Proceedings of the 12"
KACC, October 1997

EYA oA

FEY ZES BB Y A} A B

A design and simulation of a hydraulic control valve in transmission
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Abstract. In this paper, the mathematical model of the hydraulic control valve is formulated, that is, this dynamic
modeling which includes the motion equations and continuity equations can analyze the dynamic characteristics of the
hydraulic control valve. The control valve for the transmission has the Over Speed Protection to protect a hydraulic travel
motor. Therefor, this simulation shows the over speed protection and researches the main design parameters. The results
of the computer simulation were assured through the experiment. From the comparison between both results, it is shown

that this simulation program is useful and effective.
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Fig. 1 Schematic diagram of a hydraulic control valve.

Fig. 12 W&d4E 15 250 1502 AT

o, FAR FUEES] 5 AT HE "Over
Speed Protection"”] 5 S 383 e K 2 X9
B ugygoldt TESED $E e ue B



| frAlAde ot 2L AjF Fo] WA . 44 &
AdE FA ¢4x4d° 1ed AAHIF (control
volume)© 2 ZHAEY, FAld djg A5
(continuity equation)2 X33, 21z} 4B 2 E3 3
289 $3WAAL ANHAY 223 21 F &
2] W &-7] o @3 A 34 4 (governing equation) S T
33 ZoAIFEH A S &

2.1 Pilot & 7] H#Z EE7F

a79) AA%s FA) AARE sojwue £
EFZS A0 AR S|4 Lo H4E 2
32 9 0 g3 2o 9s AT
qump = qump,pilot T—t‘, if t<Ty

st
Qpump = Lpump,pilot - if t>Ty

ATV, Qo = AT A2 7101 RZ o) A4
W E54 S Flow rate), 1, & EEHF] ALY =
gxZ.

22 FYEHY A g50]

F YRl A LA E A YL 2} 7)o A(gear train)
2 A 4F uiFz Add FRZE YYPF
293 EaE= g3 2

FyP v el7l A A[ps)t EZ[kgiem)= T Y
o] FP&A L 1A &1 37 Zo] AP}
P-Q
7500

FxDl

Ls
T =71620— =

N 2
Z}z} 71014 & S AGHE A ALEIE
24 (g)0l o3 2R dd.

Ny D 2y T

Ny Dy Zp T
o] Z4&m|71 1 o] ol HESEE AAAU ER
=371 9.

AAA Fo| st FARES) PHF 7)ojdo] 2

I JE FYHIAE G2 2 7 Jojo BAPRA
E9} AAvl A A AAvAATE FAAd

. . Hpg
Jlel +b191 +fl =% = Tl = 71620——

1
Zavelo A FeESF 2Ag s AEE,

do,

&t .
491 . Tl _fl -blel

1

o I

oltt. 223 Y F 7jojg SYS Jlojdo] k=
YR Y S ET7t SYF 02 A F4 &
Y59 FYFHLA G 2459 AdFHAAE o

+3 2}
. . Hps
1292 +b292 +f2 =19 = T2 = 71620';—
2

168

spere] BARA A FeiES ZW9d s AR of
st 2o}

do,

2.3 SFEYHY £

* Pilot I o]Z 8 .

Pilot3} 2§ d2jo|Z WH & A5 ¢t S 20bar
2 ARG o]FA 23d 42 4F 74717]4
Z-3-d} o|d pilot}H 4 B2 o|Zdu 9 2 FTA
AL g3 Zo] AMd. eol=in ~F9 ¥
FHAANL
m R = Fe gxT = Fre FRIC

= AprePre — Kpe (160 + R) + Froq = Freg
71, B bxT = AprePre ~ Kpe (g + R) + gy 3 27 O1 2
Wy AFd F3E A FHI,
Foe FRIC = Foef > Aejo]l B ~Fo AL

' AHEH o,

Apre 5 TrAISFO] Relief Spoolo] Z85= sedH 2
71, P> Z A} A3 (control volume 0) < F A4,
K, (reg +R) : Relief Valve § =2 ¥,

Fre = 2C4C4A (Pre ~ Py )sin 20 ge ma B
= 2C4C40R ¢ (P, — P, )sin 26
FAH,
c. ; A< (Discharge Coefficient, 0.61),
cy 3 HEAST(Velocity Coefficient, 0.98),
A B HAHALY o ; FA BEHE,
=} Freflsign (R) > &2F 0]%_0]] IE]—E__ D}'%a,
R;Z2EY &k,
sign (R)=1, if R>0.0
sign (R) =0, if R=0.0

sign (l'l)=—l, if R<0.0

o]t} Relief Valve & FEi 4= 2 F 9] W99}
2 AASAE,

|

=

Nee 8 F
= (Fre EXT ~ Fre.FRIC)
dt re
dR
re
= Vre
dt

» Solenoid Valve :

247] £A7 SANNA WL 29 Hasd
o] x0T WB = A7) A A F o weta W)
9E AR E FEE S A9 o AR o
2 @Ee A/NTE we ARG TYN7) L, @
ool s A2Z P o= Y
EdwolSln 2E9 2EPANL

mS8=F ~-F
s s. EXT s.FRIC

=K ‘i -K (S +S)-F +F ~-F +F ~F
mag mag s 0 Qe



FgxT = ng ‘imag —Ks(so +s) - + qub - Fch + Frqb

E, pxt > Solenoid Valve Spool°ll 2+8-31= 9] A,
Kmag'imag ; ﬁz}a’ KS(SO +S)', _{\_Eiﬂa
Krric = K¢ -Fg = IFflsign(é) > D]’%E‘:‘,
Fop = 2C4CyA, (P — Pp)cos@ _ i}
sqb d-vaells = 11 ;%g_é%ﬂ]a’
=2C4Cyox (F; — P )cosb
Fgb = 2C4CyAy(Pg — P )cos B i
T LR R L}
= 2Cdemxb(Ps - Pr)cose
Solenoid Valve?] “JHI¥ < B9 52 A9
dVS g
— = (Kext ~ KFric)
d! S
dX
s _ v,
dt

« Blocker Piston®] 23584 2]

& Blocker Pistone 478 AR E F2o 44
-‘“31" BakAojn & A F o)} 01341‘\?% 1£
22 gl 2% FejA #ld FFHE 2/GEA

7= WEAGE 2FojHA %-"] o ‘T‘ng—E}-’] 4‘*
WA 7)°5& 8= 2F |t} Blocker Plston
of &8ss 442 A28 Zv}zel(Leﬁ chamber) ¥} $
Z A (Right chamber)o} &&3t31 ZtZto] FAUY 4
ejoll welx 2 F o] o] F gt} Blocker Piston?] &5

A e
Mbp'i(.=—Fl+F2+Flub-—Bv*—Fbpf

+F1-Fy-Fg
gl 9y,
Fi = App1 P B2 = Appy "By » Fup, = Appg Py

By = X(L; - L3)Cq0{p(Rg - B ) + KL, Cqo20p, 5 T A1
4 ?ﬂ*’rmﬂ o) gt 49,
vpae . Fypt =l Fplsign (%) »
FAH g =0 43wx, (P - P = 0.43wx (P -
v v(Pi =P} Fy v(Ps = Pr)>
Fv3 = 0.43wx (P, - Bg)» Fy4 = 0.43wx, (P; —P)-
olef= FHXEL &R (over speed protect10n)7] 5
o] ZFAl FAH:
F,3 = 0.43wx, (P - Fg)»
Apl, Ap2, Alllb s Pl > M
Blocker Piston®] e ¥ o} £ 2 XA 3HA,
= (Fop EXT ~ Fop.FRIC)
Wbp

+ FV4

F,4 = 0.43wx, (P; - P,)-

dt

___=Vx
dt

« Relay, Ball, Load piston®] &3 &
A7} 2FZ /39 Relay Assy's %%—”’73’4% o} 2}
s} 2ok M7je] 28 &= Y] A7) we
Azt 2Fo] o] FEA HL, T 2FS TS 22
oz zFHE NHY 2o} o] WuzFL T
Mo dejol=linyt X9 AE 2 oA F

—

O

- T
K- M 33
wee] 3%} Sa)9l Fefo) wet 4ol wei
o Andoz FAREY A4t #RUHH 43

169

271 “ﬂ"‘i- ], o] £8UY S o] 83 24
THREP} 4R S F)
*} A @
Ball Piston?] -r% 7§ < o}l 9} &}
My %3y =F - Kl("3a "x3b)+fVlub - Fn
Relay Piston®] &5 %3 4]
My %3, = K ‘Kl("sb "x3a)_K2(x3b 'xsc)‘ffvmb ~Aps Py -Fpy
Load Piston®] 254 4
My X3, = -Kz(xsc - xsb)‘ Aps P+ Fpy
kol A2 g = ap3ng, Fy = apapy,
FAH - g, =2C4Cq0x (P - B, )sin20,

fV
vlAe .
ApS'PS’ Fbpf =| Fflsignl()'(i), for i=1,2,3,
Ball Piston®| J el 9o} £ 52 NAFH

lub = 2CdCdeZ(P3 - Pr)sm 20,

dv.
X3a g
——d: =~ (Fx3a XT ~ Fx3a.FrRIC)
dx
3a
= vX3a
Relay Piston®] el M99} &= 2 233
av.
X3b &
=~ (¥3pexT ~ Fx3b.FrIC)
dt w,
dx
3b
—_— V.
3b
N X

Load Piston?] el 4 ¥l &£ 2 A7
dv.
X3 g
—= = W_(FXSC.EXT ~ Fxsc FrIC)
3

dx3c

= Vx3c
dt

297 25434

292 & J2E, b} d2az 3459 3o
24557t N 280 A ged, ¥ 2Eo] o) Fajo] 3
vl ws 1RE gag A2 el A%

oJ AL 3oz dANJE JBL @) 2
232kl §A7 QL= AE, o] HAE 29| Aol 3

A 9492 HANU o] $4 AAYL NAE
ol 28313, 71 271 &7} 2ol AN

)-+]

o] Al dHH L FXEo] offgoingAl & LT 5
o wropako 2 2831 X E 0| oncomingAl = B
SWgo g Zger adA FAGHo] FeA =%
g 2838 EA L, AAAAE =A fAHE A

e Rt

2 2
-r

o 1

o [ 4 2(
FCentB=_4 [ro = 2r, \r,

Tl A Wip = apg by
Foup DA A FAE,

“HH ;e =K isien (xg) >

igao]a KB (XB0+XB), xB=y,



APB ’ MB > -
Brake Piston®] 3Bl Wit £ A9,

dVyp g
= —(FxpgxT ~ FXB.FRIC)
Wg
dx
— va
d

2% SR H2E S FHAAL
Mc -¥c = Fc * Feentc -K¢(xco +xc)-Fcf
FHN ALY ¢ g - ape T
"HEE : peg =1Fplsion(3c)> Apco
‘}_\E‘%a :MC’KC (XC0+XC), Xc =2
Clutch Piston®] e85 99} =2 (A,

g
= — (Fxc.gxT - ®CFRIC)
We

dVye

dx

C
—=Vx¢ -
&

2.4 2EIYFL FEHF= S JFE

S8 RTE FYPNE 37 A A 4
o] gt} ;A FAREL A5} FUAFA 3
AA ZF 7| A PR 99 719 /& Py Folx
23} 8¢ & & A AET VA2 ESR
QS Zlolf 2ol A3 AG wE 837 FPLE
A58 F3 Ao At

Quyp =270 X4
A7IM, Qup = AP Fd QZAE 7olB T ESFH
F q © 4349 Ze710] B Lol EESTF : 4cc/rev,
o, = FILEHFS 71 B L) £ X (rad/sec).

5
A
e
s
3

2.5 Y2 gt ISyryg A

= 227 AA 432 Jhed A 3o
Sg32E Moz HAF Aot 24
9 &) o) 5} = Transmission¥ control valve$} clutch
agln W) ozl g & col=ling A
g 770 FANE HAG Aolth 4zt HAAA
(Control Volume) Ato] 9] F-A 358 &4 & Yetd 24
S RAF T glod A HAMA A9 S E A
Att Z AAAF oA AR Wsie] e g E
otold = gleh A Z42te] AAMAA O] didto ¢
242 1% 5N L &} go] Fa,

A FFL FA A2 ZEFlow Rae)ol™, O,

2 i AL A B AL R AEF 3 F(Flow
Rate) S Y EFAT}H

FAl 9 A e

Fig.

B dt

=3

vV dP dv
T =ZQj ~ZQout -
B dt &

170

Rﬂumm Supply L_j
— | — |

A/

N HH(X}

) MoA X4 ()
|
Convol |
Volume 4 |

P
—— Odout

W3 X3 (3142
)
— ot |
Volume 3
®3) 034 ——

Pump
——

2 FYEA2G e FYTE,
Fig. 2 Modeling of the hydraulic transmission.
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Fig 3. Simulation Flow Chart.
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294 o449, Plub : 2YE, D time : A QAL
CT: ’&AZL,

B ZA2E: 0.441sec, BE A P AIZL : 2.393sec.
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Fig. 5 Simulation result.
(Relay Spool, Overlap Length 1.0mm,
Blocker Piston Spool, Overlap Length 2.0mm, 38°C)
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Fig. 6 Simulation resuit.
(Relay Spool, Overlap Length 0.5mm, 60°C)

BEA)2F: 0.441sec, WA DA 2 - 2.39sec.

173

Relay Spool 0.5mm Underap
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Fig. 7 Simulation result
(Relay Spool, Underlap Length -0.5mm, 60°C)
WEAIZE : 0.435sec, MEA DAIRE 2 1.751sec.
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Fig. 8 Simulation result.
(Blocker Piston Spool, Zerolap Length 0.0mm, 60° C)
WHEAZE:0.279sec, BEA AAIZE : 2.489sec.
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Fig. 9 Simulation result.
(Blocker Piston Spool, Underlap Length -2.0mm, 60°C)
W2 A17E - 0.213sec, REA AAIRE @ 2.507sec.
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Fig. 10 Experiment result.
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(Relay Spool, Overlap Length 1.0mm,
Blocker Piston Spool, Overlap Length 2.0mm, 60° ()
WA 7E - 0.48sec, ME A QAL : 2. 46sec.



