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1. 3F7|ATHe dF4
SMHFEL2 SHI|H M FHH (9] : k)
1999(F H %) 1998( & X|)
a4 = oMo 7 9 o o4 o 7 9 9
Al [EAEMM 3R = B = ¢ B Al | 2SN | SRHEM| = & )
o 8| 77227 | 65643 | 1,158.4 | 5528.7 662.6 | 8,980.4 | 7.723.1 1.257.3 | 59173 632.4
= ol 74814 S1622 | 23192 | 41331 25208 | 75820 | 53074 | 22746 | 43570 | 2351.0
0| 21 43487 | 30876 | 1,261 1,303.7 | 4063.4 | 53907 | 4,043.0 1.347.7 1,484.2 | 4,762.7
o & 2| 37636 | 22205 | 1.543.1 2.083.1 1,330.8 | 3.647.0 | 21882 1,458.8 | 2151.2 | 1,300.0
A 8 A| 20330 1.667.1 365.9 1.808.3 /19| 21068 1,727.4 379.2 | 11,8373 4225
o ot| 1.675.2 1.256.4 0188 1.261.8 7536 | 1.589.0 1,191.8 3973 | 1.1706 714.8
= 2| 10872 848.0 239.2 269.0 1.4329 | 1.029.6 792.8 236.8 250.0 | 1,390.6
2 7 9 963.0 668.5 300.4 534.4 530.6 944.8 651.9 292.9 531.2 445.3
o =z 952.5 752.5 200.0 808.5 800.5 | 1,122.2 886.5 235.7 891.2 | 1,156.2
z g A 800.9 520.6 280.3 582.5 1,355.7 788.1 512.3 275.8 571.7 | 1.259.0
3 2 706.4 635.8 70.6 372.0 665.0 487.4 453.3 34.1 357.0 4435
AU o 515.5 309.3 206.2 276.9 848.3 425.3 255.2 170.1 262.9 868.9
g 2 3 364.6 295.3 69.3 99.3 370.9 570.6 462.2 108.4 155.5 580.5
H 2 283.3 260.6 22.7 254.5 214.1 308.4 283.7 24.1 216.9 2330
w7 o 256.7 28.2 228.5 450.5 a1 273.6 54.7 218.9 511.2 510.0
B o 3l 2133 46.9 166.4 60.3 190.0 250.8 65.2 185.6 52.9 326.0
2 AEZ O 214 112.0 99.4 315.1 275.6 208.1 110.3 97.8 186.8 284.8
2 4 206.1 90.7 115.4 174.2 408.0 210.1 92.4 N7 181.2 404.1
m o £ 168.3 236 144.7 144.8 101.2 170.6 22.2 148.4 138.7 149.7
ol 3 162.6 139.8 22.8 1.6 162.6 162.0 140.9 211 14.7 254.5
W g g = 134.2 25.5 108.7 176.8 410.0 144.4 21.4 117.0 187.6 4330
3 Al o 110.5 78.5 32.0 68.0 150.0 17.2 76.2 4.0 75.7 179.5
£ 2} 3 oF 79.4 72.3 7.1 8.4 80.8 90.5 83.3 7.2 60.2 99.9
W of 3 57.5 17.8 39.7 70.0 163.7 51.5 17.8 39.7 70.3 164.0
z zg 3z a5 5.4 36.1 25.6 120.3 43.4 5.6 378 26.7 125.7
2 gt Y of 38.8 21.5 1.3 43.5 49.7 51.9 36.3 15.6 49.5 57.9
£ 15240 338 27.0 6.8 21.9 6.6 51.3 416 9.7 40.4 1.0
I 20bg o} 28.0 28.0 0.0 20.0 20.0 39.3 38.1 1.2 35.2 20.6
ot 2 # g L} 15.7 11.0 a7 10.8 74.9 24.1 16.9 72 9.1 126.9
dojzas2 g2 75 0.5 7.0 20 36.0 15 0.5 7.0 2.0 40.0
WA R 6.7 4.0 2.7 4.0 67.3 10.5 6.3 4.2 4.5 105.5
L A | 34.476.0 | 249876 | 9.488.4 | 26,973.3 | 18,728.9 | 36,884.9 | 27,3146 | 9.570.3 | 21,860.7 | 19,853.5
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Cutting speed (f/min)

2.5 TARS Wy FF7)A

1000— - 7 328
600 @ CBN Tool
400 - CERAMIC ° CBN(Cubic Boron Nitride)
£300 : ' [ 1972 GEolA 72
€ 200 - 1977 SumitomoE &)
> 1) Diamond W& 7t& A E
é 100 ]} 328 2) €AxA0 &
g & e i 3) AAZET Wgo| Mo}
o 60 /> CAST ALLOY[ o
g pam—=— 4 Hgiel gt
= 40 — AL 73ko] %
= 50  _{FiIGH SPEED STEEL _ 5 wlatAe L3e] Ho
© RN 6) 7tgudFo] ¢4
20 L |
. //7 1. [TooL STEEL .
P i ?
1870 1890 1910 1930 1850 1970
YEAR
mm/rev
0.30 0.50 075
3000 ' Soxe
2000 - eine Diamond, cubic boron nitride _——.r
Aluminum oxide (HIP)
’ e Aluminum oxide + 30
titanium carbide
E Silicon nitride
1000~ ¥ 2 Cermets
Coated g g Coated carhigd
carbides M a o Carbides
3
5001~ S %
) L, HNy
~1n ‘E
300 =
2001~ ! Ly Strength and toughness —a )
0.004 0.008 0012 0020 0030
Feed (in/rev)
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Multiphase coatings. The desirable properties of the coatings just described can
be combined and optimized with the use of multiphase coatings. Carbide tools are
now available with two or three layers of such coatings and are particularly effective
in machining cast irons and steels.

The first layer over the substrate is TiC, followed by Al,O;, and then TiN. The
first layer should bond well with the substrate; the outer layer should resist wear and
have low thermal conductivity; the intermediate layer should bond well and be com-
patible with both layers. Typical applications of multiple-coated tools are:

a) High-speed, continuous cutting: TiC/Al;O;.
b) Heavy-duty, continuous cutting: TiC/AL O,/TiN.
¢) Lighe, interrupted cutting: TiC/TiC + TiN/TiN.

[1; Multilayer ?oating architecture of Kennametal’s KC990 grade: a TiCN backing
lay pm phick, an active 2one 3 pm thick of three aiternating Al;0, layers

separated by very thin TiN layers, and a finish la ]
r ! yer 1 um thick made up of a
flashing of TiCN topped by TiN. The tungsten carbide alloy substrate contains

about 6% ¢ D . 0
hardness._ obalt and 7% cubic carbides, for a balance of toughness and

2@%



geometry

; cutting edge
specitic
characteristics,

design

cutting
technology

machine base

light-weight
construction

machine
tool

safety devices

hsc-spegific
strategles main-spindal
tool clamping feed drives
devices

process control

and monitoring
coolant chip removal
systems

Influence of cutting technology

VgV oul

50 iy
T I aluminium/copper
s I:cast iron /steel
2™ l:fibre reinforced
[ plastics
’é’ 30

20

10

1
0 T T Y

cutting speed vv —»

Optimum technology application ranges for high speed cutting
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GEAR

GEAR

RX TR ACMOTOR

i L&ééff—_— SPINDLE
ﬁga%qj‘ RPM 5000 dn=50x 10"
N\

STEPED SLEEVE OIL-AIR IN

. T IPM 12,000 dn=78x10°

]

AHLS
AHiE / 7 ; : ADE
e y /
E = e
£ £ RPM 25,000 dn=1125x10*

A\ ETEMR

/LT
FTATNIE

AC MOTOR(STATER), \, SPINDLE

AC MOTORRQTOR)
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(D) MC9] o] x g aA
Lead 10 ~ 14mne] Baj Screw 2000 RPMe]
Servomotor A}-£-
olFLx . 20~30m,/min 0.2~03G

(2) Z&o)gax
Lead 20mme] 2% ScrewA}4-
3000 RPM 2] A 74 =X Servomotor AL
VE4E  60m/min 10G

WL

¥

222

Ball-bearing screw and nut

R 'i'd:zif\\\‘

T

s N\ :

AN NN
o= '{'§-§I:\'(\(\§\>ﬁ==:

imss

7 e WV e s TSy
. T T
Srer bR
() - ] ()

) Backlash elimination and preloading in ball-bearing screws and nuts:
(a) and (b) by axial displacement of the nut sectfons; (¢) by relative rotation of the nut sections

comparison between direct drives and conventional feed units (3) Li ¢
////WWWWWWWWW//////W inear motor
ol & ./'.1‘_. . - .

+ also at high feed rates: - higher system price 1$4% . 150m/min

high positional acc_u;acy and - more energy dissipation 2~10G

long strokes possible - higher transition of heat from the‘_
+ high stiffness motors ?o the machine bfed anc.s slide

- magnetic lorce of attraction 5 times

+ less mass moment of inertia higher than feed forces

+ good dynamic behaviour

+ high accelerations

+ less components

+ less wear

+ long life-time

- Example “fast”: Direct Drives for Feed Units
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3-3 11£9] w2+F Tooling

rodiol expanding} 4

—
e

Taguy

3 L:'______

— - —
e cone 1

L ----- 8

tlearonce between bul'sfnft ond spi

____________ - axial mismatch

Chuck deformations influenced by centrifugal forces

@ 7/24 Taper shanke] &A%

1. 29 80| &3d - 97} BYA

2. 98 HZFo] gt - Az &Y

3. Shank®] Zel7t A} - ATCol #3 &
4. Quick Release 7}5

& B34 E Toolingdl &3
) B & W] A AR
2) Radial}3ke] ¥ 97 Ao
3) Flange®] AY Z4de] &
4) Damping &4

5 ZEY LAL ATt

- Clamping method of a HSK shank
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!
A

Name of maker RPM Other specifications
(X107
NIGATA ENGINEERING *]| 100 {Ceramic ball bearing, Too}
dia=10 ¢ ; No ATC:
f=10m/min
MORI SEIKI 70 M Magnetic  bearing;
f=60m/min; 1.3G
TOSHIBA MACHINE 50 ir bearing; Spindle dia 50f
¢, f=20m/min
MATSUURA MACHINERY| 40 |#30; Bearing dia(Internal)
40 ¢
MITSUI SEIXI KOGYO 40 J#30; Spindle dia 40 ¢ ;|
f=20m/min
MAKINO MILLING 32 {Spindle dia 23 ¢; Tool dia
¢; f=16m/min
MACHINE
YAMAZAXI MAZAK 25 }#40; Bearing dia(internal)
70 ¢, f£=60m/min, 1G
KITAMURA MACHINERY [ 25 {#40
OKUMA 25 }#40

# : Developed in 1990

Japanese high speed milling machine in the market

Jm

ol

1Y
Y
A}
1

3, 2000~ 5000 m/min
LY

Cutting
Speed
(m/min)

Ultra high speed milling

S/

HSS

Tool: ball-nose end mill
Marerial: Die steel HRc 45

ol

02

.

83 0.4 5

Feed (mm/cutting edge)
Ultra-high speed milling by ¢cBN cutting tool



M TS = 5&IK)

OXM2 M (S55C) DEEMINBLF irinT

B & X 16000 8000 12000
REYER 800 1200 3000
4 ®
z 2 R4X 412 R5X $10
# % =Xy BEI—F17 Y—Xyt
2 P ISHYRIVFINL| AREIFINL AT FIn
(0sG)* (0SG) (0SG)

ORI 7AIHOERAN (MIMMNI5S)

AN
&
T\

ks

|
=
I 60 I

BI/FIMFAL1Lz s )
#23 : OCES2080S(FB1S)

BN : 155000r0m, 377m/min

Y : 3000mm/mn, 0.2mm/rev

19895 1A%

{ MT4
8

$S0ET7 714 A(RMIRK)
F K : MG200R504

Fou 7 BRAK
F®EEX : 1775000rm, 2300mm/min
#1) : 10m/min,0.67mm/rev
#EE : 1500cm?/min

{
EET

ST/ FIMFA Ly )
#ZR : OCEB100(KT9)

FWENEN : 1775000pm, 470m/min

%Y : 3000mm/min, 0.2mm/rev.
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vVvHEvHys

(DPFz= = > 74> #ACCURA JIG MATIC AJV60 @BRHINEHIERMEA

/120
(2)1 Trpm (dnffi90F) : £ 777> ¥a27EWE, e~ | - m

A A LT o~ (PRI® | ey
(3) 3 #FIB$10m/min (1w 70 - 733m/minffl) Y O 7 e
(4)H630 LRI L ' g & i & /

(_30'23&@&' (80,28)
. I

B7rinEdRI L FIAMT - _ BER (hem)
7 — 7 1i£1270x 420X 120 ERVIBEIRL o ¥ e ntna 2 2mmr iy 15mimin(0.5mm 70 5 7 )

AR NMEMRT £y b (%) OFEML (L LiF)

Ny #E 63mm N Pk 30mm HesE - 20mm
FaEEK  10000rpm FO@IEN  10000rpm Tk 10000rpm
DAL 1980m/min UREEE  940m/min : VHRE  628m/min
WYiRA  12.5mm Y1y ikd  12.5mm Yyidk  0.1mm
®Y 10000mm/min %Y 4000mm/min &4 2400mm ‘min
RLLE 4 5620¢c/min H & 1500cc /min
@7—2MIM
OXN| IFIF IV TRREREEN '
2 b .
EWEE | 2 Feom (250m/min) HR : Ateos1-Te
% Y X © 2000mm/min o
IR : 264305, FHRIRISSH
IYFINEAE: gamm
0, S
5 d
2
1
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BT F' (N/mm)

15

10k

BEHEEE
—— V' =80m/s

—o— V=120ms
—e— V=160m/s

50
fFEEEd: Z° (mm¥/mm-s)
BOREECHTIHIEE L HAEROBE

100

BEERE (m/s)

250

200

150

100

50

, Machine base, guides and drives

] o high static stiffness
i1 e uncritical dynamic behaviour
1 e high accuracy (repeatability)

¢ high-dynamical drive units
Grinding spindle

¢ high spindle speed and power
e optimized tool interface (HSK)

| CBN grinding wheels

¢ adapted CBN layer (bond, grits)

:|  monitoring capabiltty (e.g. AMB spindle)

e optimized wheel body (material, shape)

L LS /A F-E - BEERY FRIOCBNKRAS ~ /L
BE
M3t
TOYODA
- £+ (4X8)
- a9y {‘;ﬂﬁﬁu /!
1.
/ TOYODA
(oY \ G HERHI FarEMO)
i JH(EMO)  S3(EMO)
(A - ey - o
- Er
—
2N |
Lo /AE (BEHERIAHHIR
B L
L 1 1 i

! 1 H . 1 L 1
~ 82 83 84 85 8 87 8 89 90 91 92 93

£Z
BRI OBE

Components, periphery

CNC control with intelligence

roller dressing units with AE sensor
e adapted coolant supply system

e automized process monitoring
automized workpiece handling
CNC cortrof with intelligence

Safety measures

¢ closed machine capsule
* oil mist exhaust devices
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i 200

<k 4 — A>P400X1STXIXX 25H
HIG-V (BN80J200HV?2)
<R D>¢100X1ITX3XX ¢8H
SD40P75M
<I ff B>y 7, BH:SCM435, HLC50+3
BoLA: ¢03mm
<# HOBHIANEARIMMAIR GZ32P
<FULRBR{ESE L —NVEEE : 160m/s
RD A & K:8m/s
DAL EE: ¢5um//*R
= ] & : 0.2mm/rev
<o) & B>F4 —NEFRE : 160m/s
TP E & : S00min~'
VDAL BE: ¢0.3mm (1AMI)
avyy 7k :02mm/rev
B OB #:JISWI, 205BRi
<IeR>
(BsR)
THERME (em): S¢5 =410
RA®X (um):07~12 X3
AEE (um): 1 <3
ZE#H s R(pum) : 1.2~1.6 £3.2
4 IN54L(8): 5 105
EUHEEM  (s): S8 —

BANY 7 DIV Y BN

$17
$22

150

<Hk 4 — A>¢$400%X10TX3IX X $25H
HIG-V (BN80G200HV?2)
<R D> ¢100x1.2TX3XX ¢ 8H
SD40P7SM
<I £ 9>+ 7 b, BB :S45C, HaC18
BbLA: ¢1lmm
<8 HOBBTHRMNEREMRTHIR GZ32P
< FLARKESHAL — VEBE : 160m/s
RDRA & K:8m/
VIDABEE: ¢Sum/~*2
- b & : 0.3mm/rev
< B & H>F 4 — VREE : 160m/s
T e% E &8 : 1,500min"!
Mo ABE S : ¢lmm(1 <R WI)
av3 Y7k :03mm/rev
W Wl #@:JIS W1, 10{88B R
<mIER>
STERE (um) : £610
RHAE (um):2~7
AEE (zm):2~¢
X R (ym) : 3~7
WHis, Wh:uL
YL INT 4 4(s): 28

B e rDavEY Y IEE
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5. &4 X5dE T2

B O Ot (ERMCCEIMIMEEEICIDHERIORENR

mLHmEE
- ks A B e TREOMIL, SRRCEACAMRTHRER

BROZEE (HRSSORELICEIHRTHORIR

[ CBEL= 9 FORE

cXHAHEIAAI—-F—HSERBENIIEE

FHOFTRE I X PHRAUEE, XTHERHEHE

ERBORAT, T-7 -t BUNZCERCEZLOD
FHORROTLER

o -FV MERARDHIRICED, BRY TR E £/
LTHRINEHIR .

L - HUSIZA V-2 - RE ¥

| JEmXesmic '
nE 3014 IMCOTRZMMMOEEL L AL TRRN IENOHER
RHRAI

FRARTHIR { RROATHIIHT S o 2 tEOEELALT. 94—
VT TEDNEARLTRERL

N At Fat714

s ) BxRR Al " Bt
vsso (B B VKeS |[R W f f
5B 104 wir Rdvr| Dpsk At R Loy BB Loy
k2l Kw 11 75 2 75
XXbu—2 mm 1000 760 800 560
REER KVA 18 3 2 3 47.9 7 19 3
| etymR L of 1 40 3 of 1 15| 2
THALHEE L 15 2 20 2 so| 3 18] 2
EHA L 0 1 13 3 0.3 3 0.8 3
PRER M EHE FHe
BSHE L o 1 g 3] 1 42| s E 3= 1
EXHRER  L/min 100 1 200 2 350 3 500 3
ExATE mm 250072400 240073150 237372695 1800~2380
BRE mm 2785 2628 3020 2650
BREA m! 71 3 76| 3 64 3 43 2
BRRR kg .. 8200 6500 7800 5000
BHRAGFHI VI 12 17 25 16

(7%) B MM SEIKITECHNICAL NEWS 1998 VOL. 8§
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6. =34 E37]| A

Achievable -
Machining (systematic) error, ¢4 )
accuracy + (random) error, ¢.(s)

pam
0.1mm, 1?

0.01mm, 10

N o 41um_super fiushing mactines

Machine tools Measuring instruments

{processing equipment) (inspection equipment)

Lathes, milling machines Vernier calipers
Precision lathas, grinding machines, Mechanical comparators,

lapping machines, honing machines micrometers, dial indicator

e

Qotical comparators

1 (Curve generators) (Electric or preumatic
! . Precision jig borers, micromeaters)

i g grinding machines,

[}

lum, 10° i~ Precision grinding machmes, Optical or magnetic scales
: N Precision iapping gm_chmes. electrical comparators
“ , ; ~, \(o\gncal lens grinding machinas) Electronics comparators
o1 ot \ 40 1um ) Pracision diamond lathes {noncontact)
Lum, § ; B TN 0 05.m 1 (OUV.mask aligner),  Laser measuring instrumen
E::c;l;\)n(g‘)accwagy; ! N wn ! (optical lens finish grinding machines),  Ootical fibers, Talysurfs,
—y i \ ‘\\ | precision diamond grinding Talyronds
1 e . \ ! machines, uitraprecision
b Rl TS 1 Nl N 0.0lum grndingmachnes ___________________
0.01um, 107~ ! 10-005,m 1~ (ditiraction grating ruing eriging) “High precision lasar
'-g ' random errors (¢.) : ~ (electron beam lithographer) measuring instrument:
152 ! ™o H “« _Super high precision grinding mach. (Doppler,
53 ! R [ PO ™ super high precision lapping multiveflection)
0.001um. 1z€ H Variance (24) t S and polishing machines Talystes
. l’r‘vn: 10— 3 ; _—— _T_o,bo_l-m’::-h“" ORGSO X o m Beam ~ Scanming skectron micrascopes,
! H LN machining, at transmission eleCtron microscepe
0.30m, b DS S R SR PR _\\"‘WEQ 4.‘202“."-‘!'- -.niec:rotliy giffraction aquipment,
N ion analyzers.
(Atomic Speciied  'Average  Dimension [ (Substunc- synthasizing) X-ray micro analyzars.
tattice sy Auger anaiyzers, ESCAR
distance} 1900 1920 1940 1960 1980 2000 ¥y

The development of achievable machining accuracy
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Space:
Main frame

\ %
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. Cx A | T
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T /_-
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08T
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64" diameter

Spindle rotor . JingEE

Pneumatic

isolators(4)

LODTM of the

Lawrence Livermoore
Nationat t.aboratory
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UNTER BALANCING
€ SYSTEM - “'METROLOGY FRAME

Z-AXIS AIR SLIDE FOR
COORDINA MEASUREMENT

POLISHING ARM(t,-t,)

3D.0.F. PARALLEL ARM FRAME FOR MEASURING

PROBE HEAD
POLISHING HEAD

WORKPIECE OPTICAL SYSTEM

(X-AXIS)

X-MOTOR BASE PLATE

XY8-TABLE

Y-MOTOR

VIERATION ISOLATION

SYSTEM

ANTISEISMIC REFERENCE MIRROR

STOPPER

OPTICAL SYSTEM
(Z-AxIS) BASE FRAME

High precision coordinate measuring and
corrective polishing system CSSP
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7. B¥3 374

T 8 E K

mItrEE (TR | fERIER-S52
(%I EX—Yal) | g TOMMITNIBHHEER]

rnax - BALEMNT AT
Nehd&i 7| '® | .35 mEnccs
' (RL) - BX4EMIHT]
2 X L - A, BEMNIICE
(Stll::l ‘/‘E - RASEMIN T
3 *-23) | TR | - EEeEMINE

- ¥, AMMNICE

(4ﬁ;p.:g A « BAGEIMI A1)
. ! x=vaX)| ym - FIBFSEM I A ]
&+ (7OR) | - EEHCES

: (L) - 28BS REIES AT A°E]
5 (T+1) ¥

EaAR A A7 LOEEBL (X#)
a5 LADEEE (B#)

w2t A5 LOEEBY (X#)
IS LOR%BY (2#)
#EAOLETEL (Y#)

w3t A2 LOE%BE (Z#)
Y FLOLTES (Y#)

HATHIEELBE (Tw)

5072



8. A7/Md F&7IA

Concept of the Steward platform

Giddings & Lewis Co’s, VARIAX
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X 1~6. 58
Y | 1~6.m8

X 1
By

(~6 5 = 2
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Al 4

5

1~6..554 ®
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L4

Parallel sechanise serial mechanism

Position and location errors by two mechanism

[eogma [ meiel ]l
g | A9 ag. )
MEny | B 55
pENE | %5 R
EBHE | BB T
gnng | A 55
wpse | A2%vd | ¥i9g
N SHug 4o Neg

£ Actuator9) A Actuator
BXP lwne muen| mmaa.
RitE ag A
BnNE He 27 w
1 yg ag

Paraife{ mechanisa compared with serial sechanism
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Feed
RPM

100m/min
24,000

G = 14m/s(1.5G)

gimbal Work lower platfors

Conceptional steward platfors for machine tool design

tool magazine
chip conveyer e &
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Advantages

s
« inherent stiftness

= no basement required

« only tensile or pressure 1oat
of actuator and tramecomponents

« low requirements on manufacturog
and assembly-accuracy of the frame
= real joint-locations can be determineed
in the realized machine and be considered
in the controt
+ simple frame-components
= low manufacturing costs

« 6 ldentical linear-drives
= repetition parts

Disadvantages

« aiso simple liner movements
require a six-axis-control

« extensive contro! expenditures
=> transformation of coordinates
= colision monitoring

« limited orientation mobility of the tool

« Six drive-devices

« large effective thermal strut-length

« disadvantageous ratio of working-room
to machine-room

« difficult calibration needed

Advantaged and disadvantages of paraliel kinematics

machine structure

hybrid-kinematic

in transfer-lines

coupler mechanisim as parallel structure
with serial topped z-ram

3-axes-machine especially for the use

specification

working-room

630 X630 x 500 mm?
teed-drives
velocity
acceleration
feed-forque
main-spindle

max. speed

max. torque
spindle-power
minimum_ stiffness
x-/y-direction:
2-direction:

90m/min

1.5¢
10N

16.000min"!

45 Nm at 3000min*
15kW

N/ i

6N/ _J

£®%

; Hybrid kinematic based on a coupler mechanism:Dyna-M(WZL)



9. Al&=¥"3} (FMS, CIM)

- /C : Machine tool
individual machine | Multi-machine M :
Furiction system »
mC INC-Mc| mGe | ONC ) FMS  JMGC : Machine cenire
Tool chonge O Olel|e®]e F£MS : Flexible
: ' manufacturing
Tool transport Ol O0O|O| O |(® system
Workpiece change O] O /]@®@| 0O} @
oj e
workpiecetransport | O | O | O ® tocreasing
Control dota aulomation
distnbution O © 0 o d o)
Operating date [o) O (@) [ o
cotlection
Process monitoning oOjoOoloje | e

Stages in automation of production

®
\/ ® @ 5-4XIS MACHINING CENTER @ ToOL SETTING STATION

@ HOR{ZONTAL MACHINING CENTER @ WASHING VACHINE

D STACKER CRANE R080T @ TOOL TRANSPORT SYSTEM
D PALLET STOOKER ® CEVTRAL COOLANT SYSTEM
® SET-LP STATION O MACGHINING SYSTEM CONTROL CENTER

® CELL CONTROLLER

TONG-IL's flexible manufacturing system
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