YT A2 A 6x 1995 6

i >

Journal of the Korean Society of Precision Engineering Vol. 12, No 6. June. 1995.

HA GAARE ol 4% A4 HEE AEI AxwY A

£ * 71

[=} [=]] ]

A development of the Grinding Expert System
by Fuzzy Decision Making

Sang-Ryong Shin,* Jong-Pyo Kang,*™ Ji-Bok Song™**

ABSTRACT

Grinding is used for machining high precision parts with high additional value. However,
the grinding operation needs high skill and long experience of an operator because of a lack of
the scientific knowledge and engineering principles. Also, the wheel and grinding conditions
affect grinding results. For these reasons, it is difficult to construct computer integrated
manufacturing system (CIMS). Therefore, it is necessary for Expert System to be informed of
qualitative knowledge of grinding expert’s skills and experiences. In this research, the Grind-
ing Expert System is constructed by Fuzzy Decision Making Algorithm, Using this system,
unskilled workers will be able to use the knowledge and experience of an expert.

Key words @ 92712 AE7} A28 (Grinding Expert System:GES), 214 #eo|& (Knowledge Base),
%27 B (Inference Engine), WA SAIZH (Fuzzy Decision Making), ©1& AE%
{Mult Atribute Decision Making)
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Fig. 1 Processes of general grinding work
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Fig. 2 Flow of the Grinding Expert System
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Table 1 Comparision matrix of characteristics with

respect to wheel selection

‘ﬂema:t Grain Grain size Grade Structure
Grain

1 1 3 5
Grain size| 1 1 3 5
Grade 13 1/3 1 3
IStructure | 146 15 143 1
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Fig. 4 Triangular Fuzzy number representation
and Membership [unction
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Table 2 Comparision of characteristics with respect
to finish grinding
Wheel Grain Grain Size | Grade Structure
Grain [(1 1 D[@251/2243)(1/2 22 D1 32 2
Grain sizel(8/2 2 5/ 1 1D 32 A2 52 3
Gmde (1 32 2§0/2 32 21 1 1D{ar 2 52
Structure [(1/2 2/3 1))€1/3 24 1/2))(246 /22800 1 1)

Table 3 Comparision of characteristics with respect
to rough grinding

Wheel Grain Grain Size Grade Structure

Grain (T 1 D228 D228 VK1 1 D

Grain size/(1 32 2))J0 1 DI 32 0 32 3
Grade |(1 32 2)(1/223 11l 1 1o 32 32
Sructre (1 1 DI(1/228 1(1/228 LKL 1 1)

Table 4 The eigenvectors for comparision matrix by
power method

\w Finish grinding| Rough grinding
Wheel (Roxx 6,0 down) | _(Rus 6.0 up) |
Grain 56 193 261 | 179 199 246
Grein size 238 412 49 249 33 415
Grade 206 288 319 | 211 771 347
Structure JI18 139 178 | 179 199 249 |
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Fig. 5 Evaluation value and percentage of occor-

rence of the grinding trouble
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Table 5 Quantified jugement of grain size with
respect to finish grinding
ﬁﬁn{ Estimated Value
Miateri A WA HA (o] GC
Mild stee! |90 85 10[75 .20 8580 85 80| - -
Hardened Stesl]. 55 .60 .65[.70 .75 20[90 95 10| - -

Alloy Steel |55 .60 .65].75 80 85(85 90 &5| - -
Tool Steel - &5 .70 7085 0 8] - -
Stainless steal - 0 95 1.0{.85 .90 1.0 - =
Cast Eon - - - .75 80 A58 .90 .95

Table 6 Quantified jugement of grain size with
respect to rough grinding

DGni\n Exstimatod Valoe

Materi A WA HA c GC
Mild steel |90 95 10|75 80 8580 85 0

Hardened Stesl| 55 60 65/.70 .75 .80(90 9510 - -
Alloy Sted [50 55 60075 B0 S5[86 90 95| - -
Tool Steel - | mE0s - -

75 2 %586 90 & - -

Cast kon, - - - o & 7olss 0 6
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Table 7 Quantified jugement of grade with respect
to finish grinding

Grade Estimeter] Value
(Mageri 1 J K L M
Mild steel - - .50 55 .60[.60 65 .70).75 A0 &

Harened Steel| 50 55 6060 65 .701.60 65 .70{0 85 .90/.70 .75 80|
Alloy Steel |45 50 5560 .65 .70).70 .75 80|75 80 8565 70 .75
Tool Steel |45 50 .55/.60 .65 7070 .75 20[.20 &5 9075 80 &
Stainless stesl| - |55 .60 65|65 70 .5(.75 B0 B6|.70 75 )
Cast Iron - |55 60 6560 £5 70/.65 .70 7530 55 20

Table 8 Quantified jugement of grade with respect
to rough grinding

Estimated Value
Ml %’d{ 1 I K L M

Mild steel - - |80 85 90|75 .80 86|56 60 &
Hardensd Steel].70 75 90|80 86 90|.60 .65 70|56 60 8] -

Alloy Staal |70 75 80|80 55 .90|.80 55 .90/ 60 .65 .70/.55 &0 &
Tool Steel |65 .70 75[80 & 90|75 80 86|65 .70 /75|60 .66 70
Stuinless steel |65 70 T5].75 30 &5(66 0 5 60 6645 05
Cast Iron - |&5.70 765 .70 7580 &5 0

Table 9 Quantified jugement of grade with respect
to finish grinding
tructure| Estimated Value
Material
Mild steel
Hardened Steel
Alloy Steel
Tool Steel
Stainress steel
Cast Iron
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Table 10 Quantified jugement of grade with respect
to rough grinding
tructure
Material (¥
Mild steel -
Hardened Steel -
Alloy Steel -
Tool Steel -
Stainress steel -
Cast Iron -
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Table 11 Quantified jugement of grade with respect
to finish grinding

Raar | Bstimated Value

iz 04 - 0 - 1515 - 30B6 - 6060 - 12
54 - - - |55 .60 65180 8 90
60 - - - £5.70 75170 .75 20
70 - - 50 55 60[.70 765 80] -
%0 - - 7075 8075 80 & -
) - - |Bas| - -
00 - 50 .55 60[85 90 6] - -

| 120 |55 60 £5].70 75 80 - - -
150 |70 .75 50|85 80 85| - - -
180 [85 50 65187 90 95[ - - -
220 |9 #&10] - - = -
w - - - - -

Table 12 Grinding condition [or surface roughness
at cylindrical grinding

Roughness | Grinding condition | Grinding condition

Conditions i br_fnish grinding)l(fr rough grinding)|
Whee! 2000
Work 15—-30

4.004--001

0.01~0.04 0.12—0.20

[m/min]
of cut
Feed of Tahlelmm/sec]
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For finish grinding(3.011m)

Wheet Suitability value
[11 HA100 L C 648 342 1.00
[2] WA100 L C 617 .816 100
(31 HA S0 L M .600 .784 1.00
[41 HA 90 J M 588 .769 1.00
{51 WA 54 L W 578 757 .997

B - [
1st Wheel 37d Wheel 5th Wheel

Evaluation value

05 06 07 08 08 10
Fuzzy number rating

Table 13 Grinding condition for surface roughness
at plane grinding
Roughness | Grinding condition | Gtinding condition
Conditiong (br frish grinding(br rough grinding)
Wheal 3 2000 Zi00
0.004~0.01

of cut [mm] 0.01~0.02
Feed of Tablelmm/sec] 0.05~0.10 015--025

1 oe oz MYEEd =# Aot}
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B ARk 2899 L& AR Bgoz Ho

B Mol 22 AR,

For mough grinding(7.6um)

Wheel Suitabifity value
[I1BAS4 LM .68 810 1.00
[2] WAS4 K W 768 889 1.00
[3] HA 60 1. M .733 .881 1.00
[4] WAG0 N M 709 .854 .995
[5]A B4 LW .705 815 .089

1st Wheel 37 Wheel 5th Wheel

valugtion value
2
&
in

& | ‘
05 06 07 08 098 1.0
Fuzzy number rating

Fig. 6 Fuzzy number representation of the Wheel’s suitability value
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Example
1. %% : ON
2. CLIPS 4% : C:WCLIPS>CLIPS ~—
3. AR} L2 AW
CLIPS> (batch "GEXP.BAT") =
4. 35 g2 o 23 49y
* TREY AZL 4 BRI
(1) «174H(Mild Steel)
2) @37 7HHardened Steel)
(3) g ¥FFHCarbon Tool Steel)
@ ¥ Alloy Steel)
2 Qe X FHStainless Steel)
6) FR(Cast iron)
=AYy Qg AgRAL 2
5. 44 VA& 98 #4 2 <Cylindrical/Plane>: C
6. Ax & oW PRy 2 ghE Avilrr
() HS (2 HRc (3) Hb @) HV
« AR 2R LR AnAle. 2
« AEY i AR, 118

3. =4ME od AYYA?T<Diarond/Other>: D

7. &7 ERANE Aoty A Rmax] ¢ 2.0

Cylindrical Grinding, Hardened, Rmax:2.01m, _Hardness-' HS-75

10, A4z X4
Qg=A HEddd, AdAYY
RBKE [rpm] 2000 2700
F3& §E[m/min] 17 30
47 o) fmum) 0.005 0.03
o} gedy X fmim/sec] 0.02 0.15

11. =dAa E4
28 %5 (Wheel Speed) : 2000 [rpm]
=%+ 3°)(Depth of Dressor) : 0.025{wmm)
o} & E(Feed rate of Dressor) : 0.2[mm/sec]

9. 4494 FHE 9¥HA 2.(Soluable/Other>: §

= 2 A9 REE dMEHAL 5]

*®Y TR A=
(1) HA. 180 L C 0.648 0842 1
(2 HA 180 M M 0.626 0.816 1
(3 WA 180 M C 0607 07901 1
@ WA 180 K C 0506 0.779 1
(StHA 120 M C 0.587 0,768 1
A 1SOMC 0583 0762 1
(M HA 1SO M M 0.575 0.754 0.988
A 1BODKC 0.573 0.749 0.981

9 WA 120 M C 0.556 0.729 0.967

Fig. 7 The example of grinding Expert System
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