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1. : PROBLEM B . ; — e ! .

- The importance of Air ‘Forc¢e human resources to overall -system-

- ——.effectiveness is drawing considerable attention among decision makers

- —————-—{nvolved in system design and- development.--This interest is firmly - -
rooted in economic factors and the realization that human resourc
contribute heavily to the total life=cycle cost of systems. If hurdn
resources .data are to be used effectively in the system engineering
procesg; it follows that they must be made available to this process.
Unfottunately, however, human resources data are scattered throughout
government and contractor facilities, data banks, operational com-
mands, etc. Unlike other areas of technology there has been no
attempt to consolidate human resources data into usable reference

" handbooks or guides. The purpose of this research,.then, was to
determine the feasibility of such a handbook or guide. It seemed
desirable, however, to develop a limited prototype as a first step.,
Since the focus was on demonstrating the feasibility of the concept;
this effort was carried to the exfent required to accomplish this

. purpose. _—

2. APPROACH

The first step was to identify the desirable characteristics of
an ideal handbook. Design requirements were then extracted from these
characteristics to serve as guidelines for the development of a proto-
type handbook. These guidelines included the: (1) identification
and selection of potential user groups, (2) selection of data content,
scope, and data sources, (3) methods for data analysis and presenta-
tion, and (4) design of the physical lavout of the handbook.

For the development of the prototype handbook, it was decided to
1imit the target user group to those involved in the design and
development of fire control systems. Included in this group were
specialists in human factors, design engineering, personnel and
training, and cost. The selection of data content and scope were
dictated by the needs of these users. For ‘tlre*purpuse-of the proto-.
type handbook, the data were limited to the functions performed by
the Air Force 32XXX avionics career field on the fire control system
of nine fighter aircraft systems. These systems included the F-106A/B,
F-105D, F-4C, F~4D, F-4E, F-111A, FB-111A, A-7D, and the F-15. Data
were then collected from a variety of sources, including technical
and management:reports, technical orders, computer banks, surveys,
expert opinion, etc. The data were combined, analyzed, and prepared
for presentation in the handbook. Close attention was paid to the
data formatting to insure easy interpretation by potential users.

L]




Emphasis was placed on’iilustrations at the expense of text. All

“written material was kept to a minimum and Timited to the specific

data presented in the illustrations. Also, an indexing scheme was

developed to minimize data search time. Finally, the physical layout

of the handbook was designed for ease of use. 'With few exceptions,

all information necessary to understand specific data relationships S
was placed on a single page.

3. RESULTS AND CONCLUSTONS

The research discussed previously resulted in the development of
a prototype data handbook. The contents were organized into three
major sections. The first sectign provided operational data relation-
ships between specific systems and subsystems and the applicable popu-
.lation of:-Air Force human resources. The data included comparisons
between system design, training, support manpower, occupational jobs/
tasks, maintenance procedures, logistics support, and various costs.
The second section included information pertinent to past, current,
and projected numbers of personnel having various skills and experi-
ence levels. The purpase of this section was to allow the user, to
assess the impact of projected human resources on the design require-
ments of systems under development or planned for future design and
development. The third section was designed for more generalizable
technical information. Included in this final section were data on
the effects of task complexity, timeé required for Alr Force mainten-
aﬂce, personnel to acquire certain skills, performance time, error
rates in maintenance, etc. Introductory material to the handbook
included the purpose, scope, organization, and the use of the
indexing scheme. .

4. DIRECTIONS FOR FUTURE RESEARCH

The next step in handbook development should be to test and eval-

uate: (1) the acceptability and usability of the handbook by potential .
users, (2) the acceptability of the data presentation and indexing .
techniques, and (3) the possible impact of the handbook,on system
design decisions. Test and evaluation should be conducted to assess
the concept of this type of handbook, rather than to evaluate the

data content. Recommendations resulting from this program can be 4!
used to guide the development of a more comprehensive handbook. '
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- I. INTRODUCTION

-

» OVERVIEW OF THE PROBLEM

effectiveness presently is drawing conisiderable attention among
decisibn makers involved in system design and development.  This new
interest 1s rooted in basic economic factors and the realization that
human resources contribute heavily to the total life-cycle cost of
systems. Yet, as emphasized by Lintz et al., (1973), the kuman
resources requirements often are introduced late, or not at all, into
the system design and development process. Why human resources have
had little impact in this process was the subject of controversy and
research for many years. Perhaps the problem can be reduced to
factors associated with: (1) the period in system design in which
human resources must be introduced for greatest impact, and (2) the
communications among the many specialists involved in making system
decisions.

After devoting many years to these two problems, Askren (1973)
reported that the preferred point of entry is during the period in
which system design tradeoff decisions are made. In addition to being
an ideal point of entry, this period also serves as a vehicle for
maximum communications between the engineering and human factors
specialists.

If it is possible to determine the periods in which human
resources information is best introduced into system design, then
why are these data often ignored? Three interrelated prob%fems appear
to be responsible for this disecrepancy. First, the definition of
human resources and what the term’ encompasses is vague. Second, the

The importance .of Air Force human resources to overall system

characteristics of the data remain unclear and are difficult to traqsfs

late into engineering requirements. The third, and perhaps the mogi~
important problem, pertains to the availability of human re503p665§b\
data for application to the system design and development prodess.
Each of these problem areas is discussed briefly.

A Definition of Human Resources Data To enhance communications, it
is necessary that all.participants be able to understand the terms
being used. Unfortunately, there appears to be no general consensus
on what human resources really means. Perhaps the best, and most
inclusive, discussion on this topic was presented by Askren (1973).
Faced with a similar dilemma, he proceeded to develop his own defini-
tion, which is quoted, in part, here: )

L4

Human Resources refer, obviously, to the people
of an organization, be it a military unit, an

e B et
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industrial corporation, a governmental agency, or
educational activity. Human Resources concerns the
people as a resource that can be drawn upon in the
accomplishment of the purpose of the organization... .
(These) resources may be likened to other resources

S ‘AVu£~the—organtzationf—snch-as*eguipment”*facilitigsl‘ P

L - - e —

Human Resources Data...are those data which describe
the people of an organization in terms of what they

can contribute, how much they cost, how available . .
they are, how perishable they are, and how many of . K
them are needed. p I ~

What people of an organization can contribute to
its ‘purpose, refers...to their performance, capa-
bility, productivity, etc. This could be the skill

'of the pilot...the capability of a maintenance man

to troubleshoot and repair a failed equipment..,

. What the people of an organization cost is measured
quite simply as dollars (although) the dollar fi
is an exceedingly complex issue...Availability (is-
defined) as the probability that a given quantity
of people of specific skill capability will be on~
site at the operational unitlas required by the
weapon svstem schedule...Availability...is influence
by many factors such as quantity and the kind of
career, airmen, recruiting rate of new airmen, train-
ing time of new personnel, transfer of experienced
persannel from phasing-out systems, and attrition
rate. Perishability of the human resources of an
organization is partially measured by the attrition
and turnover rate of people. However, a large part
of perishability would have tc do with retention of
ugeful skills...How many people are needed by an
organization resolves to how manv people, of what
skill, and what level of proficiency...The quantity,
type, and proficiency of personnel needed ultimately
evolves from their capability, cost, availability,
and perishability. In one sense, this is the ultimate
question asked by the manager of an organization, or
the engineer with regard to his design (p. 5-7),

©

It is noteworthy that the definition of human resources is highly
complex and encompasses many different factors, The definition pre-
sented above includes five classes of data, namely, personnel (1)
capability, (2) cost, (3) availability, (4) perishabflity, and (5)
quantity. Impldicit in the definition 1s the caution that these‘clﬂss'z;::'s;"9

11




S T 0§Ldata (for example, tHE§E_6f”éﬁﬁiﬁééffﬁé“ﬁﬁﬁ*Eﬁ@“ﬁﬁ§f€“§étEHCE85, : —

of data are not mutually exclusive. Also, the elements within these
classes are interdependent. Nevertheless, this definition of human
resources does provide the necessary specificity for ‘communications 7
and 15 used in this report for that purpose. S '

Characteristics of~Human,Reseureeehnata,awIn;contraﬂt$tﬁwotherftypesndﬁﬁk1” S

an-resources—data-are usually contaminated by outside influences, .
sdch as uncontrollable or unidentifiable variables that have an effect

. on the data. The differences between human resources data and data
obtained under controlled conditions can be easily exemplified. The
basic sciences nermally obtain data from systematic rd8earch in which
the variables to be tested are well defined. Also, the experimental
procedures provide the appropriate controls, and the environment is , ¢
well selected and described. The results of such experiments are used
to confirm or disconfirm an hypothesis or set of hypotheses. Given
that all conditions are met, the same results are obtained whenever the
experiment is repeated. Human resources data, on the other hand, are N
usually collected under operational field conditions or through experi-
mental procedures in which the variables cannot be well controlled.
The number of unknown or uncontrollable variables that impinge on the
experimental results often prevents the investigator from extracting
meaningful and systematic patterns in the data, which would allow him
to make precise predictions. -Aside from the difficulties of providing
adetjuate experimental controls, changes in economiec, politiecal, and
operational philosophies contribute to the fluctuation of human re-
sources data. Thus, for exmple, available manpower will often deptnd °*
on economie factors. . \

. The lack of preeision in making predictions can be 1llustrated J;
the.effects resulting from the termination of the draft in January .
1973, Prier to the introduction of the zero-draft force, it was

. thought that the number of highi-aptitude personnel, (coming into
eritical Atr Forece jobs) would decline drastically. Subsequent
research (Vitela et al., 1474) has shown that the deeline was 1n some
areas of aptitude and not in eothers. Also, it was found that the
removal of the draft did not result in a serious drop in average apti-
tyde, as had been expected. Obvieusly, there are many unpredietable
soclal, economic, and politiecal- facters that contributed to these
findings. Yet, these types of predictions are necessary to determine
trends of manpow97 avallability.

The cruci “yhiffe?ence between human resources and engineering
data 1s that the former are, dynamic and the latter are more static.
The dynamic-static dichotomy is limited to the varying effects of
aumerous outside influences that impinge on human rescurces data.
Thus, the same classes of data will vary from ene time period to
«  another depending on the specific conditions (e.g., the* socio=~ceconamic

g




.

: observation,‘or;other.methods. The interpretation of these relation-

. rapidly obsolete), or with the introduction of new technologies.

© Availability of Human Resources Data. Askren (1973) has shown’ that™

- every field of technology has created effective measures to insure

VgnvirOnment) existing at- the time that the data were collected,; or on
the methods uded to collect the data. In contrast to the more static
data,” precise cause-effect relationships are exceedingly difficult to
isolate. This" does not mean, however, that general principles, func- ‘
tional relationships, or trends cannot be established even though they -

wmust depend on loosely defined statistical probabilities. The relation-
ship between skill IEVel,‘pe:formance, and training, for example, can, °
be determined from data obtained in personal interview, questionnaires,

ships, however,quSt be made with caution and with the realization
that the relationships may change with time (i.e., the data may become e

The purpose of the preceding discussion was not to paint a bleak -
Picture of current state-of-the-art in human resources technology. -In
fact, the remainder of this report will proceed on the assumption that .
meaningful human resources .data relationships can be sought, -analyzed,- - € .
and reported. It is through this process that human resources infor- “
‘mation can be identified, defined, and finally introduced into appli-
cable areas of system engineering. T o b

-

methods can be developed to insure that human resources data are giyen
adequate considération in the system engineering process. The appli-
cation of these methods, however, is dependent on the availability of
~data. Unfortunately, an resources data are scattered throughout '
various: governmént and contractor facilities, data banks, technical
‘reports, Sberational commands, ahd in the form of expert opinion. Un~-
like other areas of.human factors technology (e.g., human engineering)
there has been no attempt to systematize and, consolidate human y
resources information into usable reference handbooks, guides, or even
simple lists of data sources. If human gesburces data are to be used
effectively (or used at all) in the system engineering process, it
follows that they must be made readily available to the specialists A
involved in this process. Not only should the data be made available,
bz: they must also be presented in-a format thatyis easily understood
y

by\specialists id different disciplines.

- -~

HISTORICAL ANTECEDENTS

~ Rapid technological advances require that specialists be kept
abreast with the new information in their specific area of interest.
Computer-based reference systems, handbooks, and other forms of data
storage are commonly used to enhance communications. In fact, almost

_efficient and rapid dissemination of information to interested users.
Traditionally, the major vehicle of communication has been the data
handbook. More recently, computer-based data banks have played an

. 5
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increasing role in this process. Both of. these methods of information
- dissemination will be discussed in terms of their use'in ‘human factors *
i+ technology in general, and human resources in particular.
«The Use of Handbooks. Recognition of the»importance'o¥'reference,works
~is demonstrated in the December 1963 Special. Issue of Human Factors,
the Journal of the Human Factors Society (Saul and .Ronco, 1963). This
issue of Human Factors contains the various papers presented during a
symposium at the 1963 annual convention of the American Psychological
Association. The purpose was to critically appraise the state-of-the-
art in documentation in the human factors field, identify the faults
and weaknesses of existing reference works, make recommendations, and
identify future trends. The emphasis was on reference works in the
area of human engineering technology. 1In fact, only one author
(Sfnaiko, 1963) recognized the need to include manning and training ,
information in future reference 'works. He stated: "Human factors
references should contain much more information on how -many of what
type of people are required to perform certain jobs, haw much time is
- required, what errors are likely to be made, and so on (p. 596)." It
is noteworthy that twelve years after publication, the recommendation
remains unheeded. - w '

Notwithstanding the above critical comment, many authors of the
Special Issue of Human Factors presented their views on changes that
should’ be made to substantially improve the use of current reference
works. Again, it is interesting to note that many of these recommenda-
‘tions remain unfulfilled twelve years later! Some of the most impor-
tant recommendations are repeated here: e

) Ceneral Principles "The codification of general principles
in human factors for use in a guidebook is far more difficult
than the tabulation of specific data. However, this sort of
guidance is extrgﬁély important to the designer, particularly
in the early phases of system design (Devoe, 1963, p. 585)."

Gross Format With regard to the overall format of reference
works, Sinaiko (1963) stated: "It would be space well used
if editors emphasized illustrations at the expense ‘of words
in the near future. There should be more graphic material,
less theory and text. Overall references should be shorter,f
more easily searched, and self explanatory (p. 594)."
Further, Devoe pointed out that a 'comprehensive guide must
be big. Cramming a big work into a single volume immediately
creates a host of problems.:.I therefore envisage my i@éal
guide as a set of volumes, each of manageable size (p, 587)."

Indexing "No guide can approach the ideal unless gﬁe re~

quired guidance can be located easily and quickly, The

indexing of the material within the ideal guide, ‘then, is
' £

£
#
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one of the most important considerations involved in develop-
ing the guide, and in my opinion is the weakest factor in
our present human factors reference works (Devoe, 1963,

p. 588)."

) Cross-Referencing '"An. ideal guide will have to insure that
7 the user obtains all-.information bearing on his problem, re-
~ gardless of his point of entry into the work...Internal
: cross—referencing is necessary to relate principles, method—
. . ology, and data (Devoe, 1963, p. 588)."

o Updating "One of the greatest deficiencies in current guides
i . 1is the time lag, which seems insuperable, between the com-
' pletion of applicable research and the inclusion of the re-
) . sults in a guide. An ideal guide must be up to date o Loe
. ’ (Devoe, 1963, p. 589)."

Clearly, these recommendations should be followed to produce an
ideal reference work. Attempts have been made to remove the deficien-
cies in existing handbooks. Thus, for example, the various human
engineering guides provide some information on general principles. The
importance of developing improved formats was emphasized in a study
conducted by Meister and Farr (1967). These investigators'found that
design engineers strongly preferred handbook information to be in
pictorial or graphical:-form. Meister and Farr report: 'Designers tend _
(they say) to reject human factors handbooks on the basis of their
v 'wordiness.' They downgrade verbal information because they do not S
want details. They prefer -specific answers to specific questions )
(p. 86)." 1Indexing and cross-referencing remain. the weakest link
between reference works and the user. Moést current reference works’
provide the usual table of contents and alphabetical index to’help the
user gain access to needed information. Some current handbooks have
“even eliminated the alphabetical index, making data access tedious and
sometimes almost impossible. A major deficienéy of most reference )
" works “in human factors is thdt they become quickly obsolete. .In a .
limited number of cases, this problem is remedied by providing loose-. ... - -
leaf volumes. This approach permits periodic updating by insertion, or
deletion, of material. . . .
) Whether general principles are presented in a reference work de-
pends on the state-of-the-art of a particylar area of technology.
Problems associated with the gross formats can be eliminated by re-
design. Improved indexing, cross-referencing, updating, and methods 1
for making information available .to more users can be provided with the '
support of computer-based reference systems. However, the problems
with computer-based systems as replacements for hard-copy reference

H

works are many. Thesg problems are discussed néxt. i
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II. RESEARCH OBJECTIVES AQD REQUIREMENTS

;

The objective of a Human- Resources Data Handbook for Systems
Engineering would be to consolidate in one source document all human
resources data relevant to the design of complex man-machine systems. °

- The development of such a handbook, however, would be a major task and,
in fact, there was no assurance that such an undertaking was feasible.
It seemed desirable, therefore, to develop a limited:-protdtype handbook
as a first step. The focus was on demonstrating the feasibility of the
concept; therefore, thié effort was carried only to the extent required
to accomplish this purpose.

<

RESEARCH OBJECTIVES

L ) / "
The development process of a limited handbook must start with the iden-
tification of the desirable characteristics of the ideal handbook.
Design requirements may then be extiracted from these characteristics
to serve as guidelines for the d opment of a prototype handbook.
The desirable characteristics of the ideal hanibook are desc;&bed
‘below.

i

Applicability. The scope of the handbook must be one in which the con-

’ tents can be put to practical use during the various phases of the ‘ 4
system life cycle. Usability and timeliness fare key descriptors of .
what is required. Thus, the handbook should provide an important
opportunity to influence system design decisions, rather than merely
react to momentary problems. This means that the handbook shouldaplay
an integral part in the system design process. -

Relevancx. The cantents of the handbook must be drawn from'actual Air
Force system data sources. Applicability and relevancy are considered
to be inextricably related. In order that the handbook be used to in- o
fluence system design decisions, emphasis must be placed on the pre- y
sentation of relevant data rather than theory or other information that : ;ﬁ
is_ of little,concern to target users. Irrelevant data only serve to i
distract the user. - -

e

-+

Diversity. The hand@gok must provide a diversity of meaningful human b
resources data relationships tailored to a variety of potential users. {
Different users will be interested in different data or may be inter-.
ested in the same data, but at different levels of indenture. Thus,
some users will seek specific data points (e.g., the number of special-
ists required to maintain particular hardware), while others will want
to know something about the general principles governing certain
relationships (e.g., to what extent does task difficulty have an effect
v on-maintenance time). Obviously, the handbook cannot be a panacea,
but it must provide sufficient content diversity to be usable.




<

Accessibiﬁity. ‘The handbook must be made available to as many users
as possihle. Accessibility need not méan that all users maintain

personal [ copies of the handbook. In fact, size and cost considerations -

may rendpr general distribution impossible. On the other hand, ‘up-
dating gnd printing costs must be kept low enough to allow distribution
to all ¢rganizations and specialists having an established need for the
data. a?der distribution is possible if ways are found to defray cost.

. \‘: ‘ i ‘ ° C
Simplicity. Both the presentation and discussion of data must be kept
as sgmple as ‘'possible to enhance the effectiveness and use of the hand-
book, Terminology used to interpret both qualitative and quantitative
information must be clear to all users. Also, discussions must be kept
relevant and limited to the data presented. Finally extensive use
should be made of tables and graphs at the expense of text.

Usability. Users must be able to locate specific data and data rela-
tionships easily and quickly. This means that tlie index and cross
reference. must be flexible enough to allow the user to find all rele-
vant data that have a bearing on a particular problem.

Amenability to Updating. The structure of the handbook must allow for
easy updating. Updating must be possible to specific levels of data
relationships, the associated discussion, and both the index and cross
reference, i :

3

REQUIREMENTS  ° o » «

' The characteristics listed above can be used to identify specifi-
able design requirements for the developmdnt of a handbook. The
requirements must cover all of the necessary elements to be considered
in the preparation of an ideal handbook, and also must specify thos
elements that can be applied to a prototype handbook. These latterfi
requirements must serve-as guidelines for the preparation of a>techni=
cal approach (pr0cedu§e).for the development . of thﬁ brquﬁygg_handhook.

The requirements presented here are classed into four major areas:
* (1) target users, (2) data content, (3) data analysis and presentation,
and (4) handbook structure. Each of these areas is discussed below,
together with a listidg of specific requirements for the prototype
handbook. ' o .

s

. Target Users. A handbook, no matter what purpose it is to serve, can-
not be prepared.in a vacuum. Any handbook developmens, program must.
have an identified set of potential users. This neged to identify users
becomes particularly critical in cases where data é&herated by one
discipline are to be used by another. Engineers of different special~
ties, system planners, etc., may have a need fo¥ human resources data,
but their requirements will differ. Thus, in ofﬁg} to determine the

g
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.specific types of data to be included in the handbook as well as to
determine how these data are to be presented and discussed something
must be known about the potential users.

The identification of users, however, is not without problems. ’
Many specialists feel no pressing need for these data, or are totally
unaware that the data exist. Thus, interviews with potential users may
be of little consequence. A better approach to the problem is te iden-
tify potential users, determine-their specific function in system devel-
opment, and then decide whether certain human resources data may be of
help in their work. i

Finally, it is important to determine the type of data formats best
suited to their needs. Most specialists make use of handbooks or other
reference works in their own areas of interest; thus, they have become
familiar with, and accustomed to, certain methods of data presentation.
The presentation of data in the handbook must be such that users will
not have difficulty with the extrapolation of relevant information.

In summary, the user himself becomes a necessary source from which
handbook requirements in general may be oﬁtained For the development
of a prototype handbook, the minimum requirements are:

o Identify potential target user disciplines
o , Specify the levels of responsibility that target
, users exercise in system development
o) Select representative sample of target user disciplines

Data Content. Perhaps the most difficult task in handbook design and ,
development is the selection of data to be considered for -inclusion.
The scopg to be covered in the handbook must be relatively well defined
to insure that irrelevant material is not included and that the total
size of the handbook is kept within reasonable bounds. Yet, the con-
straints on content and size must remain somewhat flexible so that
changes and additions to the-content as well as handbook size (e.g.,
single vs. multiple volumes) can be accommodated during handbook
development.

The princip§1 objectives of handbook development require that
emphasis be placed on data drawn from field or applied research rather
than the laboratory (data gathered in an experimental laboratory for
the purpose of supporting theory). Also, existing data sources must be
sought so that costly and time consuming field research is avoided.

Many data sources exigt from which relevant information may be obtained.
These. sources must be sought from government organizations that maintain
records on logistics, cost, and personnel for systems that are currently
in operational use, and from those that are in various stages of devel-

opment. Another source that must be considered is the expert opinion
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of system.speeialists. Relevant applied research conducted by govern—j
ment, industry, and educational institutions must also be given con-
sideration.

The selection of data sources is based on the types of data to be
‘included in the handbook. A4s noted earlier, human resources encompgss
a wide spectrum of data, not all of which are pertinent to system plan-.
ning, design, and development. An attempt to bridge the gap between
different disciplines requires that care be taken in selecting what is
potentially meaningful and useful information.

Since the handbook contents must be limited to applicable system
information, it is important that all data be oriented to selected
systems/subsystems, operational mission requirements, and applicable
populations of Air Force personnel. For the prototype handbook, it is
important that a class ‘of aircraft systems be selected from which
relevant operational data are readily accessible. These systems must
be sufficiently representative so that detailed comparative analysis
across hardware and personnel data can be accomplished to produce mean-
ingful relationships. For example, if mean time to repair is to be
compared across systems, this relationship will be meaningful if the
activity is accomplished by personnel having the same specialty and is
conducted on equipment that performs the same type of function., This
same relationship can be taken to an even lower level of specificity by
comparing the same equipment across the same typge of aircraft, or
similar classes or aircraft (e.g., fighters).

For development of a prototype handbook the minimum requirements
are:

o Define the scope and data contents

o Select representative data

o Select data sources v
Data Analysis and Presentation. Analysis refers to the ways in which
data must be reduced or combined for inclusion in the handbook. Pre-
- sentation refers to the way or ways in which data are formatted for easy
interpretation by users. -Taken together, these areas of consideration
are, perhaps, the, most important in handbook development. In fact, most
problems sassociated with hardbook usability can be traced to these two’
areas. Several factors tend to complicate the procedures for analyzing
and presenting human resources, in contrast to other kinds of data
(e.g., human engineering). First, the data to be included in the hand-
book must be drawn from many different sources, including some in which
the data are in a constant state of flux. Second, data belonging to
the same categorical class (e. g., manpower quantities), but on differ~
ent systems (e.g., F-111A vs. F-4E) may have been derived from differ~-
ent sets of yariables or models. Third, the method of collecting data
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in support of differeﬁé’sys;ems may differ. Fourth, data obtained from

operational organizatipns usually are generated by differeut people
(e.g., various intenance personnel) with the resultant increase “in
data variability. Fifth, the same classes of data, but on different
Systems, may have 'been drawn from expert opinion, questionnaires, main- = |
tenance summaries, or various sophisticated computer-based simulation
models. Thus,-the unstructured environment in which human resources
data are obtained may lead to large variances in the data. Yet, as
indicated inf the Ifjtroduction, most of the information to be presented
in the handbook necessarily must be drawn ‘from these kinds of sources.
¢ . Given the sources of data variability discussed in the preceding
paragraph, all attempts:to reduce, analyze, and combine human resources
. data must proceed with caution. Forcing data into certain relation~ .
ships can lead to gross misrepresentations. How inappropriate analysis |
can distort haddbook data inputs is easily illustrated. Suppose, for ”
example, that manpower, estimates are to be presented for the same main-
tenance activities on two different systems but the data are drawn from
different kinds of sources., If it is found that the estimates were *
derived from different sets of assumptions or different models, should
both estimates be combined into a single chart representing the two
systems? The ansyer is clearly in the negative since such a comparison .
" would be misleading and would not represent a meaningful relationship
to the potential handbook user. On the other hand, if both estimates
appea#fto be important, or are the only ones available, thé® both
should be presented,. but on different charts and with detailed comments
to c?ution the user against possible misinterpretations.

{ While data analysis and data presentation appear to be separate
problem areas of handbook development, they are in fact closely inter- .
woven. The data should be analyzed and combined sé that the final
product can be presented in a graph or table. This procedure is not
always simple. Thus, some types of data can be presented as'contigggus
functions. A relationship showing maintenance manhours on differpgnt.
‘systems, for example, must be presented in a,table or bar graph. A
‘relationship between performance time and years of experience, on-the
other hand, can be presented as a continuous function. Finally, it is
not possible to pair-off all data-to show logical and systematic corres-
pondences. It is the responsibility of the handbook developer to in-
sure that the data are meaningful and can be combined in accordance
with ggcep;ed statistical scaling procedures.

-

Other areas of consideration that cannot be separated from data
analysis and presentation include the use of text and the methods for
indexing and cross-referencing handbook data. It was already noted that
illustrations should be emphasized at the expense of words. The hand-
book user must not be burdened with lengthy theoretical arguments that
have little or no bearing on the applicability of the data. This does
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not mean that text be altogether ¢liminated. It does mean, however,
that written material ‘be kept to a minimum and be limited to areas of
~clarification of the data. ’

It would be time well spent and space saved if written materials
emphasize the applicability of the data to certain classes of system
design problems. This is a difficult task to accomplish and requires
the writer to have considerable knowledge of the data and their possible
applications to system engineéring problems. Nevertheless, the accepta-
bility of the handbook among potential users may very well depend on )
this factor. : , :

“~*"™ The handbook will be completely abandoned unless the user can gain
easy and quick access to specific data. The entry into the handbook
must be made simple. and must avoid the need for endless cross-refer-
encinig. This does not mean that the user should not learn how to enter
the handbook« Rather, it simply means that the data be classified and
indexed so that search time is minimized. Also, the need for parsimony

* does not mean that the user bé limited to a single procedure to enter
the handbook. In fact, in the name of parsimony and practical economy,
more, than one indexing scheme may be needed to fulfill user needs. '

qf Once the user has entered the handbook and found needed data, he:

" algo should be provided with internal cross-references to related infor-
mations It 1s only through a process‘of cross-referencing that the
unitary quality of a handbook is achieved. Care must be taken to insure
that the cross-references help provide all the information bearing on a

. problem, without making the process a chore. ,
x
Finally, the indéxing and cross-referencing scheme should be
closely tied to the data classification structure used in the handbook.
Devoe (1963,4b=- 588) stated that: "The aim (of a good index) should be
to anticipate every‘verbal way in Which a user may come to the work for
information and to have his own terms on hand to guide him." Thus,
subject areas could be arranged in a matrix to show the various classes
of data and data éomh&nations contained in the handbook. This method
v’/ of entry would be supplemented with an alphabetical listing of subject
., areas, (

-

1 For the development of the prototype haﬁdboqk, the minimum require-
| ments are: , - o |

t o Develop *and select methods for analyzing and
combining relevant data
o Select best methods to present given data relationships
« . O Develop methMs to index and cross-reference handbook data

Handbook Structure. Struéture deals with_the gross physical layout of
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_ments are:

<
i

the handbook. ,This includes: (1) the design of data formats, <(2) the
use of loose leaf or bound volumes; (3) the use of section tabulations
(4) allowances for expansion or deletion of data, (5) the location of

indexes, and (6) the organization and location of written introductory

. -materials, including guldance in the use of the indexing scheme or

schemes. The utility of the handbook will be seriously restricted if
the physical layout makes it cumbersome to use. .Given that the appro-
priate data are selected, analyzed, prepared for,presentation, and
appropriately indexed, it is then the responsibility of the handbook
developer to insure that the total layout allows the user to satisfy
his needs with minimum difficulty. .

For the development of a prototype handbo ,» the minimum require-

o Prepare a usable format structure

0 Organize contents, including introdldtory
material and indexes, data section s etc.,
for maximum ease of use

[
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III. METHODS
L ]

) “4 -

The methodological approach was directed to the developkent
of a limited prototype handbook gf human resources data. This
handbook would then serve to: (1) assess the feasibility of comhirdng
human resources data into relationships that convey meaningful ‘
information to potential’psera, and (2) assess the feasibility of
designing and developing a handbook that is simple to use. Accordingly,

“each step in the preparation of the prototype.handbook was taken with

one primary consideration, namely, the ultimate user. Close attention
was paid to the types of design requirements discussed in Section II
of this report. It must be kept in mind, however, that the purpose
was to approach an ideal design, rather than actually develop an

" optimal full-scale” handbook. The prototype handbook is provided

as an appendix to this report. To avoid repetitive and excessive
detailg in the discussion of the procedures, the reader is asked
to review Appendix A. ¢

»

PROCEDURES

Identification and Selection of Target User Groups. As indicated
earlier, the primary objective of the handbook is to facilitate
communications between technical specialists in different disciplines.
This does not mean that the prototype handbook must satisfy the
requirements of all potential users of human resources data. Such

an undertaking would requffeﬂe;tensive analysis of user disciplines

and user needs at all levels of responsibility and at all levels

of indenture. Accordingly, for th€ limited prototype handbook, it

was decided to limit the target user sample to those involved in

the design and development of fire control subsystems. Levels of
responsibility within this sample ranged from managerial to technical
specialists directly involved in system design. The technical
disciplines included specialists in the areas of human factors,

design engineering, personnel and trafning, and cost. This breakdown
was somewhat arbitrary, but did provide workable,boundaries. It

must be pointed out that these boundaries were limited to users who
need access to human resources data as defined in the Introduction. -
Thus, not all human factors specialists,involved in the design of N

fire control systems require these types of data; neither do all -
design engineers, cost specialists, etc. The objectiye, then,
was to direct the design e prototype handbook to those that have

a pressing need for human resdN\yces data.

21




Data Content. The selection of data content and scope was dictated
) by the specific nedds of the users. For the prototype handbook the
‘ 'data were limited to tHe functions performed by the Air Force 32XXX ¢
’ . avionics career field on the fire control system of nine fighter
{—”' systems. These systems included the F-106A/B, F-105D,° F~4C, F-4D,
o F-4E, F-111A, FB-111A, A-7D and the F-15. The. classes of data col-
) - lected were, in part, determined by what the investigator thought
to be relevant, and by the ‘availability of data. No attempt was
~ made to systematically survey user needs, although such an investi-
i 'gation might have been.beneficial. A listing of the classes of
data selected is presented in the Master Index of the prototype
handbook (see the Appendix) and will not be repeated here. .

Once the scope of the prototype handbook was defined, it was
necessary to seek.primary data sources and then extract the relevant .
data from these sources. A non-exhaustive list of data sources,
- together with the types of data, and samples of data content collected
from these sources, is shown as follows:

/ ,
PRIMARY SOURCES IYPES OF DATA SAMPLE DATA CONTENT';Aé&

Technical and | Theoretical "Performance curves, effects
Management Reports of experience, etc.
-
['4 H o Models Mathematical models to deter-
' mine various "costs, personnel
attrition, manning require- .
ments, manhours, etc.

Field research Types of maintenance tasks,
and expert task difficulty, effects of
opinion experience, etc. .

Assessment Personnel qualification
j and aptitude.

Personnel Projected distribution of
~ Structure personnel to future years.
TN :
) Logistics Logistic support costs.
l ) L]
"a h

. . ‘f;"’/<"—U'
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CONTINUED:

USAF Technical Orders Engineering Functional flows and inter-
and Engineering Reports block diagrams relatfbnshipa'of fire
. : control systems,
Subsystem Types of subsystems;
| information number of associated
/{A~‘ subsystems, etc.
~ Computer Data Banks Logistics Identification of sub~
. : . systems and compbnents,
performance time, main-
) : * tenance actions taken,

b costs, etc.
Occupational Types of tasks, time to o
, surveys « _perform, etc. 4 (\
4 4 © : -
Letter and Personal - . Ocecupational " Types of tasks, time to
Communications surveys perform, distribution of.
ski;l levels, etc.

Manpower Proj%cted personnel needs

projections to future years.

Training Personnel training time,

information costs, etc.

While the above listing is only representative, it#¥s noteworthy
-that the data sources and content are extremely diverse. No single
source was sufficient to pyovide even the minimal information required.
for the prototype handbook. Any future work directed to the develop-
ment of a full-scale handbook would require an exhaustive search for

potential data sources.

Data Analysis and Presentation. The problems associated with data ana-
lysis and presentation’ are many and complex. Any attempt to analyze
and organize information drawn from diverse sources will result in the
discovery of data redundancies, conflicting data, missing data points,
questionable data, etc. For the purpose of the prototype handbook,

ny of these problems were resolved through a process of strict source
selection. Also, outdated or other information that had only peripheral

relevance were avoided. To avoid the ineclusion of redundancies, the




collection of certain classes of data was restricted to single data
sources.  Thus, for- example, most of the data on maintenance manhours
were obtained from logistics data banks. Finally, there were a few

attempts to integrate highly selected data that were drawn from differ- N

ent sources, but logically belonged to the same class of information.

This procedure was found to be extremely difficult to apply and often

resulted in the formatting of inappropriate data relationships and the
‘presentation of misleading interpretations of these relationships.
Unless there is ample justification, this type of procedure should be

avoided.

-+ Several attempts were made to model the prototype handbook around
specific types of design problems. Thus, the development of the hangd--
bock would require data directly relevant to these problems. This
attempt was abandoned in the early stages of development. In place of
an overall model, a method.was sought to tie some of the data to a
common baseline. Selectéd for this purpose was a technique that ,
allowed the dividing of the nine fire control systems into two levels
of state-of-the-art technology. These~two levels represented major
changes in design technology. (e. g., the use of semi-autumatic test
equipment; the use of microcircuits). The data were then formatted to
show the effect of these changes on manpower, manhours required to
maintain certain equipment, training time, etc. The use of the hand-
bOok, however, was not to be restricted to these divisions.

In order to adhere to the design requirements discussed in Section
II, emphasis was placed on the presentation of graphical information,
rather than text. Theoretical statements were avoided or totally elim-
inated from the written materials. All discussion was restricted:to
two areag, namely, comments and implications. The former provvided a
short description-of the data, methods used to collect data, defini-
tions, etc. Where possible, the latter provided a short summary of
possible implications of the data to Air Force system englneering
problems. )

‘Two modes of entry to the prototype handbook were developed. The
first allows the user to search for specific data relationships. This
mode of entry is dependent on the direct application of numerical
levels of indenture provided by an indexing scheme and requires the
user to follow three simple steps. The lowest level of indenture
(i.e., the level in which the most detail is found) also serves as the’
page number. The second mode of entry is an alphabetical listiag. f e
the major topic areas. Finally, internal cross-referencing is provided
at various levels of indenture, but primarily at the lowest. TFo# the
prototype handbook,  this cross—index allows the user to obtain selected
information referenced in the text (i.e., under the comments or impli-
cations).
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Handbook Structure. The design of the data formats was adapted, with

modifications, from Price and Tabachnick (1966). Each format was o
structured to insure that all necessary information pertaining to the
data was presented with clarity. This included the placing of the

tables and graphs, the title, written comments, references to appli~
cable models, a short title of the data contents, cross-references, and
the indexed page number. With few exceptions, all necessary information
was placed on a single data page. This procedure simplified problems

of adding or deletlng (i.e., updating) handbook entries.

The physical layout of the prototype handbook was designed,for
ease of use. Data formats were first placed into three major sections.
The first section was reserved for data comparisons between system
design, training, support manpower, logistics, various costs, etc.
Included in the second section were data formats pertinent to past,
current and projected numbers of personnel, various skill levels,
enlistee aptitudes and qualifications, etc. Finally, the third section
was reserved for technical information that could be generalized to a
wide variety of problems. Included in this final section were formats
containing information on the effects of task difficulty, maintemance
activities, mathematical models pertinent to the classes of data found
in the other sections, etc.

Introductory material to the handbook included,the purpose, scope,
organization, @nd the use of the indexing schemes. The steps necessary
to find data were illustrated in a figure to provide the user with a
better understanding of th£ indexing scheme., " The master index, master
index table of contents, and ‘list of abbreviations followed immediately
after -the introductory material. The alphabetical listing of major
topic areas was placed in the back portion of the handbook. . Rather
than reiterate the procedures required to enter the handbook, it is
recommended that the reader review Appendix A.
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IV. CONCLUSIONS AND RECOMMENDATIONS

" The research described in this report investigated the feasibility
of developing a handbook of humdn resources data for applicatidn to
systems engineering problems. A prototype handbook, limited to fighter
fire control systems, was prepared to determine whether such a handbook
could be developed in accordance with design requirements of an ideal
guide. As in most exploratory investigations of this kind, there were
many problems to be resolved and many iterative steps to be taken. Un-
fortunately, it was not always possible to resolve all problems or
adhere to all design requirements. Accordingly, the prototype handbook
is not exhaustive in content and does not contain all of the desired
‘design features. It does, however, represent an initial step in an
important, but heretofore neglected, area of “technology.

The accumulated experiences gained in research usually result in a
product and recommendations for futher research. The recommendations
listed below are based primarily on these experiences.

¢ . 4

1. The next step must test and evaluate:. (a) ‘the acceptability
and usability of the handbook by potentiil users, (b) the acceptability
of the data presentation and indexing techniques, and (¢) the possible
impact of the handbook on system design decisions. Test and evaluation
~ should be conducted to assess the concept of this type of handbook,

» rather than to evaluate the data content. Recommendations resulting
‘from this test and evaluation program should bg, used to guide the
"development of a more comprehensive handbook. "% :

2. Greater attention should be paid to the use of computers in
the development and updating of handboocks. The problems associated
with the maintenance of loose leaf handbocks are many. It would seem
cost-effective to have computers output hard copy reports, which can
then be reproduced. Since human resources data become rapidly obsolete,
the use of pulp paper is justified to reduce the cost of reproduction.
Rather than update single pages of the handbook, entire volumes would
be periodically output, reproduced, and dlsbeminated to paying sub-
scribers., In fact, the use of computers for this purpose would allow
the preparation of handbook volumes tailored to different user needs.

3. Extensiye surveys need to be conducted to identify all poten-
tial sources of data. In cases where data cannot be drawn from exist-
ing sources, it will be necessary to plan and initiate.new data gather-
ing efforts. 1In this regard, it is recommended that greater reliance
be placed on field research and expert opinion.

‘
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4. The development of a full-secale handbook will require a very
large effort. Such an effort is possible only under the auspices of a
responsible agency. In this regard, Devoe (1963) emphasized that:  ."the
existence of such an agency is inténded to imply...that it has the
authority and financial support to do the job. Without such an agency,
any, guide, no matter how ambitious, will be a one-shot effort and will
rapidly become outdated. In fact, my opinion is that this is the one
serious hurdle in our path; given an agency with support, the technical

- problems of creating a near-ideal guide are solvable (p. 589)."
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» ' 'APPENDIX A:

PROTOTYPE HUMAN RESOURCES DATA
'HANDBOOK FOR SYSTEM ENGINEERING:
FIRE CONTROL SYSTEMS




“INTRODUCTION: This prototype handbook was prepared: (1) to assess the

J
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. SECTION III - General References

E JfUMAN RESOURCES DATA HANDBOOK FOR SYSIEMS ENGINEERING

need for a technical reference containing human resources data, and (2) to
determine whether it is feasible to combine human resources data obtained from
many different sources into a format that conveys meaningful information to
potential users. As the title implies, the intention was to develop a limited
handbook containing samples of data that must be given consideration in.a full-
scale handbook development program. It is well known that human resources data
are difficult to obtain and are often unavailable. Thus, the .development of V

a full-scale handbook will require the collection of field data where necessary.

While this prototype handbook does contain a 1imited amount of data gathered ”
from various training and operational organizations, they do not present a .
-complete picture of Air Force human resources utilization. Since the primary
intention of this document is to assess the need for a human resources hand-

book, all readers are invited to submit recommendations and comments to:

Air Force Human Resources Laboratory (AFHRL/ASR),, Wright-Patterson AFB, Ohio

45433. i .
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_PURPOSE

The Human Resources Data Handbook for Systems Engineering, henceforth referred
to as the Handbook, presents a wide variety of human resources data on
manpower, personnel skills, training, maintenance performance, logistics, and
costs as they relate to, and interact with, operational systems and subsystems.
The objective is to convey quantitative relationships between human resources
and hardware in a way that can be made meaningfu® and useful to specialists
actively engaged in system design and development. Potential users of the
 handbook include human factors specialists, training planners, design engineers,
configuration managers, system planners, etc. The intent, then, is .for this
handhook to fulfill the following needs: N

1. Consolidate, in a single comprehensive volume, human resources
data applicable to system design and development. These data-are
usually scattered in many government and contractor data banks, tech-
nical reports, operational commands, and in the form of efpert opinion.
The handbook should serve to bridge the gap between these sources of
data and the user. -

2. MAssist the user to determine how human resources are influenced by
. system design and vice versa. ’

3. Provide a means by which specialists involved in system design and
development can make optimal use of human resources data. Tne
influence of human resources data on design should result in maxi-
mizing the balance between total 1ife cycle cost and mission .
effectiveness by optimally matching the design with the available
human resources.

4. Present data from different disciplines in a manner that not only
reveals interrelationships, but also presents the information in a
form which is easily understood by the user.

5. Provide a means by which certain design problems can be jdentified
and resolved. ‘

6. .Facilitate commuiications and interchange of data among specialists
in different disciplines. Thus, the handbook should allow design
tradeoff decisions to take into account the constraints of the
Air Force human resources.

SCOPE .

The handbook is limited to data on the functions performed by the 32X%X avionics
career field on the fire control system (FCS) of nine fighter systems. These
systems include the F-106A/B, F-105D, F-4C, F-4D, F-4E, F-111A, FB-111A, ‘A-7D,

and the F-15. In general, the handbook deals with (1) the quantitative inter-
relationships between human resources and operational system hardware, (2) the
projected human resources costure, and (3) technical informatiomwhich can be
generalized to a wide range uf problems. As indicated in the Introduction,

.
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complete sets of data on all factors of the Air Force human resource are diffi-

cult to obtain or are totally unavailable. Thus, the prototype -handbook does

not contain all of the information desirable in a“full-scale handbook. While*

the scope of this handbook is rather limited in both depth and breadth, the

information it does. contain should serve as an example of the types of data that
/

must be included in a full-scale handbook.

P! 4

ORGANIZATION OF THE HANDBOOK

" The handbook is organized into three data sections and two indexing Schemes,
which provide the user with a simple method to gain access to needed data. It .
is recommended that users of this handbook first review the material provided
under Use of the Indexing Scheme prior to initial use of the handbook.

The three data sections of the handbook are: ” o S

SECTION I - Empirical Data on Fire Control Systems

In general, this section contains comparisons between system
designs, training, support manpower, occupational jobs/tasks, main-
tenance procedures, logistic support, ‘and various costs. The pur-
pose of this section is to provide operational data interrelation-
ships between specific systems and subsystems, and the applicable
populations of Air Force human resources. Thus, the data should .

«+ provide some insight into how the various resources were used and . A
allocated, the consequences of these allocations, and the possible
impact of changing technology which interact with the use of these
resource allocations. )

SECTION II -Human Resources Posture

‘ This section contains information pertinent to past, current, and
projected numbers of personnel with various skill and experience
levels. This section also compares the characteristics of enlistees

e prior to the termination of the draft with enlistees of the all-

volunteer force. The objective is to allow the user to assess the
impact of projected human resources on design requirements of systems
undér development or planned for future design and development.

SECTION IlIl-General References

This section contains technical information which can be generalized \

Y to a wide range of problems. Included in this section are data T
on the effects of task complexity, the time required for Air Force )
maintenance personnel to acquire certain skills, error rates in
performing maintenance activities, performance time, etc. This section
also contains mathematical models which may have practical application
in deriving system 1ife cycle cost. Most of these models are con-
cerned with, and make use of, the classes of data.contained in

Sections I and II.

With few exceptions, each data page in this handbook contains a set of relationships
[
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that stands alone and is ré;;tively self explanatory. To reduce confusion,
each page has the same headers and is of the same or similar format. The
upper third of-the data page presents 3 set of functions, a table, functional
flow, bar chart, or other form of showing the pertinent data relationships.
The headers and contents of each are 1isted and described.below:

1. TITLE - A descriptive title of the data relationships shown.
/2. COMMENTS - A short description of the data, the methods used to
coilect the data, the population which was sampled, definitions,
or other pertinent information. “

3.  IMPLICATIONS - A short summary of the possible implications of the
data to Air Force system design, development, operations, etc. In
many cases this summary is limited to an interpretation of the data
relationships and possible contributing factors, or sources of variance,
that led to the shown data relationships. In general, the implica-
tions of the data relationships are the best interpretation provided
by the writer. Thus, the user of this handbook may wish to apply his
own interpretation. C '

4. .DATA SOURCES - A 1ist of referenees/ffgm which the data were obtained.
The 1ist of references is numbered and each appears as a superscript
in the appropriate place- of the Comments or Implications. Where
possible, the references contain enough information for the user to

. gain access to the original sources. In other cases, the reference
‘s to a more general source, such as the Air Force data banks contain-
ing maintenance summaries.

5. MODELS FOR DATA APPLICATION - An index number(s) to a mathematical
model(s) contained in Section III (see Use of the Indexin Scheme).
The particular predictive models selected for a set of variables are
conceptual.

6. SUBJECT - A short title of data contents with an emphasis on the
key words appearing in the Master Index Tables of Content (see
Use of the Indexing Scheme).

7. INDEX - The two major index numbers, keyed to the Master Index (see *
Use of the_Indexing Scheme). ’

8. CROSS-INDEX - A reference to a data page containing related informa-
tion. 1n order to obtain complete information on data being discussed
under the Comments or Implications, the user should also review the — ~
page referred to in the Cross-=Index (see Use of the Indexing Scheme).

9. PAGE NUMBERS - The page numbers are keyed to the indexing scheme of
This handbsok. The use of this method for sequencing the pages
allows for rapid deletdgn or addition of entire pages without
requiring an update of Other pages.

N
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USE OF THE INDEXING SCHEME

~There are two procedures which can be followed to gain access to needed data.

The first procedure allows the user to search for specific data relationships.
If he is interested in determining the relationship which may exist between
maintenance manhours and certain subsystems, he must turn to the Master Index
and the Master Index Tables of Content. The second procedure provides the user
with an alphabetical 1isting of major topic areas covered in the handbook.

This 1isting is located in the back portion of the handbook. In order for

the user to apply either of these two procedures, he should first gain an

_ understanding of the indexing scheme used for numbering the pages.

« Index Numbers: The index number is composed of four numbered elements,
each separated by a dash or period (e.g., I.11-9.5). The first element is a
Roman numeral that identifies the ggction of the handbook. The next two elements,
in Arabic numerals, are keyed to the Master Index. The first of these two
elements is drawn from the numbers in the left-hand vertical margin of the Master
Index and the second from the diagonal margin. °The last element, also in Arabic
numerals, is keyed to the Master Index Tables of Content.

Steps to Find Data: The procedures for finding needed data in the handbook
require three simple steps. The steps to be exemplified here are also illustrated
in Figure 1. Say that the user would like to know whether there is a difference
in maintenance manhours (MMH) for removal actions of fire control radar sub-
systems on the various fighter systems. First, the user must turn to the Master

.+ Index to determine whether this type of information exists in the handbook.

By scanning the left-hand margin he finds that maintenance manhour information is
in Section I under the general subtitle, QOperations, and has the index number
11. The user then matches this index number with one provided in the diagonal -
margin. For maintenance removal actions, the appropriate index number is 9.
Thus, the appropriate cell in the Master Index ts 11-9. i (If the cell is blank,
then the handbook will not contain the needed information.) The next step is

to proceed to the Master Index Tables of Content located immediately following
the Master Index page. The index numbers at the top of each Table are in
sequential order and match those in the cells of the Master Index. In the
example provided here, the user seeks Table 11-9 for Section I data and

- finds. that the needed information is on Page 1.11-9.5. . The last numeral of

the index is found under the appropriate column of the jab1e.
The above procedures can bé summarized-as follows:
' 1. Determine the section number in which the needed data may be found.
2. Find the appropriate index number from the Master Index.

3. Determine the page number from the Master Index Téb1es of Content.
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SECTION II

INDEX 1-8
( 4 8.7 SKILL LEVEL/APTITUDE A

AFQT High .
Mental ADE , AQE AQE ’
1. - TIME PERIOD Ability Aptitude | Ranges | _Aptitude |

1970-73 Enlistees 1-8.1 1-8.2 | 1-8.3 1-8.4
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SECTION 11

INDEX 2-3
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SECTION II
INDEX 2-8

2. HUMAN RESOURCES
QUANTITIES

8.

SKILL LEVEL

Skill -
Level 3

Skill
Level 5

Skill
Level 7

Skill

e

Career Subdivisions

1 321XX through 326XX,

Skill Levels 7 and 9 -
1965, 1968 and 1971

: Gareer‘Subdivisions
321XX through 326X,

1965, 1968 and 1971

Career Subdivisions
322XX, Skill Levels 3, 5, 7
and 9 - 1966, 1969, 1972,
1975 and 1981 :

- Career Subdivisions

326XX, Skill Levels 3, 5, 7
and 9 - 1966, 1969, 1972,
1975 and 1981 g

Skill Levels 3, 5, 7 and 9 o

2-8.2

2-8.4

2-8.3

2-8.2

2-8.4

2-8.3

2-8,1 *
2-8,2
2-8.4

2-8.3

_level 9

2-8.1

2-8.2

2-8.4

2-8.3
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‘ ~ INDEX 5-36 |
- B . .36. DESIGN
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SECTION III

INDEX 5-38
38, TRAINING
Training
Cost
5. OCCUPATIONAL 1952-1967
Aircraft Ma?%tenance 5-38,1 -

.Electronic Maintenance
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SECTION III

6-40.1

INDEX 6-40° |
f Sheet 1 of 2
! 40. OCCUPATIONAL .
D, |
6. HUMAN RESOURCES nif¥g§t1ﬁy Per??ﬁzance E:ggr Compﬂgggggign
Experience Level x" 6-40.8. |
|
High and Low Skills 6-40.3 6-40.3 ~
Skill Levels 3, 5}ana 7. _ 6-40.7 6-40.4
High Ski1l - Organizational 6-40.1 6.40.1 6-40.1
High Skill - Intermediate | 6-40.2 | 6-40.2 6-40.1
 Low Skill - Intermediate 6-40.2 6-40.2 6-40.2
Low Skill - Organizational 6-40.1 6-40.1




SECTION III

. INDEX 6-40 i
: Sheet 2 of 2
40, OCCUPATIONAL ]

Range of

Performance ' L\//
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High Skill - Intermediate 6-40.6 | >
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“SECTION III- ‘ -

INDEX 7-42
) | | 42, MODELS OF PROCESSES
Weapon
System Life -
7. MODELS OF PROCESSES Cycle Costin

Estimating Models for Weapon 7-42.1
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FH
FL

IR
LRU
LSC
MELEC
o
MTBF
MTTR
0dT
SATE
TAFMS
USAF

b i

LIST OF ABBREVIATIONS

)
Air Force Base

Air Force Qualification Test '
Air Force Specialty Code |
Aefospace Ground Equipment
Airman Oualifying E;aminatfon
Automatic Test Equipment
Built-In Test Equipment

Fire Control System

Flight Hours

Flight-Line

Infra-Red

Line Rep]aéeab1e Unit
Logistics Support Cost
Microelectronics (
Maintenance Manhours

Mean Time Between Faflures
Mean Time to Restore |
On-the-Job Tra?ning
Semi-Automatic Test Eaquipment
Total Active Federal Military Service

United States Air Force .
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TITLE: F-106A/8 Fire Control System Tie-In Block Diagram

COMMENTS: The F-106A and F-106B are single-place and two-place high-speed, delta-
wiqg interceptors designed for high altitude, all-weather operations. The inte-
grated F-106A MA-1 system consists of the MA-1 radar and IR, armament subsystem,
communications-navigation-landing system, flight control and measurement, digital
computer, and the power su?ply and is associated with 15 other subsystems in its
signal processing network.! The F-106A/B was selected -as representative of con-
trasting generations of avionics systems in the period 1959-1974 (see Chart 1.3-2.1).
An implicit assumption in prediction methods is that estimates on specific parame-
ters of interest such as operational performance, logistics support, and personnel
skill manning would be proportional to similar parameters on an .analogous system.
Consequently, the histdrical perspective is valued for its potential use in future
system design trade studies. e

DATA SOURCES: 1. USAF Technical Order 1F-106A-2-27-5.
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WODELS FOR SUBJECT: — |INDEX: 2-1

DATA APPLICATION: F-106A/8 Fire Control System -
I11.7-42.1(A) Block Diagran CROSSINDEX: 1.3-2.1°
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JITLE: F-105D Fire Control System Tie-In Block Diagram

COMMENTS: The F-105D, a single-place all-weather fighter-bomber, is equipped with
the 1ASARR monopulse radar system and doppler radar for night or bad weather oper-
ation. The Fire Control System ASG-19 consists sf the attack and display subsystem
R14A/G radar subsystem, and-the bomb tossing conmputer subsystent and 1s associated
with six other subsystems in its signal processing network., The F-105D was select-
ed as representative of contrasting generations of avionics systems in the period
1959-1974 (see Chart 1,3-2.1). An implicit assumption in prediction methods is
that estimates on specific parameters of interest such as operational performance,
logistics support, and personnel skill manning would be proportional to similar
parameters on an analogous system. Consequently, the historical perspective is
valued for its potential use in future system design trade studies.

DATA SOURCES: 1. USAF Technical Order IF-105D-2-11-2.

. MODELS FOR SUBJECT: - ’ INDEX: 2.9 |
DATA APPLICATION: F-105D Fire Control-System Block “
L Diagram ® )
I11.7-42,1(A) CROSS-INDEX: I,3-2,1
111‘7-42.158) | o s
48
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TITLE: F-4C Fire pontnol System Tie-In Block Diagram *

COMMENTS: The F-4C is a two-plate tandem, supersonic, all-weather, tactical air-
craft with the capabilities of delivering combinations of missiles, bombs and
rockets. The Fire Control System coniists of the-APON100 radar subsystem, APA-157 .
radar set group, and the missile firinézcirc¥its and ik associated with 14 other
'sdbsystems +in its signal processing network.
tive of contrasting generations of avionics systems in the period 1959-1974 (see
Chart 1.3-2.1). An implicit assumption in prediction methods is that estimates on
specific parameters of interest such as operational performance, logistics support,
and personnel skill, manning would be proportional to similar parameters on an anal-
ogous system. Consequently, the historical perspective is valued for its potential
tuse in future system design trade studies. .

IDATA SOURCES: 1. USAF Technical Order IF-4C-2-19.
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TITLE: F-4D Fire Control System Tie-In Block Diagram

COMMENTS: The F-4D is a two-place tandem, supersonic, all-weather, tactical
aircraft with the capabilities of delivering combinations of missiles, bombs and
rockets. The Fire Control System consists of the APQ-109 radar subsystem, APA-165
radar set group, distribution group, and the missile firing circujts and is asso-
ciated with 15 other subsystems in its signal processing network. ! The F-4De was
selected as representative of contrasting generations of avionics systems in the
period 1959-1974 (see Chart 1.3-2.1). An implicit assumption in prediction methods
is that estimates on specific parameters of interest such as operational perfor-
mance, logistics support, and personnel skill manhing’would be proportional to sim-
ilar parameters on an analogous system. Consequently, the historical perspective
is valued for its potential use in future system design trade studies.

DATA SOURCES: 1. USAF Technical Order 1F-4D-2-19.

MODELS FOR SUBJECT: | INDEX: 2.1
DATA APPLICATION: F-4D Fire Control System Tie-In ‘ :
111.7-42.1(A) Block Diagram o CROSS-INDEX: 1.3-2.1
111.7-42.1(B) ' ,
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TITLE: F-4E Fire Contro] System Tie-In Block Diagram
COMMENTS: The F-4E Phantom II is a two- -place, tandem,: supersomc, long range, all-

system, missile auxiliary group, and missile f1r1ng circuits and is associated with
ten subsystems in its signal processing network.l The F-4E was selected -as repre-
sentative of contrasting generations of avionics systems in the period 1959-1974 J
(see Chart 1.3-2. 1). An implicit assumption in prediction mgthods is. that estimates
on specific parameters of interest such as operational perfokmance, logistics sup- -
port, and personnel skill manning would be proportional to sikilar parameters -on an
analogous system. Consequently, the historical perspective id valued for its poten-
tial use 1n future system design trade studies. \

DATA SOURCES: 1. USAF Techm’ca] Or‘der‘ 1F-4E-2-19,
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TITLE: F-111A.Fire Control System Tie-In Block Diagram:

loverall per
systems.

il

DATA SOURCES: 1. USAF Technical Order 1F-111A-2-5-1.

COMMENTS: The F-111A, a two-place; side-by-side long-range fighter, has a fire
power control system.designed for all-weather supersonic operation at both low and
|high altitude. Some major subsystems are attack radar subsystem APQ-113, inertial
bombing~havigation subsystem AJQ-20 and lead computing optical sight subsystem
ASG-23. It-was selected as representative of contrasting generations of avionics
systems in éhe period 1959-1974 (see Chart 1.3-2.1) for the purpdse of providing an
pective of its operational.performance. This historical perspective
is valued for its potential use in future system trade studies of analogous

’
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TITLE: FB-111A Fire Power. Control System Tie-In Block Diagram

COMMENTS: The FB-111A is a two-place, side-by-side, all-weather, high and/or Tow
altitude, supersénic, strategic bomber with inflight selectable wing sweep. It .
was selected as representative of contrasting generations of avionics systems in ’
the period 1959-1974 (see Chart 1.3-2.1). An implicit assumption in prediction

methods is that estimates on specific parameters of interest such as operational
performance, logistics support, and personnel skill manning would be proportional
to similar parameters on an analogous system. Consequently, the historical per-
spective is valued for its potential use in future system design trade studies.

DATA SOURCES: 1.. USAF Technical Order 1F-111(B)A-2-5-1.
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//”TITLEE A-7D Weapon Control System Tie-In Block Diagram.

COMMENTS: The A-7D, a subsonic single-seat tactical fighter, has a continuous-
soTution navigation and weapon delivery system and has all-weather radar bombing
delivery capability. Some major subsystems are the radar set APN-126, tactical
computer set ASN-91, and heads-up displav AvQ-7. It was selected as representa-
tive of contrasting generations of avionics systems in the per1od 1959-1974 (see
Chart 1.3-2.1). An implicit assumption in prediction methods is that estimates
on specific parameters of interest such as operational performance, logistics
support, and personnel skill manning would be proportional to similar parameters
on an analogous system. <Consequently, .the historical perspective is va1ued for
its potential use in future system des1qn trade studies.

DATA SOURCES: 1. USAF Technical Order 1A-7D-2-14..

WODELS FOR ~ [suBJECT: - INDEX |
DATA APPLICATION: A-7D) Weapon Control System Tie-in | 4 ' .
111.7-42.1(A) Block Diagram ROSSINDEX- o
111.7-42.1(B) a CROSS-INDEX:  1,3-2.1
O
[T
1.2-1.8 “




[SRUSI—— Y L 1Y
[ . N - b.——-——:‘E: "‘
TAIL — - o pAIOWICS STATHS RAML B TML -
s of o e TN - MTTE 9 it ensaban — N .
"THTERS. ; Y R 100 1 § U R ——
we l s Lum SLANKER t—'““ . Data te TONE :fm.u e N
3l -f- | el T e e ST ROP O TR L - OO - =SS
&2 s . -] Maa x4 W
: SF a4 B3 .
R ga £ £ L < IRITIATE TEST
B 3 ! . TRAKS, PEC. . .
B L3 I N e - EEETSE 3y ot
3 —— PIRETTE R T NCTOR i
. 'g' PLEX G5 urcow | oo TARZTT POSITION
3 i 4
) oPTIATTIN CONTIOL Mar *mumum‘-ﬂ | '
vt ‘ o KLIVATION WICLES
i - - - e f—d
© ALTITURE e visme cany
.~ PR S . TR e :
.o MK UP ALY BATA — g — e Rt e
.,m-umm » gﬂg oM $18. . : R 3%, 4004
[ anes sowes wiwedd |~ prren v - ]
L viuet artick oo, sewmonocy ; e
. [ortmtnic conos rostrion T J08 M ] e
o o PLIGHLDAY AR Cw BNCE BATE 1243
J NI ARy __Takx Tow omprs ||
titia \
REME [ECTTNTON NN / \
HEaEy TARCPY (S1G. PE E - -
| = ), o) ks PR B s
£ %99 -] meernas Gdowom r”"""m o rucer | \
= 2| e L i “al PERSEARDN conThL
| ARSI B (ATERRCATE VAT, s ? stie "
g0 et o s g N\
P - . . . 1 "y
L e e wcie o7 arracx A(LITIN BE) ‘ Y
(757 S e i >
DA SYSTI reep——— 1 (¢ T V1L — "

TITLE: F-15 Fire Control System Tie-In Block Diagram

Jcapability. The Fire Control System consists of the radar set APG-63, lead

systems are valued for their potential application. to future design trade studies.

COMMENTS: ,The F-15A is a sihg1é;p1ace high performance air superiority tactical
fighter. Its prime mission is air-to-air operations and it has ground support

computing gyro subsystem, indicator group, and the heads-up display set AVQ-20
and is associated with 13 other subsystems in its signal processing network.l

The F-15 was selected as representatiye of contrasting generations of avionics
systems in the period 1959-1974 (see Chart I.3-2.1). An implicit assumption in
prediction methods is that estimates on specific parameters of interest such as
operational performance, logistics support, and personnel skill manning would be
proportional to similar parameters on analogous systems, Consequently, overall
perspectives of the operations and support performances of functionally comparable

DATA SOURCES: 1.- £-15 Quantitative and Oua]itativé Personnel Requirements
Information, 1973. : .
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Fire Control Systems

1959 1960 | 1963 | 1965 | 1967 | 1967 | 1968 | 1968

| F=106A78| F=1050—|—F=4C— | F=40—"F=4E | F-TTTA [FB=TTTA | A=ZD_| F-15

DESIGN CONCEPT 1: Use of Semi-Automatic Test Equipment (SATE). Equipment is
usually constructed as consoles or test stations connected tog a computer or having
a computer as an integral part and designed to semi-automatically test functional.
units such as a control box, display unit, etc., when placed in the test console
and the test routine is initiated by the test station operator. _Some degree of
manual control is required kv the operator to complete the test.'

A A A Al A B B. | B B

Y et

DESIGN CONCEPT 2: “Use of Integrated Systems. Systems are combined into a common
package. The packaged systems perform mutually supporting roles to\serve a common
function. This type of system is distinguished from interfacing sysbems which are
aided or augmented by separate and distinct equipment. A specific exdmple of
integration is an on-board central.computer complex which receives inputs from,
and outputs to, various equipment.] ’ SN . o ‘

A A AL A A B B B B

DESIGN CONCEPT 3: Use of Integrated Circuits. These devices are compesed-ef—
active and passive components made by diffusion, deposition, or subtractive
(selective etching) processes. Interconnections may be formed by diffusion and

related processes, or by wire-bonding techniques. Such a device cannot function
if its parts are separated.l»< ;

£

2

A A Al A A B 5 B | B

DESIGN CONCEPT 4: Use of Microcircuits. Small circuits constructed of integrated
circuits, thin-film circuits, hybrid microcircuits, and similar miniature circuits.
A microcircuit is considered as a single part composed of interconnected elements |-
on or Within a single substrate to perform an electronic circuit function.

-~

A A A A A B B ‘B B

DESIGN CONCEPT 5: Use‘of Built-In Test Equipment. Test equipment and/or cir-
cuitry included as part of functional end items of systems/equipment to provide
for se]f-t?sting, ip-flight or on-the-ground, of the system/equipment of which it
is a part. , —— ;

A A A " A A B B B [ B
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CTITLE: Comparison of Fire Control System Designs

—-t—effects of technological change (e.g., manpower needs for certain Group B hard-

- sive intervals of time between 1959 and 1968, were selected for review and compar-
-ative analysis of impact of technology on operations, training, legistics, and
human resources. Their -selection was- influenced-primarily by major changes in
design technology, of which five are enumerated above. The selected systems repre-
sent varving gradations of application of each design concept; however, the amount
by which they differ has not been quantified. Consequently, they were categor-
ically grouped A or B, where A_represents a past. generation of equipment with
relatively low application, and B represents & current generation of equipment
with' relatively high application of these design concepts. If the current gener-
ation of equipment. (Group B) is considered as a forecast of future design trends,
then compelling reasons exist for ta) using this type of categorical grouping to
initialize comparisons and for (b).conducting additional research with refinements
in study methodology to improve the accuracy of the data as well as to establish
cause-effect relationships. : %

IMPLICATIONS: Past reports, studies, and literature have examined developments in
electronics technology and have estimated their general ?ffects, projected to 1980
on operations, training, logistics, and human resources.  On the basis of these
design developments, two representative contrasting generations of Fire Control
- Systems ‘were examined on a comparative basis to determine whether certain relation
ships would reveal differences between the two groups. Thus, for example, it may
be of interest to determine whether technological advances, as represented by
Groups A and B, have had an influence on maintenance manhours expended on equip-
ment repair. The establishment of such cause-effect relationships presents a
difficult problem since they must be based on -data obtained from operational or-
ganizations. The relationships presented in Section I were, in fact, determined
by manipulating data from various Air Force data banks, net from the results of
controlled experiments. Conseauently caution must be exercised in the interpre-
.tation of certain cause-effect relationships shown in Section I. What may appear
:to be due to technological change may actually be the result of other, but uniden-
tifiable, variables. In some.cases, strong evidence is found to support the

ware repair being-much smaller than for Group A); in others no such evidence is
found. Finally, it must be emphasized that the purpose for classifying the

systems into two groups was primarily to create a conceptual model for comparative
analysis. The data in Section I, however, are presented in a format that does not

require direct use of the groupings. .

DATA SOURCES: 1. Air Trgining Command, Ad Hoc Committee, The Impact of Micro-

3

electronics and Integrated Systems on Technical .Training,
April, 1970.

» 2. United‘States, Department of the Air Force, Communications-
Electronics Terminology, AFM 11-1, Vol. I1I, November 15,
1973.
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Radar Subsvstems

TITLE: Comparison of Fire Control Radar Subsystem Cost
COMMENTS: Past studies indicated a relationship between equipment cost and tech-
nological sophistication. The costs! for an assembled subsystem were compared
between two generations.of radar subsystems. The mean difference between the
groups showed an average-higher cost of $87,000 for Group B. A proportion of this
was due to inflation.

IMPLICATIONS: Findings indicated that for each unit of investment cost in Group A
designs, there were 1.9 units of investment cost in Group B designs, with some
proportion due to inflation. A major cost parameter was the research, design and
development of technological concepts such as integrated systems, microcircuit
applications, built-in test equipment, and semi-automatic test equipment. Since
the magnitude of application of these design concepts was greater for Group B than
A, the cost difference seemed 1ogical. However, the long-term gains accruing from
the initially higher investment can only be measured over the life cycle of a
system, considering the operation and support effects of the equipment.

DATA SOURCES: 1. Air Force Logistics Command, Wright-Patterson AFB, Chio. .
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DATA APPLICATION: Comparison of Fire Control Radar » h ;::7
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Fire Control Systems A
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| TITLE: Hardware Design - Relation of Number of Associated Subsystems to Fire
Control System Type . N

COMMENTS: The number of subsystems] associated with the Fire Control System

signal processing network provides an evaluative measure of system interdependence.

This initial comparison does not distinguish between integrated systems and aided .

or augnented systems (see Chart I.3-2.1? “

IMPLICATIONS: The mean number ﬁf/éssociated subsystems is slightly higher for
Group A svstems. When the acknowledqed increased complexity and hroader capability
of Group B designs is taken into consideration, the fact that this group of equip-
.| ment also has fewer associated subsystems reveals an inverse relationship between
these two factors, i.e., increased complexity and broader functional capability
“éi:iot necessarily result in an increase in the number of associated subsystems.

~N

A pYausible reason may be the application of compensating design concepts.
r ‘ ’ RN
DATA SOURCES: 1. USAF Technical Orders 1F-106A-2-27-5, 1F-105D0-2-11-2,
. |F-4C-2-19, 1F-40-2-19, 1F-4£-2-19, TF-111A-2-5-1,

) 1F-111(B)A-2-5-1, 1A-7D-2-14; F-15A Quantitative and
Qualitative Personnel Requirements Information 1973.
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TITLE: Comparison of Number of Line Replaceable Units (LRUs) in Fire Contral
Radar Subsystems - Organizational
COMMENTS: The maintengnce concept incorporated in the line replaceable units]
approach provides for the removal and replacement of faulty items| as the major type
of corrective and preventive organizational maintenance. The degree  to which this
concept is designed into the subsystems is reflected in the number of LRUs. Two
generations of radar subsystems, Group A and B, were examined to determine whether
any trend extsted over time with respect tu this maintenance concept.
IMPLICATIONS: 'Comparison of the mean number of LRUs for each group revealed an
average difference of € LRUs, i.e., Group B, representing a current generation of
eguipment had, gn the average, fewer LRUs thaw Group A. Since the number of
pieces of equipment is a factor to be considered in logistics stocking and mainte-
nance workload, it appears that the growing complexity of system design, as repre-
sented by Group B, does not-decessarily vesult in an increase in number of LEUs. N
A plausible factor whict may account for the difference is the intearated svstems
concent anpiied to Group B desians. N ‘
;‘ -
DATE_SOURCES: 1. USAF Technical Orders LF-106A-2-27+5, 1F-]050-2-11-2,
1F-4C-2-19, 1F-40-2-195 1F-4£-2-19, 1F-111A-2-5-1, .
TF-111(E)A-2-5-1, LA-70-2-14; F-15A Quantitative and .
flualitative Personnel Requirements Information 1973.
N
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Fire Ccntrql Systems

@

| COMMENTS: _Intermediate maintenance policy is based on the number of‘%ork-coded

difference - 114 vs. 112 for A and B, respectively.

) “?DATA SOURCES: 1. USAF Technical Orders 1F-106A-2-27-5, 1F-105D-2-11%,

TITLE: Comparisoﬁ of Number of Work-Coded Components in Fire Control Radar
Subsystems - Intermediate :

‘companents' to be fully repaireds partially repaired, or discarded. These compo-
nents were quantified for two generations of Fire Control Systems, Groups A and B,
and evaluated for trends. The mean number of work-coded components .showed little

IMPLICATIONS: Findings failed to reveal any significant difference between the
groups in the number of components coded for maintenance work on the intermediate
jevel of maintenance, despite the fact that Group B is considered to be more
complex in design and generally provides increased performance capability. Since
the number of work-coded components proPides a measure for estimating maintenance
and spares requirements, identifying the proportions of components to be fully
repaired, partially repaired, or discarded would yje]d a more meaningful compari-
son. - ;

1F-4C-2-19, 1F-4D-2-19, 1F-4E-2-19, 1F-111A-2-5-1,
1F-111(B)A-2-5-1, 1A-7D-2-14; F-15A Quantitative and
Qualitative Personnel Requirements Information 1973.
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TITLE: Comparison of Manning on Fire Control Systems = . .

{COMMENTS:  Important considerations in manpower calculations are location and SyS~
tem requirements. For a given location, the alert posture of the using command
determines the level of constant physical presence of manpower. For a aiven system
the number of men per position type and skill level are determined by the system
workload. Sguadron manning] of selected Fire Control Systems was conpared for
differences. The systems were representative,of two generations of equipment
(see Chart 1.3-2.1). :

IMPLICATIONS: The manning numbers and skill ratios were homogenous for the F-ds.
F-Y11A had twice the manning numbers of the F-4s, although the skill ratios
approximated the same distribution. A-7D had one-half the manning of the F-4s

but the skill ratios were equivalent. Post-hoc operational data contained in
Section I charts sampled unscheduled maintenance only; that set of data failed to
yield evidence that would explain the higher manning level for F-111A. Since this
vias only one type of workload, comparing total system requirements, with alert
posture requirements held constant, was not*pessible.

DATA SOURCES: 1. Air Force Human Reseﬂ%ceg Laboratory, Wright-Patterson - .

AFB, Ohio. (Letter Comwunications, 1973)
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TITLE: Maintenance Manhours'on Fire Control Radar Subsystems - Unschehuled“
Organizational : -

COMMENTS: Unscheduled organizational maintenance] is a type of workload generated
between scheduled maintenance, excluding servicing operations. The.maintenance
manhours were derived from flight hour bases ranging from 16025 to 202240, The
only exception was F-15 which was estimated by the consensus.of experts. The
method of comparison considered the subsystems as representing two different gen-
erations of equipment, A and B.

The current generation of equipment, B, had considerably tower nscheduled mainte-
nance than A (508 manhours vs. 1254 manhours, or a differéned ratio of 1:2.5).
Apparently, factors operating in the time period represented by these subsystems
had produced the net result of improved equipment reliability. The most likely
contributors are (a; improvements in the inherent design, (b) changes in the

. |scheduled maintenance concept which have reduced the probability of unscheduled

. |lfailures, and (c) improved human reliability.

IMPLICATIONS: Findings indicated a significant differencenzi;:;gn the two groups.

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971.
oo : !
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TITLE: “Maintenance Manhours on Fire Control Radar Subsystems - Unscheduled
Intermediate ~ ‘ g .

COMMENTS: Unscheduled intermediate maintenance manhours] were compared across
'nine radar subsystems. The maintenance manhours were derived from flight hour
| bases ranging from 16025 to 202240. The only exception was F-15 which was esti-
mated by the consensus of experts. The method of comparison considered the sub-
systems as representing two different generations of equipment, A and B. A -

' IMPLICATIONS: Findings indicated some degree.of difference between the two groups.
The current generation of equipmeit, B, had Tower unscheduled maintenance than A .|
ﬂ£493 vs. 734 manhours, or a difference ratio of 1:1.5). The direction of the dif- | -
ference was compatible with that found in evaluating unscheduled organizational
maintenance (see Chart I1.11-2.1). This was logical since a decrease in maintenance
load on the first level (organizational) would yield fewer-failed units being pro-
cessed to the second level ?intermediate) far disposition. However, the net
improvement in maintenance manhours was better for organizational than intermedi-

iate. Generally, the influences operating on the organizational level wduld have
relatable effects on the intermediate and depot level- of maintenance.
DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Sumaries 1971, '
’ i 7
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TITLE: Comparison of Number of Liné Replaceable Units }LRUS)Ein Fire Control

3

Systems - Organizational
4 - “ .

COMMENTS: The maintenance concept incorporated in the 1ine replaceable units
approach provides for the removal ‘and replacement of faulty items as the major
type of corrective and preventive organizational maintenance. = The number of LRUs
was.quantified for nine Fire Control Systems.‘ The quantification covered units
of all subsystems that are considered a part of the Fire Control System. This
quantification yielded the same mean humbér of LRUs for Groups A and B, which was
32. Evaluating the systems on an individualibasis, the following ere either
substantially above (+) or below (-) the mean value: F-~106A/B, +30, FB-111A, +17;
F-15, -18; A-7D, -10; F-105D, -10. There appears to be no clear-cut ‘trend that
would distinguish Groups A and B. ‘ -

»
-

IMPLICATIONS: Other factors being equal such as reliability of equipment, the
frequency of replacements per unit operating. time is ‘'expected to be higher for
systems with greater numbers of LRUs; which would affect thé maintenance workload.
Likewise, logistics is affected by t mber of different types of equipment’

that need to be stocked. Consequently, tfg point of comparison to be made between
past and current generations of equipment i} whether or not an.increase in the
functional capabilities of a system would re§ult in an increase in pieces of equip-

ment or whether the application of design cofcepts such as integrated systems,
would nullify the effect. :

DATA SOURCES: 1. USAF Technical Orders 1F-106A-2-27-5, 1F-105D-2-11-2,
‘ 1F-4C-2-19, 1F-4D-2-19, 1F-4E-2-19, 1F-111A-2-5-1,
1F-111(B)A-2-5-1, 1A-7D-2-14; F-15A Quantitative a

‘ ~ Qualitative Personnel Requirements Information 1978. v X
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TITLE: Hardware Désign‘- Rela

tion of Subsystem Cost to Unscheduled Organizational
Maintenance -

COMMENTS: The relationship of subsystem acquisition~cost] to unscheduled organ-
zational maintenanceZ was examined'on selected Fire Control radar subsystems to
determine whether a functisnal ‘relationship existed between these two variables.
Since higher subsystem acquisition cost was generally associated with more complex
equ}pment, the effect of equipment, complexity on maintenance workload was a measure
of interest. B

)

. “ L ‘ .
IMPLICATIONS: Data analysis revealed a moderate to strong inverse relationship.

Higher subsystem acquisition cost tended to be associated with lower unscheduled
organizational maintenance. The most 1ikely reasons for this relationship was

improved reliability in the design of the equipment and simplification of tasks
on the organizational level. ‘ y

DATA SOURCES: 1. USAF Logistics Command, Wright-Patterson AFB, Ohio. -
it 2. USAF Worldwide Unscheduled Maintenance Summaries- 1971.
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TITLE: Hardware Desigﬁ&-
Intermediate Maintenance Manhours

|mediate

lequipment, the effect of

lassociated with a decrease if

|DATA SOURCES: 1.
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ai

of jnterest.

unscheduled intermediate
combination of factors which

ineffective ski11 mix. X
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Relation of Sﬁbsystem Acquisition Cost to Unscheduled

fTﬁ% relationship of subsystem acquisition cost1 to unscheduled inter- .
ftenance2 was'examined on selected Fire Control radar subsystems to
determine whether a functional relationship existed between these two variables.
Since higher subsystem acquisition cost was generally associated with more complex
gquipment complexity on maintenance workload was a measure

IMPLICATIONS: Data ana1yst§ indicated a strong relationship between subsystem -
acquisition cost and maintenance manhours.

USAF"Logist cs Command, Wright-Patterson AFB, Ohio.
. 2. USAF Worldwide Unscheduled Maintenance Summaries 1971.
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hs subsystem acquisition cost increased
2 maintenance increased. “ :
that revealed in Chart I.11-3.1 where an increase in subsystem acquisition cost was

% unscheduled organizational maintenance. |

would explain the difference shown in the above chhrt
was displacement of some of the organizational workload to_the-intermediate level,
increased complexity of intermediate maintenance tasks,

This finding was in contrast to
A 1ikely,

inadequate training, and
&
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Relation of ‘Number of
Maintenance Manhours

TITLE: Hainténance Concept - Fire Control Radar Subsystems;
Line Replaceable Units to Unscheduled Organjzational

COMMENTS: The maintenance concept incorporated in the line replaceable units
approach provides for the removal and replacement of faulty ftems as the major type
of corrective and preventive organizational maintenance. T degree to which this
|| concept is designed into the subsystems is reflected in the number of LRUs. A
count of these units was made on selected radar subsystems, and its relation to
maintenance manhours was examined.! )

IMPLICATIONS: Data analysis yielded a strong functional relationship between
these two variables. An increase in number of line replaceable units was asso-
ciated with an increase in organizational maintenance manhours., ' These findings
were complemented by Chart I.25-4.1 where the number of line replaceable units, in
relation to logistics cost, showed the same consistent effect.

DATA SOURCES: 1. USAF Worldwide Unschedu]ed Maintenance Summaries 1971. e
MODELS FOR ‘ SUBJECT: | INDEX:  11-4
DATA APPLICATION: Maintenance Congept ~ Line

II1.7-42.1(F) Replaceable Units vs. Unscheduled

. » | Organizational Maintenance
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CROSS-INDEX: I,25-4.1
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tlo. of Work-Coded Compenents
Radar Subsystesm

-IITLE{gvhéfnténance Concept - Fire Control Radar Subsystems; Relation of Numbers of
Work-Coded Components to Unscheduled Intermediate Maintenance Manhogrs

COMMENTS: Intermediate maintenance policy is based on the number of work~coded
components to be fully repaired, partially repaired, or discarded. The work-

coded components were quantified for nine radan,sub?ystems, and the relation of
this variable to maintenance manhours was examined.' The scatter diagram gives
the empirical data on selected radar subsystems. ° “ )

IMPLICATIONS: Data analysis yielded a strong functional relationship between these
two variables.. An increase in number of work-coded components was associated wih
an increase in intermediate maintenance manhours. These findings were in contrast
to Chart 1.25-4.2 where the number of work-coded components, in relation to logis-
tics cost, not only failed to show consistent effects but provided, as well, some
evidence, though negligible, to suspect an inverse relationship. T

Al

DATA SOURCES: 1. USAF Worldwide Unscheduled Mainteﬁance Suﬁmaries 1971,
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Ho. of Work-Coded Components
- Radar Antennas

¥ ' -

Y

‘Maintenance Concept - F{re Control Radar Antennas; Relation of Number of
Work-Coded Components to Unscheduled Intermediate Maintenance Manhours

COMMENTS: Intermediate maintenancg policy is based on the number of work-coded

4 components to be fully repaired, partially repaired, or discarded. The work-coded
componehts were quantified for selected Fire Control radar antennas, and the
relation of this variable to maintenance manhours was examined.l The scatter
‘diagram \gives the empirical data. J . .
IMPLICATIONS: Data analysis yielded moderate evidence of a functional relationship
between these two variables( i.e., an increase in work-coded ¢omponents was asso-
ciated with an increase in maintenance manhours), With F-106A/B and F-105D exclyded
a-best-fit\ 1ine or curve for the remaining points on the scatter piot would ade-
quately express the effects of work-coded components on maintenance manhours.

DATA SOURCEB: 1. USAF Worldwide Unscheduled Maintenance Summaries 167\&
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TITLE: Maintenance Concept - Fire Control Electrical Synchromizers; Relation of

Humber of Work=Coded Components to Unscheduled Intermediate Maintenance
Manhours

COMMENTS: Intermediate maintenance policy is based on the number of work-coded
components to be fully repaired, partially repaired, or discarded. The work-

coded components were quantified for electrical synchronizers of selected radar,
subsystems, and the relation of this variable to maintenance manhours was examined’|
The scatter diagrgw shows the results of the quantification.

IMPLICATIONS: Data analysis yielded evidence that only a small proportion of the
Variation in maintenance manhours was attributable to differences in number of

synchronizer components. It would appear that some other measures, such as types
of tasks or complexity scaling of synchronizer components,, would yield a better
accountability of maintenance time expended. ’

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971.
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Indicator Scopes

- |IITLE: Maintenance Concept - Fire Control Indicator Scopes; Relation of Number of
Work-Coded Components to Unscheduled Intermediate Maintenance Manhours

COMMENTS: . Intermediate maintenance policy is based on the ‘number of work-coded
components’ to be fully repaired, partially repaired, or discarded. The work-
coded components were quantified for indicator scopes of selected radar_subsystems,
ang the relation of this variable to maintenance manhours was examined.! The
scatter diagram shows the results of the quantification,

IMPLICATIONS: Data analysis yielded a moderate ‘inverse trend (i.e., a tendencv
for greater numbers of components to be associated with lower mainterance manhours) |
It is suspected that the major contributing factors were the proportion of dis-
cards to parttal-full repairs and task simplifications which may, in some part,
be associated with lower level of disassembly implied in the number of components
per scope assembly, L A ‘ :

DATA SOURCES: 1. USAF Worldwide Uns;hedu1ed Maintenance Summaries 1971.
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-, Radar Transmitters .
TITLE: Maintenance Concept - Fire Control Radar Transmitteks; Relation of Number
of Work-Coded Compohents to Unscheduled Intermediate Maintenance Manhours %

| cOMMENTS: - Intermediate maintenance policy is based on ‘the number of work-coded

accountability of maintenance time expended.

1DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971.

components to be fully repaired, partially repaired, or discarded. The work-

coded components were quantified for radar transmitters of selected radar sub7ysa
tems, and the relation of this variable to maintenance manho was examined.,' The
scatter diagram shows the results of the quantification. -

variation in maintenance manhours was attributable to differenc
transmitter comnonents. It would appear that some other measurcs, such as types
of tasks or complexity scaling of transmitter components, would yield a better

L 4
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IMPLICATIONS: Data analysis yielded evidence that only a small Jkoportion of the |
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Fire Control Svstem

»

tomag

system requirements.

number of personnel3,
relation to total avai
F-106A/B, F-105D, and

DATA_ SOURCES:

b

lable manhours.
FB-111A;

to Skill Level Availability/Month per Squadron

TITLE: ‘Fire Contro] Systems - Comparison of Unscheduled Maintenancé Manhburs/Mohth

*
COMMENTS: Important considerations in manpower calculations are location and
For a given location, the alert posture of the using command
determines the Tevel' of constant physical presence of manpower.
tem, .the number of men per position type and skill leve] are determined by the
system workload. The unscheduled workloads were calculated on the basis of, 30
FH/aircraft per month x 18 aircraft/squadron x MMH/FHT,
ity was calculated on the basis of 85.2 manhours/month for a 5-day, 40-hour weeké x
The chart shows unscheduled maintenance manhours o
Squadron manning data were not available for
therefore, it was not possible to compare workload

|against available hours, on Fire Control Systems, of these aircrafs.

IMPLICATIONS: It would appear that workloads uniqué fo the F-111A system necessi-
tated higher manning levels on that system than on F-4C, F-4D, F-4E, and A-7D.

1. USAF Worldwide Unscheduled Maintenance Summaries 1971.
2. USAF Cost and Planning Factors, AFM 172-3, October 27, 1970,
3
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For" a given sys-

The skill level availabjl-]
pended in

* . USAF Human Resources Laboratory, Wright-Patterson Air Force
* Base, Ohio. :
WODELS FOR sugsEcT. ~ [INDEX: 11-8
DATA APPLICATION: A Fire Control S{?%ems - Maintenance | .
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TITLE: Maintenance Manhourswfok Troubleshooting Action§ on Fire”ﬁdntroT,Radar ‘

E ‘,SUbsystems,e'Unsthgdu]ed'Organizational. -

 |'COMMENTS: Maintenance manhours to troubleshoot on the organizational level were
| Compared across selected radar subsystems, ‘The subsystems represented two differ-
ent design generations (see Chart 1.3-2.1). The activity was- identified by USAF .
Action' Code-"Y", ,on-equipment time: to isolate the primary cause of a discrepancy. ;
| This code excluded repair time. Theé number of equipment units considered and the [is
USAF identification codes associated with. them were: F-106A/B, 22, Code 74AX; - g -
F-105D, 13, Code 746X;:F-4C, 17, Code 741X; F-4D, 19, Code 747X; F-4E, 25, Code _ | -
74BX; F-1T1A, 14, Code 73BX; FB-111A,.12, Code 73JX; and A-7D, 13, Code 73AX.' |

IMPLICATIONS: Data analysis yielded a significant difference in maintenance man- :
hours expended on troubleshooting. The difference ratio was 1:11.5. For each hour
spent in troubleshooting in Group B, 11.5 hours were spent in Group A. Likely
fagtors  producing this result were task simplification, reallocation of some
trogbleshooting tasks to the intermediate tevel, improved equipment reliability,
improved human reliability, and possibly the application of automatic test equip-
‘ment and built-in test equipment. - . o ‘

DATA SOURCES: TLVHUSAF Worldwidé Unscheduled Maintenance Sunmaries 1971.
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TITLE: Maintenance Manhours for Adjustment Actions on Fire Control Radar
Subsystems - Unscheduled Organizational ,
| COMMENTS: - Maintenance manhours for adjustments on the organizational level were
compared across selected radar subsystems. The subsystems represented two differ-
v |ent generations of equipment (see Chart 1.3-2.1). The activity was identified by
UMF Actiyn Code "L", discrepancy cleared by adjusting, tightening, bleeding,
balamging) rigging or fitting. This code excluded replacement of parts. The
number equipment units considered and the USAF jdentification codes associated
with them were: F-106A/B, 22, Code 74A%;, F-105D, 13, Code 746X; F-4C, 17, Code
741X; F-4D, 19, Code 747X; F-4E, 25, Code 74BX; F-111A, 14, Code 73BX; FB-111A,
12, Code 73JX; and -A-7D, 13, Code 73AX. -

IMPLICATIONS: Data analysis yielded a significant difference in maintenance man- |- -
'hours expended on adjustments. _The difference ratio was 1:12.9. For each hour -
spent on adjustments in Group B, 12.6 hours were spent in Group A. A likely com-
bination of factors producing this difference were lower adjustment requirements, .
reallocation of a portion of this activity to another level of maintenance, and
simplification of adjustment tasks.

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenancé Summaries 15)1. .
- [WooELs For- ~ [SUBlECT: R
DATA APPLICATION: Maintenance Manhours by Tgsk Type
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TITLE: gpjniénance Manhours for Repair and/or Rep]acemeﬁt of Minor Parts on Fire |-
’ ontrol Radar Subsystem Type - Unschedu]ed 0rganizg§jzﬁa%_/\ U

COMMENTS: Maintenance manhours for repair and/or repldcement of minor parts were
ent generatich§;9{€equipment (see Chart 1.3-2.1). -The activity was identified by
USAF Action Taken tode "G", repair and/or replacement of minor parts, hardware,
and soft goods such as seals, gaskets, electrical connections, fittings, tubing, -
wiring, fasteners, and brackets. The number of equipment units.considered and the:

F-105D, 13, Code 746X; F-4C, 17, Code 741X; F-4D, 19, Code 747X; F-4E, 25, Co?e N

|74BX; F-111A, 14, Code 73BX; FB-111A, 12, Code 73JX; and A-7D, 13, Code 73AX.'

| IMPLICATIONS: Data analysis yielded a significant difference in maintenance man-
hours expended on repair and/or replacement of minor parts. The difference ratio "

was 1:6.5. For each hour spent repairing and/or replacing minor parts in Group B,

difference can be attributed were reduction of task requirements, and task reallo-
cation to another level of maintenance. ‘ o

DATA SOURCES; 1. USAF Worldwide Unscheduled Maintenance Summaries 1923.
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compared across selected-radar subsystems. The subsystems represented two differ- | .

USAF identification codes associated with them were: F-106A/B, 22,-Code 74AX; = ~ |

6.5 nours were spent in Group A. A likely combination of factors to which the ~ o
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TITLE: Maintenance Manhours for Remove and Replace Actions on Fire Control Radar:
Subsystems - Unscheduled Organizational .

COMMENTS: Ma1ntenance manhours] to remove and replace equipment units on the i I
‘| organizational level were. compared across selected radar subsystems. The subsys- -
tems- represented two different generations of equipment (see Chart 1.3-2.1).

The act1v1ty was identified by USAF Action Code "R", item is removed and another
| 1ike item is installed. ' The number of equ1pment units considered and*the USAF

[ identification codes associated with them were: ' F-106A/B, 22, Code 74AX; F-1050,
13, Code 746X; F-4C, 17, Code 741X; F-4D, 19, Code 747X; F-4E, 25, Code]74BX,
F—TllA 14 Code 73BX; FB- 111A, 12, Code 730X, and A~7D 13,,dee_73Ax. o

j

IMPLICATIONS Data yielded a difference ratio of 1: 1. 9 For each hour spent:on o
this task in Group B, 1.9 hours were spent in Group A. - The findings based upon | -
1 group comparisons were not considered statistically significant.. On a paired

| comparison basis, A-7D was substantially lower than &11 of the,] subsystems with
which it was compared. A 1ikely combination of factors for observed differences
| of magnitude were improved equipment reliability and better .accessibility. T

DATA SOURCES: 1. USAF Worldwide Unscheduled,Maintenénce Summaries 1971.

. i

WODELSFOR . SUBJECT: TmDEX: 11-9

) DATA APPLICATION: Maintenance Manhours by Task ,
111.7-42.1(L}) vs. Fire Control Radar Subsyste ms INREY- .
III.7-42.1§N3 - | Unscheduled 0rgan1zat1ona1 ﬁngsnupex. k.3-2.1
. ".11 ‘;?‘ | - \

1.11-9.4
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* : xx | _Axes
Gp.|Equipment Mo.-Yr X Y
A | F-106A/B 7-59 | 1 |115
A | F-105D - 5-60| 2| 82
A | F=4C 5-63| 31209
A |F-4D 12-65 | 4 {292
A | F-4E 10-67 | 51302
- B |F-111A  10-67| 6 80
—1 B | FB=111A 7-68 | 7| 46
B | A-7D © 12-68| 81 19
- B | F=15 9.
S R L - L _
* "See Chart I.3-2,1
#% Date Entered AF Inventory
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Radar‘Subsystems

ol

9 ‘.

A d

radar subsystems.
ment (see Chart I1.3-2.1).
"p" and covered removal actions only.
and the USAF identification codes associated with them were:
74AX; F-105D, 13, Code 746X; F-4C, .17, Code
Code -74BX; F-111A, 14, Code 73BX; FB-111A,

hour spent on this act
, The most 1ikely combi
‘'were lower frequency of occurrence, improved fault jsolation, and better accessi-
bility to equipment units. -

equipment,

TITLE: ,Mainten%nce Manhours for Removal Actionsi-on Fire Contred Radar Subéystems -l
“Unscheduled Organizational :

COMMENTS: Maintenance manhours for removal actions were compared across selected
The subsystems represented twq different generations of equip~-
The activity was identified by USAF Action Taken Code
The number of equipment units considered

IMPLICAIIOBS: Data yféided a siggificant difference ratio of.1:4.1. For each
ivity on Group B equipment, 4.1 hours were spent on Group A
ination of facters responsible for this difference

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971

741X; F-4D, 19, Code 747X; F-4E, 25, 1
12, Code 73JX; and,A~7Qe*13, Code 73AX.

F-106A/B, 22, €ode

| MODELS FOR

DATA-ARPLICATION:

111.7-42.1(L)
111.7-42.1(N)

SUBJECT:
Maintenance Manhours by Task Type

vs. Fire Control Radar Subsystems -

Unscheduled Organizational

JNDEXE 11-9

CROSS-INDEX: I.3-2.71 .

R

1.11-9.5




Lo * © ak | _Axes :
! : Gp.|Equipment Mo.~Yr. X Y
o | _.
. \‘, ! . A |F-106A/B 7-59 | 1 |141
A | F-105D 5-60 | 2 |108
400 A |F-4c s-63] 3 [262
T A |F-4D 12-65 | 4 [310
— - A | F-4E . 10-67-] 5 |320
= 300 ﬂ ] ‘ [ B | F-111A 10-67 ] 6 | 95
& | M. B | FB~111A 7-68 | 7| 47
€ 500 1. B |A-7D 12-68( 8 | 23
3 B B |F-15 | J
i ln - ‘ N Ses ot TIT T .
100} [1.‘ | [] %% pate Entered AF Inventory.
ol L LL 11 11 11 [l n
1 2 3.4 5 6 7 8 9
: Radar Subsystems ° ) )l
- ‘7"\‘ l

TITLE: Maintenance Manhours for Installation Actions on Fire Control Radar
Subsystems - Unscheduled Organizational ‘

COMMENTS: Maintenance manhours] to install an equipment item were compared across
~|'selected radar-subsystems. The subsystems represented two different generations
of equipment (see Chart 1.3-2.1). This activity was identified by USAF Action
Taken Code "Q" and covered installation actions only. The number of equipment
units considered and the USAF identificdtion codes associated with them were:
F-106A/B, 22, Code .74AX; F-105D, 13, Code 746X; F-4C, 17, Code 741X; F-4D, 19,
Code 747X; F-4E, 25{1C0de 74BX; F-111A,-14, Code 73BX; FB-111A, 12, Code 73JX; and
A-7D, 13, Code 73AX. N o ' - ey

, . R .y
IMPLICATIONS: Data yielded a significant difference- 7o which,was identical to
that found for remove only activities, 1:4.1. Since these two activities are
related, the findings were expected. Group B showed Jower maintenance- marfours
for this activity. For each hour expended on installation activities in Group B, .
4.1 hours were expended in Group A.

DATA /SOURCES: 1.

.

USAF qOrldwide Unscheduled Maintenance Summaries 1971.

. ‘ N
- * sy

MODELS FOR SUBJECT: INDEX: 11-9
DATAAPPUC%”?"Z Maintenance Manhours by Task Type .
I11.7-42.1(L vs. Fire Control Radar Subsystems -|. . . -
111.7-42.1(N) Unscheduled Organizational CROSS-NDEX:  I.3-2.1
124
1.11-9.6 '
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| i/ ’ i\ | bol | Equiprent Mo.-Yikigog)
) \ "y o | F-r0ear8 759
g 30 T . t | F-105D - 5-60| 80 {29
\ I v . | w | F=4b 12-65| 101 {26.6
E 20_ \\ “’—\"_ o F‘-é}}_‘: !\" l()"()7 149 2904 )
3 \ i Lox F F-1114 _10-67] 255 |24
o - | PV | FEB-1114A 7-68| 200 |24
- 10¢ | , ' Loa | A-7D 12-68) 100 |23
o T vy { ,
3 - CbleelEs_o Lo
[ 0 P i 2 o ,‘ _ a2 . ;\‘?Dittc Iilitviivd AV Iil*;’@:im.ﬂ'?'ﬁ - w -
50 100 150 200 250 300 o~ - i
¢ Equipment Cost X1000 Dollars \\\ , ;ff
- ’ K 1\‘ _ : .34 , )
¢ | TR
TITLE: ﬁelzyigz'of’gA8232231 Training Time to Fire§Control Radar Subsystem
cquisition Cos i S ;-
. | . o
COMMENTS: Course 3ABR3Z231 provides formal school t%rammg1 for Semi-Skilled
Level 3 Mechanics on Fire Control radar subsystems.‘*Using equipment acquisition

cost? as a single logical descriptor of technological sophistication ™ (see Chart.
1.3-2.1),its relationship to training time yas examined. . :

IMPLICATIONS: Data failed to yield significant findings. However,‘there was a

moderate negative relationship, i.e., a tendency for training time to decrease as
subsystem cost increased. o :

-

DATA SOURCES: 1. ATC/ACMF, Randolph AFB, Texas, October 1972.
2. USAF Logistics Command, Wright-Patterson AFB.

r
%mDELS FOR SUBJECT: ‘ - INDEX: ]9-3 — ﬁ
DATA APPLICATION: ' Training Time vs. Fire Control .
111.7-42.1(1) Radar Subsystem Cost .

CROSS-INDEX: 1.3-2.1

( 113
1.19-3. y
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1 2 3 4 5 6 7 8 9

Fire Control Systems S

> Gp.|Cquipment Mo.~Yr. X Y
40 . A |F-106A/B @ 7-59 [ 1 22.0
A|F-1050 | 5-60| 2 [29.0
A | F-4C - © 5-63( 3 (26.6]
g 30r — = AJF-4D 1265 4 [26.6
a0 | M A|F=4E . ' " 10-67 | 5 [29.4
O . ] r i . B | F-1114 10-67 | 6 [24.0] -
£ v<0F - 1 B | FB-111A 7-68 | 7 [24.1
A 1Tt B | A-7D 12~68 8 |23.
8 BJ F-15 9'J
- R
**% Data Entered AF Inventory

TITLE: Compariéon of 3ABR32231 Training Time on Fire Control Systems

COMMENTS: Semi-skilled Grade E-3 rank is awarded to graduates of Course
3ABR32231. This course prepares airmen for semi-skilled maintenance tasks on

to what extent the amount of training varied.

,IMPLICATIONS' The data showed low variation in the amount of training across

systems. It would appear that changing designs over time have not affected the

amount of basic training given on Fire Control Systems as measured by the course :

length of 3ABR32231. This finding was of interest when the systems were viewed

| as representative of growing complexity. Since basic training was more closely
allied to organizational maintenance than it was to intermediate maintenance,

i

requirements. For impact of changing designs oh intermediate ma1ntenance peror~
mance, Skill LeveTs 5 and 7 training data would'be appropriate. ‘ 4

11

i ‘
DATA SUURCES 1. Lowry Technical Training Center, Lowry AFB, Coloradp 80230
(Personal Connwn1cat1on, 1972)°

‘Fire Control Systems. Training time was compared on selected systems to determine |

it was considered more directly reflective of organizational than intermediate .

. \\‘
' 4
WOELSFOR ST WoEX: 19-8
DATA APPLICATION: 3ABR32231 Training Time vs. Fire |[
1}1.7-42.1(1) o Control System RO NoEx: 13-
) 116




* *k Axes
fr):’ Gpo Equipment tbo-Yr‘ X Y
w6t - - A |F-1064/8 . 75911 [9.1
-~ ! A |¥-105D 5-60 | 2 f3.8
2 -ﬂ AlF-4c  5-63|3 |6.0
£ 12t N A |F-4D 12-65 4 | 6.0
o A|F-48 - ¢ "10-67|5 | 6.0
A " . Be | F2111A 10-67| 6 | 7.1
=g [ B | FB-111A 7-68 | 7| 7.3
2 B/| A-7 12-68 | 8 | 3.0
.§ [‘ - . i .2: r 1 — o o ?— e
- : ' gee Chart I.3-2,1 X
= B ** Data Entered AF Invéntory
O ——5—7 5 ¢ 7 & 3

Fire Control Radar Antennas

—
& N “ .

TITLE: Comparison of 3ABR32231 Training Time on Fire Control Radar Antennas

COMMENTS: _Training times were compared on selected Fire Control radar antennas to
determine to what extent the amount of training varied. The data were obtained

‘from training experts at the technical training school where the courses were
conducted. ! : ‘ =

“ ‘ . .
IMPLICATIONS: The amount of training was comparable for five of the eight
antennas. F-106A/B and F-1050 were distinctively high.

DATA SOURCES: 1. Lodry Technical Training Center, Lowry AFB, Colorado 80230

(Personal Communication, 1972) Y o M ).
_ = [ -
& o ;_ji |
4
: \\ i .
&\\' —
§

WODELS FOR . [sussct: | INDEX: 19-3

DATA APPLICATION: | 3ABR32231 Training Time vs. Fire

Control Radar Antennad CROSS-INDEX: 1.3-7.1

111.7-42.1(1) .

137
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Equipment Mo,-Yr,

F-106A/8 7-59
F-105D 5-60
F-4C 5-63
F=4D 12-65
F-4C 10-67
F-111A . 10-67
FB-111A. 7-68
A-7D 12-68
F-15
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o
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Training Timgﬂﬁyrs.)
o
°:

*% Data Entered AF Inventory
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1 2 3 4 5 6 7 8 9

‘Fire Control Electrical Synchronizers
\‘\% . . I : - )

b

4

TITLE: Companison of 3ABR32231 ?raining Time on Fire Control Electrical -

Synchronizers R
COMMENTS: Training times were compared on selected Fire Control electrical
syMhronizers to determine to what extent the amount of training variéd. The data
were-obtained from trai?ing experts at the technical §§aining school where the
courses were conducted. -

IMPLICATIONS: The data yielded significant differences among the synchronizers.
The amount of training given on electrical synchronizers was lower for Group B than
‘| Group A Fire Control Sy§§gms. When these data were revieped in conjunction with

Charts I.30-9.2, 1.30-9:6, 1.30-9.10, and 1.30-9.14, there was insufficient evi-
dence to conclude that the lower .performance times were associated with greater
amounts of traimmg time, or that high performance times were associated with low
amounts of training. It appeared that the variations in training were caused,
most plausibly, by differences in maintainability concept and differences in
desiqh acting in combination, with some smaller proportion of the variation
attributable to instructional methods. It is significant to note the differences
*,#h training time on the F-106A/B and F-105D, both belonging to Group A.

| LATA _SQURCES: 1.° Lowry Technital Training Centar, Lowry AFB, Colorado 80230
(Personal Communication, 1972)

.

\

-

MODELS FOR SUBJECT: INDEX: 19-8
DATA APPLICATION: 3ABR32231 Training vs. Fire

111.7-42.1(1) - “:,Contro1 Electrical Synchronizers CROSS-INDEX: '.

1:8 °

1.19-8.3
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'conducted.

* P *k
) Gp.|Equipment Mo,~Yr X Y
40 . A | F-106A/8 7-59 |1 | 9.3
~ 3 . ﬂ N AlF-105D . . 52602 Q8.0
@ A |F-4C 5-63 '3 p9.5
220 ) A |F-4D 12-65 | 4 P9.5
ST Y A | F-4L 10-67| 5 [16.7
8| B | F-111A 10-67 | 6 | 7.6}
?*20 B |FB-111A - 7-68}17 7.8
w I B:| A-7D 12-68 | 8 | 3.0
g . N B |F-15 Al
Z1o0} | N it e
‘o ﬂ ﬂ H * | ** Data Entered AF Inventory
0 - D - \!.\ .
1 2 3 &4 5 6. 7 8 9
Fire Control Indicator Scopes -
S P | "‘L -
. lfy
TITLE: Comparison of 3ABR32231 Training Time on Fire Control Indicator Scopes
| COMMENTS: Training times were compared on selected Fire Control indicator scopes
to determine jo-what extent the ameunt of training varied. The data were obtained
.| from trainin experts at the technical-training school -where the courses were

~

IMPLICA!‘ONS: The data yielded significant di fferences among the indicator scopes.
e amouM of training given on scopes was lower for Group B than Group A. When
these training data were examined i térms of level of performance obtained as ¢
shown in Charts 1.30-9.3, 1.30-9.7, I.30-9.11, and 1.30-9.15, there were singular
cases where low amounts of training were associated with high performance times -
F-106A/B and, A-7D - which implicated under-training. In most instances, however,
comparable performance levels were associated with varying amounts of training.
It would appear that factors operating differentially on. these indicator scopes
| have produced differences in training requirements. Suspected factors were main-
tainability concept ang:equipment.design, with some smaller proportion of the
variation attributable{ta instructional methods. B

DATA SOURCES: 1. Lowry Techiical Training Center,Lowry AFB, Colorado 80230
(Personal Communication), 1972?3\ }

A

F)

| 3 . » 4 : P

! o
\
| \‘@ |
WODELS FOR SUBJECT: U ,, INDEX: 19-8 —
DATA APPLICATION: 3ABR32231 Training Time vs. Fire ) :
111.7-42.1(1). 5 cqotrol Indicator Scopes CROSSNDEX: 3029 3
o " 1.30-9.7
| 1:9 1.30-9.11
) . 1,30-9.15

“1.19-8.4 ' 17




* *h Axes
Gp.|Equipment Mo.-Yr.[ X Y
A |F-106A/B *« 7-59 {1 J17.4
A |F-105D 5-60 [ 2 17.7
A [F-4C | 5-63 2 ;z.g
~ A | F-4D 12-65. ) .
3T A |¥-4r | 10-67 5 [20.6
o B [F-111A 10-67 16 |.8.9
~ 20k r - B {FB-111A - 7-68 7,18.9
g . [] BI{A-7D 12-68 “g 3.0
: ’ B |F-15 ~ :
a - & - "- J‘ — W e Gm— an—— —J- - —
%ﬂ 10 1 4 * See Chart I.3-2,1 . .
k2 | [] [-' ' . ** Data Entered AF Invegtory
- « E = . . « Il
g0 ~ [ .
e 1 2 3 4 5 6 7 9 :

- Fire Control Radar Trausmitters -

» *

TITLE: Comparison of 3ABR32231 Training Time on Fire Control Radar Transmitters

COMMENTS: Training times were compared on selected Fire Control radar transmitters
to determine to what extent the amount of training varied. The data were obtained
from training school where the courses were conducted. ‘ :
IMPLICATIONS: Data yielded significant differences among the transmitters. The
amount of training given on Group B designs was lower than fyr Group A designs.
These training data were reviewed in conjunction with Charts!1.30-9.5, 1.30-9.9,
1.30-9.13 and 1.30-9.17 to determine the relationship betweén the level of per-
formance obtained and the amount of training. Singular cases existed for A-7D .
where high performance times/ware\tssociated with Tow training times, which
implicated under-training. However, in general, there was insufficient evidence

to conclude that the fow,performan;e tfmes were associated with high amounts of
training, or that high performance times were associated with low amounts of
trajning. It appeared that varied amounts of training were required to produce
rcomparable levels of performance. A plausible combination of reasons for these
findings were differences in maintainability concept and equipment design; with
some smaller proportion of the variation due to instructional methods.

1
UATA SOURCES: 1. Lowry Technical Training center. Lowry AFB, Colorado 80230 1t -
.(Personal Communication, 1972) e
o
:T;BDELSFOR SUBJECT: ' INDEX: 19,8
DATA APPLICATION: 3ABR3223T Training Time vs. Fire
111.7-42.1(1) Control Radar Transmitters CROSS-INDEX: %:363615
p -1.30-9.9
2 1.30-9.13
1:0) o . - 1.30-9.17

]
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TN ‘Gp.|Equipment Mo.=Yr. X Y
A~ . L A | F~106A/B 7-59 | 1 "[7568
' , . A | F=105D 5-60 | 2 9570
e ool ] - B | F-i . 5-63 |3 -B645
-8 7 - A Alr-4p 12-65|4 PB645
22 alF-48 10-67 |5 820
22,10 M - B | F-111A 10-67 16 |7224
o | B | FB-111A 7-68 | 7 1224
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R * See Chart I.3-2.1
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o~ Fire Control Systems
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TITLE: gauparison of 3ABR32231 Training Cost per Student for Fire Control Systems

COMMENTS: Training cost per student for semi-skilled level Grade E-3 award was
compared across selected Fire Control.Systems. Course 3ABR32231 i§ the basic
‘|technical course conducted in an Afr Force technical training sch?z1 to prepare
lairmen for system maintenance. The training cost per student included:

Direct Qosts - Costs related to training operations.

Indirect Costs - Cost related to operation of base facilities.

Command Overhead - Proportionate share of major air command overhead.

Student Pay and Allowance - Standard military rate for the average grade
(rank) of the student during the effective course’ length. A

The cost data were derived in collaboration with Randolph Air Force Base. FY '71
costing was used. S )

IMPLICATIONS; 1t is apparent from the bar graph-that the training cost per

ctudent was lower for Group B than Group A Fire Control Systems. Some portion of
this was due to the course length.itself (see Chart 1.19-8.1). The findings
implicated a difference in the basic training given for systems representing past
and current generations of equipment. Conceivably, what was considered basichin
Group A was not the case in Group B. In view of the fact that Group B equipment
are considered more complex, plausible explanations for these findings are (a) the
redirection of training to other skill levels and (b) augmented training- through
special courses. Training costs for other courses should be ex

DATA SOURCES: 1. ATC/ACMF, Randolph ‘Air Force Base, Texas, (Personal
Communication, 1972)

) ) . $. N
WODELS FOR . SUBJECT: : WoEX: 22-2 )
DATA APPLICATION: 3ABR32231 Training Costs vs.
111.7-42.1(1) Fire Control Systems (,—~»”//'caom4uoex: 1:3-2.1
T 1.19-8.1
‘ 121 .
1.22-2.1 119
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TITLE:  Relation of 3ABR32231 Training Time to Unscheduled Organizational 3

Maintenance Manhours - Fﬁre Control Radar Subsystems

COMMENTS:* Course 3ABR3223], provides formal ‘school training]»fbr Semi-Sk‘iHe({E
|Level 3 Mechanics on Fire Control radar subsystems. Its relationship to unschaduled
organizational maintenance manhours was examined to determine whether the amount
of training was influenced by unscheduled maintenance manhours. The assumption
was that this type of maintenance occurred because of unpredicted or unexpected
failures due to equipment unreljability, human unreliability, or a combination of
both. One way to increase human reljability is to increase the training. Since
. |Ski11 Level 3s were normally assigned to organizational level of maintenance, only
that level of maintenance was examined. - y .
IMPLICATIONS: The scatter plot failed to reveal any observable trend (1.e,, the
training remained relatively constant regardless of the amount of uns heduled
organizational maintenance). However, when training was analyzed on specific line .
replaceable units (see Charts 1.19-8.3 through 1.19-8.5), significant differences
in training were revealed). It would appear, therefore, that an analysis on too
general a level could obscure the existence of true differences. :

DATA SOURCES: 1. ATC/TTP, Randolph AFB, Te§as, (Personal Communication, 1972)

DATA APPLICATION: 3ABR32231'Tra;n&ng vs.!Unscheduled
111.7-42.1(1 Organizational Maintenance ) . .
(1) Manhours - Fire Control Radar CROSS-INDEX Iéggogéﬁ
Subsystems | _ 1.19-8.5
152 ‘ -

rs

1.19-11.1
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TITLE: Relation of Logistics Cost to Fire Control Radar Subsystem Cost

fcomMeENTS: - The relationship between subsystem acquisition cost and logistics
support cost was examined on selected Fire Control radar subsystems to determine
whether a ch&bge in-subsystem acquisition cost resulted in some consistent change
~ |in logistics cost. - The logistits support cost considered the subsystem as a ‘

whole, and the cost factors included base labor, depot labor, materials, condem-
" Inations, transportation, packing and shipping.] The subsystem acquisition cost
was for an assembled subsystem.c The scatter diagram shows the pairs of values

for these two-variables on seven subsystems. F-106A/B subsystem acquisition cost

- lwas not avgilable. : .o

IMPLICATIONS: Data analysis yielded a clear-cut trend-that significantly related ¢
these two variables functionally. As subsystem acquisition cost increased,
logistics support cost also increased. For 5.44 units increase in subsystem
acquisition cost there was one unit increase in Toamistic cest. It appeared that
T tne equipment cost itself nhad high predictive power in estimating logistics cost. |}

' |DATA SOURCES: 1. USAF Logistics Command, K0.51 PNAL Quarterly Logistics Report,
- | December 1971. - o _
o 2. USAF Worldwide Unscheduled Maintenance Summaries 1971,

'

.

] -
~ | WODELS FOR - |susJECT: I o TINDEX: 25-3 —
- | DATA APPLICATION: Logistics Cost vs. Fire Control :
111.7-42.1(B) ~  |Radar Subsystem Cost N CROSSSHDEN:
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| TITLE: - Relation of ngistjcs Support Cost to Number of Line Replaceable Units in
Fire Control Radar Subsystems - Organizational Maintenance

| COMMENTS: The re1atiohship between logistics.support cost and line replaceable
determine whether a change in number of units resulted in some consistent change

and the cost factors included base 1a?or, depot 1abor,’ma§eria1s, condemnations,
The scat%er plot is based on pairs of

values for these two variables/

’ r
IMPLICATIONS: Statistical test yielded a Tow positive relationship, indicating
some tendency for logistics support cost to increase as numbers of line replace-
able units increased. It appeared from an examination of the scatter plot that
two separate curved lines would fit the data points better than one -- the first
connecting FB-111A, F-111A and F-106A/B, and the second connecting F-105D, A-7D,
F<4C, F<4B and F-4E. Both lines yielded approximately the same form, with the
' first on a higher plane. When these data were viewed in conjunction with the
findings of Chart [.25-3.1, it appeared that the number of units in combination
with equipment unit costs were responsible for the dollar differences in logistics
support. Also, when compared with Chart 1.25-4.2, contrasting trends were noted;
LRUs and logistics tended to vary in the same direction, while an increase in
intermediate level components was accompanied by a decrease in logistics cost; in
both cases, these functional relationships were Tow. - -

-

'DATA SOURCES: 1. USAF_Kogistics Command, KO.51 PN4L Quarterly Logistics Report,

units (see Chart 1.4-2.1) was examined on selected Fire Control radar subsystems to

in logistics cost. The logistics support cost considered the subsystem as a whole,

; v December 1971. _
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TITLE: Relation of Logis%iésvSupport Cost to Number of Work-Coded Components in
Fire Control Radar Subsystems - Intermediate Maintenance

COMMENTS: The re]atio?ship-between work-coded ttmponents (see Chart 1.4-2.2) and
Togistics support cost! was examined on select&d #ire Control radar subsystems’, on
the logical contention®that spares prowisioning would be influenced by the number
of work-coded components that needed to be stocked. The logistics support cost
considered base labor, depot labor, materials, condemnations, transportation,

packing and shipping. - The scatter plot is based on pairs of values for these two
variables.

IMPLICATIONS: Considering all pairs of values, the data did not exhibit any clear-|
cut relationship, either positive or negative. However, there was a sliaht ten-
dencv for lower numbers of comnonents to be asgociated with higheér logistics cost.
If F-105D, which is outside of the aeneral cluster of points, is excluded, then
this inverse relationshin becomes verv,obvious/ There is, therefore, evidence to
suspect that the level of unit disassembly, 45 measured by the number of components
is functionallv related to loaistics cost. Theoretically the lower the level of
dissembly, the less complex the unit becomes, and the lower the logistics support
cost. . - ' '

.| DATA SOURCES: 1. USAF Logistics Command, K0.51 PN 4L Quarterly Logistics Report,
v j ~ December 1971. . ) o <
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. L o Radar Antennas

TITLE: ngistics'Support Costs dnAAntennas of Fire Cbntrol Rédar'Sub§y§tems

PR

COMMENTS: The logistics 'support costs considered base labor, d?pot labor, -
materials, condemnations, transportation, packing and shipping.! F-106A/B data
Jwere not available. ' o
IMPLICATIONS: Findings yielded a significant difference between the two genera-
| tions of equipment. For each unit of logistics cost spent in Group A designs,
2.2 units were.spent in Group B designs. In view of Chart I1.25-3.1 where a strong
functional relationship was found between subsystem cost and logistics cost, it
appeared that substantially the same kind of relationship would be obtained if a
cost comparison were made on the subassembly and component levels. These findings
were also suggestive of differences in the proportions of restore vs. discard
actions existing among the equipment units.

| DATA SOURCES: 1. USAF Logistics Command, KO.51 PNAL Quarterly Logistics Report,
December 1972. ’
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Electrical Synchronizers . ’ !

- full repairs. The primary contributors to logjstics cost then would be the

L TITLE: Logistics Support Costs,gp_Electricai Synchronizers of Fire Control

Radar Subsystems N -

COMMENTS: The logistics suppurt cost considered base 1abor,(dé?ot labor,
materiais,*tondemna@ions,,tranSportation, packing and shipping. -

IMPLICATIONS: Data analysis revealed extreme variations within each generation
of equipment as well as between the two generations of equipment, A and B. The
¢i fference between the lowest and the highest cost was $3335. Chart 1.19-8.3 pro-
vides a(Fossible partial-explanation for F-111A, FB-111A and A-7D. That chart
revealed that the training time was very low for Skill Level 3. If this were
generally indicative of the amount of training given to Skill Levels 5§ and 7, for
which no data were available, then it would appear that lowered requirements for
skills training would be complemented by a higher ratio of discards to partial-

equipmant cost itself, assembly, subassembly, and component Tevels, as well as
the failure rate. Likewise, Chart 1.19-8.3 indicated that substantially more
training was given on the F-105D Fire Control electrical synchronizer than any of
the other seven Fire Control electrical synchronizers with which it was compared,
and the logistics cost for the F-105D synchronizer was the lowest. Some combina-
tion of factors such as maintenance policy, lower skill utilization equipment
reliability, and adequacy of training would have the net effect of producing
logistics c?st<differences. ‘ ,

&

DATA SOURCES: 1. -USAF Logistics Command, K0.51 PN4L Quarterly Logistics Report,
' December 1971. . \ ‘

P
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Indicator Scopes

TITLE: Logistics Support costs on Indicator Scopes of Fire Control Radar
~ Subsys tems o . .

COMMENTS: The logistics support costs considered base labor, depot Ta&br, "
materials, condemnations, transportation, packing and shipping.1 - o
IMPLICATIONS: Findings yielded a significant difference between tﬁg two gener-
ations of equipment. For each unit of logistics cost spent in Group A designs,

(5 units were spent in Group B designs. In view of Chart I.25-3.1where a strong
functional relationship was found between subsystem cost and logistics cost, it
appeared that substantially the same kind of relationship would be obtained if a
cost comparison were made on the subassembly and component levels. These findings
were also suggestive of differences in the proportions of restore vs. discard
actions existing among the equipment units.

DATA SOURCES: 1. USAF Logistics Command, KO.51 PN4L Quarterly Logistics Report,
e December 1972. .
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Radar Transmitters

T

TITLE: Logistics Support Costs on Transmitters of Fire Control Radar

Subsystems ‘
COMMENTS: The logistics support costs considered base 1abor, d?pot 1abor,
materials, condemnations, transportation, packing and shipping.' F-106A/B data
were not available.

IMPLICATIONS: Findings yielded a significant difference between the two genera-
tions of equipment. For each unit of Togistics cost spent in Group A designs,

5 units were spent on Group B designs. Excluding A-7D, which differed drastically
from F-111A and FB-111A, the ratio was 1:7 units. In view of the relationship
between subsystem cost and logistics cost (see Chart 1.25-3.1), it appeared that
the same kind of relationship would be obtained if a cost comparison were made on
the subassembly and component levels. These findings were also suggestive of -dif-
ferences in the proportions of restore vs. discard actions existing among the
equipment units.

DATA SOURCES: 1. USAF Logistics Command, KO.51 PN4L Quarterly Logistics Report,
E December 1972. C

L

‘
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TITLE:  Relationship between Maintenance Manhours and Logistics Support Costs
on Fire Control Radar Subsystems - Unscheduled Organizational and
- Intermediate Maintenance

COMMENTS: The relationship of unscheduled maintenance manhours to logistics
support costs was examined on selected Fire Control radar subsystems to determine
whether changes in maintenance manhours produced a consistent effect on logistics
costs. The Tlogistics costs considered the subsystem as a whole, and the cost

| factors included base,labor, depot labor, materials, condemnations, transportation,
packing and s‘hipping.1 The maintenance manhours were based on unscheduled organ-
izational and intermediate level of maintenance and considered all task types and
all equipment units gork-coded for maintenance action on the organizational and
intermediate levels. : : )

IMPLICATIONS: Analysis failed to yield any clear-cut trend that would relate
these two variables functionally, although the logical contention was that sone
observable trend should exist. Statistically, there was a low tendency for the
higher Togistics costs to be associated with the lower maintenance manhours. A
more precise measure would be obtained if depot maintenance data as well as sched-
uled maintenance for all levels were included. These data were not available.

DATA SOURCES: 1. USAF Logistics Command, KO.51 PN4L Quarterly Logistics Report,
December 1971. '
2. USAF Worldwide Unscheduled Maintenance Summaries 1971.
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TITLE: Occupational Duty - 322X1 Weapon Control Systems Mechanic or lechnician;
Time Spent on General Electronic Maintenance and Repair of Fire Control
Systems by Performing Skills ]

COMMENTS: Job inventories1 conducted by the U.S. Air Force in 1972 resulted in a
duty analysis of specific tasks performed by Skill Levels 3, 5 and 7 under the duty]| -
of general electronics equipment maintenance and repair. ~ There were 27 tasks :
listed for this duty; 5 were trouble analyses; 7 were installation o components
which included soldering, wiring, etc.; 5 were replacement of components; and

2 were testing of components. Combined they represented 70% of the duty. The

" | percentage of time spent by performing skill levels was converted to manhours per

month. The computation base was' predicated on 85.2 available manhours/month tor
a 5-day, 40-hour week.2 Selected Fire Control Systems were compared to determine
|what variations existed on the amount of time spent on this duty. F-111A and
FB-111A data were not availabTe. ‘ .

IMPLICATIONS: There was Tow variation across the Fire Control Systems. The com-
bined times of Skill Levels 3, 5, and 7 showed that approximately the same amount
of time was spent on this duty. The largest di fference was 20 hours and this was
between F-1050 and F-106A/B. The ratios of Skill Levels 3:5, 3:7, and 5:7 were
comparable and averaged 1.5%:1% in all cases. The one exception was F-105D; Skill
Level 3 did not perform this duty. Since time spent and skill mixes showad rela-
tively low differences, it appears that the demands of this duty have not changed
substantially across Fire Control Systems.

DATA SOURCES: 1. Air Force Human ResourceS%kaboritory, Lackland Air Force Base,
i Texas. (Letter Communications, 1973)
2. US%F Cost and Planning Factors, AFM 172-3, October 27, 1970.
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Fire Control Sy’-tm

ITLE:. Occupational Duty - 322X1 Weapon_Control Systems Mechanic or Techhician;
Time Spent on Power Off Inspections by Performing Skills on Fire Control “~
Systems - .

COMMENTS: Job inventories’ conducted by the U.ST Air Force in 1972 resulted in a
duty analysis of specific tasks performed by Skill Levels 3, 5 and 7 under the duty
of power off inspections on weapons control systems. There were 46 tasks 1isted
for this duty. Twelve were aircraft and aerospace ground equipment inspections
and preparations and 28 were inspections of systems and svstem components. Com-
bined they represented 87% of the duty. The percentage of time spent by perfor-
ming skills was converted to manhours per month. The computation baée was
predicted on 85.2 available manhours/month for a 5-day, 40-hour week.“ Selected *
Fire Control Systems were compared to determine what variations existed in duty
performance across different system desings. F-111A and FB-111A data were not
available, thereby narrowing the comparisons to conventional systems( Grous A).

IMPLICATIONS: Combining the time spent by all skills, the F-4s were relatively
homogeneous on this measure but contrasted significantly with F-106A/B and F-105D.
The time spent on this duty was at least two tiics greater for F-4s than for
F-106A/B and F-105D. In terms of skill mixes, the F-4s and A-7D showed comparable
ratios. F-105D was unique in that Skill Level 3 did not perform this duty and
Skil] Level 5 time was extremely Tow, while skill level 7 showed the largest ’
‘amount of time. A plausible reason for the great disparity between the F-4s and

-1(6A/B and F-105D may be due in part to two place vs. one-place designs, where
power off inspections in the former covered both cockpits.

DATA SOURCES: 1. wAir Force Human Resources Laboratory, Lackland Air Force Base,
Texas. (Lg:ier Communications, 1973).

2. USAF Cbst Planning Factors, AFM 172-3, October 27, 1970.
Hﬁnso.s FOR [SUBJECT: — ~ . [INDEX: 26-8
DATA APPLICATION: Occupational Duty - Power Off
111.7-42.1(P) Inspection vs. Performing Skills CROSSINDEX: 1.3-2.1

on Fire Control Systems




C"ﬂ:1at1:f~ . o | cqutpment totSvr X[ v
8. A | F~106A/8 7-2(9)' 1122012
7 125F A | F=105D 5= 2| 20,0
. 107 ‘ A | r-4C s-63 1} 3| s6.0
Skill Level 3 A |F-4p 12-65 | 4] s56.0
: A | P-4E 10-67 | 5| 65.1
- 85 100} B skill Level 5 3 |r-112A 10-67 | 6
) - -6 .
E" ‘ T skill ievel 7 : 27:1;1M 1;-6:‘ ; Y |
2. 68 80} I R Lo A i Y
o #% pate Entered AF Inventory
g
. g‘ 51' 60 o
[75]
§ 34 40F
. ~ 17 20} ‘ Q
1 2 3 4 5 6 7 8 .9

Fire Control Systems

TITLE; Occupational Duty = 322X1 Weapon Control Systems Mechanic or Technician;
Time Spent on Flight-Line Checks and Adjustments by Performing Skills

COMMEMTS: Job 1nwentor~ies1 conducted by the U.S. Air Force in 1972 resulted in a
duty analysis of specific tasks performed by Skill Levels 3, 5 and 7 under the duty
of flight-1ine checks and adjustments. The percentage of time spent by performing
skill levels was converted to manhours. The computati‘og base was predicted on
85.2 availahle manhours/month “or a 5-day, 4"-hour week.“ Selected Fire Control
| Systems were compared on this performance® measure. F-111A and FB-111A data were |
r(mgt ava}\;abh,/tua\rebynarrowing the comparisons primarily to conventional systems
<.} (Group A). T

IMPLICATIONS: The skill ratios as well as the “total time spent were comparable for
the F-4s and A-7D; there was a lTow difference. F-106A/B and F-105D represented the
extreme high and low. The amount of time spent on the F-106A/B system was.twice

as high as that for any of the F-4s or A-7D, while F-105D was less than one-half

N the amount of time spent on F-4 or A-7D. A logical explanation was the number of
different tasks that constituted this duty (see Charts 1.27-2.1 and 1.27-2.2).
F-106A/B had the highest number of flight-1ine checks and adjustment tasks. The
number of different tasks may be due to a mix of one-place and two-place versions

for F-106A/B. :
'DATA SOURCES: 1. Air Force Human Resources Laboratory, Lackland Air Force Base,

Texas. (Letter Communications, 1973) -
2. USAF Cost and Planning Factors, AFM 172-3, October 27, 1970.
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- Fire Control Systems

TITLE: -Occupational Duty - 322X1 Weapon Control Systems Mechanic or Technician;
Time Spent on Field Shop Repair of Components or Subassemblies by
Performing Skills ’ . '

COMMENTS: Job 'inventories1 conducted by the U.S. Air Farce in 1972 resulted in a
duty analysis of specific tasks performed by Ski1l Levels 3, 5 and 7 under the
duty of field shop repairs. The percentage of time spent by performing skill 1eve1ﬂ
was converted to manhours. The computatéon base was predicted on 85.2 availahle
manhours-month for-a 5-day, 40-hour week.“ Selected Fire Control Systems were
compared on this performance measure. F-111A and FB-111A data were not available.
The job inventory data showed 0% of time sEent on A-7D system; therefore, the only
systems compared were F-106A/B through F-4E, :

IMPLICATIONS: The amount of time spent on this duty appsared to have some rela- ‘e
tionship to the number of different task statements describing this duty (see

Chart 1.27-2.4). F-105D had the least number of task statements and also had the
Towest amount of time spent on this duty. :F-106A/B, which had more task statements .
than F-4E, showed less time spent; however, the difference was negligible. The

“|ski1l ratios were also equivalent among F-106A/B and F-4s.

DATA SOURCES: 1. Air Force Human Resources Laboratory, Léck]and Air Force Base,
‘Texas, (Letter Communications, 1973) -
2. USAF Cost and Planning Fgctors, AFM 172-3, October 27, 1970.
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Fire Control Systems

>

‘TITLE: Occupational Duty - 322X1 Weapon- Control Systems Mechanic or Technician;
Time Spent on Field Shop Checkouts and Adjustments by Performing Skills

COMMENTS: Job 1'nventmr'1es1 conducted by the U.S. Air Force in 1972 resulted in a
duty analysis of specific tasks performed by Ski1l Levels 3, 5 and 7 under the
duty of field shop checkouts and adjustments. The percentage of time spent by
performing skill levels was converted to manhours. The computation hase was 1*
predicted on 85.2 available.manhours/month for a 5-day, 40-hour week.“ Selected
Fire Control Systems were ?ompar;ed on this performance measure. F-111A and FB-
111A data were not available, thereby narrowing the comparisons primarily to

conventional systems (Graup A).

IMPLICATIONS: Findings indicated an average increase of 45% in the amount of time
‘spent on the A-7D system when compared with the others. The amount of time spent
for all skills combined was comparable on the Group A systems. The skill ratios
|were 1ikewise comparable, with the exception of F-105D where Skill Level 3 did not
. perform this duty, according to the data. The number of task statements (see
Charts. 1.27-2.3 and 1.27-2.5) did not provide any lead to explain the differences
between A-7D and the Group A systems. It is likely, therefore, that the unique
nature of the tasks themselves in combination with the number of tasks were respon-
' sible for the increase in time spent. '

DATA SOURCES: 1. Air Force Human Resources Laboratory, Lackland Air Force Base,
Texas. (Letter Communications, 1973)
2. USAF Cost and Planning Factors, AFM 172-3, October 27, 1970,

/ MODELS FOR SUBJECT: ~ [moEx: 26-8
DATA APPLICATION: Occupational Duty - Field Shop
111.7-42.1(P) | S'gﬁg';‘;;ﬁ:;gﬂiq‘;‘g““mts vs. CROSSNDEX; 1. 3-2.T
. | B 1.27-2.5

0(7 - A -
ERIC N 1.26-8.5 135 A 133
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- Fire Control Systems
o - *

TITLE: Occupational Duty - 322X1 Weapon Control Systems Mechanic or Technician;
Time Spent on Calibration and Maintenance of Category II Test Equipment
by Performing Skills ‘

COMMENTS: Job inventories} conducted by the U.S. Air Force in 1972 resulted in a

duty analysis of specific tasks performed by Skill Levels 3, 5 and 7 under “the

duty of calibration and maintenance of Categorv II Test Eauipment. There were 52

tasks listed for this duty. Thirty-three of these were system-specific - F.

llasfor‘F',-‘IOSS, 8 for F-106s -~ and represented 647 of thgsduty?peThe pcerce]r?t:goer of

time spent by performing skill levels was converted to manhours. The computation
base was predicated on 85.2 available manhours/month for a 5-day, 40-hour week.

Selected Fire Control Systems were compared on this performance measure. F-111A

and FB-111A data were not available, thereby narrowing the comparisons to conven-

tional systems, Group A. -

IMPLICATIONS: The, amount of time spent on the duty was comparable across the F-4s
and F-105D. The extreme lows were F-106A/B and A-7D. In most cases, considerably
more Skill Levels 5 and.7 were used than-Skill Level 3. The amount of time spent
on this duty also appeared to be proportignal to the number of system-specific
task;; tge greater the number of system-specific tasks, the greater the time spent
on this duty. "

/

DATA SOURCES: 1. Air Force Human Resources Laboratory, Lackland Air Force Base,
. Texas., (lLetter Communications, 1973)
¢. USAF Cost, and Planning Factors, AFM 172-3, October 27, 1970,
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DATA APPLICATION: Sccupationa1 gugy -$Ca1i??ation and
: aintenance of Category Test | ‘

Levels on Fire Control Systems -
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g / S ‘ ; 1 M E * See Chart 1.3-21.1 »
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Fire Control RadarvSubSystemg '

-

TITLE: Frequency of Maintenance Actions on Fire Control Radar Subsystems -
Unscheduled Qrganizationa] ‘ ' - o

COMMENTS : FréqUency of unscheduled organizational maintenance actions was examined
Jon selected radar sub?ystems. The data were derived from flight hour bases ranging
from 16025 to 202240. .

IMPLICATIONS: There was a significantly lower incidence of unscheduled organiza-
tional maintenance actions for Group B subsystems than Group A subsystems. For
each unscheduled action in Group B, there were 2.7 unscheduled actions in Group A." |
Approximately the same results were obtained when unscheduled organizational mainte
nance manhours were used as the variable of comparison (see Chart 1.11-2.1). .
However, when the subsystem mean performance times were examined (see Chart
1.30-2.1), differences did not show up cle&ly, although the component level of
analysis (see Chart 1.30-9.1) did provide strong evidence of differences. Appar-
lently, it takes a number of parameters analyzed on a gross or detailed level to - |
construct a factual picture of system operations. Possible combinations of factors
resulting in Towered incidence of unscheduled maintenance are increased equipment
|reliability, increased human reliability, and changes in scheduled maintenance

policy which have-the net effest of reducing the probability of unscheduied
failures. S

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Suhmarfes 1971.

L]

MODELS FOR SUBJECT: ' INDEX: 28-2
DATA APPLICATION: - {Frequency of Maintenance Actions-

117.7-42.1(R) ~ . lvs. Fire Control Radaf Subsystems - |.poss.INDEX:
. Unscheduled Organizational -

S = rese2a 137 B B




| S . Fraquency per 1009 Flight Hours
Mainte Tasks = == LA up_B¥
nienance Task$  'F-106A/B, F-1050,; F~11TA, FB-111A,]
_ 'F-4C, F-4D, F-4E A0 ‘
.Adjust ~ Discrepancy cleared | ) :
tby adjusting, tightening, 0 “
bleeding, balancing, rigging,
— or -fitting. No replacements.

Remove and Replace - Item {s

remved and like {tem is 123 B -
insta)led, .

Rerove Only - Only removal is ' T
taken into account. ~ 1 s , 120
Install Only - Only finstalla- ’ k 547 ) 161

tion is taken into account.

Repair andfor Neplace Minor ‘ :

Parts - s'l“l h.mln items | 126 - n
'such as sedls, gaskets, ) bl -
electrical connectfons, etc. : , o N

Troubleshoot - On-equipment -
time to isolate the primary © 241 . 56
cause of a discrepancy. ‘
Repair excluded.

*See Chart 1.3-2.1

TITLE: Frequency of Task Performance - Fire Control Radar Subsystems;
‘ Unscheduled Organizational 4 » '

COMMENTS: Six different types of tasks] on selected radar. subsystems were com-
pared for frequency of performance. The flight hour base from which the data were
derived ranged from 16025 to 202240. The maintenance actions considered all equip-
[ment units coded for organizational restoration. These were: F-106A/B, 22, Code
J74AX; F-108D,-13, Code 746XX; F-4C, 17, Code 741X; F-4D, 19, Code 747X; F-4E, 25,
Code 74BX; F-111A, 14, Code 73BX; FB-111A, 12, Code 73JX; and A-7D, 13, Code 73AX.
ThetseAectgstubsystems were representative of two different generations of equip-
ment, A and B. L

IMPLICATIONS. . Data yielded strong contrasting differefces for all task types. In
all task categories, there was considerably lower frequency:of performance for
Group B than A. As was logically expected, these findings were equivalent to those
contained in Charts 1.11-9.1 through 1.11-9.6 where the measure of comparison was.
aintenance manhours. Since frequency of performance and maintenance manhours

ere highly correlated, either measure would be acceptable for a maintenance esti-
ating model. With respect to the apparent differences existing between the two
groups of design, it is possible that differences in equipment reliabiTity,as well
as differences in maintenance concept, account for the major proportion of the
variations. . - L

DATA SOURCES: 1. USAF Hbrldwfde Unscheduled Maintenance Summaries 1971.

WODELS FOR ~TSUBJECL. N [WoEx. 2s-

n:?nt;;g?%ﬂgN: Fr qéncy'd Task Type vs. Eiré
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E 33 B B | FB-111A 7-68 |7 |2.8
o & . B .| A-7D S 12-68 {8 (2.6 |
e B | =15 9
2 ot 5 e d e A |
: . ‘ “¥  See Chart 1.3—.. 1 ‘
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Fire Control Radar Subsystems

1

TITLE: Mean Subsystem Performance Time on Fire Contro] Radar Subsystems - Unsch-
eduled 0rgan1zat1ona1

COMMENTS: Performance time was‘derived by combining all 1iéh replaceable units
and ai1]task types. The data consisted of flight hours ranging from 16025 to

| 202240.

IMPLICATIONS: The average performance time\for subsvstems showed little -
variation either within or between groups. The means of Groups A and B were
2.7 and 2.6, respectively. These findings are not considered to contradict

the results obtained on a more detailed.level of analysis where components

and task types were evaluated (see Chart I.30-9. 1). In the latter method of
analysis, there-were strong indications that .differences existed among com- -
ponent types as well as task types Thus, average subsystem performance time
should not be used as an index since it will fail to 1dent1fv true differences.
If this index of performance is usedein estimating models. to compare different
weapon systems, it will result in an inaccurate picture of operational re- ‘\\\“\
quirements. S

| DATA SOURCES: 1. USAF Worldwide Unscheduled Maintgnance'Summaries 1971.

A

WMODELS FOR SUBJECT: : ‘ ' INDEX: 30-2

DATA APPLICATION: Mean Subsystem Performarice Time vs, , o
v : Fire Control Radar Subsystems - » ) “_
111.7-42.1(Q) UnscheduTed Organizational crossoex: I.32.1,
I11.7-42.1(R) y L. )
g , 139 1.30-9.1
. ©1.30-2.1 | 197
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Fire Control Radar‘Spbsystem§ . . o
, R s

. |TITLE:" Mean Subsystem Performance Time on Fire Cﬁntro] Radar Subsys tems -
e Unscheduled Intermediate ?

. TEOMMENTS: Performance time was derivedby combining all work-coded compo -
nents (see Chart 1.4-2.2) and all task t pes. TQe data were based on air-
craft flight hours ranging from 16025 to 202240.

IMPLICATIONS: The group means (4.5 hours for A and 6.2 hours for B) showed
| that the subsystem performance time tended to be 1.7 hours higher for B. One area
that revealed high prob¥ility of differences between subsystems was bench-. .
check of the radar transiitter (see Chart 1.30-9.1). Sampling of other
components should be.pursued. Analysis on the component or task tvpe level
may locate specific areas of differences, whereas analysis at the subsystem .
level may not. The first approach permits the application of corrective actions,
such as increased training or simplification of design for maintainability, .
in the proper area. S - ‘ ) ~

DATA SOURCES: 1. USAF worldwide Unscheduled Maintenance Summarieg 1971.
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MODELS POR SUBJECT: . , INDEX:  30-2
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L 4

_ B Subsys tems , s
Task Type |  Group A 7 Group B ::
F-106A/8] F-105 | F-ac | F-4D | F-4E | F-111A [FB-111A] A-70 | Ranks

3.4 |26 | 22) 29 | 1.6 1.6 .2

Adjust 3.8 v
xk kq@,5' 1.5 | s} hes | Tsc0 ] a.s | o1.s |00 | ¢s.s

Remove and Replace | -5 511 3.8 | 341 4.0} 3.3} 36 | 351,

PRI

o ©35.5 7} 26.0 19,5 12,57 23.0" | 110 {180 | fasis
. Repair | 58 2.4 | 3% | 2.21 3.5 1.8 | 2.3 3.4 T
19,0 720 2005 | 457|165 | 37| 60 | 2.5 | 9.0
- 10.6 7.8 | 6.7 5.3 5.3 | 3.9 | 3.4 3.2

-® ' Troubleshoot

Y L IR .-

32677 310 [30.07 | 2757 77ls | 2005|1205 7| 24.0 § 204.0

Sum of Ranks  1105.5 76.5 | 78.0 | #9.0 | 76.0 | 36.0 |38.0 | 63.0 |521.0

See Chart I,3-2.1

+ Time (hours)
" ** Rank

TITLE: Mean Shibsystem Performance Times by Task Type on Fire Control Radar
Subsyskems --Unscheduted Orqa@j%ational oy

[COMMENTS: Mean maintenanée times (hours) were derived bv combining the averages for
all line replacement units, i.e., examining the subsystem as a whole. Therefore, !
the mean times wre for specific task types and consider all line replaceable units
f a specific.subsystem. The task types represented the .chief maintenance actiops
practiced on the organizational level- and were:
' ta) Adjust - Discrepancy cleared by adjusting, tightening, bleeding, balanc-
- ing, rigging, or fitting. :
(b) Remove and Replace - Item is removed and another like item is installed.
., (c) Repair and/or Replacement of Minor Parts, Hardware, and Soft Goods -
Examples of such hardware items are seals, gaskets, electrical connec- -
tions, fittings, tubing, wiring, fasteners and brackets.
(d) Troubleshoot - On-equipment time to jsolate the primary cause of a dis-
) crepancy. This excludes repair time.
|These are official USAF definitions. The number of cases ranged from 21 to 13690
» land were hased on flight hours of 16025 to 202240.1 The sum of ranks in the last

i

OESFor . [SUBJECT. NDEX. 30-2
DATA APPLICATION: - Mean Subsystem Performancg Times on :
_an . Fire Control Radar Subsystems - CROSS- INDEX: ;
%%%:;~2§‘}%g% | Unscheduled Organizational NDEX: }:§O§§f1 -
141
| . 1.30-2.3 Sheet 1 of 2

139
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in the last row was calculated by summing the ranks within each column.  The ranks
were assigned by ordering all scores from low to high, and asgigning 1 to the
lowest, 2 to the next lowest, etc. For tied scores, the average of the tied ranks
was assigned.  This method provided a means of reducing the.data ftor comparison ﬁ
purposes. ' : : - ' g
IMPLICATIONS: The type of task which generated the highest mean times was troubﬁ
shooting; the second highest was remove and replace; the third was repair and/or |
replacement of minor parts; and the fourth, or lowest, was adjust. Evaluating the
subsystems on a group basis, A and B, the same findings were obtained within each':
group. Between groups, the mean differences favored Group B,(i.e., the mean times
tended to be lower for B than A. Analyses on selected components summarized in
Chart I.30.9-1 identified components where differences existed). The column ranks
showed that when these four task types were combined to-yield an index of subsyste
mean times, Group B showed a lower figure. It appears that factors operating
|differentially between the two generations of equipment result -in improved system
maintenance performance for Group B. S - L

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971.
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column was calculated by summing the ranks assigned to each:.row. The sum of ranks_ |

mi

WODELS FOR T [suecT. TiNbex: 30-2
DATA APPLICATION: Mean Subsystem Performance Times on '

. Fire Control Radar Subsystems - ” "
I11.7-42.1(0Q) _ e - | CROSS-INDEX:  1,3-2,1
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1.30-2.3 Sheet 2 of

.




O GGG

Equiprent | Electrical Indicator . Radar Radar Sum of
e Synchronizers. Scopes Antennas | Transmitters Ranks
2.2 4.7 L e e, ‘
F106A/8) 70 qa.s) L) 651 | wo | s |
W | A s |90 o 8.0 .01 | 125 (201 | ‘nozs) N\
. T ) -
elrae 3.8 .| 3.5 4.4 “ 2.2 ,
] u (5.0) | (4.0] {8.51 (2.5 § (20.0]
S - ; '
£-1D 4.7 | 42 5.0 44 ,
{11.5] {6.5] {15.0] ' (8.53 [471‘.5]
F-4E 4.9 | 5.4 " 5.6 ’ 6.4 -
[13.5] {17.0} . (8.0} | [22.5) {71.0]
. [ 10.2 | es 6.3 - 8.6 o
. ALLIUN [31.0] [24.0] [21.0] " 29.01 | ru0s.0
ol 5.9 7.1 8.2 1 6.4 ’
gytiehA (20.0) [26.0] (28.0] | [22.51 |  196.5]
- 1S :
5.2 4.5 5.7 6.6
‘A-7DV (16.0] {10.0] . {19.0) [25.0] [70)0] &
Sua of (113.0] (129.0)° (143.0] (143.0 |  1528.0] :
“See Chart F-3.2-1 : . . - - ’
FITLE: Mean Component Performance Times on Fire Control Radar Subsvstem Components
- Unscheduled Intermediate

COMMENTS: tean maintenance times (hours) were derived bv combinina averages of all
intermediate level task types and all work-coded components (see Charts 1.11-4.3
through 1.11-4.6) for a specific line replaceable unit. The numbers of cases
ranged from 137 to 7177 for the electrical synchronizers, 11 to 2222 for the indi-
cator scopes, 104 to 4968 for the radar antennas, and 108 to 6583 for the radar
transmitters. The flight hour base from which these data were drawn varied from
16025 tb 202240.1 The sum of ranks in the last column was calculated by summing
the ranks assigned to each row. The sum & ranks in the last row was calculated by
summing the ranks within ®ach column. The ranks were assigned by ordering all
scores from°low to high, and assigning 17to the Towest, 2 to the next Towest, etc.,
so that for the 32 scores shown in the graph, the rank of 32 identified the highest
performgnce time in the series. For tied scores, the average of the tied ranks

was assigned. -

IMPLICATIONS: The components which generated the highest mean times were radar
antennas and radar transmitters,which tied for first place. The third was indicator
scopes, and the lowest was electrical syfichronizers. However, the differences were
not considered statistically significant, i.e., it appeared that one-type of conpo-
nent was not considered more difficult than another type of component using mainte-
nance performance time as the criterion measure, -These findings were.in contrast

MODELS FOR * : | SUBJECT: v INDEX:  30-5
DATA APPLICATION: |Mean Corponent Performance Times on 13421
”‘ ‘* |Fire Control Radar Subsystems - CNnEY 1T A
111.7-42.3(Q) ; - L CROSS-INDEX: 1.11-4.3 -,
111.7-42.1(R) -~ . ° Unseheduled Intermediate throuah 2
’ ; Idi=dt
. ) 143 | 1.30-2.3
1.30-5.1 o ‘Sheet 1 of 2 -

° ' | 141




to the significant results obtained when task types were analyzéd on the organiza-
tional level (see Chart 1.30-2.3). Evaluating the components on a‘group basis, A |’
and B, all four conponents showed higher group means for B than A. . The mean dif-
ferences between the groups for the compounents il the order listed in the chart
were 3.0, 0.7, 1.1 and 1.7 hours with the first, third, and fourth showing strong
probability of true differences. The sum of ranks in the last cojumn provides an
index -of the relative position of the subsystems based upon.these four components
only. The mean of the ranks was higher for Group B than A. It appears that fac-
tors operating differentially between the two generations of equipment had resulted
in higher component maintenance times for Group B. :Plausible suspects are task
types, design characteristics, performing skill mix, dnd level of training.

DATA SOURCES: 1. USAF worlrwide Unscﬁedu1ed Maintenance Summaries 1971.

L4

I
Ja

&

o
2
\
\
&;)
"WODELS FOR — [sweecr ) INDEX: '30-5
DATA A’PLICATION Mean Component Perfgrmance Times on| 13291 ‘
. Fire Control Radar Subsystems - o oTe.d
IT1.7-42.1(0) ¢ che : mediate CROSS-INDEX: I-.1'l-4.3//
[11.7-42.1(R) | Unscheduled Intermediate It?¥aggg
141 1.30-2.3

1.30~5.1 o Sheet 2 of 2




7]
=1
-
' 2 . Low Skill
e @
< =
) &9
& o APQ-120.
Ly (ops. check)
g v APQ-120 "
o B (calibrate/adjust)
_ gts Average Time (Minutes)
U
e

High Low

Cal/Adj 73.25 115.56'
| Oprs Ck 50.50  83.45

25 50 75 100 125 150 175 200 225 - 250

Performance Time (Minutes)

IITLEQ A Comparison between.Operations'Check and Calibrate/Adjust Tasks in
Organizational Maintenance of the APQ-120

COMMENTS: The percentage of technicians completing a check and calibrate/adjust
task in time (x) is related to experience levels. Low performers tendste b?
associated with—first<term airmen; high performers with second term airmen.

IMPLICATIONS: Within a particular subsystem, time to perform a task not only
depends on experience, but on the nature of the task. When opefrations check tasks
are compared to calibrate/adjust tasks it is notable that experience has a greater
effect on the latter. The implication is thatmaintenance training should empha-
size the more difficult tasks or that a system should be designed such that these
tasks can be accomplished with greater ease. :

DATA SCURCES: 1. Lintz, L.,~koy,—S.s Brock, G., and Pntempa, K., Predicting
- ’ Maintenance Task Difficulty and Personnel SR11 Requirements Based
—on Design Parameters of Avionics Subsystems. AFHRL-TR-72-75,
Air Force Human Resources Laboratory, Wright-Patterson Air Force
o Base, Nhio, August 1973.

MODELS FOR SUBJECT: - INDEX:  30-8

DATA APPLICATION: Mean Performance Times vs. Skill «
“ ~ |Levels and Task Type - APQ-12U ——
Organizational GROSS-INDEX:
145
1.30-8.1 143
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A APQ-109 (F-4D)
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10 1
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50 100 150 200 250 300 - 350 400 600

“?erforﬁancekTiﬁe (Minutes)

TITLE: Organizational - Functional Checkout of APQ-120 and APQ-109 Transmitter

COMMENTS: The percentage of technicians completing a checkout task in time (x) 1s
related to experience levels. Low performance tends t? be associated with first
term airmen; high performance with second term airmen. Variables affecting dif-
ferences in checkout time between APQ-120 and AP?~109 include: (1) Number of
checkout steps - AP0-120 = 531; APO-109 = 430, (2) Test eauinment - 2 for the
AP0-120; none for the APN-109. (3) Test points - APN-120 = 39; APN-109 = 74.

(4) Complexity - APQ-120 has greater air-to-air and air-to-ground functional
capability than APQ-109. ,

IMPLICATIONS: By increasing system capability, there is a resultant increase in
checkout steps and time to perform.

DATA SOURCES: 1.- Lintz, L., Loy, S., Brock; 6., and Potempa, K., Predicting
Maintenance Task Difficulty and Personnel Skill Requirements, Based
on Design Parameters of Avionics Subsvstems. AFHRL-TR-72-75,

Air Force Human Resources Laboratory, Wriaht-Patterson Air Force
Base, Ohio, August 1973,

. \\\ Ad‘_;=r . oy — - . .
MODELS FOR SUBJECT: INDEX: 30-8
DATA APPLICATION: Mean Performance Times vs. Skill

Levels - Radar Transmitters, CROSS-INDEX:

|Organizational Maintenance

146
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TITLE: Field - Functional Checkout of APQ-120 and APG-109 Transmitter.

COMMENTS: The percentage of technicians completing a checkout task in time X is
related to experience levels. Low skill performance tends to be associated with
first-term and high skill performance with second term airmen, Relevant variables
include: (1) Number of checkout steps - APQ-120 =370; APQ-109 = 379. (2) Test
|equipment - APQ-120 = 4; APQ-109 = 2. (3) Test points: APQ-120 = 175 APQ-109 =
9. (4) Test equipment readings - 91% on the APQ-120 are quantitative; 53% for
the APQ-109. (5) Complexity - Air-to-air and air-to-ground functional capabili-
ties are greater for APQ-120 than APQ-109. ' '

IMPLICATIONS: More complex diagnostics, requiring quantitative readings, results
in greater performance time for both high and low skills (experience), but with

| greater impact on the latter.

DATA SOURCES: 1. Lintz, L., Loy, S., Brock, G., and Potempa, K., Predicting

: Maintenance Difficulty and Personnel Skill Requiremgnts Based

on Design Parameters of Avionics Subsystems, AFHRL-TR-72-75,

‘ " Air Force. Human Resources Laboratory, Wright-Patterson Air Force
Base, Ohio, August 1973. N

* -

_

INDEX:  30-8

WODELSFOR SUBJECT:
DATA APPLICATION: Mean Perforgancg Timei vs. Sk}11
. Levels - Radar Transmitters o N
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Comparison of Mean Perfofmance Times

Organizational Maintenance

. . Repair an8or ,
: . Remove and Replace
Components | Adjust * Replace Minor Parts | Troubleshoot
‘| E1ectrical | y » ‘ o
. _Synchronizer N.S. ‘M-A-S {P=.036 S| P=.036 S | N.S. A-S
Indicator Scopes P=.125 . .S, A-S | N.S. A-S | P=.018 ~ 'S
Radar Antennas . NS, - M-A-s LS. M-S | N.S. M-S |N.S.,  M-A-S
Radar Transmitters P=.071 S l.S. S| N.S. SINS.. . M-S .
' . Intermediate Maintenance . ,.
- - Legends: o
, N.S. = Not Significant
- M = Missing Data
Components Bench-Check Repair- Only (Excludes F-15)
N — ‘ : A = Anomalies i
Radar Transmitters. | P=.018 Ns.  as| S = Inadequite Sample

TITLE: Mean Performance Times by Task Type - Summary of Findings
COMMENTS: This chart provides a summary of the findings contained in Charts
' 1.30-9.2 through 1.30-9.19 on four equipment components and describes the 1imi--
tations to beinoted when interpreting the data. Findings which provided sufficient
evidence to suspect that true differences existed are identified with a P value.
The P value states the probability of chance occurrence. For example, trouble-
shooting indicator scopes show P=.018 which means that the p{obability“of obtain-
ing the differences reported in that specific chart (1.30-9.15 )by chance alone is
less than 2, in 100, The lower the probability of chance factors operating, there-
fore, the higher the probability of a true difference. Findings which yielded
P values greater than .125 are reported as N.S. or not significant. The Tlimita- .
tions on any interpretation based on these findings are predicated on (1) an . |-
understanding of the analytical tool used in the analysis, (2) the grouping of
components (see Chart 1.3-2.1 for rationale), and (3) the sampling method. The -
analytical tool was a relatively simple test (Mann-Whitney U),which is based on the
idea that the particular pattern exhibited,when two sets of values are arranged
together in increasing order of magnitude,provides information about their rela-
tiOnshig. tThe criterion is based on the magnitudes of the values of one set in.re-
0

lation he values in the other set. If most the values of one set are greater
than most of the values of the other set, it is concluded that therg is

WODELS FOR — [SUBJECT: - WOEX: 30-9 |
DATAAPPLICATION: - |Mean Performance Times by Task

Type - Summary of Findings CROSS-INDEX:  1.3-2.1

e 14y I Y |

1.30.9-1 ’ Sheet 1 of 2




no random mix and that the values are generally higher in one group than the other.
The probability distribution for U provides the P values given in the summary
chart. The two sets were derived by grouping F-106A/B, F-105D, F-4C, F-4D, F-4E
together, and F-111A, FB-111A- A-7D, F-15 together. As explained in Chart 1.3-2.1,
this division was based on an identification of major design concents that distin-
guished one group of equipment from the other, primarily to define technological
‘advances over time on a gross basis and, secondarily, to serve as an initial capa-
bility for a preliminary analysis of post-hoc data without which very little could
have been done. Therefore, these major design differences are not te be inter-
preted as the reasons to explain the findings. This would be a premature conclu-
sion. The actual factors which caused the results, whether they be design, per-
forming skill mix, training, etc., must be systematically investigated in future
iterative refinement of handbook contents. Finally, the last limitation to be
considered in any attempt to interpret the data is the sampling method. Sampling
was Timited to whatever field data were available. Thus, data are often missing
or inadequate in sample size. These are identified M and S on the summary chart.
The anomalies (A) are extreme high or low values within a group possibly due to
inadequate sampling. Since the grouping method is indifferent to within group
variations, one extreme point (as in Charts 1.30-9.8 or 1.30-9.11) can produce

the- effect of non-significant difference while a significant difference would have
been obtained by excluding the extreme point. Alternative methods of analyzing
data for differences would require adequate knowledge of the distribution of mea
performance times for.each subsystem by component and .task type, which Would permi
paired as well as group comparisons. /

| IMPLICATIONS: The analvses of field data contained in Charts 1.30-9.2 through
|T.30-9.19 revealed differences in performance times for specific components an
tasks. Since these data were obtained from the Air Force data storage svstem, and
since no information or inadequate nformation were ohtained on performing skill
mixes and amount of training, the spbcific influences producing the findinas cannot
be identified. Thus, it is possible that design, performina skill mix, and train- |
ing may be contributing factors. ’

DATA SOURCE: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971.

TNDEX: 30-9  «

MODELS FOR | SUBJECT: | |
DATA APPLICATION: Mean Performance Times bv Task Type
Type - Summary of Findinas CROSS-INDEX: 1.3-2.1
: I . 30-9 . 2
. , through
149 1.30-9,19
1.30-9.1 ~ Sheet 2 of 2 ..
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* T Ak Axes
Gp . EQUip.mnt , HO o~Yr.| X Yil.
A | P-106A/B 7-59 11 | 1.7
- - . A | P-105D 5-60 |2 | 2.9
3} m A | F-4C . 5-63{3 | 2.0
o T} m A |F-4D 12-65| 4 | 2.2
g~ : A |p-4E  10-67|5 | 3.4
a .2l - B B | F-111A 10-67 | 6 1.6
o8 B | FB~-111A 7-68 17
'gv ‘ “B7| A-7D 12-68 g 3.2
& 81t 17 i L 4L
g"‘ , # See Chart I.3-2.1 v
0 ‘ *% Date Entered AF Invegtory

1 2 3 4 5 6 7 8 9
Electrical Synchronizers

®
»

TITLE: Mean Performance Times to Adjust FCS Electr1ca1 Synchronizers - o
Unscheduled Organizational ' , ‘ e

A

COMMENTS: The data were extracted from the USAF summary records of unscheduled

and were identified by USAF Action Taken Code “L", discrepancy cleared by adjust-
ing, tightening, bleeding, balancing, rigging, or fitting. This code excluded
replacement of parts. The entire sample was used in analyzing for trends or |
variations in performance across successive radar subsystems, with the exception
of FB-111A where no cases were recorded. . e

IMPLICATIONS: The information gained from the set of data revealed large varia-
‘tions within Groups A and B. In addition, the mean values failed to yield
sufficient eyidence that one group had consistently higher or lower performance
times than the other aroup. Additional sampling,.alternative qroupings, or
~other methods of comparison should be pursued. Any inferences derived from
these findings with respect to directscausal connections that would explain *
equality or inequality of means must consider the 1imitations under which this
analysis of past data was made (see Chart I.30-9.1). ~

DATA SOURCES: 1.USAF Worldwide Unscheduled Maintenance Summaries 1971.

,«9\

rrar— - —

SUBJECT: = TINDEX:  30-9

MODELS FOR

DATA APPLICATION: anpggrggrm:nge $1?e$ Ry T?sk Type |
‘ vS. ectrical Synchronizers -

III.7-42.1$Q; Unscheduled Organizational | CROSS-INDEX: %'36%11
R . -J

I11.7-42.1

&

159

maintenance!. The number of cases recorded in the summaries ranged from 0 to 2326,

A\
A
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e

o - N Axes .
. Gp.} Equipment Mo.-Yr.}X | Y
A | F-106A/B 7-59 |1 |2.8
A | F-105D 5-60 | 2 |2.5
g 5l A |F-4C 5-6313 |2.1
S n A JF-4D 12465 | 4 [2.3
g 5 - ] u A|F-ar | 10-67|5 |2.7
£ oF 1 A B |F-111A  10-67 [ 6 |1.5
) E o 'B: FB~111A ©7-6817 1.5
37§” oBol A-7D 12-68 |8 |2.6
B B | F-15 9 | -
. Y b o el i e e e - — -t e B —
- : * See Chart I.3-2,1
5 | ” . , *% Date Entered AF Invedtory
, & 0 ' , i il LoT:
< 1 2 3 4 5 6 1 .8 9
‘ Indicator Scopes: ‘
’ TITLE: Mean Performance Times to Adjust FCS Indicator Scopes - _
Unscheduled Organizationak o o ) - 7
COMMENTS: {he data were extracted from the USAF ‘summary records of unscheduled
maintenance!. The number of cases recorded in the summarses ranged from 58 to .-
11211, and were identified by USAF Action Taken Code "L", discrepancy cleared by |

' adjusting, tightening, bleeding, balancing, rigging, or fitting. This code
excluded replacement of parts. The entire sample was used in analyzing for trends |
"or variations in performance across successive radar subsystems. > ‘ :

7 *

’IMPLICATIONS%~’Whth§he mean values of both groups were combined and arranged -
‘1From Tow to high, the resulting pattern exhibited some tendency for Group A values
to be clustered together. As can be seensin the graph, Group B systems did not
exhibit this type of clustering. The A-7D varied considerably from F-111A and®
'FB-111A and showed greater similarity to the Group A svstems. Based on these
findings, it was tentatively concluded that insufficient eévidence existed to
suspect that the mean values of B were consistently lower than the mean values
1of A. Additional sampling would be desirable. Any inferences derived from
these findings with respect to direct causal connections that would explain

| the apparent inequality of means must consider the . limitations under which

. xhis analysis of past data was made (see Chart I.30-9.1). .

DATA SOURCES:VI. USAF Worldwide Unscheduled Maintenﬁnce Summaries 1971.
» ‘ “ N y

WOOELS FOR __ |suBlcT: ' WDEX. 30-9

DATA APPLICATION: Mean Performance Times by Task - !

‘ Type vs. FCS Indicator Scopes - = | .

111.7-42.1 cator .S¢ INDEX: 1.3-2.
111.3,42.1%83 . Unscheduled Organizational : CMBSNDFX %2306911

“'ir | S 1.30-9.3 ‘ . 149




rd

Mean Performance - ‘

x| O ak _Axes
Gp.|LCquipment Mo.~Yy. X Y
A | F-106A/RB 7-59 11 3.6
A 1 F-105D ¢ 5-60 |2 |4.0
. A |F-4C 5-63 {3 [2.0
A|F-4Dp - 12-6514 1.5
’ A | F-4C -~ 10-67 |5 (2.7
~4k . : B-| F-1114A ~10~67 |6 1.7
a | * B {FB~111A - 7=-6817 -{ 0
kS - BIlA-7D 12-68 |8 2.3
~ole ‘ B | F~15 9 i
[ g : ' A - _J _________ -— J-—- -
L T ‘ N ¥ See Charg I.3-2.1
E-‘O ” ﬂ 41 A ‘*% Data Entered AF Invent:ory

Radar Antemnas

- | tions within Group A. In addition, the pattern of variations exhibited by each

TITLE: Mean Performance Times to Adjust FCS Radar Antennas =
Unscheduled Organizational .. .

| COMMENTS: The data were extracted from. the USAF summary records of unschedu]ed
maintenancel. The number of cases recorded in the summaries ranged from 0 to 694,
and were identified by USAF Action Taken Code "L", discrepancy cleared by adjust-
ing, tightening, bleeding, baTancing, rigging, or f1tt1ng This code excluded
‘rep]acement of parts. The entire samp]e was used in analyzing for trends or var-
iations in performance across successive radar subsystems w1th the exception of
FB 111A in wh1ch there'were no cases recorded.

IMPLICATIONS: Ihe 1nf0rmat1on gained frmnth1s set of data revealed large varia-

group failed to yield sufficient evidence that one group had consistently i gher
or lower-mean performance times than the other group. Additional sampling, a -
native-groupings, or other methods of comparison should be pursued. Any 1nfer-
ences derived from these findings with respect to direct causal connections that
would explain equality‘or inequality of means must consider the l¥mitations under
which this analysis of past data was made (see Chart 1.30-9.1).

DATA SOURCE: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971.

A
]
_

NODELS FOR [SUBJECT. - INDEX:  30-9

DATA APPLICATION: Mean Performance Times by Task Type
' - it . FCS Antennas - Unscheduled v ~ :

111.4-72.1(Q) VS. TLo Anten ﬂ CROSS-INDEX:  1.3-2.1
| 111.4-72.1(R) Prganizational 1.30-9.1
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e

o , * , wx . | Axes
) - Gp.|Equipment Mo.-Yr. X | Y

- | ) A | F-106A/B 7-59 |1 | 2.7
9 L : : c A | F=105D 5-60 | 2 | 3.1
8 - A lr-4c 5-6313.11.9
8 3F 1] _1 . A }F-4D 12-65 | 4 |1.9}]
3 I A | F-4E 10-67 |5 |31}
G~ ] - B | F-111A 1067 6 |1.8
£ 52 o B | FB-111A 7v68 | 7 | 1.4}
SE : B |A-7D 12-68 18 | 2.2
i) B |r-15 9 '
o * See Chart 1.3-2.1
§ w . | f* Date Entgygd’Af Taventory

L 2 3 4 5 6 7..8 9

Radar Transmitteré

'TITLE: Mean Performance.Time to Adjust FCS Radar Transmitters - .
‘ Unscheduled Organizational - T

COMMENTS: The data were extracted from the USAF summary records of unscheduled
| maintenance!. - The number of cases recorded in the summaries ranged from 5 to

2018, and were identified by USAF Action Taken Code "L", discrepancy cleared by
adjusting, tightening, bleeding, balancing, rigging, or fitting. This code
exclyded replacement of parts. The entire sample was used in analyzing ¥or
trends or variations in performance across successive radar subsystems.

| IMPLICATIONS: When the mean values of both groups were combined and arranged

from low to high, the resulting pattern showed a clustering of Group A and B
values at opposite ends of the distribution. The only break in this pattern was

| due to A-7D which failed to yield a consistent difference when paired with each
value in Group A. Nevertheless, even considering this one anomaly, the probabil-
ity of obtaining this kind of outcome by chance alone is 7 in 100. Based on these
findings, there is a reasonable probability of a true difference in mean times
between the two groups of transmitters. Additional sampling is desirabie. Any -
inferences derived from these findings with respect to direct causal connections
that would explain the possibie inequality of means must consider the limitations -
under which this analysis of past data was made (see Chart 1.30-9.1).

-

DATA SOURCES: 1. USAF Worldwide Unsghedu1ed Maintenance Summaries 1971.

MODELS FOR suBJch: | — mmzx:w 30-9 '
DATA APPLICATION: Mean Performance Times by Task Type
9. vs. FCS . Radar Transmitters - oés' DEX: 1.3-2.
%}%:;_2%:}%8; | Unscheduled Organizational CROSS-INDEX: §:§0~917
| 153 |

1.30-9.5 151




Electrical Synchronizers . . i

. * | » T
Gp.|Equipment . Mo.~Yr. X Y
| . M A |F-106A/B 7-59 | 1 | 2.4
] 2l A |F-105D 5-60 | 2 | 2.4
] o A |P-4c 5463 {3 |2.1
g~ ~ A [F-4D - -12-65 (% |3.4]
8d | M M T Alv-4m 10-67(5 2.5
SE B B |F-111A 10-67 16 | 3.4
pr ‘B | FB=111A. 7-6817 | 3.4
‘35 B | A-7D ~ 12-68 | 8 | 3.8
5 || ¥ Wl Lo | L
0 a ‘ ‘ [ o k% Date Entered AF Inventory
1 2 3 4 5 6 7 8 3 - e -

~ Unscheduled Organizational d

COMMENTS: The data were extracted from the USAF summary records of unscheduled
maintenancel. .The number of cases recorded-in the summaries ranged from.52 to 397,
and were identifed by USAF Action Code Taken “R", item is removed and. another 1like
itém-is installed. The entire sample was used in analyzing for trends or varia-
tions in performance across successive radar subsystems._

IMPLICATIONS: Information gained from this set of data showed high probability
of differences between Groups A and B, i.e., there was a definite tendency for
most of the mean values of B to be greater than most of the mean values of A.

An equivalent statement is that the mean performance time was generally higher
for Group B electrical synchronizers than Group A. Any inferences placed upon
these findings with respect to direct causal connections that would explain the
apparent inequality of means must consider the limitations under which this anal-
ysis of past data was made (see Chart™.30-9.1). . '

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971,

«

TITLE: Mean Performaﬁbe Times to Remove and Replace FCS Electrical SynchroniZers -

a0
"WODELS FOR — [sumEcT: ; INDEX:  30-9 —
DATA APPLICATION. Mean Performance Times by Task Type f
; ~ . FCS Electrical Synchronizers - :
 111.7-42.1(Q) vs b oy : CROSS-INDEX:  1.3-2.1"
111.7-42.1(R) Unscheduled Organizational 130294
| 151 | |
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Axes

——

* ‘ Ty
Gp.|Equipment Mo.-Yr.|X | Y |
- . ! , ;
&1 A |F-106a/B  7-59 |1 | 8.3
‘ A |F-105D - 5-60 |2 | 3.7
' g 6} . A |F-4C . - 5-63|3 |3.3
= ‘ A|F-4D . - 12-65|4 | 4.9
. M A | F-4E, 10-67 | 5 | 4.4
g 4t i B |F-111A 10-67 [ 6 | 1.9
g’? B | FB-111A' 7-6817 | 2.
L2t y B | F-15 9 ]
('] S QI G -
. . ¢ . ® See Chart I.3-2.1
18 0 , | e ** Date Entered AF Inventory
2 1 2- 3 4 5 6 1 8 9 |
Indicator Scopes T

-

TITLE: Mean Performance Times to Remove and Repiaqe FCS Indicator Scopes -
' Unscheduled Organizational - : T :

COMMENTS: The data were extracted from the USAF summary records of unscheduled
maintenancel. The number of cases recorded in the summaries ranged from 16 to 188,
‘and were identified by USAF Action Code Taken "R", item is removed and another
1ike item is installed. The entire sample was used in analyzing for trends or
variations in performance across successive radar subsystems.

IMPLICATIONS: When the mean values of both groups were combined and -arranged
from Tow to high, the resulting pattern yielded a clear-cut clustering of Group B
means at the low end and Group A means at the high end. On the basis of these
findings, the probability of obtaining this kind of an outcome by chance alone is
so low that-a true difference is suspected. With-additional sampling from the
same population, it appears highly likely that substantially the same results
would be obtained (i.e., the mean time will generally be lower for Group B indi-
cator scopes than Group A). Any inferences derived from these findings with
respect to direct causal connections that would explain the inequality of means
must consider the limitations under which this analysis of past data wds made
(see Chart 1.30-9.1). |

| DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971.

MODELS FOR - SUBJECT: INDEX: 30-9

DATA APPLICATION: Mean Performance Times by Task Type

111.7-42.1 _ vs. FCS Indicator Scopes - ROSS-INDEX:  1.3-2.

111.3_42}1223 Unscheduled Organizational ¢ , DE §_30§91]
185

1.30-9.7 | 153




T " Axes
i G; «| Equipment Mo?-Yr. X1y

-3 A | F-106A/B 7-59 |1 [3.6
aq M A | 7-1050 s-60 |2 [506
st A | F-4c 5-63|3 (2.3
3 B i A |F-4p 12-65 | 4 |2.8
18 ~ - A | F=4E 10-67 |5 [3.0
344-' B |F-111A 10-67}6 5.3}
RS B | FB-111A 7-68 |7 |6.9
§ , B|a-10 12-688 [5.2]
o2t : B |P-15 9
s '.—4-——*--&——.-._JL—.—
K, H . ’ * GSee Chart I.3-2.1. -

‘ - ] , -] ** Date Entered AF Inventory |

1.2 .3 4 5 6 7 8 9
Radar Antennas |

TITLE: Mean Performance Times to Remove and\Replace FCS Radar Antennas -
= - Unscheduled Organizational :

COMMENTS: The data were extracted from the- USAF summary records of unscheduled
maintenancel. The number of cases recorded in the summaries ranged from 15 to
560, and were identified by USAF Action Taken Code "R", item i5 removed and
another Tike item is installed. . The entire sample was used in analyzing for
trends or variations in performance across successive radar subsystems.

' IMPLICATIONS: When the mean values of both groups were combined and arranged
trom Tow to high, the results showed a pattern of Group B values clustered
together. The only exception was F-105D which, as can be seen in the graph,

did not show a consistent relationship when compared with each of the values in
Group B. Despite this one sample of extreme variation, the analysis yielded
strong evidence that a true difference existed, and that the mean time to remove-
| and-replace radar antennas was generally higher for B than A. Any inferences
derived from these findings with respect to direct causal connections that would
explain the ineguality of means must consider the 1imitaticins under which this °
analysis of past data was made {see Chart 1.30-9.1).

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971.

#

WODELS FOR SUBJECT: — [NDEX: 30-9 — 1

DATA APPLICATION: |Mean”Performance Times by Task Type ~

I11.7-42.1(Q vs. FCS Antennas - CCINnEY. )

I11.7-42.1 R; Unscheduled Organizational CROSS-INDEX: 1£'§0§§1]
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Mean Performance Iime

A4 " ' - . *ﬂ ’ ) ey Axesl‘
- ' ‘ Gp.|Equipment Mo.-Yr, X Y
i - A |F-106A/B . 7-59 | 1 |2.2]
; A |F-105D 5-60 |2 |9.0
9 o - A [F-4C 5-63#3 |3.0
R 4 j - ; A |F=4D . 12-65 | &4 |.3.8
- . A|F-4C 10-67.{5 4.3
w 6F B | F-111A 10-67 |6 4.2
a1 B [ FB-111A 7-68 | 7 | 4.4
N O B;| A-7D 12-68 |8 |5.2
3t ' B|F-15 . 9
e i b e e o, e o o R Sy
, “x Gee Chart I.3-2.1 ‘
0 ﬂ , H ‘ ; L . %% Dare_Enterédd AF Inventory
T 1 2 3 45

S O
> Radar Transmitters
Ty T

- _ %

—_ g . »
4 )

TITLE: Mean Performance Times to_Remove and Replace FCS Radar Transmitters -
Unscheduled Organizational .

COMMENTS: The data were extracted from the USAF sufmary records of -unscheduled
maintenancel. ‘The number of cases recorded inthe summaries ranged from 29 to 422,
and were identified by USAF Action Taken Code "R", item is removed and another
like item.is installed. The entire sample was used in analyzing for trends or
variations in performance across successive radar subsystems. .-
IMPLICATIONS: Information gained from this set of data showed low variation
within Group B and high variation within Group A attributed primarily to F-105D:
Excluding this one anomaly, and pairing each value in Group B with each value in
Group A, the pattern exhibited by this comparison showed-strong evidence of clus-
tering which implies a general teciidency for most of the mean values of B to be
greater than most,of the mean values of A. With F-1050 included, however, no
clear-cut group difference was revealed. Additional sampling, alternative
_groupings, or other methods of comparisons. shculd be pursued, Any inferences
 derived from ihese Findings with respect to direct causal connections that would
explain equality or inequality of means must consider the limitations under which
this analysis of past data was made (see Chart 1.30-9.1).

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971.

, » . ]
MODELS FOR SUBJECT: _ v INDEX:~ 30-9
DATA APPLICATION: Mean Performance Times by Task Type
. FCS Radar Transmitters - :
111.7-42.1(Q) Y s S . CROSSANDEX:  1.3-2.1
111.7-42.1(R) Unscheduled Organizaticnral , 1.30-9.1
‘1587
I . 30-9 . 9 . ’ 155




- * . - Axes
Gp.|Equipment Mo.-Yr, X Yi.
A | F-106A/8 7-59 (1 [1.8
— - A |F-105D 5-60 | 2 | 2.4
o 9t s A | T-4C 5-63| 3 (2.4
9 -1 A |F-4D 12-65 | 4 [1.9
8 Ao - A [F-4T 10-67 [ 5 | 2.7
sf2 | B [F-111A 10-67 { 6 [2.9
HE ‘ ] B | FB-111A 7-68 |7 |2.5
4 B A-7D 12-68 g 3.4
ERg S R A
4 % See Charf 1.3-2,1 - ,
al ** Date Entered AF-Inventory
v - - - -

‘1 2 3.4 .5 6 7 8 9
Electrical Synchronizers

[

TITLE: Mean Performance Times for Repair and/or Replacement of Minor Parts on
_ FCS Electrical Synchronizers - Unscheduled Organizational

COMMENTS: The data were extracted from the USAF summary records of unscheduled
maintenance!. The number of cases recorded in the summaries ranged from § to 509,
and were identified by USAF Action Taken Code "G",, repair and/or replacement of
minor parts, hardware, and soft goods such as seals, gaskets, electrical connec-

[ tions, fittings, tubing, wiring, fasteners, and brackets. The entire sample was
used in analyzing for trends or variations in performance across successive radar
subsystems. |

IMPLICATIONS: Information gained from thisset of data showed high probability of
differences between Groups A and B (i.e., there was a definite tendency for most
of the mean .values of B to be greater than most of the mean values of A). An
jequivalent statement is that the mean performance time was generally higher for
Group B electrical synchronizers than Group A. Any inferences placed upon these
findings with respect to direct causal connections that would explain the differ-
.ences in performance times must consider the Timitations under which this analysis
of past data was made (see Chart 1.30-9.1). )

DATA SOURCES: 1. USAF Worldwide UnscheduTed Maintenance Summaries 1971. .
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Indicator | Scopes
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L 4 ‘, . ’
TITLE: Mean formance Times for Repair and/or Replaclment of Minor Parts on
FCS Ihdicator Scopes - Unscheduled Organizational

- COMMENTS : | The data were extracted from the USAF summary records of unscheduled
maintenance!. The number of cases recorded in the summarie€s ranged from 26 to 324
and were identified by USAF Action Taken Code "G", repair and/or replacement of -
minor parts, hardware, and soft goods such as seals, gaskets, electrical connec-
tions, fittings, tubing, wiring, fasteners, and brackets. The entire sample was
used in-analyzing for trends or variations in performance across successive radar
subsystems.

L ] ‘ N
IMPLICATIONS: When the mean' values of both groups were combined and arranged
from Tow to high, the resulting pattern yielded a clustering of Group A means at
the high end of the distribution and Group B at the low end. The only exception,
as can be seen in the graph, was A-7D which differed quite significantly from

the other means of Group B. Excluding this one sample, the remaining data showed.
a consistent relationship (i.e., alT the Group B means were Tower than all the

alternative groupings, or other methods of comparisons _should be pursued. Any
inferences derived from these findings with respect t¥direct causal connections
that would explain equality or {nequality of means must consider the Timitations
under which this analysis of past data was made (see Chart I.30-9.1).

L]

DATA SOURCES: 1. USAF Hor]d@igg Unscheduled Maintenance Summaries 1971.
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0l ’ G;.‘ Equipment Morore X |
. A |p-106a78  7-59'[1 |4.2
o 8F A | r-105D 5-60 | 2 |2.5
'8 A |¥-4C 5-63 |3 |2.0
rg’? A | P-4D 12-65 | 4 |1.5
EBel A |F-4E - 10-67 |5 }2.8
&8 , B |P-1114 - 10-67|6 [1.5
S| B | FB-111A 7-68 | 7
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Lhnaanid v
2 3 4 5 6 7 8 9 L

« Radar Antennas

TITLE: MeanvPerformance Times for Repair and/or Réplacement of Minor Parts on
FCS Radar Aptennas - Unscheduled Organfzational

COMMENTS: The data were extracted from the USAF summary records of unscheduled
maintenancel. The number of cases recorded in the summaries ranged from 1 to

| 898, and were jdentified by USAF Action Taken Code "G", repair and/or replacement
of minpr parts, hardware, and soft goods such a:hseals, gaskets, electrical con-

| nections, fittings, tubing, wiring, fasteners, &nd brackets. The entire sample
was used in analyzing for trends or variations in performance across successive
radar subsystems with the exception of FB-111A in which only one case was recorded
for that aircraft; therefore, it was excluded.

IMPLICATIONS: Information gained from this set of data revealed 1ittle difference
between Groups A and B (i.e., one group .cannot be considered consistently higher
or lower than the other group with respect to performance time). However, with
tied values across grougs, F-4D vs. F-111A, and FB-111A data missing, the mean-
ingfulness of the comparison is severely diluted. Additional sampling, while

| always desirable, becomes ahsolutaly necessary in this instance. Any inferences
derived from these findings with respect to direct causal connections that would
explain equality or inequality of means must considerthe 1imitations under which
this analysis of past data was made (see Chart I1.30-9.1).

DATA SOURCES:~*1. USAF Worldwide Unscheduled Maintenance Supmaries 1971.
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MODELS FOR SUBJECT: INDEX: 30-9

DATA APPLICATION: Mean Performance Times by Task Type
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1 6 7 8 9

Radar Transmitters

E anm Ak Axes

A \Lkﬂ Gp.|Lquipment Mo.-Yr. X Y
- A | F-106A/B 7-59 |1 | 4.4
) A |F-105p ~ 5-60 |2 |2.3]

A | F-4C . 5-6313 |2.0

6 AlF-tp 12-65 | 4 |1.9
-~ : A | F-4L ? 10-67°5 |3.2
2L M R B [F-111A 10-67 | 6 | 2.1
SR B | FB-111A 7-68 17 | 2.9
y B;| A-7D 12-68 g 1.9
£ of | ' i Ll R I

* See Chart I1.3-1.1
u ' ! | . %% Date Enterced AF Inventory
2 .3 4 5 ‘\ ‘

P

| TITLE: Mean Perforﬁhnce Times for Repair and/or Replacement of Minor Parts on

FCS Radar Transmitters - Unscheduled Organizational .

COMMENTS: The data were extracted from the USAF summary records of unscheduled

| maintenancel. The number of cases recorded in the summaries ranged from 6 to

1747, and were identified by USAF Action Taken Code "G", repair and/or replace~
ment of minor parts, hardware, and soft goods such as seals, gaskets, electirical
connections, fittings, tubing, wiring, fasteners, and brackets. The entire
sample was used in analyzing for trends or variations in performance across ‘suc-
cessive radar subsystems.

IMPLICATIONS: Information gained from this set of data revealed little differen
7n mean values between groups as well as within groups. The only exception was
F-106A/B. Based on these findings, it appeared that the mean time for repair
and/or replacement of minor parts was ‘about the same for 7 of the 9 radar trans-
mitters. Any inferences placed upon these findings with respect to direct
causal connections that would explain the apparent equality of means must consid
th§O1;m;§ations under which this analysis of past data was matle (see Chart
1.30-9. ;

DATA SOURCES: USAF Worldwide Unscheduled Maintenance Summaries 1971.
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MODELS FOR SUBJECT: _ ‘ INDEX: 30-9
DATA APPLICATION: Mean Performance Times by Task Type ' .
111.7-42.1(Q) vs. FCS Radar Transmitters - N ) _
111.7-42.1(R) Unscheduled Organizational CROSS-INDEX: };303531
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159




X i * Ak Axes
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i ’ : A |FP-1064/B  7-59 | 1 [7.0

_— ; A | FP-105D 560} 2 [5.8

'8' 6l s o A|F-4C = 5-63]3 |3.5

g~ B A | F-4D 12-65 | 4 [4.8

55 ) _ . = A | F-4n 10-67 .5 |3.3

SZ4l -3 | F=111A 10-67 | 6 [3.3

s B | FB-111A _  7-68| 7 |3.8

g B;| A-7D 1268 8 5.1
80, | B |r-15 9

§ ..--J—_.'-...——.,—.J.—J-—

* See Chart 1.3-2.1
** Data Entered AF ‘Inventory

1 2 3 4 5 6 7 8 9
Electrical Svnchronizers '

#

¢

TITLE: Mean Performance Times to Troubleshoot FCS Electrical Synchronizers -
Unscheduled Organizational : “ . . .
COMMENTS: The data were extracted from the USAF symmary records of unscheduled
maintenancel. The number of troubleshooting cases recorded in the summaries were
Tow and ranged from 3 to 91 and were identified by USAF Action Taken Code "Y",
on-equipment time to isolate the primary cause of a discrepancy. This code
excluded repair time. . AMlthough the sample size was less than 50 for five of the
eight subsystems, the data, nevertheless,were analyzed for trends or variations
in performance across successive designs. . . )

! t

IMPLICATIONS: The information gained from this set of data revealed large varia-
tions within Group A. Primarily because of this pattern of variation, pairing off
each Group B value with each Group A value to compare relative position of means
failed-to yield sufficient evidence that one group had consistently higher or
Tower mean performance times than the other group. Any inferénces derived from
these findings with respect to direct causal connections that would explain the ,
inequality or equality of means within or between Groups A and B must consider
| the 1;m;§ations under which this analysis of past data was made (see Chart

1.30-9. ‘ : :

DATA SOURCES: 1. USAF Worldwide Unscheduled Maintenance Summaries 1971.

’ ¥4
WODELS FOR SUBJECT: 4_ B INDEX: 309
DATA APPLICATION: Mean Pgrformance Times by Task Type
7. vs. FCS Electrical Synchronizers - .
ﬁ%;-ﬁ{%gg Unscheduled Organizational | GROSSINDEX: {gﬁ;]
168.
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x| L kK Axes
Gp.|Lquipment Mo.,~Yr. X Y
‘ 3 A |F-1064/8 7-59 |1 J11.4
. 5 A | F-105D 560 |2 | 7.9
E 12} A F-4C 56313 [7.4
= j A | F-4D 12-65| 4 | 6.8
9 A | F-4L 10-67 | 5 | 3.7
5 _8f _ B | F-111A 10-67 | 6 | 1.9
E o B [FB-111A 7-68 17 | 1.5
o x 4 B | A-7D 12-68 | 8 | 3.1
B4 B | F~15 ' 9 i
~ | * [ "% See Chart 1.3-2,1
g- 0 ! [] [_I | ** Data Entered AF Inventory
1 2 3 4.5 6 7 8 9

Indicator Scopes

TITLE: Mean Performance Times to Troubleshoot FCS Indicator Scopes -
tinscheduled Organizational -

. COMMENTS: {he data were. extracted from the USAF summary records of unscheduled
maintenancel. The number of cases recorded in the summaries ranged from 2 to 72,
- and were identified by USAF Action Taken Code "Y", on-equipment time to isolate
the primary cause of a discrepancy. This code excluded repair time. The sample
size was small with six of the eight subsystems having less than 50 cases. The

" data, nevertheless, were analyzed for trends or variatidhs in performance across

successive designs.

IMPLICATIONS: Information derived from this set of data showed a high probability
of differences between the two groups (i.e., all of the mean values of Group B
were less than all of the mean values of Group A ). Based on these findings, the |
probability of obtaining this kind of outcome due to chance alone is sufficiently

| Tow to suspect a true difference between the two groups. It is expected that the
1 mean time to troubleshoot indicator. scopes will generally prove to be lower for

' | Group B than A. Any inferences derived from these findings with respect to direct
' | causal connections that would account for the inequality of means must consider
the 1imi§ations under which this analysis of past data was made (see Chart
1.30-9.1).

DATA SOURCES: .1;) USAF Worldwide Unschedu?ed Maintenance Summaries 1971.
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WODELSFOR SUBJECT: e —

DATA APPLICATION: Mean Performance Times by TAsk Type

\ " - vs, FCS Indicator Scopes - T

111.7-42.1(Q) Unscheduled Organizational | CROSS-INDEX: 1-36&.1 |
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* , A% Axes

* Gpc Equipment -MO.“Y!.'. X Y
A |F-106A/8 . 7-59| 1 }1.6
; A | F-105D 5-60 | 2 |6.0
‘o 6F " - i A |F-4C 5-63| 3 3.0
g 3 A |F=4D 12-65 | & |5.0
8~ J— _ B A |F-4n 10-67 | -5 |3.8
§ 24t , "B |F-111A 10-67 | 6 [4.3
nE B [ FB-111A 7-68| 7| 0
& o B;| A-7D 12-68 | 8 [5.4

g LAY B |F-15 9
8 = ‘ ("% See Chart 1.3-2.1
0 ) *% Data Entered AF Inventory
1 2 3 4~ 5 6 7 8 _9

Radar Antunnds

Y

tions within Group A.

#

TITLE: Mean Performance Times to Troubleshoot FCS Radar Antennas -
‘Unsqheduled Organizational :

COMMENTS : The data were extracted from the USAF summary records of unscheduled

| maintenance!. Since the number of troubleshooting cases recorded in the summaries
were small, the entire sample was analyzed for trends or variations in performance
‘across successive radar subsystems. There were no cases recorded for FB-111A;
therefore, it could not be included in the analysis. The number of cases ranged
from 0 to 60, and were identified by USAF Action TAken Code "Y", dn-equipment time
to isolate the primary cause of a discrepancy. This code excluded repair time.

IMPLICATIONS: The information gained from this set of data revealed large varia-
Primarily because of this pattern of variation, pairing off
each Group B value with each Group.A.yalue to compare relative position of means
failed to yield sufficient evidence that one group had consistently higher or Tower
mean performance times than the other.group. Any inferences derived from these
fimdings with respect to direct causal connections that would explain the inequal-
ity or cquality of means within o®betiizen Groups A and B must consider the 1imi-
tations umder which this analysis-of past data was made (see Chart 1.30-9.1).

DATAtSOURCES: 1. USAF Wor]dwide Unscheduled Maintenance Summaries 1971.

111.4-72.1(R) -

[WoDELS FOR SUBJECT: INDEX:  30-9 ¥
DATA APPLICATION: Mean Eerformance Times by Task Type S
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Radar Transmitters

x| » - Axes |

o~ Gp.|Equipnent Mo.-Yr., X | Y |
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B oak 1 - : m . : e e e e - — L Lo
& 1 . ¥ ; * See Chart 1.3-2.1 L
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Unscheduled Organizational
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maintenancel. The number of cases recorded

the*primary cause of a discrepancy.
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similarity of means between

the other.
generally prove to be about the same.
with respect to direct causal

COMMENTS:  The data were extracted from the US
int
and were identified by USAF Action Taken Code “Y",
This co

are no consistent patterns of high or Tow val
An equivalent statement is that t

connections t

within each group.

TITLE: Mean Performance Times to Troubleshoot FCS Radar Transmitters -

AF summary records of unscheduled
he summaries ranged from 1 to 113,
on-equipment time to isolate
: de excluded repair time. .  With the
exception of F-105D, where only one. case was recorded, the entire sample was used

in analyzing for trends or variations in performance across successive radar

IMPLICATIONS: Informaé}on gained from this set of data showed a high degree of
Groups A and B as well as
ues distinguishing one
he mean time for each group will
Any inferences placed upon these findings
hat would explain the apparent equality

There
group from

of means must consider the limitations under which this analysis of past data was

DATA SOURCES: 1.

| made (see Chart 1.30-9.1).
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B . 2  Gp.|Equipment Mo,-Yr.|X Y
r “en, . A |F-106A/B . 7-59 {1 |1.7
T A | F-105D 5-60 12 3.7}
| e " A | F-4C 5-63 (3 4.8
g 12k - | A |F-4p 12-65 |4 |5.2
B N _ ‘A |F-4E - 10-67 |5 4.6
5 a ; ) ) . B | F-111A 10-67 |6 1.9
LE8f . R B |FB-111A ©  7-68]7 |8.8
& e | . | o] B:| A-7D 12-68 [8 |7.2
%"Er mr - «l B {r-15 9 J
= [ o F , ‘ [ % S;‘-c;e—caart I,3-2,1 -
R | n IEREEE - o |- ®* Datc Entered AF luventory
. 1 -2 3 4 5 6 7 8 9 M ;
- Radar Transmitters S T -

,TITLE:“Mean Performance Times to'BénchJCheEk«FCS Radar Transmitters -
~Unscheduled Intermediate -

, fCOMMENTS: The data were extracted from the USAP summary records of unscheduled
| maintenance'. The number of cases recorded in the summaries ranged from 40 to

-and repair action deferred. The entire sample was used in-analyzing for trends
or variations in performance across successive radar subsystems..

IMPLICATIONS : Information .gained fronf this set of data showed dissimilarity
between the Groups .A and B. A1l of“the mean values of Group B were greater

' than al[ of the mean values of Group A. Based on these findings, there is .
sighificant evidence to.suspect that a true-difference existed between the.
two groups and that the mean time to bench-check transmitters was generally .
higher for B than A. - Any inferences. derived from these findings with. respect
| to direct causal connections that would explain the difference in means must
consider the Timitations under which “this analysis of past data was made

(see Chart 1.30-9.1). : ‘

-

DATA SOURCES: 1. *USAF_Wor]QWide Unschedu1éd;MaintenanCe éwnmarﬁes)197].

~
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1047, and were identified by USAF Action Taken Code "C", bench check -accomplished

MODELS FOR ) SUBJECT: - - - INDEX: 30-9

 DATA APPLICATION: Mean Performance-Times by Task Type ‘
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E F-4C 5-63 | 3 [12.
N D (] | 2 F-4D 12-65| 4 J11.;
§ A | F-4E 10-67 | 5 {11.
H | ] . B | F-111A 10-67 | 6 |21.
¢ 167 B | FB=111A 7-68 | 7 [10.3
§‘ _ B/| A-7D 12-68 | 8 [11.4
B 8t B LF-15 ‘ , _;9_ L.—
A ° s > b s aum e - - - —— -
b , * See Chart 1.3-2.1
& M *% Date Entered AF Inventory
g
&

-

| TITLE: Mean Performance Times to Repair FCS Radar Transmitters -
Unscheduled Intermediate ,

COMMENTS: The data were extracted from the USAF summary records of unscheduled
maintenance! ., The number of-cases recorded in the summaries ranged from 28 to
927, and were identified by USAF Action Taken Code "F" . units of total repair -
performed in a shop environment which jnclude cleaning, disassembly, inspection,
adjustment, reassembly, and lubrication of minor components. The entire sample
'was used in analyzing for trends or variations in performance across successive

radar subsystems.

IMPLICATIONS: The information gained from this set of data revealed large varia-
tions within Group A as well as Group B. In addition, the magnitude of the
variations is comparable between the groups. In other words, high and Tow mean
values are randomly mixed, but these data do not provide evidence that one group
.| is consistently higher or lower than the other group. Additional sampling, alter-
"I native groupings, or other methods of comparisons should be pursued. -Any infer-
ences derived from those. findings with respect to direct causal connections that
would explain the apparent equality and inequality of means must consider the
1imitations under which this analysis of past data was made (see Chart 1.30-9.1). -

-

Maintenance Summaries 1971.
rd . .

| DATA SOURCES: - 1. USAF Worldwide Unscheduled

q

[wooELS FOR _ ~ [SUBJECT: — INDEX: 30-9
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TITLE: Percentage Distribution of AFQT Mental Ability Categorie§ fbr 1970 through
1973 Air Force Enlisted Personnel ‘ ¢

COMMENTS: The data are based on male, non-prior service basic trainees who enlist-

| ed in the Air Force in 1970, 1971, 1972, and 1973. The Armed Forces Qualification

.| Test (AFQT) yields centile scores which are translated into mental ability levels
designated as Category I (93-99), Category II (65-92), Category III (31-64), and

' Category 1V (10-30?. y ' )

IMPLICATIONS: The characteristics of enlistees prior to the termination of the
draft, which occurred in January 1973, are compared with enlistees under the
all-volunteer force. It had been feared that the termination of the draft would
result in a significant reduction of high aptitude personnel. This anticipated
reduction did not occur. As shown in the above chart, Category I personnel de-
creased by only 1 percent between 1972 and 1973 and there was a significant reduc-
tion of Category IV personnel between 1970 and 1973 (15 percent).

DATA SOURCES: 1. Vitola, B.M., Mullins, C.J., and Brokaw, L.D. Quality of
the All-volunteer Air Force - 1973. AFHRL-TR-74-35, Air
Force Human Resources Laboratory, Lackland Air Force Base,
Texas, April 1974,

-

1 MODELS FOR

. | SUBJECT: INDEX: 1.8
| DATA APPLICATION: Enlistee AFQT Scores vs. Year of :
En]lstmenﬁ CROSS-INDEX:
o 108;&
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AFQT General Electronics  Mechanical

TITLE: Average AFQT Scores and ANE Aptitude Indexes for 1970 through 1973 Air
Force Enlistees

COMMENTS: The data are based on male, non-prior service basic trainees who enlis
ed in. the Air Force in 1970, 1971, 1972, and 1973. The AFOT centiles (see Chart
11.1-8.1) and the Airman Qualifying Examination (AOE) indexes are compared. The
AOE yeilds four aptitude composites: Mechanical, Administrative, General, and
Electronics. The Administrative composite is not shovin.

. £
IMPLICATIONS: The character?stics of enlistees prior to the termination of the
- draft, which occurred in January 1973, are compared with enlistees under the all
volunteer force. An anticipated drop in mental ability (AFQT scores) due to
the termination of the draft did not occur. Also, the Air Force has been unable
to recuperate the drop in aptitude that occurred in 1971, but there was no
additional drop due to the all-volunteer enlistees. Charts 11.1-8.3 and 11.1-8.
show that there was a compression of scores at the very top of the aptitude
scale starting in 1971, not after the termination of the draft.

DATA SOURCES: 1. Vitola, B.M., Mullins, ¢.Jd., and Brokaw, L.D. Nuality of
‘ the All-volunteer Air Force - 1973. AFHRL-TR-74-35, Air
Force Human Resources Laboratory, Lackland Air Force Base,
Texas, April 1974,

’t.a

-

4

. |sueECcT: T[NDEK: 1.8
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Percentage in Score Range on .

\‘ AQE Aptitude Composites
‘AQE : -
Aptitude o N
T em  em e
Géneral Composite
B0 and above 30 ﬂ .26 23 19
60 and above 74 | 61 58 51
40 and. above * 90 1 91 92 91
l EleJtrcnics Composite
- o
80 and above _ 33 ) 30 ¢ 30 - 27
60 and above 58 I 55 54 55

40 and above 86 ‘ 84 85 : 90

-

TITLE: Cumulative Percentages of AQE General and Electronics Aptitude Indexes
‘ for 1970 through 1973 Air Force Enlistees

COMMENTS: The data are based on male, non-prior service basic'trainees who enlisted
in the Air Force in 1970, 1971, 1972, and 1973, The chart shows the score ranges
on the AQE aptitude composite (see Chart 11.1-8.2) for General and Electronics.
Many of the critical Air Force specialties are selected from these two aptitude
areas. . ‘

IMPLICATIONS: The AQE aptitude ranges of enlistees prior to the fermination of the

draft, which occurred in January }973,,are compared with enlistees under the all-
volunteer fogrce. The Air Force hds been unable to recuperate from a drop in

high aptitudes which occurred in 1971. ‘This drop was not due to the all-volunteer
force enlistees.. ’

[BATA_SOURCES: "1, Vitola, B.M., Mullins, £.J., and Brokaw, L.D. Quality of

- the All-volunteer Air Force - 1973, AFHRL~TR-74-35, Air
Force Human Resources Laboratory, Lackland Air Force Base,
Texas, April 1974, :

WODELSFOR SUBJECT.

~ [NDEx: 1.8
DATA APPLICATION: Enlistee Range of AQE Scores vs. +
{Year of Enlistment - CROSS-INDEX:  [T.1-5. 9
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- Percent Scoring at Each -
Aptitude-Index

Index 1970 1971 1972 1973

Centile 4 ! % ; % %

General Index

95 8 5 4 - 5

90" 6 4 4 3

85 8 8 7 4

80 8 9 8 7

. Total 30 26 23 19

Electronics Index | N

) 95 12 9 8 5
90 6 5 6 6

85 7 6 6 7

80 8 10 10 9

Total 33 30 30 27

TITLE: Percentage of 1970 through 1973 Enlistees with Very High AQE-General and
AQE-Electronics Scores

COMMENTS: The data are based on male, non-prior service basic trainees who enlisted
in the Air Force in 1970, 1971, 1972, and 1973, This chart shows the composites
for General and Electronics. Many of the critical Air Force specialties are
selected from these two aptitude areas.

|IMPLICATIONS: The very high aptitude scores of enlistegs prior to the termination
®loFf the draft, which occurred in January 1973, are compared with enlistees under
the all-volunteer force. The percentages of enlistees in the 80 and above group
declined, with the loss being primarily in the upper ranges of this group. While
the Air Force has been unable to recruit top aptitude personnel-as readily as it
did in 1970, it is clear that the drop in aptitude level was not due to the intro-

duction of an all-volunteer force.

. [DATA SOURCES: 1. Vitola, B.M., Mullins, C.J., and Brokaw, L.D. Quality of
the Al1l-volunteer Air Force - 1973. AFHRL-TR-74-35. Air
Force Human Resources Laboratory, Lackland Air Force Base,
Texas, April 1974. :
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DATA APPLICATION: High Scores on AQE vs. Year of ,
Enlistment CROSSNDEX: [1.1-8.2
ﬁ | - s
171
11.1-8.4 | 1oy

e




e

— R

Craph 1 ~Graph 2 ‘

Increasing MELEC

‘

1970 Time veriod Tncreasing MELEC
—- — —

Graph 3 ‘Graph 4
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TITLE: Effects of M1croe1éctron1cs {MELEC) on Hardware Reliability, Ma1ntendnce
Requirements and Numbers ‘of Ma1ntenance Personnel Required.

COMMENTS : Stud1es] conducted in 1970 pred1cted the impact of future avion-

ics system on reliability, maintenance, and personnel requirements. Graphs 1 and
¢ describe the predicted trends. Graph 1 shows that the use of microelectronics
will increase with time. Graph 2 shows that equipment reliability can be explained|
as a function of microelectronics, i.e., as MELEC increases, equipment reliability
increases. Graph 3 shows that maintenance requirements can be explained as a
function of reliability, i.e., as reliability increases, maintenance decreases.
‘Graph 4 shows that personnel requirements can be exp1a1ned as a function of main-
tenance requirements, i.e., as ma1ntenance requirements decrease, personneﬂ
requ1rements will also decrease. .

IMPLICATIONJ Decreasing personnel requirements may eventually reduce.training
requirements, however, no significant reduction in training is expected within the
next decade because of continued use of conventional systems. Reduction of per-
sonnel requirements may also depend on the maintenance philosophy chosen (black-
box throw away vs. repair).

DATA SOURCES: 1. Air Training Command, Ad Hoc Conmittee, The Impact of |
Microelectronics and Integrated Systems on Technical Training,
Apr11 1970.
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R As of 30 June 1965 [ ks of T Te T Mqr;;;m Xs of 0 Jun
A e YL YR :
CAREER FIELD Actusl | % of Total in | Actuall% of Total in '[/Required / subdivision ] Actusl| £ of Total in
SUBDIVISICH Nos. Subdivilion Nos. ‘ Sutdivision ' /,'3"1'1/ / R}’\?{”unh Nos, Subdivision
| ‘

321 , 1370 TR g1 i}~ 59.2 s | 58.6 LT 664
BORING-NAVIGATION @ 1; , ( . , '
SYSTEMS , ¥ e I— '

- e | . .

| 322 2618 35.3— | 3003 ! 43.3 1464 57.3 A4 | 55.2

FIRE CUNTROL AND . ) i . )

WLAVCH CONTROL . JN . :

SYSTEMS ) - ‘V‘ .

_ | v |

323 ] 1514 51.7 113 | ¢ 69.8 91 | é2.6 986 9
LiFENSIVE FIRE i ’ ‘

QUNTROL SYSTESS A .

- : ]

2 138 0.9 | 1ms 85.8 900° g8 |18 | -
FHESISICH MEASURING :

BAIFAENT , :

325 8L 24 Y fue |- na 1519 64.9 2601 7.6
_AUTUIATIC FLIGHT e . ‘

CONTHOL /INYPRMENTS Y P '

SYSTELS ol

324 - 0 00 | o 00 - | €9 61.1 07 7.3
INTESRATED AVIGRICS/ | i o | . ~

ACE SYSTERMS ° ) et U . .

TITLE: Avionics Career Field 32 “ Manpower Inventory of Ski1l Levels 7 and 9°vs.
Career Requirements .

COMMENTS: Between 1965 and 1971, the numbers of Skill Levels 7 and 9 increased

for all career subdivisions, with the exception of 324%%. The average rate of
increase within this period ranged from 3.3% to 4.3%3 the exception, 324XX, showed
a net drop of 7.6%. If it is assumed the same trend prevailed between 30 June 1968
and 30 June 1970, it adppeared that the 1970 requirenents for these skill levels
were met. These data also provided information on the first build-up in the new
career subdivision 326XX, which was approximately aftar 30 June 1968,and before

30 June 1970, on the assumption that the 1970 requirements were met, bsl

IMPLICATIONS: Analysis of past inventories indicated adequacy of the human
resources pool to meet actual requirements. It also indicated that the greater
percentage of the available pool were higher skill levels for most of the suhdivs
lisions, with the trend indicating an average yearly growth of 3.3 to 4.3%. As can
be seen from Chart 11.2-8.2, Skill Level 7 contributed substantially more to the

i

WODELS FOR SUBJECT: | NDEX: 2-8
DATA APPLICATION: Avionics CareeEiFier - Manpowgrg ’
' — linventory of Skil1-Levels 7 an _ b
S for Six Career Subdivisions CROSS-INDEX: T,3-2,1
- . ) “ 11-2‘301
v I11.2-8.2
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cjpercentage than Skill Level.8. The creation of a new subdivisioﬁ“ﬁis due to

advanced systems being added to the Air Force inventory about that time (see
Chart 1.3-2.1). Presumably, based upon predictions (see Charts II1.2-3.1 and:
I1.5-3.2), the advanced systems would require lower numbers and 1ower skills to
maintain, the number and skill distributions depending upon the level of mainte-
nance. . ~

DATA SOURCES: 1. United States Department of the Air Force. The USAF Personnel
\;;:// Plan, Volume III, Airman Structure Annexes, July 2, 1970,
" 2. Air Force Human Resources Laboratory, Personnel Research
Division, Lackland ;Air Force Base, Texas. (Letter Communica-
tion, 1973)

L3
«

e —r—— = me—

Tmoex: 28

WODELSFOR | SUBJECT. 4
DATA APPLICATION: Avionics Career Field - Manpower

. Inventory of Skill Levels 7 and 9 1.3-2.1

‘for Six Career Subdivisions CROSS-INDEX: o

P IT,2-5,0
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I.%—S{H Sheet 2 of 2
| -

I




321 Mw-llivintlon Systems 324 Precision Messuring Equipmeat

922 Fire Control and Weapon Control Systems 325 Automatic Flight Control/Instruments Sgetiemes
32) Defensive Fire Control Systems 336 Inteprated Avienics/AK Systems
THITY Tavel J “SEITI Tavel 5 ) TRIYY Tovel 7 HRIIT Tavel ¥

As of ¥ of |Chanps from £ of | Change from % of | Change from ? of | Change frem
30 June | Nos.| Total|Prior Period | Wos. | Total | Prier Perdod| Nos, | Total | Prisr Period [Nos. |Total | Prior Period
B S )

1965 220t] 12.6 - 002| 45,1 - 6811 { 1.7 - 851 | &7 ] -

e | 19| 8.6 | oo Aok wrie| .t |vom aost [ homefuaz | up ast |z | a6 |up 3.

((
U1 luo:. 7.8 mo.@ s165) 33.4 {Dewn 7.2 | 7669|49.6 | p 74% {8 ] o4 |Up 0.

—

TiTLE: Percent Distribution of Ski11 Levels of Avionics Career Field Subdivisiong
321XX through 326XX i

"~ |COMMENTS: Human resources were inventoried for 1965, 1968, and 1971. Skill Levels
15 and 7 combined accounted for more than 80% of the human resources. Both Skill
Levels 3 and 5 showed a doy{nward trend over time, while Ski11 Levels 7 and 9 showed

an upward trend over time. -

IMPLICATIONS: It appears that the problem of arresting the attrition of skiTh"
avels 1 and 5 will become more acute as adyanced systems (see Chart 1.3-2.1) arg °
added tglphe equipment inventory. f%¥;‘

DATA SOURCES: 1. Air Force Human Resources/Laboratory, Personnel Research (
. -" Division, Lackland Air Fdrce Base, Texas. (Letter
Communication, 1973) ‘ :

ki

MODELS FOR SUBJECT: INDEX: 2-8
DATA APPLICATION: Percent Distribution of Skill ‘
' Levels for Avionics Career Field 0SS-NDEX:
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601 $kill Level 5 * %

j11 Level 3 , L
-1 Skill Level 7

' . L

9 a0 || | o
A ‘ . . ' Skill Level 9 : ¢
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Time Period

TITLE: Percent Distribution of Skill-Levels for Avionics Career Subdivision 326XX -
Avionics AGE and Integrated Avionics Systems

of Skill Levé]

78

COMMENTS: The creation of this career subdivision occurred approximately the same
time as the introduction of systems into the United States Air Force that were
distinguished by major application of advanced design concepts such as Group B
systems on which this speciaity is assigned to work (see Chart 1.3-2.1)., Require-
ments projected to 19781 show that future needs will- be approximately the same as
that for 1972, .

{IMPLICATIONS: The distribution of skills to maintain firoup B systems approx-
imates the distribution of skills to maintain Group A systems (see Chart
11.2-8.4). However, the composite number may not be comparable nor the dis-
tribution of skills based on maintenance levels - organizational, intermediate,
and depot. Since the manpower nool of higher skills is predicated on a buildup
of lower skills, attrited rates reported for Skill Levels 3 and 5 in 1968 and
1971 (see Chart 11.2-8.2) may signify possible problems in meeting the prdjected
requirements. Reevaluation and restructuring of technical training as well as
~1job functions represent two positive courses of action that might eventuate as .
satisfactory solutions. .

DATA SUURCES: 1. United States Department of the Air Force.
f Manpower: Uata Systems Branch, AFPRM, Pentagon *
Washington, 0.C., Document No. PCN-PRA-00035,

! April 3, 1973.
i q
WODELSFOR  |suECT T
DATA APPLICATION Percent Distrikution of Skill \ _
’ ' |Levels for Avionics Career / »
SUbdiV‘iSiOﬂ 326xx CROSS:INDEX: 1-3.2 1 P
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g 607 Skill Level 5
EE 40 §
7 , ‘ Skill Level 7
o 204 [t ,
- Skill Level 9
0 1
Somer =ZoSRp SB3NRR B88NE

Time Period

TITLE: Percent Distribution of Skill Levels for Avionics Career Subdivision 322XX -
Fire Control and Weapon Control Systems '

COMMENTS:  FRequirements projected to 1981] for Group A systems (see Chart 1.3-2.1)

show that future needs will be approximately the same as those for 1966, -1969, and
1972.

IMPLICATIONS: Since the manpower pool of Skill Level 5 is predicated primdrily
on a successful buildup of the Skill Level 3 pool, attrited rates reported for -
1968 and 1971 (see Chart 11.2-8.2) signify possible problems in meeting the
projected requirements. Peevaluation and restrueturing of technical trgining

as well as job responsibilities represent two positive courses of actiol that
might avert an imminent problei, :

a
%

DATA SOURCES: 1. United States Departnent of the Air Force, Manpower Data
- Systems Branch, AFPRM, Pentagon, Washington, D.C.,

Document Ho. PCN-PRRA-00035, April 3, 1973. oo
¢ 4
WODELS FOR et ==Twoex: 2-¢
DATA APPLICATION: Percent Distribution of Skill ,/.‘¢
Levels for Avionics Career ' WREye 1AL
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Strength
2,000 1

1’500 9

1,000 4

500 4

(-4 E-5 t-6 - E-7 E-8 E-9 / )
Total Active Federal Military Service (TAFMS)

TITLE: Avionics Career Field 32 - Manpower Inventory as of 30 June 1970

COMMENTS: This career field provides the ianpower to support nited States Aiv
Force avionics systems. Different types of avienics svstens have different man-
power requirements. Charts 11,2-8.2, 11.2-8.3 and 11.2-8.4 discussed past inven-
tories and projected requirements for six different career subdivisions, niost of
them concerned with fire control and weapon control svstems, “However, since the

| career field provides a policy of lateral transfer, an overall examination of man-
pover strength may vield information whether it would be possible to redistribute
human resources if deficits becomeran acute reality; 1970 data were used for this
purpose. The tetal inventory is displayed in TAFMS fGreups 1 to 30. TAFMS stands
for Total Active Federal Military service, or number of years of military service,
The lines extending downward frem the ¥ awis indicate the averaqe years of total
service at promotion to the grades £-4, £-5, etc. These grade identifications are
approximate indicators of the skill level of the airmien. E=ds are generally Skill
Level 3, E-85 through E-75 are primarily Skill Level §s afd 7s, and from E-8 and

| up, the skill level is espected to be 9., The broken Tinevindicates the require-
ments, Therefore, this chart provides a comsarisen of actual reauirements vs.
available human resources as of 30 June 1970, The shortage was in Groups 5§ to 12,
i.e., airmen with § to 12 years of esperience. The reauirements for first-temers
were not stated; however, it can -be cbserved that the numbers required for the
beginning point of ctrenath buildup would be predicated on the suceessful Processs
ing of lower skilled airmen into the higher skill ranks.

MODELSFOR soeJECT: . TINDEX. ™ 2=31
DATA APPLICATION: Avionics Career Field 32 - Manpower
Inventory as of 30 June 1970 CROSSINDEX: 11.2-8.2
. ] R 3 O
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harts cit
skills for advanced_design tofsépts will perpetuate the. problem of shortages of
skilled airmen. Reevaluation and restructuring of technical training as well as

problem in the 70s and 80s... " .
DATA -SOURCES: 1. United States Departmént of the Air Force, The USAF Personnel

» \

job functions represent two positive courses of action that might ameliorate this

" Tt is predicted that the demands of different——| -

T 7Plan, Volume 111, Airman Structure-Annexesy Juty-2; 1970, ———f—--
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|TITLE: Increases over Time of Numbers of AFSCs, High.Skill Specialties and Number
of Maintenance Personnel Required .

COMMENTS: A study -conducted in 1967]‘shbwed that_the total number of job special-
ties had risen from 285 in 1945 to 818 in 1967 (Graph 1). ,In 1945, one out of
three high skill specialties was electronics, mechanical, or technical; in 1967,
the proportion was one out of two (Graph 2). In 1945, it took eight men to keep

? P-4Z ;%ying during World War II; in 1967, the F-111 required three times as many -
Graph 3). : ’ ‘ ' o

‘IMPLItATIOﬁS:‘ The increased human rescurces requirements with concomitant effects
on*training and maintenance costs were due largely to greater complexity of Air
fForce hardware. As equipment complexity continues to grow, similar effects are °
expected. R .

DATA SOURCES: 1. Ferraro, Eugene T., A Look Ahead in USAF Personnel Research,
R Proceedings Twenty-Fifth Annivérsary Symposium, Personnel
) . Research and Systéms Advancement, December 1967.

MODELS FOR ~ SUBJECT: . INDEX: 2-31
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Shop Task
Complexity
§h6p Task
Comp]exity
Shop Skill

3

~

|TITLE: Effects of Microeldctronics (MELEC) on Reguired Shdp Personnel Skill Levels:

COMMENTS: Studies] conducted in 1970 described the impact trends of MELEC -
on testing concepts, shop task compiexity, and shop skills. - Graphs 1 through 8
explain the nature of the relationships. Graph 1: As MELEC increases, the use,/'
of built-in test equipment (BITE) will increase. Graph 2: As MELEC increases,
the use of automatic test equipment (ATE) will increase. The rate of increase will
Ibe slower for ATE than BITE. Graphs 3 and 4: BITE and ATE development as a func-
tion of time show more rapid progress for BITE. Graph 5. As use of BITE'increases
|shop task complexity will increase. Fault localization is expected to be more | |
difficult on MELEC than on conventional equipment. Graph 6: As.use of ATE '
increases, shop task complexity will decrease. Automated ‘testing was expected to
simplify the operator's functional role. Graphs 7 and 8: Because of the lag in
time between BITE and ATE, shop task complexity and shop manning of certain skills®
will tend to increase until it is offset by a corresponding increase in ATE develop-
ment. * A partial assessment of these findings and predictions can be made by . -
referring to the field data on conventional vs. advanced systems, contained
in Section I. ‘ ‘ . :

IMPLICATIONS: Decreasing task comnlexity énd_ski]? levels reauired may reducé’
training requirements and the number of people required (ATE reduces task time).

. Equally powerful ripple effects can be expected wi-th sthe advent of other new
technologies. o : ‘

DATA SOURCES: 1. Air Training bommand: Ad Hoc Committee, The Impact of Micro-
, . electronics and Integrated Systems on Technical Training,

April 1970. .
. e & - - - = —
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ITITLE: 'Effects of Microelectronics (MELEC) on‘Bui]t—in Test Equipment (BITE) and
- Ftightline (FL) Maintenance Time, Complexity and Skill Level v

COMMENTS: Studies' conducted in 1970 described-the effects of MELEC on ,
testing concepts, flight-line performance time, flight-line task complexity, and
flight-line skills. Graphs 1 through 4 explain the nature of the relationships.
Graph 1: As the use of MELEC increases, BITE will increase. Gragh 2: As the use
Jof BITE increases, performance time will decrease. Graph 3: As the use of BITE
iricreases, task complexity will decrease. Graph 4: As the use of BITE increases,
flight-1ine skills will be less demanding. The relationships shown in Graphs 2 and
3 were predicated on BITE's capacity for rapid and operationally simple fault
localization to a line replaceable unit. The retationship shown in Graph 4 was
predicated on the reduction of different types of test equipment as well as reduc-
tion in.repair tasks. A partial “corroboration of these findings and predictions
can be established by‘reterring to the operational data on conventional vs.-
advanced systems contained in Section’l.

IMPLICATIONS: Training required for these FL maintenance personnel will be very
limited. This concept will no doubt create serious problems in career progression
and preclude use of these personnel in the intermediate maintenance area without
additional trainings- Equally powerful ripple effects, with the advent of other
new technologies,g4can be expected.

DATA SOURCES: 1. Air Training Command, Ad Hoc. Committee, The Impact of Micro-
electronics and Integrated Systems on Technical Training,

| April 1970. o -
" MODELS FOR SUBJECT: “TINDEX: 6-3
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JTITLE: Relationship between Number of Steps in Functional Checkout and Mean
Number of Errors. : . ' »

COMMENTS: Data represent 30 components in the following 10 avionics systems:
ASN~91;]ASG-19; APQ-109; 4PQ-120; F-111 CADC: F-111 AFCS; F-101; ASN-48; ARC-51;
ARC-34. : '

IMPLICATIONS: ¥n a training environment, the number of steps in checkout is é
predictor of the number of errors in performance. C

ks

DATA® SOURCES: 1. Lintz, L., Loy, S., Hopper, R., and Potempafﬁi, Relationships
i between Design Characteristics of Avionics Subsystems and
Training Cost, Training Difficulty, and Job Performance. AFHRL -
TR-72-70, Air Force Human Resources Laboratory, Wright-Patterson

Air Force Base, Ohio, January 1973. )

£ d
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| DATA SOURCES: 1. Lintz, L., Loy, S., Hopper, R., and Potempa, K., Relatibhships

TITLE: Relationship between Number of Steps in Functional Checkout and Performance
Time ' . . w
COMMENTS: Data rebresent 30 components in the following 10 avionics systems:

ASN-91;.ASG-19; APQ-1093 APQ-120; F-111 CADC; F-111 AFSC, F-101; ASN-48; ARC-51;

IMPLICATIONS: In a training environment, the number of steps is shown to be the 3
single best predictor of performance time for functional checkout tasks.

between Design Characteristics of Avionics Subsystems and
Training Cost, Training Difficulty, and Job Performance. AFHRL- .
TR-72-70, Air Force Human Resources Laboratory, Wright-Patterson
Air Force Base, Ohio, January 1973, ,

%

-
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TITLE: Performance Time and Errors as a Fdnction of. Number of Steps in Eheckout
Procedures. : - ’
COMMENTS: ADaté represent 30.components in the following avionics systems: ASN-9T7,
ASG-19; APQ-109; APQ-1203 F-111 CADC; F-111 AFCS; ASN-48; F-101; ARC-51; ARC-34.1

. - )

IMPLICATIONS: As the number of steps increase, so do the number of errors. Also,
as the number” of steps increase, performance time increases. Errors and perfor-
mance time in checkout procedures may be reduced by decreasing the number of re-
quired steps: . - .

v

DATA SOURCES: 1. Lintz, L., Loy, S., Hopper, R., and Potempa, K., Re%ztionships-
between Design Characteristics of Avionics Subsystems and
Training Cost, Training Difficutty, and Job Performance .AFHRL-
TR-72-70, Air Force Human Resourcés Laboratory, Wright-Patterson
Air Force Base, Ohio, January 1973.

»
- ‘ - :
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TITLE: Time bifference on a Performance Check Task between Two Maintenance

Techniques - Automatic Test Equipment (ATE) Used or Standard Test
Equipment Used. ' o

COMMENTS: This performance check was performed on a mi1itahy‘FM:tﬁansceiver' S

Prior to automation it took a skilled technician with standard test equipment

about 30 minutes to check the performance of a1mi11tary transceiver. With ATE
it takes about one minupe to do the same test.

*

IMPLICATIONS:. As more and more ATE enter the inventory, shop maintenance time

reductions, similarito that shown above, should result, Since the time required
for maintenance is reduced, the number of maintenance personnel required may be
reduced or shifted to other maintenance activities.

DATA SOURCES: 1. Air Training Command, Ad Hoc Committee, The Impact of Micro-

- electronics and Integrated Systems on Technical Training,
Aprilt 1970.
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TITLE:

- to be Manipulated

COMMENTS: The number of combon
separate major parts that must

IMPLICATIONS:

be handled in order to gffect repair:]

-

tenance .time of the numbér of components that must be manipulated.

components wif help effect -the reduction. - " u

Y

loATA sourcEs: 1. Tiliman, S., Benson,

- and Quantitative Predictors of Maintainability of* Air Force

Unit Replacement Time as Influenced by the Number of Components thyt Need
ents to be manipulated refers to the number of’

" These data can-be used as a-hasty estimate of ‘the effects dnvmajpa
[ t be .If theye s a "
;:’requirement to reduce maintenance tjme, a rgduction'in\the\number of manipulated

N., Clausen, H., Development of Criteria

) L]

’ n Equipment. ASD-TR-61-502, Aeronautical Systems Division, Wright-
» - Patterson Air Force Base, Ohio, September 1961. c
) # o ) . . ‘ ) ’ T P
MODELS FOR - Tsumiect: . . |INDEX: 5-36
DATA APPLICATION: Hardware Design Variable vss ~ e o o
‘V |Maintenance Time = ° > . o .
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$3420~ j’ N _-~-" Maintenance
- Fundamentats
+ ' Aircraft
8 Maintenance
_ & _ ____  Fundamentals
e .
E
i
-
] 1
{952 | : 1967 .

- Years

TITLE: Cost Increases over Time of Electronic and Aircraft Maintenance
Fundamentals Training .

COMMENTS: In 1952, the cost for training in aircraft maintenance fundamentals
was 3800. In 1967, the same course cost $2,520. For the same years, the cost of.
training in electronic maintenance fundamenta]i rose from $1,040 to $3,420. " The .
ratio of increase in both instances was 1:3.2.

: IHPLICATIONS:‘ Part of the cost increase stemmed from the general rise in.cost of
I1ving, but a large part was due to the increasing complexity of the hardware used

, |in the Air Force.” As time goes on, equipment complexity will continue to inerease | -
|resulting in a corresponding increase in training cost. L N o

.\

DATA SOURCES: 1. Ferraro, Eugene T., A Look Ahead in USAF Personnal Research,
] Proceedings” Twenty~Fifth Anniversary Sympgsium Personnel -
Research and Systents Advancement., December 1967.

MODELS FOR - 1SUBJECT: - |moex: 5-38
DATA APPLICATION: ‘Txgining Cost vs. Time Period oo

'| CROSS-INDEX: -
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TITLE: Performance Time and Percent of Error Probability as a Function
_ . of Task Difficulty - Organizational Maintenance :
1 . . " L4 N . .
HEQUHEEIQ: The functions represent organizational level maintenance data collected
on 27 functional loops from 10 avionics subsystems.'
. IMELICATIONS: As task difficulty increases, the number of errors increase, but
more so for low skills. Also, time to perform increases with difficulty, but
~|more so for Tow skills. The inserted figure shows that for tasks of up to medium
. difficulty (50}, time to perform for both high and Tow skills remains relatively
constant. There is a-large difference in time to perform, between hiah and Tow
¢ o [skiT, as tasks become more difficult.

'fQATAASﬁﬂﬁCESfu 1. ‘Lintz, L.,oLoy, 5., Brock, G., and Potempa, K., Predicting Main-
N . tenance Task Difficulty and Personnel &kiJ1 Requirements Based [
- - I on .Destgn Parameters of Ayionic Subsystems . AFHRL-TR-72-75,

3 Air Force Human.Resources oratory, Wright-Patterson Air Force
o + Base, Ohfo, August 1973. '
e OOELSFOR . [SUBJECT:. & ‘ INDEX: 6-40
[DATA APPLICATION: 96;Uﬁati0na1 Performance vs.
- ) .h ) . gk'ﬂ] ‘LéVé1 ;H‘lgh and LOW) CROSS-INDEX:
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TITLE: Performance Time and Percent Error Probability as a Function of
T Task Difficulty - Intermediate ‘Maintenance

COMMENTS: The functions/represent intermediate lev$1 maintenance on 23 line
replaceable units (LRUs) from ten avionics systems. :

IMPLICATIONS: As task difficulty increases, the number of ®rrors increase, but
more so for low skills. Also, time to,perform increases with difficulty, but more
so for low skills. The inserted figuré shows that, for tasks of up to medium
difficylty (50), time to perform for both high and§z§¥ skills remains relatively
constant. There is a large difference in time to perform, between high and low,
skills, as tasks become moc;rdifficu1t. ) . ¥

DATA SQURCES: 1. Lintz, t?} Loy, S., Brock, G., and Potempa, K., Predicting Main-

. tenance Task Difficulty and Personnel Skill Requirements Based
on Design Parameters -of Avionic Subsvstenms, AFHRL-TR-72-75,
Air Force Human Resources Laboratory, Wright-Patterson Air
Force Base, Ohio, August 1973, ‘

WODELS FOR SUBJECT: | “TINDEX:  6-40
DATA APPLICATION: * |Occupaticnal Performance vs.

Skill Level (High and Low) CROSS-INDEX:
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TITLE: Performance Timé Differences for High and Low Skills as a Function of
Task Difficulty

COMMENTS: The functions represent intermediate level maintenance (on 28 Tine
replaceable units from ten avionics systems) and organizational Tlevel maintenance

skills refer to second term airmen. ‘f .

IMPLICATIONS: Performance time differences between high and Tow skills remain
Tevel for tasks of up to medium difficulty. Beyond this level, performance time

to tasks of above medium difficulty. For efficient manpower utilization, airmen
with greater experience (e.g., second term airmen) should be assigned tasks of
greater difficulty. :

on Design Parameters of Avionic Subsystemsa AFHRL-TR-72-75,

(on 27 functional loops from ten avionics systems). The ordinate is based on time
differences for performing tasks of varying difficulty level by low and high skills

(Tow minus high). The difficulty levels range from 0 to 100, the latter being the
most difficult. Low skills are generally related to first term airmen, while high

climbs radically for low skills. This large difference suggests that task assign-
ments for both organizational and intermediate level maintenance shguld be depen-
dent on work experience., Airmen with low experience levels should™not be assigned

DATA SOURCES: 1. Lihtz,JL., Loy, S., Brock, G., and Potempa, K., Predicting Main-
tenance Task Difficulty and Personnel Skill Requirements Based

Air Force Human Resources Laboratory, Wright-Patterson Air Force

Base, Ohio, August 1973. , :
WODELS FOR _ SUBJECT: R INDEX: 6-40
DATA APPLICATION: (\ Occupational Performance vs. J
: N\ . |skill Level (High and Low) | crossmoex:
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- The presentation of a continuous = ¢
J graph was.considered appropriate 524 .
since averages were used. Regression et "
equations were used to determine
the performance values.
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~ AFSC Level

) TITLE: ‘Techniciap Understanding of Problems as a Function of AFSC Level
- |COMMENTS: Technician understanding of malfunctions and procedures for solving

the problem is related to AFSC 1eve]:’1 Surprisingly this relationship is
significant only for ‘the flight line. « ‘

IMPLICATIONS: Equipment characteristics appear to play a larger role in the shop
(arrangement of internal components is significant in both shop locatigns). The
reason for this may be simply that the amount of ¢contact the technician has with
equipment characteristics at the flight.line is sq.restricted that other factors
(e.g., experience level) overshadow these, Also, -the more freguent use of the TO
in the shop may compensate to some extent for inexpgrience; -

DATA SOURCES: 1. Meister, 0., Finlev, D. and Thompson, E., Pelationship between
o, - System Design, Technician Trainiig and Maintehance Job Perfor- -
{ mance on Two Auttpilot Subsystems, AFHRL-TR-70-20, Air Force
Human Resources Laboratory, Wright-Patterson Air Force Base,

Ohio, September 1971, _— .
WODELS FOR SUBJECT: | | INDEX:  6-40 - %
DATA APPLICATION: Technician Understanding vs. *
“ AFSC Level | CROSS-INDEX:
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| TITLE: Organizational Maintenance - Fdnctﬁbha] Checkout of Ten AVioniqs,Subsystems

{COMMENTS: The functions represent organizational level maintenance data-collected |

on 27 functional loops from ten avionics subsystems. A functional loop is defined
as a network of circuits and equipment units within an avionics subsystem through
which signals are processed to perform a specific function. o

IMPLICATIONS: A large difference in time‘fo;perform exists bétween high skill and
Tow. At a median time of 89 minutes, 65% of the high skills would have completed

| the task by that time as compared to 40% for low skills. At a median time of 150

minutes _for low skill technicians, 70% would have completed the task as. compared
to 95% for high skills. The difference between_ the medians of the two groups is
61. minutes. : ; . o

DATA SOURCES: 1. Lintz, L., Loy, S., Brock, G., and Potempa, K., Predicting Main-

tenance ;Task Difficulty and Personnel Skill Requirements Based
on Design Parameters of Avionic Subsystems. AFHRL=TR-72-75,
Air Force Human Resources Laboratory, Wright-Patterson Air-Force

Base, Ohio, August 1973.
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DATA APPLICATION: < Occupational Performance vs: ’
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DATA SOURCES: 1.

TITLE: Intermediate Level Maintenance - Functional Checkout on Ten Avionics .

COMHENTS:  The functions represent intgrmediate Tevel maintenance data collected
(on 28 Tine replaceable units (LRUs) from ten avionics subsystems,

| IMPLICATIONS: A large difference in time to perform exists between high skill and
|Tow. At a median tige of 90 minutes, 85 of the high skills would have completed
| the' task by that time as compared to 55% for low skills.: The difference between

two groups is 60 minutes.
Lintz, L., Loy, S., Brock, G., and Potempa, K., Predicting Main-
tenance Task Difficulty and Personnel Ski11- Requirements Based
on Design Parameters of Avionic Subsystens. AFHRL-TR-72-75,

Air Force Human Resources Laburatory, Wright-Patterson Air Force

base, Thig, August 1973. ’
’ 5 N .
) (
- ¢ ¢
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DATA APPLICATION; chupationa] Performance vs. :
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TITLE: Relationship Between Errors in Functional Checkout and the Number of Years
, of Experience on the Subsystems " :

COMMENTS: The function represents organjzational-iével maintenance data collected
on 27 functional.loops from 10 avionic subsystems, and from intermediate level
maintenaQCe1data collected on 28 lines replaceable units. (LRUs) from 10 avionics
subsystefis. ' A functional loop is defined as a network of circuits.and equipment
units within an &vionisg subsystem through which signals are processed to perform
a specific function. - . . ‘. :

IMPLICATIONS: The relationship\shown here represents a typical learning curve.
e relative -complexity ‘of the Wvionics systems requires about two years of exper-
ience on the .subsystems before grrors asymptote at a low level.

DATA SOURCES: 1. Lintz, L., Loy, S., Brock, G., and Potempa, K., Predicting Main- |
‘ - tenance Task Difficulty and Personnel Skill Requirements Based
o . on Design Parameters of Avionics Subsystems. AFHRL-TR-72-75,
| . Air Force Human-Resources Laboratory, Wright-Patterson Air Force
Base, Ohio, August 1973, "

, - N
MODELS FOR - - SUBJECT: . . # . INDEX: 6-40
D‘TAA?PUCNUENZ‘ _ |Occupativnal Performance vs. ul » 1
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195
193

cL ' II1.6-40.8




Experience o S
. ‘ : . ,
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TITLE: Job Penformahqe as a Function of Experience Level

COMMENTS: Experience seems to .play little role in fnfluencihg maintenance ‘perfor-
mance of technicians who .are already fairly well eXperiEnced.‘” The experience”
factor becomes an important predictor of performqnce when different experience
groups are compared. Chart 1I1.6-40.8, for example, shows that errors-in func-
tional checkout decrease radically with experience - .

>
. ik
“ e

‘IMPLICATIONS: As the novice_technician is éxposed to a certain amouint 6f on-the-

. |Job training, the experience factor ténds to become less of a discriminmant factor.

The contribution of experience to performance is represented by the hypothetical

‘o

DATA SOURCES: 1. Meister, D., Finley; D. and Thompson, E., Relatiahship betweenk

‘System Design, Technician Training and Maintenance Job
Performance on two Autopilot Subsystems . AFHRL-TR-70-20, Air
Force Human Resources Laboratory, Wright-Patterson Afr Force
Base, Ohio, September 1971. . H

WODELS FOR SUBJECT: ~ INDEX:  6-40
DATA APPLICATION: + |Occupational Performance vs. o
‘ Experience Level" . ~ ) .
B | [CROSSNDEX: 111 6-40.8
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| The foTIbwing Tist of models were selected or adapted from references because;of
their potential practical application in deriving weapon system life cycle cost
estimates which consider the functions of design, operations, training, logistics,
~ |and human ‘resources. An examination of these models will show that in many cases,
| the level at which a model parameter is defined is too gross-to permit direct
‘application of data currently contained in, Sections I, II and III. Successive
iterative refinements of the Handbook will yield a series of matching models and
input values considered to be the most valid estimators of weapon system 1life
cycle cost. - . : ' ¢
S L L S . -
R ; * N
= ) . 3
B | Models , a
A |T=A+S - . . ™
T = Total Cost of System
A = Acquisition Cost of System ’ “ : N
S = Total System Ljifetime Operagjon and Support Costs ;o
FR P T B 2
Iet = Het/Lg
Ict = Inflation Costs of Capital Resource .
Cet = Current Replacement-Cost . :
Hot = Historical, Original or Acquisition Cost of /Capital Resources
Ly '="Average Life of Capital Resource. . | - ,
C (A= PD +CI = (Mep * MCI) ‘ 1
"A = Acquisition Cost of System ,
CD = Total Cost of Research, Design and .Development o*
CI = Total Equipment Initial Investment Cost . ‘ : w
MCD = Maintainability Research, Design‘and Development Cost™ - I
Mer = Maintainability Initial Investment Cost . :
D |S =CPy+CCy+CS, +CTy 0 | v 1
' S = Total System Lifetime Operation and Support Costs. -,
cP; = Cost of Personnel.at all Levels' . .
CC, = Cost of Consumables at all Levels &
CS; = Lost of Spares at all Levels. .‘ " Lo
CT; = Cost of Transportation at ald Levels ., =~ - . i
indadaden ndiadnddi h e fatutadabudadab b hnduntashadient -“'"‘""":"'-""""‘.:""""x""‘"'""'""'"""‘""'"‘"“'""‘: ““““ ""“' """"
MTBF + MTTR Lo .
, A .= Availability . -
MTBF '= Mean Time Between Failures
MTTR = Mean Time to Restore =~
| : ‘ﬂ 7 v v » ‘ ,_,.
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< ‘ 3 |
§ \\ﬂ : o Mode1s | ‘ 2
g ey ‘ - F . .
FC0"ComJ'CofJ'CosJ'Cot b e ‘ ' 1
- €, = Cost Incurred at .Organization ”
Com = Cost of Personnel
Cof = Cost of Consumables , .
1 C ,=Cmtoﬂ&mm$~4~“~'5 A V% SRR ST —
I Cot = tost-of-Transportation (Round=Trip) < T
iy -:--- -"““f'-:--"‘:.f,-«-?--':“-""!",‘-,;-« ------ k. . g b i 2 - e --q:‘-"-j‘---‘--'-‘u:--‘-.----u ™
G Cp = Com * Cop* Cpg + Cpp . 1!: e oL 1
C¢ = Cost Incurred in the Field . . e -,
Cfm = Cost of Personnel
Ceg = Cost.of Consumables
Cfs = Cost of Spares - | .
Cft = Cost of Transportation (Round-Trip) . '
H[ST=X+y+2 N | ) 6 '
ST = Stock Level (or Demand Level) < .
X = (baily Demand Rate or Total Maintenance Actions per Item) x
(% Base Repair) x (Repair Cycle Time): * ” ‘
A Y = (Daily Demand Rate or Total Maintenance Actions per Item) x
' (& NRTS - Not Repairable this Station)-x (Pipeline Time or
g Order and Shipping,. Time) h ‘ R I
Z = V3(XH], Which is the Safety Level Quantity '
I|TR=A+BD+E+F B ; 2
TR = Training per AFSC
A = Direct Training Cost (Instructions Plus Equipment)
. B = Average.Training Time (Months)
C = Average Grade at Time of Training
* D = Average Monthly Pay for Grade:while Training .
E = Average Travel Pay and Allowances to Trainees
F = Miscellaneous Costs Connected with Training
I |byg = 0y Ris * Tig + Py 7
: Li‘ = Personfel Attrition in Skill Field i and Skil1l Level j .
A I where ij = skill designation - .
- D§. = Personnel Discharged in Skiil Field i and Skill level j .
. * Rid = Personnel Retired in Skill Field i and Ski11 Leve] j ‘, S
T.7 = Per'sonnel Transferred out of Skill Field i and Skil] Level j
~ Pi = Personnel Exited from Skill Fietd i and Skill Love] j
b through Promotion “
s S “ | . N PO
MODELS FOR . |SUBJECT. ’ : INDEX:  7-42 “
DATA APPLICATION: . IModels of Processes for Weapon {
’ vSysEem Life Cycle Costing CROSS-INDEX: :
193
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% ‘i . g
3 B Weapons !
K'|My = Mus Mg + "‘sv | - 3
M. = Total-Maintenance Load per System
Mis = Unscheduled Maintenange Load
Mg = Scheduled Maintenance Load
{1 . Mgy =Servicing.Operations Maintenance Load
B W T ",',T_'ff_'f_fif T TN
HP - U‘R—' ' S T e T o il
. MP = Manpower Burden \ . .
3 MMH = Maintenance Manhours -
‘ *  OH = Operating Hours ) ‘ -J
M """E"""""""""""""':""' """""""""""""" I I E"
» . " - t Ft "Hst ;
s, 3 .
Mg = Manning Requirements for Sk111 $ per Unit 0perat10na1 Time
F}~ = Total Frequency of Duty or Task t
. "ﬁst = §§?$1r9d Manhours per Portion of Duty or Task t requiring «;
a |
a; = Personnel $kill s Ava11ab111ty ‘
- - N -------------------------------------- - - - - - -:-----u----' ----- - - -
N 1
Me.=Z F; M |
”s EFy My -
Ms = MMH/OH for System S
= Failure Rates of Component' i
Mi = ge?? Manhours Required to Restore the System when Component i
ails y
0 ln, = ¥ Q R
1 'Ei-
. M, = Mean Number of Personnel at Level i Cf'°
. N1 = Workload for Level i
-Ei Repairman Efficiency or*UnitSrof Maintenance per Unit of Time
. P [PH = ;~x AP x N | o ’ 35
: PH = Productive Hours Expended on Duty _
%- = Proportion or Percentage of Time Spent on Dgsy . -
AP = Available Productive Manhours jL
N = gumber of Personne1 of a Particu1ar ski11 Level erforming
) uty . .
WDELSFOR ., - |SUBJECT: T WoEx: 742
DATA APPLICATION: Models of Processes for Weapon
; - , System Life Cyc1e COsting . CROSS-INDEX:
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gl ' i
e : \ . 5
3 T ; Models s 1
N N
¢ Y=z a1 X1 4
i Cet Y .
Y = Estimated Time Required to Perform a Major Task on Unit j | .
= Coefficfents Required to Translate the )(i 1nto Time Elements
Ji = Equipment Design_Chamctenisti;sw_m e . —
RAWe =TT - o a b
H1 = Workload for Level { .
T,‘ Mean Performance Time for all Maintenance Tasks at Level { \
Gy = érrival Rate -of Units at Level 1 for Maintenance, or Failure < ot
ate ,
| s | Wy = (F) (N) (T) - A ‘ ‘ 3 .
HL = Workload for' Duty D .
F © = Frequency of Duty Performance per Umt of Equipment
N = Number of Units of Equipment
......... T..:= UEEQ-EE!fQ!@éECE-Ii'!.'E-EE!.‘-ﬂEElQD--....---..--.._------------..--.,...----u
T e 1 " '
R=1vom ¢ !
R = Operational Readiness o
D = Effective: System Downtime or Effective System Failure Rate
‘ U = Effective System Uptime or Effect*ive System Repair Rate
0 0 00 o €5 0 @0 o 0 B0 e S O B0 0 0 B ot U Ot ¢ 8 0 D D D D R O e e 0 0 0 e g 0 0 @0 s 0 0 s o 0 0 O O D e D D D D NS B8 S B8 s O bt @0 e O
‘ Y
- . .
- . A 1 L. . " .
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DATA APPLICATION: . * |Modets of . Processes for Heapqn ’
. . - |System Li fe Cycle Co;ting CROSS-INDEX:
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"| DATA SOURCES: + : .

1. Harrison, Jr., G:T. Maintainability Engineering Design Notebook. RADC-TR-69~
286, Rome Air Development Center, New York, January 1970. AD 866 818..

-
e - : .

« " l2. Losee, J.E. Maintainability and Qppontalﬁ]ity Evaluation Teéhniques. WADD
| . T.N. 60-82, Wright-Patterson AFB, Ohio, March 1960. ,

3. Losee, J.E., Payfer, G.E., Fraham, W.F., and Eisenberg, B. Methods for Com-
" puting_Manpower Requirements for Weapon System Under Development. ASD TR-61-
""*““361—;‘Hr1‘ghtf'Patterson*AFB;,”—'OhiorAugust‘—"l%%-AD*ZGL435¢ SR U —
4., Purvis, R.E., Mallory, W.K., and McLaughlin, R.L. vValidation of Queuing Tech- |
" niques for Determining System Manning-and Related Support Requirements. AMRL-
TR-65-32, Wright-Patterson \AFB, Ohio, March 1965. AD 615 436.. )

5. smith, R.L. and Westland, R.A. Status of Maintainabilify Models: A Critica]
Review. AMRL-TR-70-97, Wright-Patterson AFB, Ohio, March 1971.

6. He‘ifenback, A. Base Maintenance ‘Activity and Repair Cycle Times. Rand Corpora-
+ tion, RM-5027-BR, September 1966, ‘ ‘

1
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A

ADJUSTMENTS
(Also see OCCUPATIONAL DUTIES)

* ALPHABETICAL INDEX OF CONTENTS

Indicator Scopes, Mean Times
Radar Antennas, Mean Times
Radar Transmitters, Mean Times
Radar Subsystems, Frequency
Radar Subsystems, Manhours
Radar Subsystems, Mean Times

ATRCRAFT L
(See Specific Topical Headings)

AIRCRAFT MAINTENANCE FUNDAMENTALS
(See TRAINING)

AIR FORCE SPECIALTY COGES {AFSC)

Specialties, Skill Levels, and Numbers
Technician Understanding and AFSC Level
’ ’

-~

ANTENNAS
(See RADAR ANTENNAS)

APTITUDE ) V v
(See QUALIFICATIONS) o

—w—=—FElectricalSynchronizers, Mean-Times—=——"— =

.

11.2-31.2
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A (Continued)

L

AUTOMATIC TEST EQUIPMENT | e
(See TEST EQUIPMENT)

,;AVIONICS CAREER FIELD .
~(see MANPOWER“INVENTORY)**— N

BENCH- CHECK /
(Also see OCCUPATIONAL DUTIES)
Radar Transmitters, Mean Times -

BUILT-IN TEST EQUIPMENT
(See TEST EQUIPMENT)

¢

CHECKOUT PROCEDURES
gSee MAINTENANCE;
See-PERFORMANCE
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COMPONENTS o
.(Also see SPECIFIC COMPONENTS)

Number of Steps in Checkout vs. Performance Time and Errors
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=
)
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» Radar Subsystems, Work-Coded Components 1.4-2.2
R Radar Subsystems, Work-Coded Components vs. Manhours 1.11-4.2
Radar Subsystems, Work-Coded Components “vs:. Logistics C°SE; 1.25-4.2
€OSTS -, ] ' -
- Electrical Synchronizers, -Logistics—— - 1.25-5.27
Indicator Scopes, Logistics 1.25-5.3
Radar Antennas, Logistics 1.25-5.1 .
Radar Transmitters, Logistics . 1.25-5.4 .
Radar Subsystems, Acquisition . ‘ 1.3-2.2
; Radar Subsystems, Acquisition vs. Organizational Manhours I.19-3.1
. Radar Subsystems, Acquisition vs. Intermediate Manhours - 1.11-3.2 -
Radar Subsystems, Acquisition vs. Training Time o 1.19-3.1
Radar Subsystems, Acquisition vs. Logistics . - 1.25-3.1
Radar Subsystems, Logistics vs. Manhours T 1.25-11.1
b . S
DESIGN
Automatic vs. Standard Test Equipment Check Task Times 111.5-36.4
Fire Control Systems, Associated Subsxstems 1.3-2.3
Functional Checkout Steps vs. Errors v I11,5-36.1
Functional Checkout Steps vs. Performance Time I11.5-36.2
Integrated Circuits . ' ‘ 1.3-2.1
. . Integrated Systems ' \ . 4 [,3-2.1
Microcircuits _ . I.3-2.1
Microelectronics Effect on Hardware Reliability, Maintenance a
and Personnel Numbers %iiZ;Béé 3
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D (Cont1nued) “ .

DESIGN (Cont1nued)

Radar Subsystems, Acqu1s1t10n Cost

Radar Subsystems, Acquisition Cost vs.
‘Intermediate Maintenance

Radar Subsystems, Acquisition Cost VS,

Unscﬁeduled

Unscheduled

Orgdnizational Maintenance

w

~ Test Equipment, Built-In A i
Test Equipment, Semi-Automatic ‘ ' T
Un1t Replacement Time vs. Number. ofTComponents,Manipulated

to P ¢

N

DUTIES

N

ELECTRICAL SYNCHRONIZERS I
Logistics Support Costs -~ E
Mean Times for Intermediate Ma1ntenance g

" Mean Times' for Organizational Adjustments

~ Mean Timesg for Organizational Minor Repairs
Mean Times for Organizational Remove and Install
Mean Times for Organizational Troubleshoot1ng
Trfping Time for 3ABR32231
Work-Coded Components -vs. Intermed1ate Ma1ntenance
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ELECTRONIC_MAINTENANCE FUNDAMENTALS T R

 (See TRAINING) , ; . '
* ELECTRONICS TRAINING . - S Y | ]
. (See TRAINING) S S
CENLISTEES i
' (see QUALIFICATIONS)
ENLISTMENT YEAR - S
(See ENLISTEES) - . » .
' ~
AW |
ERRORS » | | 4 “ -
Errors in Functional Checkout vs. Years of Experience 111.6-40.8
Functional Checkout Steps Relationship . ° . 111.5-36.1
Performance Time and Errors vs. Number of Steps in Checkout I11.5-36.3
Task Difficulty vs. Performance Time - Intermediate Maintenance I11.6-40.2
Task Difficulty vs. Time - Organizational Maintenance I11.6-40.1
204 , o
- 206 .
Q R ’




| " E (Continued)- - A ’
EXPERIENCE - | A | -
~ Errors in Functional Checkout vs. Years of Experience - - 111.6-40.8
'~ Job Performance as a Function of Experience Level = | © 111.6<40.32 -
Manpower Inventory Grouped by Years of Total Service - 1970 SIL2-31.1
N s
. E !
e ‘ ‘ ‘ . (" ! & -
- FAULT LOCALIZATION | S
. 7 (See TROUBLESHOOTIAG). ' . '
FIELD SHOP MAINTENANCE v ‘ o .
(See INTERMEDIATE MAINTENANCE)~ *
‘ L . M ‘ i
Y | ' . . . . P I Ce - . T - W 'A’ ‘
' : . ; ) o # P “ . . )
ang\§2§l§0L SYSTEMS | L
iated Subsystems et - 1.3-2.3.
Design Concepts : : 5 , 1.3-2.1
Block Diagram, A-7D - 1,241,
Block Diagram, F-4C o 1.2-1.3 -
Block Diagram, F-4D ' e e e T s 1214
Block Diagram, F-4E LT _ . 1.2-1.5 !
Block Diagram, F-15 T S 1.2-1.9. -
Block Diagram, F-105D 1.2-1.2
_ Block Diagram, F-106A/B I.2-1.1
: Block Diagram, F-111A o ) 1.2-1.6
Block Diagram, FB-111A : L L=l -
Calibration and Maintenance of Test Equipment, o T :
. Skitls and Time Spent 1.26-8.6
Electronic Maintenance, Skills vs. Time Spent K . 1.26-8.1
- Field Shop Adjustment Tasks ‘ 1.27-2.5'
e . Field Shop Bench Check Tasks = : C1.27-2.3
Field Shop Checkouts and Adjustment, Skills and Time @ 1.26-8.5 -
Field Shop Repairs, Skills vs. Time ' 1.26-8.4
Flight-Line Checks and Adjustments, Skills vs. Time Spent © 1.26-8.3
Flight-Line Checkout Tasks e - T1.27-2.1
Line Replaceable Units (LRUs) . L - 1.4-2.3
) N ;
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FIRE CONTROL SYSTEMS (Continued, |
Maintenance vs. Skill Level A. ilability
Power Off Inspections, Skills vs. Time

" 'FLIGHTLINE ADJUSTMENTS

Skill Level Manning

Training Costs for 3ABR32231
Training Times for 3ABR32231

(See MAINTENANCE)

(See‘OCCUPATIONAL DUTIES)

Ly

FLIGHT-LINE CHECKS

—

(See MAINTENANCE)

(See OCCUPATIONAL DUTIES) -

-

(See ORGANIZATIONAL MAINTENANCE) -

.- FLIGHT-LINE MAINTENANCE

0

(See ORGANIZATIONAL MAINTENA

-

</

FORMAL EDUCATION

'FREQUENCY

]

~ Radar Subsystems

(See EDUCATIONAL DATA)

1

Radar Subsystens
Radar Subsysteis
Radar Subsystems
Radar Subsystems
Radar Subsystems

t k

Organizational
Radar Subsystems

-

—

A}

-Frequency of Adjustment Tasks, Organizational
Frequency of Install Tasks, Organizational
Frequency of Organizational Maintenance
Frequency of Minor Repair, Organiz
Frequency.of Remove Tasks, Organizational
Frequency of Remove and Install,

ional

Frequency of Troub]eshootin@,'Organizational

T
1.28-9.1

1028"'9.]

1.28-2.1 - .
1.28-9.1

1.28-9.1

1.28-9.1

1.28-9.1
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'GENERAL ELECTRONIC MAINTENANCE
(See OCCUPATIONAL DUTIES)

GROUND SUPPORT PERSONNEL - :
(See PERSONNEL MANNING) =~

=

HUMAN PERFORMANCE R
(See PERFORMANCE) ,
(See ERRORS)

S

.

1 ’ =
HUMAN RESOURCES =~ |
§See MANPOWER INVEMTORY )" |
(See SKILLS) - ° B
o ¥ ” sA
I .

INDICATOR SCOPES . ‘
Intermediate Maihtenanca‘ﬂean Times
Organizational Adjustments Mean Times ;
Organizational Minor Repairs Mean Times |/
-Organizational Remove a%g Install Mean-Times
Organizational Troublesppoting Mean Times
Logistic Support Cost514
ing Time for 3ABR32231 ' )
ded Components js. Intermediate Maintenance
' A

e

INPUT RATE /
(See RETENTION) .
(See TURNOVER) -
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INSTALL ONLY 4 : L
Radar-Subsystemg - Organizational Frequency I
Radar Subsystems - Organizational Maintenance Manhours I
" Unit Replaé?men% Time vs. Number of Companents Manipulated I

7

INTERMEDIATE M

AINTENANCE e
: (See-alko MAINTENANCE) ‘ Do
, , Avionics Subsystems; Functional Checkout Performance Tifies .
Electrical Synchronizers Comparison of Mean Times \
> Electfical Synchronizers Work-Coded Components
Indicator Scopes Comparison of Mean Times
Indicator Scopes Work-Coded Components | S
Intermediate Maintenance Task Difficulty - Time vs. Vi
..+~ Percent Error Probability ' (A
=77 Radar Antennas - Comparison of Mean Times |
' Radar Antennas Work-Coded Components
Radar Subsystem Acquisition Cost
Radar Subsystems - Comparison of Maintenance Maqhours

Radar Subsystems, Mean Times - Summary

Radar Subsystems - Unscheduled Maintenance Mean Times
Radar Subsystems - Work-Coded Components -
Radar Subsystems - Work-Coded Components Logistic Support iCosts
Radar Subsystems - Work-Coded Compgnents Relationships
Radar Transmitters - Comparison of Mean Times ]
Radar Transmitters --Intermediate Bench Checks Mean Times |,
Radar Transmitters - Intermediate Repairs Mean Times
Radar Transmitter Work-Coded Components.

Radar Transmitters APQ-109 and APQ-129, Mean Times
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_LINE REPLACEABLE UNITS (LRUs)
” Fire Control Systems
Radar Subsystems T ’
Radar Subsystems - Logistic Cost vs. -Number of Line
Replaceable Units L
Radar Subsystems - Organizational Maintenance
| ' ! . ! .
LOGISTICS b S
. Electrical Synchronizers = Comparison of Logistic Support Costs.
Indicator Scopes - Comparison of Logistic Support Costs
Radar Antennas - Comparison of Logistic Support Costs
Radar Subsystems - Acquisition Costs vs. Logistics Support Costs
Radar Subsystems - Logpstic Support.Costs vs. Line
~ Replaceable Units '~ . ,
Radar Subsystems - Logistic Support Costs vs. Work-Coded
Components = - ' o ’ ’
Radar Subsystems - Maintenance Manhours vs. Logistic Support
- Costs -~ T '
Radar Transmitters - Comparison of Logistics Support Costs
B . s
 MAINTENANCE 3

. Y

See also INTERMEDIATE MAINTENANCE).
See also ORGANIZATIONAL MAINTENANCE% B

Fire Control Systems - Calibration ahd Maintenance of Test

Equipment vs. Skills and Time Spent.

Fire Control Systems - Electronic Maiﬁtenance and Repair

vs. Skills and Time .

Fire Control Systems - Field Shop Checkouts and Adjustments
vs. Skills and Time

Fire Control Systems - Field Shop Repair vs. Skills and Time

Fire Control Systems - Flight-Line Checks and Adjustments
ys. Skills and*Time ’ :

4
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M (Continued) . . e .

MAINTENANCE (Continued) ) Co— : L.

. Fire Control Systems - Maintenance vs. Skill Level Availability 1.11-8.1 ’X
Fire Control Systems - Power Off Inspections -vs. Skills and Time 1.26-8.2 g
Microelectronics Effect on Hardware Reliability, Maintenance PR

and Personnel Requirements - 11,223,171 ¢
Radar Subsystems - Intermediate Maintenance Manhours - 1.11-2.2
Radar Subsystems - Maintenance Manhours vs. Lodistic Support . .
Costs . . : o - [.25-11.1
Radar Subsystems - Organizational Maintenance Manhours - A O | P2
Task Difficulty, Time Differénces - High and Low Skill - I11.6-40.3
: ’ i “ ,
MAINTENANCE ACTIONS - . ) - . ¢
(See FREQUENCY) ) - . ' .
MAINTENANCE CONCEPT : o .
 Automatic vs. Standard Test Equipment - Performance Time
Difference - : i - ‘ I11.5-36.4° — —— ——

Electrical Synchronjzers - Work-Coded vs. Intermediate 1.11-4.4
Indicator Scopes - Work-Coded Components vs. Intermediate I1.11-4.5
Line Replaceable Units in Fire Control Systems . 1.4-2.3

" Line Replaceable Units in Radar Subsystems o -« 1421
Radar Antennas - Work-Coded Components .vs. Intermediate 1.11-4.3,

Radar Subsystems - Line Replaceable Units vs, Organizational 1.11-4.1
- Radar Subsystems - Logistic Support Costs vs. Line’ . e
' Replaceable Units T . I.25-4.1
- Radar Subsystems - Logistic Support Costs vs. Work-Coded
- Components ° - { . 1.25-4.2 !
Radar Subsystems - Work-Coded Components vs. Intermediate 1.11-4.2
Radar Transmitters - Work-Coded Components vs. Intermediate [.11-4.6
Work-Coded Components in Radar Subsystems 1.4-2.2 .

- MAINTENANCE MANHOURS
‘ éSee INTERMEDIATE MAINTENANCE)
See MAINTENANCE) ,
(See ORGANIZATIONAL MAINTENANCE)
(See SPECIFIC-TASKS) .
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MANPOWER INVENTORY

Avionics Career

, 1965 to 1971
Avionics Career
3,.5, 7 and 9
Avionics Career
3, 5,7 and 9
Avionics Career

1966 to 1975

3
*

(See TRAINING)

&

MICROELECTRONICS
e Skill Levels

¥

MINOR REPAIRS

MECHANICAL® TRAINING.

v

Electrical Synchronize

Avionics. Career Field 32 -‘Inventory
Actual Requirements ‘
Field 3214326w:

Field Subdivision
- 1965 to 4971 . - ¥

Field Subdivision 326XX » Skill Levels
- 1966 to 1978 )
Ladder  322XX - Skill

Effect on Built-In Test Equipment,.

«

a§?of 30.June 1970 vs.
Skill Levels 7 and 9 -

321-3%6 - SKill Levels

21

1

@

»

Effect oh Hardware Reliability, Maintenance angd Pers
Effect on Shop Personnel Skill Levels - o

‘Levéﬂs 3,5, 7,and 9 -

ey

.

-

o '
M91ntenancq Time and

onnel

rs - Mean Times for Organizational..
Indicator &copes - Mean Times for Organizational
Radar Antennas - Mean Times for Organizational
Radar Subsystems - Frequency of Organizationatl
Radar Transmitters - Mean Times for Organizational ‘
Radar Subsystems - Orgapizational Maintenance Manhours
_Radar Subsystems - Organizational Mean Times .

11.2-31.1,

11n2-8.1

11.2-8.2
[12-8.3
‘11.2-8.4

1.30-9.10
1630-901]
1.30-9.12
1.28-9.1 -
1.30-9.13
1,11-9.3
1.30-2.3
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OGCUPATIONAL DUTIES

Avionics Subsystems - High .and Low Skill Performance Times for
- Intermediate Functional Checkouts ,
Avionics Subsystems - High and Low Skill Performance Times for
Organizational Functional Checkouts o '
Fire Contral Systems - Skills and Time on Field Shop -
Checkouts. and Adjustments - - o
« Fire Control Systems - Skills and Time on Calibration and
Maintenance of Test Equipment ‘
Fire Control:Systems - Skills and Time, Electronic Maintenance
Fire Control Systems - Skills and Time, Field Shop Repair
Fire Control Systems *- Skills and Time on Flight-Line Checks
and Adjustments c ,
Fire Control Systems - Skills and Time on Power Off Inspections
Radar Subsystems APQ-120 - Mean Times for Organizational Tasks
Radar Transmitteys. - Mean Times for Field Functional Checkouts

Radar Transmitters - Mean Times for Organizational Functional

b

Checkouts - ¢ u
Steps in Functional Checkout vs. Mean Number of Errors
Steps in Functional-Checkout vs. Time .

V@

o

'ORGANIZATIONAL MAINTENANCE o ) ,
Avionics Subsystems - High and Low Skill Performance Times
for Functional Checkouts .
E]ectricq] Synchronizers » Mean Times for Organizational’
Adjustmants " o ’
Electrical Synchronizers - Mean Times for Organizational

,Minor Repairs - "
E¥§Etrica1 Synchronizemss - Mean Times for Organizational
C e Remove and Replace K
¢ Electrical Synchronizers - Mean Times for Organizational
Troubleshooting Y

Indicator Scopes - Mean Times for Organizational Adjustments

Indicator Scopes - Mean Times for Organizational Minor Repairs

Indicator Scopes - Mean Times for Organizational Remove and
Replace : i<

Indicator Scopes - Mean Times for Organizational Troubleshooting

Line'.Replaceable Units in Fire Control Systems

Line Rgplaceable Units in Radar Subsystems ,

Line Replaceable Units - Radar Subsystems Relation

Microelectronics Effects - I

Maintenance Manhours on Radar Subsystems '

Radar Antennas - Mean Times for Organizational Adjustment

Radar Antennag'- Mean Times for Organizational Minor Repairs

‘ | | . 214

1.30-9.2

111.6-40.6

I11.6-40.5
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1.30-9.10
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0 (Continued)

ORGANIZATIONAL MAINTENANCE (Continued) e “ .o
Radar Antennas - Mean Times for OrganiZational Remove and
‘ Replace : o B
Radar Antennas -.Mean Times forOrgandzqtional‘Trouﬁ&eéhooting
Radar Subsystem APQ-120 - Mean Times for Organizational Tasks.
Radar Subsystem Acquiition Cost Relation ~
Radar Subsystems - Comparison of Organizational Frequency
of Install only -
Radar Subsystems - Frequency of Adjustments
Radar Subsystems - Frequency of Minor Repairs
Radar Subsystems - Frequency of Remove only Tasks ,
Radar Subsystems - Frequency of Remove and Replace Tasks
Radar Subsystems - Frequency of Troubleshooting
Radar Subsystems - Frequehcy of Unscheduled Actions .
RadartSubsystems - Logistic Suppert Costs vs. Line Replaceable
" Units
Radar Subsystems
' Radar Subsystems’
Radar Subsystems
Radar ‘Subsystems
Radar Subsystems
Radar Subsystems
Radar Subsystems
Radar Subsystems
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Maintenance Manhours to Adjust
Maintenance Manhours to Install only -
Maintenance Manhours for Minor Repairs -
Mainteﬁgnce Manhours to Remove only
Maintenance Manhours to Remove and Replace
Maintenance Manhours to Troubleshoot"
Mean Times for Adjustment
Mean Times for Minor Repairs “
Radar Subsystems - Mean Times for Remove and Replace Tasks
- Radar Subsystems - Mean Times for Troubleshooting ‘
' Radar Subsystems - Mean Times for Unscheduled Maintenance
', Radar Subsystems, Mean Times - Summary :
Radar Subsystems - 3ABR32231 Training Ti
Manhours v
-Radar Transmitters
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me vs. Maintenance
Mean Times for Adjustments
‘Radar Transmitters - Mean Times for Functional Checkouts
* Radar Transmitters - Mean Times for Minor Repairs
Radar Transmitters - Mean Times for Remove and Replace
Radar Transmitters - Mean Times for Troubleshooting
Task Difficulty - Time and Percent of Error Probability
Time Ranges of High vs. Low Skill Performers on Functional
_Checkout: i : .

111.6-40.5

\

L : ‘ \
PERFORMANCE .
Avionics Subsystems - High and Low Skill Performance Times for ,
Intermediate Functional Checkouts [ . * 111.6-40.6
- Avionics Subsystems - High and Low 5ki11 Performance Times for :
Organizational Functional Checkouts 111.6-40.5
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. P (Continued) . R |

PERFORMANCE (ContInued)

_Check Task Time Difference - Automatic vs. Standard, Test i
Equipment - 111.5-36.4
Electrical Synchronizers - Mean Times for Intermediate 1.30-5.1 4
_ Electrical Synchronizers - Mean Times .for Organizational ‘ N
Adjustments ¢ 1.30-9.2
Electrical Synchronizers - Mean Times for Orgamizational * ‘
Minor Repairs 1.30-9.10
Electrical Synchronizers - Mean Times for Organizational
Remove and Install 1.30-9.6
Electrical Synchronizers - Mean Times for Organizational
Troubleshooting 1.30-9.14 . T
Indicator Scopes - Mean Times for Intermediate I '
Indicator Scopes - Mean Times for Organizational Adjustments -1
Indicator Scopes - Mean Times for Organizational Minor Repairs I
Indicator Scopes - Mean T1mes for Organizational Remove and
Install 1
Indicator Scopes - Mean T1mes for Organizational Troubleshoot1ng I.
Job Performance vs. Experience Level II1.
Mean Performance Times by Task Type - Summary of Findings I.
Mean Times for Skill Levels 3, 5 and 7 for Preyent1ve, -
Corrective and Troubleshoot1ng
Number of Steps in Functional Checkout vs. Performance Time
- Preventive Maintenance Time vs., Technician System Experience
Radar Antennas - Mean Times for Intermediate d
Radar Antennas - Mean Times for Organizational Adjustment
Radar Antennas - Mean Times for Organizational Minor Repairs
Radar Antennas - Mean Timés for Organizational Remove and

Install B ‘ ‘
MggprTTﬁés for Organizational Troubleshooting
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Radar Antennas
Radar Subsystems AP(-120 - Mean Times for Organizational Tasks
Radar Subsystems -'Mean Times for Intermediate
Radar Subsystems - Mean Times for Organizational
Radar Subsystems - Meam Times for Organizational Adjust
Radar Subsystems -*Mean Times for Organizational Minor Repairs
Radar Subsystems - Mean Times for Organizational Remove and
Install : v I
- Radar Subsystems - Mean Times, for Organizational Troubleshoot )
Radar Transmitters - Mean Times for Field Functional Checkouts )
. Radar Transmitters - Mean,Times for Intermediate I
Radar Transmitters - Mean Times for Intermed1ate Bench Chetks %.
1
[
1
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-

Radar Transmitters - Mean Times for ‘Intermediate Repairs ,
Radar Transmitters - Mean Times for Orgaftzational Adjustments
Radar Transmitters - Mean Times for Organizational Checkouts
Radar Transmitters - Mean Times for Organizational Minor Repairs
Radar Transmitters - Mean Times for Organizational- Remove and -
Replace Tasks - 1.,30-9.9 .
Radar Transm - Mean Times for Organizational ‘
. Troubleshooting ] ‘ 1.30-9.17
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P (Continued) : ) . .
PERFORMANCE (Continued) ~ ‘ : . A
Task Difficulty - Time Difference for High vs. Low Skills v I1I1.6-40.3
Task Difficulty - Time' and Percent Error Probability -
v Intermediate - e 111.6-40.2
Task Difficulty - Time and Percent Error Probability -
- Organizational B . 111.6-40.1
Time and Errors vs. Number of Steps in Checkout . 111.5-36.3
Unit Replacement Time vs. Wumoer of Components Manipulatel I1I.5-36.5

<

.

. PERSONNEL ABILITIES | ol
(See QUALIFICATIONS) | )

PERSONNEL MANNING S :
Comparison of Specialties, Skill Levels and Numbers of

Maintenance Personnel - 1945 vs. 1967 , 11.2-31.2
Fire Control Systems - Comparison of Manning 1.8-2.1
Microelectronics Effect on Hardware Re]iabi]igl, Maintenance
. and Personnel ) | ' I1.2-3.1
;o | | .
PERSONNEL APTITUDE n .

(See QUALIFICATIONS) , : '

PERSONNEL QUALIFICATIONS -
(See QUALIFICATIONS)

POSITIONS
(See Air Force Specialty Codes [AFSCs])
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P (Continued)

POWER OFF INSPECTIONS
(See OCCUPATIONAL DUTIES)

Q o Lo
QUALIFICATIONS . : :
- Enlistee AFQT and AQE Scores for 1970 through 1973 11.1-8.2
Enlistee AFQT Scores-for 1970 through 1973 11.1-8.1, .
Enlistee Range of AQE Scores for 1970 through 1973 %i.}-ﬁ.i

High Scores on AQE for 1970 through 1973

.uél 4 . i . .,‘ g
W 7 . . é ‘

QUANTITIES
" (See SKILLS) “
(See PERSONNEL MANNING)

“RADAR ANTENNAS
Comparison of Logistic Support Costs
Comparison of Mean Times for Adjustments
Comparison of Mean Times for Intermediate Maintenance
Comparison of Mean Times for Minor Repairs
Comparison of -Mean Times for Remove and Install
Comparison of Mean Times for. Treubleshooting
Training Time of 3ABR 32231 o
Work-Coded Components vs. Intermediate Maintenance
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~ RADAR SUBSYSTEMS

Subsystem Acquisition Cost vs.

Acquisition Costs vs. Logistic Support Costs

 Intermediate Maintenance Manhours

Frequenéy\of—organization&] Adestmenté 3

" ‘Frequency of Organizational - Install only Tasks

Frequency of Organizational Maintenance : .

Frequency of Organizational - Minor Repairs

Frequency of Organizational - Remove and Rep]ace
Frequency of Organizational - Remove only
Frequency of Organizational - Troubleshooting

“Line Replaceable Units (LRUs) -
_Line Replaceable Units vs.

Manhours - 0rgan12at10na1
Logistic Support Costs vs. Line Replaceable Units.
Logistic Support Costs vs. Work-Coded Components .
Maintenance Manhours to Adjust - Organizational
Maintenance Manhours to Install only - Organizational
Maintenance Manhours vs. Logistic Support Costs

‘Maintenance Manhours for Minor Repairs --0rgan1zat1ona1

Maintenance Manhours - Organizational

E Maintenance Manhours to Remove only - 0rgan1zat1ona1

Maintenance Manhours to Remove and Replace - Organizational
Maintenance Manhours to Troubleshoot - 0rgan1zat1ona1

“Maan Times to Adjust - Organizational

Mean Times, Intermediate Maintenance

Mean Times, Minor Repairs - Organizational

Mean Times, Organizational Maintenance .

Mean Times, Remove'and:Replace - 0rgan1zat1ona1

" Mean Times, Troubléshoot - Organizational

Subsystem APQ-120, Mean Times for High and Low Skills on
.Operations Checkfand Calibrate/Adjust Tasks, 0rgan1zat1ona1

Subsystem Acquisition Cost

Maintenance Manhoursr-,
Intermediate '

Subsystem Acquisition Cost vS.
Organizational

Maintenance Manhours -.

‘ Training Time for 3ABR32231 vs. Organizational Manhours
- Training Time for 3ABR32231 vs.

Subsystem Aduu1s1t1on Cost
Work-Coded Components -
Work-Coded Components “s.

—

RADAR TRANSMITTERS

Logjstic Support Costs

Mean Times for Field Functional Checkouts of APQ -120 and
APQ-109 - High vs. Low Skill

Mean Times for Intermediate Bench-Checks

Mean Times for Intermediate Maintenance . ~

Mean Times for Intermediate Repairs
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R (antinuéd)
RADAR TRANSMITTERS (Coptinued)

“Mean Times for Organizational Adjustments ‘
Mean Times for Organizational Functional Checkouts of
APQ-120 and APQ-109 - High vs. Low Skill
~* Mean Times for Organizational Minor Repairs .

Mean Times for Organizational Remove and Replace

Mean Times for Organizational Troubleshooting ‘
Training Time for 3ABR32231 : o
Work-Coded Components vs. Intermediate Maintenance

i

”

~ REENLISTMENTS

RELIABILITY - ‘ | '
Microelectronics Effect on Hardware Reliability, Maintenance -

(See RETENTION) o

4

and Personnel 5

.

REMOVE AND INSTALL

“

(See REMOVE-AND-REPLACE)
/ "

2

REMOVE-AND-REPLACE

REMOVE ONLY .

I

Electrical Synchronizers - Mean Times for Organizational
Indicator Scopes - Mean Times for Organizational

Radar Antennas - Mean Times for Organizational—

Radar Subsystems - Organizational Manhours

Radar Subsystems - Organizational Frequency

Radar Subsystems - Organizational Mean Times

Radar Transmitters - Mean Times for Organizational

LI

-

-

Radar Subfystems - Organizational Frequency
Radar‘Subsystems ~ Organizational Manhours
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| R (Continued) ‘

REPAIRS
(See a]so OCCUPATIONAL DUTIES)
Radar Transmitters - Mean Times for Unschedu]ed Intermedtate
Repa1r Time vs. Technician System Experience o

-~

%

e
S

SEMIAUTOMATIC TEST EOUIPMENT (SATE)
(See TEST EQUIPMENT)

SKILLS '

Fire Contro] Systems - Calibration and Ma1ntenance of Test -
Equipment - Skills vs. Time

Fire Control Systems - Electronic Maintenance and Repair -
Skills vs. Time Spent -

Fire Control Systems - Field Shop .Checkout and Adjustment -
Skills vs.' Time {pent

Fire Control Systems - Field Shop Repairs - Skills vs

Tipe_Spent
Firemgoﬁ@:ol Systems - Flight-Line Lhecks and Adjustment -
Skills™s. Time Spent
Fire Control Systems - Maintenarce vs. Skill Level Av ilability
Fire Control Systems - Power Off Inspect1ons -.Skills{vs.
Time Spent
Manning on Fire Control Systems )
Manpower Inventory of Avionics Career Subdivisions 321 to 326,
Skill Levels 7 and 9 :
Manpower Inventory of Avionics Career Subdivisions 321 to 326,
Skill Levels 3, 5, 7 and 9 - 1965 to 1971
Manpower Inventory of Avionics Career Subdivision 326XX,
Skill Levels 3, 5, 7 and 9 - 1966 «to 1978 .
~ Manpower Inventory of Avionics Career Subdivision 322XX,
Skill Levels 3, 5, 7 and 9 - 1966 to 1978
Manpower Inventory Grouped by Years of Service and Grade Levels
Mean Times for High and Low Skills on Functional Checkouts for
- APQ-120 and APQ-109 Transmitters, Field

1.30-9.19
111.6-40.10

1.26-8.6
1.26-8.1
1.26-8.5
1.26-8.4

1.26-8.3
1.11-8,1

1.26-8,2
[.8-2.1

11.2-8.1
11.2-8.2
" 11.2-8.3

11.2-8.4
11.2-31.1

1.30-8.3 .




S .

SKILLS (Cont:\ued) . | L
Mean Times for High and Low Skills on Functional Checks for
APQ-120 ‘and APQ-109 Transmitters, Organizational

- Mean Times for High and Low Skills on Functional Checkouts . - -

~ for Avioniés Subsystems, Intermediate

Mean Times for High and Low Skills on Functional Checkouts -
for Avionics Subsystems, Organizational

Mean Times for High and-'Low 3kills on Operations Check and
Calibrate/Adjust Tasks - Radar Subsystem APQ-120, .
Organizational * - -

Microelectronics Effects on Flight-Line Skill Levels

Microelectronics Effects on Required-Shop Personnel Skill LeveXs

Specialties, Skill Levels and Numbers of Maintenance Personne
Required - 1945 vs, 1967 -

Task Difficulty - Time and Errors, High and Low Skills,
Intermediate '

Task Difficulty - Time and Errors, High and Low Skills,
Organizational ’ ' p

. Task Difficulty - Time Differences for High and Low Skills
Technician Understanding - AFSC Level ’

T

TASKS ’ .
- (See OCCUPATIONAL DUTIES) v ,
(See also Specific Task - TROUBLESHOOTING, ADJUSTMENTS,

-

.MINOR REPAIRS, REMOVE AND REPLACE, REMOVE ONLY, INSTALL ONLY)

TASK COMPLEXITY
- (See also TASK DIFFICULTY)
Microe]ectroqics Effects

TASK DIFFICULTY
- (See also TASK COMPLEXITY) »
Task Difficulty - Time Differences for High and Low Skills
Task Difficulty - Time vs. Percent of Error Probability -
Intermediate Maintenance :

-
. B o
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1.30-8.2

111.6-40.6'

I11.6-40.5

1£30-

-

—_— P\ -

8.
1.5-3.
11.5-3.
2-31.2
I111.6-40.2

I11.6-40.1
111.6-40.3
111.6-40.4

I1.5-3.2

I11.6-40.3
111.6-40.2




T (Continued)

TASK DIFFICULTY (Gontinued) . : -
Task Difficulty - Time vs. Percent of Error Probability -
Organizational Maintenance . I11.6-40.1

L

_TASK ATATEMENTS . =

(See OCCUPATIGNAL DUTIES) ﬂ

v

TECHNICAL TRAINING _ o N
‘ (See TR&INING) ‘ .

v

TEST EQUIPMENT . ;

Microelectronics Effects _ 11.5-3.2
Time Difference - Check Task, Automatic vs. Standard Test
Equipment , o 111.5-36.4 -
TIME

(See PERFORMANCE)

-

i

-

TIME PERIOD - - .

(See Sgecific Subject such as RETENTION, MANPOWER INVENTORY, ~
etc. . ‘
S .
TRAINING

Cost Increase in Electronic and Aircraft Maintenance

Fundamentals - 1952 to 1967 - . I11.5-38.1
Electrical Synchronizers - Training Time for 3ABR32231 1.19-8.3
"Fire Control Systems - Training Costs for 3ABR32231 1.22-2.1
Fire Control Systems - Training Time for 3ABR32231 1.19-8.1
: Indi cator Scope - Training Time for 3ABR32231- -1.19-8,4
! Microelectronics Effect on Required Shop Personnel Skill Levels  I1.5-3.1

o
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T (Continued)

TRAINING (Continued)
Number of Steps in a Functional Checkout vs. Mean Number
of Errors :

Y

Number of Steps in a Functional Chéckout.vs. Performance Time

Radar Antennas - Training Time for 3ABR32231
Radar Subsystems - Training Time for 3ABR32231 vs.
Organizational Manhours , :
Radar Subsystems - Training Time for 3ABR32231 vs.
Acquisition Cost / ‘
Radar Transmitters - .Training Time for 3ABR32231 .

TRAINING COST m \ | ’

(See. TRAINING) . | -

TRAINING EQUIPMENT
(See ENGINEERING SIMULATION)

TRAINING TIME
{See TRAINING)

TRANSFER OF TRAINING |
(See ENGINEERING SIMULATIGH)

TRANSMITTERS .
(See RADAR TRANSMITTERS)

TROUBLESHOOTING : h
Electricai Synchronizers - Mean Times for Organizational
Indicator Scopes - Mean Times for Organization#T
Radar Antennas - Mean Times for Organizational
Radar Subsystems - Frequency, Organizational
Radar *Subsystems - Mean Times for Organizational

- Radar Subsystems - Organizational Maintenance Manhours
Radar Transmitters - Mean Times for Organizational
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- 111.5-36.2
1.19-8.2
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U ”
UNSCHEDULED MAINTENANCE

(See ORGANIZATIONAL MAINTENANCE)

(See INTERMEDIATE MAINTENANCE)
(See MAINTENANCE)

W :
. WEAPON CONTROL SYSTEMS
~ (See FIRE CONTROL SYSTEMS)
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