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Figure 3. ITT-Cannon rack-and-panel fiber-optic connector (DPKB-48).

for cleaning of the optical surfaces. The terminated fiber-optic cables are inserted in the
connector in a manner identical to that used for terminating electrical wires. Figure 3 also
shows the insertion tool used in placing a fiber-optic cable into the connector shell.

PRESSURE-BULKHEAD CONNECTOR

Early in the design analysis of the ALOFT system, NELC recognized the need for
an optical connector which could penetrate a bulkhead and maintain pressure integrity
across the pressure-bulkhead interface. This connector would be used to penetrate the pres-
<nre bulkhead between the avionics compartment and the cockpit in the A-7 aircraft. De-
velopment of such an item was expected to require a long lead time. According to the {BM
analysis, five fiber-optic cables would have to pass through the pressure bulkhead. NELC
undertook to develop such a connector and designed the single-channel, fiber-optic,
pressure-bulkhead connector shown in figure 4. When the design effort was started, it was
anticipated that some of the optical-performance capabilities of this connector would have
to be sacrificed to meet design parameters of pressure integrity, mechanical simplicity, and
low cost. When the connector was constructed, however, it was found not only to meet all
of the physica! requirements but to provide the best optical coupling of any single-channel,
fiber-optic connector developed to date.

The connector has a nominal throughput loss of 2.8 dB and a maximum loss of
3.0 dB with a designed pressure integrity up to 1000 psi. Since the bulkhead-pressure re-
quirement of the A-7 aircraft is only 30 psi, the pressure integrity of tl.is connector is more
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. HIGH-PRODUCTION, LOW-COST CONNECTOR

. CABLE TERMINATION COST IS $.97 EACH !N QUANTITIES OF 1000
. CONNECTOR COST IS $1.48 EACH IN QUANTITIES OF 1000

. MEETS MIL-E-5400P, CLASS 2 REQUIREMENTS

. PRESSURIZATION HAS BEEN TESTED TO 30 PSI AND CONNECTOR
COULD BE USED UP TO 1000 PSI

6. OPTICAL LOSS1S3dB £ 0.3dB

N b W N -

Figure 4. Fiber-optic pressure-bulkhead connector.

than sufficient. The connector design has become the baseline for a proposed military-
specification component and has been produced for the Navy on high-production machinery
under a preproduction procurement with Sealectro Corporation, Marmaroneck, New York.
The NELC-designed connectors produced by Sealectro have been fully tested and qualified
by NELC to meet all requirements of the proposed specification. It is anticipated that addi-
tional production sources will be developed when the specification is finally approved. The
connector design is easily manufactured and is, therefore, low in cost. The connector com-
ponents shown in figure 4 (1 psi equals 6.894 kilopascal (kPa) can be purchased for less
than $3.50.

LIGHT-SOURCE, DETECTOR. AND FIBER-TO-FIBER BUNDLE
CONNECTORS

In their design approach for the ALOFT hardware, IBM determined the need for
connectors to attach the fiber-optic cables to the light-emitting diode (LED) and photo-
detector packages. The design of these connectors was undertaken by IBM and is described
in figures S and 6 (1 inch equals 2.54 cm).







































The test results indicated that the fiber-optic components should survive their installa-
tion aboard the A-7 aircraft. The tests also demonstrated that the f iber-optic components
will not degrade the N/WDS performance when exposed to the A-7 environment. Further
details oSf t(l;e tests performed by NELC and the detailed results can be found in other NELC
reports.”»

SYSTEM INTEGRATION DESIGN

The LEDs and photo-detectors, together with their respective transmitter and receiver
circuits, were mounted on the electro-optic (E/O) circuit cards. In the computer, separate
cards were used for the transmitter and receiver circuits. The E/O transmitter cir:uit card
in the computer contains six separate LEDs and the transmitter-channel cirzuits (figure 13).
Another similar card contains the seven photodiodes and the E/O receiver-channel circuits
(not shown). Short lengths of fiber-optic cables were connected to the LED and photodiode
mounting fixtures through specially designed IBM connectors. These 13 short-length cables
were then routed internally from the computer to the bulkhead where they were mated
with the ITT-Cannon rack-and-panel optical connector for external transmission (figure 14).

-

Figure 13. LED mounting on the transmitter circuit card in the ALOFT computer.

5. Naval Electronics Laboratory Center NELC Technical Document 418, A-7 ALOFT Hardware Require-
ments Environmental Analysis, GM Holma, 1 Apiil 1975.

6. Naval Electronics Laboratory Center NELC Technical Document 460, ALOFT Fiber-Optic Co:nponent
Tests, GM Holma and TA Meador (in preparation).
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COMPUTER OPTICAL
INTERFACE

Figure 14. ALOFT computer optical interface.



External adapter units had to be used with the peripheral avionics to implement the
fiber-optic iuterface. This was necessary because program restraints did not permit the re-
design of any of the avionics units (other than the computer) because of the low level of
funding available for the demonstration and because all of the avionics assets used during
the demonstration were operational hardware items which had to be retained in a standard
configuration to maintain the Navy’s limited inventory.

IBM partitioned the interface, at the peripheral end from the computer, into five
aircraft areas containing peripheral avionics and designed adapters for each of these areas
(figure 15). These were:

Cockpit-area adapter, servicing all control sets, displays and avionics in the cockpit;

Right-hand avionics bay adapter, servicing the Doppler avionics and the projected-
map display avionics:

Left-hand avionics bay adapter, servicing the master function-switch relay panel
(MFS), the heads-up display (HUD) avionics, the inertial measurement unit (IMU), and the
IMU adapter power supply;

Armament-station control unit (ASCU) adapter, servicing the ASCU in the left-hand
avionics bay; and

Mid-equipment bay adapter, servicing the forward-looking radar (FLR) sweep
generator.

Since there was not enough space inside the adapter units to install separate trans-
mitter and receiver cards (as was done in the computer), transmitter and receiver circuits,

Figure 15. The ALOFT computer and peripheral E/O adapter units.
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with their respective LEDs and photodiodes, were mounted on the same circuit card (figure
16). To achieve cross-channel isolation from radiated-noise interference, receiver- and
transmitter-circuit layouts were spatially dispersed on each card. Each of the photodetectors
and their respective pre-amplifier circuits were covered by a grounded shield which further
increased the isolation of cross-coupled noise from the sensitive receiver circuit. Conductive-
noise isolation between the transmitter and receiver circuits was achieved on the same circuit
card by strong circuit decoupling from the common power supply.

For the purposes of the demonstration, interfacing between the peripheral adapter
units and the peripheral avionics was accomplished by short electrical adapter cables. Since the
peripheral interface obviously is not representative of the optimum design of a fiber-optic
interface system, the majority of the efforts in the ALOFT demonstration, both in terms of
design attention and intended testing, was devoted to the computer. With minor modifica-
tions, the ALOFT computer design could be made very representative of future production
designs for the input/output (1/0) sections of computers which desire to make use of a point-
to-point fiber-optic interface. It is interesting to note that the IBM design purposely pro-
vided for a means of reconfiguring the 1/0 of the ALOFT computer for either a fiber-optic
or electrical signal interface, or vice versa, in only two hours of shop time. Extensive use of
this feature is planned during the field testing of the ALOFT computer in order to compare
the features of the electrical-versus-optical interfaces.

The multiplexing/demuitiplexing circuitry in the ALOFT computer and in the
adapter units consists of logic flat-packs mounted on circuit-card assemblies which interface
with the parallel signals coming to and from the input-output section of the avionics unit by
means of a plug-in page assembly (figure 17). The 13 serial-data channels, generated by the

PD AND PREAMP LED
RECEIVER MOUNTING/CONNECTOR TRANSMITTER  MOUNTING/CONNECTOR

CIRCUIT FIXTURE (WITH SHIELD) CIRCUIT FIXTURE

.....
-------
......

Figure 16. LED and detector mounting on transmitter/receiver circuit board used in
ALOFT area adapters.



Figure 17. ALOFT multiplexer/demultiplexer circuit card and page assembly.

mux/demux cards in the computer, are fed back electrically through the card connector
plug to a common electrical back-panel interface to the adjacent E/O circuit cards where
E/O conversion takes place. The E/O converted serial-data channel is then optically trans-
mitted via the fiber-optic cables for external transmission.

The A-7 N/WDS configuration with the ALOFT interface subsystem installed is
shown in figure 18. The thin-lined blocks are avionics units which are already integral parts
of the N/WDS avionics system of the A-7 aircraft. The block labeled “MODIFIED NWDS”
is the A-7 tactical computer as modified by IBM into the ALOFT computer. Dashed lines
depict the 13 fiber-optic cables carrying the 115 TDM signals across the interface between
the computer and the adapter units. The bold-lined blocks are the ALOFT adapter units
which provide optical-to-electrical conversion and multiplexing/demultiplexing of the 115
signals on the peripheral end of the interfaces. The dot-dashed lines are representative of
the electrical adapter cables which interface the serviced avionics to the geographic area
adapters. The manner in which the 115 signals are multiplexed and apporticned across the
13 channels is shown in table 8.

It should be noted (figure 18) that seven of the 13 fiber-optic cables are routed
through the liquid-oxygen (LOX) and aft mid-equipment compartments, the latter serving
as the ammunition-storage location for the A-7 20-mm cannon. Both of these compartments
are defined as hazardous-cargo areas. For this reason, when LTV designed the A-7 aircraft
all wiring had to be routed around and away from these two areas. In the original electrical
installation, the N/WDS interface from the computer to the cockpit was routed to the
opposite side of the aircraft and thence forward to the cockpit to avoid the hazardous areas.









TABLE 9. SIDE-BY-SIDE COMPARISON,
FIBER-OPTIC AND ELECTRICAL CABLES.

. Wire Fiber Optics
Number of wires/cables 302 13

X Total length 1890 t (576.07 m) 224 ft (68.27 m)
Total cables & connectors weight 31.91b (14.45 kg) 2.71b(1.2 kg)
Total cables & connectors cost $1.63k $1.03k

Figure 19. Side-by-side comparison of the amount of copper wiring displaced
in the A-7 by the 13 fiber-optic cables in the ALOFT system.
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