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Abstract

Additive Manufacturing (AM) has the potential to revolutionize key aspects of Military Logistics and partnerships between
governmental and industrial organizations. Extreme outsourcing of key capabilities has created complex and deep hybrid
organizations between armed forces and the private sector. In this study, the internal and external effects and requirements
of Additive Manufacturing in the context of the hybrid organization of The Finnish Defence Forces (FDF) and its strategic
partner in Maintenance, Repair, Overhaul (MRO), and Millog Oy were studied. First, with a literature review, we sought
to link the capability development processes and the change drivers within them in both military and commercial contexts.
Then, we utilized an existing, structured capability model used by the FDF (DOTMLPFI) and its individual change drivers
to form an initial concept of AM as a part of the hybrid organization in question. The initial concept shows that AM can
increase the performance of the commercially backed Military Logistic System by mitigating the risks of spare parts shortage
in case of supply line disturbances and by facilitating localized spare parts production. However, the different primary goals
of the military and commercial organizations and the contractual base of the hybrid organization impose constraints on the
capability development process. Administrative decision-making across the organizations and the conflict between maximiz-
ing military and commercial potential are the key challenges in maintaining joint-capability systems of hybrid organizations.

Keywords Capability development - Additive manufacturing - Military logistics - Change driver

1 Introduction technology Additive Manufacturing (AM). This capability is

then applied and studied in the context of Military Logistics,

If an organization is an entity to serve a specific purpose
then “the capability of an organization is its demonstrated
and potential ability to accomplish against the opposition
of circumstance or competition, whatever it sets out to do”
[1] or in reverse, the operating logic of the organization
guides its capabilities: their need, development, and exist-
ence [2]. In this study, the capability is seen as a holistic
representation of all the elements that are related to the new
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specifically in the acquisition of spare parts.

Additive Manufacturing, according to Meboldt and Klahn
(2018), has been referred to as a tool or capability enabling
the next industrial revolution. The benefits compared to the
conventional production methods are not only limited to the
actual manufacturing process, but also to the company’s
marketing and entire value chain such as storing and dis-
tributing of products. The added freedom to the design pro-
cess and generally a smaller number of steps and time from
base material to the finished product makes AM a poten-
tial capability to support any organization with production
resources of their own [3—6] or a need for them in fulfilling
their purpose [7, 8].

AM consists of seven different process classes and uti-
lization in different areas is wide: from space application
and aerospace to dental and medical [9-13]. In the logis-
tics chains, utilizing AM has been already shown increased
responsiveness [12, 14, 15]. Key barriers delaying the
adoption of AM in the production of spare parts are quality
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issues, incomplete material and design knowledge, size of
build chambers, and costs and availability of design docu-
mentation [16, 17]. By solving these issues, AM has the
potential to become a competitive-edge-creating capability
both in a commercial context and in Military Logistics.

The defence solution adopted by the Finnish Defence
Forces (FDF) where an army has both a large reserve and
technically high-level equipment is quickly becoming chal-
lenging mostly due to both the increasing costs of military
equipment and the complexity in their support chains and
service models [18]. This becomes evident when looking
at the number of different Original Equipment Manufactur-
ers (OEM) that have their products integrated as a part of
modern military forces’ capabilities. Due to this, spare parts
and all their related functions have become a major factor
in planning maintenance operations [19]. A characteristic
feature of reserve-based armies like the FDF from the value
chain agility point of view is the balance between optimiza-
tion of costs during peacetime and the ability to achieve the
needed performance in wartime. To this end, FDF has out-
sourced secondary capabilities, like maintenance activities,
to several strategic partners [18]. The MRO partner, Millog
Oy, is responsible for all maintenance activities including
spare parts acquisition and storage.

If the overall Military Logistics System of FDF was to
have an organic capability to replenish spare parts through
own or collaborated production with AM, this would
increase the robustness and resilience of the force and
increase its performance by adding a separate source of
spare parts and making their production agile and scalable.
This could help to narrow the gap between the demand for
cost savings in peacetime and optimized performance in
wartime [20].

The core problem that outsourced capabilities pose to mil-
itary organizations like the FDF in the capability develop-
ment is the absence of direct authority towards the resources
of another organization. In addition, Operating Logic and the
purpose of the commercial and public organizations can vary
tremendously which makes focusing joint investments and
resource utilization hard. When an organization is combin-
ing different operating logics of more than one interest or
stakeholder group or sub-organization, it is called a hybrid
organization [21].

In military capability development, the use of capability
models like DOTMLPFI is a common practice. The intro-
duction of the capability models as a part of military concept
creation can be seen as a result of change drivers and needs
of different stakeholders. The DOTMLPFI-model epito-
mizes the change drivers of the military capability. These
are Doctrine, Organization, Training, Materiel, Leader-
ship, Personnel, Facilities, and Interoperability [22, 23]. To
evaluate the effectiveness of AM in the context of the spare
parts logistics of the FDF an initial and solution-oriented
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capability concept must be formed. This study is guided by
the following questions:

e Can a military performance-driven DOTMLPFI process
be used in a hybrid organization where a commercial
operating logic also exists?

e Are the concepts of change drivers and the functional
elements of the DOTMLPFI-model comparable?

e What are the key aspects of capability development in
hybrid organizations?

e What are the key aspects of implementing AM into a
commercially backed Military Logistics system?

Since it is a common practice in the military but not in
the commercial organizations to engage in a structured capa-
bility development process [24, 25], it serves a purpose to
examine a case where a new capability is required or con-
sidered and joint resources from both organizations to make
it happen are required. The aim of this study is to determine
if the capability development process used commonly in
the military context can be used in a system where both
military and commercial operating logics co-exist, and more
specifically, in a situation where the initiator for the new
or changed capability requirement is military performance.
The question is can AM increase the performance of the
commercially backed Military Logistic System where for
example responsiveness is much more important than direct
manufacturing costs.

2 Materials and methods

To identify the aspects of capability development within
organizations, an integrative literature review was chosen
as a research method. An integrative literature review is suit-
able for integrating and synthesizing existing literature for
new perspectives, in this case from military and business
capability development [26]. Based on the identified capa-
bility development aspects within military and commercial
organizations, we constructed a case study to test the appli-
cability of an existing capability model in the context of a
hybrid organization of FDF and Millog Oy and their joint
Military Logistic System. In the case study, we examined
the implementation of a new technology Additive Manu-
facturing. The case study was viewed with SWOT-analysis
and analytical hierarchy process. With these tools, an initial
concept of Additive Manufacturing within the mentioned
hybrid organization was formed. With the finished concept,
conclusions were made from the process itself to produce
answers to the research questions.

The capability development process in hybrid organi-
zations has not undergone a comprehensive review of the
literature. By selecting a specific capability model and a
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capability to conceptualize performance in the framework of
the commercially backed Military Logistical System of the
Finnish Defence Forces, we can further focus the literature
review. As an initial concept, the Capability Framework of
the FDF as capability requirement provider and Millog Oy
as the commercially motivated party will be analyzed uti-
lizing the capacity of the functional elements (i.e., change
drivers of the DOTMLPFI-capability model) to produce the
joint-capability system through the use of AM. The initial
concept is finally reviewed with the help of a SWOT-anal-
ysis. Key aspects of implementing AM to a hybrid organi-
zation of FDF and Millog Oy are synthesized to act as an

Military Capability
framework

enabling tool for the possible future iterations of capability
development and acquisition processes [24] (Fig. 1)

2.1 Capability with respect to systems theory

If we apply the Cambridge Dictionary’s definition, the term
capability means “the ability to do something”. With respect
to the Systems Theory, the ability to achieve something by
doing requires that the outcome or “Output”-variable can be
measured and validated explicitly through some pre-deter-
mined conceptualization or a model [27, 28]. To continue
exploring the Systems Theory path, each model has Assets
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or resources that transform Input variables into Output vari-
ables through pre-determined synthesis. All models have
also Environmental variables which cause distractions in the
process [29].

A capability includes the potential (ability) to achieve
a certain goal in a certain context or environment, thus
concepts are the tools to illustrate this potential (ability).
This definition also includes the embedded hierarchy and
causality of the system-of-system: lower level concepts
and capabilities are used to form higher level concepts and
capabilities.

The idea of lower level concepts and capabilities forming
higher level concepts and capabilities is consistent with the
idea of military capabilities forming a system-of-systems
of different capabilities. The introduction of the concept
model in the development of military capabilities is a result
of change drivers and needs of different stakeholders. For
example, national security, the nature of the tasks, the rapid
development of technology and information technology,
partnerships, and national and global cooperation are change
drivers with different stakeholders [24, 30]. In a corporate
context, the change drivers have usually been linked into
the business development process or separate business cases
[31], which can be seen as a corporate equivalent of military
concepts.

2.2 From conceptualization into a concept

Penrose (1959) describes a firm to be an organization where
the ability to utilize production resources is built around
administrative core functions [32]. This raises the processes,
resources, and capabilities to the center of the theory of the
firm [31]. When determining the success and reasons for it
in an organization with respect to its purpose, recognition
of competitive edge factors (e.g., capabilities that make an
organization succeed better than the rest) is required. To
reach the conceptualization required, all the contributing
variables of the success or lack of it will have to be known
and the causalities between them resolved. To this end, capa-
bility and its relevant variables in the governing context, i.e.,
Capability Framework must be identified.

Concepts are representations of ideas, which also have
a functional role. They are plans and scenarios through
which the changes in the governing context can be mod-
eled and analyzed concerning the existing organization
and its capabilities [33, 34]. If the organization is formed
in the context of an unchanging environment and its
guiding policies are set in a way that no changes to the
organization or managerial decisions are required [32],
this would suggest that a perfect model has been created.
However, from the Systems Theory point of view, every
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model is wrong, or at least there is no perfectly correct
model. Models are at their best accurate enough represen-
tations of the phenomenon in question [27].

Systems Engineering identifies the concept stage as the
first step of a life cycle process. In this stage, exploratory
research is conducted to study new ideas and technology
areas and to formulate possible solutions for problems
or gaps in capabilities. The goal is to clarify the scope
of the problem, characterize problem space, identify and
refine stakeholders’ needs, explore ideas and technologies
and explore feasible concepts. These goals help to iden-
tify possible issues early on and thus make it possible to
address them in the development stage [35].

When organizational capabilities and agility of organi-
zations are developed, conceptual models are often used
[36]. It is not common, however, to use a structured model
or a process when developing civilian enterprise capabil-
ities. It is mainly done in respect of individual change
drivers and a combination of these to emphasize certain
aspects. Change drivers, like leadership, participation and
globalization are variables that can be precise or more
abstract and they are usually not something that can be
resolved within existing organizational processes. A two-
fold characterization from the mechanism of the change
drivers can be made: they can represent a need for change
or a tool of implementing a change [25, 31].

Due to constant change and diversity in the operational
environment, military capability development cannot only
be done on a system-by-system basis. The capability has to
be seen through Systems Engineering as a system-of-sys-
tems and thus the capability development consists of the
identification of individual systems and capabilities i.e.,
components and their relationships. The individual com-
ponent then contributes towards the overall military capa-
bility. If the overall military capability is seen as a system-
of-systems, then a change in one of its elements may have
an impact on the overall capability. These changes can be
modeled and evaluated through concepts [37].

Change drivers can be internal or external and through
these, the organization seeks improvement and/or adap-
tion to the changing governing context, i.e., Capability
Framework. In this study, the governing context is the
Capability Framework of the Finnish Defence Forces.
The operating environment was determined following the
existing logistics structure and the requirements and poten-
tial challenges in the future operational environment were
addressed [38]. A structured and standardized process for
concept creation is vital [39]. However, it is equally impor-
tant to understand that the need and focus of concepts can
vary significantly. This means that not all processes can
and should not be applied to all concept creation.
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2.3 Capability framework of the FDF

The operational environments of the modern military and
business worlds are in a constant shift. The changes in the
world’s security environment shape the doctrinal level of
requirements for the world's armed forces. This “big picture”
or Capability Framework [24] is mainly influenced through
bilateral relationships of nations, military alliances such as
NATO, and major incidents such as armed conflicts. Within
Finnish Government ministries and agencies and their
national Capability Framework, there has been a trend to
outsource certain non-critical elements of their capabilities
to produce agility in value chains by focusing their resources
on their core capabilities [18]. This is a practice used already
for many years in the business world [40].

The National Defence Capability consists of the military
capabilities of the defense system, as well as national author-
ities’ capabilities and international defense cooperation ele-
ments. The defense capability is maintained and developed
in respect of a changing operating environment [41]. Most
of the military capabilities are sourced overseas, but the
industrial and technological expertise needed to operate and
maintain critical systems must be in Finland [42].

Military capability development in the Finnish Defence
Forces is done in a threat-based manner. This means that
there is a new or changed previously known threat that the
existing capabilities cannot counter. Thus, a basis for devel-
oping a new military capability is an identified gap in the
performance of the military organization. A targeted and
optimized solution, which builds up from the existing sys-
tem, is usually developed and revised. For this reason, the
need and the solution are separated [43]. The standards that
guide the capability development process inside the Finn-
ish Defence Forces are widely based on the US DoD and
NATO standards. Table 1 displays the terminology com-
parison between the USA, NATO, and Finland in regards
to capability areas.

National security policy is to be seen as the “prin-
cipal security policy document that sets the principles,

objectives, priorities, and methods of assuring external and
internal security and defense of a state” [46]. It defines the
outlines of national defense strategy, including, for exam-
ple, the resources, motives, and limits, which can then be
refined into critical technology areas and national security
of supply requirements. These technology areas and sets of
requirements are used as a framework for military capability
development.

The Capability Framework for Finnish Armed Forces is
identified and guided through the national Capability Frame-
work and Ministry of Defence. This includes the identifica-
tion of the most relevant technology areas in close coopera-
tion with the National Emergency and Supply agency. The
most relevant technology areas are leadership and network-
ing including intelligence, surveillance, and target acquisi-
tion technologies, material and structural analysis related
technologies, multi-technology systems and systems man-
agement technologies, and biotechnology and chemical tech-
nologies. To successfully achieve adequate technical exper-
tise in these areas, ministry strategy dictates that sufficient
life cycle management, production capability, research, and
development expertise, and also design, integration, main-
tenance, and damage repair readiness are to be supported
nationally. All requirements for the mentioned technological
expertise areas in all the possible readiness conditions must
be met [42].

To uniquely understand the process of capability devel-
opment and individual steps within it, several models have
been created to achieve this. The most established ones in
military capability development are the DOTMLPFI (USA),
FIC (Australia), and systems capability model (UK) [24]. In
recent studies, these and other capability models are applied
to produce Capability Frameworks. The variation between
these frameworks springs from the different stakeholder or
interest groups, such as political decision-makers, military
planners, the acquisition community, field commanders, and
the defense industry [24]. DOTMLPFI-model identifies and
defines and then combines all the functional elements or
drivers-of-change to produce a holistic understanding of the

Table 1 Capability terminology USA

comparison between USA,
NATO, and Finland [43-45]

NATO

Finland

Command and control

Battlespace awareness
Netcentric

Logistics

Building partnerships
Force support

Force application

Corporate management and
support

Capability area C—consult, com-

mand and control
Capability area [—inform
Capability area D—project
Capability area L—sustain
Capability area R—prepare
Capability area P—protect
Capability area E—engage

Command and control

Situational awareness

Netcentric

Logistics

Partnerships

Protection

Generation of force, force application

Corporate management and support
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capability. The capability model can be seen as a result of
the need to quantify the capability generically. On the other
hand, the DOTMLPFI-model acts as a solution-oriented
concept through which the individual drivers’ for-and-of-
change can be observed and implemented and causalities
between different change drivers examined.

A key application of the capability development model
is the requirements management process. When focused on
the requirements management process it acts as a baseline
into which the functional, physical and immaterial elements
can be attached. Through this and the existing capabilities,
the desired end state of the national security policy is trans-
formed into requirements for the specific performance [43].

2.4 Commercial context of the capability
framework

According to Kilpinen (2013), “globalization forces, along
with rapid technological change, deregulation and intensi-
fied completion are shaping the operating environment and
redefining the conditions of survival and growth for many
firms” [31]. The changing global landscape is forcing the
firms to face a setting, where the institutional, technologi-
cal, or market environment is uncertain. In addition, the
complexity in the interdependencies between markets and
actors is a reality. For example, the difference and variety
in customer-designed products have driven the production
industry to strive towards a dynamic and agile value chain
from innovation to product design and production, distribu-
tion, and logistics to customer support. The most focused
areas from which agility is sought are capabilities related to
manufacturing methods and marketing [31, 36].

In the economical context according to Bridoux et al.
(2017) capabilities are activities that are practiced on a large
scale and are identified to be distinct, patterned, and prac-
ticed. A common characteristic is also that these are com-
plex, and their purpose is recognizable and serves directly or
indirectly the main purpose of the organization. Examples of
these capabilities are product development, customer rela-
tionships, and supply chain management [47].

There are three different perspectives in the organiza-
tional capabilities literature. These are the evolutionary per-
spective, the resource-based view, and the dynamic capabili-
ties view. The resource-based view is self-explanatory, and
it is focused on the organization’s resources like personnel,
facilities, and production machinery. Because of the trend
of outsourcing, many organizations today have resources
that are not theirs, but the capacity of the resources is at
their disposal. The dynamic capability view completes the
resource-based view to comprise all the resources involved
in the organizations’ processes [48]. Evolutionary perspec-
tive shifts the interest from the firm’s resources to industrial
competition and development or in other words context [31].

@ Springer

Organizational capability development takes a focused
approach to capabilities explaining their effectiveness dur-
ing a specific time or trying to explain why a specific capa-
bility could sustain competitive advantage. It is suggested,
that integrating dynamic and evolutionary perspectives will
provide a more holistic approach to capability development.
The model is described in Fig. 2. This idea has similarities to
the military capability development where different elements
of the capability are identified, capabilities are tight to their
respected stakeholder groups and their mutual relationships
are solved to form a holistic approach to capability develop-
ment through a complete Capability Framework [24, 31].

There is also limited understanding of the relation-
ship between internal and external elements of capability
development. In addition, the impact of organizational and
managerial processes has been reduced to simple “manage-
rial decisions” or “management agency”’. This disregards
the underlying drivers-for-change and focuses more on the
drivers-of-change [25, 31].

The case study done by Kilpinen suggested that four dif-
ferent “logics” can be identified as a baseline for capability
development in Multi-National Companies: variation base,
(internal) selection-based, retention-based and access-based.
These are not built-in organizational processes but rather
they act as “higher-order” mechanisms producing “complex
capability outcomes or patterns” [31].

The capability development in the commercial sector
indicates that a structured process could be beneficial at get-
ting and upholding the competitive edge in the market. In a
case of strategic partnerships, a contractual relationship is
usually formed. This should protect both partners’ interests,
enable value creation and facilitate and enable change. If

External capability framework

Internal capability framework

" Capability ‘

Strategy

Fig.2 The integration of commercial capability aspects adapted from
Kilpinen 2013
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for example, a new capability is sought it should be formed
in a way that.

Focus is clear and resources are optimally allocated.
This means that no unnecessary procedures should exist,
and decision-making should be made at the lowest possible
level [49].

The investments made within this capability are built up
to have a reasonable return on investment plan. In a business
world, all investments should be based upon a carefully built
business case. This is a mechanism to judge if the project is
viable, desirable, and achievable. If these prerequisites are
not met or at some point and time of the project ceases to
exist, then the project should be stopped [49, 50].

The partnership should not be static. As an individual
organization so should the hybrid organization be prepared
to change to meet the changing parameters of the operating
environment [49].

2.5 DOTMLPFI elementsin AM

As demonstrated, capability development is important to
both companies and other entities like public organizations,
and as such, the similarities between different capability
development approaches are obvious. When determining
the applicability of Additive Manufacturing as a part of the
Military Logistical System, the first stakeholder group is the
National decision-makers. This defines the doctrinal level
of Capability Framework, e.g., the “fundamental principles
by which military forces guide their actions in support of
objectives. It is authoritative but requires judgment in appli-
cation” [34].

As the Government’s Security Guide published by the
Prime Minister’s office has identified the critical technol-
ogy areas, it can be stated that Additive manufacturing is
included in this scope, because the maintainability and
repair capabilities are listed [51]. A specific, logistics-ori-
ented NATO doctrine defines logistics to be the science of
planning and carrying out the movement and maintenance
of forces. According to this doctrine, Military Logistics has
four basic characteristics: sufficiency, efficiency, simplicity,
and flexibility [52].

The organization contributing to the Additive Manufac-
turing process can be formed flexibly. Preparation, simula-
tion, and testing of desired end-products done in a virtual
environment make it possible to work irrespective of the
location. The selected distribution model of the AM ele-
ments sets interoperability and requirements for it. It has
been suggested that the AM capability can be implemented
to almost any level of the production and/or the logistical
chain.

The three main levels of the distribution are centralized,
decentralized, and hybrid implementation [7, 19, 53, 54].
If the organization is centralized, the production resources

are also easier to lead and manage and the productivity can
be maximized. The distributed system sets more complex
requirements for the leadership and management of the
printing process [53]. The capacity utilization in the decen-
tralized model is significantly lower but from the military
perspective, it adds resilience to the capability [54, 55]. In
addition, the simplification of the supply chain through a
decentralized model (local production) by Additive Manu-
facturing methods in comparison to centralized production
can allow supply chain complexity to be reduced to merely
a supply of raw materials such as powder and wire. It can
result in a more sustainable after-sales service supply chain.

There are three distinct levels of management and deci-
sion-making: strategic, operational, and tactical. At the
highest level, decisions are made about the overall process
of desired AM level in Military Logistics. The key interest
group on this level is the National decision-makers. Viable
solutions of AM are then fitted into the existing capabili-
ties, both individual and of those of a hybrid organization.
At the operational level, the leadership of the capability
itself becomes essential. In the context of national logistics,
this means that the military logistic resources are used in
such a way that the selected AM method can be executed.
At the lowest levels of the logistic organization, the actual
3D-printing is done. This means the practical on-site leader-
ship of the production resources.

According to Chua and Leong, Additive Manufacturing
has four major aspects: input, material, application, and
method [8]. Using this separation, another grouping can be
made to physical and virtual elements of AM. The physical
aspect includes all the concrete elements of AM: printers,
facilities, raw materials, and the actual end-products. The
virtual aspect on the other hand includes the immaterial ele-
ments: design data, IP rights, and software for example.

The virtual aspects of AM set requirements for the stor-
ing, handling, and transfer of AM-related data. AM also has
an impact on the configuration management and Enterprise
Resource Planning (ERP) systems and related processes.
The printing process requires a 3D CAD model of the object
and this suggests that data storage should exist where all
the relevant data is upheld. If the ERP system were already
being used in the tasking of the maintenance activities and
storage management of spare parts, it would be beneficial
to add additional design information to this same system.
Either in a case where a configuration management system
exists separately or in conjunction with the ERP, the config-
uration management system should hold the baseline design
information of the spare parts. If any modifications are made
to the configuration in question, e.g., a topology optimiza-
tion, the information should be maintained in the primary
system and re-distributed from there [7, 56].

Petch states, “The biggest barrier for AM for end-pro-
duction is not qualification and certifications, it is education
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and training. AM for production is a new mindset and busi-
ness leaders, designers, engineers, and technicians need to
be educated that AM technology is ready to unshackle with
prototyping constraints and move into end production. While
the choice of materials and the technology capabilities are
increasingly closing the gap with traditional manufactur-
ing methods for broader adoption, it is education that will
catalyze the right “pull” force from the market for AM in
production.” [57]

Additive Manufacturing still being a high and very spe-
cialized technology area [8] it requires training and skill
development. This means both engineer and operator-level
training. However, AM is not a core capability/capacity for
typical governmental actors. Since according to the premise
set by the National Treasury of Finland bureaus under the
Finnish Government should focus their resources on their
core tasks [18].

3 Results

3.1 Combining the military and commercial
capability development in AM

Concept, as an idea of something not yet complete, pre-
cedes the actual capability, in the military context of the
DOTMLPFI-model. In both military and commercial
capability development contexts, the same basic princi-
ples exist that can be drawn from the Systems Theory:
there is an existing system that resides in the governing
context. This can be extended to hybrid organizations as
well. The drivers-for-change with respect to AM must be
derived from the requirements of Military Logistics and

Scenarios

matched to their commercial counterparts. To facilitate the
change process, these must then be linked to the drivers-
of-change. In Fig. 3, the requirements for Military Logis-
tics according to the Allied Joint Doctrine for Logistics
are linked to the benefits of AM and then linked to the
functional elements of DOTMLPFI [52]. In Table 2, the
demands for Military Logistics, e.g., drivers-for-change,
are linked to the drivers-of-change of the DOTMLPFI pro-
cess and they are matched with the commercial Drivers-
for-change of the AM.

Existing literature has identified change drivers as a force
of and for change. With the respect to Systems Theory, they
can be interpreted as Input variables and Environmental
Variables, respectfully. This makes it possible to handle
capability development through a process. If a capability is
something that can be measured, also the variables to pro-
duce the desired outcome can be measured and thus a quan-
titative model can be constructed. Like in any system and
process, an iterative element likely exists. To produce the
desired outcome some adjustments to the process variables
are most likely required.

OODA-loop is a research and leadership model com-
monly used in the military context. Its first three steps are
defining “Input Information”, “System Information” and
“Output Information” [39]. The next steps of the process
are meant for the implementation of the desired effect, in
this case, a new capability model.

Figure 3 combines the Concept Development, Systems
Theory, DOTMLPFI Capability model, and OODA-Loop
process. It also represents the DOTMLPFI-models func-
tional elements as individual change drivers and equates
them into the “Output Variables” of the generic System.
Through this process, it is possible to form an initial concept
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in such a way that it can be later expanded and numeric vari-
ables to be attached to different change drivers.

The effects of AM as a new tool or method for creating
or maintaining capability shall be discussed in the following
sections. In each section, the effects are projected on one or
more of the concepts of the DOTMLPFI framework.

3.2 Doctrine

It can be stated that Additive Manufacturing offers advan-
tages towards the principal stakeholders in the center of
Military Logistics identified and listed by NATO. It is also
a valid argument that to a commercial company with pro-
duction resources of their own, Additive Manufacturing can
offer competitive capabilities and possible cost savings [55].
When determining the implementation of Additive Manu-
facturing to the hybrid organization of the FDF and its main-
tenance provider, however, the business case within must
be calculated to act as a basis for the investment made by
the commercially motivated party. This can be problematic
if the market or the competitiveness is somehow regulated
with respect to the existing hybrid organization and its con-
tractual base.

As stated earlier, material and production technology
along with the maintenance and repair capabilities are
among the key technologies set by Finland’s Ministry of
Defence. In addition, the overall direction given by the
Finnish Government to its ministries and their bureaus is
to focus their resources on their core tasks. Based on these
it is justified to plan to utilize Additive Manufacturing as a
part of FDF’s capabilities and use hybrid organization in its
execution [18].

AM can offer advantages and risk mitigation to an organi-
zation like the FDF through shortened supply chains, greater
self-sufficiency, and the ability to guarantee the usability
of its equipment. To maintenance providers, it can offer
new possibilities for optimizing its production network, and
through these new commercial opportunities.

3.3 Organization, leadership and interoperability

The pre-existing organization model of the FDF, where the
maintenance activities are outsourced to a strategic partner,
is a “maintenance service provider-centric” model, where
the maintenance service provider operates near the end cus-
tomer. In the case of Military Logistics and National Secu-
rity of Supply, this also means the necessary manufacturing
capabilities for the military defense [7, 19, 58].

The leadership and management of different aspects of
Additive Manufacturing should be based on the processes
and organizational culture already in place in the Military
Logistics functions and the hybrid organization of the FDF
and its maintenance provider. There is a risk of fractured
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information flow if the production element and engineering
element exist while being kept separate. To mitigate the risk,
the ERP system that guides spare parts production is linked
to storage elements as well. Configuration-related informa-
tion such as the models of the parts and technical documen-
tation is also needed in the production chain.

Successful leadership and interoperability require pro-
cesses and standardization. This is crucial in a hybrid organi-
zation where the operating logics of the separate companies
can vary tremendously [21]. In the Military AM context,
this means standardization of methods, skills, training, 3D
printing and other manufacturing machines, and technical
requirements for the parts.

3.4 Material and facilities

Since the maintenance of military equipment is handled by a
strategic partner, it is not surprising that FDF does not pos-
sess any manufacturing equipment of its own. In addition,
the personnel needed to successfully carry out the tasks in
the production chain are located in the strategic partner’s
organization. The already existing infrastructure of the stra-
tegic partner in maintenance makes it possible that the actual
manufacturing element of AM, the printing, could be easily
implemented to this as a new production method enhancing
the existing ones. The manufacturing infrastructure for sub-
tractive manufacturing, e.g., mills and lathes and the meas-
urement instruments (i.e., coordinate measuring machines)
are still needed at some stage of the printing process [8, 59].

If the new capability requires investments, it is crucial to
make a clear plan on the depreciation of these assets. If there
are any obstacles or limitations for the business model or to
the possibility of other customers, then it has to be clear how
the payback period is formed. For example, the cost of an
EOS 100 M metal printer is approximately 300 000€ [60].
With the presumable facility investments, the amount could
be as high as 500 000€-700 000€. With only one customer
and a limited range of printable parts, this would mean a
payback time of decades to the investments.

3.5 Personnel and training

While not vital to the core tasks of the FDF, personnel plan-
ning related to the AM is part of the overall logistics system.
For this reason, a logical choice is to utilize the existing
industry and academic community to obtain, maintain and
develop the skills and competencies required to implement
and take advantage of the new production method. The aver-
age training time of AM specialists (bachelor or master’s
level) in Finland takes roughly 4 to 7 years, depending on
the individual curriculum.

In modern military maintenance, a firm knowledge
of complex manufacturing techniques and processes is
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required to identify and plan the necessary maintenance
operations. The basis of this knowledge must be preserved
and developed in the peacetime organization of the Finnish
Defence Forces (FDF) and its maintenance provider [51].
This includes all the occupational groups within the hybrid
organization. In addition, because of the reserve-based army,
this knowledge must be extended and to some extent trans-
ferred to the reserve elements of the military maintenance
components to be able the scale up the AM capabilities dur-
ing wartime.

Most of the personnel currently on active duty within
FDF in the field of military maintenance leadership and
management have received their training in military schools
(officers, NCOs, warrant officers). The challenge here is that
in the current training of soldiers there is a lack of suffi-
cient and specialized technical training to achieve skills and
knowledge from any high-tech field. Military training guides
the students towards practicality, but without the specific
technical knowledge, they cannot perform adequately in
military maintenance.

The personnel participating in the numerous tasks of AM
are all reliant on the proper training. The maintenance per-
sonnel of the maintenance partner of the FDF can be, with
reasonable effort, trained to operate the printing machines.
They are most probably already familiar and trained to use
machining tools and equipment so the required additional
training will not be so massive. The biggest challenge is
to train an adequate number of capable and carefully posi-
tioned operators who can simulate, model, and design the
technical data of the AM. Successful modeling and capable

production personnel together ensure as flawless end product
as possible.

3.6 SWOT-analysis

The SWOT-analysis of Fig. 4 shows the different aspects of
implementing AM into an existing hybrid organization of
FDF and Millog. The results were gathered from both the
commercial and military literature and analyzed with experts
from both the FDF and Millog in the context of military
capability development. The experience of the experts from
the fields of Military Logistics, capability development, and
production technology:

Expert 1, Project manager at MRO organization, former
officer.

e Master of Military science; M.Sc., Tech.

e 10 years in the field of Military Logistics and capability
development in the FDF.

e 3 years of Military Logistics and capability development
in the MRO organization.

Expert 2,

e (-4 Officer, research scientist.

e Background in physics, Senior Staff Officer training, and
the Advanced Technical Studies.

e 20 years in the field of military capability.

e 10 years in the systems R and D field.

Strengths [

] Weaknesses

Flexible production and resources.
Security of Supply.

Digitalisation of spare parts.
Manufacturing from 3D models
Manufacturing of functional prototypes
and short series

Technologies adapted to different uses
Decrease in the time and cost of
developing new products

Increased manufacturing and supply
options

Opportunities

» Possibility for investment savings by
utilizing and expanding existing capabilities.

+ Possible improvement for the availability of
systems.

» Development of new and improved
products

» Logistical optimization

+ Creation of manufacturing capacities “in the
field”

» End user as generator of technical
solutions

* New possibilities of interaction with
suppliers and collaborators

o

Fig.4 SWOT-analysis from the key aspects of AM in Military Logistics

=T

* Leadership and management of resources
between two organization.

+ High technology implementation in a
reserve-based army

« Lack of technological maturity

+ Costand investment of initial
implementation

« Lack of knowledge of potential users

+ Lackof bundled and deployable equipment

« Lack of decision making systems

Threats

» Possible restrictions to the Business case
for the Maintenance Responsible.

« Ability to maintain the high tech education.

« Lackof practical experience

« Lack of regulatory and standardization
frameworks

* Lackof guides and guidance

* Lackof IPR framework

* Lack of specialized staff
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Expert 3,

e M.Sc. (Tech).

e 15 years of R and D for the Finnish Navy in the fields of
Signature management, Situational awareness, EW, and
Systems engineering.

e Involved in all strategic acquisition processes in Finnish
Defence Forces—the main role has been taking care of
requirement verification and validation between compa-
nies and Defence Sector.

In the SWOT-analysis, the goal was to identify the most
relevant aspects of the AM implementation which would
require the most effort to achieve a consensus between the
two organizations. We used a commercial SWOT-analysis
tool from CAYENNE apps to analyze the findings. Any
numerically calculated operational evaluation was not pos-
sible either because of the confidentiality of any such infor-
mation. As a result of these and because of the uniqueness
of the case without any precedents, any numerical evaluation
could prove to be misleading. However, based on the expe-
rience of the experts a reasonable iteration of the aspects
could be achieved.

The first step of the analysis consisted of the identifi-
cation of attributes of the four different aspects of SWOT.
As a base data, we used the results of the EDA feasibil-
ity study’s SWOT-analysis. These data were then supple-
mented with our findings (attributes) in the context of a

hybrid organization. In the next phase, we selected the most
important attributes from the different aspects and weighted
them numerically. Attributes and their weighted values are
shown in Table 3.

The selected attributes were then cross-evaluated. We
analyzed the strengths influence on opportunities and
threats, weaknesses influence on opportunities and threats,
opportunities influence on strengths and weaknesses, and
finally threats influence on strengths and weaknesses. Fig-
ure 5 shows the impact of selected strengths and weaknesses
have on opportunities and threats.

The cross-evaluation was guided by the following
questions:

e “Do selected strengths allow for the use of selected
opportunities?”

e “Do selected strengths limit the impact of selected
threats?”

e “Do selected weaknesses limit the use of selected oppor-
tunities?”’

e “Do selected weaknesses intensify the impact of threats?”’

The analysis shows that the strengths strongly connect
with the opportunities. However, the selected weaknesses
also intensify the threats and limit the use of opportunities.
There is a lot of potential in the identified strengths but also
a lot of uncertainties and risks from the weaknesses and
threats.

Table 3 Selected attributes

L . Weighted
fmd their individual weighted importance
importance (1-100)

Selected attributes (strengths)
Security of supply 100
Flexible production and resources 80
Increased manufacturing and supply options 70
Technologies adapted to different uses 50
The digitalization of spare parts 30
Selected attributes (weaknesses)
Cost and investment of initial implementation 100
High technology implementation in a reserve-based army 90
Leadership and management of resources between two organization 50
Lack of decision-making systems 30
Selected attributes (opportunities)
Possible improvement for the availability of systems 90
Logistical optimization 80
Possibility for investment savings by utilizing and expanding existing capabilities 60
New possibilities of interaction with suppliers and collaborators 30
Selected attributes (threats)
Possible restrictions to the business case for the maintenance responsible 90
Lack of specialized staff 80
Ability to maintain the high-tech education 50
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56%

56%

Fig.5 The impacts of strengths and weaknesses have on opportunities and threats

Major conclusions are that there is potential in the AM
with respect to Military Logistics. However, the organi-
zational model being a hybrid brings some aspects to the
system that are complex. For example, the leadership and
management processes that are directed from one of the
organizations do not include the direct mandate to supersede
the other organization’s processes. This one crucial element
has to be solved to effectively utilize the potential of AM in
the context of FDF and its maintenance provider. The most
relevant impacts of strengths and weaknesses are shown in
Fig. 6.

The other major question is the business model for the
commercially motivated maintenance provider. If there are
restrictions, contractual or otherwise, in the trade, market-
ing, and manufacturing elements of the hybrid organization’s
AM capabilities, the investments made by the commercial
organization have to be backed with a business case none-
theless. This is usually not the case for a publicly funded
organization.

TRENGTHS IMPACT

Fig.6 Strengths with the big-
gest positive and weaknesses

with the biggest negative impact Security of Supply

on opportunities and threats

ncreased manufacturing and supy

4 Discussion

The Capability Framework in the Finnish Defence Forces
identifies the stakeholder’s role through aspects of the capa-
bility development model. These perspectives are:

Effectiveness—“What are the desired effects”?

e Ability—“What abilities are needed for the desired
effects”?

¢ Solution—"“How and with what solutions they desired
abilities are ensured”?

e Life cycle—“When is the capability ready to be utilized

and what are its effects on the costs”?

To fulfill the needs of all the relevant stakeholders needs
within deep partnerships and hybrid organizations, consist-
ent and structured capability development is needed. In the
respect of our research questions, some key observations
need further study.

WEAKNESSES IMPACT

Costand inves

ent of initial implementatior

33.3%

27.2% ick of decisior

Digitalisation of spare parts
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4.1 Can a military performance-driven DOTMLPFI
process be used in a hybrid organization
where a commercial operating logic also exists?

There are major similarities between commercial and mili-
tary capability development processes. This comes from
the fact that in both cases the situation can be described,
analyzed, and developed by the means of Systems Theory
and multivariate analysis. It comes as no big surprise that
the different operating logics of the two organizations bring
more variables to the analysis. For example, if there is a
one-sided need to implement changes that require invest-
ments or there is a direct contradiction with the other par-
ties’ interests, either pre-existing mandatory procedure or a
contractual process needs to be applied. This complicates the
otherwise straightforward capability development process.
Despite the major differences between the operating logics
of the individual companies, commercial and military oper-
ating logics can co-exist.

4.2 Are the concepts of change drivers
and the functional elements
of the DOTMLPFI-model comparable? What
are the key aspects of capability development
in hybrid organizations?

The agility to counter or to adjust to the changes, i.e., change
drivers for the change in the governing context, is a key
to success both in military and commercial organizations.
This requires a structural process in which all the factors of
change are considered and if necessary revised under the
changed governing context. This leads to a situation where
firms base their long-term strategies on organizational capa-
bilities instead of served markets [61]. The most interest-
ing cases are formed when several interest groups with not
fully coherent motives, such as hybrid organizations, are
involved in the capability development process. The drivers
for-and-of-change have a similar basis in both military and
commercial contexts and that basis is within the organiza-
tional theory. From this point of view, any structural process
based upon these can be used in both contexts. In addition,
when the organizations mainly have the same basic building
blocks, the hybrid organization has the same key aspects in
capability development as any other organization.

4.3 What are the key aspects of implementing AM
into a commercially backed military logistics
system?

The key aspects of AM in a military context of the smaller
armies, the adaptation of Additive Manufacturing as a part
of Military Logistics is more than justified. For small armies,
the ability to fight in relative isolation is crucial [62]. This

@ Springer

demand is scalable from the single-unit level to the national
level and partly comes from possible and probable limita-
tions of the national and/or global logistical network. If the
logistic network is, for any reason, disturbed this will affect
the availability of essential consumables [63, 64]. When
logistical resources are sparse, the flexibility becomes
important the ability to make quick changes to the center of
gravity can mean a difference between winning or losing.

The SWOT-analysis reveals the key aspects, both positive
and negative, from the implementation of Additive Manu-
facturing as a part of a Military Logistics system. AM can
bolster its capability especially in situations, where some
level of isolation is apparent. In addition, the flexible use of
production resources increases redundancy to the logistics
system. On the other hand, in a context of a hybrid organi-
zation, there are some key aspects, that can be problematic.
The profitability calculations of the business case, value,
and distribution of the initial investments and the payback
period, in other words, the business case, need to be clear.

The level of optimal implementation of AM can vary in
different organizations. This depends on the organization’s
structure, leadership, management, and technical processes.
If the armed force is partly or mainly reserve-based, it can
be more challenging, for example, to identify the person
who can be trained as an operator. If the whole concept of
the corps is built on commissioned core personnel, which is
supplemented at the time of crisis, it is usually the crew level
that is drafted. This poses a problem: if the operator-level
personnel are draftees, how can they be adequately trained to
use high-level technology? One solution could be to estab-
lish a reach back that could serve as a center of excellence
for the critical AM know-how. This could consist mainly or
entirely of commissioned personnel. This center of excel-
lence can keep up the critical information and knowledge
of AM and only the lowest level AM tasks are outsourced
to the maintenance crew. In the FDF’s situation, however,
a commercially operated maintenance partner with existing
production resources already exists.

Although the AM technologies, in general, were used
as an example in this article, they are not the only ones to
hold the improving potential to Military Logistics. There are
other technologies with similar benefits such as form add-
ing processes, incremental sheet forming, computer numeri-
cally controlled (CNC) machining (especially if those are
already in the postprocessing stage for AM and material
joining and coating processes), and indirect AM with sand
and investment casting [65-68]. All or selection of those
could improve the capabilities and responsiveness.

An unresolved discussion about change drivers within the
military operating environment is one result of the classical
debate of the relationship between technology and tactics.
It could be argued that the available technology dictates
the possibilities of tactics. On the other hand, the tactics
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can be the catalyst that incites the development of neces-
sary technology [69]. In a reference to the governing con-
text, however, this can be seen from either perspective, as
a drive towards an adaptation to change. AM can provide
advantages and improvements to the spare parts logistics
and through this, to the overall Military Logistical System.
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