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A study of computer assistance of product model construction in machine

design
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Assistance of product model construction is & fundamental task of compuler-aided design
systems. A general mechanism for recording and manipulating model construction process in
computers is proposed. The model construction process is considered as a series of model state
transitions realized by modeling operations. This process can only be properly recorded with
dependencies between the operations, The dependency information is automatically detected on
the basis of the conditions necessary for the execution of an operation. An assumption-based
fruth maintenance system is used as a tool for recording and manipulating the dependency. Two
basic functions for assisting with model construction activities, an endo function and a model
maintenance function, are realized by using the dependency in a uniform manner. The applicabil-
ity of these functions is verified using interactive solid modeling and machining process planning

examples.
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Unstack (?x, ?v)

preconditions: On (?x, ?y) & Clear (?x)

delete list: On (?x, ?v)

add formula: On (?x, Table), Clear (P}

Stack (Px, ?v)

preconditions: On {(?x, Table) & Clear (?x) &

Clear (?v}

delete list: On (?x, Table), Clear {?y)

add formutla: On (?x, 73)
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On(A, B
On(B, Table)

OH(C, Table) o]

YY

On(D, Table)
Clear(A)
Clear(C) (0} Initial state.
Clear(D)

On{A, Table)
On{B, Table)
On(C, Table) >

(3} State realized by
Stack(B, C).

OntD, Table)

Clear(A)
Clear(B)
Clear(Cy (1) State realized by
Clear(D) Unstack(A, B).

On(C, D}

On(A, Table)

On(B, Table)

On{D, Table) <o)
lear(A

glz;EB)) (2) State realized by

Clear(C) Stack(C, D).

(4) State realized by,
Stack(A, B).

Fig. 1. An example block manipulation process.

—279—

On(B, C)
Oon(C, I
On(A, Table)
On(D, Table)
Clear{A)
Clear(B)

On(A, B)
On(B, C)
Or(C, I}
On(D, Table)
Clear(A)



Fr<Clear(A)>

F2:<On(B,Tabley> @ NA1
@<

OAuo:<Inif-State>
£
Initial State ()

T

/2 Unstack(A,B)
- J;

o & F4:<On(C, Table)>
NA4
“ &
‘ w3 F5:<Clear(C)>
3 *'w NAs € |
ONuvi<Statemit> NAg | 9 Fo:<On(D,Table)>
&
& [7:<Clear(D)>
OA2<SIacHC, D> ' =—>|

Stack(\C,D) Fror<On(C, 10>

- |
o > 3
ONu<Statetnstack(A, B>
Fo:<On{ A, Tabley>
NAs
J=n <
Stack(B,C)
ON3:<Statesckn,cry> &
e OAw<Stack(A, By,

ONt:<Statesudan> &

T
OAn<Stack(B,C)>
> @Fﬂ:-:On(B,Cb

StackiA,B)

o @ Fa:<OniA,B)>
O Nan

Fig. 2. Dependencies representing the block tower construction process shown in Fig. 1.
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OP1: Meke-Cube
OP12: Boole-Subtraction

OP13; Driil-Thraugh-Hole
OP14: Dritl-Thraugh-Hale
QP15 Drill-Tirough-Hale
QP16: Dritl-Tirough-STot
e OP17: Drill-Throwgh-Stat

QP3: Divide-Face
OP4; Divide-Face
OPs: Divide-Face
OP6; Dinide-Face
OP7: Stocep-Fare
GPE: Sweep-Free
c QP Sweep-Firce
QF10: Sweep-Fage

Fig. 3. An example solid model construction process.

QPF: Skelch-2D-Figure
Qp2; 20-0-3D

QP): Divide-Face

OP4: Divide-Face

QPS: Dhvide-Face

OFs; Divide-Face

OF7. Sweep-Free

QP8: Sweep-Firce

OP3: Sweep-Face

OP16: Sweep-Face

OPIT: Make-Cube

OPI12: Baoie-Subtraction <~ wilo
OP13; Drifl-Thraugh-Hole
OPI4: Drift-Through-Hole
OPI5: Drili-Through-Hole
$16: Drili-Through-Slot
QP17: Drill-Through-Slot

Fig. 4. An undoing example.
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FIXING WORKPIECE Z+ DIRECTION
RESTING FACE FFh

1. ROUGH FACE-MILLING F-FACE (FFz2 FF3)

2. FIN FACE-MILLING F-FACE (FF2 FF3)

3. ROUGH END-MILLING STEP (STP1 5TPz}

4. FIN END-MILLING STEP (5TP1 5TP2)

5. ROUGH END-MILLING GROOQVE {(GRV1)

6. ROUGH END-MILLING GROOVE (GRV2)

7. FIN END-MILLING GROOVE (GRV1)

8. CENTER-DRILLING HOLE (HL1 HL2 HL3s HLs)
9. DRILLING HOLE (HLy HL2 HLs HL4)

10. FIN END-MILLING HOLE (HL1 HL: HL3 HL4)
11. FINE END-MILLING GROGVE (GRV2}

b

Fig. 5. Initial product model and its machining
process plan.
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FIXING WORKPIECE Z+ DIRECTION
RESTING FACE FF1

1. ROUGH FACE-MILLING F-FACE (FF2 FF3)

2. FIN FACE-MILLING F-FACE (FF2 FF3)

3. ROUGH END-MILLING STEP (STP1 5TF2)

4, FIN END-MILLING STEP (S§TP1 STP2)

5. ROUGH END-MILLING GROOVE (GRV1)

6. CENTER-DRILLING HOLE (HL1 HL2 HL3 HLa)
7. DRILLING HOLE (HL: HL2 HLs HLa)

8. FIN END-MILLING HOLE (HL1 HL2 HLs HL4)
9, FIN END-MILLING GROOVE (GRV1)

b

Fig. 6. Modified product model and regener-
ated process plan.
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