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nqh . _ BUNELHR
Gauly Haasy IF THEN ’
1| uoudslildshunszuiumsle 9 we | tussudalide (identified machining-op = (identified machining-op = dueEududmiusudiu
ASLUIUMIAAVIENU no) AAnENY) wasiiasnniu
2 | Funuldhuiieanszuiumsianeu | sunaudaliie (identified machining-op = (identified machining-op = TaviauSunnaanunauas
wasiunaananenaud 20 w89 | nszuaumsladmh AANENU) Tadmh) amammaaldlimihiaas iy
200 Ny (width part <= 200) maaﬂﬁv'qéu
(width part >= 20)
3 | Bunudisusees fmhdaduuuy Tumpuaaluie (shape part = #59) (identified machining-op = TauSummnalsiwdaniuaiu
wan Fudud lashuiiesnszuiums | nszunumsla@mihdu | (cross-section part = WaK) 1a§wﬁ1§ugﬂ) JUnswasld
faveny wazlinasmsinaizlal U (identified machining-op =
ARNENU)
(required machining-op = ItY
Wae)
4 | Bunuiisties dwhdaduuuy Tumpuaaluie (shape part = #59) (identified machining-op = TauSummnalsiwdaniuaiu
HEN WastunszIUMsaIgade Lo nszuumMslaamhian | (cross-section part = Hax) 1aﬁwﬁ1§u3ﬂ) JUnswasld
NN gﬂ (identified machining-op =
lTagaamhvaawans)
5 %mmﬁazﬁmmema:nizmums iiy'umauﬁialﬂﬁa (required machining-op = (identified machining-op = ﬁ'ﬂﬁ'ﬂﬁ'ﬁaumﬂwamﬁa’lﬁlﬁ'
agaramsladvih ASTUIUMSUYUR W) uuhUNIE) finasmsazswanzUszaufiniy
W (identified machining-op = @iy ldamsuantinde

Tadmin)
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ngi . BHYLHR
Gauly Haasy IF THEN ’
6 %mmﬁasé’amwmmazshu iiy'umaueialﬂﬁa (required machining-op = (identified machining-op = mezlﬁ'l,ﬁal,ﬁ'mumwm
ASLUIUMTIAND LHUAIIWAE aszuIuMswanzlal Wane) Wanz) ﬁmqﬁuﬁatﬁaﬁmmsﬂiwé’ﬂ
(identified machining-op = T wllalimnelugiiananse
Lmu@“ivqmmz) anaaniugusie 9 lahe
dulasmmzagedalsifidadiu
sulAq
7 %mmvhunszmumséwqﬂﬁams iiy'umaueialﬂﬁa (identified machining-op = (identified machining-op = Iawﬁ'ﬂﬁ'wé’qmﬂmimamﬁa
WA wazianaaNNnIN Waen ASTUIUMSIEFINN | Wax) lagaamhvaawans) i lWSeunazmanses
WY 1,260 NN, ANNWNGIUG (width part <= 1260) am
3 N, D9 142 W, (width part > 10)
(thickness part <= 142)
(thickness part >= 3)
8 fgmmvimnszmumséwqmﬁa Tagas | sumpusaliie (identified machining-op = (identified machining-op = mmsUsurnalivhiusune
whusanme wazilenuniesswin | aszuiumsuguia lagpamihuaanaz) urudazEen) s‘hﬁamnﬁqm
300 NY. 99 1N260 HN. AW azLdan (width part <= 1260)

FEVIN 3 ww. B9 142 Ww. JUIN

< & v o g
Funuuiuunse wasmhaanduduy
dmdey

(width part > 300)
(thickness part <= 142)
(thickness part >= 3)
(shape part = 59)

(cross-section part = SLUALN)
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ngi - § R
Gauly Hadsu IF THEN ’

9 ﬁaqnﬁ%wumuﬁﬁgﬂ‘iw‘[ﬁ'qu,azw'm Tumpuaaluie (shape part = 1aq) (identified machining-op = amLmugﬂi'wﬁﬁmmsawulﬁ'

nszmumsdwqmﬁamﬂaﬁ'wﬁﬁ ASTUIUMINAUUY (identified machining-op = MAUUY)
Tadnei)

10 ﬁaqnﬁ%wumuﬁﬁgﬂ‘iw‘[ﬁ'qu,azw'm Tumpuaaluie (shape part = 1aq) (identified machining-op = amLmugﬂi'wﬁﬁmmsawulﬁ'
N3ELIUMIANFAFD ASTUIUMINAUUY (identified machining-op = MAUUY)
lTagaamihvaamwans lTagaanthraawans)

11 %ummhunismumidwqﬂﬁa Tumpuaaluie (identified machining-op = (identified machining-op = ﬁwmsé’mmugﬂiwﬁgu 4
MINALUY AN MNALUY) AU ()

12 %mmphunixmumidwq@ﬁami’m iiy'umaueialﬂﬁa (identified machining-op = (identified machining-op = ﬁwmiﬁugﬂlﬁ'ﬁwLﬂéauwm&?ﬁ
wazmheauuwuuney Januvn AsTUIUMSINAGeY | A meé‘iv'q?ivugﬂ) dalilenianuasTaaas/
1128n71 200 . il (cross—section part = W&N) W303UsNeN 9

(thickness part <= 200)
13 %umuphumzmumﬂaﬁ’wﬁ'maz ifumamialﬂﬁa (required part = (identified machining-op = ’Lﬁlﬂ%‘lauwmﬁv’qa%m%'unﬁﬁw
FaemsThIasduduing ATTIUMSINNOI | Jaedudusng) WaNITn3ad) oI
SLN (identified machining-op =
Tadnii)
14 %mmphuﬂismumil,wmé‘?ﬁﬁugﬂuas iiy'umaueialﬂﬁa (required part = (identified machining-op = ’li’i’l,ﬂ%’ml,wm(??%‘im%'unﬁﬁw

A9IMTTNIBIFUM UL

ATZTUIUM LW

84

TDIFUMULN)

(identified machining-op =

waeaaugy)

WaNAITNIB)

TRIFUM U
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ngn . BHYLHBR
Gauly Haasy IF THEN ’
15 | Bunushunszuiumseanenu Ui Tunaudalude (required part = (identified machining-op = A paunmaahIainaanuu
A59 LALHBINISINTBIENIAIULN ATTIUMSIWNNAI | Sa9emeung) R A 1af wumsvhialu
T84 (identified machining-op =
Tadnii)
(shape part = #59)

16 | BunurhunsziumsnauuuLes Tunaudaluie (required part = (identified machining-op = 13 1A a9nan6 3890 aB ALY
AN ﬂgﬂi'wq%mm‘[ﬁ'q UATADIMSIN | NSTLIUMSIENIGR | Sasemeung) WaRIT3D9) 1o wumsvhialu
TNENIONULN SLN (identified machining-op =

meé‘?ﬁugﬂ)
(shape part = 1@q)

17 %ummhuﬂs:mumil,wmé‘iy'ﬁugﬂu,a: Tumpuaaluie (required part = AUYN) (identified machining-op = Fiasaasaasdmiumsau
G’fmmsaum?\'ﬂmgulﬁ' ASEUIUMSISNADSaY | (identified machining-op = [IAsaUNN) W

ey Lwaw?ﬁugﬂ)

18 %ummhuﬂs:mumil,wmé‘iy'ﬁugﬂu,a: Tumpuaaluie (required part = 389AUUL) (identified machining-op = Fiasaasaasdmsumsin
faamsisauuiinly ATLLIUMSLLOBS (identified machining-op = LSUABSITNEIBY) T4

LAEERN PERETATE)
19 %wuﬁazv’hwamaﬂé’chu iiy'umaueialﬂﬁa (required part = ig¥) (identified machining-op = al%Lﬂ%mLiﬁLﬂafﬁT%%UmiﬁT

ASEUIUMS LFFNINIILED

ASELIUMSLINADSTN

iy
9

(identified machining-op =

Tadmi)

[IAasinNuaN)

wau
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ngi . BIYLHG
Gauly Haasy IF THEN ’

20 %umu“?i%v‘hwqu UAZNIUNTZUIUMS iiy'umaueialﬂﬁa (required part = ¥ig¥) (identified machining-op = lﬁLﬂ%flmLiumaif'ém%'uﬁwqu

meé‘?ﬁugﬂ ASEUIUMSIINADST | (identified machining-op = [IAasinNuaN)
GLY meéTyﬁTugﬂ)

21 %mmphuﬂi:mumimLma:‘i’amgu iiy'umaueialﬂﬁa (identified machining-op = (identified machining-op = ﬁwmsé’mé’mifwwm%umu’lﬁlé'
ud wazlifidnuaeiitalafazdash | msdasem NABTAUNN) ANDNA) aaendigasmstitatih ldsznau
RTIEIY whivEunuay

22 %mmphuﬂismumimLma‘iﬁﬁ'm iiy'umaueialﬂﬁa (identified machining-op = (identified machining-op = ﬁwmsé’mé’mifwwm%umu’lﬁlé'
ud wazlifidnuaeiitalafazdash | msdassm L5ILANBSTNT) ANDNA) aaendigasmstitatih lsznau
RTIEIY whivEunuay

23 “?iwmmshuﬂi:mumimLma‘iﬁmqu iiy'umaueialﬂﬁa (identified machining-op = (identified machining-op = ﬁwmsé’mé’mifwwm%umu’lﬁlé'
ud wazlifidnuaeiitawlafazdash | msdasem [RasINuaN) ANDNA) aaendigasmstitatih ldsznau
RTIEIY whivEunuay

24 | Bunushunszwiumsladwihugs uay | tumsudalide (identified machining-op = (identified machining-op = mseasuiesiunuliley
Iu'ﬁnismumsﬁugﬂuw‘é’uﬁ%ﬁm MIAADIA Teami) AnB9A) asennasmsieihludsznau
ARG whivEunuay

25 %mmmunismumﬂaﬁlwﬁﬁﬁugﬂ Tumpuaaluie (identified machining-op = (identified machining-op = mseasuiediunulile
wan Ll,azhiﬁnszmumiﬁugﬂLmu'é"u“?{ MIAADIA Iaéwﬁwﬁugﬂ) ANDNA) asendigasmstitatih lsznau
axfavrhuiaGx whivEunuay

26 | Funushunszunumseaasmaaiiy Tunaudallde (identified machining-op = (identified machining-op = mmsanzlitduguld medu
iiy'umauqﬂﬁ'wwmnﬁﬁugﬂlﬁ' wae matnzgUle foee) wzgula) Uanglsl Lﬁaﬁﬂﬁlﬁaﬂgﬂlﬂm

¥ Ay 1] v YV A
foemsUsenavdudiumelilfos

(assembly part = lailiine)

ldnaudsznaududiu
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ngn ; _ BAELNA
Fouly Aoaql IF THEN :

27 | Funushunszuiumseaasenaaiiy Tunaudaluie (identified machining-op = (identified machining-op = mszlad il aldangiiuen
ﬁumauqﬂﬁmwmmsﬁugﬂlﬁ wae MsETHe-uauY Ganaen) @EAe-uBY) Sanudu
dosmsUsznauBududasans (assembly part = @n3)

28 %mmphunismumidwqﬂﬁa M3z | dusaudalide (identified machining-op = (identified machining-op = Wa NIz M AL
sUly %umuﬁgﬂi'wmq IGRAAATY) mMsseanuWan nezgUly) Soanumana) ANUAIIBUNY SuSuunui
i (shape part = 959) Hhigunsednasnadlfiadosdo

(cross-section part = ﬁ'mﬁ'ﬂu) g

29 %mmphunismumidwqﬂﬁa M3z | duseaudalide (identified machining-op = (identified machining-op = msiauieanuaingunu
ULy %mmﬁgﬂi'w‘[ﬁq uazwihdadly | msFasauman eyl Soanumana) e‘iw%’u%mmﬁﬂugﬂ‘hﬂﬁ'q
Amdsy (shape part = T&4) wozmhdadmasy azlfiaie

(cross-section part = ﬁ'mﬁ'ﬂu) OFNMAEN

30 %mmphunismumidwqﬂﬁa M3z | dueeaudalide (identified machining-op = (identified machining-op = Wa NIz M AL
ULy %mmﬁgﬂi'wmq WoLuINe msta 2 W nezgule) ta2w) ANUAIERFUNY SuSUBuNuR
Wunvuman (shape part = A59) fimhdauuunay aglfiados

(cross-section part = N&N) ila 2 )

31 %uqmphuﬂizmumiéwqﬂﬁa msane | Tusaudaliie (identified machining-op = (identified machining-op = WamInzL IRzt aLie
iy Funuiiguelds weswhdadu | msila 2 % wzgula) Ua2in) anudsinBuny Swsuiunui
UWUUREN (shape part = 1@q) fimheauuunay azldieda

(cross-section part = NeN) da 2 W

32 %mmphunismumidwqﬂﬁa Tumpuaaluie (identified machining-op = (identified machining-op = HAANUFNANNIIUIDHYD

RN msiathiin Fomuwanm) Fohdia) ingunuludiudieiasianau

Vv 1 4 v
wihldaansadale
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ngn . - e
Feuly doagl IF THEN
33 | Funuhunsziumsargeda mstle | 2usaudalude (identified machining-op = (identified machining-op = AAANUAIANNSEUS DYDY
2 M mstataiu Un21) AaUniln) fBunuludiunnissianau
Vv 1 4 v
mhlignsedale
34 | Funuhunsziumsargeda nste | usaudalude (identified machining-op = (identified machining-op = daanuauiumsiansiagau
STPNIEY MIVAANUA AAUINN) AANNUAT) fBunulurueauganenau
msaaluusenavdudinlu
onensusznavdudin e
< < 2
Wumsiasadunseuiums
CAVCTe RNk ety
35 | dmsuunuiningdude winlide Junauda luia (identified machining-op = (identified machining-op = mmsaausiulsidaiaiaie
Funuiizuieese wazdalilamu MIAAUDIA 1no) AAUBIN) “aenTEAn usunszanii
ASTUIUMSLA 9 (shape part = ©59) U iludmas
36 | dmsuunuiningdude winlide Junauda luia (identified machining-op = (identified machining-op = mmsaausulsisaiaimie
Funuiizuialas uazdalailaeinu MI9e NC PAUBIA) An-NC) “a9nTEAn dusunszanii

ASTUIUMSLA 9

(shape part = 1@q)

sUnlAe azldin3aedn NC o
urulilvldgusnnidaims
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Product_N Op_Number Op_Name thick width length Op_Qty Part_no Part_name Set Operation Batch_Pro End_O Resource_Group Secondary Quanti Usage Aux_A
ame up _Time cessing ffset _Resource tyl 1 ttr_Sev
1 en
205-331 005.01.01.01 | @aney 2.5 3 96 2 01.20 wlsunszanuu 480 1 UHUNAANEY L1
205-331 010.01.01.01 | la(5,6 %) 62 71 2 01.20 wlsunszanuu 10 0.15 Ta-5,6,2mh(16"),2mh L2
(2403
205-331 020.01.01.01 UBUAILWAIZ 70 2 01.20 sunszanuy 0.15 usude-1d(A04- L4
A05,R02)
205-331 030.01.01.01 wazIN(5:1) 1 01.20 sunszanuy 0.50 waz-1thnm(1-4) L4
205-331 040.01.01 Ta(2 wih 2.Md) 57 1 01.20 wlsunszanuu 10 0.15 240 Ta-2wih 1ihd 1
(D084B01)
205-331 050.01.01 NALUY 1 01.20 wlsunszanuu 2 -30 UHUNNAUUU-LIND 1
205-331 060.01.01 At 1 01.20 wlsunsEanuY 0.50 -30 ahu-1ma 1
205-331 070.01.01 IWaAa(sau 1) 1 01.20 wsunszanuu 30 0.50 -30 WM0e 197,29 -1Md 1
(D035B04,D036B01-
B08)
205-331 080.01.01 WANAI(sau 2) 1 01.20 wsunszanuu 30 0.50 -30 wanea 19,21 -1ihd 1
(D035B04,D036B01~
B08)
205-331 090.01.01 IWANAI(50U 3) 1 01.20 wsunszanuu 30 0.50 -30 W09 197,290 -1hd 1
(D035B04,D036B01-
B08)
205-331 100.01.01 WANAI(saU 4) 1 01.20 wsunszanuy 30 0.50 -30 wanga 19,21 -1ihd 1
(D035B04,D036B01~
B08)
205-331 110.01.01 an(ae) 1 01.20 wsunszanuu 10 0.30 -30 Gaazdan-1Md 1
205-331 130.01.01 m:gﬂhi@ W) 1 01.20 sunszanuu 10 0.30 -30 m:;ﬂhi—;ﬁ”wﬂ 1
205-331 140.01.01 ie(2 W) 1 01.20 wsunszanuu 10 0.30 -30 m:;ﬂhi—;ﬁ”wﬂ 1
205-331 150.01.01 ia 2 ¥ 1 01.20 wlsunszanuu 2 -30 usundaanuez-1ia Wi 4 All 2
Faanues
2-1i8
205-331 160.01.01 Fodusu 1 01.20 wsunszanuy 2 -30 UHUNTAANUAI2-1iD winu 2 All 2
FaRNUG
2-1h3

06



Product_N Op_Number Op_Name thick width length Op_Qty Part_no Part_name Set Operation Batch_Pro End_O Resource_Group Secondary Quanti Usage Aux_A
ame up _Time cessing ffset _Resource tyl 1 ttr_Sev
1 en
205-331 170.01.01 Fathin 1 01.20 wlsunszanuu 1 -30 urundoin-1ie Wi 4 All 2
Tathiin-
Wi
205-331 005.01.01.02 | @anenu 2.5 3 50 2 01.20.51 wlsunszanuul 480 1 UHUNAANENU L1
205-331 010.01.01.02 | la(5,6 W) 62 71 2 01.20.S1 wlsunszanuul 10 0.15 Ta-5,6,21m(16"),2mh L2
(2403
205-331 020.01.01.02 UAUAILWAIE 70 2 01.20.S1 wsunszanuul 0.15 uzuia-Tae(A04- L4
A05,R02)
205-331 005.01.01.03 | @anenu 2.5 3 45 1 01.20.52 wlsunszanuu2 480 1 UHUNGANENU L1
205-331 010.01.01.03 | la(5,6 %) 62 71 1 01.20.52 wlsunszanuu2 10 0.15 la-5,6,2m(16"),2mh L2
(2403
205-331 020.01.01.03 | UAUAAWZ 70.5 1 01.20.52 sunszanuu2 0.15 usude-16(A04- L4
A05,R02)
205-331 005.01.01.04 | @aney 2.5 3 33 2 01.20.53 wlsunszanuus 480 1 UHUNAANEY L1
205-331 010.01.01.04 | la(5,6 W) 62 71 2 01.20.83 wlsunszanuus 10 0.15 Ta-5,6,21m(16"),2mh L2
(2403
205-331 020.01.01.04 | UAUAAWAZ 70.5 2 01.20.53 wsunszanuul 0.15 usude-1d(A04- L4
A05,R02)
205-331 005.01.02.01 | @anenu 2.5 3 125 1 01.30 wlsunszanan 480 1 UHUNGANENU L1
205-331 010.01.02.01 | la(5,6 %1 sau 1) 58 67 1 01.30 wlsunszanan 10 0.15 la-5,6,2mh(16"),2mh L2
(2403
205-331 020.01.02.01 UAUAILWAIE 57.5 1 01.30 wsunszanan 0.15 uzuia-1ae(A04- L4
A05,R02)
205-331 030.01.02 WazIN(2:1) 1 01.30 suNTzanan 0.50 waz-1thnm(1-4) L4
205-331 040.01.02 Ta(s,6 ¥ 50U 2) 114 60 1 01.30 wlsunszana 10 0.15 240 Ta-5,6,21m1(16"),2mh L4
(2403
205-331 050.01.02 Ta(e,7 w1 Bugu) 57 1 01.30 wlsunszana 10 0.15 Ta-6,7 viatiugd 1id L4
205-331 060.01.02 WaAa(1 W) 1 01.30 wsunszanan 30 0.50 WM0e 197,29 -1hd 1
(D035B04,D036B01-
B08)
205-331 070.01.02 aa(aem) 1 01.30 wlsunszanan 10 0.33 -30 anazidan-1ma 1

16



Product_N Op_Number Op_Name thick width length Op_Qty Part_no Part_name Set Operation Batch_Pro End_O Resource_Group Secondary Quanti Usage Aux_A
ame up _Time cessing ffset _Resource tyl 1 ttr_Sev
1 en
205-331 080.01.02 wirglli(2 W) 1 01.30 wlsunszana 10 0.30 -30 wirglli-ima 1
205-331 090.01.02 ie(2 ) 1 01.30 wsunszanan 10 0.30 -30 m:gﬂﬁ—u‘ﬁﬂ 1
205-331 100.01.02 unzaan 1 01.30 wlsunszanan 500 1 -30 UHUNUNZEAN 1
205-331 110.01.02 F00TI8 1 01.30 suNszana N 2 -30 UHUNTAANUAI2-1iD winnu 2 All 2
Faanues
2-1i8
205-331 120.01.02 Aagudiu 1 01.40 wlsunszandng 2 -30 usundaanuez-1ha Wi 2 All 2
Fannuse
2-1h3
205-331 130.01.02 Fathin 1 01.30 wlsunszanan 1 -30 wrundodn-1ie Wi 2 All 2
Hathilu-
W
205-331 005.01.02.02 | @aneu 2 3 125 1 01.30.51 wlsunszananl 480 1 UHUNAANENU L1
205-331 010.01.02.02 | la(5,6 %) 50 70 1 01.30.51 wlsunszananl 10 0.15 la-5,6,2mh(16"),2mh L2
(2403
205-331 020.01.02.02 | uUAAWZ 69.5 1 01.30.51 sunszananl 0.15 usude-1de(A04- L4
A05,R02)
205-331 005.01.03.01 | @aney 2.5 3 83 2 01.40 wlsunszange 480 1 UHUNAANEY L1
205-331 010.01.03.01 | Tla(5,6 % 58U 1) 32 67 2 01.40 wsunszaning 10 0.15 Ta-5,6,21m(16"),2mh L2
(2403
205-331 020.01.03.01 | uwrufuwme 31.5 2 01.40 wlsunszaning 0.15 usude-1ie(A04- L4
A05,R02)
205-331 030.01.03 INanzIN(2:1) 2 01.40 wlsunszandng 0.50 wanz-1hnm(1-4) L4
205-331 040.01.03 la(s,6 ¥ 50U 2) 60 114 2 01.40 wlsunszant 10 0.15 240 la-5,6,2m(16"),2mh L4
(243
205-331 050.01.03 Tace,7 W Bugi) 57 114 2 01.40 wlsunszantg 10 0.15 a-6,7 viatiugy wha L4
205-331 060.01.03 Waaa(l W) 2 01.40 wlsunszant 30 0.50 e 19,21 -1ihd 1
(D035B04,D036B01~
B08)
205-331 070.01.03 G ED) 2 01.40 wsunszaning 10 0.33 -30 fdaazdan-1Md 1

G6



Product_N Op_Number Op_Name thick width length Op_Qty Part_no Part_name Set Operation Batch_Pro End_O Resource_Group Secondary Quanti Usage Aux_A
ame up _Time cessing ffset _Resource tyl 1 ttr_Sev
1 en
205-331 080.01.03 wirglli(2 W) 2 01.40 wsunszaning 10 0.30 -30 wirglli-ima 1
205-331 090.01.03 unzaan 2 01.40 wlsunszandng 500 1 -30 UHUNUNZEAN 1
205-331 100.01.03 o 2 ¥ 2 01.40 wlsunszandng 2 -30 usundaanuez-1ia Wi 2 All 2
Faanues
2-1h3
205-331 110.01.03 Fagudin 2 01.40 wlsunszange 2 -30 uHuNEAnNUAIZ-1Ma Wi 2 All 2
FaRNUG
2-1ih8
205-331 120.01.03 ety 2 01.40 wlsunszandng 1 -30 wsundanhiiu-uha winnu 4 All 2
Hathilu-
Wi
205-331 005.01.03.02 | @aney 2 3 83 2 01.40.51 wlsunszangnel 480 1 UHUNAANEY L1
205-331 010.01.03.02 | la(5,6 %) 50 70 2 01.40.51 wsunszantnel 10 0.15 la-5,6,2mi(16"),2mh L2
(2403
205-331 020.01.03.02 | uwnufuwme 69.5 2 01.40.S1 wsunszanel 0.15 usuie-1de(A04- L4
A05,R02)
205-331 005.01.04.01 | @anenu 1 3 109 0.80 04.20 Mszausy 480 1 UHUNGANENU L1
nITANUY
205-331 010.01.04.01 | la(5,6 %) 26 70 0.80 04.20 AUszaunsy 10 0.15 la-5,6,2m(16"),2mh L2
NLANUY (2403
205-331 020.01.04.01 | uguUAUWNZ 69 0.80 04.20 AUszaunsy 0.15 usude-1de(A04- L4
NFLANUY A05,R02)
205-331 030.01.04 IWaNEIN(8:1) 0.20 04.20 AUszaunsy 0.50 waz-1thnm(1-4) L4
nIzANUY
205-331 040.01.04 Ta(2 wh 8.1/3) 21 0.20 04.20 AUszaunsy 10 0.15 240 Ta-2mh ha 1
NFLANUY (D084B01)
205-331 050.01.04 NAUVY 1 04.20 szaumnsy 2 UHUANOUUU-IAE 1
NITANUY
205-331 060.01.04 ahu(1=5) 1 04.20 lszaumsy 1.50 -30 ahu-1mna 1
nIzANUY
205-331 070.01.04 wWanaa(sau 1) 1 04.20 AUszaunsy 30 0.50 -30 wanga 19,21 -1ihd 1
nIzANUY (D035B04,D036B01~
B08)
205-331 080.01.04 IWNAI(50U 2) 1 04.20 AUszaunsy 30 0.50 -30 WM0e 197,29 -1hd 1
NFLANUY (D035B04,D036B01-
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Product_N Op_Number Op_Name thick width length Op_Qty Part_no Part_name Set Operation Batch_Pro End_O Resource_Group Secondary Quanti Usage Aux_A
ame up _Time cessing ffset _Resource tyl 1 ttr_Sev
1 en
205-331 090.01.04 WaNAa(sau 3) 1 04.20 AUszaunsy 30 0.50 -30 wanga 19,21 -1ihd 1
NFLANUY (D035B04,D036B01 -
B08)
205-331 100.01.04 IWANAI(50U 4) 1 04.20 MUszaunsy 30 0.50 -30 WM0e 197,290 -1Md 1
nITANUY (D035B04,D036B01~
B08)
205-331 110.01.04 MLADS(AURS @ 1 04.20 AUszaunsy 15 0.5 -30 e aIHNE-LMD 1
uam) nsTANUY
205-331 120.01.04 an(aem) 1 04.20 AUszaunsy 10 0.30 -30 Gaazdan-1Md 1
NITANUY
205-331 130.01.04 Aatniin(nau 1 04.20 AUszaunsy 1 -30 unundathiin-1iha WHDIY 4 All 2
ung) nszanuY Fothilu-
W
205-331 140.01.04 unsaan 1 04.20 Mszausy 500 1 -30 WHUNUNZEAN 1
NITANUY
205-331 150.01.04 ia 2 ¥ 1 04.20 szaumsy 2 -30 uHUNEANUAIZ-1M3 Wi 2 All 2
nSEANUY Faanues
2-1h8
205-331 160.01.04 Aatniin(ma 1 04.20 AUszaunsuy 1 -30 wnungeain-tha wWiinnu 4 All 2
wne) nsEANUY Fathiiu-
Wi
205-331 170.01.04 Fagudu 1 04.20 szaumns 2 -30 urunEAnuAI2-1Ma Wi 2 All 2
nsEANUY Faanues
2-1h8
205-331 005.01.04.02 | @anenu 1 3 68 0.20 04.20.51 Mszaumsy 480 1 UHUNAANENU L1
NIFANUUL
205-331 010.01.04.02 | la(5,6 W) 26 71 0.20 04.20.S1 lszaumsy 10 0.15 Ta-5,6,21m(16"),2mh L2
nsEANUUL (2403
205-331 020.01.04.02 | uguAUWNE 70 0.20 04.20.51 AUszaunsy 0.15 usune-1d(A04- L4
NFLANVUL A05,R02)
205-331 005.01.04.03 | @anenu 1 3 42 0.40 04.20.52 Mszaumsy 480 1 UHUNGANENU L1
nITANUU2
205-331 010.01.04.03 | la(5,6 W) 26 71 0.40 04.20.52 lszaumsy 10 0.15 Ta-5,6,21m1(16"),2mh L2
nLANUU2 (2403
205-331 020.01.04.03 | uZUAUWNZ 70 0.40 04.20.52 AUszaunsy 0.15 usuae-1de(A04- L4
NFLANUU2 A05,R02)

v6



205-331 005.01.04.04 | @aney 1 3 25 0.40 04.20.53 szaumsy 480 1 UHUNAANEY L1
NILANUU3
Product_ Op_Number Op_Name thick width length Op_Qty Part_no Part_name Set Operation Batch_Pro End_O Resource_Group Secondary Quanti Usage Aux_A
Name up _Time cessing ffset _Resource tyl 1 ttr_Sev
1 en
205-331 010.01.04.04 | la(5,6 W) 26 71 0.40 04.20.83 lszaumsy 10 0.15 Ta-5,6,2m(16"),2mh L2
nszanuu3 (24"
205-331 020.01.04.04 UAUAILWAIE 70 0.40 04.20.S3 AUszaunsy 0.15 uzuia-Tae(A04- L4
NFLANVUS A05,R02)
205-331 005.01.04.05 | @anenu 1 3 30 0.20 04.20.54 Mszaumsy 480 1 UHUNGANENU L1
NIFANUU4
205-331 010.01.04.05 | la(5,6 W) 26 71 0.20 04.20.54 lszaumsy 10 0.15 Ta-5,6,2m(16"),2mh L2
nsEANUU4 (2403
205-331 020.01.04.05 UAUAILWAIE 70 0.20 04.20.54 AUszaunsy 0.15 uzuia-1ae(A04- L4
NFLANUU4 A05,R02)
205-331 010.02 aauaia 3 900 1090 1 07.10 Uanaanszan 0.40 aauaie V2
205-331 020.02 NC 1 07.10 Yanasnszan 60 0.45 NC-1M3(A01,A03) V2
205-331 200 Usznau(gansn) 1 M1 #awlsunszan 3.17 ununUsznau-1ma WHDIY 4 ALL 3
Usznau-
W
205-331 210 Usznau(fam) 1 M1 gaulsunszan 3.17 wnunUsznau-tiha wWiinnu 2 ALL 3
Usznau-
Wi
205-331 215 unzaan 1 M1 #aunINNTEAN
205-331 220 2anMm(sn) 1 M1 #aunINNTEAN 5 wHundaanuael-1ia WHDIY 4 All 3
FaAnUG
1-8
205-331 230 Faanuaa(iisu) 1 M1 goulsunszan 5 LHUNTAANUANL LA wWiinnu 4 All 3
Faanuea
1-1h3
205-331 240 nd 1 M1 #aunINNTEAN 2 UBUNG1-3 c1
205-331 250 SRy 1 M1 goulsunszan 480 1 UKUNUSTY P1
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Abstract. This paper describes a conceptual model and design of production rules for rubberwood furniture
manufacturing process design to generate machining operations and sequences extracted from furniture parts
in the assumption that all machines are idle. The part details taken from the bill of material are used as the
input of the system. Then the system generates a process plan based on that part details and production rules.
This system is developed by using the Xlisp-Stat software on Windows OS environment. The implementation
of mirror frame manufacturing process design is shown as a case study of the system prototype.

Keywords: Computer-aided process planning, Process design, Furniture manufacturing, Expert system.

1. INTRODUCTION

‘Wooden furniture manufacturing is the one of the most
growing industry in Thailand. The special feature of this
industry is that it mostly plans a process route by human,
called the manual experience-based planning. The critical
problem of this approach is that it is time consuming and
the plans developed over a period of time may not be
consistent. Consequently, process planners must have
sufficient knowledge and experience to mention an optimal
plan (Srinawagul 2003).

Computer-aided process planning (CAPP) is
developed progressively over decades. It links the
computer-aided design (CAD) and computer-aided
manufacturing (CAM), to translate the design requirements
into manufacturing process details. By using this approach,
a process plan is more systematic in comparison with
manual experience-based process planning (Singh 1996).
To achieve the goal of CAPP, the generative CAPP method
seems to be the most suitable approach. The_method is fo
compile all domains manufacturing knowledge by means of
decision logic, formulas, and technology algorithms so that
a consistent process plan is generated.

Few studies discuss in the process planning of the
furniture manufacturing. Butdee (2002) proposed a model

T : Corresponding Author
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constructed with product design on CAD enviromment and
process design or process planning. The system is
dramatically suitable for the products with similar part
shape because process design is still selected from the
process route library. Pons (2003) addressed the possibility
of utilizing a deductive database solution to assist a
furniture  company to solve its delivery scheduling
problems. The result shows a not fully customized system
because of the inconsistency of overall production. Wang ef
al. (1994) developed a general model of a process planning
for companies where engineers design and fabricate parts in
different locations and found that the system is particularly
useful in a concurrent engineering environment.

This study will apply the concept of a generative
CAPP method and explain the systematic model for process
design of wooden furniture manufacturing by selecting a
rubberwood fumiture manufacturer as a case study.
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2. PRODUCTION SYSTEM MODEL

temporary calculating and thinking of the inference engine.

Part Representation

98

Process Selection and Knowledge Base Module ¢
+
Sequencing Module
- Machining operations
- A set of rules - - Operation conditions
- Available machines
Part Representation
Madule Expert System Shell
- Part name and ID
] Inference
- Part material g o
i Working

- Part dimension i RIERE

User memory
- Part shape g

interface
- Part feature
A
Users (Experts, Process Planner, Novice)
—

Figure 1: The architecture of the system.

The system model consists of an expert system shell. a
part representation module, a knowledge base module, and
a process selections and sequencing module. Figure 1
presents the system architecture which explains the
relationships among those modules. Users interact with the
system through the expert system shell for defining the part
features and specifications, retrieving information. and
updating knowledge base. After all part details are defined,
a process plan is generated in accordance with part
representation and process criteria. The process plan shows
part machining operations in sequence. The concept of each
module is described as follow.

2.1 Expert System Shell

Expert system shell coordinates each part of the
system. It interacts with the users in part defining and
process plan resulting. This shell is developed by using
LISP computer programming language and forward
chaining algorithms based on Winston (1989). It contains a
user interface, an inference engine, and a working memory.
The inference engine is data-driven reasoning which takes
the facts in part representation module and applies rules in
process selections and sequencing module to lead a process
plan. The working memory seems like a blackboard for

1943

- -
Part Identification Size
Name Thickness
D Width Shape Cross section
Length Straight Rectangular
Curved Circular
Irregular Irregular
+ +
Materials Features
Solid Surface grooving

Finger-jointed lumber Edge partly grooving

Particle board Edge end-to-end grooving
Medium-density fiber board Edge chamfer

Hard board Pocket

Figure 2: The objects of the part representation module.
2.2 Part Representation Module
technique. a

Integrating object-oriented process

planning is more systematic and easier to maintain (Jia et al.

2003) (Park 2003) (Law et al. 2001). This approach
describes problems as a relation of concerned objects
Therefore, to find a suitable part representation. part details
are divided into objects such as part identification, raw
material, size, shape. and feature (see figure 2). Part
identification defines the part name and ID number for
specifying which part is executing. For wooden furniture
there are five materials normally used: solid. finger-jointed
lumber, particle board, medium-density fiberboard, and
hard board. Size object is divided into three sub-objects to
specify the part dimension. i.e. thickness, width, and length.
Three normal shapes are provided: straight, curved. and
irregular. Moreover, part cross section is defined for
accurate process because of the machine capacities.
Possible features are also specified, such as pocket,
grooving, and chamfer. For example, a part can be
represented followed the above matter.

(name part = top-rail) (id part=01)
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(material part = solid)

(width part = 60) (thickness part = 40) (length part = 800)
(shape part = straight) (cross-section part = rectangular)
(feature part = pocket) (feature part = edge-chamfer)

From the above representation this part is a top rail
with the ID number of 01. Its required material is
rubberwood solid with 60 mm, 40 mm, and 800 mm, in its
width, thickness and length, respectively. Its shape seems
straight with rectangular cross-section. Moreover, required
features are pocket and edge chamfer. Each objects of this
module can also be updated by experts or knowledge

engineers.
Knowledge base
| , '

Machining operation Operation Machines
Cutoff saw conditions Cutoff saw
Planer Single planer
Ripsaw Double planer
Edge gluing Moulder
Moulder Ripsaw
Bandsaw Gang ripsaw
Shaper Glue reel
Router Batch press

Continuous edge gluer
Bandsaw
Single-spindle shaper
Double spindle shaper

Routers

Figure 3: The objects of knowledge base module.
2.3 Knowledge Base Module

To perform a process planning, many activities are
involved such as part analysis, selection of raw materials
and machine tools, and operations and their sequences
determination (Singh 1996). In rubberwood furniture
process design, the knowledge has been extracted from
process planners, work instructions, Clark’s furniture
manuals (Clark er. al. 1987) and routing sheets from
production planning division. The knowledge is also
divided as objects using the object-oriented concept. There

1944

are three groups of object in the knowledge base mod
(See Figwre 3). Machining operation object contz
concerning operations that is cutoff saw, planer, moul
ripsaw, edge gluing, spindle shaper, and router. Operat
condition object provides the operation performances
criteria. For example, to operate a planer the part wi
nust be in the range of 10 mm. to 300 mm. and cutoff s
is already performed on such that part. Machine obj
consists of all machines used in the machining operatic
All knowledge groups can be represented in the system
database variables, that is

(defvar machining-operation ‘(cutoff-saw planer ...))
(defvar operation-condition
‘((cutoff-saw (identified no))
(planer-1 (identified cutoff-saw)
(width <= 300)
(width >=10))

(defvar machines ‘(2-sided-planer 5-head-moulder ..

After all variables are defined, a set of production rules
formed as mentioned in the next section.

2.4 Process Selections and Sequencing Module

Process selections rules are designed based on
decision criteria of each operation and capacities
machines. The system presents rules in the form of
THEN sentences. IF-portion responds the proc
conditions and THEN-portion concludes identit
processes. The rules are extracted from the operat
conditions mentioned in the previous section. Rules can
set specifically depending on the available machines. |
example, one rule is “ if the part dimension is between
mm thickness x 10 mm width and 200 mm thickness x :
mm width and the part is already cutoff, the moul
process will be selected.”, then the production rule for 1
would be

Rule Name  Moulder
IF if the part dimension is between 10 n
thickness x 10 mm width and 200 nu
thickness x 200 mm width and the |
is already cutoff
THEN the moulder process will be selected
((rule-name moulder)
(if (width part <= 200)
(width part >= 10)
(thickness part <= 200)
(width part >= 200
(identified machining-op = cutoff-saw))
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(then (identified machining-op = moulder)))

Process sequencing is based on data collected from the
experts and routing sheets. When process sequencing
knowledge is extracted, a standard process route will be
collected in the system. The step for sequencing the
processes is explained as follow. First the expert system
will determine which processes in the standard process
route are the same as the possible processes which the
inference engine can infer. Second, the standard process
will be modified corresponding to the possible processes.
Finally, the desired process sequence will be generated.

3 EXAMPLARY APPLICATION OF THE
PROTOTYPE

A mirror frame is illustrated to demonstrate the system
prototype. Figure 4 shows parts of the mirror frame. In this
case study. the top rail is used for implementing the most
functions of the system. By taking the part details from the
bill of material, the fop rail is a rubberwood solid with its
dimension as shown in the figure. Its shape is curve-like
and cross-section is irregular. No other features are required.
Consequently, the part representation of the top rail is
shown in Figure 5.

A set of rules for mirror frame part machining is
extracted as described in Section 2. A process plan resulting
from the system is shown in Figure 6.

4. CONCUSION AND FUTURE WORK

A conceptual model and designing rules of
mubberwood furniture manufacturing process design is
proposed. The model consists of four modules: the expert
systemn shell, the part representation, the knowledge base,
and the process selections and sequencing. The design of
rules is constructed upon machining operations, and
capabilities of machines. Therefore, this method can be
implemented in any wooden furmiture manufacturing
factory by modifying the knowledge base depending on the
available machines. For future work, the system should be
developed into more automatic process planning and
practical usage in the factory by

*  The development of the knowledge base module.

»  The integration of a CAD system for part

representation.

» The integration of optimization parameters for

each machining operation.
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Figure 4: A mirror frame example

(1d part=01)

(name part = top-rail)
(material part = solid)
(thickness part = 57)
(width part=175)
(length part = 960)
(shape part = curved)

(cross-section = irregular)

Figure 5: The part representation of the top rail

S0 R S K

Part Descriptions

o e o o o o o ok ok e ok o ok ok kol ok ok ok o o ok e o8 ol o o o ok o ok o o o ool o o okl ok o ke ok ok ok ok ok o ok o ok

The Part ID: 01

The Part Title: top-rail

The Part Material: (SOLID)

The Part Dimension: Thickness (57) (mm) x Width (175) (mm) x Length
(960) (mm)

The Part Shape: (CURVED)

The Part Cross-Section: (IRREGULAR)

S0 R S R K

Deducted Processes

‘3 e ok o e ok ok o e ok ofe ok o ke ok ok ok o o o ke ol o ok s o o ok o ok o ol ok ke sl sk ool ok o ke ok ok ok ok ok ook sk ok

Rule (CUTOFF-SAW-1) indicates (IDENTIFIED MACHINING-OP =
CUTOFF-SAW)

Rule (MOULDER-1) indicates (IDENTIFIED MACHINING-OP =
MOULDER).

Rule (SANDING-1) indicates (IDENTIFIED MACHINING-OP = PRE-
EDGE-GLUING-ABRASIVE-PLANER)

Rule (BANDSAW-3) indicates (IDENTIFIED MACHINING-OP =
BANDSAW)

Rule (SHAPER-1)
SPINDLE-SHAPER).
Rule (EDGE-GLUING-2) indicates (IDENTIFIED MACHINING-OP =
EDGE-GLUING)

Rule (SANDING-2) mdicates (IDENTIFIED MACHINING-OP =
ROUGHING-ABRASIVE-PLANER).

e o e s o oo o o sk o sl o o o e o s oo o oo o o o o sl o s s o o s ok o s o

indicates (IDENTIFIED MACHINING-OP =

Recommended Operation Sequences

‘s e s ke s e sfe ke ol ke sk ol o sl e sk s ok s e o ke e sl s ok ool e ol ol ok s sl e okl ol sk ook sk sl ek skl sl sk ol ok sk ok
(CUTOFF-SAW MOULDER PRE-EDGE-GLUING-ABRASIVE-
PLANER EDGE-GLUING ROUGHING-ABRASIVE-PLANER
BANDSAW SPINDLE-SHAPER)

Figure 6: The process planning generated by the system.

100



Jirasatitsin et al.

REFERENCES

Butdee, S. (2002) Integration of Product and Process
Design for Wood Furniture Industry., Proceedings of
Seventh International Conference on Manufacturing and
Management, PCM’ 2002, 500-505.

Clark, E. L., Ekwall, J. A.. Culbreth, C. T.., and Willard
R. (1987) Furniture Manufacturing Equipnent, Department
of Industrial Engineering, North Carolina State University,
Raleigh, NC.

Jia, X, Xu, J., Zhang, Z., and Huang, N. (2003) The
Research on Representation and Processing of Process
Knowledge Based on Object-Oriented Modeling.
Proceedings of the Second International Conference on
Machine Learning and Cybernetics, Xi'an, 657-660.

Law, H., Tam, H., Chan, A. H.S.. and Hui. LK. (2001)
Object-Oriented  Knowledge-Based — Computer-Aided
Process Planning System for Bare Circuit Boards
Manufacturing, Computters in mdustry, 45, 137-153.

Park. S. C. (2003) Knowledge Capturing Methodology
in Process Planning, Computer-Aided Design, 35, 1109-
1117.

Pons, A. P. (2003) Case Study the Furniture Company:
Deductive Databases and the Scheduling Problem.
International Jowrnal of Information Management, 23, 523-
536.

Singh, N. (1996) Svstems Approach to Computer-
Integrated Design and Manufacturing, John Wiley & Sons.

Srinawagul. R. (2003) State Report on Furniture and
‘Wooden Products of Thailand. Department of Industrial
Promotion. Thailand. hrip://bisd.dip.go.th/furniture/objects
/Article/Files/IMG 2006052416131708.doc.

Wang, H.., Qiao, L., and Yang, 7. (1994) A Computer-
aided process planning methodology. Computers in
Industry. 25, 83-94.

Winstan, P. H.. Klaus B.. and Horn P. (1989) LISP, 3rd
ed. Reading, Addison-Wesley.

1946

AUTHOR BIOGRAPHIES

Suriya Jirasatitisin is a master degree student in Industrial
Engineering, Faculty of Engineering, Prince of Songkle
University. He received a B.Eng. in Electrical Engineering
from Sirindorn International Institute of Technology ai
Thammasart University in 2001. His research interests
include electronic circuit simmulation, artificial intelligence
and computer-aided process planning.

Supapan Chaiprapat received her MS. and Ph.D. from the
department of Industrial and Manufacturing Systems
Engineering, Towa State University in 1998 and 2002
She is now an assistant professor at the department of
Industrial Engineering, Prince of Songkla University,
Thailand. Her expertise includes computer aided desigr
and manufacturing (CAD/CAM), computational geometry
and process planning.

Pichet Trakarnchaisiri is a Ph.D. candidate at Asiar
Institute of Technology (AIT), Thailand. He graduated fromn:
the King Mongkut’s University of Technology Thonburi
Thailand. His research is in the areas of computerizec
manufacturing technologies and mold design.

Nittayva Seager (Nintarakit) cumently works for the
department of Electrical Engineering, Prince of Songkle
University, Thailand, as an assistant professor. She earnec
her doctorate in Information Scientifique et Technique.
Paris 7. France. and she received her master degree ir
nuclear technology from the Chulalongkorn University.
Thailand. Her expertise includes artificial intelligence anc

processing satellite imagery.

101



