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Path Planning and Control of an Articulated Robot for
Polishing Large Aspherical Surface
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Abstract

Aspherical mirrors have lighter weight and better performance than spherical mirrors, but it is difficult to process
their shape and measure the processing precision. Especially, large aperture aspherical mirrors mounted on satellites
need high processing precision and long processing time. The computerized numerically controlled machine of gantry
type has been used in polishing process, but it has difficulties in processing the complex shapes due to the lack of
degrees of freedom. In order to overcome this problem we developed a polishing system using an articulated industrial
robot. The system consists of tool path generating program, real-time robot monitoring, and control program. We
show the performance of the developed system through the computer simulation and actual robot operation.
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Table 1. Surface type by conic constant.
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Conic Constant Surface Type
k=0 Sphere
k=-1 Parabola

-1 <kE<O Prolate Ellipse
k>0 Oblate Ellipse
k< -1 Hyperbola

Fig. 1. Example of aspherical shape.
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Fig. 2. Maximum radius of tool path.
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Fig. 3. Relationship between moving speed and geometric
error.
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Fig. 4. Vectors normal to aspherical surface.
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Fig. 5. End-effector coordinate system.
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Fig. 6. User interface for tool path generator.
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Fig. 7. Data flow diagrams in robot control system.
(@) Data flow between robot controller and PC
(b) Data flow of total system.
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Fig. 8. User interface for robot monitoring and control system.
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Fig. 9. Robot in virtual environment.
0% 9. JIMEtdoM e 28 5

4. 48 23
a9 105 Anbrt 218 == 345 ROBO GUIDE
AEsle] AlEE o)A s Aol o] g A
WUy 20 S AMESta 39 olsEE
10mm/sec® AAsdth. 19 10(a)+= 37 4
25 483 & Avprt AR E7] A AHE B
Sz glow. 19 10(b)= vl = 3
10(c)= Anb7h 4 E AEE ‘%E}‘ﬂlﬁ}. %%*—‘1‘2
2 UEye BES dAnprh 4w Fitoln FE

i

o o

i 792162026 - FANUC PC vt Contollr =
3
Fanuc Coordinate

User Pasiion Target Position
L —

homa | [F X ¥ z ol 2z S
1 ool X 0.0000cn 5. 9 a0 Qom oo oom oo
60.179) a0t omsl oo 0o oam
i B P — i 0mw o oms ool aam
Macr | | 15 LETI o 3
7 -161.934/mm S0 QW om0 @ 0o
[ imil - [ — oo oam 0 oWk  zsom 00
1,550 de 360.000) 4 — 1 agw  0ma o zsom w0
w 2 W deq || p U e | smz o oomz  Low oo zsom oo
W omw ¥ omn  zsom w0
B 2050088 °°° oo 5l F o0
Goto Sl sk lsws oom 2668 o

R ~180.000| deq R [ 0.000]u 70 2000 45
| s
(o —— |ims  ame  Zms  omw  wom  ims
e ) [Emcss 10 [/ s oms owm  owm  mas ame
1] 6

Pohshmg Center 0 Plot

w e
4.,,.:‘4:.... ing || -Stap -rum ...s

8% Progress
Bk [~ =

[ T
e
commol | STOP S o0 vi0 220

Decarnct | [CEMEETOK 0 12 TER25

= = & X
e

K = EMERGENCY SToR]|
o Pashion User positon Torgetpasion I

X
[ 2oease7) e [ X v 7 o e
X 2068487} mm o 0 45619 21880 845510 38619 10451 50371
W oo s new  som
Y 149.767 29 wgRl e Gmm o gEe 5o
T o mom 40
z -157.906| mm a FroR o7
Sow oo Ges  uosn o0
W/ 270889 Rue  ome we e som
Dwa G Gen  wan s
P 2701l T s aoe  wam sie
791/ ces Sl PR
wee Qe maw s
R -83.262] s B ame e imeun
W v i mem s
U— B mes e m@e  Sim
Do A ons  deaee s
WEs @i ew s s
Sun dus paae oo
Polishing Center 61,980 8334 41674 272197 5237
e WA don  pwam  sem
rom [ o~ (N FEC G s sz
[ Sioe  Gos  qms  omen oo
[ [t e D oo em mm w b
TEsT
rograss
rom [ o (N L =
B e : G i ovs K 0.V 38817 4
g gy o R
ot
: et
e b
oo
o : eedboun
comoler sToP Speedbon
Connection
. s | EoTRETOK s T2 T2

& W LIS AL e Des ot e
Tle
i
i il — =
| s e g | = [ - .
X E - . - - mm ww o
T T — T ——
Z|_oudele 7| npl. whEes (SR IR 0% N
= mm e e
W e W s ™ e | W 3R AR
P e Pl warg ] i L= e i
R Sl R Wi e — i A mee e
2 A men e
= - o
i ]
.
=
o
o
o
=
=
==
Py

Fig. 10. Simulation results (a) Polishing start
(b) During polishing (c) After polishing.
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