
 



 



 

 



 



 



 



 



 



 

 



 



 



 



 



 

 



 



 



 

 



 

 



 



 

 



 



 

 



 

 



 



 

 

 

 



 

 

 

 



 



 

 



 

 

 



 



 



 



 

 



 



 



 

 



 



 



 



 



 

 



 



 

 



 



 



 

 



 



 



 

 

 



 



 



 

 



 

 

 



 

 



 

 



 

 



 



 



 



 



 

 

 

 



 

 



 



 



 



 

 

 



 

 



 

 

 

 



 

 

 



 

 



 



 

 

 



 

 



 



 



 

 



 



 



 



 

 



 



 

 



 

 

 



 



 

 

 

 

 



 

 



 



 

 



 

 

 

 



 



 

 



 



 

 



 

 

 
8.6.3 Measuring Product Risk 

8.6.4 Project Risk 

 



 

8.7 ROBUST DECISION MAKING 
The great challenge during conceptual design evaluation is to make good decisions 

in spite of the fact that the information about the concepts is uncertain, incomplete, 

and evolving. Recent methods have been developed that are especially designed to 

manage these types of decision problems. These methods are referred to as robust 

decision-making methods. The word “robust” will be used again in Chap. 10 to 

refer to final products that are of high quality because they are insensitive to 

manufacturing variation, operating temperature, wear, and other uncontrolled 

factors. Here we use the term “robust” to refer to decisions that are as insensitive 

as possible to the uncertainty, incompleteness, and evolution of the information 

that they are based on. 

 



 



 



 



 

 



 



 



 



 

 

 



 

 



 



 

 



 



 

10.4 TRADE-OFF MANAGEMENT 

10.5 ACCURACY, VARIATION, AND NOISE 



 



 

 



10.6 MODELING FOR PERFORMANCE 
EVALUATION 

10.6.1 Step 1: Identify the Output Responses 
(i.e., the Critical or Quality Parameters) 
That Need to Be Measured 
Often the goal in evaluation is to see if a new idea is feasible. Even with this 

ill-defined goal, the important critical parameters, those that determine the performance, 

must be clearly identified. In developing engineering requirements and 

targets during the specification development phase of the design process, many 

parameters of interest are identified. As the product is refined, other important 

requirements and targets arise. Thus, throughout the development of the product, 

the parameters that demonstrate the performance of the product are identified and 

measured during product evaluation. 

 

10.6.2 Step 2: Note the Needed Fidelity 
Early in the product refinement, it may be sufficient to find only the order of 

magnitude of some parameters. Back-of-the-envelope calculations may be sufficient 

indicators of performance for relative comparisons.As the product is refined, 

the accuracy of the evaluation modeling must be increased to enable comparison 

with the target values. It is important to realize the degree of fidelity needed 

before beginning the evaluation. Effort spent on a finite-element model is wasted 

if a rough calculation using classical strength-of-materials techniques or a simple 

laboratory test of a piece of actual material is sufficient. Getting this wrong 

can lead to “paralysis by analysis”—overanalyzing to the point that progress is 

stifled. 

 

10.6.3 Step 3: Identify the Input Signal, the Control 
Parameters and Their Limits, and Noises 
It is important, before beginning to model a system, that a P-diagram is drawn 

and the factors affecting the output be at least initially identified and classified. 

Input signals are the energy, information, and materials modified by the product 

or process. Usually these signals are important; however, they may be secondary 

to the control parameters and ignored in many design situations 

 

10.6.4 Step 4: Understand Analytical 
Modeling Capabilities 
Generally, analytical methods are less expensive and faster to implement than 

physical modeling methods. However, the applicability of analytical methods 

depends on the level of accuracy needed and on the availability of sufficient 

methods. For example, a rough estimate of the stiffness of a diving board can 

be made using methods from strength of materials. In this analysis, the board 

is assumed to be a cantilever beam, made of one piece of material, of constant 

prismatic cross section, and with known moment of inertia. Further, the load 

of a diver bouncing on the end of the board is estimated to be a constant point 

load. With this analysis, the important dependent variables—the energy storage 

properties of the board, its deflection, and the maximum stress—can be estimated. 

Using more sophisticated and advanced strength of materials modeling 

techniques, the fidelity of the model is improved. For example, the taper of 

the diving board, the distributed nature of the diver in both time and space, 

and the structure of the board can be modeled. The dependent variables remain 

unchanged. More parameters that are independent can now be utilized in a more 

laborious and more accurate evaluation. 

 



10.6.5 Step 5: Understand the Physical 
Modeling Capabilities 
 
Physical models, or prototypes, are hardware representations of all or part of the 

final product. Most design engineers would like to see and touch physical realizations 

of their concepts all the way through the design process. However, time, 

money, equipment, and knowledge—the same resource limitations that affect 

analytical modeling—control the ability to develop physical models. Generally, 

the fact that physical models are expensive and take time to produce, controls 

their use. 

 

10.6.6 Step 6: Select the Most Appropriate 
Modeling Method 
There is nothing as satisfying in engineering as modeling a system both 

analytically and physically and having the results agree! However, resources 

rarely allow both modeling methods to be pursued. Thus, the method that yields 

the needed accuracy with the fewest resources must be selected. 

 

10.6.7 Step 7: Perform the Analysis or Experiments 
and Verify the Results 
Document that the targets have been met or that the model has given a clear 

indication of what parameters to alter, which direction to alter them in, and how 

much to alter them. In evaluating models, not only are the results as important 

as in scientific experimentation, but since the results of the modeling are used 

to patch or refine the product, the model must also give an indication of what 

to change and by how much. In analytical modeling, this is possible through 

sensitivity analysis, as will be discussed in Section 10.7. This is more difficult 

with physical models. Unless the model itself is designed to allow easily changed 

parameters, it may be difficult to learn what to do next. 

For the Marin suspension system, steps 1–3 are included 

10.7 TOLERANCE ANALYSIS 
This section focuses on manufacturing variations and tolerances. We begin with 

a discussion of the relationship between tolerances and manufacturing variations. 

 

10.7.1 The Difference Between Manufacturing 
Variations and Tolerance 

10.7.2 General Tolerancing Considerations 



 



 



 



 



 



 



 



 



 



 

 



 

 



 

11.4 DFM—DESIGN FOR MANUFACTURE 

11.5 DFA—DESIGN-FOR-ASSEMBLY 
EVALUATION 

11.5.1 Evaluation of the Overall Assembly 



 
11.5.2 Evaluation of Component Retrieval 

11.5.3 Evaluation of Component Handling 

11.5.4 Evaluation of Component Mating 

11.6 DFR—DESIGN FOR RELIABILITY 

11.6.1 Failure Modes and Effects Analysis 



 

 



 



 



 

11.7 DFT AND DFM—DESIGN FOR TEST 
AND MAINTENANCE 

11.8 DFE—DESIGN FOR THE ENVIRONMENT 



 

 



 



 



 



 



 



 



 



 



 



 



 

 


