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ABSTRACT

The research question investigated in this paper is to determine the requirements of a quality 
management system for an aerospace additive manufacturing company. This paper consists of two 
main sections, firstly a presentation of a gap analysis comparing ISO 13485 medical and AS 9100D 
aerospace quality management system standards to identify the critical gaps between the two 
standards and highlighting the areas of potential nonconformances to AS 9100D, secondly an 
evaluation of each main clause of AS 9100D is provided in terms of additive manufacturing. The 
importance of gaining the relevant quality management system certification for an additive 
manufacturing company and an explanation as to how becoming certified aids an additive 
manufacturing company in becoming marketable to original equipment manufacturers is provided. 
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1. INTRODUCTION

Within industry, it is agreed that certification and qualification of additive manufacturing (AM) parts 
and processes are currently the main challenges to the broader adoption of AM [1]. Certification is 
especially important within the aerospace industry due to the stringent safety specifications and 
needs for high-quality products, this too is of importance within the medical industry. Standards are 
used as a universally accepted baseline on which to measure manufactured products, these 
standards contain various rules, guidelines and characteristics that need to be adhered to in order 
to achieve a product of desired quality and repeatability [2]. Due to the infancy of AM, various 
standards are currently in development or are still required, therefore certified quality control and 
management within the AM industry is of importance [3]. The natural starting point for a company 
to ensure quality products and prove to their customers or original equipment manufacturers (OEM) 
that the manufactured products meet their requirements is to implement a quality management 
system (QMS) and to obtain certification on this QMS by a recognized certification authority. The 
QMS aids companies in proving that they have the ability to consistently supply a product or service 
that meets the relevant legal, statutory, customer and regulatory requirements and provides a 
framework to ensure that these requirements are met in a systematic and documented means [4].
Obtaining AS 9100D certification by a registrar recognized by the International Aerospace Quality 
Group (IAQG) is recognized by the National Aerospace and Defense Contractors Accreditation 
Program (Nadcap) as an acceptable quality system. Obtaining this certification is a requirement for 
Nadcap accreditation. Nadcap accreditation is recognized as the leading accreditation program
within the aerospace industry and offers improved access to industry OEMs [5]. The QMS for an AM 
organisation forms the basis for an AM part certification framework and it is agreed within industry 
that obtaining the relevant QMS certification is the minimum needed to become marketable to 
industry OEMs.

2. GAP ANALYSIS BETWEEN ISO 13485 AND AS 9100D

ISO 13485 specifies the requirements for a QMS suited for a company involved in the various stages 
of the lifecycle for manufacturing of medical devices. This standard is used to assess a company’s
ability to fulfil regulatory and customer requirements stated by the relevant medical OEMs [6]. The 
aerospace industry equivalent to ISO 13485 is the AS 9100D standard published by SAE International. 
The AS 9100D standard states that it aims to provide standardised requirements for an aerospace 
QMS, and that this standard is applicable to all levels of the aerospace supply chain. AS 9100D also 
aims at fulfilling customer and regulatory requirements and improving product and service quality 
as well as customer satisfaction [7]. Both ISO 13485 and AS 9100D highlight that the QMS 
requirements stated in these standards are complementary to customer, regulatory and statutory 
requirements, and in the case of a conflict arising between these two categories of requirements,
the latter must take precedence [6][7].

A gap analysis is performed on these two standards to identify critical gaps between them. The aim 
of this analysis is to highlight areas of importance for AM companies currently certified to 
manufacturer medical devices under ISO 13485 that are planning on expanding their business to 
manufacture parts for the aerospace industry. The gap analysis technique presented in the TOGAF 
standard version 9.2 was applied. This gap analysis technique is used in the TOGAF Architecture 
Development Method to validate the system architecture being developed by highlighting the gaps 
between the baseline or As-Is architecture and the target or To-Be architecture [8]. For this study, 
ISO 13485 is analysed as the baseline architecture as it is the As-Is state of the system and AS 9100D 
is analysed as the target architecture as it is the To-Be state of the system. For each requirement 
in AS 9100D, the corresponding requirement is identified within ISO 13485 if there exists one. These 
requirements are summed for each main clause of AS 9100D and a percentage of conformance is 
calculated for the main clauses. This conformance score is calculated as the number of requirements 
within AS 9100D that have a matching requirement in ISO 13485 out of the total requirements for 
that main clause in AS 9100D. These conformance scores are summed to provide a total conformance 
score for each main clause in AS 9100D. A nonconformance score is then calculated as one hundred 
minus the total conformance score. These scores rounded to the nearest whole number and 
comparisons are presented in Figure 1, where the nonconformance scores are ranked according to 
the criteria presented in Table 1.
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Figure 1: Gap matrix comparison of ISO 13485 and AS 9100D main clauses

Table 1: Nonconformance score criteria

Description Indicator Score range

Fulfilled x = 0

Very Low 0 < x <= 20

4 Context of the organization

4.1 Understanding the organization and its context

4.2 Understanding the needs and expectations of interested parties

4.3 Determining the scope of the QMS

4.4 QMS system and its processes

5 Leadership

5.1 Leadership and commitment

5.2 Policy

5.3 Organizational roles, responsibilities and authorities

6 Planning

6.1 Actions to address risks and opportunities

6.2 Quality objectives and planning to achieve them

6.3 Planning of changes

7 Support

7.1 Resources

7.2 Competence

7.3 Awareness

7.4 Communication

7.5 Documented information

8 Operation

8.1 Operational planning and control

8.2 Requirements for products and services

8.3 Design and development of products and services

8.4 Control of externally provided processes, products and services

8.5 Production and service provision

8.6 Release of products and services

8.7 Control of nonconforming outputs

9 Performance evaluation

9.1 Monitoring, measurement, analysis and evaluation

9.2 Internal audit

9.3 Management review

10 Improvement

10.1 General

10.2 Nonconformity and corrective action

10.3 Continual improvement

Baseline ISO 13485:2016
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Low 20 < x <= 40

Medium 40 < x <= 60

High 60 < x <= 80

Very High 80 < x < 100

Gap x = 100

From Figure 1 it can be seen that the areas of highest nonconformance are the support and operation 
sections of AS 9100D. The main clauses where the highest nonconformance occurs are awareness, 
communication, operational planning and control, control of externally provided processes, products 
and services and production and service provision. Complete gaps between the two QMS standards 
were identified within the sub-clauses, these are presented in Table 2. Special consideration should 
be taken by an AM medical device company planning on manufacturing parts for aerospace with 
respect to these sub-clauses. 

Table 2: Complete gaps between sub-clauses of ISO 13485 and AS 9100D

Clause Clause name

7.1.2 People

8.1.1 Operational risk management

8.1.2 Configuration management

8.1.3 Product safety

8.1.4 Prevention of counterfeit parts

8.5.1.1 Control of equipment, tools and software programs

8.5.1.2 Validation and control of special processes

8.5.1.3 Production process verification

3. REDUCING THE RISK OF NONCONFORMANCE TO AS 9100D WHEN TRANSITIONING FROM ISO 
13485

To reduce the risk of nonconformance to AS 9100D, the AM company will need to address the gaps 
between their current medical device QMS and the target QMS for aerospace. This can be done by 
ensuring the AM company meets the requirements of AS 9100D that do not correlate to requirements 
in ISO 13485.

3.1 Redefining the context of the AM company

The redefining of the AM company’s context is an important starting point as the company is aiming 
at expanding into a different market. The company will need to determine the new internal and 
external factors that could have an effect on the company by entering into the aerospace market as 
well as what products and services the AM company plans on providing to the aerospace industry.
Identification of all interested parties such as aerospace OEMs, AM powder suppliers, equipment 
manufacturers and aerospace regulatory authorities and determining what their needs and 
expectations are from the AM company must be determined. From here the scope of the AM 
aerospace QMS can be developed and documented. Due to AM’s infancy, many companies implement 
industry best practices where standards for the AM process don’t exist, these best practices must 
be clearly defined in the QMS scope. Monitoring, review and improvement of the AM aerospace QMS 
on a regular basis is of importance as AM evolves at such a rapid pace [9].

3.2 Leadership and commitment within the AM company

Top management should ensure they communicate the importance of a QMS and conformity to the 
requirements set out in AS 9100D, they should also demonstrate leadership and commitment to the 
QMS by ensuring that the quality policy and objectives are correctly established and in line with the 
AM company's business strategy. Management should have adequate knowledge of AM equipment, 
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types of processes and the different materials needed and promote a continuous improvement 
approach and risk-based thinking [10]. Management should focus on the customer and ensure 
conformity of the AM products and services to customer requirements and monitor customer 
satisfaction. It is a requirement of AS 9100D that top management appoints a representative to 
ensure the AM company’s QMS conforms to AS 9100D, to liaise with all external parties and to 
promote a customer focus throughout the company [7]. Management must ensure the quality policy 
includes the relevant best practices when dealing with AM specific equipment, processes and 
materials and that these best practices are accepted by aerospace OEMs.

3.3 QMS planning requirements within the AM company

The AM company will need to perform adequate planning to provide assurance that the QMS can 
achieve the promised results. Planning is needed to identify the inherent risks involved at a company 
level with using AM processes and equipment to manufacturer aerospace parts and how the QMS can 
prevent these risk and enhance customer satisfaction. Here the company and QMS risks involved 
with entering into the aerospace market must be addressed. Measurable quality objectives must be 
established with targets and planning must be documented on how to achieve these objectives. The 
planning for changes requirements in AS 9100D correlates fully to those in ISO 13485, it is noted that 
these should be reviewed in an aerospace and AM context [7][6].

3.4 AM support requirements for aerospace

As identified in the gap analysis in Section 2 of this study, the support requirements for aerospace 
are areas of importance when an AM medical device company is planning on expanding their business 
into the aerospace sector. The company must provide the relevant resources needed for the 
establishment, implementation, maintenance and improvement of the AM aerospace QMS [7]. These 
resources shall include: 

Personnel trained and knowledgeable on AM, aerospace and the company QMS
Adequate infrastructure for the effective operation of the AM company
A safe work environment suitable for AM and aerospace processes
Adequate monitoring and measuring resources to ensure AM products and services meet 
customer and aerospace requirements, records of this must be kept safely
Retention of company knowledge such as work manuals and OEM requirements

The competency of employees in the relevant AM or aerospace fields must be measured,
documented and reviewed periodically. These employees must be made aware of the quality 
objectives, their contribution to the QMS, changes to the QMS and the risks of not conforming to 
aerospace OEM requirements and high-quality standards. The QMS must be documented along with 
all relevant company documentation according to the requirements stated in AS 9100D. Reviewing 
and updating of this documentation is needed on a regular basis as the AM field is evolving and 
improvement constantly. Archiving of out of date or obsolete documentation must be kept safely 
for a period defined by the AM company's aerospace stakeholders for adequate traceability [7].

3.5 AM operation requirements for aerospace

The operation section of AS 9100D is highlighted as an area of high importance when transitioning 
an AM medical device company to the aerospace industry, in the gap matrix presented in Figure 1 
in Section 2, the operation set of requirements in AS 9100D is determined as having the highest 
nonconformance score as well as the most complete gaps between the sub-clauses of ISO 13485 and 
AS 9100D as presented in Table 2 in Section 2. The AM company must establish criteria for AM process 
control and acceptance of AM products and services based on requirements set by aerospace OEMs, 
aerospace statutory and regulatory bodies, internal company requirements and other specific 
requirements either stated or unstated. The AM company must also identify product attributes that 
are affected by the AM manufacturing process and establish best practices to control these attributes 
[11]. These requirements must be documented and the aerospace customer must agree to them 
before acceptance of the contract [10]. Management of AM operational risk must be performed in 
accordance with the ISO risk management guidelines stated in ISO 31000 and relevant aviation 
authority guidelines [12]. These AM operational risks must be communicated to the aerospace 
customer and agreed upon. The AM company must establish and implement processes necessary to 
identify the critical physical and functional AM product attributes and ensure consistency throughout 
its lifecycle, this aids in proving reliability to aerospace OEMs. Product safety and prevention of 
counterfeit parts is of high importance within the aerospace industry, AS 9100D makes specific 
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mention of controlling and monitoring product safety throughout the entire product lifecycle and 
establishing and implementing controls to prevent counterfeit parts [7]. AS 9100D defines a 
counterfeit part as a false positive part. AM parts detected or suspected of being counterfeit must 
be quarantined or disposed of and documented accordingly to ensure that the part doesn’t re-enter 
the supply chain. Methodologies for detection of counterfeit AM parts must follow relevant industry 
standards and best practices and must be approved as acceptable detection methodologies by 
aerospace OEMs. Any external parties involved in the AM product lifecycle such as powder suppliers 
or external quality testing companies must be certified according to AS 9100D as well. The AM 
company must monitor all external parties compliance with AS 9100D and conduct periodic reviews
to ensure all external parties are in line with the AM company’s QMS [7].

Design and development of AM products and services for aerospace must be performed in a 
systematic approach consisting of various clearly defined and documented phases. The inherent risks 
involved with AM processes and all the required AM process stages must be taken into account when 
planning for the design and development of AM products and services. The inputs to the design and 
development phases must be determined from company requirements, aerospace and AM industry 
standards, regulations and best practices, assessment of previous counterfeit parts and outputs from 
risk identification techniques. A system for control must be established and periodically reviewed 
to verify and validate the AM design and development processes at each phase and authorise 
progression to the next phase. The AM design and development outputs must be compared to the 
input requirements, relevant acceptance criteria such as aerospace customer requirements and be 
signed off by authorised personnel. Any changes during or subsequent to the design and development 
of AM products and services must be documented and communicated to the aerospace customer for 
their acceptance before the implementation of these changes [7].

AM equipment, tools and software programs must be validated by an aerospace accreditation body 
and calibration and maintenance must be performed and documented periodically. The AM process
and operators to be used to manufacture aerospace parts must be accredited by Nadcap. First Article 
Inspection (FAI) must be used on each production batch and if any changes are made during the 
production of batches. NIST proposes using a standardised test artefact to test the reliability of AM 
equipment and processes [13]. Appropriate statistical sampling must be performed according to 
industry standards and aerospace OEMs and documented accordingly. For AM product provision, full 
traceability must be provided to the aerospace customer including all processes followed throughout 
the product lifecycle as well as other product preservation processes followed such as handling, 
storage, cleaning, hazardous material control, labelling and removal of foreign objects.

Post-delivery activities of the AM product such as instructions for use, intended lifetime, potential 
risks associated and relevant warranties must be provided and customer feedback must be 
documented. The AM product can only be released to the aerospace customer once there is 
documented evidence that the product conforms with the relevant acceptance criteria. The AM 
company needs to establish and implement a system for the handling of nonconforming products
and services identified either internally or by external parties such as the aerospace customer. The 
AM company must address the nonconformance by correcting the non-conformance, informing the 
aerospace customer and performing corrective action on the relevant AM processes to ensure the 
nonconformance doesn’t reoccur. All nonconformities, corrective actions and personnel involved in 
handling the nonconformance must be documented [7].

3.6 Performance evaluation of the AM company and QMS

The performance of the AM company and it’s QMS must be evaluated and documented regularly. 
The AM company must consult the aerospace OEMs to determine which aspects of the QMS and 
company should be analysed and how often. This is critical to the success of an AM company as often 
AM companies have determined unique AM specific parameters that provide the best results for their 
company [10]. The AM company must analyse aerospace customer satisfaction along with data from 
monitoring and measurement processes to evaluate the performance of the QMS, external parties,
degree of aerospace customer satisfaction and AM product and service conformity. Internal audits 
of the AM company’s QMS must be performed on a regular basis to ensure conformity to the latest 
aerospace and OEM standards and requirements, as well as any relevant AM standards and best 
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practices. Top management must perform reviews periodically to ensure the QMS is still aligned with 
the AM company’s strategic direction and to reevaluate resource needs, opportunities and risks [7].

3.7 Continual improvement of the AM company

AS 9100D highlights implementing a continuous improvement plan based on the plan-do-check-act 
(PDCA) cycle, this plan should aim at improving quality within the parts manufactured and aerospace 
customer satisfaction. In the case of nonconformities occurring, a root-cause analysis must be 
performed to determine where in the product lifecycle the nonconformity started and adequate 
corrective action must be taken to ensure this phase of the lifecycle is improved accordingly. The 
QMS must be set up in such a way that traceability reaches as far back as raw material suppliers in 
order to successfully locate any areas of nonconformance if necessary. Any rectification actions 
taken must be documented [7].

4. CONCLUSION

For an AM medical device company looking at expanding into the aerospace market, implementing 
an aerospace QMS in accordance with AS 9100D and obtaining certification from a registrar 
recognised by the IAQG is a must. This will aid the AM company is providing full traceability of the 
product lifecycle to aerospace OEMs and ensure the AM processes and quality control processes
followed by the company are up to the stringent aerospace standards and regulations.
Implementation of an aerospace AM QMS will aid in reducing the risks associated with AM processes
and make the manufacturer more marketable to aerospace OEMs. These benefits aid in encouraging
further adoption of AM within the aerospace industry.
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