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An Integrated Design System Using Knowledge-Based Approach for the
Rational Design of Injection-Molded Part and Mold
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Abstract The design and manufacture of injection molded polymeric parts with desired properties is a costly
process dominated by empiricism, including the repeated modification of aclual tooling. This paper presents an
knowledge-hased synthesis system which can predict the mechanical performance of a molded product and
diazgnose the design before the actual mold is machined. The knowledge~based system synergistically combines
a rule-based system with CAE programs. Hueristic knowledge of injection molding, flow simulation, and
mechanical performance prediction is formalized as rules of an expert consuliation system. The expert system
interprels the analytical results ol the process simulation, predicts the performance, evaluates the design and
generates recommendation for optimal design alternatives.
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Figure 1. Block diagrams of synthesis, (2) Conventional
synthesis, (b) Computer-based rational synthesis.
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Figure 2. A framework of expert system in injection

molding.
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Tabic. 1 Heuriste rules for cunng defects of injection molding

Paar Surface Fnish

Fauil Generalized cause Paossible cures
Short Molding Cavity not filling propedy Increase injection DESSUE
Sirtkes und Voids, Increase injection rate
Weld and Flow Marks Increase meR und mold emperature

Increass toed
Improve mold venana
Increase size of gale, sone und numer

Bum Maris

Lit¢k ol mold verting

Improve mold venting

Mechanicdf Stcking Quer-Dressutizabon Reduce injgction pressure
Flash of cavity Use minfmum hold-on pressute and time:
Wiy Fill more quickly
Sivering and Overheating of material Reduce oyiinder Emperatume
Snlash Marks Ruduce effects of mechanical heating
Decomposiion
Distortion Ejecting 00 hot Incauase coofing time
Eject over large areas
Jerting Linear velacity of melt Reduce velocity or break ue stream of melt
too high
Lamination, crazing Frozen-in stessis Ensime mold filing at lowest possibh: pressure

Surface Cracking
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118

--Td
-- Injection speed

Figure 3. Causal relationships between design variables and
process variables.
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Figure 4. Concepiual representation of the decision mules
for design diagnosis and redesign.
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Figure 5. Ultimatc stucture of a  knowledge-based
synthesis system in injection molding.
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Figure 6. The protolype expert synthesis system for
injecrion molding.
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