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Abstract

The proportional pressure control valve having versatile functions and higher performance is
an essential component in the open loop controlled rear wheel steering gear of the four wheel
steering system in a passenger car. In this study, the authors suggest a new type of load pressure
feedback mechanism which can make it easy to change the range of controlled pressure without
changing the capacity of solenoid. The concept of suggested mechanism, composed of the pressure
chamber with throttles in series, was described. The mathematical model was derived from the
rear wheel steering gear consisting of a valve and a cylinder for the purpose of analyzing the
valve characteristics. And the programme for computing the characteristic of the valve was
developed. Experiments were performed to confirm the performance of the valve and computa-
tions were carried out to ascertain the usefulness of the developed programme. The results from
computations fairly coincide with those from experiments. And the results from experiments and
computations show that the performance of new valve was as good as that of the already
developed one and the new valve has adventages such as the easiness of changing the range of
controlled pressure and the decrease of power loss at neutral position without the decline of

performance.
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Fig. 4 Schematic of the test bench for experiments

Table 1 Specifications of instruments and equipments

T

Simbol Description Spec. Q'ty Remarks
C, 4WS cylinder - 1 Kayaba
vV, P.C.V ] 1 Kayaba
S Siz o solenoid ?_—r 24 N/X——‘—-— 2;——_— Kayaba
F | Flow meter ] FTB;ZOZ 1 ( Omega
N P, P, Pressuré transducer—k —‘E;)_O'K-_-—‘__ 2 B NEC Sanei
S ltirr:relsafro:irisg:acement MTS 1 Temposonics
A, strain amplifier #%CHEH PW B 3 Cheon-he
N A, T F-V converter ] 1 Omega
- A, | Amp. for L.D. T f——_‘i i:-l—’_ Temposonics
B A, Amp. for P.C. V | L‘*417 Uchida B
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Table 2 Discharge coefficients of the valve and throttles

Discharge coefficient

Main valve

1.3X107"xRe*—4.714 X 1075 x Re? +6.28959 X 10* X Re — 1. 74619 X 10~2

Orifice 0.2¢

1.6x107"xRe*+1.426 107 x Re—1.425x 10!

Orifice 0.4¢

3x107°XRe*—1.704 X107 x Re*+4.42529 x 10-*x Re + 1. 80583 X 102

Orifice 0.6¢

1x107°XRe*—6.3x107°x Re?+8.3044 X 10 *Re —1.16944 X 10*

Orifice 0.8¢

1x10*xRe*+3.891 x10*xRe—1.74619x 102

Orifice 1.0¢

2.19%X107°xRe?+2.24 x10*x Re+8.38 x 1072

teristic) 4¥ 2 SHEAE oty Y7 HEg Al Wuo B4 zaAlE £ g BE B S
o5 4 (transient response characteristic) A&-¢  48td mele] #xA4 Zzaae N ukahol et
Adgch Zddd Sd4de JAAFAEE 0 A4 o 22 E(algorithm) o 7 = 4 % ER
mASE o) 2 1mAY4 Fr44A FFad4 %3 (Runge-Kutta method) & Ah-&3 ek, Ak A 7E
T2 S Fckle AESUEAALEL Ak FRUDS 1.2ms, HEAZH Toe) & 1200 ms 2.
e AFALE FFska, o] wo i 2 gk o A4y
HH ks 24 sl FHRA A ded HE AeE Ay uie 7
F& 2%FA FFshe fbe A1 TMPa,  sEye SEAl4s ddos Faiely, Ay A
WS 7 //ming AAsa A4 vEe] exE & 247 (method of least square) & Abg-3}
40C HA 2 f2 8t of dlolgxse] 42 FAg A2 Table 20
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Table 3 Phisical constants of the system

A AellM pir mERE Edle] ZE2i sRg
Constants Value .
B % Die 4327 (hydraulic diameter;
Density of oil 869 kg/m’ Di=A/l, Ax AT A, 1S AFE S
Bulk modulus 1.8x10° Pa o] Aol), v 7]E9 EAxo|r),

of elasticity of oil

a2 gjef A e FAeA 7lv]e was

Kinetic viscosity
of oil

B Tatdda, 2 3-& Table 3o vhelfc},
3.2X107° m?/s

Area of piston 1.65%107° m? =

Mass of piston 6.53x107" kg 5.1 Ay

Mass of spool 7X107% kg Fig. 5= wu o 43z savej)s £4¢

Constant g FHET A8 4T 2 S440d dstel o

of cylinder spring 6-4XUTN/M 3ol @ o bebieh %ol A8 W

- ~EAYE 124, A - 2T Frel wEy

of valve spring 4.4x10° N/m 442 77t 0.49 B 1.04, AFe Az (.27
mm, 2% 2z Az A4l 44 N/mmo] s, ulg)

Volume 1.496x107 m* W8 F ¥

of cylinder and pipe
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Table 4 Comparision of experimental results to simulated results

Rise Time

(ms) (ms)
0.4-0.8 136.0
0.4-1.0 m 141.0

Physical parameter Press. on

unload

Underlap
{mm)

Spring stiffness
(N/mm)

44

10.1
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