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Modeling of Position Control System
Considering Dynamic Characteristics of
Pneumatic Transmission Line

Sang—Won Ji

Department of Control and Mechanical Engineering
The Graduate School

Pukyong National University

Abstract

In this study, a linearized model of position control system
considering dynamic characteristics of pneumatic transmission line is
proposed. The dynamic characteristics of transmission line using
compressible fluid is changed by the pressure difference between both
ends of transmission line. But, when the pressure difference is low, the
effect of resonance characteristics of transmission line under high
frequency range can be neglected because of the friction force and low
pass characteristics of the position control system. Therefore, the
transmission line can be modeled by second order transfer function with
natural frequency, damping ratio and gain changed by the diameter and
length of it. The effectiveness of the proposed model is proved by
comparison of simulation results using proposed model with

experimental results.
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DControl valve, @®Pressure sensor, @Cylinder,

BPotentiometer, ®Transmission line

Fig. 1 Schematic diagram of position control apparatus
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Fig. 2 Schematic diagram of cylinder driving system
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3.2.4 24 metulg AkE
A8 Ao &= delvu|ElE Table 1 o %At}

Table 1 Physical parameters of the driving apparatus

A [m?] 4.90625x107* P, [Pal 310,000
b [N/m/s] 50.3 R 287
d [m] 0.0065, 0.004 Se [mm?] max. 18.46
kg [(Kg/s)/V] 5.06x107° T. [K] 293
L [m] 0.5, 1.0, 2.0 Xo [m] 0.25
M [Kg] 0.5 K 1.4
P, [Pa] 591,600 Lo [Pa-s] 1.834x107°

Table 2o A@e] A48 7 #2 o) $& @dAS Yehir,

Table 2 Effective areas of transmission lines

d [m] L [m] Se [mm?]
1.0 18.32
0.0065
2.0 12.95
1.0 10.38
0.004 2.0 7.34
10.0 3.28
1.0 11.1
0.005
10.0 3.51
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Table 2 A #ZS fFa& dHAAS Fob= AT #=Z 4do] 1[m]el
tiste]  AAISERA A, YA
o] g-alo] A T

S. =S./L (17)

2 (17)ell A Seoe #=E o] 1[mlol Ws & @3S vepdith
21 (7)~(13) 3} Table 1 ¥ 2 & o] &3sto] A=t A2 detv|HE Table
3o yepdtt

Table 3 Estimated parameters of transmission lines

d [m] L [m] kG Zé/m_a)m_
1.0 0.71 169
0.0065
2.0 0.58 130
1.0 0.5 419
0.004 2.0 0.37 323
10.0 0.18 177
0.005 10.0 0.19 101

Table 3 o Yebd ko= 2] ()M 7148 ke AS./AuE HPo=
7bgsta AbEe ghelvh Aol WHel AA AY - FE dHAI K, AbEel
o] 43 AS./Au®l ¥7AE Fig. 3o tebdich
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Fig. 3 Relation between and real effective area of control valve
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3.3 #Z FEAS 183 L3 3x44 24
B oo Ao pro FEAS ¥3s ndEly 7S AFToEH
A7l AAE golatA stz sholt). AT RO FEAS ¥

pde VE BEdy 22 5 ApAR FAHER VIE AoAlAN F
ARG E O A Ao7] o] ARgo] ekttt 1R 7]ES] Ao)V]E 482

Foge mRe PEsy] g9 BE FEHS 1o 5 A4 2ds

K

4]

ek 5 A Rels 3 AHAlE AAds

Table 4 Linearized model used in design of a state feedback controller

d[m] | L[m] He(s) Hic(s)
7503 5322
1 s(s2 +100.6s +3633) 3(32 +100.65+3630)
0.0065
6186 3684
2 s(s2 +100.65 + 2996) s(s2 +102.3s +3o77)
8646 4330
1 s,(s,2 +100.6s + 4187) s(s2 +100.7s + 4194)
7911 3000
0.004 2 5(52 +100.65 +3831) 3(32 +101.65+3926)
4709 212
10 5(52 +100.65 + 2281) s(s2 +47.8s+ 571)
3666 331
0.005 10 5(52 +100.65s +1775) s(s2 +58.1s +844)
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Al 47 A3 AEHlA 2% E aF
4.1 A Az A

2 (3 (16)el HERH AA AzE FellA n, 9k no o &2 Fig. 4 °
Uebd Ay i o SHeERE F4E 5 vk Fig. 4 oA $¥o
W 51sl7] A Zal= A]7bo) A (1= ol&3t] n % n &

6 =
sW 747 3msl7t B& ¢ 5 vk aPm, WAES A7

450000 A
400000 +

350000 4

300000 +

P [Pa]

250000 +

200000 ~

150000 -
0.0 0.1 0.2
[ [s]

Fig. 4 Pressure response in the cylinder chamber
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0.8+

0.6 4

[, )/(x =x,)]

0.4 -

Nondimensional position

0.0

0.0

Table 2

0.1
t[s]

Fig.5 Position response

R

9

H2E g Ao

W o AFEE A1 AJZFs Table 5 o e

Table 5 Estimated delay times of position control systems

0.2

th &t

il

2
=

d [m] L [m] n, [sl N [s] Ne [s]
1.0 0.003 0.003 0.015
0.0065
2.0 0.003 0.006 0.015
1.0 0.003 0.003 0.015
0.004 2.0 0.003 0.006 0.015
10.0 0.003 0.03 0.015
0.005 10.0 0.003 0.03 0.015
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4.2 A7) AA
4.2.1 P A7) AA

2 (3% (16)S o4t Jrw AoAS FAs= Bfols v
o] 7Hg st

O A9y FEAg AL #AzZI AjAY tFA vHE JFS 4
(3 (16)e derd dde T H(s), Hc(s) 2 Az A 220
olato] Frtert.

A AloiAL] b Al

QL WAA 3 e AR A S YEhd,

2(3), (16)3} 718 7Hd& olg3to] AofAE T8k Fig. 6~7 =
UeRd 5= 9l Fig. 6~7 o4 K& #0171 & veRd

+
X(S) >0 H, (s)* Hc(s) e Te-an planes X (S)

Fig.6 Proposed model of position control
system considering transmission

.
X (S) *(T)-:K P Hc(S) PPle™s s —prlens X (S)

Fig. 7 Conventional model of position control
system considering transmission
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95 Aol AW L AFeolMel WAAINE Agsgon, we
Aojzle] o5 A (3) R (16)e] ekd A
2% HE AUH A 29 Hc(s) 8 olgste] ARz AlojAY

.
oi
=2
2
r
f
i

84

2287 0.5, 0.3 °o] HEE ARSIt 7+ AdE FE fisk Ao}
o]5<& Table 6 o teEFATE,

Table 6 Controller gains used in the experiments and simulations

K, [V/m]
d [m] L [m] Damping ratio of closed loop control
system
0.3 0.5
1.0 20.41 13.00
0.0065
2.0 24.76 15.77
1.0 17.71 11.28
0.004 2.0 19.36 12.83
10.0 32.52 20.72
0.005 10.0 41.78 26.61
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4.2.2 PDD? A7) AA

Table 4 o YeRd 7]E2d He(s) 9 #2 T54S udste] 4243}
& Hic(s) & ol&ste]l A ex, &% 49 7H5es 9 E5wss Fig
8~9 ¢} £ e 3= Aojr|E AA S

Table 4 of UeEbd 7] 29 He(s) % @25 ¥ 5 24 =
3 AAZ AxAE 3 Hic(s) & ol83ste] Fig. 8 # Fig. 9 ol Yepd
PDD? Al 7S A8t Fig. 8~9 old Ke Hld o5, K, &= &5
o5, K.t 7145 o5& vehdrt

F

_I_
£ (5) O K O H (s) [ & [ ol [ 2 |exls)

sE Lo »

T 5
_I_
T—SJK Lt :

&

Fig. 8 Conventional model of position control
system considering transmission

+
%, (5) >0 E O 5, {s) > 2 |a ols |—»{ o5 |x(s)

L

T
T+—S3K ——————

i

Fig.9 Proposed model of position control

system considering transmission
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Fig. 8~9 ¢} 22 e Aloj7]= vldels Kp [V/imlE A&3] A4
, 4 (8 ag BE £Es Frol5 K, [V/(m/s)] B 7H&EEolS
Ka [V/(m/s2)]5 ZAAstd ol5o#8 fdAFE A= 248
oo}, 1D

K, = (18)

2 (18)°lA a; & Table 4 o yebd Aggro BAFY] AT
el a, 9 asts A7 R 1 A 9 A5Fe] ASE dEhd
2 (18) okl AAE Aoj7] 9} Table 4 o YeEbA A4S o] &30
Fig. 8~9 9] AojAlE FAstd AXAAAS] HAFZ AGTFFE b
2o e 4 gl
X Ko&

A = 19
X, s3+(a2+Kaa1)sz+(a3+Kval)s+Kpa1 Q(s) (19

He(s) & olgstel AA% A0/l Hic(s) & olgstel A%
Aoirlel g Mmah] FME A7 o153 He(s) D Hic(s) &
1gatel FAHE A 199 BAF Pzt solof @tk TEmm B
ERAAE Hic(s) B olgstel ACAE TR F He(s) & ol gkl
TR AN ATE ATRETE Hic(s) B ol gatel A Alolss
AT AFFS FAL FUh HES Ao/E AASAT. WA

Ao} 715 Table 7 o YeRddT,
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Table 7 Designed control gains using /;¢(s) and H-(s)

d L Hyc(s) Hc(s)
[m] [m] K, K, K, K, K, K,
1 50 1.65 0.0174 35 1.17 0.0123
0.0065
2 50 1.80 0.0188 30 1.09 0.0114
1 50 1.53 0.0184 25 0.77 0.0092
0.004 2 50 1.51 0.0193 20 0.63 0.0078
10 50 4.14 0.0854 2.3 —-0.17 —0.0073
0.005 10 50 3.34 0.0554 4.5 0.046 —0.0066
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4.3 Ao} Wro] ¥ AFAF A

Fig. 3 o Yed AS./Au & AHgst] Kk, & 43 & Ay
Eylold A3E wwdthd Fig. 3 old & = Qe A4 ¥ &

GHA So e F FEA Sev_ca W Apolel 2ate] AR AlEH oAl
Aolst A¥xE vEd 4 ok oldst ZAIE sAst] fske] Fig. 10
UEbA S, (= (AS./Au)u) # Sey_ca e BAIE Fig. 6 3 7 & Hc(s)
ob-itol Abste] AlEEOIAS FasATh B delA T]Eet Alo] WM
AP RAFE AlEHOlMAAA Agste] AojAle] APstE DA
JaiE Ags g9 08 ARgste] Fig. 3 o UERd Aol wiE ol A
A3} F85 DA te] dAVE Fig. 3 & Adow yed SAo] HEx
FAsoF AN, 2 =R AY BRe 5SS Aystste] Aol
o] A7) Aol F EAolmg M3} JHS AL A Aol A9

AP FaAstA kst

L

o

1.5
1.6
1.4
1.2
1.0
6.8
0.6-
0.4-
6.2
0.0

Sm' ."eu!/ Sm' cal

u V]

Fig. 10 Relation between estimated S

and measured S., of control valve
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4.4 A3 4 3

4.4.1 P A7E ol&3 Ay W 1

Table 6 o Uetd Aoj7]& o]&st A3 Al Fig. 6, 7 2 10 &
o] g3t AlEFold ZAI}E wlwse Fig. 11~16 o Yeldth Fig.
11~16 A A4S A3 A¥, A9 74 242 Aket 24 (Fig. 6,
1003 71& Ed(Fig. 7, 10)& ol&3s AEdAd AAE e,
AEo %7] IAE 0.25[m], 5 ~"S 0.1[ml= P39 Fig.
11~16 oA FAHS A, F52 A8 X9 271A8 HEx 2 5%
kA stet 912 ES e

A 4[mm], 4ol 1[ml]e #A=ZE A3 AHFo|x,

28e Abgatol

N

Fig. 11 &
Atz hE Hwz Adolrh e #RE AR Agel:E Ve Rl

W mwsto] Alqket

td

do] A9 d¥E Z Y eS¢ 5 Uk 7=
Ras o] g3 dyb= S5 Ad Aztol A Ayl dAehA ekor md
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feedback controller (d : 0.004[m], L: 1.0[ml])

_36_



Nondimensional position

Nondimensional position

results with controller using H ()

- - - -results with controller using H (s)

0.2 0.4 0.6
£ [s]

(a) Xr +0.1 [m]

results with controller using Hy ((s)

- - - -results with controller using H(s)

Fig. 20 Position control results with a state

feedback controller (d : 0.004[m],L: 2.0[m])

_37_



results with controller using Hy ()

. - - = -results with controller using H (s)
o 1.0
=
é-;q‘o‘g_ f/J,If}4F“uMA\“
— >F\' /.-
& .~ P2
S 506 J
i i i L
48] P 0 4 | '
g =3 | [T IF ;
g 1
= 02 . a‘!
Z ‘
's
0.0 ==l = T r T
0.0 0.2 0.4 0.6
1[s]
(a) Xr 0.1 [m]
0.0- s
02 \\\ results with controller using Hj ~(s)

Nondimensional position

- - - -results with controller using H(s)

el i L T e

0z ||| 04 | 0s
t[s]

Fig. 21 Position control results with a state

feedback controller (d : 0.004[m],L: 10.0[m])

_38_



Nondimensional position

Nondimensional position

P’ results with controller using Hj (s)

== --results with controller using H(s)

1 ’
0.0 pazachs=o" . . . .

0.2 0.4 0.6
r[s]

(a) Xr +0.1 [m]

Fig. 22 Position control results with a state

feedback controller (d : 0.005[m],L: 10.0[m])

_39_



A5 FAE

N
Ho

~

ol
4

)

-l

T

[m]
B

71t
2 A=

ol o
==

1
i N

A Al

A7 94
A2, &%, 7}

SEEREEX

HEA 717

3 §

=2

= e}
TEAE

SHas)

sl

9

i

AT
— 2=

ju i =) e
. 2 =

FE3A L FE3H 5 2

ol

PDD*? A7)
kA el A =F

!

3

s

e

B

ol

e

1o] BFdS He dyete] Wug

B

o

4% Awe & ANFE B}

2ds Ediz A

5|
R,

£ o] g Aol

|

7

)

kil

AN S ol 83

s

_40_



ZuEH

1) C. P. Rohmann and E .C. Grogan, “On the Dynamics of Pneumatic
Transmission Lines”, Transactions of the ASME, Vol. 97, pp. 853~874,
1957.

2) M. Yoshioka and Y. Morikawa, “Transient Response of Volume—
Terminated Pneumatic Transmission Lines”, Transactions of the SICE,

Vol. 17, No. 9, pp. 920~926, 1981.

3) AAA, o=, HAWF, U APGRRE zbe FdAloIA] 4E Aol
7| Ak s =2 A, Al 279, Al 45, pp. 567~576, 2003.

4) R. Edmond and H. Yildirim, “A High Performance Pneumatic Actuator
System: Part I —Nonlinear Mathematical Model”, Journal of Dynamic

Systems, Measurement, and Control, Vol. 122, September, pp. 416 ~ 425,
2000.

5) T. Kagawa et al.,, “A Study of Unsteady Flow in Pneumatic Pipe—
Chamber System”, Transactions of the SICE, Vol. 28, No. 6, pp. 655~663,
1992.

6) N. Tukamoto, Y. Kawakami and K. Nakano, “An Application of Gain—

scheduling Control to a Pneumatic Servo Systems”, Transactions of the

Japan Fluid Power Systems Society, Vol. 33, No. 1, pp. 15~20, 2002.

_41_



7) T. Noritugu and M. Takaiwa, “Design of Pneumatic Servo System
Using Disturbance Observer”, Transactions of the SICE, Vol. 31, No. 1,
pp. 82~88, 1995.

8) D. McCLOY and H. R. Martin, “Control of Fluid Power”, JOHN WILLY
& SONS Inc., pp. 236~240, 1980.
9) d¥ FFY¢ FHs HAALE, “HHEREKR T FT 077,

& 7p 7 WV AR AR &k, pp. 25~26, 1990.

10) J. S. Jang et al., “Pneumatic Servo System for Accurate and Speedy
Positioning with Externally Pressurized Air Bearings”, Procee— dings of

11th Symposium on Fluid Control of SICE, pp. 101~106, 1996.

11) Hanafusa, H., “Design of Electrohydraulic Servo Control Systems
for Articulated Robot Arm Control,” The Japan Hydraulics & Pneumatics
Society, Vol. 20, No. 7, pp. 429~436. 1982.

_42_



	표제지
	목 차
	Abstract
	제 1 장 서론.
	제 2 장 실험 장치의 구성
	제 3 장 위치 제어계의 모델링
	3.1 기존 모델
	3.2 관로 동특성을 고려한 5차계 모델
	3.2.1 관로의 영향을 받지 않는 압력 변화
	3.2.2 관로의 영향을 받는 압력 변화
	3.2.3 관로 동특성을 포함한 5 차계 모델
	3.2.4 모델 파라미터 산출

	3.3 관로 동특성을 고려한 저차원화 3차계 모델

	제 4 장 실험과 시뮬레이션 결과 및 고찰
	4.1 지연 시간 산출
	4.2 제어기 설계
	4.2.1 P 제어기 설계
	4.2.2 PDD2 제어기 설계

	4.3 제어밸브의 비 선형성 보정.
	4.4 결과 및 고찰
	4.4.1 P 제어기를 이용한 결과 및 고찰
	4.4.2 PDD2 제어기를 이용한 결과 및 고찰


	제 5 장 결론.
	참고문헌

