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Preface

Change rarely comes in the form of a whirlwind, despite the currently popular notion to the contrary. Change is not “creative destruction,” like we’ve been told. Change that expects us to throw out everything we were and start over isn’t change at all, but a convulsion. A hiccup. The Internet did not change everything. Broadband did not change everything. September 11th did not change everything. Nor did Enron, WorldCom, or any other company. Nor will tomorrow’s horror, tomorrow’s amazing breakthrough, or tomorrow’s scandal.

If you follow the cataclysmic theory of change, you will reap a whirlwind indeed. There is a different theory of change that no one talks about, but is much more significant for the wise professional. In the coastlines of any country, state, or territory one can see it every day. The waves may crash against the rocks, but they are a distraction. The real action is the tide. When the tide changes, huge forces are put in motion that cannot be halted. (If you doubt the power of the tide, look at the suburbs of any fair-sized town anywhere. A piece of farmland on the edge of most towns is worth its weight in gold. And why? Because it’s where the affluent middle class wants to bunk down every night.)

Or consider the change being wrought on health care by boomers. Or the change in our concepts of service or of travel. If you get these change-of-the-tide changes right, you will become very rich. It is that simple. Target got it right, but Kmart didn’t. Disney got it right, but Columbia didn’t. Marriott got it right, but Howard Johnson didn’t. GE got it right, but Westinghouse didn’t. Boeing got it right, but McDonnell Douglass didn’t.

And now you will get it right. Just ignore the wind and waves. Watch the tide. What is the tide? Since the early 1980s, the world of quality has been bombarded with the concept of “continual improvement.” For most of us, this concept has been focused on “prevention” as opposed to “appraisal.” Yet, many companies have chosen to disregard this change as a “fad” and a “passing attitude.” As a result, we have seen programs on Statistical Process Control (SPC), Total Quality Management (TQM), Six Sigma, Lean manufacturing, Quality Function Deployment (QFD), and many more come and go, with some effect but nothing really substantial. In other words, we have been treating them as “whirlwinds” rather than “tides.”

Since 1995, when the first edition of the Failure Mode and Effect Analysis (FMEA), was published by Quality Press, much has changed. However, the quest for excellence continues to drag for many reasons.

To be sure, I am not trying to diminish the importance of the great efforts that many organizations have implemented in their organizations in reducing failures and improving customer satisfaction. For example, in the automotive industry a 10 percent improvement compared to 2001 has been noted by J. D. Power and Associates. This 10 percent is the largest improvement for the industry since 1997. However, that is still not good enough!

J. D. Power also released data based on 65,000 new vehicle buyers and lessees after the 90 days of ownership and targeted 135 potential problems, that was published in the Wall Street Journal with the following data: Toyota had 107 problems per 100 vehicles; Honda had 113; GM averaged 130. Many such examples do exist in many industries. However, there are many more companies that do suffer many losses due to mistakes that could have been avoided if a thorough FMEA was conducted. Some examples are:

Company: Marrone Pasta Corporation, Carmel, NY.—Bad labeling. (For more information on this case, the reader is encouraged to contact the USDA Meat and Poultry Hotline at 1-800-535-4555.)

Affected products: Pasta Del Mondo chicken ravioli.

Reason: Contains undeclared eggs, which could be dangerous if eaten by someone allergic to eggs.

Number recalled: 3,150 pounds

Company: Candle-lite, Cincinnati, Ohio.—Unsafe design. (For more information on this case the reader is encouraged to contact The Consumer Product Safety Commission.)

Affected products: Ceramic potpourri simmering pots.

Reason: Flames from the tea light candles inside can flare out the side ventilation holes, possibly causing burns.

Number recalled: 80,000

Note: The pots were sold under the Martha Stewart Everyday Brand.

Company: In-Sink-Erator, Racine, Wisconsin.—Defective materials. (For more information on this case the reader is encouraged to contact the Consumer Product Safety Commission.)

Affected products: Half-gallon instant hot water dispensers.

Reason: Water can leak from the metal holding tank, wet insulating material, and cause electrical arcing and heat build-up.

Number recalled: 252,000

Note: Tanks were sold under the brand names In-Sink-Erator, ISE, Steamin’ Hot, Emerson, Dayton, ACE, Kenmore, and Kohler.

Our intent in this edition is to bring the reader up-to-date and to focus on some minor changes, as well as additions, in the process of doing an FMEA. Specifically, we have replaced the ISO chapter with the new information as relates to the ISO 9000:2000, added a new chapter on FMEA and Six Sigma, and a new chapter on machine FMEA. Also, we have added an expanded chapter on the automotive industry and the requirements of the ISO/TS19649. We also have added a chapter on robustness and the linkages of FMEA to boundary diagram, P diagram, interfacing diagram, and the characteristic matrix.

Yet another major change in this addition is the inclusion of a CD to cover all the appendices and added information. We believe that the reader will find it quite helpful. The CD has all the appendices from the first edition but also includes some very current examples of P diagrams, interfacing diagrams, robustness, and a template for an FMEA facilitator to guide him or her through the questioning process. Furthermore, through an example it follows the application of the FMEA methodology from a boundary diagram to a process FMEA.

In addition this edition incorporates:


	New definitions from the SAE J1739 September 2000 revision

	Recognition that environment and attribute FMEA may be an option

	Updated glossary



As in the first edition, we have tried to make each of the chapters and appendices independent of each other. Therefore, the reader may find some overlap in the discussion of each type of the FMEA. This overlap is by design, as we have tried to demonstrate that the FMEA methodology—no matter where it starts—is a connecting thread. That thread is emphasized through the linkages of the FMEA in Chapter 17 and Appendices H and I with several examples. To be sure, if one does all the steps, they will indeed have an excellent design—but not a perfect design, as perfection belongs in the domain of God. On the other hand, if all the steps are not followed then there is a possibility that marginal success may follow.

A final point. Figure 2.6 shows the relationship of the four types of the FMEA. However, Chapter 9 is devoted to machine FMEA, and in Chapter 14 we make references to environmental and attribute FMEA. This is not an oversight on our part, rather the fundamental issues of machine, environmental, and attribute FMEA is nothing more that a variation of design FMEA. Consequently, they do not appear on Figure 2.6. There is no contradiction and there should not be any confusion about it.
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Introduction

In the past 100 years or so, the United States has been the envy of the world. This country has been the leader in almost every major innovation people have made. The historical trend has been positive indeed. But what about the future? Should the status quo be retained? Is there anything to worry about? Can the leadership for tomorrow be guaranteed by following past successes?

Yes, indeed the United States wants to be among the leaders; it wants to be better; its citizens want to work smart and be efficient. But with leadership and general betterment comes change—change in behavior and technology. The old ways served workers well but not anymore. The following saying describes the situation best.

If you always do what you always did, you will always get what you always got.

What the United States has is not good enough anymore as world competition increases. The United States must improve or it will be left behind to those who will pursue technological and quality improvements for their products and/or services. Stated in simple terms: This country must change.

As with any transformation, this change brings uncertainty and risk. The recognition that all well-managed companies are interested in preventing or at least minimizing risk in their operations is the concept of risk management analysis. Bass (1986) showed this concern of risk in Figure I.1. The requirements for performing such analysis may be extensive and demanding. The elimination, control, or reduction of risk is a total commitment by the entire organization, and it is more often than not the responsibility of the engineering department.


[image: ]

Figure I.1 Loss control sequence.

Adopted from Bass, L. 1986. Products Liability: Design and Manufacturing Defects. Colorado Springs, Colo.: Shepard's/McGraw-Hill. Used with Permission.



The focus of identifying and/or analyzing the risks may be due to a variety of reasons, such as customer requests, continual improvement philosophy, and competition. This is shown in Figure I.2.


[image: ]

Figure I.2 Pressures leading to overall perception of risks.



The risk analysis has a fundamental purpose of answering the following two questions (Stamatis 1989, 1991, 1992):


	What can go wrong?

	If something does go wrong, what is the probability of it happening, and what is (are) the consequence(s)?



To answer these questions, problems used to be examined. Of course, by focusing on problems it was assumed that somebody was to blame, and action was taken.

Today, that paradigm has changed. The focus is on prevention. A comparison of the shift in thinking follows.

This book addresses the issue of risk elimination by focusing on the failure mode and effect analysis (FMEA). FMEA is a specific methodology to evaluate a system, design, process, or service for possible ways in which failures (problems, errors, risks, concerns) can occur.
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For each of the failures identified (whether known or potential), an estimate is made of its occurrence, severity, and detection. At that point, an evaluation is made of the necessary action to be taken, planned, or ignored. The emphasis is to minimize the probability of failure or to minimize the effect of failure.

This simple but straightforward approach can be technical (quantitative) or nontechnical (qualitative). In either case, the focus is on the risk one is willing to take. By definition, the FMEA becomes a systematic technique using engineering knowledge, reliability, and organizational development techniques; in other words, teams to optimize the system, design, process, product, and/or service (Stamatis 1991a).

The complication of the approach always depends on the complexity of the problem as defined by the following (Juran and Gryna 1980):


	Safety—Injury is the most serious of all failure effects. In fact, in some cases it is of unquestionable priority. At this point it must be handled either with a hazard analysis and/or failure mode and critical analysis (FMCA).

	Effects on downtime—What problems are affecting yield? How is that effect being monitored? What type of testing is available? Is the testing appropriate? How are repairs made? Are the repairs appropriate? Is preventive maintenance part of quality planning? Can the repairs be made while the machine is off-line or should they be made while the machine is operating? Is corrective action actively pursued?

	Repair planning—Repair time; maintainability; repair costs; repair tools; recommendation(s) for changes in specifications in fit, form, and function. The Shingo (Poka-Yoke) approach, design of experiments (DOE), or design for manufacturability (DFM) may be considered for this problem.

	Access—What hardware items must be removed to gain access to the failed component? This area will be of great importance as environmental laws and regulations are introduced and/or changed to reflect world conditions for disassembly, removal, and disposal.



To carry this methodology to its proper conclusion there are at least four prerequisites that must be understood and followed.


	All problems are not the same. Not all problems are equally important. This is perhaps the most fundamental concept in the entire FMEA methodology. Unless a priority of problems (as a concept) is recognized, workers are likely to be contenders for chasing fires. They will respond to the loudest request and/or the problem of the moment. (In other words, they will manage by emergency.) In no uncertain terms, workers must recognize and believe in the principle of the vital few as opposed to the trivial many (Pareto principle). The FMEA will help identify this priority.

	The customer must be known. Before one undertakes the responsibitity of conducting an FMEA it is imperative that the customer be defined. Traditionally, the definition of customer is thought of as the end user. That, however, may be a simplified approach; indeed a definition that may not apply to the problem. A customer also may be viewed as the subsequent or downstream operation as well as a service operation (Ford 1992). In some cases, the customer may be the operation itself.
This is important because when using the term customer from an FMEA perspective, the definition plays a major role in addressing problems and their solutions. For example, as a general rule, in the design FMEA the customer is viewed as the end user, but in the process FMEA the customer is viewed as the next operation in line.

This next operation may be the end user, but it does not have to be. After the customer has been defined as external, intermediate, internal, or self, it cannot be changed (at least for the problem at hand) without some surprise ramifications. Those ramifications will affect the definition and consequences of the problem.


	The function must be known. It is imperative that the function, purpose, and objective of what is to be accomplished be known. Otherwise the result is wasting time, and the effort is focused on redefining the problem based on situations. If necessary, the extra time must be taken to ensure that everyone concerned understands the function, purpose, and objective of what is to be accomplished.

	One must be prevention oriented. Unless continual improvement is the force that drives the FMEA, the efforts of conducting an FMEA will be static. The FMEA will be conducted only to satisfy customers and/or market requirements to the letter rather than the spirit of the requirements. (Unfortunately, this is a common problem in implementation of an FMEA program). This is a myopic perspective and as such the spirit of improvement will be lost. The emphasis will be on speed—“Let us get it done, as soon as possible and move to the next one.” Remember, there is a correlation between time and quality. The following diagram shows the relationship.
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The moral of the diagram is that it is impossible to have all three factors at the same time. A company must decide which type of product it wants. After the decision is made, it develops that niche in the market. The television commercial for Paul Masson’s wines exemplifies the notion of quality versus time versus price: “We will sell no wine before its time.”

The push for this continual improvement makes the FMEA a dynamic document, changing as the system, design, process, product, and/or service changes with the intent always to make a better system, design, process, product, and/or service. Therefore, all FMEAs are living documents.

Why Conduct An FMEA?

The propensity of managers and engineers to minimize the risk in a particular system, design, process, and/or service has forced an examination of reliability engineering, not only to minimize the risk, but also to define that risk whenever possible. Some of the forces for defining risks were shown in Figure I.2.

These risks can be measured by reliability engineering and/or statistical analysis. Because of their complexity, however, the FMEA has extracted the basic principles without the technical mathematics. (See Appendix A for specific formulae and techniques.) It also has provided a tool that anybody committed to continual improvement can utilize.

Statistical process control (SPC) is another tool that provides the impetus for implementation of an FMEA, especially for a process and service FMEA. SPC provides information about the process in regard to changes. These changes are called common and special causes. From an FMEA perspective, the common causes may be considered as failures that are the result of inherent failure mechanisms; as such, they can affect the entire population. In this case, the common cause may raise additional questions and/or concerns so that further examination of the system or design may be in order (Denson 1992).

Conversely, special causes are considered as failures that result from part defects and/or manufacturing problems; they can affect a relatively small population. In this case, there is cause for examining the process (Denson 1992).

Customer requisition strongly influences the motivation to perform an FMEA. For example, all major automobile companies in their supplier certification standards even before the international standards (such as, Ford— Q101, General Motors—Targets for Excellence, Chrysler—Pentastar) required an FMEA program for their suppliers (Chrysler 1986; Ford 1992; General Motors 1988). The same is true with other industries (such as semiconductor, computer, government, aerospace, and medical device). Through product liability, courts may also require some substantiation as to what level of reliability products and/or services perform (Bass 1986).

International standards such as the ISO 9000 series may define the program of documentation in design (Stamatis 1992; see also Chapter 13). For example, the product liability directive of the European Commission (EC) 1985 stipulates that manufacturers of a product will be held liable, regardless of fault or negligence, if a person is harmed or an object is damaged by a faulty or defective product. (This includes exporters into the European Union [EU] market.) This liability directive essentially reverses the burden of proof of fault from the injured to the producer. For more details see Chapters 13 and 14. (Hagigh 1992; Kolka, Link, and Scott 1992; Kolka and Scott 1992; Linville 1992). In addition, ISO/TS 16949 Section 7 (2002-03-01) is abundantly clear of the FMEA requirement.

Other benefits of conducting an FMEA include the following:


	Helps define the most significant opportunity for achieving fundamental differentiation (Peters 1992). After all, there is only one organization that can distinguish itself as the cheapest in town. The rest have to depend on other attributes.

	Improves the quality, reliability, and safety of the products or service. (Table I.1 shows that even 99.9 percent is not good enough in certain situations.)




Table I.1 Quality today.

[image: ]




	Helps select alternatives (in system, design, process, and service) with high reliability and high safety potential during the early phases (Blanchard 1986).

	Improves the company’s image and competitiveness.

	Helps increase customer satisfaction.

	Reduces product development time and costs.

	Helps select the optimal system design.

	Helps determine the redundancy of the system.

	Helps identify diagnostic procedures.

	Establishes a priority for design improvement actions.

	Helps identify critical and or significant characteristics.

	Helps in the analysis of new manufacturing and or assembly process.

	Helps in the analysis of tasks, sequence, and or service.

	Helps establish the forum for defect prevention.

	Helps error identification and prevention.

	Helps define the corrective action.

	Ensures that all conceivable failures and their effects on operational success have been considered.

	Lists potential failures and identifies the relative magnitude of their effects.

	Provides the basis for the test program during development and final validation of the system, design, process, or service.

	Develops early criteria for manufacturing, process, assembly, and service (Kececioglu 1991).

	Provides historical documentation for future reference to aid in the analysis of field failures and consideration of design, process, and service changes.

	Provides a forum for recommending and tracking risk-reducing actions.

	Major technical advances.

	Demanding customer requirements.

	Intense shareholder pressure.

	Global consolidation of alliances.

	Continuing price and margin pressures.

	Increasing sophistication of customers.

	Economic challenges with design innovations/modifications.



The most important reason for conducting an FMEA is the need to improve. To receive all or some of the benefits of an FMEA program, the need to improve must be ingrained in the organization’s culture. If not, the FMEA program will not succeed. Therefore, a successful FMEA is both a company and a supplier requirement for world-class quality. Specifically, any FMEA can help in the following areas:


	Superior competitive advantage

	Best in class value

	Quality performance

	Sustainable cost advantage

	Flawless launch




	Superior organizational capability

	Brings best of class design

	Breakthrough technology

	Moves fast







	Superior culture

	“Can do” attitude

	Obsesses with continual improvement

	Team spirit

	Saying “no” the right way
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Legal Approach to Liability*

This chapter addresses the fundamentals of product liability, theories of recovery, and defenses and bars to recovery. The intent is to give the engineer some understanding of law and establish the need for FMEA. This is not an attempt to exhaust the topic, or to offer legal advice.

A Legal Approach to Liability

Product liability laws are complex and continue to cover the products and services that enter commerce. By addressing the fundamentals of the legal ramifications of product liability and examining other basic issues regarding liability, the need for conducting an FMEA should be quite obvious.

Who Is Responsible for Safe Products?

Product liability applies to those in the business of manufacturing products that enter the stream of commerce—placing the product in the marketing cycle (Armstrong Rubber Co. v Urquidez, 570 SW2d 3741 [Texas 1978]). Liability includes demonstration, lease, a free sample, or sale of the product. (A product under construction or for internal use is not considered to be in the stream of commerce.)

Specifically, product liability (negligence or strict liability) may be considered in the following industries (Bass 1986, 1991; Pozgar 1993).


	All services, because negligence principles are applicable.

	Software, because there is the potential for personal injury, property damage, or business loss. From a liability perspective the primary issue is not whether software is liable, but whether or not it is a service or a product. If it proves that it is a service, the principles of negligence will apply. If it is considered as a product, the strict liability will apply.

	Engineers and architects, because they provide a service (La Rosa v Scientific Design Co., 402 F2d 937 [3d Cir 1968]).

	Medical products and drugs; depending on how the court views the usage of the product, it may be considered either as a strict liability (Johnson v Sears, Roebuck and Co., 355 F Supp 1065 [ED Wis 1973]) or negligence (Carmichael v Reitz, 17 Cal App 3d 958, 95 Cal Rptr 381 [1971]).

	Component suppliers, because they are held liable under the theories of strict liability, warranty, and negligence (City of Franklin v Badger Ford Truck Sales, Inc., 58 Wis 2d 641, 207 NW2d 866 [1973]).

	Insurance companies, because they have been found liable for negligent inspections performed by their loss control engineers. This may involve furnaces, utilities, buildings, or machinery (Evans v Liberty Mutual Insurance Co., 398 F2d 665 [3d Cir 1968]).

	Testing laboratories, because they have been found liable for negligent tests performed at their facilities (Hemstead v General Fire Extinguisher Corp., 269 F Supp 109 [D Del 1967).

	Franchisors or trademark licensors may be held for strict liability if they have extended strict tort liability to franchisors or trademark licensors who sell the right to use their trade name, or even processes, to others who actually supply the product (Connelly v Uniroyal, Inc., 75 Ill 2d 393, 389 NE2d 155 [1979], revg 55 Ill App 3d 530, 13 Ill Dec 162, 370 Ne2d 1189 [1977]).

	Bailors and lessors of goods; strict liability may be extended to bailors and lessors of goods as well as those who sell goods (Price v Shell Oil Co., 2 Cal 3d 245, 466 P2d 722, 85 Cal Rptr 178 [1970]).

	Sellers of used products, because they have been found liable for negligence, warranty, and strict liability (Turner v International Harvester Co., 133 NJ Super 277, 336 A2d 62, 69 [1975]).

	Landlords, because they have been found liable under negligence (Sargent v Ross, 113 NH 388, 308 A 2d 528 [1973]).

	Engineers, because they have been found liable under negligence. Engineers are held responsible, however, when it can be proved that their negligence resulted in the plaintiff’s injury (Gagre v Bertran, 43 Cal 2d 481 [1954]).

	Rebuilders, because they have been found liable under strict liability, just as with manufacturers of complete machines (Michalko v Cooke Color & Chemical Corp., 91 NJ 386, 451 A2d 179 [1982]).



Athough this list is not exhaustive, the message should be clear that everything one individual or organization does (product or service) can be an issue of liability and negligence. By performing the FMEA at the appropriate stage, the liability and negligence may be minimized, and if punitive damages are not completely eliminated, they will be minimized.

What Is Product Liability?

The term product liability often stands for a variety of meanings; however, the term in law is defined as the liability of a seller or manufacturer for damages caused by its allegedly defective product. Product liability action can be based on a number of legal theories, including negligence, strict liability, fraud, misrepresentation, warranty, and so on. To more fully understand the legal concepts, one must familiarize oneself with some of the basic theories.

Theories of Recovery

Although several legal theories may be used in a product’s liability action, the three most commonly used are: negligence, warranties, and strict liability in tort.

Negligence Action. Negligence law (failing to act as a reasonable and prudent person would in like or similar circumstances) was developed approximately 200 years ago. Before that, all wrongdoers had to pay for any damages that they directly caused. Consequently, a type of no-fault concept would hold the person directly causing the harm to be liable for such harm. Negligence law developed as a protection for the defendant and required more than proof of a mere direct injury. Negligence includes the concept that an individual may not be liable for the direct or indirect harm he or she causes unless he or she has acted unreasonably. The modern view of negligence consists of the following four elements.


	Duty

	Breach

	Causation

	Damages



An individual who is harmed by someone must be able to show all four elements. If any one is missing, there is no case.

The duty element of negligence requires that a person owes to another to conduct him or herself in a particular manner. A person may owe a duty that is created by statute or a local ordinance. For example, a person must drive according to the motor vehicle laws, or construct safe buildings, or build certain items with specific codes so as not to create dangerous conditions to the public.

Duty may be established by the courts, such as exercising reasonable care to protect and warn persons of dangers on one’s property. For example, in medicine, doctors have a duty to practice within the accepted standard of care; engineers have a duty to design and manufacture a safe product.

Duty is measured by the reasonable person under like or similar circumstances and can be created in many different ways based on the facts of a particular case. Therefore, the objective hypothetical reasonable person is the standard by which the law measures the duty of all defendants in a negligence action. If no duty is found, the negligence issue fails and the defendant will not be liable even if he or she caused the damages to the injured party (called the plaintiff).

If a duty is found to exist, then the plaintiff must also show that the defendant breached that duty. In other words, one asks whether the defendant fulfilled the duty to act or not to act in a reasonable manner. Breach of duty is the failure (any failure) to perform or conduct oneself in a particular manner when one is obligated to do so.

The negligent conduct must have been a cause of the injury, and the injury is a natural and probable result of the negligent conduct. “Did the negligent conduct cause the injury to another?” This is the fundamental question of causation and, as such, it has become one of the most philosophical areas of negligence. Because this is a tricky area of defense, defendants will argue that the injured party also was negligent and may have been 40 percent responsible for his or her own injury.

Causation can be divided into two basic elements: (1) the but for test, and (2) proximate or legal cause test. The but for test merely asks the question: “But for the defendant’s conduct, would the accident or injury have occurred?” Obviously, the but for test is very broad and cannot be used alone to sufficiently narrow the possibilities to find responsible parties to an action. For example, but for Joe and Jane the defendant would not have been born; thus, almost all responsibility could be attributed to some past, direct happenings. Negligence law includes only those causes that have been a proximate or legal cause in producing the damage to the plaintiff. Proximate cause is measured by the substantial factor test, which includes only causes that have been a substantial factor in producing the plaintiff’s damages. What constitutes a substantial factor will vary from case to case, but such flexibility is necessary because of the wide variety of situations brought as negligence actions.

Generally, damages are determined by asking how has the injured party suffered physically, mentally, financially, or otherwise. (Many forget this piece of the puzzle.) If there is a suit for negligent acts of another, the plaintiff must be able to demonstrate in court that harm has occurred. If a person was hurt by a product, run over by a truck, slipped and fell, used a defective product, or received improper care from a physician, or wrong instructions in the course of using a product, it may be that there was clear negligent conduct. The person suing must show that he or she was harmed even if the wrongdoer admits his or her negligence.

If the defendant has breached his or her duty, and this breach caused the harm or damages, then he or she may be found liable. Engineers who work with exactitude may have some difficulty with apparent vagueness of the elements of negligence; however, this vagueness is necessary because negligence law covers almost any conceivable situation. No one correct answer is possible when one considers the almost infinite variety of situations that occur in day-to-day activities. The variable conduct of human beings, however, by observance of social norms, can be considered either reasonable or unreasonable. This is the essence of negligence.

Warranties. Warranty law, a hybrid of both contract and tort law, developed before negligence. Warranties can be either expressed or implied. Thus, if the seller of a product states that the product will perform in a certain manner, and the product fails to live up to those expressed representations, then the seller may be found liable. Through custom, it gradually became common for certain products to be expected to perform in a certain manner, and if the product failed to do so, the user was deprived of his or her reasonable expectations. Under these conditions, the seller could be found liable for warranties, which by implication accompanied the product. The warranty types of actions have now been codified in almost all jurisdictions (states and territories), and can be found in the Uniform Commercial Code (UCC). The UCC generally involves commercial situations; however, it also may be used in personal injury actions. The expressed warranty is found in UCC S2-316, whereas the implied warranties are found in UCC S2-314 (implied warranty of merchantability), and UCC S2-315 (implied warranty of fitness for a particular purpose).

Strict Liability in Tort. As negligence law developed, the concept of no-fault method of recovery retained some vitality. Negligence law developed as a protection for the defendant, especially newly developing industries and railroads at the time of the industrial revolution. Thus, if the defendant caused injury to the plaintiff, but acted reasonably, he or she was not liable. There were certain types of conduct, however, that the law considered so hazardous or unsafe that the older no-fault concept law was retained to establish liability. Thus, one who used dynamite (no matter how reasonably) was held liable for the injury caused by the dynamite. In addition, food that was unwholesome or deleterious was considered a product to which negligence should not apply. The restaurant that served unwholesome food was strictly liable for the damages caused by such food. This type of liability was called strict liability, absolute liability, or no-fault liability because, no matter how reasonably he or she acted, the defendant could be held liable if his or her deleterious food or dynamite caused injury.

As negligence law developed and the industrial revolution moved into the twentieth century, the production and marketing of all products began to expand and involve more complex situations. In the nineteenth century the sale and exchange of goods and products was, more or less, on a one-to-one basis. In this instance the buyer or user, familiar with the product, would inspect the product for defects. Furthermore, the nineteenth century exchange of goods did not involve mass advertising and extremely complicated products. Therefore, it was assumed and expected that a buyer could and would inspect for defects and accept or reject the product upon delivery. This may have been acceptable practice for products such as the rake, plow, or saddle; however, with the advent of mass production, complicated machinery, and Madison Avenue advertising, a modern consumer was neither capable of nor expected to inspect products such as his or her automobile, blender, or combine. In addition, the manner of production changed to such an extent that it became impossible for a plaintiff to prove negligence.

Although nineteenth century buyers could show with some reasonable certainty that the cobbler’s conduct was unreasonable when he failed to properly nail shoes, it was almost impossible for the twentieth century consumers to discover the exact point in the chain of production where the vehicle or product became defective and how the defendant’s conduct was unreasonable. With greater public reliance upon products being reasonably safe, without inspection, the almost impossible problems of proving who was responsible for unreasonable conduct, and what conduct in the manufacturing process was unreasonable, resulted in more injured consumers not being recompensed for injuries that truly were caused by defective products.

In recognition of the serious problems caused by the requirements of negligence law, the courts began to allow recovery under a theory of strict liability in tort. Beginning in 1963 in California with Greenman v Yuba Power Products, Inc., 59 Cal 2d 57, 377 P2d 897, 27 Cal Rptr 697 (1963), the courts allowed recovery without showing a defect was caused by unreasonable conduct. The requirement changed. Now, the plaintiff must show that the product was defective, and that the defect caused him or her injury. Thus, the emphasis changed from the showing of unreasonable conduct that created the defect to one of merely showing a defect, regardless of how or what caused the defect in the product. If the plaintiff could show that the product left the manufacturer’s or seller’s hands in a defective condition, and that the defect caused the plaintiff injury, he or she could recover.

From 1963 until the present, almost all jurisdictions in the United States have adopted strict liability in product liability actions. The generally accepted version of strict liability is found in the American Law Institute’s Restatement (Second) of Torts S402A (1965), which states:


	One who sells any product in a defective condition unreasonably dangerous to the user or consumer or to his or her property is subject to liability for physical harm thereby caused to the ultimate user or consumer, or to his property, if:

	the seller is engaged in the business of selling such a product, and

	it is expected to and does reach the user or consumer without substantial change in the condition in which it is sold.




	The rule stated in Subsection (1) applies although:

	the seller has exercised all possible care in the preparation and sale of his or her product, and

	the user or consumer has not bought the product from or entered into any contractual relation with the seller.






Although one can examine in detail the language of S402A, the major elements consist of:


	A defect/unreasonably dangerous

	Causation

	Damages



What Is a Product?

Historically a product was a chattel, defined as an article of personal property which was not land. The courts, however, recently have allowed recovery under a product liability theory for homes, rental apartments, and sometimes, condominiums. The term product also can include the product’s packaging or container; some courts have included electricity as a product.

Because the product definition by the courts is so broad, one may wonder, how can the court define the defect and what are some of the conditions that will indeed define the defect (if in fact, there is such a requirement)?

In order to understand the defect requirement one must understand how the legal system defines defects, how it views the types of defects, and whether or not there is a difference between design, manufacturing, and service.

Defects

In the scientific and realistic sense, nothing is perfect (Bass 1986, 1991). All products and/or services have flaws. From a legal perspective, defects are defined based on user expectation, manufacturer representation, and foreseeability. The test for defect is safe performance under foreseeable conditions of use.

The law generally agrees that perfect safety usually is not technologically possible or if it is possible, it costs too much. Therefore, a defect is more likely to be discussed under a customer expectation test or a risk-benefit test (Bass 1986, 1991).

Types of Defects

A product presents a reasonable risk and is not defective when:


	The product meets the ordinary customer’s expectations.

	Risks are reduced to the greatest extent possible by design or safety features (Peters 1992).

	The product contains adequate warnings that a risk is associated with the product.

	The user is given enough information to decide whether or not to accept the risk.

	The benefits cannot be obtained in a less risky way.

	It is not economically feasible to reduce the severity.

	Evaluating the product as a whole, the benefits outweigh the risks.



Products may be defined as defective because they:


	Deviate from the intended condition by the manufacturer

	Are unsafe, due to design defects, even though they are produced perfectly

	Are incapable of meeting their implied or expressed claims of performance

	Are dangerous because they lack adequate warnings and instructions



Design Defects

A design defect is a defect that affects an entire line of products (Bass 1986; Omdahl 1988; ASQC 1983). It may be a result of trade-off analysis, cost-benefit analysis, and/or customer’s requirements. A design defect occurs when a product does not adequately protect against risks of injury, fails to perform intended functions safely, does not protect adequately against the danger against which it was supposed to guard, creates unreasonably dangerous side effects, or fails to minimize avoidable consequences in the event of an accident.

Manufacturing Defects

A manufacturing defect exists when the product does not meet the manufacturer’s own specifications (Bass 1986; Omdahl 1988; ASQC 1983). This can be because:


	The raw materials or components used in making the product may contain unacceptable flaws.

	There are assembly mistakes.



The major issue in manufacturing defect cases is whether the defect is due to a mistake in design, manufacturing, normal wear, normal tear, or misuse.

Service Defects

A service defect exists when the service does not meet the defined criteria of the design and/or the customer. The FMEA can and does provide the method for analysis of known and potential problems in all of the system, design, process, and service phases. (Remember, although the law describes defects, in modern quality thinking one should substitute the term nonconformity in its place.)

The Defect Requirement

The major consideration of S402A is the defect requirement. In fact, negligence, strict liability, and implied warranties all require at least three of the same elements that the plaintiff must prove to sustain his or her case: (1) defect, (2) causation, and (3) damages. The major difference between negligence law and strict liability and warranties is that in negligence the plaintiff must prove unreasonable conduct that causes the defect or injury, whereas in strict liability and implied warranties all the plaintiff has to prove is the existence of the defect itself. In strict liability actions there are three basic types of defects that may render the defendant liable. They are:


	Manufacturing defects

	Design defects

	A failure to adequately instruct on usage and a failure to warn of dangers in the product



A manufacturing defect exists when the product comes off the production line in a condition different from what the manufacturer intended. Thus, a rectangular cover plate that was intended to have a total of four holes, one at each corner for bolts, would contain a manufacturing defect if it had only three holes. In other words, the product that has a manufacturing defect is different than the other products that come off the production line.

A design defect is when a product is designed such that there are unreasonable dangers in the product as designed. Thus, a designer might design a rectangular plate with only three holes in the plate where it is to be fixed with bolts, but because of the design, the plate might fail due to lack of sufficient bolts fixing the plate in place. Here it is clear that there is no manufacturing defect because the plate comes off the production line as intended (like all others), but is maldesigned.

If a product is to be used in a specified manner, the manufacturer has the obligation to give sufficient instruction to the person who is to use the product. If the manufacturer fails to give instructions or gives inadequate instructions, and the consumer uses the product in a forbidden manner and is injured, the consumer may recover because of the lack of instructions.

Finally, a product can be perfectly manufactured, have no design defect, and may contain adequate instructions on usage, but still be defective. This is true if the manufacturer fails to warn about the dangers that may be involved in proper usage.

The Parties

Defendant—Seller and Stream of Commerce. It is assumed that the manufacturer of the product may be a defendant in a product liability action. But what about other parties such as assemblers and component part manufacturers? Can they be sellers? In Suvada v White Motor Co., 210 NE 2d 182 (I11 1965), the defendant Bendix-Westinghouse Automotive Air Brake Company was held liable for a defective brake system installed in a tractor by White Motor Company.

Although White Motor Company did not make a change in the brake system, White also was liable to the plaintiff for the defective brake. There are numerous cases where the assembler of a defective component part is liable to the plaintiff even though he or she did nothing to the component part nor could have discovered the defect.

The law has developed in such a way that any party that comes into contact in the commercial stream may be held strictly liable for the defective product. Thus, wholesalers, retailers, and distributors have been held liable and some courts have held used-goods dealers and lessors of defective products liable under a strict liability theory. A famous Indiana case stated the following:

“Liability under S402A will attach to anyone who places such a product in the stream of commerce by sale, lease, bailment or other means.” Gilbert v Stone City Construction Co., 357 NE 2d 738 (Ind Ct App 1976).

The Plaintiff—The User. Recovery will be allowed for the consumer or user of the defective product. Since privity has been eliminated in all but a few commercial cases, it is not necessary that the user be the actual purchaser of the product. The plaintiff may be a neighbor who borrows a lawn mower and is injured by it, or he or she may be the employee using the punch press. What about the bystander or onlooker? Can the person walking on the sidewalk and struck by the rock thrown from an unshielded lawn mower recover? In strict liability actions, all jurisdictions that have discussed the issue allow the bystander or onlooker to recover.

Defenses and Bars to Recovery

There are many factors that may bar a plaintiff even though he or she can show that a defective product caused him or her injury, and there are several defenses or bars to liability that question the elements of defect, duty, or causation. Remember that a plaintiff may bring his or her action based upon multiple theories, and that a valid defense under one theory may not be a defense under another theory. For example, contributory negligence is a defense in negligence actions, but is not a defense in strict liability actions. Thus, one should note the context of which defense or bar to recovery applies to each legal theory.

Privity. Since medieval times, a seller or manufacturer could be held liable for a breach of warranty, but only to the immediate buyer. In the mid-nineteenth century this same concept (called privity) was extended to negligence cases. Thus, a buyer of a defective product could not recover unless he or she could show some type of contractual nexus between him or herself and the seller. In 1916, in the case of MacPherson v Buick Motor Co.,111 NE 1050 (NY 1916), the privity concept was eliminated in negligence actions and within the next 50 years all jurisdictions followed the MacPherson rule.

It is now well accepted in negligence and strict liability cases that no privity is required. In some jurisdictions privity may still be required in UCC cases that have their basis in contract law and do not involve personal injuries.

Contributory Negligence. As the nineteenth century common law concept of negligence developed, a complete defense evolved which consisted of the plaintiff’s own negligence contributing to his or her injury (called contributory negligence). Thus, if the plaintiff was contributorily negligent, and such contributory negligence was a substantial factor in bringing about his or her own harm, the plaintiff was barred from recovery. As a fault concept, this was compatible with nineteenth century logic—a wrongdoer should not recover. Contributory negligence, however, was greatly criticized on many grounds, including the concept that although a person had contributed somewhat (say, theoretically 5 percent) to his or her own injury, he or she should not be completely deprived of recovery when the defendant was the major wrongdoer (say, 95 percent).

In strict liability actions (including warranty actions), fault of either the defendant or the plaintiff is not a factor. In other words, the unreasonable conduct of the defendant in creating the defective product is not a consideration, nor is the unreasonable conduct of the plaintiff in contributing to his or her own injury. Thus, in strict liability actions, contributory negligence is not a defense (Farmer v School District, 171 Wash 278, 17 P 2d 899).

Assumption of Risk. The second major defense in negligence actions is assumption of the risk (sometimes called incurred risk). Assumption of the risk is based upon consent. Consent is measured upon a subjective standard. If the plaintiff consents, either expressly or impliedly, then he or she cannot complain of his or her injury. Consent consists of four major elements:


	Knowledge

	Understanding

	Appreciation

	Voluntariness



Thus, the plaintiff must have actual knowledge (subjective) of the risk, understand the consequences (subjective) of the risk, appreciate the extent (subjective) of the risk, and voluntarily enter said risk. All four elements must be complied with before anyone is said to consent. For example, for something to be done voluntarily, the person making the choice must be given reasonable and viable alternatives or he/she cannot be said to have voluntarily undertaken the risk.

In many situations all four elements of assumption of risk may be met, yet the plaintiff may still have acted reasonably in his or her choice (reasonable assumption of risk). In other situations the plaintiff may have consented to an unreasonable risk; thus, his or her consent becomes unreasonable based upon objective standards (unreasonable assumption of risk).

In negligence law either reasonable or unreasonable assumption of risk is a defense. In strict liability (or warranty) cases, however, only unreasonable assumption of risk is considered a defense.

Misuse. The misuse of a product is said to be a defense or bar to plaintiff’s recovery. Misuse has been used interchangeably with abnormal use and unintended use. Misuse was first used in the context of how the manufacturer subjectively intended the product to be used. This concept was extremely narrow, however, and misuse was gradually broadened to require the manufacturer to objectively anticipate or foresee greater use of the product. In this expanded, foreseeability concept, the manufacturer was required to objectively anticipate the uses of the product in the environment in which the product was placed. Thus, unusual but foreseeable uses would not be considered a misuse of the product.

Misuse also was considered part of the defense of contributory negligence or assumption of risk. In other instances, misuse was considered a part of the defect requirement or of causation. This chameleon character of misuse proved to be confusing to everyone.

Misuse, if it has independent existence as a bar to plaintiff’s recovery, depends upon reasonable foreseeability. If the use of the product is not foreseeable, then such unforeseeable use may bar the plaintiff’s recovery. Foreseeability of use, however, is not restricted to the manner of use that a manufacturer desires, but may include all objectively foreseeable uses of a particular product in a particular environment. The ingestion of furniture polish by young children is hardly the intended use of furniture polish. But what would be more reasonably foreseeable than young children consuming bottles of red liquid that look like cherry cola?

Comparative Fault. After heavy criticism of both contributory negligence and assumption of risk as complete bars to recovery, almost all jurisdictions have adopted some form of comparative fault or comparative negligence. In such jurisdictions the contributory negligence and assumption of risk of the plaintiff are weighed against the fault of the defendant, and the plaintiff is allowed recovery based upon a percentage comparison. Sometimes misuse is also included in such percentage comparison. There are three major types of comparative negligence:


	49 percent to 51 percent. In some jurisdictions the plaintiff is allowed to recover as long as his or her fault or negligence is less than that of the defendant. If the plaintiff’s fault is equal to or greater than that of the defendant, he or she cannot recover.

	50 percent to 50 percent. In some jurisdictions, if the plaintiff’s conduct or negligence is equal to or less than the negligence of the defendant, then he or she may recover.

	Pure comparative fault. In a growing number of jurisdictions, the plaintiff is allowed to recover, and his or her damages are to be reduced by the proportion of his or her contributory fault, whether it is 1 percent or 99 percent. Thus, a plaintiff who is 65 percent at fault is still allowed to recover 35 percent of the costs of his or her injury.



In negligence actions, comparative fault seems appropriate, but in strict liability actions, the fault of either party is irrelevant. It would seem that comparative fault would not be appropriate in strict liability cases since this would bring contributory negligence back as a defense. Despite the incompatibility of the theories, a growing number of courts have allowed the comparison of all forms of plaintiff’s conduct (contributory negligence and assumption of risk) to apply comparative fault in strict liability actions.

State of the Art. It has been said that state of the art is not a defense to liability under any theory of recovery, but is merely an explanation of what is being done by a particular industry at a particular time. In recent years, however, several states have enacted legislation that does have a defense called state of the art. The real problem is defining state of the art.

State of the art has been used to mean many different things. At one end of the spectrum of meanings is custom and practice in the industry; at the other end of the spectrum is that state of the art is the cumulation of all conceivable knowledge relating to a product at any given point in time. The case law has discussed both ends of the spectrum and quite a bit in between.

If used in a legal context, state of the art does not mean the custom or standards of a particular industry. See Cantu v John Deer Co., 24 Wash App 701, 603 P2d 839 at 840 (1979).

The generally accepted state of the art definition is: whatever is technologically feasible and economically feasible at the time of either the manufacture of the product or at the time of the accident. Thus, to be in conformance with the state of the art, the manufacturer or seller must consider what is feasible, not what is being done. An entire industry could be acting in a substandard manner in producing a particular product, and it is no defense to say that no one is using a particular guard or safety device as long as it was feasible to include such guard or safety device with the product. The primary reason for the rejection of any particular custom or usage of any industry as a complete defense is the court’s lack of trust in self-imposed standards, and the court’s recognition that any such self-regulatory standard will probably provide only a minimum of protection and safety for the consumer or user.

State of the art does not mean that the seller must do the impossible or perform the impractical. For instance, a $500 product may not necessarily have to include a $1000 guarding device to make it safer because this would not be economically feasible. A $500 product may have to include a $10 guard, however, if such guard could reduce injuries to the user.

Technological feasibility does not require prescience; however, any technology that could reasonably be incorporated with a product and that could reduce injuries or improve safety may be required. State of the art does not require that a manufacturer use certain safety items; however, if injury or damage results from the lack of such safety items or design, the manufacturer may have to pay for said injuries.

Recently, New Jersey decided that state of the art was not an acceptable defense to strict liability in tort. Beshada v Johns-Manville Products Corp., 90 NJ 191, 447 A2d 539 (1982).

The effects of customer satisfaction because of a defect (nonconformance) in design, manufacturing, or service may cause the customer to sue. But what is the legal process to sue? The next section addresses this problem.

The Legal Process

The focus of this section is on the legal process as it relates to design and manufacturing. It is an attempt to give a sense of understanding of the legal process for those who design and manufacture a product. This is not an exhaustive legal review; however, the short summary should establish the ground for the engineer and/or those around the design process to take preventive measures to avoid legal action.

A Cursory View of the Legal Process*

A lawsuit begins when a person (corporations, as well, are considered as persons for legal purposes) whose body or property is injured (or damaged or destroyed) alleges that the injury was caused by the acts of another and files a complaint. The person asserting the complaint is the plaintiff and it is brought against the defendant.

Implicit in such a complaint must be the existence of duty (or responsibility) that would make the defendant liable to the plaintiff, if the plaintiff can prove his or her case. In addition to a duty, the plaintiff also must assert that there is cause of action (a legal theory or principle) that would permit the plaintiff to recover damages (money, return, or restoration of property, or whatever may be appropriate to restore the plaintiff to the condition existing before the injury).

For example, a product manufacturer has a duty to use reasonable care in the design and manufacture of a product and this duty extends to all persons who can reasonably be expected to use or come in contact with the product.
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