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ER-Valve 2% 715 0] L3t Two link Robot8] £ X] Ao

Two Linked-Robot Actuated by ER-Valve Systems

Abstract
This paper presents performance analysis of two-linked
robot system using ER (electro rheological) valve
actuators. An ER fluid consisting of soluble chemical
starches (particles) and silicone oil is made and its field-
dependent yield stress is experimentally distilled using
electro-viscometer. From this result, the design
parameters of ER valve are determined. Based on
parameter study, an ER valve system is designed and
manufactured. Furthermore, the measured pressure drop
is compared with predicted one obtained from the
Bingham model. Following the evaluation of field-
dependent pressure drop of ER valve, a two-linked robot
system with two ER valve actuators is then constructed
and its governing equation of motion is derived. From
this equation, PID controller is established. Consequently,
control performances of the proposed two-linked robot

system featuring ER valve are evaluated.
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Fig. 1 Bingham property of ER fluid at 55°C.
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Fig. 2 Schematic diagram of cylindrical ER valve.
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Fig. 3 Pressure drop due to step input field.

222ERYEE-B A9 T4

ER WH 2] I3}t E o] g3t Ay d&
29 Ax 9 ETE Ay A Fig. 6 3} 2
< 2gx EQJEAGY Wb z=g
FEFS 44 9, 0, . O Y FYsta, BB
1, 3 o 7HliAlE A7 A71E E, ¥H 2, 4
of AR = A7) AZE E, 23 3td, 4™
o gdelA MAEHE AFHAE O 2o
Yepd 5 Qloh

2o]

167

Pi~Pa= RO+ APz, (E1)
P1—Pb=RQ2+ AP (E2)
Pa~P2=RQ4+ APgp (E2)

(%)
Py—P2=RQ3+ APy (E1)
0=0+0,=0,+0,
4714, R & 4 @=%"H ogd 2o

R=127L/b> . 4 7}9] BB.ZH0] FY3lctn 7}
Aot SAE odde FolAEe ¥ O3y 72
o] EdgT}

P, =-;-(P’ +P2_R( 1"Q4)_APER(E1)+APER(E2))

A =%(Pl + P +R(Q3 ‘"QZ)+APER(E‘)_APER(E2))

©
dEE B3¥ 257

BINHoR2RE FES

R

Fael Aot gEe Wuo AL 27123
Y BT g S YT ¢ F AT 2

4, #A9 A5TRAE ABerel Aun) By

Fig. 4 ER valve bridge circuit.

AN} AAE] £5& YA TE o]

SER=XS
dP, v
0 -Qy=4Ax+C,—%, C, =~
P 7y
dp, V,
03~y =4x-Cy—2, C, =—2-
at Brr
V_ +V,
C,,EC,,:C:—"—L—[’—
2B
A7, 4= FJ2E F(ram)d] WA, v, 9 v, &

AAAH (control volume) a & 5 & ¥3, a1
Per e ERFA12] A A& /3 A3+ (bulk modulus)©] T},
olAl, A (M& A (o)l HYstx, ABVY g
e $HAE aP=P,-PF, E AW, T
A& 244 ok



daP)_ 2 ., 24 2 .
0P - ap-2Li-2|p, (5)-8, ()
®
371 AP (Ey)) © A7 #3)

AN AP (E) ,
A ER B2AHe GEAHE ez B8 %
9 ghe et =¥ s FFAAS A
D2 AP Al L5l uet ohal 4z
2ol B Acldgez AT 4 Aok

When x>0, APg,(E,) >0 and AP, (E\) =0

9
When x <0, APp(E) >0 and AP (E,)) =0 ®

3AAE gy
3-1 Two-linked Robot®] &% X|ul] H}A 2]

Fig.5¢] YEbdZR 3 Zo] Robote] F7H Arm

)

v \ 5l

<L

<>

el 4

Fig.5 Schematics of Two-linked Robot System
EREH.-B Ao A7|%E& Fagozn P}
AR HAE P gl A8 7F @

Lo

t}. Robot o] YAAIE 9o T& mad
& B3 ALY S Fad g9 72

Fig5¢] #d 233 oyEdeld L343 AE
2P o B g8 =& Figseh ol
dwrzl HEE BALE (4,4,) 234 ?J_*ﬂi}@l
<zt #gAo FAg3= EF((r,,7,) 7T Bk
A E Adesls de 2 B39 ¥A FA
57t Wedng ¢4 olRg Tt
2319 FHAA G 9 HEE=

o =l co8d, , yg =l sing °li 1
A7 2 w3t

H

A p
S5

o
FHE

168

61 z—éllcl sing, , ¥ =_¢-1101 cosg © €t w
o
Vcnrvcx —(xGl’yGl)T(xGl’yGl):x.(z}‘] + Y =lé1¢12

o] 8. T4 G, dsiM=
Xz, =1, cosd +1;, cos(g, +¢,)
G2 =1, sing, +1;, sin(g, +¢,)
7V HI, 1 £E&
Koo = =B, sing, — (8, +4,)lc, sin(g, +4,)
o2 =B, cosd, — (g&, +¢,)l,, cos(¢, +¢,)
7b Aok maA v, v, & e o] "tk
Vo, Vor =L8] +15 (B + 6,) +2115,6,(4, + §,)cos 4,
3, 3 2% AU T2 FH9 CdvxE
B7ed Hoz 93,9 F4E A - 5

S
99 #4 ZAEZS [ 2n 4
1

TdstA AstE

T p—
J]]wj -

S50} ol 9o

o§ 7] 4 j 9 A%e m, Hn B
0, =4, ©,=(f +8,)°12% N2 WA &5
AU T thgy o] Brh

B3

—Z(mv +Iw)

. @2+ (f +,) +
—lmllczl¢12 + ! m. { l¢l Gz(¢] ¢2)

5 ’ ZIIIGZ¢I(¢X+¢Z)COS¢Z}
11+ 4

3FA

T,

HAd o=
ojBE

2
U=3mg,

= n;, gle, sing, +m,g{l sing, +1., sin(g, +4,)}
olth 49 & EelAM eaEAL L&
A% F3349 B34
d(aL) oL
z(a—q]‘a‘g (=
L=T-U
o o8 A4 s, HUEeolE Y 59 o]
TR 4 (10)o4 A3 FHE ¢, = A9 o

Tk 1

(10)



UEHHAME ¢4, F 7Hxolth. 71 of 4 _11=1 +mi} +1, +m, (I} +1}, +211;,C,)

9 ¢ o B ALS =0 A4_12=1,+m, (%, +11,,C,)

oL A_21=1,+m, (1%, +11;,C,)

a9, A_22=1I, +m,l;,

={mll(2” +my (I +15,) +2my1 I, cos g, + 1, +Iz}¢1 h(p, 4)= —ml 1., 24,8, + #1)S, (13)

+ (g, + myl 15, cosd, + I1,)¢, ’ m, 115, 4:S,
1;,C, + 1C +1;,C

d(aL g(@):[mlg aC +mg(,C +1g, 12):| (14)
Sl il m,gl;,C,

dt\ 89,

:{mllé, +m, (I} +15,)+2m,l 1, cosg, + I, +IZ}¢51 ok A(2e BATE BEE, 403 244
R L A > = , ™ L [

—2mzlllcz¢1¢2 sin ¢, +(mzlcz;z +myll;, cosg, +1, )¢z 1
: g3 FA &Y o2 FAHE vAdgT, 402

-m,ll_.$: sin g, i ’ ° ©
zrerz v ZZ o)t} =T AN 7 Valve System?
oL or _g]___aU AP 2} ##o] =4, linkle] #FEE HAEY

o4, o4, o4, 04, AP 2 AP, lnkel BWY WAES AP B
=-m,gl;, cosg, —m,g{l, cos g, +1, cos(d, + ¢,)} AP} 31 £} AP o BAAE TEF Pk
ﬂ?]% H 2, A cos®:

¢1 ) 1 , , ) Tz APZ”
={l1 +mllG1 +I2 +m2(l1 +lG2 +2lllG2 c°s¢2)}¢1047],q AP = A®3 4 @ d8d A 5

2 5 = oA o3
+{12+m2(lG2+111G2 COS¢2)}¢2 ofx=dl AR 9 A$w AOF o ol W
LD FEo
- m2lllG2 (2¢51¢2 + ¢2 )sin ¢2
+mygl o, cosgy +mygll cosgy +1, cos(gy +9,)} When %>0, AP, (E,)=0 and APy (E,)>0
W5 g o) HANE AT A4 FE g o When x<0, AP, (E)=0 and AP (E,)>0
& AE & & vk olFA AN TER

4.6, B 242 “lPgol Figsel ovF 4l 74
doleie) eFuAelnt of Ag wris gug T ST AFWAAS Aset ol wEAns
Apgstel Edad thew pe How mg g  FID ComollerE ol 3t
At PID ControllerE ©]83}7] $3lo] osidFA&
H@)b + HD.0) + g@) =7 (1) And, 4 Aans A TAsIEd 9o
- Zo] B,
O=(4,.4) . t=(,,1,) H(®@)YD + (D, D) + DO+ g(@) =7 as)

L1 4D (DE 5AZ 799 B4 92ASF)

H@){A Y A“zz} (12) ANA 7, & NEE AHO7 o]

where; r = H(®)r, + (D, D)

n . . . (16)
h(D, D) = (D, D) + D¢ + g(D)

2 EAEHE =9 gAS AZAsg g4 4

169



16)S Aas5)el dds=H

b=1, O =(4,4,)=(45,-90°) & T3

o] It} Wty 7, =d(d = HUFEHolg 9 vt e O=(g,.8,,)=(90°,-45") = DA} G}

23 BAZ A& E)E A5 Flg.6 o4 Angle 1, Angle 2& ¢,,¢, & eI
d=9d d an Electric field 1, Electric field 2+ Valve [, Valve 2°f €1

d
-

7F 83 242 d3ts 7MEE $%& st 2t shE Aol

o] WYL A ¥EE v dYY, A8 o A2 Aol HEo] ER BB ZFEIE o] &
%, 293 2 Agddo] Agsly aKoez ¢ @ AR dAUSS wE S

3t 216)2] ETE ol§FoZH Aa® WA AFAOR R o] Tuae A .
Aol J7)el HEF & EAFE ANt By AR 2F AYS 29 kvimmt 23 HAO
S 2A, Wi Fasht dARE olgd AR EC U ERAFAIY SAA 2 AF Az A
AR 4438 FFHE Aol vk 53] 23 ¢ A 4L AYTFL o) Y Roz Jehdo w
2t @ Eds RIEA EARGLE B = gtk G4 JE Aado) dle) B 3L E¥oz g
IHAM oA 933 Z2 ARAE TSt ol gHoly FFE FAF L 5 F F glo] 4G
of 9% 4%& A7 e A A4 A E& A S5 A5 R Roeg 4"
7, = C o YOeR o] AFEHUHE uwBoE HA  Two-

linked Robot System& #|3}3to] Tracking controlZ

o, +K,
! Sk st

(@, -D)+ K, (b, - D, )+K f(dDd—CI))}

1

,_A__\

A7NA HAE FF A8

e=®,-® 6 Reference
2Bu FAstd A e o B3I BHA = o
wgde g g (1) S.B. Choi, C. C. Cheong, J. M. Jung and Y. T. Choi,

1997, “Position Control of an ER Valve-Cylinder

I} System via Neural Network Controller”, Mechatronics,

5A1d % g Vol.7, No.1, pp.37-52.
Fig.62 £ A)A®lo] Al Edlo]d Fao|r} (2) H. S. Lee and M. Tomizuka, 1996, “Robust Motion
Linkl, Link29] 271¢X& . Controller Design for High-Accuracy Positioning

Systems”, IEEE Transactions on Industrial Electronics

105 30
- 45 Vol.43, No.1, pp. 48-55.
% 75 e it % Y desired (3) W.S. Levine, 1996, The Control Handbook, CRC
= —— E actual
L S Press, pp.345-361

45 0 (4) Jean-Jacques E. Slotine Weiping Li  “Applied
T T
$¢ s Nonlinear Control” pp211-214 , 394-397.
x 2 X 2
3 0 % 0
S 2 % 2
E -4 E -4
=] w

‘0 2 4 6 8 10 ‘0 2 4 6 8 10

Time (s) Time (s}

Fig.6 Simulation result of regulating control

170



