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Source:

Hague, Mansour and Saleh (2003) have tried to highlight the advantages that AM has 
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freedom means that the design limitations are removed when it comes to AM as 

013- Maintenance

recycling

Source: 
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Source:
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Source:

Are the available AM material 

The build volume of all 

must be within a reliable 

Identification of 
general AM 

Identification 
of material 

Identification 
of build 

volume for all 

Identification of 
customization 

Identification of 
lightweight  

Identification of 

internal channel 
structures

Identification of 
functional 
integration 

Identification of 

designed surface 
structures

Identification of 

Decision 
for use of 

AM

HIGH

A negative decision can 

due to financial 
considerations

Conventional 

manufacturing 
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Thomas and Gilbert (2014) have conducted a detailed study on how AM can be 
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Step 1: Identification of the factors and attributes for AM (Secondary data)

 Attributes identified through secondary data

2020)
Design freedom
Feature size

2020)

Hague, Mansour and Saleh, 2003) 

Machine availability
Vietor, 2016)

Material availability

Flexural strength
Tensile strength

Product life

management
(Hague, Mansour and Saleh, 2003)

chain
(Hague, Mansour and Saleh, 2003)

(Hague, Mansour and Saleh, 2003)
Accuracy (Thomas and Gilbert, 2014)
Precision (Thomas and Gilbert, 2014)

(Hague, Mansour and Saleh, 2003)
(Rosen, 2014)

Maintenance (Thomas and Gilbert, 2014)
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(Thomas and Gilbert, 2014)

Saleh, 2003)
(Hague, Mansour and Saleh, 2003)
(Thomas and Gilbert, 2014)

Inventory (Thomas and Gilbert, 2014)
New business model (Thomas and Gilbert, 2014)
Product size

2014)

(Thomas and Gilbert, 2014)
Decentralized (Thomas and Gilbert, 2014)

(Thomas and Gilbert, 2014)
(Thomas and Gilbert, 2014)
(Thomas and Gilbert, 2014)

Feature details (Thomas and Gilbert, 2014)

2014)

Hardness
Density

2020)
(Thomas and Gilbert, 2014)

Recycling

Emission
Sustainability

ionising
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Managerial and 

manufacturing 

Design changes
2014)

Internal structures
2014)

Surface structures

Geometry 

(Thomas and Gilbert, 2014)

range

Aging of material

non-ionising

Readily visible recycling 
symbol
Reusability

cost

cost
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Step 2: Categorization of the factors

lightweight design, internal structures or channels, functional integration, designed 
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 Categorization of attributes

 
Availability Multi-material

structure
All 
Intended 
functions 

Design  Energy 

volume of 
manufacturing

Some 
additional 
functions

Design  
freedom

Production 
time

Recycling

utilisation
Thermal 
conductivity

Process  
visualisation

Durability Translation 
(Design 
changes)

Production 
volume

Emission

Product 
size

Flexural 
strength

Assembly time  Feature 
details management

Sustainability

Print time Tensile strength  Customisation Vulnerability to Material 
wastage

 
strength

Post  Accuracy Consumer 

 SN curve Surface finish  Precision Inventory Radiation
  Consolidation Carbon 

 Installation  Feature size Decentralized 

 Hardness Maintenance  Aesthetic  

 Density Consistency  Functional 
integration

 

 Thermodynamic 
behavior

Non-
destructive 
testing

 
Information

After sales 
service

 

 
modulus Finishing

  
image

 

     
    New business 

model
 

 Colour    Production on 
demand

 

 Cost    Communication  
 Availability of 

material
   Fabrication cost  

     Total cost  
     

engineering 
cost

 

5 17 13 3 12 20 10
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Step 3: Experts opinion on factors relevant for FDM (Delphi method)

Since very little research has been conducted to study the feasibility of FDM considering 
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1 1
2 2
3 Neutral 3
4 4
5 5

Sampling frame and adequacy of factor analysis

Industry

Assistant Professor 
Erode Sengunthar 
Engineering College 

Academics

Regional Manager - Sales
Industry

Research Scholar Researcher

Research Scholar 
Technology 

Researcher
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Assistant Professor 
of Technology 

Academics

Assistant Professor NIFT Patna Academics
Industry

Professor NIFT, Varanasi Academics
6 Sigma Head Indium Industry

Technology Manager 
Vfuse Metal 4 Industry

Assistant Professor Academics
Technical Manager Industry
Technical Manager Industry
Research Scholar Researcher

with the mean ratings, the standard deviations were also calculated to understand the 

Design Selected
Design freedom Selected

Selected
Feature details

Selected
Accuracy Selected
Precision Selected

Selected
Feature size Selected
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Selected
Selected

Machine Availability
Selected

Product size Selected
Selected

Process Selected
Selected

Selected
Selected
Selected

Maintenance
Consistency Selected

Selected
Selected
Selected

Inventory

New business model
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Selected
Total cost Selected

Environmental Selected
Recycling
Emission
Sustainability Selected
Material wastage Selected

Selected

Durability Selected
Material

Flexural strength Selected
Tensile strength Selected

Selected
SN curve Selected

Selected
Selected

Hardness Selected
Density Selected
Thermodynamic behavior

Selected
Selected
Selected

Colour
Cost Selected
Availability of material Selected
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Step 4: Factor analysis and final categorization

is no clear recommended cut-off for the loading value, but usually researchers have 

a

1 2 3 4 5 6 7 8 9 10

Design freedom

Accuracy

Precision

Feature size

Product size
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manufacturing

Consistency

Total cost

Sustainability

Material wastage

Durability

Flexural strength

Tensile strength

SN curve

Hardness

Density

Cost

Availability of material

 
a
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 Final factors

structure
Design 
Freedom

Hardness Design 

Finishing volume strength
All 

(Design 
changes) 

Total cost

Consistency  Durability
of 
manufacturing 

Post  Tensile 
strength

 Accuracy  Sustainability

  Material 
availability

 Precision  Material 
wastage

  Density   Energy 

  
strength

 Feature size   

  SN Curve    
  

modulus
    

      

  
strength

    

  Flexural 
strength
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Step 5: Development of a framework for assessment of the potential for 
FDM

Part name Spring hinged presser foot

Category
Industrial single needle lock stitch basic hinged 
non-compensating

Description Standard Spring hinged twin toe presser foot

Application
For joining two plies of fabric by an industrial 
SNLS machine 

Material Stainless steel 
Dimension mm 35x35x7
Weight g 50

Fabric 100% cotton
Fabric GSM 150
No. of plies 2-4
SPI 10-12
Stitch number 301
Thread ticket 120
Machine RPM 3000
Force applied 15-40 N
Seam type Superimposed

Mechanical Properties
Density 8.00 g/cm3

Melting Point 1400°C
Modulus of Elasticity 193 GPa
Tensile Strength (MPa) 500 - 700
Proof Stress (MPa) 200 Min
Elongation A50 mm 40 Min %
Hardness Brinell 215 Max HB

Part Diagram/ Image

Seam Diagram 1

Seam Diagram 2

Seam Diagram 3

Additional Notes and Remarks

Seam properties

General Information

Created by: Created on: Signature
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Framework for Potential Check for Fused Deposition Modeling Technique of AM

Function study
Feature study

Performance study

Part Selection

Conceptualization

Development of iterations

Process Feasibility

Simplification

Machine Feasibility

Availability, build 
volume

Material Feasibility

Availability, Mechanical 
properties

Functional Feasibility

Essential functions
Desirable functions

Design Potential

Complexity Consolidation Features Lightweight

Business Potential

Cost Lead Time Supply Chain Business Model

Environment

Energy Consumption Wastage Sustainability

OK for FDM

Traditional 
Manufacturing

NO

NO

NO

NO

NO

YES

YES

YES

YES

YES

SL= Screening Level

S 
L 
1

S 
L 
2

S 
L 
3

S 
L 
4

S
L 
5

ES At least one HIGH or Medium Potential

S At least one HIGH or Medium Potential

ES At least one HIGH or Medium Potential

All essential functions fulfilled

At least 50% attributes YES
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and material feasibility, which determines the availability of the material and its 
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Additive manufacturing — General principles — Fundamentals 
and vocabulary. 
2:v1:en

The 
DATA BASE for Advances in Information Systems, 

Practical Assessment, Research and 
Evaluation, 

Best practices in exploratory factor analysis. 

The delphi method: an experimental study of group opinion. 1st

FDM vs. SLA vs. SLS: 3D printing technology comparison.  
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Additive manufacturing technologies. 2nd

Current Psychology, 40, 

Assembly Automation, 

Journal 
of management, 

Information & Management , 

Additive manufacturing — Design — Requirements, guidelines and 
recommendations, 

Proceedings of the DESIGN 2020 16th International 
Design Conference, 11th

Health investigation: analysis- planning- evaluation. 

Virtual and Physical Prototyping, 

The delphi method, techniques and applications. 1st

Fabricated: the new world of 3d printing. 

The Asian Journal of Shipping and Logistics, 

Int J Clin Pharm, 

Information 
and Management, 

MIS Quaterly, 

Information & Management, 
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International Journal of Quality 
& Reliability Management, 

Journal of Engineering Design, 

Journal of Management Information Systems, 

Procedia CIRP, 18, 

Special 
Publication (NIST SP), 
nist

Exploratory factor analysis. 1st

CIRP Annals - Manufacturing Technology, 69(2)
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