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Real-Time NURBS Curve Interpolator for 5-Axis CNC Machining
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In CAD/CAM, NURBS (Non-Uniform Rational B-Spline) is used to represent a wide variety of free-form curves. NURBS
interpolation is advantageous in the processing of smooth curves and is capable of high-speed and high-precision CNC
machining. In this paper, a real-time 5-axis NURBS curve interpolator is proposed. The proposed interpolator is based on
tool center point control and can produce smooth tool orientations as well as accurate tool paths, thereby realizing high
precision and efficient 5-axis machining. Using newly defined G codes, tool orientations are described by vectors and the
proposed interpolator can be applied to any 5-axis machines regardless of their rotary axis configurations. In addition, the
proposed interpolator calculates both tool positions and orientations simultaneously using a shared interpolation routine and
we can reduce the computation load. The proposed NURBS interpolator is implemented on a PC-based 5-axis CNC
testbed. The performance of the proposed interpolator is compared with the conventional linear interpolator in terms of
smoothness of feedrate, contour errors, and tool orientation errors.

1. ME

71Z0] 4] 5% 715 WA CADICAM T2 IS of
g3lo] 339 WAL Aeleln PARE AL F, SR
(Post Processory& £3] CNC 2552 AL 7|AFEA 9 o]
St HHzkoR masls Ao| Aol el 21
BapEA A SRS A4 053 Fe) Ao R NC
glo]elES #sk= TCP (Tool Center Point) Ajo] AL F2
ARgICE. o] Hpe] NC Hlojel: 7)) 2 (Configuration)o]
A AR 4= vk AR 2t NC glofE = 7]
oz 339 §4L & o $A 2] Sistol oledow
£ NC 22e] 23t 52 Zojslels o] vesict. Tt A
AHoz Akl w2 slskky WAe A 375 WaEe At

FRbEE 5o EAE A 4 qlot

Copyright © The Korean Society for Precision Engineering

Manuscript received: November 30, 2017 / Revised: January 23, 2018 / Accepted: January 25, 2018

ol2fgt A s dst] flsto] 7|9 A-tellA Fddt CL
dloje] AT} ZAE ZaAAY? o)L= 24, NC dlojg
SRS B3 7hy HHEC SO daE|Eo] AXEIL 5%
NURBS (Non-Uniform Rational B-Spline) T4 ®717| % A}7]9)
EAEE AT = = WA, F 7He] NURBS F41E o]
st T4 HE FFAF(CL Position)} 515 A4 =
FEoh= WAlo] AAIE HE QIek™ o] WhALE FE AA| HlE]
I 7112 NURBS 402 A2|al7] wfof] A7} =of B2
o|X|4F & thE NURBS 44l AHE Frpdog gAsh, tii
& A A5 et WAE ARSIt CAMell= CAD Tt
o[ElE& 7|Wto.2 F2ZEE= CL Hlo|g7} 7|24 g wWE Feo]
7] wfizol] F71FAQ1 uh (Parsing) 17} W o] A2| ZEAIA
7} 8% Th o] Qo= o] ¥ o]sto] CAME| CL tof|
= Fanuc?] 5% NURBS &4 ®7F G ZEZE H3R|7|= A7}

l=

i

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



130/ February 2018

O Interpolation points

4 — Tool orientations

Inverse kinematics R

Servo command=[X, Y, Z, A, B]
,
s = o, -

CL point =[x, y, 7,1, j, k]

NURBS curve

Fig. 1 Schematic of the proposed NURBS curve interpolation
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Fig. 2 Cubic curve using third order blending functions with
intermediate tool axis vectors
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Table 1 The proposed G-code format for S5-axis NURBS curve
interpolation

Format Description
G106 P_F ; G106: Start NURBS interpolation mode
XYZIJKRW; P_: Degree of a NURBS curve (rank of a
R R .. NURBS curve)

F : Feedrate

X Y Z : Control point
1 J K : Tool axis vector
W_: Weight

R_: Knot

AskE|o] B AE Sato]Ho) XHZho s H4EC). Table 1S
AIAE 5% NURBS H7-S $J8f & =FojlA] Aj2o] Fojd G
FE PAE veRdict.

3. PC7|Hl 7HH¥s] 55 CNC A|AEINIA S| 718 Za}

AAE 5% NURBS 24 u7k7]e] Aa4e B7ksr] Sistol
Fig. 49} 22 729] PC/HE A 5% AlojAl 2o AIAE
1 a]ZS LFEEIAT). o] AAELL TX|E AHA o] A|AES
ARE-3= YaskawaAl2] MechatroLink-1I 241 YEQ T E 283
11 gtk AojA|AEIS] AEZFY])= | mso|w A]AE]Q] BLU (Basic
Length Unit)= 0.1 umo]3Z, PCI QIEj#jo]2 W49 NT-110 %
AA0] 7EEE o] S Y] AE HEE FAl Alofd 4= ).
o] 11101*]’\‘%‘3_ ol gsto] AA| FA] 55 HIF 9 Alo] A
Fefakglon, AAIE NURBS H117]9] 455 TCP Aof 4
9] 71& A BA7|e} vlaL, 2AskeIT)

A¥olli= Fig. 59} o] =70] li= NURBS 7| H4l& A
ot A7 RE e We] BAE RaEA| =, T2 3
AN Aolat A1) T (Sine Wave)e] BFARE et 27
o)A|2k FFAAE SRS slglon], /RA o 2y Al
Ao A B2 HEZ} OF 40° A% 7120 & AejollA] AlRFS}
o 0] oI WA FTE 80° ol A FHYE =
o). Fig. 59 % ) A % 91% 2Ae Fo| 2 wel
Zo| ZAHF3F X (Orientation Curve)o]il o} 418
T &AM FYR] A (Position Curve)S UFERATH
3 AF A= A=9] gE] =3} C&9] R E|2] =(Table-Tilting/
Rotating)% 28 efe] 543 5% vlAlJAIEIE 7pyskgon],
Ao uiiE F3t Sdlo]H & Abo]o] T3t Zoli= 40 mm,
AN 2] Alo]A] o= 50 mmE 75}, Fig. 6
o= o7|Htet HMEks Fofl AltE 7 59 SsAIRS UEle
o, o] ZIAFEEA A ) 71A] A ol SRt

Fol7l S =0l sl TCP Ao} & 7|Wke= A|A|E NURBS
B7FukAlgl 214 B2 HRA O] O]ME, {02}, LR Q 2}
= vl@alich. NURBS 7ke] - Table 22} Z20] NC Hlo]e]

olsto] ALGHOm, A4 Bk NC dlojele 24 HHoz
53l ufj LA A4 3ke] F= @ X} (Chordal Deviation) <452

R

32

m* ofl o

Hm rulm m

5-Axis NURBS Curve
Interpolator

Mechatrolink II
Protocol

PCl slot type

<Control PC>
Simultaneous 5-Axis
Control system

<Servo System>
Yaskawa Z-1I

Fig. 4 Simultaneous 5-axis servo control system using motion
network

E
£
N o
5 Position curve
-10 4
A5
80 >_\\>\
e T—
-20
X [mm]

Fig. 5 A NURBS curve used in the experiment

60

Motion commands for all axes

-100 —

Time [s]

Fig. 6 Trajectory of each axis of motion in machine coordinates

1 umsz A 5 SR2islel 1677He) BEe e,
olgf| Fig. 72 0]4<4% 0.9 m/minl Fig. 62] -5 & |5}
o] AE Efo|HRRE dojyl it F9F 7|vhe R, 7|t
ot vshs o B2 HIAGIN FPATL) olE4E &
S AWSIo] Ul Zolck M4 M7k A2 NURBS M7k}
Hls}o] ol mauholo] MFSH S BRI 4 3.

L



February 2018/ 133

Table 2 Example G-code for 5-axis NURBS curve interpolation
G106 P4 F0.9

X-43 Y-43 20
X-30.78728544 Y-34.29083224 79
X-18.57457088 Y-25.58166447 79
X-6.361856326 Y-16.87249671 Z-9
X5.850858232 Y-8.163328947 79
X18.06357279 Y0.545838816 Z0
1-0.569926679 J-0.406427829 K0.7
1-0.429633283 J-0.429204196 K0.7
1-0.347401005 J-0.370562467 K0.7
1-0.381290964 J-0.149084543 K0.7
1-0.299058686 J-0.090442813 K0.7
1-0.158765289 J-0.113219181 K0.7
RO RO RO

R0.25 R0.5 R0O.75

RIRI1RI

W1 W1 W1

W1 W1 Wi

W1 W1 W1

W1 W1 Wi

W1 W1 W1

W1 W1 Wi
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