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The Implement of 2-Step Motion Control Loop
and Look Ahead Algorithm for a High Speed Machining

Cheol-Soo Lee™*, Je-Phil Lee*

I Abstract }

This paper describes a look ahead algorithm of PC-NC(personal computer numerical control). The algorithm is based on
acceleration/deceleration before interpolation which doesn't include a command error and determines a feedrate value at
the end point of each block(or start point of each block). The algorithm is represented as following; 1) calculating two
maximum arrival feedrates (F, F,) by an acceleration value, a command feedrate, and the distance of a NC block, 2) get-
ting a tangent feedrate (F,) of the adjacent blocks, 3) choosing a minimum value among these three feedrates, and 4) set-
ting the value to a feedrate of a start point of the next block{or a end point of the previous block).

The proposed look ahead algorithm was implemented and tested by using a commercial RTOS(real time operation sys-
tem) on the MS-Windows NT 4.0 in a PC platform. For interfacing to a machine, a counter beard, a DAC board and a DIO
board were used. The result of the algorithm increased a machining precision and a machining speed in many short blocks.

Key Words: High Speed Machining( 31 4:7}5"), Look Ahead Algorithm(41 % ¢ 322] &), 2-Step Motion Control Loop(2 ©A| =
A Ao] FI), Acceleration/deceleration Before Interpolation{ 2713 7144

1.M B Aoz R BAHA o 743 FAER st A

Pz & Eaigich 28 FANAY A 72 2&

2271 A Bopel| A CNC(computerized numerical con- ~BE, Ha 248 EAYD £ ole 7H A9 3%

troller)e 22 W4 7|AE HAztn glon, 2 & Fade n&rhye sbeAdd g A€ Fen,
2} § 124 2AEE 87 =3k FAvAA A g et JA AER} o) Folx YTk

n&7kEd dg Alde AZdel A 714 H e EAANANY F29 a4 AL 20000 RPM o] 4

' Agdgm 4 T

71



o84 - oA B
Bdo] sheotAl Haen, 4 Hol 8 o|FEEE £ & H 257138 74T 7 UsF Pk a2la o3 HE
awe A=ztE 37 stAY BYel TH s1eg ol &at UE 2 F9| o]F2E o|Fo A7 £ o si9
of 50 m/mincll 2HY & A =AUk 24 Hartg Al £50.8 o} Rl 717 Az H4etd FFdh

oA Zu|§ 2H FTFY A2 HA Al HAHE o
AR BAEES T8 & A sgich Y, 24 A
(turret)®} ATC(automatic tool change} So] L= e] 713
of g AR 7AFAZE Hislegich” o9 gof 32t
71419 71AA Fxe 9T H& U 9FAE ¢
e 94 #3749 Hile 471 A LoEede] ¢

2889 24 4352 4
£743E AR skl °l o A% ol$ F2of

fﬂﬁﬂ "Q HeatE nelsld 7 &
A 4771 U9l du aoJ PAlo] Aol
Hexy e A o{feed-forward control) & T8l Az e
A% Bk T g2 43aMe Fold 37
2E 433 J2¥ FE2E AT EN L
g Foln Mo BE ANNFE PR 5y
i ol MHEL FHAZHY v)h B2 iR R

® A% AWdAs a7t A58 1EsEA
1&71F S FRE71E AP grh ol R
fete] Bitet 39 Bl distel H4 £502 Y43
4 2Hoz Y4dsia vAY B Bdd 247
& 7T b 3R g 44 e B
o obd FUT gske WL FU YA AP oA
7t olel sl AR EE A7} A9 b, B
A9 34 B¥o| A¥HA £ao 59 CNCE g 3
4 CAMo| @ ggjcht

Fiﬁ

=2dA e gl CAMezRE] Y449 RE 7
2L EF 23 EHOM #H49 °l"‘¢£§ Ab23)
o 712% & g 41dEE Aokt & ded A4
Ao AR E3}e E'IJ_ 2208 °l—r°17“ 74272
717 AEE8 714 T2 FEEe HE olFSER 7}
T F = WS AR

ol Hatd A Ao RelMe 2vtAH BA Ao RE
2 A2®l AFE Holz2 LU 212 FERE
A7) 3, dukAgl ONC Al 25lollA HE BE o) H=efd
T5& 9sld A gsle B 734 (acceleration/
deceleration after interpolation) th4l B 7FH 7}3h<(accel-
eration/deceleration before interpolation)& A}&-8lod A3
o g AEZLAE =g Pt ALH v|: BEEES
M E{(look ahead)st] 715 729 & '
oo &lgd WY x| 2AHe] ol

72

2. 157188 ¢s A S/we 74

2.1 HIoHE AJARIQ] S/W FLE

Yty oz CNC A2 34 &4 (interpreter), &
T AR A ool path generation), B4 o] F(motion
control), 3 A2 FPLC) F22 vE F 3ok ol$ A
29 HERA Ao E dRsle A A R= 37 AR
AR ERE I HEE AY 27 fa U E5

#(multi block buffers)¢] +22 712z glon, s 28
HHd 2EHE 4% E55 Hstd AE7HEE(aute-
matic acceleration/deceleration) 2 Eate] A2 S 9
b Fig 12 b ql ONC Al 2doll 4 24 Aof %
o] 22Egjo] 325 Ao eyl Aot

Motion

controtl loop
Tool pa}h Multé block -Interpolation
generation butters ~Acc/dec after

interpotation

-Position

control

Fig. 1 General software architecture of motion controf for a

CNC system

03 85 wHe 24 AoReA Axkg Al 7E
Ao FHE 59 7 UEE AEHES £+ 9
© e Agete] Alzile e soEdt s
th3 55 W AFd 2554 ot 4 2F
g & FshE ONC Al 282 53¢ ahf 39
T B4o2RE 4B NCHlE ZE 713 gl g of
$& 2o Aok vl Hoh

B mEdMe o2 AgE Hejvtn 71E a9 Ao
o} A& E &o17) Sletd 24 Ao| 7 2'&74!& et

Fig. 2= Aokd 24 Aol e 722 vehix Qi
TT A2 ANRERY I £59 dF |72 o) F
&% 5% 99 w7 S8l oF 85 4 E 7 8l

chie? Zaba] Aol £ E{rough contral loop)ell & o}E



5337 AR A9E AEE 2000, 12,

Z WA 2P o|F £55 thetel XA 713
T uge s VE gnss Hedd JHY s
Tzl g AP aen A4E olfsE T2y
22 M9 d837)(sampling time) 2.3 0|44
AL Fabed o)A Ao} F(fine control loop)s] T}
22 duo] AYYT) £ WAS 4F 25 W A
Ao o BE vy Bo: g FRE 7hch 24
Ao FZo| HAF7] F¢ |52 74 59 o|FFH 9
A F719 A EPdMY ol pErwor T
o} glth

b e
%

Tool path
generahgn

1 Step -
; ot B
sontrot loop cantrol loop
© “Look ahead Muiti Block e
acci/dec before Buffers 2 -Fing _
| Multi block interpotator : 2) [f;loe;?.?olﬁmn
butters 1 -Rougn Posi
(300) mterpelation
——

Fig. 2 Preposed software architecture of motion control

bAl2] 2 M Hio| 2

8317 -r]b‘?’ﬂ‘_ o 55 ulno] o|n|
=1m4@mﬂaﬁ%%1 747
Fehdot ek A 7 22
a9 4%, T2 $2 v9
@ 23 o 714 el o %
| $E5E FoHE ALl
27 4, AF o
28 ¥Rl 3749 Askeh
E wHe] e BEEC tala HAH9 o4&
£ A 8 A 99 A8 $5e
& EE25d disldq FF o)
e 0k 1 8 wisis] ARE chrk S
1 4]

I XY
o M
.}:d

Rt
B o
m}o

2
_Q.rkﬂ-!
ruln:

o rul
2

9 ol

Y N

o o o
H—L
i
i
Mo mlu:

O
it
o ujn
OP? L -‘"‘“ ru
J})- m

g
2 2 o B ©

B oo

¥

)
rr 2
=

ot mjz

ofu I o
ot
&

:!m

N

ol Hz =

4
o

oy SUoof md o 2 o oo

xn H
~d

iy
m\o

4y

A

in}

52 ™

O

::

ry
frorEoax
o,
[+]

~
lo X 2 a rh pu L

A7 ooz o5 & glo] 2A &
48] | ST A2 A0) 2957 AL
of #k7] W #olck.

w5 Aletet ZALA A o]
A D

Hon

$~ :
_‘:’ﬂ.

rhn @

FIAHE 4 BEo}
AES Teiste] B89 AR ol$2ES

_u

73

Adsta, 449 ddF7] Foo o|FE 7} F9 o FF
& Fato] n]4 Ao —?EE’—] Ur%— &5 w4 29 ?5“3}
oA Aje] FLoNE ThE 5 HF Y 4 £ ol

= oA BlA Ao 2z ’5?%‘-:-71 Aoz AR

F3e 43408 299t

Feedrate Feedrate

\—L—i

>

1 2 3 4 5§ & 1 2 3 4 5 8
Sampling time Sampling time

() (h)

Fig. 3 Outputs of 2-step motion control loops :
(a)Rough feedrate profile (b)Fine feedrate profile
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Fig. 11 3-axis PC-NC system: {a) 3-axis milling machine and PC-NC (b) Motion interface board (I} 12 bits DAC
{8 channels) (2) 24 bits counter (8 channels) (3) 72 bits DIO
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Fig. 12 Testing the feedrate profite of blocks (angle = 90° ): (a) Tool path (b) Feedrate profile (c) Feedrate profite by
simulation {d) Result of test on the machine (St : Sampling time})
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