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From an external combustion engine

1769 1804 to internal combustion engine

Wat's steam engine Steam locomotive
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M. Murray's screw feed
boring machine

v
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¥
X

Wilkinson cylinder boring
machine

A b

Great progress in boring
processing

Steam engine requirements
The inner surface of the

cylindec 5 Processing with exact
. > dimensions
e ey pertetal V| circulasity/ cylindeicity

surface of the piston

Fig. 1-1 History of machine tools - Steam engine and machine tool -
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Improvement production efficiency

Ford (T type) 1908

Cost reduction

Development of a dedicated machine tool for
simultaneously boring four cylinders

Fig. 1-2 History of machine tools - Mass production society and machine tools —
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2000-
The rise of 5-axis processing machines

Nakamura-tome NT-FMS SYSTEMS
. and multi-task machines

[ CAD/CAM

[ Multi-tasking machine

[ Multi-axis

]
]
J

1998
Resolution 1 nm (nanometer)
1/10000 deg (turning feed) achieved

1981-
Appearance of FA, FMS

1975- (
Computer CNC emerged 1 NC Lathe
|
1958 ( -
Domestic first machine of NC machine tool \ / Machining center
prototype made by Makino milling machine - | 4
and FANUC
1957
FUNUC

Turret punch press with tape control
first practical use NC machine in Japan

Fig. 1-3 History of machine tools - technological innovation through NC conversion
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Fig. 1-4 Changes in cutting machine tool production in each country
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Fig.1-6 Example of bio-prosthetic device-relatedgucts
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Multiple processes are required to complete to produce workpiece

(] (m]
Material I Completed
NC lathe NC lathe Machining center/

Process consolidation

If there is a multitasking machine

Fig.1-7 Process consolidation by multi-tasking machine based on turning center
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Abundant variations by combination technology

Multi-tasking x -
Base type /
‘Iﬁhii ‘Iit;' |inEL#

- Swiveling Tool spindle Tool spindle
turret 1 turret 2 turret
2 spindles _> :
Multi-turret

d

3 turret 3 turret 4 turret
2 Y-axis 3 Y-axis 2 Y-axis

Fig. 1-8 Variation of multi-tasking machine
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Needs of stabilizing
machining dimensions for
mass production

Complex mechanical
structure by multi axis

4

Improvement of thermal
rigidity of multi-tasking
machine

Improvement of machine rigidity

Suppression of warping
and torsion by improving
rigidity

Difference in rigidity due to

Y axis configuration

Improvement of bending

rigidity and torsional
rigidity of the turret

Prototype less by thermal deformation prediction

Design method using
analysis technique and
verification by experiment

Design of simple thermal

expansion structure

s

.

~
Suppression of warpage
by optimizing the rib
structure of the bed
J

Fig. 1-9 Approach to improvement of thermal stiffness in multi-tasking machine

.

Suppression of collapse of )

the spindle center line due

to thermal deformation of
spindle unit

J
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Abundant variations by combination technolog\

Multi- taskmg l
Base type /”

“:lvelmg / Tool Spmdle Tool spmdle
\ turret 2 turret

2 turret
2 spindles I _» _»\ m )
Multi-turret

3 turret 3 turret 4 turret

2 Y-axis \ - 3 Y:axis _ / 2 Y-axis

Fig. 2-1 Two type of multi-tasking machine in variation of multi-tasking machine
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[0 oEEEETH D BEiEEEZ b -4z BHEL-EAMTHETHY, b
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DTELX VY MAYWEZ3IDALIEEGMNMIHETH L. KETIIZOHES T
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2-2 ALy bEREES NI B

EHEOITZ M NREEE - BNV — N2 A LEHME - APEER E~OmnE
LICKIET 572012, EACEMEREL, ETICHMEEMKRL T EEM
BEMTHE WT-150 (PR RS TEMR) 2R L. Zo#E 5 LH#IX Fig. 1-
8 DRN—AX v YD, THIFZETOAYWENEAEL LD EEITHL TH
MIEFT2ZENARERTNIMNEZE LIEMRTL2ILNTETLZ b, HiHX
D R & £ 7
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—p

R

Lower turre

Fig.2-2 Multi-axis machine with B-axis rotary turret (Super NTJ)
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Table 2-1 Specification of axis travel with B-axistary turret type multi-tasking

machine

Axis travel

Slide travel X, X2 axis 345mm, 167.5mm
Slide travel 4, Z, axis 1,240mm, 685mm
Slide travel Y; axis 90mm
B-axis positioning range 182

TEZRAETRD AN LEZER I L7200, EEA KX Ly AP HE O EE
PHIZE9 ZH LTS, by FAYWRICX Y, Z, BOEkEZA+T 52 LT,
WOk, TREAZE LTI L Tz £ m A L0 4 e #5000 L2 584 H 81k L,
a2 MIOERICAETELLIICR->TWND.

Fig. 2-3lIZ B#iz AL TWans by MIGARIMTEL BEZAL TV XL
v MERRESN TEICKLER TEOFZRT. ERIIBEZAL TWiRWED
WU —Z /RO REMLT 2L, AMOXFYIZE > THEDEEE) /) % {52
TEL2HEMORNE — (T T NVRNLVE) 2 HELRTNERLR . 20T~
TRV ZTHEEICHROTH L0, AEBIOCNMLY —vEICHELRTLIT
BHT, MLaX MAHPERER->THD. FYEHNLTWDLOT, T
ELTHORIZHEBR S D Z L7 ET AU v RBZ.,

Fig.2-3D L 5 1Z, g X vy hE#HET L LIk T, BHREHZETHND
NTWLIHROIMITICHERT DB, mffieT > 7V ARVEPNRETRD.
Flo, ABELAROEETRELRDT VI NARALEDH Ly b ~D &R b
HifiCTEs. F4 Ly PTOLEFVHLIZEY, LEAZHREMNMmD THE<
TEDIEMDBLTF T Y — e F T, VeI Y— YV — L DFH 2D THE
K20, ERHEWMIZ, a2 b, BV —FZ A LOEBNATRELRD.

22



Angle holder

Fig. 2-3 Turret without B axis and turret with B axis
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B == T ERXR—=ZADHEENMTHEOEREE X, Xy R, s, APH
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FIZEF@EzALTWD., EFEEE LNy FIZAL M THREICHE SN TW DR
FlHERy FOMBEHICEEITMIAEINTRBY, FEFICHE CTHEICH
AT LTS, ZOESTMLEEITH> ZLI2LD, AL THEAT E@ O
BEPDRREBEE D B0 EE OFEEN RN, SHICEME - Xy REO#
fit T FE 2SN 4 2 2 & THRERIMES SO 6N TN D.

BAEMIHET, 2’ EATEY, X, Y, ZO3HERBEE & ZH#EY O E
fhElEi oD C & 25D T, 4 WFEREHIMEIC TR RBREMLS 2 2N TE
5. TOHE, AR 3EICED TRELEBELRITLOILENDHD. X, Y, Z
FrOBE) & RTERIC T DA T OBl & Fig. 2-4 12, @itk % Fig. 2-5, #h#&
TP 2 k% Table 2-2 127",

FEVENE, WORERN, FRFERYVRENICI T IRIZERNS N, £ DB
Bix—ARE—F0OREE NI ZR— LR UNEBERICEHE L T, X714 KD
AidE « BIBZAT > TV 5.
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Fig. 2-4 Multi-turret type multi-tasking machine NP-100 and spec of axis travel

Left upper turret

Right upper turret

Fig. 2-5 Basic structure of multi-turret type multi-tasking machine
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Table 2-2 Specification of axis travel of multi-tet type multi-tasking machine

Axis travel

Slide travel X, X2 X3 axis 135mm, 150mm, 135mm
Slide travel 24, Z,, Z3 axis 245mm, 227mm, 560mm
Slide travel Y1, Y2 Y3 axis 84mm, 84mm, 65mm

ZOX Ly NRIEAENTHOREIX, 320X Ly NAWENRX,Y,ZHio 35
EMREAEALTRBY, 3RLICHEZEHITLZI LN TELILLE, THY
B, EAELLOEMICH L THEMENAIERI ETHD. AhDERIC

7 EFEL, EICA T TREMMICR ST T — 7 TN~ EEEIC K > THEH
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W A2 e /MET D70l THWERMLEZXEKT 5. Thllk-T, &2To
HNEPERE L TIMLEZT22E5CR0, MLV —RFZA L0FMEND Z &
MTED. 2FEY, BEEZBRLEZEGMIKE 2o TW5.
ZOHEEMLEICENTIE, MLEMEICZ by MERE Y B LS Z N L
TN EEAMBHSIELI2MNERNLLIN, MLACKbBEVEIZY I THD. HE
MTHICBITD Y iOERICONWTIE, 22002 —023b 5. o % Fig.
2-6 B LW Fig. 2-712R"7. 1 DHO/NZ — 0% X @hicxt L CHEE G MIZ Y @i O
EHNERBRENTWDELZY @hitkE, &5 1505, X #hickr U TRz 4
Ll Y@z, Y#oBE&E L FRICFHNIATWD X @& Y @iz 723 45
WCE-oTROOND XHOBHELZFRB SETY @S2 ERDT HE Y
WiEERNH D, ERRY @iEICBW L, MY TRICTXEAT A KLY @i
AT LICBTL2BEBVADEICL 2T, EAELZFEETHEL CHAMT D LE
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BICL-oTREDLED, YHOKEH LOEEAKRPLBENL WD XU v FA
HDH., NS 2ODEMER DS EBEITEICE X D REBIZONWTERICHYE & WE

L, MiEz1T > 2.

2
>
Turret ©
>_

Spindle uni Rolling guide

Fig. 2-6 Turret structure with orthogonal Y axis

Rolling guide

Fig. 2-7 Turret structure with synthetic type Y axis

KA, MTRICHRBIEVEITSH L5 YHEIIS, R0V RERAZHVWESEAE L, Y

NEHWESAIZSWT, EBICHEIELTRIELEZ. TRLENDOET V% Fig.

8 B X O Fig. 2-9 |[Z/”"7.

%

2-
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Guide block Guide rail

Fig. 2-8 Structure using rolling guide for Y’ axis guide

Sliding guide

Fig. 2-9 Structure using sliding guide for Y’ axis guide
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DRIV ZNZHWD ), BRVERNZHWDLI NSOV TIE, TAZh O
RICADLETCELLEZHBHATAINPREL TS, SEEELEZAMEOREY &
(Z Hh) 12X, BRVENZHNTVD. 2L, BYENICETERDEN
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MITHEEDOAMEBICHEHA SN THEEmN Y ENERYENOEEE R~T.

28



Guide rail

Rolling guide system

LN S AR EESE R
= .

£

Slide

Fig.2-10 Guidance system with rolling guide or sliding guide

Sliding surface

Sliding guide system

Column
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B gt 2z ML= mBaaRit L, AE2iTo7. T E N OB EZ Fig.
3-1BXVFig. 3-217- 7. 3FMEOAMBIZEBIT L X, Y, Z#oOBE &|X[F L T
oD, RTOMOENERIITERYVEZENEZEMA LTS, EE#HMERTEED
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TA FIFER SN, Ly PEHERBPRESATF~RESHTHEICR->TWND.

33



Total of cast Rolling guidg

weight 750kgf

Rolling guid:

Rolling guided

Fig. 3-1 Machine structure of the turret with rolling guidance, with X, Y and Z axis,

without B axis

Total of cast Rolling guide

Turret resft

weight 1100kgf

&
<4 Rolling guiddg

Fig. 3-2 Machine structure of the turret with rolling guidance, with X, Y and Z axis,

with B axis (Structure No.1)

B #igE A BINT 52 Licky, HEE 750kgf 725 1100kgf &K 350kgf #40
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Lz, TR XY, XER A e =2 FT 52 LICHEVWEHEREICE>THYED Y
FEIZENREAET L ENTREINE. ZHUXTIEEBEER FoKBRETH
HXENCHTD Y OBEMERL X MOABEEICRESEELRETTLITRD
7D, XA e =2 X8 EELMI)/NELTLOLERD L. AREFRE
ZHWTLEBBOMMEZFHMT 2 FETINETECHLZLEBRINATN DN,
ZZTCTHRMETLIHEADBEIZONT, XA MOBEIZELL2EROEFIZTHONT
CAE # W CTE T 21T o 7=. T ORER % Fig. 3-3& O Fig. 3-4I1Z/77 . X fE fig
HriZ 1% Solidworks Simulation 2014 SP5.0(Dassault Systefd3z= H 72. A& O
BDET IOV TIEHALEDY —AnD Y, Xfih, ZE#ICES ETOHEMBEY
&, FWMORAMEIZOWTET ML, EMAEORKAITR L FEEGLT5.
W EZNZEN, ZEOENYDZBNOT o v 7 & L—)L L O %z e 2hER L
L, E7VOELMIHLT, ETHESICEREANESZTND.

Fo, BMEE K E Table 3-1i2/7 9. LI, iV T ZoOROEKE %~ A
WHZEE L AERLIE3RILET ML, R REFREZ 30mmE L 10 i &MU
KERTHEZIT oo, BEIAEIEL 144,204 W EFE I 84,389L 72 o 7.

Table 3-1 Material properties table

S45C
FC300
SS400
! 9 9
Young's modulus [N/ 66x10 210x10
Poisson's ratio 0.27 0.28
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Origin of x axis direction

20

X=0 (position is origin)

Fig. 3-3 Deformation analysis result when X axis position is zero by weight

Moved 302.5mm

LRES

forward X axis direction l 150
100

50

X=-302.5 (maximum)

Fig. 3-4 Deformation analysis result when X axis position is -302.5mm by weight
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Fig. 3-3lZ/ R LA XA R TCOMEBEIZCL DA OET L, Fig. 3-41Rr L7z X
OB B & 302.5[mm] (A he—Z[REAMT) TOMEBIZLDTEbAROKT L%
k%L, A —2ICLoTEDLAEBRBRSTVEILNDND.

CHEBHEIAKND LHOERDOEEZZ T T, X#IAT A FIZREROTH
MAETCTETD, XHAT A RPRELLITAHN DL OICEE L THYE BIRHR
RESHNNTWDHEEBEZLND., Lo T, XEIRAT A RITKH L CHIME@EL 22
MDD, ZOMIEERNPODLND. BEIZED2EDABREWE, EAIILT
OEGIANZ L VB RUHIERZZ TS EICEoFMIct RES ADERER
TOARELRDH LS. ZORBITMLFICHY RIS Z LT, &I IH
CHAEVCOVIREI R EE2 AT LIHRLRVELIEEZ LMD

IR TRO =AY E Db HDOEI DN TEREITY, X EABE L
BAODEROEFZBHA L, MR L OLRBBIEEZIT > 7=, EBRIZIX Fig. 3-2
W2 L7z B o & 5 A% Structure No .12 #5# L= @& T %2 v 7=, 526 A
% Fig. 3-58 X ' Fig. 3-6(2/~7.
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Straight edge

Lever type dial gagef === Lower turret

Headstock

Fig. 3-5 Setting of the straight edge on the machine
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Upper turret res ‘ e Origin

X axis direction

345mm

Dial gaug

Fig. 3-6 Measurement of Y axis displacement at cutting edge position of prototype tool

post scenery

FBRITiEIE, Fig.3-5 0 X912, XA T A FOER EIZA ML — bz vy Va2
v RE (AEBEHAOENY ZRN L —/L k) ITERY T, s X, Zzfed
BRWTEDICHBEICLDTEDLAHOHEAEL TR TABEIL, TZAREA Y LT —
PERVAAT, THHEO XA ML —Fxzy YL OFITEN 10 m/300mm
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UTIER2 X2t A M — by VORI ELZRET .

RIZ Fig. 3-6lZ -3 L 9IZ, ERIMZ Ly NAYEDOZ Ly MIZTZAL A
YLV —=VEWMOAMAT, XEOBHICIV AN — oy P EEFATALT—T
MEETLZZLICL-T, BHTOLEMELZENT 5.

ERELELTXEBOBBHEL LA VYLF—VOMEE, EL LTRDEAE
fECTOY i FmoEMNEEZLEE LY T 7% Fig. 3-7TICR7.

120

=o—Analytical result

[EEN

o

o
1

-—Experimental result

H (o2} (0]
o o o

Displacement Y direction at togkin]
N
o

O 1 1 1
0 100 200 300 400
Travel length from the origin in the X direction [mm]

Fig. 3-7 Experimental verification result of dispkment amount analysis of cutting

edge in X axis stroke in Y axis direction
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X axis slide
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Fig. 3-8 Machine structure with swivel B axis, with X, Y and Z axis rolling guide

extended X slide (Structure No.2)

Sliding guide|

Total of casting iron

1330kgf

Sliding guide|

Rolling guide

Fig. 3-9 Machine structure with swivel B axis, slide guide for X axis and rolling guide

for Y and Z axis (Structure No. 3)
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INLEFLEAHEIZONT, XA A ha—7 LEHAICBTDLHALTO
Y #h G OEN &AM L. FOER%E Fig. 3-101c T . ER L7 3RILET
ML, I REHEZ 30mme L 10Hi S E AR ER Tl 21T, KM EESE
Table 3-2{T7~7 9. ME M &R ER BT OV TIiX Table 3-31T 77 .

Table 3-2 Material properties table

S45C

FC300
SS400
! 9 9
Young's modulus [N/ 66%x10 210%10
Poisson's ratio 0.27 0.28
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Table 3-3 Total number of nodes elements of strietu

Total number of
Total number of nodes
elements
Structure No.1 144,204 84,389
Structure No.2 155,241 91,420
Structure No.3 214,968 129,075

120
— =¢—Structure No.1
£ 100 | 102.3
8 =—Structure No.2
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5 80 |
b5 Structure No.3
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?; 43.8
< 37.9 \
S 40 Y
(D)
(]
©
% 20 %
[a) 22.9
0 1 1 L L L 1
0 50 100 150 200 250 300 350

Travel from x axis origin [mm]

Fig. 3-10 Analysis result of displacement amountyodixis in cutting edge by X axis

stroke
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DOEEWOELBY 2T Ao F—N"— " T LAFLOREL DD, =
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WP 2 dE N S e BB TS . Structure No.3 (2D Tl Structure No.1 3
£ O Structure No.2 IZHARENEOEB/NEL<R-oTEBY, X #M2ABHL TH
HNED Y G OENMEICKE 2EAITRD SR,

3-3 ERICL2IYEOFRBMLETMFE
RELEMITFBECESW TR EZToLEGMIEO MBI ONT, ER
3 U CHIER EOFM AT o7, ZOFMFIELERICOVWTERS . TIEK
BIZEBWT, ERSNDMITRENZ oI BET 27200, #FEIVEO MR IT A
AREENTWD. LarL, AMBOLHEEZ1T I 2 & T, MENEH LS
WOMMERKTT 522 LITREORBRNOBEMTHL. RIELEEEEZZL TR
i 2 B CiERIEN A A SV X, Y, Z O 3 EABE LY Ly NAYE L,
JEE o> B #hZ& A0 L7 A4 FE L7 lERAL 2 Ly S AR T, #EIE R E 5B
ZATV, KAEE COMMEZ B L7z, Fig. 3-11 IZFEBRK 2R~ T.
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Turret head
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Chuck Iron bar

Load cell

Fig. 3-11 Static rigidity measurement state
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Rl PE OB E H BT, EPEEICHKMOAEE T vy XS LT, XLy b
AEOM O X #hGm (Fig. 3-11Z28) [T ELZE/ESYE, TOMEL D — FEL
(H AR ZHN &SR LRN-KEN) (2 TEFHIL, AR, 7al4/4 v 1rr—v
(PEACOCK#! PCN-S# /) H & 0.001mm (2 CEfhH - I EMICHAET D X il
HIEDOEN ExGH, MEEEMEEOWN/ pm]ZlIMEREE L CFHET LS. K
3-1ICHIPEME DO ER 27T .

o Amount of load between turret and spindle [N]
Static stiffiness value [N / um] =

Amount of displacement between turret and spindle [um]

(3-1)
R LEF vy 27 13d0) 8 TirHl B-208 =JNF ¥ v 7 Z il L, HI#E T % S45C

DHHBEOFEIZT 60T, 2 — FELDANMANL FNE2ZEL CHMTE LX) FilzE
MLLTHL. ERMERIDMEMEMEZLELZS O % Fig. 3-121C777 7.

20

16.6

Static stiffnessvalue (N/um)
= =
o (&)

al
T

Non B-axis type Structure No.1 Structure No.3

Fig. 3-12 Mechanical structure and static stiffnessasurement result
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WEDOREPNELS RVFERE L THMERNETLEZEEZ NS, ML H o IH
BAMICED2AYWORTEN DR RE LM LEREEZEB T 5720120, Wl
Bam EIELI0LENHDL. XA M=V ROEMEL FK/NZT D20, X il
ZAT74 K, YHi=aZsoMiEml, FAMEOLERICK > THIMEEZM LS5 X
I F & 1T o 7= Structure No.3lICHS>W\WTlE, MMEEEN KDL RKETWICHED
O3, EBIZEL o TROONIEHFHHMEDOEME S mv. BItEm o7 7 e —FI
BWTH, NEOEEAESEOm MR EXNBRIMEOR Eizo7en2 & LT, MK
BEFFICEET 22 IOV MmIToREZMHI TEL2bDLEERXD
ns.

BEMIHEO A EEZHTH LT, FRERIEICLD X BBEHKONEOLE
MEZMT L, TOEMENR/NE R DENBIEOEIR KL OHEYRIEZRET 5
LRV EOMBREE O mAEREEHFETIHERICERETHLLI EEZOLND.

HAMEOZEAMESE (ZAHEMER) & LTiE, XX L TERT D HFMICY
AT7A4 RE&ERE L TEAZR Y @i &, XZ FmElxh U CTEE oA EICHEAS &
Y AR L TS &AL Y@ ¥ Fond. 2084, XEICERZT S
Y Bl OALER O 2T O BRICIE, YHEIOBEBHICEDLOE T, HHAACHEST 200
XihaFREBLTBESE22LT, YHIOMBROZIT). KICZO 2FEHD Y
SR DWW T, MO Z1T > 7. A E OMMERE M 21T 5 7291c, TI R
A XNV =V EMEORBELEZ T RVWEMAEE LI Ly NCEET S Z & T,
HNYEOHOHRMPEEZREST 2N TEDL. 2D 2O0BERICO>NT, ¥ L
v O = VERY A & FENCER Y AT e BTk L, X 7 A e A N R
TeHmao, by hO X HFMOENMEZJE L. G ORE % Fig. 3-138 L O
Fig. 3-1412R 7.
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Magnet stand

Right Chuck

Left Chuck

Fig. 3-13 Measurement of rigidity of turret (1)

_|Dial gauge

Left turret

0

a cell' AT T : Right Chuck

Magnet stand ;

L

Fig. 3-14 Measurement of rigidity of turret (2)
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A ENLCHEEZMZA. a—FReAlcky, Ly FEFoMIZIZER -
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RAER OERNZHE, R UM ENFEAEL, WMEEBICI O EMRFEAET H. Ll

cHAME® T ICBWTEMNARELTWDRED, XLy NETOENZ ERIC
WMEST 2720, MAEOEEZZTRVVMUFOTF v v 7 13Xy Mnb, Yk
ALy NRIBOENEZ, FAXYNLVLTF—VEHOWCHIETHZ LT, EICHT D
HAWEDOEMEREL, SHICE, MAMETHRT 2L T, AWE OHIMEHE
ZEM L7z, WE L2 R%E Fig. 3-1512 757 .
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Fig. 3-15 Comparison of stiffness measurement nsswith orthogonal type Y axis and

synthetic type Y axis

FEER TR O AV MM X, ALY il TIE 16.4[N/u m], & Rk ALY il T iX 20.8[N/
umlEZe ), SR Y dho N EARR Y SR, K 23% ORIMEN EV 2 LR
Do de. Fl, YHORNEEOEWIZXAMAMEEOENZOWNWTY, AWE
ZRfEL, Az iTo7. m— FEALZHWTWEBLZMZZHGEICET DEME
Ak 72 FIEIC L, WEL Tl L. ZORERE% Fig. 3-16127777 .
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Rolling guide Rolling guide Sliding guide
(rolling element is ball) (rolling element is roller)

Fig. 3-16 Comparison of rigidity measurement resldy difference in guidance system

on Y’ axis

MIPEME X, 80 RN CEBIERICHREZ A2 A0 7254 Tk 23.8[N/um]Tdh
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B, 11% OmMEES M ESTnWD Z R o7, BWBEIEICHFEZ A2 Hni
EAMEL, BIEE A ROEWVEZTRL TS, L2Lens, BHENEKTSH
HERS D BN, SEARAMAR A THHEN D BNITMREM, BV EN
FHEEATHL LD, BEMEOHE TIXWYZNDO LR, ko oiRE) % 8
By CHET D2 ENTEDEEZLND. Lo T, HEICIEVRERANMEICIT,
AItES @<, BMREBHHGETE2HVENZHWT, LY —7 O&EENEZ B
FTOLOOREAZMLELT D ZEITTENYVERNEZAVL00, HEMNLIEIZ L
STHHEBELEZEAMBETHLILEEZLNLD.
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3-4 BREIEICE T FEDORE

AT IR O EICLY, EREMEEZa L Ea—F—2 I ab— g OB
MICTHERT LI ENMRBICR T, £ TERLEILICHITEIFRZHNT, BN
HAROENZHEBEHBRIELZ. Xy F2Z0 W aazET VL, CAEZ W
JABES BT ATV, B S T AR EE IO W T, i & EH OB 21T o 7.
i L= 7 b v =7 1% Solidworks Simulation 2014 SP5.0(Dassault Systems
Y THDH. ZNENOMNTEMI X OMH £ 7 L% Table 3-4% X Y Fig. 3-171C
AT ER LI 3IRIEET VL, FHEEEMICLOIMEINATEBY, EEOH D
F—HIZOWVWTHLET ML, T—ZIZDOWWTIEL S45C L R UM% 5 2 T
WL ENENDETNVICOWT, g KEHF K4 30mme L 10 iAW A2 HE b
DEEAT oo WA BNOET L OMKRE RHIE 90,261 HMEFR KT 51,519L 7
ol F, MY RERRNOETTILOMKET KL 92,131 M EFE KT 52,6948 e o T,

Table 3-4 Material properties table

S45C
FC300

SS400
' 9 9
Young's modulus [N/ 66x10 210x10
Poisson's ratio 0.27 0.28
Mass density [kg/r 8280 7800

Modal decay 0.033
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A Y

Model of turret with sliding guide at Y’ axis

Fig. 3-17 Models of frequency response analysis
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EFTICHB T AMRAIZ Z8M A FL— L OERE L, MIESAB L OEMORE
MLy bOY— VB MIFALE E Lz, OSSR %2 Fig. 3-181278 7.
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Rolling guide on Y'axis ==---- Sliding guide on Y'axis

Fig. 3-18 Comparison of dynamic compliance whemagstiolling guide or sliding guide

on Y’ axis
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HIExE< 20, BREESELERSR ERsTWL I EnELZOND. 2T T4 7
VADERTIZOWTIE, REMTHLIEN D ZNE EHEMTOHBY ZNE THRE
MEABRATHDLTEHEEZLND. RIS, YEHIZERYZRNEZH WA L,
BOERNZRNTEHAOADEITH LT, A 250 ZNIRIC K B JE B EOS 2 R AT
BiTodz. A LA v XAy~ — 3/ GK-4110G10T /> v — &
FE1X 0.2367[mVIN[CTH YV, MEEE v 7 7 v 7, ANEFHIE R NP-3130 T 1
10.14[mV/(m/)], FFT 7 F 5 4 #FIiZ oW\ Tk, /NEFHI2E8 CF-350 % ff ] L 7-.
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A NNV AN — DFTBEALE % Fig. 3-19 IR 7.

Acceleration detector

Impulse hammer

Fig. 3-19 Position of excitation for impulse excitation and position of acceleration

sensor

FEEBR K AT IC TEH LN IEEE K % Fig. 3-20 [2R"7. bk, MEEE »
IT TN ELNTIMEEICOWTIEEMICEHRLTERLTWNS.
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Fig. 3-20 Comparison of dynamic compliance whemgssliding guide on Y 'axis
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Y-axis slide

Turret

Y-axis column

X-axis slide

\ O N

Transmission loop of the cutting for

ce

Fig. 4-1 Transmission loop of the cutting force on cartesian Y axis

Transmission loop of the cutting for¢ce

Z-axis slide

OO

Fig. 4-2 Transmission loop of the cutting force on synthetic type Y axis
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Fig. 4-3 Relationship between the length of thetiowg force transmission loop and the

static rigidity

MITEFZBWT, SIHEI 2 £ - ARG T, TOUHANBESND
FERBEEBMH T FMPLEZERICLTE—AV MIELZXIT L. V=% Bk

60



TEHEDIIZNOHERMICBITDE—A L FT—LE2E£LTEY, T—A2h
FTE— AN T —2DORIZHATLIZEND, E—A UM —LDORIP/PHE
KRG MW, TE—AL MIEBMNSLSRY, ThCE5TbAr b/ ks, U
HINWOIREL—T %, ETWELZIT7 L —LHEE LCHET D L, HiEs
KORMEIC S 2 28HME (TRbLE—AL FT—L4) OFBIEFICKRETNLE
A5, HEWHEBHLMOMMEDOE L > T EH - AWM OMIMEMICEITEL D
D, ZNEV BN —TREDEVWVNREIDLDEEDOFRREVWEEZZONLDL. ET2,
N—TREEOFDN, WHESEOEBMNTEE KM LB ECRs T EbE XL
W, MRS AR ET DATOMEBEBE CORIEL LTIE, oA T A .
Fig.4-3TRLEXLIRT =22 R0 ZLE/T L2 LT, Edh - AW o mEE
LUAI N DInEN—T7 OB E L VAKEICT 22 e TEE, TOLV—TRS
EFRWTEBBEIZOMMEMEEZRD D Z ENTE D, EEMNTH OSBRI
DEEFZBIZRWNICENSDEEZDLND.

4-3 #E

ZEE G TR 2 ARG DB, WEEMEEZHSMICTHITE D LI
AUIE, RS IS 2 R ARER G L 72 2 ISR R AT 21T > T D aXEE O 2 M 2 W
DDA, AR OHEHERF~DOBRY O THZRMDO L TRENZEL T
MAfEiNT 2N TE, LVZLOBELHBERFTTEL2LOCRD2EERDL
ns.

61



HBHE HAMIEBOEWMEICRBTIAERFMFEEORSE

5-1 #E§

BEMLEITZMEAEEZAIRICT 27202, ZHERAMNE L IND. £ &
EMEE+DICBRESE L0, 221y MEBRETHD., 202 b, i
PAEE X LA L I L TH XV R > TV D, SO IZIERFHZE LM
TEHZRERBIERITINERLRW., ZODICITALEROKRBIZLETH D, M
MERODLIRHFEZITVERS, Y7 MCEX2MELHAL, MLBEOZEE
BloTWah. MTICKDIREE|EEZNITHE BERITERET D ENTERVN,
DN T8 83 C D BN T A AH S BRI T 2 120, RIS R 2R B 6E & L T
DREHLDORELHNVEELZ AT LILENEEILY. LLARR L, MiEaK
BB PR MERR I 32 Z L IR R We D, EXFRARBALE R OMIEEZ T 5
MIES AT AOMENMLELRDL. ZRETIZE, CAEHINZFHL T, &M
THOREREAHE T 2 HFIEFTHEZ RSN TWD. £/, CAE TR R & F
HLTMIKELZMEST 2 HiEbREh Tng, 112

RETIE, BEFEAMEL TNIHEEZROXFODICLELR, B4 TIHE
DEEHBEICBTOIKBEORWALEHMFIELZRET S, SEMEICHNTZES
N T o Fah i IS &2 Fig. 5-112777 7.
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Fig. 5-1 Structure of spindle unit of multi-tasking machine
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EFEMAEOMIZENLN M VE—FEZNBLT, BEEFMEZEEHEIELIELV MLV
E—HIATTHDL., TNENRHEEILHY, LM U E—F XA TDE
MO RATL, @MECORENAERIENFTFOND. it LTHE, =40
BT T DM AE L TMENMICER T O2LEND LD, EE HEN K
L RBIERFTFOND. ZHICHL, NN Y A T OEFIX, E#hE O
JEZ (X @h5m) NEMST VORI ENTEETHhSISTELZETDH
L. EmpTix, v heT=Vlno@himEFXERMAT 570, FihsEEE
HERICANL D OEBICE ARANEEL, TR TV EN L TEMABICEES
nNsz2eThHs.

AENFLL IR A~ BB &0, BAREINTE OB DL N ERE) ¥ A 7 & R
L7z, =LV F XLy NIBEEMTHEICBNTIX, FWME0EANRKELS D L,
AMBECENTHENFHPLETHES KO RMBELTLH2OIC, Ly hOX
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Tz RELLARTNETRERN. THEBA4ETRELLEUAI N OImEL—T
DESHESRLZZIEEZEWRLTEY, EBEIMENMET TS EHNTES. Lo
T, AEICEBWTITE#MEORE T2~ ME#E ¥ 4 7L LT, E#hEEsE O
FEIC L D B ORE ERICHOWT, MITHREEEOWER R & 2L,
TOHEMMEZEHERT S .

5-2 IWEIERICIITHEBA LN EELLEBITFEINRE

3%t CAD Y 7 b 7 =7 Solidworks 2014 SP5.0(Dassault Systeii§ % ffl > T
Flhr=vy bO3IRILETNMEKEZIT- T2, Flih==v MNE, E#h, X7V 7
(ONN3018 @ACHO018 ®NN3016), —V, FEih#, FdHX— A, 7 & FA
—DF 9 OO THERIN, RHKEE D L ICATRERBY REICET ML E AT
S, FEERNFONT Y U EEIIATFIC 2D, BEIZ1IOE NI HMEICR -
TW5.

TERL L7z 3T ET VAR, TE#HEERT Y V7 ORKEFERES 10mm £
DO IO KEREL 20mm & L 10 HiAWEARERE T 21T, FRE
RETINVEER LIz, B R%0% 238,251 #EFREKIX 152,604L 72 o 7=, =
=y b OMEHIRT G (FC300 & RFEHM (S550 D 2 > fEH s TV 5.
FREZET VBV TEME, FME—2, 7=V, Z 2T Ak,
Efh, X7V T, TAMN—CREFEMOMBIESR A HE L.

B kB E $ A Table 5-112 <.
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Table 5-1 Material properties

Material Gray casting (FC300) Carbon steel (S55C)
Young’'s modulus E[N/rf] 200x10 203x10
Poisson’s ratiov[-] 0.27 0.32
Mass density[kg/m?] 7200 7800
Coefficient of thermal
12x10° 12x1068
expansiona[1/K]
Thermal conductivity
45 30
A[W/m-K]
Specific heatCp[J/kg- K] 510 500

BUREMRT 2T OIS -0, BERFHEOREEITH . TlhHELEZ ST
o 7o KR E OB ERR A S L ICERE A 16.3C, THi = s OYHIRE L
19.9CICRRE L, #ihefbmm i c BRI 2 Z/ L. 72, Fla=vy boE
BRBIFL LT, XTVITORRMLEFy v 7 ) ZOEBMICE SRR
EBLE. X7V TOERBIIONTIE, BRAREZEEL, WHERL LTHEX
L, Ty s VY OB ORAEEZFHT AL IIRETH DD
Tl A EGEGE S Y, TORBOREBRELZ S —F7 77 4 CHET D EREIT
S, TOERBRKICHELZRELZ G LICRAEORE LV 21707, £/, &
i =y PRENS OHHER~OBBEFERT 72012, BdrERL2HH L,
BERZMHEELTERARL. X7V 7 0RME, Tiix=y FREOALREROR
HITEIZ OV TR, RENICTEMZE 5.

LLEDRMIGAE R OB RGOS &, MIHMREND 4 RpMRE% £ COREZL
BIZ D W TCIEE & BU= BT 21T - 1=
BREGCTHWEAREZERORB FEEZRT. EBRGO Eda=y MREIXY
TUREOEBIREMERETHY, BE LA L EBICHRRESREEL T
HEEZBND. T THARRMOBRERIT, SR EERICB T D B R
DR ER I EH VD Z L Lz, 20CICB I 22RO EfE & L T Table 5-2
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R & VT
otz AT, WKICRTEH T T MVE Pr, T T AR 78 G
RS, FHL ALY — Ra 76, EHRMNELIENZ AW T 5.

pr=1% (5.1)
a
_ 9Blw—0x) ;3
Gr, = V+L (5.2)
Ra; = Pr - G1y (5.3)

22T, vITEEE [mYs], o XEVEBCER[MYs], g X E M E[m/s?], Bk
FBIERE=R[1UK]ITHY, ZROGEITR=U0 L7250, 0w TEREREK], 0%
FHKMEDONRKRREK] THD. FHL AU —%IiEL Ra =2.85x10° L k£ v,
Ra>10° ThHZ bz =y PRBEOHRMIITEIR TH D LHBTE 5.

ERBEBETEHOLMICBIT 2 EH X0 M4 Nu 1E, kx40 X%2H0
7=

— 0.387Ral/® ?
Nu;, ={0.825 + 7 (5-4)
{1+(0.492/pPr)°/16}

TR G ERER, FRA LV kDN 5.
—_— 1_
h; = zNuL (5-5)

B S JE B2 R~ O BR ER UL, 9.7L[WInP-K] & e o 7z
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Table 5-2 Physical properties of air at'20

Material Air
Density p [kg/m?] 1.205
Specific heat ¢, [10® J/kg-K] 1.007
Viscosity 7 [10° Pas] 1.822
Kinematic viscosity v [10° m?/s] 1.512
Thermal conductivity 4 [102 W/m-K] 2.57
Thermal diffusivity a [10° m?/s] 2.073

X7 YT OBEBEBERIY, FOEFEEAENRRT YV ITHNE A 2L X — 28
b, X7V ITOREEFZLELT. X7 U 7 OREME QWITKRA L vk
* 5.

Q =10"Mw (5-6)

ZIZT, M FEEE—AFN-mmMTHY, olZXT VY 7 OIE A #EE
[rad/s]CH 5. EEE— A MIRAXLVRKED.

Pd
M=E< (5-7)
2

Tl TBEEAE, dIZXT Y U IINEMMITH DS, RO FEfi=> T
X, EEARTEICRE N TOEINMEZ AHi% (NN3018), @BEH T v F = 7%
(ACHO018) @ 2>, % TIX@MEFNIME Z AW (NN016) ® 1> ST
W5, BT YT OBEVERELE S X ONREE Table 5-3I277 3. X7 U 7 OHE)
BRI, X7V 7oA emE, Ml L, FEERE & W o 2SRRI
L VEMRDD, BB XL Table5- 3T m Il A & 5. M &8 (2 38 W THAIZ 2>
LMEIL, XAV IPOZTLIENOHATHD.

bz Els, AHENEEXT U v 7 O3B E% Table 5-4i277. BHiHEh
X7V TRABIZITREMEID Y, EERICEBENDL ENETEAREAEL TV
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LZIABHTHD. 2oz, HEHLEEEZBRIIEXXT Y V7L EE2 5 2,

EBRNOGELONE@ 2 =y bR ERE

ERIDEIOTHABDOREL Y 217 9.

TR EFE A ST EBRFEBE, Fig. 5-11C77 7 Spl~Sp8? 8 /i L L=, M ICITARE

FEHT Y 7 b7 = 7 MSC.Marc (MSC Software Corporation % fH v 7=.

Table 5-3 Friction coefficient and inner diametdremch bearing

Bearing type

Friction coefficient[-]

Inner diameter

d[mm]
@ Cylindrical roller
bearing 0.008 ~ 0.0015 90
(NN3018)
@ Angular contact bearing
0.0012 ~ 0.0020 90
(ACHO018)
@ Cylindrical roller bearing
0.008 ~ 0.0015 80

(NN3016)

Table 5-4 Calculated calorific value of each baring

Bearing

Calorific valueQ[W]

@ Cylindrical roller bearing (NN3018) 24.3 36.5
@ Angular contact bearing(ACHO018) 296 44.4
@ Cylindrical roller bearing (NN3016) 50.2 75.3
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(a) Top diagonal view (b) Bottom diagonal view

Fig. 5-1 Temperature sampling point of the spindiat

FEHBMLEMMT 2T, FRROEAROREL Y 217072, TORKRE, &
BIR O FE BB L Table S-S5 IC R T E R o7, T D OMEILATH TR LI BEED
NI E->TWVWD., £220 L EOFKEENE S TORMFREEZ Fig. 5-2 12
Y. BAEARTO 4BMEOREITNE05CLRY, BXhz &Lk, RE
FAOHBENS, REOYEDL LRV OFEFLHHTETEY, fifichiE LEE
= FMERZEK~SOBBERBEBLIORT V7 ORBEOMITHEY TH -
lmbWnwzx b, £, Fig. 5-3 I 4B O ==y NORESMEZRT. T &
VB CTHLIRT Y v I Fx v v ) A OEBHMOEEDSH D T — U
DTHENGES R TWVWDH I ENRTED. b OMm I EEELEOR
HREOBUMER» L/ ONES - T 7 4 ORTIHESAE —H LTS,
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Table 5-5 Estimated calorific value of each heatrse

Heat source

Calorific valu®[W]

@ Cylindrical roller bearing (NN3018)

33.6

@ Angular contact bearing(ACHO018)

40.1

@ Cylindrical roller bearing (NN3016)

60.0

Effect of chuck cylinder’s hydraulic

fluid

107.9
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Fig. 5-3 Temperature distribution of headstock
5-3 BEREFHICHITIRE (ZSTFZRAVEEEOEMEBIENR)
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ZATO®BFHOEREERZBO THMN THEROME LT LR TR IS, /0
REREMTLIMLTHD. TIEEKRICHEWTIEZEYEZE T TIERL, &EEC
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FE—RIZR LT, ESTFMLE2ITo7. TOHK, #EMEOHZ Y OBILE L K
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Photograph of scraping the surface of the platen

Picture of scratched surface on test peace

Contact area ratio

1s 37%

TN f”a"“f\“ﬁ i
) MATATILIN AN PRRIAATRINES N

NP H s N . ——v—— ————vv

-10

153 L-15

Measurement result of roughness of scratched surface

Fig. 5-4 Measurement results of scratching surfacd surface roughness

73



Ko X—% > kb (Contact arearatio is 370355 L 7= £ 1l & 212, BRI
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B OB RFMEE L TANT 5. BRI o# X2 KX 5-8 127”7,

! —198><10—5(1 + 1)
ho A,

1 1 a Af ( a
S =t o (1-9%) 59
R 61,1.,52 4 +61+82 A (5-8)

RIFHMBHEGI AR L, 01,0 3HMTI2MEZNLNOEHREMS, 11,
Ao (THERRT 2 W E A E O E RO BURE R, alA X E FEHEMEE IS T D A
FOHEBOEE, A ENETLIIEOBREREZRL TWND.

FERICHAELZZMAEOE S EE%L Fig. 5-5C737. ZoX I mEICx LT
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Scraped surface of the headstock

Fig. 5-5 Scraped surface of headstock of spindlig un

JEITELB LB o L Ca(5-8) 2 AW TR BV L2 ko b &
R=1.4X10"°[m?>K/W]
ERL. ZRICHLT, EETFMILEITDLRVWHAEOHEMERD D &

R=1.4X10"*[m?*K/W]

L, XETFMTICE VK /100 ITBIERH N /N EL b 2 LR - 7=,

Bz H T8 A L7212 DU TlE Table 5-6 1277,
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Table 5-6 Parameters for calculating contact thdrreaistance

unit value

Surface finish average roughness 1 [m] 1.6X10°6
Surface finish average roughness 2 [m] 1.6X10°6
Thermal conductivity 1 1 [W/mK] 50
Thermal conductivity 1 » [W/mK] 50
Thermal conductivity of intervening

[W/mK] 0.0257
substance 1 ¢
Contact area ratio al/A 60%
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5-4 CAEMIEREY—FEISTA4ICEKBEANEDOLER

Tx TEAEIM T OIS IR LT, CAEHN 2 H W TRERMIT 21T\, FF
VRO XY BMABER 2T 0MEORFLZHEL TS, A BHFELLE
BAIM I WT-15011 (PR ERE LX) o Ed= = > b & #2217 T CAE
2 X2 BVR 8T O R % Fig. 5-51C-7. Fio=y MILIIEHEZEEST LT

Yov 7 LR L CHERT 2 L BiRE X/FT L7 7,

INHDOERE R

LEME, MOFE#HOMMEZHERT 22D DOFHEX—ATHRINTND. 3K
TLET M LT, RREFREZLZ 30mme L 10Hi s W AZEFETHHE L, FRE

FET NV EAER L.

KB S X 46,983

MELFE T 29,007& e o 7.

FHEONT YV ZREHRICE D BEL, TOBNTE#HMA RO E#HEN— X 21

DR & BV EfEAT L2

Table 5-80 @Y Th 5.

Table 5-7 Material properties table

unit FC300 S45C
Density o Kg/m3 7200 780
Thermal conductivity 4 W/mK 50 43
Specific heat c, J/kgK 510 440

Table 5-8 Calorific value of each bearings

BB E# A Table 5-71 2”7 . 52 2 BEEMIX

Heat source

Calorific valu®[W]

@ Cylindrical roller bearing (NN3018) .6
@ Angular contact bearing(ACHO018) 40.1
@ Cylindrical roller bearing (NN3016) .0
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33.0C

Temp (Celsius)

3.300e+001
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Fig.5-5 Heat transfer analysis result of the headkt

Thermography model: CPA-T620(FLIR)

Fig. 5-6 Measurement results by thermography
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Vector of heat deformatioh

sixe X

Horizontal bed Slant type bed

Fig. 6-1 Horizontal bed and slant bed
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Fig. 6-2 Effect of slope of bed sliding surface on processing dimension

Fig. 6-2 127" T Xy RORVIZE > THAETLAT A4 NHO Y @b )5 /48 xh 2 A7
A, AsoBEOPAWICE > TET 2 AMERL IO EME O X @il Fm o2&
Au, As B LA O BRIE, BUNER 2 IE T X R(6-1)~(6-3)D L 912k
bnd. FlX(6-HEVOK(6-5HITE->T, MIROELEA BNRDODLND.

Au = Aug X 2 (6-1)
Wi
As = Asy X 2 (6-2)
w2
Al = Aly x = (6-3)
w3

Apyppgr = (Au — As) x 2 (6-4)
Apower = (As — Al) X 2 (6-5)

ZOANDL, AMELAOFEHMEDOENMNE (Au, As, AL) Ty RTOELER
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A>TV D., Xo THMBRAZLTNIEZNEE, MLAOEHELD O S
h KL, TOWNREmEOEN LY RERMLESTEEERAESED. £
i, EEMIEICENTIE, Ny FORVROBERZMEI+ 2 L NEHEL
b, REILBWTIEZORy ROBER & M3 2 LTl gl 2K &Mz on
THRETDHHOTHY, MR EBOBEME L ZHRAL, TOREEED
ZEMEEZHBRT DD THD.

6-2 Ny FOREMBITFELERICK SR

EFTE, EANMLTEONy FRRREREZICE T, CoX oL R L |

ZLTWaNEHT 5. Bl ZITo T RERBREDOI/NE = Fig. 6-312, RERAR
= DR % Table 6-112 777

Fig. 6-3 Environmental testing laboratory (Exit doxide)
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Table 6-1 Specification of the environmental tegtiaboratory

Specification
Control temperature range +5C to +45C
Control temperature error +0.5C
Outer dimension w8.2m, L8.67m, H5.05m
Inner dimension W8.13m, L8.6m, H4.98m
Maximum air conditioning output 40kW
Maximum temperature change +=5C /hour
setting

EBRIL, BROPOERBEZHIH CE2REERBREICCIT 2. REAR=E
BREZWZ720, Jihz 4ARMTICRTNIE, 14KHRD, 20Kk 4FH T
ERSE, BEAKRBRST 277 02 MAESAOESREMEAE SN
TREEZEELEZ. Z0ME% Fig. 6-412077. ERERIY, FAM»LOE S
WEOVRIBIZERH D Z ERH -2, 7o, KBTI EIK]TOa > ha—LR» T
E ARSI S | P

~ 9
RO
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g 292
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S 284 ' . ' '

0 6 12 18 24

Elapsed time [hour]
—— The temp. of neighborhood of top of the bed
—— The temp. of neighborhood of bottom of the bed
- == Setting temp. of the room

Fig. 6-4 Temperature control performance of environmental test room

AT B 55 BB
T 7. BRBE
WE LMW, 2 AMoOBEBEORE IV =y g —8o XL-80 M L. HWE
BWOBRBEREMET=y MX, BEIE VDN, MIFERIKICE D 20[CIDHE
EYRIRE ~OEEITITo Ty, ERICEHALEZ LV —THIESRO ML E

ENICEHAEMIEO Ny FE AN T, TOMERZNET 5 ER
RENELLLEEONy FOBRERZMET 2720, LT ORE

Table 6-2 12, TN TN D FEBRDIRRE %A Fig. 6-5 /5 Fig. 6-7 1277 . X v NiTxt
LT, @, BATE, @3 FnICEEIT- 7.
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Table 6-

2 Specification of XL-80 Laser

Specifications

Laser frequency accuracy

+=0.05ppm

Dimensions (Weight)

214mm x 120mm x 70mm

(1.85kg)

Maximum temperature ¢

setting

hange +=5C /hour

Fig. 6-5 Measurement of the displacement in the width direction (right and left

direction) of the bed
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Prism + Half mirror

Fig. 6-6 Measurement of the displacement of the bed height (vertical direction)

landscape

Half mirror

Fig. 6-7 Measurement of the displacement amount in the depth direction (front and

back direction) of the bed

Mirror

Mirror

Fig. 6-4 OBRERBREOSE LI XZ —> (KL% 4 M T 7CH T S8, 14 B
MRS, Z0% 4B TTIE EFIE25) 2 527056 0REMEORERR %,
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Fig. 6-81Z/~ ¢ . M EB AR IZ, =EMRE THE O GIFM TH 5. Fig. 6-8D 7R
T LI, Xy FTFHOME (width) & VAT (depth O EIZIB W TIE, K
EESNANTWDHICHEALLT, MEREDEICHE > TEMPEAL TND.

ZORKE LTI, RIZHNy FERBRICEREEREZICRK DAL NI AEL
TV h, bLIFEEBRENNYy FFHOLEZ oI L TRV LN
BEZoND. BEOMITICE N TIX, Xy NOKBZER/MRT 52 L BL 0N,
COXRIRWELE LB FEL B LR WS &R D aREMEN G V. o T, RET
BT DNy ROBMERMITICE W TIX, KOBAEEL LIIZEEREOER L
ZELT, MREMHEEE T,

F 72, Fig. 6-8 DFERMN S, Ny RO HE R TOEEN BE[mm]Z <y FOIR
EEEK]THRLEZLDZ, 203[K]CTOHIER S 2K YL L THET L L, BIY
EAREIE 10.7X 105[1/K]~11.4X 105[1/K] & 72 o 7= Z FULLLFE O BVES B R AT 1 F
%8R ORI R EOT 11.1X109[1/K] & T % .

T T T T 300
v 298

e ad 4 296

o /A
4 292
/ 290
4 288
4 286
284

Displacementym]
Temperature [K]

o Lo o
— - N

25
30
35

Elapse time [hour]

= Displacement between the left end the right endttwi

 Displacement between the front end the rear enutlijle
Displacement between the top end the bottom enajije
Air temperature

e Temp. of the center of left side end

Fig.6-8 Measurement result of thermal deformatidnbed at ambient temperature

change
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KEREIT TR, MEZILLERAKIZELLO FROENMDES E LisH T
WoH., F, ERNEFNICOWVWTEHEEICET 2E TORRPIER>TWD., T
X, Xy FREOU THEICL > T, FHMICHTLAELEEHOENREL T
WhkEbhrEEZLND.

6-3 HAMIKORERBITICETIHREY

AREREZACTLAEBBOMMEZFMT 2 FEEIINETICLELEE
ENTWD., EEMTHEICE W THEOSWEUS IR 217 5121k, Kze5 Y
YIFTHZE, bLKIRBREIHHOMBREMFLEUICHRETHIENEHLE
AbivD. Fig. 6-9 12 _RY U IR ERy FBIWREDNERBRKREE LA
A=V ERYT. KEFALTE, EMoar 7 ) —FzHBERICET VL, =
Y7 V= FNORBIIBRERREOLFE LR CUEA 350[mm]&é LT, Xy KO ED
fEOE TFIZary 7 ) — MHBOPLE KD LS ICEE L.
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The center of gravity of the bed is according

with the center of a discal floor }’:\/1‘-},'
%

"

The thickness of the model as same as one of coacre

of the environmental laboratory

Fig. 6-9 Floor surface restraint condition for bed analysis

ZITHE, MTIERTERD 2EBOWMKREMEEZE 2 5. WARSEM 1 TIE, Fig.
6-10 DX IR LY U ZIHRAEZNL TRy FERZEART L. ZO%4E, RIZH
KeZEZ, WEUANDOELFHTIENy FERIEF#EASLTWRVWbDET D, —F,
RS 2 TiE, X KA Fig. 6-10 IR THKRET VICHEEAL TV LD LT
L. EL, ZOoLRAEF, RETZTVLHEETHEERTLIZLLEL, KET LD
JEHZ7ZRMRT 5. 26 2 00WERMET TNy FOBERMIT L2170,
ERROEER VKO REO LB ONTERT L. MRS E KT £% Table
6-31ZRT. F7o, ERLEZ3SKRIEET VX, RAKEFEEL 30mm & L 10 iS00
HAAZEHR CHRER DEN 21T - 7. HEI AT 1,399,907, MEFEHKIT 949,470 &
pofe. BT NRMEMICEB T 2R ELREIL 9.71[Wm?K]E L TREITICATTTS.
ERD2ODOHIRLHRMITIBNTIE, WIT L OHEAR G BEEZ 5 Hfit T3 <R
v RREA L L.
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Leveling bolt

Screw nut

Leveling block

Floor

Fig. 6-10 Cross-sectional image of leveling jig

Table 6-2 Restraint conditions

Condition No.1 Condition No.2
Constrained Bottom of leveling Bottom of floor
part block

Ny RORV MRS 2 MR L TR L2 G 8@ R EF Dicksyw T, Bth»
5 5% OB O+ % Fig. 6-11 IZR7. £72, KETT VOB EL EEL
TR Z2 AT o e & (RS 2)OBVE T Ok 1 % Fig. 6-12 127 F. WTild K
HEFIZOWTIE, EED 5000 fFICHERKLTERRLTWNDS. 0T HIZHOWTIT,
I—BAMEOTHAERLTWD., BTICHWEY 7 Y =7 Solidworks
Simulation 2014 SP5.0(Dassault Systems #)T&H 5.
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ESTRM
1,000e-005
9.000e-006
£.000&-006

. 7.0008-006
&,000e-006
5.000e-006

L 4.000=-006
3.000e-006
2.000e-006
1.0002-006

0.000=-+000

Fig. 6-11 The appearance of thermal deformation smdin distribution (after 5
hours) when analysis is performed by constrainimg bolt fastening part (Condition

No.1)

ESTRIS
100308
l 167006
JERELL
7500006
| BT
L SERRIE
BRI
#1870 008
| EEEEIT

L 2EmeIE

16672008
8.332-007
QD000

Fig. 6-12 The appearance of thermal deformation stmdin distribution (after 5
hours) when analysis is performed in considerabémhermal expansion of the floor

model (Condition No.2)

MEZEKRT DL, Xy FOEBELELTROVEEL 2 IFHHICBNTERD
RN ERDZ DS,

FRE & Ol &2 4T 9 72912, Fig. 6-8D F 8k & [ 5 T 0 IEE & BRI RS R
% Fig. 6-135 X U8 Fig. 6-14IC Z 2R T .
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Displacementym]
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-160
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Elapse time [hour]

o Displacement between the left end the right engderent)
= ==-Displacement between the left end the right endl{ais)
Displacement between the front end the rear engkf@xent)
Displacement between the front end the rear eral\(sis)
Displacement between the top end the bottom enuk(arent)
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Fig. 6-13 Comparison between analysis and expertale®sults (as analyzing by

Displacementim]

constraining the bolt fastening part (Condition N)y.

-100
-120
-140
-160

Elapse time [hour]

o Displacement between the left end the right eng€ament)
----- Displacement between the left end the right endl{ais)
Displacement between the front end the rear engkferent)
Displacement between the front end the rear eraly(sis)
Displacement between the top end the bottom enuk(arent)
----- Displacement between the top end the bottom eralysia

Fig. 6-14 Comparison between analysis results aqpeemental results (when

analysis is performed in consideration of thermgbansion of the floor model

(Condition No.2))
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6-4 #E

ARETIE, HEMLIEONy FIZBWTREREOEIICE YV BAET LK N,
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Fig. 7-1 Approach to improvement of thermal rigidity of multi-tasking machine
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Fig. 7-2 Photograph of SC-300 II
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Fig. 7-3 Photograph of SC-300
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Change the slide structure from
Y axis orthogonal to Composite
Y axis

Change
of Y axis
structure

1

Structure of the SC-300 Structure of the SC-300II

Fig. 7-4 Difference of tool post structure between SC-300 and SC-30011
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L. AR FHET Y A E Z T IS OWT S HIEZIT o 2. Fig. 7-6, B LW

Fig. 7-7 12 & O W& B 5 & 7.

Lever type dial gaug¢

Load cell

oy NG e

Measurement jig

I

B Lever type dial gaug

Fig. 7-6 Static rigidity measurement experiment landscape (Y axis direction)
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Load cell

|\ |

Lever type dial gaug

Fig. 7-7 Static rigidity measurement experiment scenery (Z axis direction)

Measuring jig \
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Fig. 7-8 Comparison of static rigidity values of 00 and SC-300 Il
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Fig. 7-9 Comparison of maximum cutting areas
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Fig. 7-10 Bed of SC-300 and SC-300 II
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Analysis model of SC-300

A'T

%

a5

1
.

el
e =

1
ST

Analysis model of SC-300

Fig. 7-11 Finite-element models for thermal defotioa analysis
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Table 7-1 Material properties

S45C Floor
FC300
SS400 (concrete)
' 9 9 9
Young's modulus [N/ 66x10 210x10 30x10
Poisson's ratio 0.27 0.28 0.2
Thermal conductivity [W/mK] 45 43 1.6
Coefficient of linear expansion
-5 -5 -5
1.2x10 1.3x10 1.0x10
[1/K]
Specific heat [J/kgK] 510 440 1386

108



URES (mm)
1.375e-001
l 1.261e-001
1.146e-001
. 1.032e-001
9.169¢-002
8.023¢-002
6.877e-002
$.731e-002
4.585-002
3.43%-002
2.293e-002
1.146e-002
2.697e-006

5'_!:%: SC3000 KAISEKI_0SO1

2.439e-002

1.439%-002
9.384e-003
4.382e-003
-6.203e-004
+5.623¢-003
-1.063¢-002

Fig. 7-13 State of thermal displacement of SC-300 II (4 hours after start)
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Fig. 7-14 Analysis result of the change amounthd tistance between the chuck and
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Fig. 7-15 Workpiece work for thermal stiffness ewation
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Rotate workpiece at 2/3 of maximum rotation speed

(1) Indexing of the turret

(2) Rapid approach to near workpiece(X100mm,Z50mm)
(3) Lead to the vicinity of the workpiece surface

by cutting feed, feed, escape

(4) Evacuate by rapid escaping to designated coordinates

At the specified time, cut the work into (3)

Fig. 7-16 Continuous operation cycle of the work for rigidity evaluation of multi-

tasking machine tool.
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Diameter measurement poiiﬁt

work
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Fig. 7-17 Measuring system of work with high accuracy and short time

Table 7-2 Specification of high precision digital measuring instrument

Model LS-7070(Keyence)
Range of measurement [mm] 0.5to 65
Minimum detector p mm] 0.5
Repeatability [u m] +0.2

Light source GaN green LED
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Change amount of workpiece machining
diameter (actual measurement value)

0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 800 9:00
Elapsed time [hour]

=0—SC300 (Experimental result) —m=SC300 |I(Experimental result)

Fig. 7-18 Result of machining experiment
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