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Abstract

Purpose: This study aims to simultaneously optimize the time and cost of impregnating needle-punched mats with resin in
the production of composite corrugated sheets at Diba Fiberglass Company. As this stage forms a bottleneck in the
production process, the research secks to identify the most influential factors and determine the optimal combination of
process variables.

Methodology: Design of experiments (DOE) using a full factorial 22 design with four replications was employed. Three
resin types were considered as a qualitative factor, while two quantitative factors—resin-to-glass fiber ratio and catalyst-to-
fiber ratio—were selected as independent variables. Data from 48 experiments were analyzed using Minitab, and regression
models were developed for both time and cost responses. The LP-metric method was then used for multi-objective
optimization to identify the optimal point.

Findings: The regression models for all three resin types showed statistical significance and model adequacy (High R* and
significant P-values). The results revealed that using resin type A with 80% resin and 10% catalyst yields the closest response
to the ideal targets (12 seconds and 12000 Rials). Hence, when the importance of time and cost is considered equal, this
combination represents the optimal decision.

Originality / Value: Unlike conventional approaches, this research integrates expetimental design, regression modeling,
and multi-objective optimization using the LP-metric method—an approach rarely applied to impregnation processes in the
composite industry. The study also suggests extending the model to fuzzy environments for future research, addressing real-
world uncertainty in process parameter importance.

Keywords: Design of expetiments, Multi-objective optimization, Response surface methodology, Resin, Impregnation,
Needle-punched mat.
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Figure 1- Needle mat production process flow chart.
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Table 1- Levels of quantitative test factors.
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Table 2- Various tests response to various tests when using type A resin.
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.Table 3- Analysis of variance of factors for the response variable of impregnation time of type A resin.
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Table 4- Analysis of variance of factors for the response variable cost of material composition in resin A.
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Figure 3- Graphs drawn to check the adequacy of the model in the case of using type A resin; a. Normal
probability scatter plot for the response variable of impregnation time ((x) T1), b. Normal probability scatter
plot for the response variable of the cost of producing a unit of product (C1(x)), c. Observed scatter plot (ei)

versus the values of the second response (cost), d. Observed scatter plot (ei) versus the values of the first
response (time), e. Main and interaction effects plot on cost, f. Main and interaction effects plot on time.
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