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ABSTRACT 

 

This research is carried out to study the impact of information and 

communication on delivery lead time of aircraft spare parts during aircraft 

on ground (AOG) situation in aviation industry. The industry operating cost 

is very high and includes labour, fuel, aircraft maintenance, spare parts and 

equipment, licensing, crew training, insurance and airport landing and parking 

fees. In addition to these costs, a very high cost causes to the operator when a 

scheduled flight cancelled and ground the aircraft due to a technical failure that 

emerge suddenly. Then the operator faces a challenge of supplying the required 

spare parts immediately to repair the aircraft and thereby spare parts delivery lead 

time becomes very critical in aviation supply chain management.  

The problems that airline operators face with aircraft maintenance are; High cost 

of spare parts and life limited items are made to order with delivery lead time, 

Spares supply connect with multiple suppliers, Quality and safety conformity 

requirements, Regulatory obligations for transport/export/import, High 

dependency on logistics mode for transportation and Delivery lead time. Treuner 

during his survey on aviation and aerospace industry supply chain behavior has 

found that aviation industry supply chains are becoming more vulnerable than 

ever before due to globalization and complexity. He identifies main causes for 

the supply chain disruption are as resource constraints, communication and 

quality issue followed by suppliers and forwarders inefficiencies. (“Aviation and 

aerospace supply chains move eastwards,” n.d.). This lead to an industrial need 

to study the impact of communication flow on delivery lead time in supply chain 

management among other factors. 

Previous research on impact of communication flow on delivery lead time could 

not find during the literature survey and identified the research gap need to fulfil 

for the industry.  This research studies the flow of communication and 

information across the supply chain and their impact on spare parts delivery lead 

time at AOG situation under specific focus where the spare parts need to be 

procured and supplied and not found in stock inventory at the time AOG. The 
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data was collected with respect to a small scale international air cargo operator in 

Sri Lanka.   Learned experiences can be share with similar small-scale airline 

operators for the improvements in their supply chain management.  

Chapter outline of this research includes, introduction to the industry, literature 

survey on communication and information sharing impact on delivery lead time 

in supply chain, research methodology, data analysis, results and observations 

and conclusion and recommendations.  

Due to the complex nature of supply chain network and uncertainty involved in 

delivery lead time, PERT statistical tool was used as the research methodology. 

The research outcome identified the sequence of communication flow in the 

procurement process and the critical activities involved. It also shows that 

procurement process has four major time constraints that occur at external 

stakeholders in the upstream of the supply chain and has limited control to the 

operator; time taken for receiving quote from a supplier and order confirmation, 

payment to effect at supplier’s bank, logistics arrangement and transportation. 

Handling of logistics and transport is complex and involved high risk of changes 

in flight schedules and cargo offloading which results in delivery delays. It was 

identified that activities most likely to make errors in communication are 

identification of correct part number by the engineer, communicating the part 

number to procurement, communication across supplier network to find the 

identical part number and communication between forwarder, airline and shipper 

on shipping instructions. Most common errors found are wrong part number or 

incomplete part number, supplier ship different part number instead the 

purchased part number, goods ship to different location without following 

delivery instructions and short deliveries. 

Propose to re-structure the procurement process internal communications such 

that waiting time for internal response minimized by minimizing non-value 

activities and serial communications. Instead serial communication, parallel 

communications and use of ICT technology such as cloud computing systems are 

encouraged to use during approval obtaining and decision-making activities.  

Key words: Information and communication, aircraft spare parts, delivery lead 

time, AOG situation, aviation procurement supply chain 
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1 Introduction 

1.1 Background 

1.1.1 Aviation Industry 

 

It involves air transportation of passengers and cargo around the world. Aviation industry is capital 

intensive and labour intensive. It involves high cash flow but, low profits. The demand is seasonal.  

Sustainability of aviation industry depends on the operating costs, government policies, economic 

factors and competition within the industry. Air transport needs substantial investment in 

infrastructure such as runways, air traffic control systems and airport terminals. It is further 

explained in Figure 1.1. 

 

Figure 1.1 : Aviation Industry Classification 

There are many economic and social benefits in air transport. According to IATA statistics, 

aviation industry supported more than 62.7 million jobs globally and generation of USD 2.7 trillion 

economic activities in 2014.  Air transportation drives economic and social growth, connects 

people, countries and cultures, generates trade and tourism, provides access to global markets and 

contributes to sustainable development of the industry. Aviation further facilitates emergency 

delivery of medical supplies, organs for transplant and humanitarian aid relief which are essential 
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for the livelihood. In 2014, approx. 3.6 billion passengers and 51.2 million tons of cargo had air 

transported across the world. (Benefits, Transport, & Findings, 2017). Air transportation can be 

international, regional or domestic.  

 

Airlines have three types of aircraft. Passenger aircraft for dedicated passenger transport, freighter 

aircraft for dedicated cargo transport and combi aircraft for both passengers and cargo transport. 

Boeing and Airbus are the leading aircraft manufacturers in the world. They supply majority of 

commercial aircraft to the industry. 

  

The industry has high operating costs including labour, fuel, aircraft maintenance, spare parts and 

equipment, licensing, crew training, insurance and airport landing and parking fees. Aircraft 

maintenance cost and aircraft on ground (AOG) cost are two critical factors that affect the revenue 

of the airline. Aircraft maintenance cost increases with AOG cost and as a result the delivery lead 

time of spare parts has a direct contribution to the AOG cost.  

 

If an aircraft stay on ground due a technical failure, it has to be repaired immediately.  Sometimes, 

required spare part could not be found at operators’ spare parts inventory and need to be purchased 

and supplied. Therefore delivery lead time of spare parts is very critical in aviation industry and 

must kept duration at minimum. For this it is necessary to understand the variables that influence 

the delivery lead time and control them.   

 

1.1.2 Aircraft Maintenance 

 

Aircraft inspections and maintenance are performed periodically, pre-flight and post-flight. In 

addition to these checks, aircraft maintenance can takes place due to an emergency breakdown 

found in the aircraft. 

i. Regular, scheduled maintenance  

 Line checks before flight and after flight 

 Periodical checks such as A check, B check, C check and D check 

ii. Emergency, unscheduled maintenance.  

 Ad hoc repairs attended during pre-flight and post-flight inspections 
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 Aircraft On Ground (AOG) when critical part failed in airworthiness 

Table 1.1 : Regular Maintenance Checks Carried Out for Aircraft (Source - Eurocotnrol by University of 

Westminister) 

 

 

Scheduled maintenance checks are for ensuring continuous airworthiness and availability of 

aircraft for operation. These maintenance programmes inspect and repair airframes, engines and 

electronic systems as per manufacturer’s operating manual. Components that require replacement 

are ordered in advance and received at maintenance site prior commencing the maintenance check.  

 

Unscheduled, sudden emergency maintenance programmes are to fix a technical failure found in 

an operating aircraft. If the required component not found in the inventory, aircraft make ground 

until the repair attended. This is called aircraft on ground (AOG) and is a critical situation. It 

requires all efforts to make aircraft airworthy within the shortest possible time and continue 

operation. Therefore, delivery lead time is a critical factor in spare parts supply for an aircraft on 

ground.  

 

If there is a delay in supply of spare parts, aircraft can be on ground for days or weeks. Then 

required to cancel scheduled flights, transfer cargo and passengers to another flight and crew will 

be idled until aircraft turn airworthy. This situation creates a huge cost to the operator. AOG cost 

to the operator includes flight cancellation or delay penalties to the airline, ground service charges 

for airports, parking fees for airports, payments to crew, loss of revenue, cost of the spare part and 

AOG logistics arrangements.  
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According to Skylink blog of Irfan Alam, when a small aircraft on ground, AOG cost will be more 

than USD 20,000 per day. It can be as high as USD 150,000 per day for larger aircraft. Further, 

AOG situation leads dissatisfaction to the customer and costs to the operator. (“How to Handle 

AOGs: An Airline’s Perspective — Skylink,” n.d.) 

 

1.1.3 Classification of Aircraft Parts 

 

Aircraft parts classify differently based on the purpose. (Systems, 2014) 

 

International Air Transport Association inventory management classifies spare parts into 3 major 

categories and this is the generalized classification of aircraft spare parts. This classification is 

based on the repair and reuse capability.  (IATA, 2015) 

i. Rotables – have component maintenance manual  

ii. Repairable – may not have component maintenance manual.  

iii. Expendables – have manufacturer recommend parts list 

Depend on the essentiality, same aircraft parts are grouped into 3 categories by the aircraft 

manufacturer; (Systems, 2014) 

i. No Go – cannot fly without replacing the defective part. Critical and leads to AOG 

situations if part is not available in the inventory 

ii. Go if – conditional operation, limited distance/hrs until the defective part is replaced 

iii. Go – not critical but needs replacement during next maintenance check 

 

Table 1.2 gives description of different types of classification adopted in aviation in classifying 

aircraft spare parts.  
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Table 1.2 : Aircraft Parts Classification (Source - Ramco Aircraft Parts Planning) 

 

 

In aviation industry, aircraft maintenance is highly regulated for the safety reasons. Therefore, all 

aircraft spare parts need to be certified to be airworthy for use and all aircraft spare parts are 

purchased with airworthiness certificates. ICAO (International Civil Aviation Organization) sets 

global standards for aircraft maintenance and regulations are implemented through regional or 

national bodies such as FAA (Federal Aviation Administration) USA, EASA (European Aviation 

Safety Agency) Europe, CASA (Civil Aviation Safety Authority) Australia and JCAB (Civil 

Aviation Bureau of Japan). (Saúde, 2015). Some occasions OEM (Original Equipment 

Manufacturer) issues airworthiness compliance certificates. E.g. Nuts and Bolts, aviation 

lubricants, tires etc. have manufacturer certification. Therefore, during aircraft spare parts 

procurement, tag date and certification are essential criterion to check for quality and safety 

compliances. 

 

Aircraft spare parts are identified by the manufacturer code and serial number. Manufacturer part 

number, its alternative part number and interchangeable relationships are described in IPC 
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(illustrated parts catalogue) and maintenance manuals. It is vital to communicate the correct part 

number during maintenance and procurement activities to avoid inefficiencies in the downstream 

due to errors in the part number.  

 

All international airlines and regional airlines maintain a stock of minimum essential components 

and tools at their base hub and few other maintenance hubs in frequent flying routes for the fleet 

maintenance. For example, American Airline has its maintenance bases at Tulsa International 

Airport, Dallas/Fort worth International Airport, Pittsburgh International Airport and LaGuardia 

Airport. (Baker, 2014). Similarly, Lufthansa airline has hubs at Frankfurt and Munich airports 

(Europe et al., 2010).  

 

It is challenging to procure spare parts when aircraft on ground because, the part on demand need 

to be the same or interchangeable, conform to the aviation quality and safety norms and supply 

within a short delivery time. 

 

1.1.4 Aircraft Parts Availability 

 

Aircraft spare parts are quite expensive and “type” specific.  They are manufactured and supplied 

to the aircraft assembly point from various original equipment manufacturers (OEM) located 

worldwide. Each OEM is specialized for one particular component and service area. As a result, 

spare parts supply chain is highly complex and has many suppliers connected to the supply chain. 

In some cases, suppliers’ connectivity extends to 3rd or 4th tier suppliers. Many aircraft parts are 

made-to-order and have a delivery lead time. 

 

Involvement of many suppliers in component manufacture and their geographical locations across 

the world are well illustrated in figure 1.2 with Boeing 787 Dreamliner aircraft parts supply. 

(“Supply Chain Management: Boeing’s outsourcing flaws,” n.d.). This shows the interdependency 

of supplier and manufacturers and complexity of the Boeing aircraft manufacture supply chain.  
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Similarly, Boeing 747-8 aircraft manufactured in 2012, has approximately 6 million individual 

components and they are manufactured in nearly 30 countries by 550 separate suppliers.  Airbus’s 

A400M military transport aircraft has component production in nearly 10 countries. (Mayer, 2014) 

 

It is critical to have support from each and every supplier for an aircraft to successfully and timely 

assemble and deliver.  Therefore aviation supply chain need to be managed efficiently and 

effectively.  

 

Figure 1.2 : Boeing Partners across the Globe for Parts Supply (Source -Boeing's Outsourcing Flaws, 

2013) 

 

Supply chain management becomes a prime requirement in aviation industry due to  

 Globalization of suppliers 

 Compliance requirements 

 Technological advancements 

 Necessity of effective communication and coordination 

Raza (2015) shows the importance of understanding the processes and concepts of supply chain 

management to know, how the system support the organization sustainability, development and 
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global expansion. Three crucial flows in the supply chain are; flow of information, finance and 

products across the chain from upstream to downstream to fulfil customer requirements.  

Raza identifies 4 main entities in aviation industry. They are 

 Demand entity – passengers, travel agents, owners and shippers of cargo, forwarding 

agents etc. 

 Supply entity – airport, ground handling services, regulators, aircraft manufacturers 

 Inside entity – government and political organizations 

 Outside entity – climate, geographical locations 

These entities influence each other and to run aviation system smoothly, each entity should 

collaborate with each other.  

Airline industry is unique with 4 market characters. (Gu, Zhang, & Li, 2015)  

 Global need for parts 

 Demand unpredictability 

 Traceability of parts for safety reasons 

 High cost of not having parts (AOG situation) 

This characterization, well describes the key challenges that to be addressed in aviation supply 

chain management.  

“PWC” white paper shows that, successful spare parts planning and forecasting needs more 

effective collaboration and sharing of information across the supply chain. It has identified that 

key information that necessary to share across the supply chain are; fleet data, engineering change 

orders, parts reliability, service bulletins, demand aggregation, spares planning bill of material, 

software, monthly sales, inventory, operations planning and procurement release time fences. 

(Unknown et al., 2013) 

Delivery lead time of aircraft spare parts is a critical factor to avoid aircraft on ground situation. 

As a mitigation step, major airlines sign contracts with maintenance repair organizations (MRO) 

and transfer the responsibility to MRO for holding stocks, carrying out repair maintenance services 

and provide technical assistance as and when required. These service contracts help airlines to 
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have access to spare parts and repair activities within a short time and in turn manage to keep the 

aircraft’s airworthiness turnaround time at a minimum. E.g. Delta Airline, Southwest Airlines, 

Qatar Airways and Cathay Pacific have service contracts with MRO facilities such as Delta 

TecOps, Lufthansa Technik and Hong Kong Aircraft Engineering Co Ltd. (“Aircraft MRO &amp; 

Engine Maintenance Repair &amp; Overhaul Engineering Services | Delta TechOps,” n.d.) 

(“Lufthansa Technik - Lufthansa Technik AG,” n.d.) 

Spare parts pooling is another popular method adopted in aviation to increase accessibility for 

spare parts and reduce delivery lead time. Component pooling is a successful system for airlines 

which hold similar types of aircraft in the fleet. In the pool inventory management system, MRO 

will maintain the inventory of minimum equipment list of spare parts and other components which 

are frequently demanded for exchange or purchase for aircraft repair maintenance. Spare parts 

pooling system facilitates, supply of spares on time for aircraft repair, reduce the risk of aircraft 

ground due to non-availability of critical components, avoid delivery delays and reduce the 

inventory holding cost. This is called vendor managed inventory system in supply chain 

management. (“Aircraft Spare Parts Pooling: Art Or Science?,” n.d.) 

Airlines also enter into contracts and partnerships to get the optimum services at minimal cost. 

Alliances help sharing of resources among airlines. As a result, during an emergency, airlines have 

an opportunity to borrow spare parts from another airline that has similar type of aircraft in the 

fleet and minimize risk of aircraft on ground due to non-availability of spare parts. E.g. Lufthansa 

Technik has set up “Aero-Xchange” market place, an airline industry online trading exchange that 

offers industry specific goods and services for Star Alliance partners. (Sigala, 2005)  

Aircraft manufacturers such as Boeing and Airbus enter into contracts with suppliers for their 

components design, manufacture and delivery in order to manage their supply chains. E.g. Airbus 

have service contracts with Zodiac, Thales Avionics, Diehl Air Cabins, Crane Aerospace and 

Siemens for design, manufacture and supply of spare parts, components and interiors for Airbus 

aircraft types. (Airbus, 2015). This is one of the new trends in managing aircraft manufacture 

supply chain efficiently with a low operating cost. (Tang, Zimmerman, & Nelson, 2009) 

Aircraft manufacture also emphasis the criticalness of delivery lead time of spare parts for aircraft 

assembly enable delivering the aircraft to the airline on agreed date. 
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Small airline operators are more vulnerable to situations where aircraft is on ground for longer 

period of time until required spare parts are supplied. Sometimes the operator might have to wait 

until the components are repaired and receive at stores. Small airlines have less bargaining power 

with suppliers. Direct access to MRO is limited due to little revenue the supplier can generate by 

working with small airlines. As a result, access to correct spare part on emergency situation 

becomes limited and expensive.  Small airline operators often depend on service of an intermediate 

broker or MRO nominated workshops. Therefore, small airline operators need to find ways to 

manage the risk of spare parts availability at an AOG situation to avoid spare parts delivery delays. 

One of the strategies is to have PBH (parts by the hour) contracts with MRO nominated workshops 

located nearby the airline base hub.  

Experience shows that delivery lead time of aircraft spares depends on many factors. They are 

effective communication, right information sharing, availability of correct spare part, geographical 

location, transport connectivity, international regulations and efficiency of the suppliers and 

forwarders.  

The highest attention in aviation industry is to avoid aircraft on ground. Therefore, it is essential 

to have faster delivery modes and free access to spare parts.  

Problems that airline operators face with aircraft maintenance are; 

 High cost of spare parts and life limited items are made to order 

 Spares supply connect with multiple suppliers  

 Quality and safety conformity requirements 

 Regulatory obligations for transport/export/import 

 High dependency on logistics mode for transportation 

 Delivery lead time 

This report will discuss the impact of communication errors on delivery lead time of spare parts at 

AOG situation in aviation industry under the sub headings  

Chapter 1 – Introduction 

Chapter 2 – Literature Review 
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Chapter 3 – Research Methodology 

Chapter 4 – Data Analysis and Observations 

Chapter 5 – Discussion of Results 

Chapter 6 – Conclusion and Recommendations 

 

1.2 Statement of the problem 

 

Aircraft are operated on published scheduled times. If an aircraft is found with a technical fault, 

scheduled flight needs to be canceled or delayed until the problem is fixed. Then the aircraft remain 

on ground. This is an unexpected technical failure and affects the flight operation. For this 

emergency repair, it needs access to spare parts immediately. If the required spare parts are not 

found in the inventory, it has to be purchased and supplied. 

Supplying aircraft spare parts under AOG situation is a challenge due to; 

 Quality and safety conformity requirements to be fulfilled for airworthiness 

 Limited accessibility for made to order and life limit components 

 High cost to the operator  

 Unpredictable nature of logistics and transport facilitators 

 Global distribution of spare parts 

 International transport regulations  

 Customs formalities and documentation 

As a result, supply of spare parts will have a delivery lead time all the time and managing this lead 

time is essential for an AOG situation.  

Communication plays a key role in procurement process and timely communication of correct 

information across the supply chain among the airline operator, suppliers and carriers, is very 

important to understand in order to plan the shortest possible delivery lead time. 
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Aviation industry records major losses to aircraft manufacturers due to the interruptions occurred 

in their supply chain. E.g. 

1. Boeing made loss in billions due to delay in delivering aircraft spares on time for 

assembling Boeing 787 new design. (Denning, 2013) 

2. Airbus experienced similar situation with Airbus customers due to delay in supply of   

a. Groundbreaking Pratt &Whitney-geared turbofan engine for A329 neo single aisle 

aircraft 

b. Cabin equipment from Zodiac of France for A350 twin-aisle model. (“Airbus and 

Boeing put pressure on supply chain,” n.d.) 

Treuner, Hubner and Baur share their survey findings on aviation and aerospace industry supply 

chain behaviour. (“Aviation and aerospace supply chains move eastwards,” n.d.) 

 Aviation and aerospace industry supply chains have become global, highly complex and 

more vulnerable to disruptions than ever before 

 Main causes for the supply chain disruptions are resource constraints, communication and 

quality issues followed by suppliers’ insolvency and environmental events  

Therefore, it is an industrial need to explore the impact of communication flow on delivery lead 

time among other factors.  

Previous studies on aviation spare parts delivery lead time management was not found during the 

literature survey. Instead, came across research that have introduced various aircraft spare parts 

inventory management models to minimize AOG situations.  

 Model with predicts the impending demand of spare parts based on the installed parts 

failure distribution against the flying hours or number of landings (Gu et al., 2015) 

 Dynamic prediction model as a preventive maintenance action (Fritzsche & Lasch, 2012) 

There is a research gap in studies on impact of communication errors on spare parts delivery lead 

time in aviation industry.  

Hence, my research problem of study is “Impact of information and communication flow on 

spare parts delivery lead time at AOG situations in aviation supply chain”.  
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1.3 Research Objectives 

 

The research objectives are to map the communication network in aviation spare parts procurement 

process and identify the critical links in communication network. Then  

 To identify the sources of communication errors within critical components of the 

communication flow  

 To determine an order of priority   among the key factors causing communication errors.  

1.4 Scope of the Research 

 

Topic in focus – Impact of information and communication on the spare parts delivery lead time 

at AOG situation in aviation industry. 

 

The area in focus – In this research, flow of communication and information across the supply 

chain and impact of communication errors on the spare parts delivery lead time at AOG situation 

were studied. Specific focus is given on the supply chain of parts need to be procured that are not 

available in the airline inventory at the time AOG.    

 

The study was carried out in view of improving the supply chain performance and thereby, reduce 

the operational cost to the operator.  

 

Data collection – Data was collected with respect to a small scale international cargo airline 

operator in Sri Lanka. 

Internal stakeholders – employees 

External stakeholders – suppliers, forwarders, airlines, regulatory bodies 

 

1.5  Limitations of the Research 

 

Research is focused on the information and communication flow across the supply chain during 

AOG situation and its impact for the delivery lead time. 
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Assumptions made are; 

1. All suppliers are equally capable and efficient in spare parts supply 

2. Purchase spare parts at market price, not bargained for AOG situations 

3. Spare parts conformed to the quality and safety requirements  

4. Information transfer happens instantaneously  

5. Spares purchased from farthest locations such as North America 

 

The data collected for the research is based on the small-scale cargo airline. Thus, data collected 

will be limited to the type of fleet and operations involved in the above context.  

 

Opportunity to study aviation supply chain practices for replenishing orders and spares demand 

for scheduled maintenance are restricted. But, it can be carried out in future as an extension of the 

research for performance improvement in aviation supply chain management.  

 

1.6 Significance of the Study 

 

Aviation is time bound service industry. Lead time is important in aviation in all aspects. Passenger 

transport, cargo transport, delivery of new aircraft, fleet management and receive spares after 

repair maintenance. In aviation industry, it is essential to avoid occasions of an aircraft on ground 

due to technical failure.  

 

Operating an airline is high capital intensive and small operators run business with many 

difficulties such as; 

 Lack of economies of scale in fleet management 

 Old aircraft difficult to find spare parts, some modified aircraft components are 

obsolete and have maintenance difficulties  

 Hanger and airport facilities to be rented on demand 

 Lack of government support for private operators 

 

Research findings will be important for any airline to improve efficiency of communication 

between supplier and customer to reduce supply chain interruptions.  
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When identify the best methods of information sharing during procurement, we can reduce the 

time taken for order processing as well as order delivery. If supplier understands the product 

requirement of the customer correctly within the 1st email communication of RFQ then, order can 

be finalized in next communication. This will save time for both vendor and buyer. If logistical 

information is clearly understood, forwarder can ship the goods earlier and meet the delivery 

deadlines without a difficulty.  

 

This research will be done for the benefit of a small-scale cargo airline operator to reduce 

operational expenses due to spare parts delivery delays due to AOG situation. Learned experience 

can be shared with similar small-scale airline operators for improvements in their supply chain.  

 

Since there were no literature survey found on impact of communication errors in delivery lead 

time of aircraft spare parts, this research study will be able to fill that knowledge gap.  
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2 Literature Review 

 

This chapter discusses the impact of information and communication on the delivery lead time in 

supply chain management. Literature was reviewed under  

I. SME (small and medium enterprises) operational performance, manufacturing and 

retail supply chain inventory management  

 Impact of information and communication on principal – agent setup in SCM 

 Value of information sharing on inventory management 

 Types of information required for sharing 

 Communication through information sharing 

 

II. Application of advanced information and communication technology in medical 

supplies as emergency logistics solutions 

 RFID technology for real time data access in inventory management 

 Charter airline service for blood, organ and vaccines transport 

 Drones used to deliver medicines for remote, difficult to access areas 

 

III. Aviation industry spare parts procurement and inventory management systems 

used to minimize AOG risk 

 Factors influencing supply chain management 

 Inventory management models  

 Collaborative supply chain management  

 E-procurement 

 Contribution from 3D printing technology 

Findings from scholar articles and case studies are listed under this section.   

Since the research methodology is based on PERT analysis, PERT statistical tool and its 

application in finding the critical path, estimating project lead time and optimization of supply 

chain processes are also discussed here. 

 

Findings of literature review has be taken as guidelines for designing my research project. 
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2.1 Supply Chain Management in General 

 

Tatoglu and his team provide a comparative analysis of the impact of supply chain management 

and information systems practices on operational performance of small and medium sized 

enterprises operating in Turkey and Bulgaria. They empirically identify the dimensions of SCM 

and IS practices and related enabling and inhibiting factors. Then using multiple regression 

analysis to estimate the impact of SCM-IS practices on operational performance of SME. (E 

Tatoglu, Bayraktar, Golgeci, & Koh, 2016) 

 

They measured mean, standard deviation and t-value of variables. Variables are classified into 

groups under SCM practices, IS practices, enablers and inhibitors. Variables include; close 

partnership with customers and suppliers, E procurement, MRP and ERP systems, financial 

support, infrastructure, delivery lead time, forecasting and extent of support from suppliers. 

 

Research findings shows that;  

1. Effectiveness of implementation of SCM-IS practices depends of infrastructure facilities 

2. SCM and IS practices are inextricably intertwined, thus need integrative approach for 

SCM and IS practices 

3. Use of IS applications improve operational performance and help building closer 

partnership among customers and suppliers.  

 

Fiala (Fiala, 2005) describes supply chain as a system that consists of suppliers, manufacturers, 

distributors, retailers and customers where they are interconnected by flow of material, finance, 

information and decisions. He further says supply chain management benefits from several 

different disciplines such as marketing, information systems, economics, system dynamics, 

logistics, operations management and operations research. Supply chain partnership leads increase 

in information flow, reduce uncertainty and growth in profits.  

 

Figure 2.1 explains the information sharing model proposed by Fiala for communication between 

manufacturers and retailers. Information asymmetry is identified as a source of inefficiency in the 

supply chain. This model consists of three inter-related network structures; production net, Petri 
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net and neutral net. Production net captures information flows among agents. Petri net coordinates 

asynchronous events in the production network. Neutral net serves as an instrument for inductive 

learning.  

 
Figure 2.1 : Communication through information sharing (Source: P Fiala/Omega 33 (2005)) 

 

As per the model, two phase interactive approach helps solving cooperative decision making. For 

solving cooperative decision-making problem needs to find ideal solution for individual agent and 

find the consensus for all the agents. Free communication among agents give synergic effect in a 

conflict resolution. The model shows the importance of information sharing in problem solving 

and finding a consensus solution for all the agents. 

 

Cachon and Fisher (Cachon & Fisher, 2000) reveal their study on the supply chain inventory 

management and the value of shared information. When applying information technology to 

logistics and inventory management, they have found substantial savings from lead time and batch 

size reduction. However, the study could not find much benefit from sharing full information of 

retailer’s demand with supplier. This study was carried out for retailer market and demand 

information has little value to supplier in deciding his batch size in production. Information were 

shared only at two levels; traditional information and full information. Traditional information 

shared with supplier could only receive retailers’ orders where as full information shared with 

supplier has access to the retailers’ inventory data.  

 

Lee (H. Lee, So, & Tang, 2000) in his analysis of value in information sharing identifies three 

benefits to the manufacturer; reduction in cost, inventory and lead time. Successful stories of 



 

32 

 

information shared in vendor managed inventory programmes or continuous replenishment 

programmes found in companies such as Campbell Soup and Barilla S.P.A. Replenishing orders 

are made according to the demand information and inventory information shared. Retailers 

encourage their manufacturers to participate in vendor management inventory programmes so that 

manufacturer monitors the retailer’s inventory and schedule replenishment deliveries to the 

retailer. A centralized inventory control system benefits from information sharing.  

 

Lee and Whang (H. L. H. Lee & Whang, 2000) in their article of “Information Sharing in a Supply 

Chain” discuss 

1. Different types of information frequently shared across supply chains among the 

stakeholders 

2. Models of information sharing  

3. Challenges faced by sharing information along the supply chain 

They have found that inventory level, sales data, order status for tracking, sales forecast, 

product/delivery schedule and order information as the most frequently shared information in the 

supply chain.  

Examples for successful stories; 

 Sharing of inventory information - Procter & Gamble and Wal-Mart practice vendor 

managed inventory systems at their suppliers’ premises and replenish orders supplied to 

the retailer as per the pre-agreed replenishing guidelines.  

 Sharing of point of sales data – Seven Eleven, Japan and McDonald’s, Japan do sales 

forecast and plan production using POS data.  

 Horizontal information of information - Japan semiconductor manufacturers share 

information with his competitors from Korea, USA and Europe to jointly monitor their 

inventory levels to mitigate chronic problems associated with business cycle.  

 

Studies has found that information sharing in a principal – agent setting in supply chain transaction 

can influence the coordination. This has allowed less informed party to punish or reward the more 

informed party in supply chain coordination. The research identifies two positive effects; 



 

33 

 

information sharing reduce the influence results from information deficits and communication can 

limit the out-of-equilibrium behaviour. (Inderfurth, Sadrieh, & Voigt, 2013) 

 

2.2 Emergency Logistics Solutions 

 

Modern health care industry is looking for methods to overcome inefficiencies and bottlenecks in 

the supply chain and improve accessibility for medical equipment and medicines in short time. 

Emerging new strategies include; RFID technology for inventory visibility improving, virtual 

centralization of supply chain and vendor managed inventory for improving corporation in 

hospitals and controlling costs and supply utilization management for reducing wastes, value 

mismatch, misuse through standardization. (Mathew, John, Kumar, & Management, n.d.) 

It is difficult to predict the demand for medicines accurately due to lack of accurate data on 

consumption and lack of standard nomenclature for medical products and preferences of medical 

practitioners.  

There is a necessity of improving the information and communication systems to support rapid 

replenishment and implement JIT and stockless approach. (“Pull” type inventory management 

system). With RFID technology, real time information on delivery time supports JIT supplies. 

Health care industry is interdependent and needs to address the whole supply chain to obtain the 

efficiency. 

Some freight forwarder with airlines have developed specialized emergency logistics services for 

health sector to transport blood and blood related products, organs and tissues, medical devices 

and personalized medicines on demand. These logistics solutions provide same day, customized 

and specialty services at a premium price. They have dedicated, specially trained experts to work 

exclusively with hospitals, blood banks, laboratories and medical processing centers to supply 

services when needed. Advanced ICT tools are used for communication and information sharing 

to facilitate real time data to the customer as well as supplier. (“Organs &amp; Tissue - Quick 

Specialized Healthcare Logistics,” n.d.) 

E.g.  
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a) Quick International has a service contract with America’s top blood banks to collect 

samples from 35 blood donating centers across the US, get them tested at one of the 3 

laboratories for infectious disease and distribute to the US hospitals daily basis for life 

saving. Comprehensive planning and management is important to minimize service 

inefficiencies.  

b) During a major snowstorm in Northeast of US, Quick International has successfully 

delivered twenty consignments of time and temperature sensitive donor tissues to a 

processing center in Northeast of USA. Forwarder closely worked with the tissue processor 

and airlines and set up protocols for re-routing and re-icing to maintain the temperature 

and meet delivery deadlines. These donor tissues were collected from various locations in 

US such as Hawaii, California, Texas and Boston and delivered to the East Coast of US. 

They had set up contingency plans with facilitators and proactively prepared to adopt to 

the situation when needed during the snowstorm. Tissue processor, donors and facilitators 

were kept updated with necessary information and communication. (“Delivery of Time- 

and Temperature Sensitive Donor Tissue During a Major Snowstorm - Quick Specialized 

Healthcare Logistics,” n.d.). 

c) Importance of timely communication and accuracy of shared information is well 

demonstrated in cord blood transportation. Cord blood require immediate pick up from 

hospitals and transport to the laboratories under controlled temperature. Cord blood is 

crucial for treatment against life threatening diseases. During the transportation of samples, 

clients need to have accurate visibility of the inbound shipment to advice staff for 

preparation for testing. Advanced IT systems are used to monitor real time shipment data 

and bar code scanning facility is used at the laboratory to enhance chain of custody upon 

delivery of samples. (“Cord Blood Company - Quick Specialized Healthcare Logistics,” 

n.d.) 

UPS (United Parcel Service Inc.) has begun testing drones for emergency deliveries of medical 

supplies to rural areas to overcome access barriers and delivery lead time. They delivered a 

package from Beverly to Children’s Island in North America. UPS is further planning to use drones 

in Rwanda to transport life-saving blood supplies and vaccines. This is an example of application 

of technological advancements in supply chain management. (“UPS is testing drones for delivering 

medical supplies - Business Insider,” n.d.)  
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2.3 Aviation Industry Spare Parts Inventory Management 

 

Treuner’s survey findings claim that 91% of the disruptions of aviation industry supply chain 

occurs in the upstream of chain and outside the direct control of the focal company.  

Communication, resources constraints, environmental factors, product quality, suppliers’ 

insolvency and freight forwarders are identified as the major contributing factors for supply chain 

interruptions. (“Aviation and aerospace supply chains move eastwards,” n.d.) 

 

He proposes adoption of a risk sharing model to reduce supply chain interruptions. This model 

helps the airline operator to prepare for emergencies. It contains the impact of materialized risks. 

Since aviation is capital intensive industry, it is also important to have high commitment from 

senior management in the organization to create efficient production process and resilient supply 

chain to drive financial performance. Supply chain risk mitigation involves either avoidance, 

removal of the risk, modifying the likelihood or consequence and sharing the risk with other 

parties. When adopting supply chain risk sharing model it is essential to communicate and consult 

the stakeholders in whole supply chain on regular basis for the success.  

 

There is a growing demand for planning, security, global spare parts support and 24 hrs x 7 days 

service availability in aviation industry, to ensure aircraft fleet in operation are, fully airworthy 

and reliable to fly at any given time. Airline operators and their supply chain networks in the 

aviation industry are confronted with challenges; timely delivery of correct spare parts to the 

station, keep the inventory cost at lowest possible, shortage of urgently needed spare parts and 

guarantee reliability of aircraft fleet airworthiness.   

 

Due to the globalization and complex nature of aviation industry supply chain, they are more 

vulnerable for disruptions and operational loses. (Mocenco, 2014).  

 

Examples are quoted from Boeing and Airbus, key players in the aircraft manufacture.  

 Airbus in 2006, faced delivery delay during manufacture of A380 due to harness supplies 

disruption.  
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 Boeing in 2007, had similar experience during manufacture of B787 due to quality failure 

in fasteners received from one of their suppliers.  

 

Gu and Li (Gu et al., 2015) in their research article, “Efficient Aircraft Spare Parts Inventory 

Management” says that, in airline industry 13% of the operating cost, contributes from aircraft 

maintenance cost. Operator has to deal with the operating cost as well as the customer satisfaction. 

The article emphasizes the importance of aircraft maintenance planning to keep the operation cost 

at a minimum while making the customer happy.  

 

They proposed an efficient inventory management model to improve service level and reduce total 

cost. Variables selected were spare parts demand, quantity and time. This model predicts 

impending demand based on installed parts failure distribution. It is assumed that lifetime of parts 

and total number of failures are non-correlated, number of failures within given period follows a 

probability density function. Also assumed that the lifetime of operating parts is independent with 

an identical probability density function. Sometimes flying hours consider as a major factor in the 

demand forecast calculation and use mean time between removal/overhaul to forecast a failure 

rate.  

 

Fritzsche (Fritzsche & Lasch, 2012) in his research paper emphasizes the necessity of preventive 

maintenance actions with prognostics to reduce the downtime in airline operation and reduce 

penalty cost for unscheduled maintenance and delay time. The researcher recommends a dynamic 

prediction model as a decision support, for maintenance method selection considering the 

requirements of an entire airline network. Proposed preventive model has 3 levels; airport level, 

reparation level and logistics level. During the research, long range networks of 4 selected airlines 

operations were observed. The airlines modeled are Qantas Airline, Virgin Airline, Korean Airline 

and Thai Airways with 45 aircraft.  

 

Simulation study results shows that total cost of an airline can be significantly reduced under well- 

chosen maintenance strategy, the constant interchange of information between three levels and 

elaborated forecast. It also proves that, proper coordination and interchange of correct information, 

the key variables in the aviation industry supply chain.  
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Fritzsche’s dynamic predication model assures following benefits for the airlines; 

 Maintenance performed only when system needs maintenance. Results in longer 

maintenance free operating periods and decrease in down time costs 

 When airline has the ability to plan the maintenance, inventory can be managed better with 

planned quantity of spares to retain and locations to store. 

 Airlines can improve availability of aircraft for the operation 

 Prevention of catastrophic and expensive failures such as engine breakdowns during a 

flight 

 Through the preventive model, fixed maintenance intervals are transferred to variable 

intervals so that unnecessary services are avoided. This results in decreasing downtime, 

delay time and cancellation of machines and thereby increase airline efficiency and image.  

 

Today with the advancement in information technology, we have the ability to share the real-time 

demand and supply data across the supply chain, amongst the stakeholders.  

 

Information and communication technology (ICT) tools are extensively used in supply chain 

management to reduce inefficiencies. Collaborative supply chain management involves 

exchanging and integrating information, tactical decision making, planning, forecasting, 

distribution and product designing. It has several benefits such as reduce process costs, inventory 

levels, production cost, increase responsiveness, improve customer satisfaction and better 

understanding of the needs of end customer and competitiveness amongst partners.  Collaborative 

supply chain management process can also categorize in to 5 major processes under SCOR model 

(supply chain operating reference); plan, source, make, deliver and return and describe inter-

company activities. (Sigala, 2005) 

 

Airlines engage in collaborative procurement processes for two reasons;  

a. Achieve economies of scale and scope of procurement – reduce costs, negotiate better 

purchase deals and delivery lead time regarding aircraft maintenance and supply of spares 

b. Optimize the utilization of resources – exchange and swap resources with network airlines 
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Joint purchase of Airbus aircraft by Star Alliance partners is an example for joint purchase under 

collaborative supply chain management. Aero-Xchange is a leading e-market place designed by 

Lufthansa for purchase of aircraft spare parts and components for Star Alliance airlines. Resource 

management systems such as crew management systems, technical documentation management 

systems, maintenance control systems and e-procurement systems are integrated with other 

operational support systems of alliance partners to minimize the AOG situations and service 

disruptions while enhancing fleet and staff utilization. (Sigala, 2005) 

 

With the developments of information and communication technology, e-market places have 

boomed up and compete each other along the aviation supply chain. E.g. www.PartsBase.com, 

www.exostar.com and www.airparts.com. 

Vendor managed inventory system example from DHL supply chain solutions, who has entered 

into long term contract with Cathay Pacific airways and Cathay Dragon Airways to provide land 

transport, warehousing and inventory management of 80,000 aviation specific spare parts, 

components and equipment to ensure smooth operation of both airlines. Through this contract, it 

is expected synergizing core capabilities of airline management by Cathay Pacific, aircraft 

maintenance by HAECO and MRO supply chain management by DHL to obtain the best results. 

DHL has also signed a contract with Etihad Airways Engineering, the MRO to outsource Etihad 

Airways internal logistics functions. In this case DHL supply chain will manage stores, local 

transport movement and associated supply chain planning at Etihad Airways Engineering hub at 

Abu Dhabi International Airport. In turn, DHL will use Etihad Airways Engineering services to 

maintain parts of DHL fleet. (“MRO &amp; Support : DHL wins two new MRO logistics 

contracts,” n.d.) 

It is important to know about the organizations that involved in develop, implement and regulate 

Aviation industry operation. There are 3 main bodies that monitor and regulate aviation operation, 

namely; 

ICAO – International Civil Aviation Organization, UN specialized agency, works with its 191 

members who are airlines, states and industry groups. Key responsibilities are to develop and 

implement international civil aviation standards, recommended practices and policies in support 

of safety, capacity and efficiency, security and facilities, economic development and 
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environmental protection for the aviation sector. Regulates operation of airports, aircraft, 

passengers, cargo and routes. (International Civil Aviation Organization, n.d.) 

IATA – International Air Transport Association is the subordinate body that implement policies 

and standards established by ICAO. Mission of the agency is to represent, lead and serve the airline 

industry. IATA represents 256 airlines over 117 countries. Ensure safety and security of aircraft, 

passenger, cargo, mail and crew. (“IATA - About Us,” n.d.) 

CAA – Civil Aviation Authority is a local authority that supervise the conformity of airline 

operation with the IATA standards and policies within the country or state. Building airports, 

runways, air traffic services and area control as per local government rules and regulations and 

ICAO standards. (“National aviation authority - Wikipedia,” n.d.) 

The additive manufacturing technology is becoming popular in aviation and aerospace industry 

for manufacturing spare parts. Current applications are such that, manufacture of 3D printed fuel 

nozzles for General Electric’s advanced LEAP jet engines, introduction of over 1000 of 3D printed 

parts in Airbus 350 model and NASA is planning to use 3D printed materials for operation in 

space. 3D printing technology also known as additive manufacturing. (Kuckelhaus & Yee, 2016) 

Advantages of additive manufacturing are;  

 Reduce number of production steps and able to customize products 

 Faster delivery time and on-demand production 

 Lower logistics and production costs 

 Higher sustainability 

Boeing plans to use 3D printed titanium aluminium alloys in the newly designed 787 aircraft. 

(“Boeing Set to Use 3D Printed Titanium Parts for 787 - 3D Printing,” n.d.). It will reduce the 

weight of the aircraft part and improve the fuel efficiency.  

There are specialty logistics agents who provide same day or next day AOG transport solutions 

for airline operators. Forwarding agent have contracts with airlines for on board courier and AOG 

transport facilities for aircraft parts. Some agents provide extended AOG service facilities such as 

aircraft parts exchange and loan facility.  In this exercise, timely communication of right 
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information is very important to obtain on time delivery of aircraft parts.  (“AOG Loan-Borrow 

Recovery | Sterling Courier,” n.d.) 

2.4 PERT Statistical Tool Applications in Supply Chain Management 

 

PERT (programme evaluation review technique) is one of the standard methods of network 

analysis. This project management technique was developed in 1950s by US Navy for planning 

and control of the Polaris missiles programme (Series of management., n.d.). Since then the PERT 

model became popular in planning, scheduling and controlling complex projects. PERT analysis 

is used to manage complex actions having stochastic nature. It is assumed that duration of sub 

activities as random variables and follow probability distribution.  Aim of the PERT model is to 

help arrange activities and sub activities of the project in such a manner that they conform to the 

deadline of the project completion with high probability. Understand the risks and critical 

activities. Identify the critical path, availability of opportunities for resources sharing and changing 

of start time for non-critical activities.  

Willard Fazar, head of Programme Evaluation Branch of the US Navy has well summarized the 

features of PERT. He says, “Through an electronic computer, the PERT technique processes data 

representing the major, finite events essential to achieve end-objectives; the interdependence of 

those events; and estimates of time and range of time necessary to complete each activity between 

two successive events. 

The technique is a management control tool that sizes up the outlook for meeting objectives on 

time; highlights danger signals requiring management decisions; reveals and defines both 

methodicalness and slack in the flow plan or the network of sequential activities that must be 

performed to meet objectives; compares current expectations with scheduled completion dates and 

computes the probability for meeting scheduled dates; and simulates the effects of options for 

decision – before decision” (“Everything You Need To Know About PERT in Project 

Management,” n.d.) 

Main elements in PERT analysis. 

1. Activities and events that involved in the project 

2. Estimated time for each activity  
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3. PERT diagram to indicating sequence of the activities 

4. Critical path 

5. Lags and slacks 

6. Gantt chart for visual depiction of the project progress 

In PERT analysis, for a given project, determine the probability of any given activity to be 

successfully completed within three time estimates/variables.  

1. Optimistic time – time required when activity execution goes extremely well 

2. Most likely time – time required when activity execution is normal 

3. Pessimistic time – time required when everything goes bad 

These time estimates/variables are used in a weighted average assuming probability distribution. 

This weighted average forms the expected time for a given task. Expected time also represent the 

mean of the probability distribution. (“Statistical Modeling in Supply Chain Continued: When 

should we incorporate uncertainty into project schedule estimates?,” n.d.) 

Expected Time (Mean) = 
(Optimistic time + 4 x Most likely time + Pessimistic time) 

6
 

Equation 2.1 : Equation for Expected Task Completion Time in PERT Analysis 

Benefits of PERT model;  

 Focus on the relationship between the time each activity takes, cost for each activity and 

expected time and cost for completion of the project.  

 Calculate expected project completion time 

 Probability of completion before a specific date 

 Identify critical part activities which has direct impact on completion time of the project 

 Identify the activities that have slack time which can share resources to critical path 

activities to meet the scheduled delivery target 

 Activity start and end dates 

 Helpful for implementing “what if” scenarios 

Limitations of PERT model; (“Pros and Cons of Program Evaluation Review Technique (PERT),” 

n.d.) 
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 Analysis process is subjective in nature. Charts cannot accurately estimate cost and time 

 Labour intensive in nature and expensive 

 Requires detailed research and study of the comments from many people and project 

activities 

 Is a time focused method and has limitation in determining labour and material 

requirements 

According to the literature review, PERT model has been a research tool in academic research and 

in real life business applications. First, the concept of PERT in purchasing appears in Rago (1968) 

in which purchasing functions were studied using a PERT network chart. This chart was used to 

identify the purchasing functions with has constraints, necessity of more time or detailed 

information to commence the next activity to improve efficiency of the purchasing process. 

Applications of PERT analysis in real life summarize with following examples; 

I. PERT can be used for risk analysis, to identify potential opportunities and difficulties for 

the activities and calculate the worst-case scenario.  

II. Feasibility study was carried out using network analysis, PERT and CPM methods for 

construction of a new branch of a company. Project had two options, either to put up the 

office at a shopping center or at city center. Decision was made based on the PERT 

analysis, the time taken for construction of new office and the risks involved. (“Statistical 

Modeling in Supply Chain Continued: When should we incorporate uncertainty into project 

schedule estimates?,” n.d.) 

III. For logistics projects such as construction of warehouse PERT analysis and Gantt Charts 

are used to control the project. Gantt chart illustrates the logistics project schedule whereas 

PERT diagrams are used for finding the relationship and inter-dependency of activities, 

critical path for the project completion and bottle necks of the project which cause delay 

the date of completion. (Management, 2011) 

IV. Boeing used PERT model for control the defect analysis and ensure all changes are done 

in time for Boeing 787 manufacture. Project scheduling and communication managed 

through network analysis. (“Boeing Case Study | Operations Management | Supply Chain,” 

n.d.) 
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V. PERT analysis used in clinical laboratory research and development project of monitoring 

transcutaneous ρCO2 for premature infants who had respiratory diseases, for identification 

of critical path bottlenecks and optimization of labour resource allocation. (Kost, 1986) 

Findings from literature review summarizes that; 

a) 90% of disruption in aviation supply chain occurs in the upstream of the chain, outside the 

direct control of the focal company 

b) Researchers identify communication, product quality, freight forwarder, supplier 

inefficiencies, recourses constraints and environmental factors as the major causes for 

supply chain disruptions 

c) Globalization creates complexity to the supply chain and become more vulnerable for 

disruptions  

d) AOG situations can minimize by adopting efficient inventory management systems 

e) Information and communication technology tools are extensively used in supply chain 

management to reduce inefficiencies, control and monitor emergency medical supplies 

f) RFID technology used in medical supplies for JIT (just in time) inventory management 

systems to obtain real time information across the supply chain. Thereby improve the 

efficiency of the emergency medical supply chain 

g) Information sharing and communication increases relationship and trust between supplier 

and customer and thereby improve efficiencies  

h) Information sharing across the supply chain offers three benefits to the stakeholders; 

reduction in cost, reduction in lead time and reduction in inventory 

i) PERT statistical tool has been used in research studies, mega projects, aviation, clinical 

laboratory tests and supply chain management to identify bottle necks, sequence of 

activities, plan resources allocation and estimate total cycle time  
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3 Research Methodology 

 

This chapter elaborate the research design, the justification, possible methods available for analysis 

and the reasons for using the one selected.  

When aircraft are scheduled for transportation of cargo or cargo and passengers, sometimes there 

can be flight cancelations or delays due to a sudden technical failure occur in the aircraft. Then the 

aircraft make ground for repair maintenance and spare parts to be supplied with immediate effect. 

If the part is not found in the inventory, it has to purchase and supply. Therefore, in an AOG 

situation, delivery lead time becomes critical. Transportation, communication and information 

become contributing factors for the delivery lead time. Therefore, these factors need to be managed 

efficiently and effectively to avoid delivery delays.  

Literature review done in Chapter 2, shows that many research have been done to improve overall 

performance of the supply chain by improving communication and information sharing. Literature 

survey could not capture any research carried out to reduce delivery lead time of aircraft spare 

parts in airline industry that can be taken as a guideline for this study.  

Few researches were found which have studied methods of reducing delivery lead time in supply 

chain management, but they are for manufacturing sector to reduce production cycle time not 

related to the current research topic; delivery lead time of spare part.    

1. Pulp and paper manufacturing company worked to reduce the production cycle from 4 

weeks to 1 week by improving consistency in production process. Lot size was reduced 

according to the actual customer demand. Supply chain participants were encouraged to 

work together to exchange information and thereby contribute to improve the market 

mediation. Customer’s demand information was transferred to manufacturers immediately 

and production was done just sufficient to fulfil the market demand. Example for Juts in 

Time (JIT) supply chain. (Treville, Shapiro, & Hameri, 2004). This is good for retail market 

supplies where the demand can be forecasted. 

 

2. A research study was found on supply of theater medical devises. In this research, internal 

factors that leads to delays in delivery time was studied using cause and effect, Ishikawa 
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diagrams. The approach was to control the manufacturing delays and improve supply of 

medical devices. Value stream mapping technique was adopted to determine the gaps in 

the process and efficiency in order processing flow. Contribution of raw material suppliers 

and customer to the delivery lead time delays were studied under a risk management 

scheme. (Kamaleswaran & Ramachandram, 2015). Though the customer demand is 

unpredictable as in the case of aviation AOG situations, study was confined to internal 

factors improvement in view of reducing lead time. But value chain mapping they adopted 

to eliminate non-value creating process is a valuable tool to use in aviation procurement 

process mapping to identify bottlenecks as well as non-value steps involved in procurement 

process to reduce the delivery lead time.  

Literature survey identifies PERT statistical tool as an effective technique for analysis of complex 

network of activities. 

1. Iwona in his project report, defines logistics projects as a complex, special and consists of 

unique set of activities which determines by cost, time and scope in supply chain to be 

managed. He discusses the controlling of logistics projects and tools that can be adopted in 

controlling logistics processes. Further he identifies controlling of logistics projects as 

controlling subsystem of the enterprise which by coordinating the planning, control, 

collection and processing of information, ensures the project objectives were achieved, 

necessary corrective actions were timely taken for deviation observed and evaluate what 

remains to be done. Propose sue of PERT method to estimate the total duration of the 

logistics project and analyze critical and non-critical activities. Gantt charts were 

recommended for illustration of control of the work in progress of the projects. 

(Management, 2011). This research paper lays ground for the current research work which 

uses PERT analysis as statistical tool to identify the critical activities involved in 

procurement logistics project in aviation supply chain management.  

 

2. In history, PERT has been used for improving purchasing process. (Rago, 1968). PERT 

has been helpful in mapping the purchasing functions and identify the processes that need 

to be improved.  
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3. Boeing has adopted PERT for control of defect analysis during the manufacturing of 

Boeing 787 Dreamliner aircraft to ensure defects are competed on time. (“Boeing Case 

Study | Operations Management | Supply Chain,” n.d.) 

Specific objective of current study is to analyze the impact of information and communication 

errors on spare parts deliver lead time in aviation industry. Lead time is critical airline when their 

aircraft is on ground due to unscheduled repair. Procurement process in aviation supply chain is 

complex due to globalization of suppliers, uncertainty of demand time and spare part, quality 

conformity and international transport regulations. It involves number of sequential activities in 

the procurement process of spares parts.  

With literature survey, it was learnt that PERT is an effective technique that has been tried and 

tested for analyzing such complex networks of activity flow. Therefore, PERT method is used as 

the tool for analyzing the sequence of communication flow in the procurement process and 

determining the critical activities involved.  

3.1 Theoretical Framework 

 

a) PERT Analysis 

PERT is a management control tool for meeting objectives on time for a given project, highlights 

bottlenecks that require management decision and map the sequence of activities in the network 

enabling compare the current expectation with scheduled completion dates. Often used for 

complex projects where variables are stochastic in nature.  

PERT defines four types of estimated times for an activity to include uncertainty about duration in 

scheduling. ; (“Statistical Modeling in Supply Chain Continued: When should we incorporate 

uncertainty into project schedule estimates?,” n.d.)  

O: Optimistic time; minimum possible time required for an activity to accomplish, assume 

everything happens favourable and better than normal situation 

P: Pessimistic time; maximum possible time required for an activity to accomplish, assume 

everything goes wrong in the process 
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M: Most likely time; best estimated time required for an activity to accomplish, assume 

everything proceeds as normal 

ET: Best estimation of time required for an activity; 

 

Equation 3.1 : Equation for best estimation of time requirement for an activity in PERT analysis 

𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 =  {(𝑃 − 𝑂)|6}2
 

Equation 3.2 : Equation for estimation of variance in time for activities in PERT analysis 

TCT : Total cycle time; time requried for completion of the total project (Lead Time) 

∑ 𝐸𝑇𝑖𝑛
𝑖=1   i – No of activities to perform for completion of the projcet 

Equation 3.3 : Equation for estimation of Total Cycle Time for activities in PERT analysis 

 

Critical Path = longest duration of time in the PERT network and consists activities that cannot be 

delayed without affecting the total cycle time.  

To model the communication flow using the PERT method following methodology was adopted.  

 Activities in the communication flow from defect identification to receiving parts was 

listed.  

 Individuals responsible for handling (generating and receiving) information under each 

activity is listed  

 A matrix was developed with activity as the Y axis and the individual responsible as the X 

axis. Each cell in the matrix represents an activity in the information flow.  

 Sequence of activities and activity durations are determined   

 Based on the above information, the information flow will be modeled using the PERT 

method and critical activities were identified using critical path method.  
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3.2 Conceptual Framework 

This research was focused on determining the impact of communication and information on 

delivery lead time in aviation supply chain. A case, considering spare parts purchase and supply 

to the work site for an AOG repair at a small airline operator was modeled. Figure 3.1 illustrates 

the approach used for the case study.  

 

Figure 3.1 : Conceptual framework for the case study 

 

3.3 Assumptions 

To apply the PERT method and model the information flow of this study, following assumptions 

are made. 

1. Communication of procurement functions defined as activities, denote by “Nodes” in 

PERT diagram. Flow of communication indicated by vector with an “Arrow” for the 

forward direction.  

2. Start is the point that any person receiving the information, End is the point that person 

releases the information onwards.  

3. Anytime taken for processing is Activity Duration 
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4. Anytime between releases of information from one person to receiving by the other is a 

lag time (e.g. time zone difference, work hours difference, etc.) 

5. Delays due to communication errors are only considered. Hence other criterions of 

accepting a particular part (e.g. product quality and standards) are assumed to be 

adequate 

3.4 Data Collection 

 

Actual data was selectively collected from Fits Aviation Pvt Ltd, a small scale international cargo 

airline operator in Sri Lanka. The fleet consists of high variation in aircraft types but few number 

of aircraft.  

Data sample consists of qualitative data such as information, communication as well as 

quantitative data such as time and cost.  

Data exchange occur between one to one, one to many, many to one or many to many people 

during activities. These data were extracted from spare parts purchase history records, email 

communications with stakeholders, engineering log books, vendor payment records.  

Time estimations were calculated basis on the average time taken for each activity.  

Information shared during communication includes; 

 Spare part number, parts catalogue, quality certificates 

 Lead time and location 

 Quotations, purchase orders, invoices, packing lists 

 Mode of transport and status of transport  

 Air way bill/courier tracking/ bill of lading  

 Payment advice 

 Customs entry, authority approvals 
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4 Data Analysis and Observations 

4.1 Engineering procurement procedure 

Engineering procurement includes, aircraft spare parts purchase and coordinate getting repaired 

components at MRO workshops and return. Categories of spare parts procure includes; rotables, 

repairables and expendables as referred in Chapter 1 under subheading 1.1.3. Service requests are 

made from engineering department to procurement and then suppliers are contacted accordingly. 

Prior to purchasing, suitability of components and price are evaluated and then approvals from 

quality department and operations are received.  

 

Figure 4.1 : Fits Aviation Aircraft Spares Procurement Procedure 
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Logistic services are obtained from agents who have service contracts with the company and 

provide inwards and outwards logistics services through courier services, air freight solutions and 

hand carry service is obtained based on the urgency of the spare part at line station. Procurement 

procedure can be summarized as in figure 4.1. Sequence of activities and decision-making points 

are presented according to the current practice.  

4.2 Value chain of procurement process 

Value chain of the procurement process mapped and illustrated in figure 4.2. Most of the time 

purchases are made from traders since operators having small fleet have difficulty in access to the 

OEM or MRO facilities. Therefore, supplier network extends from 1st level to 2nd level in some 

cases such as in repairing avionics, breaks and wheels.  

 

Legend 

 Information flow 

 Material flow 

 Financial flow 

Figure 4.2 : Fits Aviation procurement value chain 
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4.3 Communication flow matrix 

Communication flow across the supply chain with responsible stakeholders for each activity was 

described in the matrix illustrated in table 4.1. Total procurement process until receiving goods at 

the aircraft maintenance site was described with 20 key communication activities.  

Expected time for each activity was calculated using PERT formula. Best time, worst time and 

most likely time intervals were taken from the past records of operator considering AOG repair 

maintenance spare parts deliveries made during the past two years, 2016 and 2017. Best time 

denoted when spare parts are available at 1st tire supplier and supplier locate in an area accessibility 

and transport connectivity is high. Worst time is the longest time that could take to find and 

transport part when purchased from 2nd tire located in a remote area and limited access. Most likely 

time represent when part is drop shipped but from an easy access location. In addition to the 

precedence and successor communication for each activity, their relationships are also identified. 

The case study narrows down to the operation of aircraft in Indian Subcontinent and Central Asia. 

The aircraft in concerned is a McDonnell Douglas MD82 type twin engine, narrow body aircraft. 

Very few operators found in the Asian region who has this type of aircraft in their fleet. 

Opportunities for spare parts pooling or borrowing parts on PHB systems (parts per hourly basis) 

are very much limited. Some airline operators in United States of America still use this type of 

aircraft for domestic transport services and found serviceable parts as removed from teardown 

aircrafts in North America. As a result, quite often spare parts are purchased from suppliers in 

North America. However, during major repairs or modifications, technical supports are received 

from OEM’s such as Boeing for airframe, Meggitt for wheels and break systems and Pratt & 

Whitney for engines.   
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Legend for the Communication Matrix  

Task – Main activities numbered in chronological order and number with a letter indicates the 

sub activities of a main activity. 

Task Description – Considering an AOG situation, activity breakdown from identification of the 

technical fault, request spares, purchase and supply and repair the aircraft.  

Person   Responsible - Person who initiate communication for the activity in concern 

Code – Notation of an English letter is given to each person involved in the communication 

network    

Activity (AON) – Communication flow from predecessor to successor  

E.g. AB = communication flow from engineer to planning officer 

Expt Time (Duration) – PERT equation  

(Best time + 4 * Most like time + Worst time)/6 = Expected time or the Estimated time   
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Table 4.1 : Communication flow matrix (part 1)
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Table 4.2 : Communication flow matrix (part 2) 
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4.4 PERT diagrams and Critical Path 

Activity diagrams drawn for the communication flow during procurement process.  

Under optimistic condition, procurement process communication activities drawn for AOG 

situation where the spare part found in the inventory. Figure 4.3 

Under best estimated time, where the spare part to be purchased and supply, procurement process 

communications categorized into five major activities and drawn the PERT diagrams for each 

major activity with their sub activities.  

I. Order placing – start the project and map sub activities until order was placed. Figure 4.4 

II. Approvals and payment – once order placed, continue the activities for approvals and 

payment process. Figure 4.5 

III. Inwards clearance – after payment arranged, goods shipped from supplier, arrived in 

Colombo and arrange inward clearance. Figure 4.6  

IV. Goods received – clear the import goods and deliver to warehouse. Figure 4.7 

V. Aircraft repair – received goods verified for quality conformity, issued to engineers, repair 

and make the aircraft airworthy. Figure 4.8 

Early start (ES), early finish (EF), late start (LS), late finish (LF) times were calculated using 

forward pass and backward pass along the network.  

If duration or the estimated, expected time indicated by t, 

EF = ES + t and LS = LF – t  

If slack is denoted by S, 

S = LS – ES or S = LF - EF 

Slack is the maximum time that an event can be delayed without delaying the total project 

completion time. Slack was calculated to each activity identify the critical path. Activities on the 

critical path have zero slack. (Krajewski, Ritzman, & Malhotra, 2013)
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Legend for the PERT activity diagram  

ES – Early 

Start time 

Duration, Hrs 

(Est. Time) 

EF – Early 

Finish time 

Activity – Communication Flow 

LS – Late 

Start time 

Slack LF – Late 

Finish time 

 

 

Figure 4.3 : Activity diagram for aircraft repair under perfect conditions   
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Figure 4.4 : Activity diagram for order placing – Project start 
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Figure 4.5 : Activity diagram for approvals and payment 
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Figure 4.6 : Activity diagram for inward clearance 
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Figure 4.7 : Activity diagram for goods delivery 
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Figure 4.8 : Activity diagram for aircraft repair – Project completion 
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In the above illustrated PERT diagrams, critical path was identified by activities having zero 

slack time and those activities marked in yellow in the network diagram. 

50 critical communications involved in the procurement process and it takes 7 days and 14 

hours to search, purchase and supply a spare part. Most strenuous activities are the 

communication activities involved with supplier for order confirmation, payment process, 

logistics arrangement and transport.  

Communication activity is denoted by two alphabetical letters and each letter denoted the 

stakeholder responsible for that particular communication. For example, ‘AB’ is used to 

indicate the communication activity and information transaction from A, the engineer to B, the 

planning officer. 

4.5 Gantt chart for Critical Path  

 

Gantt chart drawn for the activities in the critical path shows that relationship between two 

adjacent activities within the chain is finish to start. All activities are sequential and need wait 

the predecessor activity to finish to start the successor activity.  
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Figure 4.9 : Gantt chart for spare parts procurement critical part 
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4.6 Sources of communication and information shared 

 

To identify the best mode of communication and most important information types, mapped 

the activities, information shared and communication flow and the results tabulated in Table 

4.2. Stakeholder(s) that initiate the activity was considered as the owner of the communication 

activity and communication flow between owner and the other stakeholders plotted with 

communication medium and information types shared. Key variables communicated was 

identified and listed in the matrix. With the help of data in table 4.2 summarizes the findings 

as follows; 

Mostly communicated information are 

 Part number and IPC (illustrated parts catalogue) 

 Quality, warranty, certification 

 Lead time 

 Price  

 Supplier bank details  

 Country of origin and country of shipping 

Main sources of communication identified are 

 Emails 

 Tech log book entries 

 Verbal messages 

 Documents – catalogues, certificates, Purchase Order, Invoice, Packing List, Air Way 

Bill, Wire Transfer receipt 
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Table 4.3 : Sources of communication used for information sharing (part 1) 
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Table 4.4 : Sources of communication used for information sharing (part 2) 
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Table 4.5 : Sources of communication used for information sharing (part 3) 
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4.7 Observations 

 

Both Gantt chart and PERT diagram indicate the process has four major time 

constraints. They are 

 Receiving quote from a supplier and order confirmation to the supplier takes 

minimum 12 hours each due to the geographical zone difference. To make 

purchasing decision and place the order it takes 34 hours and from that time 24 

hours are waiting time for receiving response from the supplier.  

 Payment to effect at supplier’s bank account takes 21 hours, almost a day. 

 Once payment effects, communication activities relevant to cargo pick up, flight 

booking and handing over to the carrier takes 31 hours, this is one and half a 

day 

 Transportation of parts from USA to Sri Lanka takes minimum 49 hours, more 

than two days.  

These activities occur at external stake holders in the upstream of the supply chain and 

has limited control to the operator.  

The geographical location and time zone difference cause very high negative impact in 

communication, even with the use of advanced information and communication 

technology tools for communication.  

Handling of logistics and transport is complex and involved with high risks of change 

in flight schedules, cargo offloading which results in delivery delays.  

Forwarding agent and carrier are responsible for logistics arrangements and transport. 

When transporting urgent spare parts, very high freight charges to be paid to book space 

with carriers at short notice. Often forwarding agents have contracts with airlines for 

agreed payload for high traffic routes so that at any given time, agent can book flight to 

carry emergency cargo. If not, cargo must airlift on first come first serve basis. Then 

light cargo shipped in passenger flights bellies and heavy and oversized cargo 

transported in freighters which require waiting in the queue for transportation.   

Under all these circumstances, for an aircraft part to search, purchase and deliver 

require minimum 7 days and 14 hours. Refer PERT critical path diagram figures 4.4 to 

4.8.  



 

70 

 

In the PERT diagram, there are several communication activities that are not critical 

but required for completion of importation of aircraft spare parts. They are  

 Obtaining authority approvals prior shipping the spare parts. These approvals 

can be obtained in one and half a days’ time until the payment arranged for the 

purchased spare part. Refer figure 4.5.   

 Cancellation of import license once goods arrived. This can be attended while 

inward clearance processing at BOI. Refer figure 4.6. 

 

4.7.1 Activities that can be most likely to make errors 

 Figure 4.5; Activities AB and BC – fail to identify correct part which cause 

aircraft un-airworthy or while communicating the part number to procurement, 

digit or letter could mistakenly written and sent to procurement.   

 Figure 4.5; Activity CD – procurement can make mistakes in typing the part 

number sending RFQ to supplier 

 Figure 4.5; Activity DC - Supplier’s supplier can send different part number 

than what is requested due to an error in communication in between suppliers 

and brokers. Further supplier invoice may not have complete information to 

process payment. Incomplete information can create delay in supply of spare 

part and as a result, can consider as a communication error.  

 Figure 4.7; Activity MQ – when forwarding agent communicate to the airline, 

there can happen mistakes either at agent or at airline by giving a wrong delivery 

address or declare the cargo under wrong harmonized code. Mistakes in airway 

bill can cause long delays in transportation. 

4.7.2  Most common errors 

By experience, identified several most common mistakes take place in communication 

and information sharing which cause major delays as well as extra costs.  

 Incomplete or wrong part number given by the engineering team either due to 

typing errors or wrongly identified technical fault 

 Supplier ship different part number instead the purchased part number 

especially when parts are directly shipped from 2nd tire suppliers on behalf of 

the 1st tire supplier 
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 Goods shipped to different location without following the given delivery 

instructions. This occurs at logistics department at the supplier or at forwarders 

due to negligence and/or carelessness.  

 Short delivery of order without prior information 

 

4.7.3 Most involved stakeholders for procurement process 

Reference the results obtained from table 4.2, frequency chart prepared to determine 

the frequency of stakeholder’s involvement in 20 key activities identified in aviation 

spare part procurement process.   

 

Figure 4.10 : Frequency of stakeholder involvement in communication activities 

Frequency chart, figure 4.9 shows the activities that each stakeholder responsible for 

and the frequency of taking part in communication and information sharing the 

procurement supply chain. Figure 4.10 was drawn to identify the most involved 

stakeholders in the supply chain.  
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Figure 4.11 : Frequency diagram – Stakeholder involvement 

As per the above figure 4.11, the most involved stakeholders in the spare parts 

procurement process are identified as; 
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This shows the gravity of responsibility in the shoulder of procurement officer, then 

engineer, supplier and customs broker in completing procurement task satisfactorily.  

4.7.4 Priority order of communication identified 

Communication activities and the key information required to communicate in order to 

minimize delivery delays can be explained in table 4.2 and critical path diagrams 
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recognize the part number to be replaced, request supply the same for aircraft repair. 

Then planning officer pass the information to procurement officer and commence 

search the part, purchase and deliver to the line station for aircraft repair.  
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5 Discussion of Results 

5.1 Interpretation of results 

 

Research data analysis shows that information and communication play key roles in 

supply chain management. Any short coming in information shared or communication 

can lead to delays in the supply of aircraft parts. There is an impact of information and 

communication on delivery lead time. Examples are discussed as follows;   

a) The proxy for the case study is an old model aircraft in the fleet.  Lack of 

economies of scale caused difficulty in maintaining service contracts directly 

with OEM, MRO or airline having similar type of aircraft in the fleet. As a 

result, Fits Aviation procurement value chain often extended to 2nd tire suppliers 

during parts search. Therefore, timely communication of right information is 

very important to keep the delays at a minimum when making purchasing 

decisions. When sending quotation requests for parts supply, communicated 

information repeated and reproduced within the supplier as well as among the 

suppliers in the upstream of supply chain to find the aircraft part. If any error in 

communicated information occurs during this information transformation, it can 

result in supply of a wrong part. If the wrong part received, correct part to be 

re-order and wrong part need to return. These create additional costs to the 

operator and long delays in repairing the aircraft.  

 

b) Communication flow matrix illustrated the responsibilities of each stakeholder 

in communication of information across the supply chain for successful 

completion of a procurement process. Engineer (A), Planning Officer (B), 

Procurement Officer (C), Supplier (D) and Forwarding Agent (M) are the key 

responsible people in the procurement process.  

In this case “D” denotes communication between 1st tire supplier and Fits 

Aviation Procurement Officer. The communication between 1st tire supplier and 

2nd tire supplier transaction cannot demarcate as the duration and 

communication flow not disclosed to the customer. This is one of the gray areas 

in the information and communication flow among external stakeholders in the 

aviation supply chain.  
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Communication between forwarding agent (M) and carrier (Q) also cannot be measured 

as it happens externally and agent doesn’t disclose the details of flow of information 

and communication. Therefore, room for improvements in communication activity 

duration is limited. 

c) PERT diagrams indicate that communication activity on node and flow 

direction from the arrow. The information shared are listed under section 4.6, 

sources of communication and information shared.  Within the PERT network 

there are several communication activities which are more susceptible for 

making information and communication errors causing delays in delivery of 

spare parts.  

I. Activity AB, figure 4.4: If engineer made a mistake in identifying the 

unserviceable part number, the erroneous part number will be requested 

for purchase and supply. Until the part is fixed and tested this mistake 

will not highlighted. Then procurement has to undertake the same 

exercise for different part number on AOG basis. This cause high costs 

to the operator.  

II. Activities BC, CD and DC, figure 4.4: When complete information 

about the part required purchase is not communicated in 1st 

communication, information to obtain in several steps of 

communication which leads to delay the purchasing decision. Since 

aviation spare parts need conform to the quality and safety airworthiness 

requirements, it is essential to know the available certificates, back to 

birth history and tested date and accuracy of the part number in making 

purchasing decision.  

III. Activity DM, figure 4.6: If the logistics department at supplier, made 

mistake in communicating delivery address forwarder can ship parts to 

wrong address. Same time, if the logistics department mistakenly 

handover the wrong package to the forwarder, consignee will receive 

wrong parts at destination. There will be long delays and high costs to 

the operator in both incidents.  

IV. Activity IH, figure 4.5: Bank will fail to transfer funds to the supplier, if 

the supplier’s bank details are not clearly and accurately declared in 

commercial documents.  
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V. Activities MQ and QM, figure 4.6: these two communication activities 

are critical for logistics arrangement. Very essential to communicate 

clear instructions and right information; cargo type, weight and 

dimension, urgency, delivery address etc. to the carrier and get 

confirmation on space availability, transit points and flight schedules.  

VI. Activity QC, figure 4.6: with advanced ICT tools, shipments in transit 

can be monitored and both the shipper and consignee can have real time 

tracking of the package. This is very useful in AOG deliveries to monitor 

the movement of the parts and adopt alternative solutions if there are 

any deviations from the scheduled delivery plan.  

Findings from literature review in chapter 2, recognizes information and 

communication as two key influential factors that can create high impact on delivery 

lead time in supply chain management. For example; 

 “Supply chain management practices and information system practices are 

inextricably intertwined and need integrative approach to improve the 

efficiency of the supply chain” (Ekrem Tatoglu et al., 2016)  

 Fiala in his research, identified information asymmetry as a source of 

inefficiency in the supply chain. He has said that supply chain partnership leads 

increase in information flow, reduce uncertainty and reduce costs. (Fiala, 2005) 

 Fiala (Fiala, 2005) describes successful stories of information sharing for the 

improvement of efficiency of vendor managed inventory of supply chain 

management at world famous international organizations, Campbell and Barilla 

S.P.A, Procter & Gamble and Wal Mart.  

 Lee and Whang have identified inventory levels, order status, delivery schedule 

and sales data as frequently shared different types of information in supply chain 

management. (H. Lee & Whang, 2000) 

 Treuner in his survey on aviation and aerospace supply chains reveals the 

findings that 91% of the disruption of aviation industry supply chain occurs in 

the upstream of the chain and beyond the control of the operator. He claims 

communication, product quality, supplier inefficiency and freight forwarders as 

the major contributors for the disruptions. (“Aviation and aerospace supply 

chains move eastwards,” n.d.) 
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RFID, GPS, ERP, cloud computing, computerized shipping and tracking are few 

examples of ICT tools that are used in supply chain management, creating better 

visibility within the supply chain which will, enable to have more control over the 

business and stay ahead of the competition.  These technologies electronically link the 

members of supply chain and provide end to end electronic communication and 

automatic data capture and transmission. These provide cheap, faster and convenient 

real time communication and information among stakeholders in the supply chain. 

(Krmac, 2005) 

In Chapter 4.4, PERT diagrams shows that current aircraft spare parts procurement 

procedure is a complex sequential chain of communication and information flow that 

follows execution of one activity after the other. Except obtaining authority approval, 

all other activities need start after finishing previous activity. As a result, the time taken 

for purchase and supply aircraft spare part is as long as seven and half days. This 

network was identifying as an inefficient procurement system which needs improve to 

reduce delivery lead time of aircraft spare parts. 

It is recommended to further study the internal communication flow within the operator, 

across the departments, to introduce parallel processes for critical activities such as 

obtaining quality approval and payment process approvals.  

5.2 Critical evaluation of the study 

This research was done to study the impact of information and communication on spare 

parts delivery lead time at AOG situations in aviation industry. The main concern was 

to identify the communication errors, key information that lead to delay in delivery lead 

time during procurement of aircraft spare parts. Refer to the case study, data analysis 

and observations, there is an impact of information and communication on delivery lead 

time. This impact can be positive or negative depend on the extent of information shared 

and effectiveness of communication channeled across.  

Research findings further shows that long waiting hours such as one and a half day 

caused in the procurement process due to globalization of spare parts distribution. 

Operator and supplier are geographically located at different time zones and this gap 

creates 10 to 12 hrs waiting time for feedback from one party to the other.  
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Similarly, due to the unpredictable nature of logistics and transport facilities, time taken 

for transportation of spare parts will be extended than 82 hours and 30 minutes 

predicted in figure 4.5. These activities are beyond the control of operator and supplier 

as transporters have higher bargaining and controlling power in logistics services.     

The model organization uses formatted and unformatted emails as main source of 

communication to transfer information to internal and external responsible people. Key 

feature of these email communications is the structured format adopted for easy 

understanding and minimize loss of information or wrong information transformation. 

This is avoid misreading the message due to language barriers when communicating 

with international suppliers where the native language is different from English. This 

is a benefit to the effective communication. Key information communicated across the 

supply chain are included part number, quantity, quality and certification, warranty, 

delivery lead time, price, transport mode and the forwarder/Airline.  

Key people responsible for spare parts procurement are identified as Procurement 

Officer, Engineer, Supplier, Customs broker and Airline. If any of these representatives 

make a mistake in communication or information transferring, it will create huge 

negative impact on the delivery lead time due to extra time to be spent on doubts 

clarification and repeat action for correcting the error. 

Gantt chart revealed the bottlenecks in the system that contribute to the delay in delivery 

lead time. Even though the information transfer instantaneously, feedback 

communication activity takes place delayed due to the external factors discussed above 

and ability to control are very limited.   

 Quotation received 

 Order confirmation 

 Payment process 

 Transport time  

In this research, the procurement supply chain was studied under 20 key activities 

which further elaborated with sub activities mainly to estimate the time taken for each 

communication activity. During the time intervals estimate, lag and lead times related 

to activities were considered as embedded in the predecessor and successor 

respectively. This is due to the limited time availability for completion of the project. 
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But if we can communicate with the respective stakeholder and obtain permission to do 

a time study for each activity to identify the lag time and lead time, it will help to 

reorganize the PERT diagram and establish the new critical path which can be taken as 

a guide to leveling or crashing activities to reduce the activity completion time.  

These bottleneck activities which have long duration time, can be evaluated for value 

generating causes and non-value generating causes. Thereby eliminate the non-value 

activities. When the contributing factors for waiting time was identified, it is easier to 

schedule the activity with a lag or lead for predecessor and successor.    

The expected outcome of this study was to propose methods to reduce the operational 

costs by minimizing communication errors, reduce the spare parts delivery delays 

during AOG situations. 

 In order to achieve this, as mentioned in previous chapters, it is necessary to eliminate 

non-value activities in the information and communication flow. Propose re-structure 

the procurement process in such a manner time taken for internal communication is 

minimized and happened parallel instead serial. Further structure the communications 

as much as possible to minimize errors that can occur during communicating 

information.  

For communication activities takes place within the organization, activity time duration 

can be reduced by introducing several changes to the current procurement system.  

Proposed changes to internal procurement procedure are; 

I. With the ICT tool, cloud facilities (Office 365) share the spare parts inventory 

list among engineer, procurement and stores and update by stores officer the 

inventory list daily basis to validate the information shared. By this method, 

activities BP and PB can eliminate from PERT diagram in figure 4.4. This saves 

1 hour and 10 minutes approximately.  

II. Once received order confirmation, an email can be shared with all three 

management representatives; Head of Engineering, Deputy Chief Executive 

Officer and Finance Manager for payment approval. Enable them to approve 

the Invoice and Purchase Order for payment in one communication platform 

sequentially following the organization’s communication protocol. This will 

save time for procurement officer by eliminating resending the same email three 
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times to each individual. Order approval hierarchy remains same but people 

replying to one same email. If not, the approval required Purchase Order and 

Invoice/Order Confirmation can shared in one drive given options to comment. 

One approved, finance can communicate the payment request to the bank using 

shared invoice and purchase order. This method not only saves time but also 

reduce the paper usage in the organization and results in reduction of overhead 

costs. If this approach becomes successful, steps CG and CH activities from 

figure 4.5 can eliminate with a saving of 1 hours and 30 minutes approximately. 

In order to ensure everyone response timely, IT system can generate reminder 

pop ups until the process completes.  

III. To reduce the delay in payment arrangement, procurement need to have 

contracts with frequently dealing vendors for credit facilities for emergency 

purchases. Then activities HI, IH and HC from figure 4.5 will become non-

critical communication flow. Time saved will be 29 hours and 10 minutes for 

the payment process. 

IV. Once order confirmed and until goods are prepared for shipping, supplier can 

update the forwarding agent with package details; commodity, weight and 

dimensions. So that forwarding agent can check with airline for temporary flight 

booking to minimize the waiting time. Supplier can share the invoice and 

packing list with forwarding agent to make the communication with the airline 

easier. Then the duration for activities in figure 4.6 from CM to MQ can be 

reduced and thereby reduce the delivery lead time.  

This research was carried out with experiences and data collected from a small scale 

international air cargo operator. So that the findings will be more suitable for similar 

type of airline operator to be adopt for their delivery lead time improvements. 

Further, this operator had a single aircraft in that type in his fleet and the analysis may 

differ if the fleet had several aircraft from the same time. It will help especially in 

identification of part number with the fault faster with more confident than previous 

case. Also, the operator can invest on more spare parts to be stocked in the airline 

inventory due to the frequent stock turn.  

On the other hand, if the same operator under same conditions, found in geographical 

location such as North America, Europe or Africa the delivery lead time of spare parts 
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would be much less. When more operators having similar aircraft in their fleet, vendors 

can be found established their business in those regions. As a result, access to spare 

parts are easier and faster. Airlines even can borrow spare parts from other operators at 

an AOG situation to reduce delivery lead time.   

 

  



 

82 

 

6 Conclusion and Recommendations 

6.1 Conclusion 

 

The research findings show that information and communication flow can highly 

influence the delivery lead time of aviation spare parts procurement process. If any 

communication error occurs in the upstream of the supply chain, it causes delays in 

purchasing decision making and thereby delay the supply of spare part to the line 

station. 

The costs involved with delivery lead time delay in supplying aircraft spare parts during 

an AOG situation can demonstrate as follows; 

In order to demonstrate the AOG cost, below figures are arbitrarily taken for 

calculation. These do not take from the operator. Assume;  

No of flying hours per month = 150 

Average no of flying hours per day = 5 

Operating cost of the aircraft per hour = USD 3000 

Additional per hour cost to the operator at AOG situation = USD 650  

Delivery lead time of spare parts, Figure 4.8 = 183 hours (assume 8 days) 

If the spare part delivered as per the estimated time, AOG cost = 8 x 24 x 650 = USD 

124,800 

Any delay in spare parts delivery to line station during an AOG situation will cause 

increase in this AOG cost to the operator.  

Therefore, spare parts delivery lead time in aviation industry is very critical and factors 

contributing to such delays need to eliminate. Therefore, communication errors need to 

eliminate in aviation supply chain.  

6.2 Recommendations 

 

In order to eliminate spare parts delivery delays and lost to the airline operator propose 

improvement to the communication methodology.  
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 Adopt formatted structure in email communication, always present technical 

data and requirements in a tabulated form to minimize communication errors in 

both generating and receiving the information.  

 Share the information among stakeholders using common platform such as 

cloud communication so that repetitions are minimized 

 During email communications, always mention only the key points in bullet 

form 

The research can be extended to medium air cargo operator having several aircraft from 

same type in the fleet for the comparison of findings. Then generalize the results for 

freighter operators in the region to consider as a model for improving delivery lead time 

for their individual procurement supply chins. 
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