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Study of Machining Centers for Higher Productivity

Yoshiharu TAKATA
July, 1999

Abstract

In recent years, the demand for agile manufacturing has increased in every in-
dustry. As a result, machine tool manufacturers are expected to improve the pro-
ductivity of machining centers which have high flexibility. A machining center au-
tomatically executes several machining operations such as cutting, positioning, and
tool changing, etc. according to the numerical control (NC) program for machining
a workpiece. The total operation time required for machining the workpiece is re-
ferred to as the cycle time. Productivity of machine tools is improved by reducing
the cycle time. For reducing the cycle time, several technologies have been devel-
oped to increase the operation speed of machine tools (high-speed main spindle,
high-speed and high-acceleration/deceleration feed drive system, high-speed cutting
tools, high-speed machining technology, etc.). However, there was no standard for
quantitative evaluation for productivity of a machining center having these new tech-
nologies. The only way for quantitative evaluation was to make a trial machining
center having these technologies and to measure the actual cycle time of machin-
ing workpieces. Such experimental evaluation tends to lead to over-specifications
of a machining center without careful consideration of the effect of faster machine
tool operation on productivity. In this thesis, the effect of the operation speed is
discussed for realizing a machining center with higher productivity and reasonable
cost by incorporating the current market demand as mentioned above.

The first step of this research is to develop a cycle time simulator which is able to
simulate each operation time by analyzing given NC programs and machine spec-

ifications to be evaluated. In the second step, the cycle time simulator is use to

i1



calculate the cycle time of machining workpieces which have been actually ma-
chined. By changing machine specifications for the main spindle and the feed drive
system, etc. and the cutting conditions, the effect of these changes on the cycle
time is quantitatively analyzed. Based on the result of the cycle time analysis, the
specifications of a high productivity machining center is selected under the consid-
eration of the available technologies and cost. The third step is to manufacture the
machining center with the selected specifications. Then the cycle time for machining
a workpiece is measured by using the improved machining center, and the measured
cycle time is compared with the cycle time required by a conventional machining
center. From the comparison of the cycle time, the productivity of the improved
machine is discussed. Finally, using the improved machining center, high-speed cut-
ting can be studied and several technologies for high productivity can be obtained.

The results of the research are as follows:

(1) Comparison of the cycle times calculated by the developed simulator and mea-
sured by actual machining shows that the error in the simulation is about 3-4%.
Therefore, the simulator can be used for the quantitative evaluation of the per-
formance of a machining center to be designed.

(2) The cycle time analysis by the simulation shows that the faster operation speed
of the feed drive system contributes to reduce the cycle time only when the |
acceleration/deceleration of the feed drive system increase simultaneously.

(3) It is effective to reduce the cycle time by increasing the cutting feed rate by
applying high-speed cutting conditions, therefore the speed and output power
of the main spindle should be increased.

(4) According to the result of the simulation, a high-speed vertical machining center
for machining small aerospace components of aluminum alloy and a high-speed
horizontal machining center for machining automotive parts of cast aluminum
or cast iron are designed and made.

(6) The improved machining centers are able to reduce the cycle time to 1/2-1/3

v



of the time as required by a conventional machining center. Thus the improved
machining centers have higher productivity with reasonable cost.

(6) High-speed cutting technology is developed by using the improved machining
centers, and it is shown that the cutting speed and feed rate can be 5-20 times

higher than the conventional cutting conditions.

As the results of this research, high productivity machining centers can be devel-
oped. This research also shows the design procedure using the cycle time simulator,
and the design information for future machine tools of higher productivity can be

obtained.
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—{ Machine tools |——{ Mechanism 71— Main spindle High output power

High-speed
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Excellent balance / Low vibration

Spindle cooling unit

—{Feed drive system High-speed
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-] Safety equipment }—[fafety splash cover and window glass

Door interfock
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Controller at high-speed feed rate —[::ngh speed processing
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I Work piece —— Improving machinability, Reducing allowance for machining (near-net shape) |
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L—INC program }———{ Optimizing tool path and cutting condition |

Figure 1.4 Subject for high-speed cutting
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Figure 1.6 Trend of rapid traverse speed
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[ : Optimum technology application ranges for high-speed cutting of aluminum alloy 2
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Figure 1.9 Trend of high-speed cutting of cast iron
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[7] : Optimum technology application ranges for high-speed cutting of carbon steel 21
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Figure 1.10 Trend of high-speed cutting of carbon steel

MCOMTEERZESD CEEREMELICTFETIHOEEZALONS. LML T
NETEHEBRICHEBEEEL THR/RMT 2T UM, NS HEROREA
Wk BEEROME, XVEENICRERY A 7Y A1 LADEHESRERIET S
FHEWE o/, FNIERHLUTEMIICEST > Ial—Ya HEfi2HANWT
NCTOFSLZzMETL, 7005 ADERRE%NCHEESMC ORI EE
BLUTRIEL LD ET5MENREFERINTNS 212,

ORI ERNSAMRTIE, MRETHIMIAHFICT EITMIITE, M
THESCNMTEHENERSEEZ NS ENG, NWAEKICETEINS MC
COMBMIABHZEICE L ZERAEEN S5 EDONHE LD, EHORE
RS> To2alb—alHiEERT S I & TRESEBAROEE 2T
D LBl

ETE2EICBVWTINC YOS T AZ@HTLTMC OYIHIE D BIfE, (&
WROEME, FEOEEEIL, ATCIRESIMET EOMESERBZLEL T
METESZ L2 ILTHEIN TS IINIAN LTIl —FIZDNT

12



WMARSB, ZOTIalb—FREREICBTBEEY—ILTHY, LIEMKREE
KB ITDHHEETH BB ROBERICHEATESD ZLEZHNEL TN
52&E0, BFONCOKEZIZIFRERICHETE, YIal—TarBE
DENZEPBETHS. TITHE2EDORYETHE, 2OYIalL—FEHN
THIZEHEER T, BEEIRE, TEBREREOMNTIZTD W TR BERMEZ 73
U, EBEICI5EARMEDHBREZITOTHI I NI A LTI al—FOREE
ZEm L7z
RICHESIBIIPWTIEE 2ETHRRELAES I 2L — Y 2HNVWTNIERDH
LMZEHES, BEER, TEBREREICOWTMC OBRARDOEE &
B{EREE OB R EMRIT U /2. BT L 2B, T#HosEERks
FELEE LR, XOBKBROBKED RE S MEE, ATC O#{ERMARE T
H5. ORI BEBAROERE LUHIGHEDOm EICES, ATV A L
WD YRR, (ERDFFM, FHhOEENME LR, ATCRER EDH
BEOEEI Il —alTRDE.
BABELEIETHESETTOLNEYA NI LT OERERE X,
ERATREREMREZO I N EEE L TEEENA LT 5 EEX 5N 5 HK
TR ZEIEL, ZNIREDS MCOREICDODNTRNRS. HBAEITHWTIEM
ZERERENINREL, BEUHIZERT S 2 EICX5UHIRROEREZE
DL TITo7/, YEIA b0 — 2 410 mm, FEHOHEEER$230,000 rpm, Fih
E—F OBRKH A 54 kW, %D EREIRORKZED HE 60 m/min, HKXIMNEE
10 m/s?, ATCH¢f# (T-T) 4 s DILFEMC DFEIEICDODNWTIRNRS., ZOMCEH
WTEBRICHZERIRREZEMTI LT 7V LZBEL, EROMCIZE
LG EHKRTLEIETHELEMCOAERZERL /-,
EBOIRICBWTHHBEZZMINREL, SETHIOBEMICX S UH]
IRl D BB R 720 T < AL o I T B AS ke [l 7 & O JE U HIRE R O 48
LOILTo/z, /by bY X400 mm, E#HO & EHx4K 15,000 rpm,
FHE— & ORKHF 18 kW, 0 EKEIRORKE D EE 60 m/min, &K
HE 10 m/s? % L CATCHER (T-T) 1.3 s DR MC OFEIC DN TR RS, &

13



OMCEAWTERICHFELRBEZMNMTLL T A 7T 1 LAEHERDOMCIZ

L BB L, AEEEESRLZ.

INSABEBELFBEIIBITIIZEBOMREZEBLT2ETHEINZY 22—
HMMC DF%EN, BARICBLTEDRY I THDZEEZRI ENTERL.

BEEIIBWTIL, FA4BEELEIETHEINIEMCEZEDEHEHT DO MCIT
L EHEMTORESAZTET L0, RENZITEMBTHBETINIIZ
U AES, RTHES, REHCOVWTIAAIINMI, T2 RIJ)VINT,
RUNINT, 7L, "—U ML EfTolzREmRRS. Zns D
T2EBLTBERYYERZDOI U AEEMTICHKEET S & 612, Kil
RMCBELOEUEMOMFERARBIIBITIHRECDODNTHER L.

BRBICETBEICBWIAHEZKREL 2.

FEEEMC OBRICDWTAWE TREL 2V Iab—va Y Eielss
BEPEEFATHIET, IRET DM OM LIS C BT
MREDRMICEET DI ENTEDZ TN T, MidFi>nkt D RE R,
ATCEBREZELICMIOFICHEL 2K E2H D12y FOBEFICHFE
LT, PEDUCODABINER—AEREMCEMABEELEDHDEZILN
3. LR TEAREIZIZy FOMIAE OEE THE ORI 5 IH
LAEEHKE DS DEDa— V&GS ERICH DRV S AL B F>TNS.

14



E2E oIt IDEEEE
ZHBELE S alb—2g
I RT LADRFE

2.1 #EE

R (MO) MG E (NC) 70y T LT, ERICYE
ZHHIT2UHEVEEZECD, FHOMERDPEOEL, EHOEH)
L, TESNLY bOBHEH, TOMUEIKOiGE IR E, £k
THMLREEZIERD D WERKICETTS. 2L T, H5HHZMLT S
BICEST S INS OFERMZEZSFILZDONT A I A L EREN TN
%, EEEOENMCOLHEDO—D, HBEMLOYA 7y A LABENT
ET, TODITITHEEO SR ABELLD. EEEDOEWMC ORI
BOWTEANICHBEALIND NE EBERARE, Eo&KEEREC &K
B ORKZEORE, TUTCHBTERHEBEES/S L v b0 B ER
ERETH25W, ZOXItkomEftzERTDITE, ROKD BT
MOBZE, BANKLETHS.

1) THOBEB(EEDSI Lt T I v AR—IEHERLIZEN S, F1
W7 P RI7ZEBESEZNWE Dy MEEGREHEARNORREKRG E
2) ROEBROEE /L, ENMEBEEERZZDQO) 7T —FRE—FH S
WIINA U= RR—JbAL (U—FOKRERLRF—INAL) EEEEY—

RE—FYOEMARE
BYEVHEHROEELICEDBRIMTEEDETEZHSTZDDNA T >
FES 74— R747— REHOBEHALRE

15



(4) TERZHBEBCN LY MEBREBEZESHELT D20 DN LABEOKED
HERE D 5 5 — RHE A O &

— 7 TR BT R M BT O I Ko THHEIM OB D g/~ <2
DHHEIZR>TWA I EH AR, EETEBROREEIC K> TUHERE
IZELXHLELTVWBEZEHBMCOBEBEICBNTEREINOIREFHTHD.

LB HERIINT NS MCOEEEM ECHFETEHDOEEZLS
N, REMFICZOMCOBEIX RZEZREL NS INSHEMOKRE 2k
ETHIENHEELW., LML INETIE, ERICMCEZHIEL TH&ZINT
ETFoTHA I INIALERET DN, BBXEFOMLEMH, MEBEHRDIER
BEEEEL THEMEENS YA NI LREZRED DN, N5
FHROEAICK AR ZRIAT 2 HER RN . TOHKER, PHTD

KB EOEEEZD S LHHETEHAL, MCOffitg LA ZH< 7 —
AMAEENTZESICELNS. £EMCNEET DI THE G IEEH B EA G,
FZe s ER i, PEEEBMEIE, &8 SITKlEh, ZhEnicmInrs Rz
BERHS. LEBoTMCIIXPAENRDENDDHDOD, HRETHE
(T RBELABRLERIEIRERDEEZONS. EEMTH S MCITIE
DARNNTA— VR, §ROEBIERMENSHBETETERINS &
zEZBDE, BREINEMCOMHENZLIDBAKEICL T, TOEMICHZ
FHEMAEEL TEASNRTNE RGN, LENST, HFEBIIBN
THRIROEERS A VNI LACRETHRERZERICTFRT S ZENE
BTHHEEZS.

B, ENTEREAEACRRZI S Ea—FIZIDICHEERETSI 2L —
a EERWT, NCTOFZ S AL Tr70r S L0RE%ENCER
PMC OHEBIEREEZEE LU TRIEL LD ETHHENRRRINTNS 21D,
ZOXIayIal—TalEfiEfEAL TMCOREZTAE, HAHRMITH

LR EETOMCE, LDEWHEREY — R LATHRET S
CENHERICR B EMFBEIND. TCTERETIE, NCTOT I LEBITLT
MC DB AARITWE S = U BIBMER AL B RO BIER E D& B)fE Z & OFTER

16



ZHEETELIELZENELTHRELEYA NI A LTI alL—FITDO0
THRARD 230, Z ZCHELZS I —F OB, BRI EELZN
MCZHAWEMIOYA NI A LAERIFFERBEICBWTELLASHLEND
52EMS, BEEECBITSMBERMZ EREICEHNTES I L, 2L T
EREEORRETCEREMERE, BIHONCEBENMEZ TWAHEEEE
HICHEHATES I LRE, HRERSINTVWEIOEOY I 2L —FiZidk
WHBEZ A TWBETH .

22 HEAXBYAINGA L ZalL—FDHEEESL
(4D

FELZIIal—FE, MCOREIEE THRMFECITHEHR T 285
XEY-INETBHIERFERZEZBNWT, YA 7T L% TOHIRRH, T
BROEEE ], THE T AR, TM O — ROUEFE) chELTHEAd
LEORErENTHBY, NCTOTSLDFASE, G M S, THRESFED—
ENRITEEORBME, BERHMOELE, MROH A ENSRS. 22
TMa— PR &, FEoESHE ESPTEAZHBICEAEILIMI—-RE
FRAZMO— RAREQUERMTH O, HIAETEROT >, F 7ML/
Ly b OBIHREHPRZHBER S 2 W0WIES — T DX Fv ¥ 1 LITKEL
TAETLERBEARCAHEEONHLUERMANGEENDS. 20T Ial—
DY —A 70T 5 ADRMITIE, NCTOT T ADFHABIIZ YACC (Yet
Another Compiler Compiler) &, ZDMOISITILCERBZHWVWTNS (YACC
IEASIC/R ERBRBICOREY 7 b U7 2 CERBREDERSTHE TR L
KD ETHDHRBLETDELEZERT DEDITHNSNDEZHDTHDN, T2
TRHIOEEZFALTNC O/ S L0FEI— FICH T 2 HELEFIE
ML) . ZDITIalL—FEBAWEYA 7Y A ASHICE I WZE
AXBIATLOFIEEZK21ITRY. £TEMOEEEERE, B, &
BE LR, RO RBFEOBRRED RES XOINEE, HETRESHE

17



. Design of machine specifications
(Main spindle, Feed drive system, ATC, etc.)

v

l Process planning (Process, Fixture, Tool, etc.) |

!

| NC programming (Tool path, Cutting conditions) !

¥

[ Simulation (Cutting, Positioning, ATC, Others) I

- Change specifications?

No

A

Yes

l Decision of the machine specifications for development |

Figure 2.1 Flow chart of cycle time analysing system
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Table 2.1 Input parameters of specifications for cycle time simulator

Parameter Value |
Non block time (ms) 0
Creep feedrate (mm/min) 15000
Rapid traverse rate of X axis (mm/min) 30000
Rapid traverse rate of Y axis (mm/min) 30000
Rapid traverse rate of Z axis (mm/min) 18000
Rapid traverse rate of 4th. axis {deg./min) 0
Processing time of M code (ms) 10
Processing time of S code (ms) 10
Processing time of T code (ms) 10
Rapid traverse rate of B axis (deg/min) 3600
Maximum speed of main spindle (rpm) 12000
Acc./dec. time of main spindle (ms) 1700
Spindle orient time (ms) 500
1st. reference point X (mm) 280
1st. reference point Y (mm) 350
1st. reference point Z (mm) 350
1st. reference point 4 (mm) 0
2nd. reference point X (mm) -280
2nd. reference point Y (mm) 0
2nd. reference point Z (mm) 0
2nd. reference point 4 (mm) 0
3rd. reference point X (mm) 0
3rd. reference point Y (mm) 0
3rd. reference point Z (mm) 0
3rd. reference point 4 (mm) 0
4th. reference point X (mm) 0
4th. reference point Y (mm) 0
4th. reference point Z (mm) 0
4th. reference point 4 (mm) 0
Feedrate for calculation of acc. (mm/min) 18000
Linear acc./dec. time (ms) 85
ATC time (ms) 7000
M code processing (0 : simultaneous / 1 : in order) 0
Resolution for distance histogram of GO0 (mm) 10
Resolution for distance histogram of GOl (mm) 10
Position loop gain (1/s) 33
Coefficient of feed forward (%) 90
Permitted error of circular interpolation radius (1« m) 100
Degree of reducing feed rate at corner (deg) 5
END 0
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Qutput data ;

Input data

© l

Machin:
‘Max. spee§ spind + Positioning time
+Acc./dec. time of main spindle + Overlap time
-Orient time of main spindie - Main spindle control time
-Rapid traverse rate of X,Y,Z and 4th. axes « ATC time
-Feed rate for calculation of acc. \ ! - Times of ATC
»Linear acc./dec. time b + M-code processing time
*ATC time

- Hi m of interpolation distance
Processing time of M,S,T and B codes istogra interpotati l

-Position loop gain

-Feed forward gain

- Permitted error of circular interpolation
etc.

- G0~G4,G28~30
- Work offset

« Acc. of main spindle
« Acc. of feed drive system
- Simultaneous action

G55G17 a + Shape error compensation @
TO1T02M6 - Sub-program )
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L] etc.

\ ) CSE1 CAEE CE3

Figure 2.2 Process in cycle time simulator
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Table 2.2 Command of NC

Command Name
G G code (mode)
X,Y,Z, A, B, C, | Axis
F Feed rate
S Spindle speed
T Tool No.
M M code
N Sequence No,
0~9,. Numerical value
() Comment
#a+7 3 1/) 9[,] Macro code
; End of block

RITMIO—RiZk>T, TES/NNLy O, UIHRO G E L, FEho
e, #ilkerU T MMr& s —4 > (PLC: Programmable Logic Controller)
ENLUTITO>HEEBERESTHENTEDS. 2L, SR THAELZ
YIal—%id, GaA-FROIEMABHEDLIRNE D MC ORFHEEICSH
WTEETDIHBEDRNDDEZRVTERLSICRTDDOZEZR#RTEDLIITL
7. NC7oZZ A%, »;” (End Of Block #7213 EOB) TRYI6NIEEDT
Owrmbizsd. A—70y 7 FICEEOIERSNRER SN TWDEEI

i3, NCEBIZZNS OBEZRARKICETL, TS TRETTNELRDOT
Ov7 QUBITED VI XD 1I 7Oy IHICERLEL TH. Lo
TnflO7 0y n5/35NCTOTSLEZRITTEIROTA 7V 1 LI,
ET7 Oy 7 BICHESINEEEETE T T5DICETLRMOMKINE L TRD
ZIENTEBDT, R DEIICRTZENTES.

ta=> t (2.1)
=1

ZIT, WA NI AL, I ERBOT O ORITRETH 5.
NCT OV SATEIESINZELZOEED S B, #Hl ZIXYIHEIE D BI{E,
BREVEEBLIORY )L (RERFEHE) 12, E—FIESTHDDTH—
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Table 2.3 G-code

G-code Function G-code Function

0 Positioning 49 Tool length offset cancel

1 Linear interpolation 50 Scaling cancel

2 Circular interpolation CW 51 Scaling

3 Circular interpolation CCW 50.1 Mirror image cancel

2.1 Spiral interpolation CW 51.1 Mirror image

3.1 Spiral interpolation CCW 52 Local coordinate system setting

4 Dwell 53 Machine coordinate system selection

5 High-speed machining mode 54 Workpiece coordinate system 1 selection
6 - 55 Workpiece coordinate system 2 selection
6.1 Spline interpolation (fine spline function) 56 Workpiece coordinate system 3 selection
6.2 NURBS interpolation 57 Workpiece coordinate system 4 selection
7 Virtual-axis interpolation 58 Workpiece coordinate system 5 selection
8 - 59 ‘Workpiece coordinate system 6 selection
9 Exact-stop check 60 Uni-directional positioning

10 Programmed parameter input 61 Exact-stop check mode

11 - 61.1 Shape correction mode

12 - 62 Automatic corner override

13 - 63 Tapping mode

14 - 64 Cutting mode

15 - 65 User macro simple call

16 - 66 User macro modal call A

17 Plane selection X-Y 66.1 User macro modal call B

18 Plane selection Z-X 67 User macro modal call cancel

19 Plane selection Y-Z 68 Programmed coordinates rotation

20 Inch command 69 Programmed coordinates rotation cancel
21 Metric command 70 -

22 Pre-move stroke check 71.1 Fixed cycle (chamfering cutter 1)

23 Pre-move stroke check cancel 72.1 Fixed cycle (chamfering cutter 2)

24 - 73 Fixed cycle (high-speed deep-hole drilling)
25 - 74 Fixed cycle (reverse tapping)

26 - 75 Fixed cycle (boring)

27 Reference point check 76 Fixed cycle (boring)

28 Reference point return 7 Fixed cycle (back spot facing)

29 Starting point return 78 Fixed cycle (boring)

30 No. 2 through 4 reference point return 79 Fixed cycle (boring)

31 Skip 80 Fixed cycle cancel

31.1 Multi-step skip 1 81 Fixed cycle (spot drilling)

31.2 Multi-step skip 2 82 Fixed cycle (counter boring)

31.3 Multi-step skip 3 83 Fixed cycle (deep-hole drilling)

32 - 84 Fixed cycle (tapping)

33 Threading 84.2 Fixed cycle (synchr. tapping)

34 - 84.3 Fixed cycle (synchr. reverse tapping)

35 - 85 Fixed cycle (reaming)

36 - 86 Fixed cycle (boring)

37 Automatic tool length measurement 87 Fixed cycle (back boring)

38 Tool diameter offset vector selection 88 Fixed cycle (boring)

39 Tool diameter offset corner arc 89 Fixed cycle (boring)

40 Tool diameter offset cancel 90 Absolute data input

40.1 Shaping cancel 91 Incremental data input

41 Tool diameter offset to the left 92 Coordinate system setting

41.1 Shaping to the left 92.5 Workpiece coordinate system rotation
42 Tool diameter offset to the right 93 Inverse time feed

42.1 Shaping to the right 94 Asynchronous feed (feed per minute)

43 Tool length offset (+) 95 Synchronous feed (feed per revolution)
44 Tool length offset () 96 -

45 Tool position offset (extension) 97 -

46 Tool position offset (reduction) 98 Initial point level return in fixed cycle
47 Tool position offset (double extension) 99 R-point level return in fixed cycle

48 Tool position offset (double reduction) 01~255 | User macro G-code call (max. 10 codes)
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Table 2.4 M-code

M-code Function M-code Function

0 Programmed stop 45 External command of M-code 5

1 Optional stop 48 Spindle speed and feedrate correction valid

2 End of program (EIA/ISO) 49 Spindle speed and feedrate correction invalid

3 Revolution of spindle (normal) 50 Air blast

4 Revolution of spindle (reverse) 51 Spindle-through coolant

5 Spindle stop 52 Tapping coolant

6 Changing of tool (EIA/ISO) 58 Check of tool life for spare-tool management

7 Mist coolant 64 Pallet door closed

8 Liquid coolant 65 Pallet door opened

9 Stop all coolant and compressed air 68 Clamping of pallet

10 Clamping of tool in the spindle 69 Unclamping of pallet

11 Unclamping of tool in the spindle 71 Selection of pallet No. 1

15 Magazine cover closed 72 Selection of pallet No. 2

16 Magazine cover opened 73 Selection of pallet No. 3

19 Orientation of spindle T4 Selection of pallet No. 4

23 Error detection valid 75 Selection of pallet No.

24 Error detection invalid 76 Selection of pallet No. 6

30 End of program and rewinding of tape 90 Cancellation of mirror image (MAZATROL)
(EIA/ISO)

33 Tool length measurement unit advanced 91 Mirror image WPC-X valid (MAZATROL)

34 Tool length measurement unit retracted 92 Mirror image WPC-Y valid (MAZATROL)

35 Detection of tool breakage 93 Mirror image WPC-4 valid (MAZATROL)

36 Selection of spindle speed range (Low) 98 Call-up of subprogram (EIA/ISO)

37 Selection of spindle speed range 99 End of subprogram (EIA/ISO)
(Low/Medium low)

38 Selection of spindle speed range 100 External command of M-code 1
(Low/Medium/Medium high)

39 Selection of spindle speed range (High) 101 External command of M-code 2

40 Selection of spindle speed range (Neutral) 122 Gap eliminator valid

42 Reverse rotation of indexing table 123 Gap eliminator invalid

43 External command of M-code 3 130 Niagara coolant

44 External command of M-code 4 132 Spindle-through air blast

TOv I THERSINDZERZHD AN, ZAUTR LT, F&IEDMC TidHd
DNE A LDEMHEEZR D DI, FHMOEESEMBERDPCTERE /LY
T EEBROBEEE T 0w I TIES T EICX 0V INSOEHEERFH
BRCITD ZEMTED LI A>TWE 3, ZoX>LFAFEEEERT S
E,NCTOFTILDIBHOT Oy 2ET T 20IALERREM G, £07
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Table 2.5 G-code considered in cycle time simulation

G-code Function
GO0 | Positioning
GO1 Linear interpolation
GO02 Circular interpolation CW
G03 Circular interpolation CCW
G04 | Dwell
G17 | Plane selection X-Y
G18 | Plane selection Z-X
G19 | Plane selection Y-Z
G20 | Inch command
G21 Metric command
G28 | Reference point return
G29 | Starting point return
G30 | No.2 through 4 reference point return
G52 | Local coordinate system setting
G53 Machine coordinate system selection
Gb4 | Workpiece coordinate system 1 selection
G55 | Workpiece coordinate system 2 selection
G56 Workpiece coordinate system 3 selection
G57 Workpiece coordinate system 4 selection
G58 Workpiece coordinate system 5 selection
G59 Workpiece coordinate system 6 selection
G73 Fixed cycle (high-speed deep-hole drilling
G80 | Fixed cycle cancel
G81 | Fixed cycle (spot drilling)
G82 | Fixed cycle (counter boring)
G83 | Fixed cycle (deep-hole drilling)
G84 | Fixed cycle (tapping)
G85 | Fixed cycle (reaming)
G90 | Absolute data input
Go1 Incremental data input
G92 | Coordinate system setting
G94 | Asynchronous feed (feed per minute)
G95 | Synchronous feed (feed per revolution)
G98 | Initial point level return in fixed cycle
G99 | R-point level return in fixed cycle
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Rapid traverse rate
Cutting feedrate
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Figure 2.3 Conventional feedrate control
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Figure 2.4 Advanced feedrate control
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N (rpm)

Figure 2.5 Output power control of main spindle motor
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Table 2.6 Specifications of conventional vertical MC

Specifications Conventional MC
Machine type Double column vertical
Table Size 800 mmx450 mm
Load capacity 300 kg
Main spindle
Rotational speed 35~12,000 rpm
Motor power 26 kW at peak
Acceleration time 2.2 s (0~12,000 rpm)

Feed drives
Travel X: 560 mm, Y,Z: 410 mm
Rapid traverse rate X,Y/Z: 30/18 m/min
Cutting feedrate 0~18 m/min

(with shape compensation function)

Acceleration 3.5 m/s?

ATC time (T-T) 5.5 8

Machine Weight 4,100 kg

Floor space 2,110 mmx 2,140 mm

Figure 2.6 Workpiece of cycle time analysis (aerospace component)

Workpiece material: A5052, 400 mmx275 mm x30 mm
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Table 2.7 Cutting conditions of aerospace component

Tool Cutting Feed
Op. | No. Name Material | Diameter | speed -rate
- - - mm m/min | mm/min
10 1 | Facemill (rough) CBD 80 2,000 7,200
20 2 | Facemill (finish) CBD 100 2,000 3,200
30 3 | Drill CBD 8.5 200 2,250
40 4 | Drill CBD 5 190 3,600
50 5 | Tap HSS M6 30 1,590
60 6 | Endmill (rough) CBD 20 500 2,800
70 7 | Endmill (finish) CBD 20 500 3,000
80 8 | Endmill (groove) CBD 10 300 1,500
B Cutting Positioning Spindie control
B Auto tool change M code O Others
- 44 19 44 |
Simulated Total = 1149 s
Actual Total = 1155 s

] i 3 i 1 i ]

0 200 400 - 600 800 1000 1200 1400

Time s

Figure 2.7 Evaluation of simulator (aerospace component)

HENY A 7Y A LERERUKZ. K26 DERIE, B2 HEEER M ITHE LD
IEEHDOTHD MEEERREITOLINTOvIMPNSZTDI0 %z L
95 %ZEYIEIRET S ETEEINTWS) . LENoT, GIHIRERNY 1 &
WA LDKERSZ %= HDDHMBHREFHEEAD. COEEOMHEATEEY)
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Figure 2.8 Workpiece of cycle time analysis (automobile part)

Workpiece material: AC4
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Table 2.8 Cutting conditions of automobile part

Tool Cutting Feed
Op. Process No. Name Material | Diameter speed -rate Remarks
) - - - mm m/min | mm/min
10 | Facing (rough) 1 | Facemill CBD 80 2,010 3,200
20 | Facing (finish) 2,010 1,600
30 | Spot facing 2 | Endmill CBD 20 300 240 | 2-¢16
40 | Boring (rough) 300 717 | 2-¢51.6
$39.6
$59.6
50 | Boring (finish) 300 717 | ¢61
60 | Boring (finish) 300 717 | $45
70 | Boring (finish) 3 | Boring PCD 52 250 153 | 2-¢52
80 | Boring (finish) 4 | Boring PCD 40 250 199 | ¢40
90 | Boring (finish) 5 | Boring PCD 60 250 133 | ¢60
100 | Spot facing 6 | Endmill CBD 15 300 64 | 2-¢15%13
#1515
110 | Spot facing 7 | Endmill CBD 14 300 68 | 2-¢14x10
120 | Spot facing 8 | Burnishing reamer CBD 14 50 57 | ¢14%37
14532
130 | Drilling 9 | Burnishing drill CBD 11 50 145 | ¢11%32
$11%22
140 | Drilling 10 | Drill CBD 6.8 320 1,200 | 14-¢6.8%25
150 | Drilling 11 | Drill CBD 5 190 1,200 | 2-¢5%12
2-¢5%18
532
160 | Spot chamfering 12 | Chamfer CBD 32 300 300 | 2-¢14xC1
2-¢15xC1
3-¢14+C1
170 | Spot chamfering 300 300 | ¢28-C3
180 | Bore chamfering 300 300 | 2-¢52+C1
$40+C1
190 | Spot chamfering 13 | Chamfer HSS 12 200 530 | 14-¢6.8xC1
2-¢5xC1
$14+C1
200 | Tapping 14 | Tap M8%1.25 CBD 8 60 3,000 | 14-M8
210 | Tapping 15 | Tap M6%1.0 CBD 6 56 3,000 | 2-M6
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ZIVHABMT ENDTDITHEENERSNDR - TR EZLE<EAT
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BN ERENSEETH S, R2SICHEATLRE LYHIEHEZRT. O
MEMLY 512, 1BO7oA A3, SEOIT 2RI, 3EORUIL, 2

MOy, 2BOHEEROD IvY, 1BEOU—<, 3SEOR—U > TDEEHISA
TENKETHS.
K20 thsiE R Z RS, I — K DEEFKRETIL, YIHIERE 217 s,
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Figure 2.9 Evaluation of simulator (automobile part)
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Figure 2.10 Workpiece of cycle time analysis (machine tools part)

Workpiece material: S45C, 200 mm x 150 mmx65 mm

Table 2.9 Specifications of conventional horizontal MC

Specifications Conventional MC
Machine type Horizontal
Table Size 500 mmx 500 mm
Load capacity 500 kg
Main spindle
Rotational speed 35~12,000 rpm
Motor power 26 kW at peak
Acceleration time 1.7 s (0~12,000 rpm)
Feed drives
Travel X: 710 mm, Y: 610 mm, Z: 660 mm
Rapid traverse rate X, Y, Z: 32 nifmin
Cutting feed rate 0~32 m/min
(with shape compensation function)
Acceleration 3.0 m/s?
ATC time (T-T) 178
Machine Weight 12,200 kg
Floor space 3,230 mm x 5,062 mm
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Table 2.10 Cutting conditions of machine tools part

Tool Cutting Feed
Op. | No. Name Material Diameter | speed -rate
- - - mm m/min | mm/min
10 1 | Facemill (Rough) CBD 100 195 1,303
20 2 | Facemill (Finish) CBD 100 253 644
30 3 | Insert drill CBD 38 182 241
40 4 | Roughing endmill Coated HSS 20 28 134
50 5 | Endmill CBD 20 65 362
60 6 | Chamfer Cermet 32 400 1,592
70 7 | Spot drill SKH 20 25 36
Drill Coated HSS 8.7 36 302
80 8 | Tap (Synchronized) | Coated HSS 10 13 621
Bl Cutting N Positioning A Spindle control
B Auto tool change EM code [OActual cycle time
Simulated 2N 11 Total = 801 s
Actual Total = 796 s

0 100 200 300 400 500 600 700 800 900
Time s

Figure 2.11 Evaluation of simulator (machine tools part)
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Figure 3.1 Effect of maximum feedrate on cycle time
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Figure 3.2 Histogram of positioning distance
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COZELEOBEBZHRLTZDITNERD OBEHRBEEE FDHEEZRN/ZHER
EM32CRT. ©C T2 I & B ERDBEOEET, XYZEHOR
HEWDHDDOTRELZ. ZBUOHKBROMEBEENREREOLETH S 3.5 m/s?
D& E, FIAIEERARZEDHEE3 m/min iIZEEST SI12IE 72 mm BLE, &A%Y
BEEE 90 m/min IZHE T 51214643 mm L B ® OEMEEBENSHETHS. L
L7aiis, K322 BROEE162E O S 5 70 mm LL T O EEEHEED 7 & Ik
HEKN16E, 2% THBEIEEZRLTNVS. LENST, FEINZHEK
BEOEEICETAIMNBERONTONTVREDRIFADODITNTH D Z &0
HEN, EVEIHROEEREZ T TIEIMEBERDFERIZIZE A EEFI AN
CEMBRTES.

3.2.2 XUERBWRIMEE DM L

EOBBROMEEZKRESTS (FNEELELEZRS) & T, HKRIEE
BEONBRO TORRNKEDEEITETLSRIDITAERDDT, MEBHROER O
MEVNHIREIND. TITERRNEZVDREZWRBEEFECICLT, BOEKERO
IMEEZRERD3Em/s? N5 25 m/s? ETENSIETHLZ. FOMRER3.3

WCRT. EEZ 10 m/ BEICHEMIETLIET, HIRFEBDAABERDKFHM
IR D 44 s N5 34 s NE 23 REMEINTWS. LhLansK33idihn
PlEICMEEZRES LTHIEVMNERDOKMIIEHE NNV EHRL
Tn5,

F I TRKEDHE 2 30 m/min 2 5 120 m/min £ T, £2MEE % 3.5 m/s?
M525m/s? ETENTNEL I B EEOMBROFMOE(LEK 3.41TR
. R TIE4 s THoMBERDKRMIL, BAXEDHEEZ 60 m/min, INH
EE1I0m/s?ETBIET, 29sERDURBEHEINTVWEZENDNS. &
REDHELINEEZLD—EEDD I ETHNERDFEIZX SICEMRIN
5. LInLRNS, ZOPRIIREITNESSEZOTEOHREBHROIZXLD
ZETHELEOEE, NMEENEFLEREEZSND. ZOXRDITHNE
WD OSSR DEMRITIT, MEROEHEETOHEZERLIERERKED
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B Cutting N Positioning B Spindle control B Auto tool change MM code
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Figure 3.3 Effect of acceleration on cycle time
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Figure 3.4 Effect of maximum feedrate and acceleration on positioning time
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HWELEL, TORENTIMATELIBREOMBEEENBEYICEEINDLE
NH 5.

UL SR2TIZRUZXE DIT, PIZEHES TIEIEIREE Y 7 L%
1TLDOREZEDOTHBY, ZOEKEROEEREZT TEYA IV A1 LDE
M2 TERVWI ERRERLRTNIE RS 2N,

3.2.3 VHIZEVUEEDRF L

3.375 & TH ML S 10 D EEEIR OB L, BB I B P I
M ETH S5O0, OMIEEMOBHIIZEASHESL TR, 2
DERIE, CHETOS Il —ia> Tl —BNAETEOEREIEESNT
BO, Tz A3, T2 RI), RUIOYHIED EEE 3~4 m/min, ¥
T2 m/min BECREENTNBNETHS. LTS 5755912
WE A LDOEMEITE, TORKIBINES I N TS EHIRM O ENEZ X 25 %
EH 5. |

YU & BT B 11, SMIBERERE S < < B4, GIMIE D HE £ 1A
FERBIENERLND. PHIBMEERL, FHME—YORAEREL L
THOABBEEHENS HIZE D ALERWDS L CEHTES. Ll
25 BLZS S L, T T & SR D 95 BB GBI L THA Y TR 5

Table 3.1 High-speed cutting conditons of aerospace component

Tool Cutting Feed

Op. | No. Name Material | Diameter | speed -rate
- - - mm m/min | mm/min
10 1 | Face mill (rough) CBD 80 3,770 25,000
20 2 | Face mill (finish) PCD 100 5,000 12,000
30 3 | Drill CBD 8.5 534 15,000
40 4 | Drill CBD 5 314 10,000
50 5 | Tap HSS M6 75 4,000
60 6 | Endmill (rough) CBD 20 1,571 30,000
70 7 | Endmill (finish) CBD 20 1,571 10,000
80 8 | Endmill (groove) CBD 10 471 2,250
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HERDD. TOXIBFEIC, REAOEHMTHYDASDEYHIZITA
W, AR EL 2D, BAY TEAIRT D I EITHREN, BENICREE
THD. EUHERED HE L FHEEHZEICEIDRES1IADZD DY VAL
BNTERODFY TRy hORESTHIBENS. UZzN> THIZEHEER M T
OYHIFMZEHET I, FHERKEZEMIETIADZDTDALE
OEMEMAZMINTbaRTNEEsRn. ZZTRFOTEEMIHE
MOFERZAEL, REORESEERIKZ 12,000 pm 2 5 25,000 pm [ZEMS &
H5EEBITINITEDBROTEME—FDOHNZHERBED 26 kKW 5, 54 kW
NS Y, UKD EEEE2EDR2TICRLEZEDDONSEILITRT XL
HTTITARX, T RI)V, RUIIE10~30 m/min, % 71d3 m/min & L7z
B (LT, IN5ZEBEIEtEER) OB 7y 153 3Ial—a
T, TOERER35ITRT.

B Cutting N Positioning Bl Spindle control B Auto tool change MM code

44 19 44 A
Case 1 Total = 1149 s
Case 2 Total = 497 s
Case3 Total = 447 s
Case 4 Total = 423 s
Case 5 Total = 380 s

0 200 400 600 800 1000 1200
Time s

Figure 3.5 Effect of cutting conditions on cycle time
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Z ZTCase 1 EIIERBETIERDOYHIGHTIM T UZZHZEETH D, Case 2
S RERE TEEVHIGHEZERLZEEG5TH 5. Case 1 & Case 2 & D L
M5, BRK%E D EEEE 30 m/min, JEE3S m/s’ BEORVEERTHOTH,
B IEGIHI DY AT EE T B AUT I HIRERTIL 1,041 s 02 5 356 s N & 66 BEME I 3, Y1
TIWNE A LEL149s M5 497 s\ EBT REMEEND T EMbDD. ZD T &
5, YA IV A LOENE RS I EEYE 08 I & 2 O8I R o 58 1
MEDRERNTHY, ROBBROKZKED HESCMEEDH LR ZIEKR
T RETIRARANWEEZEZENDS.

KIZ Case 3VEERUIYISGH2EHAT S EEHITEVREROMEEZ 10 m/s?
ELESETHDN, M33WRLEXDICMNEBERDKEHNEHEINLZT
T2 <, YIHIKFE D Case 2 TIL356 s TH D DITH L T 313 s\ & 12 RIEHES
N, AT A L4997 s 5 447 s N E 10 REfFES N B &b nbd. =
N, THIEDEE DR LICX> TINEREDOH LRV KRE B2/ TH
5. LA E® Case 1~3 TIEHRARYIHIE D RE D Z D 5 K%E D HE 18 m/min 1T
FEENTWEDT, Case d TITE VB RDOERE VD EEZ XYZHI & HIT
60 m/min IZ U7z, ZO/ER, MEBEHROFMIZCase 30395 30s & —F
BHEINTWDEN D T THIFFHE S Case 3 D 313 s2» 5 298 s I[ZHEHi S N
TW5.

LU 5K3.5%2 k< A% & Case 2~4 T, EHIOEENE LICET 5K
A Case 1D 19sITHNTATs EELES>TWVWS I EMNbMh5E. Zd i
BEALZICHED ST, EHEOEEEIERFOMEE & REERBEREICL
TN THD. ELYHIRMEMBEROFEROEHICIL>T, 121
AL EDDATCRBOEEGNEML TWa. & I T Case 4 DMK E
HICEELT, FEIORED D VIIEILICET DR E3sIicEMEL, 1H
DATCHEM b 4sICEMLIEEEDI Ial—2a fER%E Case 5ITRT. Z
DBETIT O ENE FEEL Case 4 D47 s 5 20 s, ATC R 44 s/p
532sNEFHINTWDS. EEHMOEEE LM OEMRICI > TEiE
ZEE 2RISRy TMINEL 7250 T, YHIFERH 298 s 5 296 s~
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EDTDRPSEEEINTNS,

3.24 FE&o

Ptz &ns, MZEEERO XS BUHIEBENERORHEZRRET S
BEDYA NI LEEHET DD, EERTENIC X > TUHIE D #HE
ZE LIS TCUHIRMZEE T2 ENEDIRNTHEE VWA S, Lo
THMAFROBEBER > M, ETEHWOERL, AHEAbEER> TEEY)
HlZz I EEIC L, KRICEDEREIR OIEE 2 & O CTYIHIR &AL B RO R O
BHEERD, 2O L TREVEBROERNEDEEOMEICE>TS HITAIER
DR ZEHE L 72%, FTHMOEBE FRFOEREE ATCEBOEELICEL

TERHMICHEOIRMZER T IETHEEELZLNS.

3.3 BEIEIMOMIICETEITAIILEYAALDTH

HEIHEIEOMTITBWTE, ZEEOTEZFERALTORUILINT, v
TMLABEEORMINHLTHS. LadoT, MLABOBEZITIMNE
ROEFEPCT EABMEMER EN LR LIITHON D Z &i272 D, MERDERM

T B Halr i 7s & O IECIBIRERADSY 1 VIV F A L5 A LI EHD DEIED3.2
HTRUZMERTROBEE LD DRESRERS. 2O EIFE2EDK 281
RUETIVIZOLSEREO SvFIN—DOIMLIIBIT B I7IVE 1 A

SWERTHOIK29IC K VBERTED. LEDN>T, HBELRKD L 57k
BEFEODHEBOMIIIBNTY A 7IIF A LAZEHET DI, TIEIREEZ T
Ta<IEYHIRMOEHEDO R A2 LENDHS. £IT, E2EOX28IT/RLE
7 IFHN=ITDNTOY A ZIVY A LOHFETD.

3.3.1 RYUBBREANXYZEREDOR LR

FTMBROBEAOEHFEZRNDZDICEVRBROBRRKEDEEEZW X
Tl EOR/REERK36IIRT. BAEDEEZ 30 m/min 25 60 m/min £T
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Maximum feedrate m/min

B Cutting N Positioning & Spindle control B Auto tool change @ M code

L =
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Figure 3.6 Effect of maximum feedrate on cycle time
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Figure 3.7 Histogram of positioning distance
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MEXETHNEBEBRDEOANETsNE8lsN&bs, THEMEINLEE
T, SHCEBAREVEEZIOm/mn iCHEITTHEBRODNI &2
BITBDIENTES.

COZEDEAERD EDIMEBERD OBEERE 2 OBE 2R HER
2H3TICRT. BOBEZROMBEENERBOMLE TH S35 m/s*? DL E,
BRI D EEE 30 m/min ICEHET 221372 mm Bl EOEEEBZ K E LTS
A%, X 3.71370 mm LUF O EEERED A7 &t 6 [E £ 0¥ 181 [H] & A7 3R 6D [ $5 234
BT %% EHDTNWBIEERLTWS., LEDNST, BESNZ®mKNIED

WETAHUNBROVTONTVNEDIREBADDTNTH D I ENFHHAE
ﬂ,EM@%%&E%K@Dﬁ@ﬁ@%kaHf@&pﬂﬁﬁﬁ@&&h
EEMEINBRWIENEMTES.

3.3.2 EUERBIRINEEDR L

EORBROMEEEZRELTHE, LENEEMOMNBERD THRAZ®
DHEICETDHEDICRS D, MBROFHOEHENHFEINS. £IT
BREDEEERERBERCIC LT, %0EEZRONEEERENKD 3.5 m/s?
ﬁ55nw2i1£méﬁfat FORERERKILITIRT. JEEZ 15 m/s?
BECHEHMEESIET, HiFEBOMERDFFHIEERE DT s 556 s
NEBRFEEEINTNS., LALABNSK3SEINLL EITEEEZRES L
THNEBEBRDREHOEMEGIEIRAIT/NERDEIEHBRLTNS.

F I THRKE D EE Z 30 m/min 5 120 m/min £T, £ZMEEZE 3.5 m/s?
M5 25 m/s? ETENTNERLIETHD. TOLEDOMEBRDEERDOE
EH39ITRT. R TIEST s THoMBERDFMIL, BREVHES
60 m/min, HEEZ10m/s2 & T B ET, 55s& 03T REHEINTWS.
BRRKEVDHEREINEEZLID—BEDS I ETHNEROFMIZIE SICEES
NHZHOD, FOPRIIRBIINILKBEIENSERVBEIZROIANESE
BINELETOEE, MEENEUREREEZSND. ZOXDITHAER
D E S RITERET B0, MBROBERECEZOHEZTEL, 23X b
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B Cutting N Positioning & Spindle control B Auto tool change @M code
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Figure 3.8 Effect of acceleration on cycle time
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Figure 3.9 Effect of maximum feedrate and acceleration on positioning time
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EEBLUDDTNICHEUEEREVRES, TORENTOFATE ZEE
DIEE EWNEE S NHDBERD S .

3.3.3 V=XV EEDR L

%0 BREIR OE MBI, K387/ N 5D & D ITALE D R HE
IEEDTHZ2H00, YHIREOEMRICEEAEFESLTWERWN., TOH
MiZ, 2ZETOIIal—2a TIEHEELTWS T A EUHIEAEE, BE)
BHMA—NBN—ENICERES A > THRAL TS bDTH->T, F28ITRL
DT T AN, T3 m/minBE, T2 R3I)L, RUJILOYHIE

Table 3.2 High-speed cutting conditions of automobile part

Tool Cutting Feed
Op. Process No. Name Material | Diameter speed -rate Remarks
- - - mimn m/min | mm/min
10 | Facing (rough) 1 | Facemill CBD 80 2,512 10,000
20 | Facing (finish) 3,014 5,000
30 | Spot facing 2 | Endmill CBD 20 942 3,000 | 2-¢16
40 | Boring (rough) 942 6,000 | 2-¢51.6
$39.6
#59.6
50 | Boring (finish) 942 3,000 | ¢61
60 | Boring (finish) 942 3,000 | 445
70 | Boring (finish) 3 | Boring PCD 52 360 150 | 2-¢52
80 { Boring (finish) 4 | Boring PCD 40 314 175 | ¢40
90 | Boring (finish) 5 | Boring PCD 60 301 112 | ¢60
100 | Spot facing 6 | Endmill CBD 15 330 750 | 2-¢15+13
P$15%15
110 | Spot facing 7 | Bndmill CBD 14 308 700 | 2-¢14%10
120 | Spot facing 8 | Burnishing reamer CBD 14 75 265 | $14=37
#1432
130 | Drilling 9 | Burnishing drill CBD 11 80 350 | ¢11=%32
$11%22
140 | Drilling 10 | Drill CBD 6.8 288 4,500 | 14-¢6.8%25
150 | Drilling 11 | Drill CBD 5 212 3,500 | 2-¢5%12
2-¢5%18
$5%32
160 | Spot chamfering 12 | Chamfer CBD 32 854 2,400 | 2-914%C1
2-915+C1
3-¢14xC1
170 | Spot chamfering 854 1,500 | ¢28-C3
180 | Bore chamfering 854 4,000 | 2-¢52+C1
$40xC1
190 | Spot chamfering 13 | Chamfer HSS 12 38 1,200 | 14-¢6.8xC1
2-¢5%C1
$14xC1
200 | Tapping 14 | Tap M8x%1.25 CBD 8 75 3,750 | 14-M8
210 | Tapping 15 | Tap M6%1.0 CBD 6 56 3,000 | 2-M6
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DEEIEXl m/min LR THY, R—UFTDEDEEIZ0I m/min LIFETIL
SZULDOMIEL THEHBO TESBRESNTVEINLTHS.

HEIEHREOMITIE RISy TR EQRMINL WO T, B H|K -
ZEMET 21, U0 TOHEHEEEEL TEBEYHIC X S EIHI% D HEE
DELEMYRETHBEEZENSD. ZORDITIIYHIEEDSEHEILEYD
STHHEDEWTIREDEENMKNETHD. T TRFDOTEEMITERKD
HHREZEEL, FEOBESEEIEE%E 12,000 rpm A 5 15,000 rpm & L, $H2ED
F28 TRULYEIRD EHEEZEMETT, 333DLIICTFAM X, TR
3 ~10 m/min, RUJ, ¥y 34 m/minfBE, ¥ 7 1d3 m/min & L7z
e (BUF, INsz2ERUHISGEERER) OYA1 IV A L 2al—3
CERITOE. TOWREKNIBI0ITRT.

Z ZCCase 1 ZIFERBETIRERDOUIBISHETMIZ L 2B A TH D, Case 2

E Cutting N Positioning & Spindle control B Auto tool change M M code

1{M cods)
Case 1 | Total = 416 s
Case 2 Total = 343 s
Case 3 Total = 330 s
Case 4 Total = 311 s
Case 5 Total = 224 s
0 100 200 300 400 5(;0

Time s

Figure 3.10 Effect of cutting condition on cycle time
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RN TEERYEI&EEZERA LSS THS. Casel & Case 2 E DR
M5, BARZEDEE 30 m/min, IEE3S m/s?BEDORIVKERTH>TH,
EIREHINRIEE T H IUI U HIREREIZ 217 s 5 146 s & 33 D ME =31, B
IV A LIE416 s M5 343 s N E 18 M S ND Z ENbND. ZDI &M

5328 OFH EFERIC, A U1 LADOENZK S ITIEEmETEI O
LA UHIRROEHENRDYIRNTHL I EVHRTES.

KIZ Case 3V EHEYBISGAEEZEAT D & & HITE D EREIRDMEE Z 10 m/s?
ELEBETHHA, K38 LFEMRICABERDOIFMA 8T s 5 75 s ~NFEME S
N5, LinLaans, GIHIFFEIZCase 2D 146 s2 5 145 s\, T L THA 7 )b
5 A L3 Case 20343 s M5 330 s NE4 BBEHEENTWADAT, ¥YIalb—
YOREEZEZERTDEFELEAEEMINTVRENEETRD. 2O ENn5HY)
HEXDHEEZEA LIETHEND 10 m/min L FOMFEBKTIE, HEOMNEED
MEMRERETERNWIENDNS. LLED Case 1 ~3 TR KXTIHIED
BENZEHOR KD HE 18 m/min ICHIBI N TWAED T, Case 4 TIEED
BREROBRKEZEDEELZXYZHIE HIT60 m/miniZ L7z, FORER, fEHRD
Refflld Case 3D 75 s M5 56 s NE—BEHEINTNDS,

IITH3IEKDTHS ECase 2~4 T, TEZHBRFEHEICET 2R
N105sDEET, Case dTIEY A NI A LDIBREKREREEE EDDZ
EWDMND. FZ TCase d DEMARE I SICERL T, EMOESHD DN
WIEIEICET SRMZ 13sIEML, IEOATCHE D 15siCEfEL-8HS
D Iab—3arERE Case 5 ITRT. I OHEICIXERDEENME LRI
Cased &£ Case 5EHIT5sEB{EL TWaENDHD D, ATCHERIL105s/ 5 23 s
NEBRBEMEINTVNDS. EEMOEEHE ERBMOEMHEICE > TEME
ZEE zEMIE Yy THINEL 22D T, UYEIRHED 145 s, 5 140 s~
EOTHBMESEEEINTNYS.
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3.3.4 F&o

Dbtz Ehs, BEIERFO XD ITMNERDEEC T EZHEBEN LK
DEFEINTNTBNT, YA IV F A LZ2EMET 27201, GEVUHICE->T
UHED REZA LS ETUHRHAOEMZND CEBEETH DN, ME
WP T ERHEFHR E ORI OEHZDOITHENDS. Lo
THBAROWERT > ME, FTROBHROBRREDEELINEEZS
DT ERDOKFHOEMREZRK D, D EEOEEEILRFMOEWRE & ATCEE
DOEB LI I TITERHMICHEIKRHZER IS I THSEEAONS.

3.4 IT{FEWMERRODOMIICEBTA2YA IV A LGH

INETITHEN LU CTEMERES, BEEREEITIVIZTLRDOEM
THol. FHICH LT TSI £/ 1388tk 0D 5h 5k
DIT, YHIERPIDKREICRE 25, EENAIZEHBBERMIEL, ST
WD THEN, YEEHOARZEIRCTAEFGOEANSYEIEEZHE0 &
KTBHZENTET, BRLLUTYYIRMOYA IV 1 LICEDDEIED
%<7/2B. TN ERE2EDOK2I0ITRLUAEREZHBEOTMEIMITIZBITS
AN LADHERTHER2IICLOBERTES. LEN-T, TE
B RO LD BREEE2EDHFOMTITBNTY A 7T 1 LEEHET D
W2, 32HOBE LRKICYEIFMOERENXKERBETHS. 220, K
210 IR EFEDIMTIZHBIT S MC OB E S 7Ly 1 A& DOBEE
RT3 5.

3.4.1 REUERBRRAKRYEEDOHA LR

BROEBOEHEZRKZZDIEVRBROBRREDHEEZM X
EEORKREEXIILICRY. HKRKEVEEZ 32 m/min 25 90 m/min T TH
FERTCHMNBROEBZTIN64sNS58sNEDTN6s, 9REMEINT
WBHDATHD.
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Figure 3.11 Effect of maximum feedrate on cycle time
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Figure 3.12 Histogram of positioning distance
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CDZEDHHZRDZDICABERD OENMEER & OHEEZ RN ER
3121/ Y. EORISROMBEENERBOMEHKETH B3 m/s>DEE, B
KiE D HEE 32 m/min [CEET 5121495 mm B O EMEEBEEZ KL E & T 290,
[3.12 £ U 100 mm LA T D 5 BEEE D AL B R 8 EE078 64 [B] & 24678 Bk o [F1 44 92
BEDT0%ZEEHDTNWEZEERLTHED, BEAEDMNBHRDEIENKE S
NIEHRRKEDEEIZEL TWRNWI EWNDONS. 328933 M ERKITED
BB R OS2 TRABERDHEMIEIE S ASERS NI ERDN 5.

3.4.2 EYBEIRIMEEDRE L

FEUERBZROINEERRELTEIET, KBNERBONBED ThERA
BOHEICETLLICALED, NMBRDREOEHE G, 22
TRAEDEEEURBERLCICLT, RORBROMEEER/LLD 3 m/s?

B Cutting N Positioning 2 Spindle control B Auto tool change B M code
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Figure 3.13 Effect of acceleration on cycle time
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M52 m/s? ETCEILIETHEZ. TORHREKIL3ICRT. MHEEZE 7 m/s?
FTCHINZIESZ &ETHEBERDFFEIINERED 64 s 5 58 s\ & 10 xS
TS, LALIMEERZ N ERES L THREICAERDIRFHM O EHE
NRMNES L 2B EDHRIIBLDHEAWMD I ENTES.

I ZTHRKZEDHEEZ 32 m/min 25 120 m/min £T, EZMMEE%Z 3 m/s?
N5 25 m/s? ETENTNENRIETHAS. ZOLEDMEBERDFHOZEL
X 3141TRT. R TIE64s THOMNBHRDER-ILZ, BRXEVEEZ
50 m/min, MIEEEZT7Tm/s? =9 BT ET, 51s&72 020 BEHINTNWD. &
REFEVDEELINEEZ2ID -BEOD I ETHNERDFMIZEI SICEKE SN
D0, GHIEIOKRE W OIMTL 21T O8I Z DI T AR Re D
EHLOBERNNETBOITEEEDRELRS. LENM>TEWVNI T LR
T BEERENNEE TEES RS T T4 72 EORANGE
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Figure 3.14 Effect of maximum feedrate and acceleration on positioning time
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WZaa, 0500 mmBEO/NIMCTIEOXA MO FRERNAKELS 2D, K
%m@ﬁ%T%%T%m<mé&%iéh%.Ltﬁofﬁ%@%E,ME

ERZEEREEZAOND. ZOXDITMNEBERDFEH 22 RICEHET 3
Wi, MEROHEBEETOBEEZTEL, OXMZEEL TERREDEEL
MEEENEESNDBEND S D.

3.4.3 PIHILIRYEREDOR L

EOBEROEMBERLIE, M3 U4BENLSLNS LD ICERDKEE
WA THD2DO0, YHIHOEMIIZEAEHFSLTVWARN., £0D
HHE, CZETOIIal—3a>TRHREEL TS TR EUHIGHFIITE
A= NN—RICHEBRT D UHIFHEEZSZEZEIRESNTZDDOTHSH, %210
WRLZEDICTzA A, T2RIJ)b, RUI, ¥y T EHITHHEED HE
Eidlm/mnBEDLIZENUTOREVNEHETHLEZNETHS. Lo
TESRBZYAIINE A LADOEBRHICIE, TOKRIMONEDL SN TSGR
MOEMHEZREBLENDS.

REHFOIMITINEL, TIIZTAEEPTIVI DU LY &L THOIH]
HENELS, TEEENELVWOT, TIROI—T4 VRN EINZEBESS

Table 3.3 High-speed cutting conditions of machine tools part

Tool Cutting Feed

Op. | No Name Material Diameter | speed -rate
- - - mim m/min | mm/min
10 1 | Face mill (Rough) CBD 100 350 2,674
20 2 | Face mill (Finish) Cermet 100 400 1,019
30 3 | Insert drill CBD 38 220 332
40 4 | Roughing endmill Coated HSS 20 28 134
50 5 | Endmill (Rough) Coated CBD 20 500 7,985
60 6 | Endmill (Finish) Coated CBD 32 500 2,387
60 6 | Chamfer Cermet 32 400 1,592
70 7 | Drill Coated CBD 20 300 955
80 8 | Chamfer Cermet 8.7 300 716
90 9 | Tap (Synchronized) | Coated HSS 10 40 2,195
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PH— Ay FOFEHANERTH D EEALGND. TITERFOLEEMIE
MoFEHAZBAEL, YHLEEVEREEZE2EOR2I0NSEMEET, £33
RILICTIA A, T2 RINEF3~8m/min, RU)JL, ¥vw ST 1~2 m/min
BELLZSS (LT, InszaRPHIEHETES) o1 7IIvd 1Ly
Ralb—TarETolk. ZOEREX3I5IZRTY.

T ZTCase l EIIMERBTRRROUHIGHETMTLZHETH D, Case 2
Ik TRt EEA L =B E TH D, Case 1 & Case 2 & DK
M5, BREDBE 32 m/min, MEE3S m/LBEORIBINRTH>TD,
SR Y H N AT BE T H AU I HIREREINL 726 s 02 5 163 s N & 563 5, 78 BIEME T 1
THED, Y4 IINFT A LH80LsM5221s~NE580s, 72R@EMIND I &N
bnd., TOTEMS, YA IIEFA LOENZ KD ITIEEEGE OB
LD UHIRMOEHRENRDOIIRNTH L ZENHERTED.

KIZ Case 3V EHEYEISHZ2ER T2 EEDHITHVBREZDOINEEZE 7 m/s?
ELZBHEETHDA, K313 ERRICNBEROIFFAT47Ts M5 37Ts & 105,

i Cutting N Positioning 7 Spindle control 8 Auto tool change @ M code

NN

Case 1 ‘\\&\\§f Total = 801 s

Case 2 Total = 221 s

Case 3 Total =210 s

Case 4 ;; Total =202 s
100 3(;0 5(')0 7(;O 9(I)O

Time s

Figure 3.15 Effect of cutting condition on cycle time
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YA INET A LIE21sMN5210 s NEDHTN10s, 5 BEHEINTVNBITTE
B, TNEY AL YORBEEEERTHIEFEAEEHEDRN T NEE
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NUEOBEFTHEBIR MO EFEESFREREND DB TIERNnEE L
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344 FTEO

LLEDZ &5, TIEBREREO LD ITUHIEBEREAE ORI TIZH N
TYHA VNI A LAZERET DD, GEUHNIC L > TUIHI]ZE O HE % [
PR TYHIRFMZ2EET S ZENARDIRNTHLLENZS. Lol
SHEO T RN, MTHMTIRUHREDREZSESTHILENTERNVD
T, BAEOBBLERETIZAToENTIENTETWRWN, LENTSE
OTEHEMN, MIEROFERBICI> TUHIE D REDOM NIRRT EHE
ICHEMC OEBIENRER T &0/ 5.

3.5 #EE

AETIE, MCOBEBILNTA NI LICRETHREZHSHITT S
D, 2ETHBELEYA 7NV IA LY IaL—FERANWT, MEHRTS B8
HEEE, TEBBREREZNENMNMIERELZEESTDVWTYA IS 1
LM Z1T o7z, ERBAERZHUTIIRT.

(1) ¥Xal—aricksd4 2T 1 MEHH S, %0 BRBROEELI,
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535 ENbholz.

2) VA1 ZIVF A ADEREITIL, YO8 I XS H% D BE M Lk
DHRETHY, ZODITEEHOEELEEHITENSBLETHS.
(3) 7N =7 LAEE&B ORI D L D I tIEIBI{ED AR OERFH & 5t 5
ETHBFHITTA IINIA LZEET D201, mEUTENIC K> TUHI
ROEEEZMEI VT CYHIFMZERT S ZENRDIRNTHS. -
DDA OEERAL > ML, ETHETHIZFEEICT 2 2DICE
Eo®mEl, SHAEERD, RICTUHEIFH & B RO R OEHE D7D
W DB ZRDOIMEEZ SO, IHICMBERDFREMEOZDITEDE
BROBRRKEVEEEM LI, TERBICHESFREHO DI
FHE OB LR ATCEBOBEREEZEHETA2IETH 5.

4 TN LERHOEABHERBO LD ITMNERDENESC TEZREE
MEEOEEMITITBNTYA I A LAEEMHT DITIE, £7 EIHIk
MEEHETDIEDICEBEYENICX->TUHIR D EEZM EXIE2E, 1
BRDP T B2 EOIEHIRMZEHET 2 VRN TH 5.
Lo THIMERORER T > ME, ETNEBRDOBMZ2EMRT 220
WEDEBROEREZVRELINREZESD, NDLEHITH D KFH
ZEMT DD B ORENME (LRFHE & ATC & O BERH = 83 2

ZETHS.

(5) & O TEBMER GO X S ITUHIEHERN RO FEMTIT BT D1 7
WVE A LOEMIE, EEIHENC K> THIHIE D ERE 2 M L X BT UHIkEE
MEEHET DI ENBELPENTHS. L LS BHEDT AR, i
THEM T MIBEE, YIHEE D EENTAE < 2o Tidwian. Lizhto
T, AEEMECITEREN,. NIETORECLZU4%0EEDM
ESiREENS.

62




4.1 #&E

AETEHEIEDI I 2L —2a ERERBEX, SENTOMAZRRE
U, N RENTHRET -7 T H5FEI 7% (MC) DH
FIZDWTIHRRDL., —RICMHZERRRBIEITINVIZTLEET OV TNE DH
DHLICK>TEHEENBE 20, YA 7 IVE 1 LITHD S GHIREH O E &0
KEW, LENS>TMIO “GE#{l” 23 LT3 280D3Ial—33
CHRERICBWT D, YHIRHEZEHRET S ENY A I INY A LOEREICKL
THEDIRNTHD I ENRINZ. UEHIEMOEHEICIE, SEYEINRIEE
BRITEOBESE, FHOEELMLEZ2DILEMZRBLIOEEFROESE, TL T
R OWEIESRER EE2TRD & & HIT 16719409 TR LR OE
ME, BOERBROBRRKEDHECHEEDR L, HE TR (ATC)72ED
BEREOEEEZN5HENHS. NMERDRHOEMHEICIIEVEHRDOS
AL, EIEEESBETHY, VTP —RE—FHDNEINA J— RR—
Rl (U—RokERR—IAL) LEEEY —FRE—FOlEAEENE
HTHBEZEZALNTNDE XY, —FTHEEEZETIES Z &2 <gH
EOEEDOEERLEZTEEICT 520 0HIEARNE B L /=& s & E R EsH
H(NC) EBFEFRINTND 2639, Pl LSRR ZHHEMIIHnTNE MCO A
EEMEICEETEHOEEZLENDD, INSOFHTOBEB L UERA
WHE->TIHFORKE BB INRTNE RSN, 22T, Zh5HEHA
AIEE/2 B EFTOAX N EEZER LU TAEEENM ET S & X 55 Bt
BREEEL, ZHICEDWEZMCZHET . 51T, dffenMCZHK
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TEBEMIZF0, YA 28 A LEFERDMC OFE & BT 5 9095,

4.2 BEMLEROZEE

— RIS R R R EZ AR L EEET VI DU LAaE&0 T Oy
MhsoHLinTans., BF-0Ld B RKEREHE, HMUEMCT
MIEN, T4 TFTRICI AV OFROERMIE, 3dH L <IE5
OB MC TINLIENS., ZhACR L TEEROFHAREZTLETS
INEREREOBAONTE Y TR BERT DESICED AT 5N 5 mEAE O X
3 IRV, INEDOIITEMC T a3 N5, TOEBEIL, /NIEEOINT
BHTZEE A — I TlE <, TOHMATETITHOLNSE DT, ML MC DD
FMC XD HBRHEAIA MHNENZ ENHTE5NE. F0 L, MR
oy b A XOBERIT/NE VWO T, BEIMCIIER DV ZE0 M7 Tk

Spindle head

Tool magazine

;?W a :": :]} i Eﬁi ) i;:;/,-CoMnm
$

- == e T { :
= C:% ! Y%% \
o O r Table
i

~— Base

Figure 4.1 Structure of vertical machining center
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T95ED, MEMCITINANT AZEOAT, 2 —2 2L T, T
BEICT—J0ERET AN, BENTH ONDRKENEVEENL N
MHETHD. TIT, MALITRT LI BEERBNLIEMCER—ATT &
LT, TOELHEE, XYZEHMOBBESCT —TJNOBRABBEEREZE
%273, EIETDX 3.5, Case 5 DAERKICE DV EMAHKOLEZINX THEAE
RMCERIETBHZ EITLT.

4.2.1 FEHOMTHET

EIRUHIORES BRI B DHEND 5 /NSO T CTIXERE1/4
ME3/AImMDIY RINVICEBMIAETHSDT, YHIBENEZZEL TY—
WA EF—Tz—ADYA XAZAOFMEBEL, K350 EERHAEED LD
FHOREREKEFRAEEOEWI —U V7RIV OF SRS ERIZK SR
U 30,000 rpm & L7z, £z, FHEESE—FYORKHANZMKkWE L. £
O HITH A NRERBED 26 kW O F T, BEEEREOM LT TR
TWINS LB EITED, BRRUGABSENHIRE SN TY 0 IABBEEAEEM
L, MA>TCYHIRMNES LR EEZATNETHS.

4.2.2 BUERBROMLERERE

KITEDHERICDOWTIE, $F3E, X 3.5 DMK > TINEEZ 10
m/s? B, BRKEVEEZ60m/mnddH5I &Lk

4.2.3 ATCEEODMHLHERE

MZEBIHRREOMI TR, Y17V F A LAOREEUHIFHENSD, ATCH
MR EDBEEENSWOT, ATCRRBMOEMHIC KDY 1 VIV 1 L DRENE
HEIFINS N, FI2T, ATCHEEIX, ATCT—ACESTXEMEZEMOBE)
KE-TIEXHBITAHBEEL, RORSHROERL, SIBERLICEST
ATCHHEOEMERB & &L,
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Table 4.1 Machine specifications of improved vartical machining center

Specifications

Conventional MC

Improved MC

Machine type

Table Size

Load capacity

Main spindle
Rotational speed
Motor power
Acceleration time

Feed drives
Travel
Rapid traverse rate
Cutting feedrate

Acceleration
ATC time (T-T)
Machine Weight
Floor space

Double column vertical
800 mmXx450 mm
300 kg

35~12,000 rpm
26 kW at peak
2.2 5 (0~12,000 rpm)

X:560 mm, Y,Z:410 mm
X,Y / Z:30 / 18 m/min
0~18 m/min
(with shape compensation function)
3.5 m/s?
5.5s
4,100 kg
2,110 mmx2,140 mm

Double column vertical
800 mmx 450 mm
300 kg

35~-30,000 rpm
54 kW at peak
35 (0~30,000 rpm)

X:560 mm, Y,Z:410 mm
X,Y, Z: 60 m/min
0~60 m/min
(with shape compensation function)
10 m/s?
4s
4,700 kg
2,510 mmx2,140 mm

4.3 HIBERS

35 DM ZEZ D SICHREINZRIEMC ORREEHE ST BB EE
WL L THEALICRT., AH TR IOEEAEZEE T IO OHE
ICDNTERT S,

4.3.1 E%O)é‘:‘%’fﬁ%’x"é

FEIIFTRE/RE O ek & MR OUHEIARMIC DA 5NDHXDITT S0,
AEBRINEZTOmm &ELE., A2 RIVET mm, e EERE 30,000 rpm
DEHDdnfE (A RIVEd mmx & B rpm) 23210 5 &7/25 2 &
Mo, MREREI IV AR EZFALZGERERODDOZEZRAT S Z
EiTlz. BEARCEFIN TRy g R EERATAHZ &ICL .
TOHEBE, Py MEEAROART 1LY > FL7EEARITHENTER
IR OFEE RO R TENTWE EEX 6NN, KOL DR THEN
HDMLTHS. ’

(1) HEHMOBEREEZEE 2 E&EHBKENLETHRKKELZIANER
ETOFTAR—ADIHKRELED.
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(2) BIARENHEN RS WO T, BEEERICYICES TS5 A
MNE <723 |

(3) it DIE VSRR BV A S E E SN BB ENS D, WA TINEATET
5 ENREETH B & B — I IRE R A E DTS

BBEMZOTEANE, PEROEBAE T EIC AT EE B REE RO EH
HICENSEETEARETS I &L,

FOEBE LR EEET 21, A1 F—vE/NSL, TE=FD K
W7 ZRESTUIEINVD, ZOEDICETE—YDOHEARILZE2RKELT
D DERFR TR, 22T, FMAE RIVEREREBVEL TS EH
RICO—FEOEWEMETE—¥Z2EFL TEEELER-Z . S 5ICHKE
AR ERERDOE—FIVELSTBILICEST, EKEEHKTO MLy ERE
<UL UMM OEfEZz I T2 &Lk,

FEDOAE L RIVETERNIT EDA 2 F—Tx— R, BEEERICLS>T
A RIVDF—/ERDEKT B8, HE3kD BT 57—/ Cld & s E finik © 1T
BRIV EHREIHEBTERNWIENHDOT, —_HBHERFILIDIFETDH
% HSK63 Form A Z AT 3 Z i Lz 2,

4.3.2 KUY BERENRDERE

KICXYZEMOER VDRI ROBWEEZRE Lz, VUo7 —RE—FE2EHHA
TIUTERMEREBA D E VRO EE, MEEOHENEFHINZIANI A R
DEFRBHED. TRITHLT, HROR—INRNUEDHRIEETH /N1 Y —
RICIZZ > TRBEEZBHEICTE LR HIEEDEELNAEET, ER
k2T ENTED D), ZZTNAYU—RR—NVRUEHHAL THEE
BEFRBEOERFMEZRMARL DDERMLKTH 2K KE D HE 60 m/min &
EHLUE. R=I)RACOdnEIX, MRTRTHERETH D, RIEOWHE
BRICE-OTI2 FBREFE THRIZER>DTWSDT, A—I)LRal DFEZ 40 mm,
J—R#z20mm & LT, INZE&EEEKRES,000 rpm THEIT S, = 5ITHIE
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E10 m/s* DERMERZ M T20I1C, BIEBEEHACYH—RE—¥ 25
Lz, BB EVEBZROY —REIEIZRCY — ROZRICREMTDDT, B
MEZRAEZE LIV TH—RIN—TDONA T A AMRBETH S EIERHS
NTND B3, ZZTCRORBROATA N HHEOHIEZED D7D IR —
IRCoFAREmmEE E L 0, FREREICKL S#iEMT (LLFFEM
LT 2) ZRALTY R, OS54, R—ADOXFMBINT D> THA
T ERAL D SR Ko 7=

EOREBROEHEICED, BEOKZREME, U RILT— TRk
BWOIBULOMBETESTHZEICR2DT, BEATISLAREDRE
BEEOEFENHERL THRBEFAEORETIIMITERSRDEEZS
N5, K42 (a) IBRERMEE TEMEEE Y RLAT 5 A L% 10 m/s2 THEGEEL
DB OET, = FEM BT LR ZRL TWSAD, EEENAKELI ML
WEOETALESINS. TITEE, YR, a5 A, R—=ARLUI
SRR D FEM B4 247> T, XYZ & EIAOVINHEGE S 5 o i feh & 57— 7
WEDHMEMZIA THRBEFABEEON THEELZMF TEE LI ICAHE
U TEE, FERENROERITEEZEELEZ. COL>RFARETZEHES

(a) Conventional structure (b) Improved structure

Figure 4.2 Deformation of vertical machining center anlyzed by FEM (x2000)
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DEFZK 4.2 (b) IZRTD, T— 7 )& Elldeh & O BN (a) DHAIT
HRXTHEBLTOWEONDbNMNS., ZOXDBFEMBITZE0VRL, £
ErzFolEEzEE Lz,
4.3.3 ATCEEDEEE

ATCEBEBIZ Y —L LV AAREL TR0 Y 7 STHEZRAL, #0
EREN R ODEE, MEEOMEICE>T, ATCEMOEHEZN S LDICLE.

4.4 TEREFHH

A3 DREHTE DWW TRAIMESNAILEMC 2K 4.3 1ZRT.

Figure 4.3 Improved vertical machining center
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Figure 4.4 Acceleration of main spindle

0 — 60 m/min — 0

Current feedback

Velocity feedback

Figure 4.5 Acceleration of feed drive

4.4.1 BEMCLEROES?

AEMCOHEEL LAEBREMEHREMEBL TWAHB I EZHERETHLDIC, £
TEEOMBGERE Z X7 > 7H TEMOERE 7 — Ny I EBZES
FTBHIERKOBELE. TORKRZEZRA44ITRT. 0 rpm M 5 s EERE
30,000 rpm ¥ TOHEKEFIL3 s T, 30,000 rpm 2 5 E 1T 5 E TORFRIZ2.8s
Thorz.

Tk REBRDOMBGERICONWTHE Y —RT > T TEE 74— RN\
VIEBEEZITHIECIVEE L. XMl %K 4.5127R79. 60 m/min
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ETONMEEZOHEN BEIET S E TORMIL, HELBR OIRSE) Z 10
TR EBIENE—RKENT A YL B BNEGDTH01lsTHY, Bk
MEE 10 m/s? DRBFEHEEZWEL TWDE I ENFTEAEND. TOEEDHED
BREIRDOAMEBIN —T 71 2 d38s P THDD, BT+ — RNw I DA —/)N—
Pa—hbIFEAERLS, BREWXEIELTNS. ZOMEBEIL—T7 1 > DEIE
Tk D33 s HITHNTEL, KVEERSFMHZT> TOMBEBEOL T Z /)
L TEBZEHFEINS., I TEEDS mm DM ZZEDEHES6 m/min TE
MAMfTHOE THL. ZOROMEBEZX46IIRT. 0T —FIdt¥ER
DY A 4 —)b (HEIDENHAIN &) T35 — 7 )b & £l & o F i 2 51l
LTHESNEHDTH S, EMFEET () D> —FIks5EI/70-XR
—TEELTIE 7.1 pm, (b) DAFEAT—INICEZ 7V 00— X R)L— Tigx
TIE5.0um TH B, LLEORBAICKD, RIEEN~ 2 T2 FId@E T
HEWMEL TS I ENHERSI N EFARFIZ. BWiED EE THIEMEF
LEOMTHREZMF TE28NIND L I EDHEREI N L.

2 pm/div

(a) Encoder feedback (b) Scale feedback

Figure 4.6 Accuracy of circular interpolation
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4.4.2 MNIEEHN DM

BEEOmm, 4HD Tz AINTTINIZT LGS (AS052) ZHIHIL 7z &
Z A, BRARUHIBRERIZTESRME T 3,000 cm®/min TdH 5 DIiZxt L TEAIEMC
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Figure 4.7 Cutting capacity of face milling
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4.4.3 NI WREOREE

2.6 DEREHZEHMEMCIC X D EBICMT U TEHEERB, U175 1 A
ZRIEL, B3EDIIal—Ta iR (R35DCased) &HBELAE. -
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H Cutting Positioning Spindle control
Auto tool change M@ M code (] Others
i 20 2
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) ] [ 3 1
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Figure 4.8 Evaluation of simulator
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B Cutting O Others E Auto tool change

Conventional Total = 1155 s

Improved Total = 378 s

0 500 1000 1500
Time s

Figure 4.9 Cycle time comparison of improved vertical machining center

RV 2 EH LR ASIC K D UHIRFRA 1,049 s 0 5292 s & 72 %H
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WL D2 REHEEINTNVNS., LELANS “FOof” ELTREIN TSN
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74




2) BIEMCIZE, BEMERZFHEL, SWVWEDHRETOHLRRELRABEDRE
ETMLITAIENEETHO, U1 7IVE A1 LERERBEICHTL/2~
1/3WEMTAIENTEETH S I ENERINEZ. LT, #EMC
WBEWEEEEZEITDEEDICIAMNIRORZYUBR DO THD I LD
mENz.

B)HFEEINZIIaL—FEREMCEITKDYT A NI A LZELBRLU G
B, 2Ral—2alOREERI~4RBEETHD I ENHRINE. L
Mo TE2ETHEINAZ I 2V —%Id, EEUHoEAZEEL
EEEMNMEEMC OGRECICENRERY — IV &b T & 2HRH L.

75



5% HIEIBGIMLIASESER
R E DR
5.1 #EE

AETIEEIEOIIal—va EREREA, SENTOBEHEZAMEL
L, HBEERZNINRT -V ET2HET 7224 (MC) DRFEICD
WTIRND., —RICHBIERFROLZ S IZBREBLEWHIEICENS IV DY
LY THD. TNSEEMOEFEEET0OMEETHIEERDOM EEZX 52D
W2, MORDNSI LS DDODBHEICRDZEISTERINTVWEDOT, YHIARI
INESHOYHIED DR, TOMKR, HBERZOMI T FYIILIMI®
Gy TINT/REDEMINERERD DT, EBEMITIC > TYHIFRE O &
ZHBZTTRL, ARICABEROFHOEHSLETHRBHOEEZXNS
BENH D ENEIEDY A IIVIA LG TREINTNS. LEN>T,
ABETHAET 2 MCIEHIEUHIRMOEMHEICERZESE, MAFEREREE
DIAALZEBLUTAEENHN LT A EEZONAIBBLAEKZEZEEL, N
ICEDTWAEMCZRIET S Y, x5z, AEINAEMCEHAWVWTERIZ
TZITW, T4 7IF A LEHWROMCDFE & KT S.

5.2 BEMTHROERE

—RICHBEHROI D B REEERZRKEETRENTLT 258121, B
itk dENE, BAMEARENS. ZOZDITY 0 BLAENLEKKNEZ
TYATAMELBWHEEMCHEEENDS. TOBITE, RAMCITHENTSE
MEXDDRMBEIANDVEREIND I LENHS.

76




F T, BIEDKS3.10, Case 5 OBWMIARZRWAEZT LD REHEETLND
L EME OB MC 28 ET 5 2 &iIc L=,

5.2.1 FEOMLHETE
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T3, LU IEYHIREE 28T 220 i3 O EE & ILRE 28
METHABLENDD, 1.5slFETAHIEELAE. RUNMIOBOE DT
P ZM LS5 FEELTEYREEI S M AN—AE FIVEE
Al o—%Y2aA > rOV-PEOHENSERENZT70MPa & L7z,

5.2.2 EXUERBIRDOMTHET

EOERBIRIZDWTIL, 3SHITOEENSMEEZ 10 m/s* BE, RKAED
HEZ60m/min 52 &ELTE.

5.2.3 ATCOHHET

HEERROMILTE, A 751 LICEHD D TEH (ATC) R D&l
EBMKEWN, FIT, ATOEIL, ATCTY — AL 5EHATCHEZEAT
5Z&EL, ATCRR(T-T) 2 1sBlF &9 B & & L.

5.3 1EIEBRRET
52 THRESIN-FEMCOBEREE LT A MR E RS LITRT.

5.3.1 TEHIDBIERRF

FENCIERER T DT IV AROYBIARMBER L2WnWD T, AE FIVE
Z55mm& LU TCTAE Y RIVOEBE{LEZKD, Z8E tRFHoEEZEEL
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Table 5.1 Machine specifications of improved horizontal machining center

Specifications Improved MC
Machine type Column traveling horizontal
Table Size 400 mmx400 mm
Load capacity 250 kg
Main spindle

Rotational speed 35~15,000 rpm
Motor power 21 kW at peak
Acceleration time 1.3 s (0~15,000 rpm)
Feed drives
Travel X, Y, Z: 510 mm
Rapid traverse rate X, Y, Z: 60 m/min
Cutting feedrate 0~60 m/min
(with shape compensation function)
Acceleration 10 m/s?
ATC time (T-T) 1.3s
Machine Weight 7,600 kg
Floor space 1,600 mm x 4,070 mm

=, AEZ RJIVEES5 mm, HEEEEER 15,000 rpm O EHH O dn fE182.5 77 & /h
=<, REFEEZER TN, JU —ABEENBEESNSDNZETHDEN, Y
HIZKDEBAICLD2EHZOREEZL < ZDICF I T R 7—#ig&eL, K
DIVIMTOBRICETZAS A MNAHMOGHIARIZH L THIEEZES T30
WEMBEFEARNET S I &Lk,

5.3.2 XU EREIRDERE

XYZEWORE DB ROBEZRHF L., U7 —RE—FYE2EATH
AB3IETIIal—ar I RENE0EE, MEEOMWEENIES
NEZNIAMDLERBHESOT, B4ETHRRELZIFEMC EFFEITNAT U —
RAR=—NVRUZEZFERAL TR LFABEDESFHEMAELDDODMEOEK
EDEEG6 m/min ZEEBE L (R—)IRACDOEZ40 mm, J—FZ2mm &
LT, INZ&kS 3,000 rpm TERENT 3) . S HITMEE 10 m/s* OBER{HkZE
Wiz 0z, BEEEHAACY—RE—FE2EHAT 2 ERAKICAR A F—
DY BT A0, R—IVRUCZFERBVEL TS EHAKKIC, I A4

78




Column

.
<

\

Spindle head—J/;f~—1&L.

Table

Base

Coolant tank

Figure 5.1 Structure of horizontal machining center

REDHEHTHBEFROREBLEZR 7. K51 ICKEBEBEZRTN, 054
BT HXEOR—NRACEEMBEETHLEWEETLEAICEBT S
ETATLTEHOERZREL TNS.

EOREBHRDZ S A FMAMORINEEZEDBZ0IZ, R—IlRA LU DLEAR
eMEEEE U, EEARERBICIIEEMNT (U FFEMITE T %)
ZRRALTIT L, N—ADXZFMZNT D 2 FHBATERALO SRl %
X7z,

EOBRBROESHELICRD, HEOKERER, 37 LT —TIVN0ERK
DIFBULOMBETEET S EIIZREOT, BEHATHICOS LADEWK
BOVHEARLU TRRBEFAZEOBETIIML TER D EEIALSND. K52
(2) IR DERFTFEICI D MCOEETI T LN XEH I 10 m/s? O HiE
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(a) Conventional Structure (b) Improved Structure

Figure 5.2 Structure of horizontal machining center anlyzed by FEM (x1000)

ETMEELZBOEFZ FEMBIT LR EZRLTBD, DRDDEFED
HECBERONS. T TEME, O54, T—T7), R—Z /2 EEBRE
i D FEM @t 2175 T, XYZ BB IR 5 B st & 5 — 7L & D
FANEAZWA TRKEEFAEEONTHEEZHETH EICHED Y THE,
FHRENOERTHEEZERE L. ZOXIRFRETOEERZR 5.2 (b) IT5R
T, EBR DT — T I & DM EMBRERBIT R TERL TWE 00D
N5, COXDIRFEMEEEVDIRLITOT, kB EFEEOERET, L
ORI AN TEWIEENE U B84 THRENRKE & R E OB ED
RTELIORBEZRBE L. £, A5 LANEVINEE TE/ET 3 & R
EENOvF O TE—ROIREBIZAETDEEZIOLNDZDT, N—AZREMH
WCEET 2EBRHHICDONVWTDHFEM ST L, BEEHRRKORIMEZ M Ex w7k,
FICHRARTZXDICHBERBOM LT TIIMBEBROEENEB TN, ©
DRICAR— IR CERERER TR#AIND I ENS5FR—IIVRACDRARICK
LHEUNRKELRBZETFEHEINS. F—IRCOHUNKEL 2D EMEBER
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Rigid coupling  Oil seal Servo motor

Support bearing Hollow ball screw /
_ ) 1
Coolant IN Nut Hj
Support bearing
Coolant OUT

Figure 5.3 Cooling system of ballscrew

DREEMET T 2720 TRLS, R —IlRUOXFWZITKELZAT A MR
EAL, XHHZOEMNELELRZIENNHZ. I T, BRALITAHRE
12 mm OEBEREZETZPZER-IIRCZEEFHAL, K531 RTEETHR—IL
RUBLUEZFMZHERHATLLOICLE. ZOFEK TS HHOEIY
ZUYPy RAvTY T TIHEIEDICTEZET, A= CEOHKEN
Z, ASARAEOEKTZEZBE S EIICEBLEZ. TOX DR —Ibia Uik
DHEHAETD ZETH—RE—Y OFRAZEFR—INRQUICHEAROEIRD B
TEHIENTES,

5.3.3 ATCEHEKED:EE

ATCEBRO— ¥ 7 h A2 MEY—RE—4 TRBT 3 HRER L,
Y05 FEBICIEIES ) > F TR < Y MOBBIZAMT 58 LA
&R L CATC BIED L RS J &1 L,

5.4 e

538 DFBENTE DWW TRESNZEHEESINMBEEHEE MC 2K 54 12K,
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Figure 5.4 Improved horizontal machining center

5.4.1 BELTEHROHESR

FAEMCOHBEEL UERFHEERZHREL TWAZLZ2HRAIT 2201, £
TEHEMCOEEMY > T THRET7+ — Ny 2EF U CEEMORENE I
R Z R lE L. TOBREEZKS5.5IIRT. ) EILIRIED 5 & & EIRK O
15,000 rpm {Z3E T 5 £ TORMIZ1.2s TH O, REEEENSZELITEILET S
ETORMIZ14s Tholz. RITEVEKEROMEERHZ Y —RY > 7
THREIJA— RN\ I EBZEF L THIELE. TDOELEDXEDOMERZK
56 1ZR" Y. ZORXDEIERENSHREREDHEETH S 60 m/min F THE,
FRERREVDEENSEIETDDOICET RMIL0.11sTH D, HERLR{LE
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XEY 20
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: 15,000 rpm’

Figure 5.5 Acceleration of main spindle

MEM 50ms/DIV TrigiMANU'86-07-11 21

I60 m/min

Figure 5.6 Acceleration of feed drive
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D—RENTANIIZLDENEED THEUYOHELMFEEREL TS &
WAD., ELIOEEDMNBIN—T 71 EBRERBED33 s T L T47s™1 T
HO, EREEOH EDREHERT D ENTERL ERARIC, HIMEER ER
KDNT U ATr— T REREAIN TS ERABE TIIAFEER
MIZEAT 2SI ETORIRMOEHENTEIC/RS LHFTHIILENTES.
KIZR—=I R L OB H O R ERIET 272012 K 2.8 L[ D HBHE
RANEGEM L EINZHBED /v I EROMBEEZAE L. M28I1ZRT
O BEEIRBITHIOE, R HAEOHEAMEBEEZEDES20IT /vy
E2WMT7zn5s. £ /v 2RI, MIRIIBNTHHEIM ZIERICMNE
RDOTHDOIHFEHEINS., ZOD /) vIEROMEBERENERIND
(RIE U789 EIMIcEREND /v B ROMBEREEIZ X E5 M, Y AR
FRNENHI 200 mm D Ew FITx LT £0.056 mm DRAZERNTHL S N2l
ANSYAS Y

BRIEtEH CHEHZRW T 2URHBRB TH SN, THEEEISFIICE
HENTWHW2aW., N3 ABICOZDMT L THRERVBEZToZ. TOE
REXLTITRY. XEAM, YEAMEDICRENTMLIN TS Z &N
WERTES.

HEEHRAEEEZEETAEAICE, MIRENEOBRERELZEET
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Figure 5.7 Machining accuracy of improved horizontal machining center
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MITELPNRETHD, INZEXITHDOELTLIERENCEPHVEN
5. CpfHElE,

€
Cp= (5.1)

THRIND., T TelIMHRITKRINAZNZE, o SIS o BE f#E
SEHENOFEERETHD.
FTHEDOESDENERSHETHHDEEZDECpENLDOBEITIE, T
ENZHDDINT RINRENTH Y, CpEN133DHHITIE, MLk d
DD 99994 WINRNENTHDEEFAS. —BRNICHHFERBOMITRHE T
CpfE133UALEMRDEN, ZHNIZI0FEOMLIZT> T6EOARAER/NTE
L2EEERTD. KoTORERBRNSEEERELZEHT S & XA ML
0.0118 pm, Y HiA L 0.0117 um TH VD, £0.05 mm DZEITXHT 2 Cp [EI,
XEHAME, YEAMEFNETN141 £ 143+ TEENEZFRATNDZ
EMHERI Nz, TN X2 THR—IVR U OHERBE AN X 5 BE N OKE
REWD D EINTERE.

5.4.2 NI OMREE

B28 DHBEIHFEZHEMCICXVERITINT LU TYA VS 1 LZERE
L, 3D Ial—a kR (K310DCase 5) LA, ZOKERE%E
K 581K, YA ZIFALEIEMLTD23s ML T Ial—2a>T
122245732 THY, EMTIINTESIal—2asTOVAT7INTA AL
DFRREEIL, 1sE/NINWZENLMND., ZOLIITRELEMCIERIIFEY
Salb—YalTTFRHENZHATEELTWS XD, V1751 LY
2ol —FREIBESRERIERAROMCIZIDNWTHIELSMHiEZTRIL
B, Lo TERETOY A I NI AL Ial—F OREIENE
BENTERR I /=,

KICEIEMC OAEERZRIET 572D, K2.7 0 HEBEIRGH ORI
HEMIER (K2.9) EORBEERSIICRT. YA 7IVT A LIRERKETD
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B Cutting Positioning Spindle control
B Auto tool change mM code Actual cycle time

) 7 AN \\&g Total = 224 s
Simulated 2 M\
Actual Total = 223 s
0 50 100 150 200 250
Time s
Figure 5.8 Evaluation of simulator
@ Cutting [0 Others E Auto tool change B Cycle time
Conventional Total = 409 s
Inmproved Total = 223 s

0 50 100 150 200 250 300 350 400 450
Time s

Figure 5.9 Cycle time comparison of improved horizontal machining center
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409 s U CRREHETIZ 223 s & 45 BEHH SN TWVWB ONHERTE S, Ih
WFIETHIRE O EHEESE L ZHR A ICI O NERDERB IR T EsS#f
FFEINEHINZ I ENRKRESFELTVNBREEZ OGNS,

5.5 #ES

SETIT>HEEHKRJICETIYA INI I LD OERERBEZAT, &
HLIC KD ERERMC OEMOEEZREE L. RITZOERITE DWW TEE
ERIEL, HEEZIEMLUZ. FOEERZRICEEDS.

(1) a2l —a #HERICEDE, MERDOEFOEHFEZD S L TEMORS
[El#534 15,000 rpm, FAH 7718 kW, 2 D BREIR O K% D B E 60 m/min,
DOEEEE 10 m/s?, ATCHEERT (T-T) 1.3 s D#EIE MC 2% 5, &A/EL /=,

Q) BEMCHEERYBIOEH MERORHOEMHERZ EDHRICE>TY
AN A LERERBICHNTI2BECEHRT S ZENAETHY, &
WEEERZETLHEEDICIARMNICHODRZHERZDDTHD I LRSS
nr.

B)EFEINAEII2L—F EREMC EREB YA I A LBk
R, Pal—alOEERI~4BEBETH D I ENFEREINZ. L
Mo TE2ETHESIN I 2L —%Id, SRUHIOEAZEEL =
EEE MBI MC OBGREICEDRRERY -V ERD I MR L.
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=68 SESBERVIEIIMIOHES

\nir

6.1 #EE

T4, IFEIEMBIN TS CEEEROLFAELICE B> TERKIEI
BN T MO)M, Z<BAINDILIITRO>TVDS. TIEHE
WITASE, MIMKETHV—7OMIIEICEbE CHREINTERZY. &
MK U TMCH, W< D DINTHEEEZEN L THD I & T WERIRTEZF
X, DOU—7 OEBBEKERST IET, MY — Ry A LOEMESMNT
BEORMLEZAEEICLAEZT/ESRTH D, FEOMIHRICEHOE THIES
NEHOTIEABW., L2ALUEREEEBELWAERBEOHR TMCIZENT b ER
MIaXO—BOREAMARDENB L DIk, Ladt>TMCITIEER
THEAEREENIHKTD2DDONEREINTND I LICED. T I TILIER
BA—H T, ®mElk, ®EEL #Ek BEEomLE, X741k, EE
DM LR EZRD ZEICXDEEREDOLDFENMCORENTONTVS.

AW TIE, EIEOT A IINI A LDV EAEEESEORMEMCIZL
HMIFEMN S, MCOAERZA L5 ICITUHIFAOEHEIRBEE
MTHY, ZOEDICEEMTOBERANEYNTHZ I ENDholz. £IT,
AETIE, RENBIEMBTHEZTINIZTLES, RT ARSI
RFWIIDONWT, BLABEEESETHRLULEREMC ZEICH Y, EAMR
MIETHZ 7oA AT, T2 RINVMI, RUIIHIB IS v 7
TZ2RP, BHEBERYHOBESAEZFHOMI TS L EHIT, MIEH»S
HJ=MC DAEFERR LICDNWTERT B 49499,
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6.2 TIVEZ=ZOASEDOESEMIHELM

TIVIZU LEeIE, MZE, FH, BEIHFLRETEAINSIEEM EH
BHEIZEOBRESHF TEZHINDIGEM LICRIINSE. WT N b HEHEIEN
E<, BHRUHIZEBNAESITITOZENTES., MIORNSRBZ &, T
EFHIBH TEEECEOFEEZ/NOY NTEET LD, Ty
MOFTBEOHRZE O T AENFELNTBY, MIOEFEAEEZT RS
Wik MInED5. —F4, BHERSZEORERNKIEL, MITaX %
BT DEDITSHEICLD 7Ry bzt TR 5N, OROEHED
INTVBEZENE, T4 AZIJPIL 2RIV MITIE DR <,
M EFET 2200 RUNIT, ¥y TMINERERS. LEDST, &
HIMTLZEHATSET, SRV —JICEoTEHINSGTENERS.

6.2.1 FHEIJzARAZJ)LINL

TIWIZULGED 7 AII)VMITITE, —BNICKEBEBESGSD 1 >
- AW SN, G ETEEENERINSEHES TIEPCD (BEES 17V T
CR) ZBEEEOBESIIAIMITINET LV —RBEHINDS. 71 X3
IWNEEET B & > — MW, = mpruw? OBOAMMERTS. 22 TW,
W1 > — MNTETBRELATHO, mid1 20— NOHEE, rld1 8 —
FOEERERE, widA Y- FOHEEAERETHS. RO T o1 XA I)NF,
ARNFESA Y — NORHRIEEZRBITT 22D > — a3
DEBTRIFTOIBRENIEZFHINTNS., Z0DIIHRKO T X3
JVCIEEER$K 5,000 rpm BEE T, HDWIEHEEL000 m/min EEFETLNT
oY —FERETHEIENTERMNDZ. LOALEBRS Y ERKRDO IR
&£ DA 3,000 m/min TEHITES TN I U LEGEEHAO Iy RHEREN
L LDl BAETH>RIEMC OBERYHEIEEIFEM TIX, ¢80 mm,
4 HDF % % 12,000 rpm TEER S B T E&E 3,000 m/min, %D BHE 20 m/min
THYI TS Z & T, &AS,000 cm®/min DYIHIFREREZEZ ZENTEZ. L
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MURNS HEERHFERETHE, BEMOTRy bz d TERRSNTH

D, YHIBREELDODLAEDEEORA EARD SN TND.

Z ZTHHIBRERODIRWTINIZTALAEGED 72 A2 VI TLEERE T
EEES0I, BAE3T0m/min TEMATES Ay ZHEMA LT, X0 EE
D EEEBZ. ZOAvFIL, BESGEN T—hOHLZERILNTEET
ZHRANFEHAINTEY, kD7 TEICKD 10— M OEFFEREICHTER
T3FBLULEOBEEINTEREEICLTWS. ZOhvFTHWET o1 A I JVEM
TOERREHEEZERCLIIRT. F4ETEEESNZMCZHAY, ¢80 mm, 6 H
DF3w# % 15,000 rpm FER I TE D HE 225 m/min TIMLY 5T ENTE
. TOEDITHHIBREENNTWINTAE T, BEREFEHEZEI 2 MCI
HAENL < P DOEERERAER I VI ZHAVEEEDNINEY TH 5.

RICTZAAZINICEDT IV Z U LEE (AS052) DL LI T OE#EEZE K
578, HES,000 m/min THPCD 7L — RERFETELZ LD ITHEEINE
s R L THLIERZT . {ERFEHAEINSBPCD 7L — R T, Lt

Table 6.1 Experimental conditions for facemilling (rough) of aluminum alloy

Workpiece Material A5052P
Hardness -
Size 500x470x100 mm
Machine Type Horizontal
Model Mazak FH-5800
Tool Holder BIG-BBT40-FM(C25.4-60
Diameter of cutter ¢80 mm
Number of inserts 6
Cat. No. SANDVIK RA245-080J25.4-13M
Insert Carbide
Cat. No. SANDVIK RA245-12T3E-XL (H13A)
Tool length 95 mm
Cutting conditions | Spindle speed 15,000 rpm
Cutting speed 3,770 m/min
Feedrate 0.25 mm/tooth
22,500 mm/min
Depth of cut 1.8 mm
Width of cut 55 mm
Coolant Used
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HENRZWHOKN2ETHIBEHEELBOESICPCDNO—FHITEIN TR,
TNRETFTRERBLNEZITZDT, {1 0 — b E2KEFET SRV NOEREN
MEICRD. £IT, BEAYY TIE, BEEEIITIEAR < SCM # % 2L
LTHRIEENZERICPCD TS > 7 20— [T LA > — RN EHAINT
W3, $-EREAETHEATZTEOT NGV ABDERTERLI DD
T, ETHRINFTEERTNT D ARABL=ZDOE, ARNABEZO Y 2 A
T THENS > ZABMDEINTT ONT AEN0.2 gem KL FIZHABEIN/ZH
DZEEHLE. TOAYvFZXE1ITRL, INZEZFEHLUEIMLERDOSKEE
XK6.21T/RT.  ¢125 mm D F v ¥ % [ExEK 20,400 rpm, JH 7 8,000 m/min D &
HTHIERIE S I & T, [k 3~5D7% 0 HE 20 m/min T H BT 72 Y H|m
HME 2Bl EMTE L. K62[TMTHOM S E RS A, R, =0.96 um
THolz. 2O ENSE Tz AL LT ORERM EIZIZEED M L%
R THD I ENHERTE .

Figure 6.1 Facemill cutter for ultra high-speed cutting of aluminum alloy
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Table 6.2 Experimantal conditions for facemilling (finish) of aluminum alloy

Workpiece Material A5052P
Hardness -
Size 500x470x100 mm
Machine Type Horizontal
Model Mazak FH-5800
Tool Holder BIG-BBT40-FMA38.1-60
Diameter of cutter $125 mm
Number of inserts 8
Cat. No. Sumitomo KD965045
Insert PCD
Cat. No. Sumitomo FABR (DA150)
Tool length 110 mm
Cutting conditions | Spindle speed 20,400 rpm

Cutting speed

8,000 m/min

Feedrate 0.13 mm/tooth
20,000 mm/min
Depth of cut 0.1 mm
Width of cut 87 mm
Coolant Used

&

e )

S T
T g

meanoon
HE RS R S I R
HM—021

Figure 6.2 Surface roughness by facemilling (finish) of aluminum alloy
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6.2.2 EERIEIILNMI

TIVIZUABESDIY EINMITIRE, KEBEGLOV Iy RIVRS
NHLLEFA Y- O RINVBRERAINS. VU RIT RS
IWTRHFREEENEENTOHIKIC/ES Z E3Rnd, VIV LAE6S
WBEBELBNWDT, T FINVEBEELFv TRy hERFERIERE S0,

EVEE (m/min) 2 KEL T BT, EEKEES TEHEEL, IEEHED
THEND D Z &, FEITRRZEBDTHAN, T2 RIJVOMILTIX
HADRUNITEST, T2 RINNITEFIE NS EHNN S HHEIZYH
BRMERATS20OT, TERIFICIIEWEEANERINS. 20 &h
5—HICHEBHORERI Y X IURIVINREHRHINS. LHLISHILHE
WHEBB DD ERZINDHEBITE 2 > 70y b (BEEED) NIV A
ENBDEMDS.

BIEGSDY Uy BRI K2 )LE W TR 7 88N T 40—l % 32 6.3

Table 6.3 Experimental conditions for endmilling of aluminum alloy with solid type

endmill
Workpiece Material ‘ A5052P ]
Hardness -
Size 275x400x30 mm
Machine Type Double column vertical
Model Mazak FJV-20UHS
Tool Holder BIG-HSK63A-MEGA20G-95M
Diameter of cutter ¢20 mm
Number of flutes 4
Cat. No. 0SG MG-EMS
Tool material Solid carbide
Tool length 135 mm
Cutting conditions | Spindle speed 25,000 rpm
Cutting speed 1,557 m/min
Feedrate 0.3 mm/tooth
30,000 mm/min
Depth of cut 3.7 mm
Width of cut 15 mm
Coolant Used
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ICIRY. 6.3 TIHXEE20 mm, A4 OBESELY YUY R R )L "E
AWTITo/emEM T ZRYS. T TIXEE:%30,000 rpm, HIHIX D &
B 30 m/min 70 5 60 m/min TH LT B ENTE . £/ FHhH 770.75 kW
(1 HP) & 7= 0 70 cm®/min @ Y)H|fRZ%E B (Material Removal Rate: MRR) Z 3%
ZEMTEL.

CDZEMNSLY RINIT 2 FEMEE T DMEHESE O M TITIEEEO &
HLICE>TMCOEEEN—BEO LN EMETHIENTES. LML
B5, MEEKEOMTAEOXIDICT Y RIIVITK> THHAIM D 95 %%
YHIBRET DD 2MTITxX U T, YHIARICIA 5N 572000 FEhEl: 2
HFLODEWOREEREOM EE2K 2SI, 2O EEEEICKET S
HR2A DS, LMo THEMIIREBEENZ EMMEREO S & THEIERR
HILTZT 520103, REBEDODIZLRIINICKXDZMIBITOLEND 5.
FIT, M63RTHBEEST U — WIS RBRRIF2RKTEREINTS
0, 1> —hMEIPTINARDT S WANRI T4 TR EDITHRE TN
TWn2¢32mmD T RINVITXBEmEMNMLTLZRHAZ. ZOTEITX S|
M2 ER64I1TRTH, Ehh#E 20,000 rpm THEESH, L2y R >R

Figure 6.3 Insert type endmill for high-speed cutting of aluminum alloy
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Table 6.4 Experimental conditions for endmilling of aluminum alloy with insert
type endmill

Workpiece Material A5052P

Hardness -
Size 150x350x80 mm
Machine Type Horizontal
Model Mazak FH-580
Tool Holder BT40
Diameter of cutter ¢32 mm
Number of inserts 2
Cat. No. STELLRAM-032R075-4
Insert Carbide
Cat. No. ZECx32xR2.5
Tool length 110 mm
Cutting conditions | Spindle speed 20,000 rpm
Cutting speed 2,000 m/min
Feedrate 0.3 mm/tooth
12,000 mm/min
Depth of cut 8~20 mm
Width of cut 6~32 mm
Coolant Used

SIVEDDBRERBYVVOAATINIT I ENTE, RN 5 H D EEEIRE
25,000 rpm DFHEEMTORAERSEMITZITS &N TEL.

6.2.3 SERUIIMI

THWIZULERIBEEZELEVWOT, AA1IF—IfEDRUIEFEHL,
MOMCOEMICIERUNC I -S> 2B TERZ -T2 A —AE
CRIVIIABIRTHB. SHICEEDI—F 2 NOERZYIO S THHIZZ)
BHTHHZENASNTVWSE, ZITTINIZTLEESD RUJNVIMI T,
45 MPaDEEI —F > M AN—RAE RIVEGEHALT R EICLEY. §
4ETHESNIZMCEZHNWT, F65IRTLDITEDHEE 20 m/min TELE
TIVIZULAE (A2 AND RYJNMITZEZREATZ. COBRBIERLAEZTLER
ZH64ITRT. WETINVIZULEROMITITHEAZNTHYS FUIVE, U
DT OHEHEZEZZE L THORUNANKELRDONRFEHEZNS. LML
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Table 6.5 Experimental conditions for drilling of aluminum alloy

Workpiece Material A5052P
Hardness -
Size 150x150x50 mm
Machine Type Double column vertical
Model Mazak FJV-20UHS
Tool Holder BIG-HSK63A-MEGA20N-75M
Diameter of cutter $8.5 mm
Number of flutes 2

Cat. No.

KENNAMETAL B411A08500

Tool material

Solid carbide

Tool length 62 mm
Cutting conditions | Spindle speed 20,000 rpm
Cutting speed 534 m/min

Feedrate

1.0 mm/rev

20,000 mm/min

Depth of cut

33 mm

Width of cut

Coolant

Used (4.5 MPa through spindle)

Figure 6.4 Drill for high-speed cutting of aluminum alloy

96




Table 6.6 Experimental conditions for drilling of cast aluminum alloy

Workpiece Material 4CS
Hardness -
Size 200x100x28 mm
Machine Type Double column vertical
Model Mazak FJV-20UHS
Tool Holder BIG-HSK63A-MEGA20N-75M
Diameter of cutter $8.5 mm
Number of flutes 2
Cat. No. KENNAMETAL B411A08500
Tool material Solid carbide
Tool length 62 mm
Cutting conditions | Spindle speed 20,000 rpm
Cutting speed 534 m/min
Feedrate 1.5 mm/rev
30,000 mm/min
Depth of cut 33 mm
Width of cut -
Coolant Used (4.5 MPa through spindle)

IBMSTKEENRDSNBHREICHEASNSIEAD FUILTHE A IVER—ILD
ZONEDEVWHOEMFHAL, INIC45 MPAaEEDOEEY — T > k& 4
THIET, 200m/min DEVHEETEENLZITD I ENTE, LMLrbREIF
BINMEEEZES Z NI S. AICTEZANWTHIRIY O < 3§ H%
INFVWTIVI DU ASEYITEDEE 3 m/min DEEM L ER A, 20 &
EDYIHIGHEZEECCICRT. AL ZEY—R7Y > TXOEET +— KNy
Ja e L TEBORREVEREZHMELZEIAS, RIBES OHFLNMET
26 m/min THo7. LN TEWRZZSHDITHMILZ2ITORI2BEHEHI
i, EHICEWVWEDREIZROMEENEENS.

6.2.4 EnEYv 7T

HaB, BrETHIESNAZMCOEETWIT NS EINEEMLICE>T, F
D ALFE & Z i & 2 [F X B2 A5 4,000 rpm £ T 9 Bl TRENE 213 E1ET
52 ENHERICRDTe. TOWEZFEAT S IETRETIIRT KDIIT, Tk
SSULEEEMNBICBROTHEAINDINAZADS v T Z H iz M10 D
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Table 6.7 Experimental conditions for synchronized tapping of aluminum alloy

Workpiece Material A5052

Hardness -

Size 275x400x30 mm
Machine Type Double column vertical

Model Mazak FJV-20UHS and FF-510
Tool Holder BIG-HSK63A-MEGA13N-60M

Diameter of tool M10

Number of flutes 2

Cat. No. OSG US-AL-SFT

Tool material High speed steel

Tool length 110 mm
Cutting conditions | Spindle speed 3,600 rpm

Cutting speed 110 m/min

Feedrate 1.5 mm/rev

5,400 mm/min

Depth of cut 20 mm

Width of cut -
Coolant Used

TIBWTH, BEXRAEELIL m/min TR Yy TMITEITD Z&ENTE.
FyTOMLITEIE, FTREUIVENAZD RUNEFERTZEHEEICE, 2
Ry b RUJNZE B AT EEMD, FREUI, FyTDIETHD, TR
FUNICEBEGE RUNZMERAT 2581, TRRUIL, @ERD, vy 7D
JFizhTEans., COXICEFOYy TMLITEHTERHBRELRELT S0
T, FEIOMBEGIEEFR S TESBEEMNE<RZS. 22T, RUIIIKZYY
THREEZEEIES I ETATCHEEZBAD I TEEROM EE2R 55T
BRMRENB LDk ok. ZOLIBRITEZAWVWS EEDTEH 2K
65D (a) IK/RT. ZOLTEICKZMINE, F£9 RUIIEHEEKDOTEEP TR
R ERADOOHEHED ZHEKFICIT> 2%, JNEMS EAFIZEN>TAY A
WVHBZITD & TORUERIRENS. ZOMNMILZ2£6.8 IR YHISHET
o7z,

INITHLT, TRy THREZEGSELEIROTRENTY
5. ZOTERE, K650 (b)ICRTIIICROKDIIBZEMETS v 7 & TR
TELTITOIENTES., FTROADOZRANA FIV@EHL, T2RK3
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Figure 6.5 Tool path of integral tapping

Table 6.8 Experimental conditions for integral tapping Figure 6.5 (a) of

aluminum alloy

Workpiece | Material A5052
Hardness -
Size 130x130x35 mm

Machine Type Double column vertical
Model Mazak FJV-20UHS and FF-510

Tool Holder BIG-HSK63A-MEGAZ20N-75M
Diameter of cutter M6 M10
Number of flutes 2 2
Cat. No. EMUGE GF432206. EMUGE GF432206.
Tool material Coated carbide Coated carbide
Tool length - -

Cutting Spindle speed 19,098 rpm 11,234 rpm

conditions | Cutting speed 300 m/min 300 m/min
Feedrate 0.2 / 0.1 mm/rev 0.36 / 0.1 mm/rev

3,819 / 1,909 mm/min 3,913 / 1,123 mm /min

Depth of cut 14.6 mm 26 mm
Width of cut - -

Coolant Used (4.5 MPa through spindle)
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IV DF ¥ A7 7ERTHEEL D 2170, RIIANU BIIVEBIC K> TRET &
COAIREZRFICTD. RERKELES, RPLIKTEZBHIE TRAE
5., TNETEXA—HOHE/NNAERRD, BREOEMHE M DERMEZE
MBI EMTES., FERYINNEZHWARERITEICHRT, EEHOEKD RN
NEELRSTTY. 22T, TOTEEZAWVWTRIICRIIHIZAEITXS
Izl H7z.
FRO2BEOTRITE B EMFKO R U, FyTaEZRANWTI0ED M6
EEHGLTHTLUZSE S 10E0 M0 2T LZFe0m TR %X 6.6 1IZ7R
T. X6.5(a) DYy TITIERERN LT O TERBEHZ2E Y1 7 ILF 1 LI
T, 81/4DH 1 7 E A LTI 5 ENARETH D, £7/2K6.5(b)
TRLULENLIABETRERRERODDICHRTHLI/ 201 7 IVF A LATHLY
5 EMMAJETH 5.

U650 () DMLAETIE, FyT7ROGHRACESIE, TERRD
HEROEOMNEBETRDOENTWEDT, WEINAELZDEHNOTEZMEHL AR

Table 6.9 Experimental conditions of for integral tapping Figure 6.5 (b) of
aluminum alloy

Workpiece | Material A5052
Hardness -
Size 130x130x35 mm
Machine Type Double column vertical
Model Mazak FJV-20UHS and FF-510
Tool Holder BIG-HSK63A-MEGA20N-75M
Diameter of cutter M6 M10
Number of flutes 4 4
Cat. No. REIME 4.5x16x1 REIME 7.8x26x1.5
Tool material Coated carbide
Tool length - -
Cutting Spindle speed 21,220 rpm 12,000 rpm
conditions | Cutting speed 300 m/min 300 m/min
Feedrate 0.17 mm/rev 0.35 mm/rev
3,607 mm/min 4,200 mm/min
Depth of cut 12 mm 20 mm
Width of cut - -
Coolant Used (4.5 MPa through spindle)
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OConventional KA Integral tapping (a) B Integral taping (b)

o | | Cycle time = 100%
E W Cycle time = 26%
T ,, Cycle time = 64%
o Cycle time = 100%
i Cycle time = 23%

Cycle time = 45%

0 20 40 60 80 100

Time s

Figure 6.6 Cycle time comaprison of integral tapping of aluminum alloy
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BB B RS TIEMMe CEXERERICESEREND, 0T HHEHD
BEIMTE2RAZ. 253, RFBMICHNTHEEIERRLS, LABYDIT
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6.3.1 EE7SARNMIT

NTAHSOEEMTICTIE, CBNAEL TH O, EEL500 m/min THNILY
NIERDBENWTEZEGRESNZ I ERNDN>TNS B9 Uil Z 2T,
TERFMEZELET, EOBEETOREEMNLINAIETH ZNITDONVTHID
OIS HICEWIIHIEREDOM T 2R A7,

NTABEHOBET A AIIVENMTZ2EL4EZEOHMEMCICEL D, £6.101C
RY K DITSBAION (SisNy & ALOs Z&RLZES I v I AHRM) O > H—
k& W T EEE#R$2 5,000 rpm, A E 1,200 m/min, 20 EE 5 m/min THT
L7z, HBAETHEIMESNEZMCOEME—F OHEIFEE, FHE—5 OB
BB OHIRE, S ZEEFEZEH 10,000 m/min THB., DI ENS ZDHEFD
EHE3 T EEE— O HF1$H 10,000 rpm TDEAH F754 kW D53 D 26 kW
LB, TOHAIZHR L T500 cm®/min DYIBIREEREZERT DI ENTE
7=, L72>T, FEHIT—4 O/NBEIC X TEREE TOH A Z2ENICES
NEVWEDIRBETH, BMEVHZEATSI LT, H5EEOMIEERRA

Table 6.10 Experimental conditions for facemilling (rough) of cast iron

Workpiece Material FC250
Hardness HB200
Size 250%180x80 mm
Machine Type Double column vertical
Model Mazak FJV-20IMS
Tool Holder KENNAMETAL-HPVSM10025
Diameter of cutter ¢76.2 mm
Number of inserts 5
Cat. No. KENNAMETAL KENLOCK-II
Insert Ceramics (SiAION)
Cat. No. KY3500
Tool length -
Cutting conditions | Spindle speed 5,000 rpm
Cutting speed 1,200 m/min
Feedrate 0.2 mm/tooth
5,000 mm/min
Depth of cut 2 mm
Width of cut 50 mm
Coolant Not used
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Table 6.11 Experimental conditions for facemilling (finish) of cast iron

Workpiece Material FC250
Hardness HB200
Size 200x150x70 mm
Machine Type Horizontal
Model Mazak FH-5800
Tool Holder BIG-BT40-FMA31.75
Diameter of cutter ¢100 mm
Number of inserts 8
Cat. No. Sumitomo ¢100 X 60
Insert CBN
Cat. No. Sumitomo SHMX32948
Tool length 110 mm
Cutting conditions | Spindle speed 19,100 rpm
Cutting speed 6,000 m/min

Feedrate

0.8 mm/tooth

20,000 mm/min

Depth of cut 0.1 mm
Width of cut 75 mm
Coolant Not used

Figure 6.7 Facemill cutter for ultra high-speed cutting of cast iron

103




GNOOOORGOoNCasnnuntunanununonnan ot oo oo daf o
o SR A S L
P E i EREEEEENERERERE.
= 0.1 mm ~__: = = B B8 I RS ORI St IO SN S
: o~ HH O Y O O A O I O .
S e
; |
i

s
:

EEE T | R :
YA =T A{f' “li‘ rVi"\("‘%&’Vw\ H‘J\\Fﬁ b‘ I v INLANEE

croooooian “dm—q)zq gooooooooioodlaoaooidogoopacoooanoid

Figure 6.8 Surface roughness by facemilling (finish) of cast iron
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6.3.3 EnERUIILINTI

TIAIN R DMHEVEITENZ O —FT 1 TSI NEBEES RUILERWNY, 1)
D<TOHHERNEDHHAZITD ZDIZ45MPaD 7 —5 > F AJL—AE R
WEBRLE. ZORUNVERN, £6.1212R9 & D12 EEHEEEEK 20,000 rpm,
JA1# 530 m/min, 20 R 6 m/min DI TEMT, 300 REHELML TS &0
T&E7z 42,

FUIVINITZE—&BICEBR O M ITARET 5. FICEBE /T TR, =
HOEHID ZIT 5 BEND DD, WRTRIDOLEDDOEEITENFERHIND
2, BLSEARV—=F I TFEETERD SN TWS., 22 TTL—F
TAARATRNTOEBNRIMT /R EEEMTABICHEG CTEHRD Eiee2He X
B RUIDBHEINTWS., COTERICIAMIAEEZKG69ICRT. Tz
SBYOMLTIE, I 3Iv 7 X (SsNy) TENRTEEMO LI TEITHZDT,
HEROHEEZEG LI IVvIARYINEZFERL, £6.13ITRITIMITEHE
TFC250 DML Z{To7z. TOME, RN 2BOEEEZBEL TNE I &
WhHholz.

Table 6.12 Experimental conditions for drilling of cast iron

Workpiece Material FC250
Hardness HB200
Size 230%x150x70 mm
Machine Type Double column vertical
Model Mazak FJV-25UHS
Tool Holder BIG-HSK63A-MEGA20N-75M
Diameter of cutter ¢8.5 mm
Number of flutes 2
Cat. No. KENNAMETAL B411A000033D
Tool material TiAIN coated carbide
Tool length 140 mm
Cutting conditions | Spindle speed 20,000 rpm
Cutting speed 534 m/min
Feedrate 0.3 mm/rev
6,000 mm /min
Depth of cut 28 mm
Width of cut 8.5 mm
| Coolant Used (4.5 MPa through spindle) |
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Figure 6.9 Tool path of integral drilling

Table 6.13 Experimental conditions for integral drilling of cast iron

Workpiece Material FC250
Hardness HB200
Size 240x140x12.5 mm
Machine Type Double column vertical
Model Mazak FJV-20UHS
Tool Holder MST-CTH20-90
Diameter of cutter $12.8 mm
Number of flutes 2
Cat. No. SPK 38.56.14.128.01.2
Tool material Ceramics (Si3N4)
Tool length 45 mm
Cutting conditions | Spindle speed 11,190 rpm
Cutting speed 450 m/min
Feedrate 0.18 mm/rev
2,014 mm/min
Depth of cut 12.5 mm
Width of cut 12.8 mm
Coolant Not used
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Table 6.14 Experimental conditions for spot facing of cast iron

Workpiece Material FC250
Hardness HB200
Size 200x50%50 mm
Machine Type Double column vertical
Model Mazak FJV-20UHS
Tool Holder BIG-HSK63A-MEGA20N-75M
Diameter of cutter ¢8 mm
Number of flutes 4

Cat. No.

Sumitomo SSMZ30055

Tool material

Coated carbide

Tool length

Cutting conditions

Spindle speed

12,000 rpm

Cutting speed

300 m/min

Feedrate

0.1 / 0.06 mm/tooth

4800 / 300 mm/min

Depth of cut

25 mm

Width of cut

7.0/ 1.0

Coolant

Used (4.5 MPa. through spindle)

Figure 6.10
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Table 6.15 Experimental conditions for synchronized tapping of cast iron

Workpiece Material FC250
Hardness -
Size 70x240x 100 mm
Machine Type Double column vertical
Model Mazak FJV-20UHS
Tool Holder BIG-HSK63A-MEGA16N-60M
Diameter of cutter M10
Number of flutes -
Cat. No. NACHI EXCELL-SP
Tool material Solid carbide
Tool length -
Cutting conditions | Spindle speed 3,600 rpm
Cutting speed 110 m/min
Feedrate 1.5 mm/rev
5,400 mm/min
Depth of cut 21 mm
Width of cut -
Coolant Used (4.5 MPa through spindle)
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Table 6.16 Experimental conditions for integral tapping Figure 6.5 (b) of cast iron

Workpiece | Material FC250
Hardness HB200
Size 250x180%80
Machine Type Double column vertical
Model Mazak FJV-20UHS
Tool Holder BIG-HSK63A-MEGA20N-75M
Diameter of cutter M6 M10
Number of flutes 4 4
Cat. No. REIME 4.5x16x1 REIME 7.8x26x1.5
Tool material Coated carbide
Tool length - -
Cutting Spindle speed 21,220 rpm 12,000 rpm
conditions | Cutting speed 300 m/min 300 m/min
Feedrate 0.17 mm/rev 0.32 mm/rev
3,604 mm/min 3,840 mm/min
Depth of cut 12 mm 20 mm
Width of cut - -
Coolant Used (4.5 MPa through spindle)

WU LB THEHIENL L2SHOMTEZTO LEED S VWD TH
X7z, LaLansXes (b)DXIRMIFEEFY0< TUEERZICL,
NMITAERMOEFHNDE WO THEMEDOEVWEMONITICHEL TWb., 20D
MIAETRTHEHEHOIMT E2£6.16 12779 K 5 ITHH 300 m/min Tk A7z
EZA, M6D1DDIy T RENMLTHDIT4sEBETH>. K6.11121T M6
EMIODT Y TREMLT BHBEDOTA VNI A LERRKEDOEGEE, B
DYy TERANT—RNBINTES, BLXUOEBERNTEGETMILEZSE L,
6.5 (b) DAETIHMLUEBEEEZHEKRLTRY. ZORKDKGE.5 (b) D
THEE BN TEEICEBRERMTITHRTY A ZIVEY 1 LK 1/2
B> TWDEONDNS. HROMTAETO EERMNTLZEHAT S LTY
AIONIALDEHERDZENTESN, K611 EID—EIZMLTI S5y
TROMEEN10EFE TTIE, REDK65 (b) DM LTAENTA 2T A LD
HTHEMTHB I ENbDMNS.
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[0 Conventional N High speed H Integral tapping of Figure 6.5 (b)
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Figure 6.11 Cycle time comparison of integral tapping of cast iron
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Figure 6.12 Boring bar for high-speed cutting of cast iron
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Table 6.17 Experimental conditions for boring of cast iron

Workpiece Material F(C250
Hardness HB200
Size 180x125x70 mm
Machine Type Double column vertical
Model Mazak FJV-20UHS
Tool Holder WOHLHAUPER-HSKA63 245013
Diameter of cutter ¢84 mm
Number of inserts 1
Model No. WOHLHAUPTER 264066
Insert CBN
Cat. No. Sumitomo TCMW110204
Tool length 170 mm
Cutting conditions | Spindle speed 5684 rpm
Cutting speed 1500 m/min

Feedrate 0.1 mm/rev
568 mm/min
Depth of cut 65 mm
Width of cut 0.1 mm
Coolant Not used

Table 6.18 Experimental conditions for facemilling (rough) of carbon steel

Workpiece Material 845C
Hardness HB180
Size 200x150x50 mm
Machine Type Horizontal
Model Mazak FH-480
Tool Holder BIG-FMA31.75-45
Diameter of cutter ¢100 mm
Number of inserts 8

Cat. No.

Sumitomo UFOF 4100R

Insert Coated carbide
Cat. No. Sumitomo SFKN12T3AZTN
Tool length 100 mm
Cutting conditions | Spindle speed 1,114 rpm
Cutting speed 350 m/min

Feedrate

0.3 mm/tooth
2,673 mm/min

Depth of cut 3.30 mm
Width of cut 75 mm
Coolant Used
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Table 6.19 Experimental conditions for facemilling (finish) of carbon steel

Workpiece Material S545C
Hardness HB180
Size 70%x240x 100 mm
Machine Type Horizontal
Model Mazak FH-6800
Tool Holder MST-FMA38.1-45
Diameter of cutter ¢125 mm
Number of inserts 6
Cat. No. Sumitomo special SEC-MILL
Insert Coated carbide
Cat. No. Special RNG43
Tool length 120 mm
Cutting conditions | Spindle speed 2,546 rpm
Cutting speed 1,000 m/min
Feedrate 0.4 mm/tooth
6,110 mm/min
Depth of cut 0.1 mm
Width of cut 90 mm
Coolant Not used

ODEEMLZITIZDICHREINZDOTHSO, KFEHOEEMNTITHE
AL THE. R6.19ITHHIGHZ, K6.13I12 vy ER_RT. FH# 1,000 m/min,
EOHEE6Ll m/min TMLLAEEIA, M64IKRTIDAREREEENES
N, Ry =45 um TdHo7z.

6.4.2 HEI>RKIJ)LINI

WHRDORFBFMOL Y RI)VIITIEEAE 100 m/min fIE TYIAEZRES L
TIHND. ZHNICR UL TTIAINRZROI—F 4 > /I Nz@BEaETT > R
2V (¢20 mm) ZAHAWVWTEAFOY VAR Z 20 mm, BAHOYIAEZ 1 mm
ELUTHEMET0 m/min TMLZEfTokEZARFAYEIHEEEREL THES Z
EINTETZ.
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Figure 6.13 Facemill cutter for high-speed cutting of carbon steel
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Figure 6.14 Surface roughness by facemilling (finish) of carbon steel
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Table 6.20 Experimental conditions for drilling of carbon steel

Workpiece Material S45C
Hardness HB180
Size 200x150x50 mm

Machine Type Horizontal
Model Mazak FH-480

Tool Holder MST-CTH20-60
Diameter of cutter $8.5 mm
Number of flutes 2
Cat. No. Toshiba DSC 0855
Tool material Coated carbide
Tool length 50 mm

Cutting conditions | Spindle speed 11,230 rpm
Cutting speed 300 m/min
Feedrate 0.2 mm/rev

2,246 mm/min

Depth of cut 28 mm
Width of cut -

Coolant Used (through spindle)

6.4.3 HERUIIIMIT
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Table 6.21 Experimental conditions for spot facing of carbon steel

Workpiece Material S45C
Hardness HB180
Size 200x150x50 mm
Machine Type Double column vertical
Model Mazak FJV-20UHS
Tool Holder BIG-MEGA20N
Diameter of cutter ¢8 mm
Number of flutes 4

Cat. No.

Sumitomo SSMZ30055

Tool material

Coated carbide

Tool length

Cutting conditions

Spindle speed

12,000 rpm

Cutting speed

300 m/min

Feedrate

0.2 mm/rev

2400 mm/min

Depth of cut

25 mm

Width of cut

7.0 /1.0 mm

Coolant

Used (4.5 Mpa through spindle)

Table 6.22 Experimental conditions for synchronized tapping of carbon steel

‘Workpiece Material S45C
Hardness HB180 -
Size 200x150%50 mm

Machine Type Horizontal
Model Mazak FH-480

Tool Holder BIG-NBS13-90

Diameter of cutter

MI10

Number of flutes

Cat. No.

ESO EV0221 M10

Tool material

Coated high speed steel

Tool length 80 mm
Cutting conditions | Spindle speed 1,519 rpm
Cutting speed 50 m/min

Feedrate

1.5 mm/rev

2,278 mm/min

Depth of cut

21 mm

‘Width of cut

Coolant

Used
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Table 6.23 Experimental conditions for integral tapping of carbon steel

Workpiece Material S545C
Hardness HB180
Size 200%150%50 mm

Machine Type Double column vertical
Model Mazak FJV-20UHS

Tool Holder BIG-MEGA20N-75
Diameter of cutter $6.2 mm
Number of flutes 4
Cat. No. REIME 6.2 X 21 X 1.25
Tool material Coated carbide
Tool length -

Cutting conditions | Spindle speed 15,409 rpm
Cutting speed 300 m/min
Feedrate 0.055 mm/tooth

3,390 mm/min

Depth of cut 20.25 mm
Width of cut -

Coolant Used (4.5 Mpa through spindle)
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BYTINIZTLEEPTINIZULEHE YD FUILIT T, EEMC OHEK
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HREZTER U TE NN 20 m/min, 30 m/min DYIEEE D EE TIMIL T3
ZEMTER.

(4) HEROMTZM/4ED RUJVMIRYy 7ML T, #ETEEEHONCH
EIomERBERMHBEMEZERLENIEZ2RA, Y1271 L%
— MR T A, MTRHFICEDHDITERTRBXZ1/2ICT5 2 &0
TE/=.

(5) IRFBEMMD 7 x4 XA IIJVINT T, CIHIERE 1,000 m/min DML EFTS T &
INTEREDR, ROBEERELS m/minBETH-. 72 RUININTI T
YIHIEEE 300 m/min TG B Z LN TELZDN, CIHE D HEEIL2 m/min
BEETHoZ.

UEDESIZT NI ALAEEPRTAEZLOMIT TR, EEMCHNET
LEMPUEODBEROEBRMEFREENLUEMIEITD ZENTERZ. L
RIS RFBWMOMTITBNTIE, BEMC ORI TREDO TEMAET
WARTHTHD, SBOTEHNOERNHEINS.
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RTE B

HEhE, Pizes, EEEBLE0Z<OERIIIoTTYI 2Ty
(MC) o AEEEm LR HEINTWVS., 2T, APFETIEEERMC D
FAEZHNELT, ESIMCOREFXBETOVAINIAI LTIl —F
ZRFELEZ. RICZOIIab—FEHWTIEMC E#EMCEZRIEL, &
DYERE, EEMHZFMLZ. RETEHHU LOEETEHESNEHERERICE L
5.

B2EICHNWTIE, EEONCEESLHETOMC OEERE (INEHEEEES
FIRFREREE, 72 E) ZRIEERB O EEL, B &I T REHDONC 7
O S LMeYAINEIALEZTRTARIAXES I 2V —FORREIZDN
TRz, FEOZEEN N T TEPUMGHEDT T, BRanzy 32l —
FEEMTITBITIBDYAINIALERZRKUEKER, > —FIL3
AN A LDTFHRELIMBEETHDZ EE2MAELIE.

FIEICBNTIE, MCOERMEBEOBEHEILICE DY A 751 LOEHEDR
ZHONITT B0, A, BEERE, TIEBBEMICDWNT,
MR VMG Z RS ERNSE2BETRE LI 2L —FZ2HNT
A ONEA Ladhzeitolk. TOBRNS, UA NI A LOEHEITIE, &
HEUHOBAICLSUHE O EEOR LARDYENTHD, Z0DITIE
THHOEEILESHIMENKRBETH A I E2BHNILE., £X0KER
OEBEAE, FARICIBREDA LINEZGEH/ICEICDTHAIILIT A LD
BRHICFETHIEERLE. MTHKEIEITHMN A5 &, HEEHRD
EEMTOLDICHHEED EEN 10 m/min Z#k X 2 X5 2 0EI&HTIE, #*#
DEREN R D E MBI Ko THBROREMAZ T T PRI b RE<E
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fEanad., —h, HHERROLIDIICRUIMISY Yy NI REDFMI
EERETDHDHOOMLTIE, SERMINEBAINS SUHIREH XD bALE
P e T ESHRE 72 EIETHIRF O GNP A 2 IV F 1 LI ED B H|
BMRELIZB DT, RUKEROEESMBIERL® ATC 22 & O =i L0
HATHD.

BAETIE, ELIBEDL I al—Ta HRICEDEERTHIOBEAIC L 54
EWOMEZD I U TITok, FHO KB 30,000 rpm, HKH T 54 kW,
%D BREN R D ERIE D EEE 60 m/min, fIEEE 10 m/s? DI MC OGN, #fE
DWW, ZOVFEMCEMERKZOL I ICEHEYBIZEHNL TY
WU LGE&OT Oy N SFTEOERERZE O BTN ToFICHz
BolebDTHD. BIESINEMCICELAEMIOBERMS, MEMCIEZY
TIVE A LERERBICHNRTL/BICEEIT DI ENTERTH D, mWEEEZ
BTHEEBICOAAMIHEYUB DD THS I xR L. I HITHE
MCMZIE Y Ialb—ra itk D FHISNZEEEZFDIELLD, BE2ET
BELEZS IV NEESERREMC OBRRICB T 2EETLbL B REX
BY—ITHaIEZ2HERLZ.

FHRICES B TIIHEIED S Ial—a UHERICE D WK MC DR E
WZoWTiiNze, TOMCREHERFOMIIIARRIND LD BLED R
JILIR, o7 RiaEEbDOHFEEZEBEYHZEA T2 Z & TUHIKREZ2E
ML, SSIMEBROPATCERMZ EOEMHIMOEHETS 55T
HEENLEZDBDOTHD. FEIIEAREZERL THEEEE 15,000 rpm & L
723, O rpm 0 5 s FER I E TOREEMZ LRI 1.2~14s ZEW. T
D MC 5 KiE D B 60 m/min, MEEE 10 m/s? DX D EREIFR & ATCRE 1.3 s
DEBEATCHEBZAL TNWS. BMLOMKE, HEMCIERRERBICLE~TY
AIONETALZL2ITHEHET DI ENAEETHD, TXMHNITHEZHERDHDT
HBHIENHERSINZ., SHIXIOFAEMCHI I al—a it D FHE
NEWMEEZFEDOIEICXY, F2ETHELEZ I 2L —FNEEEEEMC
DREFEICIBNT, REXBY—NELTEMNTHDZ EE2RERLZ.
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e ETIIEAE LB ETRESNAEATRERI VT 2HANT
Folr, RENAETEMBTHETVINIZTAES, RTBESERSNITR
FEWOEEMTORBERNRI., TOHKER, VTIVIZTLAESITDODWTIE
4)141] 53 FE 8,000 m/min, 323 AEEHKIT D W TIZ 6,000 m/min, RFEHFIZDNWTIE
1,000 m/min THILT B I ENAIETH S I ENHERSNZ. ELRUILD
Sy TIMTICDNWTIE, EEYEIOEAEMCHET 2 EFEORHEHKEEDEH
&> T, YA 7N 1 LDEHENREND ZEERLZ. TNEDFHERNS
RESEDEIBI G TM T LB E IR T5~20F0OEmBEMIARETH S I &
MRS N7z,

PEDEDIT, AFEICE> THERMCOREXEY —IVELTOYA
WA LTIaL—FORFEE, TOTIal—FEANZEERERMCD
RIECHRT B EEDIC, SBROFBEREGHEEMC OREREHZEDLLNT
=Tz
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i 3

X EEDDIIHIZ0, BFKEZETL, KX EUTHOED D &N
TEZDWE, EMRFETHIMAEER T ER KEEHR OBY)2 2 H5E,
HEOREWEBMIZEZ2HDOTHD, BEOHEEERLET.

7z, BEKRF TR T 2R NEHT BRI 5 N EBRERER T
WFFCRHE A E TR /NME S IRITIE, APFgticR L TEEREERZ
BOERLEZLITERSBEHOEZEXRLET.

BECRZ TR AR T 2R AH LB BRICIIEM L RTT 5012
BL, MAEERSEHBESE2BEELE. EHLBL EFET.

AR ZERTTDREEEGZ TS EINWELRE, JIIBIRE BELAKFEEEH
RICELEDEALRL EWTET.

BFFEEZRTTRICHZD, YIVFI Ty /BN EEREBRBERLE L
I BR SE PO VR BV B R R SRR BR L D e o T2 S OB SRR R 2 R IR - /-
CERRSEHMUET. i, B—RIHE NIBBER, B_mRHE LREE
K, BB LIEEAK, EFRESE SRAERK, EHFIESE BREER,
EHRMHER RILEAK, HERXGEERBFEERE KMERK, BUHE M
IMTERDOEM I OKIBRW TG E CHEZHBOELRE. CZKEATHE
2RLUETY. FICENEERERK, RILBREKRZS TIOKMERKIIE, £< oM
MEZBZEN0 TR, FHYWMOEDICBL TE K2 HEREZB D
L7z, DROEHLEBL BT ET.

BFFEDORMEICHRZ 0, ERFKOEMEE 52 TF I oz KT HEEIER
HEETHR S X T 5% BHEERR S MYy VSRR EiRAH & EH
REERK, ERORFICBNWTEELRHBEZE D X LM RERFELE LS

122




R EHEFEREIRICEHOEZRLET.

mEEE Iy b OBEEERG TN PERE TS E FERE® FHECK
ZIIUDHEK, BEUHTEOEERS NCEEYEICEDL S CBEZEH->
EXERTEMRAESH S 1 VRBFENE BEE K, TREERKE &
HEBXRZECOM KT LR T ERREHORK, BKEEEHIE—5O
BER 5 NTRIEH O T ICH IR 2 B> - = BRGNS ERER
DHERICESM@ILBEL RTET.
EEVIEFIFy VRS HBERRFFELOZMEILDE < OB
B S HIRIEENHBIFS EHB N EBOE L, BITIAIINTAI L
Ral—YORETEMBER, BEUHEII 2T FYORETIING
2R, MEXREK, BARBXKK, MEREK, SE#EE 2272250
R TIALL RE, A RRCEZ<OHBELIHAZBOE L. INIHE
MARE I TN —T ) —F FHREZEREZIZICD, RIEROMT, FMTIE
I 2, SRERIKIC, Bl TFM TIEIMREBEKICEL< O ZHm I Z2H
DELRE. TTITEATHILBEL ETET.
BBICHEOELEN, RRLETRT DICHZ0, BECKFET FEHAAEE R
TR BHBEADFZIICOHERMEBARESALICITIZOIHHZEGD
EL7z. LDEOEWLBEL BT ET.
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