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1. This effort had as its objective the Investigation and quantification 
of electronic equipment reliability growth of two types: 

a. Growth In reliability due to operation of the equipment In an 
environment where failures are reported, analyzed, cause pinpointed and 
corrective action to the design, production process, or material taken. 

b. Growth In reliability due to operation and the ensuing natural 
weeding out of bad parts and defective workmanship by failures/repairs. 
Type (a) growth corresponds to ln-house testing and type (b) growth to 
field operation. 

2. The objective of the study was met. Six models were extracted from the 
dozens that were encountered In the literature search and were studied In 
detail. These were the Duane model, IBM model, exponential model, Lloyd- 
Llpow model, Aroef model, and the simple exponential. 

3. Each of the six models was fitted to data sets (186 data sets for 
ground equipment and «4 for airborne equipment) which Included equipments of 
different types (communications, radar, data processing, etc.). In addition 
to including reliability growth Information, the data set for each equipment 
also Included Information relative to the scope of the reliability program 
associated with that equipment. 

4. In order to determine the degree of fit of the models to the data, two 
goodness of fit parameters were calculated R and R.E. R Is defined as the 
average absolute percentage error In the predicted versus the observed values. 
R.E. measures the fraction of the unexplained variation to the total variation. 
The smaller the values of R & R.E. the better the fit (Ideally R ■ R.E. =0). 

5. The results Indicate that although the Duane model seldom was the best 
fitting model It almost always fit the data. 

6. The IBM model fit airborne data the best. This particular model is very 
useful because by using it you can estimate the number of non-random failures 
that are present in an equipment before testing is begun on it. The model also 
allows you to estimate the fraction of non-random failures that have been 
removed by some time T which means that if you want to remove a certain fraction 
of the non-random failures in an equipment, you can estimate the amount of test 
time required to do so. 

7. Each of the remaining models was found to be the best fit to the data for 
specific combinations of environment, equipment type, and aggressiveness of 
reliability program. Each Is discussed in detail in the final report. 
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8. The reliability gains encountered on the average turned out to be 
around ,i to 1 whleh Is Interesting when compared to the RPM (O.E. growth 
model) gain of about 10 to 1. This discrepancy could be due to the fact that 
Instead of calculating the limiting WTBF from the models (the Duane model 
was used for all the reliability gain analysis) the RPM method used the 

ST JP«^ oT^f 0f mBF  f0r the limlt1^ WT^ (Prediction according to 

9  The whole concept of the reliability gain analysis can be somewhat 
misleading if it is not carefully analyzed. It may and probably is -ertainly 
true that the more money that is spent on reliability the higher the WTBF will 
be. However, there seems to be a point of diminishing returns where the 
programs with larger expenditures of dollars (usually concentrated in the 

?MJRI
P
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aVPPose^ tü the testing phase) seem to start out with a greater 
initial WTBF and therefore the potential gain in reliability is less no 
matter how much money is spent in testing. 

10. As expected It was found that a higher reliability gain occurred for 
ground equipment than for airborne and for ln-house testing than for field 
operation. This might be partially explained by airborne equipment goinß 
through more env roiunental and screening type tests than the ground equipment 
therefore attaining a greater gain. H H ^u 

11i% r?f*?aCh type 0f ec^Pn,ent ln a certain environment and a particular 
reliability program, the best fitting model can be chosen by comparing the 
R and R.I, for each which are given in tables In the final report. 

12  With this information and a brief look at the examples given.a project 
engineer, SPO, or anyone else who has a requirement (specified UTBP) to be 
met, can find out how long it will take to reach this goal, how much t-sting 

nIM«! i?Rr' + K
n? ^reasiveness  of the reliability program required, and the 

initial WTBF that can be expected from the equipment. By the same token If 
someone has an equipment which possesses a certain initial reliability he can 
estimate what limiting achievable WTBF he can expect to reach and how' long It 
will take to achieve it. * 

JERRV^FT^IPA 
Rel. & Malnt. Eng. Techniques Section 
Reliability Branch 
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SECTION 0.0 - SUMMARY 
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The data collection and evaluation effort resulted in a data base of two-hundred 
seventy (270) data sets:  one-hundied eighty six (186) data sets on ground based 
systems/equipments and eighty four (S4) on airborne systems.   The data were classi- 
fied further by equipment type, in-house and field, and level of reliability expenditures 
on the program.   The data collection and evaluation effort is discussed in Section 2.0. 

A literature search led to the selection of six (6) feasible growth models:   Duane, 
IBM, exponential, Lloyd-Lipow, Arocf and simple exponential,   it is interesting to 
note that the phenomenon of reliability growth was observed on virtually every data set. 
The models are described in Section 3,0.   The popular Duane model, while rarely fit- * 
ting "best" was seen to fit in almost all cases,   Tho tact that the simple exponential 
model was far and away most frequently the best fit points out the extreme physical 
complexity of the growth process since certain properties of tiie simple exponential 
model preclude it from being a growth descriptor. 

Overall, the reliability gain (final cumulative MTBF divided by initial cumulative 
MTBF) was on the order of 5 to 1,   The reliability gain was greater, generally, for 
ground than airborne and greater for in-house data than field data. 

As expected the reliability gain was greater for moderate to high reliability ex- 
penditures than for low reliability expenditures. 

An analysis of the Duane model growth rate parameter yielded a growth rate 
(logarithmic) of 0,45 at a high level of reliability expenditures. 

This is very close to the commonly talked about 0,50 figure.   While many of the 
six models fit in a variety of data sets certain conclusions were obvious.   For example, 
the exponential model is vastly superior to the other models for laser systems/ 
equipments.   The Duane model seems to do best in-house for radar systems/ 
equipments.   The results of the data analyses and comparisons between models and 
data class factors are given in Section 4,0 and 5.0, 

One important inclusion is that growth curve analysis should be approached from 
the standpoint of stochastic process analysis. This and other conclusions are discuss- 
ed in more detail in Section 6.0, 

from ^Ä'CT^'lf'T.iS """ ""^ curve """'y818 ^^d be approached 
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SECTION 1.0- INTRODUCTION 

1.1   Purpose of the Study 

The purpose of this study is the investigation of the phenomenon of Reliability 
Growth fci both ground based and airborne systems and equipments in two basic en- 
vironments: 

i)     "in-house" where failure reporting and analysis is closely controlled and 
corrective actions are taken, and 

ii)    "in-field" where the equipment or system operates in its intended use en- 
vironment and where failures are reported. 

Generally, the "in-house" phase above is called the developmental testing phase 
The investigation was conducted for both ground-based and airborne electronics equio- 
ment and systems. 

The specific objectives were:   1) test several (six were used) plausible growth 
models to determine which models fit growth data well, 2) estimate the limits of 
reliability gain possible, 3) classify the reliability programs associated with the var- 
ious data classes with respect to "aggressiveness/control" of the growth process to 
determine the relationship between this aggressiveness and reliability gain, and 4) 
establish general guidelines for using reliability growth as a development tool.   A 
more detailed description of both the airborne and ground systems/equipment mav be 
found in Section 2.0. i   »- j 

' 

1.2   Introductioii to Growth Curves 

In this study when we speak of reliability we will mean, as is usual, Jie mean 
time between failure* and designate it MTBF.   The phenomenon of reliability growth 
over time has long been recognized.   What has happened to spur the relatively recent 
(roughly the last three years, see [7], [11], (18)) increased interest in relia   :ity 
growth as a development tool?   The answer is fairly simple 

1) Due to increased "cost" squeezes it has been realized that the standard reli- 
ability demonstration test occurs relatively late in the program to really 
drive design and to make fixes effi'.iently. 

2) It is now recognized that MTBF is not a constant, even for a short time, 
throughout the development and use cycle and that by monitoring the equip- 
ment carefully, making fixes, and analyzing failures valuable reliability 
information can be obtained in time to do some good. 

1» should be clear that reliability growth occurs by the finding and removing of 
de-^Ki defects, misappiied parts and workmanship defects.   The rate at which this is 
done deteflnines the rate of reliability growth.   The reliability gr"^h curve (actually 
a mathemT^l function fitted to the observed growth data) is a powerfuTt^ in 

♦One might also consider growth in the reliability function R(t).   However, this latter 
quantity is not often studied in developmental testing programs. 
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mainlainiriK the growth process and making decisions during the growth process:  If 
the form of the growth curve (function) can be discovered then the parameters of the 
curve can be estimated early on and present and future (expected) growth can be as- 
sessed and fixes made in time to actually improve reliability. 

Unfortunately, the growth process is extremely complex and hence difficult to 
model mathematically.   The problems are similar to, in degree of severity at least, 
those commonly encountered In projecting the results of accelerated tests to normal 
operating conditions.   The situation is complicated further by the fact that almost any 
mathematical function which is positive and monotone increasing in t (time > o) is a 
candidate.   If one is not careful the problem reduces to the empirical fitting ot ad-hoc 
models with no physical inteipretation in terms of the process being observed.   In the 
next section welllscuss the approach taken in this study to avoid some of these prob- 
lems.   Before proceeding to the next section a final remark:  growth curves are use- 
ful in practically all areas of endeavor, e.g., economics, industrial Job learning, 
biological processes and others.   Thus the really deeply interested reader may want 
to search the literature in these fields.   In this report we have searched only the re- 
liability related literature. 

1.3   The Study Approach 

The basic approach to achieving the objectives mentioned in Section 1.1 can best 
be described in terms of the study tasks. 

Study Tasks 

1. Conduct a literature search to Identify possible growth models. 

The useful results of the literature search are given in the references and 
bibliography.   Actually many more articles and papers were turned up but 
were not used in this study.   It was clear from the literature searcti that at 
the present time the overwhelmingly most popular growth model was the 
Duane model; in fact quite possibly more popular than all the other models 
combined.   The other models were selected on the basis of their intuitive 
plausibility, the fact that their parameters are Interpretable in terms of the 
growth process, because their forms are tractable enough to allow reason- 
ably straightforward methods of estimating their parameters and finally, 
because they contained no more than three parameters.   The six models 
selected are described in Section 3.0, 

2. Identify data sources; collect and evaluate the data. 

The results of this task are described in Section 2.0. 

3. Develop computational methods. 

This task involved the selection and/or development of methods for estimat- 
ing the unknown parameters In ihe six models.   The resulting methods are 
described in Section 8,0, 
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4.    Selection of data analyae» to be performed. 

This task involved the decision as to what analyses were to be performed on 
the available data.   As a first step system equipment data classes were 
formed. 

Actually the establishment of data classes formed the foundation for all the 
data analyses.   The factors defining the classes are four: 

Type of system/equipment 
Environment: Airborne and ground. 

Type of data: ln-house and field. 

AKKreBslveness of Rl - (W of total program acquisition costs 
Reliability Program: expended on Reliability. 

R2 - less than H but more than O'/r of total 
program acquisition costs expended on 
Reliability. 

R3 - more than 1'/,' of the total program ac- 
quisition costs expended on Reliability, 

Equipment Category Antennas, radars, etc. for a total of fifteen 
(over ground and airborne). 

In each data class there may be more than one data set and some data classes 
may be empty.   Since the data was gathered after the fact rather than from a 
statistically designed experiment the "holes" (e.g. no R2 data on ground 
based radars) are to be expected.   Table 2.5 gives a complete picture of the 
data sets.   It is enough to say here that there are a total of 186 data sets for 
the ground based systems/equipment and 84 data sets for the airborne 
systems/equipment.   Data with less than three failures was not used be- 
cause it was insufficient to enable fitting of the models. 

It was mentioned in Section 1.1 that the amount of reliability gain was also of 
interest.   Thus the following data analyses are required: 

a>     Estimate the unknown parameters of the six growth models by data 
set. 

b) Compete the goodness of fit criteria for each of the six models for 
each data set. 

c) Decide on the best model for each data set. 

d) Analyze data for generalizations applicable to the data classes: 
airborne vs. ground, in-house vs. field and Rl vs. R2 vs. R3. 

e:     Evaluate reliability gain for each data set. 

4 

> 



o 

f)      Analyze reliability gain for possible Reneralizations in terms of 
data classes. 

These analyses and the conclusions based upon them are discussed in Sections 
4.0 and 5.0 respectively. 

5.     Develop guidelines for applications. 

The purpose of this task is to develop guidelines for the general application 
of growth models, i.e., what type works well, the gain expected and the 
goodness of fit expected with respect to the type of data (in-house vs. field), 
type of environment (airborne vs. ground) and HI, H2, R3.   These guide- 
lines are given in Section 6.0. 

The models developed herein can be used for two basic purposes.    First, 
during the development phase the model(s» can be used to monitor, control, 
and predict reliability growth.   The data required are the n (= no. of failures) 
pairs cumulative MTBF and time at failure.   The model(8( may then be fit 
according to the methods given In section 8.0; In particular section 8.4.9. 
By far the most important uce is before the development program begins.   A 
model can be used to predict development time required to achieve a certain 
MTBF and to estimate initial MTBF.   The data required to use the model in 
this way is the model type, environment, type of equipment, and preliminary 
parameter estimates from this report.   Examples of this important use are 
given in section 6.1. 
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SECTION 2. 0 - DATA SOURCKS, COLLECTION AND EVALUATION 

2.1   Data Search 

2.1.1 Internal.   Data collection began with an Internal source survey of elec- 
tronic systems that might yield usable data.   The Systems Effectiveness Department 
of Hughes Aircraft Company, Ground Systems Group, has personnel with first hand 
knowledge of most systems built at Hughes Aircraft.   In addition Hughes has Internal 
reports such as the Contract Assignment Report and the Closed Contract Register for 
both Ground Systems and Airborne Systems.   Through these reports and the suggestions 
given by the Systems Effectiveness Department personnel, a list of systems, project 
heads, managers, reliability engineers, and other information were compiled.   Per- 
sonal and telephone contact was made with the responsible people for each system or 
project.    From each of these a request was made for a description of the reports and 
the data available, the period of data collection and the names of the reports and oeoDle 
who could supply the reports. 

A literature search by the Hughes-Fullerton Library brought forth several useful 
systems, final reports and acceptance reports. 

2.1.2 External. A literature search by the National Aeronautics and Space Ad- 
ministration and by the Defense Documentation Center yielded no useful failure histor- 
ies. Such reports gave final MTBF and total failures, but none gave a history of cum- 
ulative failures versus cumulative time. 

Personal contacts with the personnel at the Naval Ship Weapon Systems Engineer- 
ing Station Port Hueneme, California, led to a large data base for ground systems 
computers and displays. 

2.2   Data Collection 

2.2.1 Data Requests.   Requests were sent to both internal and external agencies 
for the various reports.   Reports received were of the following types:  Monthly re- 
ports, final reports. Interdepartmental Correspondence (IDC), Operations and Main- 
tenance Reports (OMR), computer failure listings and Reliability and Maintainability 
(R/M) Reports.   In some cases the reports were so large (several yearp of monthly 
reports) it was necessary to sort through boxes of reports and make copies of only the 
summary data tables and graphs of interest. 

2.2.2 Data Center search.   The Systems Effectiveness Department maintains a 
R/M Data Center which contains information gathered during in-house testing and field 
operations on most of Hughes built systems.   A search of the Data Center flies gave a 
large part of the useful data for Ground Systems and some data on Airborne Systems 
The data found was of the foUowing types: Field logs, field engineering reports, pro- 
posals, failure reports, customer requests, IDC's, OMR s, R/M reports, monthly 
and final reports. 

2.2.3 Special file.   As these reports were received, they were evaluated for 
useful information.   If they were found to be useful, a copy was placed in a special 
growth study file in the Data Center to be used as source material for this study.  Ta- 
bles 2.1 and 2. 2 give a description of the systems on which data were collected. 

I 
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TABLE 2.1 

System/Equipment Description - Ground 

( 

( 

System /Equipment 
Number* Description Period of Data Collection 

Shipboard Radar Aug 1973 to Jun 1974 

Ground Based Radar Apr 1969 to Apr 1971 

Satellite Microwave Link Mar 1968 to Aug 1974 

Shipboard Satellite 
Microwave Communication 

Feb 1967 to Sep 1968 

Weapon Control Oct 1971 to Aug 1972 

Radar Display Apr 1966 to Jul 1972 

Computer Nov 1967 to May 1968 

Ground Based Radar Jun 1967 to Apr 1970 

Shipboard Radar Sep 1965 to May 1973 

Computer Apr 1969 to Oct 1969 

Computer Jun 1968 to Jun 1970 

Computer Oct 1971 to Jul 1974 

Shipboard Radar Aug 1968 to Aug 1969 

Radar Display and 
Computer 

Jun 1971 to Aug 1972 

18 Ground Based Radar Mar 1973 to Dec 1973 

♦Numbers 3, 6 and 10 were eliminated after subsequent analysis showed 
them to be unsuitable. 
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TABLK 2.2 

System/Equipment Description - Airborne 

System/Equipment 
Number Description Period of Data Collection 

20 leaser Range Finder Sep 1971 to Apr 1972 
21 Laser BombinR System Feb 1969 to Jun 1969 
22 Visual Scan System Sep 1970 to Nov 1970 
23 Infrared System May 1963 to Jul 1963 
M Infrared System Jan 1974 to Feb 1975 
25 Radar System Jan 1972 to Aug 1972 
M Airborne Computer Jul 1962 to May 1968 
27 Radar System May 1972 to May 1974 
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2.3 
criteria. 

Data evaluation.   The final evaluation of the data was based upon three 
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2.3.1 Time.   First, was the time period long enough to establish some histor- 
ical growth at normal operations?   More than just a few short hours   are required. 
In most cases   a continuous history, with a starting time at zero, was maintained for 
in-house operations.   There was a break In time when most systems went into the field. 
The reason for this, in large systems, is the modular nature of construction.   Several 
systems awl their spares would be sent to the field and reassembled in a different 
(from the original) modular serial number configuration.   Also, there would frequently 
be long gaps of time in the failure reporting or none at all from the field operations. 

2.3.2 Failure definition. 

2.3.2.1 Relevant failure.   The second criterion is:   Was the failure rclevent? 
Non-relevant failures were secondary failures, human caused failures and failures of 
known bad parts.   Sometimes, after installation, parts were found to have manufac- 
turing defects, to be below standards or were overstressed, but would be left In the 
system and replaced upon failure.   This would be with customer's agreement.   Such 
failure of parts after this determination were considered non-relevant.   All other pri- 
mary failures were accepted as relevant.   If no determination could be made, the fail- 
ure was considered relevant. 

2.3.2.2 Primary failure.   Third, was the failure primary?   If the failure was 
relevant, caused the equipment or the system to operate In an unacceptable manner 
and was not caused by another relevant failure, the failure was primary.   Sometimes 
failures would be caused by a primary failure; such failures were called secondary 
and were not recorded as a failure.   If it could not be determined that a failure was 
secondary, the failure was then considered primary.   Most of the reports used in this 
study had already filtered out non-relevant and secondary failures. 

2.3.3 Useful data.   In finding and selecting the useful data within these reports, 
the form most useful was the table or graph of failures versus cumulative time.   In 
some cases, the failures were taken from a table or graph of MTBF versus cumulative 
time.   In most cases, many tables and graphs had to be merged to give a useful failure 
history. 

Each equipment category, with Its corresponding failure history for each serial 
numbered system and/or equipment, was called a data set.   There were many data 
sets that had to be discarded because of too few failures.    Even though the equipment 
may have operated thousands of hours, the data sets with two or less failures were re- 
jected.   A reliability growth evaluation Is meaningless for two or less data points.   A 
description of each equipment category Is given In table 2. 3. 

2.4  Construction of data categories. 

After evaluation, the data was recorded In tables with such Information as: 
system name, serial number, period of data collection, in-house or field data, descrip- 
tion of equipment categories, cumulative failures and hours.   Table 2.4 Is a sample of 
the data collected on a system. 

2.4.1  Ground and airborne.   Ground systems/equipments are those electronic 
systems/equipments (Radar and microwave systems) Installed at a fixed site or those 

c 
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TARLK 2.3 

PJquipment Categories 

Kquipment 

1. Antenna 

2. Radar 

3. Microwave 

4. Display 

5. Computer 

6. Communication 

7. System-Radar 

8. System-Microwave 

9. System-Laser 

10. System-Infrared 

11. System-Visual Scan 

12. Laser Transmitter 

13. Laser Receiver 

14. Laser Xmtr/Rcvr 

15. Infrared Receiver 

Description 

Pedestal, dish, driver gears, motor, 
hydraulics 

Receiver, exciter, signal processor, 
transmitter, power supplies 

Receiver, exciter, klystron, trans- 
mitter, power supplies 

CRT, data Input console, display 
controls, power supplies 

Computer circuits, CPU, memory, 
power supplies 

Radio receiver, teletype, etc. 

Complete radar system 

Complete microwave system 

Complete laser system 

Complete Infrared system 

Complete system for night time 
sighting 

Laser transmitter and optics, control 
electronics, power supplies 

Photo diode detector and optics 

Laser transmitter and receiver, 
control electronics, power supplies 

IR receiver and amplifier, power 
supplies 



I 
TABLE 2.4 

Sample Page of Data 

( 

SYSTEM: 
DATA: 
PERIOD: 

MK-1B (AN/MSC-46) 
FIE IJ) (B) 
AUG 196« - AUG 1974 

TYPE OF TEST:   OPERATION AV. 20 HRS/DAY 

EQUIPMENT SUBSYSTEMS: 

< 

ANTENNA MICROWAVE 

1. Servo 
2. Drive 
3. Radome 
4. Antenna 40' Dia. 

1. 
2. 
B. 
4. 
B. 
8. 
7. 
8. 

Transmitter 
Exciter 
Receiver 
Heat Exchanger 
Klystron 
I^wr. Amp. 
Tracking 
Power 

COMMUNICATION 

1. Receiver 
2. Terminal Equipment 

Ref:   Report in R/M Data Center Files 
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TABLE 2,4 

Sample Page of Data* (Continued) 

( 

LOCATION 
TDYR - TURKKY 

CUMULATIVE 
DATE       OPER. HOURS 

10/1/69 

< 

8/31/72 

620 
1220 
1840 
3120 
4340 
4940 
5560 
6180 
6780 
7400 
8000 
8620 
9240 
9S00 
10420 
11020 
11640 
12240 
12860 
13480 
14080 
14700 
15300 
15920 
16540 
17120 
17740 
18340 
18960 
19560 
20180 
20800 

ANTENNA MICROWAVK COMMUNICATION   , SYSTEM 

CUMULATIVE FAILURES 

The "gaps" that occur In the cumulative faUures are due to the faUure to 
record failures continuously in time 
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which are mobile (truck or ship).   They have good engineering operation and mainte- 
nance, and adequate cooling.   They are sometimes subjected to high levels of shock 
and/or vibration.   Hughes Aircraft Company at Fullerton Is the Ground Systems Group 
where most of the ground systems/equipments were built and tested.   These tests Gen- 
erated most of the in-house data used in this report.   Airborne systems are those elec- 
tronic systems (radar, laser, IR systems) used in airplane cockpits, bomb-bays, and/ 
or tail or wing installations.   The airborne environment generally has extremes of 
pressure, temperature, shock and vibration.   Hughes Aircraft Company at Culver Citv 

atVered1      " 0f ^ Aer08pace Group from whlch the airborne systems data was 

2.4. 2   Equipment type.   Equipment categories were established for logical sub- 
d visions of the more complex systems.    For example, displays, radars, computers, 
etc.   The system itself was assigned to one category.   This gave a total of fifteen 
equipment categories.   The use of reference designators for equipment categories 
(such as El, E2, etc.) were found to be too confusing and was discontinued.   A de- 
scription of each equipment category is given in table 2.3. 

2.4.3  In-house versus field.   The in-house data came from good documentation 
on Hughes buHt systems during the developmental phase.   Whenever the system was 
under Hughes control, operated and repaired by Hughes personnel, the system was 
considered to be in-house.   The field data came from systems under customer control 
In some cases Hughes representathes would make field failure logs for a period of 
time for a system just received by the customer.   Most field data was taken from cus- 
tomer reports to Hughes Aircraft Co.   Such reports were at times sketchy as to the 
nature of the failure, but were taken at face value.   In-house data was considered more 
accurate, but field data generally had more hours of operation. 

M.   *   2AA ^alltyL0fpairtS-   A review of the (luallty of Part8 for the various systems, 
the type quality purchased, their in-house testing and screening was made.   It was 
found, that regardless of whether the part was commercial or had high reliability stand- 
ards   the average of all parts in a system was a minimum military grade     This was 
true for both ground and airborne systems and equipments.   The commercial parts 
came mostly from purchased assemblies such as a television monitor or a power 
supply.   The high reliability parts were used in some critical areas such as computer 
memory circuits.   The upgrading of the part quality was established by severe burn-in 
and testing of units or long hours of in-house equipment operation.   This was usually 
a contractual procedure that varied from contract to contract.   Therefore a one grade 
level of part quality had to be established at minimum military standard. 

2.4.5  Reliability effort.   Most current contracts call for a reliability program 
plan to insure a system with an acceptable mean time between failure (MTBF)    To 
establish some concept of this reliability effort between different systems, the money 
spent by a project on reliability was divided by the total contract money to derive a 
reliability effort percentage. 

R = Reliability J_ 
Total Contract $ X 100 

.u       221?*!*?' 0f reliablllty effort were established.    For those projects where 
the reliability engineering was not set forth separately, and the money spent on reli- 
ability could not be separated from the other costs, a low (Rl) reliability effort was 
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assumed.   A medium 'R2) reliability effort was set at one percent or less but greater 
than zero.   Those projects which spent greater than one percent on reliability were 
called high (R3). 

Rl    ■     0.0%  Low 

( 

( 

0.0$   <    R2    <    1.0%   Medium 

R3    ?   1.0%   High 

There are other variables which can affect the aggressiveness of the reliability 
program, e.g., the ratio of digital to analog parts; extent of parts standardization and 
others.   Althougn these factors have not been quantified in this study we can say that they 
were relatively constant for our data base. 

2.5   The Data Base 

2. 5.1  Equipment data class.   The equipment data class is the group of data sets 
for a particular equipment category, ground or airborne system, in-house or field and 
one of the divisions of reliability effort (Rl, R2, R3).   As an example, there were three 
data sets in the equipment data class for antennas, ground system, in-house and reli- 
ability effort R3.   It was not possibxe to find data for all the equipment data classes. 
Table 2.5 shows the distribution of data sets in the equipment data classes.   The num- 
ber of prototypes can affect the growth results but for our data, m-jst of the in-house 
systems were developmental models. 

2. 5, 2   Data set distribution.   The data set was the failure history for each equip- 
ment that was used for analysis.   The number of data sets used in each data class 
(summed over system/equipment categories) is giver, in table 2,6. 

2.5.3  Summary 

a. Twenty seven systems were found with useful data. 

b. Fifteen equipment categories were established. 

c. Number of data sets:   186 data sets for ground systems/equipments and 84 
data sets for airborne systems/equipments. 

d. Quality of parts averaged out at a minimum military standard. 

e. Reliability effort:  low (Rl), medium (R2) and high (R3). 

f. Data sets were coded and put into computer file for analysis.   See table 2. 7 
for sample data set. 
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TABLE 2.5 

Kquipment Data Class Distribution 

( 

Grou nd Systen is 

Kquipment 
Categories 

In-House Field 

Rl R2 R3 Rl R2 R3 Total 
mtenna 3 21 24 

Radar 5 8 13 
Microwave 1 20 21 
Display 5 7 9 23 3 47 
Computer 5 1 8 19 3 3(i 
Communication 2 12 14 

System-Radar 2 8 10 
System-Microwave 1 20 21 

Airborne Systems 

Antenna 5 5 
Radar 6 6 
Display 6 6 
Computer 5 5 10 
Laser Transmitter 2 2 4 
Laser Receiver 1 2 3 
Laser Xmtr/Rcvr 2 2 4 
Infrared Receiver 3 1 4 
System-Radar 6 6 
System-Laser 2 2 4 
System-Infrared 4 26 30 
System-Visual Scan 2 2 

.< 
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TABLE 2.« 

Data Set DlBtrlbution 

Ground Systems/Equipment Airborne Systems/Equipment 
Rl R2 R3 Rl R2 R3 Total 

In-House 7 6 27 19 31 8 98 
Field 117 23 6 26 172 
Total 124 29 33 19 31 34 270 

Ground Systems/Equipment Total = 186 Airborne Systems/Equipment Total = 84 

( 
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TABLE 2.7 

Sample Data Set as Coded in Computer File 

Kxplanatlon of Data Set Code 

ystem Number (4) 

System Name 

4MK-lB(AN/MSC-46) 

4MK-lB(y» iN/MSC-46) 
4340 
5560 
7400 

10420 
11640 
12860 
13480 

10 14080 
11 14700 
13 15920 
14 16540 
15 17740 
16 22020, 

J7 23240 
T19 31160 

20 31720 
21 32940 

/ 22 33560 

* Number 

35400 

of Failures 

Data Set Number (21) 

-Equipment Category 
El = Antenna 

r—A » In-House      B = Field 

\    \    r-Reliability Effort 

21 El   B   Rl   10690872  S/N 1 J 
^System Serial No. 

-Period of Data Collection 
10/69 through 8/72 

DATA SET 

21 El   B   Rl   10690872  S/N 1 

 Cumulative Hours 

17 

( /? 



SECTION 3.0- DESCRIFHON OP GROWTH MODELS 

c 

ll 

In this section we will give a description and derivation of the mathematical 
models used to fit the growth data in this study.    In so doing it Is hoped some light will 
be cast on the physical assumptions about the growth process Inherent In the various 
mathematical functions used. 

3.1   The Duane Model 

In reference \H] .).  I, Duane observed that the logarithm of cumulative MTBF 
was a linear function of the logarithm of time.   That is, (letting Y(t) denote cumulative 
MTBF) 

In Y(t) ■  a+ b In t (3.1) 

This model I? extremely popular for modeling reliability growth.    For example, 
NAVAIH has a series of reliability test program specifications (AH-104, AH-111, AU- 
112, AR-113) based on the Duane model. 

The Idea Is to estimate the parameters (a,b) and monitor reliability growth with 
equation (3.1).   The method of estimation commonly recommended is to obtain the least 
squares estimates of (a,b). 

Actually, if the matter had endnd here, it would be an unsatisfactory situation: 
just another empirically derived fit.   However, Crow 17] and independently, Finkelstein 
110] noticed that for a nonhomogenous Poisson process with Weibull intensity function 
the expected number of events (failures) in time t is given by 

E(no. of events In t) = (t/Vif, 

Hence, the cumulative MTBF, Y(t), by definition must be 

Y(t) = t/E (no. of events in t) - vft1'1* 

and hence 

In Y(t)= ßln K+ (l-p) Int. 

(3.2) 

(3.3) 

Setting 1-ß m b and pin K    a and inspecting equation (3,1) it is clear that the 
Duane model corresponds to a nonhomogenous Poisson process with Weibull intensity 
function (the intensity function is 

d |E (no. of events In t)l/dt   = -5-5- ). 

The implications of the foregoing are most important.    First, ihe time to occur- 
rence of events (failures) are not Independent, identically distributed random variables. 
Indeed only the first time to failure has a Weibull distribution.   Second, inspecting 
equation (3.1) indicates growth only occurs when b > 0.   This means l-p  > 0*p      1. 

■ 
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Thus, gnmlh is obscrvetl only if the Weibull shape parameter is less than one. 
Finally, the implications on estimation of K and ß arc important.   The least squares 
method is no longer needed, being inefficient, since the maximum likelihood estimates 
are available and are 

^ 

.< n    /   2,   In (t* 
1=1 

A,) 

K -   tVn1^    , (3.4) 

where 

t. ■ time of 1     failure 

n ■ total number of failures observed 

o 

t   if the test is stopped at the last failure 

t if the test is stopped at time t >t , 
n 

Exact confidence bounds for/? are easily obtained since 2n {ß/fl) is distributed as 
V2 (chl-square) with 2(n*-l) degrees ot freedom where n*     n if t*     t_ and n* = IHI if 
t* = t > tn.   It also turns out that {K/Kf is distributed independently of/} and K and 
exact   confidence bounds on K canbe prepared using Table 1 of ref (11).   The prepara- 
tion of confidence bounds on 0 is extremely important since even if the observed data 
yield p ^ i the goodness of fit of a Duane model cannot be rejected if the lower con- 
fidence bound, say ^L , on /Ms less than one I.e., if/?L < 1 the hypothesis that there is 
growth (/?    1) cannot be rejected. 

Since the time to first failure is Weibull with mean Kr(l//3 + 1), where r(u) is 
the usual gamma function evaluated at u, an estimate of the initial MTBF is given by 

Kr(l/? + l). (3.5) 

Equation (3.5) will be extremely important to us when we are estimating reli- 
ability gain.   A discussion of nonhomogenous Poisson processes can be found in 
Parzen 114), 

An important quantity in the Duane model is the instantaneous MTBF which is 
taken as the reciprocal of the Intensity at time t i.e., 

instantaneous MTBF dE (no. of events in t) K^t1^ 
ß 

(3.6) 
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I'hv maximum likelihood estimate of this quantity is given by 

^ tl-p 
 x   • (3.7) 

This instantaneous MTBF can be estimated for any future time, tj, by applying 
equation (3.7).   Also, and very important. Crow |7| gives a method, with tables, for 
preparing confidence bounds on the instantaneous MTBF at the time of the last of ob- 
served failure tn.   The limiting MTBF of the Duane model is the instantaneous MTBF 
at the time equipment improvement is slopped. 

:{.2  The IBM Model 

This model is based on an approach quite different from the nonhomogenous 
Polsson process approach of the previous section.   It Is based on the solution to a dif- 
ferential equation.    The IBM model assumes, explicitly, that:   1) there are random 
(constant failure rate) failures occurring at rate A, and 2) there are a fixed but unknown, 
number of non-.andom design, manufacturing and workmanship defects present in the 
system at the beginning of testing.    Let N(t) be the number of non-random type defects 
remaining at timet > 0.   This model makes the intuitively plausible assumption that the 
rate of change of N(t) with respect to time is proportional to the number of non-random 
defects remaining at t.   That is, 

d N(t)/dt = -K2 N(t) (3.8) 

Fquation (3.8) implies that 

In N(t)     -K2t + c 

and hence 

-K t +c 
N(t) ■ e 

Now if we denote the unknown number of non-random failures present at t     0 by Kj 
then 

N(0)     Kj = cC 

and flniilly 

N(t)     Kj e      "    t >0, Kj, K2 >0. (3.9) 

Defining V(t) to be the expected cumulative number of failures up to time t then 

V(t)- Xt+ K1 - N(t) 

' 
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Xt+ Kj-Kl e 
-K2t 

-•v Xt+KjCl-e      z ). CJ. 10) 

Thus the exacted cumulative number of failures by time t is the expected number 
of random failures by time t plus the expected number of non-random failures removed 
by time t.   It should be noted that V(0)    0 as expected.   Moreover 

Um V(t)     \t, as expected. 
t    —   oo 

Because of the non-linearity of the model (3.10) the estimation of X, Kj and K2 
must be accomplished by iterative means and this is discussed in Section 8.3. 

There are some extremely nice features of this model.   In addition to being 
"plausible" the most interesting feature is the ability of the model to predict the time 
when the system/equipment is "q" fraction debugged (i.e., q fraction of the original 
Kj non-random failures have been removed, 0 < q     1).   The number of non-random 
defects removed by time t is clearly 

N(0) - N(t) ■ Kj - KjC 
•K2t 

and hence the fraction (of Kj initial non-random defects) removed by time t is 

Kj - KjC 
■K2t 

K2t 

K, (3.11) 

\ Thus having estimated K2, say K2, we can find the time at which q=0.95 of the 
nonrandom defects have been removed by solving (3.11) for to, 95.   That Is, 

-In 0.05 
0.95 ■I. 

In general, for arbitrary q, 0 - q     1 the time by which the system/equipment is 
q fraction debugged is 

t - -i" o-q) 
q      k~ 

(3.12) 

Eqaation (3.12) is a powerful tool because It can be used to help determine the 
length of development testing. 
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Another important feature of the IBM model is that the number of no i-random 

A       "V 
failures remainlnR at time t can be estimated and of course is Kj e .   Finally, the 
estimate of \, say ft jjives the estimate of the lon^-run achievable MTBF. 

It is well to note that this model could never have been "discovered" by empirical 
means since the least squares solutions are not available in closed form and hence this 
model would never have been tried against a Riven set of data. 

More details on this model can be found in ref [171. 

;j.:j   The Exponential-Single Term Power Series Model 

In this section and in Sections ^.4, 3.5 and 3.6 the symbol Y(t) will be used to 
denote cumulative mean time between failures and the real variable t, as usual, rep- 
resents time.   We continue to use the differential equation approach to developing the 
growth model. 

Suppose that K is used to denote the limitinR value of Y(t) i.e., 

lim Y(t) ■ K 

t   —   oo 

and suppose the rate of growth dY(t)/dt is Jointly proportional to the remaining growth 
(namely K-Y(t)) and some growth function g(t).   Thus 

dY(t)/dt     |K-Y(t)l g(t). (3.13) 

Taking g(t), the growth function, to be a constant, say K2 > 0, then the solution 
to the differential equation (3.13) is easily seen to be 

0 Y(t)     K (1 -KjC 
•K2t 

)» t > 0« (3.14) 

Here Kj > 0 is an Intercept parameter arising as a constant of integration. 

The growth rate (i.e., dY(t)/dt) is largest at t =   0 and is monotonically decreas- 
ing in t so that 

lim(dY(t)/dtl     0. 

t — 00 

It is entirely plausible that the growth rate is largest at t - 0 and decreases to 0 
as t — •, This model is also extremely flexible because it has three parameters 

K: The limit of cumulative MTBF. 

When t     0, Y(0) = K (I-KJ.   Thus K (1-KJ may be thought of as the 
initial MTBF of the system/equipment wheii 0 -- K. ^ 1. K, may also be 
thought of as the growth potential. 1 

> 
c 
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f The growth function; constant in this case. 

* 

The disadvantage of this model is clear enough.   Like the IBM model it has three 
parameters and is non-linear in t; nor can it be transformed to a linear function of t. 
Thus the least squares estimates of K, Kj, and Ko must be obtained by iterative pro- 
cedures.   This procedure is discussed in Section 8.3.   More details on this model 
can be found in ref 115]. 

3.4   The Lloyd-Lipow Model 

This model is also obtained as the solution to a differential equation, where the 
equation involved results in a property not possessed by any of the other models treated 
in this report.   Suppose that the growth rate is inversely proportional to the square of 
the growth factor t, i.e., 

K 

dY(t)/dt    K2/rt K2 > 0. (3.15) 

Then clearly, 

Y(t)     K - K2/t. (3.1(5) 

Here K is a constant of integration but it should be noticed that 

Urn Y(t)     K 

t — * 

o 
and thus K is the limiting value of cumulative MTBF. 

The parameter K2 is a growth rate parameter which also affects the location of 
the curve.   Since Y(t) cannot be negative and 

llmY(t) - -« 

t —0 

we must define 

Y(t)     0,      0 =. t - K2/K 

This definition provides a time period (0, K2/K) when the cumulative MTBF is 0 
(i.e., a period of no growth) which may be realistic for certain systems/equipments. 

By making the change of variable t'- 1/t we see that 

Ya1)     K - K/ 
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and thus ¥(1') is linear in t1 with slope K2 and intercept K which means the parameters 
K and K2 can be easily estimated by the usual least squares methods.   This model is 
discussed further in ref |13). 

3«5  The Aroef Model 

In this case we assume that the growth rate is jointly proportional to the growth 
achieved at t, i.e., Y(t), a constant multiplier (growth rate parameter) K2 and in- 
versely proportional to t2.   That is, 

dY(t)/dt - K2 Y<t)/r. (3.17) 

This differential equation has the solution 

Y(t)     K e 
-K2/t 

(3.18) 

Since lim Y(t)     K the reliability growth limit in cumulative MTBF la K.   Also 
t   -co 

lim Y(t)     0. 

t -0 

Since 

In Y(t)     In K - Kg/t, 

letting 

( 

f= 1/t, 

In Y(t') = In K - K2 t' (3.19) 

and usual linear least squares methods can be used to estimate the constants K and K9. 

3.6  The Simple Exponential Model 

The last model we consider in this study is the simple exponential model 

Y(t) =Ke   '    K, K2 > 0. (3,20) 

While Y(t) can be obtained as the solution to a certain differential equation it is 
not a plausible model.   The limit (as t —°°) of Y(t) is infinite.   Also Y(0) - K which is 
the "initial" cumulative MTBF.   Since In Y(t) = In K + I^t then the linear least squarea 
method can be used to fit the constants. 

We have included this model as a more or less check on the data and the other 
models: if this model fits well and often then it may be that either the growth process 
is quite complex or the other models tried are not very good. 
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3.7   Criteria for the Goodness of Fit of the Models 

There are any number of mathematical functions which can be used to describe 
reliability growth.   Qie approach to fitting growth curves is to select a very large 
number of mathematical functions and select the one that fits best.   This approach is 
grossly unsatisfactory and not just because the criterion (or criteriai of "best" may be 
somewhat arbilrary.   The problem is that, for any data set, an arbitrarily good fit can 
be obtained by selecting a mathematical functior; with enough parameters.   Thus, no 
matter how "misbehaved" a given data set may be,a mathematical function can be found 
which will fit it.   In essence this amounts to basing all decisions solely in the data and 
Ignoriag any other physical/engineering information.   Moreover, the problem of in- 
terpreting the physical meaning of more than three parameters is very difficult.   In 
this study we have limited all models to at most three parameters. 

The Duane model parameter estimates were obtained by maximum likelihood 
methods because they are superior to the least squares estimates.    For all other 
models the least squares estimates (obtained, in some cases, by suitable linearization) 
were used.   It is important to note that the usual quantities for judging goodness of fit 
one henrs about:   coefficient of multiple determination, F tests, t tests for the model 
coefficients etc. are not applicable since the assumption that the data are multivariate 
normally distributed has no basis in fact. 

Thus we have selected what we feel are two measures of the goodness of model 
fit.   First, we compute 

f 

11 

vi=l 

|Y(t1)-^(ti 

<v ■■) 
/nlOO, (3.21) 

( 

In equation (3.21) Yftj) is the observed cumulative MTBF at time tj, Y(tj) is the 
calculated (from the fitted model) cumulative MTBF at time tj, and n is the number 
of failures in the data set.   Thus i = 1, 2, ..., n.   Of course a value of R ^ 0 would be 
ideal but generally this is impossible.   Certainly, a good fit would be expected to have 
R * about 25%.   in words, E Is the average absolute percentage error in the pre- 
dicted versus the observed values. 

The second measure of godness of fit is defined in terms of relative variability 

R.E.    -s-^  (3.22) 

V/*"1 

where 

i-1 

Se       1  Y(V " ^V 

i 
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sY(v   XlV(ti>-Y<V 
i  ll 

Y^j)    obser\'ed cumulative MTBF at t 

Y(t1)    calculated cumulative MTBF at t 

( 

Y(ti) = 2 Y(ti)/n 

1=1 

Thus, in equation (3.22) the denominator is the sample variance of the ob- 
•. served cumulative MTBF's and the numerator is the squared residual error.   The 

ideal situation would be U.E. - 0 i.e., there is no residual error.   This is Renerally 
impossible but small values of U.E. indicate good fits. 

For one particular given data set if a particular model has the lowest R and R. E. 
of all the models then that model is the best fit. 
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SECTION 4.0- DATA ANALYSES 

i 

l.l   Estimation of Model Parameters 

In this section we discuss the data analyses from the standpoint of the parameter 
estimates for each model and give an example of the use of each model.   Comparisons 
between models and »jetween factors of the data classes and general conclusions are 
Riven in Sections 5. 0 and 6.0.  The analysis of reliability gain is also presented in Sec- 
tion 5.0. 

As previously mentioned there were a total of 270 data sets: 186 for ground based 
systems/equipment and 84 for airborne systems/equipment.   This is less than the total 
amount of data collected since data sets with loss than three failures were not used. 
Each of the six models was fitted lo the 270 data sets.  That is, the parameters of the 
models were estimated by the techniques discussed in Section 8. 0.   The results of the 
parameter estimation are given in Tables 4.3 and 4.4.   However, Table 4.1 should be 
used in conjunction with Tables 4. .3 and 4.4.  Table 4.1 gives the explicit form of the 
models and the notation necessary to use the results given in Tables 4.3 and 4.4.   In 
order to keep some degree of order In the computer routines the "parameter" estimates 
were designated simply PI, P2, P3 and P4.   In addition to the parameter estimates 
Tables 4.3 and 4.4 give   the system number (decoded in Table 2.1), number of failures, 
total hours of observation, and the two measures of goodness of fit R and R.E. (which 
are defined in Section 3.7). 

4.1.1  Resultsjor the jjmane Model.   The parameter p is the growth param- 
eter.   That is, in the Duane plot of In cumulative MTBE versus In timejl - ß iafiie 
slope (see Section 3.1 for more details).   Since growth only occurs when 1 - ß > 0 
the IXiane model cannot be described as a good fit unless /? < 1,   Of course we only 
have an estimate of/5, namely^ (PI is computer notation) and $ is subject to sampling 
error.   This explains the "parameter" of /3L (P3) given in Tables 4.3 and 4.4.   /3L is 
the lower 0.90 confidence limit for ß based on the particular data set under discussion. 
This lower confidence limit is extremely important because ? > 1 does not prove ß> 1 
due to the sampling error involved in *.   By using /3L in a simple way we can test a 
hypothesis about ß: if /3L < 1 then it could easily be that ß < 1 even though /3 > 1. On the 
other hand if/3L > 1 then clearly (i.e., with at least 0.9U confidence)/? > 1 and the 
Duane model projects "negative" growth.   In this latter case (ßj > 1 hence ß > 1) 
we have not proved that the Duane model (which, as mentioned in Section 3.1, cor- 
responds to a nonhomogenous Poisson process with WeibuII intensity function) 
doesn't fit.   It may be that the model doesn't fit; it may also bt that there indeed 
was no growth present in the data.   To handle this latter problem we calculated 
the quantity Cj^ (P4).   This is a goodness of fit statistic given in Crow in [7).   The 
table of critical values for C^ is reproduced in Table 4.2 for varying levels of 
significance. 

In inspecting Table 4.3 for the Duane model results it can be seen that ß is, in 
the large majority of cases, less than one, i.e., growth is positive.   Moreover, 
inspecting the lower confidence limit PL (PS), it is greater than one only twelve (12) 
times and in only one case (computer, in-house, Rl, data set No. 3) was the C^ 
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TABLE 4.1 

Notation Used in Computer Program 
f 

r    • ■ 

Computer Symbol 

Model PI P2 P.") P4 

Duane  a i-fl Y(t) = KP t1   P $ 
A 
K PL C2 

IBM                             -K t 
V(t) = \t + ^ (1 - e        ) 

* 
A 

*! 
A 
K2 

Exponential         -K„t 
Y(t) = K (1 - K^     * ) 

k A A 
K2 

Lloyd-Li pow 
Y(t) = K - K2/t 

A 
K 

A 

Aroef       -K2/t 
Y(t) = K e 

A 
K 

A 

Simple Exponential 
Y(t) = K e K2t 

A 
K 

A 

*2 

• 

value significant at less than the 0.010 level.    Here CM = 0.384, which is significant 
i.e., the Duane model does not fit at the o< 0.01 level.   All this is not to say that 

thg Duane model is always a perfect fit for ground baaed gear for after all i, ßr and 
CM are measures of whether the Duane model fits.   The Measures R and R.E. esti- 
mate how well the model fits.   Inspecting these columns in Table 4.3 shows that the 
Duane model is quite good with respect toll, ♦te., in about one-half the cases "R <25%. 
It is also relatively good with respect to R.E.   Actually, for the large number of data 
sets involved the Duane model performs very well and this, in part, explains why the 
Duane model is so popular. 

For the airborne data (Table 4.4) none of the data sets fail the ßT > 1 and C2 

significance test. ^ M 

However, there are easily identifiable cases where the Duane model does not 
do well.   First, consider the Infrared(LR.) systems.   In-house three of the four ft's 
exceed one; moreover all four of the R's exceed 30^ although RE is not bad.   Of the 
twenty-six field I.R.' s nine ß's exceeded one.   Moreover, the R's are uniformly large; 
the smallest being in excess of 30^.   Similarly the Duane model is a mediocre to 
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TABLE 4,2 

Critical Values of C 

( 

( 

(. 

n-1 0.20 

M 

Level of Significance 

0.15 0.10 0.05 0.01 

2 0.138 0.149 0.162 0.175 0.186 

0.121 0.135 0.154 0.184 0.231 

0.121 0.136 0.155 0.191 0.279 

0.121 0.137 0.160 0.199 0.295 

0.123 0.139 0.162 0.204 0.307 

0.124 0.140 0.165 0.208 0.316 

0.124 0.141 0.165 0.210 0.319 

0.125 0.142 0.167 0.212 0.323 

10 0.125 0.142 0.167 0.212 0.324 

15 0.126 0.144 0.169 0.215 0.327 

20 0.128 0.146 0.172 0.217 0.333 

30 0.128 0.146 0.172 0.218 0.333 

60 0.128 0.147 0.173 0.220 0.333 

100 0.129 0.147 0.173 0.220 0.336 
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poor description for all laser systems and also the I.R. receiver, 
hand the Duane model performs excellently for all radar data. 

On the other 

More detailed comparisons and conclusions are given in Section 5.0. 
this section with an example. 

We close 

Example: As an example consider data set number 1, Ground Based, Computer, 
Field, Rl. The R and R.E. are vervlow (12.15'if and 0.094 respectively). The 
maximum likelihood estimates were K = 56.92 and ß ■ 0.6644. Thus l-p= growt 
rate = 0.3356.   The calculated cumulative MTBF, i.e., Y(t), is given by 

growth 

Y^MseW-6644^ 3356 

and is plotted in Figure 4.1a as a function of time along with the observed cumulative 
MTBF.    Figure 4.1b gives the same graph in terms of In Y(t).   It should be noticed 
that neither of the graphs appears to be a least squares fit.   This IP because A and K 
are not the least squares estimates but the more efficient maximum likelihood esti- 
mates.   A commonly occurring phenomenon is also visible in this data set-   the "peak" 
(at the second and third failures) and the "valley" (at the fourth value).   Had K and ß 
been estimated as the first few failures became available undoubtedly ^ • I ("negative" 
growth) would have been experienced.   Early failure data must be carefully screened 
to determine that the actual failure times are Indeed recorded and that the system is 
operating and being monitored correctly. 

4.1.2  Results for the IBM model.   This model and all the subsequent models 
have not b^en studied as Intensely as the Duane model In the literature.   Hence the 
measures of whether and how well the model fits have been combined Into the R and 
R.E. quantities. 

The IBM model shows some remarkable results.   It Is clearly not very good 
(In fact bad) for ground based radars (ln-house and field) and microwave systems/ 
equipment (ln-housc and field).   However, with very minor Isolated exceptions the 
IBM model fits excellently for communications (ln-house and field) systems/ 
equipment, quite well for displays and moderately well for computers and antennas. 

For the airborne based systems/equipment the performance of the IBM model 
would be bad to mediocre except for radars for which the performance Is good. 

The following example, chosen to be a good fit, illustrates the power of the 
IBM to give information about the growth process. 

Example:   Data set No. 4, Airborne, Antenna, ln-house, R2. 

It will be recalled that In the IBM model the dependent variable was V(t) - the 
expected number of failures In time t; specifically 

V(t) = \t + K^l 
-K9t 

e    2). 
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In Figure 4.2 we have graphed calculated cumulative MTBF (namely t/V(t)) 
along with the observed cumulative MTBF.   Of course 

VCD-Xt + Kjd-e    "). 

K. For this data set X ■ 0.01037, hi = 11.17 and k2 - 0.007259.   R and R.E. were 
very low (4.23'7 and 0.011 respectively).   We can see the utility of the model as 
follows.    First we should note that the total test time WHS 1,000 hrs and 21  failures 
were observed.   Now X. is an estimate of the constant (random) failure rate and hence 
the MTBF for purely random failures is about (0.01037)"1 > 100 hrs.   Thus in  1,000 hrs 
we should see about 10 random failures.   The term Ki ■ 11.17 is an estimate of the 
number of non-random failures in the antenna at the beginning of testing.   Thus, 
roughly, if all the non-random failures have been removed, we have:   10 (random) + 
11 (non-random) = 21, the number of failures observed. 

We can check this reasoning easily.    Let us calculate the fraction of non-random 
failures removed by t = 1,000 hrs (the total test time).   We must use equation (3.12) 
of Section 3.2.   Since 

_ -In (1-q) 

we can solve for q as follows: 

4 ■A 
In (1-q) = k„t=s>q = l-e        q 

I   q 

Thus, 

( 

q = l - e  ''^     =0.9993. 

The estimate of the fraction of the non-random failures removed by time 
t = 1,000 hr is then 0.9993.   If we had been content to stop testing when 0,90 of the 
non-random failures were removed we would have stopped at: 

l0.90 
-In (0.10) =     (-2.30) 

0.007259 K 
317 hr. 

Thus the reliability program "debugged" the antenna quite nicely. 

4.1.3  Reaults for the exponential-single term power series.   This model is 
called simply the exponential model in the computer printouts i.e., Tables 4.3 and 
4.4. 
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The results for this model on the ground based data indicate that it does well 
enough on displays and microwave systems/equipment and from mediocre to poor 
on the balance of the systems/equipments. 

The results for the airborne data are quite different.   The exponential-single 
term power series model is an excellent fit for virtually all airborne data with R's 
below lO'T and between 10 and 207, not only common but occurring the majority of 
the time.   The following example illustrates the use and interpretation of the model. 

Example:   Data set No. 4, Airborne, Antenna, In-house, R2. 
the fit is very good and the model is given by 

Again, by choice. 

K2t 
Cumulative MTBF = Y(t) = K (1 - K   e        ), 

hence the fitted curve is 

Y(t) = K (1 - i^ e      2 ) 

where 

I 

K = 193.1, i^ = 0.9409 and ft   = 0.000219. 

^(t) t) is graphed in Figure 4.3 along with the observed values.   As mentioned in 
Section 3.3 the parameter K represents the limiting (t—^ cumulative MTBF which 
In this case is estimated to be 193.1 hr.   Also, the initial MTBF is about k(l - K,) 
■ 193.1 (0.06) = 11.59. V i; 

4.1.4   Results for the Lloyd-Lipow model.   Since (see Section 3.4) K is the 
limiting value of MTBF only positive values of R (Pi) make sense no matter how 
small R and/or R. E. may be.   For the ground based data this (negative k) occurred 
only eight times.   There are no obvious patterns for the ground based data and this 
model seems to fit mediocre to good for most of the systems/equipments.   For the 
airborne data this model behaves about the same as the ground data except it definitely 
does not fit laser data well at all. 

The following example, chosen from the good fits illustrates the interpretation 
of this model. 

Example:   Data set No. 5, Ground, Antenna, Field, Rl. 

This model is 

Cumulative MTBF = Y(t) = K - K A 
I 
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Y(t)-K- it2/t. 

For this data set "R ■ 5.382'^ and R. E.     0. 038 wMch Indicates a verv good fit. 
K ■ 183.9 which is an estimate of the limiting MTBF.   K2/A = 2993/183.9^ 16 hrs. 
is an estimate of the right end point (the left end point is zero) of the interval of time 
over which no testing took place.   Mathematically this is expressed by Y(t) = 0.   The 
graph of the estimated function along with the observed values is given in Figure 4.4. 

4.1.5   Results for the Aroef model.   With respect to ground systems/equipments 
the Aroef model appears to fit, moderately well, all various data classes.   For the 
airborne data the situation is much the same, perhaps even better although the model 
does not behave well for some laser equipments. 

The following example was, as usual, chosen intentionally because it is a 
reasonably good fit. 

Kxamole:   Data set No. 5, Ground, Radar, In-house, R3. 

As indicated in Section 3.5 the Aroef model is 

Cumulative MTBF = Y(t) = K e 
K2/t 

and hence the estimated model is 

A A    'K2^t . Y(t) = Ke     Z    ' 

( 

For tl^is data set K = 491 (the limiting cumulative MTBF) and the growth rate 
parameter K2 - 182.1.   For this data K = 491 may be a little low having been 
"pulled down ' by the last point (as can be seen in Figure 4.5).   The fit is very good 
however since R = 7.842 and R. E. - 0.223 are low. 

4.1.6  Results for the simple exponential model.   This model was used 
arbitrarily to see if even models not physically correct (but with the appropriate 
mathematical properties) might fit the various data sets.   The model is 

K9t 
Cumulative MTBF = Y(t) = K e       K > 0 

and hence the fitted curve is 

ft n.l e^1. 

C, 
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Since 

Um Y(t) 
t—CO 

■ if K   > 0 

and 

( 
Um Y(t) 0 if K2< 0 

( 

the model is nonsense physically because a cumulative MTBF of either zero or 
infinity is absurd; however Y(t) is monotone incteasing in t and it is entirely possible 
for relatively short times (relative to t—00) the model might fit well. 

Inspecting Table 4.3 (ground-based data) it is clear that this mod.jl fits all the 
data quite well.   For the airborne data In Table 4.4 the model also fits quite well ex- 
cept possibly for laser systems/equipment.  Thus even though in the limit as      t-*00 

the model is absurd, it fits well for the relatively short times in the data. 

The following is an example of the model when it fits well. 

Kxapole:   Data set No. 2, Ground, Computer, In-house, R3. 

For this data set K = 14.31 and ^ = 0.0009096. The H and R. E., as can be 
seen from Figure 4.6 are very low. Also Figure 4.6 indicates that while the fit is 
good for the data observed, it cannot continue since the Y(t) is growing exponentially. 
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SECTION 5.0 - COMPARISONS BETWEEN MODELSAND DATA CLASS FACTORS 

Before beKinning the model comparisons over the various factors defining the 
data classes we give in Section 5.1 some general results concerning how well the 
models relate to each other using the R and R. E. statistics as the criteria of goodness 
of fit. 

(   I 

' 

5.1   General Com pari son M Between Models 

A computer run was made to determine, for each data set, which model resulted 
in the smallest value of R and which model resulted in the smallest value of R. E. 
These results, along with the smallest values themselves, are given in Table 5.2 
starting on page 198. A summary of Table 5.2 is given in Table 5. la and Table 5. lb. 

In Table 5. la we see that the best model overall was the Simple Exponential. 
Also, the IBM,  Exponential and Aroef models were frequently best.   All the numbers 
presented In Table 5. la must be viewed with several important "disclaimers." 
Before discussing these It should be noted that the median has been used for R as the 
measure of central tendency to eliminate the misleading upward bias of the arithmetic 
mean due to a few isolated excessively large values.   Similarly the geometric mean 
has been used for R. I. because each R. E. represents a ratio and the arithmetic 
mean has a mislea-iing upward bias. 

Definitions:   Let Rj and R. E. j represent the individual values of a total of m in a 
particular category, I. e., I = 1, •  • • , m. 

For m odd 

Median s   the  [(m + l)/2]   th largest value, i.e. the median is R/m + l\ 
when the Rj have been ranked from smallest to largest. \     2    / 

For m even 

/ P     ■'  R 
Median =|  'm        mi2 \        i.e., the median is the arithmetic mean of the 

o 

two "middle" values when the Rj have been ranked from smallest 
to largest. 

Geometric mean 
M i1/™ 

TT R.E.i 
i=l 

The numbers given In Table 5. la are "overall" numbers and tend to mask air- 
borne versus ground and In-house versus field differences.   In fact, It Is clear from 
Table 5. la that all the models fit reasonably well on the average.   It should be noted 
that while the IBM model, with the exception of the simple exponential model, was 
most frequently best It was the highest with respect to both "average" E and R. E. 
These points suggest that the results should be looked at in lower levels of classi- 
fication and we do this in the next section. 
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SECTION 5. 0 - COMPAPTSONS BETWEEN MODELS AND DATA CLASS FACTORS 

Ho..   .Bef0re beKi"ninR the rood«51 comparisons over the various factors definine the 
data classes wo give in Section 5.1 some general results concerning how weU the 
models relate to each other using the R and P. E. statistics as the cri Jia of gLness 

5.1   General Comparisons Between Models 

A computer run was made to determine, for each data set, which model resulted 
in the smallest value of R and which model resulted in the smallest valu^Tp  E 
These results, along with the smallest values themselves, are given in Table 5 2 
starting on page 198. A summary of Table 5. 2 is given in TaWe 5. la and Table 5. lb. 

Alan  ^JmM Ml We T,^1!16 ^ model overa11 wa8 the slmP^ Exponential. 
presented in^M^T1 r,!^ T0^8 Were fre^ntly ^    A» the numbers presented in Table 5. la must be viewed with several imwrtant "disclaimers " 
Before discussing these it should be noted that the median has been used for S as the 
measure of central tendency to eliminate the misleading upward bias of the arithmeUc 
mean due to a  ew isolated excessively large values.   SlmUarly the geometric m^an 
has been used for R E. because each P. E. represents a ratio and the artthmat" 
mean has a misleading upward bias. uninetic 

Definitions:   Let Rj and RE. j represent the individual values of a total of m in a 
particular category. I.e., I = l,  • . . , m# <" »x ra in a 

For m odd 

( 

Median =   the  [(m + l)/2]   th large8t value, i.e. the median is R/m + i \ 
when the R1 have been ranked from smallest to largest. I     2~^ / 

For m even 

Median =1    m ^    m+2 i.e.. the median is the arithmetic mean of the 

largest 

Geometric mean   = 

to ^is?16"value8 when the ^have been ranked from 8maUe«t 
M i1/"1 

TT R.E., 
i=l 

>v™        numbers given in Table 5. la are "overall" numbers and tend to mask air- 
borne versus ground and in-house versus field differences.   In fart   ^1^3 f?lm 
l^  l\   l^}1 the m0del8 ftt rea80nably well on the average,    t should tenoS 
«^at while the IBM model, with the exception of the-iH^e^entlal m^del   was 
most frequently best it was the highest with respect to both "aTrie" S £nd R E 
These points suggest that the results should be looked at m lowerT,Li" T,    5 
flcatlon and we do this in the next section r leVel8 0f cla88i- 
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TABLE 5. la 

Analysis of Frequency of Best Fits and Goodness of Fit by Model 

R R.E. 

Model No. % Median No. % Mean* 

IXiane 13 4.8 26.92 u 8.2 0.96 

IBM 53 19.6 26.85 27 10.0 1.10 

Exponential 45 16.7 21.45 53 19.6 0.93 

Lloyd- Upow 9 3.3 21.15 29 10.7 0.58 

Aroef 46 17.0 19.21 31 11.5 0.54 

Simple Exponential 104 38.6 13.39 108 40.0 0.32 

Totals 270 100 21.30 270 100 0.68 

TABLE 5.1b 

Total Goodness of Fit Analysis for Airborne/Ground and 
In-House/Field Classifications 

Duane 

IBM 

Exponential 

Lloyd-Lipow 

Aroef 

Simple 
Exponential 

Totals* 

Ground 

H 

25.46 

27.42 

31.84 

21.15 

19.55 

13.60 

23.30 

R.E. 

0,94 

1.57 

1.88 

0.65 

0.63 

0.35 

0.86 

Airborne 

R 

31.63 

20.10 

10.97 

20.96 

18.64 

12.91 

19.37 

R.E. 

1.01 

0.43 

0.0ß 

0.46 

0.39 

0.26 

0.35 

In-house 
1—IT 

R 

26.57 

28.15 

15.42 

27.31 

22.81 

15.46 

24.69 

R.E. 

0.61 

0.65 

0.31 

0.60 

0.58 

0.28 

0.48 

Field 

27.05 

26.27 

31.29 

20.17 

18.52 

12.89 

23.22 

R.E. 

1.25 

1.55 

1.66 

0.57 

0.52 

0.34 

0.83 

*Median for R; geometric means for R. E. 
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5.2  Airborne/Ground and In-House/Field Comparisons by Model 

Some interesting conclusions can be obtained from Table 5.1b. 

In Table 5. lb, by Inspecting the totals, It is clear that airborne systems/ 
equipment growth dati is better fitted, on the average than the ground based data. 

•    This may well be due to the generally more severe missions for airborne systems 
i M and hence more aggressive testing and monitoring throughout the life-cycle.   While 

there is little difference with respect to the R for in-house versus field, the ln-house 
|R. E.  Is significantly better.    This Is probably due to the more careful testing and 
monitoring that is accomplished ln-house and this result is entirely expected. 

Regarding the models themHelves, four points are worth noting. 

i)     The Duane model does- not behave all that well for airborne data. 

H)     The exponential model Is much superior for airborne data than It Is for 
ground and it is superior for ln-house as against field data. 

ill)     The IBM model does its' best, by far, for airborne data. 

lv)     The simple exponential model Is uniformly good (for a limited time span). 

In the next section we Investigate the class differences even further. 

5-3 Joint Alrborne/Ground/In-House/Fleld Comparisons by Model 

The results of this analysis are given In Table 5. 3.   This table gives a better 
look at data class differences. If any.   The following conclusions are evident. 

I)     The Duane model cannot be recommended for airborne field data. 

11)     Conversely, the IBM model Is excellent, at Its' best, for airborne field 
data. 

ill)     The exponential model Is excellent for all airborne data, but Is best for 
airborne field data. 

lv)     The Lloye-Llpow and Aroef models do quite well for alrborne-fleld data. 

v)      The simple exponential model Is good everywhere although the exponential 
model Is clearly better for all airborne systems/equipments. 

In the next section we look at the models In terms of equipment categories. 

5.4   Comparisons of Models by Equipment Categories 

The results are given In Table 5.4 and lead to the following conclusions. 

I)     For antennas all the models except the Duane model are quite good. 
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TABLE 5. 3 

Joint Goodness of Fit Analysis for Airborne/Ground and 
In-Mouse/Fleld Classifications 

Ground Airborne 

In-House Field In-House Field 

R R.E. R R.E. R R.E. R R.E. 

Duane 28.64 0.73 24. 3« 1.01 25.44 0.54 67.88 4.1373 

IBM 28. 43 1.15 26. 85 1.73 23.96 0.42 1 3. 66 0. 51 

Exponential 24.41 1.21 32.05 2.11 11.41 0.10 7.38 0.07 

Lloyd-Lipow 25.32 0.64 20.65 0.66 28.42 0.58 11.79 0.27 

Aroef 22. 30 0.62 19.21 0.63 23. 70 0.55 10.57 0.18 

Simple 
Exponential 16.95 0.36 13.08 0.35 13.76 0.24 12.20 0.31 

11)      For radar and microwave systems/equipment the Duane model and the 
simple exponential model are very good. 

ill)      For display, computer, and communications equipment the Lloyd-Lipow, 
Aroef and simple exponential models are good. 

iv)     For Infrared systems equipment all models but the Duane model are 
excellent. 

v)     For all laser systems/equipments the exponential is vastly superior to all 
other models. 

vi)      For the visual scan equipment the exponential model Is again superior to 
the remaining models. 

5. 5   Reliability Gain Analysis 

In this section we discuss reliability gain in terms of the various factors that 
define the data classes.   Roughly speaking, for a given data set, the reliability gain 
is defined as the ratio of the final cumulative MTBF to the initial cumulative MTBF. 
For computing the reliability gain we will use the Duane model since:   (1) it virtually 
always fits the data, and (2) It provides a convienent means of computing initial 
MTBF.   We will use two measures of reliability gain defined as follows. 
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HG     a  observed final cumulative MTBF 
1        calculated initial cumulaMve MTBF 

HC calculated final cumulative MTBF 
calculated initial cumulative MtBF 

In HGj one would ordinarily expect to find the observed initial cumulative 
MTBF In the denominator.   However, determining how many failures should be 
included in calculating "Initial" cumulative MTBF is very arbitrary, particularly for 
data sets with small numbers of failures.   To avoid possible serious bias In the 
results we have used the definitions given above. 

It has already been shown (Section 3.1) that for the Duane model the mean time 
to first failure Is 

o 

Initial cumulative MTBF  =   Kr(1/ß + I) 

where r (u) Is the usual gamma function of u.   The maximum likelihood estimate Is 
thus given by KTO/ß + 1).   Thus RGj   =   (t*/n)/kr{]/ß + 1), 

where t* Is the total length of test and n Is the number of failures In the data set, and 

RG2 = Wt^-V /kro/ß +1). 

In Ho2 the numerator Is the calculated final cumulative JViTBF. 

In calculating "average" values for RG1 and RG, we have used, since the RG's 
are ratios, geometric means.   These are denoted GIV^ (for RG]) and GM2 (for RG,) 
r,        ,    . / "L \ 1/m 
For calculation, GM,   =   f JT  RGJ .1-1,1 1  = 1. • • •. m. 

where m is the number of PGj's to be averaged (the aver age is over all sets in a category). 

.ri. 5.1   Analysis of Rellabfllty Gain for Reliability Categories and Ground Versus 
Airborne Based Systems/EqulpmentB.   The roaults, I.e., the geometric means,"are- 

given In Table 5. 5.    First It should be noticed that the "observed" gains (GM,) and the 
calculated gains move together quite nicely.   Generally, the least gain Is achieved bv 
spending no dollars (Rl) although It should \» noted that while no reUabllltv money 
was spent, per se. failures that (ÜcToccur were recorded and corrective action taken 
under engineering auspices.   The explanation for why the growth was larger for 
moderate reliability expenditures (R2) than It was for larger expenditures (R3) Is 
two-fold. 

r 

i 
V  IviOi 

i) The larger expenditures concentrated more funds In the design phase (as 
against testing) and the system/equipment was probably better (less design/ 
workmanship faults) when testing started so there was less gain to be had 
to achieve the limiting cumulative MTBF.   This conclusion was based on 
the general observation of a number of the Individual data sets. 
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TABLE 5.5 

Average* Reliability Gains for Reliability Categories and 
Airborne and Ground Based Data 

G round 

GM1 GM2 

Airborne 

GMj                        GM2 

Rl 3.88 5.42 3.09 5.03 

R2 5.79 9.98 5.17 7.65 

R3 4.02 7.10 2.17 3.57 

♦Geometric means. 

( 

ii)     Some data sets   barely   fell into R2 or R3, i.e., were borderline in the 
classes.   Since the bounds in the classes were arbitrarily selected, the 
differences in the reliability expenditures in terms of reliability gain are 
hard to detect. 

Whether we deal with GMi or GM2 it is apparent that the reliability gain is 
larger for ground based systems/equipment than for airborne systems/equipment 
irrespective of whether the reliability class is Rl, R2, or R3.   We checked the air- 
borne data fairly carefully and found that generally the airborne systems/equipment 
undergo more environmental and screening type tests at all levels (card through 
system) than ground-based systems/equipments.   Thus the data we have collected 
includes some, but not all (e.g. card level) screening/environmental tests.    Hence, 
when the airborne systems/equipment reach developmental testing, they are better 
(higher initial cumulative MTBF) than the ground-based systems/equipments, and 
thus less reliability gain is present to be achieved by developmental testing. 

The absolute magnitude of the numbers in Table 5.5 are of interest in and of 
themselves.   Personally, we are somewhat surprised they are as large as they are. 
Gains of 5 to 1 and more occur in seven of the twelve cases.   Actually they are some- 
what small in terms of what some people claim.    For example, R. P. M. (the General 
Electric Co. version of the Duane model) claims a 10 to 1 increase where the limiting 
cumulative MTBF Is taken as the predicted value, and the prediction is made accord- 
ing to MIL Handbook 217B.   We did however, experience a 10 to 1 ratio (R2, 
ground). 

5. 5.2 Analysis of Reliability Gain for In-House and Field Data. Table 5.6 
gives the geometric means for the in-house and field data sets. The results are 
entirely believable. Even though the 9. 76 result is high (caused by a particular gain 
present in a limited number of data sets on the ground data) it is clear there is more 
reliability gain achieved by developmental testing than by field use. This is because 
most of the design, workmanship, and other non-random failures have been removed 
before the system enters the field.   Thus, developmental testing is doing its' job. 
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TABLK 5.6 

AveraRe* Keliability Gain, In-Mouse and Field 

GMj GM2 

In-House 5.64 9.76 

Field 2.45 4.68 

♦Geometric mean. 

c 

1 c 

5. 5. 3   Analysis of Reliability Gain by System/Fquipment Category.   Tables 5. 7 
(ground) and 5.8 (airborne) actually present the "average" reliability gains.   We have 
intentionally not averaged the data over reliability categories, in-house versus field 
or airborne versus ground so as not to obscure equipment/system differences which 
might be caused by small data sets and/or unusually large reliability gains. 

Several very logical results can be seen from the tables.   A case in point is the 
ground based communications equipment in Table 5.7.   It shows very modest reli- 
ability growth and this phenomenon is probably due to the fact that communications 
technology is among the oldest and many design problems have long since been solved. 
Thus the payoff in developmental testing for communications equipment is not large. 

Generally, computers and displays exhibit moderate reliability growth which 
is probably a manifestation of the fact that computers and displays represent a 
relatively mature technology. 

Radars, which are a constantly changing technology reflected in complex designs, 
generally experienced moderate to large gain. 

Microwaves and antennas exhibit generally moderate to large gain. 

Actually, except for communications equipment there are very small differences 
in the gain among the remaining categories. 

By referring to Table 2. 5 of Section 2, we can see that some of the large gains 
are due to paucity of data.   For example in Table 5.8 the infrared receiver, in- 
house, R2, the gain is determined from only one data set. 

5.6   Parametric Analysis tor the Duane Model 

In this section, because of the overwhelming popularity of the Duane model, 
we give a brief parametric analysis in terms of the slope of the growth line.   Here 
the "line" is in terms of the In cumulative MTBF versus In time.   In Section 3.1 it 
is pointed out that this slope is given by 1 - ß .   Of course we do not have ß, but we 
do have an estimate of ß, namely ^.   The results are given in Table 5.9 which pro- 
vides ground versus airborne and in-house versus field comparisons.   The only 
significant fact is that the in-house growth rate is significsinÜy larger than the field 
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TABLE 5.7 
Reliability Gain, Ground Summary 

( 

( 

i c 

h 

Kquipmeut REL 

..  .                       ..   . 

GM1 GM2 

Antenna In-house R3 2.431 5.455 

Antenna Field Rl 2.121 2.928 

Radar In-house R3 2.328 3.719 

Radar Field Rl 3.771 5.261 

Microwave In-house Rl 1.129 2.174 

Microwave Field Rl 5.400 7.334 

Display In-house R3 .. 38.402 78.580 

Display In-house 
• 
R3 3.217 4.484 

Display Field Rl 5,512 9.329 

Display Field R2 2.762 4.450 

Display Field R3 2.363 3.723 

Computer In-house Rl 4.507 7.205 

Computer In-house R2 1.781 2.212 

Computer In-house R3 11.880 28.419 

Computer Field Rl 22.952 4.091 

Computer Field R2 5.024 9.331 

Communication In-house R3 1.464 1.727 

Communication Field Rl 1.507 1.852 

System-Radar In-house R3 2.642 3.572 

System-Radar Field Rl 11.609 18.239 

System-Microwave In-house Rl 1.129 1.174 

System-Microwave Field Rl 5.335 7.187 
- 

- 

IN 

:> AMPLE OR PREPARATION Of RADC TECHNICAL REPORT: 

PROOF' 
CORR 
CKD 

v' 

. . -:.— „. 



TABLE 5.8 

Reliability Gail-, Airborne Summary 

( 

Kquipment REL GM1 GM2 

Antenna In-house R2 4.089 6.335 

Radar 'n-house RZ 13.993 23.341 

Display In-house R2 2.153 2.837 

Computer In-house Rl 2.376 3.745 

Computer In-house R2 1.424 1.715 

Laser Transmitter In-house Rl 2.119 3.704 

Laser Transmitter In-house R3 3.403 6.142 

Laser Receiver In-house Rl 2.990 4.924 

Laser Receiver In-house R3 3.183 8,207 

Laser Xmtr/Rcvr In-house Rl 3.941 6.601 

Laser Xmtr/Rcvr In-house R3 7.477 15.057 

Infrared Receiver In-house R2 25.096 48.205 

System-Radar In-house R2 12.059 18.692 

System-Laser In-house Rl 9.423 17.675 

System-Laser In-house R3 7.279 13.973 
■ 

System-Visual Scan In-house R2 2.921 3.969 

System-Infrared In-house Rl 1.283 1.448 

System-Infrared Field R3 1.344 1.934 

8.5 

K 
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TABLE 5.9 

Growth Kates*,  1 - ß, for the Duane Model 

Ü round Airborne Totals 

In-House 0.38 0.35 0.36 

Field 0.29 0.28 0.28 

Totals 0.31 0.33 0.32 

I 

♦Means 

growth rate and this is to be expected because of the closer monitoring and control 
in-housc.   It is also interesting to note that for in-house data the commonly "pitched" 
0. 50 growth rate was not seen here, although 0. 36 is not all that far from it.   The 
discrepancy is explained by the fact that, generally, R.P.M. and other monitoring 
techniques were not applied to the present data. 

In Table 5.10, we can clearly see the effects of the expenditure of reliability 
dollars (as percentage of total contract dollars).   For the R3 category, the largest 
( >1% of contract costs) expenditure class, the growth rate Is 0.45 which closely 
approaches the commonly "heard" 0. 50. 

( 

TABLE 5.10 

Growth Rates*, 1 -ß , for the Duane Model by Reliability Category 

Reliability Category Rl R2 R3 
A 

1-ß 0.30 0.37 0.48 

♦Means 

Although the growth rate is largest for the R3 class this does not necessarily contra- 
dict the point made at the bottom o£ page 48.   That is, the rate of growth depends on 
the agresslveness of the "debugging" program, not necessarily on the absolute amount 
of growth potential available. 
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SECTION 6.0 -GUIDKLINKS FOR APPLICATIONS AND CONCLUSIONS 

The results of the data analyses make it clear that, generally, a number of 
models can be used to lit any particular situation.   In this connection we note that 
while we tried only six different models here, there are many other possibilities and 
it is likt-ly some of them would also graduate the data well.    It is also important that 
we distinguish how well a given model fits from whether it fits at all.   The primary 
case here is the Duane model.   While it was rarely the best fitting model, significance 
tests indicate that it virtually always fits; which is quite a point in its favor. 

Many interesting things were learned by analyzing this data in terms of the 
various factors defining the data classes and by investigating reliability gain.   These 
results form the basis for the guidelines for applications. 

Before proceeding to these guidelines we note the most important conclusion 
(perhaps already known to the reader) learned from the study. 

THE RELIABILITY GROWTH PROCESS IS AN EXTREMELY COMPLEX PHYSICAL 
PROCESS ANÜ MAY REQUIRE QUITE SOPHISTICATED MATHEMATICAL TOOLS. 

When we say "physically complex" we mean the type of failures present, the 
rate at which they present themselves for detection, and the aggressiveness and 
consistency of the testing process.   Mathematically the growth process is a stochas- 
tic process.   Now it turns out that, in spite of the wealth of literature on the subject 
(see ref, (14) ), only relatively simple stochastic processes have been studied and 
analyzed in any detail.   It may well be that quite complex stochastic processes are 
required to model growth processes closely.   This brings up another point.   Other 
than recognizing the Duane model as a nonhomogeneous Poisson process with Weibull 
intensity (a very recent development) the approach to growth models has been, 
historically, through the use of differential equations.   It is our belief that to achieve 
physically and mathematically satisfying results, reliability growth will have to be 
approached from the study of stochastic processes.   This will result in better esti- 
mators for the unknown parameters and a better understanding of the process itself. 
Thus, the user would be able to more intelligently select ". model. 

To prove this point of physical complexity, we recall that the simple exponential 
model,unappealing because it demands an infinite cumulative MTBF, eventually, was 
far and away the best fitting model.   It appears that reliability growth may encompass 
several phases and that even several different mathematical functions (models) might 
be required to describe reliability growth. 

Guidelines for Applications - Data Class Factors 

•        Ground versus Airborne Systems/Equipments 

Generally, the models tried here fit the airborne data (R = 19,37, R.E. = 0.35) 
better than the ground based data (R = 23.30, R.E, =0.86).   For ground based 
data the Lloyd-Lipow, Aroef and simple exponential models are quite good but 
only the IBM and exponential models are unsatisfactory.   For airborne data all 
the models fit very well except the Duane model; however, the exponential 
model is superior to all the other models, 
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In-House versus Field Data 

I 

With respect to R,E., the models describe ln-house data better man field data 
overall.   Apart from the simple exponential being a good fit as usual all the 
models fit ln-house reasonably well (the exponential model Is better than all 
save the simple exponential model).   For field data only three models are 
satisfactory:   the Lloyd-Lipow, Aroef, and simple exponential models. 

Systems/Equipment Categories 

Antennas - all models are suitable except the Duane model. 

Radar and microwave - the Duane and simple exponential models are 
very good. 

Displays, computers, communicators - the Lloyd-Lipow, Aroef and 
simple exponential are models which fit well. 

Infrared -All models except the Duane model are excellent. 

Lasers - the exponential model is vastly superior to the other models. 

Reliability Gain 

The details of calculating reliability gain are given in section 5.5.    Roughly it 
is the ratio of final cumulative MTBF to initial cumulative MTBF.   The results 
given here are based on the Duane model for reasons given In section 5.5. 

Generally speaking the reliability gains, over all data classifications were 
good, I.e., on the order of about 5 to 1 on the average. 

With respect to ground based versus airborne data the potential for reliability 
gain Is larger (I.e., larger reliability gain) for ground based systems/equip- 
ments.   This may well be due to more Intensive card level (pre-equipment and 
system) tests used on many airborne systems. 

In terms of in-house versus field data, the results (see Table 5.6) show that 
the reliability gain for ln-house exceeds the field gain by a factor of 2 to 1. 
This is as expected and could be summarized by saying, as Is well known, the 
growth potential is greater sind the cost of removing/correcting defects Is 
lower during ln-house testing. 

In terms of the reliability expenditure categories Rl (low), R2 (moderate), R3 
(higher), the lowest gain (see Table 5. 5) is achieved at the lowest expenditure 
level Rl.   There Is a  "crossover" in that R2 results in more gain than R3. 
This is probably due to two effects. 

I)     The additional expenditure (in R3) caused a better design and hence 
less potential for gain was available. 

'R PREPARATION OF RADC TECHNICAL REPORTS UUKK 

CKD 
• • 



( 

( 

ii)     There is relatively less R2 and R3 data than Rl and this result may 
have been due to sampling error, or to incorrect classification, 
e.g., misclassifying an R2 into an R3 category. 

Next we give the growth rate for the Duane model which provides a different 
but interesting view of the Rl, R2 and R3 categories. 

Parametric Analysis for the Duane Model 

We mentioned in section 3.1 (equation 3.1) that the Duane model is 

In cumulative MTBF  ■   pin k ♦ (1 -ß) In t. 

Hence 1 - ß is an estimate of the logarithmic growth rate 1 - ß,   There is no 
difference in the growth rate between airborne and ground equipment.   How- 
ever, for in-house the growth rate (0.36) is much higher than the field growth 
rate (0.28).   The interesting result is to compare the Duane model growth 
rates in terms of reliability categories.   They are: 

Rl - 0.30 
R2 -0.37 
R3 - 0.45 

This last rate, 0.45, is very close to the much talked about 0.50 growth rate 
for well monitored, well controlled programs. 

t 

Procedure Tor Using Reliability ürowih Models 

1. Locate In Tables 5.3 and 5.^ the model that has the best fit 
(try to find the model that between both tables has the lowest R & R.E. 
for the particular situation in question) for the particular equipment, 
environment, and type of growth being considered. 

2. Use Table 4.1 to find the parameters that have to be calculated and 
the form of the model. 

3. Locate in eitner Table 4.3 (for ground) or 4.4 (for airborne) the 
pertinent data base for the equipment/system being considered. Estimate 
each parameter by averaging .those found for each equipment/system in the 
data base (i.e.,    /N 

I      Pjl 

1 
1=1 

N 
where P^ is the value of P^ to be used in 

the growth model for the equipment/system being considered and P^i are the 
estimated parameters from the data base). 

4.    Use examples in sections 4.1.1  through 4.1.6 and 6.1 and the explanation 
of each model in sections 3.1 through 3.6 to aid in calculating the desired 
times and MIBFs, 
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<). 1   Examples of Use of Models 

c \ 

< v 

Example 1.   Suppose it is desired to develop an airborne laser system to 8 spec- 
fied MTBF = 6^= 25 hrs. at a low level of reliability effort (i.e. Rl).   Tables 5.3, 5.4 
pages 45, 46 indicates the (single-term power series) exponential model is excellent 
for in-house airborne systems.   Proceeding to Table 4.4, page 169, we find two data 
sets on system no. 21 for laser systems in-house, airborne, HI.    From page 22, 
equation ^3.14) we have 

cumulative MTBF - Y(t) = K(l-K   e"K2t) 

and from the bottom of page 22 the initial MTBF = Kd-K.).    From Table 4.1 
we learn that 

PI K, P2 = Kj, P3 K V 
Since the two data sets are on the same system no. we will average the values 

to obtain our estimates: 

K - 28-02;30-64 = 29.33;  ^ - ^21^8225  „ 0< 89; 

-   = 0,002608^^002798  = ^ ^^ 
■ 2 

Thus, initial MTBF is estimated to be Kfl-K.) = 29.33(0.11) = 3.23. 

The key issue is:  how much developmental test time is required to achieve 
0O= 25   hrs.   Thus setting 

25 Kd-Kj e •K2t 

.-J.  I A 
K 

0.0027 

= 664 hrs 

) and solving for t we get 

UL-JLu-LlI 
( L     29.3    0.89 J 

If this t is too long then more reliability effort   must be expended during the 
development testing.   It should be noted that the parameters for the two data sets were 
so close a weighted average (based on the number of failures in the, two sets) was not 
used. 

Example 2.   In this example we consider development of a radar system (in- 
house rtoaspecilied MTBF = 100 hrs at R3.   Table 5.4, page 46 indicates the Duane 
model is a good fit.   Table 4. 3, page 78, shows two data sets on the same system. 
Rather than complicate this example with weighted averages of the parameters (the 
number of failures on the two data sets are 14 and 53) we will just use data set number 
2.   From equation (3.5), page 19, 

initial MTBF = KFd/^ + 1) = 24.64 F (1/0.745 + 1) 

« 24.64 F(2.34) - 24.64 (1.195) 

= 29.44 
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From equation (3.3), page 18, we obtain (for the Urne required to achieve a 
cumulative MTBF of 100 hrs) 

t1-^ = Y{t)/kß so that 

t 

< 

- [va)/^]1/^ 
^[100/(24.64) 0-745 I   1/0-255 

= 5973 hrs 

This Is extremely long because the growth rate (0.255) Is low.   If the "customer" 
Is satisfied that only the Instantaneous (and not the cumulative) MTBF be 150 hrs then 
equation (3.6), page 19, gives 

1 1-0 _ $ (100) 
_^ so that 

K 

t = (100) (0.745) -,1/0.255 

(24.64) 

= 1888 hrs. 

0.745 

( 

8.5   »-- 
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SECTION 7.0 - RKCOMMF.NDATIONS 

As a result of this study a large data base has been built.   Moreover   the 
funds available on this program could not nearly exhaust the analyses that could be 
run; indeed, a large part of the funds was expended building the data base     Thus we 
are recommending more analysis of the data now available. 

In particular we recommend two or three new models be investigated based 
on a stochastic process approach.   Specifically   the nonhomogeneous Poisson process 
with intensity functions different from the Weibull intensity (which corresponds to the 
Duane model) should be investigated.   This will improve the parameter estimation 
techniques and lead to a better understanding of the growth process. 

Also, we recommend a more intensive analysis of selected data sets     What we 
mean is that each individual data set selected should be subjected to a (sequentiah 
failure by failure fit.   That iSjthe models selected shall be fit subsequent to each 
failure to determine whether the best fit changes from failure to failure. 

Finally, (and this point relates to the stochastic process approach mentioned 
above) the growth rates should be classified and investigated by data class factor. 

( 
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SECTION 8 - OOMPUTEB MODEL DESCRIPTION 

^ 

M.l   General Description 

The reliability growth software routines were programmed in Eortran IV, 
utilizing the Hughes computer installation consisting of an IBM 370-165 with exten- 
sive library modules. 

Data reduction was accomplished through multi-job step procedures, as 
depicted in diagram 1.   Software coding was minimized by using "canned routines," 
i.e., programs existing in Hughes software library.   New software was added only 
to merge the existing general purpose routines into an integrated data processing 
program for the Reliability Growth study.   The "canned routines" included the UCLA 
Biomedical computer programs for non-linear lepet squares and Hughes own pro- 
grams for curve fitting; both linear and exponential. 

8.2 System Eailure Data Sets 

The ground and airborne system data was stored in permanent computer 
storage (data sets).   Originally we had two (raw) data sets on ATS (administrative 
technical service), then the data sets were printed, checked and corrected during 
the restructuring and creation of new data sets.   Restructuring was necessary to 
make the data compatible with the input requirement of the canned routines.   Also, 
additional information was provided in terms of general parameters necessary for 
the Biomedical Computer Programs (BMD). 

8.3 The Biomedical Computer Program 

8.3.1 BMD program.   The Biomedical Computer Program, (BMDOTR) non- 
linear least squares, was utilized on two models the IBM and the exponential (single- 
term power series).   The BMDOTR was available only In load module form; 
consequently, it could not be modified.   Therefore, the output coefficients for the 
models were rekeypunched and stored as separate data sets. 

8.3.2 Non-linear least squares program.   The non-linear regression pro- 
gram obtains a least squared fit of a specific function to data values by means of 
step-wise Gauss-Newton iterations on the parameters.   Within each iteration para- 
meters are selected for modification In the stepwlse manner.   The parameter 
selected at a given step is the one which, differentially at least, makes the greatest 
reJuction in the sum of the squares error. 

The IBM and exponential (single term power series) model subroutines were 
coded in Fortran, with the respective derivatives needed for the coefficient evalua- 
tion.   In all cases the number of iterations was limited to 100, and in a few of the 
cases the process would not converge. 

8.4 The Main Program 

The main program has a subroutine for each of the six growth models which 
is called for each case of the ground and airborne data sets.   The subroutines 
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perform calculations which are passed back to the main program through calling 
argument list. The system information is then written on separate data set files 
for subsequent sorting by equipment tyoe, field or In-house and reliability level. 
The main program also calculates the p and K for the Duane model. 

8.4.1   The Duane subroutine.   The Duane Model routine uses the data to cal- 
culate the maximum likelihood estimates K and ß given in equation (3.4). 

H.4. 2  The IBM subroutine.   The IBM subroutine fits the following expression 

-K2ti Vd,) =   tj + Kj (1 - e     2 ') 

where \, iq and Kg are coefficients to be calculated by the BMD program.   The 
parameter data is read from cards for each case because a link between the BMD 
routine and the main program could not be established. 

H.4.3 The exponential (single-term power series model) subroutine. The 
above discussion applies to the exponential model where the following expression 
was fitted 

-K2ti Y(t1) = + Ka - Kje     Zi). 

I  ) 

In both the IBM and exponential models the range of x in the factor e'x had 
to be restricted to less than 174.67 otherwise machine diagnostic would indicate 
machine underflow. 

8.4.4  The Lloyd-Lipow subroutine.   In the Lloyd-Lipow subroutine the curve 
fit routine is called to obtain the coefficients used to fit the following expression: 

¥(1,) = MTBFj = K - lytj 

Where K and K2 are derived by the curve fit module, and t, is equal to the time of 
the rn failure. 

8.4.5  The Aroef aubroutine.   The procedure is the same as 8.4.4 except the 
expression to be fitted is as follows: 

( 

XfU ■ MTBFj = K e 
-K2ti 
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( 

8.4.6   The simple exponential subroutine.   The procedure is the same as 
8.4.4 except the expression to be evaluated is as follows: 

Y(t.) ■ MTBF. K e 
K2\ 

H.4.7   Model output data.   The calculation from the model subroutine are 
further processed to determine the statistical goodness of fit criteria R and R.E. 
(see Section 3.7).   The subroutine data and the statistical goodness of fit crltlerla 
are stored In permanent disk storage for additional processing In preparation for 
the report generator. 

8.4.8 Report generation.   The results from the main program are sorted 
and merged Into one large file to facilitate processing.   Individual reports for each 
model are prepared with a data set summary report.   This is done for both the 
ground and airtome system data (see Tables 4.3, 4.4, and 5.2). 

8.4.9 Example of method of estimating model coefficients. To Illustrate the 
method of least squares as applied to estimating the model coefficients consider the 
(non-linear) exponential-single term power series model: 

Y(t) = K (1-K, e"K2t).   Here K, K,, and K„ are unknown.   The data consists of 
1 * • ^      /v      AV    -Rot) 

n pairs (Y., t.) where Yj is the cumulative MTBF at time tj.   Defining Y(t)-K(l-K|«    Ä 

we need to find estimates K, Kj, and k2 so that Q= 2   (Y^-Yj)2 is a minimum.   This 

is the least squares approach.   The equations for K, K^ and K2 are not available in 

closed form except in the linear case.   The computer routines solve the three equations 
9Q=0;^   =0; 

aq .  -^   = o   interatively for K, Kj, 
9K OK. ^2 

tions may be found in almost every statistics book, 

K2.   For the linear case the equa- 

8    i 
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IN     N   Ü  0   1   L t  1 M    M o o C L 
i«,ias 0,181 

IN     MODEL • I M a L I     E K a c 
l».71» «,*•• 

§  N     MODEL • l M a L i     i i a o 
12.22I o.sia 

I N a L 1      I i a o LLOYD-     LiaOH 
M.a*§ o.roi 

•  M     MODEL •   IM^tl       EXPO 
11.271 0,780 

•  H     M  u  D   E   L aaoip   M u D E L 
2«.i«a 

IBM     MODEL KM    MODEL 
l«.»2* 0,120 

•  N     M  C  0   E   L 8   I   M  P  L  E       Eiao 
U.7S1 • ••22 

i N a L e     c x a o 8   I   M  P  L   E       E   «  P   0 
••si« ••sss 

L0»0-    LiaON LLOYD-     LiaOM 
IS,277 ••si« 

IM     MODEL IBM      MODEL 
11,SIS 0*111 

I M a L f     e i a o • i  i a L E     E x a Q 
a.ao« o.aor 

•OIF    MODEL Aaoia   MODEL 
is,Ma 0.107 

c 
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TABLE 5.2  (Continued) 

(. 

6   ■   U   U   N   0 • T   S T   t   M 
•   »   0   *   " 
I   N  •  N 0 U  S c 

•   TIN 0 •  8AM *  E 

«0. t I U   «   N   |      MOD 
I2,««4 

c E   1 • u BESTIAL 
O.OIS 

MO, 2 > ■ 0 I r    MOO 1 «   » 0 1 f     •« 0 0 E  L 
ltMi 

HO, S I* R 0 1  F    MOD c 0  U * N f     MODEL 
Itttl 

HO, « 1« «  0  E   »    MOD 
• .IDS 

[ A   » 0 E f    « 0 0 E  L 
o.esr 

NO. » II * 0 C  •    MOO 

7.»«t 
1 A   R c I '     M  Ü  0  E   L 

0.22> 

t 

«ROUND  SYSTEM 
• ADAS 
• I E L 0 

• VINO        HBAR 

NO, I      I*    OUANEMOOEi. 
22,ISO 

NO. 2     II    AHOE'MOOBL 
ltMi 

NO. S      II     OUANEMOOEI 
lt|«tf 

NO,   • |2 S   I   M   M   (.   t        I   «   M   0 
IS,SI« 

NO,   * 11 •   I   M  R  L  B       E   II  P  0 
10,«IS 

NO,   fc |2 AHOEFMUOlt 
io,m 

NO, 7     ||    SIMPLE  EXPO 
IA,2S7 

NO, S      ||     SIMPLE   EXPO 
I0,7SS 

• E 

DUANE  MODEL 
s.oss 

SIMPLE  EXPO 
0.7*3 

DUANC  MOOCL 
0.0«! 

SIMPLE   BIPQ 
C.At* 

SIMPLE  EXPQ 
0.171 

AROFf  MODEL 
0,917 

DUANE  MODEL 
e,oss 

SIMPLE  EXPO 
0,»2» 

C 
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TABUS 5.2 (Continued) 

( 

•I        NO,    | 

CHOUNO   ST8TI" 
-     1     '     «    I      ■    »     V    t 

8   v   s  N  0 

5 C  « » 0  N  t  N  T   ! 
11,197 

*  '. E   x ^   O   N   I   N   T   l •   L 

t 

NO« 1 

NO, i 

NO, S 

NO, « 

NO, S 

NO, * 

NO, 7 

NO, • 

NO, • 

NO, 10 

NO,It 

NO, 11 

NO. 11 

NO, I« 

NO, 19 

NO, 1ft 

Nn,j7 

NU.l« 

NO,l« 

No,?e 

6ROUN0       a   Y   I 
N    t   C    •   0   M   •    V   I 
'   I  I  L  D 

• r • N o uttR 

• i •< • L e     euro 
Mil 

Stl'LC      IIPQ 
• ,•11 

CI^ONENTttt 
ItfMI 

• IM^IC       t  *  P  0 
••Ml 

»  » 0 t  r    MODEL 
II,»1« 

^I^ON|NTI*L 
11.117 

L L o y o •   ii^OH 
MM 

1   I  M     MODEL 
• ,«M 

I  i M    MODEL 
19,070 

• I  M F L E      EIPO 
«,1SI 

i«*o^fM:i»L 
IS,«71 

IMPLI      CKPO 
II,MO 

I N P L C      E  I  » 0 
11,»7« 

1  M • L  E      EXPO 
ii.m 

INPLE       EKPO 
11.991 

iMpi. e i t * o 
«.•IT 

I M i» L E  E « » 0 
l»|M 

INPLE  f K •» n 
17.«U 

tl^ONENTIAL 
«.200 

I b K  MODEL 
7,|Tl 

7 I M 

■ B 

IMPLE  t  *  P 0 
0,ft«0 

IMPLE  EIPO 
0,109 

IPONENT|*L 
0.07« 

IMPLE  EXPO 
• .17} 

XPONINTIAL 
• ,«17 

^ P O N E N T | » L 
• »•SI 

L 0 » O . LIPOH 
• ,0«1 

■ M MODEL 
• ••7« 

iNPkf  EXPO 
0,471 

IMPLE  EXPO 
• ,011 

« P O M | N T I * L 
0.17« 

IMPLE  EKPO 
• ••91 

IMPLI       EXPO 
• ••10 

IN^LC      IkPO 
o,i«i 

IMPLE      EXPO 
0.99« 

IMPLE       EXPO 
0,*»* 

IMPLE       EXPO 
i«iic 

IMPLE       EXPO 
•••M 

XPONENTIAL 
0.119 

IMPLE     EXPO 
l«IM 
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TABLE $.2 (Continue-J) 

earuhe  tVSTEN 
0 I 8 • I » Y 
1 N - H rj u 8 E 

• r  3 * 0                        *   b   »  fc ■  E 
NO,   I I • N   x o o e ^ I    «   N      N   0   0   1   L 

0 ,011 NO,   2 19*'     »ODCL 
2.7r* 

IBM     MODEL 
0,002 

NO,   I 1   X  »  0  N  e  N  T  I A  L E«^ON«NTl*: 
0,0M 

NO,   « IB«     MODEL IBM     M  0  D  £  L 
0,201 NO,   9 IBM     M  0 0 1  L 

Ittllf 
•   IM^LI       E«»»0 

O.tBj 

c ) 

6B0UND  I y • r e M 
O I • ^ L » V 
I N • N u u • e 

•   V   B   N 0 MB«« ■ C 
NO. O  M  |   N   T   I   A   L IIP 0 * f * T ; ft L 

NO. 
U.0SO 

»till B  I  N 
0.000 
IF       t   u   P  0 

NO. 
».««7 

N 0 C  E  L L   L   0 
0.727 
0 •    L  X  ' 0 N 

NO. 
It.MO 

^ t  1       1  «  1»  0 SIM 
0,01ft 
L  f       1   M  <•  0 

NO. 
0.SI7 

* I 1     Euro 8   I   M 
0.1B0 
L   f        I   t   P   Q 

NO. 
10.700 

'LI      1 X P> 0 L   L  0 
0.091 
0 •    I  t  P 0 * 

NO. 0 
S.706 

if    N 0 D 1 t 
II.IBO 

L   L  0 
o.ots 
0 •    L  I ^ 0 H 
».OBI 

201 
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TABLE 5.2 (Continued) 
6HUÜN0   SVtTtM 
C 1 • P ', * V 
r  j E  u n 

«I       NO,   1 M 8   I   *  ^  L   I       I   t  P 0 
tl.0«0 

»I MQ.   | IS I   I   M   »   t   I        t   I   »  0 

■1      »0,  1 |2 I  I  M P i [      i   M  * a 
IS,«29 

Ml       NO,   < t2 •   I   H  F  L  C       tt   «  »  0 
22.*7« 

Ml       NO,   I It «  R  0 I   »     M  0  0 I  I 
IMH 

Kt      NO, * 11 «INPtf      i t P o 
ie,*ei 

»1       NO,   7 tl ANPfPMOOei 
• ,«77 

Nl       NO,  I 12 9  1**11       I  I P 0 
|«tMI 

HI       NO,   « 11 S   I   M  '  L  C       I   X  # 0 
7,fl7 

r i 

DU*Ni     «  0  0  t   t 
0,0«) 

0   U    A    N   I       MUOCL 
0.079 

»iHfkl t    t   P   0 
0,k20 

SIMftE       t   *  P  0 
0,0S* 

t p o t p   NOOCL 
0,2«0 

>   I   «   f   L   I        IXPO 
Mil 

ttoro-   ui^oti 
0.SI1 

LLOYO»    LltOH 
O.OOO 

IINCLE       I   *   P  0 
0,0110 

c 

C 
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TABLE $.2 (Continued) 
6>OI<NO       tV| T   E   M 
0   I   8  P  L   A   V 
'   T   f  I   0 

•   V •  MO                        R  t   *   • •  t 

*l •«0,   1 •         ii-ttr     t n 9 o 8   I   -   P   L   f        1   «   P   0 

•J NO.   1 
7,1*« 

•            «iMRul       EXPO 
C,06a 

• I M P b E      EXPO 

»1 NO,   S 
Faffl 

•           «IN^LI       i  3 P 0 
• ,011 

SIMPLE       EXPO 
«.«»7 0,011 ftl NO.   « •            •   J   "  R  L  I       EXPO SIMPLE       EXPO 

»1 NO.   9                 I •             1   R   M     M   0   0   1   1. 
• •It» 

1   •   M     M  0   D   1   1 
10,SIS 0,0*« •1 NO.  *                 1 >            •INPLP       EXPO SIMPLE        EURO 

Rl NO,   T                 I 
«.it« 

1            «ROIF     MODEL 
o.ot* 

ILOVD»     LIROH 

"1 «0,   I                 « 
«,022 

»            RIMPti       EXPO 
o,ss« 

• i M P L i     : x p o 

N -U.   f                  « 
|t«ffl 

1         «iM^te     K X P 0 
0,S01 

»   !   H  P  L   E        EXPO 

Nl NO.II                 I 
2,707 

1           «ROir    MODEL 
1.1«* 

«   1   N  P  L  E       EXPO 

*l NO,It                 1 
0,1«« 

»            *   M  0  E   P     MODEL 
0,«02 

«ROir     MODEL 

m NO,11                 I 
I.ROT 

1            AROIF     MODEL 
0,007 

*   »  0  E   F     MODEL 

*i Ktll             l 
?, «01 

1           «  ■ 0 1  P    MODIL 
• .00« 

»  »  0  E  P     MODEL 

*t NO,l«                   I 
1,M* 

>            •   I   M  P  L   E       1   M  P 0 
Mil 

»   I   M  P  L  E        EXPO 

«i NO,11                 | 
S,ISI 

1           »  R  0  E   P     M09EL 
0.««7 

AROCf     MODEL 

HI NQ,U                1 
uiii 

•        «iM^te    EXPO 
O.OttS 

• INRLI       EXPO 

•1 NO,IT                1 
0,«07 

•   1   M  P  L  E       EXPO 
J.I«T 

8   I   M   P   L   J        EXPO 

•1 NO,18                 I 
2.1» 

I   •  M     MODEL 
0.007 

IBM     MQOEL 

HI NO,?«                I 
7.»04 

I   •   N     M   0   0   1   I 
0.1«« 

1  i  M     M J 0  E   L 

»1 NO.10                 I 
20.021 

ISN     MODEL 
o,o«s 

•  I   M  P L  C       C  1  R  0 

»1 Na,ti            • 
iT.tl« 

AROtrMOOEL 
MS« 

DUANl     MODEL 

Rl NO,22                | 
IftMt 

IBM    M 0 o 1 L 
0.122 

IXRt1N£MT|8L 
•« NO,2i           « 

«•111 
AROI>     MODEL 

0.011 
LLOYD-     l    I   P  0   ■ 

• .Ml •••II 

c 
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TABLE 5.2 (Continued) 
CHOUNO       SYSTlh 
D   I   8  P   I   *  V 
F   t   I   L   0 

I 
* v a * 0 • • « 1 « e 

«I «o, I IT siw^ue     iK^a OUASt     MQotL 

r • S 10.  « 2 
««.17« 

IBM     «  Ci  0  t  1. 
0.191 

*   1   *  *  I  I       I   *  P  Q 
x «,«•1 «.too ■ 1 NO,   J 2 t   •   H     M  U  D  (  U 

•»«•It 
18«     M  0  0  C   U 

0,0«« 

O«OI/MO     svariM 
C 0 » t' Ü T I « 
I W . H u U • C 

•  r  3  N C                       *  •  •  N 

NO, OUANE    MOOIC 

MO, 
Iftlfl 

OUANE     M  o o  e   ». 

NO. 
•••ffl 

no, 
11.092 

NO. 
• ,790 

2.1«* 

R E 

OUANE  MQpll. 
0,0«7 

DUANE MODEL 
0.027 

tIMVkl   i   t  p  o 
0.««7 

SIMPLE t n P o 
o.«o« 

• IMMLE  I « I» 0 
o.e«7 

HI  NO, 1 

• •nUKO   IVITIH 
C   0  «  P   U   T  I   « 
I   N  •  H  0  U  •  E 

• VINO 

II 

MIAN 

flMULf        EIMQ 
12.912 

R t 

llMPLE       I  *  P Q 
1.000 
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I 
»1 

■J 

M 

«I 

il 

n 
MS 

«1 

TABLE $.2 (Continued) 
cnno^D     IVSTCH 
CO^PUTl« 
I N • H t' U « I 

s r 

NO, J 

MO. I 

WO. 1 

NO, • 

NO. S 

MO* * 

NO, 1 

NO, I 

NO « B » H 

0U*N(  MOOIl 
«0.000 

• INPLI   fX'O 
*,*yo 

5 I H » L I   I W » 0 
1«,2«« 

• I«PLE   tX'O 

• IM9LI   € » » 0 
•tfM 

I • N  H 0 0 C k 
to.kii 

t     »»OIF  MODEL 
l*,Mf 

t     «»UIF  MOOIL 

• E 

OUANl  MUOCL 
e.oe« 

• IMPLC   I   *  P  0 
0,037 

ruANE  MODEL 
• .111 

• IM^LE  I  *  P 0 
1,02« 

SIMPLE   I   t  P 0 
Mtt 

• IM^LI   IXPO 
0.221 

«ROEP  MODEL 
••Ml 

l L 0 , 0 -  LI^OH 
1,2*1 

t 
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e 

S V 8 N 0 

NO, 11 

NO, 11 

NO, 12 

NO, »5 

NO, II 

NO, 1* 

NO, 19 

«0, 11 

NO. 1« 

NO, 11 

NO, II 
NO, IS 

NO, It 

NO, II 

NO, IS 

NO. 11 

NO, 11 

NO, It 

NO. tl 

•   VINO 

TABLE 5.2 (Continued) 
I • 0 U * C       SVITIM 
c n ►■ P u T t » 
'   l   i   L   D 

•  •Al 

ou»Nf    »«noei.        CUA 
Italtl 

OOAHI   NOOKU        o u * 
ISttll 

ANCir    "OOCL ou« 
3«.112 

• I»«»Lt       CK»0 LLO 
10.059 

DUANf      NOOCL DU* 
U.SI* 

LLOYD-     L   I   »   0  «       LLO 
*.es« 

IIM'LI t   t   *   Q |   I   M 
S,«*l 

• IN^LI        tl#0 «IN 
ittiii 

LLOYD-     LI^OM       LLO 
ittifi 

>  •  "     •> • I I | ISN 

L   L   O   Y   0   -     L   I   »   O   »        IIM 
I.Ill 

• IN^lf       I   *   ß  0 |   i   M 

S.IS7 
LLOYD-     L   I   r  0  x       LLO 

ittifi 
LLOtO»    L   1  ^ 0 «      LLO 

«.091 
• IN^LS        1**0 IIM 

*,0S0 
• IN^Lf       I   *   P  0 s   I   ^ 

S.I«« 
• 1    N   »   L    I llfQ «IN 

<0.20S 
«   I    N   »   l.   I EXPO IIM 

11.0*2 
• IN^LE       fivo        0 u « 

II.on 

6«0UN0   IVITIN 
eON^yT|Ä 

r   I   C  L   0 

•   t 

N I     N  0  0   C   L 
0.01« 

N C     *  O  D  C   L 
0.022 

N c   N o o e L 
0.0«5 

♦ 0   •     L   I   ^  0  « 
0,1*9 

N C     N o 0  E   L 
0.211 

»  0   •     I   I   W   0   * 
o.eie 

'LI        I   I   P   0 
o.esi 

'LI        I   I   P   0 
0.79S 

V 0 •    t  I  P 0 H 
0.910 

N 0 D C L 
0.11« 

«LI      I l « 0 
O.ISO 

' L   E       C   I  «  0 
O.IIS 

♦ 0   •     L   I   P  0  « 
l«ftJ 

V 0  •     L   I   P  Q  H 
1,010 

I L I      I  «  P» o 
e.iso 

' t f     t n p o 
o.ii« 

P L  t       E  I P 0 
0,11« 

' L f       I  t  P 0 
0.61« 

N I     N   0  0   E   L 
0.103 

•»•N0 II«« tl    j 

"*     HOt i |7        o u « N i    H ü o i t o u » N i   H o n E L 

« ^2     »   if- O^'E01: E . , 0 s-rt T , 4 t 
■ «      «.n.   i . .   . 1*•*•• _   . 0.O2« IS      NO,   | 

LLOYO-     ll«0-       LLOYD.     LI«Oh 
fc.l»« O.«20 



( 

8   r   8  X  n 

■1       NO.   I 2 

M       NO,   2 2 

TABLE $.2 (Continued) 
5   M   i     U   •■   L SVtTfM 
COHKUNIC4TION8 
■ «•Nttutl 

■ •Al »  f 

l«Pnw|»(Tl»L EXPONENTIAL 
Ti02T 0(8«7 

lltOHtNTlAi (I'ONfhritL 
!•.«*▼ 0,21» 

*\        NO, 

«1       NO, 

M      NO, 

Rl      NO, 

• 1      A 
»1       NO, 

■1   Jb 
«t       NO, 

*l       NO, 

R|       NO, 10 

•1       «0. II 
«1       NO, 12 

cvouNo  a » 8 ? r •» 
COMMUNICATIONS 
r I I i I 

• r NO NSA* 

eiM^tc    eafo 

8  I  M P L  e      EXPO 
•»••ft 

8   1   M  ^   L   f       EX^O 
••III 

«INPLC       I   I  P  0 
ia,r«y 

it,i«« 
*Noir   Mootc 

12,77* 
I   • M    MODEL 

it.«9* 
I • f    M  0  0  I  t 

12,89« 
I  • H    MODEL 

U,17S 
•   lNf>LC       E   K   P  0 

19,787 
I   ■   M     MODEL 

19,171 
ANUEr  MODEL 

12,87* 

» E 

LLOVD* LI^ON 
0,7«« 

LLOVD. LIPÖN 
0,«*2 

• IM»LE  Euro 
1,001 

L L 0 Y 0 . LI»OM 
0,22« 

•iMPte EXPO 
• .««9 

A » n E r M ü o r L 
• •«91 

I « M  MODEL 
9.119 

I 9 M MODEL 
0,9*0 

• iMPLf  C M P 0 
0.201 

• I M P L I  EXPO 
0.2«« 

LLOYD» L I P 0 N 
0.««« 

LLOVD« L I P 0 ■ 
0.«27 

C P 0 U N D   8V8TEM 
• VSTIH.8A0AII 
I N - H 0 U 9 E 

1 f 1 • 0                     o  h  «  B N   t 

«5 NO,   1 1            I   8  M     N  o  p  e   L kXPO'NENTI»L 
HI NO,   2 

10,616 
I            EXPONENTIAL 

e.t«i 
EXPONENTIAL 

«»,0?5 0.1*« 
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TABLE 5.2 (Continued) 
r,   o   p  u   •*   0       SVITEM 
STSTf-.BiO»» 
r t i L n 

S   V   1   N   (1 

NO, 

NO, 

NO, 

••o. 

NO, 

NO, 

HO, 

NO, 

OU*NE     NOOIC 
I*.70* 

D0*ta(     HUDlL 
llttU 

i   M   0   f   f      MODEt. 
*.0«l 

SIN^tl i     t    »   0 
7.110 

SIM»iC       f   «   P  o 
|*tlM 

SIMPLE        I   i   P   0 
• («02 

OUANC     MODEL 
12.«72 

•  IM^LI       r   t   P  0 
7.Ml 

M  E 

0  u   *   N  t     NOOEL 
e.osi 

DUANI     MODEL 
0.110 

LLUV0>     I   I   P  0  * 
O.S«« 

• I   H   p   L   E        t   -(   »»   0 
0.«*2 

OOtNl     NUDEL 
0.0)« 

«iMPLt       lx»0 
0.2U 

OUANt     MODEL 
IctN 

• I  M r  L  I       i  *  P 0 
0.100 

C 

a  ff  0 U  N  D 
SYSTEM 
I   N  •  M  0  U 

I   T  •  T  E  M 
• MICKOMAVE 
• i 

•   VINO NB«* 

PI        NO,   1 f EIPONENTIAL 
tl.*l7 

R E 

iXRUNENTIAL 
• .Ml 

208 

C 
/ — 



/. 

t 

NO, I 

*<>, i 

NO, S 

NO, • 

NO, 5 

NO, ft 

NO, T 

NO, • 

NO, « 

NO.10 

NO,li 

NO,tl 

NO,II 

NO, IS 

NO.If 

NO,»ft 

NO,|T 

NO.I* 

NO, I ft 

NO, 20 

TABLE 5.2 (Contl.iued) 
f. BOUMO   IVIIIH 
• VSTiH»M|CHOa« w C 

S v •   NO *   B   «   K • 1 

P D N 1   N   T   I 
Ift.lftT 

I 0  N   |   N   T 
O.ftftS 

t 

M • J D e L 
ft,S2l 

^ L  1       1 
0,111 

0 

M P I      C   I 
2«,aci 

0 » fc 1    t 
O.fft« 

0 

H < J   V   l   l 
•,«fl 

H  o   o   t 
0,0«? 

k 

p B e N T i 
l«.a«o 

L O  N  f   N   T 
O.ftftft 

L 
H i • 

9,71« 
^ L  C       I 

O.flftl 
0 

M p f      K  I 0 'It     I 
O.JOl 

0 

P u 1  N T  1 
II,«91 

I 0 N  I   N  T 
0.10« 

L 

M p f        f   K 
• •101 

0 »11       I 
• •«1« 

0 

* p 1        I   X 
9,m 

0 » k 1      c 
• •«19 

0 

P 0 1  N  T   I 
Ift.MP« 

L 0 N  E   N   T 
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MISSION 
of 

Rome Air Development Center 

PADC is  the principal  AFSC or^anization charged with 
plannmq and executing   the USAF exploratory and advanced 
dcvcloptrent  programs  for  information sciences,   Intelli- 
gence,   command,   control   and commvnications  tochnoloqu/ 
products and services oriented  to the needs of the USAF. 
Primary RAOC mission areas arc communications,   electro- 
magnetic guidance ard control,   surveillance of ground 
and aerospace objects,   intelligence data  collection and 
handling,   information svstem technology,  and electronic 
reliability,  maintainability and compatibility.     PADC 
has mission responsibility as assigned by AFSC  for de- 
monsti-xtion and acquisition of selected subsystems and 
systems in  the intelligence,  mapping,  charting,  command, 
control  and communications areas. 
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0,l76»e»C0 
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0,20911*00 
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T   A   b   L  t   4 
0   U   *   N   (      1 

.'   (Cont'd) 
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0   I   i  P  L   k 

S   V   8   T   E 
y 

N 

'    I    I   L   C 
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0,249«E403 
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(CONTINUIOI 

3V8NO     NO,r»Iu     MOUtl M H PI P« rlA» »f 
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HI NO.ir             | 1 •1 

"»I NO,18             1 I 16 

M '•0,19              1 I »9 

T   '•   ''   L  ii   4.3   (Cont'dJ 
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0,t066E*0t 0.7fl41E-01 90,406 37,6?9 
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«2080     0,77fl9|*00     0,1019E*0S 0,28471*00 9,10891*00 

8BAN 

39,970 

38,242 

22,081 

83,943 

23,J03 

«6,908 

27,333 

26,792 

95,952 

27,322 

22,e.<>9 

66,603 

n 
1,261 

1,226 

18,198 

18,093 

1,496 

3,400 

0,422 

0,600 

3,900 

S,8T9 

1,499 

12,780 

1 
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I 

»1    NO,  t 

«J   NO, 2 

T A B L E 4.) (Tont'd) 
OUANl  NOOEL 
6 B 0 U N o   SySTLM 
COMMUNICATIONS 
I N • H 0 It 1 e 

9VINO  NO,FAIL  HOURS      PI P2 'I Pu 

i iO )«t9  0,868S(*00  O.tOSOe^OS  0,6in6t»0ft  0,||SOE*00 

i lo   4516 o.e.erst^oo o,i»t«£»oj O,5KSE»OO o,i5?5E*oo 

RBAR 

HtH> 

«9,636 

HI 

3.SCO 

0,9«3 

NO, 1* 

NO, 11 

NO, .2 

NO, n 

0* 

NO, 

NO, 

n 
tl 

NO, a 
NO, u 

OUANE     MOOCL 
6ROUN0       SYSTEM 
SVSTEM.8A0AR 
^   1   E   L   0 

SYSNO     NO.FAIL     HOURS               P\ P2                         PJ 

2%            |f|3     0,S9»St«00 O,U20E»02 o,<itb«t«00 

ITS    67S1  ö,6««*MO0 0.SS«8l*0f 0(*IS3t«00 

170   2680«  0I9898I*00 0,138«E«03 0(C938E«00 

2««    T8«9  0,S5TTI*00 0,«112E*00 J,912lE»Oo 

11«    «382  0,uji6k»00 0,7SttE-01 Ot3806E«00 

|«8    1830«  0,705lt»00 0,lS29t*02 0,627«S*00 

S7    916S  0,58««E*00 O.906ttf*0l 0,a782£*0C 

200     757«  0,6610tt00 n.^SO' «01 0(5986E«00 

PJ 

0,5X80t-OI 

0,32?1E>00 

0,12«?E*00 

0,lis.nt»01 

0,102afc*0r 

0,7<il7E«00 

0,66981*01 

0,6307Em 

OJANE  MODEL 
6K0UND  SYSTEM 
SY«TCM»*AOAft 
I N -« H 0 U 8 E 

MBA» HI 

16.70« 0,09) 

lt.B32 0.180 

10,020 1,0«« 

19,9«6 0,188 

2«,920 «<,039 

12.826 0,612 

12i«72 0,033 

13.617 0,398 

SY8NO     NQ,rAlL     HOURS PI Pi PI pa 

RS        "»O»   > 1 I« iOlk     e,7360E*00     0.9698102     0,6«66E*00     0,MJflE*00 

"l       N0i   2 1 11 9089     0,7a90em     0,2«6«E»02    0,6172E«08     0,11061*00 

R8AR 

26,101 

U.«ll 

RE 

0,101 

0.223 

^>-^_ 
'Tm'm    'W^-mimm* mr 

t     • 
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• 

1 

1 
• V8NC ^Offilt, MouKa 

NO,   1 IT «07 

( "0,   ? 58 )051 

NU,    J u 13,3 

NU,    4 •1 T12« 

NOt   5 If IMI 
NO,   ft III a20f* 

NO,   T III t-tfit 

NO,    « 1*9 4T»96 

NÜ,    9 101 «6T98 

NO,10 1 1*1 
NO,U M IHT 

i "i NO,12 iej 3%400 

NO,11 - • TT 42618 

NO,!« 5*0 32900 

NO,l^ 203 l««20 

NO,l* 302 JJÜ80 

* NO, IT 181 41794 

NO,IB I»« 91440 

N0tl9 If* «•840 

NO.IC l»4 18240 

I   A   U    L   I.   .1 . 3    (Cont'd) 
0U4NE MOOCL 
G » u g M o     svtre* 
i"^ « T r w •nrmrö n 4 Ti 
1   I   I   L   0 

•I ^»                       P3 

0,l0TTl»0l 0,2930t*02     0,T58TF«10 

0,T311t*00 0,12941*02     ü.S94St»0fs 

0,16«8E*01 0,1T83I»03     0,12T9E»01 

0,««T«E«00 0,feÜ44E*Pl       0,U4H«)F.*00 

o.ionsttoi o,»i39t»o2 o.mietoo 

0,9ST2E»00 O.HOiUQi 0,8«69E*00 

0.6B59E*00 0,1004t»r2 0,k3i5f^o 

0,80S4l«0J 0.a0*0E«02 O.T442E»00 

0,ST81C*00 0,4§!»2l*0l 0,b2176*00 

0,10T8E»01 0I3999E*02 0,5T«»f»OO 

0,81l*t*00 0(43*8E*0i 0,6254fc*ü0 

0,901TE«00 tfftlllMI 0,*149E«00 

0,»901E»00 0,«6Dll»01 0,*489^*0e 

0,TOk4E»00 0,7893E»01 0.(.572t*00 

0,T9T6C«eO 0,2.-42E»0i- 0,*8t)TE*00 

0,T99fc|*00 0(l*89fct02 0,T3l6t*00 

0t»T29E*0C 0t1995l»01 O,8T99E»0o 

0,70HE*00 0.324Tt*02 0,8lf|E*CO 

0,72«,t,»»0ü 0.8010t*0l 0,68586*00 

0t*412t*00 0,919II*0l 0,9"80E«00 

ßü »HAH 

0t2399E»0'>, 30,721 

0,2?eTE»00 13¥699 

0,1283fc«00 l*2t292 

0I3582M00 l«,44T 

0tJT.»5E»00 t«.522 

0,«»16C»00 6,440 

0,13216*01 16,TT2 

0.26T2t*01 20,646 

0,2«599t*Ol 23,697 

0.81916-0! 43,600 

0.1750^*00 16,466 

0,164SE*01 I9.?90 

0,2T92e901 16,832 

0,1212E.01 JT,«!! 

0.69036*00 17,024 

0,10646*01 >S,691 

0,30296*01 30,463 

0.62316*00 10.989 

0,1991E*01 14,968 

0,16686*01 23,048 0,829 

} 
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«I       MOt   I 5 1« 

G^OU^O        8V8TtH 
SVITEM.MICROMAVE 

I  N • N 0 U • I 

MÜU«S PI »» PI PU 

IU2     0,91101*00     0(|jm«02     0.71T4|(«OO     O.lSldC^OO 0,602 

o 
3 

■ 

■ 

J 
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^N 
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.^ r-    -•«; .  

NO, 12 7 

NO, 11 

NO, 

NÜ, I 
NO, 

SO, 

NOv 

NÜ, • 

NO. u 

NOi a 

NO, a 

NO, 1 

ua, 4 

NO. 4 

NO, 1 

NO, 

20 

It 

a NO, 

NO, 21 a 

114 l><
i-o46^,rt,ti 

6IQ0UN0        SYITIM 
ANTENNA 
P   I   I   t   I 

• VINC  Nf-.'All  HOURS     PI                         Pi PI 

leSOtt  0,1)«2E«02 O,J061t*01 OtTttbkE-OI 

2«804  0,182«l«02 0,11ME*0I (),7710E-O) 

1032     n.iasst-lO 0,86Ü«t«01 0l2)«0t-02 

712a     0l20k7E«0S 0,aS26E401 0,22<I5E>02 

26*S     0,l«f4E<02 0.il2SE*0S 0.17*7E«0« 

«07     0,l90*e»01 0,1926t«04 0,U«>$t-O? 

42000     0,546Jf.-0J 0t*ft4*t*00 0,«lbOt-0? 

46600     0,149SE-10 0l|«ifeE«02 0»S')S2E-0a 

ar«00     0,3796E*0S C,5lh7f*01 0,|92S|«01 

46660     n,<m7E-üJ 0(2S2SE*03 0,2S2eE-09 

46840     0,e4i8t«0! 0(SIC2E«02 0,668Jk-0a 

51440     0,2168E>03 0,lS26E-oa O.IOOOE-O? 

31796     0,5a37E-03 0.90SSK60I O.«O6SI«0t 

18240     0,ia5*E-lO 0,3548t*02 0,13681-01 

13680     0I1022E«02 0,lS26£«0a 0,12l3E-P2 

32800     0.1463t-02 0,84tSE»0l 0,Ti42E-03 

02000     0,I699E«10 0.10<»0t»0i 0,404Bt-04 

3«(tü0     0,6631E«OS n.uJSE-ll 0,9121E-03 

»6 

90i730 

«0,84t 

Ui»76 

11,742 

11,016 

18,040 

14,181 

15,715 

12.228 

12.115 

11.278 

<!4.l90 

t*.m 
16.791 

14.076 

11.915 

I».760 

19.769 

1,989 

9,285 

0.019 

Uf010 

1.951 

1(21« 

0.241 

0,859 

0.748 

1,040 

1,061 

1.500 

0.120 

1.087 

i.38« 

0.111 

0.914 

1,210 
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■i       NOj   I 

HS        HO,   i 

K|       NO,   S 

T   A   3   I.   E   4 . 1   Cfont "d) 
lit«     -   T   iV   I   ' 
6H0UN0     srife« 
A   N   T   I   N   N   A 
I   N   •   H   0   U   I   f 

• vs^o    No,r»u    HüU"»I PI Pi p> 

1 a 101«     0,2«U»02     0,'76«t*02     0,J725t-06 

1 4 *0*9     0,11}«l«02     O.lOuattOl     t.lbHt^On 

IS • 18^2     0,12»0fe*e2     0,«)17t-0*     0,2ie2e-02 

pa BH»H 

2««.7ie 

2.0*1 

2St.«ll 

«.101 

C,0J5 

I0iatl75 

IBM     MQDEl 
• ROUND   IVITIM 
i A i 11 
F   I  E   L  0 

8V8NO     NO,FAIL     M0U»8 P\ ft Fl 

sj" 1 NO, ' U 

NO, «f 

NO, TO 

NO, 1? « 

NO, 77 

HO, Fl 

NO, 12« 

251J O.lSail-Ol 0,9«iJ7t-06 0,797CE-0t 

2480« 0,IUO"E-01 0,7»ai»»02 0,*8IOt-01 

|?fl 0,|07«C«0t •tlll9t*il 0.«*28E-01 

7IU 0,%62ll«t0 O.J7<JIt*02 0.16801-01 

18104 0,k8iaf-02 0,5198£«01 0.1002t-01 

«182 O.UO«l>OI O.I6«8C«OI 0.a*S9C«01 

757U 0,«ai(ie-02 0lt02*C-0« 0,1676t-0| 

Fa «BAR 

862«.1*0 

80.980 

170.8«6 

61.(.'10 

11,»RR 

521.T87 

JRT.OR* 

N 

«19(.,0}1 

10,«IT 

lilt« 

4,700 

6.164 

42.122 

«0.612 

■. 

I 
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f '. 

I S 
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«1 MO,   1 

«1 NU,   1 

• 5 NO,   ( 

«3 NU,   S 

^ T   \   I-   L   L   4.3    (Cont'd) 
9 liHHCOEL 

CftOUNQ        IVITIM 
R   A   0   *   M 
I N • N 0 U • | 

SV$NO     J«U,>*1L     HOufcS »I P* Pl 

1 2« MM     0,l«7*e-0S     O.HiHif*0i     0,Sft<t«E-0i 

1« 10 Hü     0,l}T3a*OI     O.S177I«01     0,20«Qk-Ot 

t« ll        9S7o   o,a7S9e>öi   iifttttMl    o,i27ee-oi 

t» 11 «hSO     C,«9««E*0I     O.amil^OO     rt|72*l«0l 

PH »ntH MC 

2<,«S« o.m 
72.595' *,9«2 

«.8,66* 3.«12 

H.IT* 7,02« 

f 

« 

t 

( 

5 

I 
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• 

• 

I        NO,   2 

I           NO,     1 

1       NO,   a 

1        NO,   9 

1        NU,   k 

1        NO,   7 

1          NO,    ^ 

1            NÜ,     • 

1        NO,>0 

1        NO,11 

»YlNO NU,MIL 

299 

1*0 

111 

MOUM 

46S60 

«7«9« 

46796 

T  A  1   L  E   4 
i e H   M o 
6   R  0  U  N  0 
M   I   C  R  0 M 
»   I   t   l   P 

0,67?9l-02 

0,47641-02 

0,58691-0? 

O^IIOE-Ol 

0,i99)l«l« 

0,1«79K-01 

0,219IE-0? 

0,710«l-16 

0,26071-01 

0,99601*07 

..^   (Cont'd) 
a i L 

•   v  S  T   E 
*   V   1 

PI 

0,M19E«02 

0,S276U02 

0,69?6r*02 

0,9|61Et01 

M 

{ 

( 
0.2ailE-09 

M RI6R 

94.217 

HI 

* 0.1810E-06 

0,?692E-09 

o.mor -08 

•1,696 

^6.191 

20.161 

0.911 

0,1»J 

0,291 

11902 

6E-0« 

0E*02 

0,I194I*OI 

0,1160C-0| 

el1062E-02 

16.717 

29.441 

9.404 

0,61] 

Ifjfll 

0,141 

21*02 

6E-0« 

H*02 

0.4161E-01 

0,2772E-02 

0.677eE-0S 

10.070 

16.761 

16,699 

1        NO,U 

1         NU,1« 

1        NO,19 

o.iom-oi 

0,9«66t-02 

0.««99t-02 

0,70« 

0,791 

0,91« 

Jt*ü2 

I7E»02 

«t»02 

0.2169E-09 

0.296')E-09 

0,2126E-09 

26.790 

t lü" 62.119 

10.296 

1         NCI, 16 

1        NO,17 

1        NO.IB 

I        NO,l« 

1        NO,20 

0.91221-02 

o,' U21-Ü1 

0.1121E-02 

0,661 

0.19? 

O.IH 

ll«02 

'i"-06 

.1E»02 

0,}l46C-0« 

0,21261-09 

0,9666e-01 

• .997 

«2.266 

1^.794 

0,16991-10 

0.21901-02 

0.20C 

0,19« i6E»0> 

e.lS66E*06 

0,96191-06 

12.766 

7,171 0.44(1 
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■ 
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»I NU,    I 

T  A   B   L  L   4.3   (Cont'd) 
I   e   H     MODEL 
OROUNC       IVITEM 
Nic«ctiAwe 
|N«NOtll| 

SVSNO     NQ.PilL      MOUMS PI Pi PI 

$ Si U2^     O.ZSmOl      0,a9TCe-0tt     0f2]2«(-0« 

Pa OB»w 

IB«     MODEL 
GROUND        SVITIM 
0  T   •  ^  L   *   V 
FIELD 

IY8NO     NO,FAIL      HOUR» «M *i PJ 

t        NU,    I n 
I       NO,   2 It 
1         NO,    } 12 

J       NO,   5 12 

1          NO.    6 11 

I       NO,   T U 

1        MO,   0 11 

1« 

IT 

10 

• 

M 

IIT 

ITT 

114V0 0,«907E-02 0,2*SSE*e2 0,lS«IE*0f 

«SSI 0,1I2II-01 0,te3«l«eS 9,9*01E-CS 

1010« 0,S6««e-0l 0»1I9)E*01 0,9Se5E«0S 

71« 0,25281-09 0,|«SlE«0S 0,»i)9E-0« 

'**) 0,S0I*E*02 0tl926l«0« 0,12111-0» 

1010« Otl«9H«|0 0,«IS«E«0l 0.}9«SE-0S 

704« 0,i<>i*tm0i 9,|«7IE*02 e*7009E«0| 

■ «j -■—y^ -—•• 
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; 
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c 
i 

• 

1 

NO,   I 

NO,   2 

NO.    J 

NO,    <1 

NO,   5 

( 
NO, * 

NO,   8 

I NO,   » 

1» 
NO,J« 

NO,I« 

i NO,20 

i 
NO,22 

sr •NO     NO,f»lL HOURS 

«•29 

• la* 

T5T0 

nms 

• SIT« 

22017 

MT9 

ll^lfc 

«•SI« 

«917« 

IIIM 

•                 I* «5«77 

T  A   i»   I.  I.   /\ .s   (Cont'd) 
I  a N    - ü ü k  L 
CMOUND       SYSTEM 
0   1   8  P   L   »   V 
r i i L • 

»I M PI 

0,59Mt*0}     0lU««tt02 0*a«7«e-01 

0,89|SE*0S     0,|8<m*01 0,ll8tE«02 

0,U«5E-02    0.112*l»0« o,ii«te-c? 

0,|090E*02     0,jklSE«01 0,?792t-01 

o,i«2ii-o»   o.io8ki*o2 o,iom>0} 

O.KcsSfc-lO  0,a|05t*0t 0.20198-0^ 

0I1S}1I<02  0,10018*01 0IT899E*02 

0,k018E-01  0,10StE*Ot 0,16e8E-02 

0,1«0»E-0J  0,|«06E»01 0,tt*96t-02 

0,9080E-0«  0,7S09E*01 0.109AE-01 

0,S«»Q2E-01  0,l9t*l«0« 0,««(tlE-15 

0.2919E-01  0,95tt«E«01 0,l«»7k-0? 

*H KIAP PE 

12.600 0,S0* 

2T.77I o,;o2 

117,097 l»,«ll 

lk.l«t 7,1*7 

10.5JJ 0,099 

7,SI9 0,01S 

2«,2*7 2,019 

toi,eis 182,SSI 

7.so« 0,189 

20,021 0.09S 

IftiM 1,918 

ttlM 0,012 

ISM  MODEL 
8P0UN0  SYSTEM 
DISPLAY 
FIELD 

^1 P2 PI 

PI NO, I 

•1 NO, 2 

•1 NO,    1 

SrV.i -ü.MIL MOUPS 

17                   t 178« 0,2S97E«02 0,|S29&-0« 0,«191E«16 

2                  II 911* 0,«121E«01 0.9«21E*01 0,9189E-01 

2                   8 «S79 0,11*01>C| 0,1«08E«01 0.2887E-02 

V 

ftt RBAP 

1«2,^78 

9.991 

2*,9U 

PI 

1,981 

0,121 

0,099 

/     I 



c. 

I 

I 

I 

I 

( 

( 

( 

( 

1 

{ 

• 

»I 

•I 

*i 

» 

■I 

•1 

NO. I 

NO, ? 

Wi 1 

NO, It 

NO, S 

T   A   B   L   T;   4.5   (Cont'd) 
I   •   M     M   o   o   |   L 

SRÜUNO   STSYiM 
0 I • ^ i. * v 

1 N > M 0 U • I 

8V8Nr)     NO,^»lL     NOUM ^| Pi H 

« »OS 2700     0,290tl>02     o,*8tn*n?     o.2b9it-02 

e too }2oo   o,«9)2C-o2   o.muttoi   o,moe-o? 

•      JO     1700  o.obOOt-O»  0,S%9«f*02  0,atO«E-02 

S       SI     1T00  0,2«0't-0i  0lSd7«l*02  0,«27ke-0l 

S       I*     2*500  0,S202t-02  0,TuS5e»0l  0.22«r:-0? 

I B H  M 0 o f t 
OROUNO  SVITCN 
I I • P L i V 
I    N   •   H   U   U   S   E 

SVINO     Nü,^*H.     MOORS <»l HI RJ 

NO, 1 

NO. 2 

NÜ, ) 

NO, « 

NO, 9 

NO. t 

NO, 7 

17 

12 

II 

••• 

211 

* 

21 

1|«1 0,10*01-01 0,1524fc»0a 0,1M1E-0| 

22"« 0,2«l*l*0| 0.|ai7l«0l 0,10711-0? 

1122 0.201U-02 0.1««1E*02 0,«9l0E-0a 

S«IS 0,212IE-0« 0.«SI7I«<)S 0.«I7SI*01 

«55b 0.9458E-0I 0.1101M0I O.lliai-lft 

«*99 0.}«t2E-02 0,10921-0« 0,t907i-02 

ftl«« 0.2J2II-0«» 0.1«ült*02 0.t927E*03 

M RS«>* 

5,179 

2,T7* 

10.021 

2«,9«9 

1^,017 

RE 

0,011 

0,00» 

0,181 

0,201 

0.266 

M RgAR 

1*7,194 

II,«»7 

21,686 

9,876 

IftttS 

I«.761 

16,551 

RE 

2.116 

0.788 

1.22« 

0,111 

1.101 

1,9«8 

I,»11 

» r .■«^■■ii »^»^ i ■ 
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•
T A B L E 4.3 (Cont’d)
I 1 N N 0 0 1 1 ''

MMOUNO avaTEN 
eoNauTEM 
T 1 1 C 0

- - - -

f

C

<

• «BNO NO,M*It HUUNS Ml as pa aaaa Ml

•I NO, I 11 la iia«o o,afaoi>ot o.saaae«oi a,ftiiE-os tr.iai a.saa
. tj NO. i 11 51 srei a,iofTi>ai a.taascaai a,as7fi-ot «7.f»a e,«oa

<1

(

NO. 1 11 IB «i»f a.iiaii-ai a.^taacaai o,ii7tE-ot as.ota I.Ttf
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0,1000E*00 
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«1 NO,JO ubsno 0,220«E«0« '%l000k*00 0,|OOOE*00 i.oei 
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s"1 NO.i) ««•«0 0,M02E»01 (I.1000E*00 0,10001*00 1.01« 

»J NO,14 

NÜ,J9 

S1««0 0,*«*1E»0« 0,1000C*Oü o.ioooe*oo 1,091 
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Rl NO.19 160 51440 

«! NO.20 ««e 46614 

T   A   B   L   L   4.3   (Cont'd) 
*  fl 0 I  F     * 0 D r L 
GROgNO       8VSTIM 
- i c « o « * v e 
F i e i o 

M        t2 

0.1197lt01 0,»^76t*0i 

0.1097l«01 0.4717C*02 

0,14061*01 0,11961*01 

0,1166E*01 •,1545e*02 

0,40lSe*02 0,10661*02 

0,62991*02 0.19616*02 

0,15491*01 •,76161*01 

0.60491*02 0,65161*02 

0,52061*02 0,16941*02 

0,16961*02 0,1)111*02 

0,e627e*02 0.«6141*02 

0,2020t*01 -,59651*02 

0,6ie6Et02 -.9547E*02 

0,7)661*02 0,5150e*02 

0,48)01*02 0.27561*02 

0.95471*02 -.922«E*01 

0.66401*02 0.1770e*02 

0,26261*0) 0,21951*01 

0.19)2lit0) 0,1)6«E*C) 

0.66151*02 -,)967E*d2 

Rl P4 R6AR 

9,66« 

26l)59 

•6,766 

19,955 

16,01« 

l«,0«t 

II.»9« 

16.«§« 

^1,61) 

12,555 

10,50« 

12,90« 

16,652 

12,991 

22,465 

14,266 

16,769 

10,015 

22,075 

20,217 

RE 

0,9«.! 

i.on 

0,9u| 

0,96^ 

o.u< 

0,91] 

0,95J 

0,47] 

0,541 

0.99 

0.9* 

0,96J 

i.ooj 

l,0i; 

0,91j 

0,9« 

0,79< 

i,oo| 

t 

■    ii 

! 

j 

/ 

- 

p^^pmwi ^--^J 

■^r ^    - - 



Hl Nu,    1 5 3S 1122 

BROUNO       IVITIM 
M   I   C   R  0   W   A   y  C 
I   N   •  M   0  U   S  E 

'   - •'Pf     ■•- "ff - - 

0,I«11E«02     0,228<>E*0 

PT Pö 

2U26S 

•n 
0,57 

i 

I 

( 

«1 

•l 

II 
Ji 

f»l 

NO, 1 

NO,   2 

NO,   } 

NO, a 

NO,  9 

NO, t 

NO, T 

NO. 8 

NO,   « 

«ROer      MODSL 
GROUND       iriTEN 
0   I   •   R   t   A V 
F   l   I   L   D 

SV8NO     NO,MIL    HOURS Rl R| RS 

11 Sa liaRO     0.15««E*0J 0,tl7lE*0S 

11 17 «112     0,1«*IB«0J 0,90911*02 

12 10 IB10U 0,J5»SC*01 O,«k8«E»02 

12 7 9US 0t20)2e*0S 0,M2*E*02 

12 ü 7t« O.IOOIMOJ 0,2«mt02 

11                ««           9kb3     0.1582E'0J 0,|7«2Et02 

11 117 10C0«     0,«0211*02 *t,l7in*0S 

12 11 2«80« 0,*0I0I*01 -,*MU*01 

II               177            78««'    0.16681*02 0,n70l*02 

R« RIAR RE 

»7,811 0,81 

81,98« >     0,57 

20,58] 1      0,99 

b9,09( »      1,15 

1«.88< >               0,2«> 

19.61( l               0,9(1 

«,87• r   o,«! 

16,11 i   o^o 

40,79 r      0,98 

( 

i 

l 

1 

)- 

y^TT^-n T-— "*" "•   '— -w- 

4L 

■ - »•• * -**—   riti ^i 

X V 

Q 

f 

i 

7 ^ 

■ 



IVI INO    NO,MIL HUUM 

■1         NO,    I                 J »                15 9a2S 

Ml       NO,   2              I »                  T • Itk 

*l         NU,    i                 i »                 U TSTO 

«I          SH,    41                    * |                 11 9«IS 

*l       NO,   9              I 1                 1« «IST» 

112       NO,   *              ( 1                   * HOST 

III        NO,    7                ' \                     9 «5059 

■1        NO,   A               1 1                  IT • 979 

»1        NO,   9               J »                  1« lift« 

R|        NO,10               ( •                  11 ITI19 

■2        NO,11               1 |                    1 HIT 

»1        NO,11               « >                     4 ll«T 

»1        NO, U               » «                     1 till 

»1        NU.l«               1 »                     1 19»0 

*l        NO,IS               ( »                     J * 

R|        NO,1*               | 1                  a Mfl 

■1     kü,\y          t 1                11 «09k 

*l        NO,H               f 1                1« ««SI« 

»1          NO,I«                    I i              n aim 

T  A  I   L  B  4.3   (Cont'd) 
*  «.   : t   f    MODCl 
CKOUND       SrSTCM 
n • P I~T i 
' I e L o 

0,«S|9|*0}     0,ie«0k»oi 

o,*mi«os   o.joiTt+oi 

0,I1«9(!*0S 0,||TSE«0l 

0(t«15E*0I 0,llf9Em 

O,95ISC*0l 0,5tS0E«0l 

0,S6S1E«0« o.|605t*oa 

0(|5l«e«0« 0,599BC*ei 

0,609lt»03 -.5«lll«0S 

O.S81kt*OJ 0,61101*01 

0(14TI'.*0« 0,l|91t*0l 

o,35oie*os -,ik*ot*o« 

0,*0T9I«01 0,10501*01 

0(aTSII*01 0.3I11(*01 

0l*SISE*0I o.neittoi 

0,1155C*C5 -.17111*01 

0,870*1*01 -,«tT*E*0l 

0,19901*01 >,1I10E*02 

0,10591*0« 0,5110E*01 

O,IIT*C*O« :,IIO«I*O« 

n P« SB*» 

I«.919 

|SS« 31 

19 

10 

31 

31 

9 

1« 

* 

0 

1 

0 

1 

IS 

1 

1 

3 

15 

Ili709 

• II 

25} 

781 

967 

021 

f«3 

570 

599 

• 07 

902 

««6 

208 

1U 

*55 

«28 

038 

RE 

0,819 

0,83^ 

0,833 

0,751 

0,88« 

8,78« 

0,3«S 

0,803 

0,857 

1.053 

0,007 

0,008 

0.011 

0,702 

0,005 

0,812 

0,193 

0,288 

0,881 

-■ v 

J 

f   • 

.  7 1 



h 

I« 

T A B   L   i; 4..'?   (Cont'd; 

0 1 8   I»   L A   f 
f X f   I   0 
( C Ü   N   T I   N  U  t   0   ) 

8»|NO     NO.^AIL     MOUHI Pt *i MJ P« RBA« • ! 

*i NO.IO * * 

»« NO.Sl 0 k 

«1 NO.2? e U 

uz NO.tl 6 10 

11J<8 0,|7S0I*0« ••)8S«E*0} 

«9221 0,nS2(*09 ItllMlMI 

<il«77 o,uru*o« 0,*»*«l«01 

<iS2*l 0,Jb7»f»0tt 0.t2)OC«0« 

ll.taa »,187 

ijiifi o.in 

7T,5M 0,**« 

• •*S| 0,1«? 

31!     NU, i 

•S NO,    « 

•> NO,    1 

AHOI^     MOOCL 
6KOUND       SYSTEM 
rTTTTTl 
' i t k o 

SVSNO NO.rAlL HOURS              »'                        »2 

17               S 578« 0,Mfll*0) o,ni*t*os 

2                 II 65S6 0.118ie*05 0,l900t*0S 

2                    8 «178 0t2778l»0J 0.78I1M0I 

»J R8 MAR 

89,12« 

28.778 

18,827 

RE 

0,842 

8,017 

0,511 



r 
.. 

T A B L h 4,^ (Cont'd 
* « 0 t '  NOOCL 
CMQUNO   lYSTIM 
0 I S # i. A V 
INaNOUII 

8vs».u   "-u.^iii    Houm «»i 'i 

NO, 

NO, 

NO. 

NO, }•« 

NO, 111 

NO, 

NO. II 

21«! 0,»7m*0l 0,)5in*02 

22«S 0,k0tOI*02 0,tl4St«02 

SS2X o.jissto) ■ifililtfj 

U\% O.^JTOIOl 0l|22lC«Ot 

«93(» 0,iO«6M02 -,?«nt*02 

• *9f 0,«S7«C«0I •ftilflCMi 

MM 0,2U7I*I) •,t279E»02 

»J PU RBAK HI 

l*,5«t 

2«,9«« 

29,009 

6,750 

2>.<i|* 

1.227 

IJ,JM 

1*2 

»2 

"2 

• 2 

«•2 

NO, 1 

NO, 2 

NO, S 

NO, « 

NO, 9 

AHOI*     M00IL 
(.   K   0   0   N D        SYSTEM 
0 I   I  P  L A   V 
1 N • N 0 tf • | 

SVSNO  NO,FAIL HOUKS      PJ          P| 

•     109 2700 0,«2991*01 0,<M«l«0t 

100 S200 0,110*1*02 0,M*)E*01 

90 1700 0.12101*01 0,2709C*02 

11 1700 0,21991*02 0,a7«2C*02 

l*   2900 o,iiiii*os e,«sm*o2 

PJ pa 

8 

H 

e 

RIAR       n 

II,«II 0,978 

90.«7* 0,910 

99,»22 0,902 

70,19« 1,011 

l«|9«| 0,687 

■ 

T' ' -I-»--«- 
\ 

t    • 
I 



NU, 1 

NO, I 

NO, S 

NO, 4 

NO, 5 

NO, * 

NO, T 

NO, 8 

MO« * 

NO,10 

NO,11 

NU,1« 

NO, IS 

NO.l« 

NO,15 

NO,l* 

NO,17 

NO,18 

NO,19 

8VSM)     NO,F 

1 5 

J 

J 

I 

S 

U      HOUR 

11 

CROUNQ 8VIT(H 
C   0  N  ^   ü   T I   » 
■   I   C   I   0 

r.il67!*0J O.lSOSCtO} 

e,6iisi«02 o,«20}e*o2 

o,a«.Te£*oj o.isvoe^os 

0,I90aC«0S •,1I18I*0S 

o,ism*os o,isosc«os 

O.aSNil^n 0,19V2(*0} 

0,91771*05 0,S9<I8EOS 

0,?<»lit*0< •,11921*0« 

0,1IS8C«0« >,112«E*0« 

0,12191*0« 0,891«im 

0,68191*01 >,280SC*02 

o.uiat*o« o,«S9«c*o) 

0,720kt*0J -,2T»7l*0J 

0,79211*01 «,«989^*02 

0,99091*81 0l|912r*ei 

0,2199e*ei 0,71101*02 

0,8090t*01 0,29111*01 

0,1976f*01 -,|98ie*02 

1     0,228«|*01 0,10791*01 

M P« • **» 

29,11« 

100,«92 

19,112 

10,669 

29,419 

6,699 

IT,299 

1«,1«1 

12,««9 

17,119 

t.8«« 

11,009 

10,919 

(1,099 

19.61} 

12,618 

21.018 

19,109 

12,999 

n 
o.« 

0,9 

0,1 

0,9 

0.9 

0,1 

0|S 

1*0 

0,» 

0,1 

1,1 

0,6 

0,7 

1.0 

«,7 

0.1 

1.0 

i.O 

0.7 

I^" »»»mmt 

■* 

ca 

■ i 

/ 



T   A   B   L  h   4.S   (Cont'd) 

6II0UN0        IVITCM 

NUURS 

|«M NO 

NU 

NÜ 

NO 

NO 

NO 

NU 

.   1 

.   1 

.   1 

.   1 

. s 

• VINO     NO,MIL 

|7                   10 

i            || 

2                   9 

CÜHRUTt« 
F 1 • ^ 1 

PI                     Rl                    Rl 

0l2aS2e«0S     O.lk77E«0i 

RO 

«1 

MM Rl 

0,952 

II ofiToot»«i    laf||MMI «0.R0« 

Itflf 

O.RII 

•J 0,»077l»01    •,J7*ie»oi o.ajö 

SYINO   Nü,r*ii. 

AROCF      MODEL 
6ROUN0       IVITEN 

HOURS 

• «*7 

CONRUTER 
I N • M 0 11 • 1 

Rl                       »1                      Rl 

o,t««se*o2   iilHIIMl 

R« 

M 

MM 

HlORS 

77,1«| 

Rl 

0,7«0 

•:"» ia              it 

1«              •) 

»•              •» 

I«                • 

2041 

HIM 

»6k 

n,9850e*0J     0,«S*9C*01 0,9«* 
3 

O.SSMim     -,H65t*0i U.Sa2 0.R12 

• 1 0,2<»««t*01    •liao«c*os 19.1«! 0,RU 

»I NO ,   9 «7*2 0a2ISll«OS     0,*23«E«02 IIMI •.Ml 

• 
«HOCF     HOOCL 
GROUND        SYlTfM 

NO .   t 

1YINO     NQ.HklL 

IS              u 

HOUM 

1S«0 

C  0  N  R  U  T   1  R 
I   H  •  M 0  U  1 S 

Rl                      R«                     RS RR MM Rl 

N 0,M77IO2     0,«f«fcE»01 IJ,27J 1,0*0 

• 1 

1 •  -, 

y 



ST 

NO, 

NO. 

NO, 

NO, 

NU, 

NO, 

NO, 

NO, 

i(MH Vo(md) 

SMOUND     srariM 
COM^uTf«» 
I N • N n u s e 

NO     NO,'AIL     NÜUM PI Pi 

10 172*     0,lS«n«02     0,4^«7I«0I 

2« 

2« 

s 

7« 

|f 

9 

u 

22*1 0I22«2E*02 0,tieSE«02 

2S70 0,9ilftl*02 0,ka«aE«02 

»io» o,«itic«ei •tiuu*ti 
Mil 0.2«m«02 0,10111*02 

•91* 0.2«*7I»C2 0,|)llt*0| 

•913 0,ll9«e«0S •l79S9i*0« 

»IS« 0,19iSS«0<t 0,S92«e«OS 

n Pa Rlt«R 

219,«06 

2«,010 

91,190 

12,««I 

19,««1 

23,CM 

1«.«09 

U.fOI 

■ E 

1,272 

0,«M 

0.711 

1,470 

0.916 

1,030 

0.303 

1.213 

■ 

j 

| 
  / 

f    ' 
Q 

't 
1 • 
^ sj» 

f 

1 I 
N I 

\ 
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• V8N0    NO,FAIL    Nomi 

CRPUNO       8   r   8   T   I   H 

Cüi4NUNIC»TIOf»8 
9 I % I 9 

•I Pi 

NU( 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

NO, 

10 NO, 

NO, It 

NO. t> 

isaoo o,i}8»**;}« .,ii)2i*o« 

«*B«O o,iis«i*o« ■jlfM|Mi 

•it««« o,««IOI*O« »timiMi 

41798 0,14031*0« -,9SS«E*09 

SI8S0 0,1907^*0« •,179TC*0« 

iuiiO 0,J77«u*04 0,«8701*01 

SI800 0,18771*0« 0,1Z71E*0« 

«2000 0.«|0<C*0l 0,««a«E*0S 

48800 0,92411*0« 0,11101*0« 

47*00 0,12««E*0« •,t«6ie*0S 

««•80 0,11111*0« •,9«10l*01 

42080 0,l«««e*0« 0,27121*0« 

^1 PU «88« H 

1M«8 

12.87« 

0,«*« 

0.««0 

* « o e r NOort 
(ROUND   8 V 8 T f H 
C0HMUNIC»T10N$ 
I N • H O U 8 C 

Ml 

«J 

NO,   1 

NO.   2 

SVSNO     NO.F4U      HÜU48 «1 Pi 

I 10 1811     d,lim*01     0,1«91C*02 

2 to        89:*   o,«208e*oi   o,i«o«e*oi 

PI R« «BAR 

7,277 

21,«07 

«E 

0f««0 

0.27« 

J 

\ 

'«^ 

XW> 

Q 
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T A I L E 4.3 (Cont'd) 
AROIf  MODIL 
GROUND   SYSTEM 
IVSTCMaiADAR 
r i c v i 

SY8HP  Nü,r*lL  HOUCS PI P2 

NO, 

NO, 

1* |i 

ii IT! 

NO. 12 1T0 

NO, II 2«« 

NO, || 11« 

NO, 12 1«« 

NO, 12 «T 

NO, 11 200 

1 

1 
»- 
^ 

i 

SVSM) NO.FML 

its NO, I 1 1« 

t «J NO, 2 1 IJ 

2911 O.kUTl^OI 0,J«««t*Qi 

«791 0,2MU«02 0,l»?7t*C? 

2910« 0,tISSI«0S •,S21<f*0I 

76U9 0,l<t7SC«0l 0,1212E*02 

•1I2 0(10f«l«OI 0.11011*02 

lejOU 0,82871*02 o,*sa7i«o2 

«169 0,«0T0E«0l 0,«|ISI«0I 

797« 0(2«*«E«02 0,t272C*02 

Pi PO 

AROIF  MODIL 
GROUND  SYSTEM 
9YITEM«RA0AR 
I N • H o u s e 

PI •2 »1 R« 

207*     0,11091*01     0,«S«1I*0I 

9009     n,n06E*02     0,2l«lE*0? 

RBAR RE 

ao,S2S 0,«99 

29^901 0.7ff 

f,0Sl 0.»19 

J«,S2S 0,«79 

*7,MI 1,0S| 

19.110 0,7*8 

««,**• • ,*97 

21.««I" 0,980 

R9AR 

21,130 

Rt 

0,192 

11,081 0,181 

Rl       NO.   1 

ARQIR     MODEL 
GROUND        SYSTEM 
SYSTEM.   HlCROKivf 
!   N  •  H   0  U   8  t 

9YIN0     NO,FAIL     HOURS Rl Pi 

9 1« $122     0,11041*02     0.20«1E*02 

R3 N RIAR 

22,923 

RE 

0.830 

■ 
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- 
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r •. 
♦ 

r\ 
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■ -.. ..     .L. . 
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.1 

^0, I 

NO, 2 

NO,   S 

NO, « 

NU,   5 

MC, * 

NO, T 

NO, « 

NO, * 

NU.tO 

NU,11 

NU,12 

NO,IS 

NIM« 

NO,IS 

NQ.Jh 

NO,17 

NO,10 

N0,1» 

Nü,20 

8VAN0     NO,FAIL     HOU"! 

17 407 

1S5 

SIS 

2M 

201 

9 

its 

«77 

S*0 

20S 

SOI 

111 

IM 

II« 

S031 

1S75 

712« 

2^2 

«207« 

• «•f« 

«71«« 

<l«7«l 

tbl 

I7«7 

SSHOO 

«2«ll 

S2B00 

2«920 

SS«I0 

«17«« 

51««0 

««••0 

1II«0 

Pi 

T  A   B   LB   4.3   (Cont'd) 
i  H  0  I   f     MQOCL 
f.  »   C   U   N   n        SVITfcM 
SVITIM.MICRONAVE 
F | I k B 

»1 ^1 

o,2as2E*53 o.sisse^oi 

0,SB71CtOI 0,l«««l*02 

0,«S«ie*02 0.l0ft«l*02 

0,««««l*02 0,?«i5l*02 

O,9II0C*O2 0,l701fc*O2 

0,2«l7e«0S 0,«6451*02 

0,90«lt»02 0(7*ISl*01 

0,}2l«i«OS 0tl0«*C«0S 

0,10«ll40S -,«2)6t*02 

0l27S«fc*0| Of<S«6«ef0t 

ö,7*7«l*02 0,««57k*02 

0,1«*«I«OS -.l«20t»03 

O.S629|*02 «alflSIMI 

0,k097l«0l 0.a*71t*02 

0,88«1C*0I 0,2roit*02 

0,850«l*02 -t3«*7rfOI 

0,22701*05 0,17m*0j 

0,1IISC«OS 0,13«SI*0S 

0,57»ll*02 -,ei01t»02 

0,9«lll*02 0(29«Sf«0l 

P<J P»    » 

1«,927 

16,501 

2«,7St 

«S,«<97 

16,CO« 

«,8S2 

IS.2S2 

$«,«17 

l«il«8 

«•111 

17,432 

1«.«55 

tS,«91 

SS.I98 

1«.79B 

11.127 

SI,5«« 

1«,06$ 

20,05* 

18,586 

«f 

0.«ia 

0.861 

0.«72 

0.92« 

1.005 

0,981 

1,020 

0,91« 

1,017 

0,900 

0,682 

0,«75 

1,000 

0,989 

0,««8 

o.«a3 

0,«S7 

0.772 

0,961 

0.«72 

O.kll 

0.«75 

1,000 

0.««« 

0,««8 

T^r^T ^p 

t 
'J 

v. . i 
Q 

• 

> 



A a L li 4.3 (Cont'd) 
I   H   »   L   F        CX^ONCNTIAL 
»OUNO        «YlTe« 
K T I N N 1 
I   E   k   D 

NO, 1 

NU. I 

NU,   S 

NO, a 

NO,   9 

NO,   * 

NO, r 

NO, • 

NO, « 

NO,jo 

"0,U 

NU,12 

NO,IS 

NO,l« 

NO,H 

NO.Ik 

NO,|T 

NO,II 

NO,J<» 

NO,20 

NO,11 

sr 

I 

J 

NO   no#f It     HOURS 

tejo« 

20S04 

27k7 

)0S2 

im 
T1I4 

?661 

ao? 

«ao«o 

«6800 

7*00 

6060 

M<I0 

l«<iO 

179» 

P2«0 

s««o 

4«20 

2100 

2000 

9400 

••I Pi                       Pi                      Pt RBAR HE 

*002t*0S 0,9kT«e>04 14.921 •             0.291 

I20SE«0« •tjMlMaM I9,fc*i t              0.078 

I709l«04 •,l412e«02 9,98« t             0,29* 

9910E*0? 0,t424C«05 IS,OK *              0,090 

•19*|«02 0,179ll«02 Nttlt »              1.671 

U4*l«01 o.32eie-o) 14,74( 1              0,194 

4l9*f*0S 0,52*lE-04 15.09( 1              1,603 

2*44C*02 ItHHlMI I*.;»« »              0,960 

l«k7t*0« o.imc-e« 21,40« >              0,66S 

I4TSC*04 ••IffflM« 20,*a< 

11,»41 

t              0,668 

\t02f*ou 0I|22«E>C4 f              0,918 

8208t»ü5 0,««S4E*0S 22,66* J              1,049 

42iie*os llfll< 

21,611 

>              C,780 

22*ei*0S • ,m9E«04 i             0,799 

570lt»0J o.suee^oa 22,tS* 

IS.IS 

f             0,17? 

2IT7e*0| 0(lt*4l>04 1              0,822 

IS««l«04 -,143tE*04 »             1,999 

17]U«04 •tMfMM« 17,151 

i6,29" 

»              0,»'6 

2529I«0S 0,S|06C«0« »             0,294 

27«Sl*0| 0,«|4|E*0S • .60) 

II,7S( 

)             0,687 

24|2E«04 •(|«7fE«0« )             0,720 

\ 
—IS 

■  ~-w»^w~. 

«■11^ ■■« ^—»^^^^►^1, 

• * t i      i «i« ■iiBWMMIMfci 

^    •, 

'S* r- 
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T A i L E 4.3 (Cont'd) 
8 1 » P L t   IXfONINTIAL 
GROUND   IVITIM 
iirr i ii Ni 
I N • N 0 U I I 

IVUNO NU.MIL HOUHS               »II                          Pt 

•»     NO, t          t             « josa o.t7i*c*o{ o.itoie-oi 

»>       NÜ,   2               1                    S SO«« 0,}lS0i*O2 0,l)0Si>02 

"J     NO, ii»            • 3«22 o,ame«os -,i5«?t-o5 

PI Po RBAR 

ItiiTl 

exlM 

n 
0,049 

2,025 

1,0*0 

CKQUNO        SYSTEM 

' i e L D 

1 
NO, 1* 

1 NO, 12 

NO, II 
t 

NO, 12 

NO, 12 

NU, 12 

NO, 11 

NO, 11 

SYSNO     NQ,MIL     HOUPS PI P2 

U 251)    0,2Siri»02    0(«»S)E<0) 

n pa 

if 

70 

U 

11 

11 

12« 

20800 0,26m*0> -,10O9fc«0« 

0751 0,2TJ0l»C2 0,25006.05 

«105 0,tlJJf*0J 0,tO««E*OS 

710 0,7)|0E«GI 0.119f!«02 

11)04 C,1S0)E*0S 0,llME«OO 

0)82 0,1275E*OI 0ta*15E-0J 

T570 0,)277E*02 0,7O8)E«0« 

PB*B 

Ife.UOJ 

4,01) 

91.12) 

16,829 

10,9)« 

10,««* 

10,287 

10,7«) 

f   •.. 

t ^ 

PI 

0,9*1 

0,7*) 

0,077 

0,01* 

0,171 

0,«)« 

0,1«7 

0,929 

-S.   rt._    » * 



T A .i L t 4.3 (Cqnf JL 

6*0UM0       IVSTCM 
RADAR 
INaNOUtl 

•YS^O    >o,>*n    HOORI rj p? 

NO, i I 2« 

NO, 2 1 1 

NO, ) 16 I« 

NO, a 1« 11 

NO, 5 1« 11 

MM o,*a*flcm o,2}?n«os 

20Tb 0l«0I0e*02 0,20Sn«02 

S822 0,«00ei*02 0,S10«E*0S 

9170 0,2000t*0« •(S002t«0l 

«*«0 0,2«S*I«0S 0,|272C-e5 

P\ R» R8»R RE 

2*fSS7 0,120 

«2,176 0,008 

21,02« 0,681 

10,)«0 0.2Ü 

20.131 O.MI 

,1 

r*. '—77 

i 



Iff NO  NO,MIL HOUM 

NO, l                1 It« 4207» 

NO, i               1 «M 4*140 

NO, S      1 1     <«0 4744« 

NO, a    I t      1*1 4474« 

NO, 5     I 1       10 407 

NO, k     ! 1       «0 ?4»3 

NO, T      | I      2* 1S7S 

NO, B     ' >      «1 7124 

NU, 9      1 1     «s 1012 

NO,JO      1 >       4 

i      ift 

141 

NO,It       1 2747 

M 
NO,11      < 1      IflT 1V.00 

NO,»S      ( <      JO? 4141« 

N0,1U      ( 1     2«S 12600 

NO,l«l      ( 1      1T1 24920 

NO,tk      • 

NO,17      ( 

(    Nl SlCiSO 

1      1«9 14240 

NO.|l U      142 4179« 

NO.I» it      160 11440 

NO,20 1      455 444S4 

T A 3 L li 4.3 Cont'd) 
• IMPLC   ei^ON(NTI*L 
640UN0   8 r S T f x 
NT I ■ 0 ■ A f I 
F t I k I 

>-,J01«e*0J 0,9079E>OS 

O.T-fJP-oa O.I05«t-0« 

0,7IISI*02 0,27211*04 

0,l90ei«02 0,2149^-04 

0,11121402 0,41211*01 

0,4077E402 *,49141*09 

0,1404E*01 •,14S7C-02 

0,44441402 0,20491*01 

0,4249(402 0.11«0(-0S 

0,14471*02 0,494ee*02 

0,«111(*02 0.29911*01 

0,2274l«01 *,79411*09 

0,71411402 0,11111*04 

0,4S07eO2 0,It«5t-Oii 

0,77241*02 0,2a40E*04 

0,62171*02 0,1169e*04 

0,9094E*02 0,4772E«0« 

0,1621E*01 0,1796E*04 

0,12691*01 0,2046e*04 

0,94001*02 0,1}69I«04 

PJ 4« 4644 

4.Vil 

1,912 

16,11« 

6,463 

20,646 

14,719 

12,0f1 

11,476 

11,479 

1.312 

19,646 

12,640 

11,179 

12,442 

12.991 

9,667 

6,124 

17,914 

11,466 

6.629 

41 

rr4eo 

0,109 

0,209 

0,171 

1,111 

1,039 

0,167 

0,062 

0,672 

0,012 

0,179 

0,611 

0,690 

0.14| 

0,996 

0,664 

A.112 

0,422 

0,210 

0,146 

% 

I • . —    '-~ ■ -■ 

\ 
»^ "—^-- - 

4 s 

1 
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T AS L E 4.3 (Cont'd) 
l|M»L(   ItPQHlHllAl 
»MOONO   IVITIM 
MICMOHAyf 
I N • M 0 U | e 

SVtNO  NO.MIL  HOUHI      PI Pi 

»     is   1112 o.?oobi»o? o,k»«oe-oj 

^i Pa »BAR 

is.en 

BE 

n,*Jb 

«1 

5., 

»I 

•I 

«I 

■1 

NO, I 

NO. 2 

NU. I 

NO, a 

NO, S 

NO, 4 

NO, 7 

NO, S 

NO, « 

8   1"Pl.E        EXPONENTIAL 
CROUNO       IVITEM 
DISPLAY 
E   I   t   L   D 

SVSNO     N0,EAIL     MOU*| M n PI p« »BA« 

So 

IT 

SO 

7 

ll««0 0,177«E-0J l8,oao 

«S«2 

1»S0« 

«1*9 

0,«««7E«0I n.152 

0.5S«it-0« IS.«29 

0,5551l-0S II«*?» 

0 

N 

117 

71« 

1090« 

0,S«SSE*02 •0,114 

o.s*aiK>o« 19,»Ol 

•,t«l«E«0« *,M1 

SS 

177 

jaeou 

7|«« 

•,2ft««l*09 l«,9«S 

O.IITSE-OS 7,»17 

-r    «•-mi ■«■ T' —^ , 

^    . 

CL 

\ 

r 



'' 
 ^_ '- -* 

• VI NO      NO,Ml 

•1 NO,   1               * IS 

•I NO,   c                ( 1                   T 

■1 NO,    J                    ' 1                 1* 

"1 NO,    «                  ' t                 IJ 

N NO.    S                    « '                 IS 

•» NO,    k                  \ 1              « 

M NO,   f               1 I             « 

•l NO,   8               ( \                 17 

M NO,   9               1 1                 18 

"i NO,10               1 1                 11 

•t NO,!!               1 1                   J 

|M NO.11                < \                   0 

II NU.Jl                  1 »                   J 

■l NO,ia           ( 1                   1 

»l NÜ.IS                   t »                   J 

■» NO,l»                ( t                   « 

Ml NO,17              1 1                 11 

II NO,11                1 »              la 

l| NO,!« J                       9 

• 1 NO.20             1 »                    8 

T A 1 L E 4.3 
I   t   M   »   k   C 
6   N   0  U  N   0 
ITI III 
f   1  E  L 0 

MUUfiS PI 

9«eS     0,2871l«0) 

ettt8 o,i996e*oi 

7S70 0.2080itOI 

9«?S 0f88«SI«0S 

•«178 0,SaitC*0} 

220S7 o,i«i«e«o« 

•SOS« 0,80111*0} 

8979 0,12171*08 

11918 0,90001*01 

17219 0,14S«l*08 

22)7 0,2SB8E*0« 

2247 e,)27SI*0) 

21S2 0,11011*01 

1980 0,18171*01 

8)1 0,S8(I1M01 

]«92 0,«7S7I*0) 

•098 0,41771*01 

aMl« 0,lf70C*01 

4S178 0,97}lf*0) 

))12l 0,21291*08 

(CCTlt'd) 
I  I P    N I  N T  I * L 
S V • T I M 

V 

^1 

0.9704C-04 

o,i704e>oi 

o,iii7e-oi 

0,1810E-04 

0,4704E«04 

0,8lS7e-04 

0ttt867t-0« 

-,9S88fc>08 

e,2189|«04 

OtlllOlaOS 

-,f71TE*01 

0,2718C*01 

0,40281-01 

0,122)f*ei 

»,l»98t«02 

-.iisse-oa 

•l|989E«08 

0.19071-04 

0t4820l«08 

-.l9»l»-04 

PI P4 BB»» 

7.198 

7,978 

8,927 

S,9e9 

12.889 

4,2Se 

19,880 

10,178 

2,787 

8,801 

8,7S1 

8,717 

10,999 

9,192 

4,197 

0,987 

2,299 

42,228 

20,790 

17,898 

RC 

0,084 

0,011 

0,0)) 

O.MS 

0.081 

0.0C8 

0,918 

0,141 

0,148 

0,802 

0,088 

0.107 

0,128 

0,087 

0,092 

0,197 

0,407 

0,924 

0,289 

1,1S8 

■l^»—'-- 'fWMV»—^.—»~ 

T' 
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1 
1 
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T A ii L L s..3 (.ContM) 
SIMPLE  CXCUNCNIIAL 
AIHtOMNl 
SYST(M>ISFMAD(0 
F | | k 0 
( C 0 N T I N u C Ü ) 

SYSNO      NO,MIL      HOURS 'I Pi P) Pa R|*W Pt 

H?       NÜ.21 S S ««211     O.lOMMbl     O.fcTSal.O« 

i|       NOfll • 16 a9«77     n,?»86M0J     Ot**7i[«0« 

112       »40,21 8 tO aS2*l     O.t^ttfe^O«     0,21S2C«0« 

9«.1«2 

{«.112 

1,060 

C.TUS 

1.190 

4- 
r,. 

^.J . i-.« -« 

> • 

r1 
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T A 11 L I! 4.3 (Cont'dl 
• iM^Lf   eX>ü»*tNTI4t 
6K0UN0   8YSTIM 
D I • # I A V 
r I E L D 

• Vl^n     NO.MlL HOURS               PI                         p^ 

"S        NO,    !             17                    % |7«« 0tiHSl*0i u,69008-05 

"S       NÜ,   2              11« 631* O.I0UMO} 0.l7S»e*0> 

*'       Nt .   »             3                  » «97» 0,«*«U«02 0,5l«7t-0J 

»l PU DBA« 

•«•17« 

10,fcS5 

Sl.ftSS 

1 

I 

3   I   -   P   L   I        CX^ONCKTIAl 
GROUND        SYSTEM 
I I I P I A V 
I   N   -  M  0  U 8  E 

—      * NO,    J t09 

NO,   2 100 

NU.   1 SO 

NO.  a II 

HO,   9 1« 

**lNn    Nn,r»fi.    NOtfil H Pt 

2700 0,«t9«l«0t o,eioit-oj 

S200 0,582»l*0J 0,42*91-01 

3700 0,l«2ll*02 0,9«l«e-01 

1700 0.l21«tt02 0,67'»et-05 

2900 0I*«71I*02 0II90|E-01 

?! • « BB\H 

*,77« 

Iftflf 

19.«09 

«l*l«l 

12.»90 

( 

( 

( 

^ X 
■: 

A 

Q V 



MO. 

NO, 

NO, 

NO, Ml 

NO, 111 

NO, 

NO, 11 

T A a L I- 4.3 CLont'd) 
5 I - P L »   CX^O^CNTIAL 
C H o o N o  IYITEM 
D I S ^ I A V 
lN*NOUI| 

SVSNu NO,^»!!.  Houm •'I Pi 

il*l 0,2799[*0i 0,fl0lC»01 

22«S 0,S«}9C«02 0,|19Sr-0S 

llfl 0,S7*SI*03 -,10961-01 

M|l o,a«o«l*0i o.unt-oi 

«93* 0,}lSyC*02 -,2206e-0S 

•*9« 0,ai*ll«0fl -,22«|E«0Z 

61«« 0,22«0E*03 -.1077t.0« 

'* M SB*» M 

2S,2«| 0,«!>1 

29,207 0,7*7 

27.377 !.09« 

• •«37 o.mo 

l»,70S 0.473 

S.7Ufe 0.029 

13.«1« 1.0*9 

* 

^v 
III ■'■ i  II 

T1 :mmmm"m» '• 

r v 
I s 

»•it... i.       ,S. .»»_. , 

1 
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T A a L L 4.3 CCont'UI 
llMPLffll>ONCNT|AL 
6M0U*«0       »  v   •   T   f   • 
COMPOTE!» 
^   I  t  i.  0 

HI 

•I 

■1 

■ I 

"1 

«J 

»I 

Ml 

11 

■ I 

»I 

«1 

Ij 

«I 

«1 

»1 

»I 

«! 

• 1 

NO, | 

NO, 2 

NO.   I 

NO, «1 

NO, % 

NO, b 

NO, 7 

NO, I 

NU, * 

NO,10 

NO,It 

NO,12 

NO.JJ 

NO,ia 

NO,19 

NO,lb 

NO,17 

NO,IB 

NO.l« 

•NO     NO,MIL     MÜUM 

1 U nuoo 

I« 

19 

II 

I 

♦ 

7 

I 

1« 

10 

17 

Id 

Sa 

II 

• 1 

U 

»701 

• lb» 

11900 

l«IOtt 

191} 

1110« 

iHta 

IMfl 

fJ«99 

11T41 

mil 
1979* 

1)960 

IJ*»0 

10S21 

2M80« 

981) 

urn 

PI 

0,ll*«f*0) 

^1 

0,10971-0) 

0.90)11-0) 

0,t988l-0) 

•,12961-08 

PI P8 MM 

1).8«1 

N 
0.119 

0,l79)f«e2 

A,9902C*02 

0,4477E*01 

llilTJ 

97,)9) 

10.39^ 

o,«ia 

0,979 

0,9J8 

o(iio«e«o) 

0t15*»tv01 

0,Sl*fC*01 

0,ll)9E-0) 

0,82191-0) 

0,8)89e-0M 

)2,»88 

Hallt' 

9.881 

0.984 

1,000 

0,091 

0l«9*7f«0« •,I997I»08 

-.28011*08 

0f)988l*08 

11.191 0.79) 

0,|7*1I«0« 19.«71 

19.»80 

0,871 

0,87901*01 0,881 

9,8a)0e*0) 0,t807E*08 

0,2119E.08 

-.778)6-05 

10.809 0,990 

0.9297e«01 9.0)7 0,189 

0.8IJ7t*0) U.»19 0,989 

0,78981*01 • ,7B8U«08 

0,)080E-08 

0,9788E-0a 

0.18881-08 

-,tt277E«0tt 

0,10)21-0) 

8.)91 1,070 

0,19011*01 8.090 0,i90 

IttMMMI 1.888 0,098 

0,88901*0) 10.209 0,999 

0,88971*01 11.082 0,889 

0,12|8t*0) 11.081 0,129 

- 

<*m*9mmmm 

T*     ■■—-'■>-« 
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ei 

1 

- 

1 
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1 

( 

«J NU,    1 

HS NO,   2 

Rl NO,    1 

TA» LB 4,3 Cf-fit'd) 
IIMPLC   CXFONCNTIAl 
6KOUND   SVSTIM 
CCMPUTIR 
r t • b • 

8VINO NO,MIL HOU»| P\                        Pi 

If                  10 3969 0,S<t70e*0« C.TtfcTl-O» 

?                 1* Hfi 0,STafE*0l 0(*tlOE*01 

2                « »life 0,I9SII*OS ■ .ssm-o« 

»J M 

L 

RIM HI 

tt«,l«9 0,16? 

HlMf o.8«-6 

NO,    1 

NO,   2 

4* 

1 12 

1 
«■i NO,   3 «} 

ij 

NO,   « H 

t NO,   5 f 

SlN'Lf   EXPQNINTIAL 
CNOUNO   SYSTEM 
C 0 M P u T £ H 
I N • H 0 U S I 

SVSNO   NO,r&u   HOURS p\ Pi 

««67 0,290TE*02 0,I*7«I«0I 

20«S 0,l?»Jt*0? o.lTtkt-02 

tits« O,«7SOI*OJ »■mH»H 

10*»* 0,«2*21*03 -,a»27EvO« 

27«2 0,17171*03 0,18091-01 

PI M 

I*,««« 

1SS.SS« 

11,052 

8,75* 

2.3«* 

( 

8 I M f L t   EXPONCNTtAl 
60OUND  S*ITI«     
COMFUTIR 
I N - N 0 U S I 

Rl n 
Ri  NO, 1 

SVSNO     NO.FAU     HOURS 

IS It 19*0     0>9B*E«0|     •,20t7E*03 

R3 P« RiAR 

12tSS2 

RE 

I 

U 

J 

■^^^^^^rvwwTT 
V 

- *■«■' -• 

f •:. 

T" 

O 

] 
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T A 3 L L 4.3 (Cont'd) 

6R0UND        SYS   T, CM 

1   N  •  >• U U  8  e 

sr 

NO, 

NO, 

10 

21 

NO, 2« 

NO, J 

NO, 7a 

NO, >7 

NO, 

NO, 

9 

• 

NO NO,P«lL     HOUMI PI PI 

172* 0,17«»l«ei t,J0J9l-0i 

iib\ 0,l«lli«02 0.40<fc[>0S 

2S70 0,2199E«02 0,791*E«0S 

1109 0,7S«H*02 •,120kt-02 

«11* 0.2l«7|*02 0(2S«II>0} 

S91S 0.7«10E*0a -,S|**E-0S 

*S1« 0,I09IC«00 0,4«7II.«« 

'* PU RBAR 

**,7fe4 

4i*70 

1«,29« 

12,3*« 

2.7*S 

tll*«S 

18,«99 

17,••0 

/ 
  

r •.. 

LJ ta, 
■   ■«■' , . . _ 

I • 



.. 

I 

I 

I 

1 
1 

( 

i 

i 

I 

■I 

*i 

■I 

•I 

«1 

•I 
( 

*t 

c •I 

»1 
( 

»I 

■1 

NO,     1 

NO,   | 

NO. 3 

NO, 4 

NO, S 

NO, * 

NO, T 

NO, A 

MOj «» 

NO,10 

NO.lt 

NO,11 

»1 NO.    1 

NO,   2 

T A B L L 4.5 (Cont'd) 
• I*fLI   fX^ONtNTI»t 
6HUUN0   8V8TCN 
COHHUNICATIONt 
^   I   I  L   0 

SV! NO     NC.rAlL MOUM »1 ^| 

11 19«00 0,lMIE48<i •(10)2f-05 

29 0*640 0,115!e«0a O.TMU-OS 

it 91«ao 0,«T80EfO« -,ia«n»09 

11 417«« 0.5*kOt»0» -,*ot«ire« 

16 15680 9,2**2I*08 •lialSE>0« 

lb 24920 0,lltOt*0« n,?»SOt-0« 

I* 52000 O.P6T5t*01 0,})tt7E*04 

«9 «2000 0,2I27B*0I O.f'.iOE.O« 

« «kSOO 0,2ilOe»o« 0,59011-0« 

56 •7*00 0,10671*09 -,««57I-0U 

21 «*»b0 0,1920E*0« 0,2i50E-09 

5 a208o o.«2i9t*o« n.5om-oa 

^5 ^« • 8*B 

27,8*7 

28,679 

8,118 

18,797 

1,19« 

15,187 

i7(28I 

18,189 

18.129 

11,78? 

18,«91 

11,523 

RE 

1,107 

1,017 

1,001 

0,250 

0,«89 

0,980 

0,29S 

0,737 

0,201 

0,2«9 

1.089 

1.012 

IIMPIE        E   X   P   C   N   »   N   T   1   »   L 
GROUND       IV8TEM 
COMMUNICATIONS 
I   N   >  H   0  U   8   E 

Rl R2 8Y3NO     NO,r*I|,     HUURt 

2 20 5819    0.12901*05    0,I8ISB>0« 

2 10 «958     0.12711*05     0,«087l>05 

Rl R« RI8R 

7,«8« 

57,518 

RE 

1,007 

1,550 

■ 

■, 

rv 
»mM***mi, 

-**' " 
■ •    ■  --"'■V- — - • 

• 

- 

' f ••. 
* 

X 

1 
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■ • Q 
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( 

I 

»I 

«I 

»1 

■I 
■1 

NO. t 

NO. 2 

»JO. J 

NO. a 

NO, 9 

NO. k 

NO. T 

NO. S 

T A li L U 4.3 (Cont'd) 
IIM^LC       EX^ONCNTIAt 
t   »    <   U   N   o       IVITE« 
9V9T6M.(i*OiS 
^   I   E   t   0 

»rSNO      NO^Alt      HOUR! M p? 

16 

11 

12 

11 

11 
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COMPUTER 
I   N  •   M   0  U   8   C 

SVSND      NO,f*lL       HiiljBS PI »i OJ P4 

R2   NO, I J 

R2   NO. 2 7T 

R2   NU, } t2 

R2   NO, a ^1 

R2   NU, 5 1« 

i 

C 

SC Si, NO, \ 

SVSM 

il 

<- «1 NO, i II 

( 

U07 0.e2fU*02 0,3*2«e»02 

199* 0,%\9it*0i 0,2H%\1*02 

ttOO n,20O<ifc«O2 0,<i6S2t*01 

UOO 0,m*9l*0i 0(l624e*02 

uo o,at«se»02 o,i»«6t«o2 

AIRBORNE 
LASER        TR4NSHITTEK 
I   N   •   H   0  U   9   E 

RHArt 

2a(2a» 

18,«75 

8.002 

17,745 

t^to«» 

SVSNII     NO.FAIL     HOURS ^1 ^2 

| «100     O.J258E«01     0,110JE^02 

7 760     0,<S77<iE*02     0,2268E«0X 

-»i Pa 

k a o t r    MODEL 

AIRBORNE 
LASER   TRANSMITTER 
I   N   «   H   0  U   S   E 

RJ       NO,   J 

R3       NO,   2 

PI " SYSNf)     NU,FAIL      HOURS 

20 T_ 782     0,5J»7E«02     0,»762t*O2 

20 

P» P« 

11 7*7     0,JJlBt»0?     0,J0»JE*P2 

RBAR 

a, iOU 

50.560 

RBAR 

2%,l«T 

S2.tt«0 

1111   '   r'—w'i'^ ^^■^^^mm§ 
-■ 

^   ■.. 
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I 

V 



.. 

1 

•1 NO.    J 

T  A   B   L   L   4.4   (Cont'd) 

A   I   R   S   0  R   N   e 
LASER        RCCClVtR 
I   N   •   M   Ü   U   S   E 

IVIMO     ND.MIL     MCKÄS ^l R2 PS 

21 10 7*0     o.aMoMO?     0,202SE*02 

^a 

»J 

»J 

NO, I 

NO. 2 

k  *   0  I   f     MODEL 

AIRBORNE 
LASER   RECElViR 
|N«MOMtl 

SrSNO  Nn.FAlL  HOURS     Rl t»2 

20        <      7fcT  0tS977E»02  0llfc79t*02 

20        h 782  0,t982e*02  0(S416t«01 

*% PU 

RHAR 

12.)03 

HBAR 

SS.i)« 

t9,7«0 

■ 

«I 

HI 

NO,    I 

NO,   2 

AilOE^     "OOEL 
AIRBORNE 
LASER   XHTR/RCVR 
I N • H 0 U S E 

SrSNU  NO.^AIL  HUURS      Rt R? 

21       17      76U  0.240<4t«02  0.123SE«02 

21       10      500  0,J191E»02  0t10B2E*02 

Rl Pit RBAR 

25,»49 

J 

S. 
-  — 

f      . 

~ >     ' 

* 

r\ 

^"-•^•i^H 

' 

? n 



Hit* WW10 

*   I   R  B   0   H   N  E 
LikSli*        XMTA/RCV* 
I   *  m  *  0   \j  $  l 

«J        NO,   I 

OS        NO,   2 

20 la 1*1     0.2364E*02     0,tlk0e*02 

20 19 767     0,2nft<iE*02     0,762(>e«0t 

»S MU RBAR 

II.«19 

51,872 I, 

c 

i 
Si 

i 

i"i'iw« m it»« 

T? ~      -     !■■ 'W^i     IIIM^   , ■ 
' 
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• 

R1   NU, 1 

R1   NO, ) 

T A B L r. 4.4 (Cont'd) 
AROt'  MQDtL 
A I R 9 U R N E 
INFRARED   AECtlVEM 
I   N   •  H  Ü   U   S   C 

SV8N') NO,FAIL HÜU»S               Pt                         ^2                         p* 

2J                   5 TU 0,267*l*02 -.«lOietOJ 

JJ                    ^ 7«S O,UT7E»0J -^TJ^E^Oa 

jj                    A SI» 0,S?«»OE*02 -.»^SOE^OJ 

P(4 RBAR 

IT,52«. 

12.%66 

19.22* 

"? NU,    t 

ARUE^      MODEL 
A   I   R   0  Ü  R   N  C 
INFRARED        RECEIVER 
I   N   >   H  u  U   I   E 

SYSNO     NO.FAlL     HOURS PI R2 pJ 

^7 tS 2500     0,1TJJE*02     0,ni«lt<>02 

P« 

NO,     J 

NO,   2 

NO,    \ 

NO,   i 

NO,   5 

NO,    6 

ARUEP  MOOft 
A I R B U R N E 
8V8TEM. RADAR 
I N . H Ü U 8 E 

8y8Nt) NO.FAlL MOUR8               Rl R2 

27 101 798 0,JJ76l»0l 0,2TJ6l*0l 

it i?T 10»7 0,«T18E»01 0,158*E*0l 

|7 bS S«R 0,2708E«01 a,luB«t*0l 

IS S«7 1192 0,lfl76t*01 0,l92$t*01 

27 5U 2500 OOJIOItOl 0,55*SE»01 

25 JTl J981 0,91R7E»01 •.55556*02 

Rl Ra WHAR 

JT,Tfc5 

19.52- 

25.2*0 

)5«R«1 

11.955 

U.11R 

RBAR 

««,902 
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0   • 
1^ 

«1 NU,    I 

»J        NU,   2 

T  A I   L E 4.4   (Cont'd) 
»not»   Mooeu 
*    I   A   tt   U   M   N   E 

|N«MOUil 

8YSNÜ      NU,f*lL       HOORS PI MJ 

*l 2T T60      0,l055t*0«     0,5»S«t*0l 

21 1« SOO      0ttS9)M02     O.eiSOEfOl 

Pi f><i HB*B F 

T«.**$ • j 

2k.kl7 Ö, 

t 

c 

t 

c 

( 

< 

i 

»J        NO,   I 

»1       NO,   2 

AtOE»     «OOEL 
A        R   B   0   ft   *   E 
SYSTEM. L»»P» 
I   N   -   H  ü  U  9   E 

8V8N()     NQ,FAIL      MUUR8 PI P2 

20 17 767      Ot2220E«02     0,«OBSt»0l 

20 »7 792     O.lbm*02     0,10fc*E*02 

P5 M R8AR 

5».71» 

3fc,S24 

• 

Rl 

RJ 

Rl 

■ 1 

NO. I 

NÜ, 2 

NO, 1 

NO, a 

AROE^    MODEL 
AIRBORNE 
SVSTEMatNFRA 
I N > H o u a E 

SYSNfl NU,FAIL MUUR8 PI                         P2 

il                  17 Si* 0,18e7E»02 •,1279E*01 

21                 11 7«5 0l«522En? •,2779E*02 

2}                   % 52$ 0,1057Et0J «.IdlkEtO« 

2J                    f 711 0,76in»02 -,1297E»05 

E D 

PI Pa R8AR 

23,14* 

15,830 

14,137 

11,508 

v 

.» • 

f   • 

C^ 
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T   A   B   L   t   4.4   (Cont'd) 
AROtF      MOOIt 
*    I   R   H   0   H   N   E 
SySTCMalNFRA 
^   I   E   L   0 

SVSNf)      Nn.^AlL       HÜJBS "X P2 

■ 

NO, I 

NO, 2 

NO, J 

NO, « 

NU, 5 

NO. 6 

NO, 7 

NO, S 

NO, 9 

NU,10 

?« 

24 

2« 

2« 

2« 

2« 

2a 

NO, 11 

NO,12 

NO,15 

NO.ia 

NO,15 

NO,U 

NO,17 

NO.10 

NO,19 

NO,30 

2<i 

2« 

2« 

2« 

2« 

2« 5 

2« 

2a 

2« 

2« 

24 

24 

a 

i 

5 

227 0,392]E«02 -,«ft42t«02 

)4tt o,9i92E«o2 o,ns(>e*n2 

769 O.lSftU^OS 0,S554IL«02 

411 0,9illt«02 Ol799«fc«ni 

4)3 0,9190r*02 •tktttOttOi 

472 0,1144E«0) 0,J64AE*02 

lOSb 0,629$E«02 0,I6S1E«02 

124 0,1«)10E»02 •,2639C*01 

440 0,75B2E*02 0,SS75E«02 

519 0,1571t*0J 0,17776*02 

149 0,A270E«02 0,25S*E*02 

2bS o,5Slüt*0? -.lOhOE+ül 

190 0,laS2k*02 •,7T07E*02 

SöJ 0,1291E*01 0,4ft74E*02 

107 0,«011E*02 0,t91flb*02 

14S n,iM«>E*01 ■,1«90E*0] 

709 0,1097E*02 >,5991E«>0) 

4«S 0,a095E*02 0,2)lkEt02 

529 0,ll22k*01 0,a092E*02 

24 554  0,724ie*02  0,7992t»01 

H E 0 

PJ             f>U                                 «H*9 ft 

7,529 0, 

0.96» o. 

ftfli 0, 

10«5«4 1. 

4.547 o. 

11.950 0, 

11,766 0, 

1,960 1. 

56,464 o, 

12,657 o. 

9,625 0. 

10.642 0. 

11,51« 0. 

7.657 0. 

50,165 o. 

6,611 o. 

12.550 0. 

55,116 n. 

5,647 o, 

11.706 1, 

^v 
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IIRIORNI 
i ff T I» • 1 8 '•'**"! 6 
f l i i o 
(CONTINUtO) 

SV»Nn     SOt^*lL     HÜ0<»8 (»I P2 M PU • SA» 

B5        NÜ.JI 

•»5        NO,2« 

a *7i    |ttUH*tl    blHÜifi 

Hi HO,li 

RS       Mb,25 

«S       NOt26 

( 

t 

C 

2tt 

2« 

2« 

u 

I 

11 

17» 0,7696M02 •,2896t*02 

IBS 0,5,»69t»02 0,j7ttae*02 

«77 0tltt57t»0J 0,aS07t»02 

39} 0.0<)i7t*0? 0,tt01ft(*02 

27,900 0 

2,900 0 

I0,*9fc I 

22,72S c 

r.CMh 0 

«1,9SS 0 

AROCF  MODEL 
AIRBORNE 
3Y3TtH«vlSU*L 

I   N   •   H   0   U   I   E 

R2        NO,   1 

R2       NO,   2 

SY8MO     NU,MIL     WOMM *» p* 

12 29 76«     0,162«E*02     n,6l2«t*01 

5a9     0,ni7E*02     0,».857t»0J 

8   C   *   N 

P« 

2* <il 

RSAR 

20,981 

18,812 

'- 

'  T- 
I 

„■.      J» 
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r 1 

R| 

B? NU,    I 

«2       NO, 2 

»2       NO, 1 

«2        NU, 'J 

NO, 5 

I   A   Ü   L   h   4.4   iCont'd) 
IfH^Lt      iMrn »I N f | A L 
« I R it o n N e 
A   N   T   E   N   N   « 
I   N   -   M   0  U   8   I 

8YSNO     NO,r»lL      HOURS Pt R2 

25      o    isea o,7iaaf»oj -,725lt-os 

27 2« laOO 0,210UE402 0,791(ifc>0) 

27 6 «00 0,t7«3E402 0,2«SOE>02 

^7 2| l_200 0«t»MI»tl 0,l«5IE-02 

27 52 6000 0,}6«5E«02 0,20971-0) 

fi fu RSAH Rl 

IfttlJ 0,5 

11,59« 0,2 

«.I«0 0,0 

«.eti 0,0 

15,2)2 0.« 

£ 

( 

I 

t 

SIMPLE       I T * 0 M I M T  I  A i 
A   I  R  S  Q N  M C nrjrni 
I    N   •   H   0   U   S   C 

«J2       NO,   I 

«2 NO, 2 

«2 NO, ) 

R2        NO,   « 

«2       f«dj   5 

P2 NO,    6 

SYSNT  Nt),^*lL  MOU»8      PI P2 

27      162     «986 0,t4«2E»02 0,1568E<0) 

1000 0,«84)E«01 0,1805E-02 

217b 0,12)7E«01 0.9077E>03 

)98a 0,|*80E*02 •.ISbSC-O) 

«00 0,529ftE«01 0,2S85E-02 

1)00 0,6003E*01 0,ia72E>02 

P) P« 

27 

25 

25 

27 

27 

«) 

)82 

)15 

27 

HI 

RSAR HE 

«>.57l 0,1 

7,929 0,0 

I«,150 0,2 

12.39* o.« 

a,889 0,0 

8.««« 0.0 

,-* 

»." -'—, ^ • - 

'■K 

C\ 
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• 
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T   A   B   L  E   4.4   (Cont'd) 
SIMPLE      I IP ITIi I tl T  I A I 

f 

R2       NU,   1 

«»? NO, ? 

»»2 NO, 3 

R2 NO, <l 

«2 NU, 5 

R2 NU, fe 

A   I   M   tl   Ü   R   N   f 
0   I   S   ^   L   *   V 
i N « H o u s e 

SVSKU      N(),^*IL HUiJ«3                 Pi Pi 

27                  11 MOO 0,50»lt*02 0,J7«1E-01 

H UOO 0,221SE«02 0,20kOE«n2 

is non *,s\\ui*(s o,ti58C«o2 

M 1200 0,2Tllt*02 0,ta56t-02 

P| PI4 

27 

29 

2» 

2T 

RSAR 

7,773 

S.S21 

12,072 

10,149 

21.190 

< 

( 

f 

c 

SIMPLE EXPONENTIAL 
A   I   R   B   U   P N E 
C   U   M   (»   U   T E » 
I   N   •   M  0   U S E 

rj 

NO, 

NO, 

NO, 

NO, 

NU, 

SVJNCI     Nü.EAlL      MUUH8 PI P2 

ii % 936     0,1077E»03     •,229U-02 

P5 PU 

2) 

23 

«»I 

3 7«9 0,922«E*02 0,3778t«03 

3 921 0,1070M03 Ot8979E-03 

f 900 0,l*02r.*02 0,2999t«02 

10 760 n,«0«OMOI 0,O02«E«02 

O.i 

O.i 

O.j 

•t 

0. 

0. 

P8A» n 

16,160 o. 

0,«2« o. 

9,««« o. 

6,760 o. 

29,270 0. 
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srs^o NO,F»lL * 

NO,  I St                     1 

NO, 2 27       77 

NO, J 27       12 

NO, U 27       27 

NO, 5 11     la 

( 

T   A   B   L   r.   4.4    (font.'dj 
SIMPLE        EX^ONCNTIAU 
AIR90RNE 
COMPOTEf» 
I   H   •   M  0   U   9  E 

i)U«S l»l P2 

407 0,124SEf02 0,\()«0t<>02 

5994 0,2«94t*92 0,22SAE-0} 

400 0,2}02E*02 '),a2l9E.nS 

1400 0,291SE«02 0,4S04E«0S 

000 0,2470E*02 0,nS9b*02 

^ *»u »RAR P 

t2tJ*4 0. 

•0,855 1, 

3.702 o. 

«>.*2S 0« 

5,099 0. 

( 

8IMRLE   EK'QNENTIAl. 
A I M f 0 K N I 
CASE» TRANSMITTED 
I N - M u u S f. 

»1 NO,  1 

•I   NO, 2 

8TSNO  Nn,F*lL  HOURS      Rl Pi 

21        |     500  0,|657E»02  0,5«*fcE«02 

21        7     7*0  0,1290E*02  0ll*59E-02 

Pi P4 RIAR 

12,71«      0.< 

12,»05     0,' 

9 

,   -. 

Q 

1 

v. 
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«1 MÜ,    I 

■J NO.   2 

»l       NO«   I 

T   A   B   L   t   4.4   (Cont'd) 
SINGLE        f «F 0 H  I  H  t   t   *  I 
*   I   I»   B   U   »   N   E 
UASI»        T«»NSMliT€« 
INaNOUll 

SV3^n     NÜ,^*lL     HÜUHS ß\ P2 

20 T 762     0,l9*at»02     0,2«29E-02 

20 || 7*7     0,l«'K»k*02     0,nCU-02 

(M P« OH»« 

2«.«27 

2%,72«» 

SINPUt  IMPONINTIAL 

L*8E«   RtCE! Vt« 
I N • H 0 U 9 E 

8YSNÜ     NU,F»IL     rtOJHS PI P2 

^^ 10 760      0,ll7«ifc*02     0,}2m«02 

PI PU RSAK 

il.7Jl 

0. 

0,( 

••« 

v 

t 

SIMPLE   EX^ONEMTIAI. 

L*8E»       PFCEIVEP 
I N • M 0 U I I 

NO,    1 

NU.   2 

SYSNtl     NO,F*II      HfjUHS PI P2 

2° i 767      0,«0«5E*01      0,a«80E«02 

20 6 762     0(2002Ei02     0,2«2ei«02 

PI pa Hull 

19,063 0. 

16,361 0. 
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J 

*s. 
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«t   NO, 1 

»J   HO,   i 

T A B L L 4.4 (Cont'd) 
SIMPUE tnßnHiuriki 
A   I   »   B   0  R   N ( 

I   N   •   M   0   U   S E 

5r3NT    "»ü.MlL     HfighS PI P? 

21 17 7*0      0,677n»0l      0,«?lt-02 

21 10 SCO     0.1912^02     O.U6hSE-Ci 

PI Fa 

ItnlJU 0,7 

18.006 0.- 

< 

( 

C 

SIMPLE        EXPONENTI»'. 
ft  |  i • OJI N I 
L   *   8   t    ^ XNTP/PCVP 
I   N   •   M   U   Ü   8   E 

«J      NOtJ 

»J       NO,   2 

8V8NO  NO,F»lL  MUU«8      PI P2 

20       Itt     762  0,1229E«02  0,220U-02 

19     7t,'  0,70256*01  0,10»0E.02 

»I ^a 

20 

«a 
SIHPLC   EXPONENTIAL 
AIRBORNE      
INFRARED     RECEIVER 
|N«NOUII 

Rl NÜ, 1 

Rl NO, 2 

Rl       NO.   i 

Sr8Nn     NU,FAIL MiJuf»8 PI                         P2 

ii                   % 711 0,9025E*OJ •,32S0E>02 

S 7S5 0,lMBE»0l •,21<7t-01 

8 536 n.iaSüMOS >,1185E-n2 

2) 

PJ Pu 

RPAR 

13,170 0,0 

0,1 

RBAR RE 

22,77fc 0,a 

16,094 tfl 

IS.«60 0.7 
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■k A B 1, I. 4.4 (Cont'd) 
r I   *   *   L   I        IK^DNtNTIAL 
* I n B U R N ( 
I N r K * II C 0 
I N • M o u s e 

M i  C (L i v e  H 

PI Pa 

SIMPLE   IKPONtNTIAL 
AIKSORNC 
SYSflMsHAOAK 
I N • H U U S E 

«?       Xü,   1 

»? NO, 2 

• 2 Mj 1 

K2 NU. U 

RJ NO, S 

N2 NU, 0 

•VINO Ml,MIL MUUR9               PJ                          PI 

27 10) TR« 0,t«»m»01 0,20«0t«02 

2' 127 1097 0,297«*0J Ulllt!*!! 

|l fe-j )«< C.<«0S(«0l 0,))12E-02 

2S Stt7 1192 ofi^8t*0I S,11}«E«02 

27 lie. 2S00 0,i07aE»01 0,a9tt5E-01 

2S 371 54«! 0lt)12E*02 -,t7«7E>0} 

PI PU 

RIIAP 

27,0«« 

»DAR 

«,290 

9,2«e 

S.029 

to.««i 

21.7*9 

11,277 

< 

I 

'I «1 

SIMPLE   EXPONENTIAL 
»IRIORNI 
SYSTEM.  LASER 
I   N   .   M  0  U   S  E 

Rl NÜ,     1 

'HI,   2 

SYSNf)     NU,r»Ii      HOURS PI PI 

21 27 760     n,}i0St*01      0,«172E«02 

21 19 500     0,74721*01      0,S096E'>02 

PJ P<* RSAR 

91,20« 

10,109 
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T ,' I L E 4.4 (Cont'd) 

« I • B U * N P 
avsTtM.LAien 
1    N   •   M   O   U   S   P 

»1 NÜ,    1 

• t»J NO,   ? 

} 

t 

c 

" 
»1 NO,    1 

»l wO,   2 

^ »I 

NO,    J 

NU,    0 

9V$NO     NO,p»T'. 

10 J7 

20 if 

TkT     0,T221M01      0,?e5U-()2 

TBl     0,9762t«01      0,226«t«02 

^i ft 

• IHPLE   en^ONtNTIAL 
A I R M U K N E 
IV8TIM«INPR«REI) 
I N • M J U 8 f 

SVSNd Nn,f»lL MOlJBJ                    (-t                                 J»J 

21                  17 S»b ri.uhibt.O? >,||1«t»02 

2)                 it T»9 0,510«e«02 0,tt042fc-0<t 

«»                    ! S?J 0,10T2t*01 0,72«t.O« 

2>                    « 711 0,19«lt*0} -,llMfc-0^ 

PI PU 

01411 R( 

<t2,7S) 0,1 

7,7*7 0,0 

B"4B • E 

27,»]« 0,« 

17,«2« 1.1 

Ifttll t,> 

• ,*S2 0,2 
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1 

»Y8N0  NU,MIL  ► 

•1 NO, I 1«     s 

•1 NO, | 2«       3 

«n NO, 3 2«       3 

»5 

NO, « 2«       « 

NO, 5 2«       3 

• 1 

-5 

«5 

NO, 6 

NO, T 

2«       3 

2«       • 

NO. A 2«       3 

NO, 9 

NO, JO 

2«       3 

2«       « 

Kl NO, 11 2«       u 

^»3 
m 

«3 

NO,12 

NO, 13 

20       3 
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