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Setup Planning for Machining processes
Using Expert System Approach’

Yeong-Deug Jeong*
Abstract

Setup planning for machining processes is a part of fixture planning which is also a part of
process planning. A setup of a part is defined as a group of features which are machined while the
part is fixtured in one single fixture. Setup planning includes a number of tasks such as the
selection of setup, sequence of setups and datum frame for each setup. Setup planning is an
important function in fixture planning which must be able to support and to clamp a workpiece to
prevent deflections caused by machining and clamping loads.

This paper presents setup planning system using expett system approach{ SPES) for prismatic
parts which can be machined on vertical milling machine. SPES consists of preprocessing module
and main processing module. Preprocessing module executes the conversion of feature data to
frame type data and the determination of setups, and main processing module executes the
determination of datum frame of each setup and sequance of setups. Preprocessing module is coded
by C language and main processing module is a rule-based expert system using EXSYS pro.

The performance of SPES is evaluated through case studies and the results show successful
work except for operation sequence of machining holes. This is due to the limited rules for
machining holes,
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Part name : Base Plate Material : SM55C, Size : 60 % 90 # 160

40%0.05

4-£1020.05 hole
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depth 18

Remark 1.All fillets and corners are R2, unless otherwise specified.
2. Tolerance unless otherwise specified to be agreed to standard toltable.
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PARYT FEATURES
Part name + 3ase plate Draning o @ 32-10003
Naterial 5 SMS5C Yk Size : 160.000, 30,000, -F0.000
Feature Conponent Datus

%o nase la- ori ori- Bawe Rouw Com Name ori size dtm Yase tol- rel- tole
yer ent gin  Size g -no el -no nawe ~dim rance
TALTIL XX2 +2 2000 100 & 1 HLTIL # D0 3 TG M8.00 0,00
0.0 2.0 4 TG0 0.00 0.08
=210 3.0 fl TG 20.00 0.08
TALTIZ XXl +2 0.0 10,0 4 LALTIZ +I 0.0 3 F I& 42.00 0.04
6.0 0.0 F1 16 70,00 0.0
=18.0 =-4I.0 Fl 16 W.000.78
JHLTLY 505 2 1080 f0.0 & § ALTIY 2 0.0 3 F& TG 42.00 0.03
8.0 0.1 Fi TG 20.00 .03
-18.0 -12.0 F1 TG 138.00 0.98
1 BLTLY XT2 o2 135.0 0.0 B 1 MTIZ I 0.0 3 'S 16 Jm.00 0.08
m.a 0.0 K 16 [38.00 D.08
=210 -0 1 TG TO.0m N.7A
§ STRL OO0 +7 300 30,0 8 X STRLL - 0.0 %2 F{ Ta 28.00 d4.40
3.0 13.0 0.1 F& 1A 36,08 u.R0

=240 -6.10
5T8z -% 0.0 i Ft  TA 30.% 9.60

-23.0

5.0
4 5171 000 +2 &0.0 60.0 & 1 STTIL -% @D 2 M TA sa.n 0,20
0.0 19.0 .4 F§  TA 42.00 0.i0

0.0 -11.0
T OSLTT g% 2 1020 0.0 B 2 SLTIL Y -0 2 Fl TA 10.08 1.:0
4.1 10.4 1.9 F5 TA 52.00 0.80

d.d -3.1
5LT12 -f 0.0 1 SiTI1  TA 1000 01D

0.0

8.4
B MCTZY TXD +l BD.D 110 9 I WLTIL #2 0.0 2 Tie  TA 45.00 D.RD
5.0 t.0 File TA 80.00 0.66

0.0 -48.3
9 OALTI2 WA% 1 800 1.0 9 GELIIZ I 0.0 2 FId TA B5.00 0.50
85.10 0.0 Fi* Ti 8.20 0.80

0.0 =-48.0
0 STTZ2 ong «Z lp0.2 8O0 & | STTZ1 »% 0.0 ¥ STTLL Ta 40.00 O.(0
0.7 9.9 0.0 % tA 42.90 4.10

9.0 «15.0
11 PEBI TSI ol 138.0 2000 2 1 PEBI1 -1 9.0 2 F3 Ta 2.0 010
33.0 2.0 =249 F5 TA 18.00 0.30

-18.0 -24.0
ME1Z +Y <300 1 K TA J3.00 0.8

4.0

140
MBI +f 0.0 1PKBI1 TA 20.00 0.20

H.a

=#.0
PABIY Y 0.0 1 F4x  TA 24.00 0.20

0.0

Ha
12 5TBZ 401 +i 120.0 30.0 3 2 STAZ) +f -30.0 2 F2 Thx 28,00 4.iD
42.0 8.0 t.u F5 TA 5.0 0.50

-13.0 -8.9
TR +%F 9.8 1 N A N.0e 0.50

.0

8.3
13 SiT2 06X -X 0.0 D0.% 11 2 SLTZY +2 6.0 2 F5 TA {0.00 0.%@
0.0 4.3 . 0.0 Ml TA 6.00 0.20

-50.0 0.0
5L122 -1 -R.0 L SLTIL  TA 14.00 0.90

=-3.0

a.a
14 TABY) 3XQ - 25,9 10.0 11 1 TAMLL -2 ®md 2 Fi® TA 35.00 0.AQ
1353 0.4 Fis  TA 25.49 0.10

-43.0 18,3
15 TAR1Z 150 -1 ©35.0 1.0 L1 1T -2 0.0 2 Fis TA J5.00 0.80
15.0 1.1 M+ TA 1325.00 1.00

5.4 18.0
16 1LBZ1 140 -2 80,0 A0 ¥ 1 NRIL -2 N0 2 F¥® TA$5.00 0.40
15.0 i.n Fi®  ThA BG.uG 2.50

~5G.4 12.4
i7T HLBIZ 10 -I 80.0 18,0 3 I HLS2Y -7 00 2 Fiv TA 35.00 0.%0
35.0 0.4 Fiv T4 80.00 §.60

=§0.3 1.8

[3® 6] #jo]x E2flo|Eef HHET HolH 2[2E
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Drawing No:92-10003
Part name: Base plate

| Feature | Component | Dntusfrase  |Tomp

NO| Name 0r jio| First | Second | Third | Fourth | FST | S | TR
|Toi| o2 | D3 |To!| Dl |T01| ol |To!| bl |

1[HTL|+Z | 1] TG| F5 | F4 | F1

21STRI|+Z | 2| TA| F4 | F5 ™| F1

3|STTI|+Z | §| TAl F1 | F5

4 [SLTH|+Z | 2V TA{ F4 | F5 TAISLT11

S [HLTZ|+2 | 1| TA{ F4» { F1* .

6 {STT2|+Z | 11 TA|STTIL] F5 _

TIPKBL|+Z | 4 TA| F3 | F5 TA} Fa* | TA|PKBL1| TA| Fi*

glstE2|-X |2 TA|F2 | F5 Th| F3

9 isL12|-2 | 2i TA| F5 | 1 TA|SLT11

10{TABL|-Z | 1] TA| F4= | Fi®

11|HLR2|-Z | 1| TA| F4* | F1*

[218f 6] Hjol~ S2|o|E2 F& Y HoIY 2|~E

Tolerarce ~—Diatum, name[2]
neme? L 1]
——w~Tiatum, rome[ 3]
True postion
Condition
Tolerance? et {1}
*{'E;Badmp outer surface
Natim. nawe(1])
aot"IG™ |
—Datum_ name[2]
YES Size tolreance
—————Rechack Condition
ete (1}
?E;Badu.lp outer surface
Hole? — Datum. nome(1)
Component no. 2| 2EA (3}
—Drthogonal cuter surface
Through step of datun, name[1]
or Through =lot ——Recheck Condition
NO ete  {1)
Eﬁackup outer surface
Feature Datus. name[1]
type ? Comporent no.?| 3EA {3)
L Datun name of cowpl2)
Blind step .
or Biind slot ——mRecheck Condition
aor Pocket ete (31}
{—2-)-Bachnp outer surface
{atum, nase[]1]
Component no, ?! sore than |(3)
4E4 —Datum, name of
Pocket couplcomp’s mmber]
e Raciveck Condition
atc

(38 7] ciolg AAS 2FE «F AETY S(decision tree)
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/% RULE MMBER: 1

IF:

Part feature is a {HLT} OR {HLB} OR {TAT} OR {TAB}
and:  [COMPONENT FIRST TOL]="TG™
THEN:

T> FRAME("A: PART, DAT™, #NO#=[ 1], SDATUMFRAME, FST$: ~SCOMPONENT, FIRST. D1$)
and:  T> FRAME("A:PART.DAT", #NO#=(1], SDATUMFRAME. SNDS: =SCOMPONENT . FIRST. 128" )
and:  T> FRAME{"A:PART DAT", #NO#=[1], SDATLMFRAME, TRDS: =SCOMPONENT . FIRST. 03%)

/% RULE MMBER: 2
IF:
Part feature is a {HLT} OR {HLB} OR (TAT)} OR {TAB}
and: [COMPONENT FIRST TOL]="TA"
and:  [FEATURE ORE]="+Z"
THEN:
T> FRAME( "A:PART_DAT", #NO#=[1], SDATUMFRAME. FST$:="F5")
and: T FRAME{"A:PART.DAT", #NOx=[1], $DATUMERAME, SND$: =SCOMPONENT, FIRST, D1§)
ard:  T> FRAME("A:PART, DAT”, #NO#=[1], SDATUMFRAME, TRDS: =$COMPONENT, FLRST. D28)

/% RULE MMBER: 3
IF:
Part feature is a {HLT} OR {HLB} OR {TAT} OR {TAB}
and:  [COMPONENT FIRST TOL]="TA"
and:  [FEATURE ORi}="-2"
THEN:
T> FRAME(™A: PART, DAT", #0#=[1], SDATUMFRAME, FST$: ="F6" )
and: T> FRAME{"A:PART.DAT™, #NO#={1], $DATUMFRAME, SND$: =$SCOMPONENT , FIRST, D1%)
and:  T> FRAME{"A:PART, DAT", #NO#={I], SDATUMFRAME, TRDS: ~SCOMPONENT. FIRST. D23)

[zl 8] clolE MAlel 2Ee #ist 73 o

Drawing No:92-10003
Part name: Base plate

Feature | Component | Datuafrase Tenp
S + - + » + *
NOiName |Ori No| First | Second | Third | Fourth l FST | SND | TRD

PSS ¥ 3 TSR, * + ¥ *
lToll n | D2 I D3 IToll m |Tol| D1 ITolI 1) [

1 |HLTL(+Z | 1} TG} Fb F4 F1 F5 F4 Fl1
2 |STBL|+Z | 2} TA} F4 F5 TA| F1 F5 F4 F1
3 |STT1|+Z | 1! TA] Fl F5 F5 F1 Fd
4 |SLT1l+Z ¥ 2] TA| F4 F5 TA|SLT11 F5 F4 F1
5 |HLTZ2[+Z | I{ TA| F4* | Fl* F5 Fis |[F1*

& |STT2(+Z j 1{ TA|STTil| F5 F5 STT11[F4*

7 |PKB1i+Z | 4] TA| F3 F5 TA| F4% | TA|PKB11| TA| F4* |F5 F3 Fis
8 |sTB2{-X | 2| TA| F2 F5 Tal F3 F5 F2 F3
9 ISLT2|-Z | 2| TA| F5 F1 TA{SLT11 F3 FS Fi*
10[{TABL(-Z | 1| TA| F4% | F1* F§ F4* [F1»
11{HLBZ(-Z | 1| TA| F4% | F1% 6 Fi* {Fl*
e + + + Py + + + + + + + —————

(22 9] o~ Zaljo|Eof chEt HolE A2 &3
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Drawing No:92-10003
Part name: Base plate Hode' B
T-setup 0-Setup
fmm b e e e m—mm——————————— fmmmm e m—————m F o e mm e —— i ———— +
No Features C-Feature No Features
|A|B|C|D|E!F|Name|DI|D2‘D3'|A|B}C‘D|E‘F|
1 | HLT1| STB1| STT1| SLT1| HLT2| PKBI|HLT1| F5 F4 Fi
2 | sTB2 STB2! FS F2 F3
3| 5TT2 STTZy F5 |STT1L] F4%
4 | 5LT2 SLTZ) F3 F5 F4*
5 | TAB1| HLB2 TABL1| F6 F4¢ | Fi#
[ - Fmmm—— fmmm—— Fommm——— Fmmma o [ Y Fomm—— P e b= Hmmmmm I o P, +
~INHERIT FROM C:\setup‘sequence. dat
(g 10] sB=| Wike| AP dlo|~ Zefo|Eof thet Aol HH Hal
Drawing No:92-10003
Part name:Base plate
Feature J Datum frame DDR ] RMK |
bmmmm——— pmmmpmmman e Frmmbmmmm e [ [ YT Fmmmmmaan o mmem P +
No|Name oriliayer‘I origin |R0u F-no{ FST | SND | TRD FST SND  |FST{SND{TRD
dmmmm drmma [ LY +
[¥|¥j2} x| ¥ |z | 4
1 IBLT1}+2 |X|X|2] 20.0| 20.0(-24.0| 6 4 | F5 Fq F1 1.11 0.28 i 1 1
2 iSTB1[+Z [04O|I] 30.0} 28.0!-24.0| 9 1 {F5 F4 F1 14.62 1.48 111]1
3 |STT1+Z (00|01 60.0F 0.0f 0.0] 6 11| F5 Fl F4 0.93 0.93 i 1 1
4 |SLTL1{+Z [XIX|0i1100.Q) 40.0{ 0.0| & 11| F5 Fq Fl 11.56 0.89 1 1 1
5 {ALT2[+Z [XiX|0} 80.Q| 25.0| 0.0 9 21 F5 F4= | F1= 6.21 2.9 111
6 (STr2|+Z |0{0|0}100.0| ©0.0{ 0.0| 6 1 | F5 [STTi1| F4= 0.93 0.46 12141
7 (PKBL|+Z |XiX|1[128.0| 33.0(-18.0| 9 1| F3 F3 F4x 2.07 0.38 1 11
8 [siB2|+Z [0)0]|1}130.0| 62.0{-18.0] 9 11 F5 F2 F3 14,62 1.38 1711
9 (sLT2|-X |0f0olX| 0.0] 0.0]-50.0[11 1] F3 F5 F4x 2.20 2.21 i 1 1
10[TAB1|-Z (X|X|0| 25.0| 45.0}-60.0|11 2| F6 F4= | F1* | 15.869 2.11 1 1 1
11}HLBZ!-Z |X1X|0| 80.0| 45.0}-60.0| 9 1] Fé F4s | F1= | 22.98 3.27 1 1 1
F L, Ly Zur Sy iy $om— [ i $mmmmm Fmmmnm [P — Fommmmmmam iy I

(28 1] AYet =M HEE A% F2YY dlo|H
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Drawing No:92-10003

Part name: Base plate Mode: B
N bt man L +
T-setup | 0-Setup

R admmmmmmmmmmmmmmmmmmm e #o b e emmmma e mmmmmm e e *
N01 Features C-Feature No Features

R b e TR +

AlB|C|D|E|F|Na-e‘Dl\D‘Z|DS A|B|C|D|EIF|

1 | HLT1| STB1| STTi} SLTL| HLTZ| PKBI|HLTL| F5 | F4 F1 |1 | HLT1} HLTZ| STT1} SLT1| STB1} PKBI
2 | STB2 STB2( F5 | F2 | F3 (3 | STB2
3| sT72 STT2| F5 [STT11{ F4* |2 | STT2
4 1 5LT2 SLT2{ F3 | F5 | Fd* |5 | SLT2
S | TABL| HLB2 TABL| F6 | F4= | Fi* |4 | HLB2| TABI1
S $osmne * .- R P P 4 * + ORI, Y . +

~INHERIT FROM C:\setup\sequence,dat

(28 12] x| ae) 2 Ay % AUy =M &3
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Follx % TAE £L AL 2 H5AE FEde]
FAE oA, AT dARet @ ZgAl
A B2E5 37| e},

2¥ s g ettt 24 Y44 ZATH
2} AL FAAGANA Abele] cHe A5t
252 AgA 8L A4 5] SPESe £} v)
2 AEF 2 A9 4X¥ FAF}E vehlglen,
Tzl A& AleAe] 4y & sk v
wr}, ol R FEE T4 FAe] ARE A
o4 o= Ao|c}. wFF PAkF T o} Yoo o
A wsehey WgAde] Azt Yawco]

g AL B o] 2AHE AAZ &, YA
He ik Az sh4dulsl dujd R5E
stetgt AefofA Y= v A4 HF T3
AAe A A4 A2 dsrt das
b &, AgAge] AAE gelAd PaAA ol
HAR A 2 7)ol $¥3 LHAAR A5t
¥4, SPEC Al=d& Asde] 2L 4% =2
2Pl gEatz, WA5A delyd A 2A
s Qo) 49 ZAL AAwolad] &Y @
HE AR7l A2ge FEE . ole AE
7b Alzgg o} Aol vhEA] ol shig] o
oz Azt sl7l Aol doike Vel
[11]. webd, AE7F Aagde] AEE Ay
e A8 2l 24 AR =239
Qole} L4 4L EEH22 AHBEhE Aol A
iAo it Fascy Az



44 HAE E ¥ T o4

e Drawing No,: 92-10003
Production Mode: B Part name : Base plate

Crder Operation order in setups C-feature Datuml Datus? Datus3 Remark

1 {HLT1,HLT2, STT1, SLT1, STB1, PKB1} HLTl F5 F4 F1
2 {sT12} Sr2 F5 STT1F F4%(F2}
3 {stB2} SiB2 F5 F2 F3
4 {HLBZ, TAB1} HLBZ2 F6 F4*{F2)F1*(F3)
5 ({SLT2} SLT2 F3 F5 F{*(F2)
Setup List
=== Drawing No,: 92-10003
Production Mode: M Part name : Base piate

Order Operation order in setups C-feature Datuml Datum? Datum3d Remark

1 {SIT1} SIT1 F5 F1 F4
2 {STT2) ST2 F5 STl F4%(F2)
3 ({HLT1,HLTZ,SLT1,STB1} HLT1 F5 F4 Fi
4 {STE2) S 5  F2 3
5 {PKBl1) PKEl F5 F3 F4*(F2}
6 {HLBZ2, TAB1} HLB2 Fé& F4*{F2)F1%(F3)
7 {5LT2} SLT2 F3 F5 F4*(F2)
[22 13] SPESS| X 2o
&40 B2 AR vlolElsh WS 2 ol
5.3 2 o L )
o it sgAdeR W ASRARY o o]
B AFE £2 2PAAIA AFE $ 9 ) s rass.
75 54 DPRIA AT 4 Y
(2) A8 A = AuaEe Aus
A WAEE ggoz PRI Aad AIWS N WA A4 A 12988 AvHe

ol &% Z2Eetqle] TAHE AGAY A2 A
doll A o2, g Wgg A sterct.
(1) AdAHE A% ¥Fol 39 YyEx9

(3) 24 BASAE vl AR, Asie &4 % 4
due AdeEME AAsked HE4E Aol n
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