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Development of Expert System for Designing Power Transmission Gears(])
— Design of Involute Cylindrical Gears on the Basis of Strength —

Tae Hyong Chong, Joon Hyong Byun and Dong Hyong Lee
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Abstract

An expert system is developed which can design the power transmission involute cylindrical
gears on the basis of strength and durability. Bending strength, surface durability, scoring, and
wear probability are considered as the basis. The basic components of the expert system are
knowledge base, inference engine, and working memory. The knowledges in knowledge base are
classified hierarchically into the knowledges used in selection of gear type, selection of materials,
and determination of K factor and are represented by rules. In the inference engine two inference
methods are implemented with the depth first search method. Forward chaining method is
introduced in the selection of gear typé and materials and in the determination of K factor.
Backward chaining method is introduced in the detailed design of module and face width in
accordance with the validation of strength. And inference efficiency is achieved by constructing
the part needing a lot of numerical calculations in strength estimation separately from inference
mechanism. The working memory is established to save the results during inference temporarily.
In addition, design database of past design results is built for consultation during design and
knowledge acquisition facility, explanation facility, and user interface are included for the
usefullness of user. This expert system is written with the PROLOG programming language and
the FORTRAN language in numerical calculation part which interfaced with PROLOG and can
also be executed on IBM-PC compatible computer operated by MS-DOS alone.
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Fig. 1 Structure of expert system for gear strength
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POWER TRNSMISSION GEARS

<{ EXPERT SYSTEM >

CATEGORY : ————: SUBCATEGORY:
{Example>
geartype!is an: spur : if:

e [ Dialogue for Gear Strength Design ]
[ Update Knowledge base 1
+[ PREMISES ]

it is applied to most low speed gearing
‘and if: no1se 1° not a serious problem

Han Yang Univ,

@ Name of CATEGORY : geartype
@ Name of SUBCATEGORY : spur

@ Name of CATEGORY :

? Save Knowledge (v or n) @

@ PREMISE : precision rating is excellent and highest efficiency
@ PREMISE : it is applicable to all types of trains

@ PREMISE : it is applicable to a wide range of velocity ratio
@ PREMISE :

Fig. 4 Knowledge update of knowledge acquisition facility
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prem (3, “practical limitting speed is to be 18 to
25 meter per second”)

A7old 7 FFe A LAE Aol ael 3
£ FAol} AR YAM sl FHuRe 2)
22 [1,2,3)€ 2 F2o 4Us7] A8 Bay
WA¥e) WEE A7 vehic,

AAujolasl AAEL Akl Aol we} v
Ad dze Adez AL 4 Az o Be A
2¢ Ado]l wAY 45 U7 WTol, B4 —*r—ﬂ
sz Q4" 4 gofob A NAYSA¥L
7 AsdE] A AR AR A2t zl

S AEAAE 448 4 YEE =
2 Asolel, AAMelag AEAAE A7 4
AN BsgE AL AAY + Uk A
oz AH (edit) )53 A2E ML Aujolx
of A% 4 A& AAwlolx Er}(update) )5
22 el PEFozH Aol F257

O:

mjo _& 2
 alo mlo o

g o L R I S

Aol Y75 AR st A
ol& spdS AHdte] Ealubd (text file) 3 7Fo
HAZ & J=F FAsH, HAuola Fr7)%
2= Aol 2 spalg Agste] x)Aujo]re] T3
Hol de A4 5L YUE JHYA F A4y
olzol ARFES TAYH) oz, ALujelx
o BAE AAs7] AT FAE 271 deolle

Fig. 45t o] Aol Yeidge A A7z

FAe gulz 4T F Aolaol MY &
e,

33 FEJ@ L AMEE
2E78e AAMolad] F5H AL Agd
o 4ANE 2 bE AE A2He Ty

ofch, AATY FolA Azl Y4y, ovels

Jolsl AHAH, FAAUARE AG K factor

AR BAAL FAY BALEE sl 2 Fohod

ool 5 HEHW AE¥E £33 HE A=

F5Y ARG 2BHYVE AU AE

2297 A% ARy 2 AZetodor & B

43719 Fig. 3o 248 A%H 4729 A4

$52 BT dolt PolSARAYCI) o

S

©g3 22 PROLOG 9oz 288 Jach
search (History, Goal) . -not(rule(
Goal, _, )), !, ml, insert  fact
(Goal),



FHADE ARAA A7 Aag AvadT (D) 127

search (History, Goal) | — rule(NO, Goal, New-
Goal, Cond), check (NO,History, Cond),
search ([ NO'History], NewGoal},

2220 ) Auol oA T4 (rule) & HolEd, A
28 Wiahg 8 o A9 AA3-E(Cond)
o] #yAE AEsd HAF(check)d F, AHE
A4e] <x}H(“yes” or “no”)-¢ Historyol] %3},
7ol Agdlo] ols) BE AAFEC] 3ictn
Bl 1 FHo ZHE(NewGoal)E dAIZFA
ojojq] insert fact( )oll MAFo2H HAYF F
22 L3, olwl AAuwlelrd FAHEL
search &o19 tail recursionol] 9j3le] FaF o=
et g o}

olo] uieted AEx 2L AASS AT UE
Aol AAAHNNE HFEgal Fupsk Ay
02 Aggch F, FIAE AEZH 2EY 2
18 slAste olol & 7F AAALE AE3
o 23, W, 238, vt 59 ZA=F H/Y
2 o|% =W/ A} BFARNE ALY
thstol] ol# Fisted wHEschd AR =&
HES AAARE =& Uk

2EH A Eo) 93 FAAAA Fs}e B
Aol Qo] ZET X Fo| Wl wtet A3}
E Rxe gl F 423 d4be] geol T4
FAAS+JD 59 AFEoy 233} vine
dAgE FL ALY wHae =85y dodd
PROLOG 2+ z#Hal AL #3}7] ojzism
2 ZxAAe] A% A3 qdojsl FORTRAN
Aoz 7143l AAbste Ro] Hok HAFFHolh
ol o]% AAR2ZE FORTRANoZ 7%
(Figle] # FOR)3le) Agstide UHE F
PROLOG¥] DOS  Shell®7]%&  o]&3ly
PROLOGS} 9723t (file interface) T& T2 24
PROLOGo! 9l 229 8% 59 & Uk o
24, 2239 WHGEE AAHGE A3
temax® 18 AL AAAAE P3e FE7) W
of the 3l 7ol 714 PROLOG = 2o uig}
298, =, fmatt &5 A4S FORTRAN
s}elql SCUF. FORe] A #s}el SCUF.EXEE 4
§A7]7] 417 vlole]E& SCUF.INolate std =
23t (®), SCUFEXES Agsled (®) utEe]
A ARAD g SCUF.OUTY & (fmaxdt ts
9 g, 7leh& =27l o £ F(O),

o]% o] g3 AnABAL AT FEO@)E YT
o,

penwrite (outfile, “scuf. in”), !, writedevice

@ Foutfile), write (--+), closefile (outfile),
writedevice (screen),

® system(“scuf”),

out”), readdevice (infilel), readreal (---),
losefile (infilel),
© scor__message.

xistfile (“scuf.out”), !, openread (irfilel, “scuf.
© E

34 QAAEPH % MA djolef oA

Az e AxdA A" AR
HARHY GAHRAN et Aol w2k A%
Aoz WEHe AN Fo WyAedel Az
4 YEE T AezA, YFAGY A4Hols
A4 golsal A4 5& ARAAL, AANY &
o F2ANE $o AR A% Feh, AL 5
o 4A AT 5 AR ol H8F R
& PROLOGS] 54 dlo]g wlol2 4elg ol43
of AE7H Axde] FHU,

GLOBAL DATABASE-DESIGN
GTYPE(STRING)
MAT_ DB(MP, MG)
KFACTOR (STRING)

AA dlolE wlelar AANY Fol Hag A
Aol B AL T2 Aoz, AAFHAY F
23e Aol &4 Y W4 ARt 3l
on, =5(MODU. DBA)z A9 AAd]
(GDIMEN.DBA) dlo]g] we]~g FA4Hct, Z¥
dolg] wlolaE T4 (KS B 1404, =¥ 0.1mm
~50.0mm) &) EEZE AR Relwy, AAe
ol g wlolak olu] HAo| AA=AD AFA 2]
A (AFEH, FEIASF, A3y, 2zt Fe,
25, AL 5)& ARG Aeoloh wetA Aid
A A A Fig. 20 Jebd whs} o] FE7|el 9
8 Az AAAZLE sd5t7] Ao A o]
B wlolAE A=zdtd AANLA 3= A% A
aob §AHE AAZ deEAE AN 2 AEE 4
gow, fAR o7t st 2 AAAAY HFE
2Bt o)& AAgozs AR AAT FH3
A gaNE 2A4L 24T 5 Uch =23 HE2EE



128 Ay - HTY - ol F5Y

AAE 498 ARsh FAY 4AAE vlzole
FE 45 e FREozs F4A o8
4+ sleh

4. ME7t M2He 75 H HE

41 MBIl Aadel 28 9 Hs

729 ARY %= AF AA A Axdol
AAE A4 $H}T 2 AHE AW, o
AzE APEA0) 2KWolz 75 sUade) 53
47} 1400rpmel =) A zbuloh 2,490 A AL S 7
AA ek,

Fig. 5& & 237 A29e oA oe) 48
o) ABAANE AAHE AHe BT F AV
2 oz vEid Aotk a2eld @ AE

4A4E

T nu X oo

A& 25 2713tHe 2 A AHER QlEH o]
2o o3 Follf ez, ¥ AL} A28
A2 e AA, AL A2 AEod Hd
o Eag olgalel e A AAY A%
o A= A4 45 39 Y T 4+ 9
g b)& AAY SFARE dH}E Aol
(©x Ao QAL AAsta K factorgE AAF
7l A% AES P8¢ F 248" A K factorE
BoFE gdolny, (d)e FEEF AEAY A
T (why)ell i3 A7 5¢ 2al sdoeld, (e)v
2ES JHgsld 2% A AAEA AXE T
o wighsE A HE3HE sl HoFoz
Astel utE R E 2E AAelw, e A=
7125t AAR Ao AAAS F IR E 2
stedojch, ojfzte] ¥ AEI Aj&HE &5t

3)

POWVER TRNSMISSION GEARS

< EXPERT SYSTEM >

{fan Yang Univ,

{ Dialogue for Gear Strength DNesign k

‘ [ MAIN MENG ]
@ Tesign Transmission Gear
@ Strenth Evaluation

@ Knowledge Acqusision Facility

@ Dos Shell

@ Help Information

@ Exit Expert Systen

(a) Main menu window

POWER TRNSMISSION GEARS < TXPERT

SYSTEM > llan Yang Univ,

WELCOME TO DESIGN
PLEASE, INPUT THIS.

I Dialogue for Gear Strength Design

THIS EXPERT SYSTEM REQUIRE SOME DESIGN

¥
NAME OF DESIGNER (CHOMG Tae Hvong )
1

F*IE: 2%

T

INPUT VALLE.

DESIGN INPUT REQUREMENTS

=

=%

>3 END (Press ™ F10 " kevs

TRANSMITTED POVER (kv
PINTON SPEED (rpm)
GEAR RATIO tnever less than 1.0)

[12 1
{1400 ]
(2.4 }

(b) Input process of design requirements
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POWER TRAESMISSION GEARS < FXPERT SYSTEM > Han Yang Unis.

[ Dialogue for Gear Strength Design +—
# PROCESS TO DETERMI\E MATERIALS & K FACTOR

2 DO YOU KNOW MATERIALS ( yves 5 no ) no

7 DO YOU KNOW CENTER DISTANCE ( ves 5 no @ why )

7 1s it true that it vill use vhen high vear resistance and
load carrying capacity is required
T oves
2 1s it true that it will use for heavey duty service,
e,g., transmission gears

dulsn 0 ey
2 Is it true that Application is Turbine driving a generator
R (4]

? it true that Application is Internal cowbustion engine
driving a compressor
S ]
? it true that Application is General purpose industrial drives

N \esss
2 Ig i true Hm‘ Minimum hardness of gears ie 38 HRC (Piniond and

Doves

true that Number of Pinion Cvcles is one hundred million 110exp, 8)
vl

true that Sumber of Pinion Cveles ic one hundred million (10exp. 8}
Loves

true that Accuracy is Medium high precision

Doy

! 1 DETERMINE THAT K factor of Carburized & Case Hardened Steel is 5,52
BY USING rule number {15,1]
? SATISFY THIS RESUIT (ves 3 no 5 houl @ owveu

(c) Process to determine materials and K factor

POWER TRNSMISSION GEARS < EXPERT  SYSITM > Han Yang Univ.

HATION]
1 TRY TO SHOW THAT: X factor is 5,32
Y using rule number 15:

IEAND
1

Rule 13t Carburized & Case Hardened Stee! is a 5.3%
if Appliction is General purpose _industrial drives
and Minimum hardness of gears is 38 HRC (Pinion) and
58 HRC (Gear)
and Number of Pinion Cyeles is one hundred million (10 exp 8
and Accuracy is Medium high precision

1 have shovn Lhat: material is Carburized & Case Hardened Steel
By useing rule number 1t

Rule 1: material is a Carburized & Case Hardened Steel
if it will use vhen higl vear resistance and
load carrying capacity is required
and it will use for heavy duty service,
e.g., transmission gears

(d) An example of explanation facility for a’ “why” question

o |AAAE S48 A3 AAY AL AEA  3hd (dialogue window) &2 FA gk 3

o) AelAl sk AU & & Aok AE AR AxdIAY £4715E A,
Aol AL Axde) AdAelA Bate AT
42 AgX ele{mols X HEIIS 54 AdgezA AbAT A2dE Lob &4

Ag7 Jeselat: Fig.5 ()% 2e wWHs  AET ¢ USS 9ok ki FeAd Ay
% (memu window) 2 Figh (b)~ ()% 2 dst  ZFolu 948 2814 Fig.5 (0% e 3
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POWER TRMSMISSION GEARS

< EXPIRT SYSTEM >

Han Yang Univ.

[ Dialogue for Gear Strength Design }

S
PROCESS TO CALCULATE GEOMETRY
PLEASE WAIT FOR A MOMENT..

#
FACTOR AND REDESIGN.

Determine one design value.
MODULE = 2.0

FACE WIDTH = 32,0

Nominal contact stress (MPa)
Nominal bending Stress (MPa)

DETEPMINED ONE DESIGN.

1168,0934414
277.77397387

DO YOU WANT TO ANOTHER DESIGN VALUE 2 ( vy ar n ) 1

i
Allovable = 1250
Allouable = 450

(e) Explanation of bending and pitting strength

FOWER TRNSMISSION GEARS { IXPERT

SYSTEM >

Han Yang Univ,

TRANSMITTED POWER | 12
TNRUT PINION
GEAR RATIG

"‘Ilkll i
GUTSTDRE DI
ADDENDUM (m) (2.
MATERIALS [ Carburized !
[ Carburized

RN L]

Prags

[ Dialogue for Gear St rength Df= ign +
=>> GEAR DIMENSTON OUTIUT

1
SPEED }' 1400
2.4

TEAR TYPE [ spur
MODULE [ 2.0
PRESSURE ANGLE [ 20
OPERATING CENTER DISTANCE { 65.0
FACE VIDTH [ 32.0

Idr‘dv ned “ulee 11

to advanue or Presg

1 o

1 Crpmd
i
1
] Cmmd
1 (deg)
1 G
1 (mm?
GELR
1 { 16 ]
! [ 92.0 ]
4 I 96.0 H
\'HUU llkl”TH i) [ 4.3 ]

"F10” hev to END

(f) Display of final design results
Fig. 5 Example of the expert system execution
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