tests under different
constraints were conducted. Results showed that a 4 mm reduction in extension led to the largest static
displacement decrease of 27.7 um, the maximum dynamic resonance amplitude drop of 1.9 dB, and
resonance frequency increase of 15.9%. A model including hysteresis, linear dynamics, and

hydrodynamics was then built, with static/dynamic simulations validated against experiments. In static
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output, simulated hysteresis was 11.6% vs. experimental hysteresis 11.2% (RMS error 2.5 pm); in dynamic

output at 600 Hz, the maximum RMS error was 5.7 pm, confirming the accuracy. This study can offer

theoretical guidance for actuator design and optimization.

Keywords: electrohydraulic servo valve; piezoelectric bimorph; linear dynamics;

hydrodynamics; hysteresis nonlinearity; mathematical model
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Fig. 8 Mode shape function solution results
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Table 2 Equivalent dynamic parameters
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Fig. 9 Hysteresis model identification results
R3 BRI HRBIBHFRESE
Table 3 Hydrodynamic model parameters and hysteresis

model parameters

50 f
g
® o0
iz[
750.
0 1 2 3 4 5 6
iF[a] /s
(a) Jiles-Atherton S I HEH LY
——— JeRl A BRI R
40| ' ' ‘ ‘ '
20t ‘A‘\lf*“\ | RN
£ \\ [\ \ \A |
- I “\ﬁ ALVLTARLRL
AR - | \ 1
2 oA AU
~ 90t vy i
20 ’/J\]UJ Vv o
740_

0  0.005 0.010 0.015 0.020 0.025
H5} A /s
(a) 78 SR FF 600 Hzits i il it

S8 HE S5 E
K 0.023 8 K2 0.0630
K3 0.001 4 K4 0.0019
Ks 0.1493 K6 0.074 8
K7 0.0108 Kg 0.009 2
@/10° (m/F) 7.364 /107 (V/m) 6.13
c 0.839 k/107 (V/m) 6.48
Ps/(C/m?) 0.0192

(T3 TR R o A S 28 90 9 I SR MR M
4 SEUGUSIF

41 EREBETRE
A R S 2 A R A SR &l 10(a)
PR, Hin H R (B S5 R AH 25 18 pm, AH AV 35 RAH 25
34°, U R BT IO X i HD AR S AR A
FF I S50 5 05 B FL S SR 10(b) ~ &1 10(d)
Fiw o PR BN 2 I, 1 B 5 5256 19 7 ¥ AR R
220 2.4 pm; JE B0 R 4 B, 5 B SR O B
MR 220 3.2 um; JE 50 R 6 B, ELS SE 5
T ¥R 2R 5.7 pm.,
42 TRBEAKE
A R BRAT B 2B A e R 6 SR A 11(a)
s, i R AR Fe KA 220 3.4 pm, A4V B KA 22
Sy LES B

=

0 0.005 0010 0.015 0.020 0.025
A1) /s
(b) 25 £ H600 Hz32 36 5 05 ELA 1

20250241-9



540 %

U PIES
S i TR
20 ’ | 4oy ]
AN
g I | I
2 L
B 0f " 1
= 1
i I
-20 v
0 0.005 0010 0015 0.020 0.025

0  0.005 0.010 0.015 0.020 0.025
1] /s
(c) 4 £ 7600 HzS2 U 5405 HLA] [

] /s
(d) 614 15 H-600 HzS2 46 505 BT H

B 10 A8 S AT oL 0 -5 SR L4

Fig. 10 Simulation and experimental comparison results under variable feedback rod mass
SEE 907 BIRRZE D 2.1 pms FUBHTACJE  24 mm

i, 05 B A5 SR i J7 BIARR 220 2.4 pm; SR AT
KB 28 mm i, fi B 5 52560 /9 J7 AR AR 25

o 10°0 FR T RAR S ABRTK JEE S S0 I R
ARPEHR X LR BRI, TR A LR R A N o AR
B AT i S 5 5 05 B L A5 SR A 11(b) ~

B 11(d) s o RBFF B 20 mm B, 5 FL 5 2.5 um,
— AER A R FERRH — R fliE W
S e i — ]
A b‘Ay [ NN L \{

s LA WAMALE /M I M
SRR, e
& \T A A =l

10} | \) \‘.VJ'J \J 10 ,'”“ JU\/ u

v
1

-20 A ‘ . . . ) . . . ‘
0 0.005 0010 0.015 0.020 0.025 0 0.005 0010 0.015 0.020 0.025
M Iil/s i 1) /s
(a) ZE BT 600 Hzif i it (b) 20 mmJSHAT600 Hz32 56 5 07 2L He
s Pt A — ¢ S it B
20 20 ' ' ' ]
10 L W ’ I ‘ |
L 10 . 4
g— I /\ {\ g_ {\ [ I | ! i
g 0f RIS ® 0 U '
& &
-10t | -0} I
v oY | [ i
—20 ¢ \ . ) ) -20 A ) ) ) ) 1
0 0.005 0.010 0.015 0.020 0.025 0 0.005 0.010 0.015 0.020 0.025
s ) /s Ik /s
(c) 24 mm S BAT600 HzS2 86507 EUX 1L (d) 28 mmJZBFT600 Hz32 3 505 B b
B 11 ARG B0 B 5 S X LS
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