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A Study on Development of SCARA robot Using Fuzzy-Sliding
mode control
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Abstract

This paper shows that the proposed fuzzy-sliding mode for SCARA robot control could reduce chattering problemed in sliding

mode control and is robust against parameter uncertainties. [t was very small quantitics of chattering in the fuzzy-sliding mode

control compared with that in sliding mode control with two dead-band. In here. the sliding mode control with two dead-band =

the method to reduce some chattering by changing into a continuous variable lower control input gain when a state vatue in

phase plane converged within two dead-band. But, the fuzzy-sliding mode control for more reducing chattering is the method to

change control input by sliding mode into that by fuzzy rule within two dead-band. Simulations show that the cffect of reducing

chattering by the fuzzy-sliding mode is superior to sliding mode control with two dead-band.
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Fig. 1 SCARA robot
Hy 6, +Hy 8,4+ Hy, 8,+hy, b b, M
- . )
thiy 8 Fv O+ fisen( 8) =
Hy 8, +Hy, észzs 9&11211 lz)lth‘uz b, 9, )
thy 8 O,tv, 6,4 fsgn( §)) =
Hy dy +G, +usdy+ fisgn(dy) = 3)
Hy 6, + Hy, 6, + Hy 8,4y, 8, )]
+fisgn( 8)) =
WO H, 6 k660, Gy A 6) 2 fagn(B): 4 7

AR A SdH, ANY, g gy R wg opREe)
2 oy},
L & BATES Q] DCREE A uALEo) Al i
Aol 2EN AL syl A (5)8) g

JoiOmi + B 6, + Tomi = ke, 5)
OI/ AL Jau Bui, w72} &89 TERE 9] 82k @Al wal
AR HAS, Aol ® e dehian, T v o) Tisk
st Srbd AR Judh ki SERSAG, (140
ol ghsm. 4714 A s AR e shou WA AR
Ao g Fetoly wr Aol Hgsls) s A (1)

~OeRY BARAE] AP s, 4 el o

-242-

H, 89 B % ol@o R hrela) WA Rz vy Ealoly]
sk AW AR §HA igdel @EuYAe A (G

JiO,i + Bl +F = k;u, (&)

o714 I Al (D~Geld el gy 3 g Ay

o] g2 v, Bir RElg At ghaASE o Ao
A G, sidEdolel s A4 g Az gy Uy, 1

&,

2]il kiv: Ao} AlQl-2- Vel

@) o] hershdl 2 WA A spHi: AlAde)] ulsho]
AZE Gekeld mrsgol £4sts] Q% Zeold it Ao gl
R R 1 B BN RO SRS R )

Uy = $uei + di + ¢y 0y + $, By M
g = ay; if se; >0

“ { @y if s, <0

s = g if s/ >0

g 7 if 5;<0

¢, = By if s; 84> 0

* B if 5 8,¢ 0

. = Y if 5,840

4 ¥ if 5,8, <0

¢y = u; = M, + My x Re) if s;>0

g wi = ~My; — My x Re) if 5, <0

v Ae) = |e|f

MM s vl Rt est oale 41 on Pyw
81 A FEERE Ao A fabold mrivh WS - HE e

Aul Fok e g = AEAE 4R @ H,, d,

dgro Ho g n

of °lg LE] woubl-
RE AAGA A 1202 feed-forward 8.40)1, yaiz9) gk
& oAEY] 9 Aojgl Ao},

Al ivbgol At akoldg wrivl wbabsly] $la M fritel
weo) EAXA ss<0% wFEslok gtok 4 (o] geld Ao]
Si=la mag
# Zietold)
ol-g-ate] Mgtmatvive] AAgS
Table 134 (12 29}t wLR1zo] Aleko] ujslo] Zgloly) Wiz

2 sdoly wre) saz

c)

]

ATE A0 R 3 4 6)% olgshd W

Haisy Rrel #4208 R 2AYE

I A "o

9 &4 wde wESAT "amanele] AANS e
Table 28} 3ro] Alsbgiv,
o UslE Al sy Mz Alels MFs) Sete] A
Yol A AL AlolqlEe AlZAolRel eahAl poled ol
WA Azl frotely mrie] HolsbsAA: shgls
A /g Aol Suegde) g%l 0§ he e s
St niaAolglel & elshshis shol el hybridit A & o

YL 5 $HEA AFo] Isl<est WEaY sopoly



Table 1 Specification of SCARA robot

| Axis ] | Axis 2
T W B

Mass of link (kg) | 15.07 i 899 ;
i Length of link (m) 0.35 | 0.30
" Visicosity coefficient an

of link {(gf-cm/mm) i 0'817 o 0'3‘)7

[nertia of mqtor 051 I 0.14
! {g-cm-sec) " ) N
" Damping coefficient .
l of motor (kgf-cm) 0.2 01
. Electromotive force 9 5
. . constant (V/krpm) 225 o J 0 |
| Torque constant FRT: >
| (kgfem/A) 219 204

Table 2 Limit values of switching parameters

i ] Askist Axis 2 ‘
C Cim ! e < 451, 74 < 346.47 j‘
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CM L @>o 17398 sie<0 | an>o16022 sl
‘ 8. Bi< 35.2. 515 >0 Bo< 325, Sgéﬁo
| " B> 352, 56,<0 | B> 325 5,6,<0
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7 i lim . R
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Fig. 2 Phase plane with a dead band around

the switching line
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Fig. 3 Phase-trajectory
Table 3 Fuzzy Rule
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Table 4 switching parameters
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Fig. 4 Continuous Dead-band
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Fig. 5 Phase trajectory of axis 1 with two dead—band
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Fig 6. Phase trajectory of axis 2 with two dead-band
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Iig. 8 Phase trajectory of axis 1 with fuzzy-sliding

mode controller
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mode controller
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