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Loadability Analysis of Modular Fixtures based on a
Configuration Space Approach

7 d ot
(Kyeonah Yu)

Abstract : In modular fixturing systems, a given part or a subassembly is fixed by placing fixture elements such as locators
and clamps adequately on a plate with a lattice of holes. It is known that the minimal number of point contacts to restrict
translational and rotational motions on a plane is four and the type of three locators and a clamp(3L/1C) is the minimal
fixture. Brost and Goldberg developed the complete algorithm to automatically synthesize 3L/1C types of fixtures which satisfy
the condition of form closure. Due to the nature of the fixture, the clearance between the fixture and the part is extremely
small. It is hard to load the part repeatedly and accurately for human as well as for robot. However the condition of
loadability has not been taken into account in the B&G algorithm. In this paper, a new method to decide a given fixture to
be loadable by using configuration space is proposed. A method to plan for a part to be loaded by using compliance safely
even in the presence of control and sensing uncertainty is proposed is well.

Keywords : computational geometry, fixture loading, compliant motion, robot algorithm
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Fig. 1. Example of 3L/IC fixture immobilizing a gluegun
case(Cited from reference [1]).
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Fig. 2. Algorithm for constructing 2-dimensional C-space
obstacles.
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obstacles for a circle and a square obstacles.
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Fig. 4. Occurrence of critical orientations and changes of
geometrical shapes of C-space obstacles before and

after its occurrence. .
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loadability conditions over the number of fixtures

generated by the B&G algorithm.

B&G

g

X
o
I

g2y | w94 |exsen

1 (| o
e

S
)
ot
—~
b

42(100.0%) | 36(85.7%) | 20(47.6%) | 4(9.5%)

4
il

IS
M)
oft
—~
£

1814(100.0%) | 1684(92.8%) | 1126(62.1%) | 134(7.4%)

L7+ 12480(100.0%)|2076(83.7%6) | 210(85%) | 16(0.6%)
A

= o] 7270(100.0%6) | 7200(99.0%) | 528(7.3%) | 94(1.3%)
% 364(100.0%) | 234(64.2%) | 224(615%) | 4(1.1%)

MO - Thset - AlAEIZS =2X M9 & M 5% 2003. 5

AN Be B FE dolth THER =E (1]
AE Bos o A TR 52 Foly] 93 At
WES AklEN aRe o)z Felolme] FHe] @

7 AU, Fe AT AURES) JE AXRE A
mag 42A Bl AEshe Roltk ol wEe A7)
7 ﬂz} 0240 90 % %fsl 2 AT, 28 09 2 3F

9 < 7ol FRE 43
o 'f-’r 1’%47} ‘1%*0] 3*3371] Hole doA st
Wl (38 129 @INE B dARs gAY
1x3x8=247vr= A7ict) o] WHe 71 Al 7FA(coarse
gid)o 2 ARl FAG IAHNE HAZ st ‘374]
AlA Bl & wEale nAH7t glod § 9A v
o2 T BANE Al Tl w5 O f& 2
QA7 e A o) HAE W o
& frAREaL At "’76-4— 1 A
FAA e A 5 sleke Ao Sl 39 1 ()4
oANA 7hsgt 27kA] 1g o] tisf
%3}04 AL 8 BE (b) Fde X—Vﬂﬂ' 7%0}?(] &
L b (o) I HA7) 7158t

B =M Aetgt uiek o] AAE nA4E] i)
A P oA¥E ZARNE D% 44 Fuel e
S Fole FAIS ) o] YA ARH) 1A 4
Aol Heg 2Y ¢ Y B UG Y 209

123 45867
(a) SAIE IHEIS NEAE 445

[ed]

E-PNIE Py

fr

3 6
(b) B2t OtsotXl g2 284 (o) MM ItsE 0F

24

a8 12, ARz

e

Fig. 12. Fixture pattern produced in case that the size of the

2ol Bla] F FEol thal A7)e S

part is larger than the lattice grid.

action

DYE) HYE
DR <% 7 &. %

=4 NG

¥ 130214 (Y 120 29 A ).
Fig. 13. Loading process (Loading process of the fixture in
Fig. 12(c)).



Journal of Contral, Automation, and Systems Engineering, Vol. 9, No.5, May, 2003 405

I 2238 84S 29 wet G 24 o Ple.
Table 2.The percentage of remaining fixtures by reducing

tolerance.
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