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INTRODUCTION

Many people (if not most) never seriously reflect on matters of probability and statistics. Nonetheless,
there is a general understanding on some level that there are risks involved with common activities such
as driving and flying, but a comfortable belief that these risks are an ignorable low. There are two types
of uncertainty. If 1,000 tickets are sold in a raffle, then the odds of a particular ticket being drawn are
1:1000, but it is a certainty that one ticket (and only one) will be drawn -- one ticket will definitely win.
Simple statistical methods compute the probabilities. By contrast, while there is a chance that airplanes
will crash, it is not known for sure that one will, and one crash does not preclude a second or third. A
quoted risk describes a potential situation. This type of uncertainty is often manifested in less dramatic
contexts; for example, weather forecasting. Uncertainty in a forecast is due partly to uncertainties in the
multitude of variables which affect the weather and partly to the complexity of the predictive models.
Each variable has its own probability of playing an influential part in the final outcome, and that
probability can be affected by other variables.

Trying to take a deterministic approach to weather prediction (i.e., assigning single values to the
variables) is not realistic. Deterministic calculations can prejudice important decisions. The use of
Probabilistic Methods (or Probabilistics) has been gaining support over recent years to address
situations which are influenced by multiple parameters, some of which may be interdependent and all of
which are subject to some level of variability. In all cases, the probabilistic approaches have been
developed as extensions of existing deterministic analyses, and caveats are inherited. However, if the
deterministic models are inadequate, then neither deterministic nor derivative probabilistic methods can
be expected to yield reliable answers.

Early applications of probabilistic methods typically assessed the risks associated with deterministically
designed hardware. In some cases, this was driven by problems encountered in manufacture or in
service where the level of variability in component or system response was greater than could be
accommodated by a deterministic model. This required a closer look at the sources of variability. In
other cases, it was impossible to validate a deterministic model by testing (e.g., nuclear power station
pressure vessels) and hence the need for a failure risk analysis became apparent.
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INTRODUCTION (Continued)

As familiarity was gained in using probabilistic methods for risk assessment, it was natural to suggest
that probabilistic approaches could be used in the design stage. In particular, it was recognized that the
deterministic design philosophy could be excessively conservative due to the application of multiple
safety factors (e.g., worst material properties, worst tolerances and most adverse loading conditions).
Probabilistic methods allow a realistic assessment to be performed of the probability of occurrence of
combinations of these worst cases, and, when combined with a sensitivity analysis, indicate how a
design should be adjusted to achieve robustness (i.e., minimum sensitivity to variations in design input
parameters). Figure 1 shows a summary comparison of Probabilistic and Deterministic design methods.

DETERMINISTIC PROBABILISTIC

INPUT Single valued, Statistical Distribution

often Worst-Case |
ANALYSIS Finite Element or Finite Element or
METHOD Handbook Solution Handbook Solution
OUTPUT Life/Margin Probability of Failure
RISK ASSESSMENT | Not Possible Built-In
CONSERVATISM Usually Significant Calculable

but not Calculable

FIGURE 1 - Probabilistic Design Determines the Risk of Failure

There are a number of issues that are often raised concerning probabilistic analysis: Can risk be
computed accurately? Can the variables be correctly and accurately characterized? |s the methodology
sound? These are good questions, and they are being addressed by a growing number of practitioners
interested in using probabilistic methods in a wide variety of applications from the oil and solid fuels
industries to design of buildings and gas turbine engines.

A survey has been conducted among a wide variety of professionals within SAE, to identify the reasons
which inhibit or might inhibit the application of probabilistic methods within their organizations. While this
survey may not have captured every concern, it did highlight major issues which need to be addressed.
These can be broadly categorized into (a) perceptions and (b) technical limitations. The perceptions
emanate from a reluctance to adopt a new approach, lack of knowledge and understanding of
probabilistic methods, and concerns relating to product liability issues. The technical limitations include
concerns about characterization of variables, lack of appropriate methodologies and lack of validating
evidence for the new methods. This AIR explores these perceptions and technical limitations in detail,
offers some suggestions for addressing these concerns and promotes the adoption of probabilistic
methods.
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1. SCOPE:
This SAE Aerospace Information Report (AIR) addresses the following:

a. Perceptions which inhibit the introduction of probabilistic methods
b.  Technical limitations of probabilistic methods
o Recommendations to help promote the use of probabilistic methods

The document does not contain technical details of probabilistic methods, applications or
benchmarking of specific approaches. These subjects are covered in other AIRs, referenced in
Section 2 and prepared by the Probabilistic Methods Committee of the G-11 Reliability, Maintainability,
Supportability and Logistics (RMSL) Division of SAE.

1.1 Purpose:

The purpose of this document is to identify the perceptions which inhibit the introduction of
probabilistic methods, and the technical limitations which might preclude or limit their use in certain
applications. Each perception and limitation is discussed in detail to give the reader a thorough
understanding of the relevant issues. Some examples are also given of the benefits of using
probabilistic methods; these also help to answer some of the identified concerns.

2. REFERENCES:

The following publications form a part of this document to the extent specified herein. The latest issue
of SAE publications shall apply. In the event of conflict between the text of this document and
references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

2.1 SAE Publications:
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.
AIR5080 Integration of Probabilistic Methods into the Design Process

2.2 Other References:

1. Rapoff, A.J., DillLH.D., and Sanger, K.B., "An Improved Certification Methodology for
Composite Structures, Vol. 1 - Data Analysis and Methodology Development,” Final Report for
NAWC Contract N62269-87-C-0258, August 1989.

2. E.P. Fox, "The Pratt and Whitney Probabilistic Designh System”, AIAA/ASME/ASCE/ AHS/ASC
35th Structures, Structural Dynamics, and Material Conference, Hilton Head, South Carolina,
AlAA 94-1442.

3. M.C. Shiao, S.N. Singhal, "Network Based Parallelism of Probabilistic composite Structural
Analysis", AIAA/ASME/ASCE/AHS/ASC 36th Structures, Structural Dynamics, and Material
Conference, New QOrleans, LA, AlIAA-95-1259-CP.
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2.2 (Continued):

4.

3.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

P.G. Roth, "On the Applicability of Probabilistics”, Copyright 1995 by GE Aircraft Engines.
Published by the Society for the Advancement of Material and Process Engineering.

E.P. Fox, "Statistical Characterization of Life Drivers for a Probabilistic Design Analysis", AIAA/
SAE/ASME/ASEE 28th Joint Propulsion Conference, Nashville, TN, AIAA-92-3414.

C.C. Chamis “Probabilistic Method and Design Applications for Composite Structures”, SAE G-
11 RMS Committee and SAE Meeting and Exhibits, 7th Annual SAE International, May
24,1995 TF1-9.

J.D. Adamson, “The Probabilistic Designh System Experience,” AIAA/ASME/ASCE /AHS/ASC
35th Structures, Structural Dynamics and Materials Conference, Hilton Head SC, AIAA 94-
1443.

Y.T. Wu, “Probabilistic Structural Analysis Method (PSAM)" Review Meeting at NASA LeRC,
March 1993, Southwest Research |nstitute.

“‘Haste Not Waste”, Quality Today, pages 54-56, April 1996.

F/A-18 E/F Design Techniques Maintain Affordability”, Aviation Week and Space Technology,
pages 97-100, September 25, 1995,

“Driving for Quality”, Assembly, September 1995.

Yang, J.S., Nikolaidis, E., and Haftka, R.T., “Design of Aircraft Wings Subjected to Gust Loads:
A System Reliability Approach, Computers and Structures, Vol. 36 No. 6, pp1057-1068.
Yang, J.S., and Nikolaidis, E., 1991, “Probabilistic Design of Aircraft Wings; A Safety Index
Approach”, AIAA Journal, Vol. 29, No.5, May 1991, pages 804-812.

H.D. McWllliams, M.R. Khalessi, E. Azhang, and Singhal, “Legal Aspects of Emerging
Probabilistic Structural Analysis and Design technology”, AIAA/ASME/ASCE/AHS/ ACE 35th
Structures, Structural Dynamics and Materials Conference, New Orleans, LA. AIAA-95-1261.
F. Moses, Probabilistic Structural Mechanics Handbook-Theory and Industrial ~ Applications,
edited by C.R. Sundararajan, Chapman and Hall publishing New York, 1995, p. 166.

P.G. Roth, "Probabilistic Rotor Design System (PRDS) Phase 1,"WL-TR-92-2011, Aero
Propulsion and Power Directorate, Wright Laboratory, Air Force Systems Command, Wright-
Patterson Air Force Base, Ohio, 45433-6563 (1992).

Wiitten discussion submitted by W. Weibull following the presentation: Planning and
Interpretation of Fatigue Tests, A. M. Freudenthal, ASTM STP 121, pp.3-22 (June, 1951).

D. M. Neal, W. T. Matthews and M. G. Vangel. "Model Sensitivity in Stress-Strength
Reliability Computations”. MTL TR-91-3, Army Materials Technology Laboratory, Watertown,
MA 02172-0001.

Freudenthal A. F., "Fatigue Sensitivity and Reliability of Mechanical Systems, Especially
Aircraft Structures,” WADD Technical Report 61-33, Wright-Patterson Air Force Base, OH
45433 (1961).

Breiman L. and Stone C., "Broad Spectrum Estimates and Confidence Intervals for Tail
Quantiles". Technical Report No. 48, Statistics Department, University of California, Berkeley,
CA (1985) (Also to be published in Journal of Statistical Computation and Simulation).
Elishakoff, |., and Hasofer, 1992, "Effects of Human Error on Reliability of Structures,”
Herhandez, R. R., 1993, "Reliability Assessment Under Incomplete Information: An Evaluative
Study," M. S. Thesis, Aerospace and Ocean Engineering, Virginia Polytechnic Institute and
State University, Blacksburg, Virginia.

Ben-Haim, Y. and Elishakoff, |., 1990, Convex Models of Uncertainty in Applied Mechanics,
Elsevier, Amsterdam.
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2.2 (Continued):

24. Melchers, R. E., 1987, Structural Reliability Analysis and Prediction, Ellis Horwood Limited,
UK.

25. Fox, E. P, 1993, "Methods of Integrating Probabilistic Design Within an Organization's Design
System Using Box-Behnken Matrices," 34th IAA/ASME/ASCE/AHS/ASC Structures, Structural
Dynamics and Materials Conference, AIAA-93-1380-CP.

26. Dhillon, B. S. "Mechanical Reliability: Interference Theory Models," 1980 Annual Reliability
and Maintainability Symposium, San Francisco, CA

27. Shooman, M. L., "Probabilistic Reliability: An Engineering Approach" 2nd. Edition. R. E. Krieger
Publishing Co., Florida. 1990.

28. Kececioglu, D., "Probabilistic Design Methods and Reliability, Theory Data, and Research
Requirements," Proceedings of 1977 Conference on Failure Prevention and Reliability.
Available from ASME, New York, N.Y. 10017.

29. Ponslet, E., Maglaras, G., Haftka, R. T, Nikolaidis, E, Sensharma, P.,, and Cudney, H. H,,
1994, "Analytical and Experimental Comparison of Probabilistic and Deterministic
Optimization," 5th AIAA/NASA/USAF/ISSMO Symposium on Multidisciplinary Analysis and
Optimization, September, Panama City, Florida.

30. Martz, H.F., Waller, R.A. (1982), Statistical Models and Methods for Lifetime Data, New York:
John Wiley & Sons, pp. 392-440.

31. Kapur, K. C. and Lamberson, L. R. "Reliability in Engineering Design" John Wiley and Sons,
Ltd., New York, 1977.

32. Chiang, W. L., Dong, W. M., and Wong, F. S., 1987, "Dynamic Response of Structures with
Uncertain Parameters: A Comparative Study of Probabilistic and Fuzzy Set Models,"
Probabilistic Engineering Mechanics, 2(2), p 82-91.

33. Elishakoff, I., 1990, "On the Uncertainty Triangle," The Shock and Vibration Digest, 22(10), 1.

3. PERCEPTIONS:

Many factors can work against the introduction of any new technology into engineering design. The
relatively recent introduction of finite element stress analysis methods provides many good examples.
It was a long, uphill struggle to convince potential users and their management of the benefits of finite
elements given early technical limitations (e.g., restriction to 2-D models, necessary assumption of
elastic isotropic material behavior, modest computer power allowing only one or two hundred
elements, etc.), combined with negative perceptions (e.g., hard to use, too costly, not compatible with
existing methods or design codes, etc.). Today, 30 years later, finite element analyses are the norm
and are embedded in most computer-based design systems. The traditional hand calculations, which
used to be the standard, now serve primarily as reality checks on the finite element results.

Similar barriers today sometimes stand in the way of probabilistic methods. There are parallel
technical limitations (difficulty formulating specific design problems, lack of adequate solution

technigues, lack of input data, inadequacy of computational resources, etc.) and essentially the same
set of negative perceptions (hard to use, too costly, etc.).
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3. (Continued):

This section addresses the following perceptual concerns relating to the introduction of probabilistic

methods:

a. Inertia - Why use methods which are difficult and depart radically from existing practices?

b. Cost/Benefit - Is the use of probabilistic methods worth the effort?

c. Bad Experiences - Do Probabilistic methods trade safety for low cost?

d. Implications of Risk - Is it meaningful to consider and define an acceptable risk of failure? Are there

legal precedents for use of probabilistic methods and acceptance of a risk of failure?
e. Contractual Issues - Does the customer require or allow the use of probabilistic methods?

3.1 Inertia:

Unless a new technology is totally transparent to the user, there is usually some resistance to its
introduction. This is true even of something as simple as word processing. Why learn something
hew? And, in fact, this inertia is not all bad; if systems are always changing, then everyone's time is
spent at the bottom of ever-changing learning curves. Tools are intended to facilitate work; little is
accomplished if significant additional work is created so as to learn the tools.

Probabilistic methods have been developing for many years, but applications have only recently
become practical given the computational power required by some of the numerical algorithms. Itis
expected that resistance to their use will decrease as people become aware of their capabilities and
familiar with their techniques. Courses in engineering curricula at universities, training for practicing
engineers, and publication of reports promoting the use of practical probabilistic tools will assist to
this end.

Some of the most common arguments against using these new probabilistic methods now ensue
along with discussion on how they might be countered.

3.1.1 A Radical Departure from Existing Practices: Engineers are trained to rely on methods and
standards which have been accepted for many years. Frequently these are institutionalized in
documented design practices or guides, and sometimes become required codes. Although these
codes can facilitate design of systems for which there is some experience, they may not apply to
new designs, concepts and materials. Moreover, pressure to rely on these codes can suppress
innovation. New technologies are more easily sold when there are no alternatives. The aero-
propulsion community has recognized, for example, that fatigue life is inherently statistical, and
probabilistic approaches are being adopted for life prediction of powder nickel and titanium alloys
in gas turbine applications. Despite this success, probabilistic methods are still often viewed as
radical departures from accepted deterministic practices.
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3.1.1 (Continued):

Probabilistic methods are, in fact, usually close descendants of deterministic methods, born from a
need to quantify the effects of input variability. The connection is more easily made when the
probabilistic tools share the look and feel of the originating deterministic methodologies. For
example, stresses in a centrifugally loaded disk dovetail slot may be sensitive to geometric
dimensions, material yield strength and coefficient of friction. A commercially available finite
element stress code may be run for selected combinations of these input parameters to generate a
stress response surface. This much is deterministic; the designer can explore the surface and
perhaps determine that the stress stays acceptably low for all likely values of the input. If not, then
the same response surface may be used to estimate the probability of encountering input
combinations yielding stresses greater than the design allowables.

The use of composite materials in the primary structure of military aircraft is forcing the engineering
community to re-look at current approaches to design and certification; there is a strong feeling that
probabilistic methods are required. Composites exhibit more scatter in their material properties
than metals, are more sensitive to environmental effects such as temperature and moisture content
and are more susceptible to damage from low velocity impacts.

Consider the current process of designing and certifying a fighter aircraft for the military. The
structural design is based on the Safe Life philosophy which seeks to ensure that catastrophic
failures will be extremely improbable during the aircraft's operational life. To this end, strain
allowables are computed and then reduced by statistical factors. Additionally, certification testing
is performed using loads that are increased to account for various unforeseen or unknown factors.
A-basis allowables are typically used in desighing metal structures (i.e., 95% confidence that the
allowable will not be exceeded 99% of the time).

Metal aircraft designed to these allowables are certified by running two full-scale tests. The firstis
a static test to 150% of the design limit load (DLL) and the second is a fatigue test to two times the
design life of the aircraft. Both of these tests are performed under ambient conditions.

It has been estimated (Reference 1) that these tests demonstrate reliabilities in the order of
99.9997% for ultimate strength and 91.857% for fatigue life. These results are consistent with fleet
experience which has shown that fatigue failures (i.e., cracks) are not uncommon in service but
static failures almost never occur. (The fatigue failures are generally not catastrophic but must be
repaired before the aircraft can be returned to service.) Note that this certification process is not
based on achieving the aforementioned reliabilities, it is just the process that is used. The intent of
the Safe Life rules is to guarantee extremely low risks; however, failure probabilities are never
quantified. While some aircraft developed under these rules have had reliability problems, failures
have not been catastrophic. As a result, the approach is regarded as proven and effective, and
design engineers, procurement offices and regulatory agencies are all comfortable with it. Still, an
engineer can never claim to completely understand the capability of a Safe Life designed part or
system since the actual risks (probabilities of failure) are not quantified.
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3.1.1 (Continued):

For composite or mixed metal and composite aircraft structures, the certification process is
somewhat more complex. The test plan negotiated with the customer will typically include full-
scale static and fatigue tests (similar to those for metallic aircraft) and will be supported by a variety
of component and sub-component tests. The full-scale tests are run under ambient conditions,
and the test articles do not include any known damage.

The full-scale static test is performed to a load that is set high to offset the increased material
scatter, and to simulate the worst environment and the possible presence of damage. This results
in a Test Limit Load (TLL) that is close to 200% of the DLL rather than the 150% of DLL used for
metallic aircraft. To pass the test, the measured strains at the TLL must be less than the allowable
strains established in the design phase. |n addition, the strain responses at several critical
locations must correlate with analytically predicted strains for those same locations.

The full-scale fatigue test is designed to account for the material scatter, environmental sensitivity,
and strength reductions due to damage in the composite components. There are two basic
approaches for including these effects; either the test can be run for two lifetimes at higher than
expected peak loads, or it can be run significantly more than two lifetimes at the expected peak
loads. It may be that neither approach will provide desirable results. A case in point is
documented in Reference 1. Because of the large scatter associated with the composite materials,
the test either had to use peak loads that were 10 to 20% higher than the expected loads or be
conducted for 3 to 10 lifetimes to achieve the same reliability as the similar test on an all-metal
aircraft. Either option would place unduly harsh requirements on the metal components in the
mixed metal/composite structure and the test would eventually fail the metal components before
any damage is seen in the composites. (lronically, however, the composites in current aircraft are
being operated to such low strain levels that there are practically never fatigue problems and the
two lifetime test at the expected peak loads required to validate the metal components may be
adequate.)

Since composites are more sensitive to environmental effects, the coupons used to establish
composite allowables are tested in the environment that yields the lowest properties. Compression
properties will typically be determined from tests performed in hot, wet environments and tension
properties will be similarly determined from tests in cold, dry conditions. Additionally, the tests are
performed on open-hole, filled hole or impact damaged specimens. The type of coupon that is
used is usually negotiated with the certifying agency, but the design that produces the lowest strain
allowable will typically be chosen. In effect, this design approach assumes that every structure in
an aircraft is damaged and will experience the extreme environments.

While A-basis allowables are used in designing metal structures, B-basis allowables are more
often used for composite structures so that designs will not be penalized by the larger scatter (B-
basis means that with 95% confidence, allowables will not be exceeded 90% of the time).

The decision to fall back to B-basis allowables may be viewed with suspicion: The benefits of the

composites are emphasized while potential shortcomings are left out of focus. This rather
unflattering assessment would be better avoided.
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3.1.1 (Continued):

In the name of safety, the deterministic approach to composite structural design completely ignores
the probabilities of factors affecting (or not affecting) the integrity of a system. Peak loads are
assumed in the most hostile environment with damage present; there is no regard given to the
remoteness of these conditions occurring simultaneously. Taken separately, each conservative
assumption may be reasonable, but collectively, they can seriously restrict true potential of a
composite material application. In contrast to what one expects, conservatism increases with
experience since experience leads to new concerns. This approach can preclude any new
material from becoming successful, and can lead to a paralysis of concern even with materials
already deemed successful.

The probabilistic approach to composite design retains the deterministic models but quantifies and
controls the risk of failure. By combining relevant parameters in a realistic fashion, the advantages
offered by composites can be realized without the burden of doubts such as those raised by the ad
hoc B-basis decision. This example serves to show not only that probabilistic methods are not a
radical departure from deterministic methods but also that, for composite materials, they are the
preferred approach.

3.1.2 Isn't Compatible with Existing Tools: There are examples of probabilistic design systems which
have tried for acceptance by industry but failed due to a reliance on non-standard programs and
procedures. It is probably not reasonable to expect a company to willingly drop processes which
work well in exchange for a black box of unfamiliar tools. Probabilistic methods are built on
deterministic methods; it helps in the selling if this is made clear by using a common set of
programs.

A company will presumably try to use programs and practices that it feels best models the
essential aspects of its products. A company may develop its own analysis modules which
incorporate its refined understanding of a material's behavior or a design concept's performance.
As understanding improves, the modules improve. Probabilistic methods are more likely to be
applied if they can easily be wrapped around the company's evolving expertise.

One firm currently marketing probabilistic design software has accepted this lesson. Its software,
which had been built around a non-standard finite element package, has recently been modified to
be compatible with a commercial finite element code in widespread use. It is known that at least
two other upcoming probabilistic software releases will be compatible with a variety of finite
element software and that some large finite element developers are considering adding
probabilistic methods to their products.

Also, probabilistic analysis does not always involve finite element analysis. Software exists that
permits an analyst to specify the function (e.g., a beam equation out of a handbook) and determine

the variability in the resulting stresses based on varying the beam's cross-section, length and
applied load.
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3.1.2 (Continued):

It is envisioned that engineers will routinely compare a design which has been developed
deterministically with an alternative designed probabilistically. Several efforts to produce such an
automated capability are on-going and it is expected that one or more will be commercially
available before the year 2000. As well as being useful, arguably essential, during the proving
years for probabilistic methods, an automated capability should also help dispel the myth that
probabilistic methods are so radical a departure from existing deterministic practices.

It should also be noted that one general probabilistic analysis system is being developed for the
gas turbine industry under sponsorship by the FAA and the Aerospace Industry Association, and
should be available by 1999.

3.1.3 Difficult to Use: Another perception which hinders acceptance of probabilistic methods in design
engineering is that probabilistic methods are too complex and difficult to use, and are not
understandable except to a small class of experts. Somewhat difficult mathematics is an
understandable hurdle. Also, many (if not most) engineers never took a Probability and Statistics
course during their formative years and are reluctant to go explore unknown territory. Clearly, to
use probabilistic methods, it helps to understand and have some feeling for the basics.

Adding appropriate courses to engineering curricula would be a good first step to mitigating this
problem, and some large companies that have been moving towards probabilistic design (or at
least Statistical Process Control (SPC)) do offer in-house classes. Also, companies which market
probabilistic software are usually prepared to offer training and provide consultation. A few other
steps can be suggested:

a. Augment training with a rigorous analysis review process until probabilistic methods become
more established. This approach of training and review has been tried with designers having
very little formal statistics training and seems to work well.

b. Many probabilistic analysis approaches are based on response surface models of the design
objectives. Providing an engineer with a measure (or measures) of goodness of fit helps
reduce doubts that can make the analysis process memorably unpleasant (Reference 2). Such
measurement capabilities should ideally be incorporated into the analysis packages.

c. Another feature being incorporated into some newer packages is the provision of libraries of
distributional information for material properties, loading conditions, inspection procedures, etc.
This removes the burden from the analyst of having to decide which distributional model fits the
particular input variable. See Reference 6 for a description of one probabilistic design system
which has developed a user-friendly Graphical User Interface using MCTIF on a SUN
Workstation. This system features input variable distributional information from pull down
menus, uses the same analysis models and codes that are used for deterministic analysis,
provides measures of the quality of the statistical model developed, and is ideal for rapid
parametric and sensitivity studies.

Documents

Full document details: SAE AIR5086


http://avadocuments2026.com/doc/sae-air5086
http://avadocuments2026.com/doc/sae-air5086

SAE AIR5086 Page 13 of 42

3.1.3 (Continued):

Difficulty of use (whether real or not) has, in some cases, kept probabilistic methods as an “over
the wall hand-off” to a group not in the main-stream of the design process. Analyses that require
programs which are run only by individuals outside of the design process often do not impact the
design process since needed design information (which can change daily) tends not to be properly
communicated. Committee members have related more than one story having the following
common narrative: The probabilistic analysis experts are asked to sit down with the designers and
are given the required information for a requested analysis. They work long overtime setting up
and running the analysis, and report results in a couple of weeks only to discover that the
designers have changed some aspects of the problem or have made a design decision based on a
deterministic calculation or on intuition.

On the basis of such experiences it is recommended that designers and analysts work together to
establish a mutually usable probabilistic tool if that tool is to be effective in the design process. To
that end, it is again emphasized that it helps if probabilistic methods have the look and feel of
deterministic methods to whatever extent is possible.

A final general suggestion: Limit the scope of initial applications. Look for opportunities which can
utilize available tools with minimal investment needed for new technology.

3.1.4 Takes Too Long: Another perception in the way of acceptance of probabilistic methods is the time
required to develop an adequate simulation or empirical representation of a particular failure mode
on a specific design. This is not a new problem, and much progress has been made toward
alleviating it. Newer software offers not only accelerated computations but also improved user
interfaces and modeling tools permitting designers to conduct rapid parametric sensitivity studies.

Two techniques which are well demonstrated to improve turnaround are:

a. Parallel Processing: Tying multiple Workstations together to divide the work of a large Monte
Carlo simulation. One study of a NASA developed probabilistic code for polymeric composite
analysis indicated an improvement in turn-around analysis time of from four to ten times by
using the parallel processing approach, (Reference 3).

b. Response Surface Modeling: Monte Carlo simulation based on a response surface
approximation to a complex problem. The number of states of the system which must be
evaluated (say, by finite element analysis) is minimized by application of design of experiments
methodology.

Other design analysis steps also take too long. One factor in the early derision of finite elements
was the time required to set up and run even simple problems. Building a finite element model
{(geometric definition, selection of mesh densities, application of boundary conditions) still requires
significant effort, but unabashed acceptance of the technigue has pushed the evolution of the
modeling tools, and the complexity is accepted.
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