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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

To remain competitive in today's increasingly dynamic and complex environments, manufacturing enterprises must build resilience to respond 
to changes quickly. As such, lean production has provided firms with an alternative to "fat and lazy" mass production. In addition, Quick Response 
Manufacturing has been presented as a credible supplement to lean production, specifically in High Mix, Low Volume environments. Drawing 
on practical insights from two case studies, we present a Quick-Scan method as an initial step towards creating resilient and responsive value 
chain strategies. The approach combines manufacturing critical-path time mapping from Quick Response Manufacturing with Gemba-based 
discovery and learning from Lean - to find, face, and frame real problems, and thereafter form solutions together with managers and front-line 
personnel. The method has been adopted in both cases as a means of revitalizing operations with the intention of enabling more effective delivery 
of customer-specific products. 
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1. Introduction 

The demand for customized goods and resilient value chains 
is growing, together with a desire for shorter lead times [1, 2]. 
Traditionally, the manufacturing of high quality customized 
and innovative goods provided a competitive advantage in 
high-cost countries, which have good access to research and 
development specialists and other highly skilled workers [3]. 
However, in recent times, competitors in low-cost countries 
have been improving the quality and performance of their 
products and production systems [4]. Thus, manufacturers of 
customized goods in the High Mix, Low Volume (HMLV) 
segment are developing alternative strategies to strengthen and 
increase competitive advantage through responsive and 
resilient value chains. 

In recent decades, an increasing number of manufacturers in 
both HMLV and Low Mix, High Volume (LMHV) 
environments have implemented strategies based on the lean 

production paradigm. A lean strategy is about creating value 
for customers, eliminating waste in the entire value chain, and 
improving delivery performance and quality while reducing 
costs [5]. Nevertheless, a significant share of the firms who 
implemented lean reported not having achieved the results they 
were expecting (90% of the firms, according to [6]). Central 
causes include the significant differences between 
manufacturing environments. Lean principles such as 
continuous improvement, 5S, visual management, and the 
minimization of lot sizes and set-up times span across 
production environments. However, certain lean approaches 
are best applied in manufacturing environments with higher 
degree of repetitiveness, higher volumes, and stable customer 
demand [7,8]. For instance, when most goods are manufactured 
in low volume, the total inventory turnover is very low (often 
2-3 times a year). In such an environment, a Lean system such 
as Kanban (take one, make one) [8] will create more waste 
instead of eliminating it. 
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The Quick Response Manufacturing (QRM) strategy 
promises to take Lean to the next level at companies operating 
in high mix, custom engineered manufacturing environments 
[9]. Companies which have successfully implemented QRM 
have shown significant benefits, for example achieving around 
a 70% reduction in lead time and a 25% reduction in cost [10]. 
QRM  is based on a company-wide approach with the aim to 
reduce lead times, while improving quality and reducing cost 
in all aspects of a company's operations, both internally and 
externally  [9]. The first step in developing a QRM value chain 
strategy is often the mapping of the Manufacturing Critical-
path Time (MCT) through the value chain - from the first 
request-for-quotation, through design and engineering, 
production, assembly, packing and shipping, invoicing etc., 
until the payment is finally received from the customer [9]. 

The existing literature about the development of strategies 
for responsive and resilient value chains focuses on high 
volume manufacturing of standard products such as apparel 
and computers [3, 11]. Even though earlier implementation of 
QRM in the industry led to promising results, the existing 
literature about the development of QRM strategies is rather 
scarce, which is particularly relevant for cases when companies 
tried to implement Lean prior to QRM. However, QRM 
appears to have gained slightly more attention in the academia 
in recent years [e.g. 12-14]. 

In this paper, we aim to present a Quick-Scan method for 
creating responsive and resilient value chain strategies. We 
draw on practical insights from integrating elements from the 
Lean and QRM paradigms, without contradicting the core 
objectives of either of them. As such, the Quick-Scan method 
intends to enable manufacturers of customized goods 1) to 
create greater customer value with fewer resources, and 2) 
reduce lead times. 

To guide the investigation, we adopt the following research 
question: How can manufacturers of customized goods develop 
responsive and resilient  value chain strategies? 

2. Literature study 

This section briefly presents earlier literature about Lean, 
QRM and the combination between these two strategies. 

2.1. Lean  

There has been a tremendous growth in research literature 
about lean over the last 25 years [15]. The concept of lean has 
evolved over time and will continue to evolve regarding 
developments taking place worldwide [16], such as the impact 
of the next industrial revolution – Industry 4.0 [17]. 

From originally being understood as a set of production best 
practices, lean has evolved into a holistic business system. 
Womack and Jones have described this in a framework with 
five lean principles to help organizations combine lean into a 
coherent system [18]: 

• Define customer value. 
• Identify & manage the value stream. 
• Create flow. 
• Use pull. 
• Strive for perfection. 

To enhance the creation of value for customers, the main 
focus in lean is on achieving flow throughout the entire value 
chain, not just to improve quality and delivery performance and 
reduce costs, but also to enable the rapid surfacing of problems 
and challenges. As such, lean has also recently been redefined 
as a learning system [19-21]. 

One central tool applied for this is value stream mapping 
(VSM) with use of standard symbols to visualize all the steps 
in the flows of goods through the horizontal value chain, that is 
from the supplier to the customer, as well as a few essential 
details about the information flow, such as the production 
planning frequency [22]. Process steps are mapped as adding 
value or not adding value from the customer’s standpoint. 
Improvements should be made to minimize the time dedicated 
to non-value adding process steps. The results should generate 
better quality, less cost producing parts, less time used and less 
human effort, as well as better delivery performance to the 
customer, while ensuring the personnel's safety at every step of 
the way [23]. 

More specifically, as a learning strategy, a lean 
implementation becomes rather a discovery process that 
enables a firm to eliminate waste throughout the entire value 
chain, rather than simply eliminating waste on specific 
production processes in isolation. As such, lean thinking 
executives must be challenged to abandon all preconceptions 
of traditional management reasoning. For example, [24] 
suggests that defining "problems" in the board room, deciding 
what must be done to resolve them, driving execution through 
action plans, and then dealing with unexpected consequences 
(the 4Ds) is not an effective means to grow a business [24]. 
Lean leaders must rather find problems by going to the 
“Gemba” to see the problems faced by workers and customers 
with their own eyes. This lets them develop a clear 
understanding of what factors are preventing them from hitting 
current targets. Armed with first-hand, specific knowledge, 
lean leaders then face the main challenges (the “elephants” in 
the room - the obvious problem(s) no one wants to discuss) by 
creating key operational indicators such as improving quality, 
speeding up delivery, or reducing incidents. Next, they frame 
the challenges and goals in such a way that everyone in the 
company can understand them and know how they can 
contribute. In doing so, lean leaders will propose specific lean 
solution types to problem types, such as pulling (instead of 
pushing) the workflow to create value faster for clients or by 
applying value analysis/value engineering (VA/VE) to 
conceive and deliver products that clients love, over and over 
again. Finally, lean leaders support and develop people to 
enable them to form their own solutions, so that the sum of all 
local solutions and ideas forms an effective, collective response 
to the main challenges (the 4Fs). 

2.2. Quick Response Manufacturing 

QRM is an operation strategy based on a company-wide 
approach with the aim to reduce lead times. It also improves 
quality and reduces cost in all aspects of a company's 
operations, both internally and externally [9]. QRM stems from 
the time-based operation strategy and its principle about using 
speed to gain competitive advantages – rapidly delivering 
customized products to a firm's customers. 
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One important factor is to see the relation between lead time 
and cost in a holistic view instead of a tool-based approach. By 
using lead time reduction as a metric, it creates an overview of 
inter-relationships between different wastes in the organization 
and enables improvement across all organizational functions, 
as well as inter-organizational activities [9]. 

The power of time is one of the core concepts, realized using 
Manufacturing Critical-path Time (MCT) mapping as the main 
approach [9]. Similar to VSM, the basis of this method is to 
map touch time (productive time) and white space (waiting 
time) of the value chain activities. The prioritization of which 
improvement areas to focus on depends on the greatest amount 
of white space. Unlike VSM, this method considers fully or 
partially parallel activities in the value chain. Parallel activities 
that are independent of each other can be carried out in the same 
period. This minimizes the total lead time for an order in 
relation to the total time consumption summed for all activities 
(i.e. when no activities are carried out concurrently). Moreover, 
unlike VSM, the MCT focuses on the activities in both the 
vertical and horizontal value chain – from the first request-for-
quotation, through design and engineering, production, 
assembly, packing and shipping, invoicing etc., until the 
payment is finally received from the customer. 

2.3. Combination of Lean and QRM 

To summarize, we have presented QRM and lean as two 
predominant, well-known operations and value chain strategies 
and approaches that enable increased competitive advantage 
for manufacturing firms. The challenge of course is to choose 
and combine the most valuable approaches to enhance 
operational excellence without contradicting the core 
objectives of either of them [12]. 

There exists both similarities and differences between lean, 
and QRM. For Suri [9], QRM is a means of realizing a lean 
strategy, especially in HMLV environments, such as helping to 
realize improvement in the value chain. [12] shows that it is 
possible to integrate elements of QRM without contradicting 
the core objective of lean - to create greater customer value 
with fewer resources, while [13] shows that QRM may 
complement lean by using MCT mapping to create a better 
identification of which waste has more impact on lead time 
reduction. This argumentation is also present in [25] where the 
weaknesses of VSM (the default lean process-mapping tool) 
are discussed and further alleviated by the holistic view 
presented with an MCT map (in the form of a swim lane 
diagram). In addition, the authors argue that QRM provides a 
better description of the variables that influence lead time, 
which will help the process. 

In Table 1 we provide an overview of the similarities and 
indeed differences between each of the approaches. 

3. Research Design 

Scientific research is a process of acquiring and generating 
knowledge, and includes careful planning, field studies, and a 
thorough analysis of data collected to increase our understand- 

 

Table 1. Comparison of the two primary operation strategies 

 Lean QRM 

Core 
objective 

Create customer value 
and eliminate waste  

Lead time reduction 

Approach Strategy, leadership 
principles and best 
practices 

Company-wide strategy 
and toolbox 

Value chain 
mapping  

Value Stream Mapping 
for value vs. non-value 
adding activities in the 
flow of goods through 
horizontal value chains - 
from suppliers to 
customers  

Manufacturing Critical-
path Time for touch time 
vs. waiting time in both the 
vertical and horizontal 
value chain for and order, 
covering functions 
engineering, order 
processing, quoting, supply 
management and new 
product development  

Metrics Safety, Quality, Cost, 
Delivery 

Delivery 

 
-ing of the area to study. Guided by our research question: How 
can manufacturers of customized goods develop responsive 
and resilient value chain strategies?, we selected an action-
based research approach. 

As Mode 2 knowledge production, action-oriented research 
approaches cannot and should not be judged by positivist 
science criteria, but rather require their own quality criteria 
[26]. The approach should be rigorous, reflective and relevant 
[27]. Therefore, in building on Reason and Bradbury's [28] 
guidance for assessing action research quality, this study: 

• is explicit in developing a praxis of relational 
participation, 

• is guided by a reflexive concern for practical 
outcomes – governed by constant and iterative 
reflection as part of organizational change and 
improvement, 

• extends our ways of knowing and (as such) has a 
methodological appropriateness, 

• engages in significant work, 
• results in sustainable change. 

Furthermore, consistent with Willis [29], the action-based 
research approach in this study engages with real life issues, is 
collaborative and reflective in nature, and aims to produce 
actionable and usable knowledge. 

3.1. Research method 

The purpose of this research is to deepen our understanding of 
operations management and to improve ways of working 
across entire organizations. This demands an approach based 
on a collaborative process involving managers and employees 
together with researchers. Thus, action research was selected as 
the research method - applicable to the understanding, planning 
and implementation of change in organizations. It is a cyclical 
process which starts with defining the context and purpose, 
determining which action will be planned and taken, and then 
reflecting about the outcome before undertaken subsequent 
action cycles [26]. 
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3.2. Data collection and analysis 

To address our research question, we initially combined the 
Gemba-based discovery approach of lean with the MCT-
mapping process of QRM. More specifically, an approach 
combining MCT mapping and Gemba-based discovery and 
learning, which we call the Quick-Scan method. The Quick-
Scan method combines MCT mapping from QRM with Gemba 
walks from lean – where the aim is to quickly discover focus 
areas and potential improvement areas within and between 
organizations. It involves a rough mapping of the entire value 
chain to identify the MCT, combined with a Gemba visit to find 
and face (and deeply understand) the problem in real life. 
Facing and framing the problem also entails facing the limits 
of current knowledge – both individuals and as an organization 
– to identify and frame specific learning projects based on the 
challenges encountered. 

As such, the aim of this investigation was to find, face, and 
frame real problems on site at each of the case companies, and 
thereafter scope and form solutions together with managers and 
front-line personnel. However, due to the COVID-19 outbreak, 
we were forced to adopt a blended approach to the Gemba 
visits, combining both physical mobility and virtual 
participation. This approach has been applied at both case 
companies as a means of discovering novel ways of revitalizing 
operations and enabling more effective delivery of customer 
specific products. 

Data collected from the Quick-Scan method was compiled 
in a report and triangulated with other sources, such as 
company documents and blended weekly follow-up 
discussions – hosted on Microsoft Teams. The collected data 
were categorized into main categories. 

4. Results 

This section describes the cases and the results of the Quick-
Scan method in terms of the finding and facing elements of the 
process. 

4.1. Case A 

Company A is a medium-sized Norwegian company which 
develops, produces, and delivers windows and doors to the 
Scandinavian construction industry and consumer market. 
Company A has been implementing lean principles and 
methods for many years and has previously received the 
“Norwegian lean business of the year” award. Nevertheless, in 
recent years the company has discovered that to cope with the 
rapidly increasing competition from suppliers in low-cost 
countries, it must focus more on customized and innovative 
products, ensuring customer requirements such as 
personalization, total deliveries, quick response, and high 
delivery precision, as well as being at the forefront of energy 
efficient products. All this requires an increasingly responsive 
and resilient value chain. To this end, Company A is exploring 
QRM approaches to supplement its lean efforts. 

The MCT Map for Case A (Fig. 1.) reveals that there is a 
significant lead time associated with the procurement and 
shipping processes. On closer analysis, the Gemba visit reveal- 

-ed issues with the quality and on-time delivery of certain 
material supplies, issues with the inventory management, 
unpredictable (window) pallet dimensions which make the 
planning of the truck loading and the route planning difficult, 
and issues with the distribution of the products. The windows 
should be shipped directly to the customer but often remain in 
the warehouse for up to 5 days after production. The delivery 
time of the glass that is procured based on customer order is 
also rather long - up to 6 days. These lead times represent a 
significant proportion of the total lead time of (up to) 14 days. 
The production throughput time represents between 1-3 days. 

4.2. Case B 

Company B is a medium-sized Norwegian manufacturing 
company which develops and produces customized doors to the 
Scandinavian construction industry and consumer market. Like 
Company A, this company also requires a responsive and 
resilient value chain. Company B has only recently begun to 
implement a strategy based on lean and continuous 
improvement, with a focus on organizational learning. In 
addition, the company has had a focus on digitizing the 
workflow, for instance by implementing RFID technology in 
the production and upgrading the ERP system, which is directly 
linked to the machines in the factory. Company B is planning 
to reduce their production lead times by 50%. To achieve this, 
the company is considering QRM methods and principles in 
addition to lean and digitalization and strives to achieve a 
virtually seamless information flow throughout the value chain. 

In contrast to Case A, the MCT Map for Case B highlights 
that there is a significant amount of lead time in production 
itself – 3 weeks out of a considerable total lead time of 6 weeks. 
On closer inspection, the Gemba visit revealed that there was 
little flow throughout the production process chain, with large 
amounts of buffer inventories between each process and 
repeated sorting throughout the production process. First, the 
weekly production orders were batched and sorted so that as 
many identical door types as possible could be processed in the 
machining department. Then the doors were sorted again prior 
to painting and prior to assembly. The technical approval lead 
time is also significant. 

5. Discussion 

We set out to address the research question How can 
manufacturers of customized goods develop responsive and 
resilient value chain strategies? Using action research in two 
case companies, we developed a Quick-Scan method that we 
see as a critical element in realizing responsive and resilient 
value change strategies. Firstly, using MCT mapping from 
QRM, the participating firms were able to highlight the areas 
in the value chain with the greatest lead times. Secondly, using 
Gemba visits from the lean paradigm and the 4F approach to 
lean strategy, the firms were able to gain a deeper 
understanding of the underlying syndromes that contribute to 
such lengthy lead times. This was demonstrated in both cases 
A and B, where two contrasting parts of the value chain were 
identified – shipping and procurement (Case A) and production 
(Case B). 
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Fig. 1. Manufacturing Critical-path Time map for Case A (the red bars illustrate the critical path) 

Fig.2. Manufacturing Critical-path Time map for Case B (the red bars illustrate the critical path) 
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Furthermore, modern digital technologies have also 
provided possibilities to adopt a blended approach to the action 
research – as an enabler of virtual mobility (using smart 
phones, smart glasses, and Microsoft Teams) during the Covid-
19 pandemic. In the future, other Industry 4.0 technology, such 
as digital twin, industrial internet of things (IIoT), and artificial 
intelligence, will be examined to evaluate its contribution to the 
Quick-Scan method - as a means of developing and deploying 
resilient and responsive value chain strategies. 

6. Conclusion 

This study presents the preliminary results of a Quick-Scan 
process at two industrial use cases in Norway. However, 
additional research is necessary and will continue in this 
specific research project – Quick Response 4.0. 

Combining lean thinking and practice with QRM appears to 
offer a valuable strategic approach to creating customer value 
and achieving a more rapid response for delivering customized 
products to a firm's customers. Using a process of MCT 
mapping, QRM focuses specifically on lead time, aiming to 
provide a quick response to customers in responding to a 
request for quotation, through manufacturing goods, to 
delivering the products to the customer. Lean ensures the focus 
on creating customer value while simultaneously reducing 
waste in and across the value chain by identifying important 
learning challenges on the Gemba. In time, we believe that 
Industry 4.0 shall further enable improvement in quality, cost, 
and delivery through heightened connectivity throughout smart 
ecosystems. 

In this respect, using Quick-Scan as a discovery process, 
firms can use MCT mapping to quickly identify which activity 
has more impact on lead time reduction, supplemented by lean 
Gemba visits to home in on specific challenges. As such, 
though [9] suggests that QRM builds on lean, we suggest the 
opposite. QRM's MCT approach aids in finding critical areas 
of the ecosystem which should be improved, while lean 
provides firms with a way of thinking about problems to face 
and better understand the deeper challenges and frame exciting 
learning projects that lead to improvement. 

In terms of limitations, though this study shows useful 
insight into application of the Quick-Scan method; we suggest 
that further research should investigate its application in other 
settings. We see relevance in HMLV manufacturing firms – 
i.e., the engineer-to-order industry. 
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