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Purpose: This study aims to develop a robust model for sequencing activities in the design and
development of complex products while considering supplier capabilities. Given the intricate nature
of product development and the interdependencies among various design activities, optimizing the
sequence of these activities is essential for enhancing project efficiency and minimizing redundancies.
This study seeks to bridge the gap between supply chain management and product development,
addressing an under-researched area where supplier capabilities significantly impact project
outcomes.

Design/methodology/approach: This research employs a quantitative and applied methodology,
utilizing mathematical modeling and multi-objective optimization techniques to tackle the problem of
activity sequencing. A comprehensive literature review informs the development of a theoretical
framework to identify critical parameters influencing supplier selection and activity sequencing. The
study incorporates uncertainty factors, particularly time constraints, by applying an epsilon-constraint
method to transform the multi-objective optimization model into a single-objective one. Data for the
research is collected through structured interviews and questionnaires directed at industry experts,
ensuring the model's practical applicability and relevance.

Findings: The results indicate that integrating supplier capabilities into the selection process
significantly minimizes feedback loops in activity sequences, which consequently reduces the amount
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of rework and overall project costs. The model was applied in a case study focused on gas turbine
development, demonstrating its effectiveness in optimizing project timelines and budgets. The
findings highlight the importance of choosing suppliers based on their competencies and the potential
for mitigating project risks linked to information feedback among interconnected activities.

Research limitations/implications: While the model offers a comprehensive framework for
understanding the relationship between supplier capabilities and activity sequencing, certain
limitations must be recognized. The model's applicability may differ across various industries and
project types, and further research is recommended to validate the model in diverse contexts.
Additionally, the study acknowledges possible biases in the expert interviews and suggests future
studies incorporate a broader range of data sources for a more comprehensive analysis.

Practical implications: The implications of this research for practice are significant. By
implementing the proposed model, project managers can improve decision-making processes related
to supplier selection and activity scheduling. This can result in shorter project durations and reduced
costs while enhancing product quality and reliability. The model's framework can assist organizations
in aligning supplier capabilities with project requirements, promoting more efficient collaboration
within supply chains. Overall, this research contributes to improved resource management practices in
complex product development scenarios.

Social implications: The societal impacts of this research are significant. By optimizing the design
and development processes of complex products, businesses can promote more sustainable
manufacturing practices and produce higher quality products. Enhanced collaboration among
suppliers and project teams can stimulate innovation and positively influence industry standards.
Furthermore, addressing supplier capabilities can strengthen the overall resilience of the supply chain,
which is especially pertinent in today's dynamic market environments prone to disruptions.
Additionally, by focusing on supplier capabilities and improving the overall efficiency of product
development processes, this research advocates for the adoption of best practices and ethical standards
within supply chains. As companies aim to collaborate with suppliers who meet specific competency
benchmarks, this can lead to improved working conditions, fair labor practices, and responsible
sourcing. Ultimately, such initiatives not only bolster the economic stability of communities but also
promote social equity by creating opportunities for local suppliers and fostering inclusive growth
within the industry.

Originality/value: This article introduces a novel approach to integrating supplier capabilities into
the activity sequencing of complex product development. It offers valuable insights for both
practitioners and researchers, highlighting the importance of supplier selection in project success. The
originality of this study lies in its comprehensive model that considers both the technical and
relational aspects of supplier engagement, thus providing a fresh perspective on the intersection of
supply chain management and product development.

Keywords: Complex products, Multi-objective programming, Supplier capability, Robust
optimization, Gas turbine development
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Fig. 3- Main parts of a gas turbine
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Table 1- The main activities of gas turbine construction- General
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Table 2- The main activities of gas turbine construction- Turbine
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Table 3- The main activities of gas turbine construction- Compressor
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Table 4- The main activities of gas turbine construction- Cobustion Chamber
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