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Abstract


This paper describes the development of a test facility.  Specific objectives for  the facility are discussed.  The project team composition and project methodology are discussed in detail.  Specifics of the project implementation and an overview of the resultant system are discussed.


The units to be tested are samples from a production line.  The test scenarios  simulate the normal consumer operation of the units over an extended period of time.  This regimen is approximating a “life test” by cycling the units on and off more frequently than in normal use.  The execution of the test scripts (several variations have been pre-defined) is controlled by a personal computer and direct I/O gear.  The actual manipulation of the switches on the units under test is accomplished by a trolley-mounted robot.
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Development of an Automated Reliability Lab for Appliance Production Testing





Introduction


Reliability testing of appliances at the manufacturing site is a good idea.  Seeing this good idea through to a working reliability testing facility, however, can be a challenge.  Developing a successful facility requires a good project team and a sound project methodology.


This paper describes one method that has been successfully employed to build a functional Reliability Test Laboratory for a major appliance manufacturer.  It describes the objectives of the testing facility, the project methodology employed, specifics of the project execution, and a brief overview of the resulting facility.


Details of the units under test and the test sequences have been with held at the request of the manufacturer.


�
The Objectives


Reliability Testing


Product reliability is essential to long-term success in appliance manufacturing.  Most buyers expect major appliances to last as long as they live in the house or apartment.  They expect twenty years of reliable service. There are only two ways to determine the reliability of an appliance:


Establish an effective product reliability testing program, or


Read about it in a consumer survey after customers have found the problems.


The second method involves gambling with a manufacturer’s most valuable asset, it’s reputation.  Consequently, the first method is clearly the most advantageous.


An effective reliability testing program provides statistical evidence of the appliance quality from each production run.  This evidence must be timely, preferably available prior to product shipment.  To accomplish this, reliability testing facilities must be located close to the manufacturing process and must be efficient.  The facility must be able to accept a large group of units for test at one time.  Instrumenting the units for data recording must be quick and simple.  Material handling and logistics are major design concerns.  Repetitive testing programs and accurate results that can quickly identify any problems are required for quick decisions about inventory and further investigation of detected problems.  The savings in transportation cost and negative impressions on customers pays off.


The value of a reliability testing facility is not strictly limited to the value of the data it collects.  A good product testing program is an effective public relations tool.  Consequently, an attractive reliability testing facility should be the highlight of the plant tour for prospective clients and visiting dignitaries.


Getting Started


The process of establishing a reliability testing program begins with a concept or vision of what reliability testing can achieve (e.g., what problems can be caught before actual use by customers).  This is followed by a project plan to provide the reliability testing facility that is required to fulfill the vision.  This is the first step in the translation of concept to reality, and it is the most important since it has the greatest potential for disconnecting the actual result from the intended result.  The most fundamental measure of the success of any project is how closely the final product comes to realizing this initial concept.  While many different representations of the desired result are needed for different audiences, each interpretation must remain true to the same image.


Every project, including projects to develop reliability test facilities, needs a champion.  A champion is one person in the user organization committed to the success of the project.  When this commitment is based on a firm connection to the original vision, the chances of success are greatly enhanced.  The role of champion is to remind the rest of the team of the original objectives when design compromises may endanger reaching them.


The Project Lifecycle


The Project Team


The completion of a complex project, like development of a reliability test lab, requires the coordinated efforts of people from many disciplines.  These people fall into two broad categories; stakeholders and implementers.  Stakeholders are the people who want the facility that the implementers will create.  Typical stakeholders and implementers in a reliability test lab project include:


Stakeholders�
�
Implementers�
�
Quality Assurance�
�
Project Manager�
�
Product Management�
�
Architectural & HVAC�
�
Production Management�
�
Electrical/Mechanical�
�
Testers�
�
Controls/Robotics�
�
The project team must receive effective representation by each group or individual. People selected to participate need to be experts in their discipline and willing to explain their needs to the rest of the team.  The ability to compromise, and consider alternatives, is very much desired.   Since it is not practicable to involve every discipline at every stage of the project, it is important to assign specific liaison responsibilities within the active project team members. It is equally important to solicit feedback from each stakeholder and implementer at significant project milestones. It may be necessary to assign team members whose only responsibility is for good communication among other members.


The key to a successful project is planning, and subsequent re-planning.  In a complex project, planning also requires good communication of technical data, progress data and plans.  When the expectations and assumptions of all project team members are tightly synchronized, the right tasks are performed by the right people at the right time.  These principles are the basis for all good project methodologies.


Project Methodology


The original test lab concept must undergo a myriad of transformations that will eventually lead to a viable reliability testing facility.  The methods available to accomplish these transformations are many and varied.  One of the most popular and most successful project methodologies is known as the Project Lifecycle.  The fundamental elements of this methodology are presented in Figure 1.


The Project Lifecycle simply identifies the logical sequence of activities that will complete key project milestones and documents.  The secret to the success of this methodology is the structure it imposes.  This structure is based on some simple premises, such as:


Completing the requirements definition before design begins helps minimize re-design effort when the “real” requirements finally surface.


Completing the design before construction begins helps minimize re-work costs to fix designs that did not consider all the requirements.


Testing components before installation helps minimize defective components located in difficult places to reach which cause down-time of the production processes.


As obvious as these may seem, short-cutting steps due to a “fast-track” schedule is one of the most common causes of project delays and failures.
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Refining the Concepts


The first document produced in the project lifecycle is titled: User Requirements.  It documents the project concepts and provides a high-level overview of the desired solution.  For contracted projects, the User Requirements document forms the basis of the Request for Proposal sent to prospective suppliers.  Since the User Requirements are typically produced with limited input from the implementers, it is important to stick to the functions needed and not over-specify the solution.  By specifying the solution, the users may eliminate a creative solution available from an implementer.  At the same time, it is important that all of the objectives and constraints of the project be clearly stated.


Once the User Requirements are read and understood by everyone, the stakeholders and implementers work together to refine the requirements into specifications.  This step allows the implementers to suggest improvements and alternatives before proceeding to the system’s design.  It also helps the stakeholders and implementers agree on a common “language” to be used in discussing project components.  It is the common image of the resulting facility that both teams need to share for the project to be successful.


Design and FMEA


Once the project objectives and scope of work are understood and accepted by all parties, detailed design can begin.  With the concern for changing requirements causing rework greatly reduced, design can and should proceed quickly and to excruciating detail.  The design phase culminates with a detailed design review.  In addition to identifying and correcting any problems, all project team members should come away from this review with a thorough understanding of what will be built.  Design phase documentation includes construction and electrical drawings, detailed operational descriptions, and specific Bills of Materials.


A useful tool in the design review process is the Failure Modes and Effects Analysis (FMEA).  This technique begins with brainstorming to determine all the potential problems that could result from the failure of each project component.  The likelihood and impact of each identified problem are evaluated in a rigorous mathematical process.  Though FMEA is principally used for physical product analysis, FMEA concepts can easily be extended to analyze any project.  It is a great way to involve all of the design review participants and to focus the team’s attention on potential trouble spots.


Construction


Construction can involve numerous subcontractors with varying levels of involvement.  Walls, ceilings, lights, HVAC, etc. are required components of the facility that may be included in the contract with the company who will deliver the robots, or may be supplied by others.  This scope of supply for each contractor must be clearly defined up front to be sure there are no duplications or omissions.  This project held the implementers responsible for the robot, track, test fixtures, instrumentation, data acquisition and programming of automated test sequence recipes.  The walls, ceiling, lights, safety systems, and HVAC were supplied by the stakeholders.   In some cases it may be appropriate to treat subcontracts as mini-projects using an abbreviated project lifecycle.  For others, simple instructions are all that is required.  Relevant portions of the design documents can be extracted for use by construction subcontractors.  


Even the best designs are subject to alterations during construction.  Vigilance of the project team is the only way to prevent construction alterations from undermining the project goals.  The construction coordinator(s) should have full knowledge of the project objectives, specifications, and design.  Designated members of the project team should meet with the coordinator(s) regularly to ensure that expectations are understood and met.


Testing


Testing of project components is a natural part of the construction process.  As components are received and attached to the system, they are exercised to be sure they function as needed.  However, this component testing is not always sufficient to ensure that the components will work together to meet the project objectives. There are combinations of components that may interfere with each other when connected together as a system.  System operation is best simulated before the actual manufacturing process is jeopardized while testing the system.   For complex project components like robots and controls, off-line acceptance testing should be accomplished prior to installation.


Acceptance testing for major equipment should always be a planned activity and scripted in advance.  The test script is most commonly prepared by the supplier after the requirements are documented and the design is well along.  The script should be reviewed and approved by the customer.  Each test should include a description of purpose, a procedure, and acceptance criteria.


�
The Test Lab Project


The Concept


In late 1994, a major kitchen appliance manufacturer identified the need for a reliability testing facility in a “greenfield” production plant.  The goal of the facility would be to collect both short-term and long-term reliability data about the products.  The data would be analyzed statistically to determine the strengths and weaknesses of the appliances from each production run.


Based upon sampling criteria, units for testing (UFTs) are diverted to testing when they reach the end of the production and packaging lines.  The units are dedicated to the quality assurance organization for evaluation.  After mounting the units on the test fixtures and instrumenting them, a robotic arm operates the units in a way that simulates normal use on an accelerated schedule.  Data is collected from a variety of sensors that monitor the status of each unit at each use.  Personal Computers acquire the data and catalog the results in a relational database.


The Team


A Quality Engineer and a plant Senior Electrical Engineer were assigned, as stakeholders, to design and execute the project.  They selected the Project Lifecycle methodology and prepared a set of User Requirements.  These User  Requirement documents were sent to several vendors as a Request for Quotation for a turn-key design and implementation.


In selecting a supplier, strong consideration was given to project experience and application of the Project Lifecycle methodology.  With the supplier selected, the implementer project team was expanded to include a Project Manager, a Technical Leader, a Controls Engineer, a Software Engineer, and a Robotics Engineer.


The Project


Specifications and Design


The Reliability Test facility supplier was selected in February of 1994, with a scheduled facility startup date of January 1, 1995.  In spite of a tight schedule, the translation of User Requirements to Project Specifications was deliberately slow, lasting well into May 1994.  By the end of this period, however, each member of the project team understood exactly what the project was about, how the individual components would interact, and all of the constraints.


In addition to resolving communications, the requirements phase was used to resolve areas of project uncertainty.  For mechanical problems, such as UFT mounting fixture design, potential vendors were queried for their best design concepts.  For areas of technical concern, such as test “recipe” interface, prototyping was used to verify feasibility.


With solid project team alignment and understanding, the design phase of the project was accomplished in minimal time.  This was not difficult since the only issues left to resolve were true design issues; like cabinet colors and database field lengths.  Design reviews, including Failure Modes and Effects Analysis, began in August and reached final design approval in early September.


Implementation, Testing, Installation, and Startup


Control panels and interface terminals were staged at the supplier’s facility in Western Michigan.  A sample UFT was delivered to the supplier for verification of fixture design. As the system development progressed, a hardwired switch panel was used for robot interface simulation.  Because the system design was so well established, three programmers were able to work independently all the way through completion of module testing of their area of responsibility.  In fact, very little effort was required to integrate these software modules for final testing.


A factory acceptance test plan, which simulated the robot operation, was reviewed and approved by the appliance manufacturer in mid-October. A successful factory acceptance test was completed in early November.  In the meantime, construction work had begun at the manufacturing facility.  The robot had been installed and checked-out by the supplier.  By the time the tested control panels arrived, just before Thanksgiving, the control and power wiring had been pulled and all utilities had been installed.  


By early December, the Reliability Test Laboratory was completely assembled.  A quick Site Acceptance Test (a re-run of the factory  acceptance tests) verified that the controls were intact and functional.  Database initialization and the start of operational testing proceeded smoothly, and by January 1st the facility was in full operation.


�
The Test Lab


The Facility


The Reliability Test Laboratory produced in this project was designed to be aesthetically pleasing, as well as functional.  The system’s electrical, mechanical and robot equipment and the Units for Testing were carefully arranged to provide clear viewing from numerous observation windows.  A linear room geometry was selected to provide the long walls necessary for many windows.   The robot travels on a sixty foot straight path between two rows of UFTs that face in at the robot.  UFTs are loaded from the outside of the rows with the aid of a carrier provided with the system.


Twenty testing stations are provided in each row.  Each station has utility and instrumentation connections, as well as a clamping mechanism to precisely position the unit for the robot.  The robot controller and testing interface terminals are located outside the test room for safety reasons.


The Automation


Daily operating costs are a key measure of a reliability test facility’s effectiveness.  Effective lab automation is the best way to keep operating costs low.  The pre-programmed system permits continuous, unattended operation  overnight, during off-shifts and through break times.  The time spent loading and initializing the system for each test campaign is kept low by designing the way this setup is accomplished.   The Reliability Test Laboratory incorporates simple by flexible interfaces for both the testing technicians and the quality engineers.


Test protocols involve repeatedly exercising each function of the Unit For Testing.  After a unit is “checked in” to a station, clamped in and described to the system, it is ready to be tested.  All units are tested individually and data is collected about each instance of exercising each function at each test station.  A real-time display provides detailed information about the unit at each station as well as the status and results of the test in progress.  Test summary data is automatically uploaded to a relational database for analysis.


Standard and custom test protocols are configured through a set of intuitive setup tables.  Starting and stopping of UFT operations during each test type for each appliance category are entered in a Gantt chart format that uses Microsoft Excel as the engineering interface.  Specific attributes about each model of appliance, including specific robot codes for each operation, are configured in a separate table.


Since test protocols reside in Personal Computer files, there is no practical limit to the number of custom protocols that can reside in the test lab control system.  Since protocols are model-independent, linked only by a “unit operation to robot code” translation table, there is no restriction in the type of testing that can be performed within each protocol.�



The Operation


Reliability test protocols for each of the 40 test stations are scheduled and managed independently.  At the beginning of each shift, UFTs that have completed testing are removed to make room for new units.  As new UFTs are loaded into the test lab stations, the testing technician uses a simple on-screen form to enter such information as:


UFT Model Number


UFT Serial Number


Testing Type (focus and duration)


UFT status (in the form of a checklist of inspection results the technician observed)


The specific instructions for conducting the next series of operations on each unit are based on the model number, test type, and the current test cycle.


Once all of the new UFTs are loaded, the testing room is sealed and the test cycle is started.  The robot visits each testing station in turn and performs all necessary operations.  A rolling buffer of pre-loaded robot instructions is used to minimize the impact of unexpected system interruptions.  Should a unit display unacceptable results, it can be eliminated from the robot’s list of units to service.  If instrumentation at any station, in the testing room, or on the robot detects a failure, safety interlocks are designed to respond appropriately.  This response may involve anything from a limited shutdown (such as a station abort with power disconnect) to a total facility shutdown.


In normal operation, the Reliability Test Laboratory continuously monitors 323 instruments with a sampling rate of about 25 times per second.  The raw data is processed and condensed (by computing averages, minimums, maximums, totals, etc.) to about 30 measurements per second for real-time trending and display.  This real-time data is further summarized into an archival database that includes 120 bits of information about each test protocol conducted on each unit tested in the facility.


The Results


Reliability testing is only as good as the data it generates.  This Reliability Test Laboratory generates a large volume of accurate and timely data in a relational database format.  A standard test report was configured to summarize the testing of each unit.  Data can also be easily reported, plotted, and analyzed by model number, operation, failure mode, or any number of other criterion.


The Reliability Test Laboratory has received considerable acclaim since its introduction.  It has quickly and efficiently identified production and design problems in several models.  Unexpected benefits include catching problems with finishes that did not holdup under accelerated life cycle testing.  Expected benefits include finding fit problems with wear and operator device malfunctions when operated frequently.  The timeliness of the reliability test results has, more than once, protected the manufacturer’s precious reputation by preventing the shipment of inferior product.  The loss of consumer confidence has been avoided.


�
Summary and Conclusions


The project to develop a facility for appliance reliability testing has been deemed a complete success.  The project was not only on-time and on-budget, it met or exceeded the expectations of all involved.  The facility is operating constantly to continue providing valuable, cost effective reliability data for many new products over many years.


In retrospect, the success of the Reliability Test Laboratory can be attributed to two major factors:


the performance of the project team that designed and built the facility, and


the project methodology used to execute the project.


The project team was a diverse mix of stakeholders and implementers who were able to find a common language and a clear image of the expected result.  Since all the appropriate parties participated in the planning stages, everyone had a stake in the final outcome.  By using a step-wise or “lifecycle” approach to project execution, the facility was implemented with few surprises and virtually no re-work.


The project lifecycle methodology is highly recommended for development of reliability test facilities.  As tools to implement such facilities become more available and easier to use, it will be the projects that remain true to their original concepts that will be the most successful.  Lifecycle methodology gives the best chance for getting a reliability test lab off on the right foot.
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