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ABSTRACT: Current research on Additive Manufacturing (AM) has focused primarily on the 
technological aspects in terms of improving engineering feasibility and product quality. The 
increasing maturity of AM technology is not going to incrementally provide another 
manufacturing method, but could potentially fundamentally change how we organize production 
throughout the supply chain. This paper looks into the supply chain design issue with Additive 
Manufacturing. Using the spare parts supply chain as an example, this paper identifies 3 different 
configurations for supply chain design with additive manufacturing technology. These alternative 
supply chain configurations are then illustrated in terms of structure, parties and flows. 
Meanwhile, an analysis of the lead time for 3 different models is performed.  
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1. INTRODUCTION 

In recent years, additive manufacturing (AM) has no longer been considered as an approach 
merely for prototyping but a technology that can potentially revolutionize manufacturing 
(Economist 2012; Markillie 2012; Khajavi, Partanen, and Holmström 2014). The technology gives 
high freedom of fabrication to enhance the potential of design and go beyond the boundary of 
current manufacturing limitations that impact various industries and their supply chains, such as 
biomedical industry (Emelogu et al. 2016), dental industry (Holmström et al. 2010) and aviation 
industry (Liu et al. 2014; Khajavi, Partanen, and Holmström 2014). AM technology creates an 
opportunity to reduce the number of stages in the traditional supply chain (Reeves 2008). 
Therefore, AM technology not only influences the methodology of manufacturing but also the 
structure of the supply chain. More specifically, this technology has the potential to produce spare 
parts or products near customers or even on customers’ sites. There is a need to study the AM 
technology from the perspective of supply chain. Current literature has discussed the AM 
technology adoption and advantages in industry, while the vast majority of studies on AM 
technology have focused almost exclusively on the technological aspects.  

To address the research gap, this study aims to provide a framework for supply chain 
configuration when adopting AM technology, which identifies the alternative scenarios of the 
supply chain. Based on the centralized and decentralized positioning of AM technology, we 
propose three possible models of AM adoption which reconstructs the entire supply chain. This 
study contributes a new point of view to the current issue of AM deployment in the supply chain, 
and provides three alternative supply chain configurations for implementing the AM technology. 

SUPPLY CHAIN PERSPECTIVE ON ADDITIVE MANUFACTURING 

SHUANG * 
School of Management and Economics, Beijing Institute of Technology, Beijing, China; 

E-mail: mashuang@tju.edu.cn;

MORRIS TAN 
Rolling Stock Depot, Systems & Technology Group, SMRT Trains Ltd, Singapore 

SONGLIN 
School of Mechanical & Aerospace Engineering, Nanyang Technological University, Singapore 

639798, Singapore 

353

Proc. Of the 3rd Intl. Conf. on Progress in Additive Manufacturing (Pro-AM 2018) 
Edited by Chee Kai Chua, Wai Yee Yeong, Ming Jen Tan, Erjia Liu and Shu Beng Tor
Copyright © 2018 by Nanyang Technological University
Published by Nanyang Technological University 
ISSN: 2424-8967 :: https://doi.org/10.25341/D45884



2. BACKGROUND AND ASSUMPTIONS 

The spare parts supply chain is quite complex as it calls for efficient and effective delivery of 
spare parts with maintenance, repair and operation related to meeting customers’ demands. The 
characteristic of AM technology implies that it can produce spare parts one-off and on-demand. 
Thus, we will take spare parts supply chain into account to introduce three different supply chain 
models of AM technology adoption in this study. There are four stakeholders in the spare parts 
supply chain with AM technology, customers (e.g. airlines in the aviation industry, hospitals in the 
healthcare industry), spare parts manufacturers (OEMs), raw material suppliers and 3rd party 
services providers. Different from the traditional supply chain, MRO (maintenance, repair, and 
overhaul) service providers are not required when AM technology is used because spare parts 
repair and replacement will be easier and the owner of AM technology will be able to do both 
activities.  

We assume that OEMs usually own the design of spare parts. However, with AM technology 
implemented in the supply chain, the spare parts design will be passed from OEMs to customers or 
3rd party services providers to produce the required spare parts. The intellectual property (IP) issue 
is very important and complicated, and we assume that there is a legal contract between OEMs and 
customers or 3rd party services providers for IP protection.  

3. MODEL I: AM TECHNOLOGY ADOPTED BY CUSTOMERS 

The first scenario is that the AM technology is located at the customer’s site, and the customer 
produces the required spare parts. In this model, the spare parts supply chain consists of three 
stakeholders including the customer, raw material suppliers and OEMs. The OEM provides spare 
parts design to the customer, and the customer purchases raw materials from different raw material 
suppliers, then to produce the required spare parts. Figure 1 illustrates the supply chain structure 
and its flows. The information flow consists of two kinds of information, the order flow and the 
distribution of spare parts design. The order flow starts with the customer’s usage control 
feedback, and order transmission will occur when there is a part needs to be repaired or replaced. 
When the warehouse receives the spare parts order, the related raw material and spare parts design 
will be delivered to AM engineers then the production begins. If the inventory is not available, a 
back-order will be made to raw materials suppliers or the OEM. The material flow in this supply 
chain is the raw materials distribution from raw material suppliers to the customer. 

Lead time in this model is calculated from the spare part order is created until the new or repaired 
part is delivered back to the customer’s operation site. The main factor affecting lead time in this 
scenario is the availability of raw material in the customer’s warehouse. If the customer stocks the 
raw material in the warehouse, the lead time will be much shorter as production is able to start as 
soon as the spare parts order arrives. However, this would result in higher inventory-related costs 
for the customer. In contrast, if the customer keeps zero inventory of raw material to reduce the 
inventory related cost, backorder is needed whenever the spare parts order arrives, and this results 
in longer lead time.  
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Fig. 1. Supply chain structure when AM technology adopted by customer 

4. MODEL II: AM TECHNOLOGY ADOPTED BY 3rd PARTY SERVICES PROVIDER 

In this scenario, a 3rd party service provider owns AM technology and produces the required spare 
parts for the customer. As shown in Figure 2, the information flow still consists of order flow and 
spare parts design distribution flow. While the order flow is again started with spare parts usage 
control by the customer. A back-order will be sent to the 3rd party service provider when the 
inventory of spare parts is exhausted and the 3rd party service provider will then print the required 
spare parts using CAD design provided by OEMs. Another back-order will be sent to raw material 
suppliers when the raw material is out of stock in the 3rd party service provider’s warehouse. The 
material flow here is formed of raw materials distribution flow and spare parts distribution flow. 

Fig. 2. Supply chain structure when AM technology adopted by 3rd party services provider 
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There are two types of lead time associated with Scenario 2, lead time for the 3rd party service 
provider and customers. Lead time for the 3rd party service provider is calculated from the raw 
material or spare parts CAD design order is placed, until they are delivered to the 3rd party service 
provider’s site. While lead time for the customer includes lead time for the 3rd party service 
provider, spare parts production time, and delivery time to the customer’s warehouse. For all 
supply chain models, spare part production time does not really affect lead time as AM technology 
shortens the production time, especially for complicated aircraft spare parts. There are three main 
factors that might affect the lead time for customers in this scenario (1) availability of raw material; 
(2) availability of spare parts CAD design; and (3) transport time. 

In contrast to the current spare parts supply chain with traditional manufacturing method, this 
model proposes shorter overall production lead time. However, the lead time for supply chain 
model 2 tends to be longer than supply chain model 1 as it involves more parties and longer 
transport time is. 

5. MODEL III: AM TECHNOLOGY ADOPTED BY OEM 

Another possible location of AM technology is at the OEM’s site and the supply chain consists of 
customer, raw material suppliers and the OEM, as shown in Figure 3. 

Fig. 3. Supply chain structure when AM technology adopted by OEMs 

The information flow here only contains the order flow which starts from spare parts usage control 
of customers. Spare parts order is delivered directly to the OEM that produces the spare parts 
using AM. The OEM only needs to order raw materials from raw material suppliers when out of 
stock, as the OEM is the owner of the spare parts designs. The material flow here is also formed of 
raw materials distribution flow and spare parts distribution flow. 

There are two types of lead time associated with Scenario 3, the lead time for the OEM and the 
customer. The OEM’s lead time is denoted from a raw material order is made until raw material 
delivery to the OEM’s warehouse is completed. Similarly, the lead time for the customer includes 
lead time for the OEM, spare parts production time, and delivery time to customers’ warehouse. 
There are only two factors that might affect the length of lead time for the customer, availability of 
raw material and transport time. Supply chain Scenario 3 tends to have longer lead time compared 
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to Scenario 1 and slightly shorter lead time compared to Scenario 2 due to the constant availability 
of spare parts design. 

6. CONCLUSIONS 

This study proposes three alternative supply chain configurations based on different locations of 
AM in a typical supply chain for spare parts, i.e. at customers’ site, 3rd party service providers’ site, 
or OEMs’ site. Each of the alternative locations creates a new model for the spare parts supply 
chain. The resulted supply chain structure involving different parties and the material flows among 
them are illustrated. Qualitative lead time analysis has also been presented to compare the three 
supply chain models in terms of speed of fulfilling customer requirements. Future work is needed 
to develop methodology for evaluating and comparing the supply chain cost and formulating a 
decision framework to facilitate the selection of the right supply chain configuration for a 
particular AM adoption scenario. 
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