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Chip Load Control Using a NC Verification Model Based on Z-Map

Dae Kyun Baek‘, Tae Jo Ko#, Jung Whan Park“, Hee Sool Kim'

ABSTRACT

This paper presents a new method for the optimization of feed rate in sculptured surface machining. A NC
verification model based on Z-map was utilized to obtain chip load according to feed per tooth. This
optimization method can regenerate a new NC program with respect to the commanded cutting conditions and
the NC program that was generated from CAM system. The regenerated NC program has not only the same data
of the ex-NC program but also the updated feed rate in every block. The new NC data can reduce the cutting
time and produce precision products with almost even chip load to the feed per tooth. This method can also

reduce tool chipping and make constant tool wear.
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Fig. 1 Chip amount of a tooth
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Fig. 2 The domain of chip volume in feed per tooth

o]$¢ 1AW 7HF AFZED A AHE 1A
Wie 24E& 243te @rg A ()Y wst Y3

A SR 9T FAHE 99 ATES AFent, 2
2t Fig 2914 BE AN A4 AAFL A+B
FH°|ER BUHE A 24 BE Y ez
AelME BIHL ofF AL P22 x y WP
AA DARG 1 Fopx AL HA ged. @
g U AAYS T AYLA A
9 Nz drg T 2ol #Al st AL 2A
Avirbd @ B2 #e e Be AT B
23 w3el gl

In

d=, @)



Wy - a2 - e - AEE

AT A A22P A4Z

d71M, e 93 AHFLA ot o|H 7HF
M T Z-mape z(ij)este A FHEIA T
& Z-map z(iy)e A AF2AGAAN @A 7}
dlol8 z(j)7t 1A 7FF dolE )Rt =
W 2 gto] 2L ZmaplE At

=
5
el

26, )=2,0i,7) if 2,0, < 20i,7)) @3

A @A o A 3% AAZZAN Z-mape] 7
SIg e e THeT 2ol & F Utk

i) =2,i, )= 2,(i.7) if 2,(i,7) < 2i.)
@

FF A 5, B Q92T 242, 5,0 W,
Aol AN AN BAAH(S,)E Ao Fe

%9 ARE tate] o 4% 2ol 7 F 9
.

i
Se= 2 2 i, f) - dx- dy
& =i j=7,

for h<g, ;<iiy, 7,<i{Jj3 (5)
A7IM h=V 2(D)2+ (D% UT BT gy
=iyt . =iy h=it g

oliL, dx, Ave Zt7t x, y WF AAA, ¥
i ge TTHEE vedY. @7 olsAd ¢
g JFes)e & A AFE vt t&
A3 Zo] 78 F Ao

n(‘
$e= gxs‘“

A, 2 (5)t 6) 3l EF AFIE 45T
F Aok A B3 dF57] A4 4 3)dlA B
E AAY 2 A 7139 Z-mape] FF lojor 3
o} Zate] A g stFelAE THES Hu go|7t
2 A7 Z-mape] Hrt

AfFde] 7bEE Fig 194 BE ANE A
g T A St 3 do] A I

©

L

=
T

0

A F gol $Ao ANsE A9 A9 gl
oh 2y 29 o4 7k FAsEE o) 3w
F o] A0 AFSE A9 BAsnz 37
o Auze nested 2 do AALHE Gl
43 ANTeE Folol e w9 AV AR
s Fa7l AAAE FANE AFE AAY
Zmapg FASA Hrn F7 HAze el
of 7t go) Aagel HANAY AL Fl
oF A B A7E A N BE AAY AR
W hEe 4e% SgAN A7t BAHA
e gl ¢ B Aoz ANPRE
H7hsh e,

3. o|& ol 2|t 535t Hof

Fat, Aake] shFoA A ol HA3)
A mj$ FEch FJA4A, FFARE, 7149
A, 237 a8 g P4 T g3 A
Hio] thdEtA Watr] wiielvh wEkA #
TFolME A7 A dadzpdA g4 ¢
A3 FRE FAHEE ol4S WA E ¥
WS Adagh Fig 32 A2 AEFEQd I
oA B AT} o] CAMAA AAHE NC

R 1ol

o
JHE glof B o3 7 2Iuih AT W7}
sof H2& NC HUS AHIHATG. HFEe
Zmap A4 PHE olES TP AT AFEY’
& ogadn W 9F JSANEL Z-mape A
4g 4 (9% ©2 olg3e T

System

Deswed Chip Load

Feed
Optimizer

B

( output )
Too! geometry T

. l New NC File ’

Fig. 3 Schematic diagram of overall configuration

Z-mai

°

CAM

z
~
<

enfication
Madel

g JARStE A olFE WA=
AL dolg %ol Buisty o dojrE2 £
AT M e FA7MFAME & ESA FAHS
AR date] Fagke 7k A2 oj5E 2A
a3tk & FatelM= A& NCHlolHAA 7 &



A = S

g - s .

FRRPLTHH A A2E A4E

Fvich o]4uk 512 AYAst g HFAEA
t}.

Farol Al A Eg ExgA AU dajo
STET 2AE FEAME FH43% JEdy F
7t FFAPe] st FEatoly wEato]
HAE T Aol wEkM HFAE BAg mEkA
Ao A= 7+ @ FREE st ou HeY
ol el HEIA= olE3 A NC dolHE
EE3 EEAjolo] A2 Hrlsle Wy M
o=
ok 71EF Ay g2 Fah
F71e 74$-7F RS =Y o)l E =
S 0] &-3}o] o] el E TRy ~2RES] 3
°]4-& on-line. 2 W3tA| Ak S} B
A7} s A e 3o s ste] A4
A Hde] NCREOA o4& wgsled AR}
AdAsleF st

o
ol
o
N
R

i

oo

3.1 #AoflA o] £ &8t Hof
CAMOIAM NCHlolEl & A4S wf & #4)
zAor Fwol Qe AHAAHA HdHAplain
cutting)oll 4] 1 ele] HAA YA Y3} 5,8 T3
ok 3 EF Tt FAAE e FAHN HNE g
ve 2o
§p= Sp° d (N
A7) g F BEo stgoA AFAA 340
o AHFE] AA A EFFS 1T

. 2710w
oF & PN 58

4 (6% olg3tel et ol
g & A

id
$,= ;134»

50l BT F Wol = olF FE W3 59 57} A
9 ZA B 50l BT ZE el o|F FE W
2A g AL dade] AFgeR YE Y&
Aol Qo so] 0d W e o]ds A
Aot 12 @& 28T AFA 2 °)F F,

e gew g,

®)

n

F,,=F%, for 5,#0, F, < F_,,
F,=F if 5,=0, or, F, > F, .

€

max *

32 HAolAe| &3t Hof

BABAN BAGR AFRAAE YRat
Zrstel #7AYo WAl 3B FUES
AFAAT A4 B E Fed ARz J
Bol WAL AAAAE BT TS Falo]
442 Felo] Qi AU AN TH W e
ulste] 20 ol g HE B3} BE Apolo] A2
# NC HolEst 0|32 H7heted NC Hde 44
steich A¥et ol WS Yo ¥Yos
Fatel AR WAAE 250 29 olg 7
Ratol At Fa3 o2 43 93 YR
7 HES g AYARAT. BE o %e 99
Aoz AY gholw, %ol wetd 57 b5
el

4. BAOIBY 1L B

Aakolgo] MY W Fig 49 Bol o5 7}

B4 £34E e slof ek Palolse Ans ¥
W2 Fig. 40X B A} Zo] F 7 el o
q_s

Specified feedrate

—_ T Feed rate after acce/deceleration

oL . TyweA // /
g B / ! /
gl AN /
Type 8 \ \ / /
A\ \ ’/
——-
Time

Fig. 4 The method of a feed acc/deceleration

A WA Fele NCZ2 YoM
T 7E&EE Aol T E FeHE
%% 847] @oﬂ 7]—7‘1_‘}‘—_}1,\—8]-% ?ié]EH(B)o]E}_ 5‘:——@'

Y UE 49 Mas $4% A5 s P

flo

»



-8
o

)

W - el

B

R

c A2 RAYD T A AnH A3

5ol . BatA s gEHE Azeg Fakd
BAF ARt Ao] EE AR Aojg &
7t gasA yehdth shEn 248 A e
& Fae WHe "aolgoA FRAVA Han
NEE apE o8 o 2

[

=

2 .2
U new v bef

ldec = 2a m

(10)
B AFGNE &9 ASE Fig 1914 §
AS Ndsi 7149 Ae: ¥y BE MY
. A A2 NCEEHS ANE o g&
Agoat #&Ae 42 T3+ NCHOHE
et Jh&e] ASE AT dolx WA
go] 373 ZstslA ooz AT A}
g Aol A2 E BEL QAR G o|gT
W3e w= shRs A (.2 2ARE %
o ubstd gold AFF AXAY P49 ASE
e B BEL 9yl UM ZEsinz @AY
ol 4% Z7t= WX 9. 7t ARs)

22 9L Fo sIEHE

=2
=

o

eEk A4
7 He W SMsee BES
dage 349 71 flenz Aagc o
A ARt AN E olF &Y 5
A%E gd AL AFET 4ol A4 Yol B

7 At

L

o

5. 0|& Hof AlEajolM

A58 Aol Agdolde s FHFA
A52UL olg3e] CAMIIAN NCHoEE A
AR A4E NCHOHZEE NC AEE
2e olgdtdd HFEE AT Fig 5 e
dlth AgdoIde A% mdg P4 IW
ages Ugirst 95E2 B aFdAe 1)
53 Ao Fuyye 2de Adsyn. £
ANZANA 5T 9T A¥HIL A4 AN
oA FAgshe Ruch 2A ste] Aol dsR
th AAAFE 02mmE RS u FAFY F
Hatl N 7HEeoY Zmape Fig 63 2Th 13
oA RE R Zol AU Farsior @
e FTEA= e tgsbl Aske AL
& % gtk FAE AMY YRS Asted 1

2.
=

o
=
A

7

[e]
498 ¢

doz Jerld SdErt vUF Fol 1 o}
B 4 gk gy AA A Fol g
0~5Smm7tA yHEEE 10~15mm2] 2 g A
B3 Aojol whdt AlEHolHE At Fig. 6l
A AEHAS A% 49& Fdidte YEE
Fig. 79 2t}

Z-dir. (mm)

Y-dir. (mm) X-dit. (mm)

Fig. 5 Verification of a surface in finish cutting

X:0 ~ S§(mm)
¥ 110 ~ 15(mm)

Y-dir. (mm)

X-dir. (mm)

Fig. 6 Z-map in finish cutting

Z-dir. mm}

o

X-dir. (mm)

Fig. 7 Z-map of local area in finish cutting



D @A T EFEE A A22R A4

045j
04 X8~ 5(mm), Y :10 ~ 15(mm)

N

AR

Fig. 8 Chip loads per tooth before controlling feed
rate

X:0~5(mm), Y : 10> 15(mm)
t3 * Fmax : S800(mmmin)
Frmin : 76(mm/min)

Zdir. (mm®)
° o

Fig. 9 Chip loads tooth after controlling feed rate
T AN ANzdE FTE 3mm £
5144 3000rpm, ©1% 300 mm/min,
) 2 7+Z(Path interval) 0.3mm= FXA AL 39
t}. Fig. 7904 Yebd Bate A sFaEor &
Zamps 9 Haxd, & FdI3 %
300mm/imin2 AAYE W @F HHIE 4 (6)&
2 73}o] Fig. 8o Ve 28 BE A
3} Zo] FHFFEo| ofd FH A= JARI} of
F A vdehvn, FHERGAE HPE} o F
A vepd

3187 32" WHoE Fig 89 RIS
Aoiste]  Fig. 99 YEMIAT. Hi o)Fe
7Smm/min, HI ©| L 500mm/iminZ QAT L
HollA Hiz A Zo] HAR YA FF3
W37 ol Utk FH FEoA e olFo] A
HRoenz 4 F5sUL A Folxoh ek

HA olde o wRW IY R Prae
9% &7 9k Fig 704 28 old RYelq:
FEg ARHE AYo] ol 4 Aok AL
& % ek ARAFo] o= WAE Wod I3
o Be Am WANE BAG & Ak Gy
cAMSlq 448 NCHHZEEH B J7eA
ANE $HoE A2 FA3t 4o NCHolH
Y F ABSE BN BEHI, B
UFE Ayl AFoz 4UE 3L AHE
& 5 Aok £% 348 $7EE AP A9e
9T AP WREHZ YD FPAE

=
=
3
&

6. AIE 2z
A4 Ratol e ol4 W] ERE Asin7)
Aste] 4P FAAAT A AN E 1

o8 & FHF7] Yste] A4 A42ART HE
s 4o A4dge N8 Fig 109 2

a) An isometric view

Feed

&
o

e I e

| i 1

b) A front view

Fig. 10 Diagram of workpiece

o] Ajz}sted HALE Tt B AT Fa A
AbE Bd=d g o] 88 AFFE 7hFo|ng AlH
¢ Y3 2o Fuoz Azsg.

Fig. 109} b)ollA] B AP AT ooz



Wi - el - e . 7EE

FAY A #2238 A4E

7}&8= NCHOJE € Fig. 37 28 HAE o|%o)
AR5lo] wel W3l A28 NCHo|HE A3
aAtt AAE AT 8000rpm, ©1%  2400mm/min, L2
3 w2t A el 03mmY W, FHo| §lE FHF
A BAAHL 0.135mm’ o)t} BEbA Fig. 391A &3
o] FAAE 0.135mm’E AAst] FA4 AT F
HAHo] =& AEL NCHolEE A3

Wz gAZ o|Fog JEY W FTTEHAS
o] &3l Hadg AT e Q= A
Ad NcHolHZ 713E o FFEEAR HAY
& FA3Y M2 vjaste 2ot A¥zde
Table 19 #HA3] YERA ST

Table 1 Experimental condition

RPM 8,000mpm
Feed Rate 2,400mm/min
Path Interval 03mm
Ball End Mill d12mm
Workpiece SM45C
Machine Tool High Speed Machifling
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Tool Dynamometer Kilsler(9257A)
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