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The accurate position control of pneumatic driving apparatus is considered in this paper. In

pneumatically actuated positioning systems, accurate positioning as an electrical servo has been known to be

difficult because of the friction force and compressibility of the air. For good control performance of the

pneumatic system, an actuator mounted with externally pressurized air bearings is produced to compensate for

friction force. For the controller design, the governing equation of the pneumatic driving apparatus is derived.

In order to reduce the nonlinear characteristics of the control valve, linearized control input is derived from the

relation between the effective area of the valve and the control input. The experimental results are presented to

show the results of the improved position control of the pneumatic driving apparatus.
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Fig. 2 Characteristics of the control valve

3. HIo{7] &HA

Fig. 1(b)olA &7] Wlold 3549 pEFH 45
dolE & FFEE /7 AR F7] wold wjr) g
L AE B3 dr|2 FEHEva /EstE o
2Eo] FEYFOE Fed We| NHES Fig 37
ol yepd = Slth

Fig. 3914 G& A7

3, LS Z:.E_EEL, ME ¥
2 AY, P 94, %

= 2%,
£ sl oA 134 s 3
971 geE 22 b,

o
Jm

r
= 4
N
J
{Q
r



< L .
~ X —» "
P; P,
@% P.LLM | M P %D
’ G
Gy 2

Fig. 3 Schematic diagram of the driving apparatus
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Fig. 4 Bliock diagram of the position control
system with a position, velocity and
acceleration of the piston

cajole - HEE 2015 12 23



k,w’ K,

ntip

P+ k,w K,s*+ (w2 +k

n-n a

nu)i](v)s + knwi[(p
(11)

37 wlolg e Aol o A5 Asks 2
& ¢ = Ao71E AAlstaa o 4 (1)l
Hebd AojAle] oS frek HdARTE FESl 7
A=S A7) o|5& AR ok At o5 FE 26
[dB], $14IHE 81 [deg]Z 319 K, 5 23] AH
35E W £5 8 TR o]5E vt Zo] 24

T 5 Ao,

K, =1{5- (b, K,)" —w’}/ (hw?) (12)
K= {4 02K |/ (02 (13)

Fig. 494 fluy= AoiBBe] FHH I 54
Fek AlojdE g€y fFagHze

—

Zo] =& F Utk A AojwlE B2AE fu)
71ZFo 7 He2 AT 7]L7)

2 24 (149} 2ol AA BT,

€

=13 mm¥V,u > 0

(S5}
X
Q)A

~—]

€

0 f(u)

=-1.3 mm*V,u < 0

2 (15 ALY u
21 (14)0l 4 A7 A3
A uk fw) o] FAE UERATE 2 (15)F ol&F2
2 ABEE= b 0 VE S7F 0013, w7t £10

ve o S.7F 13mm*Q] WBE 2 F2sA "o}

S
=
2 §A%

o i

f(u)=0.06408 + 3.02974u — 0.92668u” + 0.18463u*

—0.01729u* + 0.000606u°, u = 0

f(u)=0.01313+ 1.87095u + 0.35396u” + 0.06559*

+0.00609u" + 0.000213u”, u < 0 (15)
Fig. 4 UERA Ao]7]& o] 83t HFH F2o
Me G3le Ao s S A4S & UAAT Ao o]E
5 4= 9 2~E YA W8l 9 Fig 2(2)l VERA
AojH o] S| 2E|ZA| 2 Foll oste] A Ao
s 28T F fle 497 2% o3 v

24

Journal of Drive and Control 2015. 12

(12), (13)°ll o3t AAIZE Ao)7 |
g A (1) FAERES Yepdth Jis)= ¢
B, dis)= Ao Ee] S| 2H AN 2E 23 A4

ojAle] RS UERiT

Ll
o

d(s)

N

» X(5)

H(s)

3(5) — l

—| Jis)

Hy'l(s)

Fig. 5 Position control system with a disturbance
observer

=)=
Agstre

x| A0} A <]
= AT, 2 (16)91 4 A F}
b stE S Z-gol ofate] A4

27 AlojA mAE T A
e

MY H = HJ2EY AAE ASE F
23535 7HE H4 A #3712 74
Ao G99 ARG ol5o] FART 7
g o] SR Aol =& AASHA T

Table 13} 2= Alo7] AAA] o] &3 54X
Edvetu|E et AAG A7) FErEE UERATh

oL
o
-

o
il

Table 1 Physical parameters of the driving
system
A 0.004 m* P, 2.0x10° Pa
k, f{gf@l_% P, | 16x10° Pa
L 012 m 287 J/(kg-K)
M 0.7 kg T, 293 K
Py 1.328x10° Pa Xo 0.06 m
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Table 2 Designed parameters of the position
controller
K, 1000 V/m K, ]0.2505 V/(m/s%

K. | 2703 V/(m/s) | J(s) | 903/ (s+90)°
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