41

41 %
41

22 %
4.2

(CNC Turning) (EDM)

(CNC Milling) 64%

(EDM) 10%

20 % 17%

(Controller)

100

24 %

Set up 19 %

(CNC  Milling)
(Wire Cut)
16 %
4.3
(CNC Milling)

50 %
4.4

(CNC Milling)

Fanuc 49 %



Heidenhain 17% Mitsubishi 12%

4.5
23 % 21 %
15 % 4.6
(CNC Milling) (EDM Machine)
(Wire Cut) (CNC Milling)

(CNC Milling)

3 Fanuc, Heidenhain, Mitsubishi 1



, 24%
1% :
999997 A
995959525 588 |
wag %% N
AL 1258 7%
XESEARRARAERARLA N : 0
R 2 /
“‘{‘}‘Iyg :E ""\\;bn" A
/“’V 5555 é@?/ QATINATSUINT O
snsnauaz lang
0
41/0 ms
9%
J%
41
4
Y
0,
B T1lsunsu CNC
NTUIGITNYI
< / 22%
1AIDNBNT
22%
\
113 Set up
& A A
<] INTDIUDIATDY
NS
msldszuy :
': a5 19%
AN~ \
14% ,
A 4
wug“luﬂ’nug
17%

4.2 H




WireiCut Others
9% -
Turning ‘3\
16% |! g;““
EDM Z = .
10% \\ /I 63%
4.3
USA g
e 3% Germany
~
3% .
Taivhan i
17%
England i
4% | , Japan
50%
4.4

(CNC Milling)




Yasnac Others
: 7%
Siemens 4% ?
4% Pt
Okuma C% =
'E;g ; \
7% : \
Fanuc
J
Mitsubishi / 7 49%
Heidehain
17%
4.5
A
U
4%
M15111395n11 Ti/sunsu CNC
INTD9IN3 ’Ef‘\/ 23%
T : i \\\
21% ;1177 5; LA : ‘ ' \‘)
00000099, A
009994 \
= 13 Set up
X A A A
IATDIUBDIATON
kY
M5 %52V i
VAN 563
g v
17% WU WA

15%

4.6




3

4.2

421

(Movement® ' (Speed)

4211

(Key Board) (Magnetic Tape)
(feed
motor) 3

(drive amplified)



Code)

(Measuring System) (Liner Scale)
1 '
4.14
4.2.12
5

: (Part Program)

N10 GOO X200 Y100 Z5 M03 S200
(Program input device)
(Soft Wire)

(interface Bus) RS-232-C

(Machine Control Unit : MCU)
(MCU)

CNC

34

(NC



3

(Data Processing Unit : DPU)

RS-232-C
CLU)

(Stepping Motor)
Motor) :

(Feedback System)

422

(Control Loop Unit :
/

(Drive System)

4
(DC Servo Motor) (AC Servo
(Hydraulic Servo Drive)
(Machine Tool)
2
4,15
(Metal Cutting)
4.7
(Grinding)
4.8

Tr-10-52 206



36

3. ( conventional Machining)
(EDM) (Electron Beam
Machining) (Laser Cutting Machining) (Wire
cutting Machining) 4.9
4, (Fabrication)
4.10
. (Special-Purpose
application)
(Coordinate Measurement Machines: CMM) (Assembly)
(Metal Handling) 411
4.2.3
L (CNC Drilling Machines)
1) (Spindle head)
2) (Table)

(Axis) X Y



4.10

(Feed Mechanisms)
Z

(Tool Change Systems)

(CNC Turning Machines)

(CNC Milling Machines)

(CNC Punch Press)

2 ,4.10

4.12

4.13

0 -

40-50

90%

/

3



411

Machining)

(Electrode)
(dielectric)
(Electrodes)

(Copper),

38

(CNC Measuring Machines)

30-100 % )

(CNC EDM Machine)
(EDM: Electrical-Discharge Machining) (Spark-erosion
Spark discharge tool
(DC)

EDM (Graphite) 1brass,
(Copper-tungsten) 49

(CNC Wire EDM machine)

4.9



I B &
e
%

4.8




40

4.9

(CNC Punch Press)

10

4



CMM)

(

11

4

4.12

13

4



43

Input)

3
Fanuc, Mitsubishi

431

(Data Processing)

41
mi

(Data Output)

(Controller™

, (Machine Control Unit)

(Data Input)

(Data Processing)

(CPU)i

(Data

Heidenhain,



3) (Data Output)

4) (Machine I/o Interface)
(Spindle)
/
(Emergency stop) (Cycle start)
(Feed hold)
432 (Communication)
(CPV)
(Bus System)
1) (Monitor)

(CRT: Cathode Ray Tube)

(Active Part Program)
(Current Axis)
(Tool Path)
(Tools Offset)
(Simulation)
(Alarm for program errors)

RS-232-C



2) (Operator Control Panel)
2
(Machine Controls) (Program Controls)

(Machine Controls)
(On-Off and push)
(Selector Switch) (Electronic handwheel® (Override
Switch)
/ (Spindle) / (Coolant)
(Speed and Feed)

(Program Controls)

(Keypad or Keyboard)
« (Manual Data Input; MDI)”

2
(Correction) (Insert)
(Delete) (Cancel)
3) / (Part Program Input and Output)
(Punched Tape Reader) (Magnetic Tape
Leader) RS-232-C

( System) (1/0 Interface Card)



45

433 " (Servo Drive Control)

(Servo Control Interface) (Feedback Interface)
4.16

(Servo Drive Amplifier)

(Feedback Interface)

(Encoder or Resolver)

434 (Spindle Speed
Control)

(DIA Converter)



46

435 ? (PMC: Programmable Machine Controller)

2
) (Numerical Control Signals)
(Position Data) (Velocity Data)
(Tools Offset)
(Compensation Data)
2) (Sequence Control Signals)
Input/Output
(PLC: Programmable Logic Controller) (PC.
Programmable Control) 417
PMC
(PLC) “PMC.

Programmable Machine Controller"

(Automatic Tool Change)

(Coolant Control)

(Limit Switch Interface)

(Clamping System Control)
/ (NC 1/O Interface)
(Emergency Stop)
/ (Machine /o Interface)



4.3.6 (Feed Drives)

4.18

Loading)
(Over Running Clutch)

4.19

436.1

3
1) (DC Motors)

(Brake) (Rotor)
(Measuring Box) 420

(Servo drives)

4,6
(Tachogenerator)

8

47

(Over



2) (Stepping Mator)

(Steps per Second)
(Pulses per second)

(Plotter Machine)
3) (Alternate Current Motors)
(Synchronous Motor)
421
(3 Phases)
4.36.2 (Ball Screws)

4.22

4.23

2 (Backlash)



437 (Measuring System)

1) (Direct Measurement)

4.24
(Backlash)
2) (Indirect Measurement)
(Resolver or Rotary Encoder)
4.25
438 '
2 (Linear motion)

(Rotary motion)

49



Cartesian Coordinate System 3
4.26

EIA-267-B (Electronic Industrial Association)

14
9 5
4381 (Primary linear axis)
X, Y
Y L , 4.21
3
3
X
Y
X Y
Z /
(Main machine)
3
2 (+)
()
Z (+2)
(Z)
X (+X)

(Vertical z axis) X



D

4382

\
4.28
4383
XY, 2)
Y
2
4384
2

E

(Dual milling heads)
2

4385

439

(Primary rotary axis)
A C A
Z
(Secondary linear axis)
3
2 v
X V
Z 4.29
(Secondary rotary axis)
1 E
A B C
430 A B X Y
D X
(Secondary feed) R 3
3 (Tertiary linear axs)
3 P, Q
XY
(Posttioning Systems)

ol

(Tool change)

2



(Absolute position system)

4391
431
4392
4.32
4310
43101

(Incremental position system)

(Ahsolute posttioning)

(Incremental postioning)

(Reference Coordinete)

(Reference point)

(Machine zero paint IM)

433

?

(Zero point)

52



43102

R

Trip dogs)

43103

(Program Zero Point)

(reference paint, R)

R

(Workpiece zero pairt)

53

(Limit switches

4.34

4.35
4.36



4.3.10.4 ! (Tool Reference Points)

(Tool Carrier)

( 437)
, (439
(439

(Tool Data storage)

(Machining path)
Setting Point)
(Tool Setting Point E.)
4.40

(Tool Socket Point, N)

(Tool

X R



55
4311 '

(Program)

(G00) (G01)
(Coordinate)
(Spindle speedO (Feed rate)
(Block) (Word)

NOL TO1 MO6 3
N02 GO0 xo YO Z2 M13 5
3 (numbers)
(Character) (Symbols)

NSO G0l X300 Y30 . F100 1000

* *

(character)
(Word)
(DIN 66025) 4.2
(DIN 66025)



56

(Word)

NO1
G0L

43111

N4711
N1, N2

) G00,
601, G02, G03

M01, MO03

43112



5

NOO5 GOOXOYO
NOO6 GO1 Z2 M13
) G
G 2
(Milling)
N005 GOOXOYO
N006 G0L 22 MI3
-------- G Code
; G 2 Modal
Nonmodali ~ Modal
G
G Modal GO0 GO1, GO2, GO3, G90, G91 No modal
(28, G49, G92
3) (X1Y1Z)
XY Z
1 (*) ()

NOSO GO0 X20 Y-10
NOs5  GOL X0 YO F150
NO60 GOl Z05



58

. 1 8
Fanuc) 8 X
1.23456789 1Y 1.2345678
4 1.J.K
. J.K
G02  GO3
| X
J \
K L
N015 G03 X05 ¥3.0 H).5 J0.866
) ()
(Spindlespeed)
2 5
| (revoluation per minute :RPM)
N004 S1000 Mo3
0) M
(M06) T
(automatic

tool magazine)
N003 T1 M6



F(Feed)
/ / /
/
NOS5 GOL xo YO FI50
NOG0 GOl Z-05 FI100
8) (M)
(Miscellaneous function)
M
G) 2 M
NOL T1 MO6
N02 S1000 MO3 MO8
--------- M Code ,
4312
(Controller) Heidenhain 430 FanucU
Mitsubishi
Heidenhain DIN 8589
Mitsubishi ISOR840  Fanuc ISO  R-840

43



60

43121 '
3
1) '
) (GO0) 3
GOOXx Yy Zz
) (GO1) F GOl Xx
Yy Zz
) , (G02/G03) 3
G02/G03
Fleidenhain
2
G02/GO3 Xx Yy Zz i Jj Kk
Xx Yy Zz
Ii Jj Kk XY.Z
G02/G03 Xx Yy Zz Rr
R R>0 180
R<0 180
Fanuc Mitsubishi 2

G02/G03 Xx Yy Zz li Jj Kk
Xx Yy Zz
i Jj Kk XY,z



G02/GO3 Xx Yy Zz Rr

Xx Yy 2z
Rr
2)
3
XY G17
XZ ' GI8
YZ , G619
3
3
G42
G40
G41
G42
4
3
1G9

- (01

G40, GAL

61



20%

M03 =
M04 =
M05 =

M13 =
M14 =

G =
G% =
Heindenhain

(CLW)
(CCLW)
Heidenhain
Vooor.iiri
MO06
) G% (

62



63

8) (Miscellaneous function)
M
(G)
M 3

MO02/M30

MO3/M04

M05

MO8/M09 /

4.3.12.2

3

) G4 G5 R Mitsubishi

Fanuc C R G0L C R
2) Heidenhain

G26 G2
3) Heidenhain

G30 (Blank) G3l

(Blank) Fanuc  Mitsubishi

4) Datum table Heidenhain G54

Datum table Fanuc  Mitsubishi Gh4, G55, Gb6, G57,
G58  GH9
5) 3

G Code Heidenhain G54 Fanuc  G92
6) Heidenhain G28 Fanuc
Mitsubishi

1) / Heidenhain GT2 Fanuc  Mitsubishi
/



64

8) Heidenhain G73 Fanuc
Mitsubishi
9) 3 G
Code Fanuc Mitsubishi G20
G2 Heidenhain G/0
G71
10) Heidenhain Fanuc
Mitsubishi ' Heidenhain
Fanuc  Mitsubishi Heidenhain P G4
G84 G200 Q Fanuc
Mitsubishi 2 XYZ

R Q



41

(Program
memory)

CRU
Block Processing

Speed
Input Resolution and

display step
Max Axes
Max Spindles

/
(Data Interface)

(Servo
Drive)

Spindle Drives

65

Heidenhain Fanuc Mitsubishi

Hard disk 6,000 ~ Memory card 128 Memory card
blockinmax64 204 KB
program - 4
miion
32 hit 64 hit
4ms 0085 Jsistep 01502 gslstep

LJm 0000° 1Jm  0000° 1Jm  0.0001°

39 324 332
14 12 12

Monochrome LCD, Color LCD,  LCD, Color LCD,
Monochrome Monochrome
LCOIVDI
Remote, Keyhoard ~ Remote, Keyboard — Remote,
KKeypad ~ Keyboard/Keypad
RS22-CRS42  RS23-CRS42  RS2R-URS42

AC Servo motor AC Servo motor AC Servo motor

(Linear scale) (Linear scale) (Linear scale)

AC Spindle motor -~ AC Spinale motor  AC Spindlle motor
DIN 8589 IS0 R840 ISOR-840



(DIN 66025)

4.2

0X

0X

0x 0X

>

>



1 G Function

11

12

13

14

15

16

111
112
113
114

121
Z

122
Y

123
X

131
132

141

142

151

152

161

162

163

(Blank)

(Blark)

43

XY

YZ

HEINDENHAIN

GO0

U]

G02

GO3

Gl7

GI8

G19

G24
G2

G26

G27

G0

Gl

Gil

G42

FANUC  MTSUBISH
GO0 GO0
Gt eVl
G2 G02
G03 G03
GL7 Gl
Gl18 Gl18
G19 G19
G40 G40
GAl Gil
G42 G42

67



L7

18

43

171 Datum Table

172

173 (Mirror Image)
174 /

175

1101 (Pecking)

1102 (Tapping with &
floating)

1.10.3 Reaming

1104 Boring

1.105 Back boring

1106 Slot

1107

1108

1109

1.10.10

1.10.11 Slot milling with reciprocating plunge
1.10.12 Round slot with reciprocating plunge
1.10.13 Rectangular pocket finish

1.10.14 Rectangular stud finish

1.10.15 Circular pocket finishing

1.10.16 Circular stud finish

HEINDENHAIN

Gh3
GH4
G28
Gr2
G/3

G83.G200

(G84.G85,
G86
G201
G202

G204
Gr4
G/5
GI6
Gr7
G78
G210
G211
G212
G213
G214
G215

()

FANUC ~ MTSUBISHI

G54-G59
G2

G81.G82
G83.G/3
G&4

(G85.G86,
G89
G87

G54-G59
G

G8L.G82
G83
GB4

(85.G8,
G&9
G87

68



43 ()

HEINDENHAIN -~ FANUC ~ MITSUBISH

18
181 G0 G20 G20
182 Grl el el
19
191 G0 G0 G
192 1 el 91
2 XY, Z XY,Z XY, Z
3 : KR | JKR |, JKR
4,
5 T T
6 F F
7. MFunction
71 MO0 MO MO
12 MOL MOL MOL
73 / / / M02 M02 M02
74 : M03 M03 M03
75 ' M4 M4 M4
76 M5 M05 M05
.1 M06 M06 M06
78 M08 M08 M08
79 M09 M09 M09
710 ' M13
1 ' M14
112 / / / M30 M30 M30

113 (Cycle call ) M99
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manual

6
Tool
442
1
CNC (Computerized Numerical Control)
2

(Control System)
(Feed Axes)
(Feed Drivers)



(Measuring System)
(Work Spindle)

(Tool Changers)

(Cooling System)

(RIGHT HAND RULE)

(MACHINE ZERO POINT)
(REFERENCE POINT)
(WORKPIECE ZERO POINT)

(Cutting fluid)

(Cutter Radius Compensation)



83

(Blank) ( Heidenhain)
( Heidenhain)
( Heidenhain)
( Heidenhain)
(Cycle for drilling .Tapping and Thread

Milling) ( Heidenhain)

(Cycle for milling pockets .studs and slots)
( Heidenhain)

(Coordinate Transformation Cycle) (
Heidenhain)

(Standard Fixed Cycle) (
Fanuc  Mitsubishi)

443 U

4.5



1 1 4
!
2
2 2 5
451 1
1
4
1
Cycle
CAM
1
75
75
4.41
75% 1 75%
68.75% 50 %

84



85

X1y Z v

452 2

80
85

4.42 1

75%



86

46 '
Microsoft Access 97
2
4
46.1
Fanuc,
Heidenhain, Mitsubishi 2
4.45
1)

oy O1 B DN



~N O O
a— S S S

oo

Standard Cycle

G Code

)

87



(&3}

oo ~N o
— S S S S

«©

11)
12) (Down milling) (Up milling)®
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4.6.2

Copy CNC Program , D:\CNC Program
CNC Data Base.MBD

1 CNC Data Base.MBD

b a— a—

CNC MILLING DATA BASE

CNC Milling Data Ba» (
« (83 I !
VHi«
01 Famic, Heidenhain, ~ Mitsabisii

— Qtivie)  ( jsom ehaiia>rtil

N mil jmifTTRwm]
«k - omio Trln|n|

4.44

2. (Controller)

FANUC

H T <

£ MITSUBISHI

Lﬁ@ﬂ Controller

AanantUsunsy

4.45
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Save

Hyperlink  Edit Hyperlink Browse
OK

F-m-ncr F anue

o a2
éo:ioa [ o . " nInm(cae
A shaBuw

| v

s
eﬁmi m_dr"‘?m%

save

Previous
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47 777
2
7
4
411
' 7
33.43 %
73.97% 4.52
1-6 7 94.90, 92.86, 87.76, 94.30, 80.89 94.29
4.53
4.54
18.57
89.29

4.55



4.7.2
4

1) 'l
Manager

2) 2
Engineer

3) 3

4) 4
Technician

1)

2)

3)

4)

)

6)

7)

8

1)

97

16 CNC Machining
Chief Expert
8 Mould & Die Making
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