Journal of Control, Automation, and Systems Engineering Vol. 11, No. 2, February 2005 103

On/Off HEE 0|28 2¢ o E0|E <

NHE /XA 0

Accurrate Position Control of Pneumatic Manipulator Using
On/Off Valves
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Abstract : Loading/Unloading task in the real industry is performed by crane, but most of the loading/unloading task with the weight
of 5kg~30kg is done by human workers and this kind of work causes industrial disaster of workers. Therefore it is necessary to
develop low cost loading/unloading manipulator system to prevent this kind of industrial accidents. This paper is concerned with the
design and fabrication of 2 axis pneumatic manipulators using on/off solenoid valves and accurate position control without respect to
the external load and low damping in the pneumatic rotary actuator. To overcome the change of external load, switching of control
parameter using LVQNN (Learning Vector Quantization Neural Network) is newly applied, which estimates the external loads in the
pneumatic cylinder. As an underlying controller, a state feedback controller using position, velocity and acceleration is applied to the
switching control system. The effectiveness of the proposed control algorithms are demonstrated through experiments of pneumatic

cylinder with various loads.
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Fig. 1. Schematic diagram of pneumatic control system.
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00304

0.0254

0.020

0015+

Current

0.010

0.005 4

T T T T T
4 100 200 300 400 500 600
Time(ms)

ZOOM

N \/

001 H 30ms

Current

T
160 180 200
Time(ms)

1% 3. On/Offvalve2] 7RHIAIZE 57,
Fig. 3. Measurement of the valve opening time.

RO - =3k AlIARSS =2X M 112 M2E 2005.2

Fig. 25 3 Loop A|°]7], MPWM W37|9} ¢ njui&Ego
HE 749 7123 Aoyrle 725 RoFErh AlolyE
& we (MY 37 AEigte 2R Y AltE T, A
WHE FRA7])7] 9138 MPWM £38]Z ¥ighdc)

2. JlEH 4] Weo] M

B Ao AMEEE ZiEA] WHMAC, 250B-611BAAA)S]
gotstz| s Wrel dAgAZE St HWHe 2=
78] 2 295 JEpITE el AlxbEet A

2 g D‘)&" EH«] X*wﬁ%—% QA8 A

—_

U ]

2 duoox ¢
o mlm mlo

=
4
i
o
1)
ﬂ

FJ -}
<
il
9
o
oh
&
Jl}l'
oln
;o
_:L
:‘J
qo
(V9]
o
L.
o~
A,
i
©
_%
_>.:
e
g

w=1kola, A {7t A ok— r{ 1 We7t o g9
£ Al AR el ERE 9E 257t gt
] AFehs 2AE & 5 A

2ol
:

o] A& F MYl 0msdLS ISR,
MPWMOl| 2|&k Wl HA 5 ARk o]rt} dojof gt
3. MPiMoll ol M =7l |

A Ee] Szt vjdAAd T2 54wl
AEHAQ Ao fdEg ez S MiUEYCIHE Aoatr]l
= B2 A Aok meEbd Alo) fdEgk we Aual e
g A7) 918 ndEA) gror Hgslofof gk I
w4 Ee] SR MEE o AlRle] 2 =W, A
FRF 32 HMEE deA] @A "ot olEd £4E 2
at7] $laiM A& gke] Hrjgke MHE T 4 A
== S GGt S o1 FAA WAL 28] Jhssks

& MPWMelgHe A 22 uAoja)e AQkgie) Agts}

WMHA-E ()9} Zom, d£AQ Aoy goezy
51 MPWM Z£243}9] & o|& 17 5ol eIt £ =
Fo A AkE MPWMWALS 10ms® TE% I 3 LoopAlo]
71E 100ms2] F7|2 A4k} =3 AlojAl5e A1 7]7]
A g B e Fr)9) WHE ALt Be =7)
o] WE = SHAIZIo) 2] dE) MPWM 21F) o3 &
71317} frke Aol itk Al te] Aeid grg A
AA =E g e WrV1, V2 or V3, VA7 S0 FalA
Hi 2ok g2 3717 E8 Bold  AdolA miyEE o
7t wh2A TR olw) ¥ ¥uE Alo] gk 3ol
Z w7k gl da, Aol kel AW kR o
A HA Az she) Wagk 33 AUAAHAS 1A
),

sign(Up)|Up| (k=DT <t < (k=T +1,(k)

UMPWM(t):{O (k~DT +1,(k) <t <kT

t,(k) 0<t,(k)<T

p = { t(k)=T @
Uk

)= |U;z|T+tD 0<|UK)| S Uy - A —tpz [ T)
T UK > Upay, - A —tpz / T)



Journal of Control, Automation, and Systems Engineering

Uspwi(® - MPWM Qutput

Uy : Valve Opening Signal

I : ON Duty Ratio of Valve for One MPWM Cycle
t : Minimum Duty Ratio for Opening Valve

nz : Dead Time of Valve Operation

T : MPWM Cycle Time

t : Continuous Time

Utk : Sampled Control Input of u(t)

Ui : Saturated Control Input for MPWM Modulator
k : Discrete Sequence
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Fig. 4. Example of the MPWM ratio.
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Fig. 6. Experimental results with respect to 4 external loads.
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Table 1. Classification of external loads.
No. Class 1 Class 2 Class 3 Class 4
1 Okg 10kg 20kg 30kg
2kg 12kg 22kg 32kg
3 4kg l4kg 24 kg 34kg
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Table 2. Optimal parameters of 3 Loop controllers.

Class No. K, K, K,
1 0.02308 0.00205 0.0001
2 0.0160 0.00175 0.0001
3 0.01567 0.00165 0.0001
4 0.01566 0.00163 0.0001
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Fig. 13. Experimental results of using LVQNN on any external load
(class 4).
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