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Simulation of Constrained Motion of Cutting Edge
in Virtual Environmet

ATSUKO TANAKA, KoicHI HIROTAT and TOYOHISA KANEKOf

In this paper, we propose a method of simulating the motion of cutting edge in virtual
environment. We abstract the problem as the constrained motion fingertip in space. It is a
common approach to simulate the colliding force by defining an ideal fingertip that moves
while satisfying physical constraints. In the approach, the constraint force is obtained from
the disparity between the real and ideal fingertips. In our study, we propose a method of
simulating the spatial movement of the ideal fingertip. The constraint forced on the fingertip
differs according to the material that occupies the space. To represent spatial variation of
the material, we divide the space into tetrahedral elements and defined the characteristics of
the element. The movement of fingertip in an element is simulated on the basis of physical
constraint. Fingertip transfer between neighboring elements and the change of bound state
on the boundary is described by introducing the idea of state transition. We implemente
the proposed method, estimated the computation time, and proved that the method is fast
enough for the application to real-time simulation. Also, we introduced the method to the
representation of cutting force in a virtual environment.
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Table 1 State transition.
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Fig.1 Constraint by tetrahedron.
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Fig.2 Constraint by surface.
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Fig.3 Constraint by edge.
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Table 2 Computation time in state transition.
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Fig.6 Examples of constraints.

go0dooobDoooobooooooooboood
go0o0ooo0oooooobooooooooooon
OO0 120000000000000000000
0000000 oO0o0o0ooooooooooooon
DDDDDDDDDDDDGDDDDDG@DDD
00 200000000000000000000O
O0o0o0O0o0oOobooOooo 6(b)[||][||][||]l] 1
0000000 12000000000000000
DDDDDDDDDDDDDDDDDDDDDD6@
O20000000000000000000000
gooooooodooooobooboobobooononD
go0ooo0oooooobooooooooooooonb
Oo00o0oo0ooooooooooooooooon
goo0o00o0obOO0o0ooboo0ooooooooaono
O0000o0OO0o0oo0oo0ooobo0oooooooono
OO000O0000000O000O0oo00oooobooaoo
O0o0oOo000o0o0o0o0ooooooooooboooa
3.2 00000000000

goddooooooooboooooooooon
gooo0oboo0ooooooooobobooooooon
goo0o0oooboOooooooooboobooOooon
g00o00oo0o0ooooooooooooooooon
gooao

f=kg-p (15)
DDDDkDDDDDDDDDDDOJDUmMDDDD

O00000o0oO0O000oooOooooooooboono
000000000 O0o0o0oOoooo0oooooaoo

0000000 psecO

07 O0000O00oo
Fig.7 Tetrahedral elements in the model.

000000 20000000000
oooo (1)
' (Doo1,000)

p
a (p'—dql<D)
, (Dooo, 00 1)

q = (16)
P+ (e —p)
(Ip"—ql > D)
(0001, 00 1)
0ooo (2)
/' (0OO1,000
g=17 ; ) (17)
¢ (00Do0,001)

0000000000 0000000000000
0000000000000000 10000000
00 (1)00000000000000000000
0000 FOOOOOODOOYWOOoOOoOoo (2)000
000000000000000000000000
D=1mm00000000000O 0.1[NJOOO
oooo
0000000000000 ()0000 8000
(b)0D00 320000(c)0000000 30000
000000000000 700000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000 12
0000000000000000000 30000



90 goooooooo

03 0O0Oooooooooooo
Table 3 Models for experiments.
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