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A Semigenerative Process Planning System for Rotational Parts?
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Abstract

The purpose of this study was to develop a semigenerative process planning system for the
turning processes required for rotational parts. The system developed in this study showed
three major roles for a given part : selection of appropriate turning processes, scheduling of se-
lected processes, and selection of appropriate tools to be used for selected processes. Four infor-
mation files and six modules were developed to produce a process plan. When geometric fea-
tures, dimension, tolerance, material types, and surface finish data are inputted to the system,
optimal processes, processing sequences, selected tools, and machining costs are to be produced

as a process plan.
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H 1. YA S (pattern primitives) ZAEE

4 3 7 3 2= 2 2 7 3
X1=X2, Y1<Y?2, X1<X2, Y1<Y2
X1<X2, Y1=Y2 X1<X2, Y1>Y2

X1>X2, Y1>Y2
X1>X2, Y1<Y2
X1<X2, Y1>Y2,
X1<X3, X2>X3, Y2<Y3
X1>X2, Y1<Y2,
X1>X3, X2=2X3, Y2>Y3
N | X1>X2, Y1>Y2,
X1>X3, X2=2X3, Y2<Y3
P | X1<X2, YI<Y2,
X1<X3, X2=5X3, Y2>Y3
Q2 | X1<X2, Y1>Y2,
X1<X3, X2>X3, Y2=Y3
R1 | X1>X2, Y1, Y2,
X1>X3, X2<X3, Y2<Y3
R3 | X1>X2, Y1=Y2,
X1=X3, X2<X3, Y2<Y3
S2 | X1>X2, Y1>Y2,
X1>X3, X2<X3, Y2=Y3
T1 | X1<X2, Y1>Y2,
X1<X3, X2>X3, Y2<Y3
T3 | X1<X2, Y1=Y2,
X1=X3, X2=X3, Y2<Y3
Uz | X1<X2, Y1>Y2,
X1<X3, X25X3, Y2<Y3
V1 | X1<X2, Y1<YZ2, '
X1=X3, X2>X3, Y2>Y3
V3 | X1=X2, Y1<Y2,
X1=X3, X2=X3, Y2>Y3
W2 | X1<X2, YI<Y2,
X1<X3, X2=X3, Y2>Y3
Z1 | X1<X2, Y1>Y2,
X1=X3, X2>X3, Y2<Y3

X1=X2, Y1>Y2
X1>X2, Y1=Y2

X1>X2, YI1>Y2,
X1=X3, X2<X3, Y2=Y3
K | X1<X2, Y1<YZ,
X1=X3, X2>X3, Y2=Y3
M | X1<X2, Y1>Y2,
X1=X3, X2>X3, Y2=Y3
0 | X1<X2, Y1<Y2,
X1=X3, X2<X3, Y2=Y3
Ql | X1<X2, Y1<Y2,
X1<X3, X2>X3, YZ>Y3
Q3 | X1<X2, Y1=Y2,
X1=X3, X22X3, Y2>Y¥3
R2 | X1>X2, Y1<Y2,
X1>X3, X2<X3, Y25Y3
S1 | X1>X2, Y1<Y2,
X1>X3, X2<X3,-Y2>Y3
S3 | X1>X2, Y1=Y2,
X1=X3, X2=<X38, Y2>Y3
T2 | X1<X2, Y1<Y2,
X1<X3, X2>X3, Y2<Y3
Ul | X1>X2, Y1>Y2,
X1=X3, X2<X3, Y2<Y3
U3 | X1=X2, Y1>Y2,
X1=X3, X2=X3, Y2<Y3
V2 | X1>X2, Y1<Y2,
X1>X3, X2=X3, Y2>Y3
W1 | X1>X2, Y1I<Y2,
X1<X3, X2<X3, Y2>Y3
W3 [ X1=X2, Yi<Y2,
X1=X3, X2=X3, Y2>Y3
Z2 | X1>%X2, Y1>Y2, Z3 | X1=X2, Y1>Y2,
X1>X3, X2=X3, Y2<Y3 X1=X3, X2=X3, Y2«<Y3
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Ad g4 AFA rE e

A AFEH 29

FTHAY A2 61

Z 7t
4) T THY 3 AAHY YRES B
Mol YHES} 24 9L AL Bk
a. AR BH YAE F B A
o YHE7L A4 Re ARy
gul, 2@ o] AAA 2led 1F
AR w= BHY XAE7 M

°1N

AL Atz X&) JHF 47 ¢
& 7)1&He AFREE At Yl
By JAe 2FE FIT. o
o] MEL 7|ERY ARA ] Hrt.
c. 89 THA F ARE 25 €39
X#HE7 422 71ERy AFRAE
Xx% 3 23, YRRG RS

B¢ Avel AdFd. o A2 A= /1gds N8 YagRg 29
ZiEHe] "ol & FHech 9y aHwe] EAH
b- MAe] A2Ady 24 F @] A& f-a} E717 Q 27| E AN BT
I — i R
14 5 5 C IC s [+ Sl
=) 30 O 3 azl 32 a2l 33
T
5 S
2] 34

522 7\E3¢A ABEE

71EFRY aexAANA Aol ¥ g4
= 7139 713 BAY TAAERY =3
24 L 7F7E ARtk VEERHY &
MAARL Yald FAJAMEEAA AFogd 7
71E2H FAEY dF 713 HE #AE #
AatE 7eEA BAYEE AR o] B
gdMEe HHIZEAN AAE HH 73
o thated TEAHS 71F £AE BHTCL

5.2.3 7]—%’“&‘%' AR 2E

AEL o7iA gate] FEERE 7AS
2= °1 713 g4 gdet rtedde A3
g & vk of ZEME FH FAAHEE
4 Feld AFFAALE FAa= F2d
duiel olml U Holedol A vl 248
of A FYT HAFo] AAEAE &I
FRAAY B8 ARS g B¢ 2 FEE

zdditt. a28jd A2 AFA HFE ket
7hEhd Eo] AAE ¥4, gAY & Hel i
3o de® FA, THZRE, AFAEE Ed
Z Azl FAFAY. M5 suEe 23
&= Machining Data Handbook[13]o] A&
Fgen, FAYA AEFA AT B
He oS 2.

— AH A7V F(straight turning)

— Abd 3 A7} E{taper turning)

— 29 3| A7} (contour turning)

— A% 3 A7HF (tracer turning)

— 2|2 UA}7FE (external threading)

— £ 71F(drilling)

— & 7% (tapping)

— |3 }A7FE (internal threading)

— &2 (boring)

— & o5& (taper boring)



62 o] %l

EE

rH

KBMEETRME

— ¥ t}53 (shoulder facing)
— 9% t}54 (external grinding)
— W% t}53 (internal grinding)

R 2%+ 7z 7hFde o 75 tEEH S
HoFEr. 7pFedd met tEH FArEd
sl FRFEY A+FAE Leisted 7lsd
713 g Hag 5 el 229 FA
nE e slewde B 39 2o 1% )
Fo] TUHA, gEAE Eojrled g524x

0121 59} FApo] Qe AAHY o

-Q]'T‘ C}':?é.]» E}‘:és %
ki 452101 ,\14
¥ 2. 7123% Mef 7|EH[2, 4, 13]
7 ER S 7 E Y
3d 29 A4 BHAF

o2 8A71F
% ANE[E A2

e e BARTR IR
R e P

. T e
& 79 T 78 A
T us e
PN I e

o2 |92 yAE
3, 71240 B FHTS 38 (Y, 12, 13]

7bEary] | 2= (gin) X FAk(in)
Truning | 16—90 +0.0002 — +0.0001
Drilling | 63—-250 | +0.002—+0.01
Grinding 4—63 +0.0001

Boring 90—250 | +0.0005

7hed 7hadel 2AE ¥, 7Hed 7H37
A7 Qe 498 AEE 138 5 9
€ A7) (Lathe) & vh&3} 2422, 23]

— speed lathe — engine lathe
— bench lathe — tool-room lathe
— crankshaft lathe  — wheel lathe

gap lathe — face lathe

— multicut lathe
— reheving lathe

— wvertical lathe
— copying lathe

— turret lathe — automatic lathe

E3| speed lathe9} engine lathe= A
4 o ¥FEH. &

Speed Lathe -
— wood working lathe — centering lathe
— metal spinning lathe — polishing lathe

engine lathe :

— step-cone pulley drive from line shaft
lathe

=~ gtep-cone pulley drive from individual
motor lathe

— gear-head drive

— stepless speed drive

— wvariable speed drive

7He% AriA S AARdede AEANE,
AEE 71357 S AAA =27] 9 FA,
713ihd, AFe P F284R T FEH
1%‘5‘“"‘401] me} Adte] BEET, AFY £

9 =Z7]¢t Auke] bed=a7] W seLup?i-‘-g—
-r71|9-} H @3y 71Ed Avkg 2R T
tk 7R Agte] AR EA AF %’bﬁﬂr 7]"“‘”‘
el Mzt FHdedd, AT R chuckd
Z59 nAhye] fiete R *“)45‘11:}— &R 7k
Aarfe] e 59 ATE GAFUALT,
EEY Y wek F7 g4l dEtAe B
E F¥A7E g

5.24 ZFFAYEE

o] EEME 7IFUH AAZENM ZH
" 7HeE s1idE 2 dsid 748
AZ9 A2, FUXE, T3 210 FA4A4
BEoA ¢lAd 713d g4 2 ArE 1F
3l Foxpro 2002 723 FT7 AR UY
FHE o4, FTE HAEuL. o EEojAE
Ztzbel shgel tdte ALg 7hed A5F
79 F77L AYE g gow ol Zz F
of sl 71F&=7t olge ZAF HIYIH
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A P4 AFY 71T L A% FRH AL FAAEY A 2d 63

BE)AM ALEHG. .

7Hs @ 7haio] A=Y 71520l (depth
of cut)e} A= B A= 9 A% (hardness)
wzt 7LFF 7Y FMEEE7 A EH R G 7
FHold 42 F 49 23, AEFL AAL
e SRR 55 aEge[1e, 13].

— 7}E 7} (carbon steel)

— ¥ (alloy steel)

— 373% 7 (high-strength steel)
— 2ela]~7} (stainless steel)

— 37 gray cast iron)

F7Y AL FFFA(AAA]) A A (rake
angle), &, ¢f=o] me} 7137158 A4 %
=7t FoA TTFFEE B @) FL
T gaort. ofgy FFAEY wWE FTE
B F7EE AEel dedll g4y fE
o A3 EEI}T A Ak, EA of
W A77 # Folr B dAFddMe A
Hooh 22 F79 TR 2EEE, &7
FT, Agty, tholol2E, Asol= =Holrt,

_1:2_%

H 4. 7133H0| &y

71398 & 7 F H ol A& A
Z2m ol =y ZtEde] AFH YRE-71FH9 29 YAR
TH £ AR 712 BA XaE 780 A XHF
T2 & e 71w 242 Y&ARE-7|EH 4 Y&E
g Y2 & 7FEAe] AlAA] YaE *2
A 2 F4d ANH] BH YRAE-ZANE A9 YHRE
vhabd Zlede Aztde YRR -7E&He] 49 YRR

5.2.5 7FEAZE vjg4kE 2 HA3 2F

o] BgoAEs Add AgdE FTFE
WE 75y, FTRAIAF(ELT FTEF),
7718 7HERel tig 7hFAIT, HEAsHES
A4Ea olo] ZA FAFAL E FrHEH|

& AHS T FFFAZN FAENEE HA
3 4 e A ZhE 2 F7E AL
o] ZE9 F4+E5L Cdolz HEn.

a) 7HEAT AE

7HENTe s AFAE, AT
of @z} ezt v oA FT 9 AF
olF& o Aolrh 3U7] wWEolH, R ThEF
A9 7pgAolel mz}t ZE vtENE H T
g AHgsiEls 2jojrt doh 23EE AE
o FARgAA A28 7HERe, THERC,
73 2 FTAEIAYAA E5F 7teE
TE AT A&A0 dsiste 4 Aa e
HEAZE AL = g wygor F
ToY Adddd g8 F7Y FEE A4

th AFEHE AT D EREPY AL
Ne Gen BT AEold ALS E 5%
2an[2, 41.

D 49, $99, 31F, 84, UAE:

1, Y
7}EA (i = n,~=
fxn, XD,
EFFFY)=KrxVixfTxa,?
@ & HF
1. Vv
7FEA () = N~
f xn, z %D,

:6"'?-”1'—"-5 (t) = KTX VixfTx apTX DfT

74
L=7880 K=ol 38 4+ (337)
V=rBss  o=kERs (3
f =% Fr=olegs  (FYA)

D.=AEY A8 rT=71F2] A5 (FEA)
—2FAE  F=FTABAE (YA
ap=7]-%’—§01
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LHAHA 71Ed

9] A&AAHY XAE—7]aHe] 2Ho XAR

b) 7FEulE A

AEBIE ARl FF TYUIET ABA
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FEAZHY 27HEAE], AEAg, 299
2 5ol ok BF TN ALE AEA
¢ FFEBOT U] DAy 37 4
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22, 23]0] 9% 2] YA FFAA
S84 0. RANBT ugHE FLT
2qu A8 AFATALG B A
9 £a%e AT ke FE ALEE T
Hote] Az, TY AYY YFL A2
Ao ABTF HAYSE ADRoL Ubsle]
AE ABANY AL BEEH, 71A
AR ARIAL 27 FQuIEE V]
22 A7 BAAZE HEE T ATAT
% A4EE BAEEE Advc. 373
22 el gJetel AR

TCp=CunX [tmtta/t*(C./Cu}]
o 714

tn= 71 7ABAZ
= T

C=377Yul %
Co=AEALRH], A, 242N

526 AR »vE

o] BEL ALyl A&HoZ AFAHR F
B3, 7l de] FRgy, T JREY, y
£AE 5Y 59 &L £, 2, A, F
7b, A4 £ QUEE AHEAFEE ATEHA
t}.

6. Al&Y] T EE

2 A7 BRI AAYY AEL O
o2 Auolxd 712% EHHY FHAY
o gol Utk FAANY TAHY FYe
6719 283 419 FUHYE THHE &=
=900l 95 AYHEH o)F BESTH Fx
sage dFe 13 359 2.

7. Al&E) 22 o)

£ A7 AEE FAFH Y FEAE
AadlE HE8h7] He BRoEA HUIY
H, #HF rHE 2 AFES AL JE

el g HAYx 1 FAWE Hold tsy
zd.
7.1 3494

a. o] TR Wi FAFE FY T
Ao mel z+ Wol] FAFZE Foisid

a3 363 2t}

b. ZE W Wil AFER HRe) A
P FARZE o T TR G FHoF
o & 1Ry 9¥uiReE 9% o
W, 17HHERE 23HAAANE 0EZ o
W, 10¥E2H 16HAZARE $HEUdH
2232 24| RE ofA9 HAAe £2

Aody.

c. ¥R FY B Aade AT
3 o2% gudl tael AFYY Y
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HA FA AEY HFE 9% IFE AL THAE A2d 67

¥, datgde] gl AApgolE 2HY ¥ A
292 7139y 8 IR RAAA A%
Hol e HBE FAMste 7HEATH
B && Aden, FHoE FRAYR
g 2dsA A

7.2 HA3} mEot HEH:= 4

+Ki=1 +a¢’=0.8
. BT=08 «7T=8
.57=8

olZ g Ay FEL AP} T FEH9
I, 7HE 7149 FFe 49449 A4 4 F
T2 AF, 22X 71F gel g EF =
Ak B AP 25 g 77 98 4
Pl Brlser] m&e FU® £XE AHLE
Feonl, o]t# EFgEL AAWE AL
7} Aol A}gzle] 2jdte] FojETh

7.3 FAAYEA vehd 7Y 2
T+ FHol BY 2=

a. 719y I=
— 8T :34Ad 54 ¥

— TAT: AHd 3" 743
~ TRT: 4 3A 72
— COT : 34 34 747

-D EHF

- B 482 ¥
-G 482 7F

~ ITH Y% 1A} 748

-~ ETH: &% v} 74
b. T1FER F=

— HSS : High Speed Steel tool

— CAR : Carbide tool

— CERA: Ceramic tool

— SPA ! Spade Drilling tool

— HSCA: Cast Iron with High Speed
Steel and Carbide Cutoff tool

74 &9 Az

E 6 7, 8 95 AENAG e THAY
oleh. F71FAIY 2 F7hEe|EE o vt
T8 7FFEHol Bge Hogoln. ZEd
FRAEAB AN FETFHoE HAdd Tide
BeFz] ¢al Qlov HAFE FHAdAE £

B 6. HEY :SAM-4

A &2 & : CARBON STEEL

FEARX TR

Azgy 3w Azrd TELY swzyes THEN Nt zrew
ST 7 4.0 1.0 7 46.7 1033.33 HSS
TAT 3 2.0 1.0 4 20.0 500.00 HSS
TAT 5 1.0 1.0 2 10.0 1000.00 HSS
ST 9 1.0 2.0 2 26.7 2433.33 HSS
ST 17 5.0 1.0 9 60.0 1300.00 HSS
TAT 19 1.0 2.0 2 13.3 1266.67 HSS
TAT 20 1.0 1.0 2 5.0 500.00 HSS
TAT 12 1.0 3.0 4 10.2 2803.64 CERA
TAT 14 1.0 1.0 2 11.7 - 1133.33 HSS
TRT . 13 1.0 1.0 2 11.7 1133.33 HSS
D 24 2.0 10.0 4 9.1 281.82 SPA
TAT 26 1.0 2.0 2 6.7 633.33 HSS

2 7} A7 230.94%

Z 71F ¥ & :14018.794
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E 7. HEY : SAM-4
AE=43 : ALLOYS STEEL

Aggd Azd gge TELY Amgee TENT TTENS zazs

° (in) (%) ()

ST 7 4.0 1.0 7 57.4 1248.72 HSS
TAT 3 2.0 1.0 4 24.6 592.31 HSS
TAT 5 1.0 1.0 2 12.3 1346.15 HSS
ST 9 1.0 2.0 4 10.0 2800.78 CERA
ST 17 5.0 1.0 9 73.8 1576.92 HSS
TAT 19 1.0 2.0 4 5.0 1400.39 CERA
TAT 20 1.0 1.0 2 6.2 723.08 HSS
TAT 12 1.0 3.0 4 13.2 4163.53 CERA
TAT 14 1.0 1.0 4 4.4 1387.84 CERA
TRT 13 1.0 1.0 4 4.4 1387.84 CERA
D 24 2.0 10.0 4 9.3 285.19 SPA
TAT 26 1.0 2.0 2 8.2 864.10 HSS

& 7} F A7 228.84% E 713 dl & 1 17776.864

H 8. HEY :SAM-4
A& 2 : HIGH-STRENGTH STEEL

Aggy hed Apge TES senze MENE MENE zrzs
ST 7 4.0 1.0 14 21.1 1742.47 CERA
TAT 3 2.0 1.0 4 40.0 900.00 HSS
TAT 5 1.0 1.0 4 4.7 2694.81 CERA
ST 9 1.0 2.0 4 12.6 5452.84 CERA
ST 17 5.0 1.0 17 26.9 1837.28 CERA
TAT 19 1.0 2.0 4 6.3 2726.42 CERA
TAT 20 1.0 1.0 4 2.4 1347.42 CERA
TAT 12 1.0 3.0 4 16.6 5531.85 CERA
TAT 14 1.0 1.0 4 5.5 2710.62 CERA
TRT 13 1.0 1.0 4 5.5 2710.62 CERA
D 24 2.0 10.0 4 27.8 655.56 SPA
TAT 26 1.0 2.0 4 3.2 1363.21 CERA

x 7} A7 173.658 % 717 Bl & 29673.089

itk AlgAE o] Alxgle] AQIEHE 71A Zol WAF £ orl. F o] Alx"e] AAG
ArAMoz BHYA AFx, AYEUE = TRAEL ALgA) grEiAeln ¢34l
g ¢ Jed ArgxRe 7HY FR, 71AE ' 3AAYE £YF & UEE =945E A
Az @ AEuE 24l Bug7el 5 oln] Atgxiel #HEAHl FAALES M

iy
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53

B 29 3HAY Alxg 6

e

pad

9 2

e

E 9. HEZYH : SAM-4

A E QA STAINLESS STEEL

Aegy Aza Azga TELY Awgee MENYE MY z7zs
ST 7 4.0 1.0 7 46.7 1033.33 HSS
TAT 3 2.0 1.0 4 20.0 500.00 HSS
TAT 5 1.0 1.0 2 10.0 1000.00 HSS

ST 9 1.0 2.0 2 26.7 2433.33 HSS

ST 17 5.0 1.0 9 60.0 1300.00 HSS
TAT 19 1.0 2.0 2 13.3 1266.67 HSS
TAT 20 1.0 1.0 2 5.0 500.00 HSS
TAT 12 1.0 3.0 4 11.2 2824.00 CERA
TAT 14 1.0 1.0 2 11.7 1133.33 HSS
TRT 13 1.0 1.0 2 11.7 1133.33 HSS

D 24 2.0 10.0 4 26.7 633.33 SPA
TAT 26 1.0 2.0 2 6.7 633.33 HSS

% 7FE A7 249538

Z 7}F v £ 14390.67H

o] AAIg AdEs & Aol7t g F
At

B APeME HAPLAZ st olel
AZ AFEHAA dYHE £ F4Y 3434E
AlAeg Fdsigden, AR A FAAE
g2t ofuz}l thga e ABE AFTd=
HolAd ERFol AlxElo|B}a 3.

@ 7}2A 2 A5 E Ay

@ AEEL P FEZ

3 HAAMAER 7

gaolAury oz A48 £gdA (syntatic)
Aambo iz 7|22 gl vlgte] H& A
Ak AEE 4079 FARIE Ao
A Fo A FAAAe] 7MEEH, FA
Aol M AutrlFo] g T HEFHY
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