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A Method of Generating Assembly Plans from
Assembly Drawings by Disassembly Equations

Masan Tanakal and Kenzo Iwamat

Generation of assembly plans from assembly drawings has been an active research theme
in these years. Researchers have proposed methods of describing assembly plans and

methods of motion planning of parts.

practical methods of generating assembly plans.

However, there exist research issues for developing

The methods need to be general enough

for various cases of assemblies. This paper describes a method of generating assembly
plans by extracting constraint relationships among parts in assembly drawings, describing
the constraint relatioships in the form of disassembly equations, and by solving the disas-
sembly equations. The method is general enough to generate assembly plans from assem-
blies that include non-linear, non-monotone, and/or non-contact coherent plans. The method
needs less computation time than methods previously proposed. Furthermore, the method

is able to detect assemblies that the method is not able to disassemble.

believe that the method is a practical one.
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(a) Example of non-
linear plan.
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(b) Example of non-
monotone plan.
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(c¢) Example of non-contact
coherent plan.
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Fig. 1 Examples of Wolter's assembly classification.
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Fig. 4 Basic algorithm of generating assembly
plans.
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Fig. 5 Graph of assembly plans of example 1.
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Fig. 6 Method of generating disassembly plans.
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Constraint relations after
parts A and B combined.
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Table 1 Disassembly equations of example 2.

D—A=90°<6<135.
C—-B=135°
D—-B =45°<0<90°
B—C =315°.

D—C =135°, 315°,
A—D =270°£6=<315.
B—D =225°<6<270°
C—D =135°, 315°.

y
45°
_ (I
BT #imE2
Fig. 7 Example 2.
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Table 2 Disassembly execution equations of
example 2.

D—A=90°<6<13574].
C—B=135[D].

DB =45°<0<90°[C].
B—C =315°[¢].

D—C =135[B].

D—C =315[¢1.

A—D=270°[C1.

A—D =270°<6<3157B, CJ.
A—D=315[B].

B—D =225°< §<<270° A, C].
B—D =270°(C 1.
C—D=1357A, B].

C—D =315[B].
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Table 3 Disassembly execution equations of
example 2 after all obstacle parts
combined.

DA =90°<0<135°[¢]. A—DCB=270¢].

C—BDA=135¢]. A—DBC=270°<0<315°[4].

D—BC=45°<6<90°[D]. A—DBC=31574].

B—C =315¢]. B—DAC=225°< <270 B1.

D—CB=135[D1. B—DC=270°[B1.

D—C =315 ¢]. C—DAB=135¢].
C—DB=315[C].

x4 PIE2 OETEERSMETNE T ORI
Table 4 Disassembly execution equations and
the movable bounds of example 2.

DA =112. 59(d*).*!
C—BDA=135°(4d).
B—C =315°(4d).
D—C =315°(4d).

A—DCB =270°(d**) %2
A—DBC=202. 5°(d*).*
A—DBC=315°(d).
C—>DAB=135°(4d).

*t d*=d/cos 22. 5°. *2 d** =d/cos 45°.
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Fig. 8 Graph of assembly plans of example 2.
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Fig. 9 A cube representing 3-D movable
directions.
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Fig. 10 A bound point ps between P; and Pj.
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Ve,pi= N {Vor| £=1,2, -+, m}. (10)
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Fig. 13 Example to calculate 3-D movable directions.
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Table 5 Disassembly equations of example 3.

B—A=(~a,a,0). A—C =(0,0, —a).
C—A=(0,0,a). B—C =(0,0, —a).
D—A=(0,a,0), (0,—a,0. D>C=(0,3a,0).
A—B=(a, —a,0). A—D=(0,a,0), (0, —a,0).
C—B=(0,0, a). B—D=(0,a,0), (0, —a,0).
D—-B=(0,a,0), (0, —a,0). C—D=(0, —a,0).
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Table 6 Disassembly execution equations of
example 3.

(a) IWHA (b) #WZB
(a) Parts A, (b) Parts B.

B—A=(—a,a,0)[C D]
C—A=(0,0,2)[B,Dl.
D—A=(0,a,0)[B, Cl.
D—A=(0, —a, 0)[B,C].
A—B=(a, —a, 0)[C,D].
C—B=(0,0,a)[A, DI.
D—B=(0,a,0)[A,C].
D—B=(0, —a, 0)[A,C].

A—C=(0,0,—-a)[D].
B—C=(0,0,—a)[D].
D—C=(0,a,0)[A,B].
A—-D=(0,a,0)[C].
A—D=(0, -a,0)[s].
B—-D=(0,a,0)[C].
B—D=(0, —a,0)[4].
C—D=(0,—-a,0)[¢].
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Table 7 Disassembly execution equations of
example 3 after all obstacle parts
combined.

B—ACD=(~—a,a,0)[B]. A—CD=(0,0, —a)[A,B].
C—ABD=(0,0,a)[C].  B—CD=(0,0, —a)[A, B
D—ABC= (0, a, 0)[4]. D—CAB= (0, a, 0)[4].
D—ABC= (0, —a,0)[D]. A—DC=(0,a,0)[A, BI.
A—BCD=(a, —a,0)[A]l. A—D=(0, —a,0)[s].
D—BAC= (0, a,0)[¢]. B—DC=(0,a, 0)[A, B].
D—BAC= (0, —a,0)[D]. B—D=(0, —a, 0)[¢].
C—BAD=(0,0,a)[C]. C—D=(0, ~a,0)[4].

%* 8 HlE3 D ABC & D DR OIFERTR

Table 8 Disassembly execution equations of
example 3 after parts ABC and D
are disassembled.

C—B=(0,0,8)[A].
A—C=(0,0,—a)[s].
B—C=(0,0, —a)[¢].

B—A=(—a,a,0)[C]
C—A=(0,0,a)[Bl.
A—B=(a, —a,0)[C].

XK 9 K8 oAWMLBROSBEETA
Table 9 Disassembly executions after all obstacle
parts combined in Table 8.

B—AC=(—a,a0[Bl. C—-BA=(0,0a)[4].
C—AB=(0,0,2)[4]. A—>C=(0,0, —a)[4].
A—BC=(a, —a,0)[Al. B—C=(0,0, —a)[4].
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Fig. 15 Example 3.
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Fig. 16 Graph of assembly plans of example 3.
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