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Purpose: Engineering-to-order supply chains play a significant role in production and technological
development. Many capital goods—such as production machinery, power plant equipment, aircraft,
and ships—are produced within these systems. As suppliers of production machinery, they also
influence other production systems. Based on observations, one of the main challenges in ETO supply
chains is the durability and reliability of supplier relationships. The items required by these systems
are extremely diverse while order quantities are often very small. Consequently, there is a persistent
risk that supplier relationships will be terminated prematurely due to lack of economies of scale. It is
therefore essential to identify and adopt solutions to address this problem.

Design/methodology/approach: After reviewing the literature, the required data were collected
through interviews with experts from ETO companies, including Mapna Locomotive, Mapna Boiler,
Iranian Shipbuilding Industries, and Dorna Aerospace Company. The interview results were
organized and analyzed using thematic analysis. In the next phase, using the Best-Worst Method,
Interpretive Structural Modeling, and MICMAC analysis, the solutions were ranked and their
interrelationships examined.
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Findings: The results show that "postponement and process redesigning" and '"guaranteeing a
minimum specific purchase value" are two important strategies, respectively, from the categories of
structural solutions and financial dimensions. On the other hand, diversification of the supplier
portfolio has not been identified as a priority and is not recommended as an effective solution for
strengthening relationships with suppliers in ETO supply chains. Based on the interrelationship
analysis, “postponement and process redesigning” is at the highest level of the ISM model, which
means it receives the most influence from other strategies. It is also in the dependency area in the
MICMAC matrix, meaning it has a high dependency on other solutions. Conversely, "increasing
ownership" is a fundamental solution for strengthening relationships with suppliers in the ETO supply
chain and is located at the basic level of the ISM model. As shown in the MICMAC matrix,
"guaranteeing a minimum purchase value", "increasing ownership", and "training the supplier
workforce and knowledge transfer" have a high influence on other solutions and can play an effective
role in maintaining the supplier base of the ETO system.

Research limitations/implications: One common limitation in this type of research is the difficulty
of evaluating the effectiveness of solutions in a data-driven, empirical manner. Doing so requires
focusing on a specific project or product within a particular case study and assessing results through a
longitudinal study. Therefore, examining the solutions identified in this study in a project-oriented
company and practical context—and evaluating the outcomes over a medium-term period—is a
valuable topic for future research. Although this research provides a general framework for ETO
supply chains, the effectiveness and prioritization of solutions across different industries (including
aircraft manufacturing, maritime industries, construction, etc.) merit separate investigation in future
work.

Practical implications: Postponement and process redesign reduce the degree of internal divergence
in the supply chain while helping maintain economic efficiency and providing the expected external
variety. In addition, guaranteeing the purchase of a minimum quantity from suppliers who provide
items with high risk, critical importance, or limited demand can increase supplier confidence and
make them more willing to participate in providing the required items.

Social implications: The results of this research can enhance trust and interaction within the ETO
supply chain as a socio-technical system, thereby improving competitiveness and profitability while
also increasing employment levels across the supply chain.

Keywords: Engineering-To-Order systems, Robustness, Suppliers, Interpretive Structural Modeling,
BWM, Thematic Analysis
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Table 2- Strategies for improving supplier performance (Extracted from literature)
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Table 3- Introduction of selected project-oriented companies for interviews
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Table 4- Profile of selected experts for interview
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Table 5- Organizing strategies for strengthening supplier relationships
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Table 6- Pairwise comparisons of the most important index with other extracted solutions
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Table 7- Pairwise comparisons of other extracted solutions with the least significant index
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Table 8- Weights of strategies using BWM
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Fig 2- The graph of the weight of the strategies

TS Ser ko= (g s Sl Jik 51 o3l b b, Sl Sapedan ¥-¥
4 6318 ) ponr oS (o6 KAl LSl sk (5 el Joe Sl eslizal b s cnl
bl sl iy sbaie ol Sl A s O Sl e LT Ssos el 5 cilanaly [KuSS
o BL g s s ks 08 Sl sy Sleslie Sl eslil b oS ds sk ISM gl 2l



VO P L el Y o Dlles 5 g5 Sy e 45 e s /N FY

S3le s 3l esliial b 5 BAS oo s ot ile @ g 03 SCES (D0 plesl 5 6 ST 8usB 3b O
S 2l s s ol Sluplan b o3ls b 5 pa S 3 45 ISM iy, glaplS bl LS|
5 b s b BT slae s b s it BT (OGS & L) g pdpdlasl ol b cgtupban o6
e m i Je ol 5 A ool 13 OB e slastl s ot Jie (s SIS i sl (s 5

Al olsl (0 ISE) il osls olamtl 5 w1y O L gl)] op ri S

3 3 D33 o 5l Beslons V=¥

Sl sl e il g5 5los 08 plesl il dd asls med 5 3 s 53 oS 5 pboles

ol sl el A@ER) & jslms o Sle ol o353 Julsy 5 OS5 5 oS el
S aS ol esls ialed (1) S8 55 (B 5le) sdditamlons o ties o slo (F ISE) A sloul (gl L
Al gl e e ool s w0 Ll o g el elad p Sosle il = s
s 313 OLE3 () i 53 alie ol oS s o LS 1y Stesly Sle a0 st o 5 3588 Jlukin halais

sl

S1 S S3 S4Ss Se S7 Sg S S1S2 S5 S4Ss S S7 Ss S
1 0 00 00 0 O0 O 1 0 0 00 0 0 OO
0110 00 0 00 11 11 1 000 O0
1 01 1100 00O 1 01 111010
1 01 111010 1 011 11010
R=]10 01 0 1 1 00O B=|11 01 1 1 10 0 0
0 010 01000 1 011 11000
1 01111110 1 01111110
1 01 0 0 0 0 1 O 1 01 1 1 0010
0 000 00 001 0 000 OO0 O0O01
aJ&CI;r.;AL;u)KaI)Q,quuw;La—\‘JS& L, Kl o BLII o s e Sl Y IS
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Table 9- Power and Dependency value between strategies
i) 3o Sy S: Ss S4 Ss Se S; Ss Sy POWER
Si 1 0 0 0 0 0 0 0 0 1
Sz 1 1 1 1 1 0 0 0 0 5
S3 1 0 1 1 1 1 0 1 0 6
S4 1 0 1 1 1 1 0 1 0 6
Ss 1 0 1 1 1 1 0 0 0 5
Se 1 0 1 1 1 1 0 0 0 5
S; 1 0 1 1 1 1 1 1 0 7
Ss 1 0 1 1 1 0 0 1 0 5
Se 0 0 0 0 0 0 0 0 1 1
Dependency 8 1 7 7 7 5 1 4 1
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Fig. 5- Appropriate implementation framework for strengthening supplier relationships in ETO’s
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