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Abstract: A spool type high-speed on/off valve (HSV) driven by piezoelectric was designed to
improve the response speed and reduce the spool’s impact. The piezoelectric was used to improve its
response speed and the spool valve was adopted to avoid the rigid collision between the valve spool and
the valve body. The mathematical model of HSV was established, the influences of design parameters on
its performance were analyzed, and the performance indexes were studied. The simulation and
experimental results indicated that the HSV had a flow rate of 3.8 L/min, a leakage flow rate of 0.48
L/min, an opening time of 0.6 ms and a closing time of 0.65 ms at the pressure of 4 MPa. The leakage flow
can be reduced by improving the manufacturing quality. Compared with the traditional conical valve
structure, the vibration acceleration of the valve body in the closing process of the spool type HSV driven
by piezoelectric actuator was reduced by 32.8%, and the noise was reduced from 70.5 dB to 64 dB at the
working frequency of 300 Hz. The proposed spool type HSV driven by piezoelectric had higher response

speed, weaker spool’s impact, longer service life and lower noise during working.
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Table 1 Parameters of the piezoelectric stack material
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Fig. 4 Schematic diagram of force on high-speed on-off valve
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Table 2 Parameters of the dynamics model
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Fig. 6 Schematic of a spool valve
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Table 3 Main parameters of the valve port flow model
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Fig. 7 Dynamic response curves of high-speed on-off valve

32 XESHESW

FAL A v T OC 1) 1 12 B B 1 R/
T B, T sy 38 P DG ) T IS A 9 R s 3 G
W) e A B 1 it s 2t 449 5 RG0S LA L A 1) () i
T 5 AT O, IR FT I ) 3 2 R G A B it s
MEFG . 8 TE T8, A SCLLRAT I A
ot I O PAT R %) 1 O £ 19 22 (AR R PR 48 A, 1%
bR S e P 2 v T O ] 1 A A o i

20220426-5



IR DA

%39 %

321 LS ERE

RT3 AT RS B AR R v R T G 1 4 5 e, A
oA 2 HOA 22 (AT 4 T, B i LA, 15 2
4 MPa iyl s 07 7 A [F] R0 T 78 e s 8 G 1 7
A 8 FrR .

o FHTIFIAONE
St OEHITG
- AR R

= 4
&
2 37
IM
0 1 1 1 1 1 1 1 1 1
56 7 8 9 10 11 12 13 14 15
&3 A2 /mm

K8 AR AR Tt ik

Fig. 8 Flow curves under different sliding valve diameters

MR DUE H, Bl 0 AR A3 K, 14T
FHSF ) 3 2 A O AT s £ itk U R S48 K, el T I
T 5 i A 2 ) A A A T ) B O X LA S A, i
A B T e R BT o R OC BFT L SeBAIR
A0 Lt R R, R BT AR B s o
PE, DI AT DL R A 00 i U o 5 RS AR
BLEPE S R, TRl T G i TF | Se el f v =
W BN 77 AHAL T e FL AT 2 1 i AR AE— AN 8K
SO, R IO RS B0 B0 0 14 386 RO e i
5K 11 1) S0 2 Wi 7 ESF ) 5 i AR /0N, 1T AR 9 S B 1
it (T BRI A IR AR
3.2.2  f& [ ] pR

FHAELTE JR] % 42 )R] B R 2, AE2: T T
B (10 T O, A% 1 ] B XA LA GRE 4, AE AL B BOR AR
FORTHE T, Sl AR 4% [a] E] B, A5 3 AS [R] 448 ) 8] Bt sf
fen R TF O I A i i 2 An &1 9 T . MR AT LU
B, AR g 18] BT BT R G O A S i AR 0N, X

6 —— T
-o- [T AT I it St

5 | -o BRPATIN Aol U ot
| e A
g 4r
g ¢
= 3
22

1r M

0 0.005 0.010 0.015 0.020

A48 1w [E] B/ mm

B9 TR fa] B i i 2%

Fig. 9 Flow curves under different radial clearance

) 5 AT By it e 2 M AR K . DR IR 5 A4 T TR
B e b e 74 R I = K TR A= T B R T TR
A G, T IR G PAT R I A4 O 2 2 RO B B i 3, i
U 2 0 R 205 55 R AR 18 428 ) T] B B — IR 7 R &R
WA I TR, 07 2 el 45 10k 5 A4 22 1) 1) £ 1)
B BRAL T 0~5 um 22 PN, LA /)Nt s i, 4 e v ok
TG 6 7 A 284 il Ok
323 EEE

5 G R AR T8 iU, IR B
AR i) [ 20 50 Bl 22 i o, 6 o k) R/ 22
BC A AT R RE . B 3 55 R RN, A5 BN ] 3
it I R O DG 1R 9 2 it 2 An 4] 10 T

8 T T T
¢ o [RFT I At
i ~o— (18 P ] 1 iU |
_6f = A AR
g 5t
E
2 4r
o 3}
B
S 5l
1 L

0 0.005 0.010 0.015 0.020 0.025 0.030

55 - /mm

10 Rlal#E s T aihsk

Fig. 10 Flow curves under different amounts of coverage
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