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OBJECTIVE

Demonstrate the feasibility of using fiber optics in a military system aboard an
airborne platform and determine whether such use of fiber optics could lower the cost
and/or increase the pertormance of military systems.

RESULTS

The Airborne Lighi Optical Fiber Technology (ALOFT) flight demonstration
compared a fiber-optic multiplexed configuration to the existing wire configuration A-7
aircraft navigation weapandelivery system, and the economic analysis compated fiber-
opt.c and wire versions ¢i A-7 avionic systems. The following results were obtained:

1. Fiber-opuc components can operate in the maintenance and mission ¢nviron-
nents of a military aircraft,

2. In the cperating enviromment of a military aircraft, the multiplex fiber-optic
system performed with the same accuracy as the nonmultiplexed existing wire system.

3. Inan FMI or lightning environment, the multiplex {iber-optic system was
sngerior to the nonmultiplexed wire system.

4. The results of the economic analysis indicate, in the comparison between
conventional wire systems and fiber-optic syste.ns, fiber-optic technology clearly pro-
vides substantial future benefits of reduced system weight, improved survivability and
reliability. increased data transmission, and ease of maintenance at reduced life-cycle cosis
while meeiing o1 exceeding the future requirements of EMI and EMP,

5. Reliability data compiled during the first 72 hours of flight testing indicate
that the fiber-optic system may be more reliable than the wirc-inserface system used in
the Fleet configuration.

6. The fiber-optic system interface was easier to trouble-shoot and maintain than
the wire system,

ADMINISTRATIVE INFORMATION

This work way peifoimed by the Air Systems Progrum Office (Code 1606), Navyl
Electronics Laboratory Center, for the Naval Air Systems Command {NAVAIR) under
prograin element 63791N, project F41X1, and task area WF41X1001 (NELC work unit
F228). The principal investigator was John R Ellis, LCDR, USN.

The authors acknowledge the contributions to the generation of this report made
by WJ Tinston, Jr, LCDR, USN. and TA Meador of NELC, JT Dijak, Captain USAF, of
Wright-Patterson AFB, Dave Orwig, NATC, Patuxent River, MD, and Jim Ross and Mike
Johnson of NWC, China Luke, CA. This report was approved for publication 3 February
1977, ¥
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INTRODUCTION

The Airborne Light Optical Fiber Technology (AT.OFT) demenstration was spon-
sored by the Naval Air Systems Command (AIR-360) to show the feasibility of using fiber
optics on an airborne military platform and to determine if [iber optics could lower the
overall cost or improve the overall performance of military systems.

When signals in an avionics environment are transferred electrically, there is found
to be potential operational degradation and damage duc to the susceptibility of metatlic
conductors o electromagnetic interference, radio-frequency interference, lightning strikes,
and nuclear-generated clectromagnetic pulses. Other sources of electronic interference such
as crosstalk, ground-looping, retlection, and short-circuit loading also affect system operation,

When an electro-optical interface is used to transfer signals, information is transmitted
through bundles of glass fibers called fiber-optic cables. Because of the dielectnic nature of
glass, the bundles are immune to electrical interference and are unaffected by clect:onic con-
duction problems. Because of these attribuces and the high-bandwidth capabilities of fiber-
optic cables, multiplexing can be used reliably in a fiber-optic system. Multiplexing reduces
the number of the required signal paths and the complexity of cable connectors. The result-
ing enhancement of system performance and the savings of space and weight may make {iber-
optic technology highly cost effcctive for avionic systems.

PARTICIPANTS

The ALOFT project began in March 1974 when NAVAIR assigned NELC the respon-
sibility for conducting the fiber-optic investigation. The project came to an end in February
1977 after more than 107 flight-test hours of the fiber-optic A-7 system had been conducted
by Naval Weapons Center (NWC), China Lake, California.

NELC was tasked by NAVAIR to manage the ALOFT project and to perform evalu-
ation tests on fiber-optic components. 1BM, Federal Systems Division, Owego, New York,
performed the system design, fabrication, and integration. Ling-Temco-Vought (LTV),
Vought Systems Division, Dallas, Texas, developed an installation plan and performed the
initial system ground tests. The Naval Weapons Center, China Lake, California, supplied the
necessary software for the system. safety-of-flight verification, and the flight test facihties
tor the ALOFT demonstration. NWC also installed the ALOFT system in the aircraft and
performed ground and flight testing. The Naval Air Test Center (NATC), Patuxent River,
Maryland, evaluated the reliability and maintainability of the system. Emi and lightning sus-
ceptibility tests were performed by LTV, McDonnell Aircraft Company, and personnel of
the Flight Dynamics Laboratory, Wright-Patterson Air Force Base, Ohio. McDonnell Aircraft
Company, using data and analyses supplicd by the Naval Postgraduate School, Monterey,
California, executed an economic analysis of the ALOFT system.

PURPOSE OF THIS DOCUMENT
This report contains the results of the tests performed on the ALOFT system, and

presents the results of the A-7 ALOFT Economic Analysis, The test plan which was used
is contained in reference 1, the basic outline of the economic analysis is presented in

1. Naval Blectronics Laboratory Center Technical Document 438, A-7 ALOYT Demonstration Master
Test Plan, by R Harder, July 1975
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reterence 2. detailed flight test results aze contained in reference 3, and details of the
system hardware design are discussed in reference 4.

SYSTEM DESIGN

The IBM-designed interface system connected the A-7 avionics as shown in
tigure 1. Signals which were originally transmitted over a very dense, parallel, point-to-
point interface, consisting of 115 channels (302 conductors including twisted shielded
pairs and coaxial cables) were multiplex.d into 13 simplex information channcls. Data
in these chiennels were trunsmitted over 123 fiber-optic cables. Such extensive point-to-
point multiplexing was possible because of the wide bandwidth available with fiber-optic
data links. Table 1 shows the differ. nt types of signals which were transmitied by fiber-
optics in the ALOFT system.

The digital signals were time-division multiplexed and then transmitted using
Manchester coding. The maximum multiplexed data rate for the system was 10 mega-
bits per second. The maximum transmission distance was 27 feet and there were five
coupling devices, maximum, from the light source to the light detector. The light source
was a GaAs light-emitting diode; the light detector was a PIN silicon photodiode. The
cable consisted of “high loss,” glass core, glass-clad fibers in a 0.045-inch diameter active
area bundle with a jacket of outside dimension of 0,120 inch. More detailed system de-
sign information can be found in other documents (refs 5 and 6).

Naval Electronics Laboratory Center Technical Repert 1982, A-7 ALOFT Life-Cycle costs
and Measures of Effectiveness Models, by RA Greenwell, March 1976

o]

3. Naval Weapons Center Technical Memorandum 2969, ALOFT Demonstration Flight Test
Fing! Report, by ID Ross (in preparation)
4, Naval Electronics Laboratory Center Technical Report 1968, A-7 ALOFT Demonstration,

Interim Progress Summary and Description of the A-7 ALOFT System, by JR Ellis, LCDR,
USN, 1 January 1976

5. International Business Machines Instruction IBM-75-AL0O-010, A-7 ALOFT Maintenance
Instructions, 27 Febiuary 1976

6.  International Business Machines Report 75-M41-002, Design of ALOFT Fiber-Optic Inter-
face Circuitry, 24 February 1975
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Figure 1. A-7 navigation and weapon-delivery system. clectrical intertuce.
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TABLE 1. ALOLIY SIGNAL TYPES.

. Fow 1 MIl, L] Twelve 32V pulse trains

L] Nineleen 30 kHy ® Faght 28-V discrctes

[ oty -twa 5=V discretes L] 2analog (v A-D conversion}

L] 27 switch closures L L analog (duect fiber-optic interfage)

Total = 8 signal types and 1S signals

OPERABILITY TESTS

The fiber-optic components underwent extensive environmental testing before they
werge installed on the aireraft to prove that they would operate in the environment of an A-7
aireraft. The Fleet A-7 navigation and weapons-delivery system was designed to mect the
Class 2 environment of MIL-E-5400 (ref 7). The fiber-optic cables. light-emitting diodes,
and photodiodes urnderwent cxtensive testing al temperatines from =62°C 10 495°C and at
simulated altitudes of 70000 feet (21.3360 km). The components were subjected to vibra-
tion and shock tests, humidity, salt fog, and temperature-shock tests. These tests are described
in NELC documents (refs 1, 8,9, 10) and proved that the fiber-optic components can survive
in the aircraft cnvironment,

The components, assembled as o system, were tested on the A-7 ground simulator at
Ling-Temco-Vought (LTV). The system performed successfully under temperature and vi-
bration extremes typically used to find problems that appear intermittently in flight. The
wire portion of the ALOFT system was also tested to emi conditions found on A-7 aircraft,
according to C501, C502, €506, and RS02 of MIL-STD-461A. These tests proved that the
total ALOFT system would operate in the A-7 environment. (ref 13)

SYSTEM INSTALLATION AND TESTING

The ALOFT system was installed on the A-7 aircraft according to LTV installation
plans (refs 11, 12). No special precautions were taken during the installation. Wherever

L e ol R T

7. Ling-Temco-Vought Report 2-5036G,/4R5738, Environmental Definition Analysis Report,
28 June 1974

8. Naval Electionics Laboratory Center Technical Document 460, ALOFT Fiber-Optic Component
Tests, By ¢ Holme, January 1976

9. Naval Electronics Laboratory Center Technical Document 418, A-7 ALOFT Hardware Require-
ments/Environmental Analysis, by G Holma, April 1975

10.  Naval Licctronics Laboratory Center Technical Document 439, The Eftects of Contamination
on Fiber-Optic Connector Radiation Patterns, by G Kosmos, July 1974

11, Ling-Temco-Vought Report 2-50360/4R5760, Physical Coustrainis and Aircraft Installation Re-
quirements Report, December 1974

12, Ling-Temco-Vought Report 2-51734/5R5780, Preliminary Modification Plan for ALOFT Pro-
gram, March 1975

13, Ling-Temeo-Vought Report, Vought ALOFT Tesi Progiam Final Report, 29 April 1976
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possible the tiber-optic cables were attached to existing wire harnesses with nylon tie
straps. No stram relief wis used at the cable-connector junctions. During installation,
one fiber-optic cable wis broken when it was being pulied through the keel of tive amreraii
from the left to the right avionics bay. The bredak took place at the connector end where
the connector terminal was found to be improperly assembled. The break was repaired
and tie installation was completed. The break placed emphasis on the importance of pro-
viding some form of sirain relict tor the fiber-optic cable-connector junction in tuture
installations.

SYSTEM ACCURACY TESTS

The Flight tests at the Naval Weapons Center, China Luke, California, consisted of
3 series of tlights in which accuracy data were taken.  Additional flights were flown to
gather information on reliability and maintainability. The first series of accuracy-data flights
was with the aireraft in the Fleet configuration. not modified in any manner, This series of
tlights established a baseline tor comparison with later flights in the wire ¢onfiguration with
the modified TC2A computer and in the fiber-optic configuration.

The second series of accuracy flights was in the modified wired configuration. In
this configuration, the modificd ALOFT computer with its new software and new TC2A
converter were installed on the aircraft. Data transmission was still nonmultiplexed over
wire a$ in the Flect configuration, Thesce tests established a second baseline to determine the
level of accuracy ol the new modified computer and software compared to the first version.

The final series of accuracy flights used the modified computer in conjunction with
tiie nuultiplexed. fiber-optic configuration. Comparing the accuracy of these flight data with
those of the sccond series of flights allowed a judgment to be made on the accuracy of the
multiplex fiber-optic data transmission. Lach series of flights consisted of navigation tlights
and weapons-delivery flights. The flight-test results are in the NWC Flight Test Report
(ref 3) which showed that the fiber-optic configuration was fully as accurate as the TFleet
configuration,

The total number of flight hours in the fiber-optic configuration was 107. At the
end of the flight tests, 1 percent of fiber degradation (breakage) was noted. The tiber-optic
cable breakage data are in appendix A.

During the last halt of the flight tests (after 72 hours), the aircraft with its avionic
systems, including the fiber-optic interface, was turned over to the NWC Flight Squadron
VX5 for use in training missions and other programs not reiaied to ALOET o fiber optics.

EMI. LIGHTNING, AND EMP IMMUNITY TESTS

A muyjor advantage ol fiber optics vver wire is its immunity to clectromagnetic inter-
ference lightning. and cicctromagnetic pulse. This is because the fiber-optic cables contain
no metallic conductors. They cannot emit nor pick up electromagnetic radiation. Three
tests were conducted to demonstrate this advantage of fiber optics at the system level.

The first scries of emi tests was perforimed with the ALOET hardware operating

with the A-7 simulator. These tests measured the bit-crror rate of the NWDS double-shiclded.

wire interface and the NWDS fiber-optic interface when exposed to emi. The bit-error rate
for the multiplexed fiber-optic interfuce was 500 times lower than the bit-error vate for the

&
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nonmultiplesed wire intertace when exposed (o the same fevels of e, Details of this test
can be tound in appendin B ol this docunrent.

The second series of tests was done at China Lake by McDonnell Aireraft Company.
The Heads Up Display (HUD) and Projected Map Display System (PMDS) displays were
monttored for picture quality whiie the systems onboard the giveralt were exposed 1o enii.
WNo interference was caused the displays when the fiber-optic cables were exposed to emi.
The display quality was considerably degraded when singlesshielded wire was exposed to
emi. Double=shielded wire was nol visibly susceptible to the same tevels of emi but a nas-
sive increase in the bit=error rate is required to produce @ noticeable decrease in the quality
of the displays. These test results may be found in appendix 1 ol the Final Report on the
A-7 ALOET Bconomic Analysis (ref 14,

The third series of tests consisted of simulated lightning-strike tests performed by
the Flight Dynamics Laboratory, Wright-Patterson Air Foree Base. These tests were con-
ducted at NATC, Patuxent River, Various test points within the NWDS computer were
monitored while the aircraft was exposed to simulated lightning strikes.

A 2000-ampere peak current pulse was applied to the aireraft to simulate the light-
ning current. The pulse had an approximate 1.6-microsecond rise time and a 50-microsecond
delay time to half vatue. In order to allow a maximum of information to be drawn from the
test. the ALOFT computer was tested in a total of 7 different configurations. These included
viriations in conncctions of power cabling, signal cabling, fiber-optic cables, und aircraft
power.

Induced transient measurements were made on a total of 6 different circuits within
the computer in cach of the 7 configurations. Multiple observations were made of ecach
transicnt (3 io 10) in order to establish confidence bounds on the data. In addition to re-
cording the time-domain transicnt waveforms, most waveforms were also analyzed with the
Fast Fourier Transform to yield spectral information.

For the fiber-optic configuration, the induced voltages within the computer, when
exposed (o a simulated lightning strike, were 85 to 90 percent less than the induced volt-
ages in the wire configuration. This indicates that the fiber-optic configuration would
be much less susceptible to damage if the aircraft were to be struck by lightning. Thig is
cven more significant considering that the A-7 aircraft signal wiring is zll double-shiclded
wire. Since a lightning strike is similar to electromagnetic pulse (emp) in its induced effects
upon avionics, the results could be carried over to emp susceptibility. These results can be
found 1n the Air Force report (ref 15).

These emi and lightning/emp results are significant when future aircraft designs are
considered. Future aircraft will emphasize low weight and lost cost. They will be made of
composite, non-metailic, structures wiich will offer very hittle shielding. The emphasis will

14, Mc¢Donnell Aireraft Company, A-7 ALOFT Economic Analysis Final Report, November
1976

15, AFEDL Test Report TM-76-100-FES, Simulated Lightning Test on the Navy A-7 ALOFT
Adrcrait, September 1970
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be for non-shiclded or single-shiclded wires instead of double-shiclded wires as is the cuse
with the A-7. Vhe gireratt wall also be fly-hy-wire with the aireraft survivability directly
dependent upon the amount ot shielding provided for the avionics. Fiber optics may be
the only solution,

RELIABILITY

Data regarding component and system failures were collected over the life of the
ALOET project. The Navul Ar Test Center (NATC), Patuxent River, Maryland. super-
vised the collection of these data and evaluated the data collected during the first 72 hours
of itight testing. Althouglt 72 hours is not & sufficient sumple to provide an accurate com-
parison, it is signiticant that the reliability of the ALOFT system compared favorably to
the leet reliability tigures for the wired system. The Mean Flight Hours Between Main-
tenance Action (MIFHBMA) and the Mean Flight Hours Between Failure (MFHBF) tor the
fiber-optic configuration were 10.2 and 24.0 hours, respectively. The Fleet figures for the
wired configuration are 7.4 and 21.6 hours, respectively. Further details regarding the
reliability analysis are contained in the NATC report (ref 16).

MAINTAINABILITY

Maintenance data on the ALGFT system were compiled and evaluated by NATC.
The NATC report rates the maintainability of the ALOVT system as good and further
details are contained in that report. NATC’s rating was basaed upon the fact that the fiber-
optic system eliminated problems such as ground loons, intermittent and bent contacts.
broken shields, and clectricul shorts which were common to the copper-wire interfaced
system. The fiber-optic system connections do not require dirgct contact between the light
emitting diodes, the cable ends, nor the photo detectors for proper operation. The connec-
tors used in the ALOFT system separate the ends of the fiber-optic cables by 4 smuall air
gap; therefore, problems similar to the intermittent and bent contacts of wire connectors,
cannot occeur.

ECONOMIC ANALYSIS

The purpose of ilie A-7 ALOTT Leononiic Analysis Program vas to develop valid
cost estimates for performunce-equivalent digital-data transfer systems utilizing conven-
tional wire and tiber optics. The analvsis developed credible cost projections for three
performance-cquivelent cable alternatives: coaxial, twisted-shielded pair, and fiber-optic.
Cost estimates were generated by an approach which vtilized two techniques: one wiich
computes rescarch and development (R&D), investinent, und operating and support (O&S)
costs for the fiber-optics and wire-intercomnect data-transmission subsystems (“Bottoms-
Up” model); und another which computes the total weapon system costs as a result of

16. Maval Air Test Center Report SAUSR-77 ALOLF I Reliability and Maintainzbility

Y




changes in weight of the respective subsystems (*““T'op-Down™ model). The “Bottoms-Up”
model outputs becanie one of the inputs to the “Top-Down’ model which yielded the total
life-cycle cost (LOCC) results. Results from these two models were then consolidated, tested
for sensitivity, and cvaluated to provide the total LCC for cach alternative. Results of the
ceonontic analysis are summarized in figure 2 by system configuration, clectromagnetic

environment, and wire/fiber interconnects, These results must be bounded since they are 1

constrained by the busic assumptions ot the program. The major assumptions were: !

b 1. All costs were assumed to be applicable to u new program, not a retrofit pro- ;
gram since all the alternative configurations were new design subsystems for the A-7; 3

i . . !
2. Cost clements would only be developed where differences between conven- i

tional wire and fiber-optics costs occur for the “Bottoms-Up’ approach; and

3. Fiber optics presents no serious development, reliability, nor production
| problems, and the fiber-optic components are environmentally qualified with a life expect-
ancy cqual to that of comparable conventional wire components.

For the coaxial, twisted-shiclded-pair (TSP), and fiber-optic components, actual

§
: costs were used wherever possible. Specifically, the cost of materials was requested from
r several sources although it was not always received. Where actual data were unavailable,
; engineering judgment was exercised.
. ' -
; i
1 i
b
1 A-7 Alternative Flectrical Subsystem Configurations
t
; N
k ] Mission
¥ 1 N/WDS Complete Critical Point-to-Point Data Bus
f’. : Alternative Electromagnetic Environments (volts per metre)
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L ' Y /2
b Baseline | A Bottoms Up /
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Figute 2. Summary LCC results for A-7 alternative configurations.
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Several other basic purameters had to be established before data could be input to
the “Boutoms-Up™ model. Production schedules and quantities had to be established tor
cach alternative design confliguration, Lscalation, strategic-commodity rate increases, and
experience-curve estimites had to be established for each alternative.

The base year tor the cconomic analysis was established as beginning 1 January 1977
with a 3-ycar period assigned to perform the research, development, test, and evaluation
(RDT&E) of a subsystem design. The next 4 years were assigned to the acquisition of the
subsystem, and the final 10 years were assigned as anticipated operational life without u
service-life extension program (SLEP). The basic A-7 Navigation/Weapon Delivery Sub-
system (N/WDS) was the baseline design in a total production schedule of 812 A-7E aii-
craft. Of these 812 aireraft, twelve were test vehicles, the costs for which were included in
RDT&E fubrication costs. The remaining 800 aircraft would meet the following delivery
schedule:

80 in 1980,
240 in 1981,
240 in 1982, and
240 in 1983.

It was also assumed that, of the 800 aircraft, 675 would be operational vehicles, The utili-
zation rate was assumed to te 35 hours per month for 9 of the 10 years of operation. The
remaining year was considered a wartime operational environment and the operation rate
was assumed to be 12 hours per day. A-7E aircraft attrition rates in southeast Asia were
also assumed for survivability analysis.

Cost data resulting from exercising the “Top-Down’ and “Bottoms-Up”™ life-cycle
cost modeis applicable (o the A-7 aircraft have shown that fiber opiics 1s an attractive al-
ternative to conventional wire data transfer in most cases and especially when the EMI
environment places severe demands on the amount of protection required.

For the A-7 ALOFT configuration, the cost results conclude that fiber optics is
the best choice followed by TSP and then coaxial in all EMI environments except the one
case where the “Top-Down” results indicate the positions of TSP coaxial are reversed for
the 100 volt per metre (baseline) environment. The total LCCs of TSP and fiber optics
applied to the A-7 ALOFT configuration are similar, Such a result is highly encourtaging
in that fiber-optic factors also include the added burden of lurge RDT&E costs plus non-
recurring investment, maintenance, and instructor training costs that TSP docs not. Assum-
ing reliability objectives for fiber optics can be realized, this investigation concludes that
recurring investment and operating and support costs for TSP are greater than those for
fiber optics. FFor the completely multiplexed A-7 aircraft configuration, fiber optics is the
only system to show a cost savings over the bascline system in all categories of ¢cnvironment
(eg, in the most severe environment (EMP) o TSP system costs more than the baseline system).
This weight saving duce to multiplexing trunslates into a significant cost payvo’f. Savings arc
realized by both lower total equipment costs and jarger weight savings. For the 100 point-
to-point (nonmultiplexed. one for one replacement) data-link case. the use of fiber optics
does not appear to be justified for any environmental situation, principally due to the large
amount of conversion components required. Only i a situation exists where an aireraft
system will not function unless a selected number of fiber-optic transmission lines are em-
ployed in eritical arcas can the unmultiplexed point-to-point technique be cconomically
justified.

e e e Y TR T, T



E A

T

e

NV TR A o o VAT B2 e st

Similarly. the cost data resulting from exercising the “Fop-Down™ and “Bottoms-Up™
life-cycle cost models applicable to the advanced A-7 (data bus) aireraft have shown that
fiber optics is an attractive alternative to conventional wire data transfer. For the bascline
system in the 100 volt per metre environment, i 25 percent savings in LOC is realized using
fiber optics instead of conventional wire for data transter. Also, the LOC increases as the
suvirenment becomes more severe for both the conventional wire and fiber-optics contigura-
tions, but the increases are significantly larger for conventional wire. There is no linear rela-
tion between weight increases and LCC increases, These results are summuarized in figure 2.
Table 2 and figure 3 show comparisons of the actual cables w.ed on the ALOIT A-7 and
appendix U contains a briet description of the LCC methodology und the cost data.

TABLL 2. SIDE-BY-SIDE COMPARISON,
FIBER-OPTIC AND ELECTRICAL CABLES.

Wire Fiber Optics
Number of wires/cables 302 13
Total length 1890 {1 (576.07 m) 2241t (68.27 m)
Total cables & connectors weight 31916 (14 45 kg) 2710 (1.2 kg)
Total cables & connectors cost $1.63k $1.03k

Figure 3. Side-by-side comparison of the amount of copper winng displaced in the

A-T hy the 13 iber-optic cables in the ALOFT system,
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CONCLUSIONS

The ALOFT project suceesstully demonstrated that fiber optics is a feasible tech-
nology for signal interfuces on o military platform. In the ALOFT project, the wirce inter-
face for the navigation and weapons delivery system on a Navy A-7 aireraft was successfully
replaced by a multiplexed fiber-optic interface. This multiplexced fiber-optic interface data-
transter system was shown o offer many advantages over the standard, nonmuitiplexed wire
interfaces used in current military ajreratt, These advantages included reduced weight and
space requirements, improved clectromagnetic interference (emi), electromagnetic pulse
(emp), and lightning immunity, {reedom from ground loeps, and reduced secondary hattie
damage,

The ALOFT project proved the following by comparing a fiber-optic and wire ver-
sion of an A-7 navigation and weapons delivery system:

1. Fiber-optic components can operate in the maintenance and mission environ-
ments of a military aircraft;

-

system performed with the sume accuracy as the nonmultiplexed wire system;

2 In the operating environment of a military aircraft, the multiplexed fiber-optic

3. Inanemior lightning environment, the muitiplexed fiber-optic system was
superior to the nonmultiplexed, wire system;

4. The results of economic analysis indicate that, in the comparison between
conventional-wire systems and fiber-optic systems, fiber-optic technology clearly provides
substantial future benefits of reduced system weight, survivability, improved reliability,
increased data transmission, and erse of maintenance at reduced life-cycle costs while meet-
ing or exceeding the future requirements of emi and emp;

5. Reliability data compiled during the first 72 hours of flight testing indicaie
that the fiber-optic system may be more reliable than the wire-interface system used in the
Fleet; and

6. The fiber-optic interface was found to be casier to troubleshoot and maintain
than the wirc-interfuce system.

1t is important to note that these conclusions pertain only to a system using multi-
fiber glass-on-glass cables having an overall diameter of 0.045 inch. At the present time,
the components for this type of system are the easicst with which to work, are the least
expensive, and the most readily available of any fiber-optic components.

A fiber-aptic interconnect system is not susceptible to the battle damauge that can
be caused by a broken or damaged wire cable. A damaged wire cable can cause secondary
damage to an clectrical system due to short-circuit overloads, A broken tiber-optic cuble
cannot cause this type of damage because there are not short circuits, sparks, nor fire if a
fiber-opiic line is damaged.

The emi immuniity of a wire system is dependent upon the integrity of the shield-
ing, The shiclding of a wire system deteriorates with time and. as a result, the performance
of a wire system may be affected due to shicld damage during maintenance. A fiber-optic
cable does not require shiclding and thus climinates this type of problem.

The repair of broken or diemaged fiber-optic cables is casily accomplished and re-
guires tewer tools and less mapual dexterity than does the repair of coaxial cables, Indica-
tions are that information on the muintenance of multifiber glass-on-glass fiber-optic cables
could be incorporated casily into existing truining courses.
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Trouble shooting of u fiber-optic cable is accomplished casily with a visible light
source, Visual inspection quickly determines tiber continuity and transmission quality.
Muny problems of trouble shooting connected with a wire system are eliminated when
fiber optics are used.

DESIGN RECOMMENDATIONS FOR FUTURE SYSTEMS

Although the ALCHT system performed extremely well, there were some difficul-
ties which should be taken into account if any new fiber optic systems are designed. Fiber-
optic receiver circuits are susceptible to emi. Relays, which are a source of emi, should not
be placed within the same avionics box with the receiver unless proper shielding of the relay
and receiver is used. Power-supply lines going to the avionics units and to the receiver cir-
cuits should be well filiered at the avionic unit, For the same reason, source-driver circalits
should be isolated from the receivers if both receivers and drivers are used in the same
avionic box. This includes separate grounds if they are on the sume card.

The ALOFET system included three analog signals. Two of the signals were con-
verted fo digital signals and transmitted over the fiber-optics cables. This method presented
no problems. However, the direct analog link to the attitude direction indicator (A7) did
not work well. With this circuit, the analog signal was converted to an analog light <jgnal
and was transmitted over a fiber-optic cable. The required accuracy of the ADI was § per-
cent. Over the temperature range from -54°C to 85°C, the accuracy of this analog link was
only 50 percent (tef 13). This was because of the large change in light output ot the LED
with temperature. Also, whenever a fiber-optic cable was disconnected and then recon-
nected, the rero reading on the ADI converter unit had to be adjusted because of the small
change in connector loss which took place during reconnection. An analog signal, in which
the absolute signal level is important, is not well suited for transmission over fiber-optic cables
unless it is converted first to a digital signal or unless adequate automatic gain control (AGC)
is provided. These statements should not be construed to apply to video links using a modu-
lated carrier frequency. These types of signals are well suited for fiber-optic transmission.
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‘ : FIBER-OPTIC CABLE BREAKAGE

P

P

J;_,. B T e i 0 MU A MO e tn” (uie o b . Ao owide ¢ e @) el Ul GPuh et 2! 0L SN ol o pla . ale e ' ool



D T LTI o T e S b D AR A

TABLE A-1. FIBFR-OPTIC CABLE BREAKAGE, 367 FFIBERS IN EACH CABLE.

External Cables

Sreakage when made  After ground tests

[ncirease after ground

12/19/75 334176 fests
Armament Station Control Unit - 40, 1o 33,70 47
Left Hand Bay 11,25 60, 28 52
Right Hand Bay O 51,25 150,70 @ 144
Forward-Looking Rada 30, 10 34,43 37
Computer to bulkhead 45,12,14,25, 14 1¥,46,40,21, 26 41
Bulkhead to cockpit adapter  (2)4,5,3,7,4 8,8,3,9,7 12

Cables Repaired Before Installation:

——

5% increase in breakage

External After A/C Install. After 72-hours of Increase ufter 72
3/24/76 flight time,8/12/76  hours

Armament Station Control Unit 17,32 17,32

Left Hand Bay 28,23 (9 .23

Right Hand Bay 24,25 24,25

Forward-Looking Radar 44 40 48, @

Computer to bulkhead 28,8,21,28,17 28,11,21,33,20 11

Bulkhead to cockpit adapter 8,13,8,6,4 8,19,8,6,4 6

QOO

larpe number of breaks when made because ITT termination procedure.
NELC madc terminations,

One broken during tests at connector end.

One broken after installation at connector end.

One broken during tlight tests aiter 72 hours.

Same as in@. rebroken atter 107 hours.

After 107 hours of flight time

1/14)77
Armameni Station Control Unit 18, 36
Left Hand Bay 29,33
Right Hand Bay 25,28
Forward-Louking Radar 50, __ @

Computer to bulkhead 22,12,33,25,40

Bulkhead tu cockpit adaptes 7,20,12,8,4

0.4% increase in breakage in
16 cables, 2 broken cables for
a total of 18 cables.

Inciease since

3/24/76

5

11 1.1% increase
for 17 cables,
one broken

6

20

12
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ALOFT EMI TESTS

DA TR AT AT

R

17

AU T T ETIRA . —T

ST
by

Ay

- e
3 e B L i N



INTRODUCTION

Emi tests of the ALOFT system were pertformed to compare the emi susceptibility off
the fiber-optic interface system to that of the wire interface system.

Two sets of RSO2-{ype tests were performed i accordance with MIL-STD-401 und
MIL-STDH-462. The first tests were performed at the Vouglit Systems Ground Simulator
Laboratory by LTV personnel. The bit crror rate for cach system was monitored during
i the tests and the results showed that the fiber-optic interface was much less susceptible to
emi. The error rate for the tiber-optic system was less than 3.9 X 1078 errors/bit (no errors
detected in 2.6 X 107 bits of data sent). The double-shiclded, twisted-pair, wire interface
had an crror rate of 2 X 1072 errors/bit (42 errors detected in 2.1 X 10¢ bils of data sent)
when ¢xposed to the same emi levels.

The second series of tests were performed by personnel from McDonnell Aircraft Com-
; pany. These tests were conducted while the system was installed in the A-7 aircraft st the
| Naval Weapons Center (NWC), China Lake, California.
| It was not possible to moenitor the bit error rate while the system was installed on the
P aircraft. As an alternative, the visual quality of the Head Up Display (HUD) and the Pro-

i jected Map Display (PMD) was monitored. This was a gross mcthod of measuring the sys-
tem performance, and not a quantitative measure of the system error rate. During thesce
tests, there was no noticeable degradation in the operation of the HUD and PMD displays
when the system was in either the double-shielded, twisted-pair, wire interface, or in the 3
fiber-optic interface configurations. However, a large error rate is required to produce a ) i
noticeable decresse in the quality of either of these displays, The same tests were then per-
formed with one of the double shields of the wire interface disconnected. With only one
of the wire shields connected, there was a significant decrease in the display quality of the

: wire-interfaced system. No decrease in the quality of the fiber-optic interfaced displays
Py couid be observed. These tests are described in detail in Appendix | of the McDonnell
Lo Douglas, A-7 ALOFT Economic Analysis, Final Report (ref 11).
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" TEST DESCRIPTION - LTV BIT ERROR RATE TESTS
Pl A software program was written at LTV to perform the bit error rate test on the
E; : ALOFT system. Figure B-1 shows the hardware set-up for the computer in the glass
b mode.
Yo
5o
i F
£ ] FLR DOPPLER
F oy .G
oo '
Lo A i
: 2 : NORMALLY GOES TO FLR AND DOPPLER :
3 iléipren 1 14 FEET v RIGHT BAY
L
i 50 kHz DATA; 3 TWISTED DOUBLE SHIELDED PAIR WIRES ADAPTER
4 y
{
6 FEET 6F
3 COMPUTER FEET —
2.5-MHz DATA, FIBER-OPTIC CABLE 2.5-MHz DATA, FIBER-OPTIC CABLE
1 Figure B-1. Computer hardware sct-up in glass mode.
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In this mode, the comprrter sends and receives data over fiber-optic cables, using light sig-
nals. The TC 2 computer sends o4 different 16-bit words over a tiber-optic cable to the
FLR adapter unit. This adapter converts the light signal to an electrical signal. Instead of
outputting the data to the FLR sweep generator, as is done in the normal ALOFT configur-
ation, the duta are jumnered to the input and sent back to the computer. The computer
then compares the received data with the sent data, and counts any error. This cycle is
repeated until the desired number of bits are sent.

The system was checked first with no ¢mi present. The program ran for 52 minutes
with the computer sending 6.7 X 107 bits of data. No errors were detected by the compu-
ter. This represents a bit error rate of less than 1.5 X 1078 errors/bit.

' Next, a noise source was used to introduce emi onto the double-shielded, twisted-
* pair, wires. Test levels from RS02, in MIL-STD-401 and MIL-STD-462 were used, as shown
in figure B-2.

1
. 14 F u
. FLR EET, 9 TURNS RIGHT BAY
ADAPTER DOUBLE SHIELD WIRE T P ADAPTER
TWISTED PAIR
NOISE fowAy:iTs
| GENERATOR | (000
: | S
1
OUTPUT, FIBER OPTICS IMPUT, FIBER OPTICS
COMPUTER <— :

Figure B-2. Introduction of noise into double-shielded twisted-pair wires.

The program ran for 100 seconds with 42 errorsin 2.1 X 100 bits. This represen{s an error
rate of 2.0 X 107 errors/bit and demonstrates the susceptibility of wire to EMI.

i To demonstrate the lack of susceptibility of fiber-optic cables, the test set-up in figure
B-3 was used.

FLA DOUBLE SHIELD WIRES RIGHT BAY
ADAPTER #1  ADAPTER

FIBER OPTIC CABLES

L, UL~ - WSt | ove Ly asiTE et o

2oames | )

100 VOLTS - 25 TU

10 PPS GENERATOR| ANS
.

- CUMPUTER

Figure -3, Susceptibility test of fiber-optic cables.
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An attempt was made to couple noise onto the fiber-optic cables. The computer program
ran tor 20 minutes waith the emi souree on. The total number of bits sent was 2.0 X 107,
No errors were detected. This represents an error rate of less than 3.9 X 107 crrors/bit,
This test also verified that no noise was being conducted through the power lines in the
wire test previously run. I there was conducted noise, errors would oceur in the second test
also. The noise was coupled only on the signal lines,

The final test was performed on the computer in the wired configuration, as shown in
figure B-4,

r.
Nl compuTer ouTPUT

20 AMPS ?
NOISE )

100 VOLTS § 15 TURNS
e GENERATOR 3
)

4 FEET

DOUBLE SHIELD, TWISTED PAIR WIRES

Figure B-4. Emi test of computer in wired configuration.

The computer was converted back to its original wire outputs. The computer output was
jumpered to its input with double-shielded, twisted-pair wires. A noise source with the
same test levels coupled emi into the wire.
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INTRODUCTION
An ceonomic analysis was conducted in parallel with the A-7 ALOLTT test and cevalu- 3
ation effort. NELC coordinated the efforts of Naval Postgradinate School (NPS) personnel

and McDonnell Arreratt Company (MCAIR) engineers in the determination of costs and ”

bunefits of fiber-optic and wirc-interconnect svstems. The NPS theses efforts were performed .
under the cognmizance of Dr CR Jones und the MCAIR effort was managed by Mr GL Weinstock. 3
These ¢fforts are summuarized in this paper. ]

The requirement for an cconomic analysis is defined in most program and planning
documents. Leonomic analysis, as defined Ly the Defense Economic Analysis Council
(DEAC) and as explained in DoD lnstruction 7041.3 and DoD) Directive 5000.28 as well as
‘ mony others, is “the process which assists the decision maker in the allocation of resources
through the determination of the costs and benefits of each future course of action.”” Dur-
ing the conceptual phase of a program, the chosen alternatives should be compared with
total life-cycle costs and total benefits betore a decision is mude. All the risks and uncer-
taintics should also be addressed prior to this decision. i
The requirement for tiber optics was expressed fairly clearly in the Operational Re- ;
quirement (OR), ""Advanced Aircraft Electrical System (AAES).”” Future threats dictate
a need for an improvement in the quantity and quality of aircraft and their avionics, The
threat to avionics must be met with a reduction in radio-frequency interference (RE1),
: electromagnetic interference (EMI), and clectromagnetic pulse interference (EMP). 1n acdi-
tion, there ¢xists a need for a dramatic reduction in weight and volume. Coupled with these T
items is the desire for improved reliability, maintainability, availability, survivability. and
capability. Other ORs and Scientific and Technical Objectives (STOs) have the same re-
quiremenis. These stated requirements include the proven or expected advantages of fiber )
optics. The ¢conomic-analysis effort compared these desired benefits to other alternative
wire-interconnect subsystems and, at the same t.me, determined the total life-cycle costs
for each subsystem. Life-cycle costs are the total costs, directly or indirectly associated
with an alternative during its development, acquisition and operational time frame.
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COST ANALYSIS DEVELOPMENT

-

When this study began, it was assumed that a twisted-shielded-pair (TSP) wire-
interconnect configuration could not meet the multiplexed data-rate requirernents and
would, therefore, not be evaluated. The economic analysis was developed to compare
only a coaxial wire-interconnect configuration to a fiber-optic subsystem. The primary
reason for this was that the engineering desizn would be the same for both alternatives and
cach alternative would meet the multiplexed data-rate requirements, However, after sev-
cral meetings. it was determined that most aircraft companies prefer TSP to coaxial and
would rather make extensive design changes to use TSP rather than coaxial. This study,
then, became a comparison of three configuraticns: TSP, couaxial and fiber optics. -

The coaxial, twisted-shieclded-pair (TSP) and fiber-optic systems have components
which are similar to equipment presently in use for multiplexed digital-data transfer sys-
tems and which have similar designs and functions. Due to the limited bandwidth capa-
bility of TSP, ene of the tiber-optics (or coaxial) point-to-point connections in the ALOFT
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subsystem requires 2 additional TSP lines. Thus, the number of TSP wires is increased to
15 as compared to 13 fiber-optic (or coaxial) cables in the ALOFT configuration. 1t was
: assumed that the only changes to the ALOFT adapter boxes would be the addition of 2
]
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line drivers and receivers to accommodate the additional TSP lines ind that no internal
adapter box desigh would be required. Figure C-1 is an overall djagram of the A-7 ALOET
interface configuration. Note the 2 additional lines between the modified navi; ation- !
weapon delivery comptiter and the cockpit-area adapter required for the TSP configury- 3
tion. ‘ E
The purpose of the A-7 ALOFT Economic Analysis Program was to develop valid
cost estimates for performance-cquivalent digital-data transter systems utilizing conven-
tional wire and tiber optics. The cost estimautes were generated by an approach which
utilizes 2 techniques: one which computes research and development (R&D), investment.
and operating and support (O&S) costs for the tiber-optic and wirc-interconncect data trans-
mission subsystem (“*Bottoms-Up” modcl); and another which computes total weapon sys-
tem costs as a result of changes in weight of the respective subsystems (“Top-Down™ model).
The “Bottoms-Up” madel outputs become one of the inputs to the *“Top-Down’ model
which yielded the total life-cycle cost (LCC) results.
The “Bottoms-Up” model was designed to reflect the subsystzm cost differences 4
= between the fiber-ontic and wire-interconncct alternatives. The *“Top-Down™ model ]
measured changes in weight which affected design options on aircraft LCC. The integratiorn. E
of the 2 models was conducted in the following manner and is illustrated in figure C-2: f

. i i

1. Detailed subsystem LCC differentials for specifically designed data tinnsmission
subsystem were generated from the “Bottoms-Up” model,

FORWARD |5 | i
LOOKING |% | cockriT area RIGHTHAND !
RADAR = b ELECTRO-OPTIC ELECTRO-OPTIC] ! £
ELECTRO-OPTIC|ZE: ADAPTE "ADAPTER | 3
ADAPTER _ |3 . H
LEFT HAND FJ‘J\* 9 Yy :
MID EQUIPMENT 1=
LEFT HAND AVIONICS 12 ;
Mo el !
O = :
x|Z 2
{ 1 Qlg £
! 1 Qlx i
i ’_‘8_.— (5] ; ‘
MODi FIED !
NAVIGATION | MO "é | :
: WEAPON a¥; 4- ! ;
: DELIVERY | (O5- q7
; COMPUTER : AN
N T
: T - N — !
1 Q AN
: 5 N\
1
: TWO NEW
} -O—— TWISTED ,
: SHIELDED PAIR ’
) " CHANNELS :
o, 4
d z -
E g x
i >
4 a
2 L
5 :
\ AN =
LEFT HAND ARNMAMENT &
AVIONICS conTroLUNT | |
3 ELECTRQ-OPTIC ELECTRO-OPTIC
ADAPTER ADAPTER
l Figure C-1. A-7 ALOFT intertace configuration.
23

A TR T




i
¢
b
o
i
i
i
i
i
|
.
Py
£
. 4
. }
£
3
; :
oo
v
Vg

“TOP-DOWN" - “BOTTOMS-UP“
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A-7E WEAPON SYSTEM
EXCLUDING DATA DATA-TRANSMISSION

TRANSMISSION LINK LINK

GROSS A7
FACTORS/COSTS

s

LcC
MODEL |
ALCC OF THE A-7E DUE ALCC OF THE DATA- ‘
TO THE INCORPORATION TRANSMISSION LINK
OF THE DATA-
TRANSMISSION LINK
(EFFECT OF AWEIGHT) T_L
SUBSYSTEM
v / LCC MODEL
LCC ASSOCIATED WITH b
THE INCORPORATION
OF THE DATA TRANS-
MISSION LINK INTO DETAILED DATA-
THE A-7E TRANSMISSION LINK
FACTORS/COSTS

Figure C-2. Two-level LCC approac:

2. The delta weight assoclated with a specific data transmission subsystem (relative
to the baseline A-7 aircraft weights) was utilized to determine the change in total weapon
system life-cycle costs through changes in the growth or shrinkage of the airframe, engine,
cte, to support the respective changes in subsystem weight (“Top-Down” model); and

3. The results from these 2 models were then consolidated, tested for sensitivity,
and evaluated to provide the total LCC for each alternative.

COST MODELS

“BOTTOMS-UP” MODEL

The Naval Postgraduate School began a directed research effort in July 1975 under
the management of thie Naval Electronics Laboratory Center with a thesis on the history,
technology . and costing of fiber optics. This thesis was entitled “An Approach to the Esti-
mation of Life{ycle Costs of a Fiber-Optic Application in Military Aircraft,” and was
written by LODR JM McGrath and LCDR KR Michna. The second effort, a follow-on,
emphasized lite-cycle cost elements and the development of a differential cost model. This
thesis was completed by LCDR EW Knobloch and CDR RJ Jobnson in December 1975 and
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was entitled “The A-7 ALOFT Cost Model: A Study of High-Technology Cost Estimating.”
The final effort, completed in December 1976, comprises data collection, data analysis, and
calculation of cost elements.

NELC had u requirement to obtain fiber-optic cost information and to develop un
A-7 ALOFT Cost Model. Discussions with LCDR T Ellis of NELC, NPS professors and
thesis students, identitied the Navy problem to be undertaken by the students through a
cooperative effort with NELC. The only financial commitment to these students to assist
the A-7 ALOFT program was some travel and secretarial expenses. The first effort began
with an Operations Research/Systems Analysis (OR/SA) 6-week experience tour at NELC
by LCDR R Michna and thesis interaction by LCDR JM McGrath, a financial-management
major. LCDR Michna and LCDR Mc¢Grath undertook the development of the history of
fiber optics, studicd the technology to provide a physical understanding of fiber optics
for devising an LCC model, and formulated a cost-effectiveness study outline. This led to
the challenge of developing a reliable life-cycle costing (LCC) method for a high techinology.

Muny difficulties arose in the LCC model development. No data base on production-
unit costs existed other than those for model-shop work and prototype development. No
cost models existed for component-level development such as cables and connectors and
particularly the development of virgin-technology fiber optics. Other than in special medi-
cal usage and *‘toy”” production, there was no demand for fiber optics and, therefore, no
large-scale production. There was also no existing operational fiber-optic system. All these
difficultics meant that standard analytical techniques could not be applied to the study and
many uncertainties had to be considered.

Highlighting these difficulties in terms of future uncertainties is the showing that
current research will lead to a rapid change in the technology base. A decision made at the
wrong time would freeze technological design and later production. Such a decision would
also create uncertainty in overall demand which, in turn, would impact upon cost, The
design-freeze decision always provides a4 basis for performance uncertainty and directly
affects schedule uncertainty. Therefore, the conceptual solution which alleviates some
uncertainty is to consider only those costs which are relevant to the problem at hand. The
basic decision is to look at nothing except the significant cost differences between coaxial
(or wire-interconnect) and fiber-optic systems. These significant cost elements are presented
as the NPS LCC “*Bottoms-Up” model. The cost elements are separated into four major cate-

gories: Research Development Test and Evaluation (RDT&E), Investment (nonrecurring), Invest-

ment (recurring), and Operating and support. Each cost element 1s defined by an estimating
equation which may be an existing cost-estimating relationship (CER), an engineering
estimate, or a Delphi-structured estimate. This specialized life-cycle cost model was de-
veloped by LUDR E Knobloch and CDR R Johnson who are systems sequisition-management
majors at NPS. This specialized model was extracted from a larger LCC model which is
readily adaptable to other applications of emerging technologics designed to replace an
existing technology. Application of this model has been undertaken by NPS students.

Tables C-1 through C-4 present the selected cost categories for the “Bottoms-Up”
model with the cost elements undertined. Not all of the elements have costs for couxial
cable. However, a cost for cach fiber-optic cost element was supplied by NPS. Initial re-
sults of these differential cost elements have been determined.

In fiber optics, data do not exist to establish firm technological, price, or demand
trends. In this case, regression, sumpling, smoothing, or other mathematical analyses are not
dpplicable as a basis for forecasts. Hence, piredictions must rely upon the opinions of ¢x-
perts.
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TABLE C-1. RDT&E.
J.u Research and Development
1.1.1 Contractor
1.1.2 Governinent
1.2.10 Prograrn Management
1.2.1.2 Lnginecring
12.1.3 Fabrication
1.2.1.4 Contractor Development Tests
1.2.15 Test Support
1.2.1.0 Producibility Enginecring & Planning
. 1.2.1.7 Data
; 1.2.1.7.1 Engincering Data
1.2.1.7.2 Support Data
1.2.1.7.3 Management Data
1.2.1.74 Technical Orders & Manuals
! 1.2.18 Peculiar Support & Test Equipment
1.2.1,10 General and Administrative
1.2.1.11 Fee
1.2.2.1 Program Management
1222 Test Site Activation
1233 Government
|
J TABLE C-2. INVESTMENT (NON-RECURRING).
i
; 2.1.1 Program Management
2.1.3.1 Production Engineering
2134 Manufacturing Support Equipment
. 2.1.4 Technical Support
2.1.5 Initial Spares and Repair Parts
2.1.63.2 Maintenance Training
| 21633 Instructor Training
. 2.1.7.1 Engincering Data
{ 2.1.7.2 Support Data
’ 2173 Management Data
g 2.1.74 Technical Orders & Manuals
! 2.1.10 _ Peculiar Suppoit & Test Equipment
i 2.1.12 General & Administrative
, 2.1.13 Fee or Profit
3
{ 221 Program Management
e 2222 Training Devices & Equiprnent
H 2.2.2.3.2 Maintenance Training 8
{ 22233 Instructor Training o
b 223 Production Acceptance Test & Evaluation
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TABLE C-3. INVESTMENT (RECURRING).

3.1 Manufacturing

3121 Purchased Equipment and Parts
3122 Subcontracied ltems

3123 Other Material

313 Sustaining Engineering

314 Quality Control and Inspection
315 Packaging and Transportation
31062 Site/Ship/Vehicle Conversion
3.1.6.3 Assembly Installation and Checkout
318 General and Administrative Costs
319 Fee or Profit

TABLE C-4. OPERATING AND SUPPORT COSTS (O&S).

4.1.6 Other Operations Costs

4.2.1.1.1 Organizational Maintenance Personnel
4.1.1.1.2 Intermediate Maintenance Personnel
4.1.1.1.3 Depot Maintenance Personnel
4.2.1.2 Maintenance Facilities

4.2.1.3 Support Equipment Maintenance
422.1.1 Organizational Supply Personnel
42212 Intermediate Supply Personnel
42213 Depot Supply Personnel

4222 Supply Facilities

4.2.2.3 Spaire Pasts and Repair Material
42241 Inventory Management

42242 Inventory Holding

4.2.2.5 Transportation and Packaging

Delphi, as a technological forecasting technique, is generally credited to Olaf Helmer,
TJ Gordon, and NC Dalkey of the RAND Corporation. Initial work was done by Helmer as
early as 1959, Helmer’s publication of a ““Report on 4 Long-Runge Forecuasting Study™ by
the RAND Corporation, in 1964, discussed the Delphi technique in detail. 1n his report, he
describes his now well known method of soliciting forecusts from a panel of experts in order
to deul with snecific guestions. such as when a new process will gain widespread acceptance
or what new developments will take place in a given field of study. Instead of the participants
gathering together to discuss or debate the questions, they are Kept apart, usually answering
assigned questionnaires through written or other formal means, such as on-line computcers.
There are, of course, several advantages and disadvantages to any technique which em-
ploys questionnaires for ohjective evaluation. The Delphi was considered an appropriate tech-
nique to estimate the fiber optics costs for the following reasons:

1. Fiber optics is an emerging technology which is fraught not only with techno-
logical uncertaintics. but also total demand uncertainty. In addition, thers are component
price uncertaintics,

2. The experts in the fiher-optics industry can be easily identified;




3. Users and producers alike can benefit from the results of a Delphi study. Tt is
to their mutual advantage to cooperate in clforts to realize the potential benelits of this
coerging teehnology; and

4. Imoroved lorecasts ar estimates of Tuture demand quantitics, industry growth g
rates, technological advances and component prices are expecled to decrease the riunge of '
the estimates tor these variables, As a result, the number of scenarjos to be developed can
be fewer since the range of estinuates is smaller,

Initial cost data were gathered with the use of Delphi questionnaires for fiber-optie, i
life-cycele cost elements, Appropriate Delphi questionnaires were distributed both to air- A
1 l cralt and liber-optic manufacturers, Telephone and personal interviews were then conducted

with manufuctarers and other organizations, as appropriate, to finalize the data collection.

From the datiu-collection effort, cost {uctors were calculuted for the fiber-optic cost clements.,
These cost factors are summatized in table C-5. Except where noted, the cost factor is the |
ratio of the fiber-optic cost relative to the cost of “equal-functions” performance if couxial
; cables are used. The coaxial subsystem costs are based upon the component types and quan- 1
: tities specified i NELC Technical Document 435, An example of the cost tfactor can be

‘ explained by observing the cost element number, 1.2.1.2, Design lingineering. The cost iuc-

tor value of 0.80 significs that the estimated aircraft design-engineering cost for clectrical ]
subsystents using fiber-optics technology would be only 80 percent of the design-engineering ‘
: cost using coaxial-cable technology. For some cost clemunts, where coaxial costs are not ]
j applicable, the fiber-optics costs are estimated actual dollar values. . 1
l Besides the Delphi Technique as a forecasting tool to predict future ¢osts, experience- 1
i curve theory was also used as a lorccasting technigue to estimate the future cost behavior of :
1
!

T

fiber-optic components. Experience-curve theory should not be confused with the well-known - 1
learning curve theory. Learning curve theory predicts cost reductions for 2 cost factors, labor )
and production inputs tmaterial) whereas experience-curve theory predicts cost reductions for
all cost elements including lubor, development, overhead. capizal, marketing, and administra-
tion, Expericnce-curve theory is a much broader concept which incorporates learning-curve

‘ theory. To facilitute the development of experience-curve ihicory, the following discussion
cxplains both theories noting their similaritics and differences,

Both the experience-curve and learning curve theorics are expressed as cost-quuntity ,
relationships stating that, cach tisne the total quantity of items produces doubles, the cost |
peritem is reduced to a constant percentage of its previnus cost.

The history of learning-curve theory dates back to 1925 when, in the aircraft indus-
try, learning patterns were first observed by the Commander of Wright-Patterson Air Force |
Buasc. The phenomenon observed was the constant reduction in direct labor bours required 1
to build airplancs as the number of aircrafts being built doubled. Subsequently, fearning-
curve theory has been documented and uscd in many industrices to predict cost reductions
for direct labor and raw material  or production inputs. Typical learning-curve slopes have
runged from 75 to 90 percent. Some of the factors commonly mentioned that account for
dircet labor and material cost reductions are summarized as follows: -

g
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1. Job famiiurization by workmen. This results from the repetition of manuface-
turing operations;

e

{ 2. General improvement in tool coordination, shop organization, and ¢ngineering
t liaison,
1 3. Development of more elficiently produced subassemblies; and j
4. Development of more elficient tools.
R/
28
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TABLLE C-5. TABULATION OF DIFEFERENTIAL COST ELEMENTS,

COST CATEGORY | COST ELEMENT NO. | COST ELEMENT DESCRIPTION COST FACTOR
RUT&E 1.2.1.2 Design Engineering Cost 0.80
1.2.1.3 Habrication Cost (Test Aircraft) 0.95 (Labor)
1.05 (Material)
1.2.14 Development Test Costs $100,000
1.2.1.5 Test Support Costs $100,000
. 1.0.1.8 Test Equipment Costs $100,000
Non-Recurring 2,15 Initial Spares and Repair Costs 0.83
Investruent 2.1.6.3.2 Maintenance Training $4,000
(Contractor)
2.1.10 Peculiar Support Test 1.20
LEquipment
2222 Training Devices Custs 2.00
22232 Maintenance Training $8,000
(Government)
22233 Instructor Training $8,000
(Government)
Recurring 3.1.1 Manufacturing Costs 0.80
Investment 3.1.21 Purchased Equipment & Parts 0.83
3.1.3 Sustaining Engineering 0.80
Operating & 42.1.1.1 Urganivational Maintenance 0.60
Support 4213 Support Equipment Maintenance 0.80
4223 Spare Parts & Repair Material 0.50
4.2.24.1 Inventory Management Costs 1.60

Experience-curve theory dates back to 1965%, Experience-curve theory is much
hroader in scope than learning-curve theory. It considers the full range of costs which in-

clude development, capital, administration, marketing, and overhead, as well as labor costs.
Raw-material cost is not included in this list. The cost of raw materials usually depends
upon factors such as the dvailability of supply. For exumple, the price of unprocessed lum-
ber fluctuates from year to year partly as a resuit of Federal policy concerning the nation’s
timber reserves. Strictly speaking, correct measurement of the experience effect, therefore,
requires that expenditures be calculuted net of the cost of raw materials, ie, on value added
1o the product. In general, experience curves do not apply it myjor elements of cost, or
price, are determined by patent monopolies, natural material supply, or government regula-
tion. The experience curves apply to products in industries with multiple producers who
interact as rivals as well as to other products in purely and perfectly competitive industries,

* kxpencnce curve theory is primarily credited to Mr Bruce Henderson, founder and president
of Boston Consulting Group, In¢, @ management consulting firm specializing in developing

corporate strategy.
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The factors, identificd by the Boston Consulting Group, that cause the experience
curve effect include:

1. The “learning curve effects™
2. Competition (rivalry) among producers in a given product market;
3. LEconomics of scale and specialization, the “scale effect; and

4. Investment in capital to reduce cost and increase productivity.

The learning effect, people Iearning by doing, has alrcady been discussed in learning-
curve theory and is the myjor fuctor which causes reduction in labor costs. The second factor,
competition (rivalry) among producers, forces cach producer to find means of lowering his
total average costs in relations to his competitors. The successtul low-cost producer will then
be able to lower his prices and induce a situation which causes a “shakcout™ of those producers
who have been unsuccessful in reducing costs, This will give the tow-cost producer an increased
market share. With increased market share, the third factor, cconomies of scale, can be real-
ized. With scaled-up volume due to increased market share, it is possiisle to use more efficient
tools and spread their cost over cnough units so that both labor and overhead costs are reduced.
Increased volume may also make it possible to consider alternative materials and alternative
methods of manufacture and distribution which are uneconomic on a small scale. The final
factor, investment in capit. !, is a further attempt to reduce cost by displacement of less effi-
cient factors of production. This can be accomplished by automating various stages of pro-
duction, thus reducing labor costs.

Thus, experience-curve theory predicts cost reductions based on all cost inputs.
Experience-curve theory means that present costs from industry of components in full-scale
production can be expected to reduce by a fixed percentage of previous cost with each doub-
ling of industry’s production volume. Past costs of fiber-optic cable, which constitutes only
one of the required building blocks to build interface systems, indicate that the experience
curve slope will be between 70 and 80 percent (see figure C-3).
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Figure C-3. Fiber-optic cable experience curves,
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This means that future cost of the required fiber-optic components, which will be
determined by the demand placed on industry, should be reduced to 80 percent of the pre-
vious cost as industry’s production voluine doubles. Figures C-4 and (-5 are current cost-
prediction curves of two fiber-optic components compared to coaxial-component cornter-
parts. The fiber-optic component costs are actual dollars, including inflation.

The costs of the hardware, such as the fiber-optic cables and connectors, ¢ only
the acquisition costs, Having only future wcquisition costs of the fiber-optic components
does not provide an adequate cost evaluation. 1t has been determined, through previous
studies, that between 70 and 80 percent of total costs incurred on g program are those for
operating support, Figure C-6 gives an estimated life-cycle cost breakdown based on DoD
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Figure C-6. Total life-cycle costs.

expenditures, 1t is, therefore, important that all life-cycle costs be estimated from research
and development through acquisition to operation and maintenance for the life of the system
in order to more accurately represent actual costs. The 3 principal factors of life-cycle cost-
ing are estimated unit-production costs, estimated reliability, and assumed manpower costs.
There must be a conscious recognition of the necd and prediction of these factors in produc-
tion, reliability, and logistic-support analysis if life-cycle cost credibility is to improve.

“TO-DOWN” MODEL

The second major effort undertaken was the definition, quantification, and ¢valuation
of system effectiveness. In other words, the determination of what benefits are received for
the dollars expended. The comparison of total costs of each alternative subsystem mects only
half the requirements for an economic analysis. Benefits such as improved mean-time-between-
failure (MTBF) and mean-time-to-repair (MTTR) may result from one alternative or the other.
Immunity to EMP, EMI, or RFI may also be achieved by one alternative. Signal-bandwidth
capacity may be increased, cable redundancy may be improved, weight and volume may he
reduced. and many more benefits may be achieved. Each of these effectiveness parameters
must be quantified, ranked, verified, and revised in terms of cost offsets and levels of attain-
ment. An advanced-concept cost model estimates costs and benefits as functions of design
and weight requirements while air-superiority mission analysis determines the availability,
reliability, survivability, maintainability, and capability which rclate to system effectiveness,
which again relate to cost.

An individual mission analysis accounts for state variability transitions resulting from
chanyges in dependability and survivability with time (mission phase) from takeoff and climb-
out through penctration of hostile territory. Aircraft single-mission capability is assessed
based upon the values of the stute variables at the start of combat. The aircraft-state vector,
upon return *o buse, determines the maintenance, servicing, and battle-damage repair required
to put the airoraft in a ready state, This is the *“Fop-Down™ approach of an effectiveness model
which quanti ies the effectiveness parameters and relates them to total cost.




Figure C-7 illustrates the analysis methodology used on a typical girsuperiority mis-
sion. Certain combinations of cquipment failure permit degraded modes of operation (not
requiring an abort but also not operating in an “‘all-up” condition). The mission is divided
into phascs, and state transitions take place from phase to phase based upon dependability
(equipment failure) or survivability (combat damage). Dependability and survivability tran-
sition matrices are generated from detailed considerations of failure rates and combat battle-
damage rates for aircraft equipment, subsystems, and components. Failure rates and degraded
modes of operation are derived from reliability analyses. Combat battle-damage rates account
tor aircraft component vulnerabilities to specific threats, both nuctear and nonnuclear, and
the specific threats to be encountered during each mission phase. System capability, during
the combat phases, determines the result in terms of enemy kills and friendly damage or loss.
In addition to the various degraded modes which can result from failures and battle damage,
combat capability also reflects differences in aircraft weights. Thus, the anticipated increased
weight 1o achieve a specified level of shielding for a coaxial avionics system as opposed to a
fiber-optic configuration would result in decreased combat capability, When the aircraft
returns to base, its availability for the next mission is determined by the expected ground-
time portion of the dependability-transition matrix, which depends upon the component
failures and damage experienced during the mission and the required times for combat-damage
repair, unscheduled-maintenance repair, and turnaround and scheduled maintenance times.
Thus, these effectiveness factors are assumed to be equal and only the changes in aircraft
weight due to a proportional change in electrical subsystem weight effect changes in life-
cycle costs.

In order to relate the cffectivencss factors into some quantifiable measures, a direct
cost relationship approach is applied. Figure C-8 presents the relationship of the “ilities™ to
sortie rate. To calculate these values, a scenario must be developed to establish equal level-
of-effectiveness ground rules. The basic aircraft strike missions are defined to determine 2a
required sortie rate, aircraft attrition rate, probability of mission success, and EMI, EMP,
and RFI conditions. The aircraft availability must equal the required sortie rate which, in
turn, affects ground-support costs per sortie. The system’s reliability affects intlight failures
which in turn affect mission success and thus increases or decreases the total sorties. How
susceptible the aircraft is to enemy action determines the probability of mission completion
and probability of mission survival which again increases or decreases sortie rates. These
factors determine the capability ot mission effectiveness under equal effectiveness condi-
tions. These summarize into a specified sortie rate which relates to operation and support
costs which are measurable benefits.

This “Top-Down” model involved changes in aircraft size which resulted from pos-
sible weighi savings thai occurred when (iber opiics was used or ihe possibie weighi increases
caused by increased wire and airframe shi¢lding required to meet performance requirements.
The “Top-Down” model included cost categories normally used with the Advanced Design
Level (ADL) studies at McAir for making projected weapon-system cost cstimates.

The electrical subsystem weight-analysis phasce of the cost-benefit evaluation was
exccuted by parametrically increasing and decreasing the electrical subsystem weight of the
basic A-7 aircraft to illustrate the effect upon weapon system costs,

The relationship of RDT&LE costs to clectrical subsystem weight is shown in figure
C-9. Becuuse the baseline cost was so large (1 016 988 millions in constant 1977 dollars).
the cost deltas for 50 kg were proportional to the weight, The RDT&E cost delta was
linear over this range of weights. The slope of the cost deltais $1.710 X 105 per kilogram,
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Figure C-8. Consideration of effcctivencss factors.

The procurement cost delta was computed from the baselinc cost for 800 aircraft of
4260 198 millions in 1977 dollars, Performing the same type of calculations as previously
discussed, yields the results shown in figure C-10. The cost delta was again linear. The maxi-
mum positive delta was 47 millions for the addition of 50 kilograms, while the reduction of
50 kilograms rcsults in a negative delta of 47 millions.

1t should be noted that the cost delta shown for procurement included the cost delta
shown for Flyaway and that all the spares were included in procurement costs. The slope of
the procurement cost delta is $9.6 X 10° per kilogram.

The cost delta associated with the effect of electrical subsystem weight upon operat-
ing cost is shown in figure C-11. The baseline operating cost for 675 aircraft for 10 years is
6 182 194 millions in 1977 dollars. The cost delta was piecewise linear and has a slope of
$6.05 X 10° per kilogram. The step in the cost delta between =20 and -30 kg was a conse-
quence of the structure of the “Top-Down™ model. Integer squadron maintenance staffing
was assumed, and realistically so. Thus, at a given input level, staffing must increase or de-
crease by one unit which was reflected as a substantial increase or decrease of cost delta
over the life-cycle of the aircratt,

Figure C-12 is u summation ol cost deltas which results in the total life-cycle cost
delta for the aircraft due to clectrical subsystem weight variations. The plot was piecewise
linear with a slope of $17.22 X 103 per kilogram.

An initjaf utilization of these weight sensitivities was applied to the three alterna-
tive subsystem component weights. The fiber-optic subsystems weights were based upon
projected weight estimates of future components. The total weights included the cable,
connectors, and signai drivers and receivers for the complete NWDS subsystem. The esti-
mated total weight for the fiber-optic subsystem was approximately 0,87 kilogrum. The
couxial subsystem weight, as defined in NELC T 435, was 1.3 kilogram which is a delta
weight increase of approximately 0.43 kilogram over the fiber-optic subsystem. The weight
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ol the twisted shielded-pair subsystem as designed by the McDonnell Aireraft Company.,
was 191 kilegram which is a delta weight increase of approximately 1.04 kilogram over
the fiber-optic system.

COST RESULTS

Few books have been written on the subject of cost estimating in new technologics,
but cach warns of the potential problems and hazards faced by anyone venturing into a new
ficld looking for nonexistent data. Cost data in the ficld of fiber optics are no exception;
they cxist today only in limited amounts and many timies are considered as proprictary.

The field of fiber optics today is infantile and the future is speculative at best, There
is no high demand for quality fiber-optic cable nor associated fiber-optic components. Fiber-
optic cable and component manufacturers have been unable to establish a production base
upon which to project (predict) future prices. Users and potential users of fiber-optic tech-
nology have only a minimal data base upon which to build and expand their fiber-optic
applications.

Extensive research and development were required to establish both a high demand
for quality fiber-optic cable/components and the production base necessary to reduce the
cost of such items. As additional uses for fiber-optic technology are discovered and fiber-
optic cable/component manufacturers strive to reduce manufacturing costs, availabie cost
data will become more accurate.

Table C-6 provides a breakdown of total costs nondiscounted for the major LCC
categories. Only RDT&E costs are greatest for fiber optics over the 2 alternative wire
configurations, Also shown in table C-6 are the optimistic and pessimistic costs of the
fiber-optic subsystem. The sensitivity analysis utilized to determine these cost variations
was devised by estimating errors in market forecast demands, uncertainties in RDT&E costs,
and reliability and maintainability risks. The pessimistic fiber-optic costs arc based on worst-
case estimates from the Delphi study of RDT&E costs increasing by an additional 3/4 million,
fiber-optic components costing twice that of most likely estimates, and labor costs being
increased 1.5 times that of the most likely estimates. The optimistic fiber-optic cost esti-
mates are based upon the assumptions that very little additional R&D is required, large pro-
duction demands reduce component procurement costs, and improved support and fabri-
cation equipment reduce labor costs.

TABLE C-6. “BOTTOMS-UP” MODEL LIFECYCLE COSTS,
(Constant 1977 dollars, millions)

Fiber Optics

Pessimistic | Most Likely | Optimistic Coaxial ¢
RDT&E 3 1.07 $ 032 $ 017 $ 002 § 0.02
Investment (Nonrecurring) 0.52 0.46 040 0.40 0.60
Investiment (Recuriing) 0.52 0.46 0.40 0.57 0.7%
Operation & Support 0.14 0.13 0.12 0.19 0.24
Total Life Cycle Cost
(Current 1977 dollars) $ 225 $ 1.37 $ 1.09 § 1.24 $ lod
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The “Top-Down™ model results for tie A-7 ALOET configarations are sunymarized
in table -7, The weight deltas are derived from the origial baseline system. The cost
offsets shown resull principally trom the ability to “shrink™ the size of the aireraft. For
example, T-kilogram weight reduction in the electrical subsystem yields a 3-Kilogram weight
reduction in the aircrat’t. Thus, less lubor and material arve required to build the aircratt,
simpler design parameters are reguired to develop the aireraft, and the aircralt is casier to
maintain, uses less fuel and provides a smaller target signature while maintaining the same
performance characteristics. The delta lite-cycle costs for couxial and TSP over fiber optics
amount to $730 thousand and $1.79 million, respectively.

In order to evaduate these benefit deficiencivs ov cost offsets with the differential
costs developed in the “Bottoms-Up™ model, the costs must be allocated by year tor dis-
counting to present worth. The ““Top-Down™ model has provided this percentage break-
down, das shown in figure C-13 by year frony 1977 to 1993 for RDT&E, procurement, and
operating costs. However, discounting and escalating the life-cycle cost have no impact
upon the ranking of the alternatives.

Adding these cost deficiencies (*“Top-Down™ and “Bottoms-Up™ results) the initial
cost/benetit cvaluation of the A-7 ALOFT fiber-optic subsystem and the 2 alternative wire-
interconnect subsystems was determined. Figure C-14 shows the cumulative cost/benefit
evaluation of the A-7 ALOFT N/WDS configurations. Also shown in the figure are the mini-
mum and maximum seasitivity parameters for the fiber-optic subsystem. These results
clearly indicate that the fiber-optic subsystem is superior to the TSP subsystem no matter
what the future conditions may be. 1t is also evident that, at a 90-percent confidence level,
the fiber-optic system is more beneficial than the coaxial. This graphical representation is
divided into the tirree major cost cutegorigs: RTD&E, Investment, and Operation and Support.

The primary benefit from the use of fiber optics in military aircraft was the inherent
noise immunity and the resulting veduction in EMI preventative measures which accompany
conventional wired systems. These EMI sources were categorized into man-made, nuclear
clectromagnetic-pulse, and atrnospheric environments. Man-made electromagnetic sources

TABLE C-7. “TOP-DOWN” MODEL LIFE-CYCLE COSTS.

Baseline Coax T5P Fiber-Optics
Weight (kg) 14.5 1298 1910 0.868
A Weight 0 -13.202 |-12.590 -13.632
=  RDT&E 0 2270 |- 2.160 - 2340
» =
22 Pro 0 -12.490 | -11.910 -12.899
SE  pas 0 - 7990 |- 7.620 - 8250
T LCC baselin 0 -22.750 | -21.690 -23.480
22 LCC liber-optic +23.480 | +0.730 |+ 1.790 0
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include ground-based emitters which are generally remote fror aireraft operations such that
induced power levels are near or below 1OU volts per metre, - 1 shipboard emitters which
induce power levels on the aireraft surtuce trom 200 volts per ootre to above 10 000 volts
per metre depending upon the transmitter involved und the proximity of the aircrall to the
transmitter of interest. Typical EMI-reduction techniques involving interconnect wiring are
intertface design, filtering, transient suppression, shiclding, bonding, and grounding. The use
of fiber optics instead of wire reduces or climinates the need for some or all of these EMI
techniques,

The cost/benefit evaluation results (tables C-3 and C-9) indicate cost oftsets tor TSP
versus fiber optics at approximately 4.75 million dollars in total life-cycle costs when aircraft
carrvier EMI criteria were met. For coaxial versus fiber opties, a 10 million dollar total cost
offset could be achieved with fiber optics under the same EMI conditions, The cost otfsets
wore even greater in o tactical EMP environment, The TSP subsystem would yield a 6
million dollar life-cycle cost increuase over the tiber-optics subsystem due primarily to the
filtering, double shielding, and interface. Coaxial could be as high as 11,5 million dollary
over fiber optics under the same EMP conditions. Therefore, fiber optics hus not only
proven itself as a feasible technology but also appears to be very economical as well in terms
of total lite-cycle costs and future benefits,

TABLE C-8. A-7* NWDS COST/BENEFIT EVALUATION FOR

AIRCRAFT CARRIER EM] REQUIREMENTS (IN MILLIONS). '
Fiber Optics | COAX/TRIAX TSP/TDS

RDT&L $ 032 § 093 $ 047

Investment 092 6.90 3.7

Q&S 0.73 3.58 1.85

Total (1977 doliars) 1.37 11.41 6.11

* based on a production of 800 aircrat’t and assumned 675 operationally ready.

TABLE C-9. A-7* NWDS COST/BENEFIT EVALUATION FOR
A TACTICAL EMP ENVIRONMENT (IN MILLIONS)

T5¢/

Fiber-Optics COAX/TRIAX | Double Shicld
RDT&E $ 032 $ 105 $ 0061
Investment 0.92 7.82 4.56
0&S8 0.13 4.02 2.29
Total (1977 Dollars) 1.37 12.89 7.46

* bused o i production ol 800 aircral tanpd assumed 675 operationally ready.




results of the data-bus configuration. More detailed data may be found in reference 12,

TABLE C-10. A-7 FULL MULTIPLEXED COST/BENEFIT EVALUATION

FOR 100 i/M EMI REQUIREMENTS.

Cost Elements
(1977 dollars, millions)

Fiber-Optics
(mux)

Twisted-Shielded] Copper Wire

Pair (mux)

Baseline (no mux)

RDT&E
Investment
0&S

Total

k) 5.6
1859
33.7

79
289.7
58.8

$ 320
3472
141.0

$ 2252

3 3564

$ 5208

TABLE C-11. A-7 FULL MULTIPLEXED COST/BENEFIT EVALUATION

FOR AIRCRAFT CARRIER EMI REQUIREMENTS.

Cost Element
(1977 dollars, millions)

Fiber-Optics
(1mux)

Twisted-Shielded
Pair (mux)

Copper Wire
(no mux)

RDT&E
Investment
0&S

Total

F 63
1859
33.7

$ 16.1
421.5
108.5

§ 355
3618
149.2

$ 2259

3 546

FOR A TACTICAL EMP ENVIRONMENT.

Cost Llement
(1977 dollars, millions)

Fiber-Optics

{mux)

Twisted-Shielded

Pair (mux)

$ 5465

TABLE C-12. A-7 FULL MULTIPLEXED COST/BENEFIT EVALUATION

Copper Wire

(rmnx)

RDT&E
Investment
0&S

Total

5 069
189.5
344

$ 203
447.8
123.6

§ 494
4454
209.0

$ 2308

41

$ 5917

$ 7038

The following tables provide the total cost/benefit evaluation results for the difterent
alternative configurations of the A-7 aircratt. Tables C-10 through C-12 provide cost/bencefit
results for a tull-multivlexed A-7 aircraft, and table C-13 considers unly thosce circuits critical
to the completion of the mission of the aircraft. Tubles C-14 through C-16 compure total
costs for 100 point-to-point lines in the A-7 airereit. Tables C-17 through C-19 present the
:
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TABLE C-13. A-7 MISSION CRITICAL CIRCUITS COST/BENEFIT

EVALUATION FOR A TACTICAL EMP ENVIRONMENT.

Cost Elements Fiber-Optics | Twisted-Shielded | Copper Wire
(1977 dollars, millions) (mux) Pair (mux) (no mux)
RDT&E $ 68 3 236 § 487
Investment 186.4 463.2 433.7
0&S 334 133.1 201.8
Total $ 227.0 $ 6199 $ 6842

TABLE C-14. A-7 POINT-TO-POINT COST/BENEFIT EVALUATION
FOR 100 V/M EMI REQUIREMENTS

Cost Elements
(1977 dollars. millions)

Fiber-Optics

Copper Wire

RDT&E
Investment
0&S

Total

b3 9.8 h) 6.6
241.6 205.2
48.7 35.6

$ 300.1 § 2474

[ABLE C-15. A-7 POINT-TO-POINT COST/BENEFIT EVAILUATION

FOR AIRCRAFT CARRIER EMI REQUIREMENTS.

Cost Elements
{1977 dollars, millions)

Fiber-Optics

Copper Wire

RDT&E
Investment
0&S8

Total

§ 103 3 7.3
243.6 207.9
48.6 36.2

$ 3025 $ 2514

TABLE C-16. A-7 POINT-TO-POINT COST/BENEFIT EVALUATION

FOR A TACTICAL EMP ENVIRONMENT.,

Cost Elenients

(1977 dollars. millions) Fiber-Optics Copper Wire
RDTA&E 92 3 79
Investinent 249.0 2158
0&S 30.6 3706
Totul $ 204K $ 2013

) vkt
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TABLL C-17. A-7 DATA BUS COST/BENEFIT EVALUATION

FOR 100 V/M EMI REQUIREMENTS.

Cost Elements
(1977 dollars, millions)

Fiber-Optics

Twisted-
Shielded Pair

RDT&E
Invest.nent
0&S

Total

47 § 54
115.0 170.4
21.0 32.7

§ 140.7 $ 208.5

TABLE C-18. A-7 DATA BUS COST/BENEFIT EVALUATION

FOR AIRCRAFT CARRIER EM] REQUIREMENTS.

Cost Elements Twisted-
(1977 doliars, millions) Fiber-Optics Shielded Pair
RDT&E F 60 $ 128
Investment 1149 2434
0&S 21.0 579
Total $ 1419 ¥ 3141

TABLE C-19. A-7 DATA BUS COST/BENEFIT EVALUATION

FOR A TACTICAL EMP ENVIRONMENT.

Cost Elements
(1977 dollars, millions)

RDT&E
Investment
0&5S

Toual

Twistcd-

Fiber-Optics Shielded Pair
$ 60 $ 186
1204 178.2
21.7 72.8
 148.1 3 2096
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