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Design of Optimal Locating Point of the Hydraulic Cylinder
Actuating a Roller-Link Type Rotating Floodgate
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Abstract: The hydraulic cylinder is used for actuating the roller-link type rotating floodgate which controls the
volume of water in the reservoir. The locating points of hydraulic cylinder are restricted to the limited space

and determined to minimize the cylinder force necessary for actuating the floodgate. Generally, the head end

point of cylinder is fixed at underground and the rod end point of cylinder is connected to the support link.

Therefore there exist three design variables to be determined to minimize the cylinder force within the rotating
range of floodgate. First, the mathematical model of the roller-link type rotating floodgate is derived to find the

cylinder force corresponding to the floodgate angle. Then, the optimal locating point of hydraulic cylinder is

searched using the complex method that is one kind of constrained direct search method.
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and support link actuated by the hydraulic
cylinder



3)

lo,e Fp

3

ol A4
MP

3
=

3

9|

ol 47 ol

=
=

Z]

i

L

AqA e AFA
o

Fig. 2 o Y¥et

L

171l

3}

L

L.

)

o

l

oA

S

ATl A
A

o)
=

B
L.
3

A%

=
T

EEREE
A At

o|J
TH
i

@l ofsf 7

Fig. 20 Jehd 589 %

f
L.

weba 2 =Tl A

= HY(0E ~60%) A

4)

o}

°
hul

roller

lo,c,c08 (00, c,)

and

9060(, = 9050 + Qo.Cc.— 0,G

ICG
Fig. 3 Free body diagram of the floodgate door

0802 B9

A
SEEEE
El

j=)

234) o

=

|

A

]

=
Fed A

9

al
22 AR

o
ar

HNoz

AABAE Al

f

3

Z A4 0,2 A

oy

71 4]

[¢)
H (complex method)

bl foraanel 3

= 2%

Xy _LIII‘_}_\_

b
9 3

=

o

]

[€]

Q

1+

2
&

Fig. 24
A A]

L

C

0,43 cHel 94

|23 =4l

S

HEA]

A=

9]

o

%

s

3

Z 3

go

o

s

|

A

El

(6)

i

9

(6),(7),&)°l ¢

A 7 Frol o8 5 &Rl 7t

oj
.in
o)
»AO
o

ol

o

o

N
<]

G
)

m B

(7
8)

F
Fy

-

KxR - xﬂl)i+ @R - yM')j)]
Lrn
Lrne

—

(@ 10+ yag)] <
LTM(ZJR - yw) - yAJ(xR - xu)]

M,

My
T TH Y AFEAEAN T

stoll A 7t

S

(HE w39

29

atd

o|J
B

ot

)

31

|X] 2012. 9

3|

|

=)

3] (Mp+ M)

71 A

=
Lpar
[z M(yl? - Z/M) - yM(ﬂU R~ T

o=
T

T

)

o ¢

(1



oA7lH E3 TAHH RAY HEes 4 (10), A1),
(12)l osf 7 < ot

00, = 00,6 T or- 0,¢ (10)
zp=1lorcos(0o,z) 11)
yr= lomsin(0or) (12)

ge9 93 44 M
o T AT 4
(13)78 4 (1492 744
T3 Aol

& 93 oA olEa]
2SI AR A

3]
AHBA A AA 2 M C‘JM‘%

l??M: (QUM_IR)Q +(y/w_ 1/1?)2 (13)

23 do] A&, 0,0 ¥} Y WAHAE RME

Amapnz 4 (199 2ol MY AoE 07} ©
o,
($A1,1_-Ta\)(-73ﬂ1_ 373) + (yM_ yal)(yM_ yR) =0 (14)

A% HIHE FHE AYWRAL B 4

15)~A1YANA x4, vy 7 5 AL
(zp,— AB)+ C
Ty = H(Aﬂ—+1) (15)
(xp—2,)
Wr—vo,)
B xO_,fUlz‘H%?M*ﬁa an
(yR_y04)
C=/(z,— AB)? — (A%+ 1) (B>~ 1%+ 2%) (18)
Yu=Yr— \/limf_ (zp— I3)2 (19)
W% o2 Fig. 4 ebd 932 A B3
EHOM dantE, Fpol o JAo AARE 2R
E, M, e §2A9 W, Fol o3 9] wiA
AW ZHE, M 9 Z2orE foddy g
2 (200~ (28)°ll o3 & + U
My=loa Fr (20)
M= 0,C< F,, (21)
Yv— Yo
— -1 4
00, = tan 7%1_3304 (22)

32 ¢

okl

Y7 AR 2012. 9

Fig. 4 Free body diagram of the link

9040 = 004L + Qo,c-0,L (23)
l‘(]: $O4+ l0‘10COS (60]0) (24)
Yo="Yo, T 10,105in(90,10) (25)
Mo=2-F, (%)
lo,c
D=(xo—2o)We=yo) — ey ) @e—2y) 27)
Lo,o
Feo= ) Lo Fr (28)
FUAUL A B pRIHS 4 @) FYH
Arel AE2 tEEo R G 7@ 4 glow,
e dole Fig. 39 Uehd A& 0,09
Adolg} Zomz 0, C A HEHE o]&std 4
g ¥ + Ant
3. RUAMBICO AN MXH M
Table 1o frAdy 752 £2-93 733

2
Aeazo] e A28 ghol Yehd glth Table 1
of Uepd Hie} o] F&
7} 1.55m, &&°
=2l " A Hs= A
of3 LAt FIARUE
3} 7o
Fig. 5014 0] 0% ~605¢] M)A 3] xa}
A, el o FE EHle
ONmA] 26338Nm7tA] &7}t 4
2 Ryl HIAnmE=
13680Nm§ Aadte AL ¢ F Ut FE 29
o}wm_qﬂzt 22620Nmol Al 4=&2] 3|7 7Z}o]
501 ) 40130Nm7+A] Z-7Fstt7F 40017Nm 2 7+
=3

1o
4
o
o

b g
@



ol 4 3

Fig. 20 A8 fFgddde AXHA 0,834
cHel A, & A7 od wet fFAddrol

605 )0l

A&7t HEE 0,

H
Agets GESFgol ARAG. FRAALOE~
=
5

me Adn tEaE
A

Al 71H o] g2 ZZd 2 (complex method)
< gy
(1) ™A W=

0,0 HAEE (24,9, 2 BAHE AW 1

o rlr rkﬂ

=
o
Fxolm CHY HEE (1,y,)E B LB
Hog AR 0,C ¢ Zoll lo,c%t OM NE
NEeg 3 AR 0,0 9o ¥WNAWNE A%
060070L°ﬂ Sl]‘BH ﬁﬁﬂq %_]J'ai

ANA 9 SAAYE Aol nT A oo],/\]aﬂ
o HHUANHE AAsE AL e AAM
Lo, Yo, 104(7% T3t Aol

>

Table 1 System parameters

Z Jg3A ¢

Items Parameters
(zo, Yo, (-0.7m, -0.375m)
(zo, Yo, design variables
lo,a 1.55m
Loy, 0.775m
Lra 0.166m
lor 1.372m
lo,o design variable
Q0,0 0,G -6.897 °
Qo.R— 0,G -6.897 °
w 5m
Fg 29400N(3000kgf)
x 10* Gate Load Moments vs Gate Angle

5

4
E
Z3
&
£
o
=2
e]
3

Th === T Total Moment

| x  Gate-Weight Moment
: : + Water-Pressure Moment
0 10 20 30 40 50 60
Gate Angle[deq]
Fig. 5 Gate moments(M,+ Mp, My, Mp) .vVs.

gate angle

0 =3
FRol 0E~6052) WA S B, BE
drgol AEH BHRSE 4209 2 40

4] )~
21(29)0l 4 FATF7E F(explicit function) 2

THH7] ofres e & Ak

f(m) :maX{F0($7906(,*)§ ‘906(;:0 °,1°,..,60° } (29)

AAMY w3t Hee tFH 2ol AFAIH

.8[m], —0.6 <y, <—0.4[m],
0.3 <lpe=<18[m], F&9 3 WA
of Hrjdolet HaAdolof H7E 16 olsto| =5 A7
HEE A ofsi)

1.0 < g, (z)= : <1.6 (30)
(4) 2= Aol A1

FEA2Ne AFAs AT BYE B
g Ao g o2 ZEAER JENH Fig. 63 2
o 1 JU&e g3 2.

SAI) AAMSE] 4 39 2u)d dlFEt= 671
o #8% FET FHE HF 1§ INIY 1§
of &3l= 7 HEe A3l UEbG AAY 3749 A
ATz FAEY

yo ¥y D T
o= [al, vy, loel's =126 (31)

9A2) 671 A FolA HHTFgre] AUl A,
& Zeth

SAI3) Fig. 791 UYebd AXHE A TFA BA
204 F& A, 27e A Yz 5719 HHFA,
29 AYH A 2" =ztalz—2f)oE o]FAZ
o a#e 1EE} 2 #ol o7 E 138 AHe3t
=3

9A4) olFsd A, 29 FHIFE, f(a™)ol
A2) A T3 ﬁtﬁ-—‘%ﬁ?}?ﬁ, ()Rt 2A] gFo
A HoRA R Aotd wzhA "o d 9
Aol A & 919} Fig. 79 YeEbd B4, z9 3t
Ho g olFAT 2m¢ olFH Hol & Hol
olyH 83 Hol & wj7tA 9 o]F F &
Aol A @ A} 28 FHHOE A o] FAZ

9A5) 6719 M B Q‘Hﬂﬂ—f}%o}
§=0.0005 Btk 2 6719 A Z4zbel| gid &

o

o
N
e

SDoAMT|ASE|X 2012.9 33



FEGSYO O BU-32 $AY ARFE TEE AGUUU 5 47 4

T FEEAGrE 23A T Tl e =0.00001
Hop Aod FgAT FEE] WEHA Fo
H gA2)E 1
(5) == MA Z2f

FEA2M0l o HAAAMs] B4 Z20

ot R ol = oo

23 QR oz AAsAT FAAA
*—-‘M Aol Fig. 89 2 Yeh 9} A7)
1803 o v} FA) A= th

Ty, =1.8m y, =—0.6m lo,c=1.401m

Define:  x' xz,...,xp,af, £, 0

2

Y
Select x™ such that

f(xR)= max {f(xp)}=Fm

p=1,2,.,P
. 1 F
Centroid: X=—— xF
P-1 p=L,p=R

through centroid:

Reflection of x %

¥ =% + a(f—xR)
|

If x" <x, set x" =x

i (&) m_ ()
If x" >x7, set x7 =x

EG Sl e 52349 gho] Fig. 9
of Ueht glom e HAUR Aol FE
o 2% F WA= A ¥4 7o
=09537N ©] Hm FZ3|H
el Hrjgols 3
AANGEES A 85

Joto]l YEeb T AT ZolE Fig. 109 stdol y
ER T,
Fgddy  gFsFe FELAE =Y o

Fig. 7 Search trajectory of complex method

Design Variables Trajectory

No. of Function Value Evaluation
Fig. 8 Trajectory of design variables: (a) top: o,

(b) middle:l,, ~ (c) bottom:y,,



o,

x 10° Objective Function Value
6 ; ; ;
| | |
] Y - B (S ——
| | |
| | |
= S ]
3 | [ |
= | | |
e | | |
— | | |
0 | I T I CTTTT T
3 | | |
. | | |
g AR T R
| | |
| | |
1l e —
| | |
| | |
| | |
0 T T T
0 50 100 150 200
No. of Function Value Evaluation

Fig. 9 Trajectory of objective function values, f(z)

x 10% Cylinder Force vs Gate Angle
10 T T T T \
| | | | |
—_ | | | | |
Z | | | | |
[0] 8F-\N--- l—— = — = 4= [ |- — — — — I —
(8]
B | | | | |
i | | | | |
[ | | | |
3 ) | | | |
£ 6p---——- TN T T~ I TT T T TT T
> | | | |
o | | T
| | | | |
4 | | | | |
0 10 20 30 40 50 60
Gate Angle[deg]
Cylinder Length vs Gate Angle
2 I I I I I
| | | | |
= | 4 L | L
£ 1. | | | | |
< | | | |
2 1. | + - | +
S | | | |
- | | | | |
3 1. I T | T
< | | | | |
=, | | | | |
g |
| |
| |

Gate Angle[deg]

Fig. 10 (1) Cylinder force, £, (2) Cylinder length, lo,c

4.4 B
FT9 Zo] bm, FEY =ol7F 155 m, F&9
Aol 20400NQ] FFEE EFES 05~60=Y
A JAAE A5, oo B FEAT 9
@ HAYRIIIARAEE R FJHZHo] 565Y
w 40130Nm7} ©th. AEFES 3 AA 77 938

FYAAUL AgHEE FYLT

nj
Lo
X
do
)

of weh frddne] A8 ArigrEstEtel
A W3, S Zests HUg=sE
Zrol A4av 52 = sgadre Mdx AH
< AAsy] d8 2e-9a FAY ARFEAA
faEn Y F2eFe P fotd mde &

[ox

2
=

(&l i
=]
I =
tlo oft
1=
N
i
1o
ne
o\
rO

! ot b
[
i m

ot

>..
Q‘L
32
o

X,

el g B
1803 0] v A am% £, = 1.

fob B o

4
rr e

2

<
S
|
|
o
(=]
8
cN

o
>

S

2
o rE
Ny W

C-TS
ox
e
2y
_’vll
rn}i
ki
S
j‘g
g
rir
glz

Xl
s
i

g
lo
Q‘L

B
ol

O 4o o o X
éh‘
Iyl
[N
pol
£§
k)

o\ o rr

THAEY 4=

o x2
>
ry
nj
1o
b

o

Mo
Y
N
>
=2
>

ol
-

-ﬂ060)w e Adce Aols
e 160 02A Akeee] Aagat

HE
2
of
o
rlr
ol
5}

o2t
=
o
= A
M
bl 1o

4

ol mot

A ﬂﬂ«l HREAAAE
2 FAdEE gt O
S48 AFAAYT 2o, dZEY
do #gste HdFatstsgtol
TAdn e AXAHES ARsted A&
o w3l EASr o $- H]jAE Aoy
T3t7] of# & ZA A HFNE Fot=d
AT

ol
-
H Ho

B
b
AN

N o TR P o [ D

o Iy

=il

n&
Hu

1) S. R. Lee, “Development of the Load Analysis

Program of Rotating—Type Floodgate Actuated
Proceedings of the
Korea Society of Fluid Power & Construction

by Hydraulic Cylinders”,

Equipments, 2011 Spring Annual Meeting, pp.7
6~81, 2011.

2) G. V. Reklaitis,
Ragsdell,
and Applications”, John Wiley & Sons, Inc., pp.
261 ~286, 1983.

3) M. J. Box, "A New Method of Constrained
Optimization and a Comparison with Other
Methods”, Computer J., Vol. 8 pp. 42~52, 1965.

4) S. R. Lee, Y. B. Lee and J. H. Park, “Optimal

A. Ravindran and K. M.
"Engineering Optimization Methods

SDoAMT|ASE|X 2012.9 35



=
=]

il

Gyl o Be-93 FAY ARFE PEE FGAAGS A5 424 4

Design of Hydraulic System Using the Complex 5) B. Shahian and M. Hassul, "Control System

Method”, Journal of the Korea Society of Fluid Design Using MATLAB", Prentice Hall, 1993.
Power & Construction Equipments, Vol. 4, pp. 6) D. Hanselman and B. Littlefield. "The Student
1~8, 2004. Edition of MATLAB", Prentice Hall, 1997.

36 =

okl

Y7 AR 2012. 9





