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Improving Productivity in NC Lathe Turning Based on NC Program Diagnosis System (1st Report)
—Survey and Improvement on the Productivity in Turning Operations done
in Manufacturing Industries by Using NC Program Simulator—

Keiichi Suirase, Masatoshi Hirao, Takeshi Yasui, Hiroshi KawaBata and Yoshio Fujimura

An NC program simulator has been developed for evaluating productivity in NC lathe turning. Machining informa-
tion about cutting parameters, tool paths and operating time are retrieved from an NC program by the simulator.
These information are very useful in order to evaluate productivity in NC lathe turning. A total of 193 NC
programs from 29 manufacturing companies are investigated their productivity by comparing the percentage of jog
feeding time during turning operation. The result of the investigation shows that the jog feeding time occupies
about 80% of total operation time on an average of 193 examples. The simulation of the revised NC programs using
the touch and cut method which eliminates an air-cut travel during jog feeding shows that the operation time of
the NC program can be reduced about 6% on an average. The cutting test for estimating tool life proved that the
touch and cut method does not reduce the tool lifetime under the experimental cutting condition.

Key words : NC program, NC lathe, turning, productivity, simulation, air-cut travel

1. 3 Lt ® |

HE, FMS®CIMicftZ s h s FAFREIC L b, THo
EEZ 1 v cEE S hAEERoR ELAKEB Eh T
B Lal, Thb3EEO NCTIEERAIRIEHAL
THBRY»KET L L CTEBRLBE N T bh, Hr2D NC
TR S & CEE TR TRERL T OBRE IR TW S bt
Tk, AL AHAREENC 7 v 75 aRERT 51D,
APTREINZHEBMLY 7 + v = 7B IR TR
WAD, ITFIECEEIGGORELFEFECPERLR T
88, NC7r 277 a0 REREMEOMBL / v~V LK
RIhTlE5. ¥/, EBREMPRA CH I ERMT
By 7w =7 MELTSY T, tnLTIELY8IG&EDRE %
DYDERFEETIT S 2 ENRASLRTVHA, MIEROH
FMECEERERE D SHMEE DL & o RIED B I ATV 5.
3, REBBEAENC 72 75 A\ ERIhicsE LTdH, #+
DRTEFTEINAFETREYEM UMTAERYRFTHZ N
RETHH7-0I, TAPEBOMEN LCRAS X 5
EHEXTOENTERVONBRTHS. 2% b, NC
T/ AR S AERENTLE D &, MM cEEN
VBRBYZoF EFEH ST, MTERKOBHFIEHR IS
titic b,

IH LB L, NC 7'r 275 A% LT TRERMN
FECTXD, BELREfEORERL, v v wd L ICYIH)
R 2H L RELT A LN TERIHEETHD. Ei,
BRONC 7 v 75 a & BB THEROR WINT &K
BtaooX@nT — 2 nERTE T MIEKOGR
tedFETE B LIt h. AHRTIEI O X S Iebitr
b, NC7e 75 a%d LI LERRCUIEIGH LV ioin T
BRAYBEFTANC T r 75 a2 3 alb—a99 L =D

YRR FRSH2/ 260 H
*E & B SRA¥ELFE (ERHTINIEF 2-40-20)
& B SRTERY ENEEIERE « diBTE A w 7-1)

BREMHT — 2 N — A% b LIt TERKLUEI&H 28T
HrF R A— b AT AW THERENSENC 7o s 5 220
AT AL T, NC IO AER R E2HET 5
EHXHMEL TV A,

AT, BERLENC 7 r2r5aviav—2%HWT
T - UK R (NC feMg2 glEIE b = — F TEBR I h Tw
ARFE MBI TR 5D B EIE) OFRAERKR L, FEUIHIRER
DEFIC L - THRETEDMITERFEORFTFERICOVTH
E+5., RECRAEB®ROMTIHAVSRTW5 193 #:0 NC
7T e s AT LICHER YIBIREREERES TH80% T
Hoto. Fihe, FUHIRHOER L LTI, BXEVEEY 2
LB E, BEOVMBEE® 2R LB E, =7 v b
(TED7 7o —F 0z, NCEENLYHEIXD € —F C°EF
X T\ b, FEIEEIEIIN T A fThi T /e VRER
FBRELLEBAEXREL, BMITREEREY> aL—>a
VIZE D RDHBES L. FOFER, =7r v P RERELE
BHw, BIMTRMOEMERNFEYTH 6% ERLBELDD
TEdbhot., =7 hy P EBRELEBASCTFHREIRSTA
RIBOFAR T BEFREE OBINC ST, YIEIERYT- T
MEOKR W EXHR L. Zo=74hv tDOKEIZ NC7
v 5 ADBIERTTHATE S LD, ITEROHETF
BELTROTEYTHD LV 2 5.

2. NCT7ar 7L RT L

2.1 2 2T LOBE

2ZWo 27 A0 BEX, NC 7 r 277 A% L TINTAHEER
LA b, TE&EKRKLS ORIt YZK T L
X oT, NCTIEMoLEHRR LcF5TH2 L THD. 2
Wio 27 2OBBERR LR TERD T, NCTr27 T
MixfTd>v iav—584%, TRERLLOCYEIGEOZHY
fTH5=F A= b R T ATHRINS.

BARLINC 7rr5aviarv—21k, NCT e 35a%k
AT ANTHATELARART -2 cBEBRTH L LI,

BRI L Vol 60, No. 2, 1994 235



B - WE - R - Ok - BN . NC BefBDEEMO) EICRAT MR E18

Workpiece Data
Machine Data

I NC Program Sinnlatorl

-
Machining Information Knowledge Base

Expert System
for Tool Path

Expert System

Output Interface for Cutting Condition

1

Tool Path,
Machining Time

i Evaluation,
| Diaoss

Fig. 1 NC program diagnosis system for turning
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Table 1 Acceleration performance of the experimented NC lathes in rapid feeding

. Rapid feeding along X-axis Rapid feeding along Z-axis .
5z T Remarks
ﬂftﬁ:% Izg%iﬁjgﬂiﬁﬁ;ifb {\II)C ladthe Operation | Moving | Acceler- | Operation | Moving | Acceler- Rallpiq[f:eed
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ADLW 5T ENTE . '
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— - I~ N D 247 o =4 7
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Moving distance is 100 mm,

777y 7 DO0T-BENCHEED 1
BREBERCLTEY, —BILESIMI%ZfT->Tw5 NC 7
v 75 ATHHIE TOEEMMETO>ENTE S, 118
L, CHEixH-s Vv 7L, =27 aifEGAK NC 7
v AIBNTHZ ERTE R

ftintEEZ, NC 7' e 7 5 AN L UK /R oI
FEMTERHEIM M E, TAEERSTAME TEA7xv b
CNCIEBOHUETRTEE S 4 -2 HETHHERTHS.
CHLBERINC 7o /5 anbi3fBbhlicunizs, fin
BRELTHOLNLUDAN L TENKTRE L. filx
iE, NCIEM DB IcBIT 57 4 —& & LTiY, THAIEEE
O DR EBEEBOAKTE T 5SS 5 2 b v 7 Bk
BEYVEERENETRS. BRAKE L THEIhTWSE
S5 LT T 2= Sbicd, BXH)BEROMBGERE, b
BR O MBOEE S T A OEIH LicE 3 57, NC 7 r 2
T & OEERE A T AL B AT A -2 b HER TV
5.

DS BLRE)BEREOMBEEL, G a2—FTEXIBE
PHESINTHLTAEOBEBEENEX IV EBCETHETD
Kfd, T e bR ) IBOERF R HRD T B, Bk b ik
WL, TA M T R S5 A0RTGEMMALRD TR, 72
P e S AT, BEEE 100 mm TEX Y BEEYITV, 2
BHEOFY s A HEST5E V) —FEORAL 40 VIEL T
KiTLie. B2 TRT X5 CEBERBBEH 82 —-vickb &
RETHE, BEOMBERMZTr 75 aKTRKM T, B
BEERE S, BXVEE v OBIRIORD B ENTE S, B

236 BEBIZRRE Vol. 60, No. 2, 1994

(* : Moving distance is 70 mm)
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Fig. 3 Example of tool path chart displayed on CRT
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Fig. 5 Distribution of operation time measured on NC lathe

KRBT ENEH & B,

3.3 BT —20EEN

IR LU 2HTRNA &b, TEBMBRIEERRO
FA46F+—MEINC 775 a0 LERYEET S LT,
FEICHBICHMIEE L 72 b, 1oL, ZOBEIBTT — 4
DEEMIMBRIE IR TS iy,
TEFEKERIL, NCTr s ool InfclBlE o5 2 —
EhbRDLENBDT, NC 72— FOFICR:R VAT
ERRERYEBLIZENTES. —F, FERBEHRIE, NC
FEROBHICB T2 5 4 — a2 % d LIEERIY > § 2 L —
FLIEALRD TV BDT, BT — 2 OEEMIZZ 5 L3

VTR, INLREERHEDORIREN LD B & & BF BRI
WrTEn., fods, K6IRLATEIRREERLS X OBED
REMEIR D FE, £h X h 82.8%, 10.2%TH - 1.
4.2 FEUIHIBFRISEME(C & B INTAERBBENRET
ILREROKER, VIHISH 2 oE L CEYYIRRE % SRR
HhBE, BEOVBERL=T7H v b, TEOEHBL E V-3
PIHIRRI 2 EME T 5 HELRE 2L bR D, & 2T, JFEYIHIRR
DEMELT, FEVEEY 2 LEA, B0 mEEE
BB LIEBE, =7 hy P RBRELEBAEYEEL, Bin
THREEIEMEY > $ 2L —> a3 VIck h RDOEEKRS L 1.
7, M8 RMICThZThoFERYE EDTURT. BED
HE s X ORI E o, NCER BT %435
A=A BFELTRDIE. =7y VB, 7vr— KSR

EBIT SR Vo/. 60, No. 2, 1994 237



B8 - LR - 2 - T - B NC IeBOEEMB) EICBET D% (B 18D

100 T o @u 10} 0
| o (e]
(o]
X
'(% 50 O Time ratio for cutting feed _
; | ﬁ O Time ratio for rapid feed
£
=

0 500 1000 1500 2000
Total operation time s
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Fig. 7 Reduction of operation time when rapid feed velocity is
doubled (193 examples)
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Fig. 8 Reduction of operation time when rapid feed acceleration
is doubled (193 examples)
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Fig. 9 Reduction of operation time when air-cut travel during
jog feeding is eliminated (193 examples)
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Fig. 10 Simulated results of improving productivity
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Fig. 11 Comparison of tool path which includes and excludes air-cut travel in cutting experiment
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