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ABSTRACT

A model is developed for research project selection
Planning and decision making. The model combines evalua-
tions of each project's direct and indirect benefits,
uncertainty in achieving these benefits, and schedule
priority with resource budget and program balance con-
straints. The combination of the interactive effect of
project selection, resource allocation and scheduling
considerations into one model permits tradeoff alterna-
tives to be studied. An additional asset of the model is
its use of clients' value judgments in evaluating the
benefits from each proposed project. The model is applied
to the NASBA Civil Helicopter Technology Program. Research
project priorities for this program are established,
strengths and weaknesses of the model are discussed, and

areas of future development are recommended.
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CHAPTER I
INTRODUCTION

The purpose of this research is to develop a model
for research project selection planning and decision mak-
ing and to apply it to NASA's Civil Helicopter Technology
Program. The actions prescribed by a plan can be chosen
from among several possible altvernatives, any one of which
could be selected. In the field of research and develop-
ment, each alternative "plan of action" must include the
related problems of project selection, resource allocation,
and schedule pricrity. In situations where research pro-
grams are narrow 1n scope, planning decisions involving
these problems are typically made implicitly. In such
situations, the decision maker identifies the criteria
pelevant to each decision, evaluates each alternative
pelative to the criteria, and integrates the information
to achieve the overall evaluation. This evaluation re-
sults in an outline of the project tasks, an allocation of
resources and a schedule to "best™ achieve the program
objectives.

Problems of larger scope result in a more complex
planning environment. One such problem is the need to
encompass a wide range of technologies to achieve program

goals. In this case, it is unlikely that any one




individual would have the necessary expertise in every
required area of technology. A sccond problem is the
need +o consider the value structure of many research
clients. In the past, there has been a noted absence of
effort to identify the requirements of the technology
users. Even less effort has been devoted to identifying
the effect of the technology on the non~user. The past
conflicts between society and its technology emphasizes
the lack of this type of information and its potential
value. The importance of the requirements of both users
and non-users dictates that their views be identified and
weighed in planning future technology. A final problem
creating a more complex planning environment is that there
are simply too many considerations to be integrated with
an implicit model.

In situations where any of these conditions occur,
there are several reasons why management should rely on
a more explicit project selection planning model. First,
by defining the decision process and eriteria before
evaluations begin, the decision maker can help to insure
that the projects are consistently evaluated. Second, an
intuitive process cannot deal effectively with the wealth
of information involved in the decision. Third, the model
provides a logical mechanism to explain the reasons project

selection decisions were made as they were. Finally, by
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placing emphasis on the decision process, the model makes
management wore aware of the information that should be
acquired when making project selection decisions.

There have been numerous project selection planning
models developed in the past twenty years. Recent bibli-
ographies (1,2,3) list many different models which treat
this problem, ranging from subjective scoring models to
highly analytical programming models. The proposed model
is different in two basic ways. First, the model provides
a value structure framework for using the subjective judg-
ments of both users and non-users of the required techno-
logies as inputs to the planning process. An understanding
of the requirements of these groups is essential in order
to identify, as well as to establish the relative worth
of, research objectives. A model whose objective is to
establish research project priorities must therefore
incorporate inputs from these groups. Second, +he model
incorporates resource allocation and project scheduling
information into the project selection decision process
so that the tradeoffs between resource allocation, schedul-
ing and project selection decisions may be considered.

The majority of past planning models have dealt with these
decision processes independently, giving little considera-
tion to the interacting effects of each decision on the

other. As Shaller (4) states:




"Formulation of an analytical description

or a tractable model of the entire problem

of research planning so that one could

proceed in a systematic manner...is not

yet in sight. Herein lies the challenge.”
The proposed model is a first step in achieving thié objec-
tive,

To incorporate the realities of a complex planning
environment, emphasis has been placed on maintaining close
coordination with management of a "real life' research
program (the NASA Civil Helicopter Technology Program),
to which this mcdel will be applied. This program meets
all the conditions that require a documented project
selection planning model, previously discussed. The pro-
posed model must therefore incorporate the features
essential for real world applicability.

This study is subdivided into five chapters. Chapter
T has defined the problem that will be addressed. In
Chapter II, characteristics of the research and development
planning environment are discussed, several previously
developed project selection planning models are reviewed
and their strengths and weaknesses identified, and desirable
attributes of a project selection model are recommended.
Chapter III is directed at the development of the model.
The application of this model to a "real life" problem is

the topic of Chapter IV and research project priorities

are identified. In addition, emphasis is placed on
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evaluating the effectiveness of the model as a pPlanning

aid. Finally, in Chapter V, a summary of the research

findings, conclusions, and recommendations for further
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B CHAPTER II

DESTRABLE ATTRIBUTES OF A SELECTION MODEL

=

The preceding chapter demonstrated the need for a

E-an ryks )

research and development project selection planning model.

This chapter is concerned with identification of desirable

e

. attributes of a planning model. Considerations of user
needs dictates several apparent attributes. First, the
model must be easy to implement and simple to use. It is
apparent that to obtain the maximum utilization of such a
i decision making procedure, formal or informal, one should
Place emphasis on its being understood and accepted by the
user. Second, the model should be capable of combining
subjective and objective information. That is, it should
insure a consistent means to convert information obtained
by subjective judgment into a form suitable for use by

: quantitative analysis. Third, the method should force

- explicit consideration of all the elements which constitute

—a
BN |

the decision problem and therefore incorporate many sub-

strategies. These sub-strategies should ineclude both

g'r'

the direct and indirect contributions of projects to the

i

achievement of program goals, the uncertainty inherent

in the process, considerations of schedule priority, as
well as projects costs and budget constraints. Fourth,

because these sub-strategies are often interdependent, the




model should provide the means to identify tradeoffs in
various ways in order to promote visibility in the

decision making process. Fifth, the method should be
capable of identifying the effects of value judgments

on decisions at all levels of the analysis, not just the
final results. In addition, it should focus on the
identification of critical information gaps in the decision
process and therefore permit crucial questions to be
structured to refine the information interface between the
analyst and the various users of the system. inally the
model should insure the effective utilization of all the
expertise available to the organization. This is especially
important when the program spans a wide range of technical
disciplines. The usefulness of these attributes becomes
much more apparent when one considers the characteristics
of the research and development environment and the
strengths and weaknesses of previously developed project
selection planning models in dealing with the constraints

imposed by this environment.

A. Characteristics of the Planning Environment

Ideally, research project selection decisions should
be based on a quantitative tradeoff of known facts about

the parameters concerned with the various alternatives.

Realistically, however, many factors combine to erode this

situation. One factor is that the projects being evaluated
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and compared are quite often in different stages, ranging
fron basiec to applied research to advanced development.
The nature of the stage dictates, +o a large extent, the
information that is available fop Project selection plan-
ning. In basic research projects, the pPrimary goal ig a
more complete knowledge or understanding of the subject
under study. Applied research pProjects are directed
toward practical application of knowledge with +he
solution of specific Droblems in mind. Finally, in
development Projects, the objective is the systematic use
of knowledge for the Production of usefyi materials,
devices, systems and the like,

At theip inception, many facets of basic research
Projects are il} defined and difficult to formalize and
evaluate on an objecuive basis., 1Tp this situation it is
difficult to clearly identify objectives, payoffs, costs
and performance criterig simply because of the many
technical unknowns, the continual discovery of new facts,
the constantly changing constraints, and criteria that
are often qualitative in nature. In addition, there is
often a lack of information regarding methods to be
used to achieve the research objectives (5). Therefore
the variance between estimates and actual achievement is
frequentiy large.

As a project moves from the basgie to applied Stage
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and then to development, the amount learned about the
subject increases and information and judgment become more
quantifiable. That is, the data on which to base decisions
and the decision criteria themselves become more easily
defined and meaningful. Also, as Rubenstein (B) suggests,
decision criteria not only become better defined, but they
may also change from the +ime of the initial decision to
begin to final development. Thus, both data and criteria
can be time variant, another factor contributing to the
difficulties in decision making. These problems are
compounded in research environments where the need exists
to compare projects which are in different stages. In
this situation, complexity is introduced due to the
differences in output from each project type and the
differences in the degree to which activities in each
phase can be related to and measured in terms of overall
program objectives. 1In addition, as Brandenburg and
Stedry (7) note, the three R & D stages are interrelated,
even though only loose coupl;ng may exist among them.

The vresearch and development process is in many ways
heuristic in nature. Each sequential step provides
knowledge useful in the next step. Therefore it is often
difficult to establish a clear action orientation for the
extended program. In addition, each step in the process

often involves significant uncertainties about feasible
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solutions. Uncertainty i1s, in fact, an integral character-
istic of the work (1). Therefore the decision maker should
accept the uncertainty and attempt to incorporate estimates
of it in the decision process.

Another characteristic of this environment is that the
project selection problem is not independent of other
decisicns faced by research management. The project selec-
tion decision, is, in fact, related to both resource
allocation and scheduling decisions. Therefore it is
necessary for a model to provide a mechanism to pefﬁit
the tradeoffs between these decisions to be identified
and evaluated.

A final factor creating complexity in the decision
process is that research is often characterized by a
multitude of goals which are neither independent nor
always consistent. Some of these goals cannot be stated
in operational formj; that is, they only lend themselves
to qualitative descriptors that are not easily quantii:ed.
Even those goals which are amenable to quantification
rarely can be expressed by a common measure, thus posing
the problem of incommensurabilities (8). In addition,
the value structure underlying these goals 1s an equally
important facet of the problem. It is the value structure
that determines the long range worth of the program re-

sults. Therefore these values should be identified and

N e




11
incorporated into the method of assessing the overall worth

of each project. Value analysis and worth assessment rein-

force the need to incorporate subjective, qualitative inputs.

As Miller (9) states, the assessment of worth is, by
definition, a subjective process, therefore while it is
important to make this process objective and free from bias,

it is impossible to eliminate individual judgment values.

B. Review of Project Selection Models

Many studies of the project selection problem have been
made in the past fifteen to twenty years and many formal
models have been proposed. These models can be ggnerally
classified into five categories according to the basic ap-
proach used. These categories are economic models, decision
theory models, scoring models, mathemaiical programming
models and operations research models. The approach under-
lying each type of model is discussed in the following

paragraphs.

1. Economic Models

Economic models are basgd on forecasts of the profita-~
bility of the project being considered, in terms of the
expected revenue and the investment required to generate
this revenue. They utilize principles of discounted cash
flow and seek to optimize an economic objective function

which is normally profitability. Therefore they are

L=
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dependent on the ability to accurately predict the amount

of investments required by the project and the forecasted
revenues. This type of model does not incorporate a sub-
jective value structure and normally only inecludes a single
economic goal. As a result, these models are mainly employed
to select projects which are in later stages of development
where data on investment and project income are available.
Exanples of this type of model are ones developed by Cramer

and Smith (10) and by Dean and Sengupta (11).

2. Decision Theory Models

The decision theory type of model portrays the decision
maker as making a choice from among a set of alternatives
A= {ay, az, .. am}, given: (1) a set of objectives or
goals 0 = {015 025 +-4> on} which the decision maker wishes
to achieve, (2) a set of probabilities P;; representing the

chances of each objective being realized by each alternative

and (3) a measure of the relative worth or a cardinal ranking,

of each objective W = {wy, Wa, ..., wn}. The optimum course
of action is specified as that alternative which yields the
maximum expected worth, or utility

n
E(U); = max ) SIPPLIY

. J
j=1
This type of approach is simple to use and is capable
of combining both subjezctive and objective information, in-

cluding the value structur: of several decision makers (see

S
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for example, the work of Litchfield et al (48)). However,
this approach does not incorporate the resource allocation
and scheduling'facets of the selection problem and therefore
it can not be used to study the tradeoffs between these

substrategies.

3. Scoring Models

Project scoring models are one of the most widely used
methods for project selection (12). Moore (12) has presented
an excellent summary of the structure of this type of model:

(1) A number of criteria (i=1,2,3...n) are identified;
these should include all considerations relevant +to the
selection decision and should be independent.

(2) For each criterion, a scale having m scale points
is developed. Each scale point (j=1,2...m) is defined by
a descriptive phrase and a numerical score, with the score
denoting the value or contribution of +the describing phrase.

Fach project proposed (k=1,2...q) is evaluated with
respect to each criterion by a process that determines which
phrase best indicates what the project is "most likely™"
to achieve. The appropriaté scale point score is +then
assigned. Let Vik be the value of the k D project when rated
on the ith criteria.

(4) The Vik scores are combined over all criteria to

vield an overall project score, Vk’ for the k! project.

C.
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(5) The Vk Scores form the basis for the Process of
selecting projects fronm among the alternatives.

(6) In some cases, weights, Wi, are assigned to each
criterion to refleot relative differences in importance
among criteria. The higher the score, the more desirable
the project. The rationale behind the concept of this model
is that there are knowledgeable persons within the research
organization that have the quantity and quality of information
to make the judgments required fop successful implementation
of the model.

One of the earliest applications of thig approach to
project selection modeling is the work of Mottley and Newton
(13). In their model, projects are rated on a scale of
boor, unforeseeable, fair, and high, relating to a 0,1,2 or
8 score on a numerieal scale. Five criteria are used;
promise of success, time to completion, cost of the broject,
stragetic need and market gain; with each criterion stated
in the form of a question to be answered for each project
being evaluated. Fop example, considering the time +o
completion eriterion, the evaluation seeks to determine how
long it would take to completed each research project. It
is assumed, that, other things being equal, a project that
can be completed within a Predetermined specified time is
more valuable than one that requires more time. The in-

dividual scores of each criterion are then combined into
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a multiplicative index by which the projects are ranked.
Projects are selected by their relative rank until the re-
search budget has been consumed.

The model of Dean and Nishery (14) utilizes a five
point scale for thirty-six different project criteria which
are separated into market value and technical categories.
Weights for each criterion are employed and a separate score
for each category calculated. Weights are then attached to .
each category score and an additive project score computed.
Other project scoring models worthy of note are those of L
Hitchecock (15) and Chiogioji (16). ¥

There are several advantages to this type of approach.
Its main advantage is its ability to treat non-quantifiable
inputs. As Moore (12) notes, even in the later stages of
a project's life, non-quantifiable criteria play a signifi-
cant role in project selection. One may therefore conclude i
that a scoring model formulation which integrates quantita-
tive data with subjective data is capable of yielding mean- ;“
ingful project evaluations at all stages of project
development.

Another advantage of this type of model is its simplicity.

By using a mathematical simulation to compare the working of
several types of selection models, Moore and Baker (17)
showed that the simpler scoring mocdels performed almost as

well as the more sophisticated models. From the results of
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their study, they concluded that the costs and complexity
entailed in more sophisticated, gquantitative selecticn
models are generally not warranted.

A third advantage is its diagnostic capabilities. In

I I | I— [ —;

this type of approach, weak as well as strong points of
specific projects can be flagged for special attention.
Therefore, this type of approach is particularly well suited
B in identifying information gaps where further study is re-

quired.

There are three major deficiencies in this type of model.

The first-is that the selectlon of projects from a ranked

| I—

1list offers no assurance of an optimal allocation. A

second deficiency is that selection from a ranked list

 A——

permits only one constraint to be considered, usually a !

research budget constraint. The fact that this type of

e L

3
model does not consider resource allocation or scheduling }
facets of the decision is a third deficiency.

1

I,

4. Mathematical Programming Models

Various models have been proposed which used mathemat-

 Sip—

ical programming techniques to formulate the project selec-

 S—

tion problem. This type of approach deals with the inter-

-5

action of many variables which are subject to restraining

=

conditions; the objective is to maximize the total value of

all the projects being considered subject to the prescribed

an

constraints. Typically, the value of each project proposal
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is measured in terms of financial worth, although there is
nothing inherent in the theory of these programming schemes
which necessitates limitation to solely economic value.

Both linear and dynamic programming formulations have been

used, but the complexity and data normally available (see,

for example, the work of Hess (18) and Rosen and Souder (192).

A representative example of the linear programming
approach to the project selection problem is the model
developed by Bell and Read (20) and used by the Central
Electricity Generating Board in England. In this model,
each project or alternative version of a project is re-
presented by a variable that may take any value between
zero (not selected) and unity (fully selected). The ob-
jective is to select a subset of versions of projects that
maximizes an economic benefit function, subject to given
resource constraints in each of several future time periods.

Each project is allowed several project versions that
correspond to: a) different rates of accomplishing the
project, to b) different technical versions. or to ¢)
different times for initiating the project. The objective
function for the model is:

n

.
i
Maximize [ ] } bs: Xss]
i=1 3=1 Y

where:
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xij is the allocation variable for the j'l:h version of
project i,
i3 is the expected benefit for the jth version of
project i,
n is the number of projects being evaluated for
possible inclusion in the research program, and
m. is the version number of project i.
Limited availabilities of both money and manpower resources
are defined for each future time period, p, by constraints

of the Fform:

n M3 k = 1,2,...N
igl jgl aijkp Xig = Akp P =1,2,...P
where
aijkp is the amount of the kth resource type required
by version j of project i, in future time period
D.
Akp is the resource budget of the kth regsource in the
time period p.
N is the number of resource categories.
P is the number of time periods.

To insure that each procject appears at most once in the

solution, the following constraints are added:

) T b < e
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An advantage of this particular model is its use of
different project versions, reflecting different approaches
to accomplish the same project objective. Thus, for example,
the options of starting a project in planning periods other
than the current one may be examined. The value of this
feature is that it enables a study to be made of accomplish-
ing projects in series or parallel, thus permitting one to
relate project selection and resource allocation decisions
with schedule priority considerations.

One weakness of this model is its sole reliance on
economic factors for definition of project benefits. No
consideration is given to project benefits that may not
be expressed in terms of economic benefits. A second
weakness is the model's use of partially funded projects.
Bell and Read (20) argue that this form of output is
valuable because it permits further insight into the
optimal allocation of resources to each project. However,
they assume that a continuous function can be defined to
relate resources expended and benefit obtained. In most
cases, this is an unrealistic assumption. The problem of
partiall-r funded projects can, however, be avoided by the
use of integer programming, which insures complete rejection
or acceptance of a project.

The most important asset of the linear programming

approach to the problem selection problem is that it deals
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with the problems of project selection and resource
allocation as one interrelated problem. This approach is

not as effective in incorporating subjective information as

other techniques; however, when combined with other techniques

for benefit measurement and value analysis, it can be a

particularly valuable tool.

5. Operations Research Models

Requirements for large scale research in advanced
weapon systems has led to several innovative project selec-
tion schemes. Most of these schemes use no one single
mathematical technique nor are based on one common approach;
rather they usually combine several techniques into one
framework. They are generally best classified as operations
research models.

This type of model may best be described through the
use of an example. TORQUE (Technology or Resear~h Quanti-
tative Utility Evaluation) (21), a model developed for the
Department of Defense to provide a better coupling between
future desired military capabilities and research efforts,
represents a good example of an "O0.R." model. It is
essentially a method to quantitatively convert statements
about desired future military operational capabilities into
system descriptions, which can then be translated into
research requirements. This model combines the use of

linear programming with the utility assessment of each area
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of technology to allocate resources to research projects.
There are seven major tasks invelved in the model.
In the first task, the operational objectives are
identified relative to the roles and missions of each
service and then ranked in order of relative importance.
At that point, the description, performance, and operating
enviromments of each ubjective are identified so that the
alternative system/subsystem options of each can be de-
fined. WNext, each of the options is time phased; that is,
a determination is made when the current system and new
option will cease to support the objective. In the fourth
step, each of the technological advancements vequired to
bring each of the system options into being is identified.
In TORQUE, these technological advances are referred to
as levels of difficulty (LOD). At the same time, the
criticality of this technology to each system or subsystems
it supports is evaluated and the dates when the technology
must be available are identified. In the next task, the
rescurces require.d to obltain each technology by the date
desired are determined. The utility of each LOD is then

computed using the following multiplicative index:

T

n
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E where

U = LOD utility coefficient ‘ ?

E n = number of systems supported by the LOD s
f§ Cj = cpiticality of the LOD to the jth system %
L supported. %
E Wj = pelative normalized weight or importance of the é
} objective supported by the jth system. §
; Cf = the ratio of first year resocurce allocation to

30 the total allocation required to completely ;
i1 ]

achieve the objective.

i tj = timeliness function, velating the completion date

;

of the LOD to the date the jth system 1s required. i

E Finally, a linear objective function is derived using the i
ig utilities of the LOD as coefficients of the allocation

L decision variables. Given the research budget constraint, i

the objective is to select that combination of allocation

i

levels for the technological requirements which provides

[

the maximum total utility.

[ ]
PREEE

The disadvantages of this model are that it does not

i
rs

consider technical uncertainty, does not incorporate
resource balance constraints, and does not account for
possible synergistic effects or conflicts between research
objectives and/or technological requirements. The models

developed by Dean (22) and Cetron (23) provide a method

to deal with the last disadvantage of TORQUE, that is,
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béing able to account for the interactions between
projects and between research objectives. In their models,
matrices are used to document the direct as well as the
indirect relationships between projects, scilences, and
technologies, and the objectives that these projects are
designed to achieve. Other significant 0.R. models are
those developed by Nutt (24) and Martino (25).

In summary, the operations research approach to the
project selection problem has two distinet advantages.
First, since it usually utilizes several different tech-
niques to treat this problem, it is capable of dealing with
the tradeoffs between project selection, resource alloca-
tion and schedule priority decisiomns. Second, of all the
types of models discussed, this approach best combines
subjective and quantitative assessment techniques. The
disadvantages of this approach are that it: (1) does
not include the means to incorporate the decision maker's
value siructure, (2) provides very little visibility in
the analysis techniques and (3) wusually does not consider
synergistic effects such as project to project interactions,

etc.

C. Summary
In this chapter, important characteristics of the
research planning environment have been identified and

related to several selection models previously developed.
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These characteristies, reflecting the realities of the
planning environment, dictate several essential attributes
necessary for improving the models used in project selection.
One such attribute is that the model should be easy to
implement and simple to use. A second is that it should be
designed so that qualitative subjective assessment can be
integrated with quantitative analysis techniques. This is
important because projects exist in diffepent stages, from
basic research to advanced development, each with unique
qualities, and because many criteria and goals cannot be
measured quantitatively. A third attribute is that the
model should incorporate many sub-strategies of the decision
process, including measures for a project's benefits,
benefit uncertainty and schedule priority. In addition, the
model should provide the means to identify and emphasize the
tradeoffs that exist between these sub-strategies. A fifth

attribute is that the model should evaluate the effects

of value judgments on decisions at all levels of the analysis.

Values are inherent in goal determination and worth assess-
ment and they reinforce the need to incorporate subjective,
quantitative input. In addition, the model should emphasize
the identification of critical information gaps in the
decision process and therefore permit ecrucial questions to be
raised to improve the information interface between the

analyst and the system users. A final important attribute
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of the model is that it should permit the effective
utilization of all the expertise available to the organiza-
tion.

A review of the five general categories of pPreviously
developed models peveals that no one approach effectively
incorporates all of these attributes. Figure 1 shows, in
summary fashion, the attributes incorporated by each type
of model. Given the requirement that these seven attributes
dre important to the project selection decision problem,
it is evident that a new model must be developed to deal
with this problem. The development of such a model is the

tople of the next chapter.
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MODEL APPROACH ——»

MODEL
ATTRIBUTEl

Economic
Models

Decision Theory

Models

Scoring
Models

Mathematical
Programming

Models

Operations
Research

Models

Easy to Use

Yes

!
)
wn

Yes

Combines Subjective
and Objective
Information

Yes

Yes

Incorporate All
Facets of Decision
Problem

.Contributions Toward
Goal Achievement

Lmtd

Yes

Yes

Limited

Limited

.Scheduling Priority

Limited

Yas

Resource Allocation

Yes

Yes

Evaluate Substrategy
Decision Tradeoffs

Limited

Yes

Incorporate Decision
Makers Value Structure

Limited]

Identify Information
Gaps

Yes

Limited

Incorporate Views of
Many Decision Makers

Yes

Yes

FIGURE 1 Attributes of Previously Developed Project
Selection Models
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CHAPTER III

MODEL DEVELOPMENT

In the previous chapter several desirable attributes
of a project selection model were identified. In this
chapter, the discussion focuses on developing a model
which will incorporate these attributes so as to provide
a flexible decision-making aid. The chapter is divided
into several sections. In the first section, the informa-
tion requirements of the decision maker are identified
and reviewed. In the second section, the model framework
is presented and the workings of the individual elements
of the model described. 1In the final section, key
characteristics of the model are identified and discussed
including how input information is obtainnd, judgment

reliability, and scale definition.

A, Information Requirements

A key task in developing a project selection model is
to identify the information that should be considered in
the decision process. Previous models provide few guide-
lines as to the type or amount of information that should
be included. The only clear guideline is that all infor-
mation relevant to the selection decision should be

incorporated as long as it is not highly overlapping. Al-

though there is no limit to the amount of information which

27

L



et e e I e

28

can be included, it is clear that as the amount increases
the model becomes more unwieldly. In addition, a= Moore
(12) notes, there is a great deal of subjectivity in the
selection of the proper information for use in a model.

As he concludes, the model builder is operating orn rather

po ——

arbitrary grounds when identifying the relevant information
requirements. Four general types of information are §

particularly important: project benefits, uncertainty

[R—

evaluation, scheduling considerations, and cost estimation.
One important type of information that should be part

of the selection decision is the expected benefit to be

achieved from the proposed project. One of the barriers B

encountered in previous attempts to develop models as

selecticn decision aids is the absence of an effective .

procedure for measuring the potential benefits. Crucial

+o this task is the requirement that a base be selected o

as the measure of success, since a benefit contribution

e

cannot be measured unless the objective that is being
contributed to is known. Dollars of profit may be the
easiest measure of success, but not a particularly
effective measure when other than economic objectives
must be considered. Perhaps the best real measure of
success is the extent to which the objectives have been
met. In this regard, the client's value structure is :;

particularly important in determining the priorities placed
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on each of the objectives. This value structure is

important not only in helping to Prioritize objectives

=

but also in helping to identify the objectives themselves.
ig A second requirement for information is the need to
T3 evaluate the impact of scheduling considerations on the
LE selection decision. Scheduling considerations are
[} important because the Probability of Successfully accom-
\ Plishing project A may be signifieantly dependent on the
L} Successful completion of projeect B. That is, the timing

of some projects may be particularly crucial to the

[ —

objectives of the total brogram. This will be pParticularly
[} true when time constraints are placed on the achievement
of these objectives. Therefore scheduling information
[J must be identified and evaluated in the context of the
3 overall selection decision process.
b An evaluation of the uncertainty in the analysis is
L] a third element of the selection decision information
requirement. An analysis of uncertainty is important
L! simply because information is more accurately interpreted
when some indication is given of the range of confidence
[} one can place on it. Two levels of uncertainty need to
iﬁ be considered. The first is the result of the uncertainty
. in the data and the subjective evaluation information that
iﬁ is used in the model. The second and higher level of

uncertainty exists as a result of the integration and

Mmoo
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synthesis of information that is itself uncertain. A
sensitivity analysis, where one can examine the sensitivity
of the model outputs as a function of changes in model
inputs, provides the means by which both of these levels
of uncertainty may be evaluated.

A final type of information that is important to
this type of decision is cost estimates. Project costs
are critical in selecting projects to establish maximum
payecffs subject to resource constraints. Project costs
are not, by themselves, enough however. It is also
necessary to define the relationship between the expected
benefits and the feasible funding levels associated with
each proposal under consideration. Estimating this
relationship is complicated by many factors, including
the lack of precedent, unpredictable technical problems,
project changes resulting from new knowledge or shifting
requirements, the uncertainty of the schedule and the i
possible bias of the estimators, among others.

In summary, it should be added that the relevance and
accuracy of the data to be used in the model determine,
to a large degree, its ultimate effectiveness in providing
useful information to the decision maker. The capability
of the proposed model can only be as good as the input

data.
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B. Model Framework

The purpose of research project selection models is
to provide a mechanism to integrate the necessary infor-
mation so that research projects may be selected for
funding. In the preceding paragraphs it has been shown
that there is a great deal of information that goes into
the selection decision. The framework of the proposed
model needed to integrate this information is shown in
Figure 2, The premise of the model is straightforward:
given that every research program has  payoff, P, the
objective is to select those projects that collectively
maximize this payoff, while achieving the program resource
and balance constraints. The payoff of the research pro-
gram comes from the utility of each of its individual
projects. It is assumed that each project has utility
due to the benefit it provides, the certainty in achiev-
ing these benefits, and the priority it should be afforded
as a result of scheduling considerations. Each component
of this utility is measured by a separate scoring function,
which will be discussed in the paragraphs that follow. A
component score, once normalized, is assignea a weight
which reflects the relative priority that the d=cision-
maker attaches to that utility componeni. The scores
are then combined by means of the project utility function.

This function thus provides a numerical score for each

g

H‘“TK;;;E



32

Figure 2 Model Structure

Project
Benefit
Uncertainty
Scoring
Function
(BU)

Project
Schedule

Project

Direct
Benefit Priority
Scoring Scoring

Function
(SP)

Funection
(DB

Project Utility Function
PU, = WiDB, * W,IB, + WyBU, + W,SP,
1 1 1 1 1

Integer Prcgram Algorithm

Maximize Program Paycff
Subject To:

Program Budget Constraint
Technology Balance Constraints
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Project, reflecting that project's benefits, uncertainty

in achieving these benefits, and schedule priority. The

formulation of the model is as follows:

where

Let P = program payoff

DB

IB

BU

SP

(1)

(2)

(3

(4

(5)

Maximize P = a x +ax + ..., + a.x.
11 2 2 N

subject to:

Program budget constraints

cx +ecx + ...+ 0.%. < B
11 2 2 1373 -

and Program balance constraints

Technelogy A projects

cx +cox < 0.3B
11 6 & -

Technology B projects

cx +teoex < 0.4 B
3 3 T

Other

project j utility score = WDB(DB)j + WIB(IB)j +

WBU(BU)j + WSP(SP)J.

project direct benefit score, normalized to a

value of 0-1

project indirect benefit score, normalized to

a value of 0-1

project benefit uncertainty scors, normalized to

a value of 0-1

project scheduling priority score, normalized

to a value of 0-1
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DB’ wIB’ WBU’ WSP = weighting factors for DB, IB,
+ + = .
BU, and SP, Wy, + Wpp + Wy, + W, = 1.0
xj = project selection decision variable, xj = 0or1l
cj = cost of project j

B = program budget

] = number of projects being evaluated

As the formulation above indicates, the scores from
the project utility function provide the coefficients for
each project in the model's nbjective Ffunction. The
integer program algorithm provides the mechanism to
evaluate the cost-utility tradeoffs for all possible
combinations of projects so that the maximum program
payoff is achieved for the given amount of resources.
Optimization is achieved by solution of the resulting
integer programming problem. Two types of constraints
must normally be considered: a program budget constraint
that limits the selection process to a total resource
budget, and program balance constraints that stipulate
resource allocations to various technology areas be
balanced with respect to the program goals. The question
of balance is one of deciding at what rate each area of
technology should be advanced, recognizing that advances
in one area are obtained at the cost of slower advance

in some other area.

N
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1. Project Benefit Scoring Function

The purpose of the project benefit scoring function
is to provide a mechanism for measuring in numerical terms
the expected benefit from each proposed project. The
concept of benefit measurement requires that benefit
attributes be defined and a scoring function established
to relate these benefits to a numerical evaluation or
score. The proposed scoring function is separated into
two processes. In the first process, the priorities of
the research cobjectives are evaluated. There are two key
assumptions on which this process is based. TFirst, the
direct worth or priority of a given objective is assumed
to depend on the degree to which it is preferred by a
client to satisfy his needs and requirements. This worth
or priority need not be the same for two or more clients
since not everyone possesses the same frame of reference
or the same value structure. Second, the indirect worth
or priority of an objective depends on the degree to which
one objeciive contributes to other objectives, as well as
the relative worth of these objectives to the different
clients. The actual numerical assignment procedure 1is a
three step process. In the first step, the person doing
the evaluation rates the interaction of each objective
with other program objectives. The effect one objective

may have on another can be either beneficial (or positive),
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neutral (representing a lack of interaction), or detrimental i
(or negative). These ratings ave recorded in the objective ?
interaction (0I) matrix, a non-symmetrical matrix since

the effect objective A may have on objective B may not

be the same as the effect objective B has on objective A.

In the second step, the relative value or priority of the -
objectives is obtained from each elient. The clients

include those who use the technology and those who do not

use the technology but may be affected by it. (A discussion

of different means of achieving this information is deferred

to later in this chapter.) These priorities are recorded

in the client-objective priority (COP) matrix. Finally,

the relative importance of each client to the research

program is established. These values are recorded in the

client priority (CP) vector. A matrix multiplication as

shown in Figure 3, results in the objective priority (OP)

vector. As stated previously, direct and indirect priori-

ties are derived separately. Mathematically, the

expressions for each are shown in the same figure. The

only difference in these two expressions is that the direct
objective priorities do not consider value resulting from
objective interaction with other program objectives.

These priorities are next employed in the second part of

the benefit scoring function.

In the second process, the expected benefits of each

w
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project are evaluated., As in the objective priority
evaluation, both direct and indirect benefits are analyzed. i
There are three assumptions on which this process is based.

First, the direct benefits of a given project depend on jf
the degree to which it contributes to the success of each
program objective, as interpreted by the relevant technol-
Ogy experts. Second, the indirect benefits of a Project
depend on the degree to which one project contributes to
other projects, as well as how these projects contribute
to the program objectives. Finally, both direct and
indirect project benefits depend on the relative priority -
of the program objectives. As in the method for determin- |
ing objective priorities, this scoring function also entails

a three step procedure. In the fipst step, the value of

the results of one project to other projects is evaluated.

The project interaction (PI) matrix records these evalua-

tions. This matrix is non-symmetrical since the manner

in which project A contributes to project B will not

usually be the same as tne contribution of project B to

project A. In the second step, the evaluator rates the
contribution of each project to each of the program

objectives. These ratings are recorded in the contribution

(C) matrix. Finally, the objective priority (OP) vector

obtained in the first precess is introduced into the

scoring function. A matrix multiplication yields the
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vector of project benefit scores. The matrix formulation
is shown in Figure 4. Direct and indirect project benefit
scores are derived separately, with the direct benefit

scores representing a project's contribution to each pro-

gram objective times the direct priority of that objective.

The indirect benefit scores reflect the value of a project's

contribution to other projects of the same program. Mathe-
matically, the expression for each scoring function is
shown in Figure 4.

In both the objective priority and benefit evaluation
processes, detailed descriptions of the numerical rating
scale values are defined in advance and care is taken to
ensure that the scales, and the arithmetic manipulation
of them, conform to the laws of scaling. Further dis-
cussion of the scales employed is deferred to a later
section in this chapter.

2. Project Benefit Uncertainty Scoring Function

An assessment of project benefits is an important
part of the information needed to select research proj-
ects for funding. The value of this assessment can be
increased, however, if one could provide an evaluation of
the certainty with which these benefits could be expected.
This is the purpose of the project benefit uncertainty
scoring function.

Uncertainty, of course, involves conditions ranging

from highly confident on the one hand, to extreme
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uncertainty on the other. Many relevant data may be
available on which estimates of uncertainty may be used.
On the other hand, it is often the case that very few
data are available on which to base an evaluation. In
cases where little data are avallable, the estimator is,
more often than not, forced to rely on his experience
and best 7judgment; that is, a highly subjective estimate.
Ppevious studies with the use of these estimates show
that they can be reliable indicators. Souder (27), in a
study conducted at the Monsanto Company, studied the
accuracy of highly subjective probability estimates. He
concluded that with a group of research managers who
were knowledgeable about subjective probability, the
ratings of subjective probability of success were found
to correlate very well with the eventual success and
failure of these projects.

As the initial step in the proposed approach for
obtaining estimates of the uncertainty in the estimates
of project benefits, the evaluators are provided with a
1ist of technical criteria with which they can rate each
project. Nine criteria are suggested and are listed in
Table 1. The first three criteria deal with estimating
different components of the uncertainty directly:
technical uncertainty, schedule uncertainty, and cost

uncertainty. The next two criteria are concerned with the

S—— o T A O E e 7 o B T T e e SR e Aot e




42

Table 1 Uncertainty Technical Criteria

Technical Uncertainty

Schedule Uncertainty

Cost Uncertainty

Availability of Necessary Technical Expertise
Availability of Necessary Research Facilities
Quality of Technical Approach

Flexibility of Technical Approach

Technology Transfer

Intangible Factors
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organization proposing to conduct the research: are the
necessary research facilities and the technical expertise
available to successfully complete the research? Two
additional criteria reflect the need to evaluate the
proposed approach to accomplishing the task: what is the
gquality cr detail described and is the necessary flexibil-
ity planned to accommodate unforeseen failures? The final
two criteria reflect: (1) the need for the research
results to be transferable to other technologies, thus
increasing the chances for an increased information ex-
change, and (2) the intangible elements of a project

that may influence its chances for success. A prime
example of such an intangible factor would be a project
sponsored jointly by two or more research organizations
for mutual benefit. 1In such a case, technical uncertainty
may be reduced due to the amount of expertise available

to the project. Ratings on the projects with respect to
these criteria are recorded in the criteria (CR) matrix.
Next the relative importance of these technical criteria
to the overall uncertainty evaluation is estabilished.
These values are recorded in a weighting (W) vector. A
matrix multiplication vields the benefit uncertainty (BU)
ratings of each project. The matrix formulation and the
corresponding mathematical expression are shown in Figure

5, Again, detailed descriptions of the numerical rating
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Figure 5 Project Benefit Uncertainty Scoring Function
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scale values are defined in advance. Further discussion

of scale definition is deferred to later in this chapter.

3. Project Schedule Priority Scoring Function

In a previous section in this chapter, the importance
of identifying the interactions among projects was dis-
cussed. It was pointed out how project interdependencies
introduce terms of higher order that may well affeect the
measurement of the benefits expected from each project.

The assumption was simply that synergistic effects could
increase the expected benefits. That is, in certain
situations, two or more projects, when performed in
coordination with each other, would produce results that
are greater ‘than the sum of the results which each proj-
ect alone would have produced. However, in addition to
increasing a program's expected benefit through synergistic
effects, these project interdependencies are important for
another reason. This reason is that the probability of
successfully completing project A may be increased if the
results from project B were known a pricri. In such
instances, some consideration should be given to scheduling
considerations when making project selection decisions.

The project schedule priority scoring function serves
the objective of identifying the scheduling dependencies

between projects and measuring their overall relative
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value. In this scoring function, a project interaction l
matrix is again utilized, except in this case, the elements i
of the matrix represent a schedule priority relationship.
The value of a matrix element, SPij, may take a value of -1,
meaning that the 3 TR project should not begin uatil the
completion of project j; O, meaning there is no schedule
relationship between project i and project j; or 1, meaning
that project i should be completed before initiating project
j. The transitivity condition must hold for elements of
this matrix. That is, if project i should be completed
prior to project j and project 4 should be completed prior
to project k, then project i should also be completed

before project k. A summation across matrix row i yields

a score representing the relative schedule priority of
project i. These evaluations represent a first iteration
analysis. As such, they represent initial estimates of
project scheduling relationships. They do not represent
prohibitive constraints on project scheduling plans.
Likewise, overlapping schedule relationships are not

considered.

C. Model Characteristics

There are several characteristics of this model that

are not particular to any one component. That is, they

apply in a general fashion to all the model components.

These characteristics include how the input information is

B T T I ____.'i
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obtained, judgment reliability and scale definition.
Although they are not, of course, unique to this mocel,
they do play an important part in determining the effect-
iveness of the model in accomplishing its function. These
characteristics will be discussed in the following
paragraphs.

1. Ideniifying Information Input

One aspect of the project selection model that has
received relatively little attention to this point is the
input information required for use in the model. As Hertz
and Carlson (28) indicate, the more information available
concerning all of the criteria, and the more accurate the
information is, the more likely will be the success nf the
selection model.

Two levels of information are generally required, the
normative level ar’ the descriptive level (50). At the
normative level, the focus is on the perceived needs,
requirements and desires of the users and non-users of the
technology, in both the current and future environment.
from this information, the initial program goals and objec-
tives are derived, as well as candidate projects. It is
very difficult to over-estimate the importance of setting
program objectives. The underlying reason for project
selectinn planning is to help the program achieve its objec-

tives. As long as they are not well defined, any method
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will have difficulty in achieving its purpose. The
objectives should be statements of things to be done rather
than statements of the means by which things are done.
There are various methods to obtain the information by
which these objectives are derived, ranging from surveys
and questionnaires to follow-up interviews to detailed
experiments and data gathering in the user environment.
The process typically begins with informal, iow level ex-
change of ideas betwszen the client and the research tech-
nologist. As the researcher begins to learn about the
clients' problems, more detailed gquestioning and informa-
tion exchange is necessary. There are two important
aspects of obtaining this information. First, it is not a
one time process. As the facts are obtained, new questions
arise and new data are required. In addition, objectives
and value structure change with time and therefore must be
revised from time to time to reflect these changes.
Second, these needs and requirements reflect the client's
value structure. Therefore, the researcn technologist
must take care to reflect the client's values and not his
own (50).

The program objectives stimulate the requirements for
the descriptive level of information. This level begins
with the organizational base of knowledge and proceeds

outward to encompass other available expertise so as to
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ultimately identify and evaluate the alternative project
tasks necessary to achieve the program objectives. There
are several tasks inherent in obtaining this information.
First, the objectives need to be classified into discipline
areas that lend themselves to analysis by experts in these
areas. Next, the experts in each technology within that
discipline need to be identified. Third, research project
proposals must be solicited to achieve the program
objectives. TFinally, to evaluate these project options
it is necessary to provide information for and direct

the judgments of these experts, so that their evaluation
output is compatible for use in the selection model.

There are several techniques that may be used to
obtain a reliable consensus of opinion of a group of
experts. Perhaps the most widely known is the Delphi
method. This technique attempts to achieve consensus
by a series of questionnaires interspersed with controlled
opinion feedback. The questions are designed to identify
the reasoning that went into the reply, the factors
considered relevant to the problem, an estimate of these
factors, and information as to the kind of data required
for a better appraisal. By systematically exploring
the factors which influence the judgment of the individual
expert, it becomes possible to correct misconceptions

regarding empirical factors or theoretical assumptions

A
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underlying these factors and to draw his attention to other
factors which may have been overlooked (29). This method
can be applied to the level of detail desired. Additional
information on the advantages and disadvantages of the
Delphi procedure as well as other similar procedures can

be found in references (30,31).

2. Judgment Reliability

Judgments from individual experts in the various
technologies can be more accurately interpreted when some
indication is given of the reliability or the range of
confidence the evaluator has in his estimate. One apprecach
that would lend additional meaning to these estimates is
to include a factor to reflect the confidence or degree
of accuracy with which that estimate is made. Another
feasible approach would be to obtain from each expert
three estimates, a highest possible, a most likely, and
a lowest possible, thus providing the bounds of one's
estimate. In either approach, additional information
would be provided to identify estimates which require
further investigation and to indicate on which inputs a

sensitivity analysis should be performed.

3. Scale Definition

At the core of most subjective analysis is some form

of scaling. Although the construction of the scale or
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scales may be accomplished by means of many response
mechanisms (e.g. questionnaires, interviews, and the like),
the output is typically a numerical representation of an
object or stimulus that somehow describes that object or
stimulus as better than, equal to, or worse than, others
of the same or a different class. In subjective scaling,
the number replaces semantics as a way of communicating
one's judgments concerning vague, qualitative concepts.
The number of scale intervals utilized is an important
consideration in the scale design and ultimately impacts
the effectiveness of the scale in a given situation. The
number chosen is based on several factors. Moore (17)
points out that an increase in the number of scoring
intervals improves the accuracy of the model by permitting
the incremental improvements in discriminatory power, in
the effective range of the model, or in both. The only
apparent limit to the number of intervals is the ability
of the estimator to assign performance estimates for each

of the graduations of the scale. Since intermodal

consistency increases with the number of scoring intervals,

the scale should have as much discriminatory power and
effective range potential as is reasonable for the
evaluator to effectively utilize, based on his knowledge
of the subject being evaluated.

In the case of the scales used in the scoring

Ry
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functions of this model, several scales have been defined,
as shown in Appendix I. 1In each case, the number of

scale intervals represents a compromise beiween the

range of the attributes in question and the knowledge

of the "experts" in the subject under study.

D. Summary

The broad range of factors that influence the
selection of research projects may be best identified
and evaluated if a uniform, consistent method is utilized
to perform this function. The intent of the proposed
model is to make the project selection process an explicit,
documented procedure to facilitate the integration of
several interacting decisions so trat tradeoffs can be
evaluated. The model uses four types of project informa-
tion: project benefits, the uncertaintv in achieving these
benefits, the project schedule p~iority and the project
costs, and a scoring functirn is derived to measure
and evaluate each. It is assumed a project has utility
based on the benefits it provides, the certainty in
achieving these benefits and its schedule priority.

In evaluating a project's utility emphasis is placed
on assuring maximum utilization of the expertise
available to the organization. Two different approaches

are employed in identifying this expertise. In the
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normative approach, emphasis is placed on identifying the
value structure of the client. In the descriptive approach,
the focus is on using technical expertise to identify and
evaluate research tasks needed to accomplish the objectives
identif =d in the normative approach. One of the most
important assets of the model is to refine the information
interface between the research analyst and the system user,
in order to bridge the gap between the research and

development and the application of the results.
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CHAPTER IV

MODEL APPLTICATTION

The technical literature presents a plethora of models
and methods for evaluating and selecting research and
development projects, as discussed in Chapter II. The
model proposed in the previous chapter is only one among
a list of well over a hundred previously developed (32}.
Although many models have been proposed, few references
indicate any attempts to ascertain the feasibility of
using a particular technique, much less the utility gained
from that technique. Still fewer methods have seen even
iimited formal use (1). Therefore one of the major
objectives of this research effort is to apply the proposed
project selection model to NASA's Civil Helicopter Technol-
ogy Program in order to study its utility in a real world
environment. The application of the model is important
for two additional reasons. First, the management of this
program requires a list of research procject priorities
that reflect the needs of helicopter users as w2ll as the
local communities from which helicopters must operate.
Second, it is impossible to fully develop a model to aid
in research project selection planning without evaluating
its effectiveness in a real 1life situation. The oblieoTive

of this chapter is to document and discuss the application
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of the proposed model to NASA's Civil Helicopter Technology

Progran.

This chapter is divided into eight sections. Pirst,
an overview of NASA's Civil Helicopter Technology Program
is presented. Next, the sources and types of information,
from which c¢lient values are derived, are identified and
discussed. In the third and fourth sections, the research
program objectives and project alternatives are presented.
Next, the application of project utility scoring functions
is discussed and the sensitivity of these scoring functions
to input data is assessed. In the seventh section, an
integer programming algorithm is applied using various
project utility vectors, project costs and program budgetis.
Finally, the results of the analysis are discucssed and
project research priority recommendations are presented.

A, Overview of NASA's Civil Helicopter Technology
Program

During the past decade, the air transportation
system has experienced a rate of growth resulting in the
present situation where the system is being constrained
by its own success. The combination of the effects of
airport and ground access congestion have created a
situation where passengers and cargo may spend more time
in terminal area operations and ground +transportation than

they do on the actual air portion of the trip. This is
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4 & particularly true on short-haul intercity trips. In
. addition, with major airports moving greater distances
! : .
=5 from downtown, with the continuance of urban sprawl, and

with the increased urbanization of ourp population, the
seriousness of this problem is becoming increasingly
apparent. The situation highlights the need for improve-

ments in both intercity and intraurban transportation.

- The helicopter represents an aip transportation
system with unique capabilities that make it possible for
the general public to travel to the heart of the downtown
environment. Its inherent agility and steep climb and

; descent capability can be used routinely to (1) gain

L access to high density areas, (2) permit use of trajectories
optimized for noise abatement and (3) utilize available
airspace more efficiently. Therefore it represents an
air vehicle that could potentially be used in both intra-
. urban as well as short haul intercity transportation. In
: addition to the potential use of the helicopter in publie
transportation, there has been a gignificant increase in
the application of this vehicle to other civil sectors in

recent years. Examples include offshore oil operations,

M

medical evacuation, search and rescue, remote logging
da operations, and law enforcement. However, all of these
i applications are hampered by certain deficiencies that

limit the capabilities of this aircraft.
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In the past, civil helicopter technological improve- 4
ments have, on the large part, been in response to
technology transfer from military research and development.
Therefore it is not unexpected to find certain deficiencies
in helicopter technology that impact civil applications
quite severely. One such area is safety, where the
occurrence of accidents early in the use of a new transpor-
tation system can significantly impact system acceptability.
The experience in Los Angeles, California serves as an
example, where two helicopter crashes in the late 1960's
greatly dampened the use of the helicopter in public
transportation. Other areas of concern include the impact
of the system on the surrounding environment, operating
costs, system maintainability and reliability, passenger
and community acceptance, and instrument flight operating
procedures. While most of these problem areas are shared
by military helicopter technological requirements to
varying degrees, environmental, institutional and operating
constraints make them particularly critical for operations
in the civil environment. Therefore if helicopter applica-
tions in this environment are to be fully achieved,
emphasis is required on these types of problems. With
these thoughts in mind, NASA created the Civil Helicopter
Technology Program.

The ultimate goal of this program is to develop the
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technology to make the helicopter more acceptable for
civil applications. There are three major facets of this
goal: to improve passenger, community and operator accep-
tance. Each of these cbjectives is pursued through four
types of effort, as outlined in the program research and
technology operating plan (RTOP):
1. To identify the projected requirements and
associated criteria for achieving acceptable
civil operations and to evaluate existing

vehicles in meeting these requirements.

2, To assess the extent to which existing technology
can be applied to meet projected requirements,

and to identify areas requiring additional research.

3. To conduct vehicle and systems design application
studies utilizing projections of advanced technol-

ogy.
4. To perform key experimental evaluations which
are deemed critical to the acceptance and use
of promising advanced technology concepts.
This program, which places emphasis on applied research,
is a key link between the goal of increased acceptance
and utilization of helicopters for ecivil applications
and the research and development needed to achieve this
goal.

There are several important reasons why this program
could benefit from a formal, documented method to select
research projects for funding. First, there are simply
not enough funds to achieve all program objectives.

Therefore the values of the clients must be identified

in order to prioritize these objectives. When there are
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many clients potentially affected by research payoffs,

as in this program, it becomes particularly important to
document their needs and requirements and incorporate
them in the decision process. Second, the wide range of
technologies required to achieve program objectives makes
it highly unlikely that any one individual will have the
necessary expertise to make all of the necessary evalua-
tions. Therefore, it is important to provide a mechanism
to combine evaluations from many experts in a consistent
fashion. Finally, by placing emphasis on the decision
process, a documented procedure helps to insure that
management is more aware of the information that should
be acquired when making project selection decisions.

This 1s particularly important when the program covers

a broad range of objectives and requires a great deal of

information in the decision process, as this program does.

B. Deriving Normative Information Inputs

A key task in applying a project selection model is
to generate the information on which evaluations can be
based, particularly at the normative level. At this level
the focus is on the perceived needs, requirements, and
attitudes of both the users and non-users of this
technology. In this section the sources and types of

this information are identified and discussed.
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l. Passenger Inputs

In the highly competitive field of public transporta-
tion, it has become apparent that consideration of the
needs of the passenger is essential. Accordingly, to
accomplish the objective to make the helicopter a feasible
alternative in public transportation, one must, among
other things, understand how to design the system to be
attractive to the potential user. To do this,it is
important to focus on the development of the relationship
between the attributes of this type of system and the
passenger's evaluation of the effects of these attributes,
as they relate to his satisfaction.

One of the more important attributes of a transporta-
tion system and esmecially of the“helicopter, is the ride
environment. The multi-harmoniec nature of helicopter
vibration presents a special problem in evaluating sub-
jective evaluation of this type of environment have shown
that in any given situation, the levels at each of the
component rotor harmonics can be well within acceptable
limits and still combine to produce an unacceptanle ride
(33). Therefore it is important to develop tools to
account for passenger discomfort in this multi-axis,
multi-frequency environment. An equally important
factor of this envivonment is the noise. To date, little

research has been accomplished to investigate the effect
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of different combinations of noise and vibration on
passenger ride satisfaction. Therefore, ride quality
research should be extended into these areas and
passenger response to this type of environment identified
and evaluated. The modifying effects of other ride
quality variables such as flight duration, low-frequency
motion, temperature and visual cues, as well as such
passenger psychological variables as anxiety, attitude
toward flying and flight experience also require study.
In addition, there is a need for a quantitative description
of the aircraft cabin environment (such as motion, noise,
etc.) particularly with respect to how the environment
varies as a function of the aircraft operation. This
description, when coupled with subjective passenger
evaluation, will permit an assessment of the acceptance
reguirements for future technology and will help to
identify areas where technological improvements are most
required.

In addition to the ride environment, passenger
attitudes on other system attributes need to be investi-
gated. These attitudes play an important role 1in a
passenger's choice for his mode of transportation. There-
fore they must be identified and analyzed in order to
understand and predict the acceptance of, and hence the

demand for, this system. The relationship of these
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attitudes and passenger satisfaction is important, for
example, in determining if travelers are willing to
exchange the relative comfort and lower cost of conven-
tional systems for the reduced travel time and greater
convenience of the VTOL system.

The assessment of attitudes toward system attributes
from which individuals make modal choice decisions is an
important research tool. The rationale for this concept
is based on the assumption that personal behavior in the
selection of an alternative can be determined in advance
by an understanding of the perceptions that individuals
have of their options (34). While there have been
several attitudinal studies (35,36,51) of VTOL systems in
the past, few have been based on passengers with
experience on these systems. BSuch studies are not
completely satisfactory, since it has been shown that
passengers may not be able to respond vo gquestions on the
importance of system attributes if they have had no
experience on that system (37). That is, attitudes may
be expected to change once a passenger has experience with
the new system relative to his position on the system
prior to this experience. Therefore it is important
that the behavioral questions of passenger acceptance of
this proposed system be studied in a simulated real 1ife

operation,

-
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To obtain information on the needs of potential
helicopter passengers, NASA's Civil Helicopter Technology
Program conducted a series of twenty-five flights
utilizing volunteer subjects on its CH-53 research air-
craft. These research flights encompassed two separate
but somewhat overlapping phases. The purpose of the
first phase was to focus on an investigation of the ride
environment. In this effort, eight flights were conducted,
each with a complement of 15 passengers. Two groups of
passenger complements were selacted, with each to fly
four flights (one flight at each of four durations: 25,
50, 75, and 100 minutes). Each group reflected equivalent
mixes of four passenger types, where passenger types are
determined by attitudes toward flying and previous flight
experience, At different points during each flight, the
passengers were asked to rate the comfort of the environ-
ment to which they were being exposed and to identify
which factors they found most objectionable. These
evaluations were designed to investigate the importance
of the ride envirconment variables as well as to identify
possible changes in the passenger's perception of these
variables as a function of the flight duration and the
passenger's experience with the system. At the completion
of each flight, they were asked to completc a2 post-flight

questionnaire to evaluate thel -~ cverall reaction to the
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system and to identify where they felt improvements could
best be made.

To augment the ride-quality research, phase two of
this effort was designed to stimulate more realistically
the operational environment of a public transportation
system. Flights were made as trips to area airports,
stops were included, and the ride environment was not
changed during the flights. In addition to studying
the ride environment, the objective of this phase was to
include an investigation of passenger attitudes on other
system attributes, such as travel time, safety, relia-
bility of destination achievement, travel cost and the
like. They are studied by means of passenger question-
naires used during and after the flight. dJust as a
passenger's perception of noise, motion, temperature,
and other environmental factors leads to his evaluation
of the ride quality, his perception of these factors
leads to an evaluation of the overall satisfaction with
the helicopter as a mode .. transportation. A summary
of some of the results of this flight program is found

in Appendix II.

2. QOperator Inputs

An important client to the Civil Helicopter Technolegy
Program is the user of the helicopter. That is, the

operator who utilizes this type of vehicle in passenger
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transportation, service to offshore oil rigs, logging
operations, law enforcement and the like. This is the
person who expects certain specific qualities from the
vehicle and who is able to identify, from a normative,
operational point of view, weaknesses in the technology.
To obtain information concerning this client, three tasks
were accomplished. TFirst, visits were made to several
helicopter manufacturers to discuss operator problems
from the peint of view of members of their technical
and marketing staff. Second, discussions were held with
the staff of the Helicopter Association of America, an
organization representing the majority of helicopter
operators in the United States. These discussions
focused on the technical and operating problems of concern
to their member organizations. Finally a survey of the
helicopter operator community within the United States
was conducted. This survey was designed with three
objectives in mind:

(a) To identify operational problems inherent in the

current helicopter technology used in the civil
environment.

(b) To assess the impact of the helicopter on its
surrounding environment as viewed by the
operator and to identify operating procedures
effective in alleviating this impact.

(c¢) To identify and evaluate operator opinion on
what improvements in technology could most
improve their operation.
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To achieve these objectives, a questionnaire was
designed, tested, and then sent to 500 operators through-
out the United States (representing a 20% sample). Seventy
percent of the questionnaires were sent to managers of
helicopter operations, that is, persons who would have
knowledge of the total operation, while thirty percent
were sent to helicopter pilots. Very few differences
exist between the questionnaires sent to each group. In
addition, the sample was further stratified by the type
of operation (commercial, corporate or civil government),
and by the size of the operation. The sample stratification
was designed to obtain information from all segmenis of
the operator commurity. A summary of the results of this

survey 1is presented in Appendix III.

3. Community Input

The issues of community acceptance are assoclated with
the problems of: (1) locating convenient heliport sites
from which to conduct helicopter operations; and (2) out-
lining the critical characteristics of the facility and
how they may potentially impact the surrounding environment.
When the term community is used, it applies to the community
at large, including both the local political entity with
jurisdiction over the facility and the local non-user
population. Input information on these issues is provided

by several sources. One source is the Federal Aviation
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Administration's Heliport Design Guide (38). This document
presents information and eriteria for the planning and
development of heliports intended for both private as

well as public transportation. It outlines the basic
physical, techniecal, and public interest factors which
should be considered in planning and establishing heliport
sites. As this guide indicates, the heliport site
selection involves four major considerations: (1) +the
desired location and physiecal layout; (2) operational
safety; (3) the impact on navigable airspace; and (4) the
effect on the surrounding community.

A second source of information are the Federal Aviation
Regulations (FAR)(39), which are established by the Federal
Aviation Administration and which relate to the operational
safety of helicopter operations. Regulations important to
helicopter operations include: FAR Part 77, which
discusses objects affecting navigable airspace; FAR
Parts 27 and 29, which set forth the airworthiness
standards for the manufacture of helicopters; and FAR
Part 91 which prescribes the general operating rules for
all aircraft.

The establishment of a heliport typically requires
prior approval, or the issuance of a license, from the
appropriate state aeronautics commission or similarp

authority (38)., A review of California's new heliport
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regulations (40) provides input to the heliport site loca-
tion, community acceptance issues from the state planning
and regulatory point of view. Information on the planning
and operation of heliports at the local level is provided
by the experiences of both past and present city heliports
in this country as reported in references (41,42,43).
These references discuss factors impacting the operation
of heliports, such as noise, physical layout and design
factors, approach and departure paths, both VFR and
precision IFR operating procedures, obstacle clearances,
and interface with ground transportation systems. All of
these factors impact, to some degree, the successful
operation and acceptance of helicopter technology.

A fourth source of information on community acceptance
issues is provided by two studies (44%,45) conducted to:
(1) forecast the potential noise restrictions which may
be imposed on civil helicopters in the next decade; and
(2) develop guidelines for establishing helicopter noise
jevels which would be acceptable to the communities from
which they operate and over which they fly. Appendix IV
contains several figures which: (1) compare several
current residential community noise regulations with
forecasted VTOL noise criteria for the next decadey
(2} propose community noise acceptability guidelines;

(3) compare federal, state and local noise regulations

e e 4 = e A g
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with these proposed guidelines; and (4) present a

summary plan to achieve future certification noise limits.
Further information on community acceptance issues

is provided by the operator survey previously discussed.

This survey contains several questions designed to:

(1) solicit information on community reaction to helicopter

operations and (2} relate this resotion to specific types

of operation and helicopter equipment. Appendix TII

summarizes the information received from this survey.

4, Civil Helicopter Accident Analysis

One important requirement shared by passengers, and
operators, as well as local communities, is the need for
safe operations. To provide information on the safety
aspects of helicopter operations in the civil sector, two
tasks were accomplished. First, an analysis of civil
helicopter accident statistics from 1968 to 1S7u4 was
conducted utilizing the National Transportation Safety
Board's data tapes (46). As the figures and tables in
Appendix V indicate, accident rates for civil helicopters
are significantly higher than both single engine and
multi-engine fixed-wing general aviation aircraft. The
most predominant cause of the 1722 acaidents during this
period is pilot error, accounting for 51 percent of these

accidents. Other major causes include power plant and
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rotor system failures, and accidents attributed to the
terrain in which the operations are conducted. These
statistics indicate that to achieve an improvement in
helicopter safety, emphasis should be placed on improving
the interface between the pilot and the helicopter.

Further information on the safety aspects of heli-
copters is provided by a study on the pilot-aircraft
interface conducted by Hawkins and Griffin (4%)., This
report describes information obtained from a questionnaire
survey of a sample of 136 Army helicopter pilots. The
impetus for this survey was the occurrence of accidents
which involved rotary wing aircraft in collisions with
wires and pylons. An initial analysis of the official
records concerning the occurrence of helicopters striking
wires, combined with the results of early field experi-
ments, suggested that there was no single cause, such as
a specific effect of vibration on visual acuity, which
could adequately account for the wire strike problem.
Thus the Hawkins and Griffin research evolved as & study
of the broader aspects of vibration and vision as factors
in the overall efficiency of operational helicopter pilots.
The specific objectives of the study include the
following (47):

(a) To provide the designer with the opinions of a

large sample of pilots on the design and opera-
tional features of present helicopters.
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(b) To help those research workers concerned with
human factors problems of operational heli-
copter flying in the assessment of important
subjective factors such as the pilot's concep-
tion of his task.

(c¢) To attempt a comparison between:

(i) Pilots judgments of the way in which they
order their visual time for specified
flight.

(ii) Direct observations of the visual behavior
of pilots flying routine operations and
of subjects during laboratory investiga-
tions of visual search efficiency.

A summary of the more pertinent results of this study is

found in Appendix VI.

C. Definition of Research Objectives

The information discussed in the previous few sections
provides the basis for the definition of the initial
iteration of research objectives, shown in Appendix VII.
This objectives tree begins with the most general objective
and becomes more specific as one reads down the tree-like
structure (50). The objectives are statements of things to
be done rather than statements of the means by which they
are accomplished.

The major or most general objective of this program
is to increase the acceptance and utility of helicopters
in civil applications. To achieve this objective, one
must, among other things, improve the community, passenger,

and operator acceptance of these vehicles. It is the
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third level of objectives that are utilized in the project
selection model. To improve community acceptance, oOne
must reduce exterior noise levels and engine emissions
and increase the operational safety of these vehicles,
among other things. To improve passenger acceptance

one must, among other things, reduce travel time and
costs, insure operational safety, increase air travel
accessibility, and reduce the interior noise, vibration,
and gust sensitivity of these vehicles. Finally, to
improve operator acceptance one must lower vehicle
acquisition and maintenance costs, increase vehicle
performance, increase mission reliability, and reduce

fuel consumption, among other things.

2. Definition of Research Project Alternatives

Previous research projects funded by NASA's Civil
Helicopter Research Program as well as the input infor-
mation and research objectives previously discussed pro-
vide a basis for defining future research project alterna-
tives to achieve program objectives. Typically a research
program receives proposals for research projects by
initiating requests for proposals on tasks generated
within the orgonization, as well as by accepting un-
solicited proposals generated external to the organization.
The project alternatives shown in Table ? Wwere generated

by both means. 7To be included on this list, a project



Table 2

PROJECT DESCRIPTOR
HIGHER HARMONIC PITCH CONTROL

REDUCE TRANSHESSION NOISE
AT SOURCE

EXTERIOR HOISE REDUCTION
VERSUS COST

DOCUMENT RELIABILITY, MAINTAINABILITY
D,

ATA BASE

QUANTIFY DESIGH/HANUFACTURING
VARIABLE COSTS

COST EFFECTIVENESS ANALYSIS OF
EMERGENCY POWER SCHEMES
FEASIBILITY OF ENGINE EHISSION
REDUCTION

ESTABLISH TERMINAL AREA
RIDE QUALITY LIMITS

AIRFRAME/SKIN DAMPING TO
REDUCE INTERICR NOISE

COST EFFECTIVENESS OF VIBRATION
CONTROL HETHOBS
EQUIFMENT AND OPERATIONAL REQUIRE-
HENTS FOR URBAN HELIFORTS
EVALUATE CONTENGENCIES LEADTNG

TO PILODT ERRORS
COST EFFECTIVENESS OF AUTOMATIC
INSPECTION, DIAGNOSTICS
DYHNAMIC AND ACOUSTIC PROPERTIES
OF COHPOSITE MATERIALS

OPERATING PROCEDURES TO
REDUCE EXTERIOR HOISE

COST EFFECTIVENESS OF INTERIOR
NOISE REDUCTICH METHODS

COCKPIT LAYOUT AS IT IMPACTS
PERFORMANCE, SAFETY

ESTABLISH COHBINATIONS OF TECHNOLOGY/
OPERATING PROCEDURES TO
HMEET NOISE GOALS

73

Research Project Objectives

BRIEF PROJECT OBJECTIVE

To inveastigate the feasibility of apglyinz higher
harmenic piteh control to reduce helicopter vibra-
tion.

To develop and test methodz far reducing trans-
mission noise at the source.

To.identify the relationship between exterior
noise veduction methods and vehicle acquisition
and operating costs.

To document the reliability and maintainablility
data base of helicopters in ecivil operations, to
identify prablems peculiar to this environment.

To identify and evaluate the design and manufac-
turing variables that establish a vehicle's aec-
quisition cost.

To evaluate the feapgibility and cost effectiveness
of emergency cbntingency power schemes for helicopters.

To evaluate the technical Feasnibility of engine
emission reduction and to identify penalties on
vehicle performance and costs.

o establish limits in procedures for heliccopter
operations in the terminal area so that the ride
is acceptable to the passenger.

To test a helicopter airframe scale model to estab-
lish guidelines for skin and airframe stiffness
and damping to minimize cabin noise.

To evaluate the feasibility and cost effectiveness
of helicopter vibration control methods,

To determine tha equipment and operational require-
nents for helicopter operations fron urban heli-
ports.

To identify and evaluate the contingencies leading
to pilot errors that result in helicopter aceidents.

To evaluate the costs and benefits of automatic
inspection, diagnostic and prognestic systems far
helicopters in the civil environment.

To identify and evaluate the dynamic and acoustical
properties of advanced composite materials.

To evaluate the feasibility and effectiveness of
curved approaches, steep descents, and other opera-
tional techniques to minimize helicopter noise
sighatures.

To evaluate the cost effectivenssc of establizhed
interior noise reduction methods applicsble to a
broad spectrum of helicopter configurations.

To evaluate cockpit instruments and their layout
as they relate *o pilat performance, workload and
potential pilot errors.

To establish feasible combinations of teehnology
and cperating precedure improvements required to
achieve proposed exterior noise levels.
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had to meet at least one of the criteria defined by this
program's research and technology operating plan (RTOP),
discussed earlier in the program overview section of this
chapter. These eighteen project alternatives by no means
represent all the projects necessary and sufficient to
satisfy the program objectives. However, they do represent
an estimate of the usual number a project manager of this
size program must normally evaluate each year. They
range in scope from feasibility studies tv experimental
test and evaluation of hardware and they broadly cover
the spectrum of program objectives. A brief statement

of the objective of each project is presented in Table 2.

E. Application of Project Scoring Functions

Having defined the research objectives and eighteen
project alternatives that require funding, one is now
in a position to apply the project scoring functions for
the evaluation of each project. ~In the paragraphs that
follow, the discussion focuses on an evaluation of
objective priorities, project benefits, benefit uncertainty

and schedule priority.

1. Objective Priorities

To evaluate objective priorities, a three step
process is employed. In the first step, each cne of a

three man evaluation team independently rated the
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interaction of each objective with other program objectives.
A three point scale is used to raie these interactions

as shown in Table 9, Appendix I: a value of 2 indicates
1ittle or no interaction between objectives, 4 means
moderate interaction,and 5 indicates potentially heavy
interaction between the two objectives. Only the relative
intensity of the interaction of two objectives is evaluated;
the fact that objective interactions may be either positive
or negative does not affect the evaluation. These ratings
were then compared, differences discussed, and general
consensus achieved. Figure 2], Appendix VIIL, L.sts this
consensus of ratings. As an example, consider how the
objective to reduce fuel consumption interacts with other
program objectives. This objective moderately impacts the
objective to increase vehicle applications, since reduced
fuel consumption would make the helicopter more comparable
with fixed-wing aircraft and thus would potentially

increase their application to functions now performed by
these types of aircraft. Tn addition, it interacts
moderately with the objective to reduce travel costs,

since fuel cost is a significant percentage (15-20 percent)
of the helicopter's operating cost. Notice that the
research objectives to reduce exterior noise and to increase
mission reliability interact most frequently with the

other objectives.
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Next, the relative priority of each objective to each
program client is estimated. These estimates are based on
information from the literature, as well as surveys,
gquestionnaires and direct dialogue with the client, as
discussed in the previous sections of this chapter.

Figure 22 in Appendix VIII presents the matrix which
contains these priorities; a value of 7 represents the
highest priority, while a value of 1 represents the lowest.
The best agreement in priorities occurs among the military,
helicopter manufacturers, and operators, while the greatest
dichotomy of views occurs beiween the local communities

and the other five clionts.

Finally, a vector representing the relative lmportance
of each client is obtained from program management. Using
values of 1, meaning least important, To 7, meaning most

important, Figure & presents the client priority vector.

Figure 6 Client Priority Vector

Passengers 6
Pilots L
Communities 5
Military ?
Helicopter Industry 5
Operators 7

I TP AT B O
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Matrix multiplication, as expressed in the functions
developed and discussed in Chapter III, results in both
direct and indirect objective priorities, presented in
Figures 27 and 29 Appendix IX. The direct objective
Priority scores range from 1100 to 3400, with the objectives
to increase operational safety and to increase mission
reliability ranking high, while the objectives to reduce
engine emissions and to reduce gust sensitivity ranking
low. The scores of the indirect objective Priorities
range from 5100 to 5700, with the objective to increase
mission reliability ranking highest and the objectives

to increase performance, to lower maintenance costs and

to increase vehicle applications ranking lowest. Figure
28 in Appendix IX compares the direct objective priorities
obtained using management values of elient welghts with
those obtained using equal weights for all clients. Some
small changes in objective pPriorities can be noted; for
example, the objective to increase air travel access-
ibility drops in priority when all c.ients are given equal

weight.

2. Project Benefits

Once the objective priorities have been established,
the potential benefits brojected for each project are
estimated. As in the method for determining objective

priorities, the benefit scoring function also entails a
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three step procedure. In the first stev, three evaluators
independently rated the synergistic value of the output
of project A to other proposed projects, using the 7-point
scale shown in Table 12, Appendix I. These ratings are
then compared, and where significant differences exist,
discussion is held to achieve a general consensus of
opinion. These evaluations are +hen recorded in the
project interaction matrix, Figure 28, Appendix VIII. As
an example of this type of evaluation, consider the value
of the results of the project to evaluate operating pro-
cedures to reduce exterior noise. The results of this
study will make a major contribution to the successiul
accomplishment of the project to establish combinations
of technology and operating procedures necessary to meet
projected noise limiwvs. It will also contribute some

to the project to define the cockpit instrument panel
from a human factors standpoint, since pilot workload 1is
a major factor in operating procedures of this type.

This project also contributes indirectly to the projects
to evaluate higher harmonic pitch control and to quantify
design and manufacturing variable costs; it is remotely
associated with the cost feasibility of exterior noise
reduction and with the analysis of the cost effectiveness
of emergency power schemes.

Next the same evaluation team scored the contribution
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of each project to each of the program objectives, using

a four point scale, classifying contributions as major,
moderate, minor, or little to none, corresponding to
numerical values of 3,2,1 or 0, respectively. Once a
consensus of opinion is achieved, these ratings are
recorded in the contribution matrix, Figure 24, Appendix
VITI. As an example of this type of evaluation, consider
how the project to establish terminal area ride quality
limits contributes to program objectives: 1t makes a
moderate contribution to the objective to increase vehicle
applications, since the vehicle's application as a
passenger transport depends on improved passenger ride
quality; moderate contribution to the objective to reduce
vibration, since vibration levels tend to be highest in
the terminal area, low speed regimes; and minor contribu-
tion to the objective to reduce exterior noise. Finally,
using the objective priority vector, matrix multiplication
is performed according to the expressions developed in
Chapter III to derive both direct and indirect project
benefit scores. These scores are then normalized to a
value of 0 to 1 by subtracting the minimum project score
of the group from each project and then dividing all result-
ing scores by that same minimal score. Figures 30 and

31, Appendix IX, present the project indirect and direct

benefit coefficients.



SR g e ey

Priartia

[, Sy

et
T

LAy

-

=tz

80

Tables 19 and 20, Appendix IX, present a summary of
changes in Project direct and indirect benefit coefficients

as a function of client pPriorities. Notice that indirect

priorities while direct project benefit coefficients are
relatively sensitive, depending on the Project under
consideration. 1In other words, the importance one bPlaces
On program clients does influence the evaluation of

Projects' direct benefits.

3. Benefit Uncertainty

The purpose of the Project benefit uncertainty
Scoring function is to provide an evaluation of the
uncertainty in achieving project benefits. In the initiagl
step of the Process, the evaluation team independently
rated each project on each of the nine technieal criteria
discussed in Chapter III, using a three point scale.

For the technical, schedule and cost uncertainty criteria,
a value of 3 represents minimal uncertainty; 2, moderate
uncertainty; and 1, high uncertainty. For the remaining
criteria, a value of 3 represents excellent; 2, adequate;
and 1, minimal. Only after all Proiects were rated for
one criterion was the next criterion considered. Thisg
helped to enhance the independence of one criterion ri:ting
from the next and Prevented a high or low rating for a

particular project on g specific eriterion fron having an
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impact on all other criteria for that project (50). As in
all the scoring function evaluations, the rating scales
were thoroughly explained to the evaluators prior to the
evaluation process in order to insure consistency.

Once general group consensus was achieved these
ratings were recorded in the criteria matrix, Figure 25,
Appendix VIII. As an example of this type of rating,
consider the project to evaluate operating procedures
used to reduce exterior noise signatures. This is an
experimental project involving flight hardware and a
filight schedule. There are several factors that could
potentially prevent the completion of required tasks
within the estimated cost and schedule, and which tnevefore
increases the technical, schedule, as well as cost
uncertainty of the project. Thus these criteria are
rated low. Since this project has access to the best in
acoustical equipment and several generic helicopter types,
the research facilities are highly rated. The personnel
whe will conduect this research are capable of the task,
arnd the project is adequately planned. The flexibility
of the technical approach is rated low since no cptions
for concurrent research tasks are planned (for example,
this project could ideally be coordinated with some of the
tasks of the terminal area ride quality projeci). The

potential for technology spin-offs are rated average and
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since the topic of the research is of particular interest
to the FAA, the intangible criterion is highly rated.

In the next step, the relative importance of the
technical criteria to the overall uncertainty evaluation
was established by means of discussion with program
management of the Civil Helicopter Research Program.

Using a 7-point scale, with 7 representing most important
and 1 representing least important, these criteria weights
are shown in Figure 7., These values relate the importance
of each criterion in successfully achieving the potential
benefits from proposed projects. For instance, in this
program, management feels that meeting schedule deadlines
is not as important as successfully achieving the project
tasks. Therefore schedule uncertainty rates lower than
cost or technical uncertainty. (It should be pointed

out, however, that these ratings represent management

values for this particular program.)

Using the expression developed in Chapter IIT, benefit

uncertainty scores can now be computed. As in the benefit
evaluation, these scores are normalized by subtracting the
minimum score from each project total and then dividing

by the same minimum score. The resulting project benefit
uncertainty coefficients are presented in Figure 32,
Appendix IX. These results indicate that the potential

benefits of the projects to quantify the design and

ST S R T TR
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manufacturing variable costs and to evaluate contingencies

leading to pilot errors are most certain of success.

Figure 7 Technical Criteria Weights

Technical Uncertainty 7
Schedule Uncertainty 5
Cost Uncertainty 7
Availabilitv of Research Facilities Y
Availability of Technical Expertise 5
Quality of Technical Approach 6
Flexibility of Technical Approach 6
Technology Transfer 3
Intangible Factors 3

4. Schedule Priority

The objective of the project schedule priority
scoring function is to identify the potential scheduling
dapendencies between projects and to measure their total
relative value. To accomplish this cbjective, three
engineers were given a project interaction matrix to
independently evaluate. The element Pij of this matrix
represents the recommended schedule relationchip between
project 1 and project j. If the evaluator felt that pro-
Ject i snould be completed prior to project j, he was to
record a value of 1 in the Pij element. If the converse

was true then a value of -1 was required; no schedule
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relationship dictated a 0 value. These evaluations
represent a first iteration analysis. As such, they
represent initial estimates of project scheduling relation-
ships. They are not prohibitive constraints on project
scheduling plans, and overlapping schedule relationships
are not considered.

Once completed, these three matrices were compared,
checked for consistency of the transitivity condition and
the results discussed with the evaluators so that a matrix
representing a consensus of views could be constructed.
This matrix is presented in Figure 26, Appendix VIII.

The schedule priority scores for each project were then
computed by summing across the row for each project and
converted to normalized coefficients for use in the pro-
ject utility funetion. Figure 33, Appendix IX, presents
the results of this process. These results indicate

that the projects to quantify design and manufacturing
variable costs and to document the reliability and
maintainability data base of c¢ivil operators rate highest
relative to the other projects when considering which
projects should take precedence solely from a scheduling

point of view.

5. Summary of Projeect Utilities

In Chapter IIT it was stated that the payoff of a

research program is achieved from the utility of each of
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its individual projects. It is assumed that each project
has utility due to the benefits it provides, the

certainty in achieving these benefits, and the priority

it should be afforded as a result of scheduling considera-
tions. Table 3 contains a summary of each project's
utility coefficients. Since each component of this
utility exists as a normalized coefficient with values

in the range of 0-1, it is feasible to add these
coefficients (thereby assuming the existence of an interval
scale), in order to obtain a measure of a project's total
utility (assuming each component is equally weighted).

In this case, each project's measure of utility lies

in the range of 0 to 4.0. Doing this, one finds that the
projects can be divided into four distinct groups, as
illustrated in Figure 8. 1In the first group, there is
cnly one project, to quantify the design and manufacturing
variable costs, with a utility of 3.6. 1In the second
group, there are seven projects with a utility range of
2.3 to 3.03 in the third group, four projects with a
utility range of 1.8 to 1.9; and in the fourth group,

six projects with a utility range of 0.9 to 1.5. Figures
34 to 37 in Appendix X presents a graphical summary of

these project utilities.
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Sub-Strategy

r——
Praject

Direct
Benefits

Indirect
Benefits

Benefit
Uncertainty

Schedule
Priority

Higher Hapmonic
Pitch Control

0.4

0,3

0.7

Reduce Transmission
Noise At Source

Exterior Noise
Reduction Versus
Cost

Document Reliability,
Maintainability Data
Base

Quantify Design/
Manufacturing Variable
Costs

Cost Effectiveness
Analysis of Emergency
Power Schemes

Feasibility of Engine
Emission Reduction

Establish Terminal
Area Ride Quality
Limits

Al ~frame/Skin Damping to
Reduce Inierior Noise

Cost Effectiveness of
Vibration Control Methods

Equipment, Operational
Requirements for
Urban Heliports

Evaluate Contingencies
Leading to Piloet Errors

Cost Effectiveness of
Automatic Inspection
Diagnostics

Dynamie and Acoustical
Properties of
Composite Materials

Operating Procedures to
Reduce Exterior Noise

Cost Effectiveness of
Interior Neise Reduction
Hethods

Cockpit Layout As It
Impacts Performance
Safety

]

Establish Combinations of
Technology/Operaring
Procedures to Meer

Noise Goals

Table 3

Summary of Project

Utility Coefficients
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F. Sensitivity Analysis

To investigate the robustness of these utility
coefficients, a sensitivity analysis was performed to
test the potential effect of small changes in ratings and
values. In each case, the sensitivity in these ccefficients
was evaluated as a function of independent, unit changes
in matrix elements. The results of this analysis are
discussed in the following paragraphs.

Changes in objective indirect priority weights as a
function of changes in the elements of the objective
interaction matrix vary from a minimum of 50 to a maximum
of 170, depending on the matrix element changed. Since
the range of objective indir ot weights is narrow (5090
to 5670), a change of 170 can significantly affect the
priority ranking. However, since total weighting scores
are used in the evaluation of project indirect benefits,
coefficients are not sensitive to changes of this magnitude.
Similar results were found in evaluating the change in
objective indirect priority weights due to changes in
elements of the client objective priority matrix.

In the case of objective direct priorities, the
priority weights were found to vary from a minimum of
40 to a maximum of 140 as a function of changes in elements
of the client objective priority matrix. Since the range

of objective direct priority weights is large (1100 to




Sub~Strategy
——r
Protect

Direect
Benefits

Indirect
Benafits

Benefit
Uneertainty

Schedule
Priority

Highzr Harmonic
. Piteh Control

0.5

0.3

0.7

Reduce Transmission
Noise At Source

6.4

0.3

0.7

Exterior Noise
Reduection Versus
Cost - .

‘Dacument Reliability,
Maintainability Data
Base

Quaﬁtify'Désign/
Hanufacturing Variable
Costs

Cost Effectiveness
Analysis of Emergency
.Powgr Sehemes .

Feasibility of Engine
Emission Reduction

Establish Terminal
Apea Ride Quality

| Limits

Aivrframe/Skin Damping to
Reduce Interior Noise

Cost Effectivensss of
_Vibration Control Methods

Equipment, Operational
Requirements for
Urban Heliports

Evaluate Contingencias
Leading to Pilot Errors

Cost Effectiveness of
Automatic Inspection
Diagnostics

Dynamic and Acoustieal

Properties of-
Composite Materials

Operafing Procedures to
Reduce Exterior Neise

Cost Effectiveriess of
Interior Noise Reduction
‘Methods -

Cockpit Layout As It
Impacts Performance
Safety” ‘ §

0.2

Establish Combinations of
Technology/Operating
Procedures to Meet

HNoise Goals

0.8

]

9,3

n -

‘Table 3 Summary of Project Utility Coefficients
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3400), these changes typically have little effect on
objective priority rankings and no impact on project
d;Fect benefit coefficients.

Changes in indirect benefit coefficients are more
sensitive to variation in elements of the projeét interac-
tion matrix tnan to variation in elements of the contribu-
tion matrix. Changes in elements of the project interac-
tion matrix result in a variation in the indirect benefit
coefficient values from 0.01 to 0.04 depending on the
matrix element involved. Variations in these coefficients
due to changes in elements of the contribution matrix
are jinsignificant.

Both the maximum and minimum variances of the

projects benefit;_benefit uncertainty and schedule priority

scores are shown as error flags on Figures 27 through 33
in Appendix IX. One concludes from this analysis that
all of the scoring functions are effectively insensitive
to single evaluation inputs. That is, there is no one
single input that significantly affects the output of any

one of these four scoring functious.

G. Application of Integer Programming Algorithm

Once the project utility componeht'eoefficients-havé
been determined, they must be placed in order of priority

and numerical weights assigned to reflect their relative
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importance. The weights are assumed to be additive.

For instance, if one component is assigned a weight of

Bab, another a welght 6f 0.2 and: another a weight of 0.2,

the 1mportunce of the two latter ones taken together

‘must equal the importance of the first one. Ten alterna-

tive sets of coefficiernt weights, reflecting different

'Hembhasie~oﬁ'eaeh-utiiity coefficient, are used to

investigate how each project utility coefficient varies

‘;aS'a'fuﬁcfian of component prior‘ty values. Figure §

presents the results of this analysxs. The shaded

coefflclents in th.s flgure represent variations from the

equal welghts or basellne case. Neglectlng the first

two columns, where zZero welghts ere employed, one observes
that one pro;ect utlllty coeff1c1ent is 1ndependent of

the component pI‘lOI‘ltleS used, t.welve coefflclents-

vary either plus or minus 0.lrfrom the basellne, four
coefficients vary +0.1 (range of 0.2)Jfrom the baseiine

and one coefficient (for the project to eéstablish terminal

. area ride qﬁalityjiimits) variés'over a range of 0.3

(0N to 0 7) These last flve projects are, of course,

the most 1mportant from the p01nt of v1ew of studylng

,,se;ectlon_tnaQeoffsﬁas_e:funo;;onaoflmenagement.Prlorlties,-.

The final type of information necessary before the

~ integer program algorithm can be applied is project .cost

estimates. Where contractor proposal cost estimates
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L were available, they were used. Otherwise, Several ex-
perts in the respective technological areas were presented
:pfqpésais and asked to estimate what that project would
cost to complete. In both inétances, a conservative
philosophy was adopted, and a rather wide range about the
£ estimate was assumed. These project cost estimate ranges

are listed in Table 4.

Because of the somewhat uncertain nature of project
[ | " costs and because oﬁe needs information on how selection
results depend on utility component priorities, an

! iterative approach to algorithm application was planned.
Five case options of project costs were selected, as
shown in Table 4. The.firsf three cases represent high,
low and moderate cost vectors,respectively. For example,
in the first casé option, the highest cost féf each proj-
» ect was assumed. For each of these three cases-of
project cost-estimates, six independent iterations of the
integer programming algorithm were conduzted, with each
iteration utilizing a different broject utility component
weight vector and a program budget constraint of $500,000.
g These six vectors are ppesented,in.féble 5 and represent
i  the full range of coefficients seen for each project, as

previously identified. No technology balance constraints

weré used in theseé iterations, since the range of

technology reflected in the eighteen project options was
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“-zfelt to be dlverse enough that they wculd not. be needed.;,ﬁ"*

Cons1der, for example, the results of case 3, as

lfifpresented in Table 5 where the symbol S stands for. a5j-

_selected project fcr that part*cular 1teratlon (each

.'lcollmn represents a.separate 1teratlon) lNetice'that”*

'”flve pro:eets are selected in every’ 1teratlon, and there-

':ffore are 1ndependent of the utlllty component prlorlty

7‘used. In addltlon, there are Seven pro]ects which may :

hTor may not be selected dependlng on whlch component of B

”project utlllty is emphasmzed, and,slx other progects that

- are selectlcn om1ss1cns in every 1terat10n. Teble 5

_summarlzes the concluslons one draws from the 1teratlons

':'1n th1s case.: ObV1ously, prlorlty should be given to the

fdomlnant selectlons. Por the flnal few selectlons Wlthln

Vﬂthe program budget, one must examlne the tradeoff alterna-”

. hftlves.? Por exemple, 1n the 51tuatlon where prlorlty 1s

'4hplaced on dlrect beneflts (ut111ty vector welghts 0 4

-“,0 2, 0 2 0 2) one. should fund the projects to 1nvest1gate__f

"',the costs of exterlor noise reductlcn, to conduct a

1;cost effectlveness analy51s of automatlc 1nspectlon and

"ldlegnostlcs systems, and to deflne the equmpment and

”ﬁyoperational requlrements for-urban.hellportu...On the .

'{other hand, 1f prlorlty is placed on the certalnty in

'-t-whlch ‘the beneflts can be expected as opposed to the 5u,;_“

o dipect: benef1ts themselves (utlllty vector weights 0. 2,

=g i

=
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= e

DOMINANT SBLECTIONS

- - : : 'Document rellablllty, malntalnablllty data- base.

L Quantlfy deslgnfmanufacturlng variable coests. . .
_ ot Cos't cEffeetivenes s analysms ‘of emeérgency ‘power schemes.
- Feaslblllty of engine emission reduction. S

SR D Evaluate cont1ngenc1es 1ead1ng to pllot error._“

_1BORDERLINE SELEC?IQNS_

...~ .. . Exterior noise reduction versus cost. - . - . - -
e - Establish terminal area ride quallty limits. _
- : - Airframe/skin damplng to reduce interior noise.

Equipment, operational requlrements for urban hellports.
T S - . Cost effectiveness of automatic inspection, diagnostics.,
I B ' Dyniamic and acoustical propertles of composite materials.
Cost effectiveness of interior noise reduction methods.

e NON;SELECTIONS

o ~ Higher harmonie pitch control.
B - o . 'Reducé transmission noise at sourée. o
Cost effectiveness of vibration control methods

$ Operating precedures to reduce exterior noise.
o o Cockpit layout as it impacts performance, safety o
5 1 R ... Establish combinations of technology/operatlng procedures'
1 ' 7 ' to meet noise goals~

L
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oy 4 0.2, 0. 2), then one should fund the pro:ects to

'.,Study the alrframe and skin damplng to reduce 1nter10r

1_n01se, to establlsh termlnal aree rlde quallty llmlts..__;_
'and to deflne the cost effeotxveness of 1nter10r noise
_?educt10n~metheés“1n 11eu o£-the previous three projects. .

On. the ba31s ef the results from the flrst three .

e pre3ect ‘aost cases, two additional cases were deprived.

In these, the eostsaof the domirant project seléctions

-wwere=inereasédgto¢the~maximum,fwhile~Severdlfef*thefbbfdeﬁpf.”

line and nonseelection projects were décreased to the

- minimum. One concludes from the results of cases four - -

"and five that, essentially, the dominant and non-selection

projects are not 's'e-hs'-itive- to variations in project cost,
within the estimated cost range. Table 7 presents a
general summary of‘the model reeults on all flve cases.
In this table, borderline selections are listed by
'seleetion rank. That is, those projects et'the top of

'ethls list were selected more frequently than those at

.'”fthe bottom of the llet. Summarles ef the results for

'each of the tlve cases are found in Tahles 21 to 25 in.

.JAppendlx XI. | | o
In Chapter II 1t was stated that a pr03ect ecorlng
'model establlshes an 1ndex of worth for each pro;ect and

preject alternatlves are ranked by thls index; the hlgher

the 1ndex, the more de51rab1e the proaect. Pr jeeis are

| oot |

B ot S i
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Table 7 Model Results Summary -

DOMINANT SELECTIONS

L == = | oo B ﬂ#ﬁ

borriond

| nt——

"Quantify design/manufacturing costs.

Feasibility of engine emission reduction.
Evaluate contingencies leading to pilot errors.

Document reliability, maintainability data base

BORDERLINE SELECTIONS

Cost effectiveness analysis of emergency power schemes.
Establish terminal area ride quality limits.

- Equipment, operatlenal requirements- for urban heliports.

Dynamic and acoustlcal properties of composite materials.

Airframe/skin damping to reduce interior noise.
Cost effectiveness of interior noise reduction methods.

Exterior noise reduction versus cost.

.Cost effectiveness of automatic 1nspectlon, dlagnostlcs.

Operating procedures to reduce exterior noise.

.NON—SELECTIONS

Higher harmonic pitch control.

Reduce transmission noise at source.

Cost effectiveness of vibration control methods.

Ceckplt layout as it impacts performance, safety.
Establish combinations of technology/operatlng procedures
' ' to meet noise goal.
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. “géleéted by their feiatsiv‘e ‘rark until the research budget

has been consumed. A weakness in this approach is that
"the selectlon of projects from’ a ranked 1laL offers no
assurance of an opt1ma1 allocatlon. That 15, the model
'prov1des no’ means to consmder whether 1t would be better
to select two lower-cost, 1ower-rank1ng projects instead
of a hlgher—cost hlgher-ranklng one. The 1nteger o

_ programmlng algorlthm permlts these types of comparlsons
Jtc be made. To compare the selectlon prlorlty ranklng
between the,scorlng model technlque and the 1nteger _

programmlng algorithm, a final ana1y31s was performed._

.- Te.. obtaln the rank of the pro:ects selected for fundlng

by the integer programming algorxthm, the research budgef
constralnt was reduced. tc $50,000 and then 1ncreased

in increments of $50,000 for each lteratlon of the .
algorithm, with each iteration. typlcally 1ntroduc1ng a
new project selection into the selection set, until the
._'actual budget of $500, 000 is reached.,_Tple_approach was
conducted on each of the five projeet;cost casee using
the baseline or equal utlllty component welghts vector
€0.25, 0.25, 0.25, 0.25). These results are compared with
the baseline ranking (equal utility weights) of progects-
in Table 8. In this table, the projects are listed by
#their total utility score, from highest (at ‘the tqp):to

lowest., rSelecting projects by the method of a typical

SN oo B sousons
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Table 8 Project Selection Rank'VérSus-Projecf'Baseline Rank.

Case

100

S

-Pro ect B: Basellne RS [ . - : :
. 3 Raﬁk ' JCasa 1 | Case. 2 |- Case 3 Cagse 4] Case 5 }
Quantlfy Des;gnluanufacturlng '
Variible Costs 1 1 1 1 1
- Feasibility of Engine _ : :
Emission Reduction 2 3 2 2 2
. Equxgment. Operational
Requlrements for Urban Hel;ports 6 & 3 4
Bocument Reliablllty, .
_Malntalnablllty Data Base & 5 5 B
Evaluate Cbﬁiihgenéiés
Leading to Pilot Errors 4 ) 4 by 3
Dynamxc and Acoustical - - R S R T .
Propertles of Compo51te Matenlals 5“ 7 6 7
Cost Effectzveness Analyszs o ) : :
cf E?ergency Power Schemes 3 2 3 5 5
1 Establléh Termlnal Area . o . o S
Rlde Quall Ty Limits 10 ] 8
. Exterior Noise Reduction
. Yersus Cost

) Albfréme/Skin Damplng 7

To Reduce Interior. Nolse

Post Effectlveness of

Opérating Prqcedures to
..Reduce Exterior Noise

fCost Efféétivehess of

- Interior Noise Reduction Methods

Reduce Transm1551on Noise
At Source

Higher Harmonlc Pltch
. Control :

Cost Effectlveness of Automatlc
Inspectlon, Dlagnost1cs

Establlsh Comolnat;ons of S
Techno*ogyIOPeratlng Procedures
To Meet NOlEF Goals

GOckplt Layout as It

| Impacts Performance, Safety
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Seoring model, one would simply go down this ranked list
unfi; therbudget was_cOnsumed; One concludes from

- this comparison that the project gelection priorities

are,signifie&ntly different in each of the five cases,

-i-as that whlch would have resulted from the scor*ng model
-method In addition, program payoffs would be 'increased

_;hy funding thosejpragectvséleetions_reCQmmended by the

integer programming algorithm as opposed to the scoring

~£madé1@-'The7Value70f this'éigorithm:iﬁcreaSes'furthér”

when additional constraints (such as technology balance

-constralnts or nanpower resource constralnts, for

example) must be considered. Although there are, of

“course, other Mmeans - of selectlng prOJects for fundlng net

considered here, the integer programmlng algorlthm is

an effective and ]ustlflable approach.

6. Discussion of Results

In considering a summary of the results of this

- analysis presented in Table 7, one notes some obvious

or expected results as well as some less +han obvious,

~or as is often the case, unexpected rvesults. One

project that was expedted to bé émong those recommended

"fér-funding isithe'pbojECt'fo.Quénfify deéign.aﬁd manu-=

facturlng'varlables that establish a vehicle's acqulsltmon

cost.  The rasults of this pr03ect will prov1de a great

f Preromman g%
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deal of very useful information to other project

alternatives, simply because costs impact every research

. i"ﬁr‘vf

objeective. Much of this information is important enough

to delay other projeects until it is in hand, and thus

. Rbel

the schedule priority of the project is high. In additionm,

N

the project makes at least a minor contributien to a

vast majerity of program objectives. Two additional

I——

projects that are selected for funding, as expected, are

i
poterrianand

the projects to evaluate the Géntingencies leading to

pilot errors and to document the reliability and maintain-

 R—

ability data base of eivil opevators.

Perhaps more important than the expected results are

“

the less than obvious or unexpected ones. One projecét

I

that ranks higher than anticipated is the project to

 —

evaluate the feasibility of engine emission reduction,

S

On the surface it would appear that the results of this

project would contribute little to the results of other

|

projects or to the program objectives. In addition, the

Lo
2 i

{0

objective to reduce engine emission, to which this project
is direectly related, ranks low in priority among other
~ program objectives. However, closer scrutiny reveals

that the requirements for engine emission reduction have

potentially negative impact on both vehicle acquisition
%& and operating cost, system maintenance, emergency power

requirements, urban heliport operations, and aircraft

PV bl e et oo o R
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performance. Thevefore it interacts with several projécts
and program objectives. Two unexpected noﬁ—selections
are the projects to evaluate operating procedures to
reduce exterior noise and to reduce aircraft transmission
noise at the souféé.. The-eﬁteriérznoisé ﬁroject:daes
provide significant direct benefits. Reducing exterior
.ﬁoise:signétuﬁés'wiii increase vehicle applications, in-
crease air travel acééssibility, and decrease interior
noise within the aircraft cabin. This project's impact
6n.operationa1-safety ana.vehicle acquisition cost
also needs to be examined. However the project is
experimental in nature and therefore considerable cost
and seheduie ﬁncertainties'aré involved. .In additiéna
the results for one typs of aircraft (for example,
singie rotor systems5 may hnot bé trahsferable to other
types of aircraft (twin rotor aircraft, for example).
Therefore the certainty in achieving the potential
benefits is low. The project's schedule priority is
relatively low as ére the project's indirect benefits.
There are a few other projects in the program that could
use the results of this project.

Although transmission noise is considered to be one
of the most significant factors in passenger ride
dissatisfaction, the fact is, this project makes little

contribution to program objectives other than to reduce

,K_
b e
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interior noise, and the priority of this objective 15 not

great; considering all c.lent values. In addition, the

results of this project ﬁrovide_little gain to other
projects of the Civil Heliéapter_Teqhnolggy_Erognamp.
Therefore, in reflecting back on ﬁhe information analysis,
the reasoning behind"theSe.ﬁesults are sound. -

Both the =xpected and unexpected results point
out the importance of being able to track back through
the model to establish the information and reasoning-
behind a particular result. As Helin and Soudey (30)
point out, it is not the analytical or decision optimizing
properties of a model that are most significant or of
more value. The greatest benefit provided by a project
selection model is that in the process of using the model
to achieve a solution and to examine the reasoning behind
a solution, the use of information and communication
channels is increased. Thus the process forces a more
complete examination of project alternatives and decision
premises. The documentation of informatioen, data, and
values is an important element in this process for two
reasons. First, the documentation provides visibility
for the decision process. Second,.it permits further
improvements in the information interface between the

research staff and the technology users and non-users.
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While the actual funding of researéh projects may
occur on an annual basis, the selection process is not
an annual one-shot affair. 'Obtaining-informatioh to
provide the basis for establishing and prioritizing
research 0bjeéfiVes,'eva1uating research project options,
and planning the long term nature of a research program
is a continual, iterative process. 'Another'iteration
of this process is now underwéy in the Civil Helicopter.
Research Program. .At the normative 1eVe1,-anainis bf

information obtained in previous iterations is being used

to define areas where more specifie details are required.

The results of the operator survey are a good case_in-
point. Specific points of question in individual
questionnaires have been marked so that follow-up
interviews with the operators can explore particilar
responses in greater detail. In addition, although

technological problem areas were ranked as a result of

this survey, little specific trade-off alternative infor-

mation was obtained. Objective interaction analysis
combined with the initial survey_results_prcvide an
excellent basis for further survey or interview work to
examine trade-off alternatives. As an example of such
a trade-off, one would like to know how much performance
loss operators would sacrifice for a reduction in

exterior noise. Other trade-offs, such as improved

T
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performance versus additional life cycle cost and

reduced operating cost versus additional initial vehicle
cost alsc require investigation. This information would

be most beheficial in constructing interval scales

of client values.

At the descriptive level, complete results of the

analys:.s are provided as feedback to the research
‘. evaluation team. Ihis feedback provides an impcrtant
“ﬁ_gdﬁélcpurpcseieiFifet,cthe;resultsuraise:certain,questionS-
,Which,.to'be,answeredgereqﬁire the analysis proecess be
o conducted in réversé so that the reasoning and data
'underlying the result may be examined. Quite often
‘*gthis[pbOVidesia'detail chtwc}cverlceked'ih-thé initial

‘information exchange between research personnel and the

teﬂhnology user or non=user. These added details often
present different perspectives and thus permit a more
accurate worth assessment to be derived. Second, the
analysis highlights certain arees where further data are
necessary for mcre.accﬁrate.evaluations; Knowledge of
these areas would be useful, for example,_to more closely
dlfferentlate the trade-cffs between the borderline

selection alternatives. It would also be beneflclal in

a second 1teratlon where addltlcnal prOJects are included

and new selectlons are requlred.

A flnal type of 1nformat10n that is important in

S T feig
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futiure iterations of a project selection model is the
'feedbacic between the normative and désecriptive levels

of the analysis. In evaluating project 4interactions,
project to objective interactions and the'likerat the
deecriptiVe'leVel, the researcﬁ-staffﬁmQSt*haveiinfimaﬁe.
knowledge of the use of the technolegy and the problems
inherent in using it. This kﬁowledge cah'ohiy'bé
provided by someone 1nt1mate in its opération. Likewise,
to fully evaluate hls own value structure concernlng a
technology and its use, the operator nast understand what
his values mean in terms of the effects on the technology.
For example, if an operator places hlgh prlorlty on
future equipment that will be 1esa noisy and rlde more
comfortably, he should appre01ate what those qualltles
are likely to ecost in terms of vehlcle cost, performance
and the like. Knowing this information quite often can
affect his value structure. Therefore the feedback of
_information-between the normative and_descriptive levels

is an important part of an iterative analysis.

B. Summar'

| Thls chapter documents the application of the
proposed project selection model to NASA's Clv11'
Helioopter Teohnology Program. The application of this
model is imporfant fob several.reasons.: Pirst; the

management of this program requires a list of research

oo D e
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' project priorities which reflect the needs of both

helicopter users and those non-usérs who will be impacted

~ by these vehicles. ~ Second, this application provides

the means to study the utility of this model in a real

world environment. Finally, the model a:iﬁplica-tion provides’
an opportunlty to develop more fully the ccmponents of

' the mcdel-

After an overview of the Civil Helicopter Technology

Program is presentedgfthe'scurces'&nd types of information
'from whlch the client values are derived, are discussed.

| ThlS 1nformatlon prov1des a ba51s for 1dent1fy1ng research |

ob]ectlvee and project alternatlves. Once reeearch

objectlves have been prlorltlzed and proaect alternatlves

_1dent1f1ed these progect alternatlves are evaluated u51ng

sccrlng fUnctlone for a project's potent1a1 beneflts,

_certalnty in achlevlng these beneflts and schedule
- priority. Six 1terat10ns of an integer programmlng

: algcrlthm are conducted fcr each of flve cases. of pro:ect

cost vectors, w1th each 1teratlcn ut11121ng a dlfferant

set of utlllty compcnent welghts.. The results of these :

1terat10ns indicate a set of four dcmlnant project

~selections and a set of five non-selections that are -

essentially independent of project utility priorities'

_and project costs. The few remalnlng proaect selectlons:-3 n
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within the program budget :coﬁs.‘lf-r'é.in-‘t' "dépen._d ‘on utility

sub-strategy priorities and project cost estimates used.

it

s




LI

| PR SENN A

e,cHA?TER'v

' SUMMARY, CONCLUSIONS AND RECOMMENDATIONS '
: FOR FUTURB RESEARCH

In recent commentary 1n “Transportatlcn Research

-News,“ Kenneth Orskl (HB) discusses . an essay. entitled

“On the Usefulness of Useless Research." -Thls-essay was

z,wrltten some . 40 years: ago by Abraham Flexner, a noted

"-schelar and founder of the Instltute of’ Advanced Studles ;

at'Prlneeth. As Orski writes, in that. essay Flexner

.“5773ﬁ§ued*thafgSelenthLe.and.technolegxealsprpgness.develgps”'
| fas~anwautchomcus prccess accerding te.a.lcgiceef its own,
" largely uninfluenced by external events o considerations.

| He7fﬁrtherhcontended'that.great advances in science and. |

© its applicaticu are commonly the result of accidental

events, through the operation of the principle of

*’sébeh&iﬁify;-i'e;,'tﬁerdisbevesyief~faets~thaffwésé.
'1un1ntended and not 1ooked for.. Flexner therefore con=-
uizrcluded that 1t was unnecessary, lndeed counterproductlve,

' Ato plan and dlrect research efforts. Rather, Flexner
‘f’contended, research should: be allowed to’ fcllow a ccurse
' ‘of 1ts ewn, relylng cn serendlplty to brlng about

S benef1c1al results.

In contrast to thlS lalssez faxre approach Orskl

lntroduces the concept of m1551on or appllcatlcn crlented

118
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'researCh. Thls concept is grounded in the bellef that

research cannot be divorced from the larger purposes of
human endeavor and, theréfore, must be directed toward

specific social objectives. The central theme in Orski's

-argument is that technology in itself has no soeial value.

'except insofar as it serves, or facilitates achieving,

larger societal purposes. Therefore, research should not

begin with a desire to advance the state of the art, but

" pather with the consideration of user and community needs. . -

Oprski's theme of application oriented research is a

Central one in this dissertation. -That-zs;:researchxand'

developmen* not only can be, but should be, planned and

formally dlrected, “and’ the.dr1v1ng force in such a plan_'

_should be the appllcatlon or m1531on for whlch the

'_research "pro:ect" is to be ultlmately used. The pro-

posed pronect selectlon model developed in thls study

) represents a flrst step 1n ach1ev1ng the objectlve of

,formulatlng a complete model for plannlng research and

development.
The purpose of thlS model is to prov1de a mechanlsm
to 1ntegrate the necessary 1nformat10n so that research

projects may be selected for fundlnga_ Its functlonal

oblectlve is to 1nsure that: (a) all pertlnent 1nforma—

: thn 15 consldered and (b) the. pro;ects are compared 1n_

a consistent and meanlngful way with a mlnlmum of blas.
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- The model uses an-integer programming algorithm as the

optimization method to select those projects that

eollectively maximize program payoff while achieving

program resource and balance constraints. The program

e payeff comes from the utility of each of its-individual

';prOJects, assuming each project's utility is due to the

benefits it provides, the certainty in ach1ev1ng these

e bénéfitS, and its priority due fto scheduling corisidera-
" tions. Each component of this utility is measured by
‘its own scoring function, and the scores, once normalized,

- ape assigned a priority weight and combined by means of

a projeet utility function. The coefficients obtained

" from the iﬁrloj'fect- utility funetion provide the ‘eoefficients

for the objectlve function of the integer program
algorlthm. | |
In an effort to evaluate the utility and effectiveness

of thls model in a real world env1ronment, 1t was applled

to NASA'S Ci iy Hellcopter Technology Program. 'The'

results of this exercise indicate several key points.
First, the.model_is_operational; that is, it is relatively

eaéy td implement and simple fo use. Second, it provides

_ﬁha technlque for 1ncorporat1ng many 1nd1v1dual views and
expertlse 1n a structured, systematlc manner. Thls helps
_ to insure the effectlve utlllzatlon of all the expertlse

' avallable to the organlzatlon, Whlch is especlally
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'important'ﬁhen the program spans a wide range of technical
diseiplines, as does the Civil Helicopter Technology
- Program. Finaliy; the model can be implementeéd at any
p01nt in the program, not just at program conception.

he model 15 partlcularly effectlve in assessing
objective priorities with a minimum of bias, by focusing
on the value structure of the research client, and by
identifying_the_effeCts of, and the conflicts in, these
obﬁeetiQes..'LikeWise,'it aids the decisiéh makef-in |
orderlng project prlorltles by indicating, for each
pro]ect and for the program as a whole, their 1mp11cat19ns.
__W1th respect to the elghteen preject alternatlves con-
sidered in this appllcatlon, four are recommended to R
recelve high priority in selection d601810n5. to quantlfy
the design and manufacturlng varlable costs, to evaluate
the fea51b111ty of englne em1551on reductlon, to document
the reliability and malntalnablllty data base of c1v1l
operators, and to evaluate eentlngenc1es 1ead1ng to
pilot errors. Thece projects are dominant pro;ect
selections, that is, they are selectad independentaof :
project costs and utility component priorities used in
. the model algorithm iterations. A second -group of - - -

projects are identified as borderline selections. Several

~ of this group are typically selected for.a particular- .. -

model iteration; the specific ones are dependent on the
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utlllty component prlorltles and prOJeot costs used.
Plnally, five pro3ect optlons are recommended. to recelve

- low priopity in seleotlon deolslons. On the ba51s of

'thenifefatiVe'rune of +he model these pro:eots falled

to be selected oen any 1teratlon, regardle s of_utlllty L
H4 component prlorlty or projeot oosts.: e L
| On the basms of thlS analy51s, management 15 glven__
*'w1de latltude 1n the seleotlon de0181on, the model does.
_not make the de0151ons. Rather, 1t 51mply recommends

.deolslon optlons on the ba51s of management values and on

”_the oonsequenoes these optlone are. 11ke1y to have. jﬂhese~

_(oonsequences ara 1dent1f1ed in terms of:
';A1}__objeot1ve prlorltles, refleotlnglollent valuessy
'*é;.ﬁdlreot projeot benefits, relatlng projeots to
:.3Tprogram.objeot1ves and then to objeotlve
'5prlor1t1es, |
3 ;nd_lrec.t project benefits, ﬁre;lati'ng-.pr‘ojreét.‘ '
=econt#ibgti9ﬁéefoﬁother projectsy

1y -;;-}-'-.uneéfta-i:ﬁty- in achieving project benefits;

;‘f:the schedule prlorxtj relatlonshlp of the
':Qi;projeot alternatlves. R

'"eThese consequenoes are‘ea511y abstracted from the dooumen-

”*F*“atlon by s;mply tPadklng baok through the model 1og1c to:'

T”e&amlne,the reasonlng 1nherent in the ana1y51s.

The beneflts of model 1nformat1on documentatlon are o
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in=managem9nt?s.ebility to analyze the madEI.résults'and-'
then to investigate:the details ané.reasoniﬁg inherent

- in these results. It is difficult to .overestimate the
value of the ability to track back thrcugh:the model. -
This capability improves the iﬁfermatienﬁinterfaee'a'

- between the researech Staffrand'fhe“teehnology'uséﬁétbyl

providing feedback data'to'acf-as a guidé7to'iﬁ¢rease

future information exchange. ' In addltlon, since the model

'"vﬂpartltlons the subjectlve and objectlve facets of the

‘ problem, this process is very effectlve in lllustratlng
the. 1mpact of value judgments on declslons at all levels
of the ana1y51e. | | _

' Perhaps ‘the. most 1mportant aseet.of thls model 15.
that it promotes 1mprcved communlcatlcn and 1nformatlon
_ seeklng behav1or of program part1c1pants. In u51ng
the model, and ana1y21ng 1ts,vesults, theyrbecome aware

" of the need to ihcrease thelr use cf exlstlng communlca-

ﬁ_tlon channels and to develop new ones to obtaln addltlonal_n__

.1Jdata. Therefore the effect cf the 1ntroduct10n of the ;
' mode1 on the 1ncreased avallablllty and contenr of . .
ulnfbrmatzon flow to the dec151on maker is a key asset.”

.lehe 1n51ghts exchanged between the research staff'and :

c.research cllents in developlng thls 1nformat10n may be

"_more 1mportant than the output prov1ded by the model

algorzthm

———
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The proposed model is not intended as a panacea
for all research and development project selection problems.
However, the approach is predicted on the realities and
practicalities of today's research environmént and is
suggested as an improvement on previous models in two
vasic areas. First, 1t provides a value structure

framework for using the subjective judgments of program

clients in evaluating research objective priorities.

These priorities cam then be used to evciuate the

potential benefits expected from each project. Second,

[Son S o

it incorporates regource allocation, project benefit

T

evaluation, bengfit uncertainty estimation, and project

scheduling information into the selection decision frame=

EREIA O Lo TSRt oy L N e e i i o T
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E work so that tradeoff alternatives may be studied.
s The model, although operational at this point, is
; £ not without certain deficiencies that could be improved
'E through further research. One area where further study
E . is reguired is in the definition of specific informatien
: é requirements needed to develop the evaluations required
- in the model's scoring funetions. In the initial
: application of this type of model, it .s wise to leave

wide latitude for evaluators to identify their own reasons
for their evaluation. However, in later iterations, these

initial inputs can be used to develop a check list of data

needs to serve as a basis for further refinement of

T T M
1
i,
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evaluations. The more specific the information require-
ments, the more consistent the evaluations can be,
especially in the area of subjective value judgments.

Purther study is alsoc required to determine the
relationship between the expenditure of research funds
and the probability of success and the expected benefits
from potential prejects. One would also like to know the
relationship between project benefits and the length
of time for project completion as well as the optimal rate
of expenditure. Once these relationships are established,
thenh the model could employ a linear programming algorithm
in place of an integer programming algorithm; so that
partial funding 6f projeet alternatives could be
studied. This capability would give added flexibility
to the decision-making process.

Project selection decisions are made centinually
during a research program and thus this type of model
will be in constant use. The concept of information
flows generated in the Selec¢tion process is an essential
one in the use of this model, as previously discussed.
Therefore one approach to handling this requirement for
information is to provide a real-time information system
torwork in conjunction with the model. Further study is
needed to define the requirements and to assess the

utility of such a system. Finally, more work is also
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i
required to relate the short-term selec¢tion decision
j process with: 1) the processes of project contrel

and progress evaluation so that management can better

o

define when a project should be discontinued and

% 2) the long-term program plans, so that the impact of
" short-term selection decisions on long-term payoffs can
j be assessed.

j
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APPENDIX I Definition of Scales Utilized
in Scoring Functions

Table

Table

Table
Table

9

10

11
12

Scale Definition

Scale Definition

Scale Definition

Scale Definitien
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Objective Interaction
Matrix

Client Objective
Priority Matrix

Contribution Matrix

Project Interaction
Matrix
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Table 9

SCALE

138

DEFINITION ~ OBJECTIVE INTERACTION MATRIX

= Major Influence
achieving objective i will have a major
influence on objective j (either in a
positive or negative sense)

= Minor Influence
achieving objective i will have a minor
influence on objective j (either in a
positive or negative sense)

= No Influence
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Table 10
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SCALE DEFINITION - CLIENT OBJECTIVE PRIORITY MATRIX

Table 11

7 = Highest priority

1 = Lowest Priority

SCALE DEFINITION - CONTRIBUTION MATRIX

=
(1]

Major Contribution

successful attainment of project i will
provide a major contribution to the sue-
cessful achievement of objective j.

Some Cpntribut@cn

Minor Contributien

Little Or No Contribution
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SCALE DEFINITION - PROJECT INTERACTION MATRIX

Absolutely Essential

The success of project i depends directly
on the results of project j.

Major Contribution

The results of project i will provide a
major contribution te project 3.

Some Contribution

Remote Association

projects j and i are remotely associated,
although no cross contributions ecan be

No Contribution

r-—...-w r-u—a-- r""wv'« P maneinry'y [ T T T ——

.



!.‘\—.‘m'ﬁ.:;

L . I

A

Y
[YPEE -

‘Wwi

| e

APPENDIX II Summary of Ride Quality Flight
Research Results
Table 13 Experiment Noise and Vibration Levels

Table 14 Pe.,ceived Importance of Environmental Factors
Affecting Subjects Ride Satisfaction

Figure 9 Importance of Previous Flight Experience on Ride
' Satisfaction

Figure 10 Importance of Anxiety, Motivation on Passenger
Satisfaction

Figure 11 Passenger Feelings About Noise and Motion
Figure 12 Importance of Noise, Vibration Reductions

Figure 13 Influence of Flight Duratien on Willingness to
Fly Again
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22.2
20
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10
6.1
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NEVER SOME FREQUENT

FLOWN EXPERIENCE AIR TRAVELER
PERCENT NOT SATISFIED

14y

100
81.5 KEY:
aob - ANNOYING
SOMEWHAT
68 ANNOYING
NOT
B0 |~ ANNOYING
48.5
4o
24,2
20 ys &7
.1
7.4
0 il |
FREQUENT SOME PREVIOUS NEVER FLOWN
AIR TRAVELER FLIGHT EXPERIENCE PREVIOQUSLY
FEELINGS ABOUT NOISE
Figure 10 Importance of Previous I'’igh: Experience

on Ride Satisfaction
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Figure 11 Importance of Anxiety, Motivation and
Passenger Satisfaction
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(a) High noise/high vibration.
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(c¢) Low neise/high vibration.
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{d) Low noise/low vibration.

PERCENT WITH COMFORT PERCENT FINDING FACTOR MOST OBJECTIONABLE
RATING OF 4 (NEUTRAL)

OR WORSE
Figure 13 Importance of Noise, Vibration Reductions
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Figure 14 Influence of Flight Duration on
Willingness to Fly Again
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APPENDIX III Summary of Civil Helicopter
Operator Survey Results

Results Statified by Type of Operator

(1) Commercial
(2) Corporate

(3) Civil Government

149



=

5.

COMMERCIAL OPERATORS
61 Responses

150
HELICOPTER OPERATOR QUESTIONNAIRE

Below are 1isted several possible uses of helicopters today. Please estimate
the percentage of your operating time that is utilized in each of the
following operations:

Agriculture, forestry,

herding____ 13.2% __ Resource exploration__7.6%
Patrol, photo, pollution Air taxi, charter, .
detection monftoring  14% ~ passenger transport 26%
Construction 8% _____ Bank, paper transportatfon__3%
Logging _< 1% 7 Other (please specify)
Fire control, support _ 6.6% . 13%
How long has your organization been operating helicopters? MEAN = 10.2
MODE = 3
How many atrcraft do you currently operate?
MEAN = 6.4

HelicoptersMODE = 2 Fixed-Wing .

‘ Average number of annual flight
Helicopter type No. of aircraft hours/aircraft _

Bell 206 3u% _MEAN = 767 MODE = 400
Bell 47 - 18%
" Hughes 300 8%

How many operating bases do you employ? _ MEAN = 1.8

Where are the majority of your operations based?

' Airport NO RESPONSE 7%

7.

Private heliport, separate from airport
Public heliport, separate from airport

Have your operations encountered any difficulty in obtaining a permit to
operate a heliport?

No Yes, a great dea?

Yes, some Not applicable

If yes, what was the major problem(s) you encountered? NO RESPONSE?-" 8%
Community reaction Availability of suitable site

Zoning regulations Other (please specify)
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8. Do your operations employ the use of any public use hel iports or helistops?
Yes, often | No NO RESPONSE 3%
1 Yes, occasfonally - No, they are not available
u iz Rarely | S | .
} 9. Would you utilize public use heliports if 'thgy‘_were available?
n Yes, they would be an asset | :
E L B59 Yes, possibly NO RESPONSE 3%
T [ No, not at this time
3 10. Do you receive complaints from the community regarding your operations?
] Yes, frequently Rarely  NO RESPONSE 3%
Yes, occasionally Not at all
| "~ 11. Please rate the potential fmportance of the following operating procedures to
minimize the impact of helicopter operations f" the sursoumﬂng cgmmu%i t,.y.7
¥ o 2 ' . ' -
i RESPONSES IN PERCENT =| s 5
| 8% 85 55
- E g | - 5
y Fly at the highest practical 13] {2 13 B
%,w altitude o h o
i. Avold airspeeds which produce GDIE3 8 & @ &
stgnificant blade slap - o
§. Select route over least =] =] EN|
populated areas '
Select approach/departure . L o
!‘ route to follow major (3 3 (1ol ]
i thoroughfares, railroads, rivers ' .

Other procedures: please elaborate

ey

e

12. What percent of your total matintenance 1s--

Scheluled MEAN = 78,5% Unscheduled_MEAN =
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18. Do you foresee the need of this capability in the future?

| 152

13. - What percent of your total maintenance is related to-- -

Engtnes  MEAN = 26.4% Afrframe_ 18-%%

Drive system 21.0% Avionics 10.0%

Rotors 11.8% Other___
14. To what do you attribute most unscheduled maintenance?

Vibration 57% Operat‘ihg environment aﬁ%- e

Hard landings_3% Vehicle design o 43% -

Engine failures 183% Other (please specify) 18%

‘ Avioniecs < 1%

15. Which factor(s) are most significant in your afrcraft availability?

Weather Other (please specify)
Maintenance _

16, How much of your normal operat'lng time 1s lost due to bad weather?

__MEAN = 8.1% _

17. How many of your aircraft are equipped for IFR flight?
0 =85% 1=10% 2= 5%

-

19. ' If yes, for what type of operation would this capability be used most often?

In the following sections, many factors relevant to civil helicopters are listed.
We would 11ke to solicit your opinions on where the most emphasis should be placed
in future research efforts, relative to your own opefﬂt*oﬂag experience. Your
answers should reflect the relative priority you attach to these factors. For
each factor, please check one box indicating how much emphasis that item should
recefve, The boxes are numbered from 1 to 7, with 1 meaning 1ittle emphasis and

7 meaning major emphasis.

20. Community Acceptance
le 2 3 b 5 6

Littl
Emphast

Reduce noise impact on community
Improve safety of operation

Reduce pollution

QEHE
DBEE
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Other (please specify) __
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‘More paj10ad

Increased speed

N

-Reduce noise

~ RESPONSE IN PERCENT
21.  Performance Considerations

2

Greater range

Increased maneuverability

More efficient ﬁower plant

.

HEEEEBEH-

Reduced fuel consumption

Other {please specify)

b
)

o

1 BH
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22. Passenger Acceptance
| ._,ﬂ_-JL--—efl——~—-2

Reduce vibdbration

Costs more competitive with other
air systems ‘

B E B Heprests
N

Increased system safety

Other (please specify)
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Please indicate the reiative value of the fo)

operation. Place a 1 by the factor where technolo ical impr:
mast atd your operation,
the third most important
more than once and you ma

S0 desire.

Aircraft performance
Direct operating costs
ﬁassenger dcceptance -
Improved IFR capabil{ty
Aircraft inital costs
Community acceptance

Atrcraft safety

a 2 by the second most
factor, and so forth.. A number or rank may be used
Yy supplement the 1ist with your own factors if you
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lowing factors impacting your

tmportant factor, a 3 by

MEAN = 2.6 MODE = 1.0
MEAN = 2.0 'MODE = 1.0 '
MEAN = 3.5 " MODE = 3.0
MEAN = 4.9~ MOLE = 8.0
MEAN = 2.6 _ MODE = 2.0

I

= 4,5 MODE = 6.0

3.1 MODE = 3.0

Reduced’ fuel consumption MEAN =

If you think that
tell us what they

4.4 MOLE = 4.0

this questionnatre omitted
are.

any important items, please

PraaS—

Pty
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CORPORATE OPERATORS
59 RESPONSES
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HELICOPTER OPERATOR QUESTIONNAIRE

Below are 1isted several possibie uses of helicopters today. Please estimate
the percentage of your operating time that is utilized in each of the
following operations:

Passenger transportation_ 63% | (:onstruction l}% i

Cargo transportation 6% Frivate (Personal)

Other (please specify) Photo 7%  Other 10%

How long has your organization been operating he'l*lcopters? MEAN 8 Years

How many aircraft do you currently operate?
MEAN 2

Helicopters__ MODE 1

Average number of annual flight

Helicopter type No. of aircraft ___hours/aircraft
Bell 206 __u9% MEAN = 571 MODE = 300
Bell W7___ 10% |

Bo 105 = 8%

How many operating bases do you employ? MEAN = 1.8

Where are the majority of your operations based?

I3 Airport

Private heliport, separate from airport NO RESPONEE
Public heliport, separate from airport

Have your operations encountered any difficulty in obtaining a permit to
operate a heliport?

No [B%] Yes, a great deal

Yes, some Not applicable

If yes, what was the major problem(s) you encountered? NO RESPONSE 59%
Community reaction Rvailability of suitable site

Zonli-ng regulations Other (please specify)
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Do your operations employ the use of any public use heliports or helistops?
Ves, often No
Yes, occasionally No, they are not available

E0% -Rarely

Would you utilize public use heliports if thg.y'_were available?
Yes, they would be an asset NO RESPONSE 2%.
Yes, possibly |

E28 No, not at this time

Do you receive cbmp]aints from the community reg'a-rd'lng Yyour operations?

Yes, frequently Rarely
Yes, occasionatly Not at all  NO RESPONSE 2%

Please rate the potential importance of the following operating procedures to
minimize the {mpact of helicopter operations on the surreunding community.

e e
RESPONSES IN PERCENT SFE 2 3 4% 5 %6 §:
=2 L 5. [ S
’ oOwn 60 a4 a
= o 2 a - O
ralll = s
F}yiatdthe highest practical C10g
altitude 4 L == = .
Avold atrspeeds which produce (3{EE B3 O @
significant blade slap B - ) ' ' B
Select route over least Y e B ol s R 2]
populated areas ' -
Select approach/departure N _ ]
route to follow major 1 3] 39
thoroughfares, railroads, rivers ) - -
Other procedures: please elaborate
What percent of your total maintenance fs--

Scheduled

Unscheduled_Mean = 15.3%

s - e e e
.......

=
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14.

15,

16,

17.

18.
19.
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What percent of your total maintenance is related to--
Engines_MEaN = 25.u% Airframe MEAN = 20.5%
Drive system_  18.9% Avionifes___ 8.3%
Rotors__ 12.2% Other_ . 4.9%
To what do you attribute most unscheduled maintenance?
Vibration MEAN = 41% Operating enviromment. 29%
Hard landings___ 2% Vehicle design___ 54% -
Engine failures 14% Other (please specify) 20%

T Avienics . __'_79.6__ _ o
Which factor(s) are most significant in your aircraft availability?

Weather Other (please specify)
Maintenance

How much of your normal operating time is lost due to bad weather?

MEAN = 18.7%

How many of your aircraft are equipped for IFR flight?

=

0 = 81% 1=18% 2=2%

Do you foresee the need of this capability in the future?

If yes, for what type of operation would this capability be used most often?

In the following sections, many factors relevant to civil helicopters are listed,
We would 1ike to solicit your opinions on where the most emphasis should be placed
In future research efforts, relative to your own operational experience.

answers should reflect the relative priority you attach to these factors.

Your
For

each factor, please check oné box Tndicating how much emphasis that item should
receive. The boxes are numbered from 1 to 7, with 1 meaning little emphasis and
7 meaning major emphasis. - T

20. Community Acceptance
12 2 3 Yy 5 6 7 »n
RESPONSES IN PERCENT Qo . E
» oL
» A - 0.
- E o &
2w ._ __ £
Reduce noise {mpact on community G &9 B E]
Improve safety of operation 2 O I N T e O I v B Y
Reduce pollution 0 @ B @ bl =
Other (please specify) N N N T T A I O O




Respcnses in Percent
2. :

Greater range

Increased maneuverability
More pay}oad

More efficient power plant
Increased speed

Reduced fuel consumption

Other (pleas¢ specify)

Performance Co
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22.

Responses in Percent

Reduce vibration

Reduce noise

Costs more competitive with other
air systems

Increased system safety

Other (please specify)

"1* 5 3 L5 87
IZZJIiLlliiJF&I %JLB_-['E_]
(31 537 [ med &1 o @]
3] [ [7] @2) @27 @] fE
A @ 81 D = E )
(2 (9 F1 & W) & )
s s o e o Y
,. Passenger Acceptance i
‘ 1, 2 3 4 5 6 7.,
oy 5%
o [0 [ @ o
20oDUCIRIATY OF Tik
. taL PAGE IS POOK
2 -



23. Please indicate the relative value of the following factors impacting your
operatfon. Place a 1 by the factor where technological improvements could
most aid your operation, a 2 by the second most important factor, a 3 by
the third most important factor, and so forth. A number or rank may be used
more than once and you may supplement the 1ist with your own factors if you

so desire.
Aircraft performance MEAN = 2.2 MODE = 1.0
Direct operating costs MEAN_?T2¢5_;M0DE = 1.0 .
Passenger acceptance MEAN = 3.3 MOTE = 4.0
Improved IFR capability MEAN - uigfiMDDE = 1.0
Alrcraft initial costs MEAN = 2.8 MODE = 3.0
Community acceptance MEAN = uaz MODE = 3.0
Aircraft safety ' MEAN = 2.4 MODE = 1.0
Reduced fuel consumption MEAN = 3.9 MODE = 2.0

24. If you think that this questionnaire omitted any {mportant items, please
tell us what they are.
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HELICOPTER OPERATOR QUESTIONNAIRE

Below are 1isted several possible uses of helicopters today. Please estimate
the percentage of your operating time that is utilized in each of the
following operations:

Patrol ___ 60.6%

Fire control/support  5.6%

Pollution detection/ Pa"séenger transportation_  6.0%

monitoring 2.0% . e
T Ambulance/emergency

Search and rescue_ 6.2% rescue 6% .

Other (please specify)_ 10%

How long has your organization been operating helicopters? MEAN = 8 Years

How many aircraft do you currently operate?

Helicopters___ MEAN = 4.3

———

Average number of annual flight

Helicopter type No. of aircraft . hours/afrcraft
Bell 47 235 MEAN = 985  MODE = 600
Hughes 300 19%

Bell 206 _16%

How many operating bases do you employ? _ MEAN = 1.4

Where are the majority of your operations based?

‘.A‘l*r'port : NO RESPONSE = 2%
Private heliport, separate from airport

[23 Public heliport,. separate from airport

Have your operations encountered any difficulty in obtaining a permit to
operate a heliport?

No Y'es,’ a great deal

Yes, some Not applicable

If yes, what was the major problem(s) you encountered? NO RESPONSE 84%
Community reactton Availability of suitable site

Zoning regulations [73] dther (please specify)
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Do your operations employ the use of any public use heliports or helistops?
Yes, often No NO RESPONSE 7%
Yes, occasionally No, they are not available
Rarely
Would you utilize public use heliports if they were available?
Yes, they would be an asset . NO RESPONSE 7%

Yes, possibly
No, not at this time

Do you receive complaints from the communi ty regarding your operations?

Yes, frequently Rarely NO RESPONSE 2%
Yes, occasionally - {iE4 Not at al

Please rate the potential importance of the following operating procedures to
minimize the impact of helicopter operations on the surrounding community.

2118 2 3 4 5 g 7E

Responses in percent w8 [t o

23 1.% 2 28

, ol = 5

i’}y at the highest practical (23
altitude h - ' — =

Avold airspeeds which produce 2|1 @ @

significant blade slap

Select route over least
populated areas

B
b ‘a' .

Select approach/departure

route to follow major i ] 51 623

thoroughfares, railroads, rivers

Other procedures: please elaborate

p—

What pércent of your total maintenance is--

Scheduled MeAN = 753 Unscheduled MEAN = 203
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13. What percent of your total maintenance is related to--

Engines MEAN = 30% Atrframe_ MEAN = 16%

Drive system _16% Aviontes_ __ 9%

Rotors 7% Other _
14. To what do you attribute most unscheduled maintenance? _

Vibration___ 42% Operating environment__4u% _

Hard landings_5% Vehicle design 6% -

Engine fatlures_23% Other (please specify) 28%

15. " Which factor(s) are most significant in your aircraft availability?

Weather . [T Other (please specify)
Maintenance | NO RESPONSE
NO RESPONSE

16, How much of your normal operating time is lost due to bad wedther?.

—MEAN. .= 9 L% MODE < 5& .
17. How many of your aircraft are equipped for IFR flight?

- 0 = 93% 1=5% .. .273%2%

18. Do you foresee the need of this capability in the future?

19. If yes, for what type of operation would this capability be used most often?

In the following sections, many factors relevant to civil helicopters are listed.
We would 11ke to solicit your opinions on where the most emphasis should be placed
in future research efforts, relative to your own operational experience. Your
arswers should reflect the relative priority you attach to these factors. For
each factor, please check one box ¥ndicating how much emphasis that item should
recelve. The boxes are numbered from 1 te 7, with 1 meaning 11ttle emphasis and
-7 meaning major emphasis. '

2. Comminity Acceptance

1w 2 3y 5 6 7 w
Responses in percent 2 v 2

88 28

o6 £8&
Reduce noise impact on community M
Improve safety of operation (3] (7 [26] [50]
Reduce pollution A 3]
Other (please specify) OO CO0OCgQgroy o

4 st et
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gé Responses in percent

L o

Greater range

Increased maneuverability
i- More payload

More efficient power plant

g

Increased speed

SN,

Reduced fuel consumption

! Other (please specify)
;.

- Performance Considerations
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22. Passenger Acceptance

. Responses in percent

Reduce vibration

Reduce noise

_ Costs more competitive with other
i air systems

Increased system safety

I Other (please specify)
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23. Please indicate the relative value of
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tﬁe fellowing factors impacting your'

operatfon. Place a 1 by the factor where technological improvements could

most aid your operation,
the third most important
more than once and you may supplement the 11st

$0 desire,

Atrcraft performance

- Direct operating costs

24.

Paésenger acceptance
Improved IFR capability
Aircraft initfal costs
Community acceptance
Afrcraft safety

Reduced fuel consumption

factor, and so forth,

Rank
—_—

MEAN = 2.4

MEAN = 3.0

MEAN = 5.7

MEAN = 4.3

MEAN = 2.4

MEAN = 3.9

& 2 by the second most mportant factor, a 3 by
A number or rank may be used
with your own factors if you

MODE
MODE
MODE
MODE =

n n
NI

1]
~3

MODE

MODE
MODE

tt
%] [l m o o

MODE

If you think that this questionnaire omitted any important items,

please tell us what they are.
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APPENDIX IV Recommended Helicopter Exterior
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15

16

17

Noise Guidelines

Comparison of Residential Community Noise
Regulations

Comparison of Federal, State and Local Noise
Regulations and Guidelines with the Proposed
Community Acceptance Criteria

Aircraft Noise Criteria

Plan for Future Certification Noise Limits
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INGLEWOOD , CALIF.
BOULDER , CO.
BOSTON , MASS.
ANANEIM , CALIF
SPRINGFIELD , MASS
BINGHAMTON , N.Y.
BEVERLY HILLS , CALIF.
DENVER , CO.

FAIR LAWN , N.J.
WARWICK , R. 1.
FARMINGTON , CT.
DALLAS , TX.

NEW HAVEN , CT.
COLUMBUS , OH.
DAYTON ,0M.
MIAMI , FL.
MINNEAROLIS , MI.
PEORIA , iL.
TUCSON , AR.
CHICAGO , I,
BALTIMORE , MD.
LOS ANGELES , CALIF.

DARKENED CIRCLES INDICATE REGULATIONS
OUT OF LINE WITH THE MAIN BODY OF DATA

A
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ONE 10-SEC EXPOSURE PER DAY

Figure 15 Comparison of Residential Cormunity

Noise Regulations {(Reference ui),
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Figure 16 Comparison of Federal, State and Local
Noise Regulations and Guidelines wi+h
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* PAR PART 36 (NOV. 1969)
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Figure 17 Aircraft Noise Criteria (Reference i15).

o

B Lomiia e

eragnst Bosm e

[ p e

ey

| et

fm""ﬂ

|




i

L e T R S
|

;;
i y
169
O |
i
i
£
H =
: 2
Bl o .
; o e
i
i g |
& ® MODIFIED AIRCRAFT
95 ¢ 1 O NEW DESIGNS
J g
g
@
8 '
1 = 9o}
E E
.‘i | §
&
g 85 ¢ 4
H MAJOR GOVERNMENT/ -¢raum3mu$
g INDUSTRY EFFORT ~._ GOVERNMENT /
g - ~ . INDuUSTRY
&

> EFPORT|
~ ~

[
L _
L’ o
|
|

: Figure 138 ‘P'lan for Future Certification
;e Noise Limits (RPeference u45§).

g




ANTERE T A L

S Srsatioidal

LY BANESH
EaRE ] | Sid ]

1
F R

I

 Jo—

 H——

 inemes S vy

-

f
i

APPENDIX V Civil Helicopter Accident Statistics

Figure 18 Civil Helicopter Accident Statisties
Figure 19 Accident Rate Comparison 1969-1374

Table 15 Ten Most Frequent Types of Accidents for
Helicopters in Civil Sector 1868-1974

Table 16 Most Fregquent Causes of Aecidents for Helicopters
in Civil Sector 1968-1974

Table 17 Civil Helicopter Accidents by Phase of Operation
1968-1974

Table 18 Civil Helicopter Accidents by Kind of Flying
1968-1974

Sources of Information:

National Transportation Safety Board, Annual Review of
Aircraft Acecident Data, U. §. General Aviation,
1965 1575 = =5 : == 2R LOR

Heliecopter Association of America, HAA Safety Bulletin
4-76, February 15, 1976.
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SOURCES: National Transportation Safety Board, Annual
Review of Aircraft Accident Data, U.S.
(ieneraY Aviation, 1969-7%.

Helicopter Association of America, HAA
Safety Bulletin 4-76, February 15, 1976.
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Table 15 Ten Most Frequent Types of Accidents for Helicopters
in Civil Sector 1968 - 1974

Total Accidents ~ 1722

Percent of

Frequency Total
Engine failure or malfunetion 493 28.6
Collisior with wires/poles 171 9.9
Hard landing 163 9.5
Collision with ground/water, uncontrolled 153 8.9
Collision with miscellaneous objects | 118 6.9
Collision with ground/water, controlled 99 5.8
Tail rotor failure 78 h.5
Rell over 75 y.4
Collision with trees 62 3.6
Main rotor failure 31 1.8
i
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Table 16 Most Frequent Causes of Accidents

w3 e T £ T o S RN T T T e s e s Sy Ty,

17y

for Helicopters in Civil Sector 1988-1974

1
ciie pcterr R

Sy

Total Accidents s 1722

Total Causes Cited
for Acecidents cw 2430%

Percent of

Cause of Accident Frequency Total
Pilot, human faector 1237 51
Power Plant 313 13
Terrain 241 190
Rotor System - 197 8
Personnei 189 8
Weather 66 3
Undetermined 43 2

*For statistical purposes, where two or more causes exist
in an accident, each is recorded and no attempt is made

to establish a primary cause.



Table 17

Phase of Operation

Inflight
Landing
Takeoff
Static

Taxi

Table 18

Commercial

Non-Commercial
Misecellaneous

Instruetional

Civil Helicopter Accidents

by Phase of Operation 1968=1974

Total Accidents

Fregquency

923
399
278
62
51

Civil Helicopter Accidents
by Kind of Flying 1968-197h4

Total Accidents

178

175

- 1722

Percent of
~ _Tetal

53.6
23.2
16.1
3.6
3.0

-- 1722

Percent of
, Total

52.7
0.0
17.0

10.3
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APPENDIX VI

Summary of Hawkins and Griffin
Pilot Survey Results

Source: Reference 47
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Question:

table

177

If you were an 1nstructor, what spe01f1c skills

would you look for in your trainee pilots in order that
you might consider them able to fly a helicopter profi-

ciently?

397 responses were obtained from 93 pilots. There
were 77 separate types of response, classified inteo 12
distinet types of ability, as shown in the following

1.

[

CLASSES OF RESPONSE

+3 Most Frequent Individual Responses

(excluding single responses)

JUDQEMEhT - PERCEPTUAL ABILITIES

EPTUS [TTE
€.g. judgement of dlstance (12)
Judgement of speed (10), height

judgement (7)

\-\UJ

; |
'!'!—'-_————-_——-—-—._-__—-

NO. OF
RESPONSES

(PILOTS)

% OF TOTAL
RESPONSES

53

13.1%

smoothness 1n control movementa
(18), simultaneous c¢ontrol co-

"_opdlqatlon (1e) qulck reactions (9}

v

41

10.3%

ABSTRACT - SOCIAL ABILITTES e.g.
Self confidence (9) common sense

(8), determlnatlon (4)

37

MENTAL - COGNIT [VE ABILITIES
e.g. concentratior 2) thinking
ahead (6), making correct de-
ductions (u)}

36

DEALING WITH DIFFICULT SITUATIONS

e.g. calmness 1in a crisis (10),

decision making under stress (8),

react in emergency (5)

29

ABSTRACT ~ PHYSTCAL ABILITIES

e.g. anticipation (12), alert-
ness (8), relaxation (6)

29

?ﬁgnNICAL APTITUDES e.g. tech-

nical aptitudes (15) knowledge
of aircrafts limitations (5)

21

T _'ff’ T T L IR T WTEET G VN

P sensma

R

Remama
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VISUAL ABILITIES e.g. Scanning
of instruments (12) quieck
assimilatior. of instrument

9.

1nformatlon (5), observatlon (3)

21

ABILITY TO LEARN e. g. respend
t6 direct instruetion (8),
assimilation of new skills (5)
open to Crlthlsm (3)

20

GLNERAL FLYING SKILLS e.g.
airmanship (%), captaincy (3),
desire to want to fly (Z)Miﬁ

13

SPlCIFIC FLYING SKILLS e.g.

map read and navigate (8),

radlo operatlens (2)

11

SPECIFIC PSYCHOLOGICAL

ATTRIBUTES e.g. nemory (2)

1 0%

CO= ORDINATION = (82) ®&%

82

20. s%

A

S S
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Question: Seleect one particular operation which you con-
sider to be both typical and a necessary part of the
pilot's overall task. The operation that you choose
should only last a few minutes. It should invelve a
high level of specialist skill, such that it would
illustrate differences between relatively experienced
and inexperienced pilots.

The following table comprises an ordered list of
the six operations most frequently mentioned by the 103
pilots who answered this question.

- NUMBER PERCENTAGE
_OPERATIONS | OF PILOTS | FREQUENCY

Entering a confined area 31 30.1%
Engine off landing 15 1V .6%

Sopronch : — : RS 9.7%_"m
Carriage of underslungr R 7 7 .
load R 7.8%

L _ T S

Hover 8 7.8%
Lift off 6 5.8%

PR
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Question: One feature of pilet performance in which we

are partic¢ularly interested is the manner in which the
pilot orders his time spent in various visual activities
such as reading maps and observing necessary dials. We
would like you to describe how you consider that your
visudl time is ordered by completing the table shown be-
low.

The table was subdivided such that in the first
section they were required to judge how they normally
arranged their visual time, while in the second section
they were asked to respond in terms of how their visual
time ought to be ordered. For analysis purposes the
distinetion was thus madc between actual and theoretiecal
judgments.

The table below provides details of the means and
standard deviations (in parentheses) for the percentage
of all the 129 pilots who answered this question.

(Sze Next Page)

LT
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The authors were able to draw several very general

conclusions from consideration of the mean percentage

1. The majority of the pilots visual time, irre-
spective of flight condition, is coensidered to be spent
outside the helicopter; on average 82% of the total time.

2. The manner in which the remaining visual time
(approximately 20%) is allocated to maps and instruments
seems to be highly depeﬁdent upon the particular flight
cendition.

3. Airfield and clearing flight conditions require
more instrument time and this seems to> reduce the amount
of visual time available for consulting maps and flight
plars.

kL. ©On the average, the pilot sample considered that
it 'ought to' allocate more visual time outside the heli-
copter at the experise of instrument and map time than was

nermally the case.




Question:
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helicopters, are there any design features of these
helicopters whiech you consider could be usefully changed

to help the pilot operate with greater tactical effi-
clency, more safely and in greater comfort?

of responses, each showing responses as a fumection of

On the basis of your knowledge of present-day

Table A is a ranked 1list of the most frequent indivi-
dual responses while Table B is a ranked 1list of classes

type of helicopter the pileot most frequently operated.

RANK|  RESPONSE s1oux 1's.ccm'r ALOUETTE | TOTAL
1. | Better Seats 56 | 15 1 | 72
2. | improve instrument lay- || |
.| out and position f§ 21 | 8 2 31
I 3. More effective heating | " '
and cooling system needed)) 19 st 5 1729
. | De-mister v | o] u |28
5. | Improve windscreen wipers| 17 71 3 |27
B, 2djustable seats ' I 26 | s b 26
.| Draugnts/leaks from doors|| 15 2 0 |17
. Roller map display unit § 10 5 1 16
Improve visibility 2 13 1 16
Control console obscures
L vision . 1h 2 0_ 16
ﬁ;;1m7gi§ﬁ9§age'épace for mapslr 12; 2 0 o
12. | All needles in one ' o
direction for 'normal'

___ | setting _ _8 * - 13
13. Head-up display 7 3 12
1“.'; Visual and audie signals

for emergencies 8 3 0 11
Navigation aids needed 4 5 2 11
16. | Sliding doors 3 5 2 10
Inaccurate fusl gauges g 1 0 10
Adjustable controls 18 0 0 10

<5



e oo B o S N I

| A
2

AT

E

ot srvaamrs &

 ——

 Fu—

=~mwu ! st

]

184

]

SIOUX

SCOUT

ALOUETTE

CLASSES OF RESPONSE

ll

2.

Seating

9y

(75%)

23

8

(6%)

Visual environment

(18%)
-

(i) |22 |

8
(7%)

Instruments in general-

design and type

u7
(69%)

5

(7%)

Controls

53
(84%)

2
(3%)

Instruments in general-

layout and position

40
(63%)

&

L Gus) |

Deors

3%

(74%)

3

~ (6%) |

Maps & Navigation

29
- (66%)

3

(7%)

Heating & cooling

2y

(56%)

&

o (14%)

Radioes

23
(54%)

4

(5%)

'Safety devices

21
(64%)

2

33

11.

Particular instruments-
design and type

23

Sﬁ@%);

(6%) .

0

24

12.

Helicopter capability

(85%)

27

13.

'Helicopter design

16
(34%)

17
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1y,

Physical features of
the cockpit

11

S

P

718

(100%)

e

-
L2

(e
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APPENDIX VITI Summary of Evaluations Utilized
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in Scoring Function

Objective Interaction Matrix
Client Objective Priority Matrix
Project Interaction Matrix
Contribution Matrix

Criteria Matrix

Schedule Priority Matrix
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Figure 21 Objective Interaction Matrix
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Figure 22 Client Objeective Priority (COP) Matrix
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Figure 24 Contribution Matrix
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j APPENDIX IX Sumnary of Scoring Functions Results

Figure 26 Direct Objective Priovities

IJ Figure 27 Direct Objective Priorities as a Funetion of
: . Client Weight
n Figure 28 Indireet Objective Priorities
Figure 29 Project Direct Benefit Coefficients
tﬁ ' Figure 30 Project Indirect Benefit Coefficients
. Table 13 Project Direct Benefit Coeff1c1ents as a Funetion
LE of Client Weights
- Table 20 Project Indirect Benefit Coefficients as a
| Function of Client Weights
¢

Figure 31 Project Benefit Uncertainty Coefficients
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Figure 32 Project Schedule Priority Coefficients

|
éh-‘
¥

Bt = UURRL e LD R
3 | ey

| Jeiet

TR R AT R R T A

198

I AR it o e B s




Sensitivity Analysis
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Inérease Operational Safety

Increase Mission Reliability

Iherease Vehicle Perfeormance
Lower Maintehahce Costs

Reduce Exterier Noise

Reduce Travel Cests

Reduce Travel Time

Inerease Air Travel Acéessibility
Reduce Vibratien

Reduce Interior Noeise

Lower Vehiele Initial Costs
Increase Vehiecle Applications

Reduce Fuel Consumption

Reduece Gust Sensitivity

Reduce Enginhe Emissions

Figure 27 Direct Objective Priorities
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Figure 29 Indirect
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Indirect|Benefits (IDB) 5.3

Jo.8

Group III Projects

i B v S Ao

Wy
[

Enega sl

W -

o

Fimiorid
W ey

e

| ]
Ll

iR}

U

{

sheatod
-

[t

AgttinL
I

{

pe e
Y

{

| Sl
I

Traes by
i,

S| t

B e

]
—

L

Lo

i 2158}
O

T

-t




[ comovms QU mer QRN e
fescas

| y—ry Brevrinned Recrmrersd

|
I
i
{
i
i
1
i
I

Cost Effectiveness Of Interior
Noise Reduction Metheds

Reduce Transmission Noise
At Source

Higher Harmenic Pitch
Control

Cost Effectiveness 0f Autematie
Inepection, Diagnosties

Establish Combinations Of
Technology/0Operating Precedures
To Meet Noise Goals

Cockpit Layout As It Impacts
Performance, Safety

FPigure 37

212

. f.0. -
sp o
I R
0
0 n
_Sb Jo.6
g&ii o

SP ,,I
0...

Group IV Projects

e B b1




o i

,
:
I

APPENDIX XI Summaries of Medel Results by Case

Table 21
Table 22
Table 23
Table 24
Table 25

Case 1 Model Results
Case 2 Model Results
Case 3 Medel Results
Case U4 Model Results

Case 5 Model Results
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Table 21 Case 1 Model

Dominant Selections:

Document reliability, maintainability data base.
Quantify Design/manufacturing variable costs.

Cost effectiveness analysis of emergency power schemes.
Feasibility of engine emission reduction.

Evaluate contingencies leading to pilet error.

Borderline Selections:

Equipment, operational requirements for urban
heliports.

Dynamic and acoustical properties of composite
materials.

Establish termina. area ride guality limits.

Operating procedures to reduce exterior noise.

Non-selections:

Higher harmonic pitch control.

Reduce “transmission noise at source.

Exterior noise reduetion versus cost.

Airframe/skin damping to reduce interior noise.

Cost effectiveness of vibration centrol methods.

Cost effeectiveness of automatic imspection,
diagnostics. ' 7

Cockpit layout as it impacts performance, safety.

Cost effectiveness of interior noise reduction
methods.

Establish combinations of teechnology, operating
procedures to meet noise goals.
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Dominant Selections:

Document reliability, maintainability data base.

Quantify design/manufacturing variable costs.

Cost effectiveness analySLS of emergency power schemes.

Feasibility of englne emission reduetion.

Evaluate contingencies leadlng to pilot error.

Equipment, operational requirements for urban
heliports.

Cost effectiveness of automatic inspectioen,
diagnosties.

Borderline Selections:

Exterior noise reduction versus cost.

Establish terminal area ride quality limits.

Ccst effectiveness of vibration control methods.

Airframe/skin damping te reduce interior noise.

Dynamic and acoustical properties of composite
materials.

Operating procedures to reduce exterior noise.

Cost effectiveness of interior noise reduction methods.

Non-Selections:

Higher harmonic pitch control,

Reduce transmission noise at source.

Cockpit layout as it impacts pe~formance, safety.

Establish combinations of technology/operating
procedures to meet noise goals.
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gbl 23 Case 3 Model Rqﬁults

AT L] .

Dominant Selections:

Document reliability, maintainability data base.
Quantify design/manufacturing variable costs.

Cost effectiveness analysis of emergency power schemes.

Feasibility of engine emission reduction.
Evaluate contingencies leading to pilot error.

Borderline Selections:

Exterior noise reduction versus cost.

Establish terminal area ride quality limits.

Airframe/skin damping to reduce interior noise.

Equipment, operational requirements for urban hel
ports.

Cost effectiveness of automatic inspection,
diagnosties.

Dynamic and acoustical properties of composite
materials.

Cost effectiveness of interior noise reduction
methods.

Non-Selections:

Higher harmonic pitch control.

Reduce transmission noise at source.

Cost effectiveness of vibration control methods.

Operating procedures to reduce exterior noise.

Cockpit layout as it impacts performance, safety.

Fstablish combinations of technology/operating
procedures to meet noise goals.
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Table 24 Case 4 Model Results

Dominant Selections:

Quantify design/manufacturing variable costs.
Feasibility of engine emission reduction.
Evaluate contingencies leading te pilet errors.

Borderline Selections:

Document reliability, maintainability data base.

Cost effectiveness anmalysis of emérgency power schemes.

Establish terminal area ride quality limits.

Equipment, operational requirements for urban
heliports.

Dynamic and acoustical properties of composite
materials.

Operating procedures to reduce noise.

Non-8elections:

Higher harmonie pitch control.

Reduce transmission noise at source.

Exterior noise reduction versus cost.

Airframe/skin damping to reduce interior noise.

Cost effectiveness of vibration control methods.

Cost effectiveness of automatic inspection,
diagnosties.

Operating procedures to reduce exterior noise.

Cockpit layout as it impacts performance, safety.

Establish combinations of technology, operating
procedures to meet noise goals.
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Dominant Selections:

Document reliability, maintainability data base.
Quantify design/manufacturing variable costs.
Feasibility of engine emission reduction.
Evaluate contingencies leading to pilet errors.

Borderline Selections:

Cost effectiveness analysis of emergency power schemes.

Establish terminal area ride quality limits.

Airframe/skin damping te reduce interior neoise.

Dynamic and acoustical properties of composite
materials.

Cost effectiveness of interior noise reduction metheds.

Non-Selections:

Higher harmeonic pitch contrel.

Reduce transmission noise at source.

Exterior noise reduction versus cost.

Cost effectiveness of vibration control methods.

Cost effectiveness of automatic imspection,
diagnosties.

Operating procedures to reduce exterior noise.

Cockpit layout as it impacts performance, safety.

Establish combinations of technology/operating
procedures to meet noise goals.
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