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Development of Expert System for Tool Selection on Turning Operation

In-Hwan Paik*, Hyeog-Jun Kweon**, Woo-Seop Chung***

ABSTRACT

This paper deals with developing an Expert system for tool selection using knowledge base
system approach, and its application. For the sake of building of knowledge base, the
informamtion from process through sensor, tool handbook and interview with expert are
referrenced and managed. The system developed shows good application flexibility in providing
the actual cutting process with the selection of tool(insert, holder) and cutting conditions (feed,
speed, rake type, and so on), is found as a useful system for real-time machining process.
The Expert system for tool selection is written in TURBO PROLOG ver. 2.0 for inference
engine capability, and can be run in interactive mode for user friendliness. In order to apply
the system developed in actual cutting process, more parameters should be considered and
scrutinized, and the system should be further extended in modular basis.
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ISO Code for External Shank Holders

HOLDER INSERT

1—-CLAMPING SYSTEM 1-INSERT SHAPE
2-INSERT SHAPE 2—~INSERT CLEARENCE ANGLE
3—ENTERING ANGLE 3-TOLERANCES

4-1YPE OF INSERT
5-CUTIING EDGE LLNGTH
6—THICKNESS

7-RADIUS

8-CUTIING EDGE

9--FEED DIRECTION VERSION
10—MANUFACTURER'S OPTION

4--INSERT CLEARENCE ANGLE
S—FEED DIRECTION VERSION
6—SHANK HEIGHT

7~-SHANK WIDTH

8-TOOL LENGIH

9-CUTTING EOGE LENGTH
10-DIMENSION TOLERANCES

Fig.2-1 Codes for external turning tool holders

and inserts,
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Table 2-1 The factors that must be considered

on tool selection.

Material Specification

Amount of Material to be Removed
Component Dimension
Component Shape

Hardness

Surface Condition

Operation

Finish Reguirement

Type of Machine

Condition of Machine }
Power Available f
Chucking or Clamping Method 1
Select Carbide Grade

Select Radius

Select Insert Size

Select Insert Shape

Select Insert Rake

Select Tool Size

Select Tool-Holder Shank Size
Select Tool-Holder Style

Fixed Condition

|

i Variable Condition

aEd fog B FFY AAEAY WA, ol
S olg Az 7V AR ANET EABLY]
Habsl 2 Jool AP AMETN B4
gaslEA oferlA AYd ANES T
#4e
gohlol 2 349l AR 2
Ae AAdE WHe Aesdc
2.2 37 Helo] ol Y

AolH QMES FAL 1 gH) chy, =z
A, 4AZ, odHAN AN F 238 ogE] B
od RE Q3% BEAAVE o@n. 28 og 2
F7E 1 UEUZ A7 5790 gl Hgdeel
25 piol AT 279 BYZAA dal A4
7 EASE Aol 37 Mdel dold 3%

o of rlo

55

(1992.99)

UAE QRS WACIEH 2w
2t
) #F AA

drEs g4 QHEE 2 A7ze AAY BE
o sapdstel wiae] am ol s TAEE Y4l
QME AgAET FATAY T2 O EEstc s
ge $Ug 4790 IAHE g4 dHES 47
tol RopHA Auwel Fol §7) Mol 23] Wl
uyEg sgen. agd o W49 7 2%
4717+ gzl FAA FF £9o) FolEoke
229 AAAE F
9 & AAAE Lo
al Lo Ay A,

M e °J91 Brzg AT

A¥ ¥d gsd

o

ro rlo

= F

A

o -

o J}m >ﬁ: o & _1\‘
%]
nu *g

e A Aolg oz
SA% 9Ee wAA A% H FA
el u}a} 7 4% gdol ¥shl M3 4 Belol]
Ao g,

(3 B wacAY 34

4 B Y4e IME 9N mHEelol ¥
A1 3 F% A iolnl BAAY FH B
Jels) FRol B2 TYHES Y B0 Y4l @
Aok ok

7 Sl ABY ANEE Hds) AdHE F
2 39 w4 ¥ A @He 49, A48 ¥
4. A% §¢ 38l 3 oA Yyg Hes
o ek

4 BYOAE GY, MY HHE UE & UAD.
W GHe Qv A M3S FMgOIH, FAH
oEE gEE ART F e G¥) fas

@) Qe 4

AME Y BE7} 2 A
B2, Fede Aok sAw LAY BY
A%el Yol AE A%l TAEN] Fe A
defof wo. FA AT PP FWEEE W
SAE 5o BAEEED Aol s olge 3%
Taylorsjol S8} 37430l @522 FAABIA
A5 He DR AT £ UE WA B
AMES Hdste Aol vggs

) 3T A%
FFAFE IJAAG ABPY $ meh BRE

lr
Y,

detshe Aol 420



NG - BHE - H A

Z Z7AF) AES A4 F o=
7o gt 2R g47% 77 8% AHdE
7oA PAY, yad@d3dA M E&= KAY,
AL CugBdAMe KAEE 20 AF AL
Table 2-2¢] Yehiglth 7

Zo FHE Fe

o X

Table 2-2 Recommened insert grade

. L nght 1T Heavy
Workpiece leshmgi Roughing Roughnng_qughlng
Carbon Steel,
Low Alloy Steel P10 f’{O P20 P25 | P25~P35
SUS, ngh Alloy
Steel P10, P20 P30 P40
| Heat Resistant T
Alloys MI0.K20 | KIS K20 M40
CastSteel | P20 | P30 | P35 |P35~P5)
Cast Iron KIp | KI5 K20 K20
ﬂummum' All
Aluminum Alloys,
Bronze-Brass | K15 K20 K20
QAlloys ] L
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Fig.3-1 The flow chart of TOSMO.
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Table 3-1 Weight factors
(a) Weight factor of work material
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) Chipbreaker | Insert Shape

Work Material NENE c ,Li Dﬁ
Long-chipping _ Cluafafa]a]sls
| Short-~ chipping . [ 4431833414
SUS and Heat- resnstant N
Steels 11251213745
Al Cu and the Like | 0|14 |4|4 3 3
Steels, Hardness above l
400HB 51312234 | 5

A 9A
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(b) Weight factor of work area

| Work | Chipbreaker NoseRadius | N.O.C.
Area [a G M[N]R ot o8]r2[18] ¢ 3]2
Finising | 010 101540 0]00]5 32
Light | | ' ;
Roughingio 334 212 3A5 45210}0105
Rougring' 125 001 4 5 4 0 .00
e s 05 0000 405 5 0.0 0
: Roughing: ¥+ | : i o

% N.O.C. : Number of Cutting Edge

Table 3-2 Type of knowledge representation

\WORKPIECE
w2 w3 wi w5
‘WORK AREk\
. a1 al “1 al. v\2 al w3 al “4 al w5
: a2 a? “1 a2 x\2 aZ “3 a2 “4 a2 \\5
a3 a3 \\l a3 \\2 a3 v.3 a3 “4 a3 \\5
a4 a4 “1 a4 \»2 a4 \&3 a4 w4 a4 w5
wl Long chlppmg
w2 : Short-chipping
w3 :SUS and Heat-resistant Steels
w4 : Al, Cu and the Like
w5 : Steels, Hardness above 400HB
al : Finishing
a2 : Light Roughing
a3 : Roughing
a4 . Heavy Roughing
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: (Y/N)
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‘carbon steel®] 74 thEit go] AR mARA
g Hag # Yk
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SM30C
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SM60C
6 YA Md
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. INSERT i HOLDER \GRADE OPT FEED M|N SPEED ~IRAKE TYPE: INSERT *QET FEE'D*
| | POSSIBILITY * | MAX. FEED MAX SPEED | MAX. FEED
| ‘ T T IR - -
CNMG120408 i L 0.400 150 0. 200
oN PCLNN2525M12] P10 NEGATIVE | CNMG12040¢ |
e | J 0.533 B | ~0.266
! o T rmmmm P o | ) B
SNMM120408 0.400 | 150 | 0. 200
L@ PSB\IR2525M12‘ P10 ! NEGATIVE | SNMM120404
O? (72%) 1 7 o053 1 B0 0.266
" SNMM120412 L0600 150 0. 400
3 PSB\IR2525M12 P25 ! | NEGATIVE  SNMM120408 -
} (80%) o b0 350 0.533
SPGN120408 | L0051 122 0.036
D CSBPR2525M12| P10 | ‘ POSITIVE  SPGN120404
72 B A 183 o 0. 051
| SNMMI20416 0. 800 150 ‘ ‘ . 0.600
PSBNR2525M12, P25 ' NEGATIVE | SNMM120412 |
‘ (80%) j Lo - L6730 | - 0.800
| | CNMMI20416 | L0800 | 150 . 0.200
5 PCLNR2525M11| P25 | : NEGATIVE | CNMM120412
‘ o 1 2% | 5 L ] Los7 | 30 | 0. 800
Fig.4-2 Selected tools and cutting data.
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(a) (b)
standard species : Jun SNMM120408 : 26 unm
magnification : x1000 magnification : x1000

A MMy

(c) (d)
CNMG120408 : 30 ua SNMG120408 : 42.m
magnification : x1000 magnification : x500

Fig. 4-3 Experimental data of surface roughness.
(feed=0. 4mm/rev, speed=280m/min)
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