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Machining Verification Model Considering Feed Ratel for
Virtual Milling

Dae Kyun Baek', Tae Jo Ko~ and Hee Sool Kim

ABSTRACT

This paper presents a new model of NC verification in NC milling using z-map. The model can describe the
motion of machine tool like a real machine effectively. The model uses x, y, and z directional feed rate as well
as cutting data for modeling Z-map of workpiece. The model.verifies the over-cut, the under-cut and the surface
topography using NC codes and cutting conditions. To investigate the performance of the model, simulation study
was carried out. As the results, the model gave the geometry accuracy of workpiece, the surface topography, and
the chip loads.
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block(x-y plane)

AA A (%0, yo, 2)°VA (x1, yi, 2D7HA 0%
E5 Fmm/min)E A28 o, 5 H9 o5 A
ds(mmys THeTH 2}

ds=\ (x;—x)%+ (3, — )+ (z,—2)% (3)

BT x e &%
e

U (mm/sec),

Hl—p,] =

©

o

ey
=3

=

Uy (mm/sec), z



Wi - ZER - A3s  FFHLFTESR] A19F Az
U mmisec)= 2H2t The3t 2ok 2.1 YW EQYU(Flat end mill)
FA=UE ol FI3) gl 379 v
Awes TTE BT & Atk F7 WAL
(x,— xF (y,—9F o ° g
V= c;.’s 80 s y = alrs 60 g & o FFe FHE (), yUp). 2 o)A
_ (y—2)F FT9 Z-map2 thS7 2ol
V2= " ds - 60 @

a™eA BE A Zo] ¥ BEFe] ARz
FoAA 49 fAA st gl TTY F
ARRE (). yGo). 20 e FEH 2T

(i )=v, - dt- i, tx, =1+ 4,
Wip=wv, - dt-iy+ty, 4=1----id, (5
Z(ip,jp)z 1)2 . dt' z‘k+20' lk=1 et Zd
_ _ds-60
A7)M, W= g
. ome (v, dte it xg)
i,= I ,
. n- (v, - dt- ity
]p_ ly ,
drie BET Aol
2 (50X AHBRAE F BEo 71Fox 2
H xo, yo z0)hX T AH2 j 7 10]3 ZH o)A
X jE id otk F, @& ES5L 7138 o g
e FFEUY Z-mapg A EH S AFH

sAge BgHh 2 AMNN TF ZmapS A
HaAe A8l FARS Zmpd FET A
£ A are NBACIA 1AL 2R B
o® AAZre] AolAm A7 e AT @

ojdth 1Ee) AFAME o|FHEE o §3HA
g 23} T OE-‘?—H FTFARE T B
dasig o} B dAdas o4& 5E o]fdld

22335 D&% g%wm a2 ZHEI F
o AHE T FHQU HEFEAR 2o
sVsEteh 3, a2 3 do] AFatale Fehel A
7va BAsA E g Habsjord i H-SH(Chip
load)E d&5E 4 AT}

T3 z”-‘Jrii (i), YGp), 2(ip, jo)N A B
e F49 AWl dos=d Fig 24
Bl A=) /o) wat g3t o

NL r_?l"

88

(i, D=2y Jy),

for h<g ,ij<ii,, §<Kiy  (6)
A, b=V 2()* + y(j)2,
). =1 __£ g
2 (6)ohA i1, i2, j1, 2T jo= FFe AR
AN FFe BHL 2IYy] 4F Q2o
o A (61N BE AT Zo] BA=D) Z-mape
FTFARWN HAF T 2#ES 2o

Flat end mill Ball end mill Round end mili

Fig. 2 The types of end mills

2.2 A S YU(Ball end mill)

Ed=ge Fo Fiolvt FF9 A& ro]
2 8w FFHAUYAA T EUL UeH 7
=3

20, ) =r—V P =+ 2(i,,j,)

for r<g ,i,<i<s, 71<KJ, N
A71M, h=V x()*+ ()%,
=i =it



T PAFEE A 198 A%

23 225 A =2U(Round end mill)

e dETL HAdsde Mg E 93
# Ao Bedd FTT P BeE WA
S rolg} 3t r3 vithe] HH G R WHSE .
B g o 379 Fde ggd go

2(1, /) = 2(i), 7,)

for h<e ,7,<iiy, 7 K{KJj, (8)

2(i, ) =r—V P —=(h—e&)*+2(i,j,)

for e{h<e+r ,;<idy, 71<KJj, 9)

A7, h=V x()*+ 3(j)?,

g

. .. g
1=1, Jx 19=1,+

jlsz__gy, jgsz

3. 7138 il Al=Zaold

2733 7o 2dy HAZ caMdlA AAE
NCH OB} ZRE 71FE F4& A FdIAE
2T} Fig. 33 Zro] CAMOA NC dlo|B & A
e F7EY PR FAEY A48 FF Y
of 9&3ta, CAMolA A E NCHdoljA AMR
ZHGONE x, y, z FXEHT olFE£EE YEeltl

—_
( System))

~—

Output ‘;r

Z-map data
of workpiece
.. -

(’ Input )

Tool & workpiec
geometry

—

Varification
model

Cutting data

NC File Feed rate

Fig. 3 Schematic diagram of overall configuration

o] A& dioleZ5E 242 2 (DA 4 (9)
TAE B dAFoA Atd HErde ol &3}
V5 HA4e AEdelAd

89

AeRIE HE317] 93t CADA2HE o
L3t HAEEAAE Fig. 49 Zo] EAygES
o}k Fig. 49 AHI3EL cAMel AFH3t 2 A
2to]l NCEZE=E AAste] mdol ARsgit. NC
dolel e} Az o2 RE FAte 71EE 4s
Fig. 3%} #o] Z-mapd|olE] & T3t Fig. 59 L}e}
ik 2”eA B A o] NCHYE o &
gto] 2 2dolA T8 FEAEL] ZmapF Y B
e cCADFNL 2 dXFTE & & Advk 2y
Aol wet 9ol EAgte HAa FERY W
ol ff & F7E& A¥sAY CAMoA A" NC
HolBe 2F o8 a7t HAd < Qv 2
Ao AlE ol eabd] g A3E 1Y
o2 Z vehli7] 98 A4 AgRo s =2
oz AgEgoldE sttt Fig 44 HE AFH
Fol AARD L gAY 2 7}g o] FiL 9lonz
o] & Hd="dg sFsof AR 235 A
HB7] A 2B 6 mm EQ=ERE Al EG o]t
gk =g, ga7tFdE AA FAdEdg o 3ZA
2mm= AABGITY Fig. 6(@)s AEHolHL 93t
AazAs v Ada o xpe) g eI Fig.
6(b)= Fig. 48] £ A-F=He] Z-map¥ Fig. 59
AZ Ao THE ZmapHe 2AE U E ©
2] W(Erorr map)®] ™. Z-mape] ()4 = HL 3
2d 2bshe] HASE @ atol 7] W E
o 7}¥ AEEE HFE 71 ATk Fig. 6(a)l Al
By ZAFG Zo] HzwHe ol2F< Huexe
3(mm)ol 3, FH2=HA 0] 2 (mmyd w HHAIF A
A (Cusp)e Fol+= 0.17 (mm)olth. Fig. 404 2|
7+e o|F e I AZF H&THA Apoldl EA|SHA
A &7} o) 23 3mm 014 LSS Fig. 6(b)oll
A Be AAY ETEAHQA a7 vebdd

Fig. 72 & ©& o224 v7EA9 Convex®
do izl Bd=d rhae HEFZEAE Yehdoh
Convex®2 e o] A|E#HolAd ZAL Table 13 7}
ANEHeA A24E oo W7 44 571 Hst
o] Table 194 He RAAH AN AzHE
(Path interval)S A A 3131t} F2He] Z-map3} A2t
o] Z-map®| Abo]gh2 gato| A Matsfopd F-iol
22 Fig. 89 ConvexB @A AHatmtAo)a Hat
sjote Aargg Folo] EAISIRITE Fig. 894 B
R} o] HAREE Aatox HarEsirt
F7tsted o] BAY ¢ vt Wk B 24
£ o] 83t AFHHY FHFelM BAYEE 7HE

ol (FE&

=
T



Hojg - el x - HEE - FFHLFFYA Ao AR

¥-Die. (mm) 48 s

X-Dir. (mim)

Fig. 5 Verification of the surface in finish cutting
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Fig. 6 Error of the surface by tool geometry and path
interval

Table 1 Cutting condition of a convex model
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Fig. 7 Verification of the convex model in finishing
cutting
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Fig. 9 Error map of the convex model
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