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FOREWORD

This volume presents the final results of the transmitter
site manpower planning analysis done for ComNavTelComm by the
Operations Evaluation Group (OEG) of the Center for Naval Analyses.
The objective of the work described here is to systematically ,
relate billet requirements cf each Naval communications station k.
(NavCommSta, or NCS) to the communications services it provides. :

Volumes II, III, and IV cover similar analyses of the elec-
tronics maintenance divisions, receiver sites, and fleet center

divisions at the same NavCommStas considered here.

The authors gratefully acknowledge the help of Diego R. Roque :
of OEG, particularly his work in obtaining work measurements at .
NCS Norfolk.
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INTRODUCTION

To relate manpower requirements to communications services
representative Nav-

provided by a Naval communications station,
CommSta sites were asked a number of questions concerning their
work during calendar year 1974 and the personnel used to do At

e What jobs were done at the site within the
scope of operations, maintenance, and support?

e How often were these jobs done?

e How many man-hours were needed to do each
job?

e When a job was not done properly (that is,
according to acceptability standards) because

of a manpower shortage, how mar; man-hours would
have been required to do so?

e How many people are now "on board," and how
many were there during the past year?

communications functions analyzed were: the transmitter
site, the receiver site, the electronics maintenance division,
and the fleet center division. These functions were the ones
that would be most affected by the transition from high-fre-
quency (HF) equipment to satellites. To reduce the amount of
data obtained to some reasonable size, only the 4 automated
NavCommStas participated in the project: Honolulu, Guam,

Norfolk, and Italy.

om the 4 sites was structured so

that the number of man-hours required to do identical work could
be compared and a consensus arrived at to perhaps serve as a
reasonable manpower standard for this unit of work. By deter-
mining the units of each type of work associated with a parti-
cular site, the manpower units required could then be calculated.

Such calculations are needed when:

The data obtained fr

each station

e The annual manpower budget at
is being prepared.
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1 e Realignment options are prepared as the com- -y
A municAations system is changed.

Based on the data gathered from the 4 participating
transmitter sites, we were able to construct a 1975 ComNavTelComm
Transmitter Site Planning Guide containing:

? Planning Factors Data Base

1 e A set of all operations, maintenance, and
support jobs and the manpower required during
1974.

. e A set of operating hours expended for each
communications system and transmitter type;
this set should be useful in predicting future
operating work loads.

e A set of Navy-approved work standards that can
g be compared with the set of jobs and operating
a4 hours and used as a basis for establishing
ComNavTelComm planning standards.

Planning Logic

e A method of calculating total man-hours required
in these personnel categories:

- Operators.
- Maintenance technicians.
- Various support categories.
e A method of calculating billets required,

1 based on the number of man-hours required, standard
i work-week characteristics, and various operational

4 constraints.

1 The entire manpower planning process, including the stan- %
dards recommended, has been reviewed and informally approved )
by Op-124. ;

| ;
| 5
{ i
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- To properly use the planning system, ComNavTelComm must
make these policy decisions.

e Validate the planning factors data base and make
certain that no required jobs are missing.

® Review the numerical values associated with
the planning factors, particularly with the

unit man-hour requirements at each site, among
all 4 sites and against all Navy standards
available. Then, for each work activity, decide
on either one standard that will be applicable
to all NavCommStas, or separate standards for
each site based on factors unique to that site.

e Confirm which jobs are to be included as part
of the site's work load in the planning process.
There are many jobs that are not done at every
site. For example, the NCS Public Works Depart-
ment may service an outlying site; in other
cases, the site may service itself. 1In the case
of maintenance jobs, there is no common policy
regarding which maintenance tasks are required.
For example, 2 sites overhaul their transmitters,
and 2 do not.

e Decide whether the difference in manpower observed
among sites for doing a given job during 1974
resulted from some distinguishable difference,

such as quality of manpower or environment, or

from "statistical variations" and, therefore, some
mean value can be assumed as a ComNavTelComm-

wide standard.

e Validate the planning logic proposed. The
results of this review will result in the required
inputs to the planner regarding which planning
factor values to use in his analyses.

STRUCTURE OF THIS HANDBOOK
The sequence of topics covered by this handbook 1is:
e Overview of the Planning System--describes

the proposed manpower planning process in terms of
the inputs the planner must provide and the

Bt & - e Y At Tt A )
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saricus planning factors used to convert the
inputs into billet requirements.

e Summary of Planning Factors Data Base--de-
scribes each planning factor generated.

e Planning Logic--contains the procedures for
calculating the number of billets needed to
operate, maintain, and support a given trans-
mitter site; this section also includes a set
of work tables useful in systematically imple-
menting the procedures.

e Appendix A--contains the details of the analysis
and derivation of the planning factors; annex 1

to the appendix contains the sets of tables
containirg the actual data used and derived.
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OVERVIEW OF THE PLANNING SYSTEM

Figure 1 is a diagram of the manpower planning process
as envisioned. Inputs to the process are the characteristics
describing a specific system configuration at each site being
analyzed. These characteristics include:

e Numbers and types of equipment to be
kept in inventory at the site.

e Maintenance policy to be implemented, in-
cluding what types of noncorrective (scheduled)
maintenance jobs are to be done and how often.

e Operational use of the equipment in terms

of the communications system being operated,

the number of hours per year each system operates,
and the type and frequency of operating jobs
being done.

e The type and frequency of support jobs, such
as cleaning and field days.

The system characteristics are then combined with planning
factors (table 1) to give the man-hours needed for the various
jobs. These man-hours are then converted to billets, using
Navy standards for a work week.

BASIC ASSUMPTIONS

This section describes the various assumptions underlying
the results.

o

The planning factors (table 1) were derived from 1974
operational data and are baced on the best data available from
each site as well as other sources. However, each site has been
asked to upgrade its record keeping (primarily with respect to
maintenance) and ensure it is recording the data requested. This
way, more accurate information can be obtained in the future
to revalidate the planning factors and upgrade their accuracy. But
it is assumed here that the planning factors are valid and that
an annual revalidation of the factors, based on 1975 work
experience, will amend the data base as needed.
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TABLE 1

TRANSMITTER PLANNING FACTORS

Maintenance

1. Conventional operator planned maintenance subsystem (PMS)
factors

Conventional technician PMS factors
Make-ready, put-away time factor

Other noncorrective maintenance (non-CM) factors

CM factors

W R ) ™ k.
o s

Operations

6. Operational usage factors
7. Tunings/retunings to usage factors
8. Tuning/retuning unit time factors

10. Quality control (QC) checks factors

{
‘j 1
A‘
i
d
g
{
%

1l1. Other operational activities factors

Support
12. Support primary duty factors

13. Support collatoral duty factors

14. Supervisory factors

OpNav work standards

15. Personal fatigue and delay (PF&D) factor

l16. Standard work week




The p.anning factors derived in this report consist of
1o alized factors; in other words, the manpower required to do
t same job may differ from station to station. Unfortunately,
the data collected does not show whether differences can be
accounted for by factors such as environment, personnel quality
in terms of training and experience, Or age of equipment. These
factors can be used when a specific NavCommSta (or one similar to it)
is undergoing realignment.

From each set of four local factors, ComNavTelComm can
generate one command-wide planning factor that relates to an
"average environment," rather than a specific NCS. The
ComNavTelComm factors can be used to ease calculations where
environmental differences need not be taken into account.

Since a number of different sites are being included in the re-

alignment effort, individual deviations will tend to compensate
for one another.

The objective of this analysis was to develop some
rational basis for ComNavTelComm planning standards. Thus, when
a Navy standard is greater than the actual work time needed,
the standard is listed here as the requirement, recognizing
that its use permits some slack in the system. Such a cushion
may be used one of two ways:

e To do more than the minimum work--for instance,
more equipment overhauls or guality-control
checks, at the discretion of the officer-in-
charge.

e Not to man some billets depending on budget
constraints.

USE OF PLANNING FACTORS

The context in which the planning factors are to be
used can be summarized this way. The systems planner performs
a set of preliminary analyses. He examines the need for com-
munications services of various types, including geographical
coverage, number of messages per unit time to be handled by
each communications system (such as full-period termination vs.
broadcast), division of responsibilities among NavCommStas,
operating loads to be accommodated for both peak operations and
the entire year, and the division of these loads between satellite
and HF equipment. Further system design considerations are then
made, culminating in the configuration of alternative designs.




For each alternative being considered, this kind of
information must be specified as inputs to the manpower p. aniiing
system:

® The set of equipment to be in inventory
at the station being considered.

e Total maintenance policy to be followed; that
is, whether the prescribed PMS schedule is being
followed for each unit of equipment, frequency
of equipment overhaul, and the like.

@ Specific operating procedures, as selected
from the set of operational jobs listed in the
data base.

@ Operational use of the equipment.

e All support jobs required, as selected from
the set of support jobs listed in the data base.

To help the planner estimate the number of equipment
hours expected, he may use the operational planning factors
provided, which include the number of transmitter operating
hours for each communications system/transmitter type combination
at each transmitter site.

The basic question is: For each system configuration
being analyzed, how many billets of what type are required at
each site for operation, maintenance, and support? The pro-
cedure followed is similar to the approach used by Op-124 and
the Navy Manpower and Material Center (NavMMaC) in calculating
billets required as a function of the average weekly work load
at the site. Work loads that deviate from the average are accom-
modated this way:

e Using peak loaders for predictable peaks.

e Using the electronic technician to help the
operator when needed.

e Having the maintenance man do CM work before he
does PM work.
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® Bringing support personnel into operations
and maintenance (O&M) activities if they can
be trained to take on some of the simpler jobs
during a peak.

e Working longer than the average standard shift
or work week.

Overtime should be repaid with compensatory time off.
This policy is implicitly included in calculating billets based
on the total annual work load because peaks are included in that
total. All other assumptions are noted in appendix A.




SUMMARY OF PLANNING FACTORS DATA BASE

This section describes the planning factors derived.
The values of these factors and the method used in deriving
them appear in appendix A.

MAINTENANCE MANPOWER REQUIREMENTS

These planning factors consist of the man-hours per year
needed to do various kinds of maintenance for each type of
equipment at each site. There are two types of maintenance
manpower requirements:

@ Site requirements--the number of maintenance
man-hours that each site states it needs to
achieve an acceptable performance level.

e Navy requirements--the number of maintenance man-
hours that OpNav allows as acceptable for bud-
geting manpower.

Fortunately, all sites can do the work with the allowable i
Navy requirements. |

PLANNING FACTORS a

Specific planning factors have been generated for all i
the maintenance jobs.

Conventional PMS Factors

The allowable Navy reguirement is to do the PMS actions

i 4 specified on the Maintenance Requirement Cards (MRC) within
: the man-hours also specified on the cards. The man-hours ;
; do not include make-ready and put-away time or personal ke
' fatigue and delay. The EMS man-hours for each equipment type i
are given in table II-2. .

Make-Ready, Put-Away Factor

1 The allowable Navy requirement is 30 percent of the PMS
¥ time as specified on the MRC cards. B

¥ 1All tables cited in this section appear in annex 1 of appendix A.

-11- 5
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Personal Fatigque and Delay Factor

The allowable Navy requirement is 17 percent of the PMS
time.

Total Requirement for PMS

From the preceding considerations, the total allowable
Navy requirement for each equipment unit is 1.47 times the PMS
time. Table II-3 gives the site requirement for each eguipment
type. The total site requirement is considerably under the Navy
requirement; it equals the PMS standard for Honolulu, Guam,
and Italy, and is 1.2 times the PMS standard for Norfolk.

Conventional Operator PMS Factors

3 These make up that portion of the total conventional PMS
a actions performed by operators, rather than by technicians.
3 These times are given in table II-2.

Conventional Technician PMS Factors

These make up that remaining portion of the total conventional
PMS actions performed by technicians. These times are given in
table II-2,

Other Non-CM Factors

These are the man-hours required to do all non-CM actions
now being done at the various sites, but not listed on the MRC
card. These jobs and the man-hours required are given in table
II-5. The problem is that there is no consistency among jobs
performed at the stations. Nor is there any justification (except
judgment) that the work done is worth the cost. 1In fact, the
1 data shows that the more man-hours used in doing extra non-CM
b | jobs, the higher the amount of CM man-hours used.

CM Factors

; The allowable Navy requirement is equal to the total

3 conventional PMS man-hours allowed, or 1.47 times more than the
3 times listed on the MRC cards. The CM requirement for each
equipment at each site is listed in table II-4. The requirement
for all sites except Norfolk is considerably under the Navy re-
quirement. However, Norfolk indicates it can meet the Navy
requirement in the future.

_12-
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Total Requirement for Maintenance

From the preceding considerations, the total allowable
Navy requirement for each equipment unit is 2.94 times the PMS
time. The requirement for all sites except Norfolk is under the
Navy requirement. However, Norfolk indicates it can meet the

Navy reguirement in the future.

Operations Manpower Requirements

These planning factors relate transmitter usage to the
three main operational work categories of:

e Tuning/retuning.
e Quality control checks.
e Other operational actions.

Operational Usage Factors

Tables III-la and III-1lb contain the total hours of trans-

mitter use during the past year for each communications
system/transmitter type at each of the 4 sites. These factors
are provided as a guide in estimating future operating workload.

Tunings/Retunings-to-Usage Factors

Tables III-la and III-1b also contain the number of
tunings and retunings per 1,000 hours of operating time for each
communications system/transmitter type.

Tuning/Retuning Unit Times

Table III-2 shows the average total time required to tune
or retune a particular type of transmitter, including orderwire
and logging time and antenna selection as required.

Tuning/Retuning Man-Hours-to-Usage Factors

Using the previous factors, table III-la and III-1lb also
give the total man-hours per year required for tuning/retuning
per 1,000 hours of operating time for each communications

system/transmitter type.

QC Checks Factors

Figure A-1 shows the man-hours per year required by each
station for its load of full-time-equivalent transmitters

operating. This curve may be use

5 13_
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Other Operational Activities Factors

Oon-the-job training and adjustments after power outages
were the only other operational jobs done at a site; these
times are listed in table IV-2. Only the off-line nonproductive
portion of these man-hours should be used.

Support Primary-Duty Factors

These deal with the work done by nonsupervisory personnel
whose primary duty is to support the site, as opposed to "hands-
on" operations and maintenance services. The billets required at
each of the 4 sites for these services are shown in table IV-1.

Support Collateral Duty Factors

These are concerned with the work done by nonsupervisory
personnel in addition to their other duties. The man-hours
required for these services are shown in table IV-2.

Supervisory Factors

The supervisory overhead rates associated with each over-
all site and its subordinate components is given in tables I-3
and IV-4.

OpNav Work Standards

Personal Fatigue and Delay Factors

These total 17 percent of the working time applied to
all jobs whose measurements consist only of productive work and
do not include permissible breaks.

Standard Work Week

A standard work week of 40 hours and a “5-man-for-4-section"l
watch is to be used. Taking into account service diversions,
training, leave, and holidays, the hours available for work
are 31.94 for military and 33.38 for civilian personnel.

lAssigning 4 men for every watch position being manned continuously
constitutes a 4-duty section watch. This results in a 42-hour
work week (including meal time). Assigning a fifth man for each
watch position allows for service diversions, training, leave,

and holidays, and results in 33.6 hours per week available for

work (including meal time).

-14-



PLANNING LOGIC

Procedures for calculating the number of billets needed to
operate, maintain, and support the equipment for the alternative
being proposed are outlined in this section. Data used in making
the calculations can be entered in the manpower planning work
tables; suggested formats for these tables appear at the end of
the section (work tables 1 through 5) .

MAINTENANCE MANPOWER REQUIREMENTS

Work Table 1

Equipment Needs

Decide on the numbers and types of equipment needed to be
kept operationally ready for peak operations, such as major
fleet exercises or contingencies. This information can be ob-
tained from the users. The number includes spares. However,
such needs should@ be confirmed by comparing the list of stated
user needs with former usage under similar conditions. Such
data is not now part of the planning data base; it should be
collected as exercises are conducted. List the equipment type
in column 1 and the total number required in column 2.

Planning Factors

Decide which set of planning factors is to be used for
the realignment alternative under consideration: either the
ComNavTelComm-wide planning factors, or the set of planning
factors related to a particular geographical zone as represented
by one of the 4 sites.

Equipment Inventory

Decide on the equipment inventory to be maintained at
full readiness. Also decide what PMS schedule to follow, in-
cluding all nongCM actions such as overhauls and appropriate
work schedules.

1According to current policy, all site equipment is to be fully
maintained for both CM and PM. However, manpower may be saved
(at the cost of more time to reach full operational readiness)
when all equipment is not fully maintained all year, and greater

use is made of strategic warning in starting the readiness process

early enough. Further analysis of such a proposed policy change
is required. If current policy were changed, the calculations
of PMS and CM man-hours would be modified accordingly.

L 15_
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o PMS Man-Hours

g Based on what PMS schedule is to be followed, calculate

) _he total PMS man-hours required for each egquipment type. First,
calculate the sum of the unit PM man-hours needed for the total
PMS schedule over the full year (from the list of all PMS jobs
and their unit manpower requirements as included among the i
maintenance planning factors). List the unit PMS factors for i
operating personnel in column 3, and the PMS factors for maintenance

personnel in column 4. The product of columns 2 and 3 gives the

PMS man-hours required of operators; this number is listed in 4
column 5. The product of columns 2 and 4 gives the PMS man-hours i
required of technicians, and is listed in column 6. Find the

total operator PMS man-hours (sum of column 5 entries) and total

technician PMS man-hours (sum of column 6 entries).

The total operatg;/éﬁd technician man-hours required

3 (columns 5 and 6) should also include the appropriate "make

4 ready and put-away" and PF&D factors. The OpNav requirement

for these two-factors are 30 and 17 percent, respectively. 3
Thus, thg/apNav requirement for operator and technician PMS man- i
, hours would be 1.47 times each of the totals shown in columns 5

4 and 6. These totals should be listed as the last lines of columns

//S/and 6

CM Man-Hours

Calculate the CM man-hours required for each equipment
type and list the total in column 8. This number consists of
the product of the number of equipment units in inventory 1
2  (column 2) and the CM planning factors listed in column 7. r
- Find the total CM man-hours required (the sum of column 8

antries).

lUnit PM man-hours is the annual man-hours needed to do PM for
one piece of this equipment.
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Calculating the OpNav CM requirement is a simpler
process, since the CM requirement is defined to be equal to
the total PMS requirement (including the additional 47 percent
factor). Thus, the separate CM factors do not have to be
listed in column 7, and the total of column 8 is equal to the
total of the last line of column 5 plus the last line of
column 6.

TUNING/RETUNING MANPOWER REQUIREMENTS1

Work Table 2

Equipment Needs

List, in columns 1 and 2, each communications system and
the types of equipment to be operated during the coming year.

Operating Hours

Estimate the number of operating hours for each equip-

ment type during the coming year and enter the estimate in column

3. In this estimate, you may wish to consider operational usage
factors at particular sites as a "baseline," adjusting it up or
down to reflect the proposed operation.

Tuning/Retuning-~to-Usage Factors

List, in column 4, the tuning/retuning man-hours-to-usage
factors (man-hours per 1,000 hours of operation for each commun-
ications system/transmitter type). Note that the factors are
based on a given mix of retunings to antenna selections and
should be changed when the mix changes.

Tuning/Retuning Man-Hour Requirements

Calculate the total tuning/retuning man-hours required
for each communications system/transmitter type as the product
of columns 3 and 4, and list in column 5. Find the total
operating man-hours for tuning/retuning as the sum of the
entries in column 5.

ADDITIONAL MAN-HOUR REQUIREMENTS

Work Table 3

Quality Control Checks

Decide on what QC checks are to be made and how often.

Appendix A describes another procedure to compute this requirement.

= 17-
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Manpower for QC Checks

Estimate the total annual man-hours needed for QC checks
in one of two ways. When the OC checks are the same as those
1isted in the planning factors data base, and the only variable i
is the number of transmitters in inventory, the planner may
obtain the estimated QC planning factor from figure 2 which
relates QC check man-hours to the number of full-time equivalent

transmitters being operated. List this information in columns

1 and 4.

- R, g o

A more accurate (but more t ime-consuming) method of

making this estimate is to review the list of QC checks and decide
which ones are to be done, how often, and the time required for
each. List this in columns 1, 2 and 3 of work table 3. Then i
calculate the annual man-hours required for each check by :
multiplying column 5 times column 3 times 52. List the man-
hours required for each QC check in column 4. The sum of the
entries in column 4 is the total OC man-hours required. B

Power Failures ¥
14

calculate the total man-hours needed to cope with power
failures the same way as QC requirements. First, list in )
column 1 all operational activities that must be done following ]
each power disturbance (such as retuning/readjustment) . Next,
list in columns 2 and 3 the average number of work units
expected each week (annual estimate divided by 52) and
the man-hours associated with each disturbance. The total
man-howrs required will then again be the product of columns 2

and 3. Record this in column 4.

TSR e

DIRECT LABOR SUPPORT

Work Tables 3 and 4
i

Support Needs ‘%

Decide which support jobs are needed at the site by
reviewing the data base on support jobs and determining which
of these the site has to do for itself, thus requiring site
billets. In column 1 of work table 4, 1ist the direct-labor
support primary-duty functions (see appendix A) such as medical
services, in which billets are to be provided by the NavCommSta
rather than by outside organizations. The number of direct-
labor support billets required for these functions is listed in

-18_
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column 2. The support primary-duty planning factors may be

used in deciding how many billets should be alliocated to these
functions. List those support jobs being done as collateral

duty in work table 3, along with the average number of work

units done per week and the unit man-hours required for each work
unit (columns 1, 2, and 3). Calculate the total man-hours

per year required for each job and list this total in column

4.

Support Man-Hours

Determine who will do each job in terms of these
categories:

- On watch.

- Maintenance technicians on day shift.

- Primary-duty support personnel.

- Supervisors.
Allocate the total support man-hours required among these billet
categories and list in columns 5, 6, 7, and 8 of work table 3.
While using O&M personnel for this purpose may not seem efficient,
it does offer the advantage of having extra O&M workers available
for peak operations. Add the total man-hours required for each
category.
TOTAL BILLET REQUIREMENTS

Work Table 5

The remainder of this section explains how to calculate
billet requirements for each class of personnel. The character-
istic being calculated is given in column 1 of work table 5
and is called an "item" of this column. The data for each
calculation should be listed in column 5.

Work elements

In column 1, list the various work elements done by
the operator watch personnel. These elements are:

- Tuning/retuning operations.

- QC checks.

= 20_




Power failures.
Operator PMS actions.

- Support collateral duty work load done
by operator watch personnel.

Man-Hours per Work Element

In column 2, list the man-hours required for each work
element. 1In all appropriate cases, the working man-hours must be
converted into total man-hours by applying the PF&D factor appearing
in column 3. Thus, the total number of man-hours for each work
element is:

TMH

where TMH
WMH

and PF&D

(1 + PF&D) (WMH),

total man-hours;

working man-hours;

personal fatigue and delay factor.

The PF&D factor should have been included in the operator PMS
requirements calculated in work table 1. Obtain the total
cperating man-hours required (row 6 of the table) by adding
the man-hours of the five work elements and listing the total
in column 4.

Number of Watchstanders

The next step is to calculate the total number of
operator watchstanders required (row 8 of the table). There
are three major factors to consider in this determination:

® Average work load.

© Deak work load the system is designed for,
and how flexible the system is in sharing
operating work lcad with other watchstanders
(such as maintenance and supervisory personnel).

® Constraints, such as safety.
Each factor is considered in greater detail here. The number

of operator billets, B, based on average work load is deter-
mined first:

TOW/ 52 (TAW),

total operator work load per year,

time available for work per week.




According to the standard work week of 40 hours (where dependents
are authorized), TAW equals 31.94 hours per week for military

and 33.98 hours per week for civilian personnel (reference 1).

An assumption here is that a watchstander assigned to a 5-man-for-
4-section watch also has about 32 hours per week available for
work because of time out for meals.

TAW thus is based on a weighted average of these two fac- I
tors and depends on the civilian-to-military mix at the site.
For example, if there were 10 civilian to 40 military direct labor
personnel at a site, TAW, the weighted average would be:

A
TAW = 10(33'98)58 40(31.94) = 32.35 hours per week.

Enter this weighted average of TAW in row 7. Enter the results
of the calculation of BO in row 8, column 5. Carry the billet
calculations to the nearest 100th of a billet until all calcula-
tions are completed and a final "round off" of fractional billets
is made.

Determine the number of watch supervisors, B , assigned H
wSs
to the watch:

Bws - BwoSrw 4
where Bws - number of watch supervisor billets required
(row 10);
B,o ~ number of watch operator billets reguired
(row 8);
and Srw = watch supervisor overhead ratio (row 9).

Enter the values for these characteristics in work table 5,
column 5, in the appropriate rows.

Allocate the watch operators and supervisors among the
four watches and transmitter buildings, and see that anticipated
peak loads during the week are accommodated. Note that watches do
not have to be manned equally, and peak loaders can be used. Af-
ter the allocation is made, check to see that the safety constraint
is satisfied (minimum of 2 men per watch). When either of these
factors is a problem, it can be alleviated by adding maintenance
technicians to the watch (plus the proportional amount of super-
visors). Insert this information in rows 11 and 12. This
strategy may yield two benefits simultaneously. First, the
technician can satisfy the safety constraint; second, because
of his flexibility, the technician can be always gainfully em-
ployed either doing CM or PM actions or aiding the operator(s)
during a peak.
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But this gain costs something. Recall that we have
provided enough operator billets to meet the total operator work
load. If the maintenance technician assists the operator during
peak activities, the amount of operator work he does results
in the operator's being "idle" during slow times, since the
number of operators was based on total yearly work load.

(Unless you assume that the operator, when he is not busy,
can help the maintenance technician with some of his work.)
As discussed elsewhere in this section, if this strategy is
used, some additional man-hours will have to be added to the
maintenance technician work load calculated previously. This
planning factor will have to be estimated, since no data is
available.

Finally, since the total operator work load includes PMS
work, and since the PMS work can be dropped during a peak, some
extra manpower is available for peak demands for tuning/retuning.

Additional Direct-Labor Maintenance Personnel

Determine the total number of additional direct-labor
maintenance personnel required during the day shift by following

the items listed in column 1, entering the data requested in
column 5.

First, enter the PM and CM work loads to be done by
technicians (either on watch or day shift) in rows 13 and 14.
Enter the total in row 15. Enter the total maintenance watch
man-hours available in row 16:

TMWM = SZBmw TAW,
where TMWM = total maintenance watch man-hours available;
Bmw = number of assigned maintenance watch
billets;
and TAW = time available for work per week, as

already described.

Then enter, in row 17, an estimated percentage of time to be
spent by the maintenance man doing the peak operating load. As
discussed, operating peaks, when they occur, are handled by a
maintenance watchstander (when such an assignment exists) or
watch supervisor. 1In either case, the individual drops his
normal work and responds to the peak operating request. Thus,
this time is used in operations and is not available for main-
tenance or supervision.

T g e = (7




A working supervisor's time is already properly allo-
cated between direct labor and supervision. For a maintenance
technician on watch, including day shift, some fractional part
of a billet needs to be added to this operating function to
account for that fraction of time when he is taken off his
maintenance work to keep the operator during a peak:

TMWMA = (TMWM) (1 - p/100),

time available for maintenance work
by the watch maintenance technician;

where TMWMA

and P
Enter TMWMA in row 18.

Next, determine the resulting maintenance work load to
be done by the day shift (row 19). This is equal to the total
PM required of technicians plus the CM to be done (as previously
calculated) minus the maintenance man-hours spent by maintenance
technician watchstanders. In calculating the total maintenance
man-hours, the CM planning factors have nonproductive time built
'in, whereas the PM planning factors do not. Hence, only the
latter time must consider the PF&D factor as well as make-ready,
put-away factor; these were included in work table 1. Finally
the number of maintenance billets, B required on the day shift
(row 20) is:

B, = TMW/52 (TAW),
where Bm = direct labor maintenance billets required
(row 20);
™W = total maintenance work load to be performed
by maintenance personnel on day shift
(row 19);
and TAW = time available for work per week, as pre-

viously described.

Maintenance Supervisors

Determine the number of maintenance supervisors required
(row 22):

Bms = Bmsrm 4

where B

- maintenance supervisor billets (row 22);

-24-
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and S
rm

(row 21).

Support Primary-Duty Supervisors

maintenance billets on day shift (row 20);

maintenance supervisor overhead ratio

Determine the number of support primary-duty supervisors

required:
B
sS
where B
sSs
B
sp
and Srs

The service diversio

= B P

spsrs

= support primary duty supervisors (row 25);

= support primary duty billets (row 23);

= support primary duty supervisor overhead

ratio (row 24).

of the entire service diversion requirement
total does not exceed an average of 8 hours
does, an appropriate number of additional billets may be added.

Fractional Manning

After the number of billets for each
nearest 100th of a billet, fractional manning
problems may arise. In the past, this was solved by arbitrarily
selecting the equivalent of one-half (0.5) as the cutoff point.
Any work load that earned at least one-half
the next whole number without regard to work center size. Those

calculated to the

that earned less than one

(reference 2).

Overload factors are est

that separate criteria should be applied to
centers. A maximum individual work overload is established at
1/2 hour per working day, and is cumulative
maximum of 1/2 billet. The cut off point is the highest value

the fractional manpower can equate to before the manpower require-
ment is rounded to the next higher integer.
fractional manpower cutoff points for both military and civilian

manpower .

Qualitative Requirements

n work load should be examined as part

to ensure that the
per week. When it

function has been

space was awarded

-half did not get the extra manpower

ablished based on the premise

small and large work

until reaching a

Table 2 reflects

Next, determine the qualitative requirements of each
of designator, grade, rate, and series. This

position in terms
should be done un
required in each

iformly, based on the tota
functional unit.
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TABLE 2
FRACTIONAL MANPOWER CUTOFFS FOR COMPUTING STANDARDS
Manpower Fractional
authorized manpower cutoff
Military Civilian
1 1.081 1.078
2 2.162 2+ 155
3 3.243 3.233 |
| 4 4.324 4.310 .\
é’ 5 5.405 5.388
1 6 6.486 6.466
7 7.500 7.500
Authorized
Over 7 manpower +0.500 0.500
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APPENDIX A,

ANALYSIS AND DERIVATION OF PLANNING FACTORS
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This appendix describes the planning factors and how
they were derived for the operations, maintenance, and support
functions analyzed. As table 1 of the main text shows, 16 basic
planning factors have been derived for those functions. Each
factor is described here, indicating:

e Numerical values of the recommended
planning factors.

e How the original data submitted by the 4
sites was converted into planning factors.

e Existence of Navy work standards and their
use in this analysis.

e Organization of the planning factors data
pbase so that the planner, following the planning
logic described in the main section,

can retrieve desired values- from the data base.

e Other planning information derived during the
analysis.

PERSONNEL INFORMATION

The main objective of this analysis was to determine the
appropriate supervisory "overhead" factcr now associated with
each work function. However, oOne by-product was a list of all
billet titles for all personnel at each site. A comparison
of each station's billet titles with a master list that was
generated, and each station's title preferences are given.

This structure was generated to aid Code-01 in formulating a
final, preferred set of standard billet titles.

Uniform Billet Titles

rable I-1 of annex 1 is a composite of all billets filled
as of the survey date and as submitted by each of the trans-
mitter sites. Column 1 is a master list of practically all
billets commonly associated with transmitter sites. These
billets are grouped into divisions--officer-in-charge, first
lieuterant, supply, dispensary, public works, and operations/
maintenance. The last category is also divided into operations
and maintenance branches.




The billets reported at Honolulu, Guam, Norfolk, and

Italy were then matched against this list, as shown in

columns 2, 3, 4, and 5, respectively. As in the original

data, the word "same" in place of a billet title indicates that
sition title; another title indicates

the site uses the master po
the title now used there. When the site indicated a preference
the

between the master pillet title and the one it uses,
title is starred.

Billets that do not correspond to the master list are
also listed in the division in which they exist, with the same
letter designation used in that site's original data. Note that
pillet A at one site need not be the same as billet A at another
site, since the original data forms were completed independently

with only the master pillet list as a guide.

appear in column

Although all billets in the master list
f the 4 sites.

1, there are billets that do not exist at any ©

Table I-1 was created to help in developing a set of uni-
form billet titles. Titles now in use can be compared with this
1ist and a decision made by the command concerning the preferred

set of billet titles.

Manning Distribution

Table I-2 of Annex 1 gives total manning used for operations.,

maintenance, support, and general management at the sites.
The number of direct labor, functional support, and supervisory

personnel are also indicated within each division, as is the

military-civilian composition of each category.

Table I-3 also shows the manning distribution of labor
petween day workers and watchstanders. The purpose of tables
1-2 and I-3 is to compare distributions of the transmitter
personnel among sites, as well as provide a basis for deriving
supervisory overhead rates (described under support manpower

requirements.)

MAINTENANCE MANPOWER REQUIREMENTS

the maintenance data showed large
sites in the number of man~hours each
cM functions for one unit of equipment

Initial analysis of
differences among the
spent in its PMS and
because:
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e While all sites indicated they performed the
PMS work as listed on the Maintenance Requirement
cards (MRC), some of the work was done more often
than indicated on the cards. They also did some
other non-CM work. It is true that the MRC cards
are defined as the minimum PMS5 work to be done.
However, ComNavTelComm has never specified other
work to be done (including overhauls, and needs to
do so if uniform planning standards are to be
derived.

e In some cases, the time taken for parts replace-
ment during PM was originally recorded under PM
time. The consensus was that, for uniformity, this
time should be recorded under CM, and all sites made
certain that their data reflected this definition.

For these reasons, 3 classes of maintenance work were defined:

e Conventional PMS Work. This first work category

is defined as the annual man-hours required to per-
form the minimum PMS actions specified on the MRC

card for one unit of equipment, but does not include
any extra non-CM work the site does because it feels

it is necessary. The conventional PMS man-hours are
defined to include all maintenance man-hours, including
the man-hours required for "make ready and put-away."

Since the operator does part of the PMS actions, it
it necessary to know his share so that a division of
the total PMS time can be made between operator and
maintenance technician.

e Other Non-CM Work. There are a number of mainten-
ance activities (such as overhauls) that are not ¢ " :
at all sites, or are done differently at each site.

To identify these differences and still allow the plan-
ner the choice of including those work functions he de-
sires in his analysis, we have structured all of this
nonstandard, non-CM maintenance work and the man-hours
each requires as additional jobs. But to obtain official
pillet credit for such work as part of the PMS system,
ComNavTelComm will have to make such recommendations
and submit them to NavMat for approval.
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e CM Work. This category is the annual man-hours
required to perform all CM actions, including re- 4
placement of parts during PMS.

Data Organization

Tables II-1 through II-5 of Annex 1 deal with the maintenance
planning factors and are derived from the data submitted by the 4
sites.

Table II-1 gives numbers and types of all equipment being
maintained at the 4 transmitter sites. This equipmernt is
listed alphabetically in column 6 and numbered sequentially in
column 1. The numbering system is then used to identify the same
equipment type in all the II-series tables. As a cross-reference
to locate the data in the II-series tables, the maintenance
numbers as originally given by each site are listed in columns
2, 3, 4, and 5. Column 7 describes the equipment in column 6.

Columns 8 through 11 give the number of units of equip-
ment of each type at the sites. When the number maintained is
different from the total number on hand, this is also indicated,
and the latter figure is the one used in all calculations to deter-
mine unit times.

The total man-hours per year needed for both CM and con-
ventional PMS maintenance (not including extra jobs) for one
unit of each piece of equipment is given in columns 12 through
15. An "A" following the number indicates that the site has
identified extra jobs (at additicnal man-hours). A list of
these extra jobs and the man-hours required is in table II-5.

Table II-2 lists man-hours needed for different aspects
~f conventional planned maintenance, as specified on MRC
cards. Again, columns 1 and 2 give the maintenance number and
equipment type.

The rest of the table is divided into three categories.
Columns 3 through 6 give the standard times reported by the
sites for planned maintenance by operator personnel on one

A-4
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unit of equipment (planning factor 1)1. Columns 7 through 10

give the equivalent standard times by maintenance technician
personnel (planning factor 2). Columns 11 through 14 give the

total of these two times, which is the annual man-hours required

to perform minimum PMS on one unit of equipment. Locally generated
standards are also reported; in those cases the standard is followed
by an (L). These times do not include extra non-CM work such

as overhauls, which are covered in table II-5.

Column 15 gives the official MRC standards as obtained
from Code-04 Readiness Department. 1In some cases, the standard
differs with different models of the same equipment; the range
of values separated by a slash is given for those instances.

Table II-3 gives the annual man-hours the sites reported
as necessary for conventional planned maintenance on one
unit of equipment (not including the time required to do the
extra jobs listed in table II-5). These times usually were
very close to the PMS standards. This was expected, since all
sites indicated they did not keep records of PM work times;
instead, they based their PM requirements on the PMS standards.
Thus, when the required times are noted as being different from
the times specified as MRC standards in table II-2, and
when the differences are not explained in the narrative or
footnotes submitted, a "plus" or "minus" in the box indicates
a positive or negative deviation from the PMS standard. An
"A" indicates there is an extra job reported by the site
and listed in table II-5.

1In the case of several types of equipment, only a local standard
was given; this standard exceeded the MRC standard, and no
breakdown of extra time was given. 1In this case, the local
standard was scaled down to the MRC time, and each of the two
times was scaled down proportionately. 1In addition, Norfolk
apportioned the total time between the operator and technician
differently from the other sites. This should be treated as a
special case when allocating Norfolk billets, and not be part of
the generalized planning process.
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Two other scurces of maintenance manpower standards
were also examined. One source consisted of the maintenance
standards used by the Navy Security Group. Although the FRT-39
and the Kw-7/TSEC are the only types of Navy Security Group
equipment at a transmitter site, maintenance standards for that
equipment are important to this project because:

e The Navy Security Group has many other kinds
of equipment common to NavCommSta equipment at
other sites being analyzed.

e The logic used to derive maintenance require-
ments correlates closely with the logic pro-
posed in this analysis.

e The Navy Security Group's maintenance needs
compare favorably with the U.S. Army and Air

Force maintenance records for the same equipment;
these have been officially approved as the Ser-

vice Cryptologic Agencies (sca) standard by the
Director of Defense Research and Engineering (DDR&E).

The SCA standards for the two types of equipment appear
in column 7 of table II-3. The logic they use is described
elsewhere in this analysis.

Two other historical records analyzed for comparison
deal with the 1972 NMMACLant analysis of NCS San Francisco and
Washington (reference A-1). Unfortunately, the NMMACLant main-
tenance data (columns 8 and 9) consists of the actual CM man-
hours expended and the PM man-hours required but not expended
and, therefore, could not be used in the analyses.

Table II-4 is used to evaluate the corrective maintenance
Planning factors (number 5). Columns 3 through 6 give the
average man-hours per year for one unit of equipment that the
sites reported as required to do all corrective maintenance,
including parts replacement during PM. The rest of the table
was designed to illustrate the frequency of failure and mean
time to repair. But, as explained earlier, the methods of
reporting failures by sites differed too much to use these fac-
tors, and the data is given here to show why these characteristics
cannot be correlated.




i L

CM jobs (such as overhauls) over

and above those listed on the MRC cards. Columns 1 and 2 give
nt corresponding to

the maintenance number and name of the equipme
the other II-series tables. The description of each job is given
in column 3, and the additional man-hours per year required to

do it are in column 4. The sites feel these jobs are necessary, al-
though they have not been formally approved by ComNavTelComm or the
Naval Electronics System command. The list of extra jobs now

being done, their frequency, and the man-hours needed have been
tabulated. This data can be reviewed by CcomNavTelComm, which can
then decide on a proper maintenance policy pased on environmental
conditions at a particular site, the man-hours needed, and the value

of doing the work. This data constitutes planning factor
number 4.

Table II-5 is a list of non-

At the end of the list is a section called nonrecurring extra

These are tasks done during 1974--such as installations=-

jobs.
that are not expected to be repeated on that equipment. However, the
nonrecurring jobs indicate how much time may be spent on other

jobs, and ComNavTelComm may wish to program additional man-hours.

ANALYSIS OF MAINTENANCE DATA

This section contains the analytical results obtained by
correlating all the maintenance data collected during this project.
These results also can be applied to other NavCommSta maintenance

areas.
Basically, the analysis consisted of two types of data
comparisons. First, the man-hours reported required by each site
official Navy

to do a work element were compared. - Second,
standards (approved by Op-124) were also identified, and these
were compared with the requirements stated by each site. Table
II-6 of annex 1 shows the results of this comparison.

First, consider the intersite comparison. The analysis
consisted of calculating a number of ratios using the PMS
standard as the uniform pasis of comparison, thus eliminating
differences in the numbers and mix of equipment among stations.

In the analysis:

e Line 1 shows the sum of PMS standard man-
hours for all equipment at each site.

e Line 2 shows the total man-hours required by
each site to do all PM jobs, both the conventional
PMS and all extra non-CM jobs (both recurring and
non-recurring). Norfolk included a 20-percent
factor for "make-ready and put-away" and "work
breaks" in its PMS requirements; the other sites
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estimated they do the conventional PMS work in
PMS time, including the breaks, make-ready, and
put-away. All 4 sites indicated they took work
samples as the basis for their estimates.

® Line 3 shows the man-hours used for the extra
non-CM jobs done at each site.

® Line 4 shows the man-hours used to do the con-
ventional PM jobs.

@ Line 5 shows the total man-hours required for
CM.

@ Line 6 shows the ratios of total requirements for

PM and CM as reported by each site (including
all extra non-CM jobs) to the PMS standard. This
was the most important result.

These ratios were then compared with Navy maintenance
standards approved by Op-124. While these standards were con-
structed for communications equipment used by the fleet, they are
the best data available to Op-124. The standards were obtained
this way:

@ The PMS standard listed on the MRC card is the
official requirement for PM actions. But the PMS
standard is for working time only; an additional
17 percent is allowed for PF&D (planning factor 15).

® The PMS standard does not include make~ready and
put-away time, which is allowed as an additional

factor (number 3); no official time has been set by
the Navy. The exact amount of time is a function of

the distance between where the tools and parts are kept
and where the equipment is located, and how many times

the same tools are used in maintenance at that loca-
tion. Op-124 permits a factor of 30 percent for the
fleet and has indicated it will also permit a 30-
percent factor for shore stations until a thorough
study can be conducted.

Thus, the total Navy PM requirement for work specified on
the MRC card is 1.47 times the PMS standard.
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While there is no Navy CM standard similar to the PMS
standard, there is an OpNav policy used for fleet manning purposes-—-
paragraph 106.1.c(6) of reference A-2. This policy states that
for every hour of CM action, one hour of PM action is needed for
electronic equipment. Op-124 further interprets this policy for
determining billet requirements by estimating the CM man-hours
required for the fleet as being equal to the total PMS man-hours
required. Again, it will permit this factor to be used as the Navy
requirement for shore stations until a more thorough study can be
made. The CM-to-PM man-hour ratio was therefore calculated for each
station, using the PMS standard man-hours as a reference. An
appropriate CM:PM ratio thus can be used as a standard for each
site or for the entire command.

The total maintenance requirement for fleet operations is
therefore 2.94 PMS time. Additional man-hours for extra non-CM
maintenance appear on MRC cards when officially approved by NavMat.

The maintenance standard used by the SCA was found to be
3 times the PMS man-hours, reasonably close to the Op-124 standard.

With the preceding discussion in mind, we next compared
each of the site's total maintenance requirements ratio (line
6 of table II-6) with the derived Navy requirement, whose ratio
is 2.94. Honolulu and Italy require much less than the Navy
requirement. Guam is 92 percent of the Navy requirement. Norfolk,
by contrast, is 184 percent of the Navy requirement. All sites
except Norfolk can do all their current maintenance jobs and
stay under the Navy requirement. However, Norfolk indicates it
can meet the Navy requirement in the future.

While the intent is to use the PMS standard &as the basis
ior allocating billets, the NavCommStas themselves differed in
their numerical values of the same PMS standard, as shown in table
11-2. 1In some cases, the value given iz even lower than the
official standard. When a set of numie:s differs considerably,
ComNavTelComm should determine why and assign a correct value for
each site.

The reasons for the differences include:

e Differences in the amount of work being done,
particularly in "as-required" work.

e Differences in PMS standards for different models
of the same equipment; column 15 of table II-2

shows the range of values of the standard for
different models.

e Arithmetic errors by the site in calculating the
standards.

A-9
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Because of the large differences in ratios among the sites,
several other analyses were also made at the next level of detail.
The first was a calculation of the man-hours required to do the
extra, non-CM jobs now being done (and listed in table II-5).

A comparison among sites of the extra man-hours is best shown

by taking the ratio of the total PM man-hours required to the man-
hours associated with the PMS standard. These ratios are

shown in row 7 of table II-6. While Honolulu does extra jobs
(though not as many as Guam and Norfolk), its total PM is

only 70 percent of the PMS standard. Italy requires 20 percent
more than the standard. Guam requires 100 percent of the standard,
and Norfolk far exceeds it.

A second analysis was concerned with finding the ratio of
CM man-hours to the Navy man-hours allowance for PM and comparing
this ratio with the Navy requirement (unity). This is shown in
row 10 of table II-6. Norfolk is also very high in this respect.
| Row 11 of table II-6 provides a similar ratio of CM required to
the PMS standard, rather than to the Navy PM required.

3 The results show that the 4 sites can be placed into three
o classes:

e Honolulu and Italyl perform about the same--that
A is, few man-hours for extra PM jobs, and CM re-
quired only a small percentage of the Navy PM
requirement.

;q @ Guam spends 60 percent extra on non-CM jobs, and
3 its CM requirement is 70 percent of the Navy PM
' requirement (well within the 100-percent requirement).

lItaly had maintenance data available on the FRT-39, -40, and -83
and some other minor equipment; the analysis was based on that
equipment. However, this set of equipment accounted for 81 percent
| of the total maintenance requirement, as measured by the PMS
b standards.
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e Norfolk, by contrast, spends 120 percent extra
man-hours on non-CM jobs, but its CM is 220 percent

of the Navy requirement. This example seems to vinlate
the rule of thumb that doing more PM reduces CM.

Much higher CM is the main reason why Norfolk's man-
power needs are 184 percent of the Navy's require-
ment, and 540 percent of Honolulu's.

Finally, the CM man-hours per year reported by all sites
were recently made available by ComNavTelComm's Readiness De-
partment (Code-04); this data was collected biweekly as part of
the Phase I Maintenance Data Collection System (MDCS). Since
the values of this MDCS data were lower than the data officially
forwarded to OEG, they were brought into the analysis {even
though both 12-month periods covered do not coincide).

Table II-7 shows the MDCS data for 1 April 1974 through 1
April 1975. Column 4 lists the average man-hours per year per
unit for each equipment model and type at Honolulu (columns 1
and 2). Two calculations were made with this data. First, the
total number of each type of equipment in inventory was calculated;
(shown as the sum for each equipment type in column 3). Also,
the average unit CM man-hours per year for each equipment type was

calculated by taking the weighted average of all equipment models.
This is also shown on the bottom line of each equipment type in
column 4.

This unit CM value was also compared with the unit CM
value calculated in this project (column 5). Similar calculations
were made for the MDCS data accumulated from the other sites;
that data appears in columns 6 through 14.

Table II-8 compares the total yearly CM man-hours submitted
through MDCS with the total CM man-hours required as submitted
to this project. Each value was obtained as the product of the
number of equipment items of a particular type and the appropriate
unit CM value. A ratio of the MDCS value to the OEG value was
then calculated.

Honolulu's MDCS data is 150 percent of that reported to
OEG. Guam's CM man-hours as reported to MDCS were only €0 percent
of the man-hours reported to OEG, Norfolk's were 30 percent,
and Italy's, 90 percent.
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Thus, we apparently have two sets of officially submitted
: CM data covering two separate l2-month periods. The "correct"”
il data should be somewhere between the two values obtained. To
show this range of uncertainty, the ratios obtained in table II-8
were applied to the original data (table II-6) and a new set of
ratios calculated--that is, holding PM required fixed and cal-
culating a new set of CM requirements based on the ratios of i
table II-8. These calculations are shown in table II-9; the :
new values obtained are much closer to the Navy requirement. ¢

Lastly, calculations of all maintenance ratios were made

for the electronic maintenance divisions and receiver sites at k
the 4 NavCommStas. These are shown in table II-10. Again, |
the data submitted by the Norfolk transmitter site is the only 1

data that lies outside the Op-124 standard.

OPERATIONAL MANPOWER REQUIREMENTS

The operational manpower planning factors that were derived
are based on this model of transmitter operations (validated

by the sites):
e The entire operational workload consists
of:

- Tuning and retuning transmitters in
use (not those on standby or unavailable).

- QC checks.

- Other operational activities, including
tuning/readjusting a transmitter following
power outage, on-the-job training, and
excess travel by 0&M personnel.

® Man-hours required for each work element are
the product of the unit time for that activity and
how often it is done.

Organization of Tuning/Retuning Data

Tables III-la and III-lb of Annex 1 contain data relating the
, number of operating hours to the number of tunings/retunings re-
: quired in the past year for each communications system/transmitter
' type (planning factors 6 and 7). Combining this data with the total
time required for each tuning/retuning (planning factor 8) enabled
calculating the total operating man-hours per 1,000 hours of system
operating time (planning factor 9). Table III-la deals with systems
operated continuously; table III-1b is the equivalent table for

i | systems operated intermittently.
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Columns 1 and 2 of the tables contain the system
names and the transmitter types used in that system. The
operational usage factor (planning factor 6) in columns 3
through 6 is thf number of hours per year that the equipment
was operational+ (up time). Columns 7 through 10 give the
number of tunings and retunings associated with each system/
transmitter type.

Columns 1} through 14 give two numbers concerning planning
factor 7, which relates the number of tunings/retunings to
transmitter usage. The first number in each column is the
average operational hours between each tuning or retuning; that
is, column 11 equals column 3 divided by column 7. The second
number is the inverse of the first number (times 1,000) and
shows the number of tunings or retunings per 1,000 hours
of up time (that is, column 11 after the slash equals column 7
divided by column 3 times 1,000).

Before discussing columns 15 through 18, refer to table
1II-2. That table gives planning factor 8--the unit times sub-
mitted for each site for tuning or retuning a given transmitter
type (columns 2, 3, 4, and 7). These times also include the
time spent on the orderwire, on logging, as well as time spent
on selecting a new antenna when required.

Table III-2 also itemizes the average time spent on
orderwire and logging for Guam and Norfolk. While we intended
to measure the total tuning function, it was not possible to
do so. Therefore, an audit of the Norfolk log was made; these
times are given in column 5. Since these times were appreciably
smaller than the Norfolk data submitted in column 4, an arith-
metic mean of both sets of data was taken and used as the final
Norfolk data. This is shown in column 6. Finally, a weighted
mean time for all 4 sites was calculated (using columns 2, 3, 6,
and 7). This mean is given in column 8. The weighting was
based on the number of tunings/retunings of that transmitter
occurring at each site.

lOperational means that the transmitter is not in standby con-
dition. It has high voltage applied and is ready for keying:
it may not have been keyed all of these hours.
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Using these times, the operational man-hours used per
1,000 hours of up time was calculated and entered in columns
15 through 18 of tables III-la and III-lb. These values were
obtained by multiplying the number of tunings/retunings per
1,000 hours of up time (columns 11 through 14) by the unit time
given in table III-2 for that particular equipment type. This
is planning factor 9--tuning/retuning man-hours to usage.

Analysis of Tuning/Retuning Data

The most accurate way of estimating the number of tunings/
retunings required in the future at each site analyzed is to use
tables III-la and III-b. Assumptions that need to be made are
that each future communications system/transmitter will require
the same number of tunings/retunings, and that these will be
proportional to the number of cperating hours estimated. The
planner must thus estimate the new number of operating hours
for each communications system/transmitter type (using 1974
operating hours as a guide) and multiply by planning factor 7
(column 11 through 14 of these tables).

We also tried to develop a simpler way to relate
the total number of tunings/retunings to total operating hours,
since:

e The calculations might be easier.

e The estimating model might be usable for all
other transmitter sites.

To develop this more simplified model, the number of
tunings/retunings made for all continuously operated systems
at each site was plotted vs. the number of transmitters used
(table III-la), and the number of tunings/retunings made for all
intermittently operated systems at each site plotted vs. the
full-time equivalent2 transmitters used (table III-lb); see
figure A-1.

1If the number of tunings/retunings at a site were known, the
man-hours required could be calculated as the product of the number
of tunings/retunings and the average time required for tuning

based on the mix of transmitters at that site.

2Each 8,760 hours of transmitter use per year is one full-
time equivalent transmitter.
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While the 4 data points plotted for the intermittently

; operated systems follow a linear function, it does not pass

b through the origin, as expected. More study is needed to deter-
3 mine why. But because of the good correlation cbtained, this

Al function apparently could be used (instead of table III-1b) so
3 long as the mix of systems used is not changed radically at a

| different site. Further analysis of this model is needed to ob-
' tain additional validation.

£ | The model of continuoui operations seems to hold for

ﬂ 3 gites but not for Honolulu,  which required fewer tunings/

. retunings than the function predicts. To determine why

& | Honolulu was different from the other sites, the ratio of the

| number of tunings/ retunings per 1,000 hours (column 11 of

3 table III-la) was plotted against the number of operating

,w hours (column 3) for each Honolulu system/transmitter; see

i figure A-2. We also determined which of these systems is
operated only at Honolulu; these unique systems are indicated

L | separately in the figure. The figure also shows the average

ratio of tunings/retunings to operating hours o)

® Fach of the 4 sites.

:% e The function shown in figure A-1 (calculated
’ as the slope of the line).

JW Most of the systems unique to Honolulu have a much

4 lJower ratio of tunings/retunings to operating hours than do

i 3 the other stations (or average slope). It may be possible to
treat these communications systems as a special category, thus

permitting more simplified models than the tables to be used

9 for all NavCommStas. Further work is needed for this validation.

3 A partial analysis of why these systems differ indicates
1 that instead of dividing the entire set of systems into two
classes (continuous and intermittently operated), three classes
should be considered:

e Continuously operated systems, such as multi-
channel broadcast, that always operate on the

s b e i

1Again, this function does not pass through the origin for
some unaccountable reason.
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A-16




R ©
36,000 —
[ ]

| &

4 34,000 |
4 ‘L » = System unique to Honolulu

'3 28,000 |-

26,000 #—9' L A =

1 24,000 |-

g 22,000 |-

o 20,000 |-

2 <}

&t i

a 2 18,000 |

= o * L] e L]

3 o
Lt o 16,000

g 14,000 }-
: |
12,000 |-
10,000 |- i
& i
e X L PR |
1 8,000 |- f
i Honolulu Average slope Guam Norfolk Italy 1
6,000|||'1|||||‘|1||||1l44‘
xl 123456789101112131415161718293@
Tunings/retunings per 1,000 hours up-time

|

1 FIG. A-2: NUMBER OF TUNINGS/RETUNINGS PER 1,000 HOURS vs. OPERATING

ﬁ HOURS FOR EACH HONOLULU SYSTEM/TRANSMITTER TYPE

A-17

T e R o Rk sl
e

sy




same frequency. For this class, the only reason
for a tuning should be because of maintenance
actions (CM or PM), and the only reason for a
retuning is frequency drift. Hence, the number

of tunings/retunings per operating hour should be
very low.

e Continuously operated systems, such as some
point-to-point circuits, that undergo frequency

changes periodically. For this class, tunings/
retunings occur because of:

- Maintenance actions, expected at the

same rate per operating hour as continous
systems.

- The number of frequency changes (retunings)
occurring per operating hour.

e Intermittently operated systems, such as full-

period terminations, that undergo tunings/retunings
because of:

- Maintenance actions, expected at the

same rate per operating hour as continuous
systems.

- The number of activations per hour of
system operating time; that is, the more
often the system is activated, the more
tunings are required.

- The number of retunings once the
system is activated.

Thus, all intermittently operated systems need to be
reviewed and these factors introduced:

e Average up time once the system is activated.

e Average up time at a given frequency once the
system is activated.
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Three other factors were also considered:

® Type of transmitter used; this would influence
how often maintenance actions are required.

® Number of ships in the area; Communications Area
Master Station Norfolk indicates that as more

ships enter the area, the number of transmitters op-
erating is merely increased. The number of ships

thus does not seem to influence the number of tunings/
retunings per operating hour.

® Quality control checking; the more QC checks
that are made, the greater the chance that trans-
mitter drift or other deviations will be detected,
requiring transmitter adjustment (that is, retuning
as defined here). QC checking policies differ
among sites (as described elsewhere in this appen-
; dix) and may cause nonuniformity among sites in

k| the tunings/retunings needed for any mix of
systems.

Once the number of tunings/retunings has been estimated

P‘ at a site, the average time required per tuning/retuning needs

3 to be determined. This will be calculated as a weighted average

- of the various times required for each transmitter type within

3\ each communications system class (as developed in the preceding

o discussion). In this case, the weighting is directly proportional
3 to the operating hours associated with that transmitter type.

For example, consider that within a class of communi-
cations systems at the site, we have estimated these numbers of
hours of transmitter usage for all continuous systems:

FRT-39: 10,000 hours;
FRT-40: 20,000 hours;
and FRT-83: 30,000 hours.

Also, assume that the command standards for tunings/retunings
are:

FRT-39: 10 minutes;
FRT-40: 12 minutes; ;
and FRT-83: 6 minutes.




The weighted average tuning/retuning time for the
transmitter mix is:

(10,000) (10 min.) + (20,000) (12 min.) + (30,000) (6 min.)
60,000

equals 8.7 minutes.

For Guam, the number of tunings/retunings in tables
III-la and III-1b was based on a 6-month sample (1 April
through 30 September 1974); presumably, the sampled data was
extrapolated to 12 months by doubling it. If this were the
case, the only peak operations (the first 3 weeks of July)
would be counted twice. Therefore, a factor to correct the
sampling error was generated for Guam. Since the number of tunings/
retunings should be related to the number of active transmitters,
we calculated a correction factor for Guam based on this analysis:

e The plots of transmitters active each day

for October 1973 through September 1974 (as
supplied by Guam) show a total of 22,854 trans-
mitter days over 362 days excluding 6, 7, and

8 October 1973; data for those 3 days was not
supplied. The total is transmitter days of usage
(TD) 362.

e The plots of transmitters active each day
for 1 April-30 September 1974 show a total of
12,084 transmitter days for these 183 days, or
(TD) 183.

e The ratio of the two yearly extrapolations=--
362 days of use extrapolated to 365, and divided
by days of use extrapolated to 365--is the correction

factor (CF). Thus, CF is:
(TD)362 (365)/362 = 0.95.
(TD)183 (365)/183

CE 1=

Applying this CF to the tctal man-hours required for
tunings/retunings at Guam would more accurately compensate for
the one major fleet exercise during the 6 months when extra-
polating to 12 months. But this CF does not include the peak
October 1973 data. Therefore, a judgment needs to be made
whether the October data should be included, or whether it is compen-
sated for by the other peak data and thus not include a CF.
Either way, the difference is probably small.
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Organization and Analysis of QC Checks Data

The man-hours used at sach site for QC checks was plotted
against the number of transmitters in inventory and against the
number of full equivalent transmitters operating during 1974.
Both functions are shown ‘in figure 2 of the main text. Since
the number of man-hours required is determined chiefly by the
number of operational hours, the solid curve in the ficure is to
be used as planning factor number 10.

Apparently, all stations are not performiig the same QC
checks specified in ComNavTelComm instructions. For tkiz reason,
various work samples were taken of some of the QC checks Gone
at Norfolk.

Information describing most of the QC checks made at Nor-
folk and the schedule of such checks is contained in this section.
The time taken to do each check, including confidence limits
based on a 90-percent confidence level and the sample size
used, is contained in table III-3. {Data taken during the work
sampling tests at Norfolk will be published separately.) That
table also contains the unit times reported by Norfolk for com-
parison.

The curve shown in figure 2 of the main text may serve
as a first approximation to the man-hours required at each site.
But if greater accuracy is desired, a more detailed analysis should
consider (as in the case of Norfolk):
e The specific QC checks to be done at each site.

e How often these checks are to be done.

e Time required to do each check.

These characteristics would then be converted into the
average annual man-hours required for each transmitter and for
each land line or microwave channel undergoing QC checks at each
site. These unit man-hours, which would then be the new set of
planning factors, would be multiplied by the number of trans-
mitters and keying circuits at each site to obtain the total
number of man-hours needed for this function.

Table III-4 shows the results of such a calculation using ]
the work measurements made at Norfolk. The table can serve as 8
a model for similar calculations required at the other sites, 3
taking into account all differences in site characteristics
affecting how often tests are required and the number of circuits
involved.

A-21 1




s F e

QUALITY CONTROL TESTS PERFORMED AT NORFOLK STATION

Test 1: High-Level Total Peak Distortion

The operator uses data analysis equipment (DAC-V) or
equivalent to detect deteriorating signal quality caused by
faulty equipment or a poor radio path. Total peak distortion
readings exceeding indicated standards are indications of deter-
iorating circuit quality requiring corrections. The operator
informs Technical Control of the high distortion readings and
coordinates with control to determine whether the keying or
transmitter signal is distorted.

Test 2: High-Level Current

The operator uses milliampmeters of various types
to check high-level current in DC channels. This test will
ensure against circuit distortion caused by improper adjustment
of station battery. Substituting or adding equipment to a DC
circuit may cause enough of a change in current level so that
resulting additional distortion will degrade the circuit.

Test 3: Composite Data Transmission Levels

The operator uses transmission measuring set type 12-B
(Daven) or equivalent to ensure that proper operating composite
data transmission levels are maintained and will lessen the
possibility of cross-talk between channels.

Test 4: Intermodulation Distortions and Modulation Levels

The operator uses an AN/GRM-3B Spectrum Analyzer or
equivalent to measure a transmitter's capability to transmit
complex signals without generating unwanted frequencies because
of nonlinearity of various stages of the transmitter. These
unwanted frequencies detract from power availabie to the desired
transmissions and generate interference.

Test 5: Transmitter Synthesizer Synchronization

This is a visual check by the operator by observing the
SYNC light on the front panel of the exciter rack. Then lighted
the SYNC light indicates that the synthesizer and internal fre-
quency standard are synchronized. The purpose of the test is
to ensure that the frequency synthesizer used in the AN/FRT-39,
-40, -62, and -74 transmitters is synchronized to the internal
frequency standard.
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- Test 6: Transmitting Antenna VSWR and Power Out

This is a visual check by the operator to ensure that
the transmitting antenna system is operating at maximum efficiency.
An excessive VSWR (exceeding the design limits of the antenna)
indicates a defect in the transmitting antenna system. The
operator also checks power output to ensure the transmitter is
operating at desired power, taking into account emission, number

of channels, etc.
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OTHER OPERATIONAL ACTIVITIES FACTGRS . §

: £ The man-hours required to perform other operational i
a5 activities at a site were also gathered. These make up the ' :
' additional planning factor (number 11) unique to each station. '
These activities include:

e Tuning/readjusting equipment following a
power outage.

2 e On-the-job training for both operations and
1 maintenance.

® Excessive travel by O&M personnel. i

H While these activities are operational, their descriptions
. and times required are included in table IV-2 under support 1
%‘ collateral duty jobs, since the data follows the same format. !

A considerable amount of on-the-job training time for
both operations and maintenance results in the completion of part
of the operations and maintenance workload. Thus, if on-the-job i
training time were added to the O&M workload requirements, "double
counting" of the same workload would result. Therefore, we must
estimate the amount of on-the-job training man-hours that is the
equivalent amount of productive O&M workload and not count these
man-hours in on-the-job training requirements. The expression
"egquivalent amount" of productive O&M workload is used, since
the trainee may take more man-hours than the average trained

person to do the same job.
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i ¢ To illustrate this point, consider Italy's on-the-job

' training needs. New radio men and electronic technicians are

& each trained on off-the-air circuits for 60 man-hours per year.
3 Each is also assigned for 176 man-hours to on-the-air circuits.

; However, it can be assumed that this productive work is done at a
lower efficiency then by trained personnel (assume 70 percent ef- 4
ficiency). Thus, [60 + (0.30)(176)] /(60 + 176) or 48 percent
of this part of the on-the-job training was nonproductive and A
should be counted.
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Also, according to Op-124, on-the~job training requirements

must be based on raising the capabilities of those unqualified

for the job--for example, training for specific equipment. The
requirements cannot be pbased on assigning persons with lower
grades or incorrect Naval Enlisted Codes.

SUPPORT MANPOWER REQUIREMENTS
Three types of support work loads are identified:
e Support primary duty workload--that work
done by nonsupervisory personnel whose primary
duty is to support the site, as opposed to "hands

on" operations and maintenance services.

e Support collateral duty workload~-that work
done by nonsupervisory personnel in addition to
their primary duties.

e Supervisory workload--that work done by non-
direct labor supervisors.

Support Primary Duty Factors

Table IV-1 is a list of all support primary duty billets
filled at the 4 sites and constitutes planning factor 12. Column
1 gives the position titles (of support billets only) from
the master billet list, and columns 2 through 5 show the titles
that are in use for filled billets at all the sites. If the
site uses the same title as shown in column 1, "same" is
indicated. A star after a title different from the master-billet
title signifies that this title is preferred by the site. Support
billets that do not correspond to a billet from the master list
are preceded by the letter used to identify the position submitted
ty that site.

After each site's billet title is the number of persons
now in that billet if that number is more than one. Also in-
dicated is the percentage of time, less than 100 percent, that
the person is involved in direct labor. Part of this direct labor
time may be spent in collateral duty support jobs (see the next
section). How much time is taken from primary duty time and
used in support collateral duty is shown in table IV-2.

Only those support billets from the master list that
are filled at one or more of the sites are listed in column 1.
Most of these billets are organizationally located in the
support divisions of each site. Those that are in operations
or maintenance at a given site are so designated.
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No work analysis was made of these support primary
duty jobs. However, to systematically assign these support
billets, the command must analyze table IV-1l and determine:

e Whether the work function is required at each

site that has the billet listed. It must also

be confirmed that the support activity cannot be done
by the station's public works department or other
Navy support activities because of the site's
distance from a regular Navy base. (Appendix B

of reference A-3 contains the set of tasks re-

lating to the master billets listed.)

e How many full-time equivalent workers are
required for this work function at each site.
This depends on the size and layout of each

site and whether the function is (or can be)
provided to any extent by the main station or

by other Navy support services (such as regional
medical services).

This way, judgment has to be used in allocating these
billets.

Support Collateral Duty Factors

Table IV-2 is a composite of support collateral duty
jobs now being done at the 4 sites and constitutes planning
factor 13. Column 1 briefly describes the type of job involved,
such as cleaning. This is followed by a list of support jobs, by
number, as a cross reference to the data submitted by each
site, and the total man-hours per year required to do each job
clustered in that job category. A more detailed description
of those collateral support jobs appears in table IV-3, including
the method for calculating support.

Columns 1, 2, and 3 of the table describe the job and the
work unit measure. Column 4 is the hours needed by one man to
complete one work unit. Column 5 is the number of work units
done per week by all the men involved; it is thus the product of
the number of times each man does a work unit per week and the
number of men doing them simultaneously. Column 6 is the total
man-hours per year required for the job, and consists of 52
times columns 4 and 5.

A lack of submitted data prevented a detailed work analysis.
As with support primary duty billets, it will be necessary for
ComNavTelComm to review these lists and decide:
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e Which collateral jobs must be done, and how
often.

e How many man-hours are needed for each job.
Op-124 stresses that requirements can include only
working time; for "on-call" duty, only actual
working time can be counted.

e Who should do the work--operational or maintenance

(or both) personnel, primary duty personnel, or
outside personnel.

Supervisory Factors

Another support planning factor is the supervisory over-
head rate (planning factor 14), which is the total number of
full-time equivalent supervisors divided by the full-time
equivalent nonsupervisory (now on board) personnel in the
organizational unit being analyzed.

This calculation was made for each of these organiza-
tional components:

® Total site overhead.

® General management (percent of total direct
labor).

@ Watch operations (including maintenance
personnel on watch).

e Total operations division (total watch and
day operations personnel).

@ Maintenance division (excluding maintenance
watch personnel).

The data shown in table I-3 is organized into the above
components and arranged into total full-time equivalent direct
labor and supervisors and the calculated supervisory overhead
factors within these components. The results of these calcula-
tions were taken out of table I-3 and summarized in table IV-4.
The most important set of numbers is the overall site supervisory
overhead ratio, which varies from 20.0 to 25.8 percent and is
thus fairly consistent from site to site. There is no Navy
requirement as to what this ratio should be.
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Further analysis of table I-3 shows that there are
significant differences in component overhead rates, both
among and within sites; some of these rates are quite high
(for example, 50 percent on watch at Norfolk). Further dis-
cussions with the Norfolk officer in charge regarding the division
of work between the supervisor and workers revealed that:

® The supervisor works side by side with the

workers doing a portion of the operating work

load previously described, particularly during
busy hours.

e The only operating work load not listed, and
which is done by the supervisor, consists of on-the-
job training, spot-checking the quality of work of
his personnel; availability as the senior person

for any problems that arise during the watch;

and evaluating personnel.

@ While the supervisor has overall responsibility
for proper operations during the watch, he dele-
gates this responsibility among all watch personnel.
Thus, the only man-hours this ultimate responsi-
bility really costs is in performing the tasks
described in the preceding item.

Further review of the Norfolk personnel data by the officer
in charge showed that the supervisory function is actually
closer to 10 percent of direct labor. The overhead ratios given
in table 1IV-4 were obtained from judgments based on
job titles and not on work function analyses; the ratios there-
fore may be inaccurate. To improve the accuracy of these ratios,
and obtain a Navy requirement, each organizational unit should be
examined and the supervisory work more specifically defined and
measured.

OP-124 WORK STANDARDS

Work standards provided by Op-124 as planning factors
are described in this section.

Personal Fatigue and Delay (PF&D) Factor (Planning Factor 15)

Op-124 allows a PF&D factor of 17 percent of productive
work time for blue-collar workers for all work stoppages, in-
cluding personal relief. When deriving the total man-hours
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It is therefore necessary to determine whether the measure con-
sisted of only productive work time (such as would be obtained
through work samples), or whether the time also included
various work stoppages--such as coffee breaks--as in the
corrective maintenance times recorded.

Standard Work Week (Planning Factor 16)

Standard Work Week for Military Personnel Ashore

The standard work week (reference 1 of the main text)
for military personnel at CONUS activities and overseas batses where
dependents are authorized is 40 hours. 1Included in this work
week is an allowance for service diversions; this allowance
provides for quarters, sick call, personal business, etc.
The 40-hour standard work week for military consists of:

Hours per week

Service diversion training 4.83
Leave 1.85
Holidays 1,38
Time available for work 31.94
Total 40.00

The standard work week for military ashore at CONUS
activities and overseas where dependents are not authorized
should be computed this way:
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Time available Nonavailable Total
for work hours
Continuous shift
i watchstander 60.0 6.0 66.0
§ Duty status
watchstander 61.7 6.0 67.7
Nonwatchstander 51.1 6.0 57.0

The work week for military firefighters and other watch-
standing personnel using the 72-hour work week is:

Hours per week

Service diversions training 4.83
% Leave 5. 07
Available for work 62.10
Total 72.00

Standard Work Week for Civilians

The standard work week for civilians is 40 hours.
Training includes classroom lectures, on-the-job instructions,
and safety indoctrination. Diversions include minor unavoidable
delays such as fire drills, chest X-rays, voting, blood donations,
etc. The 40-hour standard work week for civilians consists of:
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Hours per week

Leave

Holidays

Training

Diversions

Time available for work 33.38
Total 40.00

The standard work week for civilian supervisory fire-
fighters using the 56-hour work week is:

Hours per week

Leave

Training

Diversions

Available for work 48.99

Total 56.00

The standard work week for civilian firefighters using
the 72-hour work week is:




3
Hours per week
Leave 8.21
Training 0.20
Diversions 0.44
Available for work 63.15
Total 72.00C

MANPOWER REQUIREMENTS AND UTILIZATION ANALYSIS OF C&M PERSONNEL
The main objectives of this analysis were to:

e Compile relative manpower requirements for each
work category performed by O&M personnel. This
would be useful in sensitivity analyses, since

the impact of any approximation on total error
could be more readily evaluated.

e Provide a first calculation of the billets
required based on the work loads and make a first
step in comparing these billets with personnel on

board.

@ Perform a "check and balance" on some of the
data provided by the sites.

Man-Hours Required

Table V-1 gives the man-hours required for each job as
defined. This calculation was made two ways: in terms of the
stated site requirements (lower bound, except for Norfolk), and
in terms of the Navy requirement (upper bound).
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For example, in terms of the Navy requirement, the
Honolulu work load requirements are in these proportions (as
percentages, rounded off):

Maintenance by technicians

cM 30
PM : 19
49
Collateral duty support 3 22
Operations
PM : 11
QC checks 9
Tunings/retunings: 5
Other : 5
30

Billets Required and Utilization

The next set of calculations involved converting the man-
hours required in each category into direct-labor killets;
this was done by dividing by 1,661 man-hours productive time
per billet per year. (This is for military personnel only. A
more accurate calculation would consider the military-to-civilian
mix. This approach does not include any limitations, such as
having a minimum of 2 men per watch section.) This was then com-
pared with the total number of direct-labor personnel now on board
in each work category. A personnel utilization calculation was
made next by taking the ratio of billets required to current
manning. These results (see table V-2) indicate the average
proportion of time that current manning would spend working in

these categories:

@ Watch direct labor personnel doing operations
and PM.

e Maintenance direct labor personnel doing CM
and technician PM.

e Total OsM direct labor personnel doing collateral
duty support.

e Total O&M direct labor personnel doing all re-
quired work.
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The results show a very high (greater than 100 percent)
utilization for Norfolk direct-labor personnel--much higher
than the other sites. Possible reasons for this are:

e Work load data submitted in error (that is,
higher than it should be).

e DPersonnel working an average of more than the
standard work week.

e Supervisory personnel doing some O&M work, at
variance with the supervisory percentages originally
given by the sites.
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As discussed elsewhere in this report, some of the
supervisory percentages seem to be too high. Therefore, a
recalculation of personnel utilization was made in tables V-1,
and V-2, based on total current manning in each category,
including both direct-labor and supervisory personnel. While
this total unit utilization is less than the first case (since
total personnel is the denominator of the ratio), it is
probably a more realistic number than the one obtained from the
first calculation. Also, this number can be extrapolated to
the direct-labor force by subtracting perhaps 10 percent for

supervision.
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TABLE II-1l

OPERATOR PM RATIOS

Operator Total Operator-to-

PMS PMS total PMS
standard standard ratio

S R B )

Honolulu 7,426.4 20,536 0.36

st

Norfolk 6,556.1 g8,2792
b

Italy 302.4 1,745°

!
é
%

e

8pjiffers from total PMS figure in table II-6 because the Patch and

Test facility is not included; no breakdown of operator and main-
tenance technician PM times is available.
bThe operator PM time for the FRT-40 is an estimate based on the

ratio of operator FM-to-total PM time of the FRT-39. This was
done because the breakdowns of operator PM and maintenance tech-
nician PM times were incorrect (did not add up to total PM time).

Cpiffers from total PMS figure in table II-6 because it was based

on ali equipment for which operator and total PMS times are avail-
able.
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TABLE III-3

ik

COMPARISON OF ESTIMATED (BY SAMPLING) VS.
REPORTED TIMES FOR QUALITY CONTROL CHECKS

—
el

Estimated Reported
Sample timeP time
size (minutes) (minutes)

#:{‘:

Send 6 0.54 ¥ 0.197

Receive 6 0.144 0.031 Reported

jointly at
0.079 0.167

T S e s

Send 0.016

Receive 0.021
0.065

1.057

3.03

%0ne observation discarded.
bAll confidence intervals obtained for a 40-percent confidence

level using a t-statistic yield; all Uo values ccnsistent with
the data (that is, all Uo values for which the hypothesis H :

0!
the true average time to perform the test U = Uo vs. HA U # UO

would not have been rejected given the sample data at a 90-percent
confidence level).
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