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Influence of Difference of Servo Characteristics between Straight Axis and
Rotating Axis on Motion Error and Machining Performance of Complex

Geometry Workpieces with a Five Axis Machining Center
Takayuki AKAI *, Toshiki HIROGAKI**, Keiji OGAWA*** and Yoshiaki KAKINO****
(Received April 17, 2014)

‘We monitored the influence of the difference of servo characteristics between straight axis and rotating axis on motion error in
a circular interpolation motion with a servo guide software and discussed its result under DBB3 expression. Especially, we
investigated the influence of feed speed and position loop gain on motion error. As a result, five axis machining center equipped with
direct driving (DD) motors at the rotating axes was found to achieve the high accuracy motion because its servo characteristics
between straight axis and rotating axis could be tuned almost same. Moreover, we attempted to machine the complex geometry
workpieces with a five axis machining center to compare the cuting performance by a conventional three axis machining center. As a
result, it could be demonstrated that in the case of parts of simpler geometry, both accuracy and productivity were almost the same.

On the other hand, for parts of more complex geometry, five-axis machining could produce superior accuracy and productivity.
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Fig. 1. Circular motion generated by synchronization of

a straight axis and a rotating axis motion.
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Fig. 2. Example of commanded motion.
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Fig. 3. Novel five axis controlled machining center.
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Fig. 4. Geometries of workpiece.
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(Feed speed 2000 min/min, 1div=>5 pm, X-B)

Table 1. Unstable axis under synchronized motion.

Axes Kp 1/s Unstable axis
X-C 210 X
X-B 195 X
Y-B 135 Y
Y-C 120 Y
ZB 210 B
zC 230 4

(46)




R 50000
X 1561135
¥ -00018

G
z

ME=xD

2000
10

o

S~ > = > 7t v & OhEhlih & EAER O — REFEOE N X 0 BT 2R L SR IRO I TR DE S 139

.....

Mon Nov 25 13:51:05 2013

(2)Y-B

(b)Z-B
Fig. 6. AR in circular motion.

(Feed speed 2000 min/min, Kp=60/s, 1div=5 um)

2
g5

g

(a)Kp=60/s (b) Kp=105/s
Fig. 7. AR in circular motion.
(Feed speed 2000 min/min, 1div=5 pm, X-A,

Conventional five axis MC)

(a)Kp=60/s

(b)Kp=180/s
Fig. 8. AR in circular motion.
(Feed speed 2000 min/min, 1div=5 pm, X-C,

Conventional five axis MC)

N OEBRAEIIRIEICWEHET 25— T, ®ROEE
A7 D3 2 um A2 U CTuiz.

[FERIC LT, fEmlgh & Bt oMt bt a2 H
LT, P —RRNBRNLEIZRD Kp BELOZEOEE)

(47)

B2, fE B A Table 1 RS, &BUNT./2 L
TORMAMEEZZE LIkl L EEOFHIZE
W, BSR4 U A HIRIENC e DN D
N5, bbb, FEREENC DD T— X BB A L
HET, N EOY RN S E SN2
Nomb.

Fig. 61X, Kp=60/s (281} 5 Y-B il L O Z-B Hil
OFHlfERTH D, BIEL 725 10 um LT OEERE
EEERLTWVWDZ ERHRIN.

4.2 kML DLLEHER £

BEN 5 Hih MC > X-B #hfi] CHliR M iEEh 2 X723
AICHE SNTERE Fig. 71T, KHHoOLE
N—T A v Kp=60/s 7D Kp=105/s £ T 4 Btps
CESHZEZ A, AMOICRT LI,
Kp=105/s LW O /NS RETH —RRBANLEIR
oz, ZOHAEITIX, FEREO A BB ARZEI R 5
TU=.

12— 7 X7 IIEE A S T D YLk Adih
(%5 1 fglmdh) <ik, 20X 91T £p=105/s L9
INETMETT, BERERY —RRANREIE L. v—T %
TR, EEANS T TEE 5252 LT, B
RRAEZ/NSSLTWDEN, RUIVHHBED NNy I
TV aPFET L20HHNELHHOT, FERED
PLiEN—T 7 A % Kp=105/s £ TR&L T3 &,
Y —RRNAREZEI ol b D EEbhs. BiIEE
AUHIRENT A CH o7, 72 Kp=60/s IZB W
Tb, Fig. 6 IZHA_RTEROEB R DRKE N &
Wb, ZO XD REEITIE, DD E— & BiE 4 H
WD EIZEk o, BERIE O Y — R R A K& <M
LXHDZENTEDZ ERboTz.

WEEHE O CHlE, Bk X 91T, e Edme LT
EINZLOEZOEEMHE->TEY, HEHIEIX
ITHONTNRWDOT, BT O & HEE D g
ZATH Z LIXEWRAZR . L, BEDODICIFE
FEOBIE % X-CHIZOWTITo 72, TORIER R %
Fig. 81Z/r9. R () DX 512, Kp=180/s |z L 7=
LA, P=ARERBARLEITRoTe. ZOHE, F
WAL T HHKEEL X #Th o7z,

kX, 58iMC &z &b HERER L Y ¥ e b
DB D5 AT 5 22 <, DD & — X BiEh 4



140 MR FEAT - E R NI E T EH B RN

(X, BEEIEH Y — R R T R L [FRREE > LA
Rizm ETETWAZ EBnbhole. 74— K7 %
U — R L - T, 23720 OFLE#ETREE 2/
S TE DD, DD E—Z BB AL, ZnEEHE
T L HEBRELZ/ NI TDHIENTELDT, £
ORI REWV. HlziE, 74— K747 — K#iE
TIINSLKTHZEDRRERAT v 7 E—T 3
VK DEEE NS TLOICHEHTH S, W
ZAE, FEEEh O Y — R MHRES DD B — & BEh ki &
STRELMELZDOT, SBITEEROZNLE—
@R S B REIC 2 > T & 2. 5 i MC
T, &fFfEEr a7 McE LD DH0ic, B
HEHOA ha—7 2EHEID5%22T, ThiaXx
TWHFr Uy UVOREY 3l MC IZHTEWD
ERZFDORRND 1 5THD.

5. MIMREDLERERLEER
5.1 INI&HDEET

ATEEORER LV, BHFE L7z 5 il MC 25 H3 ks e
A BT 5 Z LA L7, 22 TARETIE, M
FREONNTHRERE% 5. KR, 3EIMC TOMT. &L
B LC, MMTXROU— 7 FRROBHES & OBSRA et
5.

(1) TR 1 (=27 H#EERIRT —2)

Fig. 4@ IZRLiza 7 MG L ELE 3 o
HrEANTR—=LTr RINVINLTT 554 (=31F
MC THILF 258124, (F—2 1) &, el
LEHEE AN TR — LTy RIAMIT 584

(r—A2) OMTRERLIMTKEEL LTS, 2
OOEE L BEEIN T 24T 5. fEmEdEh s Ao
TT 5GE60EEO L 2 % Fig. 9(a)llmd. H
T ELLOHETIMT L CHATERMIZS £
DEDLRWOT, L EFINTIZ oW TOR LS
L. TOMTEMHIROLEBY THD.

EE 3TN L 5356 (A HW2546 6 F

L)

A= FI)L: TiAIN o —TF ¢ VB A 45
2 KA

[ERES : 10 mm

U —JME : 7 U ~n— K §fif NAK55 (40HRC)

ZEEHLESZ 40 mm (L/D=4)

F b [ElHA : 10000 min!

KV IHEE R : 1000 mm/min (24L& % LA
Z CHiln#sThH 2 %)

T 5k s SRS U VN

mTe s :0.15 mm (B A7 EE=0.5 um)

A :0.1 mm

(2) I TEEk 2 QT ¥ v &7 « MR RY —72)
Fig. 4(b) TR L7ciilift v €7 « G RIRZ E
H3HIO L E AN CTR— LTy RIAMTT AL
(=3B MC THIL T 5358103, 7 —2 1)) &,
fE i & B 2 D CAR— L RV
LYt (F—2A 2) ONINTRESR &N TR % b9
5. (5r—22) OHBEOMTICHW S EE D5 2 5
% Fig. 9(b) TR
BEHE3IHOLTINTT 5856 (F—A 1) OML

LEEFROEBYTHD.

A=z FI )V TiAIN a—F ¢ > T @A 4
2 Bt

[ERES : 10mm

T — 7 ME : 7" U sn— K # NAK55  (40HRC)

ZEEXHLEZ 70 mm (L/D=7)

F i ElER : 6000 min

5 HE : 1200 mm/min

M5k D EARAS Y VI

mre > s 20,15 mm (WA EE=0.5 um)

Hef :0.1 mm

fEleldh 2 OFH LTI E3 2548 (5—2x2) Ol

FMEFIROEBY THD.

ZEEXHLESZ 40 mm (L/D=4)

Z O EE 3 BT T3 255ICF L.

(3) MILRBRS3 (N~AEXTRRY—7)

Fig. 4()IZRLTE=_X_AXTRIRY — 7 2 EiE 3
O EFANTR— LT RIATMIT5HEE
(=3B MC TINLT 2HB812iS (Fr—A 1) &,
FEE]dh & B A WA =T R LT
T4 2856 (F—A2) OMMITEEREIMTHEEL L
Bt 5, K=z RIAML (5F—2 1) O%FE
FEEBRNTAE{TH. A7 =7 R L fEn
HEIHHWTINLET 5 (UF—2 2) HAEIZE, B

(48)



S~ = > 7t v ¥ ohghllh & GO — REFPEOEW X 0 AU ARE S EHIZEROMIEREDEE 141

07 ~20° IZBR& BT TED B~k 200
THTT 5. 1 HOEY FR—L RIJLTHT
TOGEDOAN T AFmS L%EL L 02 BEOAEE{
LT 5.

A=l FIVZHNCEEITF T T T 58
B (Fr—21) OMLEFHIRDO LB THS.
R—xm R )L TIAIN o —F ¢ o VB4 45

2 BtH
[ERES © 4 mm
U—JME : 77U sn— K # NAK55  (40HRC)
ZZEHLES 38 mm (L/D=9.5)
e EL : 6000 min'
5 HE : 1200 mm/min
MmLIE v AL ER YIRS > T 0. 18 mm (3F
7))

(DATEE :2.6um 272D L H I8y FEELE
5 Fig. 4(c) D EmIns 2 ~A FAFMIC L
B 277 n—F L CHliEa & s CIEIZMI)

B R mENA) 0.1 mn

A7y R

277y RIVEAWTREEEN TS 254
(r—=2) OUEIEMEFROLEBY THDH (Fie
9(a) DLEBLTB, CHl 2 EB) S 7208 5 #IEIZIh-> T
T ENEE)) .
ATy RV TiAN a—F ¢ v B A 4

o2 KA
[ERES © 4 mm
ZEHLES 18 mm (L/D=4.5)
F#hE L 0 6000 min!
5 HE : 1200 mm/min
mTeyF A ERVIERICH > CTRZBE)

SHELGEBICHATEHEN (F—A1) LFRICE
(=2.6um) 2R DMESS B HHOAELZE(LEE
5. (BOMAELE 67.1° b 64.1° £ THhaIZEL
SHB. 1 OB EOEWME 0.035° , XD RE
I > 7248 > F 2 0.34 mm)

A

A=z RINVEHWESEA, ZOMTEMAETIE
QO IRENAE LT, (EEFmbd o SN KRIZRD Z
ENEZLND. LENR-T, AT RI)L

(49)

TMTL5E & RBREOMTIRGESE &4 B
fdHOHITR— LT RINVMLETLITIEEOR
FEDEIHIZAE TN TS UZ L Vb 57200 T,
FICHET 2L D UIRI G D 5 B, 250 HEE & Fifif
EHREZ R D L 91 10% 322 /hEL LTINLT 3.
AT T RINVOBFEITH~T: 50, 40, 30%
5.2 aT7H#EEMKOMILEE

FPIMTHRICEE T 5. B 3 Hho A% T
MLLISE (r—A 1) OMLREIL 31 43 37T
&Y, FEREZFWZFERE 4 8 Coss (F—X
2) X313 32 e, IFEAEENRL. 2T
HIGME 252 2ICH—IZ L TH DD T, YROMERET
HY, LI NITELE SO I E AW T E WO,
LB AL S BRI S DT Lo b e o 7z
B, LI 2TV IR &,
INT. ORI 2T XTI, NC DAY — R K %
FLTOLIMIAETLT, = FOEERHD F
TORMTHY, BHEIZEH &, UHIRME=TH
> MO CTER IO TH 5. @, LT
REEIC S 40D TEABICE T 2RI, 2 O,
DOPBITTEZHLRNDT, 0L LTV,

WIZT—27 @ 3 SOl (M#EGOTEA, Rk
FEAHT) BT 2EMET 1T L L 3 DDOERRIC
B ETE T 7 o VEARE L. ET D
O XL EDKIHIZIHBW TS 2.6 umRz TIEIEE L <,
B[R E R O 20 ME ML L= %6 (7
—2Z1) b 3um ENE o7, FRUTHK L, FEEE
CHHWESE (UF—X2) IZEMEMN1.2~1.6 um
LEIDI/hESL ol DT TEH A CllT —
TN OEWETEIEEEMENE o TN5D
DL, CHIOT v F 2T —F— a3 DO TiEA
Wk Ebins.

FEJR, T 2 SOMTIETIIYIHIERE & OIEI S0
IEME CRLFE—IZR>TWAHOT, ZOMILEIK
RAFEOZE T 2 6l X, Y O H i R o SR = &
C fho>Z 7 V5 R O IEBFRZED N LIRFRZE~D
MRS 2 g L= 2 81272 b . T 7bbZ ORI,
X, Y fih o> Pl ) CH 2 #5722 723561203 4 pm
OEMBEBRAENECTHDHDICHL, CHDT T
VHEEHRIAZEL 1.6 um BBETH Y, R0 /hE



142 MR FEAT - E R NI E T EH B RN

W2 ENFRRLTWD bbb, LarL, 5
filh MC CIZM#ERIRY — 27 2N T3 285/ %I2Z O
KD 7RMTIERN RTINS L IZR S22 b3
RO HIETMLEND5EITIE, 3L b hER
% BER] S T3 2 05 A3 IS ks BE 2 N LM T
25 EFRL 2V, FRUTAR— = FIvogih
H LML R OBE), GIHIRGIO F W &3 mLE
WEEICHET 206 THD.

(a)Coe (b)Civty cone with grooves

Fig. 9. Examples of controlled axes.
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Table 2. Productivity and Accuracy (3MC/5MC).
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