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Precision Machining Characteristics
in Ball-end Milling of Sculptured Surfaces

Byeong Hee Kim*

! Abstract }

This paper deals with the study on the cutting characteristics in ball-end milling process. First of all, the effects of the
geometric cutting conditions such as the cutting speed, feedrates and the path interval on the surface integrity were evaluat-
ed by the analytical and the experimental approaches. Secondly, the cutting mechanism model was developed to predict
the cutting force accurately. It is possible for the proposed model to predict the shape error, estimate system stability and
build the reliable adaptive control system. A large amount of expenimental set are performed to show the validities of the
proposed theories and to investigate the effect of cutting geometry such as rubbing effects, burr effects and etc.

Key Words : ball-end milling(8 ol =2 &), cutting characteristics(% A+ &A1), sculptured surface(AH4218), surface asperity({ SR
&A1), cutting force( 4+, burr(# A~ 20))

.M E 4o B} daAn Jugoz B dswy Az
FR| oJa ZaHRo| AARE B4} R E g
33 So) g @ AHAY £ g 24 We wonel HAARES ols) do 9Ashch Azt

tEx ANER7E vdst g4It 453H

Hxte] 878 BEAF7] sl AnAY AgEAe 5ol
z A&Aow WadE 5 TR} 08 Baele A

gt AL5) solutn ik o)) E A2 He] A} 7

o 7P el AHgHE FrEe £ A& (ball-end mil) 4d, 7hg el AE, AR o BYE 54 el
o] chEF ot} gutzlo g AlREE B dluwe »ahd B3 A7} ) AL APold Az Ak W e
of MTFEH DEFEOR olFolA v ARTRY BT % G4 wE dF2E AWkt 1A 2
’ ZEdig R AAvERY 2 FHY

(kbh@kangwon.ac.kr)

78



B ZEI AN =E2E Vol.10 No.1 2001, 2,

B 3 =Tt AP Bd A4
4, 3TUEH 2o BEY YFeAE d3oe 37
EQANY, A 5 FASAANN Fo| 3T o|Fo)
gool, g A= Foole ANES AHeete 530
Felg 370 @ AP F2 £l Fop
Qe Heje] T A=Wel vt AYE F2 F o
=9 HHARES HYOZ o|FoiF gor] vig

SELEEAS LEEELEREELEREES
A4 FPAYo| LAY AT} )R ol o] o)

E

YTAREL T2 XL Alds oA e u
Bl AR A A g AAR oAt ol 2 g ¢
BA ltk'? metd 7]Ee B AU s #
& dFEHeRE qUY T AN542 A
7hotel$ 58 Af=Ee 7HF Aol dA 44 8
ot A &al7lele olel Hol gt

webd £ E=EdAE 71F718 e 1 o284 #4
7 i ARAAE vRer 1 495 54 B
A= A AHFE hFAY AAEN S Ay
o2 e s Wal, gAAY], AN, 37
HE R AH o 2 A4S FYsEL AN e o
S A T ol 29 gRA v 4¥Ad A
H54 dolg] ol2g THeH

2.0 2

2.1 HAHTY Hbt

dvtdez 4 dedopt FALHF T & 7 F
Ao Aol gy T3 YFHdM JIFEHRR F
APARALZ FolAE AAEEE F23 A5 B2
TR HyAAL e E oJusA|g, & glsde g
& ASZH gy ASde FREY 37 Y2y
o wiel FUT FHIAF B ooz Aapde Has
Erh et S glol 3HE L 37y A4 R I+
71 €717 wet SR Axza|s dste A4}
i sict matA BHIUT Al FTY 94 4 37
71 &717e| wg} Axanibun)E LA EAEH
“(rubbing effect)g sty Az ANETE A3
felMe B dede gy zaBe] Hio n2 4
& mel A gl dMde] st Heh F278)e) o
2 dage Ve 3500458 § grsdeany 4
A7 e HAA S reln & o olis} go] 7
7% Qloh

ar
Q
1

-

79

V. =27, x $/1000 = 77.5/500 1)

Fig. 1o14 ¢} Zo] Hapr|Fe H43le) d, 277187
78, 379 W r o dal wgtaA gt 2atgo] %
A7) 7ol e HPUNEes JLPAEThe A4
dolol mzh Wgebe AdAEMRE ) )T 7
&l Eq(1)o tfelgtezy A& & sk 3223 A
o HEYGoolMef BaAEEE Falgolg TN
FT71E717 Abole] ANREAY #Ald wE Aaw
o Wgto| wke} gepatA @k

foed
direcfion

Fig. I Maximum and minimum cutting speed

AP & 79 F&3} AApEo] o) R 37
2714¢] g} & o Fig. | 2 3E

(r)... =rcos[@—cos ' (1—d/r)] (2)

2 4% £} ek AE AL gl £

EEAE7| R 2 Zfetd dadels Fas o

kel Fol2(cutter mark)e] @HH WFR F4d9

#A) el whet

(r, ) ia = r08[0+cos™ (1 — 2 F4r7)] (3)

22 944 # 9k @, f& g @ ol$(feed per tooth)e!
th Eq(3)A4 (7). 3ol =9 g2 7Mle e 4
28AEEE (00 ok Uutyoz FAEHEL F2
FIE Fe e JoPadErolr],



448

2.2 EHANAYO| Hat

U 7434 FHFERE Fig 20049 go] & 7 o)
3 727 e A7)d g} Teiaet ~8He] 23
a2 vdehdd B 3453012 ol B
UERRIER

H =r—yr*-f"/4

Z el £ glen] A3 FE0lEE 2HG 24y
aneg

4)

H =r—((r’ = 1187 - L1472 (5)

o2 3@ 71 9ok &, Le AE kA o},

Fig. 2 Micrascopic view of milled surface

et o & ded F1F Alde TN HE
2 g olgo] e Fom2 FPAIE FAjeE AT
dout AT FLFE ZAoR A2 PAol AR F
olA WA FAZ9 B FruiAt vAE 9%
of AR 7tz sl wely LT Ao ZTFelas
2 FHALY] AEY L ALEsle Ao wpgal sl

2.3 FAEQ) A
DECEEREERCET]
slsdsde) HAANA, 238 29K 5 A4 o
Zo BRy 2 ARED FEAF Fig. 30 B,
2P 2RE AeEA 2 AL AAE ndd o
A s BAPE AT Yay dae
o e £8L Eq. (D3 2o,

30

[dF,(i, ¢)]: r[ KA®Lf,sinl(i, ¢

dF, (i, ¢) K, (), sind(i, ¢)]"‘r}cosw¢ ©

<, $G, ¢y M AARE Aol 9327 do) gk o
2 FPRAAOR (=L 0)-sinptanf+(i
—1272/NoS K,(¢), K,(@). m,, m = Amdl B
d Agasoln.

Qdelg @7t} At g o] AaA e, Ak
BAGL Y= 2zde) vAn oA AN, BT
oz s Y& AAREAT HLT 5, o )2 A
NHES BTEE M Baok Pk = x, yh ke Fa
2e offe e},

cosgdyp (7

FQG o), f sindG, @1 cos(i, @)
[ }_ rf,l [Kipil —casd(i, ¢)-sinl{i, ¢)

FLG, )

Fig. 3 Rotational position of arbitrary finite cutting edge element

(2) A ZHAA ] FA v

ALHoZ AW 7HE Aol o)A abedel] 43
© BE9g0] FART YoldtER oM T WA
20 a0l AMEE 4 glch. wWebA Fig 40l g 2o
oPAg A9 elhgde 7gH 712706 Wi} AB
AddlA ABERAAe Aa4z Wslshd €t nheby
HEA B8 TYsY w7 vhahe YAzt
€ e (¢ ez usdc Jde 2y

@ =sin"'(sin(&(i, ¢))cos¢sin® +singcoss) (8)

cos(§(i,¢))cos¢] -

cos@

g0 = cos'][



HIAZH7|A Y E=EE Vol.10 No.1 2001. 2.

ojch. metM A § F Fe 3oz o 434
2ol HelE 5 gl

F .t )
FE6 0

sind(i, ) cos{(i, ¢)

—cosé(i, §)-sin{(, @) cospdy (10)

]= r!g{x{cxcv]’[

o [K(@.0)] =K {f,sind"Y" K, {f,sin"}" 1 o]}

feed direction
{ /
5 \p it
1 < ;_
A B [
] El
]
IS l h-q b
- 1'*1 .
o
- b

Fig. 4 Transformation of undeformed chip thickness
according to cutter inclination angle

(3 AEIF A% vjodsbde) dadd g

32H AT JhFA shEriste W A d g4
g€ 47] M T2 FAEA Y HEY9E &
clelgt fot 7128 A7l e AE71t0) o A
ozt FuAE Fad A WAV AAFHE A
T WYE FE AME g 2 dFeMe By gtd
a2 A4e] A% Zmapd of il HEYHS B
PEE AHESERE Fig. 58 7H39 71870 wmet Z-
mapoll o g H &9 9 & Fig 49 XYddoz FAg 2
g BedF 1 gl

T

IH

{a) upward machining {b) dewnward machining

Fig. 5 Results of Z-map

81

JOER R

3.1 49 3|
& QoM AHE R AE R S4 e ohg o 2.

Table 1 Experimental apparatus

Machine tool Machining center(Tong-il}
Cutting tool HSS ball endmill(2-flute)
Material SMA45C
Talysurf Surface Roughness
Measuring Measuring Machine
Devices Optical microscope
Tool dynamometer(Kistler 92578 )
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Fig. 10 Maximum surface roughness against feedrate
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Fig. 11 Predicted cutting forces
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Table 2 Predicted value and measure value at contouring

Experimental max. X-force(N) max. Y-force(N)
Set predicted | measured | predicted | measured

Comouring | 5 138 290 310

(up milling)

Contouring 193 212 121 157

{down milling}
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Fig. 16 Burr height in feed direction
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