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Preliminary Mechanism Design of Multi-Stage Gear Drives
by Using a Fuzzy Expert System

Ho Young Lee", Tae Hyong Chong?, Inho Bae"™*

ABSTRACT

This paper proposes an efficient mechanism design system of multi-stage gear drives including not only parallel

shaft gears but also non-parallel gears such as bevel and worm gear drives. The system automatically generates three

dimensional structures of specification-adjusted mechanisms,

and shows the sorted list of the mechanisms according to

the evaluation result by using a fuzzy expert system. The list can be used as reliable candidates of the spatial mechanism
structures of multi-stage gear drives. Thus, it is expected that the system can increase the efficiency of design and cut off

the expenses of preliminary design considerably.
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S-W-B

Fig. 1 An example of mechanism structure (Spur-Worm-

Bevel gear)
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Table 1 Input variables of the fuzzy expert system
Input variables Symbol
Overall gear ratio RT
Maximum number of stages ST
Number of stages of spur gear pair S
Number of stages of helical gear pair H
Number of stages of bevel gear pair B
Number of stages of worm gear pair w
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Fig. 2 Membership function: overall gear ratio (RT)
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Fig. 3 Membership function: max. number of stages (ST)
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Table 3 Fuzzy rules for the expert system

No. Input variables Output variables
) RT[ST] S [H][B[wW]co]vo]EF]Po
Table 2 Output variables of the fuzzy expert system TTL L1 VL VL | VE | H
: 7 L L [VL | VH | VH
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Fig 4 Membership function: cost (CO)

222 MBI AlAES 113
g 713z dAUEY 2V dA F2&
As] Fgg =2 Hlo]lx FF F ARE ol

A3, Table 3 ol & & A dte] BAT42

183

(2 71919 ZdA AHe A 4!

- 71919 FR we AFL vz

- @7t 448 | 7)eurt ALFF 7199
A71= AAA doh

- 7107t 4R u drt WoldSE A
E AAA "t

- 8 7199 AR Al @57 dAstn
7t 2 | AHo] Fopyot

7)o}y



°l%

- A - FFHLTHEA AM2w0d A7E

3) 71919 &80 #3 A
- 3 G slejulyt Z7MEeE Ado] Hol
At

- € 7lole HE ZdERT 58] "ol

S TlolHst AAY W Bt 2SS B
o] Wojltt,

- a¥ Jlole it FE W BES A
ECE

(4) 710le) AW o] B A

- ged 7)ot a3 slojut HY FHol
EES

S WE 7jolst @ slelud Ag o] A

- @ geld s} 27He4 % A e
Foleth

3. cigt 7[o{ 3 HAHAUF =7 dA

g 7l g vid JEHERE §
d3t 7IvE €2 T W] AE BL AAUSF
9 ZY2EE 4& 7 Atk A7lA HAAIL
gt AUE H2EE F7) 98to] AA A
Zdo BEses vAUESE dudd gy 7o)
FA9l F32& o] &3} o] RAHL Filo Ao
A dAYEFY 2EE oA &7} A2HE o
|3t Hrhsta AEFgozA HFHA HA
2EE deo

Fig. 5 © o2 7]o13x] dAUES] £7] 44
21 EFE YeRd Aot

Step 1 2 718 Qg AA dAZA AA BA
o 2= dHAYESE AAY] A& 58 A4 W
F A 7o), dWAYE] 7k 5+ dE HU
9E dgdt. ¢ A9 9ge 4S9 4
et e 2 EHF WS MY o=
ezt

Step 2 & HAUE A GAZM AL JMed
HAUEE AL 7]ZAY FHH wjx 9}
#4dd 718 FEE UEIE WAUEE F5¢
} &, 1958 o @574 71 9AYEY
z27] 2d& A3, o] FAAdA z} T F
et g Mds 7 dAYEEY Y2EE
@A et o] B2Ex ZEagye] o3 A%
Hoz A7 dFo] AukEel HA FFolt
A A 2A ge AAUESEE ¥4 =
o} ZAE FoA ol WAUESE AAE B

189

Input and output shafts
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Overall gear ratio (RA)
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Maximum number of stages
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Generation of mechanisms
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Add to list
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Evaluation using
fuzzy expert system
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Sort the list

v

End
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Fig. 5 Proposed mechanism design algorithm
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Table 5 Mechanism list by Step 2

)L MEAE st WAYE 2H2EE AHY No Stage Number of gears
7] 1% {7k g FErl e AS vehdn, L1 2131 4]S]|HIB|W
1 W S 1 1
2 w H 1 1
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