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Design of Optimal Capacity Coefficients of Flow Control Valves in
the Hoist Hydraulic System Using the Complex Method

o] M &}
S. R. Lee

Key Words : Hoist Hydraulic System(ZO|2E f%A|2x%8), Flow Control Valve(-ZA|©J¥ ), Optimal Valve
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Capacity Coefficient(ZdWH { A1), Complex Method(FZ 3 2=5), Constrained Direct Search
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Abstract: The typical hydraulic system of hoist is composed of a hydraulic supply unit, a directional control
valve, two pilot operated check valves, two flow control valves. The capacity coefficients of flow control valves
should be adjusted for the hoist to operate at moderate speed and minimize the hydraulic energy loss.
However, it is difficult to adjust the four capacity coefficients of flow control valves by trial and error for
optimal operation. The steady state model of the hoist hydraulic system is derived and the optimal capacity
coefficients of flow control valves are obtained using the complex method that is one kind of constrained direct

search method.
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operated check valve at cylinder head side :

o

forward flow, reverse flow

Ay, A,  pressurized areas of cylinder head and rod
sides

breist - actuator viscous friction coefficient

Cdm},sl ’ Qlc’u_SZ’ Cdcv,ltr Cdc17_2t

of directional control valve

. capacity coefficients

Ch_tev_in»Ch_jen_owt - capacity coefficients of flow

control valve at cylinder head side: in flow,
out flow

Ch_pev_fwd> Ch_pevrev - capacity coefficients of pilot

operated check valve at cylinder head side:
forward flow, reverse flow

Cr terin'Cr fevour - capacity coefficients of flow

control valve at cylinder rod side: in, out
flow
C.

r_pcv_rev

C,

e pev_fuds . capacity coefficients of pilot
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Ey i cyae - hydraulic energy used for one cycle

motion of the hoist

F,;  ‘ actuator coulomb friction force

F,;  © actuator viscous friction force

N, D number design variables or number of
elements of point vector

N, > number of point vectors

P,P, ' pressures of port 1,2 of directional control
valve

p,P pressures of cylinder head and rod sides

Py pers Py e, - Dressures  between flow  control

valve and pilot operated check wvalve at
cylinder head and rod sides
P

r_pcv_cracking

Py pev_eracking : cracking pressures of

pilot operated check valves at cylinder head
and rod sides
P, . tank pressure
Ptriggm‘ margin

: margin of trigger pressure of

pilot operated check valve
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Q, . flow rate into or out of cylinder head
side

Q, . flow rate into or out of cylinder rod side

Q, : supply flow rate

tuprtan - Stroke time of up or down motion

Woise - hoist load

a . reflection parameter (1.1~1.3)

x : point vector or vector of design variables

z : average of V,—1 point vectors excluding
z"

z™ : reflected point vector of z% crossing =z

z” : point vector having maximum objective

function value among /N, point vectors
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Fig. 2 Steady state model of the hoist hydraulic
circuit for the upward motion



ol 4 4

o - A, o @ o] @, ol A4y =02 Fse %7 A4d
AT O 2EZHM f29E f3%e e 2
7t wne] 3L HEsel 4 299 dPde @, =0, (12)
2l (3)~(10)e.2 A2e 4+ gt
A
= ——0Q, (13)
Q}? @ Ah @
P,=P,+ 3)
o 7t WHel fFAe Agslal 4 299 gL
Q? 2l (14)~QDE A 4= Qo
Py pey = Py + (4)
Ch _pcu_rev
2
P Ph pev —Q;Qh—" (5)
Ch,fcv_out
_ (VVhozst—’_F +Fuf up) Ah
P.= a A —P, 6)
2
Pr pcv = Pr + QQT (7)
a'_fcv n
2
Py=P, 0t —; < 8
Cyr,pchfwd
2
Ps - Pl + QQT (9)
dev_sl
. (I/Vhozst +F +E}f up) A}L
P, =+ i +7rPt (10)
n ( = 1 . ! 21 )Qf Fig. 3 Steady state model of the hoist hydraulic
rgoin Gy pua G circuit for the downward motion
1 1 1 4,
+ 2 t— +— 3
Cdcu,?t C;L pev_rev Ch, fev_out Ar Q2
P =P+—— (14)
a8l ol2Es} dsed At Aze 4 o
(1D 2] A 4= ok Q?
P =P+ ——— (15)
stroke S
tup = 0 (11
(Ai) P.=P .+ 2Q’2 (16)
q fev_out
22 SO|AE SIUA
Flg Soﬂ §_O]}‘ ]_ '3]-7(;"6_}'71:4 78]_?_01] EH?J_' iO]Z: f’h — (I/I/;Loist_jcf_Fuf_up) +§T‘R (17)
E9] f4E27F et Jom a8 Alad WF ' '
7 EASS] Yok BOIAE FAHFA B 5 o
32 pdae thea go] SEHTE Phpw—Ph—*—Tfh-_ (18)
FEFFAANA WA YE 2 FFH {2 ’



23
PZ = Ph_pcu + 9 (19)
Ch,pa;_fwd
Q?
P =Pt—" (20)
dey_s2
(Whpa—Fyy—Fy ) A
P = hois ¢ vf _up ’_LP
¢ Ah * Ah ! <21)
1 1 A7
+ 2 + 2 + 21 3 QS?
C;“_ fev_out a‘, pe_rev C:i(:u_lt Ah
1 1
+ 2 + 2 + 2 ! Qg
Cdcu_s? C;L_pcu_fwd th_fcv,in

83 FolAEY} FRsled Ad: Azte 2

(22)8} o] AT & Sk

stroke
tyn =

"= QA (22)

C'r,fcv out‘g_ 7\—2%}6‘}'7] %E’_H Z‘Jlxletl]—&l]7]]ﬁ94 ?—J_%‘
J FEY 2 (complex method)S & &34t}

t
+(Ps,dn_Pt) ¢ Qs ¢ tdn

32 dA Y=

EArs HAsT17] el F 4] AW
He WY ST AAWTE fEgAolEE e
TBAT Gy sevins Chfev outr Cr_feo ins Cr_fov out )
O AN Y A TR f 3
Ao AT e w3 fPAolaE
FAFE UR 2 g5 eedel AAD
= fpdolne) f3se HRAE LSkt
31944 <10 < G, 1oy inr Ch_sevoutr Cr_fevins

(24)

—7 (m?%/s)
Ch fop out < 4791610 7_Pa_

P,

1_up

>0.28 (P/L,p(m_ up + ]Jh_pcuA (:ra(-k'iny)
+0.72F, , + P,

2_up trigger_margin

SolzES] P4 2ZEZ AdudE Awnst
A o

4SS YANSE Aot
P?.dn >0.28 (R',[)r:u_(]n + ‘Pr;pa)_cv'ackiug) (27)
+ 0‘72P1,dn + Pz‘,riggerjnnrgin

34 FEHAHe d02[F

2%l 3k 74 Qe A 0B YEhd AR )
o AAMSE T

L= [Ch_fcu_m Ch_jesout Cr_fen_in Cr,fm;_out]T (28)
@ 8o A
2 B
@ Fig. 4ol vehd AAYE QA 73 7 A
AT umA Y HEd, o dddE A,
2= x+a(x— £FHOFE OlFAZITE A7 a=
135 ARS8tk
@ olFd A, xmo BAGSFHE, flzm o]l @A
T HAEASgk A LHED AR god A
2 Ag5 gt 2ok WA oo @ AR @
AA, zm HEH, 1o FAHOZ o)FAT
o} o|Bd ol 488 Ho| oW 83 Ho| B
x

oA Aol Al A, 2F

WA zme] olF F H AANA & A,
o FUHLE Gl o FA 7Tk

® 879 Ho] BF 7Fu| A, 050Ul 23
AL S 8] A Azt tist EH T
el zpolr}y wlAr|EgEE 0.00050|Hd] Jow =8
ARtk gzl BEHZA o @ 74tk



X g

Fig. 4 Search trajectory of complex method
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Cp fein = 479161077 (m*/s)/V/Pa
Cr fevour = 0.9574x1077 (m®/s)/VPa
HE BEATFE By e = 27643 ]
Table 1 System parmeters
symbols values
A, 7.854x 107% m?
A, 5478 x10°° m?
O 1000 N/(m/s)
Clrco_s1> Cliev_s2> 4.7916 < 1077
Cdm,ltvcdw_m, (mB/ S)/ \/ﬁ
Ch_peo_puwds Ch_pec_revs 79861077
Cr,pw _fuwds Cr,pav_mu m3/ 5 )/ \/ﬂ
F, 200 N
P}L,pa?, r’radcin_r]?])r pev cracking 0.21 MPa
P, 0.1 MPa
trigger. margin 0.2 MPa
Q, 210" *m?/s
stroke 1m
W, st 12250 N
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Fig. 5 Trajectory of design parameters and
objective function value( W,,,=12250 N)
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(a) capacity coefficients of flow control valve at
cylinder head side: in flow, out flow

(b) capacity coefficients of flow control valve at
cylinder rod side: in flow, out flow

(c) objective function value
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