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Development of New NC Controller for 5-Axis Control Machining Center

Qin ZHANG Hiroaki SEKI, Masatoshi HIKIZU, Yoshitsugu KAMIYA and Hisanao NOMURA

5-axis control machining centers are widely used for machining complicated shape pieces of work. Because the multi-axis
machines such as 5-axis control machining center have not perpendicular coordinates of their driving axes, it is difficult to
generate the tool path accurately according to interpolation of line and curve by the conventional NC controller. In this study, the
new NC control method for 5-axis control machining center is proposed. In this method, that uses its jacobian matrix, V-F
transformer and direct kinematics of 5-axis control machine, pulse series for driving 5-axis control machining center can be
generated on real time with software for realizing a desired path of tool. The effectiveness of the proposed method is discussed
by simulation as the case of machining a circle by using the new NC controller for 5-axis control machining center.
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Fig.1 5-axis control machining center

o O = O
-0 O
~
N
Tke
L

| S ——

BBIZKE Vol.67,.No. 12,2001 2005



F-B-B2-wE BN DBYIIUIEVIDEHOFLLNC D050

T L) T6,)°Ti(6)  Tep="Tx(2) 2

KO, IEFHER—RL L, A RAEBROR UE -
EREN2DORBRTREALZBOTHS. 2B, R TES
L TeapDPTI— 7 O L OBIRTF—F b EL bNBT
—EEBEIT— I DREIERETD P, Py, PLEDAI
BiF2EBHMRY SRy Res, RedTDHTH D, Teaptlid
V—I W EXBBRT—22EE®D iy, = =
TRV CRFRELTIV—IORT—4 %252, £h
PEETIZMOEY BERDDZ LIRS, FOHITI
TRO)DOFEBREM = L BRLEITRS.

(r.@)" - (n@)' (L) - CLoN" - T@) =T @

100 o0 100 -x
010 -y y {010 0
L) = ' (nm) =
(ro)' =y ¢ 1 'y ()’ =g 4 1=
000 1 000 1
1 0 0 0 ¢ 5 0 0
0 s. L-s. a1 |{=5 ¢ 0 0
270 Y 2 3792 9 - 1 &
(r@)) 0 -5, ¢ —l-c (@) 0 0 1 -
00 0 1 ‘ 0 00 1

RRITRENTVB LI, T=TANLRIERAE Y FASK
WMOBEIOR T, ) x, pICOVWTIIR—ARE#EL L

TRELES L OEERN b -OEE W & iz >TL 5.

K@), 5~ =T Z BT, aRy bI%EDH
THWLRD WD EEHE IHYT L DTHS.
22 SERI=UTEVEIZE A ERT
T=TNDLRIEAEY Y RVEROBE 7 & 5t~ =
ey OEFBEEE] L i 2eiTR J, 2AVTR
DD X5 B EE-.
F=J,-g  J,16x5 @

[P P,P,o, w,a)z]T

x3 4 yo
g= Gl,Hz,x,y,z]
ZZClas oy @ )77 —T A5 B A Y Y FAKBOE
L2ROTAEESS M THB. RDTHVESHEIvI =
IR FIEBT B Y a TR 6T 5FITHBID, TD
WY 2 CITHIOFED TR RESRICE S < BLETH 0
HEZLELYTS. M1 CRLEEED S v =L Ty
5?%”5?33ﬁﬂ%ﬂW%KK®K%T.

v =T duis ] (5)

P, -l.cs, )

-P, +lg.r,s2
0

m= 0

0

-1

’—Sl(l s2+(1 +z)02 (l "J’)’z "102) 10251—

cl(lbsz +(l +z)cz (I -y)g2 - 2cz) Lee

J, = bcz_(I +z)s'2 (I ".V)cz +hs, +1.s,

-q

5
0

2006 BBIZRIE Vol. 67.No. 12, 2001

F=

Processing in computer

S-axis machining center|

Desired position and
p of spindle

|
|
Direct kinematics of  |3] I
|
I
l

q'n' ____________

R, R, R; P
S S
“°"'R, R, R, P R pepypi, [Ris.Ros,Rss
0 0 o0 1
R, =¢ Ry =8 Rs =455,
Ry = Ry =cic, Ry =613,
Ry =0 Ry, =-s, Ry=c,

P=-lsc, +(, +2)s,s,+ (- y)se, ~x¢,—hss, — 5,5, —1ss,

x

P, =l + (1, +2)es, + (- y)ee, + x5~ Leys, - Les,—Les,

P=ls,+(,+2), _(Il -y, -le, =he, -1, -Le,
Fig2 New NC controlier for 5-axis machining center

~-G =56, 515,
S, -GG GS;
b=l o | daml T
0 0 0
L 0 ] 0 | 0 ]
KO TRLIY 2 LTI 5~ = 72 ¥ O bliiHk
DOHBITEET 5.

23 HLWNC 3> FO—5 & F0KM

AR TRETIHIH LVWNC = ba—3 1%, “hETD
NC a2 b —Z0R3Filen - lelg 2 ma g L5 ¢4
2bDTHBHID, NCEBEZRAVWRWI 2R LT 5.
—7%, &F D NC KEIZE TIIMEBHO =D DE— 7 B
TSV RFNERWTITY 2 EREW, KIFETH A EIEK
HRAOASNVRFNEZ Y TN, MIBD L 2EELTS. ®
AR TRET S, 5w =2 7L X icBITAIEE
BEL YT EEACTERTAHFLVLWNC 2 fa—
TERT. HLONC 3 hu—Fi334_TY 7 MOICEHE
BPCHERTS. REERPERET—ZBBO-DD/, VR
FIRERD VF BB 2 &4, VFERBOH AL LTEDL
NE NV RFIREEHBEHDO N RF|E B, 5irbhk
UV— I BROT—F L 5~ = T FOIEGESFIC L
VELND ALY FARRONME - BB2HBL, FhEh
DBERTZ 4 — ¥Ry 755, TLTERLEHEY a2 LI
ERANTHREBOBREEE~EHEL, ThbDE%R VF EHkT
BT LTI EMEBEHADASNZINE Y TAE AL AMIBTH
3. LERCEV I = e ¥ OIREREORE S
TV, TORERE L THLNIHRA LY RAERONE
LEBET—IHRT—F LB LTS, ABFECREYT
HE2IZRINCay hu—F0P T, ExohiU—2F
ROF—% LIBEBHEIC LIV EONDRE Y FAESL O
BRRZE AP, AP, APIZOVWTHENLOMEMHEL LT
FEEITHEMIZ» S —EBENICRDLNBD, A LRSS



EF-B-BE- 8588 DBV IDEHDHFLLNC IVO—-SDRE

BET RO T—INVEEROFHEDL Y CEBEI 58
NEER 6, (= w:- A1), 6,(=wy 48, 0=w:  ADIT—RIZ
EELT, TOMLEGOERERICEETS. Zh k&R
BT, =7 ¥0boRES %R 28 AN
b, Ry IR B TERE? OS2 HAVT, &
LATRENEREL THMCE L TOMNEGREZRATS L
DETH.

R T — T NEBERICRTH ALY FADBERE~Y
JV R; =[R13,R23,R33]T L, RRZTF—7NVEERIIHTHAY
Y RNVEBOREBNR bAE LT E, T—TVEERD
FHE b OMNEIERR 5, J, LAV NVEBER
T R, R & ORERILERIRT

1 -8 4,
5, 1 -6,|R=R, ®
-5, 5. 1

DOEIEREIND. ROEHRTS ., 7, .08LED
FRERICFEELTVAER, w07y F 0L oKRE
BOEBEEZR LI/ NEBRRICOVWTUTO X 5 2R K
PRETH. T NVEEROEMED ) OBUNEEGE 4,
Sy, S == FOEESE 4, 6B 5%NE
RAG, A6,LDRIRG)OYaLiTHiLy

ax 0 -—¢

&i={0 sl |40 ¢l
A

oz -1 0

RDBEHBEIELLTWS. ZhE Y ElEEE 6, 6,iB7T2

FEREHEIC DWW TIMET 5. =0 & L7-ReDTTHIEN: wi i

w, = =0 8

det[o _c':l
0 5

ey, M10X5 REEMREBRT =T %
BT, THREROBAND 6,70 L LRThER 67

WZ kT B. i, 6,=0HDNE =0 & LI-REDRIH{E
Hwows i ENEN

detI: 0 s‘]
-1 0
det[ 0 _c']
-1 0
Lips. PLoEELY, §,BMOBRERRIZLY, sl TH
E)i%étzlfi §x=0 &ﬁ%, it(ﬁ)%ﬁﬁ‘/"f ﬁy, éz %; if:’i

*HT |5 <|a| PBAITIE 6,=0 LB, FFKIZREOZHNT
8, O %ROBIEIRD.

3. HE#S I a2 L—2 3 vITk BHEMERD

HEBS I 2L—va XV AR TRETS NC 2
b —S OHIEMERELTIMT D, AL FAERICEREDO—
$CHh2MMBEEHENES - L ERAS. B3ITRTHM

u.'2 = = |sl|

=lc)| ©)

wy =

Bk, F—7AyEAAPDRFZ— L, AUL y#L

B AKESEMTHY, MMM C Lz HiL x HOME
BEMETHSD. ZOMNME NS DRFIET—7 Db

g 200 . .
= r
Qv
5 f 6
Q r 1 3
5 100t 3
.m .\~ o” -
=T S N 0, .-~
EOF v o
I A
=]
g ]
< 100 200
Time s
~ T
g | -
5 1000 y
B
L
g X 7
s |
&
A -1000+— z .
nl .
100 200
Time s

Fig4 5-axis displacements
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Fig.5 Pulse series of 5-axis machining center
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Fig.6 Relative errors between the table and spindle
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Fig.7 Velocity of 5-axis machining center
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Fig.8 Robustness of the new NC controller
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Fig.9 Real time control of the new NC controller
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