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ABSTRACT

Increasing demands on precision machining of free—form surfaces have necessitated the tool to move not
only with position error ag small as possible, but also with smoothly varying feedrates. In this paper, lin-
ear, circular and spline interpolators were developed in reference-pulse type using PC. M_SAM and
M_DSM were designed by the comparison and analysis of previous interpolation methods. Spline interpola-
tor was designed to follow the free—form curves. To apply to the real cutting process, constant feedrate
compensation and acceleration-deceleration compensation were conceived. Finally, its performance was
tested using retrofitted milling machine. As a result, new interpolation algorithm is favorable in precision
machining of free-form curves.
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A ATRE TR o|$FERS ZEZYRAY uF
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7129 %4 dYrale] A% nE st o|$RES]
Bed $£FL 2PF & DC AN REH 23ld Hlo| B
o] o|FIEE JFERHE FIFEYT). ol$R¥E
A00WattFo 2 MAsgn, RE=ao|Bs} o] 79
Bk, dHol&e FHY oFE A8 223F
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Foll A7) A8 AZH (coupling) & AT o}
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Fig. 1 System design of the retrofitted milling machine
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2% o7l Hd A Hlagezs oFREY AXE
Aojgta, divoln dgsts dx9 Fog JE&
F/VAHH (frequency to voltage converter) & S3H4]
A REZEolBd BYozH o]FEEE AEE
agct. 223, PCAN g Zig TEEY Ag
&7 A dE# el B (interfacing board)E A
Za9tt. PPIA (programmable peripheral interface
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A AU, e B2 PCHY €%
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Table 1 Hardware specifications of the retrofitted machine

Items Hardware spec.
Machine tool Wells-Index 847
Spindle motor not changed

Axis motor DC servo motor
Control axis 2
Max. RPM 3000 |
steps/rev 2000 ]
Max. speed (m/min) 15
BLU (um) 25

Table 12 gollx 7|8 vle} go| A48 Eyy
Al9) dt=4o] FAe|u},

e 715 ¥ W4T 2782 o
Art. 71E B P4 L Hao TS B
BLU(Basic Length Unit)@HE# ¢ A &7—‘] 3l o] %
ofok 57 wiiEe] He A S=of FAZE YAT, xhr
FUF 22 E3e = FLsp & 5 Ak V2
9] 7)1 YA ] w7k W o= SAM(Stairs Approx-
imation Method), DSM(Direct Search Method),
DDA(Digital Differential Analyzer), SPD(Smooth
Pulse Distribution), SFG(Saita Function Genera~
tor) 5] A},

o] Zdlq SAM Hle X Ey Y Wekeg I
BLUSHEH S A&HQ AR T/t 8iA, 12z
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DSM W& old9 o|F kg
Wake] o|F & 7MY LAt Ape Mg A&HoF o
Fo2i g3l gae H7hs sk Byt (Fig.2)

Az aghek M_SAM, M_DSM WHdd e ofn] A
A Ao He] ZA] 7187]) Adighel wel 180 L 7
S XE o5 UdA o|5d, 2%A & 49l
Y% o33 B4 o] 53 FlA g BAHE
=2 AT Fig2= A2 79k R 7)& 1
Hite] Aol Belt),

2HPE W 7 A

SAM

selection of
opposite area

M_SAM
selection of

opposite area
ustng inclinatio

DSM M_DEM
selection of selection of
minimum exror minimum error
among thr i between two poipfts

Fig. 2 Interpolation methods

oA FoBM SAMAIA X&F Y&z o)Fd
T3 Aok 8l BES M_SAMIAME 71&7]q) ua
& ol tizhd Wreko = o)A H3x, DSMalA A
3 FdA Adgatel 222 M DSMAAE F A FdA
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Table 2 Equations in the linear and the circular interpolation

Circutar interpolation

Linear interpolation

Basic equation 0, =X, -1% D y=XPer-/
Movement of AX Dy y=Dry+RX, Digg =Dy g+ X
Movement of AY Dy =D+ DY Bm=0,4+0Y

Movement of AX & AY | B o1 =2 B+ DX, + DY) D= D+ DX, + DY,
where L, =1, DY, =X, DXy =2X;+1 DY, =2%, +1
Table 2& AX7 9F B11A) AHdde 450t B

oowe B8 S5 H3 24 A7 49 A
A o st | 45 ol 49Tt a8ln, RE AFRE
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ot} olFe] D9 Table 29 4o 2HE ALEle Fi2
A DX X DYE o438t A2 DE Bt Table
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Table 3 Maximum feedrate and the circular interpolation
error(386-33PC)

feedrate Circular interpolation ercor

lingar interpolation [circular interpolation|  mean error | maximum error
SAM 3.43 mimin 3.33 m/imin 0392587 0.999875
M SAM 5.26 m/min 3.69 m/min 0.302568 0.999500
DDA 2.33 m/min 2 04 mymin 0306079 0.999500
DM, 247 m/min 1.88 m/min 0.22515] 0.496906
M DSM 4.69 m/min 2.79 m/min 0.22515] 0 496906

AHgsHe B3 e o) @ ¢ Q& g B
=ol ea7} vhacd. 386-33PCE o) &8l AR = o7
B3bde] g8 Z2aY g et o) & st 1
A3 Table 3% 21, A47 435 B4 A of
F$&ret 93N o35 ehiich ATAE €
griAel BLUE 2.5um®]®, £ 1€ 1BLUZ 9n
@k, Ho oldEEe M_SAMAA, & 24E
M_DSMM 247 @2 4= %)
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B, 98 oS E AR 48 7 ddoh 53 23
g7 7hgel o|FoA 1, JMF&E W] 343 ¥
e, 84 A7} #E dos AX9 ko] Boldng
A Zto] ol 288} o2 @ ZAHY TS A
A8A B4 2o Agdhs 2 RS o] B
o] AR gt o2

E d7dM e Avdrler sk B9 A s of
7 F4 2d A 33 HAL(Ferguson) A&
43l Af2HL Astn, F71A9 BLUSHE &
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o A4 9 945 B F45d SAM, DSM, M_SAM
7 M DSM & AbEsled AL THE FFAEE
2339 ROV E NEeiad
gt oz fahs @do] HbE F3
g ZoAel e g1 e v G2 F9 FL U& F
lojopt gt} 28w 33 HAL THd
& ZHAT &9 Fho] Aot vt & FAM9 #
o28E 334 E S0 Wiy e TR UL OE &
o] g dojop @t} o|& HE3F7] Y8l Newton-
Rapsond & AM&-8t5itt.
a8z A ¢ 999 FolA Bile] AYPHE Ft
B AYA 27HE oAy BAY 71¢r] Adg
o] 18¢ & Afode YHO R Ao, 234 ¥
A¥olle XFoz Aol E o|RITF FozH AuA
g g T A% A7Hg d2en). o8 Felshd
Table 49 2t}

Table 4 Equations in the spline interpolation

Absolute value of tangent < | { Absolute value of tangent > 1
Basic equation b,=1-Y, IJ,J=X-X,-L
Movement of AX D, =D,+Dx,
Movement of AY Dy =D,4 DY,
Movement of AX & AY [ Diye = Py + 0X, - BLU Dy y = D,y + DY~ BLU
where oy =%,-t, Dh=X -Xu

» input point

e

M_DSM | SAM | DSM |
T I

M_SAM
|

Fig.3 Example of the spline interpolation (visible step)
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AR AGFE 4E B FEHE 2
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Table 5 Maximum interpolation speed in the M_DSM
(Pentium-90)

line
20.7 m/min

arc
17.1 m/min

spline
4.0 m/min

Table 5% Pentjum-80& AM3S ) M_DSM2) F
A, 4z, 2Ze] B Ho) &5t} A9l Bt
9 A9t BAg Ajaes »7 Bt &5 S welt]

. 0|54E 23

BN doizxls d3g aug R0 Add
HaE g A 989 379 3B s E 4S
F gt} o) RPN old&Ert 4ARA AAHA %
3 s 239 §gdl 71 oleEEst ¥R
A FAHA g AL A4 FFe g B7lo] o] Fojd
ASAE X B Y & 008 Hilo] ool 74
e 2 NZF Bt A2 WiRE o o8 H7] R
ok, B8 7149 Aol glFo g AR 714 EF)
27h dA i

ratio
16

L4
l

22
1
0.8
0.6

0.4 | —+—Dbefore compensation (M_SAM,M_DSM,DSM) n
az | =% before compensation (SAM)
—a— after compensation

0 01 02 03 04 05 06 07 A% 09 ]
inclination of moving direction in the linear interpolation

(a) Linear interpolation
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H-ﬁ— -
(X3
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02 | —= before compensation (SAM)
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domain of the circular interpolation(degree)

(b) Circular interpolation

—

tion

Fig. 4 Constant feedrate compensation results of the linear
and the circular interpolation
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Fig. 4= 43 4% BN o|&T ZolE Ye
Atk A 2ol HAdel 71€7]71 04 el B
T2, 93 EXNE B 450t 0-105Y we B
&5 7[Eo® A ¥ & (ratio) & A A
A BN AW 41%, 93 B3N E A 29%9
o]k AT o] & AN AWM M_SAM,
M_DSM, DSMQl 7 $ele izt Waeze of
A%, SAMS] Ao X EE V& Hgo2d oF &
Ag gl A g vimsty BDA Agste Vg
&9 (reference-clock) & FA5te W& AMES]
At A FARA 71§ FY5d dF HAES B4
M_SAM, M_DSM, DSM$] Adl+ 3, SAMY A+
o 28 AdsAT}. Fig. 4% ol44x 9% 239 4
x4 et olddx 9F BEE B8 B ¥
of AL ol$Fz v ge] 19 FLHE 4 F A
=3
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Fig. 5 Acceleration-deceleration compensation

NAEE 937 AN )59 Mg BRI
o= AR 77 BelE 27 Hae AR T R A
B AA 32 B FAAA AYES shget,
M FAANE AQ A AR BEA7D, AE
FRUNE FNRO2A ARG Fig. 5= g
& B3 Vet

6. AZEH0| H27|

e 8-S wlEo R PCE o835l A, 9%, 2~
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3T Fig, 6& B719 E8% (flowchart)o)th
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Fig. 6 Flowchart of the interpolator

Table 6 Input data for the linear, the circular and the
spline interpolator

Input data

Linear interpolation  {( /), displacements

Circular interpolation {{ pew or peew ), displacements and center coordinates
or { dew or decw ) , degrees of start and end paints
Spline interpolation | (5), number and coordinates of points

Table 6& 2F 27171904 949 djoje}e] okle|th, A4
B Agde (2, 9% 23U A9 pow, prowst
dow, deewst, 2229 WY ASdE sz 7R} 7
B2 wel Doz e HoleE Y&y, o HE

& AAEFo R B} Pig. 7E 9F doleke Bt
Ao o) 3, Fig. 82 AA| 7138 7Hggolc}.

Fig. 7 Input data and interpolation result(high resolution)

Fig. 8 Linear, circular and spline shaped workpieces
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2 dydre 7 %4 #3714 E PC-based
NC FR7|A= AFAstant. 281, o9 F5& 943
PCE ol 48 AT Ede] B weg 7|20 ¥IME

12 @73k) M_SAM. M_DSM< matsbsith. &
TEe] ®3he] A 75’2}1‘2} AR A9 7hEel Feka
ol AA, 4% 2fn AzE) 239 ALSHRT o
2 58 g ge éé-- dsich
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T7F it

(2) Pl%&= 9% B4 7izhs By BEe 4

do] TR BRIMEE AA 743 31%0}%14.

(3) ARE 2zl Bi7le] AR A4349 A&
a3l 8% (smooth) 7H0] 7l AT

(4) 915 AT7HE FHNAN FL4FozN PC-
based NC Z&71ARS 4% $3< 2& & 3T
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