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ABSTRACT

Lean manufacturing methodology and its underlying philosophical principles is today a powerful and systematic
approach in running competitive business. Industrial Engineering curricula and students in IE programs must
adopt and master this powerful approach for their future professional practice. In order to make an effective
University teaching-learning process, the “active learning” practice has emerged as an effective approach. Today,
there are in the market place, effective dynamic workshops and didactic material like simulators for involving
students in that teaching-learning process. Their use has been successfully proved. Nevertheless, there is a hided
powerful factor that catapults a positive effect in the learning process when students are involved in the early steps
of this “active practice”. It involves aspects such as developing the practice idea, selecting the material or
prototype and organizing teams by themselves. This article reports one of these project experiences where
students of an Industrial Engineering curriculum, design and build their own experimental practice through a lean
project. The project was used to illustrate lean concepts and tools such as VSM, process standardization, one
peace flow, JIT, kanban, supermarket, line balance, line efficiency, and so on. During the project development all
students showed great involvement, high productivity, and contagious enthusiasm.

Keywords
Lean Manufacturing, learning lean concepts, lean projects, lean tools.

1. INTRODUCTION

Lean manufacturing methodology and its underlying philosophical principles is today a powerful and systematic
approach in running competitive business. [1-4]. The Industrial Engineering curricula and students in IE programs
must adopt and master this powerful approach for their future professional practice. An active learning strategy is
an effective way to learn Lean Manufacturing. “Active Learning” is a focuses learning pedagogical method which
engages students thinking using real-life and imaginary situations. Active learning comprises techniques such as:
problem-based learning, projects oriented learning, The Case Method [5, 6]. To develop this learning approach,
today, there are in the market place, effective dynamic workshops and didactic material like simulators for
involving students in that teaching-learning process. Their use has been successfully proved. Nevertheless, there
is a hided powerful factor that catapults a positive effect in the learning process when students are involved in
designing the learning activity. This article reports one of these project experiences where students of an
Industrial Engineering curriculum, design and build their own experimental practice through a lean project; i.e.
based in the Project Oriented Learning approach.

2. THEPROJECT LEARNING PRINCIPLES AND METHODOLOGY

Project-based learning (PBL) is a model that organizes learning around projects. Projects are complex tasks, based
on challenging questions or problems, assigned to students who must be involved in designing, use problem-
solving, and make decision, or investigative activities; in order to work relatively Autonomous. At the end, they
must end up with realistic and valuable results [7, 8]. The project by itself must include authentic content, explicit
educational goals and the teacher roll is facilitation but not direction in the involved process [9]. Other
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characteristics of the project base learning are: cooperative learning, reflection, and incorporation of adult skills
[10, 11]. The successful use of this PBL approach in the engineering context has also been reported [12, 13].

A guide for designing and implementing the methodology content the following steps:

1. Before of the planning of the project. The teacher should consider items such as: the duration of the project,
complexity, available technology, the scope which this will have and the support that students will receive.
Definition of goals. The teacher must clearly define goals and objectives intended that students achieve.

3. Definition of expected results in students. The teacher should identify specific objectives and learning
outcomes of the students.

4. ldentification of question Guide. The teacher must submit to students a question guide that allows them to
give coherence to the little or no structure of problems or activities that will face each other to carry out their
projects.

5. ldentification of sub-questions and potential activities. Define what they should do the students in search of
answers.

6. Definition of expected products. The teacher should determine what type of products expected of students,
can be buildings, presentations or exhibitions carried out during the project.

7. Definition of learning activities. These activities should take students to deepen the knowledge. Some of the
activities that teachers can suggest, to enable students to perform during your projects are: research, planning,
consultation, demonstrations, troubleshooting, etc.

8. Definition of the kind of institutional support. The teacher should define the type of support that students will
receive to guide their learning; it can be: presenting them some readings, with feedback, instruction, etc.

9. Preparing the environment. The teacher should try to promote optimal working conditions for its students.

10. Identification of resources. Teachers should identify the type of resources used and whether these will be
provided as part of the project or the students must look for them.

11. Determination of the evaluation. To determine how the student assessment will be conducted, the teacher
should use different elements to determine if students have achieved the objectives of the project. The
evaluation can be carried through the development of the project, as well as on the basis of the product
obtained.

N

3. PROJECT DESCRIPTION

This action project base learning was administered on some 30 students enrolled in the Lean Manufacturing

course at the Engineering Department of the University of Monterey (México) in the Industrial Engineering

academic curricula. The learning content for the Lean Manufacturing (IN3310)) course includes 40 hours of

lectures. Among the full activities program there is a project base activity related with the Value Stream Flow

analysis. The project is used to illustrate the following lean concepts and tools: VSM, Process standardization, cell

production, FIFO, One peace flow, JIT, Kanban, Supermarket, Capacity process table, Work combination table,

Line balance, Line efficiency, Lead time, Peace maker, Value and No-value Mapping, Work content, and Quality

at the source. Planning the project there is entirely freedom for selecting and developing the process to study the

technical aspects listed above; the only restriction is to use a commercial assemble toy car from Fischer technik

brand. The team is build with five students freely grouped by their personal preferences. The goals and related

instructions as well as the evaluation criteria, was discussed ant content in the following project instructions and

evaluation rubric:

e Project team: Integrate teams of five students using your personal affinity for your classmates.

e Project name: Assembly of trucks Lego Fischer technik

e Project duration: Two weeks, including 6 hours in classroom for professor consulting and as many as
necessary out off class.

e Project Goal: Achieve an efficiency of the production line over the 90%

e Technical analysis content: Current Value Stream Map, Future Value Stream Map, line balance, line
efficiency, one peace flow improvements, Pull production, standardization of operations
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Detonating guestion: what is the best operating arrangement of the flow of the production line to maximize
their performance?

Operation instructions: a) purchase the kit of parts of the vehicle to analyze brand Fischer technik. b) read
instructions of Assembly and design a process including one workstation for each stage of the assembly
instruction manual (current layout graph); ¢) use the Planning Capacity Table to calculate the cycle times for
each station; d) identify bottleneck; e) Draw the VSM considering one 8 hours shift production for projecting
inventories; discretionarily assign the rest of the information necessary for characterizing the process
performance; f) Identify areas for specify kaizen for improvements; g) calculate the process capacity; h) graph
the current performance and include basic performance indices; h) establish the future value stream flow; i)
balance the line and promote continuous flow; j) calculate the new process performance.

Project deliverables: written technical report: a) Introduction; b) Description of the problem; c) Development
of analysis and design of the project (which integrates formats: current VSM, future VSM, Planning
document, Process capacity table, Standard work combination table, Standard work layout, Work instruction
sheet. c) draw the findings and conclusions; bibliographic references using APA formatting style and; include
testimonial personal pictures when working

Project evaluation: (a) contents of the report (70%), (b) format of the report (10%), (c) order and cleanliness
(10%), (d) personal conclusions (10%).

4. PROJECT DEVELOPMENT
One of the Bill of Materials and the assembly instructions from the toys package are shown bellows.
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Figure 1. Example of Bill of materials and assemble instructions of the car

The project team was freedom to organize the assembly process and the measurements to determine the cycle
time for each assembly station. A form called Planning Sheet is used to collect measurements from a sample of

ten observations.

Table 1. Process planning for cycle time data

Proceso: Ensamble de carro Encargados: Fecha: 19/02/12

Estacion |Descripcion del proceso 1 2 3 4 5 b 7 8 9 10|Tiempo promedio [Observaciones
1 |Ejefrontal 9.8 129 113 10.7 103 9.7 10.2 10.1 5.9 9.6 10.45
1 |Ejetrasero 15.5 10.6 10.9 14.3 11.7 128 10.8 11.2 10.9 10.7 11.94
3 |Volante 422 14 1.7 356 401 384 417 403 3.8 351 38.48|Cuello botella
4 |Partetrasera 2.7 7.2 236 15 26.8 5.8 74 07 215 U2 25.26|Tiempo de atio
5 |Intalacidn de llantas PER 17.6 187 19.5 2.7 189 19.9 17.2 16.9 17.3 19.25

Following is the Current Value Stream Map using the measurements above. A regular 480 min. shift is used to
estimate the inventories in the process. Other metrics like up time and Change over are assumed by the team.
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Figure 2. Example of Current Value Stream Map for the assemble process

To calculate the current line performance a specific demand has to be assumed. Students are freedom to establish
the demand such that generates a takt time that will not be reached by all the assembly stations in the process.

Cycle time vs Takt time

gje frontal Zje trasero Volante Parte trasers Intalacion de
lantas

Figure 3. Current Cycle time vs Takt Time

Line current performance calculations are given as follows:
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Lire Bninree Bf bolerteyr m %r 100w 24,504

B e ST
Current State summary
Operators 5
Takt 24.8 sec.
Total work 105.38 sec.
Balance Ratio 54.77%
Balance Efficiency 84.98%

Now, the assembly line has to be balance to fit the corresponding takt time. Those stations with cycle times are greater than
the takt time, will transfer some activities to assembly stations with cycle time shorter than the takt time.

Cycle time vs Takt time

Eje frontal v Volante 1 Volante 2y Parte  Partetrasera 2 Intalacion de
trasero traseral llantas

Figure 4. Current Cycle time vs Takt Time for balanced line

Assembly line balance performance calculation:
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Estaciones Balanceadas
Operarios 5
Takt 24.8 sec.
Total work content 105.38 sec.
Balance Ratio 94.76%
Balance Efficiency 84.98%
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Another assignment asked to students is to express the project in terms of the conventional A3 format.

[ A3-T |
|Proposed team charter [Theme: Balanceo de Lineas |
Problem S Proposed Action

Hace dos a;0s cuando se empezo a En la primera estacion se va a realizar el eje trasero y frontal.

producir el nueve modelo fisher [ —— En |a segunda estacion se va a realizar una parte del volante.

tecknik y no se a visto un cambio en En la tercera estacin se va a terminr el volante y se iniciara una parte
las lineas de produccion, ya que se de la parte trasera,

cuenta con un Tak-Time menor que I I En la cuarta estacion se va a terminar |a parte trasera.

varias lineas ensamble y esto nos m B l En la quinta y ultima estacion seran ladas las llantas,

ocaciona que no se pueda cumplir

C con la demanda. Il ion Plan
Darle a conocer al gerente de |a linea como se | Alejandro Marzo
van a llear a cabo las acciones propuestas Bassol
Target it
Se van a balancear las lineas de . 2 5 TR
exim Capacitar a los operario de la realizaciones de | Carlos
ensamble que se encuentran por L i Marzo
. 2 las actividades Aguilar
encima del Tak-Time para poder
satifacer la demanda que se tiene Patricia
actualmente. Supervisar la realizacion de las actividades Vera Abril
Analysis Check and Act
Al caleular los tiempos de ciclo por estacion los primeras dos
estaciones se realizaban de manera muy rapida que provocaban culos "

. E Dar a conocer las Llevar a cabo las Supervisar las
de botella en la tercera estacion y por lo tanto en la 4ta estacion ronuestas ropuestas actividades
habia tiempo de ocio, esto causaba que la balance ratio se de 54.77% prop prop

Marzo Marzo Abril

| Date: 29-Feb-12 | Reporting Unit: Engeeniring Tactical Team

Figure 5. A3 format for project for balancing the assemble line

The future value stream map is drowning using alternative methods such as One peace flow, FIFO and kanbans
and supermarkets.
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Figure 6. Example of Future Value Stream Map for the assemble process
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4. RESEARCH FINDINGS AND DISCUSSION

All the six students teams achieved the expected goals according with the standards established in the
corresponding rubric. At the end of the project students gave a presentation. This was to ensure the attainment of
all the learning outcomes stated in the initial rubric. The average of the grade evaluation was outstanding
obtaining an average of 92% of grading. The general mean of students satisfaction compared with tree previous
cohorts, when this project approach was no used, was statistically significant at a 95% confidence, obtaining an
increase of around nine percentage points. Students were somehow confused in the very beginning because of the
lack of freedom for decision making in previous courses; but as soon as they start making their own decision from
the initial step, when selecting the car model to assemble, they start becoming enthusiastic and responsible for
their action. The time expended for developing the project outside class was approximately 18 hours each,
making a total of 90 student-hours for the whole project including experimental work, analysis, and writing the
final report. This time was large enough to complete the project. Several files containing technical information
was available on the University Blackboard System for supporting the student understanding of technical aspects.
While the project progress, regular sessions in classroom were dedicated to support students, the discussion
mainly was for administrating the process rather than technical advice. Personal opinions from individual student
as well as by all teams, revels a great satisfaction for this teaching-learning approach

5. CONCLUSIONS

A Project-based learning (PBL) was administered on some 30 students enrolled in the Lean Manufacturing course at the
Engineering Department of the University of Monterey (México) in the Industrial Engineering academic curricula. The aims
of this learning approach were to experiment evaluate the benefits of the method to increase the learning outcomes. Six
groups of five students each were organized to develop the project in a two weeks span. During the project development a
great engagement, enthusiastic, and motivation was evident in student’s performance. All teams achieve the expected goals.
The general satisfaction of students compared with previous cohorts was significant and revels a 9% of increase. Personal
opinions from students also confirm a full successful learning approach.
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