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Development of an Expert System for Design of High Performance
Compressor Valve System
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ABSTRACT

An expert system to design compressor valve systems has been developed. Design process is
viewed as a chain of decisions based on the results of necessary analyses. Actual design is imple-
mented by the interaction between the expert system and the user. In this work, it is demonstrated
how a final design 1s achieved by utilizing the rule bases and analysis capability of the system. The
structure of the rule bases and related parameter studies are also explained. Advantages of using

an expert system approach for valve designs are explained using a practical example.
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system( " 2 AAA Al 48l), Valve performance("E 4 %), Reliability(A 2] 5)

1. M =B Utk AAAME = /2 21, FAld) R

543 ey dAE T3 HA YL

My Axde] AAE ¢E7) dAS sy TEHANNA EHE ulSslr) AT A, #

KA 71 8T FEoltd, AR AFA 7} el BdEAe] 94559 Y= waEof

AT BEFQ WrHo MADYL sy 95 4 vk MU e AAYEE UE

o WEel MNIE Wet o) & AL 98 7] 3l elEHolAY Ee FRHY 4 At

STEE 25 u2]slee} ggha, Hriel BAEAHA N B FHE2d

Yeje) AL o719 aTEE A% AAA g 97| 9t A FRE H4R) o7)

Hell oja] Folxle EF FLHEEAL JAn A BHEAR 4 ke HE2AAE S4s) 9
@ lol=d g .

AARRE A PYd= X /mA o8

* gle st 7)7) 28k ARE de W ZARY Aol A

= 259, dYRRR s)AFER o5t MAH Ao o8] A Hgo] Utk A




154 AN ALE-BF4

e ABTVSE MM ZAMY S AHS
£ AT TAE SR AR Al
el Qeld 4 gl A9 AHgshe Wil
of WhEe AATAY Bggel A/ BA B
o ¥ £2L WAL H9 gol A8k
gl AR A AWE BHE A Yol $4
A A8 & AT Hsa $RA 44
Mo UFE o Aed 4 Qoo e nw
WASRE s A B8 2D e A
/R BED BOARHRTENY) AW =
oz FAE 4 AGISI00, 53 HA/z
A} 3R] A B2 A2de] 4L ofF 7}
A zAB N AVAYE DAY 4+ U=S B
Ag BYaln ols FEel HEALT THAL
£5 TS BT B8 ASAE JalF SR
Aol} A = % H7Ve7) dletel 2RE
Al 4 i 7w ABHET
2 Aol AE 94_1&4\, FE7] WA ¥
47 AHAA SHE FHAVA U5 $54
sl 2L AL Aolel 27} 420
& =gsiaTh @714 ARE B 25
242 A AN A5E HAED A
AR} 2 AARE AN 2D Bog B
+ =S Baw A4 AT A% Aelvh

A1)
3ol

[=3]
p =
o
-

o7leAlm AEZL A)AY AZEGel EX-

SYS Professional & Al&-3ted 7§ tsldc). 73
#e)A (Rule base)B AHE-3 AR} Ao
o3 A=A ARELS WB A A~y
M N zgaPo gRE AFHUC. ol
A ANE A Jlo|zd me} Hl@ BAH
AAE FEA717] #ete] A dig Jday
A kS HE7} Al 2=g8 A E o] 29 o) &
Y. FXA G HFdA e A dig 4
FEL BEA 2RO 2ste] ZolT vjE oA
Ao fFae] et gEEEE Jehje P-V
Axe} o] P-V Aot Wlmd] ofs) &g

& 9l
MaE AE7} A2 AllFte 2x] A o
Aee Bt go] akE £ Arh

1) 87} A2ge H4Y eRet A 9

2) AEs} Aade TEHoln HAT W
& $9 AAE 7heail Ech

3) AE7} A2 dBE AAHRE 4
AAZT,

2. MdAnY

AARRE AE3e7] Y A U dAlzA
AAAZ AHE AHAQ dAAF L *82}614 3
F A I B dAsE dGAS A,
4, A a83n g 2o Mz r«}f CE
714 o ER e E 4 gl
We AAe] 7]EFH AL o ge o
AE2 FAE Fh
1) o]4# P-V A5 7125 ¥ ¥EE
o] =]l =27] EH

2) 8 gre] 27| BA AA. 71E AAE
A 1)3} 2) dialel) AME = o)

3) AEAN VNIEE Fdo] HAe A%
& A&,

4) QA )M e A3 7z BA A7
g Frigi.

5) A7 A} s ey 88 AR
oW W 4)dA Al EAES 2
517] A AAE A3

2 AP AEE A 2-hg s AES) A&

18 AHgle] Ol 4)9) 5)8 s 3R
*1 Yasfs TP s A 1), 2),

)E A B 71N E AR} Al2d

%3011 333l 9Al 4)9) 5)E AAEA 44
3712 ).

3. MAZ|IE

4FHY WBA2RE BE7) e Oe
3} e 37MA A STE DEstelo} B,
D) aEgel &9 Az 98 89
e
FEHEFDHS TEAAT dE FYAe
ola) 23 e Lo,



u4% SEF7] GEA 2] AAE A8 FE7 A=Y A 166

Ky A
A=——r— (D

1+(%)2

471N Ko #5744, Ars LERF, AL
WHsh W B Aole] FFRHCIL. FE A5
AR a7YE AHFgoERE WuAaY
& 5% 459 $%E ANY & A EB
Mach 4-& chest gol 7€ 4 itk

M="2 2)
[

aq7]A M& Mach %, ci= ZE27Ae] Y
o) 7k el MY &4, Al RERFHAHI
AEd A& &4E WA Y] Mach
Fe 0.2 037} Hx% FHT.

F5dHo] AL EF Mach = F71¥g.,
Wrsie] WHe {E&T Agd &)
72l 7 Mach =7} $33k9] 0.28} a9
Wee) g8 A7 BA7 2 $ dv.

2) AHELY =4 7MALE dRFe W

237 A% A4 WeAH

Ao FEAAL Z WuHo oF) mL W F
YA e o] Flmz WHe FF Zgo] U
of'd u) Wuo HHNXNE Foj7HA Hrh. Uul
Hog R 2 ¥re] FYAT AAGANA
g A8l7] olelg WHe EEY REHY 7
e} 22 Amael Ule]l Hrh WHe %o
NH= NHEL] £4& U ¥l o
& Yozt ol2d AL H3r] Y3 g
T 2L 27149 WS A 5 ok AR
o) 5P Z4A7)7] §l3le MEe A&
Z7MA7)= ol R WRAR7]E B
Al 2kld] =9l EhHs why ot

WEAA7)E YT ATHAHANA] W
YE AT & AAE A= 45719
EES AR oA Yuo] Feeel ¥
£ F4-38 S PAf dre) 2 FYAs)
oA FFE 7 AL ohrh F A
g dRA ARG by 93l WA R]7)e] Fol

& A8 AHskiop B GeAe A7
o) Bolg FRHE 71240l

A =121 A (3)

2] (3ez2Ry YEZ} f8e el Hoe
71 &l WA R 7ol & I ohLuf o)

horef < JA, (4)

A7 EAFFE WRAA AZINAY
AN FoF J88 T

3) wWiHel 23 U w2 A=

el AFEE AH7IVAA 28H %
Wl o] Er) AAFH £4E JIAQ
7] W#e) 7} F83 EAlolv}. ¢EFr¥E=
2744 Heje] T =-g-el Js vt 334

-2 34HE, FYAEE A 2714 Held

¥z ERdH Ade YHIt F23 9
& o due] g T &¥oln 2L T
ol Adtn o33} o] A4tgict

Oy = —/— 5

o714 Myz MHH| &g e Z+
Wy =] A grolt).

A= EE ) Al os) xELoZ
dAE0zkE W A7)l Yotk dr|Me 9
282 =729 (inflection stress)o|z} Aol
o J¥FE digt 2EEHS FFP 2
o3y geta thEa) zo] FolA T}

3 4P
O'.'=§(3+U)I‘ —Zz'— (6)

o474 r& EEWHT v Zold woloh
FUeAY 28LA Jzsle Yuel o4 5
We Grlsp] fele) Hzsieolgg AL

FA4He Wn Fo| AN WBA B A
&% W AEAFNA Yolveh ARZNA



156 A8 AL Exy

o= FE5EL & A" AR = 4
Fx7t FA7] el e feols gt ds
HoAe] FAEEE fFFAF0] oW WH o
THe] Frpelne duddAe FA4Es 2
Add. a2y WY s 8 A58 ggs
weth B Qpdas FEHSENN FEEEE
et 37-3Y & A&} AA AN A F
ALk s FPSERZ rea s Fadsidi
23 FHALT Vimp. recommendedzs-osm/sec°] = Rk

ol& AAgTFZ uwwl 571A9 HAZ|E
€ Aosle £3 olgd $HvIet UHo A
T Ueiie Aedsz At AFdes
G579 FFg2Pat wre] PAUFEd &)
T8 5 Arh 471N el dAUeze
Uy xE 77], ¥ o], ¥x % Jju ¥
B 27 Foltt 01‘: AAETE] He+ Fig
1A BEoFoh. AF7PA28AMRAS] HelE
3l o]EE F R} e 2 AT o5 A
o)z vhea vk

Oin = <1 (7

3. altowabte

¥, M

(b) Both end simply-supported type valve

Fig.1 Various shapes of reed valve

(13

Obn = <1 (8)
b, altswable
M
M, = <1 9
Mrmmm ded ( )
i
ten = <1 (10)
[1 commended
Vimp
vn'mnn=‘—"<1 (11)

imp, recommended

4 (10)9] =H& PR HHAZE = gsr]
AE Aojv}. WHANAIZLS BB FAste]
T2A HAfEFo] dURsgFog 75y o
e 22 ¥y gdech

b= — '

71N @& WHe) BHAFSo|G, B A
o4 Wy HPA Zhe o] 4 P-VellA dojzl
Bol AgE 17 MmBT). 4 (11)dA 2
H FASGEE WHo] nGA%Sel WH o] T

A Pelnh.

vimp = Wna (13)

TR ATERE 2t AERe] o)A
18T} o Wrass n&%ﬂm 2
o EE 16T 2 J)Ege Az
Aoz .

ol

sl
A
Sihidis

4. HEIF Al2EHL T2

HE7] BB AAN YL dsly] Y3 A
7t A2dY 7)5E EERoR 5y $)3ly
AE7t Alaglel HeS Wy 47 Bedl x
Aulo)& R B2 AFAZAY. g2 v)%
2 FHE T2aYPo g pEoH1 ol 7%
=2 UE AN 2T Agsie) Algd) o



TS ¢&7] WA AN HAE AT AR A2 AP 7

e ¢E7] s BEA Z2aY, aE 29
e vka U EE dida A 2209 F
= @8 AAA2]T o] AMSE 5 Q)

ZFel o] QAIRAANA AR o we o
WA o2 o8 FH AR 7|2t o]FolF
th ol AHel AR A A o3 e
FE 3 E U8 ANEL dAlRe] AYH A
HAPA o3l BE £ Uk & ANA =
Wy AAl o]& AALKIESE /e 3¢ gL
A2 FRIFE AGIEE FEIHUC
3 Aol AEe PN AR AtEe 4
ARFED J5E Jelie 71EF Alele B4
A Ao AL AT F UEF HEUT.

Fig.2&s AF7t A2gle 7|E+2E RAE
th Fig.2elA B A5 o] AEZ} Alade
4719 FoAELR FAEY . §-29
2] (input/output facility), =4 &5 (knowl-
edge acquisition), 2|4 #]o]A(knowledge
base) Az]1 FE7]F(inference engine). Y -
28 A AHEA] o gHE HEsin 4
A Fol Jdehte AArle] B9} Al Agd
s el 44 g dEe) = AL
g 95 23 A AF 2EE 715
g deo] o2A dolFHertE 49 F2
F3 O o8 AR &vh &Y FES RL
A Az gEojR = o7z deE o
A Wy dAnde g EAHEe AGg o) F
A A8 Alds 23E

A 5L AE7 A 28-S fEEied /o]
Al gledMe 8 FEoAT HEE Wiks

Knowledge Base
. Fact n | Inference l
o Engine i
Raules
Knowledge Input/Qutput
Acquisition Facility

Fig.2 Architecture of an expert system

Aol W 24g et ol st Uert B
AR Al2"eA 888 F UARF =
A& dah} Qs gAs a-a dud
VA AFE 5 dert s BAZ J3 dS
PR =Ae] )7} A& FFo|h & A
A R4 5L e ARE Y o =2
oyl AR &% volE e Hejs
AHg-Apl] o8 AFE ez HAEZF Alxdd
A F gt

FAue| At E B A4 el WH
AAC 3 2)ale) 59 BHe AT Aol
AE7L Al AgoMe] 24 so] iz AR RED
FAREE I AEREe 79 XgE
Al g A% 7122 ARdch HARES IF-
THEN &9 gz gHdch &

IF “RA4) (premise)”,
THEN “& 2 (conclusion)”

THe HA Ex F #22 B2 U527
4% + dx 281 28 £ THEN 22L&
o] 74A] A& XFYL 5 Uk FEHA A
ok IF 223 Alage] Folzl Ay gt
AHdE Wmsle # 4 d3n £+ o THEN
e de B2EEA 93AM 8 F= doh
IF FE22] o] AlAagd Fo|7l Alda 4
3 Al=g]e THEN ¥ e ZE Wgs
dYspAE & Y 1Y vist 7t A6l
A @ S o FHGRG A Alds
W &3 o] Rube 1o] Ay}

Rule 1 :IF [(M]>1
THEN Mach number is high

I8 # Rule 1¢] THEN B¥e] &8 IF &
o] Bz UE ZE FEEe] o Al &
X oz Ay

Rule2 : IF Mach number is high
THEN Effective flow area is too low



158 ANE-AdZ-AFA4

Rule 2¢] THEN 9] d3& A4 2
&8 Yotk %, Rule 39} 47} v} 2ol
Folzrt.
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AND [AJ<[A:. )
THEN Exit area due to valve deflec-

ton is too low
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AND  Reduce valve thickness

AND  Increase valve length

olF TE& d&F 02 HYR| 5 vt = &

lo] =2Eiv), Rule 404 & HEZAE
& 29 IF FEdA Muo F3 A7t W
A7) qgo] vlst 7 25 ¢ F dth ®
o EAE /‘]-rrﬁ']'ﬂ #& THEN
& 71A A Qe AAEET. o
e 2E 7hed @%“9' Al ey o] BHe
THE] g AHH 2o o ¥& + A
t} o] g A2 ¥7] Y3l FAEY dBA
€ A #Ao| AMEE=H o]E FEZ|HClIR}
Folgt}, B dAFd e AgAH7IH (forward
chaining strategy)g FE27|80 2 A}R34 1}
FE71%e] Zragls ¥ES 250 o1%A A
£=0] A7t de e FAVA FolE
it

5. oiZT 3y

o}

1‘5
i

¥
>

Ao e 2o

AAd Bed AL ATt 4
ole] A 7|z A WVE F U

AZS U7 Hte] ol AFE A E
¥ 571 Aoy vidme Wid HEd
Aol olRo] At WAE FHA AE
Table 13} 204 HaZt}, Table 12 ©e
2R Fele] WH thd Zyloji Table 2=
g o] Wud gk ARE e,

P

=]
=
=
A
T

FE ) olf'

T

off

Table 1 Sensitivity(Both end simply sup-
ported type valve)
# Change of the performance parameters ac-
cording to the positive change of the de-
sign variables

Inactive case

é te M Tine Gy Vimp
D R X R 1 R R
L I I R X R R
W R X 1 X R R
t R R I R R R
Active case
) te M Oint b Vimp
D R X R | X X
L I I X X R R
Y R X X X X X
t 'R R X R I I
h I X R X I 1

Table 2 Sensitivity(Cantiever type valve)

Inactive case

é te M Out- | O | Vime
D R X R I R R
L X I X X X R
Y R X I X R R
1 R R I R R R
Lp 1 X | R X | LR 1
Active case
) te M Gini Ob | Vimp
D R X R | X X
L X I X X X R
W R X X X X X
t R R X R I I
Lp 1 X X X R X
h I X R X 1 1

D, L, W, t are port diameter, valve length,
width, thickness and h is stopper height

Lp is valve length up to flow force

R :reduced, I:increased, X:no change
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Table 3 Analysis results of the discharge
side

Design | Stop | M te | Gt | Ob | Viep

(2,2) 1 1.00 [2.10{2.95}0.16 | 0.99 | 0.62

(4,4) | 0.85 11.02 | 2.65|0.42 | 0.86 | 0.59
(%, *) is (port, valve)
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*s4s+ REPORT OF THE ANALYSIS RESULT USING EXPERT SYSTEM *****
*** RECIPROCATING PISTON TYPE COMPRESSOR (CONNECTING ROD TYPE) ***

THE PORT/VALVE FAIR (2,2) IS ON THE
DISCHARGE SIDE

** THIS IS THE FIRST LEVEL REPORT **

* Valve Closing Time (T¢)
1) Diagnoses : -, .
* Valve closing time is too high
(1) Natural frequency (Wn) is too low

2) Suggestions :
To improve (1), increase natural frequency (Wn)
To do that,
i) Reduce valve stopper height (H)
if) Reduce valve length (L)
If valve length (L) is reduced by 10 %,

iif) Increase valve thickness (t)
If valve thickness (t) is increased by 10 %,

* Mach Number (M)
1) Diagnoses :
* Mach number is too high
(1) Flow velocity is too high
(1.1) Effective flow area is too low
(1.1.1) Port area(Ao) and Exit area due to
valve deflection (A1) are too low

2) Suggestions :
* To improve (1.1.1), increase port area (Ao)

* The Selected Port/Valve System of the Compressor is :_
* To increase port area (Ao),

* To increase exit area (Al),

* SECOND AND HIGHER LEVEL REPORT *
* Valve Closing Time and Mach Number
1) Diagnoses ;-
* Valve closing time is too high

& Mach number is too high

i.e., Valve closing time is too high
then closing time will be reduced by 18.99 %
2) Suggestions :
then closing time will be reduced by 9.09 %
ii) Increase port size {D)
1ii) Increase number of port

** END OF DIAGNOSES AND SUGGESTIONS **

and exit area due to valve deflection (Al)

i) Increase port size o
. If port size (D) is increased by 10 %,

then Mach number will be reduced by 15.41 %
it) Increase number of port

There are no suggestions in this case

& Port area (Ao) and Exit area (Al) are too low

i) Reduce valve length (L) (Cantilever)
* If valve length (L) is reduced by 10 %,
then closing time will be reduced by 18.99%

* If port size (D) is increased by 10 %,
then Mach number will be reduced by 15.41 %

Figs Report file of discharge side
(Reciprocating Piston)
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