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Fig. 1.5 Laminated structure of CFRP
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Fig. 1.6 Corner angle view of CFRP plate
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Fig. 1.7 Comparison of AWJ and Machining
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Fig. 1.8 Abrasive Water jet

Table 1.1 Machining conditions

Feed speed Discharge pressure Abrasive rate

(mm/min) (MPa) (0/min)

250~7,000 385 0.42
==In Out

Cutting dimension
R2

0.0
Feed direction >)
In side
Out side

1,000

2,000 3,000 4,000
Feed Rate [mm/min]

Fig. 1.9 Relationship between R dimension and feed speed
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Fig. 1.10 AWJ Test piece
Table 1.2 Running cost
Type Feed speed Running cost
(mm/min) (yen/m)
AW] 1,500 0.03
Machining 800 250.00
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Fig. 2.2.1 Machining center NEXUS-410A

Fig. 2.2.2 Ti-AIN coated cemented carbide endmill

Table 2.2.1 Tool geometry

Cutting tool Cemented carbide endmill

Coated material Ti-AIN

Tool diameter 8.0mm

Overall length 60mm

Length of lead 20mm

Number of flutes | 2

Helix angle 30°
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Table 2.2.2 Measuring conditions of surface roughness tester

Surfcom 130A
Surface roughness tester model

(TOKYO SEIMITSU)
Measuring length [mm] 6.0
Number of measured times 5
Cut off [mm] 0.8
Sampling speed [mm/min] 0.6
Measured range [um] +400

Fig. 2.2.3 Surface roughness tester

50mm point 240mm point 430mm point

e Plate thickness
e s 3 7mm

480mm

Fig. 2.2.4 Schematic diagram of surface roughness measuring
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Table 2.2.3 Machining conditions

Cutting tool Ti-AlIN coated cemented carbide endmill
Conditions 1 2 3 4 5
Spindle speed min-1 4000 | 8000 [ 8000| 12000 |12000
Cutting speed, V, m/min 100 200 | 200 300 300
Feed rate, F mm/min 500 500 | 1000 500 | 1500
Feed per tooth, F,  mm/tooth 0.063 | 0.031 | 0.063| 0.021 | 0.063
Cutting Length, L mm 1920
Radial depth of cut mm Tool offset 10mm
Tool diameter mm 8
Number of flute 2
Cutting direction Up milling
0.8 Cutting speed : 300m/min '
.. Cutting speed : m/min
0.7 o Feed rgltep : 500mm/min
. i Cutting speed : 300m/min
== Feed rgtep : 1500mm/min
=" [ _ Cutting speed : 200m/min
E 0.6 LA Feed rl?ltep : 500mm/min
— e Cutting speed : 200m/min
>g 05 T Feed rate : 1000mm/min
Cutting speed : 100m/min
- 04 } O Feed rgtep : 500mmm/min
g .
~ 0.3
c
1
e 0.2
0.1
0.0 [ [ [
0 500 1000 1500 2000
Cutting length, L  [mm]

Fig. 2.2.5 Influence of cutting length on flank wears at various cutting speed
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Workpiece  §\

Flank face

Fig. 2.2.6 Schematic diagram of abrasive wear
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(e) Cutting speed: 300m/min, Feed rate: 1500mm/min

Fig. 2.2.7 Pictures of flank wear
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Cutting speed: 100m/min
Feed per tooth: 0.63mm/tooth

(a) Cuttlng speed 100n1/m1n Feedrate SOOmm/mln

Cutting speed: 200m/min
Feed per tooth: 0.32mm/tooth

Cutting speed: 200m/min
Feed per tooth: 0.63mm/tooth

(c) Cutting speed: 200m/min, Feed rate: 1000mm/min

Cutting speed: 300m/min
Feed per tooth: 0.21mm/tooth

(d) Cutting speed: 300m/min, Feed rate: 500mm/min

Cutting speed: 300m/min
Feed per tooth: 0.63mm/tooth

(e) Cutting speed: 300m/in, Feed rte: 1500mm/min

Fig. 2.2.8 Rake wear at various cutting conditions
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[um]

| 150

| 125

(b) Cutting speed: 300m/min, Feed rate 1500mm/min

Fig. 2.2.9 Picture of Machines surface and height map of identical area
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S O i A e
©O o o o o o

Surface roughness, Ra [um]

o
o

o
o

5.0

w &
o o

Surface roughness, Ra [um]

© =D
o o o

1 1 1 1 1 1
Cutting speed : 300m/min
Feed rate : 500mm/min
Cutting speed : 200m/min

Feed rate : 500mm/min
Cutting speed : 100m/min
Feed rate : 500mmm/min

T

Cutting length, L [mm]

(a) Feed rate constant

0 500 1000 1500 2000

L 1 L

‘ Cutting speed : 300m/min
Feed rate : 1500mm/min

. Cutting speed : 200m/min
Feed rate : 1000mm/min

- O Cutting speed : 100m/min O\/
Feed rate : 500mmm/min
1 ] 1 ] 1

0 500 1000 1500
Cutting length, L [mm]

(b)Feed per tooth constant

Fig. 2.2.10 Surface roughness of feed direction

_28_

2000



&
Tz

$28 HEEATEER-MIAEGMNICS5ZSS

20.0

15.0

10.0

5.0

Surface roughness, Ra [um]

0.0

= = )
I = T R =
o o o o

Surface roughness, Ra [u m]

o
o

Cuttlng speed : 300m/min

| /%m

_ .

Feed rate : 500mm/min
B e Cutting speed : 200m/min
Feed rate : 500mm/min
i O Cutting speed : 100m/min
Feed rate : 500mmm/min
L [ | [ | L [ | L
0 500 1000 1500 2000
Cutting length, L [mm]
(a) Feed rate constant
T T T 1 1 1 1
+ Cutting speed : 300m/min
B Feed rate : 1500mm/min -
. Cutting speed : 200m/min
=~ Feed rate : 1000mm/min -
O Cutting speed : 100m/min O e
- Feed rate : 500mmm/min -

0 500 1000 1500

Cutting length, L [mm]

(b)Feed per tooth constant

Fig. 2.2.11 Surface roughness of laminating direction
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(a) Cutting speed: 100m/min (a) Cutting speed: 100m/min
Feed rate: 500mm/min Feed rate: 500mm/min

(b) Cutting speed: 200m/min (b) Cutting speed: 200m/min
Feed rate: 1000mm/min Feed rate: 1000mm/min

() Cutting speed: 300m/min () Cutting speed: 300m/min
Feed rate: 1500mm/min Feed rate: 1500mm/min

Fig. 2.2.12 Machined surface picture at 1st pass Fig. 2.2.13 Machined surface picture at 2nd pass
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WD20mm SS50-—pe v«

e o e TSt ST I N

eyt
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,p*.mr.}uﬁ;mv AP i it e,

WD 20mm"

-

L 8S50*™

(b) Cutting speed: 300m/min, Feed rate: 1500mm/min

Fig. 2.2.15 SEM images of machined surface
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s

& : ¥
*WD2I G SSE0, .

SE1 710KV

Fig. 2.2.16 SEM images of machined surface Fig. 2.2.17 SEM images of machined surface
at cutting speed 100m/min at cutting speed 300m/min
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Fig. 2.2.18 Cross section of carbon fiber shows the broken by uniaxial tension test
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WD20mm sss"}g'=

g i T

WD.ZOmm SSSOs
R k - Sl

(b) Cutting speed: 300m/min, Feed rate: 1500mm/min

Fig. 2.2.19 SEM images of machined surface
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(d) 45°
Fig. 2.2.20 SEM images of machined surface at Fig. 2.2.21 SEM images of machined surface at
cutting speed 100m/min used by worn tool cutting speed 300m/min used by worn tool
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Fig. 2.3.1 Machining center VM-40 II

Fig. 2.3.2 New endmill
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Fig. 2.3.3 Worn endmill

Fig. 2.3.4 Test Piece and Machining set up
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Fig. 2.3.5 Surface roughness tester

Epoxy resin plate

/ 750mm

250mm

50mm

/

<>

4mm

/ AOmm

Roughness test point

Fig. 2.3.6 Schematic diagram of surface roughness measuring
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Table 2.3.1 Cutting condition

Cutting tool Unused endmill and Worn endmill
Tool diameter mm 8

Nuber of cutting tooth 2

Helix angle ° 30

Spindle speed min™ 8,000

Feed rate mm/min 500

Cutting speed m/min 201

Feed per tooth mm/tooth 0.031

Cutting fluid Dry
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(a) Before cutting epoxy resin

Fig. 2.3.7 Flank wear of new endmill
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(a) Before cutting epoxy resin

(b) Cutting length 3,000mm

Fig. 2.3.8 Flank wear of worn endmill
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Fig. 2.3.9 Cutting surface by new endmill

Fig. 2.3.10 Cutting surface by worn endmill
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Surface raughness Ra [um]

/\/\\/KK‘\/./P‘

- -+ \Worn endmill
= New endmill

'—'\l‘l—l—l" .\I‘I——I——.‘I—H‘.\I/.

0 500 1,000 1,500 2,000 2,500 3,000
Cutting length [mm]

Fig. 2.3.11 Relationship between cutting length and surface roughness
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Metal A

Temp.T Temp. T+ AT

Metal B

Fig. 3.2.1 Schematick diagram of thermocople

R: Resistor Metal A

Ta: Room Temp.

________

Metal B Tb: Hot Temp.

Fig. 3.2.2 Temperature measurement circuit by thermocouple
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Rotational direction

(b) Picture
Fig. 3.2.3 Tool-Workpiece thermocouple method
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Fig. 3.2.4 Cemented Carbide bar (Al)

. . p—— Srrgigs oo
IS VETTIIT 2T o>

i

Fig. 3.2.5 Electro-conductive grease

Fig. 3.2.6 Acrylic resin paint

Fig. 3.2.7 Painted uncoated cemented carbide solid endmill
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Table 3.1.1 Tool geometry

Tool material Cemented carbide (Al)
Coated material Ti-AlN coated

Tool diameter 8.0mm

Helix angle 30°

Flutes number 2

Cemented Carbide bar
¢ 1l4

K type thermocouple
Alumel ¢ 0.7
Chromelg 0.7

Fig. 3.2.8 Set up of calibration
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Fig. 3.2.9 Transition of temperature of K type thermocouple and
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thermal electromotive force between CFRP and cemented carbide
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Acrylic component |

Conduction grease

Fig. 3.2.11 Acrylic component prevent from scattering CFRP powder

Table 3.2.2 Machining conditions

Cutting tool Uncoated cemented carbide endmill

Spindle speed min- 1600 [1000] 2000{4000 {6000 {8000 {10000{12000
Cutting speed, V. m/min |15 [ 25 | 50 |100 [ 150 [ 200 [ 250 [ 300

Feed rate, F mm/min | 75 | 125 | 250 |500 | 750 |1000( 1250 | 1500
Cutting length mm 120 40 100

Feed per tooth mm/tooth 0.063

Radial depth of cut mm 7

Tool diameter mm 8

Number of flute 2

Cutting direction Down milling

Coolant Dry
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A

Fig. 3.2.12 But condition which it was generated unstable thermal electromotive force

Table 3.2.3 Data logger conditions

Data logger NR-600
Channel socket NR-ST04
Resolution 16bit
Sampling cycle [ms] 0.1
Sampling speed [Hz] 10,000
Low pass filter [Hz] 5,000
In put range +50mV
Room temperature 25
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Junction used by screw bolt

(a) Workpiece

’ ! Standard temperature junction
& =

(c) Side view

Fig. 3.2.13 Experimental set up
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Fig. 3.2.15 Relationship between transition and milling cycle time
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Fig. 3.2.16 Transition of cutting temperature at various cutting speed
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Fig. 3.2.17 Relationship between cutting speed and cutting temperature
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Fig. 3.3.1 Black paint spray

Fig. 3.3.2 Picture of painted endmill partly

Fig. 3.3.3 Thermal image of painted endmill partly
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Table 3.3.1 Machining conditions

Cutting tool Uncoated cemented carbide endmill
Spindle speed min-1 | 1000|2000 (6000 | 8000 | 10000 | 12000
Cutting speed, V. m/min 25 | 50 | 150 [200 | 250 300
Feed rate, F mm/min 1251 250 { 750 |1000| 1250 | 1500
Feed per tooth, F, mm/tooth 0.063

Cutting length mm 120

Radial depth of cut mm 7

Tool diameter mm 8

Number of flute 2

Cutting direction Down milling

Coolant Dry

Fig. 3.3.4 Infrared thermograph camera SC620
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Blade pass [z 5
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< i | 131.4°
Feed | n . TR

" Angle of view

~ Measurement object angle

Infrared thermograph camera

Fig. 3.3.5 Relationship between cutting direction and scattered chips

Rotational direction

Infrared rays

Infrared thermograph camera PC

Fig. 3.3.6 Schematic diagram of experimental set up
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Table 3.3.2 Set parameter of infrared thermograph camera

Camera model SC 620 (FLIR systems)
Frame rate Hz 3.75

Distance from object m 0.5

Room temperature C 20

Thermal emissivity 0.30

Measuring area

Dust-collector pipe

Fig. 3.3.7 Thermal image
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o

(a) Cutting speed 25m/min

(b) Cutting speed 50m/min

Fig. 3.3.8 Thermal image at cutting length 110mm

(c) Cutting speed 150m/min
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(d) Cutting speed 200m/min

=

(e) Cutting speed 250m/min

L

(f) Cutting speed 300m/min

Fig. 3.3.8 Thermal image at cutting length 110mm
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Fig. 3.3.9 Transition of measured temperature measured by infrared thermograph camera
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Fig. 3.3.10 Relationship between maximum temperature and cutting speed
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Diameter 0.32mm

Fig. 3.4.1 K type thermocouple

Fig. 3.4.2 Thermocouple welding equipment
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Fig. 3.4.3 The plan of test piece
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Fig. 3.4.4 Burring process of K type thermocouple

Fig. 3.4.5 Completed test piece which was buried K type thermocouple
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Table 3.4.1 machining conditions

Cutting tool Uncoated cemented carbide endmill
Spindle speed minl | 10004000 | 6000 (8000{10000| 12000
Cutting speed m/min | 25 | 100 [ 150 | 200| 250 | 300
Feed rate mm/min | 63 | 250 | 375]| 500 625] 750
Cutting length mm 70

Feed per tooth mm/tooth 0.031

Radial depth of cut mm 7

Axial depth of cut  mm 6

Tool diameter mm 8

Number of flute 2

Coolant Dry

f‘.

3

B

o0

Fig. 3.4.6 Thermal deformation of CFRP after cured prepregs
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Fig. 3.4.7 Experimental set up
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Table 3.4.2 Data logger conditions

Data logger NR-600
Channel socket NR-ST04
Resolution 16bit
Sampling cycle [ms] 0.1
Sampling speed [HZz] 10,000
Low pass filter [Hz] 5,000
In put range +50mV
Room temperature 25
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Fig. 3.4.9 Transition of thermal electromotive force
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Fig. 3.4.10 Positional relation between blade and K type thermocouple
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Fig. 3.4.11 Relationship between Distance from cutting point and cutting layer temperature at
various cutting speed
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Fig. 3.4.12 Relationship between Distance from cutting point and average cutting layer
temperature at various cutting speed
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Fig. 3.4.13 Difference of cutting layer temperature with regards to different feed rate
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Table 3.5.1 machining conditions

Cutting tool Uncoated cemented carbide endmill
Spindle speed min-1 12,000
Cutting speed ~ m/min 300
Feed rate mm/min 1,500
Cutting length mm 300
Feed par tooth  mm/tooth 0.063
Radial depth of cut mm Full cut
Axial depth of cut mm 6
Tool diameter mm 8
Number of flute 2
Coolant Dry
Work-piece thickness mm 7

Rotational direction

Alumel wire(-) Chromel wire(+)

Fig.3.5.1 Machining set up
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K type thermocouple

Measuring point

&""

’ ‘ ': ' \o r
o Measuring point

Fig.3.5.3 Measuring point
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Measuring point

Fig.3.5.4 Tool pass

Table 3.5.2 Data logger conditions

Data logger GR-3000
Resolution 16bit
Sampling cycle [ms] 100
Sampling speed [Hz] 10
Low pass filter [Hz] auto

In put range auto
Room temperature 25
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Fig. 3.5.5 Transition of cutting temperature at 0.7mm away from machined surface
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Fig. 3.5.6 Transition of cutting temperature according to distance from machined surface
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Heat resisting paint

Fig. 3.6.1 Proofreading of temperature

Table 3.6.1 Machining conditions

Cutting tool Unused endmill and Worn endmill
Tool diameter mm 8

Nuber of cutting tooth 2

Helix angle ° 30

Spindle speed min 8,000

Feed rate mm/min 500

Cutting speed m/min 201

Feed per tooth mm/tooth 0.031

Cutting fluid Dry
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Fig. 3.6.2 Position of maximum temperature
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Fig. 3.6.3 Relationship between cutting length and maximum temperature
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Fig. 3.7.1 CVD diamond coated cemented carbide endmill

Table 3.7.1 Tool geometry

Cutting tool Cemented carbide endmill

Coated material Chemical vapor deposition diamond coated
Tool diameter 8.0mm

Overall length 80mm

Length of lead 30mm

Number of flutes 10

Helix angle Cross nick type 25°

Table 3.7.2 Machining conditions

Cutting tool End mills for CFRP machining
Conditions 1 2 3
Spindle speed min-t 12,000
Cuttingspeed  m/min 300

Feed rate mm/min 940 1,875 3,750
Cutting length mm 170

Feed par tooth mm/tooth 0.008 0.016 0.031
Radial depth of cut mm 7

Axial depth of cut mm 7

Tool diameter mm 8

Number of flute 10

Coolant Dry

Work-piece thickness mm 7
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Fig. 3.7.2 Thermal image at cutting length 110mm

- 105 -

600.0°C

600

550

500

450

400

350

300

250

200

150

100

50

=



LIHIRE SENHIRE DB R 1%

W
w
i

300
08 250
(D]
§ 200
[4+4
g r
£ 150 | /4
= r
D
5 100 _
2! —F940mm/min
0) — .
S 50 F1,875mm/min
F3,750mm/min
O 1 1 1 1 1 1
0 2 4 6 8 10 12

Time [s]

Fig. 3.7.3 Transition of measured temperature measured by infrared thermograph camera
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7a’

Pressure air Cutting fluid

(Water)

Water mist equipment

/

Water mist nozzle

Dust collector

Fig. 4.2.1 Experimental set up

Table 4.2.1 Machining conditions

Dust collector nozzle

Cutting tool Ti-AIN coated cemented carbide endmill
Conditions 1 2 3 4 5 6
Spindle speed min-t 4,000 | 12,000 | 4,000 | 12,000 | 4,000 | 12,000
Cuttingspeed  m/min 100 300 100 300 100 300
Feed rate mm/min 500 1,500 500 1,500 500 1,500
Cutting length mm 2,000 2,000 2,000 2,000 500 500
Feed par tooth mm/tooth 0.063
Radial depth of cut mm Full cut
Axial depth of cut  mm 8
Tool diameter mm 8
Number of flute 2
Lubricant Air blow Water mist Dry
Compressed air 40L/min 40L/min

6.5MPa 6.5MPa
Volume of supplied water ml/min 135
Work-piece thickness mm 8
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Flank wear, V, [mm]

0.5
€ Vc=100m/min with air blow -@-\/c=100m/min Dry
< Vc=300m/min with air blow -O-V/¢=300m/min Dry
0.4 F = vc=100m/min with water mist
O Vc=300m/min with water mist
0.3
0.2
0.1
O_O \'_, ] ] ] ]

0 500 1000 1500 2000 2500
Cutting Length, L [mm]

Fig. 4.2.2 Relationship between flank wear and cutting length at various supplied lubricants.
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1pass

2pass

3pass

4pass

1pass

2pass

3pass

4pass

Start point (L=50m) Middle point (L=250m) Finish point (L=450m)

(a) Cutting speed 100m/min, Feed rate 500mm/min with air blow

Start point (L=50m) Middle point (L=250m) Finish point (L=450m)

w

(b) Cutting speed 300m/min, Feed rate 1500mm/min with air blow

Fig. 4.2.3 Cutting surface pictures
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1pass

2pass

3pass

4pass

1pass

2pass

3pass

4pass

Start point (L=50m) Middle point (L=250m) Finish point (L=450m)

(c) Cutting speed 100m/min, Feed rate 500mm/min with water mist

P

Start point (L=50m) Middle point (L=250m) Finish point (L=450m)

(d) Cutting speed 300m/min, Feed rate 1500mm/min with water mist

Fig. 4.2.3 Cutting surface pictures

- 116 -




B4E  KIAMERICE T AMIFTHAROELATEER AL SASEE

Start point (L=50m) Middle point (L=250m) Finish point (L=450m)

(e) Cutting speed 100m/min, Feed rate 500mm/min dry condition

Start point (L=50m) Middle point (L=250m) Finish point (L=450m)

(f) Cutting speed 300m/min, Feed rate 1500mm/min dry condition

Fig. 4.2.3 Cutting surface pictures
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o1
o

=¢—\/c=100m/min with air blow =®-\/c=100m/min Dry
=0~ Vc=300m/min with air blow -0~ V/¢=300m/min Dry
== Vc=100m/min with water mist
- Vc=300m/min with water mist

B
o
I

€
=
©
o
830 |
£ \/
=)
320 [ % %
@
E %
=10
w
0.0 1 1 1
0 500 1000 1500 2000
Cutting length, L [mm]
(a) Feed direction
_ 50 .
= € Vc=100m/min with air blow =®-\/c=100m/min Dry
=5 < Vc=300m/min with air blow -0~ V¢=300m/min Dry
';' 4.0 | = ve=100m/min with water mist
(e O Vc=300m/min with water mist
é’ 30 |
=
=20 | e
%
S 1.0
5
(7p]
0.0 1 1 1
0 500 1000 1500 2000

Cutting length, L [mm]

(b) Laminated direction

Fig. 4.2.4 Relationship between surface roughness and cutting length at various supplied lubricants.
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(a) Table (b) Tool holder

Fig. 4.2.5 Influence on machine tool
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521 WHVIMEARDOER
TE 3 UIEI OB G 5 BRHE DI AT 2 BT B TRTFIICERTE 5.
AT A A BT ) OUIARE R (5.21) 17T

m:%sinunH—Ft Yy =——coswt
1 A
n:;|cos(tan 12y —I—(——a NV Az2 + Ay? (5.2.1)
n U T EER A FE & 72 0 OfkME ST W AR S -] D : T HA [mm]
w L E[o|#5 M EE [rad/s] a HEHERC R 5 TR [rad]
F 360 3 [mm/min] p HAE > T [mm]

Fig.5.2.5 (ZEIHIEERE 1,000 mm ([281F 25 TH—HbH 70 GIWr3 2 Mo &3 A% (DL,
WAHEDIWT AT L W5 5) CMMERL A OBfR AR, 7235, CFRP WD REMMED 7 4 7
AV R ORI MY v F) X 5um EFRE L. TEEHRMAE T TEAEN

- 122 -



¥58 TEERCMMERRAABLOBERME
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7' =tant 2L
7 (0=<7n’)
77:{77’+7z (7" <0)
p'=—a+n
ﬂ:{ﬂuzn (7 < p")
B (B'<7)

(5.2.2)

B AEAECIET A [rad] o HEMERC A [rad]

Fig.5.2.712 T B BRI 5 fkME UIWr A BE O HER 2 MERC A DI oR 7. RHEAR R & [RIRE,
2RI TREHAA 0T 7251807 F TaARZRICHEH L7z, XV #E 21,000 mm/min T3
PRYNAARER S 83 mmToh 5, T HO NN HME & sl LB 28T o 2 T H[BlEA 4 B 1T
104.48° /1 15180° O#HFHATH 5.

523 =EERAE
1) ERAW
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ML,
2) TH
THIFATEEFEROFERLE AR a—T 2B N = RV (LSM2080) 2 L 7-.
SMBLZFIQ.3.2.718, THD/XFA—4%Table 3.2.112~7.
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NR-2000% /L Co8y i cifii LTz, B iateTF v — T A—2 DA~y /% Table 5.2.3, 5.2.4i2, 4+
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LERETD.
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Fig. 5.2.1 Schematic diagram of experimental set up
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Fig. 5.2.2 Definition of fiber orientation
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(a) Orientation direction: -45 ° (b) Orientation direction: 0

(c) Orientation direction: 45 ° (d) Orientation direction: 90

Fig. 5.2.3 Picture of Workpiece
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Fig. 5.2.4 Workpiece cross section view
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Fig. 5.2.5 Fiber orientation on number of cut fibers
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Fig. 5.2.6 Fiber cutting angle and cutting direction
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Fig. 5.2.7 Relationship between tool rotation angle and fiber cutting angle

Table 5.2.1 Properties of composites

Properties Unit Nominal value

Designation — Cycom 5276-1

Chemical type — Toughene_d

epoxy resin

Resin Cure C 175

temperature

Cure time min 120

Density g/lcm® | 1.31+0.01

0° Tensile

_ Strength 24°C Mpa | 3013.01

Properties

90° Tensile

Strength 24°C Mpa 90.32
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Table 5.2.2 Laminate design for composite packages

Laminate design Properties Unit Nominal
[0/0/0/0] four layers P value

CYCOM5276-1 0° Young's modulus Gpa 157.7

Properties
90° Young's modulus | Gpa 8.54

Fig. 5.2.8 Picture of CCD Digital microscope
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Radial relief edge

Flank face

(a) Names of parts for endmill

Before milling After milling

(b) Rake face

Radial relief edge

Before milling After milling

(c) Flank face

Fig. 5.2.9 Picture of tool wear
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10deg = Rake angle

Fig. 5.2.10 Cutting edge and volume of tool wear, Vw

Table 5.2.3 Specification of standard dynamometer

Specifications 9257B
Calibration Calibrated
Measuring range Fx,Fy,Fz kN +5
Sensitivity Fx,Fy pC/N -7.5
Fz pCIN -3.7
Natural Frequency Fnx,Fnz kHz ~2.5
Fnx,Fnz kHz ~3.5
Operating temperature range C 0~70
Length mm 170
Width mm 140
Height mm 60
Mass kg 7.3

- 135 -



$5E TEHEMRLMMERALIOBRN

Table5.2.4 Specification of charge meter

Specifications Type 5015A00X0
Model 19"'rack module
Adjustment with serial interface RS-232C

Measuring range pC +2...£2200000
Frequency range kHz ~()...200

Output signal V 10...2
Accuracy % <+3

Supply 115/230 VAC switch able
Operating temperature rang. 'C 0...50

Mass kg 2.3
Connection BNC neg. Output: BNC neg.
Width mm 105.3

Height mm 142

Depth mm 253.2

Fig. 5.2.12 Picture of Charge meter
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Fig. 5.2.13 Picture of Experimental setup

Table5.2.5 Machining conditions

S 1
Cutting tool Uncoated cemented carbide endmill
Spindle speed mint 4,000
Cutting speed  m/min 100

Feed rate mm/min 500, 1,000
Cutting length mm 1,000
Feed par tooth mm/tooth 0.063, 0.125
Radial depth of cut mm 3

Axial depth of cut  mm 7

Tool diameter mm 8
Number of flute 2
Coolant Dry
Work-piece thickness mm 7
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Fig. 5.2.14 Relationship between cutting length and tool wear
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Fig. 5.2.15 Effect of fiber orientation on number of cut fibers and tool wear
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Fig. 5.2.16 Effect of fiber orientation on cutting force
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Fig. 5.2.16 Effect of fiber orientation on cutting force
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Fig. 5.2.17 Effect of fiber orientation on chip shapes
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Fig. 5.3.1 Comparison of predicted wear rate and experimental results
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