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ABSTRACT

The most dominate aspect in machine works using CNC devices in industrial production processes is the

precision of the product and the Cycle Time. To this day, many studies on the external factors of the

technology to reduce the Cycle Time have advanced amid to the advancements in cam soft development for

manual programs and the numerous studies on high speed and precision machining. This study experimented

various functions of the sequence pattern flow and arranged system development technologies of past few

years to develop and applicate various usage of adjustment factors within the CNC, so it would be more

understandable to the user and would enable them to make high speed and precision products more faster

develop and. In order to reduce the Cycle Time, the mechanism of machine tools has to be analysed and applied, in

addition to program reduction and improvement of the manufacture process.

Key Words : Cycle time(JtSAl2}),  Process(&4),
Precision(* =), Mechanism(7] A*4%])
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22 HFRzAd 9= 1&r2e Holop P 9} BacklashBAFE/ 5SS e s system software
CNC Alz®o] zta = wmglulg go|2S HzH3l 7} FEEHojoksl 14 1= 788 CNC system
ANA ggtoza] 1 BAHL 948 2 9ok Ui 9 softwarethS 7} AFYFS Table 13 Zth
S HESE S 85 ug rtEExy |
3 o)lg&wo] WME si7h&eo] W3k 9)x] Wxpegre] Table 1 FS Series & software version
Az, W r] QAo HAsl T Hd B&3E |FS 16iMB BOH1/05 FS 16iTB B1H1/06

= ] =] o) 3727 A=} iz
°olE 5 slem shedoln ANl el 22 frg 5ivB BDHI/0S FS 18{TB BEH1/06
EAlet A AATIHE clgsel FwE) FS 21iMB DDH1/0 FS 21iTB BEH1/06
W3l A AZo RN 1& T 7HE9 Servo ' > :
system®] HH31E PHste] Pusel Yige o |FS P-Mate iD 88E0/18 FS P-Mate iH 88F2/01
A F e 1, Y FTRAVAY A2EHE |FS 0iM D4A1/01 FS 0iTB D6A1/01
L2 95 3} 2= 9) P

= A3k Software® H=olhal & = At AT pg (i Mate MB D501/01 | FS 0iMate TB D701/01
de 7% 4719 AFE 71&e Lol 3o 4
2r&ro] HAHs 2 AERY ®HAAV|E, FAAAY
Apsmol HHE, o]4 A Wasks wejae] ma FANUC System?]E8l4- FS 16iMB
7% S FHo] FXHoE o]ZolxT Yt} B 16i : Series No , M : 24| 7]% / Milling, Turning,
AFNHE OnlineE4S &3 2H 7 Datak Azt B : Upgrade No : A, B ,C ,.D
7}EAl ZE3h= InertiablE Servo tuining wavesS
2 A 94 wm A=stoz sz A wrge 2.2 Servo systeme] H 7|l=
A &7tgo] WE 939 HIE LoldA A= LS TAHE JFEE CNCO Servo Softe= ot 7%
W 0 2 Fthernet 2 PCMCIA 41 23 CNCA]  © £3 Holof gt 1= &27te 3 5% 7+
2¥ A RAA7ES AE sty o] A3 7157 Software’} ¥x]3ledokwt On-line

2. AlEEA A 2

2.1 CNC systeme| 277|5 & =A
FA71Ao HE== CNC systemol= 2] Maker
7 o Maker¥ 2 FHE ThFstA et = 4k
o 7bd ®o] BFEe] 3le= FANUC Control
serised| e & 1AL 71ELE UL 7|50] vie
Al T = ook gt
D A3 Feed forwardA|o]7]% : B2 k9] BlockS
WA ¢o] o]F AP Aol 7HHES Ao Tw
@ AICC(Artificial intelligence contour control)”]s
ko]l AT FFA07)E
@Al NANO7]5 : 1um 4-¢ 912 A# o] InmT<]
2 QiAo sk 7w
@ HPCC(High precision contour control)”]s : il
A= FFA N7

® AR PE 753 Backlash7}: 715 @ 2153} A|A

Servo dressing®ll €%t Servo turning®] 7} 3}t

Table 2 System control function

Part cutting Mold cutting
Basic High Basic High
FINE
RBA
. HPCC
15iM +HRV?2
+HRV2
Al NANO
Al NANO
FFC contour HPCC
. contour
16iM |[+HRV1 |control +HRV2
control
+HRV?2
FFC AICC AICC
18iM |[+HRV1 |[+HRV2 +HRV2

System control®] TAL 7|GH  FZ(Hardware)9};
Control system(software)¥2] Z§o 2 FAEo]g)
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Control system-= 4T Z Part process= 43S}

Table 3 CNC system control process

step 1
Led/mdi
Data formation & display

l
step 2

Master & option module

Memory & logical calculation
l
step 3

Servo amp

Pulse width modulation & amplifier

l

step 4
Servo motor

Servo actuator & pulse control

9} o] 43A Part ProcessE o] wf A=
7hEell Bagt XFvhEo] 9| o]F Datas Aol
= At} olu) HF Gainoll WE &Hx A o= Servo
AMPE F-E] 2] PWM(Pulse width modulation)d 0]
Moterdl] A=A €} o] Az vEo] 91X
Ao F2HE 75017 motorel] o gt

T A HARVCMD)S 7|2 Z Servo motorol T 3t
E£5 & Ao gtk olw Motorol] WHEE
PulsecoderZ H-¥] 4% F3H(Feedback)2 AM& 3t}

VCMD TCMD

Command / /

Data Position Velocity Servo

- Control . ? Control Amp
s

Fig. 1 Servo command block diagram

o}

e Alole A Y3} £ F Servo motorE
2 Servo motord] Aol Z1AIAIY
1S 2HAl = 7] WEo] MotorAFZE 2pA| 9] 23]
2 71AAIS EEA wet BAE gk 4
AE ZE S} TAAY] Fal HlE&o] wet 2e-H
o A gPAA He Fehulee HAF AR
H 4482 AFgainte] xyo] HeE Holth
[PA(HE vl A} PIAAHI AR Alof)
Aol me} A Fgain 2AEA 0] DEpxich
[-PAlo} e} P-IA|o] ] 9 dleivlE= 2003#3S
Aoz AT 4 Tt
200343 0: &%= Ao} WAL -PAlo] AME-
1. &% Ao} WAL P-IAo] AL
[-PAlol= B2 vind ggAdel £ 714 24
o] EL& &Y VAR AEEHY PIAYE B4
A0l A F3 VA Aol AL Ay Z]A
AR "o AaE] XY AZEC oM e A A
Hl#gain 7175, $X loop BlEdE HEl7]s,

3|
_IZIL
Otl
=

7}4 % Feedback”]s, Torque command filter”]s,
HRV2 A|o7]50] dem A Filter (53 A|A
Filter) 715224 14 uAHE 71gE2 HRV2EZ
A3 HfFloop gain®] &M &% gaing H
o =4 JFe Aol 7bsEA FHa ZAC gEiA e

4% loop gaing ©lS O A AAske= Aol 7t&

a7 =,

2.3 Servo guide systeme T+ =A

Servo guide soft program< AM&-7|A$} Top
manager?+o] RemoteZ©e] 7}53t= 5 Computer
9} CNC7Fell LAN cables 723t CNCHFoZF
B 3&}v]E] Datas ‘43 Interface’} 7}53lal &k
b SAse AAN ZRIOS AR A4S 714
2 2y 5 loen AR o wep Ik vty
1&E7FEES CNC servoX 43t 219 gte Z=2
#es T4 Aw AFsto] dsl= 3PS Real
o

timel 2 AZFHE 4 U= Servo {3} EA 1
TE BMN5E =280 24 PC AFYE Table
39] 215 Wt of I}
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Table 4 Basic configuration of computer

processE Aok 3t} Servo tuning process

flow Table 59} Zt}.
Computer | Ibm pc/at system
. Table 5 Servo tuning process of CNC
CPU Pentium 200M hz
CNC system specification check
Microsoft windows 98/me 1
Os Microsoft windows nt4.0/2000/xp LAN cable ethernet port wired
!
Internet explore 4.01 or later . .
Servo guide program execution
64Mbyte and over(128Mbyte !
Memory
encourage) Servo gain parameter setting
Graphic | SVGA(800*600)°]H(XGA1024*768) 1
Servo guide analysis
s Series 16i/18i/21i B !
el L21(Syskem) Servo loop gain tuning
!
Tuning graphic analysis
Interface l
2
Parameter set/setup end

Fig. 2 Ethemet LAN cable wiring

0x

2.4 Servo loop gain®

(High

%% JgvHE 3£ TAHAEZEL HRV?2
response vector 2)-5HA HF Ao
Servo dressingS #l3te] 25 tig Aol ==
WS o] g3t XE Y Zdv wARs 949

aHP=E HAFSY. NetworkF4A1S 53+ HostH
FHEEH Hdt= 714 TCP/IPEA S 51
o8 do 7IAE dte Al Y3k 7149
Servo gain dressingS AAIY & Aok AH 1A
o A —}F @Oi J]"ﬂ‘”]ﬂ% AAsA] otz

A

ppppp e o | ewgar || coren.._ o 210500 0 cuIDE
= ~islx]
TR GO Comn(©) D o) M) 100D e
ofzla| ®lE|[F %] @] o[> = sl [§ ol
. A oraws
P
H o
H o
: Fon
H I o
3 G
e
i
B A%

fesay
s e « Gyt | Qe | Blewan: .| Siragan.. [EGroph . Lnonan...|

Fig. 3 Servo tuning graph
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A Servo guide T2 o] &3le] =HshH Hw
WEFe] gain Fob 540 YEhdes Ae & F 3o
M Y435 aHfze MAdE F4AoR Aozl gz
3o HAm WEFo s AXE 3o Ard et
Servo loop gaingt& =8 7b WHg 2% Heggirt
AAMSY 2 ZE Fig3ol et

2.5 & Parameter table

Servo dressingdl7] Zell Z7|A4A It b
°|E] & Table 69 YElH Data®} o] %F v
HE 44 ddis 14 13T #H 7 gojHE
gAY deld 233te Ae=Z A3 1% 1
A& 7130l A48 7hssith

Table 6 Basic configuration of computer

Parameter No. Data set Content
16118121101 | ontents
2004 0*000011 | HRV2 control enable
2040 760 Current loop IP gain
2041 -3743 Current loop PI gain
2003#3 1 PI control enable

Velocity loop PI high
201747 1 oo £

speed control

Velocity feedback check
2006#4 1

Ims

stop PI gain change
201643 ! pre g

function
2119 2 PI gain level check
1825 3000 | Servo loop gain
2021 300 Inertia ratio

Cut/feed veloci loo
2202#1 1 v P

change

Cutting  velocity loop
2107 150 . .

gain ratio

o 2! jEf

mek
I}

3. A

3.1 M5 gain=X 1} graphE4

Servo =S Zj%—

= 3| % vxl O}UI] )
Zo] eheksial A|&2R1 & FA4E aEof &
el aWZE EASRE 200[Hz] S HellA ghut
g AP Y= E fAsk I olF TREolA
Aol Yo agzo] Uehd FHAYH 9= A
A He 2o a2t &= Ao A
dojx= ot} Figdd (a)9 o] Servo loop

gainZtS 100014 20002 2HFH 7pgEoA &
oJAE wEo] Figdd] (b)gh o] ghutalAl Aojx|
T A%s & F don &= AFe] A3 FoiA

o oluj Figde] (o)o+eol 7te A 3 TheE=
AH}E Servo tuning 4 TZE F1T F YN

o}

BT ServoAle] AALZHE st dAs
7] wEel A5 ™A e WA Hxold 3 ¥
FeA7t AA He dde] HH o] wiie ds A
AHA1S] A ZIAIA7E ProgramA| B #o]  x}po| 7t
AZIA At o] #4eatE ZA 7] Y38t Feed
forward7]|5& A}83e] &5 Aol SHAE A}
Al g AR IAHE AX|AolE FHoZ X
FeedforwardAl<+E GainZZTE #HA#shdr RHu}
=7 A7 Backlash 714 7155 W3 AHE-sh
WA Circle Z2IHE HPste] HF gain 2=
Rl 7'<PP€°1 L5 = R s
)\i’it‘r. Servo guide

r
it
4>

M FEY Servool$ o] (b)el

] <] 2]
Backlash7}4 71% 8¢ w &3 Servoo|4:o]
AL F ASS FA A}
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=0] A= &2 Fregquency Response
< Servo%°] ZI4f loop gain®% > ¥-Y Circle R0 F2000

Frequency Response
¥ axis VG350

: 10,000

I a
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5]
=]
Fri Sep 23 17:11:23 2005
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-180.00|
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Phase(deg]

Bode Mode
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Frequency [Hz)
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& CIRCLE Mode.

Invalid omne time of Backlash accelerative
functions

Frequency Respense
2 sxis VGO0 filter=0 0 O

Frequency Response
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]
[=]
Fri Sep 23 16:37:24 2005

0.00f
-45 00|

-90.00|
-135 00|
-180.00|
-225 00|
-270.00|
-315 00|
-360.00

Fri Sep 23 17:51:28 2005

Phase(deg)

Bode Mode

10 20 50 100 200 500 1000
Frequency [Hz]

(b) Loop gian at the time of 200 day

CIRCLE Wode.
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: (b) At the time effective work of Backlash
} accelerative functions

Fig. 5 Servo guide analysis graph
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