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Estimation of Sculptured Surface NC Machining Time

Heo, E. Y.*, Kim, B. H.** and Kim, D. W.***

ABSTRACT

In mold and dic shops, NC machining process mainly affects the quality of (he machincd surface and
the manufacturing time of molds and dics. The estimation of NC muchining time is a prerequisile to
measurc the machining productivity and 10 generate a process schedule, which generally includes the
process sequence and the completion time of each process. It is required 10 take into account dynamic
characteristics in the estimation, such as the ac/deceleration of NC machine controllers. Intensive obscr-
vations at start and end puints of NC blocks show that a minimum feedrate, 4 key vartable in a machin-
ing time model, has a close relation © a block distance, an angle between blocks, and a command
leedrate. Thus, this study addresses regression models for the minimum feedrate estimation on short and
long NC blocks considering these paramelers. Furthermore, machining time estimation modcls by the
tour types of feedratc behaviors are suggested based on the estimated minimum feedrate. To show the
validity of (he proposed machining time model, the study compares the estimated with the actual
machining time in the sculptured surtace machining of several mold dics.

Key words : nominal machining time, actal machining time, minimum feedrate, command feedrate,
machining time cstimation, sculptured surface machining
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Fig. 1. Feedrate profile of an NC program.
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Fig, 2. Nominal and actual time in short blocks.
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Fig. 3. Equilateral polygon example.

FFCAD,/CAMEE =F3 A8 A43 2003 124

FALE A (H2EE g3 2ol 2 Ak
T= Eti = E({m+1d’_)
i=1 i=|
E{F"’U) F (i-1) rM( )aF (,)} .
o] uf m;:ol B3 agu & FRAe o) 7
o] AR 4 sleh
T= 2Fm(l)+{2mn—2)M
=2t ©®
71, Fmo;=Fm(nm)=0, Foty= Foiy="+ Fonm=1),
Funy=Fupy="""" =Fy(mn—1).

/g-a.lo]] 0]»3)])\] E,F':_o] 7t 732 A]/L(;“ )‘e AaALs F
S, Mk olSHEE A (ORYH che Aol
FEE 7 At

* * FM_Fm T*
= 3 0

poodad . .
m_t_;_fzaI ()

o] 7)1+ FM_F +at,d,=

a a

2, TE & WA eI,

ATIZH @ Wl oy

i o)FEs A= vd2 SYsr] Aste oy
7} e 278NN 2PL Yok BE l°l‘c‘ 0.05,
021, 0.5mm, T B52] Ale)Z}2 1, 20°, 30°,

40°, 45°, 60°, 720, O0F, 1207, B-22] At o)
7 HE olEEES 2ATA) BES WE olFLs
5 5000 mm/min, 552 53] oF 10.0003] 3
57t 95 Fopzrde] vk g AR st 4
ol AHEFF vl AlE = FANUC-18M Ao 7171
A2 (F)3a7)0e] SIRIUS-UZ Arto|d 7h<:
AEE 1,200,000 mm/min®, 5508 71 A
18,000,000 mmvmin®, #7 £& A= 10,000
RPM, =E2: 7% 500X 500X 500 n1.n°1t}.
Table 1¢] A@As}e)= LA 7N A (8)
o &g AltE HAr,) B A olEETF)F
Bt gtk dwrR o B-2 Ale|zte] F7)EeE A
4 0)FEL7} Fol5 0% o & 4 ). 2™
l, Table 19 Jehd ZAH, F 259 Apejztel
WAL o) ) o) E(FMVI 7 2 v
B A4 oSS (F)9 o) olE BT (k)9 2}



A3 NC 7RSI Al S 257
Table 1. Minimum feedrate (unit:mm/min)
Distance of the acceleration range (d))
:f 0? 0.05 mm 0.21 mm 0.5 mm
sde | er | Tl Fa | Fw |FaFul ey | Fa | Fu |FaFu (;) Fo | Fy |FuFy
3 3400 304 52 350 208 304 697 995 208 304 1864 | 2162 298
4 2500 291 60 352 291 291 672 1011 251 251 1916 | 2207 201
5 2000 301 49 350 301 301 687 988 301 301 1843 | 2144 £
6 1700 307 49 350 301 307 687 988 301 307 1843 | 2144 K1 ]
8 1300 313 49 350 301 313 687 988 301 313 1843 | 2144 301
9 1200 | 329 45 349 304 329 675 980 305 329 | 1817 | 2122 | 305
12 850 | 311 44 349 305 311 674 979 305 311 1815 | 2120 | 305
18 600 333 40 349 309 333 6063 971 308 333 1792 | 2100 308
36 300 334 39 349 310 334 660 9269 309 335 1779 | 2089 310
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Fig. 4, Experimental Design for long NC blocks.
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Table 2. Minimum feedrate in long blocks

Angle Feedratc {mm/min)
(deg.) 200 400 600 800 1200 1600 2000 2400 2800 3200
0 200 400 600 800 1200 1600 2000 2400 2800 3200
10 199 398 599 796 1195 1594 1992 23n 2789 3188
20 196 394 591 788 1182 1535 1972 2363 2757 3151
30 193 386 579 773 1159 1545 1932 2318 2705 3091
40 190 376 564 755 1128 1508 1880 2255 2648 3nsg
45 185 370 555 745 1109 1463 1848 2218 2587 3001
50 181 363 543 729 1096 1450 1813 2196 2547 2906
60 180 350 519 728 1039 1388 1755 2079 2426 2772
79 164 328 493 657 1011 1319 1638 1969 2296 2629
80 153 306 459 613 927 1229 1532 1842 2148 2462
90 142 284 424 566 849 1175 1431 1700 1983 2265
100 155 307 460 616 930 1234 1534 1843 2150 2463
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Fable 3. Comparison between the machining times
Mold Mach. condition No.of blocks Machining time(min.) Dillerence
old.
: Casc2-4 Cascl Nom. Act. Est.
Dhes -
1es Tool/PI Feed (S) (L SKS+L} (N) (A) (E) AN (E-AYA
Moni. [20¢BEM| 2.000 39190 71713 (.45 8503 96.30 9.73 IR K 0356
front | /LSmm [ 3000 | 95751 | 35152 .73 56.72 86.47 $8.88 1.52 0279
TViront | 200BEM | 2,000 1059 78260 0.01 87.73 87.94 87.95 1.00 0001
mask | /A0mm 1 3000 | 50003 | 29316 0.63 58.52 70.12 7206 1.20 0277
Hand. | 8pBEM | 2.000 73431 38739 (.65 3990 58.00 63.05 1.45 0871
cover | /02mm [ 3000 | 89125 | 23045 0.79 2660 | 54.13 52.93 203 | -0222
Cell. 8¢BEM | 2,000 83689 19357 0.81 23.80 48.45 47.65 2.04 ~.0165
phonc | /02mm | 3000 | 92860 | 10186 0.90 1589 | 4715 | 4297 3.02 | -.0887
*)} PI : path interval
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