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Design of hydraulic priority valve with internal control and adjustable
speed for vehicles
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Abstract; The dynamic response of conventional hydraulic priority valve will lag when there is a sudden change in
load flow. The response of spools opening and closing is slow because it is limited by ensuring that the pressure
stability and the opening response speed are within the designed range. Consequently, the size of the fixed orifice is
small so that when working conditions are switched, the closing speed of valves is slow, resulting in a small flow of
oil through the orifice, which cannot meet the needs of the system for rapid oil supplementation. In order to solve
the above problems, we designed and integrated a speed regulating microvalve in the main spool of the hydraulic
priority valve. This microvalve uses the principle of different orifices in different oil flow directions to adjust the
opening and closing response speed of the main valve, and achieve slow opening and quick closing of the valve
core. According to the dynamic equations of the valve, the designed microvalve is modeled and optimized by
simulation. The best matching parameters are determined and the effectiveness of the design is demonstrated. The
experimental results show that by reasonably matching the flow area of the fixed orifice, the microvalve can speed
up the closing speed of the main valve and replenish the auxiliary circuit oil to the main circuit in a timely manner.
Moreover, compared with the traditional main spool with fixed orifice, the closing speed of the microvalve is
doubled. When the steering or shifting operation is completed, the speed regulating microvalve can realize that the
opening speed of the main valve is slower than the closing speed and reduce the impact of the pressure. This design
solves the problem of slow closing speed of the main valve core when switching the priority valve. In addition, it
helps the auxiliary pump to quickly supply oil to the main pump and meet large flow demands under different
working conditions as well as improve the response speed of the system.
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Fig.2  Closed state of speed control valve
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Fig.3  Open state of speed control valve
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Fig.4 Simulation model of priority valve
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Tab.1 Simulation parameter settings
28 fH 28 18
B[] [ 1 T R AR C 0.8 P PSRN BE ky/(Nem ™) 16 000
= S B 1 R C 0.8 B I A 1 AL AR Dy /m 0.030
e I IR I R AL C 0.7 F it b i R FL AR D,/m 0.035
o) R EEHERL e REL B,/ ((Nem ") +s) 25 Je 51 N I M B 4E Dy/m 0.006
F R FPERLJE R B,/ ((Nem ") »5) 30 B i) fRES TO AT 32 ) 8K ELAR Dy /m 0.028
eI EE R e RE B,/ ((Nem ™" ) +5) 20 B[] ) R0 AT AT A2 T AR Dy, /m 0.034
TR RS B,/ MPa 700 P ] 8 LA AR AT B4R D3 /m 0.007
MBEZE p/ (kgom =) 890 F IR I AR D,y /m 0.031
o] [ I E BT i my kg 0.10 F SN IE B Dyy/m 0.032
TSP m,/kg 0.14 SN E HAR d,/m 0. 006
S GBS my/kg 0.04 S FNFT AR dy/m 0.003
i [ SR Ky /(Nem ") 2 306 H 5 56 W% BE FLE AR dy/m 0.001
F SRR b,/ (Nem ™) 10 891
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Fig.5 Response curves of main pressure
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Fig.6  Curves of main spool displacement
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Fig.9 Experimental curves of main spool displacement
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Tab.2 Differential pressure and response time

B d/mm 25 AP/MPa JFJRBE At/ms  SCHIBSTE] At/ms
1.000 0.631 65 67
1.500 0.598 63 39
2.000 0.334 62 36
2.500 0.304 60 35
3.000 0.298 60 32
3.500 0.296 59 31
5.000 0.296 59 30
0.700 170
465
0.600 | e . 160
g 1 2
S 0.500 —a JEZEAP 4150 =
X = JPRIEAL g5 B
0.400 F —— G [H] At =
’ 140
135
0.300 .
1 1 1 1 1 1 30
1.000  2.000 3.000 4.000 5.000
FHJE L E.42/mm
B 10 A BEEZFa0m L At e
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