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402 Yo Program Start
N Goe Buffer ON
N2 TiIM6 Move tool #1 info spindie
N3 G68.2X50. Y-530. ZOJ0JOK-1.ULVI. WO, Call Transform Plane coordinate system:
XK-direction vector = {0,0,-1}
490 Y-direction vector = {0,1,0}
\ N4 S3000M3M8 Spdie speed 3000 rpm, Spindle rotate
clockwise on, coolant on
N3 GOX0.Y0.Z5.10.J0.K1. Orient too} veetor to {0,0,1} direction and
rapid move o {G,0,5} with respect to
Transform Flane
- N6  GOB2XO.YU.Z100.A0B0.CLY Buffer Off command
500 \ I0JOKS0.U0 VO W-10
R1.
N7 GlZ-53.F500. Plunge at slow feedrate
Ng  GIXIG0.F1000 Mill a 100mmx100mm square on RHS of
No Y100, black at feedrate of 1000mm/min
Ni1g¢ X0,
NIl Y0,
N12  MSM9 Spindle off, Coolant off
N3 G698 Transform Plane Off
G081 Buffer ON

492 Ni4
\Nli

G68.2X-50. Y-58, 2-10¢. 10.J0. K1 UG V1. WO,

X-direction vector = {0,0,1}
Y-direction vector = {0,1,0}

GOX0.YOZS TG J0KL.

Orient tool vector to {0,0,1} direction and
rapid move to {0,0,5} with respect to
Transform Plase

NI17  M3M8 Spindle rotate clockwise on (at 3000 rpm),
coolant on
Nig8 GO821L95 Q45 Buffer Off command
N19  G1Z-5.F500. Plunge at slow feedrate
500 ~_ N20  GIX100.F1000 Mill a 100mmx 1 0¢mm square on RHS of
N2l Y100. block at feedrate of 1000mm/min
N22 X0,
N3 Y
N24 MSME Spindle off, Coolant off
N23 GOMI40 Retract tool from cut to machine limits
N26 69 Transform Plane Off
27 MO2 Program Stop
N2§ E Program End

FIG. 15
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Program Command Processing
(“PCP”) Algorithm

Obtain:
Part Program

204

2. Initialize Buffer State = /
3. Inittalize Notify Out Of Limits=On

5
Off v

06 ]

J

. 510
| Obtain next Program s
ot B -
Command
%
512

1s Program Command = |/~ Yy
Buffer On AND
Buffer State = Off?

e

PCT/US2010/051408

502

NO\L

Is Program Command =
Buffer Off AND
Buffer State = On?

518

/NQ

4 518

Set Buffer State=On —
Set Notify Qut Of Limits=0ff
Store current machine position

524 -
\\ y \ 1s Buffer State Off Xes
Parse parameters for ASR algorithm No
Set Buffer State={ff . Wo
. .~y \ : e, o+ ,f") L .
Set Notify Out Of Limits=On Is Group #1 or #2 Group
Fxecute ASR algorithm (1) \ Yes y- 522
Push event to butfer

A 4

\ 4

Internally execute command
{calculate machine axes positions)

o1
N
4

“ v

¥e Notify Out Of Limtis Oun?

Yes o
U

Noy

) Ta g e VO
No 1s Buffer State Off"
530 ~

f 529
AR + 3 { ' S ’)‘
Are axes out of Himits? Ye f i
v No 528 Error,
terminate
program
vV 392

Update ASR Target Position

!

Cutput Machime Motiou commands —/
{machine axes will move)

N
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Automatic Safe Repositioning
{“ASR “}Algorithm

Initialize
L. Set Buffer State = Off
2. Set Notify Out Of Limits = On
3. Get Retract and Check Plane Normal 542

o

Get Retract Direction

Gutput all Group ! and 2 events in the Event Buffer in

were pushed. Get real-time machine position if any Group 2 events were

outputied and store to Current Machine Position

Compute:
I, Compute Retract Plane Point (Equation #1)

s}

2. Compute Check Plane Point (Equation #2)

the order that they

N4
Do rotary axes have 1o move ,f

from Current to Buffer Target
Machine Position?

Yes

Retract to Z0 machine

Unclamp clamped rotary axes that will move
Rotate rotary axes

Restore clamp state axes that were unclamped
Update Current Machine Position

S I e

Retract along current tool vector to machine lunits

548

!

\ Execute Move To Target

548

- (“MTT”) Algorithm
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Move To Target ("MTT7) Algorithm
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Tuypt 4. Plunge Dirsction
. Targst Position 5. Flane Nonmal

3 Currant Machine Pogition 6. Rastract Plane Point
3. Refract Dhrechion T (Uheck Plans Pomt

550

W

Exaertta Clompnite Retmct Szanence Algarithm
Paransters:
L

e 1a3

SRR

Remms Ratract Move Sequence List

Start point= Currsnt Machins Position
Retract diraction = Input Retract Direction
Plans Nomal

Point on Ratract Plans e

Foint on Cleamnes Flane
Store positicnin forward order (retract sequencs}
Allow mowes balow Cleck Plang = True

854

g 556
Was sequencs computed /f No
sucosssfully?
Yo

W
Point on Retract Plang = Last pegition s 560
in Retract Saquence List® -

g
Exacute Conpots Ratract Saquance Algorithn s 562
Paranaters: .
1. Start point= Targst Positicn
2. Retract dosction= -1 *Flungs Direction
4. Plana Nommal
4, Powton Retract Plane
5. Pointon Checl; Plane
6. Storcmoves inreverss erder (plmge sequanios)
T Allew moves balow Check Plans — Falsa
R#tum.u Plunygs Move Seqnances List** 558

S @ /4
: 1% Error:

Wais sequanes coniputed No | Cannot safely retract tool above Check
stecesstully? Plane. vut of machine Hmits

U \Usqq | RetumFail

Execute Retract Ssquence List moves
Exceute Plunge Scqoences List moves ~ 560
Eeturn Sucesss -
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Compute Retract Sequence (“CRS”) Algorithm
Trput 6. Store position order = forward | 602
1. Current Position order or reverse order —
2. Retract divection 7. Allow moves below Check Plane 6500
3. Plane Normal Initialze /
4, Point on Retract Plane 1. Move Sequence Complete = false
D“’;ﬁ.‘: fy\‘:‘ﬂ (‘?‘?Kk ‘]" D‘f ’)'{‘\‘l)' f’j . ,«13:\‘ \?‘ A}‘\l".'\"‘e {:‘1’\»‘)(“%“ :?1"11’1(& e {ZI}S)'
604 —~_—— — _ - Yos
Is Check Plane above Retract Plane along Plane Normal?
: v No - — 678
608 e N - o Yas o} Return Move List f
21 Is Move Sequence Complete! o o
Return Success 684
608 - v No Ay /
. . g
\_ Is Current Retract Direction moving N T
, : 3 NN No o} Is At or Above NO v
toward Retract Plane? (Algorithm #1) >
J/Y = Check Plane True?
1. Calculate signed distance to Retract and Check planes along current | oo
retract direction (Algorithm #1) /
2. Clip current retract vector to machine limits (Algorithm #2) —
3. Return which axes directions were clipped on vector
850 4 Calenlate sioned 193*19:1% af (‘?ij\ﬂzﬂd refract vector &igﬂrif%m H2
\ ‘1’ s 652
Is clipped length >= 07 —>| Is forward order? i
3 Yes , 656
No 654 ~ ) - .
Je 658 Push to back of Push to front —1]
h . .
) \ . Move List of Move List
Is clipped length >= Distance l I
to Retract Plane? o6
682 \l"irﬁﬂ \l, No ) 860 /'
\Set Move Is clipped length >= Distance to Eg Allow moves below N0 o
<—| Sequence Check Plane? Check Plane?
Conplete \l,Yes Yes
870
. - . -
At or Above Check Plane = true~
v A - 666
880 _| g72 | Compute new Retract Direction Vector
\\ \ | Seteach clipped axis direction component of the Rewract
Normalize —. Direction Vector 1o zero.
Retract \ f/
1‘ Direction Mol Caleulate length of Retract Direction c .R?‘:"Iurn, ,Pm}‘ ;
e 3 i) : ' 3 ) LU 0L reach
Vector Vector (Equation #3). is Length = (7 OUld 1oL TeAch
Eouation #4 Yesy, Check Plane
No

Set Move Sequence | Yes | Is At or Above Check Plane

876

/ Complete True?
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Clip Vector Motion ("CVM"} Algorithm
Input:
1. Machine axes reference point (RefPt) /
2. Motion axes vector direction {DirVect)
3. Length
4. Axis{0=x,1=y2=z} Limits{O=Lower, |=Upper} 816

Initialize and Compute:

Normalize DirVect ]
EndPt = RefPt + Length * DirVect
ClippedAxes = {0,0,0}
y
518 Fori= {0,1,2} (foreach |
\_ linear axis X,v,#)
620
y ~
N ) No
Is DirVect[i] 1= 0
Yes\l/
Is EndPt[i] <= L~ 622
Axis{i].Limit[0]7 .
624 { N
\ Yes |, No 626
"n=-1(lower limit) Is EndPt[i] >= —‘/NO
Axis[i]. Limit[ 117
v Yes 828
n=-+1 {upper limit) —/

v v
NewlLength = 830
(Axis[iLimitfj] pa
RefPt{ily/DirVect]i]
\ 4 g3z
Is NewLength < Length? ._/ s36
v iv]

834 Yes

/

J,No /

~ClippedAxes= {0,0,0}

T
NewLength is equal to
Length

640 642
\ J \

y

~Length = NewLength

> ClippedAxesil=n

FIG. 20
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