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ABSTRACT 

A program was conducted to establish the validity and re¬ 
liability of a technique of mathematical modeling for predicting 
manning requirements for weapon systems. The model was based 
on AMRL-TDR-64-21, "A Queuing Model for Determining System 
Manning and Related Support Requirements," and AMRL-TR-64-125, 
"Queuing Tables for Determining System Manning and Related 
Support Requirements." The technique was applied to two 
systems? the F105D fire control system (PCS), which presently 
is operational? and the C141 system, which is scheduled for 
operation in the near future. The model prediction for the PCS, 
using field data for parameter estimation, yielded good results 
when compared with operational performance. Moreover, it was 
shown that the operational performance could be achieved by 
34% less personnel than the manning set by the table of organi¬ 
zation. The model prediction for the PCS, using conceptual 
data, resulted in substantially the same manning for the main¬ 
tenance shop as that developed from the measured data? but, 
because maintenance concepts had been changed in the field, the 
number of flightline airmen was larger than the measured data. 
The manning prediction for the C141 system, based on operational 
rates planned for the system and field data on the C130 system, 
resulted in a prediction of 819 airmen in the organizational 
maintenance squadron and 476 airmen in field maintenance squadron. 
With the predicted manning it could be expected that an operati¬ 
onal readiness of 78% could be maintained. 
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SECTION I 

INTRODUCTION 

1.1 Content of the Report 

System manning has been a persistent problem with all in¬ 
dustry and the services. It has been a particular problem with 
the Air Force because of the multitude of systems and personnel 
skills involved. The mathematical model to be validated here is 
based on finite cyclical queuing theory. Details of the model 
are contained in a previous reporc, "A Queuing Model for Deter¬ 
mining System Manning and Related Support Requirements/' (Ref. 1). 
(See also appendix I.) 

This report has been organized with the intent to make the 
reading relatively independent of preceding program reports. 
The reader will find a general discussion of validity and reli¬ 
ability of prediction models followed by experimental design of 
the model validation test in this section. A detailed descrip¬ 
tion of the manning model is discussed in section II. 

The remaindar of the report consists of application of the 
model to specific systems. Preliminary information required for 
model application is presented in the first model application in 
section III. This consists of the development of necessary con¬ 
version factors, and is not repeated in the second model appli¬ 
cation in section IV. Section V presents general conclusions 
and recommendations. References and appropriate appendices are 
called out for background. 

1.2 Decision Methods 

Before a decision is made that a predictive mathematical 
model is acceptable, a validation is needed. The ways in which 
a prediction model may not meet stated objectives are as follows* 

a. The model may include superfluous, independent, vari¬ 
ables which have no appreciable effect on the dependent 
(output) variable. 

b. The model may omit significant independent variables. 

c. The model may assert an inaccurate, incorrect, or in¬ 
adequate functional relation between the dependent vari¬ 
ables. This may be the case for only certain ranges of 
values of one or more of the independent variables. 

d. A valid model apparently may fail due to inaccurate 
parameter predictions. That is, inaccurately predicted 
values of an independent variable, substituted into the 
model, may yield an incorrect value for the dependent 
variable; where accurate predictions would have yielded 
an acceptable value. 
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e. Every mathematical model of a real system is an approxi¬ 
mation. An extremely accurate approximation is possible 
by taking many independent variables into account, and 
using accurate values for these variables. If some of 
the variables are neglected because of poor model con¬ 
struction, or because they are not measurable, the 
approximation can be inaccurate. Therefore, it is neces¬ 
sary to decide in advance what degree of accuracy will 
lead to model acceptability. In general, sophistication 
and refinement of models are subject to diminishing re¬ 
turns, so that each further improvement bought at the 
same cost in technical effort will yield a smaller im¬ 
provement in accuracy. Accordingly, it is desirable 
to attempt model sophistication only commensurate with 
desired accuracy. 

The points discussed above form the fundamental criteria used 
in the validation of the model evaluated for manning prediction 
capability undertaken in this program. 

1.3 Test of Model Validity 

Basically the most appropriate way of validating the manning 
model described in this report is to compare the operational 
readiness level predicted by the model,based on a certain man¬ 
ning level, with the measured readiness actually achieved by the 
system in the field when it is appropriately manned. However, 
since in fact the system chosen for test can not be expected to 
have the same manning as that predicted by the model, direct 
validation is not possible. Therefore, the test of validity of 
the model must be made based on secondary criteria, which in 
turn will lead to the manning. 

Such secondary criteria are operational readiness, waiting 
times, percentage of time wait occurs, etc. For a given set of 
parameter data, the model produces these secondary criteria, 
which lead directly to the correct manning. 

1.4 Test of Model Reliability 

The test of reliability of a model lies in the ability to 
produce consistent results with different experimenters. Al¬ 
though this validation program did not formally test for reli¬ 
ability, several partial tests have been performed, and a method 
has been developed which gives a general procedure for achiev¬ 
ing reliability. 

1.5 Experimental Design of Model Validation 

The validation experiment for the manning technique was 
designed in the following manner. Two systems were selected 
which would be manned using the technique under test. One of 
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two systems selected (system A) possessed considerable data, while 
the other (system B) was selected such that only conceptual infor¬ 
mation was available. 

This choice was made to enable detection of potential error 
sources, and the subsequent modifications to the technique, using 
first the system with existing operational data. Moreover, if 
the technique did not work for a system for which information did 
exist, it would not be expected to work for a system for which 
only limited information exists. 

The two systems chosen were the F105D Fire Control Subsystem 
(F105D-FCS), which will be system A, and the C-141 system (sys¬ 
tem B) . 

The F105D-FCS was chosen as system A for the following reasonst 

a. The availability of field studies reporting reliability 
and maintainability data. The predictions of these rates 
for the system could then be subsequently compared with 
these field studies. 

b. The system is complex, requiring a diversity of skills. 

c. The system consists predominately of removeable black 
boxes. 

The C-141 was chosen as a test of the model, primarily be¬ 
cause its stage of development is such that field validation may 
be conducted in the near future. The predictions of model para¬ 
meter values for this system were based on a comparable, existing 
system, and were to be subjected to field evaluation. 

For system B, item a. was estimated using work experience 
data from a comparable system. For item b., two basically dif¬ 
ferent activity networks were evaluated. The operational rate, 
item c, was based on anticipated usage, and maximum achievable 
operational readiness. 

Based on model parameter data and anticipated operational 
rates, manning was established for the two subject systems, A 
and B. For system A these manning predictions were compared 
with the actual manning and the predicted system operational per¬ 
formance. System B manning requirements were predicted and a 
proposed table of organization (T.O.) structure developed. 

1.6 Technique Reliability 

There are two major obstacles against the achievement of 
reliability for the technique when considered from the stand¬ 
point of uniform results. The obstacles are: (1) uniform tech¬ 
niques for predicting model parameters. This involves predict- 
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ing the utilization factor (reliability, maintainability, and 
operational rate). (2) predicting the organization structure. 
This involves decisions relative to the types of skills, shops, 
activities to be made available, crew sizes, and task sequencing. 

For (1) above, several variants of the parts count reliability 
prediction technique are popular, and all provide estimates with¬ 
in a factor of two. Accuracy in maintainability estimates, given 
adequate skills, can be held within + 50%. For high levels of 
operational readiness, which is standard for military systems, 
the error output of the manning model is less than the aggregate 
error input in the model parameters. 

For (2) above, the organization and activity structure should 
be based on the peculiarities of the particular system^ that is, 
there is no best organization structure for all systems. How¬ 
ever, there are methods applicable to bound personnel requirements, 
a technique which has been applied to system B. 
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SECTION II 

THE SYSTEM MODEL 

2.1 Introduction 

The finite cyclical queue describes a process often encoun¬ 
tered in military and commercial operations? specifically, where 
the operation involves electronic equipment, or repairable ma¬ 
chines, with which a failure rate and a repair rate may be as¬ 
sociated. Figure 1 illustrates the behavior of the system under 
finite cyclical queue conditions. The mathematics of the model 
is based on exponential failure and service channel rates. (See 
appendix I for derivation of the model.) 

2.2 Queuing Tables 

Tables have been prepared which permit rapid evaluation of 
personnel requirements in terms of independent maintenance teams 
or repair channels. A synopsis of the characteristics of the 
cyclical queuing system is given below in terms of "Queuing 
Tables for Determining System Manning and Related Support Re¬ 

quirements . " [ 1] 

2.2.1 Tabular Entries 

C = Number of service channels 

N = Maximum number of units which may demand service at a 

particular instant 

S = Number of spare units which may replace units being serv¬ 

iced or awaiting service 

p = Utilization factor (A/m-) 

where: 

\ = Rate of demand of one unit (failure rate) 

^ = Service rate of one channel 

2,2*2 Output 

Two quantities are the output of the tables as follows: 

d = Mean number of failed units, per N, for which no spares 

(S) are available 

[13 Referred to as Tables in subsequent development. 
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(1) 

N+s , 

= 2 (n~S)pnV2J 
n=S+l n 

nd = Mean number of units, per N+S, either awaiting 
or undergoing service 

N+S 
= Z npn/(N+S) (2) 

n=l 

2.2.3 Derived Quantities 

The following summarizes the various quantities that may 
be derived from the Tables, reduced to their tabular terms: 

Nq * N(l-d) (3) 

= Mean number of units operating 

R = 1-d (4) 

= Operational readiness 

U = N(1-d)/(N+S) (5) 

* Utilization of units 

Cb - NP(l-d) (6) 

» Mean number of busy channels 

c - NP(1-d)/C (7) 

» Utilization of service channels 

W * nd(N+S)-NP(1-d) (8) 

= Mean number of units awaiting service 

So « S+dN-nd(N+S) (9) 

* Mean number of units operable but not operating 

tw - [nd(H+S)-NP(l-d)]AN(l-<i), or (10) 

- [nd(N+S)-NP(l-d)]/ylIP(l-d) (11) 

* Mean waiting time for service (in queue) 

(21 
1 JSee appendix I for definition of p - the steady state pro 

bability. n 
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zz 

nd(N4S)/uNP(l-d) 

Mean waiting time in waiting and service 

(12) t 
ws 

to = [S+dN+nd(N+S)]/nNP(l-d) 

» Mean waiting time for operable units before going 
into operation 

(13) 
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SECTION III 

F105D FIRE CONTROL SUBSYSTEM 

3.1 Introduction 

The F105D fire control subsystem (PCS or AN/ASG-19), known 
as "Thunderstick," is a combination of semi-automatic air to air 
and air to ground fire control, navigational aid, and automatic 
bomb delivery control. The three main operating subsystems of 
the PCS are as follows: 

a. Radar (R14A) 

b. Attack Display (AD) 

c. Bomb Toss Computer (BTC) 

There are some other subsystems providing inputs,* however, 
most of the failures and the workload comes from these three 
subsystems. 

3.1.1 Data Collection Program 

The basic input data comes from several sources: 

a. Reliability and maintainability field evaluation studies 
were conducted on the PCS by Republic Aviation Corpora¬ 
tion (RAC), ARINC, and the USAF. All of the studies 
were summarized in RAC Document 1950 (Ref. 2). It was 
necessary for RCA Service Company (RCA) to perform an 
analysis of this document in order to extract time, 
failure data, and data on the repair of the PCS. (See 
appendix II). 

b. A one week field trip was made to Seymour Johnson APB 
(SJAPB) by the principal investigator where the follow¬ 
ing information was collected: 

1. Time estimates of maintainability, intrabase travel 
time, waiting times, and time for maintenance tasks 
involving black boxes. 

2. Level of spares, effective repair channels, and 
test equipment data. 

? Aircraft usage rates, operational readiness data, 
and personnel skill data. 
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3.1.2 FCS Maintenance at Seymour Johnson AFB (SJAFB) 

Basically the maintenance support system consists of flight¬ 
line personnel and Avionics and Electronics Shop (maintenance 
shop) personnel. (See appendix IV.) 

3.1.2.1 Flightime Maintenance 

Flightline maintenance on the FCS consists of three distinct 
types of activity: 

a. The diagnostic team, consisting of 2 men of seven level 
for each 2 shifts in operation. The function of the 
team is to attend the debriefing of pilots and localize 
faults in the FCS. They then pass on this information 
to the regular flightline teams. 

b. Regular flightline teams normally consist of 5 people, 
2 five level and 3 three level. Only the 2 five level 
personnel are required for maintenance with the three 
level personnel engaged in on the on-the-job (OJT) 
training. There are approximately 55 men per shift - 
2 shifts per day. 

c. There are 2 peak-up stations with teams of 18 men each. 
Each team has 3 crews consisting of 1 five level man and 
3 three level men; an extra 1 1/2 crew allows continuous 
operation, 24 hours a day, 7 days per week. Peak-up is 
based on a period of 100 hours of flying time and re¬ 
quires an average of 72 hours to perform. 

The regular flightline teams are responsible for performing 
both unscheduled (random) and scheduled maintenance. The sched¬ 
uled maintenance, not including peak-up, is performed as follows: 

a. At the end of 50 flight hours, duration 1 hour, and a 
crew size of 5. The crew consists of 2 five level and 
3 three level personnel. 

b. At the end of 100 flight hours, duration 1 hour, and a 
crew size of 5. The crew consists of 2 five level and 
3 three level personnel. 

c. At the end of 200 flight hours, duration 16 hours, and a 
crew size of 6. The crew consists of 1 seven, 2 five, 
and 3 three levels of personnel. The FCS does not con¬ 
tribute to downtime since other subsystems have up to 5 
days of downtime. 

10 



3.1.2.2 Maintenance Shop 

The shop is divided into specialties as follows 

a. R14A and AD subsystems 
b. BTC subsystem 
c. Category II test equipment 

Shop works a two shift operation. 

Shift 1 7130 - 4:30 

Shift 2 4:30 - 12:30 

Specific number of crews per shop breakout by shift 

Shift 1 

R14 and AD 

3 repair teams; each team consists 
of two personnel of levels 5 and 3. 

One supervisor 

BTC 

3 repair teams; each team consists 
of two personnel of levels 3 and 5. 

One supervisor 

Category II Test Equipment 

Repair teams (3); consisting of 
one man, one trainee, 
and 

One supervisor 

One general supervisor of 7 level. 
One general administrator of 5 level. 



Shift 2 

Rl4 and AD 

Same as Shift 1. One supervisor 

BTC 

Same as Shift 1. No supervisor 

Category II Test Equipment 

Second shift not assigned. 

Personnel Complement by Grade 

TSgt 1 
SSgt 6 
A1C 6 
A2C 23 

36» 

Two airmen of the 36 above were not available due to school,etc. 

3.1.3 Queuing Processes 

The PCS personnel support system contains four separate, 
but dependent, cyclical queuing processes; figure 2 shows these. 
Pour critical elements in each of these are: 

a. Demand per unit time per operational unit (failure 
rate - 7,) . 

b. Rate of meeting these demands (service rate - m.) . 

c. Number of effective repair channels (C) . 

d. Number of standby repairable spares (S). 

Since the basic mathematical model is based on continuous 
time, care must be taken to modify the failure rate for the fact 
that aircraft do not operate continuously. In establishing the 
service rate all significant time elements are to be added. 
That is, waiting time, intrabase travel time, documentation of 
reporting time, equipment set-up time, and the time required to 
effect the repair. 

12 
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In establishing effective repair channels (maintenance teams) 
care must be taken to ensure that the teams are capable of per¬ 
forming all tasks independently. That is, they must have all 
auxiliary equipment necessary to function as a team. In estab¬ 
lishing standby repairable spares, a spare refers to a set of 
black boxes which taken together form a subsystem. 

3.2 Basic Model Parameter 

The manning technique being evaluated depends on the reli¬ 
ability and the maintainability of the subsystem being manned. 
As part of this program both predicted and measured values of 
these parameters were developed. The results are discussed 
below. 

3.2.1 Reliability of the FCS 

3.2.1.1 Predicted 

A reliability prediction was performed by RCA. The prediction 
was performed before the field evaluation results were known. 
The analysis was based on information available at the time of 
design of the FCS. (See appendix III for details of the reli¬ 
ability prediction.) Table 1 contains the summarized results of 
the prediction. 

TABLE 1 

PREDICTION RESULTS 

Failure Rate Mean Time 
^ Between Failure 

Subsystem (pt./nr.)_(MTBF-hr.) 

Radar (R14A) 

Attack and Display (AD) 

Bomb Toas Computer (BTC) 

.049 

.003 

.007 

20.5 

320.0 

152.0 

AN/ASG-19(FCS) .059 17.1 

3.2.1.2 Measured 
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TABLE 2 

MEASURED RESULTS 

Subsystem 
MTBF 
(hr.) (pt./nr. ) 

R14A 

AD 

BTC 

19 

180 

130 

.053 

.006 

.008 

PCS 15 .067 

3,2.1.3 Comparison of Predicted to Measured 

The predicted reliability was based on catastrophic failures 
only. As it turns out, approximately 0.4 of the total failures 
are due to drift of part tolerances. (This also means a re¬ 
placement black box is not required.) This estimate is based on 
an estimate by flightline personnel of SJAFB. The results of 
the reliability analyses are summarized and compared below in 
table 3. 

TABLE 3 

COMPARISON OF RESULTS 

Sub¬ 
system 

Predicted [3] _Measured___ 
A MTBF 

(pt./hr. ) (hr) 
A MTBF 

(pt./hr.) (hr) 

R14A 

AD 

BTC 

.068 15 

.004 230 

.009 110 

.053 19 

.006 180 

.008 130 

PCS .082 12 .067 15 

3.2.1.4 Demand Per Unit Calendar Time Modification 

In establishing the maintenance demands per unit calendar 
time, for modifying the failure rate, the following model is 
usedi 

^Adjusted for drift failures. 
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Let 

Jk = failure rate/unit operational time 
B = operational tine/unit calendar time 

Then the demand per unit calendar time (\g) becomes: 

= (14) 
fc> 

Adjustment (B) must be made fcr non-flying days and non¬ 
working hours as follows; 

B = T/(E-A)HN U5) 

where 

N = number of units (aircraft, subsystems, etc.) 

E = arbitrary time period in days, e.g., 1 month 

T = total operational time, in hours, over a period of 
E days 

A = number of days in E which are non-flying 

H = hours during a day when work is performed 

From SJAFB the following data is available for the period 
August 1963 to May 1964: [4] 

T = 2155 hours/month 
max 

T = 1648 hours/month 
mean 

T . = 1346 hours/month 
min 

N = 50 units 

E = 30.42 average days/month 

A = 8 days/month 

H = 16 hours/day 

Calculating B from the above data the following results are ob 
tained: 

B 
max 

B 
mean 

B mm 

.120 

.092 

.075 

^Monthly Maintenance Analysis Report, 4 TAC Fighter Wing, SJAFB, 
May 1964. 
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3.2.2 Maintainability of the ?CS 

Three sources of maintainability estimates on the FCS are 
available. They aret 

a. Field evaluation of FCS maintenance task time. This is 
developed in appendix II. 

b. Prediction based on the RADC-RCA technique (Ref. 3). 
Appendix III contains the details of the prediction. 
This appendix contains a prediction based on the tech¬ 
nical orders on the equipments. 

c. Estimates obtained at SJAFB. These estimates were ob¬ 
tained from maintenance shop and flightline personnel. 
(See appendix IV.) 

Table 4 summarizes these results. The only significant dif¬ 
ference between the estimates lies in the maintainability of the 

modules . 

TABLE 4 

FCS MAINTAINABILITY 

Location Level 
Field Evalua¬ 
tion (hours) 

Prediction 
(hours) 

SJAFB 
(hours) 

Flightline FCS - 1.5(5] 
Adjustment 1.0(6] 

Pull Black 2.0(6] 
Box 

Maintenance 
Shop 

Black 
Box 2.0[5] 2.0(5] 2.0 

Module - 1.0(5] 2.0 

In establishing the service rate (y.) # as differentiated from 
the maintainability, activity networks have been developed. 
(See appendix IV) . These networks show the actual sequence of 
movements and associated time elements involved in a reported 
FCS failure. Table 5 summarizes the service rates: 

^Adjusted to reflect active plus delay downtime and rounding 
to a whole or a half number. 

t6^In the case SJAFB the time spent in adjustments, not requir¬ 
ing replacement of the black box, and the time spent in pull 
ing the black box and replacing it with another, were esti¬ 
mated separately. 
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TABLE 5 

FCS SERVICE RATES 

Activity 
Service Time 

(hour) 
Service Rate-u, 

(per hour) 

Flightline 
Regular 3.2 .313 

Peak-up 72.0 .021 

Maint. Shop 
Black Box 2.0 .5 00 

Module 

o
 • 

rvi .500 

3.2.3 Number of Repair Channels 

Based on analysis at SJAFB the following observations were 
made i 

a. Ninety percent of all repair time associated with air¬ 
craft malfunctions involves use of test equipment. 
Moreover, 65 percent of this time is spent acquiring an 
operable spare black box or awaiting the repair of the 
failed black box. Thus, the significant factors controll¬ 
ing aircraft downtime of the FCS are the extent of limit¬ 
ations to repair channels by test equipment availability, 
and the acquisition time of an operable unit. 

b. The controlling factors of waiting at the maintenance 
shops are repairable spares and effective number of re¬ 
pair channels. Module repair does not constitute a 
significant delay problem because it is handled as fill 
in work. 

3.2.3.1 Test Equipment 

For the FCS support system the availability of test equipment 
is the constraining factor in limiting the effective number of 
repair channels available. The critical items of test equipment 
for the Wing are tabulated below in table 6. 
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TABLE 6 

CRITICAL TEST EQUIPMENT 

Test Equipment Type Number Assigned 

Analyzer 
Osci1loscopes 
R14A and AD Mockup 
BTC Mockup 
Signal Generator (RAC) 
Signal Generator (Dymac) 
Module Tester (R14A) 
Simulator 

12 
8 
3 
3 
2 
5 
1 
3 

Flightline test equipment average allocation is as follows: 

a. 4 analyzers 
b. 2 oscilloscopes 
c. 4 signal generators 

Meeting the random demands at the flightline requires the 
following equipments: 

a. Sixty percent of the demands require the complete test 
equipment requirements. 

b. Thirty percent of the demands require the analyzer. 

c. Ten percent of the demands require no test equipment. 

Each flightline peak-up station has (or needs) the complete 
flightline test equipment. 

Maintenance shop test equipment average allocation are 
divided between two shops. 

a. R14A and AD shop 
b. BTC shop 

The allocation for the R14A and AD shop is as follows: 

a. 1 signal generator# 
b. 4 analyzers, 
c. 3 oscilloscopes, 
d. 1 module tester 

with repair verification being made on any 1 of 3 mockups. The 
module tester performs the majority of module test requirements. 
However, it does not, in general, isolate a failure to the part 
level. This requires the use of a multimeter, etc. 
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The test equipment allocation is the BTC shop are as follows» 

a. 3 simulators 
b. 6 ratiometers 
c. 1 oscilloscope 
d. 3 BTC mockups 

Table 7 summarizes the maintenance shop and flightline test 
equipment allocation information. 

TABLE 7 

TEST EQUIPMENT ALLOCATION 

Test Equipment Fliqhtline Maintenance Shops 

_ Total 
Avail. 

Random 
Demands 

Peak-up 
R14A 
and AD 

BTC Test Equip.! 
Repair 

Analyzer 
Oscilloscopes 
R14A and AD Mock-up 
BTC Mock-up 
Signal Generator 
Module Tester 
Ratiometer 
Simulator 

12 
8 
3 
3 
7 
1 
6 
3 

4 
2 

4 

2 
2 

2 

4 
3 
2 

1 
1 

1 

3 

6 
3 

2* 

1* 

♦Equipment down for repair 

3.2.3.2 Determination of Effective Repair Channels 

The determination of effective repair channels can now be 
made as follows» 

a. Flight1ine-Random Demand. Effective repair channels are 
limited by the number of analyzers and signal generators 
and the tasks requiring them. There are 4 analyzers and 
4 signal generators; thus, the normal flightline possesses 
an effective number of 4 independent repair channels. 

b. Flightline Peak-up. There are 2 independent channels 
for scheduled maintenance. 

c. R14A and Ad Maintenance Shop. Effectively this mainte¬ 
nance shop is working with 2 repair channels. 

d. BTC Maintenance Shop. The effective number of independ¬ 
ent repair channels is 3. 
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Although sequencing of test equipment usage is possible and 
under stress conditions probably takes place, the general rule 
is for personnel to stay with a black box until completely re¬ 
paired (the exception is when an order to base supply or depot 
is made). Another thought is that test equipment may be trans¬ 
ferred as needed between different operational areas. This does 
indeed occur. However, the increase in repair channels capacity 
at one location reduces proportionately repair channel capacity 
at the lending location. 

3.2.4 Number of Spares 

Spares are available, essentially, at one location, viz., 
the supply room connected with the maintenance 
ventory level at the supply room is controlled by space lo¬ 
tions. The level of spares is about an average of 2 each 
black box in the PCS. The time required to fill a request from 

off the shelf is about .15 hours. 

3.3 Operational Readiness 

The operational readiness of the PCS and the F105D is now 

calculated, using the values developed in t^ Pr®=e^"g “*C^°n 
for the PCS i and assumptions about the relation of the PCS to 
the other subsystems in calculating the overall F105D opera¬ 
tional readiness. Ml calculations involving percent «nits 
down in excess of spares (d), etc., are obtained from the 
Tables (Ref. 4). Specific tables used in all calculations in 
this report are contained in appendix V. 

3.3.1 Flightline 

The utilization factors PR, associated with random demand 
flightline repairs, are found in table 8. 

TABLE 8 

PREFLIGHT RANDOM DEMAND UTILIZATION FACTORS 

Va 1 up 

Usage per 
Aircraft Hr 

Failure 
Rate 

Service 
Rate 

Utiliza¬ 
tion 

Adjusted 
Fail. Rate 

VOX 140 

B 
(per hr.) 

X 
(peí; hr.) 

M- 
(per hr.) 

P 
R (per. hr.) 

Maximum 

Mean 

Minimum 

.120 

.092 

.075 

.130 

.067 

.032 

.313 

.313 

.313 

.050 

.020 

.008 

.0156 

.0062 

.0024 

Recommended .120 .067 .313 .026 .0080 
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The total downtime for regular scheduled maintenance pur¬ 
poses is given in table 9. When divided by E (30.42 day/mo.) 
and a 2 shift operation per day (16 hr/day) , this downtime 
numeric reduces to .372 aircraft down. The performance of 
scheduled maintenance requires test equipment used by the ran¬ 
dom demand people. The best way to treat this is by consider¬ 
ing the scheduled maintenance as random in nature and using 

TABLE 9 

FLIGHTLINE SCHEDULED MAINTENANCE 

T 
mean 

Scheduled 
Period 

Number of 
Occurrences 

Estimated 
Time 

,-- 
Downtime 

(hr/mo.) (hr.) (per mo.) (hr . ) (hr/mo.) 

1648 

1648 

1648 

50 

100 

200 

32.96 

16.48 

8.24 

1 

1 

16 

32.96 

16.48 

131.84 

Total 181.28 

the relation 

PT = ”^Pn . [7! (16) 

and for the specific case: 

PT = PR+PS (i?) 

where 

PR = random maintenance 

Pg = scheduled maintenance 

PT = .372/50 = .007 

Table 10, on the next page/presents this adjusted information. 

There is one other flightline activity which is independent 
and therefore is not conducive to such treatment, viz., the peak- 
up activity. The information concerning the peak-up activity is 
summarized in table 11 on next page. 

See AMRL-TDR-64-21 (Ref. 1). 

23 



TABLE 10 

FLIGHTLINE RANDOM DEMANDS ADJUSTED 
FOR SCHEDULED MAINTENANCE 

N = 50 C = 4 S=0 

Value p 
R 

P0 
S 

P d 
Aircraft 

Down 

Maximum 

Mean 

Minimum 

.050 

.020 

.008 

.007 

.007 

.007 

.057 

.027 

.015 

.065 

.02 7 

.015 

3.25 

1.35 

.75 

Recommended .026 .007 .033 .033 1.65 

TABLE 11 

PEAK-UP MAINTENANCE 

T mean 

(hr/mo.) 

Scheduled 
Period 
(hr.) 

Number of 
Occurrences 
(per mo.) 

Estimated 
Time 
(hr. ) 

Downtime 
(hr/mo.) 

1648 100 16.48 72 1186.56 

As was done with the scheduled maintenance, the downtime 
figure Is converted into the number of aircraft down by dividing 
by9the average number of days in the month (E) and, since the 
activity takes place around clock, this operation Y-lds a 
figure of 1.63 aircraft down. The number of aircraft down, due 
to peak-up, may be considered a constant. 

Summarizing,the following procedure will take placei 

a. Calculate the utilization factor (PR) for random de¬ 
mands . 

b. Determine the value of Pg for the scheduled maintenance 
from an analysis similar to that in table 9. 

c. Perform the operation indicated in equation 17 

(P - PR+PS)• 
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d. From the Tables determine values d for the P, N, C, and 
S.l 81 

e. Calculate the number of aircraft down Nd. . because of 
random demands and scheduled maintenance! 

f. Add the constant number of aircraft down (Nd ) because 
of the peak-uo activity. ^ 

g. Calculate the operational readiness (R) by means of the 
following formula: 

R = (N-Nd(R+s)-Ndp)/N (18) 

Table 12 gives the summarized operational readiness. 

TABLE 12 

FCS OPERATIONAL READINESS 

Value 
Nd(R+S) Ndp Aircraft 

Down 

p' 
R 

Maximum 

Mean 

Minimum 

3.25 

1.35 

.75 

1.63 

1.63 

1.63 

4.88 

2.98 

2.38 

.902 

.940 

.952 

Recommended 1.65 1.63 3.28 .934 

In order to adjust the foregoing analysis to a five day 
week the values of P are multiplied by 1.40. (This constant 
corresponds to 7/5.) Table 13 presents the required adjustment. 
No adjustment is required of the peak-up activity which is 24 
hours a day, 7 days a week. 

TABLE 13 

ADJUSTED FCS OPERATIONAL READINESS 

N = 50 C = 4 S = 0 

Value Adj. 
P d(R+S) Nd/Ti, 

(R+S) 

— 

Ndp 
— 
Aircraft 

Down R 

Maximum 

Mean 

Minimum 

.080 

. 038 

.021 

. 126 

.039 

.021 

6.30 

1.95 

1.05 

1.63 

1.63 

1.63 

7.93 

3.58 

2.68 

.841 

.928 

.946 

Recommended .046 .049 2.45 1.63 4.08 .918 

* 0 at flightline. (See appendix IV.) 
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3.3.2 Operational Readiness of F105D 

The following assumptions are made concerning the operational 
readiness of the F105D: 

a. Approximately 40% of the random demand downtime is attri¬ 
buted to the FCS. 

b. 1.63 aircraft are down for peak-up of the FCS. 

c. An average value of 2 aircraft are down for scheduled 
maintenance other than the FCS. 

d. An average value of 1.5 aircraft are aircraft out of 
commission-parts (AOCP). 

This information is summarized in table 14 below. 

TABLE 14 

F105D OPERATIONAL READINESS 

Value Nd(R+S) 2*5Hd(R+S) 
Ndp Nds-o NdA0CP 

Aircraft 
Down 

R 

Maximum 

Mean 

Minimum 

6.30 

1.95 

1.05 

15.75 

4.88 

2.63 

1.63 

1.63 

1.63 

2.00 

2.00 

2.00 

1.50 

1.50 

1.50 

20.88 

10.01 

7.76 

.582 

.800 

.845 

Recommended 2.45 6.13 1.63 2.00 1.50 11.26 
___ 

.775 

The operational readiness is measured at 2400 hours daily at 
SJAFB and is .70 + .02. (This is equivalent to 15 aircraft down 
+ 1 aircraft.) This number is compared with the various values 
of the predicted operational readiness in table 15. 

TABLE 15 

DIFFERENCE IN OPERATIONAL READINESS 

Value 
Predicted 

R 
Measured 

R 
Difference 
in % Meas. R 

Maximum 

Mean 

Minimum 

.582 

.800 

.845 

.700 

.700 

.700 

-20 

14 

21 

Recommended .775 .700 11 
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3.3.3 Sources of Error 

The following are sources of error in all the calculations 
made above» 

a. Insufficient knowledge of other subsystems and their 
relative contribution to downtime. 

b. Fueling time is not included. 

c. No consideration was given to the case of multiple 
flights, e.g., 2 aircraft land with failures in the FCS. 
An estimate of this would be on the average« 

AR = -.015 

d. Downtime is measured from the time the flightline main¬ 
tenance team goes into action. It does not include the 
action of the debriefing (diagnostic) team. 

The error involved here is approximately .01 decrease in R. 

3.3.4 Summary 

Based on the preceeding analysis the error associated with 
the prediction technique, when dealing with R, is in the order 
of 11% before corrections are made. If more precise results are 
desired the error can be reduced to 7% (R » .750) . The error is 
in the direction of overestimating the operational readiness. 

3.4 Maintenance Shop Parameters 

The utilization factors (P) are listed in table ie. 

TABLE 16 

MAINTENANCE SHOP UTILIZATION FACTORS 

Shop Value B 1.4B* 
XB u P 

R14A & AD 
Max. .120 .168 .059 .0010 .5 .020 

Mean .092 .129 .059 .0076 .5 .015 

BTC 
Max. .120 .168 .008 .0013 .5 .0027 

Mean .092 .129 .008 .0010 .5 .0020 
* Correct: 

** Measured 
on for 5 day week 

l 
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3.4.1 R14A and AD Maintenance Shop 

Based on the evaluation at SJAFB, the R14A and AD mainte¬ 
nance shop operates with 2 black box repair channels. The 
equivalent of 2 spare black boxes is available. The exception 
to the spare level is when a request is made on base supply 
but such a request is made only 5% of the time and therefore 
can be neglected. Thus, the parameters controlling waiting 
time , etc., are : 

N = 50 C = 2 S = 2 

Pjuax = ■ and =ï • 015 

The corresponding values in the Tables for units down (Nd) and 
units down in excess of spares (N+S)nd are listed in table 17. 

TABLE 17 

UNITS DOWN AND UNITS DOWN IN EXCESS OF SPARES 

(R14 and AD Maintenance Shop) 

Value P d Nd nd (N+S) nd 

Max 

Mean 

.020 

.015 

.006 

.004 

.30 

.20 

.025 

.018 

1.30 

.94 

Other parameters which can be derived from the values in 
table 17 are as follows ï 

a. For 

(1) 
max 

N P 
o max 

= (49.70)(.020) 

= .994 

(2) W * (N+S)n^-C^ 

= 1.30 - .934 

= .306 units 

(3) 
= .306/(.994)(.5) 

= .616 hours 

(4) td = Nd/CjjH 

= .30/(.994)(.5) 

= .604 hours 

(19) 

(20) 

(21) 

(22) 
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It Is desirable to find a number for those that have to wait 

. The value of t^ must account for the presence in R14A of 

a unit (synchronizer) for which repair is always awaited. This 
synchronizer comprises 42.19% of the total failure rate of the 
R14A.Í 9] This adjustment is made by solving the following 

formula : 

td-adj “ td+\yny/a 

= . 604+.422/.5 

(23) 

= 1.448 hours 

This number compares with an estimate of 1.5 hours obtained 
from flightline personnel. 

b. For P 
mean 

(1) Cb .747 

(2) W = .553 units 

(3) tw = 1.481 hours 

(4) t^ * .535 hours 

(5) “ 1-379 hours 

Th« module repair is predominantly fill work and as such 
does not affect aircraft downtime. Module repair time is esti¬ 
mated at an average of 2 hours. 

3.4.2 BTC Maintenance Shop 

Based on the evaluation at SJAFB the BTC maintenance shop 
operates with 3 effective repair channels and 2 spares. The 
corresponding values in the tables for units down (Nd) and 
units down in excess of spares [(N+S)n^] are listed in table 18. 

Other parameters which can be derived from the values in 
Table 18 are as follows* 

a. For P 
max 

(1) cb .135 

(2) W - .025 unit 

(3) tw * .370 hours 

(4) * -741 hours 

^Predicted 
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TABLE 18 

UNITS DOWN AND UNITS DOWN IN EXCESS OF SPARES 

(BTC Maintenance Shop) 

N = 50 C = 3 S = 2 

Value P d* Nd* 
nd* 

(N+S)nd* 

Max. 

Mean 

.0027 

.00 20 

.001 

.001 

.05 

.05 

.003 

.002 

.16 

.10 

*These quantities are upper bounds. Based on the Tables 
the decrease in d and n^ for C>1 and S>1 is negligable 

From the above calculations the mean time to acquire an oper¬ 
able spare from either of the two maintenance shops is: 

t0s = (rd-adj)PR+td-B(1-PR) (24) 

where 

PT = mean time to acquire a spare from either shop 

P = proportion of failure rate of R14A and AD 
maintenance shop 

(1-PD) * proportion of failure rate of BTC 
JK 

= (1.448)(.891)+(.741)(.119) 

= 1.378 hours 

b. For P mean 

(1) = .100 

(2) W » .090 units 

(3) tw = 1.800 hours 

(4) td_B - 1.000 hours 
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3.5 Subavstem Manning 

From sections 3.3 and 3.4 the number of personnel required 
to perform work, such that the operational readiness levels are 
achieved, can be determined. This count is based on personnel 
available and must be modified in two ways : 

a. Adjustment for sick leave, furlough, etc., this adjust¬ 
ment factor is .20 of the direct manpower by skill level. 

b. Adjustment for on the job training for replacement per¬ 
sonnel. The rationale and justification for these stable 
system adjustments are fully developed in appendix VI. 
Although a very brief treatment of stable system con¬ 
siderations was included, its detailed development was 
not included. The linear programming model presented in 
appendix VI represents an approximation to the true sit¬ 
uation. This model has not been validated. 

The adjustments above must be applied to specific skills 
and proficiency levels. In the case of flight line personnel, 
all personnel of a given skill level may be combined and the 
adjustment made to the aggregate quantity. Whereas in the case 
of shop maintenance, the adjustments are based on specific 
maintenance shops, e.g., BTC maintenance shop. The rationale 
behind this is ï that there is sufficient differences in these 
areas and that specific training (OJT) is required, viz., per¬ 
sonnel are not interchangeable between shops at the same level 
of efficiency. 

3.5.1 Personnel Training and Phaseover ; Backup Data 

The following personnel data are applicable to SJAFB FCS 
personnel. 

a. Basic training cycle requires approximately 54 weeks - 
this includes basic training, basic electronics train¬ 
ing and leave. 

b. Approximately 3 months of on the job training (OJT) is 
required for upgrading to level three airman. 

c. Upgrading to level five airman required additional 13 
months. 

d. Effectively no further increase in level can take 
place within first hitch. 

e. Second hitch personnel require approximately 14 addi¬ 
tional months to obtain seven level classification. 
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Other data are; 

a. Retention of first hitch personnel is approximately 12%. 

b. Approximately 85% of first hitch level five personnel 
leave service. 

c. The average airman (F105D FCS) will spend 13 months as 
a productive three level and 19 months as a productive 
five level airmen. 

d. It is estimated that approximately 60% of the seven 
level personnel leave the USAF due to retirement, dis¬ 
charge as undesirable, and conventional discharge. 

e. The level nine personnel do not appear to present a 
problem since they generally come from outside the FCS 
technical field and the responsibility is less techni¬ 
cal . 

Table 19 contains the current status of personnel at 
SJAFB. 

TABLE 19 

FCS CURRENT PERSONNEL 

Skill Level 
Table of 

Organization 
Assigned 

———i 
Projected 
Requirements 

9 

7 

5 

3 

14 

48 

106 

26 

3 

22 

83 

123 

14 

51 

97 

24 

Total 194 231 186 

3.5.2 Determination of Personnel Requirements - Flightline 

Table 20, on next page, presents the requirements for flight¬ 
line personnel. 
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Table 21 presents the adjusted requirements for a stable 
personnel system. 

TABLE 21 

PCS ADJUSTED FLIGHTLINE PERSONNEL 

Level Predicted 
Required Adjustment for 
Stable Personnel Subsystem* 

7 

5 

3 

1 

11 

34 

24 

0 

11 

34 

34 

16** 

Total 69 _ _95___ 
*See appendix VI 

♦♦These personnel are not assigned to the system. They should 
be in training as replacements for level three personnel. 

3.5.3 Determination of Personnel Requirement-Maintenance Shops. 

Table 22, on next page, lists the maintenance shops pro¬ 
posed manning. Table 23 presents the adjusted requirements for 
a stable personnel subsystem in the maintenance shops. 

TABLE 23 

PCS ADJUSTED MAINTENANCE SHOPS PERSONNEL 

Level Predicted Adjusted 

7 

5 

3 

1 

4 

14 

10 

0 

4 

14 

14 

12 

Total 28 44 

3.5.4 Total Manning 

Table 24 presents the final results of the manning predic¬ 
tion and compares it with the number of people assigned by the 
T.O. 
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TABLE 24 

MANNING PREDICTION 

— 

Leve 1 Maintenance 
Shops Flightlme 

Total 
Predicted 

Table of 
Organization 

% 
T .0. 

7 

5 

3 

4 

14 

14 

11 

34 

34 

15 

48 

48 

48 

106 

26 

-69 

-51 

+50 

Sub- 
Total 32 79 111 180 -34 

1 12 16 28 0 

Total 44 95 139 180 -18 

Table 25, presents the data arranged by activity. 

TABLE 25 

MANNING PREi ICTION BY ACTIVITY 

Activity Predicted T.O. % T.O. 

Normal Flightline (7,5,3) 

Peak-up (7,5,3) 

Maintenance Shops (7,5,3) 

43 

36 

32 

108 

36 

36 

-60 

0 

11 

Total 111 180 -34 

In addition to the personnel determined above, the practice 
at SJAFB is to have a central control monitoring and status 
evaluation center which draws personnel from the PCS personnel 
subsystem. There is one man assigned, per shift, to this posi¬ 
tion. Adjusting manning for this position would increase the 
personnel requirements by 2 additional level five people; rais¬ 
ing the total number of personnel required to 113. 

3.6 Manning Prediction Using Conceptual Information 

A manning prediction was performed for the F105D using only 
conceptual information. The following postulates were made based 
on the predictions contained in appendix III. 

36 



a. A preflight and post flight inspection would be performed 
for each flight. At Johnson AFB these inspections are 
not being performed. However, these inspections may be 
performed at other F105D wings. 

b. A 100 hour periodic would be performed for each air¬ 
craft. This corresponds to the peak-up inspection at 
Johnson AFB. 

c. The maintenance shop was divided into three skill special¬ 
ties: 1) AD, 2) R14A, 3) BTC. At Johnson AFB the main¬ 
tenance shop is divided into two specialties: 1) AD and 
R14A, 2) BTC. 

d. It was assumed that category II test equipment would be 
maintained off site. This assumption was not valid for 
SJAFB. 

The flightline maintenance activity network was assumed the 
same as that ovserved at Johnsom AFB. (See appendix IV.) No 
time however was assigned for travel to and from the aircraft 
or for travel to and from the maintenance shops. 

Since the time to service a flightline failure depends upon 
the waiting time that will be incurred at the maintenance shops, 
the manning alternatives at the shop was first determined. The 
waiting time for repairable spares was then added to the pre¬ 
dicted MTTR of the flightline maintenance crew. 

3.6.1 Predicted Parameter Values for FCS Maintenance Shops 

The arrival rate at each shop is obtained from subdivision 
of FCS predicted failure rate. This is» 

A 0 V^BT^AD * -082 <25) 

where 

* R14A failure rate * .068 pt./hr. 

kBT * BTC failure rate * .009 pt./hr. 

XAD - “ failure rate “ -004 

For each shop failure rate there is an associated repair 
rate, nBT, The value of these parameters were predicted 

using the methods discussed in appendix III. 
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The utilization factor for each skill shop per maintenance 
channel becomes* 

R O'r/u.r) B 

PBT = 

PAD - ^Al/^AD*® 

(26) 

(27) 

(28) 

B is an adjustment factor discussed previously and a modified 
equation is given by B = EF/(E-A)H where E, A, H, are defined as 
before and F represents the operational time per day accumulated 
on the PCS. 

Manning was determined for two values of F, viz., two and 
four hours per day of operation. The two hour estimate corre¬ 
sponds essentially to that experienced at SJAFB. 

The mean waiting time encountered from shop maintenance is 
given by 

td = (XRtdR+XBTCtd-BTC+AADtd-AD)//(>'R+^BT+XAD) (29) 

where the general form of the waiting time (t- is given by 

Vi - NWi 
S - V 

(30) 

(31) 

Table 26 contains various combinations of repair channels 
and repairable spares and consequent waiting times. The com¬ 
binations indicated by arrow have been selected for comparison 
purpose. 

The data in table 26 are translated into personnel requirement 
using the technique discussed in section 3.5, the results are 
summarized and presented in table 27 (A and B). 

Comparison of the results of table 27, A and B#with those 
obtained in table 23 show that the manning requirement differ¬ 
ence lies in the organization breakout. The predicted breakout 
consisted of theee skill specialties. 

It is of interest to note that the waiting encountered for 
a spare are .33 hr. and .39 hours for manning of table 27, A and 
B respectively, for this organizational structure, compared to 
.6 for the actual organization. Note that the time spent 
waiting in the rada~ shop constitutes essentially all «siting 
time. 
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TABLE 26 

TABULAR VALUES 

3. Radar Shop 

B = .17, I = .068, n * .5, P = -023 

CS d t. d 

3 0 .020 2.2 

3 1 .008 .7 

3 2 .003 .26 J 

B * .34, "K * .068, u = .5, P =* .046 

CS d t. a 

3 0 .033 3.4 

3 1 .018 .78 

3 2 .009 .4 f 

2. Attack and Display 

B = .17, > ■ .004, V«- “ *5# P =* .0014 

CS d td 

1 0 .002 3.48 

1 1 .001 .75 7 

B = .34, = .004, n » .5, P = .0027 
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TABLE 26 (cont'd.) 

3, Bomb Toss Computer 

B = .17, 7 = .009, li = .5, P = .003 

B = .34, I = .009, u. » .5, P = .006 

C S d t, 
d 

1 1 .002 .67 

2 1 .001 .33 ? 
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TABLE 27 

PERSONNEL REQUIREMENTS 

Table A 

Conceptual Manning Prediction 

F = 2 flying hours per day per AC 

Skill Level Radar AD BTC 
Backup 
Ad j 

Total 

5 

3 

7 

6 

6 

1 each shift 

2 

2 

2 

2 

2 

2 

1 

12 

12 

3 

Total 14 4 4 5 27 

Table B 

Conceptual Manning Prediction 

F = 4 flying hours per day per AC 

Skill Level Radar AD BTC 
Backup 
Adj 

Total 

5 

3 

7 

6 

6 

1 each shift 

2 

2 

4 

4 

3 

3 

1 

15 

15 

3 

Total 14 4 8 7 33 
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3.6,2 Prediction of Flightline Manning 

Let ^2< represent the rate of performance of preflight 

and post flight maintenance respectively. Let represent the 

rate of performing random failure maintenance, "K the failure 
rate per operational hour of the system, and t, represents the 
waiting time for acquisition of a repairable spare. 

Let C represent the frequency of flights per day and G the 
mean duration per flight. The utilization factor, P, is given 
by 

P= [ (l/U] + lAl2>+GCA(lAlrf+td) ]B' (32) 

where B' is the time conversion factor. 

The paramêter values for the equation above are given below. 
The values were predicted based on methods contained in appendix 
III. 

= 2 hrs. jj,2 * »67 hrs. 

C - 1, 2 flights per day, G * 2 hrs. (duration of flight) 

A = .082 t c ~ 2 hours 
* hour rf 

B# * E/(E-A)H (conversion factor defined in section 3.6.1 
less the multifying factor F) * .0848 

P * .2 

The utilization rate P is approximately the same for two or 
four hours of operational time per aircraft per day. This is 
due to the overriding contribution from the scheduled mainten¬ 

ance (1/m-i anâ i/m.2) • 

The operational readiness (FCS only) and the associated re¬ 
pair teams are shown below in table 28 for these parameter values. 

TABLE 28 

PREDICTED OPERATIONAL READINESS 
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The personnel that would be requi^d to support an oper¬ 
ational readiness, say, of .817 is given below in table 29. 

TABLE 29 

PREDICTED FLIGHTLINE PERSONNEL 

Skill 
Level 

Base 
Personnel Backup 

Adjustment for 
Stable Manning Total 

7 

5 

3 

2 

40 

1 

8 

48 

3 

48 

48 

Total 42 9 48 99 

The reason that a higher level of operational readiness 
(see table 13) is obtained with fewer effective maintenance air¬ 
men (see table 24) at SJAFB) is that neither preflight nor post¬ 
flight is performed. Specifically, postflight is obviated 
through a debriefing operation with the pilot. This procedure 
eliminates effort spent in checkout of operable systems. 

3.7 Summary 

3.7.1 General 

In general, the technique clearly establishes the validity 
of the finite cyclical queuing process as an accurate discription 
of the F105 PCS support subsystems. The resultant manning esti¬ 
mation has not, in fact, been tested even through good agreement 
has been achieved between predicted and measured parameters of 
operational performance behavior. Only by changing the manning 
and observation of the performance of the support system with 
respect to operational readiness, et al, could real validity be 
established. 

The effective manning and skill requirements established in 
this study is predicted on the concept of a combined wing. If 
each squadron of the wing were required to possess self suffic¬ 
iency, viz., possess its own maintenance flightline and shop 
personnel, the wing would require more maintenance personnel 
than predicted - in particular, the number of seven level per¬ 
sonnel would more than double. Self-sufficiency requirements 
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were not evaluated in this study. It is pertinent to note that 
existing personnel requirements, viz., the T.O., would be incom¬ 
patible with test equipment limitations, if self-sufficiency 
were to be adopted as a policy for the FCS at SJAFB. 

3.7.2 Technique Validity 

The justification for the above conclusion is the following: 

a. Failure rates and repair rates predicted possess excell¬ 
ent agreement with measured values. [101 

b. Implicit in the model is the concept of independent re¬ 
pair channels. One of the key observations made at 
SJAFB was that there was insufficient test equipment to 
utilize available personnel (this condition existed at 
both flightline and in the shops) . Further, the utili¬ 
zation of personnel on a specific task generally diminishes 
rapidly as personnel is increased. An over-manned task 
possesses value, usually via on-the-job-training. Over¬ 
manning of tasks results from insufficient test equip¬ 
ment to make independent repair channels. Thus, the 
model provides a means of establishing total needs 
(rather than only personnel) to insure personnel can be 
used effectively, (¿»ee reference 4 for methods of test 
equipment-personnel cost trades.) 

c. Task analysis may be applied to establish the required 
number and types of personnel for assignment per task. 
This is done in appendix III. It should be noted that 
different organizational, or structural (skill subsystem) 
breakouts can be used to achieve the same operational 
readiness. Usually there are several feasible breakouts, 
but one will usually offer greater operational readiness 
with fewer personnel invested. A case in point is the 
predicted organization structure as opposed to that at 
SJAFB. 

d. The output of the model is waiting times, with inputs 
being P, N, C, and S. This calculated waiting time was 
in excellent agreement with the estimated waiting time, 
for specified model inputs. The predicted total service 
time at flightline was in good agreement with the calcul¬ 
ated service time using the model waiting time outputs. 

e. The contribution to aircraft down due to FCS peak-up 
maintenance, along with other contributions, was assessed 
to establish total unreadiness. 

t i0^The errors made in prediction of failure and repair rates 
may be compensated for by using the maximum anticipated 
value of the operational rate. 
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f. The waiting time determined at the FCS maintenance shop 
was added to other service time elements to establish 
f , 3 total maintenance time per failure for the flight- 
line teams. This was then used to establish the number 
of aircraft down as a result of random demands from the 
FCS. 

g. The calculated operational readiness was within 7 percent 
of the readiness observed. 

The above points a through g demonstrate the validity of the 
technique. 

3.7.3 Technique Reliability 

Reliability of a technique is a measure of consistent repoo- 
duction of results y i.e.# will two people using the same data 
produce the same predictions? For the technique evaluated in 
this program reliability may be a source of difficulty or per¬ 
haps an advantage. 

The difficulty arises in that if different organizational 
structures and/or activity networks are used, generally different 
manning requirements will result. (Working with different activ¬ 
ity networks amounts to working on different problems.) 

The advantage arises from the recognition that among differ¬ 
ent feasible support organizations, one will be superior. The 
technique possesses the ability to evaluate, quantitatively, the 
alternates and thus produce the most advantageous one. 

This characteristic of the technique is sharply brought out 
by comparing the manning predictions of the FCS as follows! 

a. The maintenance skill specialties were broken out differ¬ 
ently. Essentially the same manning and skill distri¬ 
bution were required. Further, category II test equip¬ 
ment maintenance was assumed away. The category II 
equipment was not always maintained at the FCS shop. 
Maintenance of category II t*st equipment at the shop 
evolved from an availability of personnel in conjunction 
with the need for increased test equipment availability. 

b. The flightline procedures simply did not operate as antic¬ 
ipated. Preflight and postflight were not performed. 
The results of the manning analysis yielded manning 
requirement equivalent to the actual assignment - which 
were shown to be over-manned from the point of achieving 
the readiness being experienced. However, it was also 
found that the personnel assigned to flightline simply 
could not be utilized due to insufficient test equipment. 
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These discrepancies may be due to the inexperience of the 
investigators or the result of the fact that insufficient test 
equipment necessitated an alternate (and superior) flightline 
maintenance procedure ; specifically, the debriefing of pilot to 
determine the operability of the FCS. Using this debriefing, in 
lieu of going through postflight checkout, eliminated the time 
spent in checkout of operable systems. 

3.7.4 Technique Accuracy 

The output of the model, number of personnel, possesses less 
error than contained in the predicted parameter values. In some 
cases manning is not changed even when the utilization factor is 
varied by as much as an order of magnituder whereas, a worst case 
is an approximation to linear proportionality. This character¬ 
istic of the model a^y be examined through parametric analysis 
of the specific situation. 

A logical source of error is the implicit model assumption 
that a subsystem may be considered as a single black box. In 
fact, a subsystem consisting of two or more DiacK boxes, one 
of each type spared, should demonstrate a waiting time signifi¬ 
cantly less than that of a subsystem having the same aggregate 
demand rate consisting of only one black box. The complete 
theoretical structure of this problem has not yet been formu¬ 
lated. 

Two significant findings, which were not uncovered in the 
prediction of service time and failure rate, weighed heavily in 
the results of the model evaluation. These were as follows* 

a. The sensitivity of the FCS to the R14A synchronizer 
unit. This fact required adjustment of the waiting 
time to compensate for maintenance shop repair of the 
synchronizer while the flightline crew waited. 

b. Malfunctions not involving catastrophic failures were 
underestimated. This resulted in an experienced fail¬ 
ure rate higher than anticipated. This problem is re¬ 
lated to the problem above in that the system is very 
sensitive to timing adjustments. 

3.7.5 Improvement of Operational Readiness at SJAFB 

The following are potential sources of improvement* 

a. Increase test equipment complements. 

U) Make category II testing and calibration a two shift 
operation. 
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(2) Purchase additional test equipment. If this is 
done, it must be in conjunction with 1 or 2? other¬ 
wise, additional test equipment will end up in a 
waiting line. 

b. Move the spares to the flightline. This would reduce 
total travel time per failure. (This presumes that off- 
shelf items are operable.) 

3.7.6 Recommended Procedure 

For each maintenance activity, a probabilistic activity 
network should be developed which contains estimators of time 
elements from which the total service time estimate may be 
derived. This particular device of the technique is fundamental 
to achievement of technique reliability. In general any dif¬ 
ferences in results of technique application will be traceable 
to the basic activity network. Further, the improvement po¬ 
tential, by changes in activity networks, is a necessary part 
of system analysis for optimization. 

The following parameter estimation procedure should be 
used: 

a. Flightline 

(1) Use 1.5 times the predicted value of failure rate. 
The reason for this is that crabs, non-verified, 
and adjustments are not encompassed in the predic¬ 
tion technique. 

(2) Use maximum operational usage rate. 

(3) Use RADC maintainability technique for prediction 
of active repair time. (See Ref. 3.) 

b. Shop Repair 

(1) Use maximum operational usage rate. 

(2) Use predicted failure rate. Generally, only 
catastrophic failures reach the shop. • 

(3) Use twice the predicted repair time. The actual 
time to repair is approximately twice the predicted 
active repair time for shop maintenance. (See Ref. 3.) 
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SECTION IV 

THE C141 SYSTEM 

4.1 Introduction 

The C141 aircraft is a follow on version of the C130 with 
many of the subsystems carried over directly. The principal 
differences are: 

a. Size - the C141 is about one third larger than the C130. 

b. Engines - the C141 is equipped with fan jet engines, 
while the C130 is driven by turboprop engines. 

c. Capacity - the C141 can lift a load 1.7 times the 
load lifted by the Cl30. 

The detailed design of the C141 is very simple and completely 
conventional? it is held within the state-of-the-art in all 
areas. 

4.1.1 Background 

It is anticipated that the C141 will be operated with 
Tactical Air Command {TAC) and from Military Air Transport 
Services (MATS) bases where maintenance facilities are now 
established for 4 engine transport aircraft of comparable 
size. Essentially all basic model parameter estimates are 
based on USAT experience gained on the C330. The primary 
source of information is the C141 Proposal by Lockheed Corpor¬ 
ation (Ref. 5). 

4.1.2 Scope of Manning Prediction 

The manning and skill prediction is limited to those 
subsystems of the C141 that are directly related to the oper¬ 
ational readiness of the aircraft and which fall into the 
direct maintenance category. No attempt is made to establish 
personnel requirements which are independent of workload viz., 
command, administrative, flight operations, and supply L ^func¬ 
tions. 

The application of the manning technique to C141 system 
invoked the following rules: 

a. The number of personnel assigned to each activity 
was such that ad litional personnel would not pro¬ 
duce a measureable increase in operational readiness. 

[Ill Supply is essential to operational readiness to the extent 
that they provide spares? however, no attempt is made to man a 
supply facility. 
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b. For field maintenance shops manning was assigned, using 
the rule above, for r'.ero repairable spares except where 
specifically covered. If the equivalent of the number 
of units in waiting at each shop is assigned as repair¬ 
able spares to the respective shop the resul t is : no 
waiting time due to lack of spares. Consequently, there 
will be no effect on the operational readiness at the 
flightline. 

4.2 Operational Flan 

The operational plan assumes the existence of two organi¬ 
zations as follows: 

a. Organizational maintenance squadron 
b. Field maintenance squadron 

The assumptions which must be made concerning these squadrons 
are contained in the following paragraphs. 

4.2.1 Organizational Maintenance Squadron Assumptions 

a. Organizational maintenance performs the following tasks: 

(1) Turnaround inspection - flightline 
(2) Daily preflight - flightline (See table 30.) 
(3) 100 hour postflight - docks (See table 30.) 
(4) 300 hour periodic - docks 

The personnel in organizational maintenance are assumed 
to have an AFSC 431X1-Aircraft Mechanic. 

b. Organization maintenance is made up of teams as follows: 

(1) Turnaround inspection - 3 men 
(2) Daily preflight - 13 men 
(3) 100 hour postflight - 19 men 
(4) 300 hour periodic - 19 men 

The flightline teams act independently while the dock 
teams perform the postflight and the periodic inter¬ 
changeably. one seven level technician manages each of 
the shifts of turnaround inspection. One senior tech¬ 
nician (7 level) is included on each of the reams as 
called out in 2, 3, and 4. 
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c. The organizational maintenance occurrence rates (equiv¬ 
alent to the failure rate - A) are as follows: 

(1) Turnaround .1250 

(2 inspections per 16 hour day per aircraft) 

(2) Preflight “ = *0625 

(1 inspection per 16 hour day per aircraft) 

(3) Postflight - X = .0031 

(3 inspections per 60 - 16 hour days per aircraft) 

(4) Periodic - X4 = .0010 

(1 inspection per 60 - 16 hour days per aircraft) 

d. The total downtime for organizational maintenance inspec¬ 
tions plus non-scheduled maintenance (random) plus team 
delay time (.5 hours) equals as follows: 

1. Turnaround - 1.0 hour (dl = 1.0) 
2. Preflight - 2.4 hours (u2 = *42) 
3. Postflight - 3.1 hours (43 = .32) 
4. Periodic - 10.0 hours (0,4 = .10) 

e.. Preflight, postflight, and periodic inspections of 
Comm-Nav subsystems will be provided from the appro¬ 
priate maintenance shop. 

4.2.2 Field Maintenance Squadron Assumptions 

a. The work provided for the maintenance shops is directly 
related to the amount of work performed in organizational 
maintenance as outlined in table 20. 

b. The standard crew size is 2 men. 

4.3 Organizational Maintenance Squadron Manning 

4.3.1 Flightline Maintenance 

For this category, as in the remaining ones, the Tables are 
used to obtain the appropriate numbers of crews. A basic param¬ 
eter of the Tables, P, must be calculated for the flightline 
personnel. 
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4.3.1.1 Turnaround 

Turnaround personnel requirements are based on an anticipated 
wing strength of 48 aircraft being given two turnaround inspec¬ 
tion per day. Calculating as follows: 

Xx = .1250 Ä 1.0 Px = .125 

the other parameters are 

N = 48 =-50 S = 0 

It is desired to find C in the Tables, for the above parameters, 
which will yield the smallest useful value of drhence the largest 
value of operational readiness (R). 

C = 10 d = .112 R = .888 

The mean channel utilization (c) is 

c = . 6 

The 3 member crew consists of 2 level five and 1 level three 
men. With C = 10 the manning information is summarized below: 

Team Composition 
Two Shift Total 
Adjustment at .2 

Total Pers. 
Senior Tech 2 [7] 

3 [ 5 ,5,3 ] 
40[ 5 ] 

48 

72 
_2 

74 

20[ 3 ] 
_4 

24 

4.3.1.2 Pr«flight 

For the preflight inspection the same process is followed as 
for the turnaround inspection, viz., list the known parameters 
and find the number of channels which will give the maximum use¬ 
ful operational readiness (R). The following are the known pa- 
ameters: 

X2 * .0625 u2 = -42 P = X2/H2 = -149 

N = 50 S = 0 

Entering the Tables: the number of channels (C) required 

C * 10 

for which 

d * .138 R * .862 

and channel utilization (c) is 

c * . 75 
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The Tables indicate that 10 repair teams are needed each 
shift for two shifts, or a total of 20 crews. Based on the 
assumed crew composition stated above. Table 31 below, gives 
a breakout of requirements for the preflight. The 20% adjust¬ 
ment for backup is also included. 

TABLE 31 

PREFLIGHT MAINTENANCE 

Skill 
Levels 

3 5 7 Total 

20 
Crews 

20 220 20 260 

Back-up 
(20%) 

4 44 4 52 

Total 24 264 24 312 

4.3.2 Dock Maintenance 

It is supposed that postflight and periodic maintenance 
will be performed at the docks by the same personnel. In both 
cases the team composition will be essentially the same. Per¬ 
iodic can be accomplished by a team of 32 men in five hours. 
In order to make the periodic and postflight teams compatible 
in number this has been adjusted to a team of 19 men with a 
work duration of 10 hours. (See table 30 for a breakdown of 
the postflight inspection.) 

The quantity P is calculated as follows: 

Postflight .0031 .32 
Periodic .0010 *01 
Total 

From the Tables for: 

N = 50 P - .020 S = 0 

it is seen that for 

C = 3 d = .020 R= .980 

P 

.010 

.010 
7Ô5Õ 

and channel utilization is 

c = .256 
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but with 

C = 2 d = .025 R - .975 

and channel utilization 

c = .385 

Since the operational readiness (R) is not significantly 
affected and there is an improved channel utilization, the choice 
is C » 2. Table 32 below, gives the breakout of requirements for 
a 2 shift operation. 

TABLE 32 

DOCK MAINTENANCE 

Skill Level 3 5 7 Total 

4 Crews 4 68 4 76 

Back-up 1 14 1 16 

Total 5 L82 J LL 92 

4.3.3 Summary of Organizational Maintenance Manning 

Table 33 summarizes the requirements for organizational main¬ 
tenance manning. Table 34 givws the requirements for a stable 
personnel system for organizational maintenance. 

4.4 Field Maintenance Squadron Manning 

4.4.1 General 

In order to use the Tables for calculating the manning 
requirements the parameter P must be calculated. To obtain 
Pi for a specific subsystem the following procedure is used. 

a. *s divided by the repair rate (|i2i) of the 
specific activity of the preflight. 

b. *3 is added to A4 then the whole is divided by the 
repair rate (^3i7 of the specific activity of the 
postflight and multiplied by 2.U2J 

c. a, above, is added to b, above, then divided by the 
standard crew size (2) to obtain P^ of the specific 
activity of the subsystem. 

[l2lp 0f the periodic is equal to P of the postflight at organ¬ 
izational maintenance. 
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0031 0010 

Example: 

= .0625 = • 

U.2 of the engine and auxiliary power unit shop 

. 5556 

1/1.80 = 

of the same shop = 1/(5) (2.58) = .0775 

The table below works out the example: 

.0625 .5556 
2(.0041) .0775 

\i/[Li Std. Crew 

.1124 

.1058 

.2182 2 .109 

Table 35 below, contains the 
systems. 

values of P for the various sub- 

TXBLE 35 

FIELD MAINTENANCE UTILIZATION FACTORS 

Maintenance Shop P. 
l j 

Airframe Repair 
Land Gear and Flight Controls 
Engines and Auxiliary Power Unit 
Airborne Utilities 
Electrical 
Fuel System 
Instruments and Auto Pilot 
Comm-Nav 

.126 

.120 

.109 

.103 

.042 

.050 

.036 

.059 

4.4.2 Subsystem Manning 

Now that all of the parameters, except C and S have been 
obtained, subsystem manning can begin. The quantity C will be 
that which has a value of d as small as possible. The manning 
is arrived at without eonsideration of sparing (S) for all sub¬ 
systems; except the engine shop and the Comm-Nav shops, for 
which the possibility of maintaining repairable spares is more 
evident. 

The empirical workload data is presumed to include waiting 
time encountered for repairable spares. However, the actual 
allocation of spares to the subsystem is not known. Hence, in 
order to insure at least that these waiting times are achieved, 
spares (by aubsystem complement) have been allocated such that 
the percentage of ,u)ssysterns down in excess of spares is less 
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than .001 per subsystem. With this condition achieved, adequate 
protection against waiting exceeding those encountered in C130 
maintenance activity is assumed. 

The various shops are manned as follows: (The value of 
d in general corresponds to subsystems dovn, not aircraft down.) 

a. Air Frame Repair, AFSC 533X0, 534X0 

N = 48 = 50 S = 0 P= .126 = .13 

then 

C - 10 with a value of d = .116 

Team composition 2 [5,3] 

Team composition 2 [5,3] 

5 level 3 level 

Two shift total 20 20 
Adjustment at .2 _4 4 
Total 24 24 
Senior technician (7 le ,/el) 2 
Total personnel 50 

b. Flight Controls, AFSC 422X1, 422X2 Landing Gear 

N = 48 = 50 S = 0 P = .123 - .12 

then 

C = 10 d = .108 

Team composition 2 [5,3] 

5 level 

Two shift total 20 
Adjustment at .2 4 
Total 24 
Senior technician (7 level) 2 
Total personnel 50 

3 level 

20 
4 

24 

c. Engines and Auxiliary Power Unit, AFSC 432X0 

N = 48 = 50 S *= 0 P = .10 

then 
C * 9 d * .091 
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Team composition 2[5f5] 

5 level 

Two shift total 36 
Adjustment at .2 _8 
Total 44 
Senior technician (7 level) 2 
Adjustment for trainees 44[3] 
Total personnel 90 

As previously indicated (see section 4.1.2 and 4.4.2) this 
manning level may be decreased through the introduction of spares. 
A proper balance between repair crews and spare engines is feasi¬ 
ble for various contributions of the engines to the overall 
readiness of the aircraft. 

Table 36 below shows the combinations of maintenance teams 
(C) and sets of engines (4 engines) spares (S) corresponding to 
various downtime contributions (d) no greater than .025. 

TABLE 36 

ENGINE REPAIR 

Tklble 36 shows that the smallest value of d corresponds to 
a manning of 8 engine repair crews and 11 spare sets (44 engines) . 
The maintenance operation in the engine shop requires two men 
teams (level 5). When considering the 20% adjustment factor for 
sick leave, etc., and the additional conditions imposed for a 
stable personnel system (see appendix VI), the following manning 
results for minimum contribution to aircraft downtime* 

N - 48 - 50 S - 11 P * .10 

then 

C * 8 d * .001 

Team composition 2[5,5] 
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5 level 
Two shift total 32 
Adjustment of .2 _7 
Total 39 
Senior technician (7 level) 2 
Adjustment for trainees 39. 
Total personnel 80 

d. Airborne Utilities, AFSC 421X2, 422X1 

N = 48 = 50 S = 0 P= ol03 = .10 

then 

C = 9 d = .091 

Team composition 2[5,3] 

5 level 3 level 

Two shift total 
Adjustment at .2 
Total 
Senior technician 

(7 level) 
Total personnel 

18 
4 
2l 
2 

46 

e. Electrical, AFSC 42CX0 

N = 48 = 50 S = 0 P = .042 = .04 

then 

C = 5 d = .039 

Team composition 2[5,3] 

5 level 3 level 

Two shift total 
Adjustment at 
Total 
Senior technician 

(7 level) 
Total personnel 

10 
2 

IT 
2 

26 

10 
2 

IT 
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.05 

f. Fuel System, AFSC 424X0 

N = 48 * 50 s ” 

then 

C = 6 d = .048 

Team composition 2,5,3] 

0 p = 

5 level 

12 
_3 
15 

3 level 

12 
_3 
15 

Two shift total 
Adjustment at .2 

Total . 
Senior technician (7 level/ ¿ 

Total personnel 32 

Instruments and Auto Pilot, AFSC 422X0, 423X3 

U * 48 = 50 8*0 

then 

C a 5 ¿I a «039 

Team composition 2[5,3] 

.036 ,04 

5 level 

Two shift total 
Adjustment at .2 

Total 
Senior technician (7 level) 
Total personnel 

10 
2 
U 
2 

26 

3 level 

10 
2 

Î2 

h« Communication - Navigation Shop 

The manning calculation for the Comm-Nav shop was 

handled in a slightly different 
other subsystems in other maintenance categories. 
On the fligh'•.line, and in the docks, the same people 

tí.1 tasks associated with both the navxga- 

tion and the communication subsystems. ^ s 
however, these systems are sufficiently complex to 
warrant establishing separate shops. 

The total workload coming into the Comm-Nav shop has 

been broken out according to their r®latlve, fa^ !;he 
rates, with P calculated separately for each, and the 

Tables entered as usual. 

60 



(1) Communications Shop AFSC 301X0, 301X1 

N = 48 = 50 S~0 P = . 02 3 = . 02 

then 

C = 3 d = .02 

Team composition 2[5,3] 

5 level 3 level 

Two shift total 6 6 
Adjustment of .2 2 2 
Total ^ 8 
Senior technician (7 level) 2 
Total personnel 18 

(2) Navigation Shop AFSC 301X0, 301X1 

N = 48 = 50 S = 0 P = .034 = .03 

then 

C = 4 d = .03 

Team composition 2[5,3] 
5 level 

Two shift total g— 
Adjustment at .2 2 
Total TÕ 
Senior technician (7 level) 2 
Total personnel 22 

3 level 
-5“- 

2 
TÔ 

If these shops were manned at the above levels, the downtime 
contributions would be d * .02 and d « .03 for communication and 
navigation respectively. By maintaining repairable spares in 
these shops, this downtime may be reduced; or alternatively, 
traded off with crew size. Table 37 below illustrate these trade 
offs. 

(3) Comm-Nav Flightline AFSC301X0, 301X1 

The Comm-Nav men perform their own preflight 
inspection independently as detailed below: 

d2i 

1.0 

P 

.0625 

P = .0625 * • 

*2 

.0625 

N = 48 = 50 
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Then C = 6 with a value of d = .058 

Team composition 2[5#3] 

Two shift total 
Adjustment at .2 
Total 
Senior technician (7 level) 
Total personnel 

5 level 
T2- 
_2 
15 
2 

32 

3 level 
n*— 
_3 
15 

TABLE 37 

COM-NAV SHOP TRADE-OFFS 

Communications 

S i c d 

0 

1 

2 

2 

3 

3 

3 

2 

3 

2 

3 

.02 

.008 

.012 

.003 

.006 

.001 

Navigation 

S C 

-—i 
d 

0 

1 

1 

2 

2 

2 

3 

4 

4 

3 

4 

3 

2 

i 4 

.03 

.015 j 

.018 

.006 

.009 

.027 

I .002 

(4) Comm-Nav Dock Personnel, AFSC 301X0, 301X1. The 
personnel in the Comm-Nav shop perform their own 
postflight and periodic inspections, independently 

as detailed below: 

Postflight .0031 .4587 
Periodic .0010 .2000 

Total P 

.0014 

.0002 

. 0016 

N = 48 = 50 S * 0 P .0016 » .002 

then C * 1 with a value of d * .00 2 

Team composition 1 [5,5] 
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5 level 

Two shift total 4 
Adjustment at .2 1 
Total 5 
Adjustment for trainees 5 [3 level] 
Total personnel 

Table 38, on the next page, presents a stable field mainten¬ 
ance squadron manning. 

Tabie 39 shows maintenance manning figures for those per¬ 
sonnel who contribute to the maintenance workload of the total 
system; but which may not be directly traceable to any of the 
subsystems through its failure rate, e.g., the many pieces of 
ground support equipment that must be maintained and serviced 
requiring trained personnel. 

The data in table 39 are based on current C-130 aircraft 
whose requirements relative to this type of maintenance are 
assumed comparable to the C141. 

TABLE 39 

MANNING - OTHER SKILLS 

Function Title AFSC Manning 

Machinist 

Metal Processing Specialist 

Painters 

Ground Support Equipment 

Repair & Reclamation 

531X0 

532X0 

522X0 

421X3 

431X1 

4 

5 

4 

31 

46 

Total 90 

4.5 Operational Readiness 

4.5.1 General 

All operational unreadiness may be considered to be gen¬ 
erated only at either flightline or the docks. In the analysis 
performed in this study, the data used did not permit development 
of a direct relation between the field maintenance shops and 
flightline (organizational). However, implicit in the data (un¬ 
scheduled maintenance at flightline) is the effect of organiza¬ 
tional maintenance on flightline time. Hence, the values used 
should be representative of total maintenance effects. 
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For shop maintenance, the value for subsystems down in ex¬ 
cess of spares (N+S)d, represents, in fact, the workload awaiting 
repair on the average. For all other shops, subsystem spares 
have not been included. This means that generally less units 
down in excess of spares can be expected - since spares will be 
available. The value of d still will represent a good approxi¬ 
mation to tasks awaiting service. 

4.5.2 Dock Maintenance 

It has been assumed that both periodic and postflight will 
be performed by the same teams. The data available does not 
permit an explicit evaluation of the aircraft down for periodic 
maintenance. Based on essentially postflight only, on the 
average there will be 1/2 aircraft down. This estimate may be 
in error by a factor of 4. In summary, manning beyond that 
presented in this analysis would result in essentially no in¬ 
crease in operational readiness. 

4.5.3 Calculation of Operational Readiness 

The operational readiness for the C141 based on manpower 
established in this analysis is summarized in table 40. 

TABLE 40 

OPERATIONAL READINESS 

Activity d 

Preflight 

Dock 

Comm-Nav - Flightline 

Comm-Nav - Dock 

.138 

.020 

.058 

.002 

Total .218 

R * 1_dTOTAL = 
.782 

4.5.4 Sources of Error 

The sources of error are anticipated to affect the value 
of operational readiness achievable but not affect the manning 
established. The following points are made: 
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a. The time for performance of preflight is based on 
adjustment to the longest time required. Other 
simultanejus tasks may actually exceed this task 
time. (oee appendix III AMKL-TDR-64-21 (Ref. 1) , and 
appendix VII this report.) 

b. As in the case of multiple flights for the F105D dis¬ 
cussed previously, waiting may occur. 

c. It is presumed that adequate shop spares will be avail¬ 
able (equivalent level to the C130) to assure no in¬ 
crease in unscheduled maintenance time. If the level 
is increased beyond that of the C130, unscheduled time 
may be reduced. 

4.6 Summary 

Table 41 summarizes the stable manning data developed above 
by skill level. 

TABLE 41 

STABLE MANNING - BY SKILL LEVEL 

Level 
Organizational 
Maintenance 

Field 
Maintenance 

Total 

7 

5 

3 

31 

394 

394 

22 

227 

227 

53 

621 

621 

Total 819 476 1295 1 
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SECTION V 

GENERAL CONCLUSIONS AND RECOMMENDATIONS 

The manning technique evaluated in this program has been 
demonstrated to be a valid and reliable technique for predicting 
manning requirements for weapons systems. The technique has 
been found to be relatively easy to apply, and is compatible with 
existing methods for predicting reliability and maintainability 
parameters. The model is based on random processes approximating 
field conditions, and produces valid results using state-of-the- 
art reliability and maintainability techniques. 

The prediction for the FCS, using field data sources for 
parameter estimation, yielded good results when compared with 
operational performance and existing manning. The results of 
the FCS analysis also verified the fact that, as with any tech¬ 
nique, the validity of this technique depends upon the accuracy 
of the inputs. There is also evidence, among the results of the 
program, that the technique provides a means for seeking out 
sources of inefficient personnel utilization and sparing pro¬ 
cedures. 

The reliability of a model has been agreed upon to lie in 
the ability to produce consistent results with different experi¬ 
menters. Thte validation program did not formally test for reli¬ 
ability, However, a method was developed which establishes a 
general procedure for achieving reliability. This procedure was 
found to be quite sensitive to, and dependent on, methods for 
estimating parameter values and organizational structure of the 
support system. 

One of the more serious problems existing in the Air Force 
is the development of requist skills to maintain a complex 
system. In the manning analysis developed in this program it 
has been assumed that a five level technician could perform at 
the predicted repair rates. This presumed that the personnel 
have been associated with the F105D FCS during his maintenance 
training. For example, in general 5 level technician without 
F105D FCS experieni«) could not, in general, achieve predicted 
maintenance rates. A conservative estimate is that a six month 
familiarization with the F105D FCS is required for 5 level tech¬ 
nician to achieve the maintenance rates predicted. 

It is recommended thati 

a. A field program or analysis of existing data, if avail¬ 
able, be conducted to validate the total operational 
readiness of the F105D in order to validate the finding 
in this program. 
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b. The C141 system should be evaluated with respect to the 
validity of manning requirements based on existing man. 
ing assignments, and tested for: 

(1) operational readiness achieved 

(2) effective number of repair channels as determined 
by test equipment limitations 

(3) adequacy of repairable spares 

(4) compatibility of the results above with the pre¬ 
dicted manning requirements. 

d. 

The manning technique be employed as a device for eval¬ 
uating support organizations. The validity and ease of 
application of the queuing model suggest that the tech¬ 
nique may be profitably used to evaluate the performance 
of existing support organizations for potential improve¬ 
ment. Additionally, the model «ay be used to search 
out problem areas and suggest optimum improvement methods. 

Standard «hop activity networks be developed. The avail¬ 
ability of a manual consisting of standard networks woul 
facilate employment of the queuing model. Further, 
standard time estimates could be established for network 
activity elements. With variance estimates this would 
permit model application with minimum parameter research. 
Also, it would permit sensitivity analysis of the re¬ 
sults due to parameter error estimates. 

e. Uniform documentation procedures, forms, and data dimen¬ 
sions which are consistant with manning information re¬ 
quirement be developed. Information (estimates) shoul 
be made available to military manpower analysts no latter 
than the program definition phase in the weapon system 
development cycle. 

f. General personnel backup factors#to achieve manning 
stability, be determined. One aspect of manning which 
weighs heavily in the total manning is the requirement 
for total personnel-skill stability. The requirement 
for a single seven-level person necessitates, in general, 
several 5 level and 3 level personnel. This comes about 
simply as a matter of promotional policy and rates of 
discharge. In the case of the F105D PCS at SJAFB, ratios 
of the skill levels (7,5, and 3) for stable manning were 
computed for the PCS personnel, and are reasonably accur¬ 
ate. It is recommended that* 
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(1) These oackup factors be calculated and continuously 
updated for all skill categories to further improve 
quantitative analysis of manning requirements, 

(2) A research program be conducted to establish ways 
in which discharge rates of five level personnel 
could be reduced. A first step in such a program 
would be to establish, quantitatively, the econom¬ 
ical return per incremental change in the discharge 
rate. 

(3) A personnel-system phaseower analysis be implemented, 
to better capitalize on existing skills in the 
services, and reduce backup personnel to achieve 
manning stability (see appendix VI). 

g. The interface between personnel requirements, repairable 
spares provisioning, and system operational performance be 
utilized. Provisioning and manning analysis are strongly 
correlated parameters of system effectiveness, and, such 
manning analysis and provisioning should be jointly per¬ 
formed rather than independently performed. Further, 
manning and repairable spares should be considered 
commonly in terms of cost and traded with operational 
readiness. 

h. Test equipment-skill-packaging trade-off be studied. The 
techniques evaluated in this program permit quantitative 
analysis of general and special test equipment in con¬ 
junction with skill requirements and packaging techniques. 
A particular probèem is the prevalence of either an inade¬ 
quate supply of special test equipment, or the existance 
of expensive test equipment which is either not used, or 
useful, and which requires special skill for maintenance 
with its concomitant sparing problems. 
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APPENDIX I 

MATHEMATICAL MODEL 

The formal name of the mathematical model is: "Mathematical 
Model of Finite Cyclical Queues for Systems with Repairable 
Spares," Suppose that a system consists of identical units (N+S), 
and that, at most, Nq of the N+S units must be operational. The 
S units are provided as repairable spares. Further, the system 
has a service facility consisting of independent service channels 
(C) . 

At any time the system must be in one of N+S+l possible states 
(n), i.e., 

0 > n > (N+S) (1-1) 

where if n = (N+S) all units are down and if n = 0 all units are 
up. The probability that the system is in a state n is p . Two 
cases must be considered: n 

Case 1. Number of channels exceeds the number of spares, viz., 
C > S 

Case 2. Number of channels is less than or equal to the number 
of spares, viz., C > S 

Probability State Equations 

The quantity p may be explicitly expressed in terms of meas¬ 
urable parameters? these parameters and associated symbols are as 
follows: 

N = Maximum number of units operating 

S = Spares, units in excess of N 

A = Failure rate of a single operating unit 

H = Repair rate of a single service channel 
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C * Number of repair channels 

n * Number of units actually operating 

p = Probability that all units are operating 

P * utilization factor (Vn) 

For case 1 (OS) the equations for pn are given as follows* 

n< (S+l) ,n< c (1-2) 

' = s: .nV 
n (N+S-n)i N1 Fo 

n>(S+l),n< C (1-3) 

P 31 N ( ___ 
n (N+S-n)i c:cn 

NSCCPn p. n> C (1-4) 

For case 2 (C<S) the equations for pn are given as follows* 

Pn = Po 
n. 

n< C (1-5) 

n<(S+l), n> C (1-6) 

Ni NSCCPn p n>(S+l) (I -7) 

n (N+S-n)Í * c¡cn 

Since at any one time, one and only one state may exist, the 

sum of their probabilities must equal one 

N+S 

V" ’1 n=0 

(1-8) 

Noting that pQ is an explicit factor of each pn the ratio 

kn * pn/po 

[13 ] 

the expression 

N+S 

*o 1, kn 

n-0 

(1-9) 

(1-10) 

[13 ]k in equation 1-2, for instance, would equal [(NP)n]/n'. 
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is obtained. From this p can be determined 
o 

1/ 
N+S 
£ 

n*0 

k 
n (I-1I) 

Knowing pn the following measures may be derived. 

The mean number of units awaiting service or undergoing 

service is 

N+S 
2 

n»l 

[14] 
npn (1-12) 

The mean number of units down in excess of spares is 

D 
N+S 

= £ (n~S) 
n=S+l 

(1-13) 

The mean number of service channels busy is 

:b 

C N+S 
* £ npw + C £ p 

n-l n n-C+1 n 

The mean number of units awaiting service is 

N+S 
W - £ (n-C) pn 

n-C+1 n 

The mean number of units operating is 

N+S 

■ ‘'A« •- 

The mean number of units operable but not operating 

11 S 

So - nV8~n) Pn 

(1-14) 

(1-15) 

(1-16) 

(1-17) 

Of the six equations above (1-12 to 1-17) only two equations, 

viz., 1-12 and 1-13 are independent; the others may be derived 

from them. 

[ 14]The output entries (n,, d) are per unit, via., 
d = D/N a d 

Nd/T and 
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Derived Quantities 

It may be noted that all of the measures just defined above 
are all expressed in terms of the basic state probabilities. It 
is possible to extend these measures to other system characteris¬ 
tics which are not described explicitly as probabilities. 

Four identities listed below are the basis for derivation 
of other pertinent quantities, 
efficiency measures. They are 

a. Nd = W+Cb 

necessary to establish system 
as follows: 

1-18 

This identity states that 
awaiting or undergoing service 
undergoing service (C^). 

the mean number of units either 
(down) are either waiting (W) or 

b. 
o o 1-19 

This identity states that the number of operable units (N ) 
are either operating (Nq) or awaiting operation (SQ). u 

c. N+S * N.+N 1-20 du 

This identity states the total number of units in the system 
(N+S) is the sum of units down (N^) and units up (Nu) . 

d. = NqP 1-21 

This identity states that the mean number of busy channels 
(C. ) is equal to the mean number of units operating (N ) mul¬ 
tiplied by consideration of the following: ° 

(1) In a steady state there exists a finite queue 
length. 

(2) In arder to maintain a stable mean queue length, 
the number of units entering the queue must be r i 
equal to the number of units leaving the queue. 15^ 
The mean number of units arriving to the queue 
is equal to NqA. 

(3) Also, for steady state, the mean number leaving 
service (p.C ) must be equal to the mean number 
of units leaving the queue. Thus: 

1-22 

1-23 

or: 

w 
[15] Some suitable time base is assumed to form a rate. 
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The following quantities can now be derived using the four 
identities established above. 

Mean number of units awaiting service 

VS 
Mean number of units operable but not operating 

S+D-Nd 

Mean waiting time for service (in queue) 

w/tiCjj 

Mean waiting time in waiting and service 

V1^ 
Mean waiting time for operable units before 
going into operation 

1-24 

1-25 

1-26 

1-27 

1-28 
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APPENDIX II 

REVIEW OF RAC DOCUMENT 1950 

1. INTRODUCTION 

1.1 Purpose 

The Republic Aircraft Corporation (RAC) document number 
1950 (Ref. 2) was reviewed for the following purposes: 

a. To extract the time and failure data for the AN/ASG-19 
subsystem. 

b. To extract data on repair of the AN/ASG-19 subsystem. 

1.2 Method 

The method of obtaining the reliability estimare is a 
straight-forward evaluation and includes all applicable data. 
The method of obtaining the repair data involves a number of 
assumptions and all are documented. 

No statistical tests are made in comparing the data with 
the predicted result. Instead, a range of values is set up 
corresponding to various degrees of failure, since the value 
predicted is so close to the value given by the data that 
statistical comparison is meaningless. 

2. RELIABILITY ANALYSIS 

Table 42, "Summary of Failure and Crab Information," shows 
all the reliability data from RAC and USAF sources contained in 
RAC No. 1950. It is divided between, and subtotaled, RCA and 
USAF. The subtotals show 18 hours MTBF for the data accu¬ 
mulated by RAC with a total of 10,013 hours accumulated and 
545 failures for the AN/ASG-19 subsystem. The USAF data shows 
a MTBF of 13 hours with approximately 7500 hours accumulated 
and 613 failures. Combining the sources of data yields a MTBF 
of 15 hours for the AN/ASG-19. The predicted value was 17 
hours which was quite close to the observed value. Data was 
available on the individual components (black boxes) at PACAF 
and in general it was in agreement with the prediction done by 
RCAS• However, there was too small a time sample involved for 
definite verification of the prediction at the black box level. 
On the other hand verification at the three main equipment 
level means that the predicted figures for the black boxes can 
be accepted since nothing unusual was involved in the produc¬ 
tion of AN/ASG-19, e.g*, advances in the state of the art. 
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At PACAF the value for the MTBF of AN/ASG-19 was 31 hours, 
almost exactly two times the value of 15. At PACAF a record 
was kept of flight crabs which yields a mean flying time be¬ 
tween verified crab (MFTBVC) of 7.6 hours, almost one half of 
the MTBF of 15 hours. 

3. MAINTAINABILITY ANALYSIS 

Table 43, "Mean Active Repair Time (MART)," shows the repair 
data. There were a number of problems in dealing with this data, 
viz., "other" category of removal, "bench time," and "repair 
manhours" are not clearly identified. Thus it is necessary to 
make some assumptions which are based on actual field data. 

The following is a detailed procedure of how the data were 
modified ï 

a. Bench time was divided by two. Roughly one half of the 
time is spent in active time and one half is spent on 
delay time. 

b. Repair manhours is divided by two for the reason cited 
above and is divided again by 1.5 on the theory that 
half of the tasks are accomplished by one man and the 
other half is accomplished by two men. The overall 
divisor is three (3 x 1.5). 

c. The sum of these two (ABT + ARMS) is an estimate of 
total active repair time (ART). 

d. Some adjustment is needed for the other removals. This 
is guessed at one half hour per other removal. The 
adjustment is shown in the AART column. 

e. The mean active repair time (MART) is found by dividing 
the AART by the sum of failures (F) and non-verified 
failures (NV). The sum is used on the theory that just 
as much time is spent on the average, in checking an NV 
as an F. 

f. The (MART) is listed for purposes of comparison to see 
the effect of removing the others. This is the quo¬ 
tient of ART divided by total removals (T). The figures 
are approximately the same. 

g. Finally the predicted MART is listed. For purposes of 
round off the predicted time for each major part of the 
AN/ASG-19 subsystem were predicted as listed. The value 
MART predicted for the AN/ASG-19 subsystem was arrived 
at by considering the relative probability of failure 
of the three major parts of the AN/ASG-19. 
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It can be seen that the values shown in the last three columns 
in Table 43 are all of the same magnitude. Further, it is be¬ 
lieved that the values are realistic estimates of the mean 
active repair time. 
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APPENDIX III 

RCA PREDICTIONS OF RELIABILITY 
AND MAINTAINABILITY 

1. INTRODUCTION 

To establish the workload for the FCS, a reliability and 
maintainability analysis was performed. This appendix gives 
the results of this analysis. 

2. RELIABILITY 

The objective was to assign a failure rate to each black 
box in the FCS. To achieve this a gross part count was per¬ 
formed on each box with the assignment of mean reliability 
figures of merit on standard parts. 

a. The reliability figures are representative of the 
1959-60 state-of-the-art and were derived from the 
following ï 

1. RCA TR59-416-1 (Reliability Stress Analysis 
for Electronic Equipment) (Ref. 6) 

2. Military Standardization Handbook MIL-HDBK-217 
(Reliability Stress and Failure Rate Data for 
Electronic Equipment) (Ref. 7) 

b. Failure rates represent average stress levels (between 
20% and 30% of rated) and are based on 60% confidence 
limit. 

c. Only true random catastrophic failures are considered 
in the analysis. Not included in this type of failure 
are: 

1. Wear-out failures 
2. Performance deterioration 
3. Design changes 
4. Workmanship errors 
5. Non-operational defects 

Failures of thru type should be eliminated either through good 
design, proper derating of components and/or efficient preven¬ 
tive maintenance scheduling. (Results are in Table 44.) 

3. MAINTAINABILITY 

The objective was to establish mean repair times for: 

a. Each basic maintenance action (preventive, corrective) 
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TABLE 44 

RELIABILITY PREDICTION 

THUNDERSTICK FIRE CONTROL SYSTEM, AN/ASG-19 (FCS) 

Radar (R14AÍ 
Failure Rate (\) 
%/1000 Hours 

Antenna Unit 192.40 
Automatic Frequency Control 12.35 
Electronic-Control Amplifier 384.80 
Post IF Amplifier 841.75 
Radar-Flight Indicator 336.70 
Synchronizer 2188.55 
Low Voltage P.S. 456.95 
Transmitter 325.00 
Radar-Calibration Control 24.05 
Wave Guide Coupling 24.05 
Flexible Wave Guide 24.05 
Clearance Plan Indicator 48.10 
Ferrite-Load Isolator 16.25 

\1 = 487 j. 00 

Attack and Display (AD) 

Sight Head 107.3410 
Gyro Lead Computer 46.956 
Sight Amplifier 86.008 
Erase Control & Power Supply 6.539 
Missile Launch Computer 27.287 
Display Tube Amplifier 38.272 

X3 = 312.40 

Bomb Toss Computer (BTC) 

Power Supply 30.2445 
Amplifier 114.1790 
Comparator 45.7210 
Angle Position Drive 164.7880 
Roll Angle Repeater 74.0610 
Time & Range Drive Assembly 41.9900 
Angle Function B 52.0650 
Angle Function A 43.1145 
Angle Function E 21.9895 
Drift Angle and Range Wind 71.5390 

A2 = 695.69 

Composite Failure Rate of FCS 

^T * ^l+^2+^3 
= 4 875.00 + 659.69 + 312.40 = 5847.0956/1000 hours. 
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b. Maintenance level (flightline, maintenance shop) 

J.l Basic Procedure 

The estimates for corrective maintenance were obtained with 
a sampling technique where various levels of equipment repair 
were analyzed using check lists provided with RADC-TDR-63-85, 
Volume II (Ref. 3). For the preventive maintenance figures, a 
combination of interviews was employed. 

a. Airmen now at work on century series fighter aircraft. 

b. The experience of RCA Service Company field engineers 
who had worked on complex FCS in aircraft. 

Table 45 gives the preventive maintenance time, while 
Table 46 gives estimates of corrective maintenance time 
broken down to the various levels of maintenance. The times 
are based on the presence of the number of personnel stated as 
a minimum. 

83 



TABLE 45, ESTIMATES OF MEAN PREVENTIVE 
MAINTENANCE TIME 

Procedure AN/ASG-19 

Pref light 2 Men - 1/2 Hr. 

Postflight 2 Men - 1 1/2 Hr. - System 

Squadron 
50 Hr. PM 

4 Men - 16 Hr. - System 

F
i
e
l
d
 

M
a
i
n
t
e
n
a
n
c
e
 

100 Hr. PM 

500 Hr. PM 

1000 Hr. PM 

4 Men - 24 Hr. - System 

4 Men - 24 Hr. - System 

4 Men - 24 Hr. - System 

_ 

TABLE 46. ESTIMATES OF MEAN CORRECTIVE 
MAINTENANCE TIME 

Procedure 
AN/ASG-19 

R14A A&D i BTC 

Preflight 

If the system fails the checks 
outlined in the preflight pro¬ 
cedures of F105D the system re¬ 
verts to postflight maintenance 
times. 

Postflight 
(Component Replacement) 

45* 
2 Men 

60 
2 Men 

30 
2 Men 

Squadron Maintenance 
(Minor Component Repair) 

60 
2 Men 

30 
2 Men 

30 
2 Men 

Field Maintenance - 
Component Repair 

60 
2 Men 

60 
2 Men 

60 
2 Men 

Field Maintenance - 
Module Repair 

30 
1 Man 

30 
1 Man 

30 
1 Man 

♦All times in minutes 
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APPENDIX IV 

ACTIVITY NETWORKS 

SEYMOUR JOHNSON APB (SJAFB) 

1. PCS Maintenance at Seymour Johnson APB (SJAPB) 

Basically, the maintenance support system consists of flight 
line personnel and Avionics and Electronics Shop (maintenance 
shop) personnel. 

2.1 FLIGHTLINE MAINTENANCE 

Flightline maintenance on the PCS consists of three distinct 
types of activity: 

a. The diagnostic team, consisting of 2 men of seven level 
for each 2 shifts in operation. The function of the 
team is to attend the debriefing of pilots and localize 
faults in the PCS. They then pass on this information 
to the regular flightline teams. 

b. Regular flightline teams normally consist of 5 people, 
2 five level and 3 three level. Only the 2 five level 
personnel are required for maintenance with the three 
level personnel engaged ir on the on-the-job (OJT) 
training. There are approximately 55 men per shift - 
2 shifts per day. 

c. There are 2 peak-up stations with teams of 18 men each. 
Each team has 3 crews consisting of 1 five level man and 
3 three level men? an extra 1 1/2 crew allows continuous 
operation, 24 hours a day, 7 days per week. Peak-up is 
based on a period of 100 hours of flying time and re¬ 
quires an average of 72 hours to perform. 

The regular flightline teams are responsible for performing 
both unscheduled (random) and scheduled maintenance. The sched¬ 
uled maintenance, not including peak-up, is performed as follows 

a. At the end of 50 flight hours, duration 1 hour, and a 
crew size of 5. The crew consists of 2 five level and 
3 three level personnel. 

b. At the end of 100 flight hours, duration 1 hour, and a 
crew size of 5. The crew consists of 2 five level and 
3 three level personnel. 

c. At the end of 200 flight hours, duration 16 hours, and 
a crew size of 6. The crew consists of* 1 seven, 2 five, 
and 3 three levels of personnel. The PCS does not con¬ 
tribute to downtime since other subsystems have up to 
5 days of downtime. 

85 



The peak-up effort and the scheduled maintenance activity 
may be assumed to have rigid scheduling. The random maintenance, 
on the other hand, is sufficiently variable to make an activity 
network desirable. Figure 3 presents the activity network for 
random demands. 

2.2 Expected Time of Flight Line Team Per Call, 

The expected value (mean) of tune for the flight line team 
per call is as follows: 

E = ^ ^ 10+^ 12 ) + ^ ”^2 ^ ^10+^4 + tll^ ^ 

+(1-p^[t2+t3+t4+p3t12+p4(t5+t6+t7+t8) 

+p5tlJ+t9 (IV-1) 

The aircraft downtime 

Ad = E+t1-t9 (IV-2) 

Using the value of figure 3 

E = 3.2 and 
A. = 3.5116J 
d 

2.3 Sources of Data 

All of the estimates above were obtained directly from flight¬ 
line personnel at SJAFB. A sample of approximately 100 measure¬ 
ment of aircraft downtime was used in establishing the downtime 
per FCS failure. The mean of the sample was calculated directly 
from maintenance reports at flightline and was calculated to be 
3.5. The measured times were separated into two types, those in¬ 
volving replacement of a black box and those requiring only ad¬ 
justment or alignment. Approximately sixty percent of the mal¬ 
functions involved black box replacement. Those requiring a 
black box as a replacement had a restore to operation time of 4.5 
hours, those not requiring a replacement black box average 2.5 
hours. All other time estimates were obtained from flightline 
personnel and based directly on their experience. The estimates 
are verified (not statistically) by compatibility provided with 
other times at the FCS squadron maintenance shop. 

1 1^ it may reasonably be assumed that time estimates are accurate 
to within .25 hour. Further, invoking the statistical rule 
for estimation of combined errors leads to assumption that 
the aggregate error will be less than .25 of the maximum time 
element estimate involved. 
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Activity 

t| =debriefing diagnostics 

Estimated Values 
(hours) 

.5 

t2 =n°tify central control/dispatch crew 

t3 =get required test equipment 

t4 =verify malfunction 

tg =isolate and remove black box 

t^ =get black box at maintenance shops 117 ] 

t? =return to flight line 

tg =replace box and checkout 

t9 =return point of operation 

t10=test e<ïuiPment not required 

tii=perf°rm adjustment 

t12=not verified malfunction 

0 

.2 

.3 

. 5 

2.0 

.3 

.5 

.2 

.1 

1.5 

1.5 

Probability of Occurrence 

Pi 
i-pi 

p2 

1-p2 

p3 
P4 

p5 

(probability) 

.2 

.8 

.05 

.95 

.05 

.6 

.35 

[17] See detail network in paragraph 2.3 

FIGURE 3. FLIGHTLINE ACTIVITY NETWORK 
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The following observations are pertinent» 

a. The RCA maintainability (active time to repair) estimates 
corresponds exactly to the flightline estimate, viz., 
t5+t8 * 1 hour. But, of course, does not compensate for 
noncatastrophe failures. 

b. The proportion of failures experienced in the radar sec¬ 
tion of the PCS is essentially that predicted (90%). 

2.4 Detail Network of Event (6) 

In obtaining the black box several routes are possible; the 
possible routes are shown below. 

The estimated values for these events of the activity network are: 

. ctivity 

^travel to maintenance shop 

Estimated Values 
(hours) 

.3 

t2=place faulty box in repair line 

t_=take box from ready inventory 

t4=await repair 

t5-obtain box fron base inventory 

t6=return to aircraft 

.2 

.1 

1.5 

4.0 

.35 

.35 

.60 

.05 

»probability of occurrence 

P2“probability of occurrence 

P2»probability of occurrence 

The expected time duration spent in acquiring the black box is: 

Ebb * tI+t2+plt3+P2t4+P3t5+t6 

* 2.0 hours 
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The rule for determining the course of action is least time. 
Generally, 60% of the time repair is awaited; 35% of time the 
box is in ready inventory; 5% of time box cannot be repaired due 
to lack of parts and is replaced through base inventory. The 
time for tapping base inventory is 4 hours (this includes un¬ 
crating, calibration, travel) . 

3.1 Maintenance Shop 

The shop is divided into specialties as follows; 

a. R14A and AO subsystems 
b. BTC subsystem 
c. Category II test equipment 

Shop works a two shift operation. 

Shift 1 7:30 - 4:30 

Shift 2 4:30 - 12:30 

Specific number of crews per shop breakout by shift. 

Shift 1 

R14 and AD 

3 repair teams; each team consists 
of two personnel of levels 5 and 3. 

One supervisor 

BTC 

3 repair teams; each team consists 
of two personnel of levels 3 and 5. 

One supervisor 

Category II Test Equipment 

Repair teams (3) ; consisting of 
one man, one trainee. 

One supervisor 

One general supervisor of 7 level. 
One general administrator of 5 level. 
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Shift 2 

R14 and AD 

Same as Shift 1. One supervisor 

BTC 

Same as Shift 1. No supervisor 

Category II Test Equipment 
.   i má dh——   un — .» ■       

Second shift not assigned. 

Personnel Complement by Grade 

TSgt 1 
SSgt 6 
A1C 6 
A2C 2_3 

36 

Two airmen of the 36 above were not available due to school, etc. 

3.2 Radar and Attack and Display Subsystem Activity 

The following is the activity network fov the R14A and AD 
maintenance shop. 

U---2MT5.-+Y- 

CO— 0-—®—0—©—0 
viten entered in repair ,hop- 
t2*item assigned (or assignment assumed by) to repair channel. 

t3=setup for fault verification of item. (Requires test 
complement. ) 

t4*faulty module in black box is isolated. 

tc*module is replaced and black box is checked out. (Re¬ 
quires mock-up.) 

t6-item entered into ready inventory. 

t7*faulty module is repaired. 

Faulty module repair is fill in work. A module test-isolation 
set is required. All R14A and AD modules are repairable at 
maintenance shop. All the time estimates above were obtained 
from supervisory personnel at the maintenance shop. 
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3 * 3 Bomb Toss Computer Subsystem Activity 

The activity network for the BTC subsystem shop is equivalent 
to the Radar activity network. The approximate time required to 
process a failed unit through this shop is 2 hours. BTC modules 
are not repaired at site due to the problem of isolation to part 
level because of epoxy coating requiring special processing 
equipment. Supply of replacement modules is adequate and down¬ 
time of aircraft is not experienced from modules. 

3*4 Category II Test Equipment Activity 

This activity performs calibration and maintenance of all 
special test equipment associated with the PCS. The critical 
equipment is the analyzer since this equipment experiences the 
greater use and is most in demand. Also serviced by this activ- 
ity is mock-ups (both types). This activity is also specialized, 
viz., X people on mock-up and 2 on analyzer. The average number 
of analyzers down is 2 (estimate) either for failure or calibra¬ 
tion. These units undergo calibration every thirty days or at 
failure, whichever came first. 

3,5 Ready Inventory Link 

This ready inventory link corresponds to event 6 of the 
flightline activity network. The activity network follows: 

s=request for aircraft repair 

t^=request for spare romes from PCS mainte¬ 
nance shop 

t2=fill request from off shelf .1-.2 

t3«order from base supply cycle 4 

t^j«order from depot cycle in excess of 
30 days 

t5»satisfy request y 

P2»probability of taking this route > .95 

P3»probability of taking this route < >05 

p4»probability of taking this route <7oi 
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Expected time in ready inventory link 

E s P2^2+^>3^3+^>4^4 

= (.95) (.15) + (.05) (4)+C 

= .35 hr 

p t can be neglected because personnel would not wait. 
r4 4 

Inventory level is controlled by space at supply room. Re¬ 
pairable spares average two black boxes. About 100 base requests 
per month are made. High valued items are constantly monitored, 
low valued items periodically monitored. 

Units which must be sent outside base (to depot, etc.) involve 
a pipeline time in excess of 30 days. One to two aircraft are 
constantly down, due to all subsystems, waiting for depot spares. 
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APPENDIX V 

SELECTED QUEUING TABLES 

This appendix contains a set of selected queuing tables 
which were extracted from the complete set of tables published 
in AMRL-TR-64-125. "Queuing Tables for Determining System 
Manning and Related Support Requirements," dated December 
1964 (Ref. 4.) 

These tables were developed to satisfy the need for a 
method to quantitatively predict manning requirements of 
various system designs, and to depict the probable interplay 
between such system elements as personnel, operational per¬ 
formance, and logistic support. 

The tables are directly applicable to characteristics of 
military systems having quantitative spares, personnel, com¬ 
ponent failure rates, and operational readiness performance 
requirements. The tables provide a ready means of estimating 
the performance capability of a complex system which depends 
upon capabilities of distinct support units. 

The tables also provide a manual means of performing tradeoff 
analyses between personnel, logistic support components, test 
equipments, component reliability and maintainability, and the 
number of systems to be supported. 

The tabular format is based on anticipated use of tables. 
Two parameters, (N) and (P) are required to locate each specific 
table within the range covered. Within each specific table are 
two additional locators* service channels (C - columns) and 
spare units (S - rows). For combinations of C and S there are 
two output entries? these are d, the fraction of units inoper¬ 
able in excess of spares and n., the fraction of the total num¬ 
ber of units down. a 

The effect on the output entries (d,n.) of changing either 
C for a given S or S for a given C may bearead directly in se¬ 
quential order? viz., across a row for C and down a column for 
S. A particular advantage is that for a specified combination 
(C,S) the maximum rate of change in the d,nd may be immediately 
determined from the difference in value between present value 
of d and n, and that obtained from the adjacent row and column. 
The format of the basic tabular entries follows* 
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Basic Tabular Entry Format 

N p = 
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. » ‘y u ** . H 0 3 0 Ö 

C 1 ^ 
S 

Ü . 0 'M 
• 0 U 3 

1 .031 
.003 

>* 5f Ps ,,3 040 0 

C 1 ^ 
s 

0 , 0 il î> 
. 00b 

1 .0 01 
.0 05 

■> 1 P» .00^0 0 

c 1 ¿ 
b 

0 .007 .Qj$ 
,Cr7 .0(5 

1 .0Ü¿ .on 
.036 .0 J5 

:i* iu P« ,u0600 

C 1 ¿ 
S 

0 .000 .006 
.006 ,006 

1 .002 .001 
• 0 0 d *0 06 

2 .0 01 
. 03d 

N * 5 U P s . t 0 7 0 0 

C 1 ¿ 
S 

o .oio .oi.; 
.010 ,007 

1 .004 .001 
.010 ,0 o 7 

¿ .001 
.010 

l>i« 5 0 Pi . H0^0ü 

C 1 ✓ 

0 .013 .00» 
.013 • U u 6 

1 .005 ,QIj¿ 
.013 .0 Jr 

é .032 
.013 

3 .001 
.013 

M« 50 H» .00*00 

C 1 2 
S 

0 .015 .009 
.015 .009 

1 .007 .002 
.016 • 0 u9 

2 .0 03 
.015 

3 .001 
.015 

4 .001 
.015 

N» 5b R« ,01000 

C 1 2 

0 .019 .010 
•019 .010 

1 . 0 U 9 .003 
.019 .010 

2 .005 .001 
•019 .010 

3 .002 
.019 

4 .001 
• Old 

5 .001 
• Old 

\* ir. VB . 02000 

Cl 2 3 
5 

0 .105 .025 .Q<0 
.105 .025 .020 

1 .095 .012 .Ood 
• 111 .0^5 .020 

2 .057 .0 o 6 .0 33 
.117 .025 .020 

6 .O'iO .Of 3 .Oui 
.173 .u'5 .023 

4 .0 74 . (Jl ¿ 
«179 , U <r 4 

5 .069 .UH 
.135 ,y/4 
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'ïü K» .u¿0 0 0 

Cl ¿ í 
s 

Û .3i4 .Qbk .033 
.3i4 .Ùb2 .053 

1 .353 .037 .010 
.347 ,0^3 .033 

2 .3o3 .Ü?7 .OR* 
. 3¾V . 0*54 .0 33 

3 .333 .Ü^O .Ou4 
.371 .Q->5 .032 

4 .333 . 015 .01)2 
. 3i3 .Ot>6 .032 

5 .3 33 .OU .001 
* 3n*4 *056 .031 

6 .333 .00* .001 
.405 .056 .031 

7 .333 .006 
.415 .056 

tt .333 .005 
•425 .056 

V .333 .003 
.435 .056 

10 .333 .0l>3 
.444 .055 

11 .333 .002 
.454 .055 

i\ ■ 5 C P 

4 C l 
b 

.030 0 .500 

.030 .510 

.015 1 .500 

.0^0 .510 

.0 Oo 2 .500 

.ü 2V .519 

.002 3 .500 
,0?V .528 

.001 4 .500 

.029 .537 

5 .500 
.545 

6 .500 
.554 

7 .500 
.561 

6 .500 
.569 

. ü 4 0 0 0 

2 3 4 5 

.111 .049 .041 .039 

.111 .049 .041 ,039 

.100 .033 .024 .022 

.116 . 050 . 041 ,ü 39 

.091 .022 .013 .Cil 

.122 .050 .041 .039 

.063 .014 ,006 .005 

.128 .051 .040 .03* 

.077 .009 .003 .002 

.134 .051 .040 .038 

•071 .006 .002 
.139 ,050 .039 

.066 ,004 .001 

.145 .050 .039 

.062 .003 

.151 ,050 

.059 .002 

.156 .049 
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N» 50 P» ,05000 

C ? i 4 

'*• 50 P■ • Ü60 00 

ö .217 .075 
.217 ,075 

.054 

1 .213 .060 ,037 
.22V .077 .054 

2 .211 .0*0 .023 
.240 .060 .054 

3 .208 .038 .014 
.252 .ÛPl .054 

4 .207 .031 
.264 ,0b3 

5 .205 .025 
.276 .065 

6 .204 ,021 
.257 .066 

7 .203 .017 
.296 .067 

b .203 .014 
•309 .067 

V .202 
.320 

11 .201 
.341 

.011 

.060 

10 .202 .009 
•331 .060 

.000 

.000 

12 .201 .006 
.352 .0(56 

13 .200 .005 
.361 .067 

14 .200 .004 
.375 • ¡J67 

15 .200 .004 
.385 .007 

. 0 0 V 

.054 

.006 

.054 

.003 

.053 

.002 

.053 

.001 

.052 

.001 

.051 

• 001 
.050 

04V 
049 

032 
049 

01b 
049 

010 
049 

005 
040 

002 
U 4 0 

001 
047 

.001 

.046 

.046 

.040 

.031 

.040 

.017 

.04b 

.006 
,047 

.004 

.047 

0 

1 

2 

3 

6 

7 

8 

10 

.335 

.335 

.333 

.347 

.333 

.359 

.333 

.371 

.333 

.363 

.333 

.394 

.333 

.405 

.333 

.415 

.333 

.425 

• 333 
.435 

• 333 
.444 

U .333 
• 454 

.110 

.110 

.lüb 

.123 

.096 

.129 

.007 

.134 

.000 

.140 

.074 

.145 

.069 

.151 

.065 

.156 

.061 

.162 

.057 

.167 

.054 

.172 

.051 

.177 

.070 

.070 

.054 

.072 

.040 

.073 

.029 

.073 

.021 

.074 

.016 

.074 

.012 

.074 

• 009 
• 074 

.006 

.074 

.005 

.073 

.004 

.073 

• 003 
.072 

060 
060 

043 
061 

026 
061 

U1 7 
061 

010 
060 

006 
060 

004 
059 

002 
050 

001 
057 

.001 

.057 

6 

.050 

.050 

.040 
• u 50 

.025 

.050 

.014 

.057 

.007 

.057 

.004 
,056 

.002 

.055 

.001 

.054 
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N * Vt .07000 

C < « 
S 

0 .W .0^4 
,li2 .ÜV4 

I .175 .07b 
.191 .m 

i .170 .0e5 
.201 .099 

3 .165 .054 
.211 .101 

4 .162 .045 
.221 .103 

5 .169 .03b 
.231 .136 

6 *156 .032 
.242 .lut! 

7 .154 .0?7 
.252 .109 

b .152 .023 
.262 .111 

9 .151 .020 
•272 .112 

10 .150 .017 
•262 .113 

II ,149 •015 
.292 .114 

12 .14« .013 
.302 .114 

13 .147 .011 
.311 .114 

14 .146 .010 
.3?! .115 

15 .146 .00b 
.330 .115 

16 .146 .007 
.339 .115 

17 .145 .006 
.34b .114 

5 6 7 

.073 .066 ,066 

.073 .O^b .066 

. 056 . 0^-0 .04b 

.074 ,06b .066 

.041 .034 .032 

.074 ,060 .066 

.02b .022 .019 

. 0 7*> .066 .066 

.019 .013 .011 

.075 .067 .065 

.013 .00/ .006 

.075 .067 .064 

.009 ,004 .003 

.075 .066 .064 

.006 .003 .001 

.074 .065 .063 

.005 .001 

.074 .064 

,003 .001 
.073 .063 

.002 

.072 

.002 

.071 

.001 

.070 

.001 

.069 

.001 

.06b 
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. S 

b 

0 

1 

2 

Ò 

4 

1? 

6 

7 

b 

9 

10 

11 

12 

13 

14 

lî> 

P * , t j b 0 0 0 

L i 

.¿'9 
• 2*9 

• 2*7 
• ¿71 

.2*55 

.2M 

.2->4 

.296 

. ¿*5 

. 3 Jb 

• ¿52 
.319 

» 2t>2 
• 3 îl 

.251 

.342 

.250 

.353 

.2->û 

.3<>4 

.250 

.375 

.250 
• 3b5 

.250 

.395 

.250 
• 405 

.250 

.414 

.250 
• 423 

4 5 

.1î6 .0*9 

.U6 .089 

.114 .073 

.131 .090 

.102 .057 

.136 ,092 

.093 .045 

.141 .093 

.065 .034 

.146 .094 

.076 .Q¿7 

.152 .095 

.0/3 .0^1 

.157 .09o 

.06b .016 

.162 .096 

.063 .013 

.168 .096 

.060 .010 

.173 .096 

•056 ,00b 
•178 ,096 

.053 .03/ 
•102 .095 

.051 ,005 

.167 .095 

.048 .004 
•192 .094 

.046 .003 

.I9ft .093 

.044 .003 

.201 ,093 

6 7 

. 079 » u 75 

. 3 79 , 1*75 

.061 •Ü 5b 

.079 ,07ô 

.045 ,041 

.079 .076 

.031 .y?? 

.0*0 .U7ô 

.021 .017 

.080 .075 

.014 .uiC 

.079 .075 

0 09 . 006 
.079 ,y 74 

.006 ,003 

.07« .073 

.004 .002 

.077 .072 

.003 .001 
• 0 7t .071 

.002 .001 

.075 .070 

.001 

.074 

• 001 
.073 

.001 

.072 

e 

.056 

.075 

.040 

.074 

.026 

.074 

.015 

.074 

.005 

.373 

.004 

.072 
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N« t>0 Pi t C9000 

C 4 S 6 7 8 
s 

0 .170 »10V 
.170 .1HÇ 

1 .161 ,0V4 
.177 .112 

2 .154 .080 
.186 .114 

i .147 .C68 
.194 .117 

4 .142 .Q57 
.203 .1?0 

5 .138 .049 
.212 .122 

6 .134 .042 
.221 .125 

7 .131 .037 
.230 .127 

ö .129 .032 
.239 .129 

9 .126 .028 
•248 .131 

10 .125 .025 
.257 .132 

11 .123 .022 
.266 .134 

12 .121 .019 
.275 .135 

13 .120 .017 
.264 .136 

14 .119 .015 
.293 .137 

15 .116 .013 
.302 .137 

16 .117 .012 
.310 .138 

17 .117 .011 
.319 .138 

.051 .085 .083 

.091 .085 .063 

.074 .068 .065 

.092 .086 .004 

.058 .051 .048 

.093 •006 .u84 

.044 .036 .034 

.094 .066 .003 

.032 ,024 .022 

.094 .086 .063 

.024 .016 .013 

.094 .085 .082 

.017 .010 .007 

.095 .085 ,082 

.013 .006 ,004 

.094 .004 .081 

„010 .004 .002 
. 094 .083 .0 79 

.007 .003 .001 

.093 .082 .076 

•005 ,002 
.093 .081 

.004 .001 

.092 .080 

•003 .001 
.091 .079 

.002 

.090 

.002 
• 089 

.001 

.086 

• 001 
.067 

.001 
• 089 
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V • 5 II F* .1000 

c 4 î 

b 

0 .223 .U!> 
.223 .1J5 

1 * 21Ö • 1 <f 2 
.234 ,139 

2 .215 .110 
.245 .1*4 

3 .211 •0v9 
.2^6 .149 

4 .209 .090 
.267 .164 

5 .207 .0h3 
,27ê .169 

6 .206 .077 
.209 .164 

7 .205 .071 
.300 .169 

b .204 .066 
.311 .174 

9 .203 .062 
.321 .179 

10 .202 .059 
.332 .164 

11 .202 .065 
.342 ,16b 

12 .201 .062 
.362 .1V3 

13 .201 .050 
.362 .1V0 

14 .200 .047 
.372 •2u2 

15 .200 .045 
.365 .2C6 

16 .200 .043 
.394 .210 

17 .200 .042 
.403 .215 

6 7 » 

.105 .0V6 .093 

.105 .096 .093 

.069 .079 .075 

.107 ,096 .093 

.074 .062 .050 

.109 .097 .093 

.060 .047 .042 

.110 .096 .093 

.040 .034 .029 

.112 .09« .093 

.030 .024 .019 

.113 .09e .092 

.031 .017 .012 

.114 .090 .092 

.025 .012 .007 

.115 .097 .091 

.021 .008 .005 

.116 .096 .090 

.017 .006 .003 

.116 .096 .009 

.014 .004 .002 

.116 .095 .007 

.011 .003 .001 

.116 .094 .006 

.009 .002 .OUI 

.116 .092 .045 

.006 .002 

.116 .091 

.006 .001 

.115 .090 

.005 .001 

.114 .009 

.004 .001 

.114 .060 

.004 

.113 

101 

V 

.091 

.091 

.074 

.092 

.060 

.092 

.041 

.091 

.027 
,091 

.017 

.090 

.010 

.090 

.006 

.089 

.003 

.087 

.002 

.066 



■V a ^ fi p* .iiuou 

w « 'J 5 

0 ,230 .1o/ 

.23Ü .1^7 

1 .27» .1*57 .lua 
.2^2 .174 .!*:> 

2 .277 .la« .0^4 
.30¾ .Ifti ,12» 

3 .276 .140 .0«! 
.317 .Irtb .131 

4 .27¾ .134 .069 
.328 .1*6 .134 

i .274 ,1¿8 .Q6U 
.340 .204 .137 

6 .274 ,124 .052 
.361 .212 .139 

7 .273 .120 .04¾ 
.362 .220 .142 

0 .273 .110 .040 
.373 . 2<r ö .144 

9 .273 .113 .035 
.364 .230 .147 

10 .273 .111 .031 
.3^4 .244 .149 

11 .273 .109 *020 
.404 •263 .150 

12 .273 .107 .025 
.413 .261 .162 

13 .273 .105 .022 
.4¿3 .269 .163 

14 .273 ,lu4 .020 
.432 .277 .164 

16 .273 .102 .018 
. 441 .2^3 .165 

16 .273 «ICI .010 
.449 •2*3 .156 

17 .273 .100 .015 
.467 .3L1 .157 

7 * 9 IQ 

. Í|16 .102 .lüQ 

.1^6 .102 .100 

.0*1 .0*5 ,062 

.109 .102 .ICO 

.078 .068 .066 

.110 .103 .100 

. 060 .u 52 .0*9 .048 

.111 .103 .100 .099 

.046 •u 30 . 036 . 034 

.111 .103 .100 .U9y 

.036 .u27 .024 .022 

.112 .103 .100 .099 

.027 .016 .015 .01* 

.113 .103 .099 .t>96 

• 0?1 .012 .0 0V .006 
.113 .102 .09b .097 

.016 .009 ,006 .005 

.113 .101 .097 .095 

.013 .906 .003 

.112 .100 .096 

.010 .004 .002 

.112 .1*99 . 094 

.006 .003 .001 

.111 .096 .093 

.006 .002 .001 

.111 .097 .092 

.005 .001 

.110 * 1/95 

.004 .001 

.109 .094 

.003 .001 

.100 .093 

.00? 

.106 

.002 

.105 

102 



M« SO P« ,1200ü 

c ■> t 
s 

0 .206 .144 . 
.206 .1*4 . 

1 .1*9 .in . 
.215 .14» . 

2 .193 .116 . 
.224 .152 . 

3 .156 .107 . 
.234 .156 . 

4 .164 .0*7 . 
.244 .161 . 

5 .181 .066 . 
.254 .166 . 

6 .179 .061 . 
.264 .l7l • 

7 .176 .075 . 
.274 .176 . 

6 .175 .070 . 
.265 .lei . 

9 .173 .Oo5 . 
.295 .105 . 

10 .172 .061 . 

•335 .190 . 

11 .171 .056 . 

.315 .195 . 

12 .170 .055 . 
.324 .199 . 

13 .170 .052 . 
.334 .2o4 . 

14 .169 .049 . 
.343 .20b • 

15 .169 .047 , 
.353 .212 . 

16 .166 .045 . 

.362 *216 • 

17 .16« .043 • 
.371 .220 . 

8 9 10 

.112 .109 .106 

.112 .109 .106 

.095 .091 .090 

.113 .109 .106 

.076 .074 .073 

.113 .109 .106 

.063 .056 .056 

.114 .110 .106 

.046 .043 .041 

.115 .110 .106 

.036 .031 .029 

.115 .110 .107 

.027 .021 .019 

.115 .109 .107 

.020 .014 .012 

.119 .106 .106 

.015 .009 .007 

.115 .107 .105 

.011 .006 .004 

.114 .106 .103 

.006 .004 .003 

.113 .105 .102 

.006 .003 .002 

.112 .104 .100 

.004 .002 

.111 .102 

.003 .001 

.110 .101 

.003 .001 

.109 .100 

.OO4 .001 

.107 .096 

.001 

.106 

.001 

.105 

7 

121 
121 

105 
122 

069 
124 

075 
126 

062 
127 

051 
129 

042 

131 

034 
132 

029 

133 

024 
134 

020 
134 

017 
135 

014 
135 

012 
135 

010 
134 

009 
134 

007 
134 

• 06 
133 

103 



N* *0 P« ,13000 

c -> b y 
b 

O .249 .169 .136 
.249 .169 .136 

1 .245 .ibb .1?! 
.260 .175 .138 

2 .242 .148 .107 
.271 .loi .141 

3 .239 .139 .093 
.282 .lo7 .144 

4 .237 .131 .081 
.293 .194 .146 

5 .236 .1*4 .070 
.305 .201 .149 

6 .234 .119 .061 
.316 .208 .152 

7 .234 .114 .054 
.327 .216 .155 

8 .233 .110 .046 
.337 .223 .156 

9 .232 .106 ,042 
.346 .230 .160 

10 .232 .103 .036 
.356 .238 .162 

11 .231 .101 .034 
.368 .245 .164 

12 .231 .Q98 .031 
.360 .253 .166 

13 .231 .096 .028 
•389 .260 .168 

14 .231 .094 .025 
.399 .268 .170 

15 .231 .093 .023 
.408 .275 .171 

16 .231 .091 .021 
.417 .262 .172 

17 .231 .090 .019 
.426 .290 .175 

8 9 1Û 11 

.123 ,118 .116 

.123 .118 .116 

.107 .101 .099 

.124 .116 .116 

.090 .064 .081 

. I'ü5 .119 .116 

.075 .066 .065 .064 

.126 .119 .117 .116 

.061 .053 .050 .046 

.127 .120 .117 .115 

.048 .040 .036 .035 

.126 .120 .116 .115 

.036 .029 .025 .024 

.129 .120 .116 .114 

.030 .021 .017 .015 

.130 .119 .115 .113 

.024 .015 .011 .009 

.130 .119 .114 .112 

.019 .011 .007 .006 

.130 .116 .113 .111 

.015 .008 .005 .003 

.130 .117 .112 .110 

.012 .005 .003 .002 

.129 .116 .110 .108 

.010 .004 .002 

.129 .114 .109 

.006 .003 .001 

.128 .113 .107 

.006 .002 .001 

.127 .112 .106 

.005 .001 

.126 .110 

.004 .001 
.109 

.001 
.1* .107 

104 



N ■ 

b 

0 

1 

2 

3 

4 

5 

6 

7 

0 

9 

10 

11 

12 

13 

14 

19 

1* 

17 

ï>J P* 

C •) 

.231 

.231 

.229 

.241 

.221 

.290 

.216 

.261 

.213 

.271 

.210 

.261 

.208 

.292 

.206 

.302 

.209 

.313 

.204 
• 323 

.203 

.333 

.203 

.343 

.202 
• 393 

.202 

.363 

.201 

.372 

.201 

.381 

.200 
• 390 

.200 

.403 

.19000 

7 8 9 

174 .148 .13» 
174 .148 .136 

162 .133 .1?! 
176 .150 .139 

191 .119 .105 
184 .193 .140 

141 .105 .090 
169 .155 .141 

132 .092 •079 
195 .198 .142 

124 .061 .062 
202 .161 .143 

117 .071 .050 
2G8 .164 .144 

112 *062 .040 
215 .167 .14» 

107 .095 .033 
222 .170 .146 

103 .049 .026 
228 .172 .146 

0V9 .044 .022 
23» .179 .146 

096 .040 ,01» 
242 .177 .146 

093 .036 .014 
249 .179 .146 

091 .032 .012 
296 .161 .14» 

009 .030 .010 
263 .183 .14» 

007 .027 .008 
269 .185 .144 

08» .02» .007 
276 .186 .143 

084 .023 .006 
283 .187 .142 

10 11 12 

.133 .132 

.133 .132 

.116 .114 

.134 .132 

.100 .097 

.134 .132 

.083 .081 .080 

.139 .132 .131 

.06« .06» .063 

.13» .132 .131 

.054 .050 .049 

.135 .132 .131 

.041 .037 .036 

.136 .132 .130 

.031 .027 .025 

.136 .131 .130 

.023 .019 .017 

.135 .131 .129 

.017 .013 .011 

.135 .130 .127 

.012 .009 .007 

.134 .128 .126 

.009 .006 .004 

.133 .127 .124 

.007 .004 .003 

.132 .12» .123 

.009 .003 .002 

.130 .124 .121 

.004 .002 

.129 .122 

.003 .001 

.127 .121 

.002 .001 

.126 .119 

.002 .001 

.124 .117 

105 



N « 5 u 

U 

^ S .16Ü0Û 

/ in il l¿ 

0 .2^6 
.2^6 

1 .2^)3 
.2 7/ 

2 .2^e 
.2*8 

3 .257 
.¿'iÇ 

4 .2-36 
.311 

t> .2^4 
.322 

6 .253 
.333 

7 .252 
.344 

8 .252 
• 354 

9 .251 
.34b 

10 .250 
.375 

11 .250 
.345 

12 .250 
.395 

13 .250 
.405 

14 .250 
.414 

. lv 7 .loi 

.1*7 .lc3 

.ltí7 .150 
• 2 u 3 .1^6 

.I7ô .136 

.210 .170 

15 .250 
.423 

16 .250 
.432 

17 .250 
.440 

.171 

.217 

.164 

.225 

. loa 

.233 

.153 

.241 

.149 
• 25 u 

.¿45 

.250 

.142 

.20/ 

.140 

.276 

.136 

.204 

.136 

.293 

.135 
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APPENDIX VI 

PERSONNEL REQUIREMENTS AND SYSTEM PHASEOVER 

1. INTRODUCTION 

The: purpose of this discussion is to present a technique 
which will permit computation of personnel requirements and 
scheduling of training manpower resources in the Air Force. 
Specif'caLly, the method developed describes: 

a. training in terms of time necessary to achieve a 
specified skill capability? 

b. the phasing-in of new systems and the consequent 
demands for retraining on available skills; 

c. the phasing-out of old systems and the concomitant 
availability of skills; and 

d. the relation of manpower, phasing into and out of per¬ 
sonnel inventory due to enlistment and discharge, to: 

1. scheduling of training, 
2. scheduling of new entries in the personnel 

inventory, and 
3. total manning requirements of active systems. 

1.1 General 

In most technical fields, there is a series of skill levels, 
viz., 1, 3, 5, 7, and 9, representing increasing amounts of 
skill, knowledge, and responsibility. Typically, the technician 
advances a level at a time to the highest level, with train¬ 
ing and the passage of time being prerequisites for each step. 
Consequently, in order to have men continuously in the highest 
level there must be a steady upward flow from the lower skill 
levels to replace those discharged. Only a small portion of 
the qualified men starting out in a field reach its high skill 
levels; concomitant with this progression is a progression in 
grade (rank), pay, and privileges. 

2 . MODEL DEVELOPMENT 

In the succeeding analysis, the concern is to establish 
the total number of personnel required in personnel inventory 
in order to maintain a specified number of qualified assigned 
personnel for a given system. 

The personnel lost per year in a specific skill field (i) 
and skill level (j) consists of the following: 

a. 

b. 

c. 

Discharged (Ebj) 

Retired (R..) 

Promoted (P. .) 
13 
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year 

d. Transferred {T. .) ‘ 
13 

The total personnel leaving a skill designation (ij) per 
can be presented as: 

D. .+R.,+T..+P, 
il 13 13 13 (VI-1) 

2.1 Steady State Personnel Required bv a Specific System 

For designation (ij) all personnel leaving this designation 
must be replaced through promotion from: 

P 
i,j-l 

Let : 

D. ,-fR. ,+T, .+P, , [ 19 j 
13 13 13 13 (VI-2) 

— personnel required in each skill level, for a given 

field, as determined by manning analysis to achieve system 
operational requirements. 

Ij = the yearly rate per person of personnel leaving this 

skill level (j). 

Then: 

(VI-3) 

and: 

Pj = Pj/Sj (VI-4) 

*aíe P61 Person of personnel being promoted from the i 
skill level per year. J 

Suppose a system manning analysis establishes that the 
Table of Organization (TO) for personnel requires NL , N , and 
Nx personnel in the respective skill levels. To have a3self 

sustaining personnel system, viz., one that produces jufficient 

[18 j can represent either a gain or loss to the system. 

113 iusing this basic relationship, the recurrence equation for d 
specific skill field becomes: 

Pj * po-j^(VW 

The significance of P0 is that it represents the number of per 
sonne1 to be brought into basic training to support the per¬ 
sonnel of a given system. * 
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skilled personnel from a level to replace those leaving the 
next in highest skill level, the equation 

N .1 . 
J 3 

N 
-lPj-1 (Vl-5) 

must be satisfied. In general, these equations will not be 
satisfied for a given system. Thus, in general: 

Ni. / N. ,p. . 

If: 

"j1! > N3-1PD-1 

(VI-6) 

(VI-7) 

this requires that somewhere in personnel inventory there must 
be additional personnel such that: 

^-i^j-i^-i = "ViPj-i 
N . 1. 

3 3 

transposing and adding to subscripts: 

N'j = (1:+iNj+i)/pj 

(VI-8) 

(VI-9) 

and: 

N'j = (1j+iN'j+i)/pj (VI-10) 

and so forth, stopping at each primed Nj which yields the 
largest number. Therefore, in establishing total system per¬ 
sonnel requirements the number of people charged to the system 
in any skill level will be greatest value of Nj and the primed 
Nj.a, starting with the manning analysis as represented by the 

2.1.1 Example 1 

Let N4, N3, N2, and Ni designate the required skill com¬ 
plement as determined by a work analysis. The total number of 
people needed to fill these requirements will be determined 
from equations 9 and 10. 

Suppose the following data is available: 

N4 = 20 

N3 = 40 

n2 = 100 

Nx = 30 

4 = 0.30 

3 * 0.40 

2 * 0.85 

1 * 0.98 

0 * 0.99 

p4 = 0.00 

P3 = 0.30 

P2 * 0.10 

PjL ■ 0.95 

Pq = 0.98 
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and applying: 

(1 N 
j+1 j+1 (VI-11) 

the results are: 

= 20 

N' =(¾¾ 

as opposed to 

The larger number of people is circled. Then applying equa¬ 
tions 9 and 10 successively and always choosing the largest 
number of people the following data is obtained: 

Work Analysis To be Supplied 

N. = 20 
4 

N3 = 40 

n2 = 100 

N3 = 30 

Total 190 

n4 = 0 

n3 = 0 

N¿-N2 = 60 

= 114 

N“-N1 = 144 

318 

Or stated in words: for every 190 people assigned to the sys¬ 
tem 318 have to be supplied outside the system. Therefore, 
the total number of people to man the system actually is 508. 

2.1.2 Example 2 

The following rates are representative of an existing Com¬ 
munications and Electronics Squadron: 

»4 = 
N3 * 48 

N2 » 106 

Nj, » 26 

14 = 0.08 

13 = 0.15 

12 = 0.45 

* 0.50 

P4 = 0.00 

p3 = 0.08 

P2 * 0.05 

P3 = 0.40 

P0 = 0.98 

and using the TO as a basis for calculation: 
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N4 = 14 

NJ = 48 

N2 = 106 as opposed to 

Nx = 26 

N4 = 14 

N3 = 48 

= 144 

N" = 162 

Total 194 451 

Roughly, the personnel system requires twice as many personnel 
as can be actively employed. 

Two fairly obvious features are: (1) reduction in level 
three and level four capability has a significant effect upon 
level two personnel. It is indicative of the fact that the 
higher skill level are most likely not to be filled; (2) the 
critical skill level is level two, in which a high discharge 
rate occurs. This level also constitutes independent workers. 
A small change in the retentivity rate of this level would have 
manifold benefits. For example, suppose the leaving rate I2 in 
the example above was changed from .45 to .30 and P2 from .05 
to .10 per year. Then the new requirements would be: 

N4 = 14 

N3 = 48 

N2 = 106 

N[ = 80 

Total 289 

as opposed to the T.O. of 194 and the requirement of 451 pre¬ 
viously determined for steady-state maintenance of the person¬ 
nel structure. The resultant seving of 162 man years per year 
could be invested to secure the retentivity requirements. In 
addition, significant savings would be realized through better 
trained personnel. 

Personnel requirements for a system are time dependent: that 
is, systems phase into and out of active service. These phase- 
overs generally take place over a period of years and thus it 
is important to know the number and type of personnel and when 
they will be required. In the model developed above, personnel 
requirements are based on demand per year. 
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2.1.3 Remarks 

a. Any personnel system for which 

P. . . / D.,+R..+T, 
i*!“1 il il il 

is an unbalanced system. That is, 

1. If P. 4+T. ,+P . . then the designation (ij) 

will not remain stable due to decrease in personnel. 

2. If Pi i i -i+Ri-i+Ti-i+p; 4 # designation (ij) will ij IJ IJ IJ 
not remain stable due to increase in personnel. 

b. The yearly rates Pij, Dij, etc. may not represent steady 
state. In order to achieve stable yearly rates a mix of 
enlistment and discharge dates is required, viz., avoid 
a significant portion of a given skill supply being 
given discharge at essentially the same time. 

c. Since typically, weapon systems possess a limited ex¬ 
istence; the personnel skill distribution may be such 
that it does not produce enough skilled personnel to 
meet its own requirements based on an assigned skill 
distribution; alternatives are; 

1. Transfer in from other systems phasing-out or 
having an excess of skill capability. 

2. Over manning at lower skill levels. 

3. Adjust rates of promotions and discharges through 
policy changes or personnel selection. 

d. Each weapon system may be explicitly charged for per¬ 
sonnel undergoing training to fill existing and antic¬ 
ipated needs, e.g., personnel in training not assigned 
to a system whose purpose is to replace a potential 
dischargee. 

3. THE PERSONNEL-SKILL PHASEOVER 

From the preceding analysis, the number of personnel and 
associated skill level, can be established for a new system. 
Assuming that neither experienced or partially experienced 
personnel were available or scheduled to become available, the 
number of personnel and skill levels for steady state operation 
would lead to accurate estimates. 

However, personnel becoming available from systems phasing 
out of active inventory must be mated v .th existing requirements, 
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since this changes the requirements for either enlistees and 
nonproductive training. Figure 4 shows the general flow of 
personnel in inventory. 

The effect of system phaseover manifests itself through the 
release of already trained personnel into the available man¬ 
power pool. These personnel may already possess required skills 
needed in other active or anticipated systems or the skills may 
require updating (retraining). 

Using the technique developed in the preceding section, im¬ 
mediate and future personnel requirements are established for 
systems in inventory and those anticipated to be phased into 
inventory. What is now required is a method of mating these 
requirements with personnel systems phasing out and enlistee 
requirements. 

3.1 Statement of Personnel System Objective 

In planning personnel-systems phaseovers, one of several 
objectives may be desired: 

a. A typical objective might be to minimize total training 
required in terms of time. 

b. Scheduling training and transfers during a protracted 
phaseover with objectives as in (1) above. 

c. Scheduling training and transfers subject to limitations 
on training capacity during any particular period. 

The objective established for this program is to minimize the 
total training time in achieving qualified personnel as in a 
and b above. 

3.2 Model 1 Development 

The parameters of the personnel system phaseover model are 
as follows: 

A- = Availability of personnel having designation k. Here 
k is used to describe both skill field i and skill 
level j. 

» Demand for personnel of designation 1. 

Nj. * The number of personnel scheduled for training to 
convert from designation k to 1. 

Tkl “ Training duration required to convert from designa¬ 
tion k to 1. 

Pkl = Attrition rate in training. An adjustment to to 
compensate for (1) discharge, (2) retirement, 
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(3) transfers and recalls 
successful conversions, 
controlled by selection. 

, and (4) probability of 
Items (1) and (2) can be 

The model may now be formulated as: 

Objective function = Minimize klTklNkl? , „lYarmnel 
it is desired to minimize the total training time o p 
to meet manning skill requirements. 

Subject to the constraints: 

a. X N 
1 

'kl-^c* 

(VI-13) 

Personnel scheduled for training must be equal to or less than 

the personnel available, 

„ (VI-14) 
b- £PkiNki^Di! 

Adjusted attrition rate must be equal to or less than the demand. 
(VI-15) 

Tkl <Tmax! 

Training duration must be equal to or less than the maximum 

time allowed for training. 

The objective function and the first two constraints determine 
the structure of the linear programming problem; the iast co 
straint, along with other restrictions on permissible 
sions, determine the possibilities to be considere . 

3.3 Model 2 Development 

Extending the model to deal with gradual phase-in of a new 
system the phase-in must be divided into time periods and skill 
supply'and demand determined for each period All P^lb^^es 
mus? be considered subject to imposed constraints. The param 
eters are conveniently described as follows. 

A = skill k available in period e 
[ 20 ] 

D,, = demand for skill to be reiady in period f 
If 

N ,= number skill k available in period e to be trained 
for skill 1 to be ready in period t. 

T * training duration required to convert from skill k 

to skill 1. 

Pki = attrition rate in training 

f20 1 in some instances, there can be varying degrees of success 
in conversion. For example, the degree of success may 
determine the level attained in the new field. In such 
instances, more than one D may be associated with a P. 
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Other parameters remain the same. The objective function 

and constraints are now as follows: 

Minimize: 

ZZT 
kl kl 

(IZN 
ef 

keif ^ 
(VI-16) 

Subject to constraints: 

2?*kelf —Ake1 
ef 

(VI-17) 

Number of personnel of skill k available in period e, to be 
trained for skill 1 to be ready in period f must be equal to or 
less then the number of personnel scheduled for training to 

convert from skill k to skill 1. 

2(1-P )(S2Nkei£)>Dif (VI-18) 

The number of personnel of skill k available in period e to be 
trained by f, adjusted by probability of successful conversion 
(1-Pfcl) must be equal to or greater than the demand for skill 

1 at period f. 

The linear programming problem can be solved by the Simplex 
method or other methods which might take advantage of the pe¬ 

culiarities of the problem. 

The resultant assignment of personnel to systems and train¬ 
ing schedules will not, in general, mate exactly with the total 
number of personnel in Air Force inventory. This will be due 
to having more personnel than required to meet existing demands. 
The utilization of these personnel may be directed by Air force 
policy. Alternatively, the number of personnel available may 
not meet existing or anticipated requirements. In this case, 
the number of new entrees (enlistees) into the personnel system 
must be increased until the personnel requirements are satisfied. 
As one alternative to increasing enlistment rate, the recall in¬ 
to service of already training personnel may be evaluated. 

3.4 Establishment of Training Schedules 

The solution to the linear programming problem above will 
contain assignments of personnel, either available or becoming 
available, to either existing or anticipated systems. Training 
schedules may be established based on the personnel system as¬ 
signments. Most personnel designated to be assigned to a sys¬ 
tem at a given time will be available for training at least as 

long as the training duration before being actually assigned. 
The quantity of personnel available for a specific type of 
trrininq at any specific time may be immediately taken from 
per sonne1-sys tern assignments and grouped into convenient training 
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classes. Where the training is principally on-the-job, the per¬ 
sonnel may be directly assigned to the system. 

3.5 Discussion of Model Information Requirements 

Determination of the training required can be made as it has 
been in past retraining programs. Where men remain within their 
fields? familiarity with the new equipment may be all that is 
required. 

Where there are revolutionary differences between old and 
new equipments, training in principles may be required as well. 
For changes of field, training required in the two fields must 
be compared, and common elements eliminated from the conversion 
course. Frequently, it will be possible to accelerate courses 
because students will have greater familiarity with Air Force 
terminology, practices, and procedures? and will have demon¬ 
strated motivation to learn in attaining a previous Air Force 
Specialty Code (AFSC). 

The probability of successful retraining can be estimated on 
the basis of results of earlier retraining programs where anal¬ 
ogous conversions have buen made. Where such data is not avail¬ 
able, the estimates based on experience in initial training may 
be substituted. 

The probability of successful retraining and conversion of 
the individual to meet the requirements of a new system will 
generally depend on both his initial skill and his intended new 
one. The success of such a program can be measured in terms of 
probability that a trainee will pass requisite tests, and that 
he will serve at least y additional years, including re-enlist- 
ments. At least one year would appear to be a minimum value for 
y if there is appreciable training involved. Specific require¬ 
ments for trainees may vary (DOD or Air Force policy, state of 
national emergency) , but the method will remain unchanged. 

3.6 Required Information 

Required information relevant to the availability of skills 
is obtained from the following ï 

a. Anticipated phaseout of existing systems in the Air 
Force inventory, 

b. Enlistees anticipated, 

c. Discharges, and 

d. Rate of skill level acquisition. 

Required information relevant to the demand for specific skills 
is obtained from manning analysis applied to each anticipated 
system entering Air Force inventory and the time-phasing of the 
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entry of the system. Required information relevant to the time 
required to train a person from skill level j to skill level j' 
(j<j') is obtained through standard procedures employed by the 
Air Force in the past. 

3.7 Example of Model 2 

Consider a situation in which men with three skills, A, B 
and C will become available at the beginning of time periods 1 
and 2. At the beginning of periods 2, 3, and 4, men with skills 
a and b are required. For each possible retraining alternative, 
training time and probability of success is assumed. These data 
are presented in tables 47,48,49, and 50, on the next page. A 
simplex solution of the linear programming matrix is obtained 
with results as noted below. 

Because the values selected are simple, in this case, there 
are several equivalent solutions involving meeting a3 with var¬ 
ious combinations of A1 and A2. One solution of these is given 
in table 51. 

TABLE 51 

OPTIMUM SCHEDULE 

(in Number of Men Scheduled) 

men assigned from the source represented by the column heading, 
e.g., Al, to fulfill the demand represented by the row identifi¬ 
cation, e.g., a2. Entries in parentheses (e.g., 16) represent 
average number successfully retrained out of the number above it. 

[21] Actually 1.125 before rounding downwerd. 
[22] Actually 16.8 before rounding upward. 
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Input Data for Example of Phaseover Training Scheduling 

TABLE 47 

AVAILABILITY 

TABLE 48 

DEMAND 

(in Number of Men) 

TRAINING TIME 

(in Number of Periods) 

PROBABILITY OF SUCCESS 

(in Fraction of Men Successful) 
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APPENDIX VII 

CORRECTION FOR NON-EXPONENTIAL DISTRIBUTION 

The analysis of flightline maintenance downtime is based on 
the assumption that the service time of the entire team is expo¬ 
nentially distributed. This assumption is questionable. In fact, 
what probably takes place is that each subsystem service time is 
exponentially distributed along with a fixed scheduled time. In 
this case the resultant distribution is not exponentially distri¬ 
buted. (This distribution is derived in Appendix 3 of AMRL TDR- 
64-21.) Using the method cited, it is desired to estimate mean 
service time for the entire team consisting of n subsystem teams. 

If all subsystems have identical exponential distributions 
the following relation holds. 

t (VII-1) 

where t is the mean service time for the entire team to complete 
preflight inspection and u is the mean service rate of the sub¬ 
system team. 

For values of n=8, and 2, respectively, t becomes 

t(n=8) = 2.72(-) 
'n 

t(n-2) = 1.5 (£) 

These adjustments apply only to the random demand service time. 
If these adjustments are made to the random time estimates for 
preflight and dock maintenance established previously and using 
also the number of channels established preciously for preflight 
and dock maintenance, the following estimates of aircraft inoper¬ 
ative are established. 

n-8 

Preflight 

Postflight 
& Periodic 

Operational 
Readiness (R) 

P 

.3 

.05 

N 

48 

C 

10 

d 

.344 

.217 

.439 

C 

10 

d 

.344 

.075 

.681 
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P N 

48 

JL 
10 

d 

.183 

n=2 

Preflight .2 

Postflight Q 
& Periodic 

Operational 
Readiness (R) 

d C 

.183 10 

2 .052 3 .033 

.765 .784 

The values of n=8 and n=2 represent worst and best cases 
respectively when using the longest random task time of all sub¬ 
system teams. In the former it assumes all subsystems have a 
random task time equal to that of the longest and in the latter 
it assumes that subsystems having a random task time less than 
the longest will not influence the result (two subsystem teams 
have equal longest task time). 

Since the case of n=2 is more representative of the actual 
service time distribution, the operational readiness based on 
this case can be approximately achieved. The difference in 
operational readiness achievable as a function of the number of 
dock teams probably not worth the investment in an additional 
dock team. 
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