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In this work, precise gas pressure control based on a closed pneumatic circuit was achieved with a mechanically driven
gas pressure controller (MDGPC), consisting of a variable-volume bellows chamber and linear actuator. The linear actuator
was employed to change an axial dimension of the bellows chamber with the proportional (P) and proportional-integral (Pl)
controls for fast, stable, and precise pressure control of the gas inside the bellows chamber. The pressure control stability
and resolution of the MDGPC were approximately 1.5 Pa and 10 Pa for the P control and 1 Pa and 5 Pa for the Pl
control, respectively. Despite the more stable and precise control characteristics of the Pl control method, overshoots and
undershoots observed during the set-point pressure changes and recoveries from pressure disturbances rendered it
unsuitable for the MDGPC control method. In contrast, the MDGPC operated under the P control did not show any
significant overshoots or undershoots when the set-point pressure abruptly changed or when the MDGPC was exposed to
pressure disturbances. Therefore, it was concluded that a fast, precise, and stable gas pressure control in a closed manner
was attainable with the MDGPC under the P control.
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NOMENCLATURE At,,
Apeont = Magnitude of the Pressure Change

External Temperature Change

Ti
fme Apgic = Magnitude of the Pressure Disturbance

Manipulated Variable

Coefticient for the Proportional Term (P gain)
Coefficient for the Integral Term (I gain)
Coefticient for the Derivative Term (D gain)
Steady-State Error

1. M2

Initial Axial Dimension of the Bellows Chamber
Stability of the Controlled Gas Pressure

A 7k Aol A AEore B4 3AA Vs

olH, 34 AR fE 7] Uit L EAILE Ao

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.022.125&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

310/ April 2023

O| 27| 7HA] TRt AR Zokell A =87t Frkskar Q1] &
3], A9 7k A E gAY 4= e 7had A0 7](Gas
Pressure Controller, GPC)= 9] AF¢]Hofof 4 2] 2-8of tldl o
o 9 el B 24719 A9 04 9 AW e 9F 2
G AR A 9o (23], oo weh GPeo) 4 9 A
4 Aojol g B Ale] Talo] mEEM k. ol
GPCe| 7h2 gkelAlo] AL Alofslze] Awolro] ujet 9
o] Qhelas B 43S olgslt e UsE U
©](Open Pneumatic Circuit Control)@} HE=2] A2 A3
7} AR = Wud FUsl2 g Ao (Closed Pneumatic
Circuit Control)2 EHF%IT}H4].

e 432 dgAlol e Aits Aleir] S/l wet
cheFet Wk s gE|glon, J&50] AEEA vaks 24
Sk 77 A A7 7hst Aloy7] A B A=) 83}
| =3 B Qlom[5-7], olef whste] Fhs WHH O o R] &
A G2 WS 2eshr] fig bl s 7Rk o 24
7118] ¥ SHEA RS 9%t PID-PWM (Proportional Integral
Derivative-Pulse Width Modulation) #|©]7]2} T L7} 215y
El HE QATH9,10]. E3E, 7131 AP A7EA0 QFeAo] & o=k
of thal Ao} =S FIAZ = = dERst BA A
o]7] Ao BlE A= A 8E BE QloH11,12]. ok, 7)
WY U Aol Alofe] Hej o= Etetar H o]

Xl

ﬂl

[eX

ot A o] ofe AolA A8l Aloke W=ttt
€ WAE 7HA, 018 S5T & Sl EHE SUR Ao
off thet BaAd FA] vt FofollA A7 = -

uE T2 Aol ¥ AR AW dARE 2
o gk ffRt UHY TR TNk It HE[4,13]9F Y
2ol wE e BAS 22U GdEAE A 7I14]
M B A7 A3E B Jloy, ofF At FAIY 7
A7 & FAjoln] dAHd & QE W 7k beAleler
H A= 3E o @A g 53, 4 A 01—2— s A

EAlolg FRskE iAol LE Ao} (Preumatic Temperature
Control) [15,161} Q=1 A% 7]uk vjZalo] A4k 24
[17,18]3} Zto] 24=AlPa 2230 ol oMAx2 Q3l= S-gHof
of tiel HHE FUZE A8 FY 7k dEAlo] B A
T= BA7HA i vt gle Aol

olof & dFtolie T FUIZ dAof PAE A8
sfol 5:41Pa 550] AheAlo] IS BT 4 Qe 7k g
HAlol714S BYsinn stk ol 98] & AToNE =
Wk Aot 7hset 84 F-53H(Welded-Bellows) e <]
7HAA| AT el A -5 7] (Linear Actuator)= 3% 7|7
54 71 =EA|o]7] (Mechanically Driven Gas Pressure
Controller, MDGPC)E 7lgtsli o, 7FAA S Ao =4
ol¢} AsH Y 57 559 WAl U gt of
st 7 FRE 3l ulE Aloj(Derivative Control)E A £]$t
vl Ao} (Proportional Control, PAJo]) W H]|-Z& Ao
(Proportional-Integral Control, PIH|o1)E Z-85to] W& U2

E
o
o)
o

W 49 Aol TS Shct. olst 2ol A
MDGPCe] geile] S gheino] ol
2ol B4, ereislzel YR B e Sueld Brlste
o, MDGPC 7|4t Aw 7}A9
YL EEH A S

B e RolAL MDGPCS] AolHh4lo] et o &2 wi3& 2
oA aAAskL, 3elH MDGPCE] Azt R 7 Alofo]
Mg A3k 9 AN WS SR ATYE LA
)= MDGPCS] iAol 54 AR EHE A5, v}y
o syelA] £ A7e] AEE Rofstel A

2.0|2H Hi&

2 AN g g 2 Y 57 e WY
AolE B3l o=t AdE JHHAAE o] S o)
Hslo] M2 A HUSE FE35t1, o]E Tl Aw i kA
22 Alojstarat sttt o5 {18l i AollAls TeshHAl
T AadAQl AlojEdom sl thefet A B 33 AlA"
A de] AR PID A|01[19,20]9] Z+ Alojdis 285k
AR FE7] FeE HAlOlE AT e R dHE IR

upAje] G 7hs QreiAolE ShAfska Skt

PID A|oj&= H]d|(Proportional) A&, ZE (Integral) A&, W]
E(Derivative) &9 A|oJdES ZFdle] ExFH(Set-Point
Value)?} &% 7k (Process Value)e] x}<l 7«1]0127<]—(Err0r e(1))°]]
o3l ZZH<=(Manipulated Variable, m(r)) 7+& A& sM= Ao
o[th21]. o]&gt PIDAo= 2t Ao} i 232 Sl Ao
Wao] AR Em, tf#24 02 PA|o], PIA|o], PIDA|o|7} ARG-Tt.
PA|o)= Alojth/de] Alojeate] vl#sh= gha Aloi7]ol 22

R Qefslis Aololnl, PAls ol 248 et of
ehe] A()at ol ule] Aol et AlojolS(K, )& ol 85tol

FAE

m(1) = K,e(1) 1

olefgt PAlol: QubAel T 203 Ao} thu] HEYw
W2 Ao R, Alofextel] mlelshs ghe AR
X2 Qeshns 2] Bigkel AT Al vlAlE HAA

B @2}(Steady-State Error)7} $-X| 5= EAS 7F-ITH21]. 9]
23t PAloje] ShAlE Sals) Sla) AIRkEl Alojaralo] PIAlo]
olch. PIAloj= Alojoaje] Hla) ARa A 48 ARG %
2= A4 *]‘9“0}”1 PIAO1E Sl A4E 22 Hap= of

Se] 4@t 2ol Vel ARl et AlofolS(K,) U A 4
Eof| tfgt Alojo] & (KI Y& o]gsto] L.
m(t) = Kpe(t) + K| e(t)dr @)
0

ol POl Aol oA0] HEghe mapuidoe] A|&H o



ro

ZHLUSSSX| M40H M4E

April 2023 /311

HelrnE A oA Solt FAE 7, eluto]
A 755 8ol A A71o) 2T Eol PAlo] oul Ll Ao
7} ol5to}a 4 gich21). ojet 2L PIAlole] BHS s
S18) AIAE PIDAloYE Alojexte] wld] AEu A8 Aol

mE QRS o) 2AuRE Zeict PIDAlE ol g3l
AAE 2t 4E) 2ol vjE, AR, 9 )R o] o
& Alojol5(Ky, Ky, Kp )& o]83te] ).

m(t) = Kpe(t) + K, j; e(t)dt+KD£C11—j 3)

PIDA|0] 9] m] & &2 Alojeats] dA 7&7]1E 2alsto
ArrstE g A AR SRHEES w2 shar PgAdel 7]ofd
# %Ob} nat olgto] AJAR] Alojol A A kS u|A

o olEte ZEZ A A|AHIO BolAL okl Si=

20]- ojg|gh mE AE E4CoR Qe & AtollA] A 7t
A g Ao]7|9} o] 7hA FH st 59| Qgho] A|AHIY] 2
ARl FFFE vA = wopold= ger o g i AlojE At
B5HA] gh=th21].

olof whzt 2 A toll A= 7HAAIAE WY FF o] A
ol 93l DAl E Zﬂﬂﬂ PAlo] 9 PIAO]E % %6}04 A
WE7E2 9] b A 35t} skt PAlo] ¥ PIAlol=
Z} Ad+-o] Alojol= HXéOﬂ w2l Aol 5o AA t&ﬂ o
UOEE, HA| FUI|RL] FEALS 7INeRE Tof U= HF
Alojols Aol gtErh oo & AFoA= JiUE
MDGPC?| 14 7kt Aol DS I8l PAlo] 9 PIA|
ofeo] tigk 2 Aojo]5& AT F, o]F 4835 MDGPCe
deA o1 54S BrekaLAt shict

4

I

[¢]

_E

3.1 & Fx

= Aeds WeE kRl e Y 7k E Aol
2] sl 7haAAE e 8l AY el ol
MDGPCE A2ks}glct. MDGPCO| AR 7hAl 23 A
0.02mm 78] ZE|QlEfs A8 84 FEUOR AABIAL
H, S o] Wato] ofgt ARk ol Ui et
FreHEs A AF 571 755 WM AllE 58
Alof=lzs 7PIAIAE el 597 dol= 9fo] 7|4
e o] & Aol 130mmE 7|02 £50 mme] WS
Zre 2 AzkE| it

Fig. 12 ole} Zro] Al2hel MDGPC Wi 7PAAIAE o]

S

UE 9 Bl A 9 PSS HojEr) 7@111&%‘ =
o] A et AAE AY 57 FEFH(rod)d] fIAA
£ olgsto] Alofsigiet. oI5 I 0.01 mm/sFE 2 mm/sO]
9]0l A 250 mme] o5 HS|et 0.01 mme] HEj Ao} H3f
& 2= 48 AR 571E ARgSHTh

Connection port
180 mm

i)
Actuator rod end

e —

<Expanded>

Variable-volume

\bellows chamber
_.80mm_ :
il vl
=

| S |

Actuator rod

<Compressed>

Fixed end plate Movable end plate

Fig. 1 Volume change of the variable-volume bellows chamber
during expansion and compression processes
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Table 1 Control characteristics of the MDGPC to +1 kPa step
changes in set-point values at various proportional gains

(Kp)

K Control Peak-to-peak Overshoot Undershoot

P | stability [Pa] amplitude [Pa] [Pa] [Pa]
1.0 2.00 9.25 1.81 0
1.1 1.48 7.14 3.98 0.32
1.2 1.94 7.68 1.00 0
1.3 1.47 6.42 1.36 1.06
1.4 1.15 5.68 1.37 2.69
1.5 0.54 3.57 1.07 1.58
1.6 0.72 3.20 1.65 1.93
1.7 0.81 4.87 1.46 2.54
1.8 1.26 476 1.13 2.48
1.9 0.89 491 3.15 1.43
2.0 0.71 4.10 260.92 4.92
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Control stability/Pa

(a) Control stability changes with proportional gain (K,)
at various integration gains (K))
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Fig. 2 Control responses of the MDGPC to +1 kPa step changes in the set-point value at various proportional gains (Kp) and integral gains

(Kp). Insets show the magnified view of the responses
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Fig. 4 Stability changes in the gas pressure inside the variable-
volume chamber when the MDGPC was in operation with
the P or PI control method. The insets show the variation in
the room temperature
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Fig. 5 Response of the MDGPC to increasing pressure steps
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Fig. 7 Transient responses of the controlled pressure under different
control methods
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