20 1 44

[ e WA

TAEHIR DA = /L F— 3T B9 20 5E

SRk PN SN S 7
ToAPoERt BRIk oK

/N BT



|

IO TAEEM O R E 7RI L0, AFEMIIKEICH E L TE R EFIFZ, =%
AFE—HBERGIEFITHIN L TEX 2. 2070, T OE = 3L X —BIgIEs & 72
LB A B L, TR OEIRIRIE Z & DM BB HEONIE, RIE21To7-. &
52, ZNOOREREE X AR VF—HITFROREL LOZFORGEEIT- 7=,

B ThEam) i, TIEMSOLE, TIEMMOEEEE, TIEEBOBREXS
(ZRIT 2R, TARBR O = %L F —BF DI MOV TR~ 7z,

2 [ TR ORERR LB E | T, TR OMRER L EHHEE, Eimk
RE & SN DR OBIRAR B2 oW, TEMAEA TR Z Fllc L > TELR L.

F3E [ TARMEIC 31T HIEERE I &EO SR LORHE AL Tik, TEEIzB W
THBE SND B EEZERIREN DL, TN 5 OFHETE, BIEHEIC OV TR
7. TAEHICR T HTHE B REHEEN&E, M TEEEEO2OIZHE LT,

AT THIHIN T3BR ) CIEE3 % T LN LM & E B OIS A 7= TV,
TH, GIHISAME, #HIM 7 & Ak~ Tz,

sE UNTIHBENREORE] T1F, fEdl, V7, ERI U ImTickid s
HEBHEZHEL, B UX =L R MTAMEE2REEL. £72, B TIEERIC
BOWTEENMTEZITY, BB T RN —L R MTIEICOWTHRIELZ. £79,
CNCHERE I K D AMEFERIIN T, i TIC B\ C EdiER R 2 dmulc 45 2 & T, HE
EHEANARETHDL Z LabbMnic L. £z, 3flfilfEl~r =7 v 2icRi)
533V 7ML WTE, LEHFMICERELY KT S I WEPHN TR 2 & <R
ETHZETHBEENENBNARETHHZ 2L LN L. St~y =2 7¢
YAZBITHMERI Y ML WL, R E L ISEICRET S Z & THEE)
BHIENFIEETH DL Z L2 b LT LT, BE TIE#MICER T e, 7oA AL,
T RIL, RUJVINTIZEBWTHE, $£NMTEOMEENEEZSN L, NV VNI K
LEZRNX—RMTIETHLZEab oM L.

Fomw [FHEE N EORIE] T, HEHREOWEEENREICBWT, KE0MROE
BT EATIR, oS Rm L, TREN, U0 < PRI 2T L0BM 7 E DRk
THBENEHEAATRETH DL EE2H LN L.

FTE B3 VX —HIFOBE TIEMB~OmE A | TiE, EEAEAS TIEEICE
JAEIMTNS, AFZETIRE LB R X —Hili 280 L, MEE BN FTRE T
bHZ L HEFFELT-.

B8 [fham) XL a2 LT, TAREM DA = R —HAZ OV THFE L 72 AR
MXLDELEDTHD.



B 1 BE B Bt 1
L1 TEAEREAIR ODZETEE (. oottt ettt et 1
1.2 AR OVH B EE T T B oottt 2
1.3 TAEHEIR OBR B AT BE T DI oo 3
1.4 TAEBEMR O = F I —FARBITE DTN o 6
1.5 KGR SCOIREIR oot 7

BEFE ST oottt 9

B2 TAEHEIE DRERR & BB TITEEE oo 12
20 T = G 5 Y SO OO OO 12
2.2 TAEHEBRODBERRIESE oot 12
23 FEINHEDAE U HHEEROBLE & HEDRTE e 22
24 THEESIEDEIEITHDIIEE oo 28
25 B B et 29

BEFETURIR oottt 30

3 E TAEEICRIT DEEE S EO DB L ORI e, 31
T8 R = U 5 Y SO OT TSRO 31
32 TAEHEBRICIIT DV E BT B D I3FE oo 31
33 THE BT B DRI TTIE oot 36
3.4 THBEFBTTEDITETTIE oot 36
308 D e 38

BEFETTRIR oottt 38

B4 T GIHDINIERBR oo 39
B TF U BDUT e 39
42 A TAERERRIS KON TTTEE oo 39
e D A <1 OO OO 39
822 U L T N T e 41
423 BB U U T DT e 42
424 BETEEBRICB T AR LIV U I e 44
43 EATE, GIHIZRMER ZOMEHIBT oo 46

43.1 CNCHEEEIZ I T D HEEII I oot 46



432 3WHHEINIE~ = T ZICBT DIV T M T 50
433 SEhHENIE~ =0 7 ZIZB T DMEE IV N T, 57
434 JEBRREE TAEBIZI T 25EH], U 71, 60
4.4 THPEEFEBIEZZTEL KO TLEFMPAIMIEE e 70
441 T EIEFEBIZR T oo 70
442 JEHITH, 7oA ZAINVBIORTY RI VO THEFEFRE .. 71
443 T2 R I VDT HEEEEZIE ..ottt 72
444 RV VDT EEEEEIZRE oo 72
A5 D ettt ettt ettt 73
BEFESURIR oottt 74
B 05 B N TTHE BT B DT oo 75
70 T = U 5 SOOI 75
52 BERDINTIZHT D FHEEEE D HE B ) B KITTEEE e 76
52,1 AMEFEHIIN TAZEIT DB BB T T B oo 76
522 VHEFEHIIN T I DB BB T T B oo 78
523 IR A B T A ettt 79
53 U ZINLICET 2 UIHISRIEDEE B EIZ AT TIEEE (e 81
531 T TA AMTICEIT DB BT B oo 81
532 T2 R I UNITACI T DB E ST B e 83
533 R UJIITICE T DB ST B 85
534 TEHFMEBELIE ANV FX —UIHISEFEOBRIE oo 87
535 T—ARET 41 (FET—ZIZBIT DR oo 98
536 T—AREZT 12 (RIINTACET HHEEEITEH) oo 100
537 T—ARKT 43 (FEEMINE - 260 EAE RO RO EE T EHI) ...
54 MRV U UIILICRT DR E S THEE D I KITTREE 104
541 MRV T IIERACI T DIHBEE T e 104
542 @ﬁ?UVﬁMIﬁ@ﬁiﬁﬁﬁéME ........................................................ 105
543 THEEREPSHBEBEIZKIT TR e 106
543 FEER e 109
584 T A A B T oo 116
5.5 FERAE G TAEIC ﬁéﬁ%ﬁ .............................................................. 118
551 FEAIIN TAZ IS DIHE T T B oo 118
552 ZxAAINVINTIZ ﬁéﬁ%ﬁ ............................................................ 120
553 TV RIVINTIC ﬁéﬁ%ﬁ ................................................................ 122
554 R U TACTIT DB EE T T B oo 123



555 BEHIINTE 72 A A VINLEOMTIEEE I EDEHEE oo, 125

5.5.6  FFATRRBRIE B oo 126
5.6 T L U et 128
BEFESTRIR oottt 129
B 6 B FFETE T DT oo 131
6.1 TF LB UT e 131
6.2 REAEPET A BT L ISR RIEIC EDE =R LT — b, 131
6.2.1  TFGRAEFE T A 2 oot 132
6.2.2 RS K DV TT BB e, 135
623 7 —F 2 MRV T OERIE L VIEIE e, 135
6.2.4  THJEREZE DI c..o.oooeeeeeeeeeeeeeeeeee e 138
6.2.5 HRDUGER LOFE2LFEASDIEH oo 139
6.3 TREEHIIBIT DA T RIL T oo 140
6.3.1 A FH AR ..o 140
6.3.2  TREEEHITE DT T T B oo 141
6.4 U S TWGIT AT DT EDE TR Tl e 142
6.4.1 A FH TAERER ... 142
6.42 A T EIS L UMWIHIZRAE oo 144
6.43 10 < FHBLIRERFAER L OTE, U—2BEHERER o 147
6.4.5 BT R =B RIRAEAE T oo 152
0.5 L U et 154
BEFETTRIR oot 155
BT E AT T —HINOBE G LA A OB ..o 156
728 T = S U 5 Y SO OO 156
7.2 JEH U722 R A T e 156
7.3 ERTAEBEIR, 7 — 27 36 LOMTAIZRIE (e, 158
T30 A TAERERE oo 158
T332 HFBET 2 et 158
723 TR, T EI L OMIHIZE oo 159
T4 BT R FITOFRTE oo 162
2 T 5 OO 164
BEZETLRIR oo 164



Cie

E

R
i



1.1 ITEEROEE

TAEMITIE S IO SN TWDEERBIRD | D TH D0, 2—HF =D EICEDERE
PELINTHEZED D 2 ENERINTE 72, R8RS, TR OMERE TR T3 0 JELn
Z 7RG AL O PERE & BE o X MR R B A B X TV DAL Th D, ZDORER, A
—H DB P EEFEORE S E2 R TE . ZNDOEELTFEIC OV TGRS,

FEA%IE 1970 45 2 A F i, EadhEx GENCHEERE bWV )) MERASHh, AL —4 3
1 N1 BRLTEEEIT-> CEZ. TRUANCEEOERIZLY, 1 RNRT —7 O~HEE
HOMEEIINC MTH L9 ota. ZDT, AR — NFHEEE T D BENRRL 7
D, 1 N\OAXRL—2T2H, 3BLEEEEOREZFRRICEFET 22N ZAbND X
Y72 o7z, F72NC HEETIE, 20 ARREE TIZROND N THOBERZHPITZ DD
T, HEREERF A LET L bR B, AAEFENE S AEREEMER L blc k&< M ELT.

Z OFEARIFE TN B D IR D R LA AW TINL SN TELN, £ 9 TiEin s
ZAZHDN (IR EMIINTND) X7 T A, ~v =2 TR H R ETMTLE
NT&Eie., 2084, V—7 %8 r 004 L, oBMIcEE L TZZ TrRIMTLETT 9
7o O IEF I HEMGRERI S 5. D=8, NC FEEIS/IMEO RV VINT A Ellh a2 s L,
KIFRTTEAR [l —F TN T CE 2 K5I Lo HBL L T 7=,

RN TIHICR DA TR L, IERTRZR R TEIRLUHETIR SIS TML L7z & 5 Bk
5, FUMNMTHAERCIZRL, 794 A, = FIVINTARELARERI Y v 7 Filiha 2
DOFEDOEMICEAF T2 L 9127 >7c. 2D X5 72 NC ek iX, Ealei L rpEnsg. S 61Z,
ZOI) TG YPNIER 45 mm LA FO/NE WL D TH 7120, HRra il kKb, H
ETITEAN 80 mmICHEL, BHO~ = v H ERRED Y » 7R %1
ZDIEST. ZOX BRI I Y 7 Elh A 2 7 TR, FEE A TR
Thb. ZNOLOREREL F EOHREEZK 11 1RT .

Y= TR BEERIS, AR RNFETERET DI T Z A4 R, CNC % 251
L7=NC 7 74 A, ATC 35 Lz~ =v 7%, 5 @liREBEHEN TN T2 5~ =
v RIE TR & R 2 X T T & 7.



Multi-functional Multi-functional

Normal lathe CNC lathe
lathe machine tools

1960 1970 2000 2010 Year

Fig.1.1 The transition of lathe
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Fig.1.2 The overview of multi-functional machine tools NTX2000
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Fig.1.3  Total power generation and power supply composition in Japan
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Fig.2.10 The overview of AWC
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Fig.2.11 The overview of chip conveyer
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Fig.2.12 The overview of steady rest
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Table 2.1 Specifications of each element

Element Name Electirc capacitance [kW]
Turning spindle M1 22
Spindle Turning spindle M2 22
Milling spindel M3 11
X1 axis 5.5
X2 axis 5.5
Y axis 2.7
Z axis 5.5
Feed drive
B axis 1.2
C axis 1.0
A axis 3.0
ATC motor 2.4
AWC motor -
Turing spindle cooling pump 0.4
Milling spindle cooling pump 0.4
Hydraulic unit 2.2
Auxiliary Coolant supply unit 3.27
machine Lubricant deviece 0.034
Oil cooler 0.97
Air supply unit —
Chip conveyer 0.10
Machine light 0.024
Steady rest -
Operator control panel 0.45
CNC
Electiral cabinet 0.91
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Xlaxis
Turning spindle M1

Milling spindle M3

Turning spindle M2

Fig.2.13 (a) Arrangement of electric power consumption equipment (cover was removed)

Electiral cabinet

Chip conveyer

Coolant supply unit

Fig.2.13 (b) Arrangement of electric power consumption equipment (front elevation)
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Fig.2.13(c) Arrangement of electric power consumption equipment (side elevation)
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Table 2.2 Operate state of the electrical equipment with multi-function machine tools

Element Name Not ready Ready Machining

Turning spindle M1 X X O

Spindle Turning spindle M2

Milling spindel M3

X1 axis

X2 axis

Y axis

X | X | X | X | X|X

Z axis

Feed drive

OlO|O O] x|X
O] 0|00 ]0]0|0

X
X

B axis

X
X

C axis

X
X

A axis

ATC motor

AWC motor

Turing spindle cooling pump

Milling spindle cooling pump

Hydraulic unit

Auxiliary Coolant supply unit

machine Lubricant deviece

Oil cooler

Air supply unit

Chip conveyer

Machine light

Steady rest

Operator control panel
CNC

OlOIX]| O X|O|O0|O[X|O|O0O|O|Xx]|xXx
OO X]|OIX|O]O]|O0O|X]|O|O|0O|x|X
OO0 O0O|OlO|lO0|O0OlO|lO0|O0lOIXxX|O O] O

Electiral cabinet

Table 2.3 Motor electric capacitance total result

Not ready Ready Machinig
Total of elecric capacity [kW] 5.39 11.06 90.56
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Table 3.1 Operate state of the electrical equipment with multi-function machine tools

Element

Name

Not ready

Ready

Machining

Spindle

Turning spindle M1

X

X

O

Turning spindle M2

Milling spindel M3

Feed drive

X1 axis

X2 axis

Y axis

Z axis

X | X[ XX X]|X

B axis

X

X OlO|O|0O] X |X

O] O0|O|O0O|O|0]|0

C axis

X

X

A axis

X

X

Auxiliary

machine

ATC motor

AWC motor

Turing spindle cooling pump

Milling spindle cooling pump

Hydraulic unit

Coolant supply unit

Lubricant deviece

Oil cooler

Air supply unit

Chip conveyer

Machine light

Steady rest

CNC

Operator control panel

Electiral cabinet

OlOX|O[X]|O|O|O|X|O|O|O]X]|X

O|OJO|O|IX|O]|O]OIX]|O]O]O|X|X

OO0 O0|O|O0|O|0|O0|O0|O0|O|Xx|O) O O
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(4) (1) Allux., (i) Servo, (iii) Spindle
. (4) 1V) Cutting force
o
2
=
>
&
=
84
(3)Ready
(2)Non ready
>
Switched on  Start Stop Switched off

machining Time machining

Fig.3.1 The Change in electric power during machining
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Table 3.2 The specification of Wattmeter
Voltage range 150.0/300.0/600.0/1000V
Current range 20.00/50.00/100.0/200.0A
Sampling time 1/2/5/10/15/30sec, 1/2/5/10/15/30/60min

(a) Input power supply (b) Auxiliary machine breaker

Fig.3.2 The method of measurement on electric power

Fig.3.3 Wattmeter CW240

37



3.5 F&¥

ARETIL, TIEEWICBWTHE SN ETBEEEIRREN NG L. £/, Fhb
DO T, BIE FIEIZ DN TR AT, REOHETH LN R mIILL To@h Thb.

(1) A ‘Té?ﬁ%aﬁﬁi%ﬁfﬂ%ﬁﬁi, INTIHEE I ED2OITE LT,

(2) FREEFE ) B EIRERIR R ISR DI, 7 — T » AR 770 EO IR K
HEINODENETHD.

(3) MITIHEENEIIINTAREBICRBITDHEEEETH Y, B, Tk, X0 RICK
HIHEE®E, BLOINTLIZ i@{%%éﬂé BAENEEND.

(4) INTIHEEE & IFTUHIFREE ChRRE L7 EICCRHME L 7=,

(5) VHEEE BRI SIS, JRi0rkER 7 I/~7J~L:7§‘/7°iﬁ‘7\y hA—HZ ZHEEL,
HE L.

35 3Lk

3.1) DMG#HME#EIEA S, MPO-M-0344 EBENEBELI-NC T a s T AERERE,
i%264F 1H20H.

3.2) ERHVEA, WIANEE, RIAGER, BOES, AR, BAHER, LEEBIZE 20
TOREAW TR AT LAOBRIFEE 1, REAMOR M FEDRSE), HA Y=
SCEE(CHR), 71, 704 (2005) 280.

3.3) BIZIFERKEBE T — FA XA SE, UHI TR # 2 7, (2014) N15.

3.4) BIZIXERLET N — FA XA SE, HI TR Za7, (2014) N25.

3.5) BT A —Z&A v XV )L A L YRR At HP,
http://www.yokogawa.com/jp-ymi/gmi/clamp-on-powermeters/gmi-cw240-001-jp.htm, CW240 7 =
v 7GR

38


http://www.yokogawa.com/jp-ymi/gmi/clamp-on-powermeters/gmi-cw240-001-jp.htm

% o4 B2 YIEIn TEER

4.1 FL®HIZ

ARETIE, AR CHA L TEER, T 5%, FHTEEZRRD. FE28E ik )E
M TR D 2270 &9, TEfE, ~ =2 7k #7842 O TAEEBS & 5 2%, DMG
FRAEHCRUE L T 2 TR 2 k5 & L, & TAEEBIZ B W C—INIciThh 2 Tiz>
WTBEET L.

AREFED A28 Tl A TR L O T 7k, $438 i TE, 9IHIg, o)
M OMEEE, 4481 Tl T EEERBIE 1L, HFA5HTIIU EE £ & O E4FE ORI OV T
SN

4.2 FHITESBR LT FE

DMGAFE#E CTRUYE L T2 TR A W T Tb i oI LiE, K& < TRRD3>T
H5. QBNFERICBNTEIV 7ML THLD, U—2 2R SEL0MTART A
— AR, MTBENRRDZOIINTHZEE Lz, ZO3DDMILELTH T2
L 7= TAEM OREEL R L OMERR I DWW Tk R B,

(D) FEHDINTEMEIT, WEINT, MANINT, R UML)
2) IV UIZIMTOERMNT, AENT, X&TMT, KUY Y)
3) RV 7T

42.1 fEdlhnLT

FEHIIN TIZCNCHE A FEAENLX2500 % L7z, 2 OIS L1 TR 7= B A e H
725, M4ANINLX2500 08 L O, R4 1B 279, Z oz NmE %
AT TH Y, NMEOREENZ LY TERHAITS. £, HEMTHLX. Y, ZH#o
M TR SIL TV D, XEINYH O ETFES), Z#hidoKEER), YiliX30 R & X
fihZ [FWhES S oA CTH D, Ak, U R, E2TEhA i TV AEAIETER T
HOH, YHhE & BRI TIIER LT, AR IR b2 < IThn DM, s
MLZSRE Lic. ZD01E0, WL, IEANVNLRESH DD, JRRICB W THEINNL
MBI, AN TSI T E Rk E e g 2 ERTE S,

39



(a) Overview

BMT (Built-in Motor Turret)
The same holder with that of the NL Series

Built-in motor spinde |
{ Y-axis

(b) Structure
Fig.4.1 The overview and structure of CNC lathe NLX2500SY

Table 4.1 The specification of CNC lathe NLX2500SY

Max. turning diameter [mm] 366
Max. turning length [mm] 705
Stroke X/Z [mm] 260/795
Spindle max. speed [min™'] 4000
Basal spindle speed N, [min™'] 350
Chuck size [inch] 10
Max. feed rate [m/min] 30
Spindle motor power output [kW] 18.5/15 [20 %ED/const. ]
Linear-axis motor output X/Y/Z [kW] 3.0
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(a) Over view

(b) Structure

s
ol ah
Fig.4.2 The overview and structure of 3axis vertical machining center NV50000.1/40
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Table 4.2 The specification of 3axis vertical machining center NV5000a.1/40

Spindle power [kW] 22/18.5 [30min. / const. ]
Spindle speed [min™] 14000
Spindle bearing inner diameter [mm] 65
Type of spindle taper 7/24 taper , No.40
Max. feed rate X/Y/Z [m/min] 42
Feed acceleration X/Y/Z [G] 0.43/0.39/0.74
Stroke X/Y/Z [mm] 800/510/510
Servo motor output X/Y/Z [kW] 3.0/3.0/5.5
Guide way Liner roller guide
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(a) Overview
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(b) Structure

Fig.4.3 The overview and structure of 5axis vertical machining center NMV3000DCG

Table 4.3 The specification of 5 axis vertical machining center NMV3000DCG

Spindle power [kW] 18.5
Spindle speed [min™] 12000
Spindle bearing inner diameter [mm] 70
Type of spindle taper 7/24 taper , No.40
Maximum feed rate [m/min] 50
Feed acceleration [G] 1.0
Stroke X/Y/Z [mm] 500%350x510
Servo motor output X/Y/Z [kW] 4.0/3.0/3.0
Guide way Linear roller guide
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(b) Structure
Fig.4.4 The overview and structure of multi-functional machine tool NTX2000/1500SZ

Table 4.4 The specification of multi-functional machine tool NTX2000/1500SZ

Max. turning diameter [mm] 610
Max. turning length [mm] 1540
Stroke X/Z/Y [mm] 495/125/1560
Turning spindle power [kW] 22.5/18.5 [30min. / const.]
Turning spindle max. speed [min™'] 5000
Basal spindle speed N, [min™'] 1100
Chuck size [inch] 8
Milling spindle power [kW] 18.5/11 [10min. / const.]
Milling spindle max. speed [min™'] 12000
Type of spindle taper Capto 6
Max. feed rate [m/min] 40
Linear-axis motor X/Y/Z [kW] 5.5/2.7/6.0
B axis stroke [deg.] +120
Rotary-axis motor B [kW] 1.2
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Fig.4.5 The overview of experimental method using CNC lathe

Fig.4.6 The overview of turning tool
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Table 4.5 The specification of turning tool

PCLNR2525-43

Type (SUMITOMO ELECTRIC
HARDMETAL CORP.)
Insert holding Lever lock system
Holder Insert shape [deg.] 80
Approach angle [deg.] 95
Insert flank angle [deg.] 0
Hand Right
Shank size [mm] 25
CNMG120408N-GU AC820P
Type (SUMITOMO ELECTRIC
HARDMETAL CORP.)
Insert shape [deg.] 80
Insert Flank angle [deg.] 0
Inscribed circle[mm] 12
Thickness [mm] 4.76
Nose radius [mm] 0.8
Coating Al,Os/TiCN series

Table 4.6 Cutting conditions on turning

Cutting speed V' [m/min] 120~200
Feed rate f [mm/rev.] 0.2
Depth of cut g, [mm] 2
Cutting length L [mm)] 10

Material removal Q [ml] 7.4

Coolant Dry
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Fig.4.7 The cutting path on outside and face turning
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Fig.4.8 The overview of experimental method using 3 axis machining center
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Fig.4.9 The overview of face mill

— GO01 process /////
= = =» GO0 process R
A
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Workpiece Face mill

Fig.4.10 The cutting path on face milling

Table 4.7 Cutting conditions on face milling

Tool change position

Cutting speed V' [m/min] 175, 200, 250
Feed rate f [mm/tooth] 0.1,0.2,0.3
Axial depth of cut a, [mm] 1.0,1.5,2.0
Radial depth of cut a, [mm] 30, 45, 60
Material removal Q [ml] 10, 15, 20
Coolant Dry
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Table 4.8 The specification of face milling

MBT40-FMA25.4-45

Holder Type )
(Nikken Kosakusho Works, Ltd)
WGC4080R
Type (SUMITOMO ELECTRIC
HARDMETAL CORP.)
Diameter [mm)] 80
Body
The number of teeth 4
Approach angle [deg.] 45
Axial rake angle [deg.] 20~22
Radial rake angle [deg.] -20~-24
SEMT13T3AGSN-G ACP200
Type (SUMITOMO ELECTRIC
HARDMETAL CORP.)
Length [mm] 13.4
Insert
Thickness [mm] 3.97
Rake angle [deg.] 20
Flank angle [deg.] 20

Coating

TiAIN/AICrN series multi-layer

Table 4.9 Experimental conditions of end milling using L9 orthogonal array

Experimental number

Parameter
No. | V[m/min] | f[mm/tooth] a,[mm] | a,[mm]
1 175 0.1 1.0 30
2 175 0.2 1.5 45
3 175 0.3 2.0 60
4 200 0.1 1.5 60
5 200 0.2 1.0 30
6 200 0.3 1.0 45
7 250 0.1 2.0 45
8 250 0.2 1.0 60
9 250 0.3 1.5 30
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Fig.4.11 The overview of end mill
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Fig.4.12 The cutting path of end milling
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Table 4.10 The specification of end milling

BT40-FHMC20-75

Holder Type
(BIG DAISHOWA SEIKI CO LTD)
Collet Type CCK20-16 (Nikken Kosakusho Works, Ltd)
Type GSX21000C-3D
(SUMITOMO ELECTRIC HARDMETAL CORP.)
Diameter [mm] 10
The number of flute 2
End mill Helix angle [deg.] 30
Flute length [mm)] 30
Nose radius [deg.] 0 (with gash land)
Coating TiAICr/TiSi series multi-layer
Overhang [mm] 42

Table 4.11 Cutting conditions on end milling

Cutting speed V' [m/min] 50, 90, 130
Feed rate f [mm/tooth] 0.05, 0.10, 0.15
Axial depth of cut a, [mm] 5,10, 15
Radial depth of cut @, [mm] 0.5,1.0,1.5
Material removal O [mm] 0.25~2.25
Coolant Dry

Table 4.12 Experimental conditions of end milling using L9 orthogonal array

Parameter
No. V[m/min] | f[mm/tooth] | a,[mm] a, [mm]
1 50 0.05 5.0 0.5
g 2 50 0.10 10.0 1.0
§ 3 50 0.15 15.0 1.5
ER 90 0.05 10.0 1.5
Qg’ 5 90 0.10 15.0 0.5
& | 6 90 0.15 5.0 1.0
=7 130 0.05 15.0 1.0
8 130 0.10 5.0 1.5
9 130 0.15 10.0 0.5
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Fig.4.14 The cutting path on drilling
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Table 4.13 The specification of drill

BT40-NBS16-90

Holder Type
(BIG DAISHOWA SEIKI CO LTD)
NBC16-10
Collet Type
(BIG DAISHOWA SEIKI CO LTD)
MDW1000GS2
Type (SUMITOMO ELECTRIC
HARDMETAL CORP.)
Diameter [mm)] 10
Drill Leading edge angle [deg.] 135
Helix angle [deg.] 30
Flute length [mm)] 41

Coating

TiAlCr/TiSi series multi-layer

Overhang [mm]

44

Table 4.14 Cutting conditions on drilling

Cutting conditions V' [m/min] 50, 90, 130
Feed rate f [mm/tooth] 0.20, 0.28, 0.35
Depth of hole a, [mm] 20

Material removal O [ml] 1.6
Coolant External

Table 4.15 Experimental conditions of drilling using L9 orthogonal array

Parameter

No. V [m/min] | f[mm/rev.]

1 50 0.20
g’é 2 50 0.28
E 3 50 0.35
qg; 4 90 0.20
.g 5 90 0.28
& | 6 90 0.35
m

7 130 0.20

8 130 0.28

9 130 0.35
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Fig.4.15 The overview of experimental method using 5 axis machining center
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Pick feed direction

Measurement direction

Fig.4.18 The method of measurement for surface roughness
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Table 4.16 The specification of ball end mill

BT40-C25-90
Holder Type )
(Nikken Kosakusho Works, Ltd)
WBMR2200S
Body Type
(SUMITOMO ELECTRICHARDMETAL CORP.)
Center teeth : ZNMT1804100-C ACP300
Type Outer teeth : ZNMT2004100-S ACP300
(SUMITOMO ELECTRIC HARDMETAL CORP.)
Diameter [mm)] 20
Insert
Rake angle [deg.] -10
Flute length [mm] 20
Coating TiAIN/AICN series multi-layer
Overhang [mm] 61

Table 4.17 Cutting conditions on ball end milling

Cutting speed V' [m/min] 80
Feed rate f [mm/tooth] 0.15
Normal depth of cut a, [mm] 1.0
Pick feed p [mm] 4.0

Inclined angle 6 [deg.] 0~60
Cutting length [mm] 100
Material removal [ml] 0.38
Coolant Dry
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Fig.4.19 The overview of experimental method using multi-function machine tool

60



(1) FEAIHINT.

FEHIPE A TR 351 D HEHIIN T1325 mmfA A MCHEME0°, / — 4208
mm®D /32— b A Y —RERO T T, mAFIZT T o7 L THW. K4.2003EH] T
H o8, FA4181THEN| THOHREY?, #4.19THISME 27T, UINISIET T HA — B
BRI & L, PRl KU CR Lz, K421 350 GEHERE LS TERR L 74N EEdlin T.o
INLARAZ 7w K420 T K 910, #HIBANE 210 mlsy 720, Zdha ~ A - 2 5 m~E
BONT 2475 . TEAHAIE XD B2k GO0lZ CT7 7 u—F m~iEE), YIE% 0 GOz TY)
Bl B AR A ~EED, YIHIRE D GOLZ THMEBERIIN T 217V, BIEIE Y GOLIZ TUIHIRK T80 5
TR — 7 EE TR, FiED GO0 CHGE I E F TR, FiX DG00Il T T EAMAE £
TEETHENI A I VERGE. £, VA I NAVAX— NS Erys, T EAZHALED
LT T —FRIZE LT & ORI s, UIHIBRMREZ Zt,s, YIHIKE TR %158, fEH] L
ANz Ay —7RICE L L 2O Ztys, TEREEIZELZ L ZORZZtsE T 5.

Fig.4.20 The overview of turning tool
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Table 4.18 The specification of turning tool

AC6-ABSB101-622R0

Holder Type
(BIG DAISHOWA SEIKI CO LTD)
FP21R-44B
Type (SUMITOMO ELECTRIC
HARDMETAL CORP.)
Insert holding Clamp on
Body
Insert shape [deg.] 60
Approach angle [deg.| 91
Hand Right
Shank size [mm] 25
TPMN220408 G10E
Type (SUMITOMO ELECTRIC
HARDMETAL CORP.)
Insert shape [deg.] 60
Insert Flank angle [deg.] 11
Inscribed circle [mm] 22
Thickness [mm] 4.76
Nose radius [mm] 0.8
Coating Non coat

Table 4.19 Cutting conditions on turning

Cutting speed V' [m/min] 80, 120, 160
Feed rate f [mm/rev.] 0.1,0.2,0.3
Depth of cut g, [mm] 1.0, 2.0, 3.0
Cutting length L [mm)] 10
Material removal [ml] 10

Coolant Dry
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Fig.4.23 The cutting path on face milling
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Table 4.20 The specification of face mill

C6-A391.05-25 030

Holder Type
(BIG DAISHOWA SEIKI CO LTD)
Adopter Type (BIG DAISHOWA SEIKI CO LTD)
CPG4080R
Type
(SUMITOMO ELECTRIC HARDMETAL CORP.)
Diameter [mm)] 80
Body The number of teeth 4
Approach angle [deg.] 0
Axial rake angle [deg.] 6
Radial rake angle [deg.] 0
T TPCHA43R GI0E
e
P (SUMITOMO ELECTRIC HARDMETAL CORP.)
Thickness [mm] 4.76
Insert
Flank angle [deg.] 11
Nose radius [mm] 0
Coating Non coat

Table 4.21 Cutting condition on face milling

Cutting speed V' [m/min]

60, 90, 120

Feed rate f [mm/tooth]

0.15,0.20, 0.25

Axial depth of cut a, [mm]

1.0,2.0,3.0

Radial depth of cut @, [mm]

40

Material removal Q [ml]

10

Coolant

Dry
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Fig.4.24 The overview of end mill
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Fig.4.25 The cutting path on end milling
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Table 4.22 The specification of end mill

C6-MEGA32D-90

Holder Type
(BIG DAISHOWA SEIKI CO LTD)
AJX12R322SA32S
Type L : .
(Mitsubishi Materials Corporation)
Diameter [mm] 32
Body
The number of flute 2
Helix angle [deg.] 30
Overhang [mm] 69
T JDMW120420ZDSR-FT VP15TF
e
P (Mitsubishi Materials Corporation)
Thickness 4.76
Insert Flute length [mm)] 12
Flank angle [deg.] 15
Nose radius [mm] 2.0
Coating TiAIN

Table 4.23 The cutting condition on end milling

Cutting speed V' [m/min] 120

Feed rate f [mm/tooth] 0.12

Axial depth of cut a, [mm] 2.0

Radial depth of cut @, [mm] 31

Material removal Q [ml] 10

Coolant

Dry
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Table 4.24 The specification of drill

C6-MEGA-32D-90
Holder Type
(BIG DAISHOWA SEIKI CO LTD)
KM32-16
Collet Type )
(Nikken Kosakusho Works, Ltd)
MDS160SG
Type (SUMITOMO ELECTRIC
HARDMETAL CORP.)
Diameter [mm)] 16
Drill Leading edge angle [deg.] 140
Helix angle [deg.] 30
Flute length [mm)] 58
Coating TiAlCr/TiSi series multi-layer
Overhang [mm] 60

Table 4.25 The cutting condition on drilling

Cutting speed V' [m/min] 65
Feed rate f [mm/rev.] 0.3
Depth of hole a, [mm] 30
Material removal Q [mm] 10
Coolant Dry
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Fig. 5.1 Electric power as function of time during outside turning
Cutting condition: V=120, f=0.20 a,=2.0

2.0 0
1.8 //. | s
H 16
1.4 A .f'_'_'_'_'_'_'—'—/‘/'— ----------------- U
1.2 ;\:f /\‘/ o | 12

. 1
1.0 M/v// I 10
08 i g

0.6 6
04 |+ 4
2
0

Spindle load [%)]
Spindle output [kW]

0.2

0_0 L 1
0 500 1000 1500 2000 2500

Spindle speed [min'!]

Electric energy per material removal [Wh/ml]

——Spindle load [%]

—e—Electric energy per material removal [Wh/ml]
—--Spindle output (continous) [kW]
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Table 5.1 Experimental conditions on case study
Cutting speed V' [m/min] 50 100 170 300
Spindle speed N [min™'] 140~215 | 279~430 | 475~731 | 838~1290
Cutting diameter D [mm] 114~74
Depth of cut a, [mm] 2
Feed rate f [mm/rev.] 0.2
Cutting length L [mm] 10
Coolant Dry
80
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Fig.5.5 Results of power consumption on case study
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Fig.5.6 Electric power as function of time during face milling
Cutting condition: V=200, /=0.20, a,=1.0, a,=30
Table 5.2 Experimental results on electric energy
during face milling using L9 orthogonal array
Parameter ] Electric energy per Material Cycle
Electric ) .
14 f a, a, material removal removal rate | time
No. ) energy [Wh] )
[m/min] | [mm/tooth] | [mm] | [mm] [Wh/ml] [ml/min] [s]
1 175 0.1 1.0 30 38.4 5.5 8.4 98.3
2 175 0.2 1.5 45 30.4 1.9 37.6 51.0
3 175 0.3 2.0 60 31.2 1.1 100.3 36.0
4 200 0.1 1.5 60 48.8 2.3 28.6 86.7
5 200 0.2 1.0 30 26.4 3.8 19.1 453
6 200 0.3 1.0 45 19.8 1.9 43.0 31.7
7 250 0.1 2.0 45 43.8 2.1 35.8 69.7
8 250 0.2 1.0 60 23.7 1.7 47.7 37.0
9 250 0.3 1.5 30 17.6 1.7 53.7 26.0
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Fig.5.7 Results on SN ratio during face milling using Taguchi’ method
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Fig.5.8 Electric power as function of time during end milling
Cutting condition: V=90, /=0.28, a,~15, a,=0.5
Table 5.3 Experimental results on electric energy
during end milling using L9 orthogonal array
Parameter ) Electric energy per Material Cycle
V f a, a, Blectric material removal removal rate | time
No. energy [Wh] )
[m/min] | [mm/tooth] | [mm] | [mm] [Wh/ml] [ml/min] [s]
1 50 0.05 5.0 0.5 38.6 133.0 0.4 60
2 50 0.10 10.0 1.0 21.8 18.8 32 32
3 50 0.15 15.0 1.5 17.1 6.5 10.7 22
4 90 0.05 10.0 1.5 28.2 16.2 4.3 35
5 90 0.10 15.0 0.5 16.3 18.7 43 19
6 90 0.15 5.0 1.0 11.9 20.5 43 14
7 130 0.05 15.0 1.0 22.7 13.0 6.2 25
8 130 0.10 5.0 1.5 14.1 16.2 6.2 14
9 130 0.15 10.0 0.5 11.9 20.5 6.2 11
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Fig.5.9 Results on SN ratio during end milling using Taguchi’ method
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Fig.5.10 Electric power as function of time during drilling Cutting condition: 1=90, /=0.28
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Table 5.4 Experimental results on electric energy during drilling using L9 orthogonal array

Parameter ) Electric energy per Material Cycle
Electric energy ) )
V f material removal removal rate time
No. . [Wh] .
[m/min] | [mm/rev.] [Wh/ml] [ml/min] [s]
1 50 0.20 28.1 3.0 25.0 32
2 50 0.28 235 2.5 35.0 24
3 50 0.35 20.9 22 43.8 21
4 90 0.20 23.8 2.5 45.0 21
5 90 0.28 20.9 2.2 63.0 16
6 90 0.35 19.8 2.1 78.8 14
7 130 0.20 21.5 23 65.0 16
8 130 0.28 19.1 2.0 91.0 13
9 130 0.35 16.5 1.8 113.8 12
-5

2 o P

E -7 g //

«©

2 o« o«

29

50 90 130 020 | 028 | 035
Cutting Speed [m/min] Feed speed [mm/rev.]

Fig.5.11 Results on SN ratio during drilling using Taguchi’ method
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HEL, KT HEBEFEENImmICE L X & L.
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oD . —RENITOIEEE A < 72 51T E TEHMTK T 508, WIHISMHIEEM &
BT 5 Lk HEN/NS W DIZ TEOBRERES & < 72 5. TEHMWAER TIX Z o8N
Re<HrzEEz6N5.

ULEXY, SRSt U COHBEBEEZE L, ZORRERSSITRT. 2,
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oo T, 7oA ZAIVINLIZEBWT, @UIHEHE, @0 e, TUHARRS, &AL
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Fig.5.12 Results on tool life test during face milling

(b) Flank face

5000

Fig.5.13 Pictures of face mill insert under primary condition (2160 ml)
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(b) Flank face
Fig.5.14 Pictures of face mill insert under condition11 (4200 ml)

Table 5.5 Experimental results on electric energy during face milling

Parameter ] Electric energy per Material Cycle
Electric ) )
V f a, a, material removal removal rate | time
No. ) energy [Wh] )
[m/min] | [mm/tooth] | [mm] | [mm] [Wh/ml] [ml/min] [s]

Primary 200 0.2 1.0 60 28.1 2.0 38.2 453
10 250 0.3 2.0 60 27.1 0.9 143.3 26.0
11 250 0.3 1.5 60 23.1 1.1 107.5 26.0
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Fig.5.15 Results on tool life test during end milling

(a) Front

(b) Notch
Fig.5.16 Pictures of end mill under condition10 (600 ml)
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(a) Front

(b) Notch
Fig.5.17 Pictures of end mill under condition11 (800 ml)

(a) Front

R, A T e O T gl 8
A g
T e N, o

¥ AL

(b) Notch
Fig. 5.18 Pictures of end mill under primary condition5 (600 ml)
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Table 5.6 Experimental results on electric energy during end milling

= Parameter ) Material
2 . Electric Cycle
= Electric . removal )
2 V f a, a. per material removal time
= No. ) energy [Wh] rate
= [m/min] | [mm/tooth] | [mm] | [mm] [Wh/ml] ) [s]
) [ml/min]
g
5 5
S _ 90 0.10 15 0.5 16.3 18.1 4.3 19.0
@ | (Primary)
10 130 0.15 10 1.5 11.1 6.5 18.6 10.7
11 130 0.15 15 1.0 10.9 6.4 18.6 10.7
Chatter 130 0.15 15 1.5 12.0 4.6 27.9 10.7

(3) KUIT

BT, RUIITIZE T 2 Rl b EI G ORE & 1T 5 72, [KS5.100 §0E T3 O fAT s R
XV, 7oA A, = IV ERIBRICOIBISRAER S OIZ EHEEEDHIH TE 5
ZENRBETONERSTND., 2T, UIBISMHEP O LR ToH 2 UIHIEE V=130 m/min,
Y HEE0.35 mm/rev. CHMEBRZITR o702, ZHUIRAISICBIT D5M49L 725, T.EHE
miE, FUNLDOHEa—FEO~— T BEREV; N~ — Y UMED2BIZE L X, DF Y
ABFZETHH L2010 mm®D KU b~— U ME130.8 mmTH 572, 0.53 mmbl EOEEEEN
HIXFA &Rl & LT,

X519 T EFMFERFE R A2/, £/, K5201254:90 T HFEMmIF o T BB R4
AT [K5.198 0, UIHIBREE3140 mlUZ CTRET v & 0B AE L7, BIHEEE V=90
m/minlZ I, &0 #EL THE XA —DHEERENTH £/20.20, 0.28, 0.35 mm/rev. DI &
(%Mh4, 5, 6), 0.4 mm/rev.(5:F10) & B &1, TEEMABREZER L. ZO&RETHOL
HFEMRBRAE BB 5. 1910/, 252105 k4, M5.2210 54145, M5.23105446, [45.24
(25100 T BEmro T BBIEGE R 479, TORE, %0 HEA~0.2, 0.28 mm/rev. Tl
BIHIBRZE 237700 ml, £=0.35 mm/rev. TIEEIHIBRE®AY5500 mlZ i L7- & & IZ LHAFMITE
L, TEX—DOHEGEEIFH A8 2 5-0.4 mm/rev. TIEE D BN RKE o772, 4710 ml
IMTHICT S VWEICKE ARRENELZ., ZofRELY, LEMITINT TE 5RAITI=90
m/min, f£=0.35 mm/rev. & HE L, ZAIUTRAISITORTSRM6E 70D, £i0, WIS
LR 5.

LEXY, fgGtsasttel L COHBEBENEZIEL, ZORRERSTITRT. K57
K VBB EIT2.0Wh/ml & 72 0 WIS OB E ) £2.2 Wh/ml & Flg LIS %D HIEAS
AR & 72 o7z, ET-UIHIEERITT78.8 ml/minC, WIHIZ{H0063.0 ml/min & Hig L, #J1.3f%D[w]
EEipodz. LER-T, FUNMNMTIZEBWT, FHYIHIEERE, @ik e ouIgIsMt: 28 E
TAHZET, BMELELTEENTE, DOEBEZRNX—ThHLI tRNHEI O oTz.
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Fig.5.19 Results of tool life test on drilling

(a) Top (b) Margin
Fig. 5.20 Pictures of drill under condition9 (3140 ml)
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(a) Top (b) Margin
Fig. 5.21 Pictures of drill under condition4 (7700 ml)

(a)Top (b) Margin
Fig. 5.22 Pictures of drill under conditionS (7700 ml)
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(a) Top (b) Margin
Fig. 5.23 Pictures of drill under condition6 (5500 ml)

(a) Top (b) Margin

(c) Rake face
Fig. 5.24 Pictures of drill under conditon10 (4710 ml)
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Table 5.7 Experimental results on electric energy during drilling

Parameter Electric Electric energy Material Cycle

No. V f energy per material removal | removal rate time
[m/min] | [mm/rev.] [Wh] [Wh/ml] [ml/min] [s]
1 50 0.20 28.1 3.0 25.0 32
2 50 0.28 23.5 2.5 35.0 24
3 50 0.35 20.9 22 43.8 21
4 90 0.20 23.8 2.5 45.0 21
5 90 0.28 20.9 22 63.0 16
6 90 0.35 19.8 2.1 78.8 14
7 130 0.20 21.5 23 65.0 16
8 130 0.28 19.1 2.0 91.0 13
9 130 0.35 16.5 1.8 113.8 12
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Fig.5.25 The workpeice of case study
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Table 5.8 Cutting conditions on case study

Primary conditions
. Feed speed
Operation Tool Cutting speed V' peed/ Axial depth of cut | Radial depth of cut
) [mm/tooth]
[m/min] a, [mm] a.[mm]
[mm/rev.]
®80 mm
N1 . 200 0.20 1.0 45
Face mill
®10 mm
N2 90 0.10 1.0 1.0
End mill
®©10 mm
N3 . 90 0.28 20 5.0
Drill
Optimum conditions
®80 mm
N1 . 250 0.30 1.0 45
Face mill
®10 mm
N2 . 130 0.15 1.0 1.0
End mill
@®©10 mm
N3 90 0.35 20 5.0
Drill
Table 5.9 Results on electric energy during case study
Operation Primary conditions Best conditions
Face milling 12.6 9.1
End milling 33.7 17.1
Electric energy [Wh] Drilling 12.0 10.5
Others 10.8 10.2
Total 69.1 46.9
Cycle time [s] 101.0 66.6
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> = =

Point Z

Fig.5.26 Fixed pecking cycle

Table 5.10 Cutting condition on pecking cycle

Tool @6 coated carbide drill
Workpiece SUS304
Cutting speed V' [m/min] 55
Feed rate f [mm/rev.] 0.15
Depth of hole a, [mm] 30
Pecking distance ¢ [mm] 3

Table 5.11 Results on electric energy and cycle time

Cycle time [s] Electric energy [Wh]

Fixed pecking cycle 333 29.2

Adaptive pecking cycle 26.9 23.5
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Fig.5.28 Spindle load on adaptive pecking cycle
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Fig.5.29 Results on spindle speed, feed speed and table position using conventional control
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Fig.5.30 Results on spindle speed, feed speed and table position using new control
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Fig.5.31 Relation between electric energy, spindle load and inclined angle
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Table 5.12 Results of surface roughness

Inclined angle 6 [deg.] Surface roughness Ra [pm]
0 6.4
15 33
45 2.2
60 2.8
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Fig.5.32 Results of tool life test on inclined machining

(a) Rake face (b) Flank face
Fig.5.33 Pictures of ball end mill under 0 deg. (120 m)
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(a) Rake face (b) Flank face
Fig.5.34 Pictures of ball end mill under 15 deg. (180 m)

(a) Rake face (b) Flank face
Fig.5.35 Pictures of ball end mill under 45 deg. (120 m)

(a) Rake face (b) Flank face
Fig.5.36 Pictures of ball end mill under 60 deg. (170 m)
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Fig.5.37 Electric energy according to the tool wearness progressed
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Black curve: contour line of equi-depth of cut
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(a) The location of the interference area (b) The detail of the interference zone

Fig.5.38 The interference area at the end milling process
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Fig.5.39 Relation between specific cutting force and maximum undeformed chip thickness
(Workmaterial: Die steel SKD61 HRC51)
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Feed rate : 0.15 mm/tooth

Normal depth of cut : 1.0 mm . R

Pitch : 4.0 mm / Center of ball
¢

Incline angle : 0 deg.

N\ Top of ball

(a) Odeg.

Feed rate : 0.15 mm/tooth

Normal depth of cut : 1.0 mm)| i N
Pitch : 4.0 mm _ Center of ball

Incline angle : 30 deg.

Feed rate : 0.15 mm/tooth

Normal depth of cut : 1.0 mm . N
Pitch : 4.0 mm _ Center of ball
o

Incline angle : 15 deg.

N\ Top of ball

(b) 15deg.

Feed rate : 0.15 mm/tooth

Normal depth of cut : 1.0 mm ) R
Pitch : 4.0 mm _ Center of ball

Incline angle : 45 deg. ‘

"\ Top of ball

(d) 45deg.

Pitch : 4.0 mm
Incline angle : 60 deg.

"\ Top of ball

(d) 60deg.

Fig.5.40 The interference area at each inclined angle
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Fig.5.41 Cutting torque at inclined angle
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Fig.5.42 The comparison of power consumption with maximum cutting torque
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Fig.5.43 Machining model of the inclined surface by ball end mill

a=6-— cos‘l% (5.3)
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Fig.5.44 Calculated results of the relation between cutting angle point angle

and boundary angle
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Fig.5.45 Measurement method for effect of down cut and up cut
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Fig.5.46 The result of effect of down cut and up cut
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Fig.5.47 Core pin and tool path
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Fig.5.48 Results on electric energy under case study
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Fig.5.49 Results on electric energy under optimized cutting conditions
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Fig.5.50 Electric power as function of time during a fixed turning cycle
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Fig.5.51 Electric energy during fixed cycle
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Fig.5.53 Electric power as function of time during a fixed end milling cycle
Cutting condition; V=120 /= 0.2 a,=2.0 a,=31
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Fig.5.54 Electric power as function of time during a fixed drilling cycle
Cutting condition; V=65 f= 0.3 a,= 30
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Fig.5.55 Electric energy during a fixed cycle for various cutting conditions
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(a) Rake face (b) Front flank face

(c) Rear flank face
Fig.5.57 Pictures of turning insert (2711 ml)

(a) Rake face (b) Front flank face

(c) Rear flank face
Fig.5.58 Pictures of face milling insert (2649 ml)
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62.1 XREFETA

DMGHRFEHE LN TIT o TV D REEFET A VRt E Uiz, 74 RIS ML O~
V=7 ZNXH3000DCGA 81, THRDOHIE~ > =2 7 ZNH4000DCGA 115, 719
BEEESEELOTHD. FITEEZ/IM~ =72, FaTRE2PR~ =7k
VHATILLTWA., Fi, #MEoU —7#kicidnry FESEFEHR LTS, £6.1iX
INRIREIE ~ > = > 7 ZNXH3000DCG®”, #6213 AU ~ + = 7 > % NH4000DCG
DFEZE T, F72, K6.1TEET A >, X6.21ZINXH3000DCG, [X6.31XNH4000DCGPD
R R A if:, X6.41 X550 — 27 ThHHEMBEHABS Y 1 v 7 Offi 5 X &7, [X6.4
(RT L DI, B ORTEERLAOSEHOINT 2551 T & L TNXH3000DCG TINT L
TW5. Ob\“(“, KETRTHEAEROME BT T AFH2 TR E L CNH4000DCG T T L T\
5.

VB S I =B IR 023 L OIER SRR I 7 7 0 TRD T v s A—FZCW240
(BRI A —H &A AN AR E 8 L, MTU—27 210N+ 50N EE &%
HIE LTz, R63IFBATT A  COHBBENENEFBRB IOV A IV E A LETRT. £63
IRTEDIC, HEBHEITFEI TR T2588 Wh, 2T T271 Wheaotz. £/, A7
JVE A NTFL TR T2255398), 2T T20528 b & 72 o7z, SHBITIEDIE D NIEEEEN
RENWZEDE, FTHEILRICBONTHEH SN TW D EIISROHEE N &EZHE L, H
BEGEHGELT.. SHICINOORMEEHEZ T, A=AV X —bOFREBRD.

Table 6.1 The specification of small horizontal machining center HXH3000DCG

Spindle power [kW] 3.7
Spindle speed [min™'] 12000
Spindle bearing inner diameter [mm] 60
Type of spindle taper HSK-A50
Max. feed rate X/Y/Z [m/min] 50
Feed acceleration X/Y/Z [G] 1.8/1.5/2.0
Stroke X/Y/Z [mm] 300/350/350
Guide way Liner guide way
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Table 6.2 The specification of medium horizontal machining center NH4000DCG

Spindle power [kW] 18.5
Spindle speed [min™] 14000
Spindle bearing inner diameter [mm] 70
Type of spindle taper 7/24 Taper No.40
Max. feed rate X/Y/Z [m/min] 50
Feed acceleration X/Y/Z [G] 0.6/0.9/0.6
Stroke X/Y/Z [mm] 560/560/630
Servo motor output X/Y/Z [kW] 1.6/4.0/4.0
Guide way Liner guide way

Table 6.3 Results of electric energy on current production line

Process Electric energy Cycle time
OP1 2588 Wh 22 min 39 sec.
OP2 271 Wh 2 min 28 sec.
Total 2859 Wh 25 min 7sec.

Fig.6.1 The overview of mass production line
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Fig.6.2 The overview of small horizontal machining center NXH3000DCG

Fig.6.3 The overview of medium horizontal machining center NH4000DCG
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Fig.6.4 The simplified diagram of ABS block
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6.2.2 JEIHEC K DEEE S ERES
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Fig.6.5 Details of electric energy on OP1 with NXH3000DCG
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Table 6.4 Details of coolant pump on OP1

Application Flow rate [I/min] | Power [kW]
Cyclone supply 105 1.21
Spindle 50 0.52
Shower coolant
130 0.89
Net cleaning
Cooler supply 30 0.19
Spindle nose
Cleaning container 120 0.89
Jig cleaning
Through-spindle coolant 20 3.7
Total 420 7.4
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Table 6.5 Details of coolant pump on OP1 after consolidation

Application

Flow rate [1/min]

Power [kW]

Cyclone supply

Spindle

Shower coolant

Net cleaning

Cooler supply

Spindle nose

Cleaning container

Jig cleaning

300

1.5

Through-spindle coolant

34

2.2

Total

334

3.7

Table 6.6 The result of electric energy after coolant pump consolidation

Process Current line

After consolidation

OP1 2588 Wh

1917 Wh
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Fig.6.6 The optimization of hydraulic unit
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Table 6.7 The result of electric energy after optimized hydraulic unit

Process Current line After consolidation

OP1 2588 Wh 1696 Wh
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Table 6.8 Results of reduction on electric energy

Process | Current line [Wh] | After improvement [Wh]

OP1 2588 1507
OP2 271 170
Total 2859 1677
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Fig.6.7 The overview of Saxis vertical machining center NMV3000 DCG

Table 6.9 The specification of Saxis vertical machining center

Spindle power [kW] 18.5
Spindle speed [min™'] 12000
Spindle bearing inner diameter [mm] 70
Type of spindle taper 7/24 taper , No.40
Maximum feed rate [m/min] 50
Feed acceleration [G] 1
Stroke X/Y/Z [mm] 500%350x510
Servo motor output X/Y/Z [kW] 4/3/3
Guide way Linear roller guide
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Table 6.10 Results of electric energy after process consolidation

Current line After process consolidation
Process
Electric energy Cycle time Electric energy Cycle time
OP1 2588 Wh 22 min 39 sec. 2375 Wh 18 min16 sec.
OP2 271 Wh 2 min 28 sec. 246 Wh 1 min 54sec.
Total 2859 Wh 25 min 7sec. 2621 Wh 20 min 10 sec.
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Machinig area

Fig.6.9 The overview of chip vacuum system ZEROCHIP®

Table 6.11 The specification of 3axis vertical machining center NVX5100

Spindle power [kW] 15/11 [10 %ED / const.]
Spindle speed [min™'] 13000
Spindle bearing inner diameter [mm]] 80
Type of spindle taper HSK-A63
Max. feed rate X/Y/Z [m/min] 30
Feed acceleration X/Y/Z [G] 0.51/0.38/0.43
Stroke X/Y/Z [mm] 1030/530/510
Servo motor output X/Y/Z [kW] 3.0/3.0/4.5
Guide way Box guide way
Vacuum power [kW] 2.0
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Fig.6.10 The overview and cross-section drawing of face mill

Table 6.12 Cutting condition on face milling

Tool diameter D [mm] 25
The number of teeth 4
Cutting speed V' [m/min] 235
Feed rate f [mm/tooth] 0.6
Axial depth of cut a, [mm] 0.5
Radial depth of cut a, [mm] 20
Coolant Dry, Vacuum
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Fig.6.11 The overview and cross-section of drill

(a) Conventional drill (b) R-drill
Fig.6.12 The difference of conventional drill and R-drill

Table 6.13 Cutting conditions on drilling

Tool diameter D [mm] 10
Cutting conditions V' [m/min] 16, 140
Feed rate f[mm/rev.] 0.2,0.3
Depth of hole a, [mm] 44
Coolant Dry, Vacuum
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Fig.6.13 Overviews of end mill and holder

Table 6.14 Cutting condition on end milling

Tool diameter D [mm] 10
The number of teeth -
Cutting speed V' [m/min] 160
Feed speed £ [mm/tooth] 1000
Axial depth of cut a, [mm] 44
Radial depth of cut @, [mm] 2
Coolant Dry, Vacuum
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Fig.6.14 The overview of thermography

Table 6.15 The specification fo thermography

Infrared camera resolution 80X 60
The number of pixel 4800
Thermo resolution [deg.] 0.15
Accuracy [deg.] +2

Thermo measuring range [deg.] -20~250

Measure wave length [ © m] 7.5~13
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Fig.6.15 Pictures of machine inside on face milling

(a) Vacuum system On (b) Vacuum system Off

Fig.6.16 Measurement results on face milling using thermograph

—=— Vacuum on — =— - Vacuum off

70
A I .
~ 60 k \ X
Z k A ’“ /\L ) II \'\
= 50
2 40 v v
W
Qg 10 'VV V \)\/"\.
£ 20 Maximum difference of temperature : 18°C
[
10
0 5 10 15 20 25 30

Time (s)

Fig.6.17 Measurement results of face milling on time variation of temperature
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Fig.6.18 Pictures of machine inside on drilling

(a)Vacuum system On (b) Vacuum system Off

Fig.6.19 Measurement results on drilling using thermograph
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Fig.6.23 The measurement results on end milling using thermograph
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Table 6.16 Results on electric energy of conventional machining and vacuum system

Contents Conventional machining | Vacuum system
Ready electric power [kW] 0.717 1.366
Sludge disposal system [kW] 1.111 -
Machining electric power [kW] 7.288 6.229
Operating time per day (Measured) [h/day] 100 100
Operating time per month [h/month] 380 380
Operating days [day] 200 200
Total electric energy
(not include ready electric energy) 1263 732
[kWh/month]
Total electric energy
(include ready electric energy) 1536 1251
[kWh/month]
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Fig.7.3 Ball nut
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Table 7.1 Operation, tool and cutting conditions before application

Axial depth Radial depth
Tool Cutting speed | Spindle speed Feed speed
Operation of cut of cut
Milling spindle Lower turret m/min min™! mm/min mm/rev. mm/tooth mm mm
0.D:0.25 0.D:3.0
Face and O.D rough 0O.D 80° insert 180 - - - 71.9
Face:0.2 Face: 1.0
@36 through hole U drill @36 150 1327 159 0.12 0.06 97 -
1.D. rough 1.D insert 80° 180 - - 0.2 - 2 77
Face and O.D fin. 0.D insert 60° 250 - - 0.15 - 0.1 72
1.D fin LD insert 55° 250 - - 0.15 - 0.1 77
OP1 face D32FM 160 1592 637 0.4 0.133 1 24
Wall fin. D20EM 160 2548 1020 0.4 0.1 40 0.1
®11.2 hole ®11.2 Drill 100 2843 600 0.2 - 223 -
®4.2TAP hole ®4.2Drill 100 7583 1517 0.2 - 9 -
Hole:0.1 Hole:0.017
Chamfer (916) @16 chamfer cutter 40 - - - -
Counter: 0.4 Counter:0.067
M5x0.8Tap TAP M5x0.8 15 955 764 0.8 - 6.5 -
Rough: 110 Rough:3503 Rough: 981 Rough:0.28 Rough :0.07 Rough:6.4
10mm groove ®10 EM 10
Fin: 120 Fin:3822 Fin:459 Fin:0.12 Fin :0.03 Fin:0.1
Chamfer (©16) @16 Chamfer cutter 40 2450 980 0.4 0.033 - -
Transfer OP2 1.D inser t80° - 200 - - - - -
0.D:0.25
F.D and O.D rough 0O.D 80° insert 180 - - - 2 20
Face:0.2
1.D rough 1.D 80° insert 180 - - 0.25 - 2 15.9
F.D and O.D fin 0.D 60° Insert 250 - - 0.15 - 0.1 20
LD fin L.D55° insert 250 - - 0.15 - 0.1 16
OP2 face D32 face mill 160 1592 716 0.45 0.2 1.5 20
®11.2 face hole ®11.2 Drill 100 2843 853 0.3 - 20 -
®17.5 Counter bore ®17.5 counter bore 60 1092 218 0.2 0.067 11 3.15
Center hole @3 center drill 20 2123 160 0.0075 - 3 -
®5.70.D deep hole ®5.7 Drill 80 4470 894 0.2 - 39 -
Face hole chamfer @16 changer cutter 40 1592 636 0.4 - - -
Hole:0.1 Hole:0.017
O.D. hole chamfer @16 chamfer cutter 40 - - - -
Counter: 0.4 Counter:0.067
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Table 7.2 Operation, tool and cutting conditions after application

Cutting Spindle Axial depth Radial depth
Tool Feed speed
Operation speed speed of cut of cut
Milling spindle Lower turret m/min min™! mm/min mm/rev. mm/tooth mm mm
0.D:0.33 0.D:3.0
Face and O.D rough 0O.D 80° insert 200 - - - 71.9
Face:0.2 Face: 1.0
@36 through hole U drill @36 150 1327 159 0.12 0.06 97 -
I.D. rough 1.D insert 80° 180 - - 0.2 - 2 71
Face and O.D fin. O.D insert 60° 250 - - 0.15 - 0.1 72
1.D fin 1.D insert 55° 250 - - 0.15 - 0.1 77
OP1 face D32FM 160 1592 716 0.45 0.150 1 24
Wall fin. D20EM 200 3185 2526 0.8 0.2 40 0.1
Through: 853 Through:0.3
®11.2 hole ®11.2 Drill 100 2843 - 223 -
Non through: 600 Non through: 0.2
D4.2TAP hole ®4.2Drill 100 7583 1517 0.2 - 9 -
@10 EM 110 3503 981 0.28 0.07 - -
@16 Chamfer cutter 120 - - 0.6 0.1 - -
MS5 TAP 15 955 764 0.8 - 6.5 -
Transfer MS5 TAP - 200 - - - - -
0.D:0.25
F.D and O.D rough 0.D 80° insert® 180 - - - 2 20
Face :0.2
1.D rough 1.D 80° insert® 180 - - 0.25 - 2 15.9
F.D and O.D fin 0.D 60° insert 250 - - 0.15 - 0.1 20
LD fin 1.D 55° insert 250 - - 0.15 - 0.1 16
OP2 face @32 high feed cutter 160 1592 3821 2.4 1.2 0.7 20
@11.2 face hole ®11.2 drill 100 2843 853 0.3 - 20 -
®17.5 Counter bore @17.5 Counter bore 128 2330 279 0.12 0.04 11 3.15
Center hole @5.7flat mill 70 3911 391 0.1 - 8 -
®5.70.D deep hole ®5.7 Drill 80 4470 894 0.2 - 39 -
Face hole chamfer ®16chanfer cutter 120 - - 0.6 0.1 - -
O.D. hole chamfer @1 6changer cutter 120 - - 0.6 0.1 - -
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Table 7.3 Results of energy saving method

Machining Ready Total .
. ] ] Cycle time
electric energy electric energy electric energy s
s
[Wh] [Wh] [Wh]
Before application 2026 1914 3940 2108
Improvement of
o » 1703 1305 3008 1463
machining condition
After application Optimization of
1671 1719 3390 2001
aullx. etc
Both 1485 1239 2724 1377
4000
=
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=
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‘g 2500
. B Ready
g 2000 -
@ ® Machining
o 1500
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¥
£ 1000
8
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0

Before
application

Improvement of| Optimization of Both
machining aullx. Etc
condition
After application

Fig.7.4 Results of energy saving method
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