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Abstract

Drawing pneumatic circuits by hand and searching for
the crror when the circuit is not properly constructed are
very difficult. In this paper, a graphic simulation program
for drawing and evaluating pneumatic circuit systems was
developed. The porgram is menu-driven style  and
pneumatic circuit can be easily drawn by sclecting the

pncumatic components from the menus,  Simulation of the

motion of each pneumatic component and testing of whether
the circuit is constructed properly are possible with the
software.

This program was written in Turbo Pascal and also used
the Turbo Graphix Toolbox.

The system hardware requires

IBM PC, XT, AT or compatibles, and Hercules Card.
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A Hofokat ek, 1M 2 Qe FLUR gl
of HFEE olgste] U A7k BE D, ANYZE 7
A8 H7] Aol ARelold AARezd 48T 7 TUaL

Hasel oF 2EE UA shed 342 52 2

o E3%g
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B 208 M AR EAFe] giFsg. A
AW wze) deie) HEY Agolnh. Turbo Pascal(version
3.0) & dlolel sima] oddo) 4K 2 MPslo} Uk, @A
2 zZzams ol We doletg AMeldel s A4S nme)
Aol A HU olgol Rt EE AFao)dA 4
H =& branch & JAAH ¢ Aol g} £43 0.2 2 A(check)
B A Falol4

sjopsti=ol olef Th Aj7te] Q).
£ HsiAl= branch o Al & AH(check)

o 221

Aol Az @3

A% WzE e €eE P awM B maague
Grouping ol w3 A48T o] AL WhE¢ WY 25 9

AEE Ashe.

2. Zzade] Aa

¥ Z2IYL olii(menu-driven) Y40z Pysio]
. Main menu & 9549 Hele Axm 9@ o A= o
#el EDIT & 1179} sub-memu EAlm 2. o) a2
Hol AT Y mE R <Fig. 1> ofl ¥dx)z ¢
EE 2 Z2agdAs ¥ 23dWe 4y =
(window) 2 o] 484 & =% & HAR7)% sz
EE 98 shr(meny) § g $5 2 e o a9y

23 FUANZ IR AY WyY(editing) Fhez 7R @,



<Main menu> <sub-menu>

1. EDIT —_— "— @ Cylinder
2. RUN 0 2/2 way valves
3. SAVE i‘ m‘; 3/2 way valves
4. LOAD ; m; 3/2 way valves
i

5. PRINT ,‘ e 4/2 way valves
6. NEW i V/V : other valves
7. DIR ; LINE
8. HILP ‘ N UM
9. EXIT ‘{ DEL

BELP

< Fig. 1 > Main Menu

aegin 7 4E9vid B 2P 444 Hercules
Board of ot HAW #HEgbel A= Ak <Fig. 2>
£ 449 =9 (window) 7} A wgH A7e HEUE
bz

e . 3

1}!!—“::.‘ 1'4“*—581 ect-box
n
LTy
1N
i}
v/V e menuw window
LINE edit window
NUM
DEL
HELP
MAIN
HES 1 A (720 x 350)
HE$ 2 0 BATE (600 % 340)

A% 3 iR (95 x 340)

Yz 4 : A Box ( 80 x 30)

< Fig. 2 > fze(window) T4 2%

o3714, 419 Box(select-box) + =% A#g Hell 4§t
B zgade g Ade s 3308 Fda2@Ne
A, 408 22 way @, 14509) 372 way win, 4] 4/
2 way W1, 78] 7]t @R) §o) 4H(symbol) & °]83e
i gog Agsol Reow Ha: FU2sF AEA7

A desied 44¢ = Uk, <Fig. 3> ofjAls o] X2
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< Fig. 3 > 4475 TULET

& 2z gAAL Ad Ao 5049 Tt 255749
branch § A44%¢ 4 enj, 2E F¢84, branch, A4
(line) o] 2}zl £ protect § Hoj & F¢847 2 9
of AMA aejxjeE AL $AEc.

5 Heted FUdA A (pneumatic device) o] A 4(line) & 2}

A} E ) o] A (simulation)

Z} 8.2(element) ¢ branch & Jehdct. 7|4 branch &
7}7te] 8 4(element) & ARt 4% = 2H(node) o]
3, BE dloje}= o} branch & o]§3ste] A$H. <Fig.

4>E FgaLrst AQHS doldt.

element

/.
L-"\

branch

1ine

< Fig. 4 > F¢oLs d44(line) o o

MAL ¢4, $9ozu A5HEd sojglens 44, £3
ol obd A& wjdo] Erlssict. HHNA A2 E dAls:
ol22 % she] branch of sl Y €7 1@ branch &
Ao 44 (4.8.3.2)7h B 24 (element) & branch 9}
A=l 2 branch 2 ¥¥ RaE olojehE wolZelm o
oletZ ¥l 2% Wohg Fahed b0l Q4 branch 2
B, ol¢ A7 menu-driven WAlol) oo HEE 5w
Aol 328 dxle of interactive 37 o] FojUY. AE
#old (simulation) & A4% 237 25529 el option
& 73 2l d5%53L 32 27 @4 FUsd o



A Wet Ad4Ho g FUsrEe] Sasty
E(step) F 242 £ ¢ si(key) & ¥F ajubr} 2 Fha o)
T el = EEH o wE FYR4E5S 225
ZE(step)d BAY 4 YA
F719) S i 2ol wet #7197} Asse

A3 $UP & Ao Wy g g2
2g 4

A e

3. Z2 0% kA A7

3.1 A&H sixzale o] g

£ A3+ Turbo Pascal(version 3.0) # Turbo Graphix

Toolbox(version 1.0) & A-8-3Fod IBM AT, Hercules Board

Aol 4} 8%}, Turbo Pascal 2 co]e} sjxal o)
64K byte gldl| Graphix Toolbox 7} 8K byte & A}-2sjmz
AAH o2 S6K byte o] mlm) odghg AGalor frie A
Z2aHLE Hujt o

gho} A ol7i¥t AgE wigo) £

olgl Wime] AHE-E HEHo T e WP FHALG. uw
9912 Helsiog.

A7 al&E(doubly linked list) &

g4 M5 3 2 E dlojel 7} byte £%] branch

A el UeiN ol F
ALt AS AEdold® Wie) £E4 A dolet Helst
ol d%

Agak7] e EElz B2 ¥ Turbo Pascal

Folg "ol Reov} sie] AHgAte] 7 et
ES=S-2
oA gl e] £Qei(point) 7} 4 byte -2 xA]s}32 7} branch
7t 4 A9 E£ei(pointer) & L3 g 22 HF % branch
7} 16 byte A& 28 &A =rh. zevt 1249 efd(array)
& AgehE

&g byte BHAZ & 5

739 pointer th4l index 7} A}4-¥] &0, o] index
Aoz ¢ branch g 4 byte 7} b
3t
Rk webA] elme] kg A delel P2 14y wd

& % branch & 12 byte 49 szl HIY 4

(array) o] AHg-=o}.

3.2 AlEsioldAle] At 255 #1¥ Grouping 714

=

.12

Alg 2 o) d(simulation) A7+ Zo]7] $1stel =UH )
do] Grouping o]t} <Fig. 5> #3129 olo)A At g
Helojok ¥ 2l A (signal) & 7oA 17hA] nieAHo g A4
371 AalME A% RS THH

branch & %3 ¥4
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< Fig. 5 > Group 9| o

o} d7A(line) 4] branch 7} n 7| Yotz & o YA
AHE 24 U2 A4S A4 E(time complexity) & 0(n)
o2 k. Hle) branch & t M} skl A AR A(line)
9] vlelel BES

A} %t branch o] A7 sl branch 7} g9 &

AN 0(t) 7k Heh. zehd Ax) 2
e Aol obim
2 ¢3H (recursive) F3o] BaetA Hrh. ol @S AT
u7) s 2g(stack) BBl FHHEE A Holn
Tobth. B dAFolAt 144 sd(array) o] AgRE, <
A branch ko) dloletE uliste] M2 L FelE AAshe
HHHE A8ats A9 d7A4dS branch 7} EHo R Wiy
o A g 5 Qenz Hokey F9 nsle] branch & 2
£ dlolg) A4S AdE 0(n?) o Aol 4

o 29 dE44S] branch o] & Abeojo]

[+]

F k= Holl
& % /e branch ¥ Melstez s § se] branch o 4=

2qteted & 7o) group 0. & wHEo) Zbzhe] group

(state) & ARsE AL 0(n) 22 & & Ak o] A% A
A& grouping st ol 22 5l A2+ 0() 71 B2 8hv} grouping
2 Algdlolde] sz Holl 127 Agstd sz U
& £%i(step) o] Aeh(state) g

qho] 22482 HHH A

grouping o] ¥y Foll=
A7) fsted 0(t) o A7
2 4 9k, & sl group & F%84(pneumatic element)E
& FH(vertex) 2.2 ¥ o £ HYAE JdAANA F& AR S
ek

s dlolebd Agshs 7h4d(edge) oltm ¥ 4



4, =23 p=

2 EZzaws 2EE dlole} eli, s22)3)(graphic) 4
i, FAelnel Aoz vhy £ Ark. dolg Bars
o x}¢l(design), loading, saving ¢} 715 7HAm Alx=
(system) o] Q14 7H5% Wehs) Ul clolebd BE AL, A
& FH(formar) o2 sA(file) Aol Vel 4TS G

EP R Agalol4
(simulation) 4& 7t Ho 2 CRT Ao hehljo] Zc}. =

Melge  dAU(design) o

Aol A tlolet BejRolq WY dlolehE o 8shod A

Baloldete HA4E a3 Melstel CRT Aol vpepdic}.

o oo "(Editing)

<)

£3Y(CRT) 4ollA ol f(menu) § oz 7+

ot

8] Bz (circuit) & F4E ¢ Ad. YT AI5E A4S

fiics

W34 A Al(design) 4ol oz ¥ty Format § 4488
27 elm 22 wolel Pl(key) § AF-gted 4le(selection)

o2 FUEe UAE A ok

o 28] (Graphic)
Turbo Graphix Toolbox(version 1.0) & A-&3to] T
845 Ai(symbol) 2 vehiiel 2y Hadg. # ¥
ge2avt F719 f0 el ek A 2709 Ael(state)
E vebd 5 s Fezd, dA HEze) FE AhE AE
#ol -5 ¥ 5 U%E-E modeling ek,

2E FY8aE A9

e Ajolli= ebA(stable) & AeRE viebrudo).

N

Ay

0 7

4

¥ dFelMdE dime AASEAS A, oy
(graphic) 212} EAE Talsted A4 wiler FYaLs
E22 A Edold 32 ok on/off F49 Aei(state) 2 Al
Folloldetet. <Fig. 6> oldl B wigt o] Fdax
(clement) = 3} 5] branch(z, p) 2} Hole}& wolgo 4}
2R 42 A9% £ 29 branch (A) 9 RE7gxA
(co-state) = djoleb(data) & A4} o Holetz 2g
tH4) branch o] Aefi(state) & HYshe Y2 vl sto my

AB(feed back) NS AL H5obA o
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e ATIN AT

P P
Statel state?
step Z co-Z power! A 1 co-A | element ‘
| state |
1 0 0 1 0 0 1 j

3 1 1 1 0.0 1

Y T T O 2 |
T !

5 1 1 t 0l 2

. I

1 ! ’

16‘1‘1111111 2

1. 7| 2)(initial state)

2. branch Z o] dle]e} A4

3. branch Z ¢} 4ef(state) A A

4. Fto&(valve) o Avj(state) AA
5. branch A ¢} HZ7|9aX & output

6. branch A 2] Arefi(state) A

< Fig. 6 > 3/2 way ¥R F3F(power line) P of
power 7} Eolgt Sl AdlollA] Aojyt
(control line) Zel ¢)s powers} ztg)F

(working line) A 2 £335= d

=yt ) * (undirectional graph) o] 2|3t tloJe} FHo R
E U8 5L stojok sk branch £& W9 group 22 F
ol AYATE U =Y A9 HrF (sub-routine)
3 ARAA 2o HBAAE LA P(real time) 22 ebY

ez A FL2 e Ha(check) & 7hgstal @

5.2 &

B o)A F AL (pncumatic system) 2 913 CAD
ol& AMgste] Fd2LvE 12749

software & sNwkslgdich.

<Fig. 8> o] 8128 dAlste] A Bae]4d A& ol 1 cycle,



28 step o} Bboll 45 sce 7 Ao ol A ZH(real Reference
time) $3oll A sgd. w3 <Fig 8> o o glo] e
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< Fig. 7 > Fx{2}32) Flow Chart
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< Fig. 8 > AAYZ
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