Bringing Reality Into The Classroom: Using Industry Strategic Consulting Case Studies To Teach Real World Engineering
Jonathan P. Lambright

Abstract

Engineering student’s education will be well enhanced if real world engineering is integrated into the classroom instruction. This paper proposes a method for integrating real world engineering designs, problems, and solutions into the engineering classroom. The author, who has consulted for many years for fortune 500, small and medium sized corporations in the area of manufacturing execution and automation, shows how a case study can be developed from an actual client scenario and used for classroom instruction. The cases are all developed such that the client is unknown and the clients intellectual and real property are protected. The case study outlines the client problem and shows how engineers analyze the problem, design a solution, implement the solution and maintain the result. Case studies are broken into various sections in order to teach various engineering topics. For example, a typical case is segmented to highlight and teach requirements capture, system design, software development, concurrent engineering, team interaction and project management. Using this model a student learns about engineering and engineering related subjects that encompass the entire problem recognition/solution development lifecycle. It is envisioned that these industrial case studies could be implemented in a cross-disciplinary course that utilizes project-based instruction to foster real-world team interaction. The case presented in the paper depicts a manufacturer developing a new automated laptop assembly line. The assembly line is anchored by a state of the art conveyor system with electronic eye scanners and automatic boxing robot manipulators. The system also includes Supervisory Control And Data Acquisition (SCADA) and Manufacturing Execution Systems (MES) software applications for manufacturing floor data capture and integration with legacy corporate databases. The paper demonstrates how various real world engineering and engineering related concepts can be used in the classroom to enhance the students engineering education.

Introduction

Bringing reality into the engineering classroom is an important topic in engineering education. Teaching students real world engineering in conjunction with theoretical knowledge can prove to positively enhance their education. The idea of bringing reality into the classroom is not to discount the theoretical and practical knowledge conveyed through the instructor and manuals, but to show students how, when based upon solid principles and fundamentals, decisions and solutions about engineering problems involve a combination of theory, practice, new ideas and inventions, and good judgment. An innovative and effective method for bringing reality into the engineering classroom is through the use of industry strategic consulting case studies. Case studies expose the student to real world problems; they provide problem solving analysis examples; they portray the true iterative nature of real world problem solving; they show the student how large problems are often solved in multi-disciplinary teams and divided into smaller manageable tasks; and they provide a window into how problems may be solved using engineering fundamental theory, new ideas and good judgment.

Real World Engineering

Engineering is comprised of many different disciplines. Each discipline is divided into a multitude of sub domains. For example, in the field of mechanical engineering you have areas of concentration that include, mechanics of materials, thermal sciences, design, computer aided manufacturing, computer aided design, controls, tribology, manufacturing processes, and robotics. The process of engineering however, is not confined to the application of technical knowledge that describes that particular domain or discipline. The process of engineering is comprised of:

a. knowledge of subject matter

b. project management

c. ethical behavior

d. good verbal and written communication

e. leadership

f. team participation

g. social interaction

h. engineering economics

Herein lies the core of why we should use industrial strategic consulting case studies to enhance engineering education. Strategic consulting contains all of the aspects of engineering that we have listed sited above and there is such a wealth of information that can be gleaned from consulting engagements. This wealth of information is not just from successful strategic consulting engagements. As Knott et. al.[1] have shown, knowledge can be gained from engineering failures as well. The one important fact about strategic consulting is that it embodies all aspects of real world engineering from concept to recycle.

If we can at least introduce, in conjunction with the technical knowledge, most of the other aspects of engineering in the classroom, a more knowledgeable, well rounded and better prepared student will result. Typically, topics such as project management, ethical behavior, and leadership are introduced through separate dedicated courses. While these dedicated courses are beneficial, these topics should be introduced to the student in the setting of a real world engineering problem scenario. There, the entire spectrum is addressed and there is no discontinuity between topics. A student is able to envision a larger portion of the real world engineering process in one classroom environment.

Strategic Consulting

As it relates to engineering, and most other disciplines, strategic consulting often involves the hiring of an experienced, licensed, or certified individual or firm to assist with or direct the requirements gathering, the analysis, and the solution method development of a particular problem. Many different entities utilize the services of strategic consultants. Some of those entities include large, medium and small companies, non-profit organizations, individuals, and state and local governments. The scope of this paper will be limited to strategic consulting related to engineering and associated disciplines of large to medium sized companies. Often times the process surrounding strategic consulting follows a particular pattern of fundamental steps. These steps are outlined below but do not encompass all possible procedures in the client/strategic consultant process.

1. An entity recognizes a particular problem that needs to be solved, an area of improvement that needs to be addressed, quality assurance that needs to be maintained, or targets proactive procedures for future regulation compliance or maintaining competitive advantages. The entity may not have the required experience on staff to address the issues or they may prefer an outside entity to provide assistance to the internal staff.

2. Through a selection process the entity hires a strategic consultant based upon needs as outlined in step 1. At that time the entity and consultant enter into an agreement of services to be performed. The entity is now typically termed a client of the consultant.

3. Upon being retained, the consultant conducts a requirements gathering period. During this time frame the consultant gathers all information as it relates to the clients requirements; what are the issues, where are the problem areas, what compliance/regulations must be met, what is the infrastructure. The fundamental goal of this process is to listen and determine what the client truly needs.

4. After requirements gathering, the consultant performs an analysis of the gathered information and starts to formulate a plan for solving the problem. Typically, this is an iterative process as clarification is often necessary between gathering requirements and plan development.

5. The next phase is for the consultant to develop the solution. This stage can manifest in many different forms. Depending on the client, requirements, and the developed plan, this could be a report, a process, a software application, a technical subsystem, a large construction project etc.

6. Implementation of the solution typically occurs next. Again, depending upon the initial reason for hiring the consultant, the implementation takes on many forms; distribution of a report, rolling out of a software solution across many sites, the actual construction process etc.

7. In some cases after implementation may occur a testing period where the solution is run on a trial basis to determine if there are any issues with the implementation.

8. Finally, in areas where a physical product was developed and/or installed for the client, a support period begins. This period is for the client to contact the consultant should any issues arise during the normal operation of the implemented solution.

Case 23-9798: An Automated Manufacturing Assembly Plant

Here we present an example case study of a manufacturer developing a new automated laptop assembly line. This case is presented in order to show how strategic consulting engineering engagements can benefit the overall education of engineering students.  For brevity, only the core components of the case as it relates to this paper are presented. Additional details can be obtained from the author.

Description and Scope

The manufacturing assembly plant is a contract manufacturer located in a foreign country. The plant consists of several existing assembly lines that produce different computer and laptop models. A new assembly line is being built to assemble a new laptop. The new assembly line is anchored by a state of the art conveyor system with electronic eye scanners and automatic boxing robot manipulators. The system includes Supervisory Control And Data Acquisition (SCADA) and Manufacturing Execution Systems (MES) software applications for manufacturing floor data capture and integration with legacy corporate databases. The scope of this case study is limited to the new assembly line. Also, it’s scope will be limited to the implementation and testing phases of the consulting engagement.

The Components of The Case

The Client Local Project Team

The client local project team is based out of the United States. This team consists of engineers from several disciplines and backgrounds employed by the client. The purpose of this team is to develop and execute, in conjunction with the remote contract manufacturer, the plans that will produce a successful laptop assembly line. This team frequently travels to the remote contract manufacturer site.

The Client Remote Project Team

The client remote project team are employees or consultants of the client that assist in handling day to day site development and operation at the remote contract manufacturer’s site. The client remote project team is typically native to the foreign country.

The Manufacturer’s Personnel / Project Team

The manufacturer’s project team consists of the individuals assigned by the contract manufacturer to work full time on the design and development of the new laptop assembly line. This team closely interacts with the client local and remote project team. The manufacturer’s personnel are those employees of the contract manufacturer assigned to work the new laptop assembly line once it is operational. 

Third Party Vendors

Third party vendors include software and hardware vendors contracted by the client to perform a specific function as detailed by the solution plan.

Technology

SCADA: Supervisory Control and Data Acquisition Application

MES: Manufacturing Execution System Application

Automated Routing: A combination of automated conveyor belts, Programmable Logic Controller’s, automated boxing manipulators, electronic eye scanners and other supporting devices.

The Product

A state of the art laptop.

The Process

Solution Implementation

At this point in the process the contractual negotiations, requirements gathering and solution development have already taken place. A solution plan is in hand and is used for the solution development / implementation. 

· The contract manufacturer allocates a sufficient amount of space to house the new assembly line.

· The conveyor belt manufacturer installs all conveyer system components into the dedicated space including belts, rollers, pallets, electronic eye scanners, PLC’s, automated boxers, and mechanism supports.

· The SCADA consultant/vendor installs the dedicated application and database servers for their application. They tie the SCADA application into the PLC bank of the conveyor vendor. This synchronizes the conveyor and SCADA application such that movement of a laptop assembly along the conveyor system is totally automated and the location of any particular laptop is known at any point in the assembly process.

· The MES consultant/Vendor provides a dedicated server for the MES application. They use the same dedicated database server as used by the SCADA vendor. The MES application is synchronized to the SCADA application using a method developed during the solution development phase. The synchronization of the MES and SCADA applications allows the MES to document and enforce the routing process for each laptop assembly. Also, at each appropriate stage in the assembly process data about the laptop assembly is collected. Data collection includes information such as serial numbers of components assembled into the laptop, verification that the assemblies completed that step on the router, and defects or non-conforming components.

· The local contract manufacturer project team and personnel are trained on the hardware components, software components and the production process.

· A project team meeting is held once per week.

Solution Testing

· Several weeks of laptop assembly runs are conducted on the new assembly line in order to detect and address any issues with the automated assembly plant. At this stage the client local, client remote, and vendor project teams are all on site at the facility.

Problem Areas

There were three main problem areas with the automated laptop assembly solution, the execution of the SCADA application, it’s synchronization with the MES application, and the language barrier.

· The SCADA application looked technically very impressive. However, a point that did not surface until part way through the implementation was that the application was barely out of the software development stages. The application therefore periodically lost connection with the PLC bank, and frequently queued laptop assemblies at the wrong assembly stations.

· The SCADA and MES applications were synchronized using database triggers on their respective database tables. Whenever the SCADA application queued an assembly at an assembly step on the router, an entry would be placed in an appropriate table for the SCADA application. This entry into the SCADA database table triggered an entry to be placed into the equivalent MES database table, allowing data collection to be performed via the MES at the correct step along the assembly route.

The problem area was that a major part of the automated laptop assembly operation was dependent upon the database triggers between the SCADA and MES applications. This was a very weak solution for synchronization of applications of such magnitude. Every time the database server went down (purposely or accidentally) all of the database triggers had to be rebuilt into the database server. This was a constant source of frustration during the entire implementation.

· Communication between the client project teams and the contract manufacturer was challenging. The contract manufacturer project team spoke broken English and was simultaneously attending English classes. The client project team new little or none of the host country’s language.

Lessons Learned

· A more detailed and exhaustive search for a SCADA application should have taken place. Selection of the SCADA application was largely based upon acquisition price and maintenance costs.

· More time should have been spent in the design phase when developing the link between the SCADA and MES applications. Perhaps it would have been more beneficial to purchase a more expensive application that was more robust and possibly performed both the SCADA and MES operations. There were applications on the market of this nature but their price point was higher than that of purchasing the two chosen applications.

· The language barrier must be addressed ahead of time. At the very least the client project team should have taken the minimum amount of language instruction prior to visiting the contract manufacturers country.

Instructional Components

What are the topics that can be taught from this part of the case study?

· Project Management

· Technical Content


Supervisory Control And Data Acquisition Applications (SCADA)


Manufacturing Executions Systems (MES)


Programmable Logic Controllers (PLC’s)


Robotics


Enterprise Application Integration (EAI)


Relational Databases


Engineering Economics

· Verbal and written communication

· Team participation

Developing The Cases and Their Delivery

In order for the use of strategic consulting case studies to be helpful in the classroom, they must be developed and presented in a way that works in concert with the traditional theoretical classroom instruction. The development of the cases should progress along a path similar to the example case study presented in this paper.

1. Develop a detailed description of the case.

2. Clearly state the boundaries or scope of the case.

3. Define the components involved within the case.

4. Describe the process. Divide the case process in such a way that engineering topics can easily be introduced at the appropriate point.

5. Include lessons learned from the case.

6. Site the areas of engineering where the case may be used to enhance the traditional classroom instruction.

Time must be invested by the instructor to review the cases and determine how much of the case data is relevant to the class, at what point do you introduce the case, and how do you deliver the information. Much of this process is highly dependent upon the type and level of the course. For a sophomore level course, much of the case will probably have to be dissected and introduced one level at a time. For a graduate level course, for example in industrial automation, the case can possibly be given to the students in whole to review then covered incrementally in detail as the course progresses towards each topic covered by the case. In Lambright et. al.[2], a method was created for developing cases used in an automated case-based design advisory system for design of aircraft composite structures. Such a methodology could be used as the catalyst to develop cases used in the classroom environment.

Conclusions

This paper has proposed a methodology for using strategic industry consulting case studies to teach real-world engineering and enhance classroom instruction for engineering students. The case presented in the paper depicts a manufacturer developing a new automated laptop assembly line. The assembly line is anchored by a state of the art conveyor system with electronic eye scanners and automatic boxing robot manipulators. The solution includes Supervisory Control And Data Acquisition (SCADA) and Manufacturing Execution Systems (MES) software applications for manufacturing floor data capture and integration with legacy corporate databases. The paper demonstrates a method for describing the cases, segmenting them according to their engineering content, and detailing the topics that relate to the case and would enhance the classroom instruction. While it is clear that the cases can be very beneficial to teaching real world engineering, it must be known that the instructor will have to invest some time in the beginning to review the cases, determine how much of the case data is relevant to the class, and develop the most appropriate method to deliver the information.
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