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Fig. 2-3 Wear shape of endmill
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Table 3-1 High speed machine(RFM-760) specifications

X axis(mm) 760
Stroke Y axis(mm) 550

Z axis(mm) 485
Table size(mm) 860x550
Spindle speed(rpm) 42,000
Spindle power(kW) 14
Feed-rate(mm/min) 30,000
Gross weight(kgys) 5,200
Workpiece weight(kg) 800

Controller

Window NT based PC controller
Block processing time : 0.1ms/block
Polynomial spline interpolation
Look ahead window : 10,000 block
Simultaneous 5 axis control

Hard disk : 17GB

Additional(standard)

Remote box, Chip collector
Ethernet card, Panel air-conditioner
Cooling unit

ATC(automatic tool changer)

Tool holding device

Laser tool measuring device
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Photo. 3-4 Photograph for experimental working
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Table 3-2 Experimental equipments

Instruments

Specifications

High speed machine

Model : RFM-760, (Germany)
Spindle : 42,000rpm
Feed : 30,000mm/min

Tool dynamometer

Model : 9257B(piezo type, Kistler)
Type : 3 Component forces
Normal component : 50N
Tangential component-: 50N

Axial component : 100N

Charge amplifier

Model : 5019A (Kistler)
Type : 3 channel
Range : 0~10V

A/D converter

Model : PCL-812PG(Advantech)
Channel : 16ch.
Resolution : 12bits

Tool microscope

Model : MF-1030TH (Mitutoyo)

Magnifications : X10, X30, X50, X100

Roughness tester

Model : SURFTEST SV-2000N2(Mitutoyo)

Cut off : 0.025~510mm

Feed @ 80mm/s

Measuring range : 100m(0.05¢m)
Measuring speed : 0.02~0.5mm/s
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Table 3—-3 Experimental conditions

Items Conditions

Rotational speed(rev/min) 5000
Feed(mm/min) 200
Depth of cut(mm) 1.0
Width of cut(mm) 4.0
Workpiece STD11

Material TiAIN coated flat endmill

Diameter(mm) 210
Tool

Clearance angle( °) 4, 6, 8 10

Rmax of land part(um) 17, 47, 74
Cutting fluid Dry

Table 3-4 Chemical composition of endmill(wt %)
Element W Co Yb Cr \%
Weight(%) 85.999 10.587 2.791 0.378 0.245

_39_




Gt

=0

J_mwo

Jo

jzel

=
|
=)

1 o1 A

ol

7} &}

oy
Jo

Mo

ST 2 A A=

I

=& 7 (92578, Kistler)E o]

)

A

i
lzel

o
o
Nfo

Zin
Njo

—_—

~
)A

™
=)

o

3} 7] o

Oox
—_
o

do
oy

—_—

<7
B
i
Nk
e
e
i

o~
_i
Nfo
B
g

e

veel

A

bl
=

A s e A

S HoF=

=

¥ 3}

59

of
T
i
N

o}
;OO

_—
=

W

NS

Tor
o}

ry
.vOO
i
OO

o)
i
o|J
R
,_Ir‘”
=

—

~
oy
Ul
il

A

4o

5,000rpm, ©|

Fo1 80

°©

g

A
=

Z 4 0mm=

A}
H o]}, Fig. 3-39

lo] 1.0mm, &

v
hus

°

gl 1

74

Z Ak
= 71

PO ap A

% 200mm/min,
A A

)

)
Nl

)

el
7

4

0

Mo

]

S
fis

}

Ar

A

xé/d-

ups} 4o,

-

g

Photo. 3-5°] tFERH 2Lt} Fig. 3-3014 H

o

R

A2

Nlo

i

Stk whekA

al

§ 3]
7

A

o

7/

(dFrdt)s

o

=

39t

3

o -
= %

JJo

jze]

Mo
ijN

Wt E

ERRAeS

_40_

=
A A 2]

Fig. 3-4
UeEld 2922 Photo. 3-59

Fig. 3-3°1 A4

[¢}



volts

1.0

brage

AF,

1sec

Fig. 3-2 Phenomenon of during 1lsec suppling volts

_41_

ine



Principal force F, (N)

140

120

100

80

60

T

—O- 910

Spindle speed : 5000rpm
Feed : 200mm/min

Depth i 1mm )
Width : 4mm

L L L L L L L

10 20 30 40 50 60 70 80
Cutting time t (min)

Fig. 3-3 Behavior of principal force lapse for cutting time

_42_



Cutting time

30 magnifications

Cutting time

30 magnifications

@ 10min ® 50min
@ 20min ® 60min
@ 30min @ 70min
@ 40min 80min

Photo. 3-5 Tool microscope observation of cutting edge on endmill

_43_




Flank wear Vg (mm)

@10
Spindle speed : 5000rpm
03} Feed : 200mm/min
Depth: 1mm
Width : 4mm
0.2}
017
0 L L L L L L L L L
10 20 30 40 50 60 70 80 90

Cutting time t (min)

Fig. 3-4 Relationship between flank wear and cutting time
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Fig. 3-6 Cutting force(deviation) in 1.7m surface roughness
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Table 4-1 Specifications of infrared camera

Item Value

Detector 120 element linear array of uncooled
thermoelectric detectors, 50um square pixel
0 to 350TC

Measurement . .

temperature ( custom ranges available within

P 30T to 1,200C )

Accuracy 2T or 2% of reading

Image scan time 1.5sec

Spectral band 8um to 12um
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Direction of camera

Workpiece

Fig. 4-1 Schematic explanation of cutting process
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Fig. 5-1 Electro—plated CBN grinding wheel with cast alloy tool
steel shank
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Fig. 5-2 Sintered CBN grinding wheel with sintered carbide shank
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Fig. 5-3 Electroplated CBN grinding wheel with sintered carbide shank
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Table 5-1 Chemical composition(wt,%) of workpiece

C Si Mn P S Ni Cr Mo \Y Cu

1.55 | 0.35 | 0.4 10.025|0.025| 0.25 | 12 | 0.91 | 0.35 | 0.25

40

<o

150

Fig. 5-4 Experimental specimen
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Photo. 5-1 Schematic of diagram for high speed grinding
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Photo. 5-2 Surface roughness tester

Photo. 5-3 3D coordinate measuring device
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MSF Standard for medium structure

Goniometer

X-ray generator

Control /| Data
processing unit

Heat exchanger

Photo. 54 X-ray diffractometer

Table 5-2 Experimental equipments

Instrument Model

SURFTEST SV-2000N2
Roughness tester
( Mitutoyo, Japan )

3D coordinate
_ _ OMS-600 ( Mahr, Germany )
measuring device

X-ray diffractometer STRAINFLEX MSF-2M ( Rigaku, Japan )
Optical microscope TEM-TS ( Dongwon, Korea )
SEM S$-2400 ( Hitach, Japan )
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ey

Fig. 5-5 Tool path

Table 5-3 Experimental conditions

Item Conditions
Spindle speed(rpm) 20,000, 30,000, 40,000
Feed-rate(mm/min) 1,000
Depth of cut(um) 1, 2, 5 10
Coolant Oil + Air (mist)

Fig. 5-6 Coordinate direction on specimen
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Fig. 5-7 Variation of surface roughness according to depth of cut

in high speed grinding
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Fig. 5-8 Variation of surface roughness according to depth of
cut in high speed cutting
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5-9 Variation of surface roughness according to spindle
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Fig. 5-10 Result of 3 dimensional coordinate measurement by high
speed cutting (depth of cut : 1m)
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Fig. 5-11 Result of 3 dimensional coordinate measurement by
high speed grinding (depth of cut : 1/m)
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Fig. 5-12 Result of 3 dimensional coordinate measurement by
high speed grinding (depth of cut : 2/m)
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Fig. 5-13 Result of 3 dimensional coordinate measurement by
high speed grinding (depth of cut : 5¢um)

500
490

Y (mm) 452

Fig. 5-14 Result of 3 dimensional coordinate measurement by
high speed grinding (depth of cut : 10m)
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Fig. 5-16 Measuring points of residual stress on specimen




oy

el

Q]
=

o] 1m¥ w 37.15kg/mm* 2um

41.20kg/mm°, 5m% wl 46.85kg/mm° 121 10m< uj

48.10kg/mm°Z 1}

1
.

ol

stAl S 7kste] 5

32.90kg/mm°Z e o 2umol A 37.60kg/mm o2 H 7

m o 37.40kg/mm® 10m% uwl 388kg/mm’Z H

]
=
, O

el

2 1ol A F 11.4%, 2mmol A 8.7%

el A 20.2% 18] 3L 10mnol A 19.4% 9] =% 4 Zfo]

oy

)

vze)

Koy,

=
=

=5

=1

xy

)
e

H

N

HAFAT. 7S

o g

7 2 1gmol M 71

=
1l

=

GE

d

d ol 9 o

243 e 7} )

oo

n

ZO
27

47

7] ¥ 3}

oy

o<
%

¢
oW

el

T
oo
.

—_—

0

I

_90_



—4- : High speed cutting
—@—: High speed grinding

Residual stress (kg/m )
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Depth of cut («m)

Fig. 5-17 Variation of residual stress according to depth of cut
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Fig. 5-18 Variation of residual stress according to spindle speed
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Fig. 5-19 Specimen surface after high speed cutting
(depth of cut : 1/m)

( x100 ) ( x1000 )

Fig. 5-20 Specimen surface after high speed cutting
(depth of cut : 2/m)
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( %100 ) (%1000 )

Fig. 5-21 Specimen surface after high speed cutting
(depth of cut : 5um)

( <100 ) ( x1000 )

Fig. 5-22 Specimen surface after high speed cutting
(depth of cut : 10/m)
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Fig. 5-24 Specimen surface after high speed grinding
(depth of cut : 2/m)
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Fig. 5-26 Specimen surface after high speed grinding

(depth of cut : 10/m)
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Fig. 5-27 Specimen surface after high speed grinding
(depth of cut : 1m, rpm : 20,000)
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Fig. 5-28 Specimen surface after high speed grinding
(depth of cut : 1mm, rpm : 40,000)
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(b) Bottom view of grinding wheel surface

Fig. 5-29 Surface condition of grinding wheel before grinding

_99_



(b) Bottom view of grinding wheel surface

Fig. 5-30 Surface condition of grinding wheel after grinding
(depth of cut : 1/m)
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(b) Bottom view of grinding wheel surface

Fig. 5-31 Surface condition of grinding wheel after grinding
(depth of cut : 2/m)
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(a) Side view of grinding wheel surface

e

(b) Bottom view of grinding wheel surface

Fig. 5-32 Surface condition of grinding wheel after grinding
(depth of cut : 5m)
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(b) Bottom view of grinding wheel surface

Fig. 5-33 Surface condition of grinding wheel after grinding
(depth of cut : 10/m)
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A Study on FEvaluation of Tool performance and Novel
Grinding w heel Development for High Speed Milling

Lee, Sang-Jin

School of Mechanical Engineering
Graduate School of Pukyong National University

ABSTRACT

In recent years, it IS essential to adopt the madiional machining
technologies to produce the products getting a ahine and a precision
in many application areas such as electric, eletro automobile,
aerospace and mechanical. industrials. But in theesaof using the
non-traditional machining technologies, generallye tproduction rate is
very low and the initial investment cost is morepemsive. Thus there is
a need to develop the new technology or the comnmetimachining
method by improving capability of the conventionalachine, tooling
system and tool in itself.

High speed machining has been thought to be a kindlternatives for the
non-traditional machining technologies in the pastd recently it became a
popular method of the machining technologies to dpee better surface
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roughness of the precision products with high potidity. Here the term, high

speed machining, means that machine tools are rdratehigher rotation speed
in a main spindle or at faster feed-rate in a tafleving speed. In the high
speed machining, the spindle rotation speed usualgaches about

20,000~100,000rpm. The high speed machining bringgny benefits such as
lower cutting force, smaller thermal damage, lessidual stress and possible to
cut easily the difficult-to-cut-materials. But thkeigh speed causes inherently
machine tools itself to increase temperature riswl autting tool edges to

accelerate the abrasive wear.

This study presented some machining characteristice. high speed cutting
using an end-mill tool. Cutting forces by a 3-axisol dynamometer and
temperature generation by an infrared camera weeasured during the high
speed cutting operation. Tool wear also was ewveduaafter the high speed
cutting to know the effect of applied cutting camalis on the wear. The
development of a high speed grinding tool and aratharistic’ assessment of
the high speed grinding were also shown in thiglystdhe high speed grinding
could be conducted after the high speed cuttingradoe without generating
new tool paths. It was seen that the high speeddigg tool developed was
suitable to apply die and mold making because o$sipdity to get better
surface by the high speed grinding. As a resultto$ study, an achievement
of a compound machining technology with the higleesp cutting and the high
speed grinding came true and the high speed ggneias proposed to obtain
the high quality product.

Key words : High speed cutting, Cutting force, Tool wear, aHegeneration,

Grinding tool development, Compound machining tedbgy
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