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Lean practices implementation in aerospace based on sector
characteristics: methodology and case study

Aicha Amrani and Yves Ducq

University of Bordeaux, CNRS, IMS, UMR 5218, Talence, France

Lean production (LP) consists of very useful techniques; however, its implementation can significantly vary from one sector to
another or from one practitioner to another. Although several lean experien-ces exist in aerospace, no specific method has been
developed to adapt lean tools to the characteris-tics of the aerospace sector. This study uses a case based approach to analyse
the implementation of lean practices in a company operating in the aerospace industry. The overall characteristics that motiv-ate
current aerospace companies to pursue lean conversions are identified — market demand, product diversification, product
complexity, safety focus and agile supply chain. This paper aims at building a methodology including identified steps and their
analysis to sustain the lean implementation. It is based on the analysis of the industrial context, which is linked to different
practices and tools issued from LP. Apart from the aerospace sector, the methodology can also be adjusted and adopted by
other sectors. Lean practices, such as the cellular layout, the one-piece flow, visual management, takt time, standardization,
multiskills, poka yoke and SMED, were used in the proposed model and yielded significant gains. The defect rate dropped by
66%, the cycle time was reduced with 43% of savings, waste elimination was achieved, and the work-in-progress (WIP) inventory
decreased. Furthermore, the illustrated impact of the lean manufacturing implementation on extending lean thinking to the logis-tics
department presented 50% savings in transportation-truck costs. It serves as a proof of concept for the expansion of lean

thinking.

KEYWORDS Lean production; lean practices; lean transportation; lean implementation; case study; aerospace

1. Introduction

Lean practices have proven to be significantly beneficial in
various industrial sectors, such as food industry (Dora et al.
2013), steel milling (Abdulmalek and Rajgopal 2007), automo-
tive industry (Cagliano, Caniato, and Spina 2004; Rahani and
Al-Ashraf 2012; Arunagiri and Gnanavelbabu 2014; Nasab,
Aliheidari Bioki, and Zare 2015), and in aerospace (Crute
et al. 2003; Powell et al. 2014; Fullerton, Kennedy, and
Widener 2014, Thomas et al. 2016; Alfalla-Luque, Medina-
Lopez, and Schrage 2013). Although great lean-practice
research contributions have been made in various sectors,
research on lean production (LP) in the aerospace sector
remains scarce; only 1.46% of the studied sample (546 com-
panies) according to the lean review by Jasti and Kodali
(2015). The reality of the aerospace industry in France is con-
siderably different; several companies have been implement-
ing lean practices in the aerospace supply chain for a
number of years — from the aircraft manufacturer to the far-
tier suppliers. Boeing, according to Subhadra (2003), started
implementing lean practices in the nineties (first in 1997,
when B737 was assembled through a moving assembly line),
Bombardier applied Lean to the C series aircraft in 2003.
Airbus and Pratt &Whitney are adopting the lean culture and
are implementing LP approaches to sustain the ramp-up
activities required by the market. Most aerospace companies

have become aware of the challenge of adopting lean imple-
mentation (Martinez-Jurado and Moyano-Fuentes 2014;
Thomas et al. 2016); however, only few companies communi-
cate lean-implementation methods and results, thus creating
a significant gap in the literature. In the work of Guo (2008),
the author reported the low involvement of professionals
because the research contributions were mainly provided by
academics. To overcome this literature gap, more conceptual
research works need to be conducted and more case studies
need to be investigated. Apart from the interest of the sec-
tors in publishing more research work, Cherrafi et al. (2016)
emphasized the need to expand lean practices from manu-
facturing to all functions of the supply chain. Jasti and Kodali
(2015) highlighted the necessity to expand the LP vision to
other functions, referred to as lean streams, such as LP, lean
supply chain, lean product development and lean enterprise.
Moreover, certain lean tools have been extensively described
and widely used, whereas others have not received much
attention, such as the cellular layout and visual management.
Only 11.36% of published papers referenced lean cellular lay-
out and visual management Jasti and Kodali (2015).
Although extensively described conceptually, lean cellular
layout and visual management have rarely been described in
case studies. In the literature review of 26 lean papers,
Lyonnet (2010) highlighted that visual management is
rarely explored and explained. Quantitative lean tools



requiring calculations, such as value stream mapping (VSM),
single-minute exchange of die (SMED), Kanban, and overall
equipment effectiveness (OEE), appear to deserve greater
attention because of the possibility to prove the improve-
ment by calculation. While cellular layouts and visual man-
agement are employed for the design of a workplace, using
a case study to describe and analyze these approaches is not
common. We believe that these lean tools are useful in terms
of the benefits generated in a well-designed workplace; thus,
we consider that VM and U-shaped cells are equally import-
ant to SMED and takt time (TT). Tackled with the lack of
communication about aerospace lean implementation case
studies as a first gap and identified missing practices descrip-
tion as a second one, the usefulness of this study is to
strengthen the aerospace industry findings by studying and
communicating about the lean conversion to increase the
knowledge in this field. A deep analysis of various lean prac-
tices is suggested to target exhaustiveness. This contribution
reveals the distinctive aerospace industry characteristics and
builds the more coherent lean implementation systems with-
out misleading part of lean practices like it is often observed
in the literature. The objective of this study is to demon-
strate, despite the lack of examples in the literature, the suit-
ability of lean practices for the aerospace industry based on
a real complete case study that shows the link to aerospace
characteristics. Indeed, in contrast to the automotive indus-
try, the lean aerospace literature still lacks published research
studies on the usefulness and targets of Lean projects. This
paper addresses two specific research questions. RQI1: Are
lean practices implemented in the aerospace sector as in other
sectors? The steps of the implementation methodology and
the link between the lean practices and the aerospace char-
acteristics will be developed. The implementation method-
ology is a set of steps contextualized in aerospace serving as
a guide to implement Lean practices. Moreover, in aerospace
industry, keeping ‘customer point of view' is vital to build a
lean approach. The quality and the OTD (On Time Delivery)
are targeted much more often than in other industries. The
target of quality and OTD from customer point of view is
crucial. Each used lean practice contributing to customer tar-
get can be split into various potential contributions to the
Lean philosophy (provided through 14 Liker's principles). This
last phase of global coherence checking is sturdy for practi-
tioners because the lean principles are checked to be cov-
ered at least once by the deployed lean practice (see section
5.8). RQ2: How the proposed methodology is able to extend
the lean thinking to other services in aerospace? It is important
to illustrate through the case study how effectively the
implementation of lean can be beneficial and profitable on
other departments of an aerospace company. For example, a
logistic department committed to lean analysis can halve
their transportation costs.

The remainder of the paper is organized as follows. In
Section 2, the actual findings and important observations on
the lean community and the lean aerospace field will be
revealed from literature. Moreover, we will highlight the vari-
ous research works related to case studies pertaining to the
implementation of the lean approach and their relevance to

our contribution. In Section 3, the lean implementation
methodology will be described based on different steps. In
Section 4, the case study and the implementation of lean
practices will be detailed prior to examining the links
between the practices, the characteristics, and the lean prin-
ciples; the key findings of the study will be discussed. Finally,
we will summarize our conclusions and we will suggest
actions for our future work.

2. Literature review
2.1. Lean implementation background

In the recent review of Jasti and Kodali (2015), the authors
revealed that over the past 24years more than 45% of the
published works on lean practices have mainly been pub-
lished within the period 2006-2011. The same tendency was
found in Rymaszewska (2016); almost 70 publications on lean
manufacturing and philosophy have been published within
the period 2011-2016. This tendency justifies the willingness
of researchers to explore lean implementation, lean applic-
ability, lean philosophy, lean sectors, lean services, and sev-
eral other streams to specify new frontiers in the lean
research area. The positive impact of lean implementation
on the performance of companies has been frequently high-
lighted in several studies (Browning and Heath 2009; Cua,
McKone, and Schroeder 2001; Fullerton and Wempe 2009;
Furlan, Vinelli and Dal Pont 2011; Jayaram, Ahire, and
Dreyfus 2010; Mackelprang and Nair 2010; Nair 2006; Shah
and Ward 2003). Antony et al. (2012) reported that Lean
approaches are well perceived and that 63% of enterprises
believe in the benefits which result from lean implementa-
tion. In the work of Laureani and Antony (2018), an inter-
national multi-sector study was conducted on 700
companies using lean and Six Sigma approaches: 66% of
enterprises adopting lean and Six Sigma demonstrated suc-
cess, 31% maintained the same status, and 3% failed.
Netland, Schloetzer, and Ferdows (2015) confirmed the posi-
tive relationship between the implementation of lean manu-
facturing and the improved performance of a plant.

Very early lean application in the aerospace sector
revealed the impact of lean on cycle-time reduction
(Subhadra 2003; Cort 2007; Crute et al. 2008; Bombardier
2013; Thomas et al. 2016), optimizing the setup times (Crute
et al. 2008). It has been reported that there has been a
decrease in the defect rate and errors (Subhadra 2003), the
production costs (Subhadra 2003; Cort 2007), the non-value
added (NVA) activities (Subhadra 2003; Thomas et al. 2016),
the time to market (Subhadra 2003), the on-time delivery
(OTD) (Thomas et al. 2016), and the production space (Cort
2007). Nonetheless, the industrial reality is difficult and the
lean implementation may not lead to guaranteed success.
Baker (2002) reported that 90% of enterprises that imple-
mented lean manufacturing implemented it incorrectly. Thus
far, certain estimates show that less than 5% of enterprises
that converted to lean approaches obtained the results they
anticipated (Bhasin 2013; Vlachos 2015). Liker and Franz
(2011) suggested that only 2% of lean-program implementa-
tions achieved their expected results. Interesting information



has emerged from these scientific literature surveys; data
estimations have revealed certain symptomatic lean hindran-
ces in lean implementation, such as the organizational cul-
ture (Crute et al. 2003), the resistance to change (Shah and
Ward 2003; Bortolotti, Boscari, and Danese 2015), the size of
the organization (Bhasin 2013), and the lack of lean thinking
(Grasso 2005). Owing to the aforementioned reasons, we
believe that it is important to understand the context of
aerospace to identify a relevant manner to implement lean
practices. Lean success is not evidence, and it is not a tool-
box. Several concepts and theories in operations manage-
ment — from LP to the manufacturing strategy — have been
developed through field-research cases (Voss, Tsikriktsis, and
Frohlich 2002). Recognized as being a particularly applicable
and powerful methodology in responding to ‘How’ and
‘Why' questions (Rymaszewska 2016), case studies can pro-
vide a relatively full understanding of the nature and com-
plexity of the entire phenomenon. Several authors in the
literature (summarized in Table 1) have made efforts to
describe, define, refine and present different findings about
the performance of lean tools and the human-factor aspect
in their case studies. We have examined (in Table 1) different
lean case studies originating from different countries, as well
as from companies of different sizes and from different sec-
tors. The main contributions were categorized into ‘used
lean tools’ and ‘human factors’, to encapsulate the new find-
ings for practitioners. The outcomes per case study are also
provided. It is interesting to note that cellular manufacturing
and VM are rarely mentioned. Moreover, certain used tools
as SMED have been referenced but not described in the
work of Vlachos (2015). In terms of human factors, the com-
mitment of the management has been revealed to be a
powerful axis. Beyond studying the missing points of case
studies literature (VM, cellular manufacturing and SMED), the
human factor is of utmost importance to consider in con-
junction with the technical improvements. Introducing lean
practices disregarding human factors is wrong approach act-
ing like a boomerang. For careful consideration of the
human aspect, we suggest to lead anonymous survey with
33 operators over the existing production lines about the
human involvement and direction’s approach in leading
Lean conversion. Operators express their feelings and their
opinions. Useful insights are outlined to provide practitioners
a vision about the human perception and involvement in
Lean deployment (described in section 6).

We also browse different references dealing with Lean
practices implementation methodologies to position rele-
vantly the distinctive points of our contribution. We kept a
sample of references from 2005 to 2019; for each author
main contribution is highlighted. Positive points and limita-
tions are evoked to remind the gap and the future actions
to lead (Table 2).

Foremost authors argued the necessity to implement the
Lean in companies chronologically respecting identified steps
(see Table 2) (Mathaisel 2005; Black 2007; Hodge et al. 2011;
Panwar et al. 2015) instead of random and personal imple-
mentation, dependent on the sensitivity of the manager
through PDCA (Yamamoto and Bellgran 2010). For Wan and

Chen (2009), the authors stressed that main stages have to
be followed to advance the lean implantation through three
stages: starting by culture, problem identification and finally
implementation. Nevertheless, no guidance for lean practice
steps implementation does exist and their link with the con-
text is absent. Enumerative implementation of using tools
without contextualization is a common observation (Black
2007; Wan and Chen 2009; Hodge et al. 2011). Ramesh and
Kodali (2012) counter the enumerative lean practices imple-
mentation introducing the notion of AHP to priorize some
lean tools. This notion of importance of lean tools is signifi-
cant for industry to guide the managers. Implementing Lean
through different steps is not straightforward. It requires
deeper analysis and wide consideration going beyond a sim-
ple lean implementation factors as stated in (Martinez-Jurado
and Moyano-Fuentes 2014). The distinctive point of this
research is threefold: (a) Structured and non-random Lean
implementation steps to achieve the duplicability by other
aerospace companies, (b) the implementation contribution is
contextualized to aerospace, and (c) the Lean principles
exhaustiveness to check whether the implemented lean tools
covered the solid lean thinking and avoid asymmetric lean
application.

2.2. Aerospace characteristics

In early studies relating to lean challenges in the aerospace
industry, Crute et al. (2003) have mentioned the difficulty of
this sector to align with the lean basics. However, consider-
ing the fierce competition and the evolution of the market
at present, certain lean inducers have emerged, who have
elucidated the adaptability of the aerospace industry in
adopting LP (Thomas et al. 2016). Danese, Manfe, and
Romano (2018) conducted a literature review on more than
240 papers and presented the main direction to be pursued.
The link between safety and lean is an aspect to be explored;
this reinforces the need to link the sector specificity to lean-
production tools, which is the case in the present study.
Moreover, the sectorial characteristics (summarized in
Table 3) lead to the adoption of LP. It is necessary, relevant
and efficient to maintain a competitive position in the mar-
ket. The aerospace industry entails certain characteristics that
need to be clarified. The following points highlight these
constraints. It is known that industries such as automotive
(lean origin), food and pharmaceutical have benefited from
lean adoption. The aerospace sector is not an obvious appli-
cation field; however, its characteristics may suggest the
manner in which lean tools should be used. The literature
reveals five categories that underline the specificity of the
sector of civil aerospace: increase in market demand,
demand diversification, product complexity, ensuring the
safety and the supply chain agility. Table 3 lists information
about the instigators of the lean initiative, the expected
objective, the potential lean practices to be implemented,
and some examples.

Presently, market demand has become increasingly high,
thus shifting the aerospace field to an economy of high-
volume production. Crute et al. (2008) reported that the
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Table 2. Lean implementation methodologies in literature: contribution and limitation.

Authors

Main features of lean implementation

methodologies

Contribution

Limitation

Mathaisel (2005)

Black (2007)

Wan and Chen (2009)

Yamamoto and Bellgran (2010)

Hodge et al. (2011)

Ramesh and Kodali (2012)

Martinez-Jurado and Moyano-
Fuentes (2014)

Panwar et al. (2015)

Marodin et al. (2018)

Abu et al. (2019)

Defining the need for Lean
practices, conceptual preliminary
design, detailed design and
development; implementation
and construction

Preliminary steps: train
employees; involve top
management; understand the
financial implications; define
performance measures; empower
workers; define the middle
management reward system.
Operational steps: manufacturing
system balancing; setup
reduction; quality control;
preventive maintenance; pulling
materials; inventory control;
integrate suppliers; automation;
and design lean enterprise.
Three stages: develop a lean
culture, emphasize issues
(leadership commitment and use
of performance metrics);
implement lean practices (pull
system, line balancing, VSM,
visual control; implement routines
Instead of having detailed steps,
the focus is on creating the need
for improvement and let people
solve the problems using

the PDCA

6 steps model: policy
deployment; visual management;
continuous improvement;
standardized work; pull
production, and customer
satisfaction.

VSM supports the
implementation of all step

Four steps: identification of
performance measures;
identification of VSM tools;
selection of VSM tool using
analytical hierarchy process; and
comparison of the optimum
value of the metrics with real-
time performance metrics
Adoption of LP is affected by a
deep-rooted culture of total
quality, the role of top
management, a lean
organizational structure, the lean
leader role and

institutional support

5-step model: Employee
involvement, Quality
management practices, waste
elimination tools, tools discrete
and continuous process, supplier
involvement

Different patterns of Lean
practices implementation

One of the main barriers in Lean
implementation is the ‘lack of
know-how implementation” —
survey addressed to 148
Malaysian companies

Steps are assimilated to PDCA

Distinction made between
strategic steps and
operational ones

Human and management
aspect considered

Strategic Lean culture highlighted
Performance metrics important to
check the progress

Steps used are common PDCA

Analysing the current state to
find out the dysfunctions
Steps are closely linked to five
Lean principles

Check existing situation with VSM
Importance of
performance metrics

Key factors helping in lean
production adoption

Answer the question that helps
to introduce Lean in aeronautics?

Human factor considered
Steps clearly identified

Lean practices performance
proved in inventory, lead
times, turnover

Identification of main motivations
Identification of main barriers

Design concept is elusive
Not transferable

Standard lean tools enumeration
for implementation
No link of Lean tools to context

No link established between Lean
tools and field.
Only Lean tools enumerated

Elusive implementation
Not duplicable

No duplicable

No context fitting to check the
validity of the lean

tools constructs

Notion of ‘priority’ interesting but
difficult to duplicate in industry
with AHP

No answer to how implement
Lean in Aeronautics?

No structured context fitting (e.g.
Supply chain seems important in
aeronautics)

Limited impact in quality and
delivery service

Floor target (no product
development)

Yet no structured lean
implementation model




(7107 auIwjo) epeue) 3yD
Je pasn uequey pue usziey|

JUSWISA|OAUL J31jddng
buiseysand i1
uaziey
410 »adsas
01 ssax04d Ajddns
3y} jo Auapuy ay3 ainsu3
(€107) Buiog
pue ‘Gueny ‘Buey) ‘(8007)
"B 19 314D (Z0OTZ) SdAeID
pue ‘81n3 ‘suyor ‘(9007)
midAsQ pue ‘9]00) ‘salneq
'sau|| uondnpoid ayy
|le woJy spasu buiseydind
9Y) dzipiepuels 01
9dedsoJae Je|poz 1e uoneas
uawyedap ureyd A|ddng :x3
Ab31es3s bupInosnnw
DiojuRy e
sal|quiasse-gns
/s|etalew mel

Jo AjigejieAe 3y} ainsu3 e

(0L0T PI3sIY)

JUSWA[OAUI 99Ko|dwid

pue (710Z Suluyo)
JuswRMOdW JIIOM

(€00Z ®eipeyqns)

‘(9007 midAsQ pue
‘3]00) ‘salne) mol4 3ald-auQ
(£00Z 10D) IMS pue ok exod
Mo|{ 9331d-3uQ
90K exod
uolpnpoud ||r
330 ‘WOL
saakojdwa s|IsINN

npoid 3yy
Jo Ayjenb ay3 ainsug
(£007) W0d
(€007) 'le 38 =1n1D
‘(7107) Zonwiey-euebep
pue ‘zeig-ueisudes ‘ebap
-oplJed ‘(7007) Ja19Wia1Y
‘painbai s|
Ayjenb uo sndoy diy1dadg
“(¥10T u1) £8£9 3ule
asaueder uj uoneibejuod
A1911Rg UOI-WNIYYT X3
diysuoneas
9A11BIOqR[|0D YUM siaddns
1313 35| padnpal dasy e
Abajens awi|
a4 4By 14y e

(€107 Bbuioy
pue ‘bueny ‘Bueyd)
Joojydoys adedsossy ul Wdl/SS
(10T dUIUYOW)
aul| buirow sapas-) pue (y
/Wi 1) snaay 1e ‘skep g| 0}
¥ woly 100Z-Lv/9 '(€107)
buio] pue ‘bueny ‘buey) u|
(€00Z eapeyqns) (uwi/yduiz)
£€/9 buisog saul| buinop
wasAs |Ind
uolnezipiepuels pue 5§
(dul
Buirow) uoneuIwId 31SeM
judwabeuew |ensip

pnpoid 3y
Jo AujigerRa syl uleisng

(L007) anbey
‘(#007) J313ULIR1RY

suonesado Qo8 ueyy alow

yum spusuodwod 00’0l

Jo dn apew s| 193dod0in3
- J31dodyay ulydneq :x3

Kejap A|quasse buo] e
suonesddo apnuynpy e
Swn[oA elep ybiH e

(900z midAsQ pue ‘aj00D
‘salneQ) uswabeueyy |ensip
(9107 °[e 32 sewoy])
ewibISXIS pue WA/WdL/SS
(110Z YouabuID)
saul| uondnpoud 3|qixd|4
(8007 '|e 13
91n1)) uondNpaJ sawp dniag

juswabeuew [ensip
synoAe| Jejn||ad

saul| 9[qIxal4
uondNpal sawi dnies

SUOISIDA JUIBYIP
3y} jo uondnpoid dy} ainsug

(£107) buio] pue ‘bueny
‘buey) ‘(110z) yousbuin

saul| uondnpoad

uo spedwi ANSIdAIP 3dNpal

0} SJUBLIBA G pUB SUOISI9A
¢ uo padojanap sem QSEY X3

1deduod Awenpoyy e
sio1ddns sydnnpy @
sjuswaJinbas snouep e

(10T sauang

-ouefoly % opein[-zauiMep)
Sjueljus Mau JO 1ealy]|

(900z midAsQ pue ‘3j00)
‘salAe) N SNaUY 18 WSA

y[em equian
swil pel
WSA
MOJ} snonunuo)
1% eW 3y} Ul
abejuenpe aARdwod e 199
dn-dwes sy uteisng

(9007) midAsQ pue ‘3j00)
‘saineq ‘(8007) ‘[e 33 1D

£€49 SN "LZOW uelssny
‘616D 3s9UIYD JO S[eALIY
3yl yum s1ompdwod OZEY X3

eale uonelAe jo buluadp
S|eAlIR $1S0D MO

199}4 Yeuue jo buiaby
$103139dWO0d MU JO |eALUY

sajdwex]

Sanss| uea

aAnd3(qo

sioyiny

sainieaq ulepy

uiey> A|ddng

sndo0y Aujend

Ayixajdwod 1npoid

UONBDYISISAIP puewa(]

puewsp 13xe|

UOISISAUOD ueg| 0} mr___umw_ Solisueloeieyd WUmo_mOhw<

*(sioyane juasaid jo uone|idwod) sajdwexa pue 47 03 buipes| sdnsiaIdeIRYd dedsosdy € d|qel



main lean motivation, as mentioned in interviews with aero-
space companies, is to meet the increasing demand of cli-
ents. Martinez-Jurado and Moyano-Fuentes (2014) specified
that the pressure of being competitive is the triggering
element that leads companies to implement lean initiatives.
To respect this market-demand pressure, a suitable rhythm
of production should be identified. Davies, Coole, and
Osypiw (2006) reported that Airbus UK found it useful to use
the following lean practices: VSM to identify the bottleneck
resource and the work in progress (WIP), VM to clarify the
rhythm of the production and to address the market
demand. The demand diversification is an additional complex
point which companies are required to address; this urges
them to adapt their production system quickly to absorb the
fluctuant and diversified demand (Slomp, Bokhorst, and
Germs 2009; Browning and Heath 2009). Gingerich (2011)
mentioned the importance of creating flexible production
lines to address various orders. Chang, Huang, and Torng
(2013) argued that aircraft manufacturing suppliers should
increase the flexibility in the production line to address the
dynamic demand. This diversity in the demand does not tol-
erate approximate deliveries. The reactivity and flexibility are
solid enablers provided by the LP.

An aerospace product — whether it is an aircraft or a lock-
bolt - is obviously a complex artefact (Reitermeier 2004)
requiring fitting with requirements, specifications and regula-
tions. In such a complex product, the manufacturing time
and assembly cycle may increase the time to market. Lean
practices, such as VM to reduce the errors and the elimin-
ation of waste, have become interesting tools. In large facili-
ties, such as aerospace facilities, the motion and movement
times require waste elimination, starting from the assembly
and extending to the new product development (Reitermeier
2004; Haque 2001, 2003; Davies, Coole, and Osypiw 2006).
Safety in the aerospace sector (ensured by means of extreme
quality) is specific to the products that should be right first
time (RFT) (Crute et al. 2003; Reitermeier 2004) and are
almost defects free. Garrido-Vega, Sacristan-Diaz, and
Magana-Ramirez (2014) argued that ensuring the safety of
the provided aerospace product is of utmost importance.
The idea of lean one-piece flow becomes interesting, and it
is a suitable concept for each manufactured part. Lean prac-
tices such as the poka yoke and the standardization of
instructions are approved as a means of establishing a coher-
ent production (Cort 2007). To simplify the production pro-
cess and the assembly of aerospace parts, several focal
companies outsourced their products. The more a product is
modular, ultimately the more likely it is to fit the market
diversification and efficient supply chain (reduced versions
and variants in the Airbus portfolio). Davies, Coole, and
Osypiw (2006) reported that Smith industries used the modu-
larity concept (common subassemblies) to reduce the market
to client time; thus illustrating the importance of agile supply
chain. Moreover, Johns, Crute, and Graves (2002) stated the
necessity of moving towards a lean supply chain to sustain a
competitive advantage (Crute et al. 2008). The various aero-
space characteristics will guide the analysis throughout the
case study for the purpose of illustrating the degree to

which they need to be respected in the implementa-
tion model.

2.3. Research methodology

In general, the research papers belonging to operations man-
agement tend to contribute to existing theories, or use exist-
ing theories to explain phenomena management even if the
development of a new theory is difficult (Boer et al. 2015).
Our paper is rather exploring and extending the existing the-
ories, i.e. in our research, the exploration and extension of
existing lean techniques based on specific theories. In the
book about operations management research methods in
Karlsson (2016), two researches axes co-exist to contribute to
theories: exploratory studies and confirmatory studies to test
and extend theory. We can position our contribution in the
second axis to complement and extend theories, i.e. lean
techniques based on theories in this paper. Regarding the
research type used in this paper, we develop a descriptive
model with the aim to be transferable. The methodology can
be qualified as exploratory to link the different elements of
analysis towards repeatability when implementing the lean
in aerospace assembly lines. A qualitative research, descrip-
tive and exploratory, contributes to complement empirical
investigations often led in the literature (Seaman 1999). This
research uses qualitative method; specifically, an in-depth
case study. A key strength of using a qualitative approach is
to explore research questions and go beyond finding evi-
dence of a relationship, to revealing ‘how and why’ that rela-
tionship might exist (Yin 1994).

The use of multiple sources of data is a way to improve
the ‘validity’ and ‘reliability’ of case study findings (Karlsson
2016). Data used in the case study are provided from struc-
tured and unstructured interviews, company documents, for-
mal debriefing, status reports and surveys. Individual
interviews were conducted lasting 30-60 min and weekly
ensured during 6 months to perceive and understand the
flow of products. A team member ensured data collection
directly on site. Two other members of the research team
were in charge to ensure the transcription of data. In add-
ition, the correspondent took notes to record impressions,
outline the observations from the facilities inspected. The
data collection undergoes an immediate transcription and
accuracy checking for transmission to research centre. The
interview protocol included multiple respondents, facilities
and production line data sources, plant visits/factory tours.
Various respondents interview was a careful consideration to
ensure the construct validity. Statements made by the man-
agement were also added. Three production lines in different
facilities were under observation to gather data about the
workstation information, the succession of operations from
raw materials to final product, the quality inspection and the
references changeover. Data analysis resulting from the inter-
pretation, experiences and different events allows the depth
to understand how lean deployment can be influenced by
the aerospace sector context.



3. Methodology for lean-practices
implementation in the aerospace context

Recent publications have highlighted the necessity to
develop models for helping lean practitioners to implement
lean manufacturing. Mostafa, Dumrak, and Soltan (2013)
emphasized the necessity for simplified and comprehensive
implementation frameworks. Dora and Gellynck (2015) high-
lighted the still-missing straightforward approach: There is no
clear, standardised, easy-to-use framework for a lean manufac-
turing practice implementation available. Almanei et al. (2018)
remind recently that there is still challenge to create guid-
ance to the Lean journey. Pavnaskar, Gershenson, and
Jambekar (2003) reported that lean tools have not been
thoroughly understood, which may lead to misapplications
and ineffectiveness. In the present work, we will attempt to
define a relevant methodology for the implementation of
lean practices, specifically in the aerospace field.

The proposed model was based on the assumption that
meaningful aerospace characteristics need to be addressed
and sustained by an appropriate set of lean practices. The
use of a conceptual model in a normative manner will
ensure coherence of the lean project deployment. Before
planning and initiating lean actions, it is important to define
the value from the perspective of the customer (first prin-
ciple of lean) to make the correct efforts. The safety/quality
of the product and OTD were defined as the priority values,
which are expected by the customer along the implementa-
tion process.

Figure 1 illustrates the different steps of suggested PTPC-
AS/LF for the initiation of lean implementation in accordance
with the defined values. PTPC-AS/LF is Plan, Tools implemen-
tation, Performance review, Continuous improvement -
Aerospace Characteristics (AS)/Leanness Fitting (LF). PTPC
can be assimilated to the classical PDCA but the association
of PTPC to AS/LF «creates a distinctive augmented
PDCA approach.

Step 1 is the plan ‘P’ of Lean implementation action. After
a Gemba (Ballé and Beauvallet 2013) which reveals the dys-
functions, the ‘plan’ targets to map the processes with its
value-added activities and NVA activities; the VSM in the ini-
tial situation appears to perceive the axis of improvement.

Step 2: ‘T" consists of identifying the different lean tools
to implement for operational and product flow performance.
The following lean technics are applied and described along
the case: U cells, one-piece flow, standardized work instruc-
tions, poka yoke, SMED, VM, TT and multiskills. The ‘check’
phase allows the identification of the impact of the under-
taken lean practices through the scraps rate, the cycle time,
and the costs. It comprises the analysis, which is the second
layer to check the correlation between the set of imple-
mented lean practices and their contributions to the aero-
space characteristics. The aim of this step is to perceive the
usefulness of each lean tool to cope with market demand,
diversification, safety, complexity and supply chain. In Step 3,
‘P’ Performance Review aimed at checking the generated
performance. We argue that it is not enough to check oper-
ational performance when Lean practices implemented, it is
also crucial to perceive the lean principles exhaustiveness

Step - 1 Plan <P>

= Gemba
= Map the process
= |dentify VA and NVA

Step - 2 Tools implementation <T>

|fCost_| Quality ﬁelay

Leaness Fitting/LF

Kanban, Multiskills
Lean Culture/Human

= Ucells e |
= One piece flow i = Market Demand '
= Swi 1 = Diversification
= Mistake Proofing = Product Complexity !
= SMED 4D - Quality/Conformity :
= VM ! = Supply Chain !
= Takt Time LR G Gk !

Step — 3 Performance review <P>

) 14 Liker’s Principles
Operational performance

= Cycletime

= Scraps / defect rate

= Cost decrease

= Competencies increase

Long term philosophy
Continuos Flow

Pull System

Leveling Workload

Step - 4 Continuous improvement Quality Culture

<C> Standardization

Visual Controls

= Develop new Lean
Reliable Technology

actions: Lean culture &
Lean Process

= Spread the Lean
thinking to other
departments

Develop Leader
Build a team
Consider Suppliers
Gemba Walk

Careful decisions
Learning Enterprise

Figure 1. Methodology PTPC — AS/LF of lean implementation in the aero-
space industry.

and understand whether the implemented lean tools are fit-
ting the lean principles. The lean implemented practices
should be associated with 14 lean principles (Liker and
2004). It means the adequacy between the used tool and its
contribution to principle satisfaction. In Step 4, the continu-
ous improvement is the loop to join the ‘act’ in the PDCA
phase. It is important to examine new opportunities to
expand lean thinking and use the different services to
extend it. The logistics department will be used as an
example to show the benefit of lean transportation that fol-
lows the LP.

The described methodology is required in the aerospace
industry because the observations lead to a thorough consid-
eration of the context. However, the approach is replicable
to other sectors by respecting Steps 1-4, even if the out-
comes of these steps will obviously be different depending
on the sector in which they are applied. More specifically,
the result of Step 2 and the characteristics are dependent on
the field and size of the company. This methodology is valid
for the aerospace industry in general; however, it may also
vary for each company in Step 3. Each company is able to
define its own lean progress. Some refined adaptation of the
methodology may be required and it is recommended that it
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Figure 2. VSM for the assembly line at Aeroseat.

fit the field in the best manner; nevertheless, it remains use-
ful for the guidance of managers in the implementation.

4. A case study: the aeroseat company

The studied aerospace company will be referred to as
Aeroseat throughout this paper. The Aeroseat products may
be divided into three categories: business, economy and crew
seats. The company is large, with more than 1500 employees.
The network consists of different electronics suppliers,
machined parts, composite manufacturers, paint suppliers
and clients (e.g. Boeing, Airbus, Dassault, AirFrance and
Emirates). The competition among the aerospace suppliers is
growing along with the increase in aircraft demand owing to
the opening of airspace, the launch of low-cost companies,
and the aging of the air fleet. The focus is on the business
class seats, referred to as BCI, intended for the Flyair com-
pany, with which Aeroseat is committed with a one-year
contract to deliver seats for 11 aeroplanes (referred to as
shipsets). The shipset encompasses 46 BC1 seats. The econ-
omy and crew seats are out of the scope of the present
study. BC1 is produced on two different assembly lines based
on two production sites: one is dedicated to the seats and
the other is dedicated to the shells. The seats and shells are
sent separately to the customer, who will then assemble
them during the installation in the shipset. In this study, we
will focus on the assembly line of the shells based on one
production site.

The actual VSM (Figure 2) provides useful quick informa-
tion about the product flow progress. The VSM is a powerful
tool to help the decision manager to carefully direct his
attention to address emerging issues The quick-improvement
axes have been identified: (1) the long-cycle time has often
been noticed at the beginning of the flow (WS1). The poor
quality rate was responsible for the incomplete or defective

(1) Cycle time too long :solutions 55, SWI, TT  (2) Poor quality rate in WS1: solution Poka Yoke

10

(3) high WIP: solution JIT

(5) Waiting time: solution Multiskills

assembly requiring a rework on the assembled seat. A high
WIP overloaded the space of work before WS7. Long setup
times occurred before shifting to a different seat reference
(at WS1) because of the long preparation of the materials
and tools. Long waiting times occurred in WS7 because the
allocated resource became a bottleneck, which blocked the
progress of the flow. These first observations associated with
the following description of the implemented lean tools are
the basis for product flow improvement.

5. Lean practices implementation - details
and results

5.1. One-piece flow and cellular layout

The BC1 seat assembly was performed following the make-
to-order (MTO) process. BC1 consisted of the supplied parts
(controlled at arrival from the supplier) and the subassem-
blies, including the TV, panel and the map light (prepared in
a dedicated area). The seat was assembled along 11 succes-
sive workstations. Each worker was dedicated to each work-
station. There was no WIP between the workstations. WS1 to
WS11 were assembly workstations; WS6 and WS10 were elec-
trical and electronic wiring workstations with specially
trained, qualified workers — no error would be tolerated. Two
final quality inspections were required to validate conformity:
one performed by Aeroseat and the other by the customer
inspector (Figure 3).

The actual strategy was to keep an amount of subassem-
blies that would be required on the next day to be put in
front of the line at the beginning of the day. When the prod-
uct is stated as defect-free, it would be directed to exped-
ition. The Gemba revealed that WS7 is the shop where the
subassemblies are assembled. They move from the ware-
house through the entire plant. A possibility of certain WIP
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Table 4. Visual management for the design of the WS.

Visual management — how the work station is designed?

Feature
Computer 3D - BOM

Contribution

Dedicated place (behind the worker
in front of wall)

Check the validity of the assembly
process viewing the shell’s
components through BOM

Supporting the volumetric product

Worker Comfort consideration

Provide the relevant hight for worker
to assemble upon product

NVA decrease

Errors of assembly requiring
reworking times

Components waste in the
false assembly

Damages of product during the
transportation

Ease the transportation for workforce

Diversity of movements seeking the
right position for assembly

Parallel yellow paintings in the shop
floor to guide the kitting

Sustaining the moving line
production by rolling kitting

Dedicated boxes kits/workstation to
avoid confusions

The whole tools/equipment are put
together and dedicated to each

Discomfort and absence

Risk of wrong components for the
workstation coming from other
places. All components are in the
right floor of the Rolling Kitting
and they move away with the
shell trip along the 11
workstations

Tools confusion

Long-time tools seeking

workstation

Skate
Computer 30 - BOM
ﬁ Elevating Table
WS AT Rolling Kitting
5
E £
3 g
E o
ik : Tools Trolley
Worker

One worker dedicated per
workstation

Dedicated resource focussing on
each WS

for subassemblies near WS7 is excluded, owing to the lack of
space around WS7 and the risk of damage (volumetric prod-
uct and technically complex). The idea of the pull-system
implementation with Kanban cards would be an interestingly
welcome solution. Kanban may help to illustrate to the ware-
house manager the necessity of bringing the subassemblies
right where the cards are coming back, triggering the neces-
sity to re-supply WS7 in a just-in-time continuous flow.

5.2. Visual management (VM)
Each worker was assigned one WS to execute one piece at a

time. Several dysfunctions were observed, such as checking

11

the tools and running to bring equipment. A careful analysis
was performed to build a convenient workplace based on
the VM principle with the objective of being able to quickly
obtain the right tool from the right place at the right time
(Table 4).

The shell (volumetric and heavy product) was placed on a
‘skateboard’ to allow easy manipulation and transport from
one WS to another. In addition, an ‘elevating table’ was sug-
gested to create ergonomic work conditions at the level of
the worker. Each WS included a dedicated tool box which
was placed on the right side of the worker. A computer was
placed behind the worker, where he could check the 3D
plans of the shell, and the bill of materials (BOM) to check
the components to be assembled. The ‘visual paintings’ on
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Figure 4. Levelling of the production with TT.

the floor illustrated the correct positioning of the ‘rolling kit-
ting’ dedicated to the shell. Indeed, a dedicated kitting was
prepared for each specific reference of BC1 since the begin-
ning of the process using visual identifications. This kitting
was then manually rolled by the worker through the parallel
yellow floor painting and was dynamically moved immedi-
ately when the shell was moved to the next WS. The non-
conforming product assemblies were significantly low, and
the NVA activities were consistently reduced in the WS.

5.3. TT and levelling of production

Regarding the initial data of the cycle times (CT) obtained at
each WS, Aeroseat experienced a desynchronized production
flow, generating waiting times at a certain WS. This created
unsafe situations, e.g. shutdowns on WS6 or inventories wait-
ing to be processed at WS11, which may consume almost
1h to be fulfilled (see Figure 4). Next, the production was
organized to meet the order of Flyair with OTD. The overload
and bottleneck resource was identified; it was observed that
WS11 clearly created high waiting times, thus Worker 10 was
idle. To levelling the production, sales and operations plan-
ning (S&OP) data were first analysed. The analysis showed
that the total number of shells to be produced per month
(all types and clients) was 300. This was the maximum cap-
acity that Aeroseat could achieve. The initial situation in
Aeroseat presented various cycle times, without any takt-
time target to respect. A calculation was performed to
reinstate the plant assembly activities to the accepted level.
In fact, only WS6 and WS10 were considered as critical
workshops for inspection and control to ensure the validity
of the product. TT was calculated to be 28 min. The critical
workshops should be stabilized to the actual rhythm (25 min)

Timing

CT (mn) TaktTime = 28 minutes
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11 workstations * TT = 11 * 28 = 308 minutes

Excluding WS6 and WS10 = 2* 25 mn = 50 minutes
The remaining time = 308 - 50 = 258 minutes

To spread over the remaining 9 non critical WS:

TT targeted = 258 / 9 = 29 minutes

NOT: Net Operating Time
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i Levelled production to the TT

CR: Customer Requirement

After Levelling Production

and the remaining workshops should be improved to come
as close as possible to the targeted TT to regulate the pro-
duction flow. The leveraging resulted in a bottleneck reduc-
tion and a continuous-flow progress.

5.4. Standardized work instructions (SWIs) and
digital support

Structured instructions for the cycle time duration, chron-
ology of tasks and used tools were issued and stored inside
a physical file on the right side of the worker. For traceability
reasons and information completeness, digital work instruc-
tions (WIs) were also provided on the computer. Indeed, to
avoid assembly errors, each worker had access to the bill of
materials (BOM) of the product and 3D information on the
computer (located at the edge of the workstation). The BOM
showed what the shell was composed of, and the manner in
which the different components should be assembled. The
method department provided the workers with the SWis.
Two versions were deployed (Figure 5); the first method was
considered as not fully reliable, with a risk of being inaccur-
ate owing to the use of a colour code on the SWI. In fact,
the removal of the colour code on the screws was ordered
by the company for quality reasons as per ISO 9001 to
ensure that a colour-blind worker would be able to easily
read the WIs without any risk of perceiving the screw colour
incorrectly. The addition of security alerts is necessary to
remind workers of the most frequent assembly problems and
to avoid recurrent errors. Visual signals were used for
the alerts.

The SWIs allowed the regulation and the respect of the
steps; however, several other disruptions were observed.
Each shell was volumetric, specific, with great technicality
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and high value. One can expect a 100% uptime in each WS
owing to the one-piece flow, the SWIs and VM. Nevertheless,
close observation revealed that the products were not con-
firmed. Unfortunately, this manifested from the beginning of
the process. More specifically, problems occurred in WS1. A
problem resolution was initiated on how to increase the
quality rate at WS1 to downplay the perceived defect rate.

5.5. Poka yoke: mistake proof

In WS1, the beams that held the shell in the aircraft and the
coupling of the backshell were assembled with the armrest.
When a defect was detected, the next step was to control,
inspect and rework the entire shell to revert it to the con-
formity level. Moreover, if inspectors detect problems caused
by WS1, it may be too late to rework the product that had
undergone additional added values (from WS2 to WS11).
Therefore, the objective is to realize RFT accurately at an
early production phase. The idea is to identify the types of
non-conformity before checking the solutions. Three types of
defects were identified (Figure 6): (1) Step error: height
defect between the backshell and the bounded structure, (2)
Gap error: width defect in the backshell, and (3) Parallelism
error: between the two beams.

To increase the quality of the process, make WS1 reli-
able, and escape the burden of reworking, lean thinking
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allowed the design of an adapted mistake-proofing tool to
achieve RFT. A poka-yoke tool is able to immediately rec-
ognize if the process is meeting the requirement.
Therefore, a positioning table was designed, which is a
type of table where different slipways (fixed with screws)
have to be assembled in certain directions to permit the
accurate positioning of parts. A fitting check was possible
during the assembly process. Through this perspective of
achieving the RFT via poka yoke, a well-assembled shell
(with perfect gap fit, perfect step fit, and parallelization
insurance) allows convenient assembly on the aircraft. An
additional small defect (unacceptable from the perspective
of the client) was detected at WS1, namely a defective
label deviation. The idea was to design a simple poka yoke
N°2 for label placement that could be fixed over the back-
shell and would provide the necessary parallelism regarding
the edge. The described poka yoke for the placement was
a small piece of equipment that was designed internally
and then 3D printed.

5.6. SMED: setup times reduction

The one-piece flow policy in Aeroseat involves working with
the same shell along the different WSs until the piece is val-
idate and shipped; in this context, the SMED lean practice
seems pointless. However, a significant amount of waste was



NéTasks Type of Tasks Duration (sec) NéTasks Type of Tasks internal  external

1 ' Seek for Spanner wrench - 7/32 15 Gather Tasks/ 1 ' Seek for Spanner wrench - 7/32 10

2 Disassemble slipways—n 15 used spanner

3 ' Seek for Spanner wrench - 3/16 10 wrench 2 1 Assemble all slipways requireing 7/32 15

4 1 Assemble slipways - m 15

5 1 Loosen screw-m15 3 1 Bring back Spannerwrench -3/16 .10

6 Bring back Spanner wrench - 3/16 10 Convert i i

i E changeover to : !

i + external v v

v as 15

45 15

Total Set up times 675 seconds Total Set up times 430 seconds
BCi - Type XRF23 BCi - Type XBDas NéTasks _Type of Tasks internal _external
1 Seek for Spanner wrench - 7/32 5 Reduce internal
task through screw
Setup Times 2 Assemble all slipways requireing7/32 10 length

3 Bring back Spannerwrench -3/16 5 . .
E Reduce external
'+ task by pre-
) positioning
45 10

Ast [ 675 sec =410 sec]

Total Set up times

410 seconds

Figure 7. SMED application for BC1 model.

produced during the assembly. It should be noted that 46
types of shells may be provided for one shipset. For the
same aircraft, 16 types of shells exist among the 46 possible
shells provided. This important diversity needs to be consid-
ered when changing the shell reference assembly. WS1,
which is in charge of the first step, should accurately assem-
ble the chosen type of shell. A careful positioning of slipways
on poka yoke N°1 is necessary to avoid assembly defects
(gap, step, parallelism). The diversification of shells should be
supported to switch from one type to another with a high
reactivity and high ability of reconfiguration.

The setup times are induced for the preparation of a spe-
cific positioning table as per the reference of the shell. The
positioning table should contain the correct slipways config-
urations: spanner wrench changes, screwing specifications,
respect of pace between the parts, and their tilt inclination.
These actions of configuration are obviously time-consuming;
thus, the implementation of SMED is desirable. For instance,
to build reference BC1-XRF23, 45 operations were enumer-
ated by the team. Upon detailed analysis, these mainly con-
cern the picking up of the snapper wrench, the assembly of
the screws on the slipways to make them fixed, and bringing
back the snapper wrench. Several positionings need to be
installed on the table; therefore, cyclic tasks are repeated as
many times as necessary to provide the full building of the
slipways and to allow the start of the process at WST. In fact,
the setup times of 45 operations require 675s. Figure 7 sum-
marizes the progress of the setup-time reduction at
each step.

The idea is to transform the internal operations to external
ones (bring the snapper wrench and take it back required
105, which could be saved if the procedure was performed
externally). Next, it becomes necessary to combine a set of
operations, e.g. the operations requiring the same snapper
wrench (7/32). The installation of all the slipways that
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required the use of the same tool was performed before
moving to a different one. The final step would be to reduce
the internal operations. Discussions with the team have also
resulted in the reduction of the length of the screws. Longer
screws require more time to fix the slipways. The team sug-
gested reducing the length of the screws; this was sufficient to
create a fixation for positioning the shell. In this manner, 5s
was saved owing to the length reduction. The last step of
SMED was to reduce the duration of the external operations.
The team proposed a pre-positioning of the suitable snapper
wrench to reduce the unitary value from 10s to 5s. As
shown in Figure 7, once the four steps of SMED were initi-
ated, the setup times dropped from 675s to 410s.

To obtain an appraisal of the potential overall financial
gain, different parameters should be considered: the number
of possible changeovers of shell characteristics (16 types), the
TT and 11 shipsets of the Flyair contract. The details are pro-
vided in Table 5: for the Flyair contract, 87,500 € could be
saved owing to the optimization of the setup times.

5.7. Multi-skilled employees: empower and increase
competencies

To increase the reactivity of the company, workers have
been trained to be multi-skilled because cross-functional abil-
ities are, at present, the guarantee of continuous flow in case
of disruptions, such as absence and illness. The exception is
noticed in WS3, where a dedicated worker is assigned
because of the specific knowledge required in electrical and
electronic wiring. This knowledge is difficult to replace
because it requires a strong background and experience.
Aeroseat employs two different types of workers: specific
agents (permanent contract agents), who master key trades
and temporary workers, who are hired for a period of



Table 5. Financial gain assessment after SMED implementation

WS1 - setup times optimization ( BC1 — XRF23)

Initial data Before SMED

After SMED

11 Shipsets

16 Shells references

11 Workstations WS

TT = 28 min

1 shell = 28 mn x 11 WS = 308 mn/shell
1 Shell price= 35 K euros

T = 675 (sec)

T = 410 (sec)

Gained time = 265 (sec)

Total gain time = 265sec x 16 shells x 11 WS = 777 min
Gained products = 777/308 = 2.5 shells

Financial gain = 2.5 x 35.000 = 87,500 euros

Table 6. Lean practices correlation with aerospace characteristics.

Aerospace characteristics

Lean practices Spec. 1

1

Spec. 2
1

Spec. 3
1

Spec. 4
1

Spec. 5
1

U cells

One-piece flow

Visual Management
Standard work instructions
Takt Time

Poka yoke

SMED

Multiskills 1 1

Spec. 1 — Market Demand; Spec. 2 - Diversification; Spec. 3 - Product
Complexity; Spec. 4 — Safety/Quality; Spec. 5 — Supply Chain Agility.

_—_ ] ==
N TSN N
| = ] = =
—_ ] = .

1
1

18 months with the option of flexibility, according to the
evolution of the order book. The two types of workers were
trained to have a versatile position.

5.8. Analysis of lean practices correlation with
aerospace characteristics and leanness fitting

The set of aforementioned lean practices should be corre-
lated with quoted aerospace characteristics, the increase in
market demand, demand diversification, product complexity,
safety and quality requirements, and supply-chain agility. The
following figure captures the contribution of each tool to
each characteristic (called also: specificity, ranging from Spec.
1 to Spec. 5). The U cell is a lean technic able to contribute
to easily absorbing the market increase in linear and succes-
sive operations with an ability to face the diversity of the
product, if flexibility is ensured in the production line. The
complexity of the product would be better managed
through clear production steps in the U cell. A clear produc-
tion space is also a mean of ensuring assembly quality,
because crossing flows are prevented. A supply chain requir-
ing reactivity is sustained with clear and optimized produc-
tion steps. The one-piece flow technique, VM, poka yoke and
multiple skills are similarly correlated with aerospace charac-
teristics, except for the market demand and the supply chain,
which are independent from the product batch, the internal
VM and the mistake proofing. SMED is adequate to cope
with the high market demand and with the diversification of
references, thus ensuring to fulfil different customer supply
chains. TT is a regulation of production rhythm that can help
to ensure market demand ramp-up and supply chain agility.
All aerospace characteristics are covered by at least two lean
practices (Table 6). If specificity seems to not be covered, it
means some lean practices are missing and have to be
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found. If imbalanced correlations exist, it means new tools
have to be checked and tested to cover maximum character-
istics. The objective of this step is to ensure lean tools have
been adapted to the context. Lean practices can be ranked
according to meaningful lean tools. The managers can calcu-
late an assessment of Lean practices priority through sug-
gested index — FLP: Factor of Lean practice (see Table 6). The
maximum FLP calculated over the 8 lean tools will be
assigned the first rank (R1) in priority of implementation
because of closeness with aerospace context.

Corr, =1 if Lean practice is positively correlated to aero-
space specificity
Corrs, = 0 (noted-) if no correlation

Wsp: is the weight that can be assigned a value by a
manager to discriminate the importance of aerospace charac-
teristics if judged not equally important.

FLPi = prﬂ Wsp. Corr sp | i=1.8

i the number of Lean practices to implement. Ranking of
Lean practices priority:
Highest value of Lean practice factor (Rank 1): R;«max
pr:1 Wsp. Corr sp| i=1.8

The correlations are found and discussed with the case
study team. The details may be checked in Appendix 1. The
results of our assessment considering that the weight of all
characteristics is equal to 1, shows that: FLP(U cells)= 5, it
means U cells is assigned the first ranking in terms of
importance R1. FLP (VM) = FLP(SWI) = 4. FLP (One-piece
flow) = FLP (Multiskills) = FLP (SMED) = FLP (Poka Yoke) =
3. The Takt time is the last one FLP (Takt time) = 2 and is
considered as the less prior Lean practices. Appendix 1
reveals the interview results gathered and summarized from
the case study.

In Table 7, we highlight to what extent the aforemen-
tioned lean tools implemented in the company contribute to
achieving the lean philosophy through the 14 principles of
Liker and (2004).

All principles are considered at least once. It is important
to state that the use of lean practices is a guarantee of firmly
linking each lean tool to at least one principle of lean.
Anarchic use of lean tools is occasionally useful, but may
often collapse because of the lack of a global lean coher-
ence. Using this table, we may examine the correspondence



Table 7. Contribution of the lean practices to the 14 principles of Likers: leanness fitting.

Contribution to lean philosophy — 14 principles of Liker and (2004)
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and the coherence of the lean-tool choice with the lean phil-
osophy. This is expected at each step and is useful for practi-
tioners to ensure safety and balanced lean principle
consideration, and that their lean projects are following the
right direction. Certain distinctive principles seem widely sup-
ported, such as continuous flow, which are sustained by all
lean practices that contribute to ensuring the non-interrup-
tion of the flow and the optimization of its progress. The
quality culture is also well supported by the lean practices in
which ‘RFT right first time’ is performed: VM, one-piece flow,
work standardization, poka yoke and the U cells. The levelling
of production is also supported by VM, one-piece flow, mul-
tiple skills and SMED. When we introduce the concept of
Leanness fitting, it was to consider thoroughly the maximum
lean principles to be respected for creating whole lean think-
ing (not only reduced scope of lean application). The lean-
ness fitting (LF) contributes visually to analyse the evolution
of lean practices to fit the lean principles. The more lean
principles are covered by lean practices implemented the
more exhaustiveness of Lean thinking is ensured to spread
the relevant lean thinking and avoid retro actions to correct
the missing or forgotten points. The outcomes are hopefully
positive, propelling the lean thinking to continue its progress
after the demonstrated benefits, which helps lean principles
to expand to the logistics department.

5.9. Continuous improvement: expansion to the
logistics department

Based on the interesting results obtained in the production
line, the willingness to expand lean thinking emerged as
continuous improvement. The logistics department has
shown an interest in redesigning the actual transportation
rounds owing to the lean principles. Indeed, weekly meet-
ings were organized to fit the alignment of the actual oper-
ational actions with the strategic direction for cooperation
and best practice exchange. The weekly coordination mech-
anism would hopefully be interested in extending lean think-
ing from the production department to other departments.
Implementing lean to transportation is rare. Among the
fewest lean transportation findings, Sharma and Kodali
(2012) have implemented lean concepts to avoid 60% of
transportation waste by changing the layout of the truck
parking area. Garza-Reyes et al. (2017) highlighted the inter-
est of factory lean practices and considered them as import-
ant as the fuzzy algorithms and heuristics for transportation
optimization. The first principle of lean is to define the value.
The value for the transportation department is the lowest
rounds and the maximum truck fulfilment. The delivery of
shells to the customer is executed with an associated pack-
aging ‘loose per kit'. This packaging contains the necessary
elements to fix the shell on the shipset, thus ensuring correct
installation. The analysis in the logistics department revealed
that empty spaces and partially loaded trucks are sent to the
customer. Paying pointless logistic rounds and almost empty
trucks under circulation in the current transportation is
considered an NVA activity. Different financial data were
gathered (Table 8) to calculate the transportation costs



Table 8. ‘The actual transportation’ versus ‘the lean transportation’ configuration.

Evaluation of lean transportation

Key elements Transp. Config N°1
(actual situation)

11 aircrafts
46 shells/aircraft

Common unit delivery
(Loose per kit + shell)
Global palletizing
135 %210 x 130cm

Flyair contract

Palletizing dimensions

Trucks capacity
Transp. costs/delivery

Transp. costs (including margins
and administrations)

Number of loaded pallets

Required trucks/aircraft

9 Pallets/Truck

72.112€

Transp. costs/flyair
Financial savings
Logistic configuration

1

6 trucks : 5 containing 9 (shells + loose per kit)
1 truck containing remaining (shell 4 loose par kit)

L) X

Transp. Config N°2
(lean transportation)

11 aircrafts
46 shells/aircraft

Dissociated delivery
Adapted palletizing to shell:122 x 112 x 130
Adapted palletizing to loose per Kkit:
135 x 210 x 130

3 m length, 2,25 m width, 200 cm height

Transp. Costs = Costs. Fuel 4 Costs. Driver + Costs. Structure

984.32 €

Selling Price/Truck Delivery = Transp. Costs + 5% Admin. Costs + 6% Transp. Costs 1092.6 €

20 Pallets/Truck
3 trucks: 2 containing only shells (20 shells/Truck)
1 truck containing (6 shells + 4 loose par kit)

36.055 €
50%
EEEREREE
JJJJJJJJJJL: x2
At =
000y 1
ol X
o 4 d

considering the actual configuration at (LogiPro Logistic pro-
vider of Aeroseat). The improvement suggests separating the
deliveries of the pallet of the shells and the pallet of ‘the loose
per kit to better fill the trucks. After receiving the product,
the customer gathers both and proceeds to the installation.
When studying the different sizes of potentially necessary
packaging, the different costs and the different dispatching
fulfilment of trucks (Table 8).

We may observe interesting financial savings with new
lean transportation. The fulfilment rate increases from 9 pal-
lets/truck to 20 pallets/truck, thus improving the filling rate.
For the same Flyair order, six trucks were required: five trucks
containing nine shells and nine loose per kit, and one add-
itional truck containing only one shell and one loose per kit.
In the lean transportation configuration, three trucks are suf-
ficient. Two trucks contain only shells (20 shells) with an
adapted new packaging, and one truck gathers six shells in
their dimensional packaging and the required loose per kit
for the all delivered shells. The lean transportation costs
decreased by 50%.

6. Discussion and limitation

When a company in the aerospace industry targets lean con-
version, the implementation of lean techniques should not
be randomly practiced, an accurate methodology that con-
siders the characteristics of the domain is required. The
implementation methodology shows the usefulness of the
following structured PTPC-AS/LF approach supported by a
checking phase to match as closely as possible to the sector-
ial requirements and fit the maximum lean principles. This
methodology involves a structured, contextual, and continu-
ously improved approach to lead lean actions, lean manage-
ment, and expand lean thinking. The contribution of the
paper encompasses a structured qualitative approach
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allowing to analyse the gradual lean implementation through
PTPC-AS/LF steps. Aerospace characteristics, namely the mar-
ket demand, the product complexity, the diversification, the
safety and the supply-chain agility are introduced and
argued to integrate the methodology. The aerospace correla-
tions proposed and calculation of FLP ‘Factor of Lean
Practice’ becomes significant useful index to priories the
Lean practices implementation tools matching the character-
istics. A possibility to rank the lean practices implementation
inside the step2 ‘T: Tools implementation’ is interesting to
counter the common random and self-sensitive approaches
adopted by the manager and reminded in Table 2. The
calculation of indicative qualitative FLP is a decision aided
ranking. Each company of the sector leading a LP implemen-
tation can hopefully position the priority and increase the
degree of matching the context. Moreover, the possibility to
assign different weights to characteristics is a consistent
aerospace matching to use by managers if necessary. The
more lean-practices tools are contributing to tackling the
aerospace specificity, the more index FLP increases revealing
the priority to implement and adopt the tool. The leanness
fitting is not only a summary, it becomes an important ana-
lysis in the step ‘performance review’, we claim that it is not
enough to build operational performance but also to make
the system undergoing lean conversion achieving lean
maturity level. The leanness fitting is the possibility for man-
agers to check gradually if they are responding to maximum
of Lean principles. When lean principles are covered it means
the leanness exhaustiveness and maturity level are increas-
ing. If the covering leanness fitting is empty, it means the
managerial teams are focussing efforts in one axis misleading
other points. The careful ‘leanness fitting’ is analysis aspect
that we suggest and argue to be useful for practitioners.
Also, this in-depth case study reveals the way the lean
practices were implemented. The VM allowed a workstation



clarification with ergonomic consideration and visual warn-
ings/ground paintings and digital work instructions that rein-
forces industry 4.0. The one-piece flow is the guarantee of a
high-quality product assembled and treated one by one. The
cellular layout allowed a regular and clear flow of the prod-
uct assembly steps, avoiding cross flows, as well as wastes of
motion and transportation. The standardized work instruc-
tions were useful in providing the workers with the correct
steps and a common vision of the assembly steps. The TT
and production leveraging allowed respecting the produc-
tion cadence to honour the demand. Poka yoke seemed to
be useful in sustaining the product quality, visually avoiding
errors and accelerating the RFT rate. Regarding the setup
times, there was a time saving of 43%. The detailed lean
practices implementation complete the missing landscape of
Lean practices in literature as particular contribution about
the usefulness of Visual Management VM explained in the
workstation (WS1) and the cellular manufacturing and its
details along with the 11 steps of aerospace business
set assemblies.

As found in the literature, the human aspect relating
operators and management is of utmost importance jointly
to consider with lean technics implementation. It contributes
to the step ‘Continuous improvement’. The top management
is gradually becoming involved in creating a learning organ-
ization with operational worker skills. The place of workers
within the problem-solving approaches has not yet been
identified and adequately considered. Providing employees
with training, resources, knowledge and authority to solve
problems is crucial for the success of the lean initiative
(Wang and Chen 2012). To support the involvement of the
workers and to mitigate the resistance to change, a survey
was conducted in Aeroseat along the three assembly lines to
obtain the opinion of workers about ‘lean management’. This
step is useful to integrate into the step of ‘continuous
improvement’ of the methodology. The questionnaire was
anonymously completed to avoid any bias in the results. A
total of 33 operators provided their opinions on a Likert
scale (grading from 1 to 5) regarding six different points
related to the lean approach. When asked about the
‘involvement to the improvement with ideas’, the majority of
operators (64%) answered that they are willing to contribute
to improvements. Indeed, the experience and technical skills
of operators make them confident in the product assembly.
Among them, 42% are permanent contract agents (CDI), and
22% belong to temporary staff. However, only 12% of the
CDI workers believed that their contributions could be poten-
tially approved by the top management. This means that in
the majority of cases, the workers are convinced of their
non-consideration. A real effort in this direction should be
made. The top management should develop and include
more workers in their problem-solving approaches to create
a learning organization. The consideration of employees is of
utmost importance in succeeding as recognized in Panizzolo
et al. (2012). Szulanski and Jensen (2006) conducted research
to investigate the adaptation of workers to the previous ori-
ginal practices. The authors concluded that presumptive
adaptation of knowledge could be detrimental to
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performance. The top management has to display confi-
dence, consideration and routines protocol to reinforce the
commitment of workers.

The depicted case study revealed significant contributions
to aerospace. The methodology is a combined approach link-
ing PTPC (equivalent of PDCA) to AS/LF to create a contex-
tualized generic, structured, chronological Lean practices
implementation PTPC-AS/LF with the aim to be duplicable,
transferable to other aerospace companies. The genericity of
the approach constructs, with possibility to give the priorities
to LP implementation, may also be tested and applied to
other industries. If managers gaining consistent comprehen-
sion from the case would adapt it to their characteristics, our
approach may gain in interest and be spread to wide-scale
sectors and companies to extend the validity.

The benefice of implementing lean and extension possi-
bility observed in Aeroseat case through ‘Lean logistics
implementation’ in ‘continuous improvement’ step comes to
consolidate the spreading effect of successful implementa-
tion and the importance of lean thinking in the whole
departments. Sustaining the lean development with different
contributions offers a wide range of possibilities. Trying to
extend the lean implementation thinking in aerospace spe-
cific field with its limitations is a constructive contribution
that may inspire the aerospace lean literature landscape.

The future research axis would follow this contribution to
commit in longitudinal study to extend the analysis of PTPC-
AS/LF approach over time and to other case studies in the
same sector to clarify the usefulness and the easiness of
implementation to adapt and improve decision
aided approach.

6.1. Limitation of the research

For each developed model, verification and validation are
required. The usefulness of the lean implementation method-
ology was verified with one single Aeroseat case study
because the model was implemented and stated as efficient
results in terms of operational performances. We argue that
both measures of quality and delay are the main important
indicators to consider for Aeroseat, as stated by
Drohomeretski et al. (2014), because reliability and quality
are judged as significant in 74% and 70% of studied cases,
followed by 59% regarding the delay and the speed of the
flow. The limitation associated with the present study is the
single case-study application. The transferability to other
companies of the sector should be examined to generalize
the implementation approach. Further studies should include
other companies to analyse the global context of applicabil-
ity to validate the interest of the model as a generalizable
guideline. The suggested conceptual model may be highly
dependent on the experience and judgements of the expert
team. In the future, the validation of the developed model
can also be performed quantitatively using other mathemat-
ical and formal models to test the quantified value of
addressed characteristics.



7. Conclusion and perspectives

In a great number of research case studies (Table 1), the
manner in which lean is implemented in companies of vari-
ous industrial sectors has been analysed, disregarding the
sectorial characteristics in general and the aerospace charac-
teristics specifically. However, in the present research, we
considered the sectorial context mentioned in (Jadhav et al.
2014) and included it in the analysis. The present authors
would like to note that lean implementation slightly differs
from one sector to another. The study case presented herein
enables revealing how lean practices are implemented and
how the sectorial context is considered during this phase of
implementation. In the discussion section, it was revealed
that aerospace characteristics were correlated with the
choice of lean practices. The implementation model was built
accordingly. Moreover, the study outstrips the scope of glo-
bal manufacturing to demonstrate an application on disre-
garded aerospace sector with a deeper analysis of lean
practices, including VM and the cellular layout (rarely consid-
ered in the literature). Although previously published
research was mainly focussed on the benefits of lean imple-
mentation in manufacturing plants, our study acknowledges
the importance of extending lean thinking to a different sup-
ply-chain part, such as logistics. The calculation of the trans-
portation-cost saving reinforced the advantages of LP and
lean logistics coordination to reduce the transportation
waste. The case study, as a deep investigation of the imple-
mentation of lean practices in a specific sector, reveals its
benefits and its limitations. It outlines a proof-of-concept for
lean thinking deployment and expansion in the company.
Lean implementation as demonstrated in this case study
delivered promising results towards creating a ‘lean system’
instead of ‘lean techniques’ (Crute et al. 2003). In perspective,
this is necessary to prove that the used methodology is likely
to be replicated and adapted, serving as a guideline for prac-
titioners in terms of inquiries and expectations, either in
other aerospace companies or in other industrial domains.
Scherrer-Rathje, Boyle, and Deflorin (2009) highlighted the
initiative and support of the managers, appropriate training,
appropriate selection of pilot projects and commitment of
team members for successful implementation. Once the pilot
project succeeds, it is significantly easier to develop lean as a
learning system and optimized method. In this research, the
benefits of lean implementation from the assembly line to
logistics have been demonstrated.
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