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Machined Profile Characteristics for Feedrate Change in Ball End Mill Cutting
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ﬁr Abstract |

|

Due to the development of the CNC machine tool and CAM software, sculptured surface machining can be broadly used
in die and mold industries and ball end milling process is often used for the sculptured surface machining. It is found
out how feedrate affects the precision of the machining and also tried to study the most suitable feedrate in specific cutting
condition. Two eddy current sensors were used for measuring tool deflections of X, Y axis, dynamometer for cutting force
and roundness tester for roundness. It was found that the tool deflection is getting better as tool path is going to farther
from the center of convex surface. The reason is that the cutting force is increased as the tool approaches to the center.
Examining the roundness, cutting force and tool deflection characteristics, it was found that the most suitable feedrate is
90mm/min in convex surface and 120mm/min in concave surface.
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Fig. 1 Simple tool deflection models
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Fig. 2 A deflected ball end mill in the y direction
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Fig. 3 Least square center method of roundness
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Photo. 1 Sculptured surface machined by machining center

Ball-end
mill

Fig. 4 Schematic diagram of experimental system
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Table 1 Experimental equipments

Item Model Company
Machining center TNV-40A Tongil (Korea)
Eddy-current sensor EX-008 Keyence(Japan)
Controller EX-502 Keyence(Japan)
Roundness tester RA-116D Mitutoyo(Japan)
Dynamometer SATO Kyowa(Japan)
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Table 2 Experimental condition for ball end milling

Item Value
Spindle revolution(rpm) 1000
Feed rate(mm/min) 60, 90, 120
Path interval(mm) 2,3
Cutting depth(mm) 1.5
Cutting direction down milling
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Fig. 5 Measured position of tool path for ball end mill
cutter at convex surface
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Fig. 6 Tool deflection for tool path



B S XA B

T
5]
it]
<
=}
=z
o
Ny
N
o
(=]
~
&

0.045 -
e I
[} \-
Y .
0.040 \— N .
“o.__ A N A A
E ’ .\ N wn___— u
E 0.035} R
> S
g 0.030} —— Feed rate 60mm/min ‘\
- @ - Feed rate 90mum/min .
-- A-- Feed rate 120mm/min R
0.025 A L . . o~
1 2 3 4 5
Tool path
(a) Convex surface
0.06 f ~—#— Feed rate 60mm/min o- ..
4

- -8 - Feed rate 90mm/min T-e

--4A-- Feed rate 120mm/min

ol

o

a
A

RMS Valug(rmm)
(=]
g
\\ ®
A
\-

0.03 - A
A O A
0.02} ,
A .
1 2 3 4 5
Tool path

(b) Concave surface
Fig. 7 RMS value of tool deflection for tool path

§ 3742 7130 o|2A A BAEY 37 X% YES
Aol 25 EHsgE 1 gol HAF Aol Ueht X
FTe FTUYL Uehd AOE Fig @9} 10y 22t
B2 Wit 223 WY 238 FPUGt.

BEY W A9 TIHE 1904 52 245 RMsglo|
Fasgon, 228 WY Ao 039 e Ao
2 et oA TUAA3A BEW UL 49 BIE
U 379 Yo A B Aol /o] AW
uteh grastel 377} SARS] BlXE Yol 3] v
o 37uYo] ZoIST, Ve 288 €A A9olE 7
Fol gl vt WAl FE T AHo| F713tl
2 Yol A§Fo2A TTUYol Hol WAT A0 47
stk

4.2 ZHAA o|SHE 0| WE Y

421 HAE 2Oty

°|$4% 90mm/ming 712N A FAEA 3
d4¥ ¢ Fig 8@ 8(b)° BoIFI Yth. X Y&
9 2449 249 F)e A FHE SRS, Z

99

X ——— Z axis
WAANAANA Y axis
01 N\f\«'\' VU | —— Xoaxis
g 0.0}
&
=
£ -01
0.2}k
0 2000 4000 6000 8000
Number of data
(a) Convex surface
0.2 -
Z axis
——— Y axis
ol X axis
% 0.0 e
kS
=2
0.1+
0.2 2 N . L . N
o] 2000 4000 6000 8000 10000

Number of data

(b) Concave surface
Fig. 8 Typical profiles of cutting force for tool path

S A5 A 9D FeE vedE E Qo 2
23 o]44%E 60mm/minT} 120mm/mino] A= 0]} fA}
3 FeHE e

422 FMNE g3

Fig. 8o UEtd AA7 o34 ZHE #ES o83t
Fig. 9@+ H 9)7HA 242 X, Y R Z5$g A £4€
B4 E o|FE LS 7B R w4 el Holo Fig.
Y@e EFT WollA XS S49 HA4 wIe
HojFal 9ot

ojf&EE Aagd g2 FF¥L nAA gyen, 37
7t 4R FHA oA, F B FolEte A
¢ & A9 7R Fig. 9(b)¢t 9= E5F W
Yo Z2lA 238 da4gozH oeL&risids
2 TS WA dAA, FFARIE A FAAA E

ORSE AAEe] AT AL AT 4 U 2D

Fig. 10058 10@7HE 928 #old 22 X, Y %
z2golq B4 BARS U Aos BS8 W
A BHE B4 W) Aol AVE RS AT 5



Yoy - YUY - 0|2 - UMY - RWE -

ugs

0.16
0.14 Y
AT A
012 @ """ - el A
-—n T~
Py \
% o.10} - 2
“éb 0.08
S o061 —&— Feed rate 60mm/min
0.04}| - @ -Feedrate 90mm/min
-- M-+ Feed rate 120mm/min
0'02 1 13 1 I 1
1 2 3 4 s
Tool path
(a) X axis
0.16
014t
012k
%5 a0}
<, 0.08|
E
Z oos}
—&— Feed rate 60mm/min
0.04}| - -® -Feed rate 90mm/min
- - #- - Feed rate 120mm/min
0.02 ” L
1 2 3 4 5
Tool path
(b) Y axis
0.16
014 g A
0.2} \. L
— ST T RE—
%0.10— /—’ ".\';__
& [ 24 ~ \*
= 0.08} L
5] ~_
é 006F | _g— Foed rate 60mm/min e

~ @ - Feed rate 90mm/min

0.04F ) . #- - Feed rate 120mm/nin
0.02 L I n . .
1 2 3 4 5
Tool path
(¢) Z axis

Fig. 9 Cutting force for tool path on convex surface
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Fig. 10 Cutting force for tool path on concave surface
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