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Preface

Production and manufacturing processes are becoming increasingly complex,
requiring complex control and management systems. Specifically, Mexico has made
an effort to excel in the maquiladora industry sector. A maquiladora is a company
that has its headquarters in another country and imports most of the raw materials,
carries out assembly activities in the national territory, and then exports the finished
products. This industrial-style takes advantage of the free trade agreements with the
United States and Canada and the associated tariff benefits.

These manufacturing companies that come to Mexico bring with them many
methods and machinery for their production processes, which are highly technolog-
ical. One of these methodologies is lean manufacturing (LM), a set of tools focused on
minimizing waste in production processes to minimize inventories, increase product
quality and meet customer needs.

Although there are currently several studies focused on the maquiladora sector in
Mexico and other countries, they are focused on analyzing some of the LM tools in
isolation, so more integrative studies are needed, as LM practices are rarely imple-
mented independently. This book aims to identify the level of implementation that
these maquila industries have concerning LM best practices, but not by analyzing
them independently. This book conducts a comprehensive and relational analysis
since LM tools are not applied independently.

The importance of this industrial sector in Mexico is that currently (May 2021),
there are 5185 companies of this type, 491 are established in the state of Chihuahua
and, specifically, 328 are located in Ciudad Judrez. Economically speaking, from
January to October 2020, maquiladora industry imports and exports were 201,099 and
213,656 million USD at the national level. At the state level, imports and exports were
22,184 22,637 million USD. Specifically, Ciudad Juirez had imports and exports
of 16,638 and 16,978 million USD, respectively. These manufacturing companies
generate 2,702,116 direct jobs, 486,057 in Chihuahua state, and 322,787 in Ciudad
Judrez.

Given the economic and social importance of the maquiladora industry, this book
focuses on this industrial sector and consists of seven chapters. Chapter one, called
Lean manufacturing origins and concepts, as its name indicates, explains the concepts
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and origins of LM in the manufacturing industry. The chapter defines the main tools
that integrate LM, identifies the most critical enablers and barriers for its implemen-
tation, reports some industrial successes implementation, indicates the benefits that
companies are gaining, and finally, defines the research problem and objective of this
book.

Chapter 2 describes some of the LM tools or best practices, their purpose in the
industrial environment, applications, and expected benefits. Specifically, this book
focuses on the following: Cellular layouts (CEL), Pull system (PUS), Small lot
production (SLP), Quick setups (SMED), Uniform production level (UPL), Quality
control (QUC), Total productive maintenance (TPM), Supply networks (SUN),
Flexible resources (FLR) and Inventory minimization (INMI).

Chapter 3 defines the methodology followed in carrying out the study. The liter-
ature review is reported, the creation of the questionnaire and its application to the
industrial sector, the data debugging, the techniques analyzed, and the conclusions
obtained are briefly reported. Specifically, four models are reported in this book to
relate the LM practices; the first three models report the variables or LM practices
mentioned above. The fourth model reports a second-order model to integrate the
different models into a single one.

Chapter 4 reports the first model, which is called Distribution and Maintenance
and integrates four variables. The independent variables are Cell layout (CLA), Total
productive maintenance (TPM), Single-Minute Exchange of Die (SMED), and Inven-
tory minimization (INMI) is the dependent variable. Descriptive analysis for each
variable is performed, six hypotheses are established, and conclusions are given
based on the model and sensitivity analysis.

Chapter 5 presents model two, which is called Pull system and Quality control.
It integrates four LM practices, the independent variables of which are Pull system
(PUS), Small Iot production (SLP) with six items, and Uniform production level
(UPL). At the same time, Quality control (QUC) is the dependent variable. Six statis-
tically tested hypotheses relate to the variables, and the conclusions and industrial
implications from the relationships and sensitivity analysis are reported.

Chapter 6 reports model three, called Supplier network and Inventory minimiza-
tion, and integrates four variables. The independent variables are Pull system (PUS),
Small lot production (SLP), and Uniform production level (UPL), while the depen-
dent variable is Quality control (QUC). The four variables are related using six
hypotheses, which are statistically tested and concluded based on the results found
from the model and the sensitivity analysis.

Finally, an integrative model with four second-order variables is reported since,
as mentioned above, LM practices are not implemented in isolation in production
systems. LM practices are integrated according to their role in the production process.
The independent variables are Machinery (MAC) (Cellular layout, Total produc-
tive maintenance and Single-Minute Exchange of Die), Production Planning (PRP)
(Push system, Small lot production, and Supplier networks), and Production process
(PRR) (Inventory minimization, Uniform production level, and Flexible resources).
In contrast, the dependent variable is Quality control (QUC).
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Although this study and the models reported have been statistically validated
with information from the Mexican manufacturing industry, this does not mean that
they are not applicable in other geographical contexts. Hence, the authors hope that
the results reported here will be helpful to all managers and engineers responsible
for decision-making processes that seek to increase the efficiency of the production
processes in their charge.

Ciudad Juarez, Mexico José Roberto Diaz-Reza
Jorge Luis Garcfa Alcaraz
Adrian Salvador Morales Garcia



Contents

1 Lean Manufacturing Origins and Concepts ....................... 1
1.1 Whatis Lean Manufacturing? ............ ..., 1
1.1.1. TheLMHouse ............. ... ... . i .. 2

1.2 Lean Manufacturing Origins ..................cooiiiiinnn... 4
1.3 Enablers in LM Implementation ............................. 5
1.4  Barriers in LM Implementation .............................. 6
1.5 Lean Manufacturing: Some Applications ...................... 7
1.6 Lean Manufacturing Benefits ................... . ... ..., 8
1.6.1 Operational Benefits ................ ... . ... ... ... 9

1.6.2 Social Benefits ............. ... ... ... L. 9

1.6.3 Environmental Benefits .............................. 10

1.6.4 Economic Benefits ............ ... ... ool 10

1.7  Problem Research and Objective ............................. 10
References . ..........uuuu 11
2 Some Lean Manufacturing Tools ................................ 15
2.1  General Description of Lean Manufacturing ................... 15
2.2 Cellular Layouts (CEL) ...........oiiiiiiiiiiiiiinnnn 16
2.3 Pull System (PUS) ... 17
2.4 Small-Lot Production (SLP) .......... ... ... .. ... ... ... .. .. 18
2.5  Quick Setups (SMED) ... .. 19
2.6 Uniform Production Level (UPL) ............................ 20
2.7 Quality Control (QC) ... ..ottt 20
2.8  Total Productive Maintenance (TPM) ......................... 21
2.9 Supplier Networks (SUN) ... 22
2.10 Flexible Resources (FLR) ......... ... ... ... ... ..o, 23
2.11 Inventory Minimization (INMI) ............................. 24
References .. ...........uuuun 25



X Contents

3 Methodology ... ... ..o 33
3.1 Introduction . ............iiii 33
3.2 Literature Review . ............. .ot 34
3.3 Proposed QUestionnaire . ...................eiiiiiiiiiiiaa 34
3.4  Final and Validated Questionnaire ........................... 35
3.5  Questionnaire Application to Industry ........................ 35
3.6  Data Capture and Debugging ..............cooiiiiiiiiia.. 36
3.7  Statistical Data Validation ............. . ... .. .. 37
3.8  Descriptive Analysis of Items . .......... ... ..., 37
3.9  Structural Equation Model ......... ... ... i 38

39.1 DirectEffects .......... ... i 38
3.9.2  Sum of Indirect Effects and Total Effects ............... 39
3.10  Sensitivity Analysis .. ...t 40
3.11 Statistical Model Interpretation . ..................c.couuuunnn.. 40
References . ...........uuuuun 40

4 Model 1. Distribution and Maintenance .......................... 43
4.1  Model Variables and Validation .............................. 43
4.2 Descriptive AnalySiS ... ......ouuiiiiiiii i 44
4.3  Hypothesesinthe Model ........................ . ... ... 46
4.4  Evaluation of the Structural Equation Model .................. 48

4.4.1 Direct Effect and Effect Size ............. ... ... . ... 50
442 SumofIndirect Effects .......... ... ... ... L. 51
443 Total Effects ....... .o 51
4.4.4 Sensitivity Analysis .......... ... L 52
4.5  Conclusions and Industrial Implications ...................... 52
4.5.1 From the Structural Equation Model ................... 52
4.5.2 Conclusions of the Sensitivity Analysis ................ 53
Annex: Additional Data for Support Validation ...................... 54
References . ...........uuu 57

5 Model 2. Pull System and Quality Control ........................ 59
5.1  Model Variables and Their Validation ........................ 59
5.2 Descriptive Analysisof Items ........... ... .. ... .. 60
5.3 Hypotheses inthe Model .............. . ... . iiiiiiii.. 62
5.4 Structural Equation Model Evaluation ........................ 65

5.4.1 Direct Effects and Effect Sizes ........................ 66
5.4.2 Sumof Indirect Effects ............. ... ... ... L. 68
543 Total Effects ............ ... il 68
5.4.4 Sensitivity AnalySisS .........iiiiiiii e 69
5.5  Conclusions and Industrial Implications ...................... 69
5.5.1 Conclusions from the Structural Equation Model ........ 69
5.5.2 Conclusions from the Sensitivity Analysis .............. 71
Annex: Additional Data for Support Validation ...................... 73

References ..........o i 76



Contents xi

6 Model 3. Supplier Network and Inventory Minimization ........... 79
6.1  Model Variables and Their Validation ........................ 79
6.2  Descriptive Analysis of the Items ............................ 81
6.3  Hypothesesinthe Model .......... ... ... ... 83
6.4  Evaluation of the Structural Equation Model .................. 85

6.4.1 Direct Effects and Effect Sizes ..................... ... 85
6.4.2 Sum of Indirect Effects ............. ... ... ... L. 87
6.43 Total Effects ....... ... 87
6.4.4 Sensitivity Analysis ............ ... ... L. 88
6.5  Conclusions and Industrial Implications ...................... 89
6.5.1 Conclusions of the Model ................ ... ... ... 89
6.5.2 Conclusions of the Sensitivity Analysis ................ 91
Annex: Additional Data for Support Validation ...................... 92
References ... .........uuu 95

7 Model 4. Integrative Model ..................... ... ... ........ 97
7.1  Model Variables and Their Validation ........................ 97
7.2 Hypothesesinthe Model .................. .. ... ... .... 99
7.3 Structural Equation Model Evaluation ........................ 103

7.3.1 Direct Effects and Effect Size ......................... 104
7.3.2 Sum of Indirect Effects .............. ... ... L. 106
7.3.3 Total Effects ............ . i 106
7.3.4  Sensitivity AnalySisS . ...t 107
7.4  Conclusions and Industrial Implications ...................... 107
7.4.1 Conclusions from the Structural Equation Model ........ 108
7.4.2 Conclusions from the Sensitivity Analysis .............. 110
Annex: Additional Data for Support Validation ...................... 111

References .........co i e 114



List of Figures

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1.1
1.2
1.3
3.1
4.1
4.2
5.1
52
6.1
6.2
7.1
7.2

Lean manufacturing tools . .............c..oiiiiiniin. . 3
LM barriers, according to Salonitis and Tsinopoulos (2016) ... .. 7
LM tools and practices (Salonitis and Tsinopoulos 2016) ....... 8
Methodology ......... ...t 34
Proposed model—distribution and maintenance ............... 49
Evaluated model .......... .. ... . ... i 49
Proposed model—pull system and quality control ............. 65
Evaluated model ......... ... ... ... 66
Proposed model—network and inventory minimization ........ 80
Evaluatedmodel ......... ... .. ... .. .. 86
Proposedmodel ....... ... ... ... . 103
Evaluated model .......... .. ... . . . i 104

Xiii



List of Tables

Table 1.1
Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5
Table 4.6
Table 4.7
Table 5.1
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 5.6
Table 5.7
Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5
Table 6.6
Table 6.7
Table 7.1
Table 7.2
Table 7.3
Table 7.4
Table 7.5
Table 7.6
Table 7.7

Enablers and critical success factors in LM implementation . . . .
Latent variable validation ................................
Descriptive analysis ...
Summary of directeffects ........... ... ... . ... ...
Effect size for R . ..ot
Sum of indirecteffects ............ ... .. ... ... ... .. .....
Total effects .......... . i
Sensitivity analysSis . ......vetii i e
Latent variable validation ................................
Descriptive analysis foritems ............................
Directeffects ....... ... .. .. . .
Effect size for RZ .. ..o
Sum of indirect effects ............ ... .. ... ... ... .. .....
Total effects . ... e
Sensitivity analysis ............ ... . i
Latent variable validation ................................
Descriptive analysis foritems ............ ... . ... .......
Directeffects ......... .
Effect size for R2 .. ..ot
Sum of indirecteffects .......... .. ... .. ... .. . .. ...
Total effects ........ ... . .
Sensitivity analysis . ...........oiiiiii i
Second-order variables integration ........................
Latent variables validation ...............................
Directeffects ......... .
Effect size for R . . ..ot
Sum of indirecteffects ............ ... .. .. .. ... .. .. .....
Total effects .......... .
Sensitivity analysSiS .. ...o.vitti i

XV



