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The Study of a Sliding Mode Controller on a Pilot
Operated Proportional Pressure Relief Valve for Time
Delay and Disturbance’s Compensations
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Abstract: This study’s purpose is to design the controlled system that compensates the time delay and
disturbance on a pilot operated proportional pressure relief valve. This relief valve is driven by pilot
pressure and this pilot pressure transfers into the orifices and chambers. So this kind of hydraulic valves
always have the time delay. A time delay lets the system to unstable when system has large open loop
gain.

In this study, a SMC(Sliding mode controller) and Smith predictor were used as controller. A SMC is an
one of best controller which can be used on the system that has uncertainty. A Smith predictor can
compensates time delay during to keep the controller’s characteristics. This study also deals with a
disturbance observer. A steady state error will be come out from modeling error and disturbance when
used the smith predictor. This steady state error have to be recovered to satisfy the controller’s goal. A

disturbance observer was selected as a solution. A controlled system was verified by computer simulation.

Key Words : Sliding Mode Controller, Smith Predictor, State Observer, Disturbance Observer, Pilot Operated

Proportional Valve

1.M B £ 73 Q7] mEel Welx Wng mdud

Wol WA Az AR 247t wET A7

stdgl T HlE gL wue gae g AD 84 AzEe] iR ARle a714 n

Z8o] tate] tES Aojst= wuolty o] W EF AIZEE b Ee s e ol

BE 2z WBel g2 3dy gEHe Ao} ARE AL 24E BASHE W lE Smith o

S gne} wel Mg s} gk My g 571 A Aok glew ge) Aoy £
B wjBdol= 23702 ey xe e Ay ATONAE Smith ASFVE =AU

* JFE@AAA - AATAFRFATH *f Hwang Hun Jeong(corresponding author) : Smart

E-mail : hwanghun@koceti.rekr, Tel : 063-447-2523 Construction Research Center, Korea Construction Equipment

Technology Institute.
E-mail : hwanghun@koceti.re.kr, Tel : 063-447-2523

St=SHIAISHYA] M22H M4z, 2018 838 55


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2018.22.4.055&domain=http://kspse.org/&uri_scheme=http:&cm_version=v1.5

o TS Hld 2 BEO| AZIX|Hat 22t

sthold EE Aojrl= Ao W W 24
., g 5 R detrEe] HE 58 AL
A7) wEell A Ao Feol Bag v
A zgloll A Z8E= Alo] etk Ao} i
I el TE vlE Hex WHe BAdgA A
Hog zEfe] 2, fAY, e 5o 244
iz B o gEfold RE Ao

mlru o
o
_}L

A 25l

AHgt71ol A ek AlHolt

?J_‘é}’-‘i o2 &glold R A o]7](Sliding Mode
Controller)& AAI317] AsiA= WA HIIHS
= 289 Ao] thol thatel Ushs FuE 3
ogtm, o] HHE IRHANL 5 Ye Sehold
Bue Aelah thgow Hon & Hw
ozRE weld BEL Uk 27
(reachability condition)e YHE3t=E F7HA101S]
3} 294 AolAAL Frata, AHH Aol
B AEUCIAS B FAPT0

O

o

O

selold mE Ao E Hed Azwle] A%
Y okt gtel AfEeU, A A 2
8 0] A9 Smith 13718 SYFoEA
Ry oxh ool mE PN et @

BeA Bk
gE 279 o2 B27)E HASATG
B Aol BHe AnAdn 2uY o3 9
of Z1F Ao A 2R AAsHE Zoln, o] &

S o]
Smith |=7]9} 9|k #F=r|E =UstHT)
Ao} A =Ele] B2 modds o

o X
o i

ﬂmi;(\;lzr-‘.‘i
AN
o3

¢

2. SMC &4

2.1 MIo{CHAte| mElEl

Fig. 1S Bosch Rexrothd] B#E|¢4d = W
o MF=elth') szl ¢ o TEH
WE Al2Ee HEdeE ol ATl o3|
(HF} 2ol FAHFAJGE?

oz

~

]

il

Gls) = e 0083 547.852 "
s2442.671s +1755.121

56 THZEI|ASRX| H22H M4z, 2018 8¥

2to|gd 2= H0{7] dAof et AT

<ghold RE Aoj7]E ZASH] st Azt

& 4 @ 2ol 4

@

71 A, -T(t): [931 x?} T, Ty =P, Ty :37-1,
a, = 1755.121, a, = 42.617, b, = 547.852,
7=10.083°|t}.

Eetold B Aojr|e AA HIFE F
Wy o] Zg
esE H422
whEka 2l 2)9F 2ol
et 2 3)F 22

2
™

4 psk /12 4 p, Aol ot
s d@dolEE AAsE Aol

AFEAZETE 2709 A e
Zefoly Hue 4o

limss< 0 )

s

Fig. 1 Model of pilot operated proportional pressure

relief valve
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Fig. 2 Step response with 20% modeling error
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Fig. 6 Step response of Smith predictor with time
delay(0.083s)
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modeling error
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Table 1 Parameter of controlled system

Parameter Value

switching control input’s gain : A 0.5
switching control input’s pole: A 10
constant of sliding surface : ¢; 1.0x10*
proportional factor : ¢ 5.0x10*
(between disturbance and error)

for x; 407.33
disturbance observer gain | for x, 4.59x10*

for z; | -5.48x10°
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