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ABSTRACT

A Study on the Machinability of Plastic Mould Steel
using AITIN Coated Tool

Lee, Seung-Chul
Advisor : Prof. Cho, Gyu-Jae, Ph.D.
Department of Mechanical Engineering

Graduate School of Chosun University

In this research, KP-4, one of the plastic mold steels, was coated
with the AITIN from one layer to four layers by the PVD method in
the ® 8mm cemented carbide ball end mill. Coated KP-4 was
processed with various conditions.

For example, in @ 60 circular material of inner and outer surface and
material's slope of 15°, 30° and 45° the spindle rotation speed was
changed from 10,000rpm to 16,000rpm, the tool feeding speed was
changed from 1,300mm/min to 1,700mm/min, the depth of cut was
also changed from 0.3mm to 0.9mm, and etc. Cutting component force
according to the coating layer number, surface roughness, and the
wear of tool were studied. According to the results, some important

conclusions were found as follows:
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1. When slope angle condition(15°, 30°, 45°) was chosen as 15° the
largest cutting component force by material shape is showed. In
case of the curved surface processing, the cutting component force
in inner surface, smearins appeared in, is higher than outer surface.
the cutting component force according to the processing direction

is higher in the down ward direction because of the over cut.

2. The larger slope angle, the lower surface roughness by material shape
showed and surface roughness of inner surface is higher than outer

surface. The difference of the surface roughness according to the
processing direction is O.1m between up and down ward. The

difference of R, by a number of the AITIN coating layers is 0.08um.

3. According to the coating results, AITIN was coated from one layer to
four layers in cemented carbide ball end mill, 3rd coating layer of
AITIN coating layers has the best mechanical properties. The quantity
of the flank wear according to the shape of the material was the
fastest in case of the material's slope of 15° and then, the wear of
tool was proceeded as a sequence of the material's slope of 30°
and 45°. In the curved surface, rate of wear in inner surface is

more faster than outer surface.

4. The wear by AITIN coating tool layers showed a good result in 1st,
4th, 2nd, 3rd layer order. Especially, the wear condition is stable state
in 3rd coating layer in spite of the processing time for more than

90 minutes.
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Fig. 2.3 Cutting modes of surface machining

_12_



4 W% A2 (Upward Cutting)2 & A=Y R W 7FEA] 30 of PR
oM o ® o]FelHA ThEole o' A Hirbe] dojih F
Eodeey FAdA Bloju g PRk Fol A AHabo]l dojdt
ko] & wEF AN (Downward Cutting)S & 7-9 A4 Fo| A HAle] o] F
AAAl ol A Aate]l dojuk= Aol ofyE H=dR dAAte]l FElshd
7Y R sk Hrk Bgh g MEeR 1ste] A WEF At

& Fig. 248 %€ Awg 4 g9

Tool deflection

Mg

Over cut

Fig. 2.4 Upward cutting and downward cutting

_13_



223. A=

2 =" 7hEA T A whg Fig. 259 o] w|dar HiZo]
YA He=d o] AL(Cusp) == 2 Y (Scallop) ol#sl, dutdow =
W VAl 7 SAA HE olE AEA o A ASH] ety B ATt

AYE a1 YA obA Fae] oFsha ek

7Y AGI Ao wE CuspHe HAE HF¥RW B d=do| oF
H A2bzdo] gk &+ 274 (Tool Path Interval)®] A2 wluls 7F

gttt Aol Byie W), Fig. 250049 o] tEd W ¢jo] Rz
T (Cusp)7F Attt o474 Fo4%l 38 7}53s CuspxolE T3led HEa
g Qe g Agete] TPAERE P e AT 2ol & & Yk?

P=2Vr*—(r—h)?=2v2rh (1)

A7IM P A RIA, r & AH E, h = Cusp®l ¥xolE HERITH

&edey

Fig. 2.5 Flat surface machined by a ball end mill cutter

P

- o=

_14_



A
1

1)

7V&A] Cuspel =o|& Fig. 26 ¥ TFig. 273 o] 7484 A=Y
B 8 ok Y JMEA X S WY 32 Y & weke®
o] A#E Step over, Z & Wdog Z7H(ER)S Step down ©]E}slal o]
Cuspe] Z7]o & & v dbx o=z Qoo 2w 73 A Step over
¢} Step downe FAlel EAskE e FA, T TR wet AT
AHAAE 7RI

So
So
¢Sy
I
R dé r ‘Sd de H
04
H ¢
a \0
(a) Side cutting (b) End cutting

Fig. 2.6 Cusp height on convex surface(External cutting)

So s
9 | H H 0
d@ 4 Sd (4 H
r dé
(a) Side cutting (b) End cutting

Fig. 2.7 Cusp height on concave surface(Internal cutting)

_15_



rooET WA

S, © Step down

S, Step over

H : Cusp height or Scallop height

0 : XY HH3 T 79 F4le] olF & 7

o 4 FFARY F FFFM] olFE 7

o BFPEN 2w Al AR B PAEAY o] P 7

over® &7 4

il
il
v W4 el
w

1) Convex <
9l A 7FE (Convex)S YER AL, o] oAl Cuspe =ole v 2

o] HET 4 Yk

S, dh
Sd = tan (9+ 7) (2)
S S
_ —1 _ o o .- . d o
df = cos™ ' (cosd R+r) 6 or sin '(sinf+ R+r) 9 3

_16_



R (R=r)sind B
a=tan o d)+s,—r| @

o= 9w cusp wole the 4GS 2ol mADL

H=— R+ (R+r)cos % - \/ﬁ—((mmsmd;)? 5)
E8 o= Do 39 Cusp Eoli Thg AEOF 2ol HE T F ek
H=/[(R+1)cos (0+d0) +(8,—r) |2+ [(R+r)sin(6+d8) — /P —(S,— )| — (6)

_17_



Concave G99 A+ a2t 6/2KH 1 28 o], Concave YH A+ a7l 6/2 K
o & o SHdgo] AR FstEE o]& iy, Cusp Fold #g 24 A

& e gol §E% & Ytk

2) Concave %<
o] A 7FE(Concave)E YERY AL, o] oA Cusp? =ol& thad 2

o] HET 4 Yk
S,

o= tan(o+ ) %)

df = cos™ ' (cosf — Rjr)—e or sin '(sinf— Rs_dr)—G (8)

o [l ).
o= Do) u) Cusp ol T A0 2ol ekt

H=R~ (R~ r)eos % - \/#— (R~ r)sin 2 (10)
g9 o< Lol 29 cusp Bl B DI gol = # & ok

2

H=—/(R—r)sin0+ \/2rS, — §2)* + (R—r)cos (0 + d0)) + >+ R (11)

EE

Fig. 282 -&2=2] Convex % 9ol4 Step down 7F&A] o] &2 2 H

2]
e YeERfa Atk A & 0/2 7F aRth 2 o), BE o 7F #Fg o oln C

_18_



o

T Step over Ho] FFAHRT & AU wolrf wEla A oA 4
(5), Bad9d A= 2 (6)2& o835t Cusp ¢ %°| h g2 Al stofop St
Fig. 297 &&=9 Convex %G94 Step over 71&A] o] Z 249 A& Y
2 vehfa gtk A = 6/2 7F aRT & U, BE o 7} ZL wolth A ¢
Aoz A(5), B e = 26)E& o8&t Cusp ¢ %ol h #& ALt

aojob g}

90
C
e Step over > tool diameter
g w
1]
g A
¥ )
3 o< —
-] 2
30 B
8
15 iy
0

Step down (mm)
Fig. 2.8 Domain of application for proposed cusp height equation in step

down cutting convex surface

Inclined angle (deg.)

0 2 4 6 8 10

Step over (mm)
Fig. 2.9 Domain of application for proposed cusp height equation in step

over cutting convex surface

_19_



94

A

o7 FH FF714 7

Hr

B

)

(Interrupt cutting)

ﬂo
il

uogHe BF F7 AR olo] e AT 2 BAGE

hyi%
=

o)

ERCER R

©

E

ol

O

o}

I

<)
gl

1o} whe}a

1 3}

Fig. 2103} #Zo] =

ol

o]

_20_



 Cutting length

Flat Ball

A )
Y } i Y

Helix angel

IDiameter

-

Shank diameter

Ball radius

Tool diameter Rake face

Clearance face  Cutting edge

Fig. 2.10 Shape of the ball end mill

_21_



Fig. 2.113} #Zo] 27}

of i

-
st

dF, dF. 255 a—b—c &

(12)¢} o] 7+&

Fig. 2.11 Cutting forces in V— V. plane

(12)

dF, e« cosy

dF, =

dFy, = dF,

dF, « siny

dF’, =

Al(Work coordinate)¢]

-
st

45 2

Ho

_22_



r—y—z FEAZ WH3H

o ¢ W 3dd 4

%o 7%

Fig. 2128} o] a—b—c FxANA yb)22
Holmz & A(13)e =z W3k 3+ 4 9}

dF, =dF, » cos(—dF,  sin( (13)

aF, = dr,
dF, =dF, « sin(+dF, « cos(

g

X

Fig. 212 z—y—2 and X— Y—Z coordinate systems

Y X—Y—Z7 A #3x%AE Fig. 2129 o)

dte] %2 FAHoE § vF A" AEorg X—Y-Z Wy

s the A (1409 2ok

riol

dFy =dF, « sin3+dF, « cosf (14)

dFy =dF, « cosB+dF, « sinj

dF, = dF,

=

AA A AA & A=l =

7o) i A 87 7

_23_



_24_

& A5 el P

(15)



—

X

Mo
_E
ok

—_
"o

ol

Fob e,

83

3]
=

AL aiE 7}

it

o

]

| el ApgApE o

S

HEE AN

o]

®
Feed direction

t

D

Fig. 213 Effective diameter for ball-end mill

Q118 A7 Py oA vl

o
T

Fig. 2.13

A (16)ef A o} o]

7] =
o D, vmax -

]

= 3
AZE Bre] Gel e B

‘.__HO

A= ey

_25_



D, —2a,,

Dv(max - (T‘Sinﬁfﬂf—}_ VD, — ancosﬁfN) (16)

)
o

C;ll
2

Fig. 2.14% A2hzle] 03, 06, 09mme o AAZH 15°, 30°, 45° 7 Ak
Yo B A=Y A B FED GEGE Lol E ekl Relth 4 Y
FolAE FF P FEAN shgol AW Ha F WG AT E BT
Fgol Qs wm, CAD/CAM Zzaaleld A4 718 4%

& Yol F Qr} Fig. 21565 4 U-9H 7hFolA & d=d F+-318

R
ofr

2

o

ot

=

R

N

FPEANA WA % AEd A Yro) Ame AEen

_26_



Arc length = 2.77mm Arc length = 2.71mm

(a) 15° Inclined plane
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Arc length = 2.72mm Arc length = 2.76mm

(b) 30° Inclined plane
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(¢) 45° Inclined plane

Fig. 2.14 Contact area of tool according to the inclined material
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Fig. 2.24 Ion plating process
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(c) Wurtzite

Fig. 2.25 Structure according to the Al content
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Fig. 2.26 The cantilever used in AFM and needle is image.
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Table 3.1 Machine specifications

Specification Unit Standard
Table Size mn 1,100x600
Max. weight on Table Kg 700
X/Y/Z Axis nm 1,020/600/550
Rapid Traverse(x/y/z) m/min 30/30/30
Spindle Motor Kw 11/75
Spindle Speed pm 12,000(20,000)
Spindle taper hole NT 40
Machine weight Kg 8,500
Floor space(L#W=H) mm 2,702x3,500%3,040
Electric Power KVA 30

Table 3.2 Specifications of experimental apparatus

Apparatus Name Manufacturer Model
M/Center Hwa Cheon Sirius-UL(G)
Multichannel )
Charge Amplifier Kistler 5013b
Tool Dynamometer Plezoelectrl'c Transducer 90571
Kistler
A/D Converter National Instrument DAQ-6024Q
AFM PSIA corp. XE-200
Tool Microscope System NIKON MM-60/L3FA
Auto Vl'CkeI‘S hardness Mitutoyo AAV-502
testing system
SEM-EDX Jeol JSM&40-A
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Photo. 3.1 Experimental setup

Work piece

Tool Dynamometer

Photo. 3.2 Installation of tool dynamometer and material processing

_58_



NT 40
Ball end-mill

Fig. 3.1 Schematic diagram of measuring equipment
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Photo. 3.4 Tool Microscope System
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Photo. 35 AFM equipment
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Photo. 3.6 Auto vickers hardness testing system

Photo. 3.7 SEM-EDX equipment
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Table 3.3 Mechanical properties of KP-4

Workpiece Tensile Yielding Elongation Hardness
] strength strength (%) (HC)
material 1 (egg/m) | (cgy/m) ’ *
KP-4 104 86 23.13 32
Table 3.4 Chemical compositions of KP-4
Workpiece Chemical compositions(%)
material C Si Mn Cr Mo
KP-4 0.41 0.3 1.0 1.1 0.27
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150

Fig. 3.2 Modelling of inclined plane material(15°, 30°, 45°)

Fig. 3.3 Modelling of the circular material (half circle of ®60mm)
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Fig. 3.4 Geometry of ball end mill
Table 3.5 Specification of ball end mill
Specification .
Ball end mill
Tool
Tool diameter ¢ 8mm
Tool radius 4mm
Helix angle 30°
Length of Cut 14mm
Overall Length 90mm
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Table 3.6 Cutting conditions of Inclined material

Feed rate (mm/min)
Spindle - - -
speed Plane | Depth 1,300(mm/min) 1,500(mm/min) 1,700(mm/min)
angle | of cut (a) (b) (c)
N rpm
(mm) Up(u) Down(d) Up(u) Down(d) Up(u) Down(d)
03(I)| 1-au I-a-d I-b-u 1-b-d I-cu I-c-d
10,000rpm | 15°
13,000rpm | 30°
0.6(I1) | O-a—u O-a-d O-b-u o-b-d O-c-u O-c-d
16,000rpm | 45°
0.9(I) | MmW-a—u M-a-d M-b-u mM-bh-d M-c-u M-c-d
Table 3.7 Cutting conditions of @ 60mm circular material
Feed rate (mm/min)
Spindle halfcire Depth 1,300(mm/min) 1,500(mm/min) 1,700(mm/min)
revolution of cut (e) ) (g)
(mm) Up(u) Down(d) Up(u) Down(d) Up(u) Down(d)
03(1) I-a—u I-a-d 1-b-u 1-b-d I-c-u I-c-d
10,000rpm | .
internal
13,000rpm
external | 0.6(II) | I-a—u O-a-d O-b-u o-b-d O-c-u O-c-d
16,000rpm
0.9(I) | Mm-a—u M-a-d M-b-u M-b-d M-c-u M-c-d
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1-20u copy tif

400 pridiv

Statistics
| Mingurm) | Max(um) | Mid(um) | Mean(um) | Rangedum) | RMS(A) | H Sum(um)
048 0.e4 066 063 035 77168 2H7

Line
M Red

(a) First coating layer of AITIN

220U copy i

Statistics
Line | Mintnm) | Maxinm) | Midihm) | Meantnm) | Rangednmy | RMS(A) | H Suminm, |
W Red 81.48 38761 23454 194531 0613 82421 168350

(b) Second coating layer of AITIiN
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3-20u copy tif

Line . Mindum) | Max(ur) | Mid(um) | Meanium) | Rangedum) | RMS(A) | H Sumdum) |
WRed 027 045 035 0.35 047 41550 1.74

(¢) Third coating layer of AITIN

4-20u copytift

Histogram

500 puiiv

Statistics

Mingnm) | Max(nm) | Mid(nm) | Mean(nm) | Range(nm)  RMS(4) | H Sum(nm) |

Line
26.12 204.32  4B0.22 2335.53

N Red -58.60 14572 43.449

(d) Fourth coating layer of AITiN
Photo. 4.1 Results of AFM to AITIN coated layers
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Table 4.1 Surface roughness of AITIN coating layer

Coating layer Surface roughness (gm)
1 0.077
2 0.052
3 0.042
4 0.046

Surface roughness(um)

Fig.

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0.00

41

Coating layer (1) Coating layer (2)

Coating layer (3) Coating layer (4)

AITiN coating layers

Surface roughness of AITIN coating layer measured by AFM
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AFS] Abs WA R AR TVE ol&ste] AITINA® F9o 45X ghe dolhst
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Table 4.2 Hardness values of AITIN coating layer

Coating layer Vickers hardness(Hv)
Carbide Tool 1872.7

AITIN 1 2329.4

AITiIN 2 2814.3

AITiIN 3 3027.3

AlITiN 4 28774
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(a) Carbide tool (b) AITIN Coating layer (1)

(c) AITiIN Coating layer (2) (d) AITIN Coating layer (3)

(e) AITIN Coating layer (4)
Photo. 4.2 Images of AITIN coating layer measured by Auto vickers

hardness testing system
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Fig. 4.2 Hardness Values of AITIN layer
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coating zone

Fig. 4.3 Quantitative values of the composition of AITIN coating layer
using SEM-EDX
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AITiN coated layers

Fig. 44 Composition ratio of Al and Ti of the coating tool
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Coating of layer 1

Coating of layer 2

Coating of layer 3

Coating of layer 4
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Fig. 45 The thickness of AITIN coating layer using SEM
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180 m Up ® Do(d=0.3mm) Inclined plane 15°
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Fig. 5.1 Cutting forces according to depth of cut (Inclined plane 15°)
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Fig. 5.2 Cutting forces according to depth of cut(Inclined plane 30°)

_87_



5.1.3 45°7 A} A

=31 A9 10,000

tzlo] 0.3~09mm 7F&3do A AITIN

>

K-

45° 73 AF A = 2

o
T

Fig. 53

Xé/\

= 1,300mm/min,

Bt
o

DM, & T1-°|

L
o

—_
"o

B
‘Buo
iot

‘Z_O
o

ol

79.50N, 75.98N, 76.45N¢] #k

81.97N, 81.86N2.= 1}E}

= 30°78 A

27F 15°

|
=2

pe

T-=A “chisel”¥-¢} 71718
o 5] 7}&o] EHA

1

ted A A vebstar, o et

)

Az ek wa

—

0

prig

—

Nlo

Ho

bR
™

Juty
;00

—_
"o

gy
B

oy
o

“chisel” & W 90| A 7}&o] o]Rolx| =

0.9mm <]

)
=

o] 0.6mm

1412)

=

—_
"o

)

oot e A%

oA A vhepstct

T4 “chisel” -9} 7 =o0]

(o]

hLN

_88_

ZolA 7}
e}

“chisel”§-¢}+ 7}7F
[

=

Al
SRR

A%} 450 ANAR 7}
A%

30°, 15°

NEFE FPE

Ay
13,000rpme] s}e] &

=

o



4 2o

o) AFgzPANE 2

=
=

“chisel”®] #

4

7

al

S

ol
i

_89_



" m up @ Do(d=0.3mm) Inclined plane 45°

170+ M Up @ Do(d=0.6mm) 1,000rpm, 1,300mm/min
160 - B Up @ Do(d=0.9mm)

150
140
130
120 0.9mm
110

100 |- 0.6mm

Cutting force(N)

90

80 0.3mm

70
60

50 1 1 1
Fx Fy Fz

Cutting component

Fig. 5.3 Cutting forces according to depth of cut(Inclined plane 45°)

_90_



514 ¢ ul - 9| Ame] A4 golo] W AN nF

Fig. 54+ @ 6021 Jl - ¥ AEE AITIN 3522 F=31715 10,000
EQRIA Jbge] olFolAA ¥ 4 FFAE T ZHeA S

Aakzle] 0.3mm&E7e] W W Azl 4 W3 x7eA Fx, Fy, bz
& 747F 869N, 77.36N, 889INelw, s WakojA Fx, Fy, Fzi& 7H7)
89.99N, 86.18N, 924N & vEbsith = ¢
A Fx, Fy, Fz#& 7bzF 7152N, 7144N, 7475N, &F W& =z

Fy, FzE<& 77} 7746N, 767N, 7619NC. 2 WEpstth = oj-¢de] Aaf
e e of 10N B 28 Below, 53] 33 W 7hgoA Fx w83
Fz #8o] ¥/ vehgrh o]e} e ol i Aa7paa @A 3ol 24
uzpEel wlE Aoz H& WEex| Eehe] T do] PTaA
oA vmE A% 7hEe] & Auoj#(Smearing) @02 Q1% AE 9}
T vhEE R Q8 T ee] dgelA] e A g wddh
Aabzlol 0.6mmel W UdA =M E A W x4 Fx, Fy, Fzi2
ZF7F 9764N, 8883N, 108.36Nelw, 3} wWaolx Fx, Fy, Fzie 77
10454N, 112.2N, 11586N o2 vepytch o3 oW a4 ek =4
oA Fx, Fy, Fz¥& 7}7} 760IN, 74.83N, 7767N, & w3 A Fx, Fy, Fz
Ho Zb7; 8752N, 8862N, 90.38Ne.2 vebykth -] dabRy A

=)
2
]
=
2
rir
0%
ot
ot
P
r\l

[
[

= ook ION A A ngon 58 %W ud sbgelA Fz Bee] A U
Bt AAlZolst AolAwuA —Z HEew P& As Bt RAow wud

_91_



Hr

© Zk7} 11151N, 107.64N, 118.33Ne]n,

7k 132.6N, 127.78N, 13057N2. & vlepyto),

iz
N

Hr

ol A Fx, Fy,

105.82N, 99.68N, 94.19N 3} ®F

Fay
< ZF7F 116.2N, 103.56N, 114.19N & =2 vEpyttt.

oA Fx, Fy, Fzi< 2

e

iz
N
[

ol

Hr

o=
4
ol
o)
o
ol
RS

)

o] ZA e}

Ho
—_

"k

=]
£

u] F-of Fx

ols W7 27

AqNAM%= Fx ¢ Fz

"k

g

B

Ho
—_

!
Hr

= o

3

AR A &

ur
=

=
-

aA ol

2

2

]

oA F WiEo
o] 2 (Smearins) & At o]

=
=

i A

Hr

hgel s 2w

=N
N

A v e

e
Hr

ol
R

o]

ZEl

2L

o] 9}

o] =7 “Eyth

Aze] 74bEA] Aab ol

gy
B

_92_



Cutting force(N)

Cutting force(N)

180

170

160

150
140
130
120
110
100
90
80
70
60
50

180

170

160

150
140
130
120
110
100
90
80
70
60
50

H Up @ Do(d=0.3mm)
B Up @ Do(d=0.6mm)

B Up @ Do(d=0.9mm)

Internal cutting
1,000rpm, 1,300mm/min

Cutting component

(b) External cutting

L o
o ® 0.9mm
L . »
B °® ' B 0.6mm
B |
B . ' ' 0.3mm
B |
1 1 1
Fx Fy Fz
Cutting component
(a) Internal cutting
B Up @ Do(d=0.3mm) External cutting
-} B Up @ Do(d=0.6mm) 1,000rpm, 1,300mm/min
B Up @ Do(d=0.9mm)
- [ ® 09mm
- ]
L o -
= 0.6mm
L ° ° )
i l ' § 03mm
1 1 1
Fx Fy Fz

Fig. 5.4 Cutting forces according to depth of cut
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Fig. 5.8 Results of surface roughness according to depth of cut
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Fig. 5.9 Results of surface roughness according to AITIN coating layer
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Photo. 5.2 Auxiliary instruments for the measurement of tool wear

Table 5.1 Experimental conditions of wear test

Spindle Depth of Feed rate Pick
Plane speed ) feed
cut (mm) | (mm/min)
N rpm (mm)
15° 13,000rpm 1,300mm/min
30° 13,000rpm 1,500mm/min
45° 10,000rpm 0.3mm 1,500mm/min | 0.3mm
@ 60mm .
(internal) 10,000rpm 1,300mm/min
@ 60mm .
(external) 13,000rpm 1,300mm/min

- 113 -




T

R

WA Vy

3

=

spolm 79

S

3%

[e]

AITiIN-F -9

=

AITIN

T

R

Fig. 5119 (a)
AH15°, 30°, 45°)A) 7o 2ol Table 513 o]

541 Awngdd %
Helom, 15°H AR

7F

o

skod 80

o] A YERTE
}a whEERe] =LA

S

7}-& oA Table 5.13%

o Aol

A#E BPgow 1008 o)A 7}
o % B

=
=

A o] F-014

s

B olFol A7 wWIel AR 7}

53
W23

2

Ok

HE Hrh

]

<
il et A
Zo

©

[e]

=

ol

oA 7%

=

@ 60mm
o A H el wl

arL
[

T

R

452714 A
o frz 4 ¥E 7

W] 7}

==
=)

3k

4

Xl
R4
T
R

Fig. 5. 119} (b)

%
2}

o] ¥
100 714

=
|

o]

114 -



115 -



0.5
o
—®— inclination of 15
o
04 —®— inclination of 30
: [
—&— inclination of 45
E o3l /
E
S
P
H
x 02
c
8
™
0.1 |
0.0 1 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100 110 12(
Cutting time(min)
(a) inclined material
0.5
—®— internal cutting
—®— external cutting
04
E o3l
E
S
P
H
x 02
c
8
™
0.1 |
0.0 1 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100 110 12(

Cutting time(min)

(b) circular material

Fig. 511 Results of wear test according to material conditions

- 116 -



Fig. 512+ @ 60mm =9 U-¢Jd-2 Table 5,13 2 7oz A wrdk
(Up ward) AA7FgolA &2 T4HF(Chisel), A &7 vlE&EFs vE
W Zlel

Fig. 5119 A (f-¢H)e] FAAavt# 3} Fig. 5129 2754

)
e Hlashd, 6088 T JHEAIRE A AR E2 S U

rir
5
]
o
g
g
o,
my,
&
il
f
38
M
of
4
ol
jebad
4

A Vi 0.16mm, 9 7FE ol A

A= Uyl Vy 013mm 9 Vp 0.07mme 2 T2 FAY Hiu T

rie
4k
2%)
lo

EWAvtEE MEA JAPHs Ae G 5 UTh ol £ o
ThEE -ZFS] o]FW7E V] wEe] FAFEY ERa Fi e
o debdch

®eS ®™ Photo. 5.6, Photo. 5.7% #zo] w7}z 2
H7HE R A Tl whel wpE o] FkelE AlE #dE 5 gtk o9
A e WirbEeA mImE AR sbEe] AyEE Anoly

(Smearins) @4o] WAH ol vhALel FAY Lt T R AYLx

o
-0,
H
A
v 2

- 17 -



Chisel edge wear(mm)

0.5

—®— intermal cutting
- ®---- extemal cutting
04
0.3
)
02| o
0.1 |
0.0 1 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80 90 100 110
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Fig. 513 Results of wear test according to AITIN coated layers
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(d) Cutting time (90min)
Photo. 5.3 Wear progression of AITIN coated carbide tool

(Inclined plane 15°, Upward cutting, AltiN layer 3 )
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(a) Cutting time (30min)

(b) Cutting time (50min)

(d) Cutting time (90min)
Photo. 5.4 Wear progression of AITIN coated carbide tool

(Inclined plane 30°, Upward cutting, AltiN layer 3 )
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(a) Cutting time (30min)

(b) Cutting time (50min)

(¢) Cutting time (70min)

(d) Cutting time (90min)
Photo. 5.5 Wear progression of AITIN coated carbide tool

(Inclined plane 45°, Upward cutting, AltiN layer 3 )
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(a) Cutting time (30min)

(d) Cutting time (90min)
Photo. 5.6 Wear progression of AITIN coated carbide tool

( Internal cutting, Upward cutting, AltiN layer 3 )
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(b) Cutting time (50min)

(d) Cutting time (90min)
Photo. 5.7 Wear progression of AITIN coated carbide tool

( External cutting, Upward cutting, AltiN layer 3 )
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2| Cutters and Holders ==
Cutter Name ] M ] Ij Cutter Type J Shank | Taper j Holder | Diameter | Corner Radius I Angle / Tip Angle J Cut Length | Clear Length I

e 1 | Eal T0.000. 5000000 0.000000 15000000 30.000000
Brsrs 2 [ 25000, 5000000 0.000000 15.000000 30000000
Dea 3 I Ral 8000000 4 000000 000000 15000000 30 000000

o il : f
R Ta [ @ X T B Load culters from:  Cutter Library =
Cutter Properties

Cutter Name: Camment:

B8 [Ho comment I~ Holder %;

Cutter | Mashine Parametets | Motion Parameters | % Holder Geometry | i e
Technology: [ hiling - Tie [Bal ~| [ Shank [ Taper
Dismeter 3000000 Cutting Lenots [i5000n0n Magsains o [3 Clear
Cormer Rad Clear Lanith Eenoly
omer Radius: [ 00000 fear Leng
[+000000 [30.000000 i
Length

Diarneter

7| %

Design of process conditions using SurfCam
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(b) Coating layer 1
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2 5.0kV 15.3mm x

(d) Coating layer 3
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(e) Coating layer 4

The Tool surface of AITIN coating layer using SEM
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3. AEYSE ANEE 2 ¥xdARY] 254
Cutting forces according to AITIN coating layer
(Inclined plane 15°, d=0.3mm, Upward cutting)
. Fx [N] | Fy [N] | Fz [N]
AITIN
. 10,000rpm
Coating ) ) )
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 94.04 | 108.26 | 109.78 | 97.45 109 10963 | 10235 | 114.16 | 117.21
2 90.29 95.93 100.86 | 93.16 99.09 | 10282 | 95.75 | 106.94 | 111.25
3 89.87 91.48 92.39 90.22 93.68 96.38 93.51 98.39 | 100.24
4 101.85 | 106.39 | 108.22 | 103.31 | 10564 | 113.11 | 103.87 | 104.33 | 116.16
13,000rpm
1 93.11 95.6 108.51 93.16 98.28 | 104.74 | 91.43 103.26 | 104.48
2 89.48 95.17 99.51 94 .58 99 10198 | 89.94 94.9 95.98
3 85.96 88.38 90.21 84.16 86.21 87.87 86.51 93.31 96.34
4 101 10365 | 1055 | 100.17 | 101.16 | 104.28 | 90.84 94.84 97.89
16,000rpm
1 112.38 | 123.09 | 132.42 96.78 106.07 | 11498 | 129.05 | 140.21 | 148.11
2 110.13 | 11054 | 11585 | 95.24 1066 | 110.64 | 108.63 | 114.33 1295
3 106.85 | 109.29 | 111.65 | 95.06 | 101.55 | 106.41 98.16 | 103.52 | 110.16
4 110.16 | 112.17 | 11496 | 102.77 | 13561 | 14367 | 110.71 | 12036 | 121.69
(Inclined plane 15°, d=0.3mm, Downward cutting)
Fx [N] Fy [NI] Fz [N]
AITIN
. 10,000rpm
Coating - - -
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 112.79 113.8 117.88 | 110.16 114.9 118.88 | 120.25 | 125.25 120.1
2 104.02 | 110.83 | 113.57 99.7 103.76 | 10702 | 111.48 | 11848 | 12252
3 10057 | 102.81 | 10299 | 97.26 98.6 99.18 | 10492 | 111.32 | 109.96
4 108.72 | 11359 | 115.17 | 107.97 | 110.86 | 11268 | 118.23 | 120.23 129.6
13,000rpm
1 103.16 | 115.71 | 118.74 | 95.82 | 106.74 | 10856 | 110.86 | 11651 | 121.65
2 103.73 | 10557 | 106.21 95.83 103.32 | 10363 | 100.52 | 105.63 | 107.99
3 96.52 | 104.75 | 10545 | 95.42 97.18 | 10059 | 99.04 | 104.23 | 11256
4 11498 | 110.72 | 12361 | 105.22 | 109.66 | 11554 | 101.7 | 118.72 | 109.93
16,000rpm
1 12226 | 12231 | 13239 | 118.32 | 122.11 | 12345 | 127.23 | 156.52 | 156.35
2 111.17 | 115.08 | 117.19 | 107.28 | 112.76 | 12387 | 136.99 | 136.61 | 140.36
3 108.26 | 116.05 | 117.08 | 102.36 | 105.81 | 120.33 1143 117.03 | 133.12
4 121.64 | 12249 | 134.08 | 119.45 | 126.63 | 12846 | 12752 | 13547 | 145.33
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Cutting forces according to AITIN coating layer

(Inclined plane 15°, d=0.6mm, Upward cutting)

. Fx [N] Fy IN] | Fz [N
AITIN 10,000rpm
Coating - - ;
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 | 1500 | 1,700 | 1,300 1,500 1,700 1,300 | 1500 | 1,700
1 132.08 | 139.05 | 1454 133.7 | 139.73 | 14707 | 119.64 | 12947 | 136.7
2 12549 | 12653 | 13993 | 123.86 | 124.77 | 13186 | 112.43 | 120.31 123.1
3 114.72 | 11891 119.2 109.84 | 117.17 | 119.24 | 108.23 | 106.46 | 112.16
4 12854 | 1295 13386 | 116.83 | 12224 | 131.21 | 127.46 | 133.82 | 143.27
13,000rpm
1 140.46 | 150.68 | 156.01 | 115.77 | 12431 | 12827 | 115.68 | 119.79 124
2 130.11 | 130.13 | 131.31 | 112.08 | 115.01 | 11707 | 106.83 | 109.84 | 113.36
3 11793 | 122.14 | 123.18 | 10954 | 110.26 | 11344 | 106.74 | 10695 | 109.39
4 134.05 | 141.89 | 15091 | 126.09 | 128.31 | 13049 | 120.81 | 122.04 | 127.56
16,000rpm
1 153.79 | 163.76 | 16552 | 136.52 | 144.29 | 14663 | 140.15 | 149.7 | 151.43
2 144.47 | 155.81 | 16247 | 130.82 | 138.57 | 13949 | 139.01 | 14291 | 145.37
3 13531 | 135.33 | 136.71 130.3 | 131.65 | 134.13 | 118.16 | 129.76 | 131.63
4 157.33 | 157.86 | 158.13 | 132.82 | 133.65 | 136.13 | 125.16 | 136.76 | 138.63
(Inclined plane 15°, d=0.6mm, Downward cutting)
. Fx [N] Fy [N] Fz [N]
AITIN 10,000rpm
Coating . A .
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 | 1500 | 1,700 | 1,300 1,500 1,700 1,300 | 1500 | 1,700
1 1439 | 151.55 | 15928 | 13359 | 136.25 | 13835 | 134.79 | 138.07 | 146.18
2 13451 | 138.61 | 140.39 | 12291 | 123.26 | 12938 | 124.76 | 132.84 | 140.54
3 11948 | 130.07 | 130.42 | 117.21 | 119.52 121.1 119.21 | 120.34 | 121.04
4 136.23 | 138.24 | 14261 124.3 12425 | 12335 | 151.96 | 152.23 1545
13,000rpm
1 14532 | 149.22 | 15924 | 12937 | 130.9 | 13868 | 128.42 | 130.05 | 141.87
2 1453 | 14955 | 151.33 | 115.06 | 131.33 | 13398 | 127.43 | 131.29 | 133.54
3 124.33 | 128.46 1309 111.02 | 11542 | 11799 | 12234 | 122.35 | 122.66
4 134.89 | 141.86 | 14991 | 117.21 | 126.04 | 12908 | 134.18 | 134.34 | 139.47
16,000rpm
1 158.46 | 161.95 | 164.02 | 150.38 | 153.06 | 155.12 | 148.22 | 153.89 | 156.84
2 14654 | 147.81 | 14886 | 141.58 | 14447 | 14451 | 140.25 | 150.38 | 151.58
3 141.76 | 14352 | 14492 | 140.65 | 142.08 | 14231 | 13454 | 136.32 | 137.04
4 14591 | 15731 | 158.71 | 124.48 | 143.58 | 14431 | 134.36 | 14262 | 149.93
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Cutting forces according to AITIN coating layer

(Inclined plane 15°, d=0.9mm, Upward cutting)

. Fx [N] Fy IN] | Fz [N
AITIN 10,000rpm
Coating - - ;
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]

1,300 | 1500 | 1,700 | 1,300 1,500 1,700 1,300 | 1500 | 1,700

1 151.1 1605 | 162.86 | 136.81 | 139.77 | 13762 | 134.43 | 137.18 | 14564

2 144.17 | 15491 | 15394 | 132.89 | 135.12 | 14043 | 131.88 | 136.61 | 137.95

3 139.56 | 140.63 | 137.77 | 130.42 | 135.74 | 14026 | 126.35 | 12758 | 128.68

4 150.47 | 157.46 | 165.17 | 135.42 | 138.53 | 14665 | 129.23 | 130.47 | 139.76
13,000rpm

1 158.04 | 159.15 | 16297 | 14456 | 14785 | 14929 | 139.88 | 14221 | 145.72

2 14439 | 14757 | 153.18 | 132.39 | 13557 | 141.18 | 136.69 | 14794 | 149.23

3 141.43 | 141.67 | 14169 | 12194 | 12291 | 12506 | 136.15 | 137.38 | 144.37

4 13797 | 138.46 | 14935 | 13498 | 139.31 | 146.09 | 139.42 | 139.66 | 144.16
16,000rpm

1 149.76 | 161.37 | 16996 | 149.48 | 150.44 | 15461 | 150.76 | 15452 | 157.34

2 151.03 | 15252 | 154.37 | 148.6 150 14891 | 14654 | 151.53 | 156.03

3 142.14 | 148.07 | 148.88 | 138.11 | 14281 | 14598 | 142.45 | 14291 | 143.77

4 152.75 | 157.61 | 158.13 | 141.43 146.2 1474 | 146.25 | 146.87 | 147.82

(Inclined plane 15°, d=0.9mm, Downward cutting)
. Fx [N] Fy [N] Fz [N]
AITIN 10,000rpm
Coating - - -
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]

1,300 | 1500 | 1,700 | 1,300 1,500 1,700 1,300 | 1500 | 1,700

1 153.88 | 1639 | 164.38 | 148.62 | 14558 | 14439 | 156.62 | 163.55 | 166.74

2 14968 | 1576 | 157.15 | 14152 | 14269 | 139.15 | 153.92 | 158.71 | 160.69

3 14296 | 14425 | 150.06 | 1396 | 141.25 | 144.17 | 14934 | 150.2 | 157.99

4 153.35 | 161.78 | 166.02 | 14253 | 154.25 | 15852 | 154.87 | 165.87 | 166.07
13,000rpm

1 164.45 | 16591 | 167.83 | 153.35 | 155.63 | 15928 | 15561 | 156.06 | 165.14

2 156.49 | 157.31 158.2 | 14449 | 14531 146.2 | 148,55 | 155.34 | 158.75

3 14538 | 1463 | 146.15 | 1265 130.3 1345 | 141.39 | 14686 | 147.59

4 150.05 | 150.22 | 15251 | 138.81 | 141.46 | 14844 | 158.22 | 160.19 | 164.33
16,000rpm

1 16964 | 179.65 | 181.43 | 157.16 | 160.17 | 165.15 | 1648 | 168.21 | 173.22

2 154.23 | 161.21 | 164.67 | 150.96 | 157.06 | 16122 | 1643 | 16767 | 169.75

3 14471 | 152.64 | 15243 | 143.76 | 14654 | 158.15 | 146.18 | 155.13 | 161.41

4 156.94 | 160.67 | 163.87 | 14239 | 149.37 | 16237 | 16656 | 168.78 | 175.33
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Cutting forces according to AITIN coating layer

(Inclined plane 30°, d=0.3mm, Upward cutting)

. Fx [N] Fy NI | Fz [N]
AITIN
. 10,000rpm
Coating ) ) )
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 102.07 | 9383 | 101.11 | 104.21 | 9248 95.59 98.74 86.87 98.14
2 90.88 86.03 87.98 96.35 86.8 88.67 94.46 85.36 86.36
3 87.37 85.76 86.09 85.85 85.85 86.77 87.59 82.26 82.83
4 101.73 | 100.09 | 101.71 | 95.78 91.77 9222 | 10085 | 97.26 97.83
13,000rpm
1 88.23 85.42 99.37 88.59 84.18 91.8 90.84 89 97.91
2 84.85 83.42 90.48 86.61 80.33 89.27 92.55 88.3 95.86
3 81.65 80.43 82.37 82.94 78.82 84.78 86.37 84.58 88.73
4 84.68 85.14 84.24 87.85 80.73 94.08 86.96 85.31 90.55
16,000rpm
1 105.01 111 121.32 | 89.45 | 10652 | 10995 | 100.36 | 11259 | 114.18
2 929 103.87 | 106.68 | 93.74 95.59 99.55 96.18 97.43 | 104.04
3 89.38 | 100.29 | 108.31 | 86.83 9191 93.35 87.05 97.11 97.98
4 89.22 | 104.22 | 111.74 | 8594 93.68 96.66 97.97 98.21 99.86
(Inclined plane 30°, d=0.3mm, Downward cutting)
Fx [N] Fy [NI] Fz [N]
AITIN
. 10,000rpm
Coating X X X
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 106.73 | 9496 | 10449 | 108.24 | 9528 | 10396 | 11925 | 105.37 | 119.39
2 97.39 90.55 93.72 | 100.97 | 9217 | 100.14 | 11478 | 104.16 | 107.06
3 9221 88.37 89.98 92.23 90.12 91.64 94.94 90.58 98.08
4 105.48 | 101.15 | 10398 | 107.1 91.89 97.08 | 109.21 | 105,58 | 110.03
13,000rpm
1 999 97.15 | 101.84 | 94.32 9247 97.01 | 105.66 | 104.19 | 111.17
2 9427 90.06 95.46 93.99 92.16 96.76 98.12 97.37 98.38
3 92.6 85.72 9451 91.68 8594 89.11 95.83 94.66 97.48
4 92.6 87.28 | 104.03 | 8845 87.17 102.4 93.34 91.37 96.98
16,000rpm
1 114.39 | 123.14 | 122.15 103 11294 | 11391 | 121.22 | 123.96 | 129.69
2 107.74 | 10731 | 11062 | 9593 | 100.25 | 10191 | 105.29 | 111.23 | 1183
3 100.48 | 103.04 | 108.34 93.3 9431 94.69 9994 | 10773 | 110.47
4 9228 | 10095 | 109.03 | 98.07 98.67 | 112.18 | 107.47 | 113.12 | 123.52
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Cutting forces according to AITIN coating layer

(Inclined plane 30°, d=0.6mm, Upward cutting)

. Fx [N] Fy IN] | Fz [N
AITIN
. 10,000rpm
Coating - - -
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 11465 | 109.12 | 118.22 | 118.77 | 115.19 | 119.75 | 108.89 | 105.44 | 124.77
2 11463 | 107.16 | 11594 | 115.68 | 10751 | 11689 | 106.37 | 101.1 116.09
3 99.98 98.23 | 101.51 | 96.62 95.85 9702 | 10291 | 9756 | 105.25
4 109.93 | 105.03 | 10935 | 103.23 | 9722 | 10804 | 1052 | 102.62 | 106.31
13,000rpm
1 12163 | 11152 | 11954 | 121.66 | 106.83 1209 1124 101.22 | 109.07
2 115.65 | 10843 | 11248 | 105.76 | 102.06 | 10553 | 109.39 | 98.07 | 101.89
3 112.17 | 10497 | 1079 99.01 92.19 98.14 | 10693 | 97.64 99.36
4 11554 | 10538 | 108.29 | 109.09 | 101.7 | 10405 | 120.22 | 103.33 | 110.1
16,000rpm
1 11499 | 1184 | 12633 | 127.37 | 130.38 | 13951 | 129.68 | 131.53 | 136.42
2 111.09 | 113.25 | 11798 | 12287 | 126.25 | 13266 | 122.14 | 131.08 | 132.31
3 10757 | 108.02 | 11546 | 106.98 | 11291 | 118.09 | 103.44 | 105.75 | 118.82
4 12443 | 12444 | 12635 | 114.12 | 11729 | 12263 | 110.53 | 115.08 117.1
(Inclined plane 30°, d=0.6mm, Downward cutting)
Fx [N] Fy [N] Fz [N]
AITIN
. 10,000rpm
Coating . A .
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 123.88 | 113.06 | 12495 124.6 11296 | 130.22 | 128.62 | 1162 129.54
2 115.11 | 112.81 | 121.02 | 122.61 | 11068 | 12659 | 11749 | 115.76 1229
3 103.87 | 101.93 | 105.02 | 105.68 | 105.24 | 11935 | 11267 | 109.46 | 116.61
4 11363 | 111.64 | 118.13 | 116.35 | 11935 | 121.75 | 127.49 | 126.21 | 130.74
13,000rpm
1 133.36 | 120.61 | 12211 | 124.72 | 11547 | 121.73 | 132.36 | 127.19 | 128.68
2 119.26 | 112.17 | 114.04 | 113.17 | 108.48 | 10863 | 129.86 | 11796 | 125.99
3 11231 | 105.16 | 11048 | 1002 92.23 993 11951 | 117.12 | 118.46
4 118.24 | 105.35 | 111.15 | 106.5 96.26 | 10052 | 12847 | 123.57 | 125.27
16,000rpm
1 122.17 | 126.66 | 129.18 | 131.09 | 138.29 | 13999 | 137.13 | 14395 | 144.23
2 11656 | 117.66 | 119.19 | 128.82 | 132.73 | 13436 | 124.88 | 13546 | 1415
3 10942 | 111.62 | 11799 | 107.12 | 12092 | 12482 | 122.75 | 125.24 1299
4 121.51 | 131.36 | 138.77 | 117.15 121.1 12529 | 133.04 | 141.54 | 143.32
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Cutting forces according to AITIN coating layer

(Inclined plane 30°, d=0.9mm, Upward cutting)

. Fx [N] Fy IN] | Fz [N
AITIN
. 10,000rpm
Coating - - -
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 139.24 | 14224 | 15732 | 134.16 | 137.69 | 13876 | 13265 | 136.04 | 139.96
2 13233 | 132.74 | 13282 | 127.74 | 12964 | 1329 | 128.15 | 131.03 | 135.27
3 12521 | 125.61 126.8 11953 | 121.32 | 12261 | 12458 | 124.86 | 12694
4 130.21 | 131.64 | 13567 | 12545 | 132.05 | 13424 | 123.19 | 12948 | 134.51
13,000rpm
1 140.13 | 141.28 143.4 14539 | 149.49 | 150.77 | 13942 | 139.66 | 144.19
2 134.97 135 135.04 | 13345 | 13556 | 13647 | 136.37 | 138.28 | 138.64
3 123.89 | 1288 | 129.18 | 124.23 | 12548 | 12945 | 133.11 | 136.73 | 138.92
4 135.61 | 135.65 | 136.79 | 134.64 | 136.34 | 14222 | 130.56 | 134.81 | 135.22
16,000rpm
1 140.8 14193 | 142.14 | 142.18 | 148.67 | 153.23 1414 14233 | 152.13
2 135.18 | 136.18 | 136.86 | 135.14 | 136.84 | 14021 | 136.89 | 137.81 | 147.77
3 131.18 | 133.37 | 141.11 | 128.08 | 134.08 | 13567 | 130.55 | 137.1 142.46
4 139.29 | 140.48 | 153.22 | 136.94 | 13797 | 14555 | 134.23 | 135.67 | 141.85
(Inclined plane 30°, d=0.9mm, Downward cutting)
Fx [N] Fy [N] Fz [N]
AITIN
. 10,000rpm
Coating . A .
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 | 1,300 | 1,500 | 1,700 | 1,300 1,500 1,700
1 135.11 1394 14732 | 136.48 | 14292 | 144.16 | 145.03 | 146.09 | 146.42
2 13228 | 136.22 | 139.18 | 1322 | 134.05 | 13586 | 144.27 | 14556 | 145.82
3 129.47 | 131.3 1339 | 12835 | 13054 | 133.6 | 131.75 133 131.63
4 12562 | 1354 | 136.08 | 130.77 | 141.2 | 14369 | 132.28 | 132.28 | 133.78
13,000rpm
1 15236 | 15444 | 16238 | 15253 | 154.76 | 16163 | 15045 | 150.93 | 151.21
2 140.28 | 14494 | 15043 | 137.18 | 137.19 | 146.26 | 141.97 | 14695 | 150.45
3 133.74 | 136.67 | 13894 | 125.04 | 127.67 | 13136 | 139.57 | 140.2 | 145.77
4 14242 | 14231 | 14332 | 13297 | 141.24 | 14628 | 14937 | 15045 | 151.21
16,000rpm
1 155.24 | 159.88 | 162.1 151.2 | 15523 | 15898 | 157.49 | 166.97 | 164.32
2 144.34 | 144.89 | 15383 | 150.75 | 151.46 | 15627 | 15696 | 159.71 | 168.01
3 139.15 | 146.73 | 14762 | 14356 | 14752 | 149.13 | 142.46 | 14492 | 153.46
4 150.3 | 154.69 | 158.39 | 139.18 | 155.25 | 155.13 | 150.84 | 150.94 | 165.46
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Cutting forces according to AITIN coating layer

(Inclined plane 45°, d=0.3mm, Upward cutting)

. Fx [N] Fy NI | Fz [N]
AITIN
. 10,000rpm
Coating ) ) )
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 92.62 88.89 | 100.35 | 88.81 87.83 90.44 93.22 86.98 96.06
2 84.12 77.81 90.45 78.19 81.13 81.96 845 795 92.66
3 79.55 77.33 82.34 75.98 5.2 7112 7645 75.02 84.38
4 82.34 81.16 90.82 78.14 77163 7943 79.14 79.07 90.31
13,000rpm
1 86.27 80.15 92.18 80.85 8041 81.85 90.03 88.79 96.71
2 81.13 79.61 82.8 71.2 76.26 82.74 873 78.53 87.33
3 80.83 78.42 81.79 75.87 D27 78.64 715 76.14 78.42
4 82.49 81.77 84.22 81.98 81.02 822 82.85 76.74 84.14
16,000rpm
1 85.15 91.27 97.18 88.78 9528 | 101.09 94.1 101.68 | 105.55
2 85.61 87.13 91.21 88.28 89.77 93.35 83.24 91.97 94.74
3 82.96 852 90.85 78.9 81.88 91.43 79.23 87.65 93.69
4 83.77 86.43 92.57 81.08 9243 92.83 81.61 91.51 95.98
(Inclined plane 45°, d=0.3mm, Downward cutting)
Fx [N] Fy [NI] Fz [N]
AITIN
. 10,000rpm
Coating X X X
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 95.62 9295 | 104.15 | 92.76 89.54 96.52 93.21 88.49 98.23
2 9147 | 88.76 | 95.86 85 82.13 | 86.26 | 8557 | 837 | 86.38
3 84.27 71.75 87.15 81.97 80.89 82.68 81.86 80.91 86.42
4 91.45 85.53 101.2 82.35 84.49 84.77 | 101.38 | 100.38 | 101.42
13,000rpm
1 88.23 87.02 92.55 87.72 86.71 91.61 | 101.87 93.2 102.46
2 89.41 889 90.82 88.7 85.03 91.73 90.13 89.81 97.06
3 88.13 83.21 90.45 81.58 7922 87.25 84.36 83.48 93.27
4 90.2 86.58 91.69 82.38 81.26 87.68 87.37 86.12 94.88
16,000rpm
1 92.02 93.23 97.55 97.34 | 10442 | 106.12 | 109.34 | 11959 | 1223
2 89.21 100.27 | 101.46 | 93.55 93.58 9475 9894 | 10168 | 107.54
3 86.72 95.75 96.45 79.08 84.83 94.67 92.61 96.79 | 104.17
4 9473 976 103.22 | 84.79 86.8 90.14 91.91 10798 | 115.21

- 146 -




Cutting forces according to AITIN coating layer

(Inclined plane 45°, d=0.6mm, Upward cutting)

. Fx [N] Fy NI | Fz [N]
AITIN
. 10,000rpm
Coating ) ) )
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 97.74 98.8 100.88 | 101.95 | 101.78 | 10392 | 94.52 95.86 98.54
2 94.55 98.38 | 104.24 | 9048 9492 | 100.72 | 91.65 94.25 96.57
3 88.18 91.24 92.68 89.11 93.32 95 90.63 91.53 93.25
4 92.84 95.42 97.23 90.02 96.59 96.12 93.24 94.53 95.7
13,000rpm
1 94.63 99.73 | 101.29 | 100.58 | 10395 | 10764 | 93.95 97.7 104.86
2 91.32 97.86 | 101.64 | 93.15 96.99 97.48 95.01 95.25 | 101.45
3 89.52 90.16 91.81 90.88 9241 92.67 92.1 95.28 98.33
4 101.72 | 103.63 | 10956 | 99.16 | 102.14 | 10828 984 102.99 | 106.07
16,000rpm
1 1074 | 119.08 | 11954 | 116.76 | 119.95 | 12483 | 108.1 113.79 | 11754
2 101.88 | 103.23 | 10853 | 11233 | 113,52 | 1173 | 105.18 | 105.93 | 108.79
3 95.31 97.51 102.98 97.9 99.13 99.07 9755 | 101.01 | 107.92
4 95.66 99.49 | 102.81 | 101.41 | 10271 | 11336 | 1028 | 103.55 | 106.45
(Inclined plane 45°, d=0.6mm, Downward cutting)
Fx [N] Fy [NI] Fz [N]
AITIN
. 10,000rpm
Coating X X X
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 101.62 | 104.89 | 108.32 | 105.85 | 104.46 | 10883 | 10562 | 107.86 | 113.52
2 99.18 | 10649 | 107.12 | 106.13 | 9789 | 107.13 | 106.27 | 11394 | 1155
3 93.17 94.63 96.23 95.25 95.99 9446 | 101.89 | 10451 | 107.46
4 9959 | 10062 | 103.85 | 98.83 98.39 | 10065 | 110.07 | 11242 | 11585
13,000rpm
1 925 105.78 | 109.88 | 108.28 | 109.02 | 11395 | 11346 | 117.12 | 124.06
2 94 .97 99.18 99.93 94.38 98.83 976 121.35 | 12549 | 126.17
3 92.11 93.36 96.62 93.73 91.28 95.45 1144 | 11455 | 116.24
4 95.11 96.12 97.5 95.95 98.88 | 100.75 | 11962 | 123.26 | 124.62
16,000rpm
1 113.99 | 11853 | 12765 | 125.75 | 127.87 | 13293 | 12965 | 132.93 | 139.23
2 10798 | 110.89 115.7 124.1 12561 | 12545 | 12296 | 12456 | 128.64
3 99.29 99.4 109.24 109 113.72 | 11945 1195 119.82 128.6
4 101.24 | 101.47 | 11198 | 98.82 | 116.16 | 11889 | 130.13 | 133.6 | 132.35
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Cutting forces according to AITIN coating layer

(Inclined plane 45°, d=0.9mm, Upward cutting)

. Fx [N] Fy IN] | Fz [N
AITIN 10,000rpm
Coating - - -
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]

1,300 | 1500 | 1,700 | 1,300 1,500 1,700 1,300 | 1500 | 1,700

1 113.75 | 113.89 | 116.02 | 117.42 | 118.63 | 12746 | 122.07 | 12228 | 135.12

2 109.82 | 111.68 | 112.09 111.6 116.73 | 11943 | 119.09 | 126.42 | 129.31

3 105.79 | 111.08 | 11493 | 108.74 | 116.14 | 11633 | 115.89 | 12289 | 125.77

4 114.29 | 119.9 120.09 | 116.09 | 118.26 | 11889 | 120.71 | 12232 | 123.68
13,000rpm

1 121.15 | 121.76 | 123.12 | 125.34 | 131.22 | 131.24 136 13894 | 139.62

2 120.32 | 12096 | 12262 | 120.64 | 12421 | 12822 | 131.07 | 131.21 | 131.77

3 118.14 | 11958 | 120.18 | 116.61 | 11744 | 12064 | 119.95 | 121.86 | 122.29

4 131.15 | 131.76 | 13238 | 116.99 | 120.14 | 12731 | 12956 | 130.84 | 133.55
16,000rpm

1 135.15 | 136.79 | 139.34 | 13451 | 138,53 | 139.11 | 136.92 | 138.24 | 138.92

2 133.46 | 133.76 | 13499 | 126.84 | 130.88 | 134.15 | 135.12 | 136.63 | 137.8

3 126.38 | 12753 | 12888 | 12259 | 124.03 | 12943 | 12533 | 12635 | 127.55

4 13266 | 132.86 | 13466 | 128.89 | 12898 | 131.73 | 126.92 | 132.66 | 134.18

(Inclined plane 45°, d=0.9mm, Downward cutting)
. Fx [N] Fy [N] Fz [N]
AITIN 10,000rpm
Coating - - -
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]

1,300 | 1500 | 1,700 | 1,300 1,500 1,700 1,300 | 1500 | 1,700

1 119.86 | 121.81 | 124.88 | 123.17 | 128.33 | 12754 130.7 140.33 | 140.73

2 1143 | 11548 | 110.8 | 116.86 | 123.07 | 12591 | 12558 | 133.36 | 140.65

3 111.88 | 11456 | 121.34 | 113.34 | 11754 | 11947 | 121.63 | 12564 | 131.39

4 12245 | 123.15 | 12799 | 117.45 129.2 137.7 | 124.68 | 12565 | 127.93
13,000rpm

1 125.61 | 13238 | 13349 | 13297 | 133.64 | 13628 | 13937 | 1465 | 155.06

2 123.44 | 123.66 | 12394 | 127.82 | 130.11 | 13382 | 131.94 | 14096 | 142.38

3 118.73 | 119.65 | 127.04 | 119.07 | 11998 | 124.13 | 127.63 | 12799 | 128.8

4 13201 | 133.49 | 133.12 | 127.68 | 12848 | 13456 | 13356 | 134.27 | 1355
16,000rpm

1 146.89 | 147.46 | 156.34 | 142.27 | 14273 | 14588 | 144.19 | 155.31 | 160.09

2 133.87 | 14152 | 14256 | 142.13 | 143.88 | 15034 | 138.92 | 141.32 | 141.58

3 12862 | 132.2 137.72 | 13157 | 13947 | 13954 | 136.26 | 141.12 | 143.93

4 135.46 | 135.43 | 137.11 | 12954 | 140.78 | 14164 | 137.15 | 139.76 | 1444

- 148 -




Cutting forces according to AITIN coating layer

(Internal cutting, d=0.3mm, Upward cutting)

Fx [N] Fy NI | Fz [N]
AITiIN
. 10,000rpm
Coating ) ) )
| Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
ayer
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
96.71 98.23 101.06 90.04 91.2 96.54 99.21 101.83 | 105.46
2 88.81 94.12 95.67 79.62 84.89 87.57 93.54 94.96 97.08
87.69 87.66 89.68 77.36 177152 792 88.91 94.16 96.41
13,000rpm
1 106.09 | 103.46 109 99.54 99.37 100 11156 | 109.25 112
2 97.79 93.83 100.91 91.68 89.82 9591 104.13 | 102.36 | 105.81
94.79 93.04 95.18 87.81 87 88.74 101.39 | 98.07 104.99
16,000rpm
1 105.08 | 106.85 110 88.94 100.44 | 10421 | 106.82 | 112.01 1155
2 100.96 | 102.76 | 104.69 94.35 9478 99.55 104.94 109.6 112.33
100.44 | 101.29 | 102.99 91.25 9227 96.06 103.84 105.2 1075
(Internal cutting, d=0.3mm, Downward cutting)
Fx [N] Fy NI | Fz [N]
AITiIN
. 10,000rpm
Coating - A .
| Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
ayer
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
98.58 100.73 | 105.02 94 .98 97 .63 101.78 99.99 104.14 106.9
2 92.46 96.72 97.31 88.88 9342 94.62 98.94 99.69 100.63
89.99 91.02 92.21 86.18 87.06 87.98 924 97 99.44
13,000rpm
1 112.23 | 11156 | 11252 | 109.86 | 109.25 110.3 113.34 | 112.23 1175
2 99.54 99.49 103.76 97.74 91.38 101.63 | 108.98 | 103.99 109.2

100.69 99 103.05 | 93.48 91.43 93.73 | 10731 | 98.75 | 108.02

16,000rpm

105.41 | 109.49 | 113.86 | 99.17 | 10556 | 108.8 | 108.85 | 113.78 | 118.52

102.94 | 106,55 | 107.03 | 98.85 101.7 | 104.09 | 108.35 | 112.89 | 113.68

10537 | 105.44 | 10737 | 98.64 | 100.48 | 10162 | 107.93 | 109.33 | 110.53
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Cutting forces according to AITIN coating layer

(Internal cutting, d=0.6mm, Upward cutting)

. Fx [N] Fy IN] | Fz [N
é)z;i | 10000rm |
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]

1,300 | 1500 | 1,700 | 1,300 | 1500 | 1,700 | 1,300 | 1500 | 1,700

111.83 | 111.88 | 11251 | 110.44 | 112.07 114.2 120.8 120.39 122.1

2 10556 | 106.04 | 107.06 | 102.31 | 10541 | 11235 | 115.17 | 115.26 | 116.82

97.64 98.56 | 103.24 | 88.83 96.26 104.7 | 108.36 110 112.06
13,000rpm

1 120.83 | 121.79 | 122.18 121.1 121.01 124.3 1299 12995 | 131.31

2 11727 | 119.8 120.41 115.2 117.7 117.77 126.9 126.95 | 128.31

107.38 | 112.43 | 113.85 | 109.24 | 109.71 | 11332 | 102.72 | 108.9 | 108.75
16,000rpm

1 11767 | 118.66 | 11946 | 12438 | 126.27 | 12653 | 131.53 | 13295 | 135.54

2 113.76 | 117.18 | 11835 | 112.62 | 11743 | 118.15 | 118.61 | 119.65 | 124.18

11099 | 11235 | 11554 | 108.65 | 113.2 | 11482 | 116.85 | 119.3 | 119.53

(Internal cutting, d=0.6mm, Downward cutting)
. Fx [N] Fy IN] | Fz [N
AITIN 10,000rpm
Coating - - -
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]

1,300 | 1500 | 1,700 | 1,300 | 1500 | 1,700 | 1,300 | 1500 | 1,700

11598 | 116.47 | 117.79 | 12557 | 12383 | 12788 | 1273 | 12569 | 131.93

2 111.16 | 112.12 | 11355 | 118.25 | 116.81 | 11966 | 117.39 | 119.65 | 120.68

10454 | 110.72 | 112.25 112.2 103.38 | 111.26 | 115.86 | 118.17 | 119.48
13,000rpm

1 126.49 | 127.69 | 130.05 | 130.64 | 132.26 | 13489 | 132.92 | 133.14 | 134.68

2 125.15 | 127.32 | 12844 | 12791 | 130.27 | 133.27 | 129.92 | 130.14 | 131.68

115.74 | 120.05 | 12059 | 120.2 | 12544 | 12579 | 109.03 | 110.22 | 117.85

16,000rpm

12516 | 127.75 | 12832 | 12733 | 133.23 | 136.11 | 136.44 | 137.79 | 14252

12065 | 120.23 | 12582 | 12541 | 130.26 | 13164 | 122.7 | 12946 | 131.47

11631 | 11864 | 12133 | 124.28 | 12596 | 12743 | 12135 | 1232 | 12253
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Cutting forces according to AITIN coating layer

(Internal cutting, d=0.9mm, Upward cutting)

. Fx [N] Fy IN] | Fz [N
é)z;i | 10000rm |
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]

1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700

12431 | 127.29 | 130.69 118.6 121.99 | 12464 | 13537 | 138.71 | 145.04

2 119.14 | 12445 | 12938 | 116.94 | 11742 | 11956 | 129.72 | 137.27 | 139.37

11151 | 110.99 | 110.79 | 107.64 | 115.79 | 11643 | 118.33 | 119.84 | 121.83
13,000rpm

1 143.6 146.39 | 155.86 | 124.71 | 128.24 | 13422 | 14289 | 147.89 | 152.17

2 12724 | 133.36 | 13638 | 1238 | 130.84 | 13133 | 132.39 | 134.79 | 135.65

123.27 127 127.86 1199 123.16 | 12467 | 127.86 | 128.15 | 129.14
16,000rpm

1 137.09 | 145.44 | 14765 | 133.73 | 141.37 | 14668 | 139.83 | 150.32 | 150.92

2 135.18 | 135.88 | 141.28 | 130.12 | 130.33 | 139.06 | 135.15 | 140.49 | 141.65

126.02 | 1298 | 133.05 | 12354 | 128.73 | 131.24 | 129.46 | 133.38 | 135.82

(Internal cutting, d=0.9mm, Downward cutting)
. Fx [N] Fy IN] | Fz [N
AITIN 10,000rpm
Coating . A .
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]

1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700

137.16 | 145.1 14736 | 135.32 | 14454 | 14369 | 152.01 | 158.82 | 159.53

2 138.83 | 141.23 | 143.27 | 132.72 | 140.41 1435 | 146.18 | 152.06 | 155.08

1326 | 13241 | 13473 | 127.78 | 131.02 | 131.03 | 130.57 | 132.64 | 148.37
13,000rpm

1 15459 | 159.2 | 163.06 | 157.29 | 162.72 | 16648 | 155.23 | 163.66 | 167.63

2 139 141.99 | 147.11 143.8 | 146.75 | 14784 | 138.36 | 148.89 | 152.58

12745 | 134.37 | 13925 | 128.41 | 135.87 | 13791 | 132.74 | 133.82 | 138.38
16,000rpm

145.09 | 146.82 | 151.74 | 152.31 153.1 15399 | 15257 | 153.43 | 160.2

135.13 | 144.27 | 14444 | 139.14 | 140.81 | 148.16 | 137.84 | 152.71 | 158.16

13152 | 136.73 | 140.81 1349 | 137.68 | 14893 | 136.21 | 145.48 | 14855
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Cutting forces according to AITIN coating layer

(External cutting, d=0.3mm, Upward cutting)

Fx [N] Fy NI | Fz [N]
AITiIN
. 10,000rpm
Coating - - -
| Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
ayer
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
92.03 82.14 86.8 85.75 76.7 83.36 87.16 77.82 80.39
2 81.67 77.69 80.78 78.93 73.62 76.26 81.86 75.17 7954
71.52 68.24 713 71.44 6743 679 7475 65.87 70.55
13,000rpm
1 89.26 79.53 83.94 89.82 7495 81.68 94.76 7781 78.74
2 80.03 7857 79.82 78.63 7693 78.26 86.19 81.12 83.68
76.26 73.6 75.98 75.09 74.05 76.18 79.98 73.2 79.87
16,000rpm
1 98.45 97.46 101.62 86.88 88.27 923 90.31 93.85 98.78
2 87.58 90.08 90.32 83.56 84.78 85.08 87.58 914 92
82.72 88.09 89.78 82.14 8395 85.13 82.44 86.36 90.75
(Internal cutting, d=0.3mm, Downward cutting)
Fx [N] Fy NI | Fz [N]
AITiIN
. 10,000rpm
Coating - - -
| Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
ayer
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
91.8 86.8 88.23 91.71 8421 85.87 91.48 829 84.44
2 85.38 81.4 85.1 85.67 814 83.81 879 77.33 83.13
77.46 70.6 75.09 76.7 70.33 73.66 76.19 67.16 69.68
13,000rpm
1 92.07 83.44 84.95 92.53 8298 84.25 94.26 83.25 83.02
2 83.82 81.68 82.71 84.55 81.38 828 89.06 83.43 87.59

80.32 74.41 79.95 80.37 74.45 80.13 81.1 78.26 81.23

16,000rpm

98.52 | 100.77 | 103.55 | 93.35 94.94 98.56 94.12 94.23 | 105.57

89.3 93.24 93.47 89.51 91.83 93.16 92.45 96.75 95.35

8731 90.65 92.6 86.95 90.07 92.18 83.21 92.85 92.04
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Cutting forces according to AITIN coating layer

(External cutting, d=0.6mm, Upward cutting)

Fx [N] Fy NI | Fz [N]
AITiIN
. 10,000rpm
Coating - - -
| Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
ayer
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
80.71 87.12 92.22 84.84 8781 93.34 85.82 94.95 100.58
2 79.05 83.06 85 78.53 82.13 83.99 83.77 87.21 91.44
76.01 794 86.78 74.83 76.09 82.75 717.67 79.25 87.23
13,000rpm
1 96.11 97.22 100.39 93.11 93.76 96.21 96.91 99.72 107.72
2 88 91.09 93.15 89.09 88.25 90.11 89.09 91.69 95.17
84.26 86.48 89.65 82.23 83.26 85.62 82.16 82.35 85.69
16,000rpm
1 96.54 105.89 | 110.65 97.65 106.57 | 109.33 | 104.02 112.7 121.66
2 95.38 96.95 100.09 90.79 92.78 96.77 99.16 99.85 103.29
90.49 93.13 943 86.87 88.57 89.53 88.24 88.39 90.79
(Internal cutting, d=0.6mm, Downward cutting)
Fx [N] Fy NI | Fz [N]
AITiIN
. 10,000rpm
Coating - - -
| Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
ayer
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
849 92.75 98.82 101.11 | 103.73 | 108.66 | 103.96 | 108.01 | 112.34
2 8791 90.48 91.97 98.12 101.33 | 10343 | 100.59 | 103.06 | 105.52
87.52 88.09 9461 85.62 93.99 96.63 90.38 98.43 102.16
13,000rpm
1 103.73 | 101.11 | 108.66 | 103.96 | 108.01 | 112.34 | 108.96 | 109.85 | 113.38
2 98.12 101.33 | 103.43 | 100.59 | 103.06 | 10552 96.82 99.61 104.17

93.99 95.12 96.63 98.38 9843 | 102.16 | 91.54 91.74 98.62

16,000rpm

10232 | 109.89 | 116.72 | 104.44 | 11333 | 118.2 | 111.25 | 12266 | 126.51

10259 | 104.13 | 105.16 | 10555 | 106.76 | 10945 | 107.26 | 109.48 | 110.17

101.22 | 101.29 | 101.83 | 101.73 | 105.07 | 10526 | 93.06 93.93 95.31
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Cutting forces according to AITIN coating layer

(External cutting, d=0.9mm, Upward cutting)

. Fx [N] Fy IN] | Fz [N
é)z;i | 10000rm |
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]

1,300 | 1500 | 1,700 | 1,300 | 1500 | 1,700 | 1,300 | 1500 | 1,700

11199 | 11538 | 11753 | 105.09 | 10533 | 107.71 | 109.42 | 11256 | 115.09

2 111.32 | 111.97 | 11447 | 9953 | 100.03 | 102.11 | 10757 | 107.71 | 113.16

105.82 | 102.11 | 103.02 | 94.19 96.53 95.92 9968 | 108.04 | 110.25
13,000rpm

1 114.11 | 11712 | 11765 | 10751 | 109.68 | 11626 | 117.69 | 1222 121.47

2 111.13 | 11556 | 12277 | 10751 | 10768 | 11188 | 112.42 | 121.42 | 120.64

106.62 | 108.99 | 110.19 | 98.79 | 100.61 | 103.14 | 111.91 | 1146 | 114.79
16,000rpm

1 123.12 | 130.85 | 131.61 | 112.68 | 11747 | 119.72 | 123.84 | 13092 | 132.13

2 116.23 | 121.23 | 126.03 | 104.02 | 10536 | 11383 | 118.07 | 121.28 | 130.43

109.06 | 112.85 | 114.28 | 102.96 | 104.31 | 106.13 | 116,53 | 120.33 | 123.64

(Internal cutting, d=0.9mm, Downward cutting)
. Fx [N] Fy IN] | Fz [N
AITIN 10,000rpm
Coating - - -
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]

1,300 | 1500 | 1,700 | 1,300 | 1500 | 1,700 | 1,300 | 1500 | 1,700

125.76 | 126.25 | 131.66 | 111.79 | 11542 | 118.24 119.2 128.32 | 131.54

2 119.05 | 125.66 | 125.75 | 104.19 | 10561 | 10367 | 124.83 | 12549 | 126.65

1162 | 11991 | 120.06 | 103.56 | 99.74 98.19 | 114.19 | 11983 | 124.59
13,000rpm

1 126.11 129.3 132.12 | 123.61 | 12695 | 129.75 | 132.38 | 136.62 | 142.67

2 12265 | 12455 | 130.2 | 115.83 | 123.03 | 12336 | 122.12 | 135.82 | 136.53

109.18 | 11249 | 11431 | 102.81 | 104.4 | 108.71 | 122.05 | 123.75 | 125.83

16,000rpm

130.19 | 13155 | 137.12 | 113.95 | 12249 | 13168 | 131.27 | 143.21 | 152.38

11996 | 1233 | 12696 | 10758 | 111.38 | 12248 | 12995 | 13143 | 138.42

119.15 | 1214 | 12432 | 1064 | 108.72 | 11128 | 12729 | 12766 | 1294
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Surface roughness according to AITIN coating layer

(Inclined plane 15°, d=0.3mm, Upward cutting)

AITIN

Surface roughness(im)--d=0.3mm

Coati 10,000rpm 13,000rpm 16,000rpm
;i}:;g Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 0.9178 0.96 1.1045 | 0.807 091 0.9965 | 1.0145 | 1.0352 1.23
2 0.7958 | 0.8925 | 09132 | 0.725 0.845 | 0.9825 | 0.8745 | 1.0036 1.325
3 0.7458 | 0.8632 | 0.8425 | 0.635 | 0.7125 | 0.8245 | 0.9325 | 09536 | 1.2358
4 0.8783 | 1.0861 | 0.9750 | 0.865 | 0.9125 | 1.0650 | 0.9570 | 09957 | 1.3683
Surface roughness(im)--d=0.6mm
1 1.0855 | 1.203 1.2666 | 0.9584 1.102 1.1954 | 1.1954 | 1.3675 1452
2 1.12 1.235 1.325 09154 1.135 1.236 1.1524 | 1.2578 1425
3 09625 | 1.0723 | 1.1436 | 0.8354 | 0.9625 | 1.0724 | 1.0724 | 1.1778 | 1.2445
4 1.1185 | 1.2283 1398 | 0.9914 | 1.1185 | 1.3658 1.368 1.425 1524
Surface roughness(im)--d=0.9mm
1 1.1311 | 1.1886 1.32 1.254 1.3857 | 1.6168 | 1.2885 | 1.4218 1.724
2 1.0985 | 1.162 1.2927 | 1.1463 | 1.2232 | 1.3578 1.31 1.3643 | 1.5627
3 0.9847 | 10326 | 1.1367 | 1.0478 | 1.1247 | 1.2478 | 1.1325 | 1.2658 | 1.4527
4 1.125 1.2306 1.365 1.1828 | 1.3227 | 1.3828 | 1.2675 | 1.4638 | 1.5877
(Inclined plane 15°, d=0.3mm, Downward cutting)
Surface roughness(im)--d=0.3mm
AITiIN
} 10,000rpm 13,000rpm 16,000rpm
Coating X X X
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 0.9965 | 1.098 1.2307 | 1.0172 | 0.9145 | 1.1076 | 1.1252 | 1.1076 1.36
2 0.9856 | 0.8745 | 1.0032 | 0912 0.835 1.1087 | 0.9856 | 1.1078 1.452
3 0.9356 | 0.8245 | 0.9532 | 0.8452 | 0.7425 | 0.9356 | 1.0587 | 1.0578 | 1.3254
4 1.0681 1.025 1.0857 | 09777 | 0.8750 | 1.1912 | 1.1903 1.325 1452
Surface roughness(im)--d=0.6mm
1 1.1786 | 1.365 1.3786 | 1.0855 1.203 1.3008 | 1.3008 | 1.4887 1542
2 1.235 1.3325 1452 1.0425 1.236 1.3658 | 1.2578 | 1.365 1.4457
3 1.0556 | 1.1658 | 1.2556 | 0.9625 | 1.0556 | 1.1778 | 1.1778 | 1.2525 | 1.3657
4 1.1563 | 1.2145 | 1.3254 | 1.2018 | 1.2419 1.475 1.2417 | 1.3535 1575
Surface roughness(im)--d=0.9mm
1 1.2195 | 1.3412 1452 1.3518 | 1.3919 1.625 | 1.3917 | 1.5035 1.725
2 1.23 12837 | 1.3447 | 1.2943 | 1.3344 | 1.4687 | 1.3342 1.446 1.6429
3 1.0635 | 1.1852 | 1.2347 | 1.1958 | 1.2359 | 1.3587 | 1.2357 | 1.3475 | 1.5329
4 1.1985 | 13832 | 1.3697 | 1.3308 | 1.4339 | 1.4937 | 1.3707 | 15455 | 1.6679
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Surface roughness according to AITIN coating layer

(Inclined plane 30°, d=0.3mm, Upward cutting)

AITIN

Surface roughness(im)--d=0.3mm

Coati 10,000rpm 13,000rpm 16,000rpm
;i}:;g Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 0.692 0.535 0.865 0.536 0532 | 0.6785 | 0.748 | 0.7524 | 1.0425
2 0.6257 | 0.53 0.618 052 0.461 0.798 0.562 0.678 1.024
3 0.587 0.48 0.568 047 0411 0.738 0512 0.628 0932
4 0.698 0514 0.635 0635 | 04975 | 0.824 0.652 0.715 1.12
Surface roughness(im)--d=0.6mm
1 0965 | 0.7054 | 0.7944 | 1.0524 | 0.8164 | 0.8974 | 0.825 | 09994 | 1.1234
2 0.7275 | 0.6165 | 0.654 0.957 0.753 0.8085 | 0.8965 | 0.954 1.1254
3 0.725 0.52 0.609 0.867 0.631 0.712 0.712 0.814 0938
4 0835 | 0.6724 | 0.724 1.024 0.724 0.836 0.865 0.935 1.021
Surface roughness(im)--d=0.9mm
1 1.096 1.257 1.3368 | 1.2038 | 1.2807 | 1.4038 1.306 1.485 1.657
2 0.987 1.1254 | 1.2655 1.035 1.2355 | 1.4455 1.165 1.3144 | 1.5455
3 09135 | 1.0397 | 1.1798 1.038 1.1498 | 1.3598 1.149 1.2287 | 1.4598
4 1.0775 | 1.245 1.2998 1.158 1.2698 | 1.4798 1.269 1.456 1.5798
(Inclined plane 30°, d=0.3mm, Downward cutting)
Surface roughness(im)--d=0.3mm
AITiIN
} 10,000rpm 13,000rpm 16,000rpm
Coating X X X
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 0.765 0.685 1.036 0.657 0.615 0.852 | 0.7485 | 0.8654 | 1.1427
2 0.727 0.531 0.7254 | 0.634 0574 0.962 0.634 0.735 1.098
3 0.677 0.56 0.648 055 0.491 0912 0.592 0.708 1.123
4 0.824 0.674 0.845 0685 | 05775 | 09985 | 0.632 0.821 1.2095
Surface roughness(im)--d=0.6mm
1 0.956 0.735 0.8874 1.121 0.8974 1.012 1.214 1.127 1.258
2 1.0321 | 0.7524 | 0.857 | 09635 | 0.8752 | 09175 | 1.0658 | 1.0315 1.245
3 0.824 0.567 0.702 | 0.9356 | 0.715 0.821 0.935 0.935 1.247
4 0.9882 | 0.8425 | 1.0245 1.057 1.1104 1.23 1.0875 | 1.1368 141
Surface roughness(im)--d=0.9mm
1 1.1964 | 1.4299 1456 1.3855 1.485 1.6964 1.458 1.4964 1.758
2 1.025 1.2353 1.298 1.1356 | 1.3245 1.468 1.254 1.398 1.598
3 1.0394 | 1.1496 | 1.2729 | 1.1765 | 1.2388 | 1.4687 | 1.2285 | 1.3394 | 1.5394
4 1.1325 | 1.326 1.3929 | 1.2965 | 1.3588 | 1.5887 1.425 1.568 1.6594
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Surface roughness according to AITIN coating layer

(Inclined plane 45°, d=0.3mm, Upward cutting)

AITIN

Surface roughness(im)--d=0.3mm

Coating 10,000rpm 13,000rpm 16,000rpm
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 05854 | 0.4854 | 0.5354 | 0.6834 | 0.6374 | 0.6754 | 0.8704 | 06854 | 0.7414
2 0.6078 | 0.4178 | 05178 | 0.6547 | 0.4895 | 0.6158 | 0.6958 | 06178 | 0.845
3 0.55 0.36 0.46 0.616 041 0.558 0.638 0.56 0.745
4 0.6487 | 05087 | 0.5587 | 0.7147 | 0524 | 0.6567 | 0.7367 | 06587 | 0.8437
Surface roughness(im)--d=0.6mm
1 0.666 0.724 0.735 0.687 0.742 0.812 0.724 | 0.8745 | 0.9445
2 0587 | 0.6197 | 0.787 | 05887 | 0.6777 | 0.8127 | 0.6777 | 0.8282 | 0.8982
3 0.47 0.592 0625 0.503 0.534 0.727 0592 | 0.7425 | 0.8125
4 0.57 0.692 0.725 0.603 0634 | 0.8425 | 0.692 0.827 | 0.9125
Surface roughness(im)--d=0.9mm
1 0.875 0.965 1.1604 | 0.945 1.1595 1.325 1.087 1.3704 1459
2 0.854 0.965 1.0245 | 0.9097 1.035 1.1547 | 1.0206 | 1.1365 | 1.2578
3 0.723 0.8352 | 0.9354 | 0.8245 | 1.0245 1.124 | 0.9354 | 1.2354 1.324
4 0.854 0.854 1.065 | 0.9485 1.145 1.248 | 1.0594 | 1.235 1423
(Inclined plane 45°, d=0.3mm, Downward cutting)
Surface roughness(im)--d=0.3mm
AITiIN
} 10,000rpm 13,000rpm 16,000rpm
Coating - - -
Jayer Feed rate[mm/min] Feed rate[mm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 0.7634 | 05284 | 0.6404 | 0.7194 | 0.7204 | 0.789 | 0.9404 | 0.7504 | 0.8704
2 0.623 04897 | 05728 | 0.712 0512 | 0.6874 | 0.8028 | 0.6971 | 0.8458
3 0.595 0.403 0515 0.715 0512 0.594 0.745 0.625 0815
4 0.705 0.643 0.646 0.718 0513 0.925 0.876 0.84 0.965
Surface roughness(im)--d=0.6mm
1 0.789 0.698 0.821 0.7535 | 0.835 0.896 | 0.8245 | 09478 | 1.0365
2 0.7072 | 05915 | 0.8109 | 0.612 0.758 0.865 | 0.7782 | 09015 | 0.9902
3 0.7376 | 05058 | 0.7252 | 0.6215 | 0.6215 | 0.8378 | 0.6925 | 0.8158 | 0.9045
4 09619 | 0.7284 | 0988 | 0.9175 1.017 1.2284 0.99 1.0284 1.29
Surface roughness(im)--d=0.9mm
1 0.9882 1.1 1.254 1.057 1.2604 1.38 1.265 1.542 1.56
2 0.968 1.0502 | 1.1106 | 1.0505 | 1.2106 1.257 | 1.1578 | 1.36b 1.3698
3 0.8532 | 0.965 1.0254 | 09653 | 1.1254 1.245 1.065 1.354 1425
4 0.935 1.057 1.185 1.086 1.2494 1.254 1.189 1.368 1549
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Surface roughness according to AITIN coating layer

(Internal cutting, Upward cutting)

Surface roughness(im)--d=0.3mm

AITIN 10,0001pm 13,0001pm 16,0001pm
Coating
Jayer Feed rate[mm/min] Feed ratelmm/min] Feed rate[mm/min]

1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700

1 0.865 1.012 1.18 1.067 1.016 1.267 1.187 1.077 1.438

2 0.776 0.865 0.943 0.988 0.87 1.148 1.025 1.098 1.289

3 0.723 0812 | 0.9375 | 0.935 0.874 1.038 0.925 1.045 1.236
Surface roughness(im)--d=0.6mm

1 1.253 1.047 1.256 1.144 1.154 1.386 1.253 1.363 1.475

2 1.142 0.954 1.172 1.052 1.098 1.336 1.142 1.301 1.432

3 0.905 1.002 1.111 1.111 1.012 1.221 1.114 1.244 1.333
Surface roughness(im)--d=0.9mm

1 1.288 1.406 1.52 1.366 1.477 1.577 1.52 1.577 1.687

2 1.225 1.343 1.457 1.303 1.501 1.514 1.345 1.514 1.624

3 1.135 1.213 1.367 1.253 1.324 1.424 1.367 1.424 1534

(Internal cutting, Downward cutting)
Surface roughness(im)--d=0.3mm
AITIN 10,0001pm 13,0001pm 16,0001pm
Coating
Jayer Feed rate[mm/min] Feed ratelmm/min] Feed rate[mm/min]

1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700

1 0.981 1.067 1.3 1.157 1.157 1.39 1.325 1.117 1.565

2 0.892 0.978 1.043 1.068 0.93 1.238 1.136 1.178 1.298

3 0.839 0.925 1.015 1.015 0.975 1.158 1.015 1.125 1.245
Surface roughness(im)--d=0.6mm

1 1.373 1.203 1.406 1.263 1.263 1.46 1.535 1.586 1.652

2 1.265 1.132 1.335 1.382 1.142 1.347 1.375 1.462 1.498

3 1.041 1.111 1.244 1.211 1.111 1.311 1.244 1.308 1411
Surface roughness(im)--d=0.9mm

1 1.71 1.718 1.827 1.89 1.842 1.96 1.921 1.983 2.038

2 1.723 1.633 1.712 1.735 1.747 1.865 1.732 1.725 1.862

3 1.545 1.645 1.725 1.543 1.657 1.787 1.652 1.775 1.842
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Surface roughness according to AITIN coating layer

(External cutting, Upward cutting)

Surface roughness(im)--d=0.3mm

AITIN 10,0001pm 13,0001pm 16,0001pm
Coating
Jayer Feed rate[mm/min] Feed ratelmm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 0.754 0.838 0.94 0.682 0.727 0.9 0.825 0.989 1.097
2 0.702 0.786 0.888 0.63 0.675 0.848 0.773 0.937 1.045
3 0.652 0.798 0.838 0.58 0.625 0.887 0.723 0.736 0.995
Surface roughness(im)--d=0.6mm
1 0.985 1.042 1.11 10396 | 108.01 | 112.34 1.139 1.198 1.2233
2 0.828 0.883 1 100.59 | 103.06 | 10552 | 1.087 1.165 | 1.1713
3 0.816 0.898 0.956 98.38 9843 | 102.16 | 0.985 1.063 | 1.0693
Surface roughness(im)--d=0.9mm
1 1.179 1.217 1.337 1.22 1.354 1.427 1.355 1.427 1.54
2 1.123 1.161 1.281 1.196 1.275 1.371 1.352 1.371 1.484
3 1.037 1.075 1.195 1.078 1.212 1.285 1.213 1.285 1.398
(External cutting, Downward cutting)
Surface roughness(im)--d=0.3mm
AITIN 10,0001pm 13,0001pm 16,0001pm
Coating
Jayer Feed rate[mm/min] Feed ratelmm/min] Feed rate[mm/min]
1,300 1,500 1,700 1,300 1,500 1,700 1,300 1,500 1,700
1 0.952 | 0.934 1.067 | 0.842 | 0.932 1.052 1.112 1.125 1.167
2 0.882 | 0.888 | 0.937 | 0.823 | 0.813 | 0.913 1.015 1.115 1.142
3 0.763 | 0.832 | 0.985 | 0.652 | 0.763 | 0.965 0.887 0.838 1.065
Surface roughness(im)--d=0.6mm
1 0.991 1.139 1.175 1.139 1.122 1.179 1.317 1.219 1.299
2 0.939 1.127 1.087 1.07 1.087 1.167 1.245 1.323 1.347
3 0.837 0.985 1.025 0.968 0.985 1.065 1.096 1.163 1.145
Surface roughness(im)--d=0.9mm
1 1.442 1.553 1.652 1.553 1.652 1.775 1.656 1.885 2012
2 1.301 1.371 1.483 1.383 1.472 1.583 1.505 1.585 1.817
3 1.215 1.285 1.397 1.285 1.374 1.485 1.395 1.585 1.707
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X

00

G17 G40 G800 GI0

G419
S10000 M3

GO G900 X-52.83 Y5.

Z100.

M8

GO Z-8.795

G1 Z-9.995 F1300.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995

GO Z100.
X-52.83 Y9.5
Z-8.795

G1 Z-9.995 F1500.

X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
X-4.357 72.962
X-4.3 72969
X-3.989 72996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
XA4.357 22962
X4.661 22907
X4.839 Z2.864
X30455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y14.
Z-8.795

G1 Z-9.995 F1700.

X-30.455 Z-4.
X-4.839 72.864
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X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969

X-3.989 Z2.996

X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y20.
Z-8.795

G1 Z-9.995 F1300.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969



X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y245
Z-8.7195

G1 Z-9.995 F1500.

X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864

X30455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y29.
Z-8.795

G1 Z-9.995 F1700.

X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
X-4.357 72.962
X-4.3 72969
X-3.989 72996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
XA4.357 22962
X4.661 22907
X4.839 Z2.864
X30455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y35.
Z-8.795

G1 Z-9.995 F1300.

X-30.455 Z-4.
X-4.839 72.864
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X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y395
Z-8.795

G1 Z-9.995 F1500.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969



X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y44.
Z-8.7195

G1 Z-9.995 F1700.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y50.
Z-8.7195

G1 Z-9.995 F1300.

X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
X-4.357 72.962
X-4.3 72969
X-3.989 72996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
XA4.357 22962
X4.661 22907
X4.839 Z2.864
X30455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y545
Z-8.795

G1 Z-9.995 F1500.

X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
X-4.357 72.962
X-4.3 72969
X-3.989 72996
X-3.804 Z3.

- 162 -

X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y59.
Z-8.795

G1 Z-9.995 F1700.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995



GO Z100.
X-52.83 Y65.
Z-8.7195

G1 Z-9.995 F1300.

X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y695
Z-8.7195

G1 Z-9.995 F1500.

X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962

X-4.3 72969
X-3.989 72996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
XA4.357 22962
X4.661 22907
X4.839 Z2.864
X30455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y74.
Z-8.795

G1 Z-9.995 F1700.
X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
X-4.357 72.962
X-4.3 72969
X-3.989 72996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
XA4.357 22962
X4.661 22907
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X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y&0.
Z-8.795

G1 Z-9.995 F1300.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y845
Z-8.795

G1 Z-9.995 F1500.
X-30.455 Z-4.



X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y&89.
Z-8.7195

G1 Z-9.995 F1700.

X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996

X4.3 72.969
XA4.357 22962
X4.661 22907
X4.839 Z2.864
X30455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y95.
Z-8.795

G1 Z-9.995 F1300.
X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
X-4.357 72.962
X-4.3 72969
X-3.989 72996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
XA4.357 22962
X4.661 22907
X4.839 Z2.864
X30455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y995
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Z-8.795

G1 Z-9.995 F1500.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y104.
Z-8.795

G1 Z-9.995 F1700.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996



X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y110.
Z-8.7195

G1 Z-9.995 F1300.

X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.

X52.83 Z-9.995
GO Z100.
X-52.83 Y1145
Z-8.795

G1 Z-9.995 F1500.

X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
X-4.357 72.962
X-4.3 72969
X-3.989 72996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
XA4.357 22962
X4.661 22907
X4.839 Z2.864
X30455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y119.
Z-8.795

G1 Z-9.995 F1700.

X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
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X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y125.
Z-8.795

G1 Z-9.995 F1300.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962



X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y129.5
Z-8.7195

G1 Z-9.995 F1500.

X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y134.
Z-8.7195

G1 Z-9.995 F1700.

X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
X-4.357 72.962
X-4.3 72969
X-3.989 72996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
XA4.357 22962
X4.661 22907
X4.839 Z2.864
X30455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y140.
Z-8.795

G1 Z-9.995 F1300.

X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
X-4.357 72.962
X-4.3 72969
X-3.989 72996
X-3.804 Z3.
X3.804
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X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y1445
Z-8.795

G1 Z-9.995 F1500.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.



X-52.83 Y149.
Z-8.7195

G1 Z-9.995 F1700.

X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864
X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y155.
Z-8.7195

G1 Z-9.995 F1300.

X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969

X-3.989 72996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
XA4.357 22962
X4.661 22907
X4.839 Z2.864
X30455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y159.5
Z-8.795

G1 Z-9.995 F1500.

X-30.455 Z-4.
X-4.839 72.864
X-4.661 Z2.907
X-4.357 72.962
X-4.3 72969
X-3.989 72996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
XA4.357 22962
X4.661 22907
X4.839 Z2.864
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X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
X-52.83 Y164.
Z-8.795

G1 Z-9.995 F1700.
X-30.455 Z-4.
X-4.839 7Z2.864
X-4.661 Z2907
X-4.357 72962
X-4.3 Z2.969
X-3.989 Z2.996
X-3.804 Z3.
X3.804

X3.989 Z2.996
X4.3 72.969
X4.357 722.962
X4.661 Z22.907
X4.839 Z2.864

X30.455 Z-4.
X52.83 Z-9.995
GO Z100.
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