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SUMMARY

This Report describes how the electrical power distribution system of a
large civil aircraft might be redesigned to employ remote power controllers,
embodying solid state protection, in conjunction with solid state logic, to
operate circuits remotely through lightweight signal wires. An assessment of
the masses of a conventional and a remotely controlled system, based on a VC 10
installation in which it is assumed that the latest lightweight cables and
switchgear are used indicates that the remotely controlled system would be
about 90kg lighter. Additional saving might result from equipment specifically

designed to be compatible with solid state remote control techniques.

The effect on both systems of resiting the electrical compartment from the
forward to a mid-aircraft position has been examined and it is concluded that

a further saving of 36 kg would result with remote control.

The redesigned system lends itself to, and has been arranged for, easy
conversion to multiplexed data transmission. Although a multiplexed system has
not been assessed, the mass of cables and fittings that would be replaced has
been evaluated as 42 kg, or 77 kg if analogue circuits were included. This
indicates the allowances within which the multiplexed data transmission should

be designed.

* Replaces RAE Technical Report 72238 - ARC 34764
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1 INTRODUCTION

It has been Shown] that cables form a substantial proportion of the total
mass of aircraft electrical installations and it appears that this area provides
the greatest potential for reducing installed mass. The smaller sizes may
account for some 707 of the mass of all cables installed in modern aircraft but
these, of 20 gauge and lighter, are often poorly utilized in carrying currents
much lower than their rated capacities and for very short periods. Typical
duties are the transmission of low powered switching signals and the operation
of indicators. The amount of cabling installed could be reduced in such cases
by using multiplexed data transmission, and a study2 has already indicated that
about 170 kg might be saved in the electrical system of a VC 10 by this means.
For that study the relay logic and contactors were in existing form and position
and no attempt was made to produce a system more compatible with multiplexing

techniques except the use of remote bus bars for light loads.

The present study examines an alternative method of reducing the quantity
of power distribution cable, based on the application of solid state devices as
recently developed in the USA for the protection and remote control of circuits,
known as remote power controllers (RPCs), and on experience at RAE with experi-
mental remotely controlled devices of advanced design which it is believed could
be developed readily for production (Ref.3, and later work to be reported).
Study entails the redesign of the electrical system, using dispersed bus-bars,
fed by sub-feeders, such that much of the present distribution wiring could be
shortened and replaced by small, lightweight signal cables to operate the RPCs
through solid state interlocking logic. Ultimately the number and mass of signal
cables could be reduced by using multiplexing techniques, and the redesigned
system has been specifically arranged to involve the minimum of modification for
a change to multiplexed data transmission. The necessary components could be
placed in enlarged versions of the control or logic boxes and the multiple signal
wires reduced to a few screened twisted pairs., No attempt has been made to
estimate the mass of a multiplexed system, but the mass of cables and fittings
that would be replaced has been established in Appendix B, and forms the allow-
ance within which the multiplexed system would have to be designed with maximum
saving the aim. Analogue data could also be transmitted through the multiplexed
channels, but at a cost of considerably increased complexity. The mass of
existing analogue data transmission wiring has therefore been established and

forms the added allowance for including this feature.



The assessment has been based on the VC 10 electrical installation, but
for the datum case, the most up-to-date cables, switches, circuit breakers and
relays available have been substituted for the existing items, so that a fair
comparison might be made with the latest techniques employed in solid state
remote control. As a result of these changes, the system mass would be reduced
considerably and would no longer represent the VC 10. For this reason there can

be no direct comparison with the results of the earlier studyz.

2 FACTORS AFFECTING THE CHOICE OF CABLE SIZE

The size of cables chosen for individual circuits depends on at least one
of the following factors
(a) current carrying capacity,
(b) rating and performance characteristics of the circuit protection,
(c) voltage drop, limited byBS 3G100 part 34 to 2 volts for 28 volts dc
and 4 volts for 115-200 volts ac, except in special cases,

(d) mechanical strength.

These factors could be greatly affected by the introduction of solid state remote

control methods.

For a conventional system, the continuous current rating of a cable when
installed in a loom depends on loom size, cable position and the heat generated
within the loom, and may be reduced to about one third of the value for a single
cable in free air. The main fuselage looms in the proposed system would consist
mainly of signal cables, carrying currents so small that their ratings would be
unaffected by close packing while the power cables from the dispersed bus-bars
would run, mainly locally, to wings or to engines in smaller looms, if indeed
looms were necessary. In this study no benefit has been assumed from increased

current carrying capacity due to these changes.

A fuse or thermal circuit breaker can carry from 1507 to 200% of full
rated current for several minutes before rupturing a circuit, the exact
rupturing current varying considerably from fuse to fuse of given rating. The
time lag of the circuit breaker is particularly affected by ambient temperature,
Furthermore, in some circuits, large surge currents occur at switch-on, and
the protective devices sometimes have to be uprated to cover this. For these
reasons cable size must often be chosen to match the protective device rather
than the nominal load current to avoid fire risk. With a solid state protec-

tive device, however, the operating envelope can be made closer to the load



characteristics and thus give better protection to both load device and cable

without having to uprate the latter.

In a large proportion of circuits the allowable voltage drop governs the
size of cable used. Run lengths of 30 metres and over are common in large
aircraft as the VC 10, and to keep within the 2 volts drop specified for dec
circuits, a 22 gauge wire of this length, for example, would be limited to
carrying about | ampere, whereas its maximum current capacity 1s about
11 amperes. By adopting remote control, many run lengths could be reduced,
which would not only save cable directly, but might also permit the use of

smaller cables without exceeding the voltage drop limit.

The VC 10 is wired mainly with Nyvin cable, of which the smallest size
is 22 gauge. Recently, very small cables have been developed with cores of
copper alloy for added strength, permitting 24 gauge wire to be introduced
into new aircraft, including Concorde. Wires smaller than 24 gauge,
although mechanically acceptable, might be limited in their application in
a conventional system, because of high resistance and the difficulty of
selecting suitable protection. However, in a system designed specifically
to be controlled by solid state devices which require low voltages and currents
only, resistance would present no problem and fuses or circuit breakers are not
the best means of protecting the signal cables. For this study, it is proposed
that 26 gauge cable be used for all low powered control circuits, while 24 gauge
should be used, where practicable for power circuits. The latter cable has also
been substituted for 22 gauge, where suitable, in the existing VC 10 installa-
tion. The cable masses in both installations have been caiculated from BICC
Kapton insulated cable (KP150) data for sizes up to 12 gauge, and Nyvin cable

data for larger sizes for which Kapton is not available.

3 ARRANGEMENT OF CONVENTIONAL AND PROPOSED REMOTELY CONTROLLED SYSTEMS

3.1 Conventional system

In the VC 10, four main, 3-phase, ac feeders of Nyvin 4 cable, transmit
power from the engine mounted generators at the rear of the fuselage to the
four main ac bus-bars, which are installed together with the main ac and dc
electrical equipment in an electrical bay, zone F7, Fig.l. This bay also
contains four main dc bus-bars and special bus-bars mainly to supply 28 volt
ac power, and ground power. Sub-feeders (12 gauge for ac and 10 gauge for dc)

transmit power forward from the main bars to sub~bus-bars at the engineer's



position in zone F1, Fig.l. The sub-bus-bars consist of two three phase ac bars,
two single phase ac bars and four dc bars from which the majority of circuits,
directly switvhed by the crew, are supplied. All heavy power loads are indirectly

switched v7u contactors or relays from the main bus-bars in zone F7.

3.2 Remotely controlled system (scheme 1)

The principal object of employing remote control is to reduce installed
mass, replacing much of the under utilized distribution wiring by a few sub-
feeders which share both intermittent and continuous loads. It is proposed for
this system to retain the main ac feeders and the position of the main equipment
and bus-bars exactly as in sub—section 3.1 above, but to employ sub-feeders to
carrv power from the main bars in zone F7 to sub-bus-bars in zones F1, F8 and
F4, Fig.1., Loads would be supplied and controlled remotely from the nearest bus-—
bar zone, except for continuous loads larger than 10 amperes which would be fed
and controlled from the main bus-bars in zone F7; since it is lighter to supply
such loads by individual cables rather than by a larger common feeder, due to
the superior heat dissipation of the former method. This is especially true
where lightweight KP150 cables would be used rather than the heavy duty Nyvin.
The proposed layout is depicted in Fig.2, which illustrates the combination of

sub—~bus-bars, feeders and logic boxes for controlling the remote switching.

3.3 Alternative arrangements of power transmission (scheme 2)

It will be seen from the descriptions in sub-sections 3.1 and 3.2 that
power 1is transmitted forward from the rear of the aircraft, and much of it is
distributed back again to the loads. In a system where circuits are directly
switched by the crew, this undesirable feature is largely unavoidable, what-
ever bus-bar layout is adopted. But for remotely controlled circuits there are
alternative positions for the main bus-bars and electrical equipment which could
virtually avoid this objection. Changes to the siting of the electrical bay
are discussed in Appendix A, where an alternative arrangement {scheme 2) is
suggested in which the electrical bay would be moved from zone F7 to F8,

without greatly affecting the aircraft cg position,

4 DESCRIPTION OF PROPOSED SYSTEM EMPLOYING REMOTE CONTROL

4.1 General features

Methods of using solid state techniques, with their low power requirements,
to achieve reductions in installed mass have been outlined. The proposal is to

operate the whole of the control system from a 5 volt, dc, power source and to



limit the actuating current of each remote power controller (RPC) to about
10 milliamperes. This would permit solid state logic to replace conventional
relay logic for control and interlocking purposes, while 26 gauge would be

adequate for the signal wiring indicated in Fig.4.

Two forms of RPC have been suggested (a) all solid state and (b) electro-
magnetic with solid state amplifier and protective circuits. The former would
be employed to switch currents up to 15 amperes in dc and single phase ac circuits
or up to 6 amperes in 3~phase ac circuits, while the latter type would switch
heavier currents. The division between the two has been chosen arbitrarily,
with the object of keeping losses in solid state devices low and thus avoiding
the use of heavy heat sinks. This objective could also be aided where several
RPCs are mounted on the same heat sink by interspersing continuously rated with
intermittently rated RPCs. It might well prove that the chosen limits for these
devices could be raised, since the estimated losses for each zone, see Table 9
and section 5.3, are fairly modest. The use of advanced cooling techniques such as
evaporative cooling or heat pipes might have a powerful influence. Solid state
remote power controllers have not yet been developed in this country; all informa-
tion about these devices has been extracted from an American specification
MIL-P~81653(AS)5. The electro-magnetic RPC would utilize a relay or contactor
and built-in solid state protection. Should the latter prove too complex or
expensive for general use in the ratings required, the existing arrangement of
relay and fuse or circuit breaker protection could be retained. 1In either
arrangement the relay or contactor would incorporate a solid state amplifier”
to trigger it from the 5 volt supply. An experimental electromagnetic RPC

having such an amplifier has recently been explored at RAE3.

It is intended that the control wiring should be kept separate from that
of power distribution, to avoid electro-magnetic interference from this source
producing spurious signals. Fig.2 shows the intended layout and indicates the

number of logic boxes, wires and connectors required.

Each box would provide a 5 volt, dc, power source for the control and
logic components, obtained from internal, duplicated, transformer-rectifier
units, each supplied from an adjacent ac bus-bar. The TRU outputs would be
paralleled, but each would be capable of providing the full requirements of its
box. In order to prevent possible spurious pulses causing inadvertent operation
of the solid state RPCs, their control current would be fixed at a minimum level
of, say, 10 milliamperes and anti-interference measures could be built into

the triggering circuit should this be found necessary.



Based on this figure, the estimated rating of the power units would be 8.5 watts

for sone F1 hoxes and 4 watls [or other boxes.

The current level would be limited to 10 milliamperes for each individual
circult by a resistor, which could form part of a printed circuit, connected
within the boxes to the power source. External wiring could not therefore
become overloaded and present a fire risk, should a short circuit occur. Some
signals would originate from 115 volts ac or 28 volts dec sources and need similar
resistors. For convenience, these are included in the logic boxes, but in
practice, it would be preferable to position them within equipment or at bus-bars

producing the signals.

It is proposed that all warning lights and indicators should be operated
by the 5 volt control system, through transistor amplifiers built into the light

or indicator body.

The system voltage would be regulated at the main bus-bars, consequently
a sub-feeder becomes part of the total resistance of a circuit. TFor dc circuits,
with a sub~feeder carrying its full continuous load, the voltage drop has been
divided between it and the distribution cables in the ratio of 1.3 volts to
0.7 volt respectively, while for ac circuits the ratio would be 2.5 volts to
1.5 volts., The sizes of cables used for sub~feeders and power distribution have
been selected to meet these figures, subject to their current rating being
adequate. In general the effect of circuit protection on cable selection has
been ignored, since it is considered that in most situations voltage drop would

predominate when sizing.

Some important circuits in the present system are protected by manual
circuit breakers which enable the engineer to reset rapidly a tripped circuit.
Where the same circuits would be protected by RPCs this facility has been
retained, by installing warning lights and reset buttons at his station. To save
cable in less important circuits, group resetting could be provided at accessible
positions close to the various bus-bars. Should it prove possible to reset a
tripped RPC by opening and closing the crew's operating switch, then the reset

button and associated wiring could be deleted.

Remote control methods are neither necessary nor suitable for some circuits,
for example, those operating gauges, position indicators and parts of the
interior lighting. Such circuits would remain unaltered and could retain their
existing protection, transferred, where necessary, to the most suitable of the

new bus-bars.



4.2 Details of control and logic

Full details of the control system, including the appropriate Boolean logic
expressions, are given in Tables ! to 4. Each table quotes all of the components
and connections for the zone. These should be divided equally between right and
left hand boxes, unless an item is marked by R or L, which denotes right or left
hand only. Tables 5 and 6 contain details of the connections and solid state
logic required to replace the existing relay logic for the flying control and

master warning systems on panel B.

A control circuit is initiated when a positive voltage (or logic 1 signal)
is applied to an RPC or to a portion of the solid state logic. If a circuit
contains interlocking logic, this is represented in the appropriate table by an
expression formed from discrete letters of the alphabet, where each letter
represents a logic 1 signal produced by the contacts, when closed, of each switch
or sensor in the circuit. Where a logic 1 signal is required from open contacts,
this can be achieved by inverting the normal logic O signal and is represented

by the symbol A or B , etc.

The symbol (M) in a logic expression denotes a memory and is prefixed by
a letter representing the setting signal and suffixed by a letter denoting the
resetting signal. Thus A(M)B indicates that contact A initiates a logic ! signal,
which would remain until reset to logic 0 by a signal from contact B. When a
prescribed logic expression has been fulfilled, an amplified logic 1 signal is

produced to actuate the appropriate RPC.

Fig.4 illustrates a typical circuit in its conventional and remotely
controlled forms, indicating the reduced cable mass associated with the latter
arrangement. The additional complication arising from the use of more components

in the case selected should not be overlooked.

5 COMPARISON OF THE MASSES OF CONVENTIONAL AND REMOTELY CONTROLLED SYSTEMS

The masses of those parts of the two systems which differ are compared in
Tables 7 and 13 and the following observations amplify or explain details in the

tables,.

5.1 Cables and connectors

5.1.1 Scheme 1 (refer to section 3.2)
It can be seen from Table 7, that, whereas the total length of cable for

the remotely controlled system is greater by 2181 metres, partly due to the extra
wiring needed for warning and reset purposes, the cable mass has been reduced by

73.7 kg. The estimates for both installations are based on the modern cable data



quoted in section 2. The 26 gauge, KP150, cable is not yet available, but its

specific mass has been estimated from other cables and is assumed to be 2.0 g/m.

The input connectors required at boxes and panels are assumed to be the
latest high density types to an American specification MIL-C-0081511D (I\avx)6
The quantities quoted are the minimum required, as indicated in Fig.Z2 ond
Table 10, but alternative combinations might be preferred in practice: these
should not significantly increase the total mass.

5.1.2 Scheme 2 (refer to section 3.3)

Table 13 shows that moving the electrical bay from zone F7 to F8 gives a
reduction in cable mass of 19 kg for a conventional system and 36 kg for a

remotely controlled system: a clear advantage of 17 kg for the latter.

5.2 Protection, relays and switches

In the remotely controlled system, fuses would be retained to protect those
circuits not operated by RPCs, while heavy duty, bolted type, fuses are required
for sub-feeder protection only. The mass of the solid state RPC has been
extracted from specification MIL-P~8163(AS). ©No firm information exists about
solid state protection as applied to an electro-magnetic RPC; therefore the
specific mass assumed in the table for a given rating comprises that of an
equivalent relay or contactor, a fuse or fuses, and 4.0 g for the solid state
amplifier. The latter figure represents components weighed at RAE, where samples

of both ac and dc relays have been modified to contain a triggering amplifier.

The specific masses of circuit breakers, switches and relays quoted for
the existing system, in Table 7, refer to modern designs as installed in Concorde.
The relatively large difference in mass between the manual switches of the two
installations results from the existing switch having to be sufficiently robust
to make and break inductive currents up to 10 amperes, while the lightweight
type for remote control has only to switch resistive currents of 10 milliamperes.
Although the lightweight switches, reset buttons and warning lights weighed at
RAE were not approved aircraft types, they are considered reasonably representa-

tive of what could be achieved for these applications.

5.3 Logic boxes and equipment panels

Details of the logic boxes and the solid state logic for the central warning
systems on panel B are given in Table 8. The internal masses have been calculated
from standard discrete components, weighed at RAE, while the power units and box
shells have been estimated from typical laboratory samples. For production equip-—
ment, large scale integrated circuits could be employed to reduce the mass of

internal components, but it is doubtful whether the power units or boxes could
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be made much lighter, especially as the latter would have to accommodate the

connectors for incoming cables.

Because of the totally different layout required when a system employs
remote control, many of the existing equipment panels would have to be modified.
For example, the present fuse and bus-bar panels, C(zone Fl) and J,K,U,Z
(zone F7) would be split bctwcen zones Fl1, F7, F8 and F4 to carry the revised
protection detailed in Table 9. This table shows the numbers of solid state
RPCs for either intermittent or continuous operation, the latter producing a
total of 348 watts of heat. Table 11 gives the total mass of panels C, J, K, U
and Z as 74.6 kg. In the revised system, about 457 of the protective devices
would be solid state RPCs mounted directly on heat sinks. If 457 (33 kg) of the
total panel mass be allotted for these heat sinks, then a modest continuous heat
dissipation of 10.5 watts/kg would result. Typically, RAE experimental RPCs
have been mounted on finned aluminium heat sinks, which under laboratory con-—
ditions, have a dissipation of about 80 watts/kg. Elaborate cooling methods,
therefore, appear unnecessary and the 74.6 kg allowance for installation mount-
ings has not been changed. It should be noted that little weight would be added
to the near compartment (zone F4), since the total mass of protective devices
and logic boxes mounted here (Tables 7 and 9) is 6.54 + 3.69 = 10.23 kg only,
which would be partly offset by the elimination of relays from panels V and S.

Table 11 lists the existing electrical panels, their masses and the
estimated reduction in size and mass made possible by the elimination of relays

mounted on them,

5.4 Installation fittings

The introduction of remote control affects the cable runs and dusting only
within the fuselage. In the VC 10 this ducting, for Nyvin type cables, has a
mass of 110 kg, but for smaller cables the ducting could be reduced in pro-
portion to the square roots of the areas occupied, assuming tubular or rectang-
ular ducting of a similar shape and length. Table 12 gives the numbers of each
cable size and the areas occupied to interzone runs, from which the ratios for
calculating trunking masses have been derived. Thus, by substituting KP150
cables into the VC 10, trunking could be reduced to 110 x 0,72 = 79.2 kg, and
with remote control further reduced to 79.2 x 0.89 = 70.5 kg.

6 SYSTEM INTEGRITY AND RELTABILITY

In order to obtain maximum system integrity, the installations considered
in this Report, whether basic VC 10 or exploiting remote control techniques,

depend on the same philosophy of separate and independently operated ciycuits so
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protected that a fault on one would not affect the correct functioning of another.
Most aircraft electrical systems, including the VC 10, ewploy some sub~feeders
and a fault on one of these would cause the loss of several circuits. With the
increased number of sub-feeders needed for remote control, the potential risk

ot failure would be greater, but the number of circuits affected by a single
fault would be reduced. In practice, substantial cables would be used for sub-
feeders, and given careful installation the risk of faults occurring would be
slight as is confirmed by experience in service. The provision of 5 volt control
power would be an extra requirement associated with the use of RPCs and solid
state logic: it would be arranged as two paralleled power units in each of eight
boxes. Double failure in a single flight, causing the loss of several circuits,
is regarded as unlikely. If thought advisable, however, a dc fed standby unit
could be installed, for a total penalty of about 1.5 kg, to be switched manually
or automatically to any box suffering a complete power failure. By careful
design of equipment and installation the overall integrity should be substantially

the same as for the existing system.

As remote power controllers have not yet been developed in this country,
there is no statistical evidence of their reliability and at this stage, only
general comments can be made on possible trends. The fuse is the simplest and
potentially the most reliable form of protection, although it can be very
difficult to choose a rating that will protect equipment in all circumstances.
Military aircraft continue to employ fuses, but the latest trend in modern civil
aircraft, such as Concorde and A300B airbus, is towards the exclusive use of
manual circuit breakers. These are also thermal devices but having mechanical
movements. It therefore appears that there would be some prospect of achieving
higher reliability by using solid state protection. The electromagnetic RPC,
with solid state protection and control, if successfully developed for general
use, would replace the existing combination of fuse and relay and should have

comparable reliability.

Where solid state components replace relays in control logic, reliability
should improve but the accompanying change from point-to-point wiring in VC 10
to interconnected control boxes, using multi-pin connectors might be more
susceptible to faults, particularly with the proposed use of 26 gauge wire.
This form of installation was chosen in the study to keep the control system
self~contained and for easy conversion to multiplexed data transmission. The
crew's control switches could be directly coupled to the RPCs in many circuits

to reduce the number of connections, although installation breaks would still
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have to be provided at the various zones. A growing application of solid
state techniques to control aircraft systems would tend to increase the use of
equipment boxes with multi-pin connectors, and reliability would depend

increasingly on the latter's satisfactory performance.

The study has indicated that although cable mass would be considerably
reduced, the lengths of small diameter cables used in the various remotely
controlled systems would be greatly increased. At the same time, because of
the minute currents involved - about 10 mA to actuate an RPC, cables would be
reduced from the smallest size now used in the VC 10 (22 gauge) to 26 gauge.
Inevitably, this would set the designer installation problems to maintain the
present standard of freedom from cable mechanical failure and to provide satis-

factory end connections'.
7 CONCLUSIONS

The comparative assessment for a VC 10 aircraft indicates that an
electrical power distribution system employing remote power controllers, embody=
ing solid state protection in conjunction with solid state logic, should be some
91kg lighter than a conventional system modified to incorporate the latest
equipment and cables. Reduced cable mass accounts for 73 kg of this saving.

The total mass of the modernised system was not evaluated, only those parts
directly compared in Table 7, but BAC figures for the existing installation are
given as 677 kg of cable in a total of 2256 kg, which indicates that the above
savings would be 7Zn excess of 11Z for cable and 47 for the total in a modernised

system.

There are potential savings beyond the 91 kg quoted above, since some
equipments have internal relays or sensors which could be reduced in size or
even eliminated because of the very much smaller control currents used. No
attempt has been made to estimate a figure for this, but some future equipment
could be made lighter if designed specifically to operate in conjunction with

solid state devices.

The foregoing results depend on two assumptions being substantiated. One
is that 26 gauge cable, with a copper alloy core, as yet untried for general
aircraft wiring, would prove sufficiently robust to cause no problems at termina-
tions. An enforced increase in size to 24 gauge would be electrically wasteful
and would reduce the saving by about 20 kg. The second is that the specified

mass and reliability of solid state remote power controllers can be met in fully
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developed models to production standards, that they can be mounted on efficient
heat sinks with little weight penalty, and that the electro-magnetic form of RPC
can be produced with a mass similar to that of a relay and fuse of equivalent

rating.

The comparison between the two systems has been based on the existing
power transmission layout in VC 10, but a remotely controlled system might offer
a further advantage if the main electrical equipment bay were resited. A posi-
tion in the rear fuselage would allow the most favourable distribution of power,
involving the least amount of cable, but would be unacceptable in this aircraft
because to move heavy equipment to the rear would adversely affect its cg. An
alternative mid-position has therefore been assessed and the results show a
saving of 19 kg for a conventional system and 36 kg for remote control, due to
this modification alone. A centrally positioned electrical bay would benefit
equally an aircraft with either rear or wing mounted engines, provided of course,

there were no physical or mechanical penalties resulting from repositioning.

Further large reductions in the specific masses of small cables are
unlikely, unless a range with aluminium alloy conductors is developed. Whether
a 26 gauge cable in this material would be sufficiently strong for use in
general wiring is not known, but to substitute a larger size of light alloy
conductor would give little advantage over 26 gauge, copper alloy. Feeders and
power distribution cables would benefit by employing aluminium alloy conductors
which at present are confined to sizes of 8 gauge and larger; but beyond this,
additional saving is only likely to come from introducing multiplexed data

transmission.

Since insufficient information is available to make a reliable estimate
of the mass of a multiplexed system, this has not been attempted, but the allow-
ance within which a system would have to be designed has been assessed. This
allowance is established as the mass of the 26 gauge signal cables and installa-
tion fittings which would be replaced by multiplexing and would amount to 42 kg
approximately for a system transmitting on-off signals only, with an additional
allowance of 35 kg for including analogue data in the same channels. It is

quite probable that a useful proportion of these masses could be saved.

Development work has not yet started in this country on either solid state
remote power controllers or multiplexed data transmission for use with aircraft

electrical systems, although laboratory work at the RAE using experimental
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controllers has reached a sufficiently advanced stage for equipment specifica-
tions to be written. Integrity and reliability studies would be the essential
first step in any programme aimed at equipping aircraft with these controllers,

particularly if multiplexed signalling were contemplated.
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Appendix A

THE EFFECT ON_INSTALLED MASS OF RESITING THE ELECTRICAL BAY (SCHEME 2)

As mentioned in sub-section 3.3, resiting the electrical bay might reduce
the mass of either type of installation. The most direct power distribution
would come from mounting the electrical equipment and main bus-bars in the rear
fuselage, close to the generators, with feeders running forward to the centres
of load concentration. However, repositioning some 340 kg of equipment in the
rear fuselage would be unacceptable, because of the undesirable effect on air-
craft cg, and the loss of accessibility. For these reasons this change has not
been considered. An alternative, which might be more acceptable, would be to
resite the electrical bay in mid-aircraft by interchanging the positions of
bays 7 and 8 (see Fig.l). This could be of equal benefit to either a rear or a

wing mounted engine installation and forms the basis of scheme 2.

By applying scheme 2 to either comventional or remotely controlled
installations, the main feeders, sub-feeders and cables running aft or to the
wings would be shortened by 8.25 metres, while forward running cables and sub-
feeders would be lengthened by 8.25 metres. The longer sub—feeders would also
have to be increased in size to counteract voltage drop, while a few of the
shortened feeders could be made smaller. Fig.3 shows the remotely controlled
system (scheme 2), in which bus~bars and logic boxes of zones F7 and F8 could
be combined to eliminate the feeders and cables linking them. However, in order
to save much re-estimation of cable lengths, it has been decided for scheme 2
to retain the sub-bus-bars of zone F8 (scheme 1) and link them to the main bars,

within the repositioned bay, by short feeders, 4 metres long.

Table 13 indicates how the lengths and masses of cables have been changed
in both types of installation by resiting the electrical bay F7. It shows that
scheme 2 is lighter than scheme 1 in both cases, but that remote control has an
advantage of 17.04 kg. The useful saving of 36.02 kg of cable with the latter
system would depend on the possibility of re-siting the bay, without incurring

direct or indirect mass penalties.

This saving is additional to the saving achieved by system redesign for

remote control.
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Appendix B

MASS ALLOWANCES FOR THE INTRODUCTION OF MULTTIPLEXED DATA TRANSMISSION

As stated in the introduction, the remotely controlled system has been
purposely arranged, possibly with some small penalty, to enable multiplexed
signal transmission to be introduced without further alteration to the basic
system concept. Referring to Fig.2, the necessary components could be included
in enlarged control boxes, which would be joined by transmission lines, composed
of screened twisted pairs, in place of the existing control wiring. In the
present lack of development, it is not possible to estimate the mass of the
enlarged boxes, but tabulated below are the masses of those items which would
be replaced or reduced by multiplexing the control signals. The total mass
sets the limit within which a system incorporating built—in redundancy to

maintain an acceptable standard of overall integrity, would have to be designed.

Control wiring, 26 gauge, length 14180 metres = 29.62 kg

Negative wiring, 24 gauge, length 403 metres = 1.17 kg

Connectors 24 off (various, as shown in Fig.2) = 2.32 kg

Ducting reduction due to eliminating 26 gauge}

wires. See estimate below (case 1) = 8.74 kg
Total 41.85 kg

To include analogue data in a multiplexed transmission system would mean
introducing the extra complexity of analogue to digital conversion and subsequent
reversion, as well as enlarging the address and data registers. In order to
establish the mass saving against which the extra complexity must be balanced,

the existing analogue data transmission wiring has been estimated as follows.

24 gauge cable, length 8816.3 metres = 25.57 kg
22 gauge cable, length 672,8 metres = 2.85 kg
Ducting reduction due to eliminating } 6.49 kg
above cables. See estimate below (case 2)

Total 34.91 kg

The estimates of reduced ducting used in the above evaluations are calcul-

ated below from information given in Table 12.



Appendix B
Case 1. The elimination of 26 gauge cable
(delete area of 26 gauge from Table 12)
7 Total area Side Proportion of Q/Z Total
ones (A) mmZ VA mm total length (%) per zone %/K
F1 to F7 320.4 17.9 0.208 3.72
F7 to F8 1474.5 38.4 0.375 14.4 32.15
F8 to F4 1132.0 33.8 0.417 14.03
, multiplex(l) _ 32.15 _
ratio of p——. = 3668 0.876.
Ducting mass = 70.5 x 0.876 = 61.76 kg
Case 2. The elimination of analogue data transmission wiring
(delete areas of 22, 24 and 26 gauges from Table 12)
Total area Side Proportion of QJK Total
Zones 2
(A) mm VA mm total length (g) per zone wA
Fl to F7 122.1 11.05 0.208 2.3
F7 to F8 1265.4 35.6 0.375 13.35 28.74
F8 to F4 984.1 31.4 0.417 13.09

multiplex(2) _ 28.74
remote 36.68

Ducting mass = 70.5 x 0.784 = 55.27 kg

= 0.784.

ratio of
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List of abbreviations for Tables | to 6

Flc, F7J, etc. - zone Fl panel C, zone F7 panel J (see Fig.l)
sSwW - switch

transtr - transistor

pressr -  pressure

LP - low pressure

HP -  high pressure

RPC - remote power controller
o/heat - over heat

fempr - temperature

norm - normal

auto - automatic

Indr -  Indicator

Lt - light

W/L - warning light

of/ride - over ride

emer gy -  emergency

TRU - transformer rectifier unit
c/o - change over

Hyd1l -  hydraulic

Refrig - refrigerator

u/c - undercarriage

dv - direct vision

CSD - constant speed drive

GCB - generator control breaker
BTB -  bus tie breaker

SSB - split system breaker

GPB - ground power breaker

ELRAT - electrical ram air turbine
Uvv = unpressurised vent valve
mod - modulating

A, B, C, etc, - letters refer to switching operations as described in section 4.2,

(These are allocated to switches in the detailed wiring diagrams
for a VC 10 aircraft, which are not reproduced in this Report.)



TABLE 1
ZONE F1 DETAILS OF REMOTE CONTROL CIRCU!ITS UP TO BUS-BARS
F1 Logic boxes Circurt continuation
{tem No. of No, of ftem
Equipment and location ‘
No. wires Limiting vires Logic No.
Connectrons Boolean logic expressions identification
resistors box
1 FIC 1 to 4ac bus-bars 3amp fuses 12 off 12 1n To T.R.U.s for 5 volt rar] for logic operation 1
2 |F1B Transistor switches for 011 low pressure warn/light 4 off 4 out 4 through 4an F4 Table 4, No.2 2
. 4 out \
3 |F1B Low pressure cock switches A shut, D open {8 return 4(5Y) Signals A, D 3
4 out D.E open field { No.1 logic for fuel
4 [F1D High pressure cock switches B shut, E open {8 return 4(5V) Signals B, £ }A + (0.B.C)  close f!e]d} cocks (four 1dentrcal) 4
& out No 1
5 |F1A Fire switches C shut ou 4(5V) Signal C logic F8 | Table 3, No.4 5
4 return
8 out
6 |FIB lInter engine valve switches A shut, B open {Z :ziurn 2(5v) & through & out F8 | Table 3, No.5 6
7 F18 Transistor switches for fuel cock 1ndicators (?lp:: 12 off 12 out 12 through 121 F8 Table 3, No 6 7
reset button 2 off 2 out
8 |FiC varning ight for RPCs 2 off {4 return 2(5Y) 4 through 4 out 8 Table 3, No.7 8
g |F1B Transfer valve switches A shut, B open {; ::Iurn 4(5V) 8 through A, B 8 out F8 | Table 3, No.8 9
10 {F18 Jettison and cross feed switches A shut, B open {E :::urn 2(5v) 4 through A, B 4 out F8 | Table 2, No.9 10
1 FiB TraéISIstor switches for transfer valve Open\ 12 off 12 out 12 through 12 1n F8 Table 3, No.70 "
1ndicators 1ose/
reset button 2 off 2 out
12 F1C {warmng Tight for RPCs 2 off {4 re turn 2(5V) & through 4 out F8 Table 3, No.11 12
13 F18 Fuel pump switches 10 off gg out 10(5Y) 10 through 10 out 8 Table 3, No.12 13
return
1 |F1B Transfer valve switches A shut, B open {f ::Im 2(5v) 4 through A, B 4 out F8 | Table 3, No 12 1%
15 |F18 Engine switches speed/temperature control {: :::urn 4(5V) 4 through 4 out F& | Table &, No.& 15
16 }F1B Transistor switches for low pressure indicators b off |4 out 4 through 4 an F& | Table &, No 5 16
1R |F1B Transistor switch for low pressure 1ndicator 1 off 1 out 1 through 1in 8 Table 3, No. 1SR R
18 |F1B Tank transfer valve swytches : out 4(5y) 4 through 4 oyt F8 | Table 3, Ko '€ 18
return
19  |F1B Transistor switches for tank valve indicators & off |4 out 4 through ban F8 Table 3, No.2] 19
20 |F1B No.1 to & valve swiiches A switch closed {t :::m 4(5v) 4 through A 4 out F8 | Table 3, No.22 %
21 F1, EA No.1 to 4 power drain switches B switch closed {: ::‘t(urn 4(5y) 4 through B & out 8 Table 2, No.23 2
22 |F18 Centre transfer valve switches {;:Etum 2(5V) 2 through 2 out F8 | Table 2, No.2t 2

1C



Table 1 {continued)

4
F1 Logic boxes Circnnt continuation
I tem No. of No. of Itea
Equipaent and location
No. Wires Limting vires Logrc No.
Connections Boolean logic expressions tdentification
resistors box
[
23 |F1B Master valve switches C norm, A, B jett son {: r):tu" W hY & through A, B, € 6 out 8 Table 3, No,27 23
2% |F1B Transistor switches for master valve ~dvcators (::::) 4 off] 4 out s through & n F8 Table 3 No 28 2%
reset button 2 off 2 out
2% |FiC {uarmng Tight 2 oft {‘ return 2H5vi & through 4 out F8 Table 3 No 29 25
% |F1B lonitor relay, master switch {G) and engine start switches {g ::Iurn 5(5Y) 8 through 8 out 2% Table &, Mo.6 %
21 |F1B Transistor switches for ignitors fon' 2 off| 2 out 2 through 2 F& Table &, No.7 n
4 out 4 through
28 |F1B Master switch contacts O, £, H, J {,‘ return 4(5v) O, K, H, J 4 out F& | Table 4, No.8 28
6 through
Master switch contacts F, H 2 out
n |F8 Starter switch contacts A1, AZ, A3, A4, A5, AB {6 return A5 F.AT, F.A2, F.A3, § aut F Table 4, Ho.9 A
F Ak, H,AS, H,AE
30R [F1B Transistor switch for start running i1ndicator 1 off] 1 out 1 through 1an Fa Table &, No 15R 3R
3 SAB {Iranslsior suitches for reverse thrust indicators B8 off | 8 out 4 junctions &an Fa Jable &, Ko 16 n
32 |18 Transistor switches for engine overheat and 8 off | 8 out 8 through 8 in fa Table &, No 17 )
01] Jow pressure indrcators
1 out
£ 3
33 |F1, EA Test switch {2 return 1{5Y) 2 through 7 out 4 Tabie 4, No.1!8 3
3 |F1A Transistor switches for fire warning lights 4 off | & out 4 through b in £2 Table 2, No.4 W
350 {F1A Test switch for fire detectors ! out 1(5Y) 1 through ' out £7 | Table 2 Ko 5 ™
1 return
36 |[FIB Engine aniiicing valve switches {: :::urn 8{5Y) 4 through 4 out F& | Table 4, No.19 3%
reset button 2 off 2 out
37 |FIC {uarmng Fight 2 off { return 2(5Y) 4 through 4 out F& | Table 4, No, 20 37
out
38L |F5 Stn 60 left rce detector switch A shut { return 1(5v) Signal A }"0'2 Yogic for 1ce warming (one only) 3L
i
39L {F1B Wing anti~icing valve stop switch 8 (\:]ap‘:) tan Signal B A(WB 391
A0L [F'A Transistor sw tch for rce warning Tight 1 off | 1 out From logic 2 501
1 st
1A 1 .
ML IR Huminate/derce svr ter {2 return (5v Drode between i
leads
3 amp RPL 1 off
13t
421 {FIC No.71 non essentral dc bus {20 anp RPY 1 off 2 out ‘ (94
43 |F1E Pitot head heater sw tches b out 4(5v) +3
4 return
[V 4 through & out F1 Table 2, No.6 [
45 |F1C Reset button and warning light 4 off each {: O“i &(5v) & through 4 out F7 Table 2 No.?7 [N
returr

144




Table 1 {continued)

pressure warning light

F1 Logic boxes Circurt continuation
ttes No. of No, of Item
Equipment and lacation
No. wires Limiting . wires Logic No.
Connections Booiean Yogic expressions Identi fication
resistors box
, Vi, v2, V2 No.3 Jogic (three 1dentical, two right hand
¥y i ¥7 alyvi » » 9 cal, 9 )
4 [FIC Ground pover 115 supply (V2 alive) zm dodes ol 3115 A fron 230 } one left hand)  AVLYE 4
" FIC No.2, 3 and 4 ac bus-bars phase C 3 amp RPC 3 off 6 out from logic 3
FIE High/low temperature selector switches 3 return signal A 47
3 oyt No.4 logic for windscreen heat control Three
18 FSX Windscreen controller averheat switch (B, overheat) " 3 ut o 3(5) Signal B A.B operates RPC in phase B (ld b 1) i
F1B Transistor switches for overheat warning light Te 3 ;ztu 3 through B C.B operates RPC 1n phase C entica
43 |FSX Windscreen controiler, norm heat S¥ C Low temperature 3in 3(115V) Signal € 49
phase B 15 amp RPC 3 off 3 out
5 JFIC 2, s and & ac busbars phase C 15 amp RPC 3 off 3 out From logic No.4 %0
5 out V1 and V2 froa 46, No.5 logic
51 [F1  Windscreens 1 to & and dv thermostats 5 off 5(5¥), 5(115V) A from 230, 2109 51
5 return V1.V2.A (frve 1denticai,
logic No.5 out
1 and 4 ac bus=bars phases B and C 5 amp RPC 4 off
52 [FIC {2 and 4 ac bus-bars phase A 5 amp RPC 2 off 5 out 5 through 52
1 ac busebar phase A 10 amp RPC 1 off
S3L |FIE Desist fan switch } out 1(5v) 1 through 53L
mist fan switc 1 return roug
4L {F1C Xo.1 ac bus-bar, three phase 5 amp RPC 1 off 1 out S4L
55 |F1B High pressure stop valve switches C shut {: ?::um 4(5Y) 4 through € 4 out 123 Table &, No.22 55
% |F1A Fire switches (A« 8) shut {g ::im 2(5V) 2 through (A + B) 2 out Fo | Table 4, No.23 56
57 |F1, EA High pressure stop valve reset switch (R, reset) {g ‘:‘;:m 2(5v) 2 through R 2 out F& | Table 4, No.25 57
5 IFs Transistcr switches for high pressure stop valve § off 4 out & through 4 1n F4 Table 4, No.26 8
position indicator
59 |F1B Start master switch and pressure reducing valve swiiches z ::Lrn 2(5¥) 4 through 4 out F& | Table &, No.27 58
60 {FIB Start master switch and wing ant: 1cing stop valve switches Z ::turn 2(5V) 4 through & out F8 | Table 3, No.31 60
61 |F1B Start master switch and tail anti 1cing stop valve switches 2 return 2 through 2 out F& Table 4, Ko.28 61
62 k8 Transistor switches for pressure reducing valve 2 off 2 out 2 through 21n Fi Table 4, No.29 62
ind cators
Transistor switches for ta1} anty 1cing stop
63L |F1B valve 1ndi cator 1 off 1 out 1 through Tan F& | Table 4, No.30L 63L
g4 |p1g JTransistor suitches for wing anti 1cing stop b off | b out & through boan F8 | Table 3, Ko.32 | 64
valve 1ndicator
65 |rB Transistor switches for hot air duct overheat 2 off 2 out 2 through 21 Fi Table 4, No. 31 65
warning light
661 1F1B {Transxstur sw1tches for main duct interskin 1 off 1 out 1 through 1n FB | Table 3, No. 3| o6L

1 ¥4



Table 1 {continued)

F1 Logic boxes

Circuit continuation

Iten Equipment and location Na. of Ro. of iten
Ne. vires I.il-vhng Connections Boolean logic expressions vires Logic tdentification o
resistors box
67 |pip {Transistor svitches for ving ducts pressure 2 off| 2 aut 2 through 2in 78 | Table 3, No.35 | 67
warming lights
. 2 out A1, A2
58 {F1B Thrust augmenter switches, (A1, AZ open) (C1, £2 shut) {‘ return 2(sV) 4 through {C1. o 4 out F1 ] Table 2, No.8 68
6% {FIC Reset button and warning light 1 off each ; :::urn 1{5v) 2 through 2 out 2] Table 2, No.11R 69R
70L | FIC Reset button and warning light 1 off each { ; ::urn 1(5v) 2 through 2 aut F& | Table &, No.34L 0L
i [0 { fransistor suitches for thrust augaenter rear 2ot ) ot 2 through 2out | Fa | Teble s, mo.3sL | 7L
indicators
13 |Fe Tr.ans\stor switches tor thrust augmenter forward 2 off | 2 out 2 theough 2 out 7 Table 2, Ho.1R R
indicators
3L |F1B Louvrs boost fan switch { } :::nrn 1{5v) 1 through 1 out F8 | Table 3, No.36L 3
AL |F1B Humidification switch (select one, both) y e 1(sv) 2 through 2 out F8 | Table 3, Ko.37L | AL
2 out
7% {F1B Forvard and rear drscharge valve svitches o 2Asv) ™
2 retur
76L 1FIC No.1 essential dc bus=bar 3 amp RPC T off}1out 2 through 1 out F& Table 4, No.36R 6L
77 JF18 1 to 4 mass flow control switches +out (V) 16 through 16 out F& | Table &, ¥o,37 n
16 return
78 | F1B Transistor switches for blower fail warning lights A off| 4 out & through 4in 2% Table &, No.38 3B
19 |FIB Transistor switches for auto off! warning lights 4 off{ & out 4 through & in F4 | Table &, No.38 79
80L { F1B Unpressurised vent valve switch (H open, A shut) { 12 ::'turn 1(5¥) 1 through A, H 2 out F8 | Table 3, No.38L 80L
81L } F18 Transistor switches for uvv indicator {open, shut) 2 off} 2 out 2 through 2 in F8 Table 3, No.40L 81L
82L{F5  Stn 137 left radio rack cooling valve {open £, L, shut F, K} | 2 in 2 through L, K 1 out F8 § Table 3, No.AlL 82L
83L | F18 Transistor switches for RRCV indicator  {open, shut) 2 off 2 out 228Y) L :ri\:h):nchon 83t
84L 1 FIC No.1 non essential dc bus-bar, S amp RPC 2 off] 2 out 2 through 2in FB | Table 3, No.43L 84L
85L | FIC Wo.T reset button and varning Tight 2 off each { o 2A5) 2 through 2out | F8 | Table 3, No.wL | 8t
86R ) F1B Transistor switches for non return valve warning lights 2 off] 2 out 2 through 2in Fé | Table &, No.d0R 86R
81 |F1B Sp.xll valve control switch, A nors, B shut, C spill { é:::urn (V) 6 through A, B, C 6 out FA | Table &, No.41 87
88 JF1C Reset button and warning light 2 off each { E :::urn 2(5v) 4 through 4 out FA } Table A, ¥o.45 88
89L { F18 Flow balance switch (increase, off, decrease) ;:::urn 1(5v) 2 through 2 out F8 | Table 3, No.45L 89L
90 |F1B Normal/overheat switch {overheat reset, A) ;:::m 2(5v) 2 through A 2 out F8 | Table 3, No.i6 90

%t



Table 1 (continued)

F1 Logic boxes

Circuit continuation

tten . . No, of No. of {ten
Equipwent and locatien 0 A
No, wires Limiting . wires Logic T Ko.
Connections Boolean logic expressions Identification
resistors box
91 | F18 Transistor switches for overheat warming Vight (55°C) 2 off | 2 out 2 through 2in F8 | Table 3, No.50 91
92 | F1B Transistor switches for overheat warming Tight (1200(2) 2 off | 2 out 2 through 2n F8 | Table 3, No.51 92
93 | F1B Temperature control switch (off, A auto, B decrease, C inerease) { g:leliurn 2(5v) 6 through A, B, C 6 out F7 1 Table 2, No.13 93
. 2 out 4 out F4 | Table 4, No.51
9 | F18 Selector switch (norm modulation 1solation M, choke overide W) { 4 return 2(5v) & through H, N {‘ ot 78 | Table 3, No.53 04
. 4 out 4 out F8 Table 3, No.57
95 ] FIC Reset button and warning light 4 off each { 8 return 4(5V) 8 through {~ out Fs | Table &, No.A9 95
. A 2 out 4 junctions G, 2 out F& | Table 4, No,52
96 | F1B Refrigerator master switch (A norm, off, G isolate) { b return 2(5Y) out A, G {# out 78 | Table 3. Nos. 5 o
and 60
97 | F18 Recirculating fan S¥ (E nora, off, F, on) { T 2A5V) b through E, F bt | R | Table 2 No.t6 | 7
F1B Jiransistor switches for refrigeration failure 2 off A
98 {' varning Tight 2 out 2 through 2in F8 | Table 3, No,62 98
93 | F1B Reset button and warning light 2 off each { f :zf(urn 2(5v) 4 through 4 out 8 Table 3, No.67 99
1
100 | F18 Flying control svitches (A nors, off, B isolate) 11 off {z; L (5V) 22 through A, B A out F | Table 2, No.78 | 100
Transistor switches for hydraulic pressure 4 in F8 | Table 3, No.68
101 { F1B { varning lights 1 off |11 out 11 through {7 in Fi | Table &, No.58 101
. . 2 out 6 through -
102 } F1D Tail trim switches (A down, B up, X.Y autopilet) { 6 return 2(5v) A B, K1, 6 out F& | Table %, No.59 102
103 { FIB Re-arming push {normally closed J) { g :ziurn 2(5v) 2 through J 2 out F& | Table &, No.60 103
104 | F1B Transistor switches for overrun warming lights 2 off 2 out 2 through 2in F& | Table 4, No.63 104
< g . 2 out
105 § FIB Artificial feel pump switches (norm, 1solate) 2 return} 2(5v) 105
2 through
No.% ac bus-bar 3 phase 7 amp RPC 1 off
106 1 Fic {Auxﬂlary bus 3 phase 7 amp RPC 1 off 2 out 106
Nose wheel bay hydraulic pressure switches and over~ 4 out *
107 | F6 { heat thermostat 4 return 4(sv) 4 through to 108 107
FA {Tr\a‘::ri“s:;rhs;;‘t:hes for pump and motor overheat 2 off » ot
108 Transistor switches for feel failure warning 2 out through.  See 107 108
(al] 1 2 off
1ghts
109L} FIC No.1 non essential dc bus-bar 3 amp RPC 1 off 1 out 1 through 1 F8 | Table 3, No.6SL | 109L
110L] FIC Reset button and warning light 1 off each for 1091 |1 out 1 through 110t
1 out
1L FIA u/c selector switch (down A, up B) {2 return 1(sv) 2 Junctions and 1L
112L] FIC Ro.? essential dc bus<bar 3 amp RPC 2 off 2 out 2 through 4, B 2 out F8 | Table 3, No,20L ] 112L

S¢



Table 1 (continued)

F1 Logic boxes

Cirennt continuation

Iten . No, of No. of Iten
Equipment and location |
No. vires Limting . . vires Logic No.
Connections Boolean logic expressions Identification
resistors box

113L [ FIA u/c selector SW and esergency switch (up C.D, norm E) {1 out 1(5v) 2 out F8 | Table 3, No.71L | 113L

2 return

2 mnctions C.D, E

114L JFIC No.1 and 2 essential dc bus-bar 3 amp RPC 2 off 2 out and 2 through 114L
115 {FIC Reset button and warning light 2 off each for 112L & 114L { f :::urn 2(5v) 4 through 4 out 3 Table 3, Ko.72 115
116R | FIA u/c selector switch {down, up) { 1 out 1(5v) & out F8 | Table 3, No,73 116R

2 return . .

2 junctiens and
. 2 out 2 through,
T1R | F6  Nose wheel up lock and down lockeswitches {Zreturn 1 diode in upt, 1R
1 down!
118R | F1A Transistor switch for u/c indicator 'nose unlock! 1 off 1 out 1 drode in Vdown 18R
11 | F6  Nose wheel down lock switch { ou (V) 1R
1 return
120R { FIA Transistor switch for u/c indicator 'nose lock! 1 off 1 out } ! through 120R
1271 | F6  Nose wheel door Tock switch { o } 1(sV) 121k
1 return
128 | F1A Transistor switch for nose door warning light 1 off 1 out ¥ through 12R
§ [
1238 |F1 { fransistor suitch for u/c indicator Taain vheels ) o f g o 2 through 2in F8 | Table 3, No.m | 123
12 |F1A { T'?:;‘(ft" switch for u/c wndicator 'sain wheels ) cc |, 2 through 2in F8 | Table 3, No.75 | 124
125 |Fa { Transistor switch for main wheels door lock 2 off 2 out 2 through 2 1n f8 Table 3, No.76 125
1ndi cator

1268 | F1, EA Test switch (nore open, test shut D) { o 1(s) Srgnal 0 No.6 Togic for varning horn (one only) 1268

1 out
127R | F6  Nose wheel down lock switch (shut C) {1 return 1(5V) Signal € 12
1288 [ F1B Throttle micro-switches (closed E.F + G6.H) {} ::tum 1(sv, Stgnal (E.F + G.H) f“ 8o Cold (BF<6H) 1288
120 Signal 4, J 110 F1 ] Table 2, No.23R | 120R
13R | FIC No.2 essential de bus-bar 5 amp RPC 1off [0 toore Signal (A + B) Tin F8 | Table 3, No.7R | 13R
13R | FIC Reset button and warning light 2 off each for 130R 1 out 1{5v) 131
132 |FID Flap selector switches (up, 2°, 2°, down) {;:::urn 2(5v) 8 through 8 out f8 | Table 3, No.78 132
133 | F1C Reset button and warning T1ght 2 off sach { f :::m 25) 4 through & out F8 | Table 3, No.80 | 133
13 | F18 { ?"‘;'f" s"f:‘:” E"“' g °”e;if° 3 g:“: " 2(5V) 5 out f8 | Table 3, No.87 | 134

solate switches (nora B, 1solate etu 2 nctions| 3through

135 | F1B Transistor switches for flap isolate warning light 2 off 2 out (A) with137( A, B, C 135

9t



Table 1 {continued)

F1 Logic boxes

Circuit continuation

ltes . No. of No. of I tem
Yo. Equipment and location ires Lim ting ; . footean | nires Logic st No.
reststors onnections oolean logic expressions box ldenti fication
136 |F1B Transistor switches for selector valve indicators (up, down) | 4 out 4 through 4 n F8 | Table 3, No.§3 136
4 off
2 junchions with
137 |F1B Transistor switches for flap isolate indicators 2 off| 2 out 134/135 2 in 8 Table 3, Nc.86 137
2 through
138 jFIC Reset button and warnming light 2 off each { Z ::turn 25V) 4 through 4 out F8 | Table 3, No.87 138
139 {F1D Slat control micro switches {in A, out B) { f :::urn 2(5vV) & through 4 out F8 | Table 3, No.89 139
140 | F1C Reset buttons and warning lights 2 off each { Z:::urn 2(5v) 4 through 4 out F8 | Table 3, No.91 140
11 | F18 { Transistor suitches for slat indicators and § off | 6§ out § through § in 8 | Table 3, No.97 | 141
1solate indicators
142 58 Transz.stor ?uitches for hydraulic fluid overheat 2 0tf | 2 out 2 through 2 in 4 Table &, No.64 12
warning light
14R | FIB Ferry link switch (nora A, Tinked B) { ;::fwm 1(sv) 2 through A, B 2 out s | Table &, No.B%R | 14R
1440 | F1B Emergency steering switch (norm A, emergency B) 1oout 1(5v) 1AL
2 return
2 through A, B
1450 | FIC No.1 essential dc bus-bar 5 amp RPC 2 off | 2 aut 145L
146R ] FIC Reset button and warning light 2 off each { g ::fmrn 2(5v) 2 through 2 out F& | Table &, No.66R | 146R|
147 | F1B Hydraulic off load switches No.1 to 4 {z :::urn 2(5V) 4 through 4 out F& | Table &, No.67 147
148 | FIC Reset button and warning light 2 off each Z ::Iurn 2(5v) 4 through 4 out F& | Table &, No.68 148
149 | F1B Transistor switches for ferry link actuator indicators/2 off | 2 out 2 through 21n Fé Table %, No.69 148
150 1£s {StrE 197 e:e:§ency steering actuator 1imit switches 2 150
apen sty 2(28V) 2 through
151 §F1B Transistor switches for emergency steering indicator 2 off | 2 out 151
. . 1 out 1(115v)
15R [ F1E Ground hydraulic pump switch { 1 return (V2 fron 46) 1 through 1 out F71 | Table 2, No. 28R | 152R
153 |F1B Spoilerisolate swiiches, one pole earthed {norm, 1solate) {g ::Iurn 3(5V) 6 through 6 out f8 | Table 3, Wo.98 153
15 JFIC Reset buttons and warning light 2 off each { f :::urn 2(5v) 4 through 4 out F8 |} Table 3, No.99 154
155 |F18 Hydraulic 1sotation valve switches (shut A, open B) b ot 4(5v) Signals A, B 155
8 return
No.7 logic for hydraulic 1so]a’non} four
. . 4 out valves No.7 Togrc
15 {F1A Fire control switches (C emergency, D norm) {8 return 4(5Y) Signals C, D B.D = oper, A+ B.C = shut 1dentical 8 out F& | Table &, No.70 156
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Table 1 (continued)

F1 Logic boxes

Circuit continuation

| tea No. of No. of Item
No Equipsent and Jocation wires Limting wires Logic No
: Connections Boolean logic expressions Identi fication -
resistors box
157 LFie Trfaﬂszstor switches for hydraulic 1solation valve 8 off| 8 out 8 through 8 n FA Table 4, No.71 157
indicators
158 |FIC Reset button and warning Vight 2 off each { f :::urn 2s¥) 4 through & out F4 Table 4, No.72 158
158 | FIC Auxiliary ac bus-bar phase B (alive VA) 2n D1odes and Signal V4 No.8 logic for standby gyro horizon 159
2(115v) -
A.V&.VZ (one only)
Signal A froe 230
160L 1(115v) Signal V2 fron 46 160L
1610 | FIC Auxitiary ac bus-bar phase B 3 amp RPC 1 off Hu18[’l:g|c 161
No.9 Yogic 1 Signal V&, signal V2 No.9 logic for turn and ship indicator
162L | F1C Auxilrary ac bus-bar phase A 3 amp RPC 1 off 1 out 2(115v) Srgnal A fros 230 AVAVE (one only) 162L
163R | F6  Nose wneel steering pressure switch Tout 1 (5Y) 16R
1 return
164R |F1B Transistor switch for steering pressure indicator 1off | 1 out 1 through 164R
165 |FIE Landing/tac lamp switch (wings) { Lot 2A5) 8 through 8 out f8 | Table 3, No.100 | 165
1 out
166R | FIE Landing/taxi lamp switch (nose) { s return} 1{5v) 166R
15 amp RPC 2 off | 2 out
167R | F1C Ho.2 non essential de bus-bar S amp RPC 2 off | 2 aut 4 through 167R
1 out
168R | FIE Turn off lamp switches { 2 return 168R
169 |FIC MNo.2 non essential dc bus-bar 10 amp RPC 2 off | 2 out 2 through 169
170 }FIC Reset button and warning light 3 off each for 167R and 169 { f ::tm 2(5¥) 4 through 4 out F3 | Table 3, No.01 | 170
171 IFIE Navigation lights and rotating beacon swtches { g :::urn 2(5v) 2 through 2 out F8 | Table 3, No.102 1m
. ) . 1 out 1{5v) ¥2 from 46 No.10 logic for nose wheel bay servicing lights
17R |FIC Servicing lights switches (on, B) { 1 return 1(115¥) B B+¥2 f{one only) &
173 [F1C 28 Volt ac bus-bar No.1 3 amp RPC 1 off "“;“:ul""” 7R
174R |FIC 28 Volt ac bus-bar No.1 3 amp RPC 1 0ff | 1 out 1(115v) V2 from 46 Nose bay servicing lights (one only) 174R
ground crew call button (closed C) { 1 out 105y s C. R 4
1R P18 { reset button (closed R) 2 return () Stgnals C, 'é°;1; Yogic for warning horn  {one only) R
call button aircrev (closed A) 1 out . No.12 logic for ground crew call  (one only)
T76R [F6  Nose wheel bay < . \teel micro surtch (closed B) 2 return 159 Signals 4, B A(M)R 18R
177R |F1C No.2 essential dc bus-bar S amp RPC 1 off | 1 out From No.11 Togic 17R
1788 1F1B Transistor switch for ground crew call light 1 0ff |1 out From No.12 logic 178R
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Table 1 (continued)

F1 Logic boxes

Circunt continuation

i ten No. of No. of {{em
Equipment and Tocation
Ne. vires Limting wires Logic No.
Connections Boolean logic expressions identi fication
resistors box
1798 [F1C Reset button and warning light 1 off each for 177R 1 out 1(5v) 1798
180R |FIE Steward call button  (closed A, 8) { S 1(5) 2 through A, B 2 out F7 | Table 2, No.b® | 180R
1818 {FI1C No.2? essential dc bus-bar 3 amp RPC 1 off 1 out 1 through D Tn 7 Table 2, No.4R 181R
3 out 2 out F7 Table 2, No.5TR
1828 |FIC Reset button and warning Tight 3 off each { % return 3{5v) i through { 2 out th | Table & No.91R 18R
183R |F1E Warning sign switches { g ::Iurn 2(5V) 2 through 2 out F7 | Table 2, No.52R | 18R
184R [FIC Reset button and warning tyght 1 off each { 12 :g’turn 1(5V) 2 through 2 out F7 | Table 2, No.53R | 184R
185 |F18 Galley control switches { : ‘r"e’:um 4{(5v) 4 through 4 out F7 | Table 2, No.5% | 185
S out 2 out F7 | Table 2, Ko0.55
186 |[FIC Water heating switches { 5 return 5(5V) 5 through { 3 out Fi | Table 4. No.92 186
2 out
187 |FIC Water pump control switches { 2 return 2{5V) 2 through 2 out F8 | Table 3, No.115 |} 187
188R [F1B Throttle switch  (shut, C) {/1 ::Iur‘n 1(5v) Signal C No.13 logic for warning horn {one only) 188R
1 out
189R |F1D Spoilers micro switch  (shut, G} { 1 return 1{sv) Signal G 189R
190R Signal (E « F « H) €0, (M +BloEafato) 1n 8 Table 3, No.117R | 190R
191R Stgnal D Tan 8 Table 3, No.119R | 197R
19 [F1B Flying control central warning (warning A1 » B1) 1n Signal (A1 + B1) 19R
193R }FIC No.?2 essential dc bus-bar S amp RPC 1 off 1 out from logic No.13 193R
194R {F1C Reset button and warning Yight/1 off each for 193R & 196R 1 out 1{sv) 194R
1958 |F1B Flying control warning {warning A2 + B2) 1an 105
1 +
1968 |FI1C No.2 essentral dc bus-bar 3 amp RPC 1 off 1 out theough (A2+ 82) 196R
1
197R |{F1A Warning system cancel button  {cancel-X) out HED] 1978
1 return
1 through X
199R {F1IB Flying control central warning 1 out 198R
199 |F1B Transistor switches for door shut warming Tights/3off 3 out 3 through 3 F& Table &, No.94 199
20 {F1B Transistor switches for door shut warning Tights/3off 3 out 3 through 3 F8 Table 3, No.120 200
201 [F1B Transistor switches for door shut warning lights/3off 3 out 3 through 3n F7 Table 2, No.5¢ 01
1
2021 {F5  Nose access door swiich out 1(5v) 2021
1 return
1 through
203L | F1B Transistor switch for door shut warning lights 1 off 1 out 203L
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Table | { wntinued)

F1 Logic boxes

Circuit continuation

Hon Equipment and location No.. of Ho. of Htea
No. wires Limting t ) wires Logic . No.
resistors Connections Boolean logic expressions box {dent: f1cation
241 [FIA Cance! button for master warning )i ght (cancel X) ) out 1(5v) 2060
1 return
* through X
25L |F1B Master warming system 1 out 2051
206L |F1B Master warning system (warming signal) 1 n 2061
out ! through
270 {FIA  Master warning buttons return} 27
1
28L JF1C No.2 essential dc bus-bar 3 amp RPC 1 off 1 out through 208L
2009L |{FIR No.? radio supplies switches (for ac and dc) { f:eturn 2(5v) 4 through 4 out 2] Table 2, No.57L 209L
210R {FIR No.2 radio supplies switches (for ac and de) { f return 2(5v) 4 through & out F7 | Table 2, No.58R | 210R
211 |F1B No.? and 2 radio rack fan switches (No.1.4, B, No.2,C, D) { Z :::urn 2(5V) 4 through4, 8,C, D 4 out Table 2, No.59 m
212 |F1B Transistor switches for fan failure warning light (5:'1,‘309 2 out 2 through 2 Table 2, No.62 12
213 [F1B Disconnect switch for csd (one pole earthed) { :::urn 4(5Y) B through 8 out F& | Table &, Ko.95 Fak]
generator trip switches 8 out 8(28v)
214 1F1B { overheat trip switches { generator | 16 through 16 out F?7 | Table 2, No.63 24
16 return
generator close switches control bus
split system breaker trip switches 2 out 2(28Y)
215 |F1B < ground power breaker trip switches { 3 return ancr ary 3 through 3 out F7 | Table 2. No.65 215
DC 1 and 2 systems switches (close) et contro) bus
. 1 out
216R |F1B Split system breaker close switch { 1 return 1in 7 Table 2, No.66R 216R
2R 1 through Tout | F1 | Table 2, No.6 | 217R
218R |F1B Transistor switches for GCB, 8TB, SSB, GPB indicators/10 off [10 out 10 through 10 in F7 } Table 2, No.68 218
TRU input 1sotate
219 |F1B Transistor switches for <4non essential dc > indicators 4 out 4 through &an F7 | Table 2, No.69 9
1solate 4 off
2200 |F1B Transistor switches for battery bus i1solate indicators 2 out 2 through 2 in 2] Table 2, No.70 220
2 off
21 |8 Tran‘sistor suitches.for 1 and 2 dc systea 2 off 2 out 2 through 20 F7 | Table 2, No. 7 bzil
failure warnming light
222 |[F1B dc system isolate switches { ; out 2(5V) 2 out F7 Table 2, No.72 222
return
2 out 2(28v)
Power on/battery 1solation switch . £ ;
223 [F1B Power an/battery 1solation switch (on €) 2 retur battery . No. 1 logic for non essentral contactor 2 out Table 2, No 73 223
2 return bus=bar Stgnal C
A.C {two 1dentical) fho. s 8 15
i 2 out 2(28v) No. 15 logic for battery contactor 3 No. 74 "
226 |F1D ELRAT wicro switch (norm A, operated B) {,. return | battery bus-bar Signals 4, B B (two 1dentical) log:': F1 | Table 2, No. 22
X 0y * *
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Table 1 (concluded)

F1 Logic boxes

Circuit continuation

[R{:1] No, of No. of itea
N Equiprent and Jocation wires Limitin wires Logic ]
0. 9 Connections Boolean logic expressions re 9! Identification 0.
resistors box
225 | prp { Trensistor suitches for 1 and 2 standby relay 208 | 2 out 2 through 2in F1 | Table 2, No.78 | 225
indicators
Standby changeover switch and transistor switch
226R | F1B { for ac input 1ndicators 1 off | 1 out 1 through 11n 2] Table 2, No. 7R | 226R
221 | F18 Standby changecver switch for contactor control 2 return 2 through 2 out F7 | Table 2, No.80 221
. . 1 out 1(115V) from
228R | F1B Standby changeover switch for ac input contactor { 1 return V4 No. 150 1 through 1 out F7 | Table 2, No.81R | 228R
229R | F1B Transistor switch for auxiliary bus-bar indicator 1 off 1 out 1 through 1in F7 Table 2, Ho.82R 2279R
230 | FIC Ground/flight switch {ground K, flight A both to earth) 20 2 junctions A, & (for use in F1 and F7 Togic boxes) 2 out F7 | Table 2, No.83 230
4
23R | F1, EA ELRAT test switch { 1 ::turn 1(5V) 1 through 1 out F7 | Table 2, No.8%R | 231R
22 | P18 {T”"Si?t"' swi tches for generator overheat doff | 4 out ¥ through Ain Fi | Table s, No.96 | 232
warning/lights
No.1 and 2 essential dc busebar 3 amp RPC 3 off .
233 | FiC { No.1 and 2 non essential dc busebar 3 amp RPC 3 off 6 out 6(5v) Supplies for transistor switches at panels A and B 233
No.1 and 2 essential dc bus~bar reset buttond
2y F‘IC{ No.1 and 2 non essential dc bus-ban}varning light botf +out 4(5V) 3
for 233
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TABLE 2

ZONE F7 DETAILS OF REMOTE CONTROL CIRCUITS UP TO BUS-BARS

F7 Logic boxes

Circunt continuation

Iten Equipment and Tocation Ho, of No. of |tem
No. vires Limting Connections Boolean logic expressions wires Logic Identj fication No.
resistors box
1 F7 1 to 4 ac busebars 3 amp fuses 12 off 1210 To TRUts for SV ra1l for logic operation 1
2 |F1  Ground pover supply {alive V2) 20 :g)XE)')V) g:g:::: \612 2
9 No.1 Yogic for fuel rate of flow four
3 {F7 1 to 4 ac bus-bars 3 phase 3 amp RPC & off 4 out Signal A from 83 iz 1dentical 3
from logic No.1
& |F7TPA Fire detector umts {: :::um 4(5V) & through 4 out F1 | Table 1, No.3% 4
SL [F? PA Fire detector units (test) 1 out 1 through 1in F1 Table 1, No.35L 5
No,1 and 2 non essential dc bus=bar _ off .
6 7 No.1 and 2 essentral dc busbar 20 amp RPC 3 off 4 out 4 through 4 in F1 Table 1, No.44 6
No,1 and 2 non essential de bus-bar  reset and warming
TR No.1 and 2 essentral dc bus-bar light for 6 4 aut & through bin i TabTe 1, Ho.45 7
M, A2, AT, .
8 Signals Az, C1, c2 No.2 logic for thrust augmentors (Total) bin F1 Table 7, No.68 8
A1 (open field), €1+ Y {N) AT close field
E Signal ¥ A2 (open freld), €2+ Y (M) 22 close field Zn f8 ] Table 3, Ko.dg 9
R |F1 No.2 essential dc bus-bar 5 amp RPC 20ff | 2 out Fron Togic 2 (A1) L°g‘§“f“2 Fi | Table 4, No.33L | 10R
1R [ F7 MNo.2 essential dc bus-bar reset and warning 1ight for 10R 2 out 2 through 2in F1 Table 1, No.69R 1R
1R |F7  Stn 230 thrust augmentor actuator switches (open, close) 21n 2(28V) 2 through 2 out F1{ Table 1, No.7R | 1R
13 FIH Temperature control box (less heat A.D, more heat A.F) 2 out 2 through A 6 in F1 Table 1, No.93 13
4 Junctions B and €
T b return A.D, AE Signals(A.0+8) bout 18| Table 3, No.5Z |
ot (hEC) bout | F& | Table 4, No.50
1R | F7 PA Altitude switch (H closed, ¥ open) T out 1(5v) Signals H, 1 15
1 return 2 diodes
No,3 logic for recirculating fan
16 Signals E, F F o ADET (Tvo identical) & an F1 Table 1, No,97 16
17 IF1 No.2 and 3 ac bus-bars 3 phase 30 amp RPC 2otf | N3 loare Signals A.D, A.B 2in F8 | Table 3, No.81 | 1
12 through, \ .
18 [FT  No.1 and & ac bus-bars 3 phase 20 amp RPC § off | 12 out svgnals A, 8, B No.b Togic for flying controls (five 1dentical) 22 in F1 Table 1, No, 100 | 18
No.& Togic -
19 [F7  No.2 and 3 ac bus-bars 3 phase 20 amp RPC S off 10 out A.C = norn (or reset) Main 19
20 |F1  Auxihiary switches on RPCs No,19 {trip T) 5 in Signal T B V3.-B_ = isolate (or trip) RPCs 20
No.5 Togrc or |B « V3d.B
21 F1P Emergency ac bus-bars 3 phase 20 amp RPC 5 off 5 ou'tg fiv 21
No.5 Yogic for emergency flying controls (d lte }
32 F7P Emergency ac bus-bar {V3 alive) 2in 2AnsY) Signal V3 instant or{¥3 T'.ﬁ- (0 Bl close emergenc RPC]s e 22
4 diodes v3d.1.B.(N) Vad gency
i“2'3 FIP Emergency ac bus-bar time delay (V3d, alive delay) 4 in "25]1:2:2 Signal V3d, delay 23
2% | FIP Auxtliary switches on RPC No.21 (closed C) 5 in Signals C, T 4 2%

* V3 alive instantaneously for left 1nner elevator

e
¥3 delayed for four other flying controls

X %
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Table 2 {continued)

ltem Equipment and location No. of FT_logie bexes No. of Grant continuation Hem
Yo wires Limting Connections Boolean logic expressions vires Logre ldentification to.
reststors box
258 | F7PA Airspeed switch (closed, lowspeed J) g :z:urn 1(5v) 1 through J 1 out 1 Table 1, No,129R | 25R
26 F76 Flap asymmetrical circnt X and Y 2 1n 2 through X, Y 2 out F8 Table 3, No.88 26
2 F76 Siat asymmetrical circuit X Z2n 2 through X 2 out F8 | Table 3, N0.95 2
28R { F?7  Ground power bus, 3-phase 20 amp RPC 1 off 1 out 1 through 1 F1 Table 1, No.152R | 28R
3
29 F77 Battery bus-bar (alive V5) 2 in 2(28V) | Signal V5 No.6 Togic for F7 bay lights. Normal (one only) 29
battery B.{A + ¥2)
3R | FIRR Servicing lights switch {on A), emergency 1 out 1(5v) Signals A,B No.7 logic for F7 bay lights. Emergy (one only) 08
switch {normal B) 1 return } C.V5
3R | FRR Emergency switch (standby C) 1 out 1{5V) Signal C 3R
1 return
28 volt ac bus bar No.1 3 amps RPC 1 off Signal V2 from 2
IR | F1 {(Ne.b logic) 2 out 1H{115V) from logic 6 and 7 U IR
Battery bus-bar 3 amp RPC {No.7 logic) 1 off
3L | F7 Rear bulkhead. Servicing lights switch {on F) 1out 1) 1 throuah £ 1 out F8 | Table 3, No.107L | 33L
1 return
1(5V) signal V1
i 4
u No.1 ac bus-bar phase C 3 amp RPC(a} 1 off 1) signal V2 fron 2 No.B logic for entrance and stép tights (oné only) w
35L F1 N 2 out from logic 8{a) ¥1 = RPC(a), V2.V7 = RPC(b) 5L
ground bus~bar phase C 3 amp RPC(b) and (b)
. 1 out 1(5v) Signals V1, A, 9 Yogic for cabin roof lights (one only)
36R F2L Forward cabin roof lights switch {on A) {1 return 1(115v) Srgnal V2 from 2 VI.A = RPC(a), V2.A.VT = RPC(b) I6R
Ho.1 ac bus~bar phase C 3 amp RPC(a) 1 off .
m | {ground bus-bar phase € 3 anp RPC(b) 1 off 2 out From Yogic 9{a)&(b) IR
B | F2L Aft cabin roof Taghts switch (on B) . 1(5v) 1 throuch B 1 out F8 | Table 3, No.110R | 30R
w R No.1 ac bus-bar phase C 3 amp RPC(a) 1 off 0,10 Togic| H{5V) Signal VI No.10 Togic for toilet Tights (one only)
ground power bus phase C 3 amp RPC(D) 1 off 2 out 1(115V) Signal V2 from 2 v = RPC(a), V2.VT « RPC(b) 3L
1 out 2(5v} Signal V1, A . Signal A LR
4R |F2L Cabin Cove lights switch (on A) {return 115) Srgnal V2 fron 2 No.11 logic for Cove lights (one only) 1 out F8 | Table 3, No.11R
No.k ac bus-bar phase phase B 5 amp RPC(a) 1 off o
4R F7 {grnund power bus phase 8 5 anp RPC(b 1 off 2 out From logic 11{a)&(b) VI.A = RPC(a), V2.A.VT = RPC{b) ¥R
R Signals A,B ¢ No.12 Yogic for steward's buzzer {one only) 2 fn F1 Table 1, No.180R| &2R
A+C
Galley call button (closed G) 1 out No.13 Togic for pilst call (one only) Signal G | F4 | Table 4, No.88R
AR F2L Stn.276 {P)‘Iot call button (closed D) 1 return ) 2 through 0.6 B(MRt 1 ot bR
Signal 0 F1 Table 1, No.181%
1 out
(closed right £) 2 out . .
bR 1F2  Right,left passenger call button (clased Teft F ) 2 return 2(5V) Signals E,F ﬁ lé?h;;zloglc for right toilet call (one only} LR
AR [F2L Stn.276 reset buttons (reset R1, R2, R3) 1 out 1(5v) Signals R1, R2, R3 No.15 logic for left torlet call {one only) AR
3 return F(MR3
MR | F2L Stn.276 Transistor switches for for'd toilet 2 off '1“5’]1"' and Signal C 11 Fo | Table 4, No.BRR | 46R
call Tights “u‘;"‘c
4TR F2L Stn. 276 Transistor switch for pilot call hight 1 off No.13 logig No.16 logic for forward torlet call (one only) | No.16 Togic] F& | Table &, Ho.87R AR
1 out L E(M)R2 « F{M)R3 1 out
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Table 2 (continued)

F7 Yogic boxes

Circurt continuation

| ten Equipment and location Ko, of Ho, of ten
No. wires Limitin wres Logic to-
N Connections Boolean logic expressions b Identrfrcation
resistors 0x
48R FIL  Stn.276 Transistor switches for rear 1 off 1 out Signal H(M)R4 + 19n F4 Table 4, Ro.89R 48R
torlets call lights J(MIRS + K(N)R6
49R FL  Stn.276 Transistor switches for steward's 1 off 1 out From logrc 12 4OR
brzzer
S0R F1 No.2 essentra) dc bus-bar 3 amp RPC 1 off 1 out 1{5v) (Supply for transistor switches in F2L) S0R
51R 7 No.2 essential dc bus-bar reset and W/L 2 out 2 through 2 F Table 1, Ko. 18R | SR
for SOR
SR F7 No.2 non-essentral dc bus-bar 7 amp RPC 2 off 2 out 2 through 2in Al Table 1, No.183R | 5R
W/L for 5R
53R F7 No. 2 non-essential dc bus-bar reset and 2 out 2 through 20 F1 Table 1, No. 18R | S3R
W/L for SR
Sh X Nos.1 to & ac bus-bars. 3 phase b off 4 out 4 through 4 in f1 Table 1, No.185 54
30 amp RPC
S5 7 Nos.1 and & ac bus-bars., Single phase A. 2 off 2 out 2 through 21n F1 Table 1, No.186 55
3 amp RPC
F2 [ front passenger door switch 3 out (V)
56 F2 { Front galley door switch 3 out 1 Table 1, No. 20T} | 56
1 Electrics bay access door switch 3 return 3 through
No.1 ac bus-bar. 2 phase 10 amp RPC 1 off
571 £ {1atched)
No.1 non-essential dc bus-bar 15 amp RPC 1 off 4 out 4 through 4 n F Table 1, No,209L| 57L
(1atched)
No.4 ac bus-bar. 3 phase 15 amp RPC 1 off
(1atched)
7
BR iz No.2 non-essentral dc bus-bar 35 amp RPC 1 off 4 out 4 through ban F1 Table 1, Ho.210R} S8R
59 {1atched) Signats 4,B,C,0 Na.17 logic for cooling fans (one only) b an 1 Table 1, No.211 | 59
( No. 1-F) 2 out 2(5v) No.1 CsE.D
60 F? Stn.187 Fan motor thermostets Nes.182 (closed No. 2-E) 2 return Signals E,F No.2 A+F.B 60
61 F7  Nos.'44 ac bus-bars. 3 phase 10 amp RPC 2 off 2 out From Togic 17 (Nos.142) Al
62 F7 Stn.187 Fan motor thermostats Nos.182 2 out 2(5V)
{for overheat warn} 2 return 2 through 2 out F Table 1, No.212 | 62
Gererator control panel 8 out 4 junctions with 64 .
€ Fraek AuxiTrary control panel 8 out {'2 through 16 in F1 Table 1, No.24 63
64 F7J8K Genecator circuit breaker, trip corl 4 out 4 junchiens with 63 64
Split system breaker. Trip coil 1 out
§5 F28K { Ground power breaker. Trip coil 1 out 3 through 3n Fi Table ', No.215 65
Auxi hrary control panel 1 out
66R FIK Auxihrary control panel (SSB close) 110 1 through 1 out 1 Table 1, No.216R] 6ER
87R F1J8K  Split system breaker close covl 1 out 1 through 11n F1 Table 1, No,2"/R[ F€7R
68 FTJAK  GCB,BTR,SSB,GPB contacts for indicators 10 out 10(28V) 10 through 10 out F1 Table 1, No.218 | 68
10 return Janci)rary bus
ac 1nput contactor contact 4 out &(5V) .
89 Fruz {non-essentlal contactor contact & return 4 through b out A Table 1, Ho.219 | 69
" " 4 « & 4
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Table 2 (concluded)

F7logrc boxes

Circutrt continuation

Iten No. of No. of | tem
Equipment and location
No. wires Limting Connectson Bool 1 wires Logic Ldent: £1 cat No.
resistors onngctions oolean logic expressions box ents fication
2 out 2(28V) V5 from 29
10 FU&Z Battery contactor contact 2 return battery 2 through 2 out F1 Table 1, No.2X0 ¥l
n F7U8Z Undervoltage umt 21n 2 through 2 out “F1 Table 1, Ko.221 71
12 F7 Nos. 184 ac bus-bar. 3 phase 20 amp RPC 2 off 2 out 2 through 21n F1 Table 1, No.222 12
13 FU8Z Battery contactor corl {via non-essential 2 out 2 through 23n 1 Table 1, No.223 73
contactor)
T4 FIU&Z Battery contactor co1l {direct) (5129231 B) Signals A.C, B No.18 logic for non essentral de contactor 4an F1 Table 1, No.224 74
75 7 AuxrViary ac bus-bar phase A {alive V4) 21n 2 (115V) Signal V& A.C.D (Two 1dentical) 75
and diodes o
2 out From V& No 15
76 FIU8Z Standby contactor switch {closed D) 2 return Signal D 6
77 FTU8Z Non-essentral dc contactor corl 2 out From logic 18 77
2 out From Vi No,75
8 F7U8Z Standby Nos.182 relay contacts 2 return 2(115V) 2 through 2 out F1 Table 1, %0.225 8
79 | FIBZ Standby ac input contactor contacts 1out 1(115%) From Vi, No.75 1 out F1 | Table 1, No.226R | TOR
1 return 1 through
80 F7U8Z Standby Nos.182 relay coils 2 out 2 through 21n F1 Tabte 1, No.227 80
81R F1P Auxiliary bus-bar. 3 phase 20 amp RPC 1 off 1 out 1 through 1an F1 Table 1, No.228R 81R
s8R e Auxiliary bus contactor contact 1 out sy From V4, Ho.75 1 out f Table 1, No.229R | 8RR
1 return 1 through
83 Signals A, & For use i1n the Togic of this box 21n £ Table 1, No.230 83
8 Nos. 184 ac bus-bar phase A. 15 amp RPC {a} 2 off Logic 19(a)(b) 2(115v) Signal VZ from 2 Ko.19 Togic for 28 volt ac supplies (two tdentical) 8
ground pover bus phase A, 15 amp RPC (b) 2 off 4 out 2(5v) Signal V1 v1.V2 - RPc(a), V2.7 - RPC(b)
B8R FiP ELRAT test control relay 1 out 1 through 11n 1 Table 1, No.23R 85R
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Table 3

ZONE F8. DETAILS OF REMOTE CONTROL CIRCUITS UP TO BUS-BARS

F8 logic boxes

Circurt continuation

1tem Equipsent and location No. of No, of Item
' i Ko.
No. vires Liniting Connections Boolean logic expressions wires Logre tdenti frcation ¢
resistors box
1 F8 1 to 4 ac bus-bars 3 amp fuses 12 off 12 To TRUs for 5 volt ra1} for logic operation 1
2 W& and W5 Oleo switches A1, A2, 81, B2 4 out 4(5v) 4 positive, & negative For details of logic using the 24(5V) resistors. 2
8 return 2(5V) *cross connections See under individual circurts.
11 * between left and {40.1 togic from 2 {four 1dentical)
3 right hand boxes. 5% & out F4 Table 4, No.3 3
4 B Nos.1 and 2 essentral dc bus bars. 5 amp RPC 8 off 8 out 8 through 8 1n F1 Tabte 1, No.5 4
5 F8 Nos.1 and 2 essential dc bus-bars., 5 amp RPC 4 off 4 out 4 through 4n F1 Table 1, No.6 5
6 W& and W5 Fuel cock 1imt switches {open, close) 12 n 12(28v) | 12 through 12 out F1 Table 1, No.7 6
7 F8 Nos.T and 2 essential dc bus-bars reset and 4 out 4 through &an F1 Table 1, No.8 7
W/L for 4 and 5
] F8 Nos.1 and 2 essential dc bus<bars. 5 amp RPC 8 off 8 out 8 through 8 1n 1 Table 1, No.9 8
g F8 Nos.1 and 2 essential dc bus-bars, 5 amp RPC 4 off 4 out 4 through & in F1 Table 1, Ho0,10 9
10 W3, & and & transfer ard cross feed valve 1imit (open ) 1210 12(28Y) | 12 through 12 out 1 Table 1, No,11 10
switches {close)
1" F8 Nos.1 and 2 essentral dc bus<bars resets~and W/L 4 out 4 through 4 in F1 Table 1, No.12 1
for 8 and 9
12 F8 1 to 4 ac bus=bars. 3 phase 10 amp RPC 10 off 10 out 10 through 10 F1 Table 1, No.13 12
13 W3 and W6 Stn,717 vent tank float switch (shut C) 2 out 2(5v) No.2 logrc for fuel pump (two rdentical) &an F1 Table 1, No. 14 13
2 return Signals B,A,C B+ AC
14 F8 2 and 3 ac bus-bars. 3 phase 10 amp RPC 2 off 2 out From Togic 2 14
1R W5 Stn, 950 transfer low pressure switch 1 out 1(5v) 1 through 1 out F1 Table 1, No.1R 1R
1 return
16 WS Stn. 120 Fuel load contrel unit 4 out 4 through 4an F1 Table 1, No.18 16
8 return
17 W1, W8 and WR float switches (8 off) 8 out 8 through 17
18 F8 Nos.1 and 2 essentral dc busebars, 3 amp RPC 8 off 8 ::Iurn} 8 through 18
19 W5 S$tn.120. Fuel Toad control umit 8 1n 8 through 19
20 F8 Nos.1 and 2 essential dc bus-bars. 3 amp RPC 8 off 8 out 20
A W5 Stn, 120 Fuel load control umt 4n &{28Y) & through 4 out Ft Table 1, Ko 19 ral
22 Signal A No.3 logic for fuel jettison valves & an F Table 1, No.20 22
23 Signal 8 (four 1dentical) 4 n £1 Table 1, No. 2" 23
2% ¥3,4,5,6 Low level switches (shut C) 4 out Signal C B+ AC 2%
4 return
25 F8 Nos.1 and 2 essential dc busebars., 3 amp RPC 4 off 4 out From logic 3 2%
26 F8 Nos.1 and 2 non-essential dc busebars. 3 amp 2 off 2 out 2 through 21 F1 Table 1, No 22 26
RPC
Nos,1 and 2 essentral dc bus-bars 5 amp RPC & off Signals A and C operate RPC 6 1n F1 Table 1, No.23 27
z earthing transistor switches in 2 off { 6 aut § through A,8,C Signal B operates negative transistor switch ! @ !

actuator negative
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Table 3 (continued)

F8 1dgic boxes

Circurt continuation

Iten . No. of No. of I tes
Equipment and location
No. wires Limting vires Logic . No,
Connections Boolean logic expressions {dentification
resistors box
) WA and 5 Stn,166 master valve limit switches (open, shut) & n &(28v) & through & out a3l Table 1, %o, 24 .
2 F8 Nos.182 essential dc bus-bars reset and W/L for 27 4 out 4 through 4an 1 Table 1, Ko, 25 24
Ko.3 ac bus phase B 3 amp RPC 1 off T to Mo.3 bus No.4 logic from Z_LTotal)
I b P Y%V ac bus single phase 3 amp RPC 1 off Z out A to 28V ac bus }M,ﬂ (Teft), A2,72 (right) Zout | P4 Teble 4, Ho.Z1L | 30
3 F8  Nos.132 non-essential dc busebars. 5 amp RPC 4 off 4 out 4 through k1n F1 Table 1, No.60 3
32 WR Stn.698 Wing anti-icing stop valve switches EZ?z:e; han 4{28v) & through & out F1 Table 1, No.64 32
33 Junctron with 34 1an F4 Table 4, No.32L 33L
3L WR 5tn.83C interskin pressure switch T ot 15)
° 1 return Junction with 330 1 out F1 Table &, NoB6L 4L
. . out 2(5v)
35 W1d8 slat Stn.736 wing duct pressure switch fz return 2 through 2 out f1 Table 1, No.67 3
36L F8 No.1 ac busebar, 3 phase 10 amp RPC 1 off 1 out 1 through 11n F1 Table 1, No.73L 36L
n F8 No.1 non-essential dc bus-bar 3 amp RPC 2 off 2 out 2 through 21 £ Table 1, No. 74l 3L
(with Tinking .
drode)
. 1 out 1(5v) No.5 logrc from 2 (Total})
38L FB Stn.659 left.UVV pressure switch (B open, B closed) {1 return Signals B, B, A, H A+ A2 = G right, BT + B2 = G left 1n F1 Table 1, No.80L 8L
logic 5
39 Signal G No.6 Togic for UV valve (one only) 2 out 2 Table &, No.42 39
0L F8 UVY actuator limit switches (open C,J; closed 0,K) 21 2{28v} Signals C,J,0,K H.B {open) Stgnals C,D 2 out F1 Table 1, No.81L AL
&1L Signal N AT+ AGN (shut) 1in F1 Table 1, No.B2L | &1L
. No.7 logic for RRC valve (one only) 2L
o 1
1 %8 F8 No.1 nenessential dc bus-bar 5 amp RPC 2 off 2 qut Froa logic 6 H.B.J.6 {apen) logic 7
43L B + A6 (shut) 2 out F1 Table 1, No.BAL| 43L
b4l F8 No.1 non-essential dc bus<bar reset W/L for 42L 2 out 2 through 2in F1 Table 1, No.85L| &AL
450 F8 No.1 ac bus~bar phase C. 3 amp RPC 2 off 2 out 2 through 2 in F1 Table 1, Ko.89L| 45U
&6 signal A No.8 logic for overheat varnigg (two identical)| 2an F1 Jable 1, No.90 &5
o. (D= Tow temperature) 2 out 2(5v) B+ 0T « warning light 55C
. t. . a4
u FB 5tn.639 duct overheat thermostat 55°C (B = high temperature) {h return Signals B,D,E,C C+D.E « warning hight 120% 4an & Table &, No.A6 &7
A8 {(B+C){M)A = overheat signal Y tanal ¥ { 2 out F& Table &, No.44 48
49 st 2out | F Table 2, No.9 | 49
50 W/L SSg 2 out F1 Table 1, No.91 50
51 ] W/L120°C { 2 out F1 Table 1, No.92 51
52 Signal DB . No.9 logic for compressor speed modulating 4 ) Table 2. No.14 59
197218 4 EsC valve (two 1dentical) " able 4, Ho.
53 Signals H,N, AN (AE + €).§ = increase (open) 4 in f1 Table 1, No,9 53
5% Sjgnals GB } (A0 » B).NMAV.G » see F1 Table 1, No.96 5
(2 junctions with (AD « B)NFNE » Decrease (shut) No. 60
Ne.50) (AD + 8).Tk. AT
ignal
55 Logic § Signal W J 2 in F4 Table &, No.47 55
56 FB No,18% ac bus-bar phase C, 5 amp RPC 4 off 4 qut Signal V 2.n F& Table &, No.48 56
57 F8 No. 184 ac bus-bars phase C, reset and W/L for 56 4 out 4 through 5 in F1 Teble 1, No.95 57
58 W8 inner wing, Compressor speed mod, sensor (open 3,T) 2in ang(y:(\ilgs 2 through J,T 2 out Fi Teble 4, Ko.53 | 58
§
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Jable 3 {continued!

F8 logic boxes

fLircuit continuation

Iten No, of Ites
£quipment and location No, of .
Yo vires Lv.mhng Gonnections Boolean logic expressions vires Logig Identification Yo,
resistors box
59 Signal C No. 10 logic from 2 (Total} 59
A1+A2 « C right, Bt « B2 = C left
60 Signals A,6 Ain F1 Table 1 No.96 60
(6,2 junctions No.11 logicefer turbine comprassor control
wirth No.5h) valve (two identical)
2 out Signal A from Ko.60
61 W1 and W8 compressor speed sensor SW (A.B open, A.D closed) & return Signal A.B.A.D ALBoC 2 out n Table 2 No.17 61
62 ¥1 and ¥8 amplifier varning light suitch (closed P) 2 in 2(28Y) 2 through, P %0.12 logic for amplifier 'on! (two identical) { Signal P | F1 Table 1 No.98 62
2 out
. AD
63 fB No.1 and 2 non essential dc bus bars. 3 amp RPC 2 off 2 out froe logic 12 No.13 logic for condenser control valve 63
(two tdentical)
64 f8 No.1 and 2 non essential Jc bus bars, 3 amp RPC 2 off 2 out from Togic 11 A.D.C 64
65 F8 No.1 and 2 non essential dc bus bars. 3 amp RPC 2 off 2 out from logic 13 D No.14 logic for Table & No.43 65
AD=X; AD=X
66 Logic 14 | F& Table &, No.43 66
2 out
67 8 Nos. 132 tial dc busbars, reset and ¥/L
for 63, 64 and 65 & out 4 through 4 in F Table 1, No.99 67
68 ¥3 and W6 hydraulic pressure failure switch (ailerons) 4 out &(5V)
4 return & through 4 out F1 Table 1, No.101 68
No.15 logic from 2 logic 15
69L 81,82 {U/C lock) 1 out Ft Table 1, No.109L 69L
0L F8 No.1 essential dc bus-bar 3 amp RPC & off 4 out 2 junctions A,B 2 in F Table 1, No.112L 0L
nL F8 No.2 essential dc bus-bar 3 amp RPC A off 4 out 23 unctions C.D,E 2in F Table 1, No.113L nL
2 B Nos.142 essential dc bus-bar, reset and W/L for 70L & 71L 4 out & through 4in 3l Table 1, Ko.115 12
73 Wh and W5 Main vheels 'up lock! and 'down lock! switches 4 out 2 diodes in ‘up! 4in 2] Table 1, No.116 13
2 diodes in Ydown!
I ¥4 and W5 Main vheels Tup lock' and "down lock! switches & return 2 junctions 2 out F1 Table 1, ¥0.123 7%
15 W4 and ¥5 Main vheels 'down lock! switches 2 out 25V
2 return 2 through 2 out 3] Table 1, No.124 %
16 ¥4 and W5 Main wheels doors 'lock! switches 2 out 2 through 2 out F Table 1, Wo.125 1
return
m Wh and W5 Main wheels 'down lTock? svitches ( shut A,B) 2 out one junction (AB) 1 out Fl Table 1, No.130R 1
return
78 W left, flap limit switches 8 out 8 through 8 in F1 Table 1, No.132 bi:]
4 return
19 F8 Nos.142 essential dc bus-bars, 5 amp RPC & off 4 out 4 through 79
80 8 Nos.182 essential dc bus-bars, reset and W/L for 79 & out 4 through 4in F1 Table 1, No.133 80
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Table 3 {continued)

F8 logic boxes

Circurt continuation

Iten No. of No. of ltew
No. Equipment and location vires . vires Looe No,
Thing Connections Boalean logic expressions 9 ldenti frcation
resistors box
81 Signals A,B,E,F No.16 logic to energise 1solate valve (two 5in F1 . Table 1, No.134 81
1dentical)
A+ B.(CE+DF+EX-EY)ME
82 Wb and W5 flap overtravel limit switches (down F, up G) 2 out 2{5V) 82
& return Signals F, G
83 W& left flap up/down mcro switches (down D, up C) 2 out 2(5v) No.17 logic for selector valve 1ndicator Logic 17 83
4 return Signals C,D {tus 1dentrcal} 8.C {up), B.D )down) 4 out 1 Table 1, Ko.136
84 Stgnal (XsY} from No.18 logic for 1solate W/L and 1ndicator B4
logic No.19 (two 1dentical)
85 . B.C.6« D.F+ EXx o EY)(ME Logic 18 85
86 F8 Nos.12 essential dc busebars. S amp RPC 2 off 2 out from logic 16 2 out 1 Table 1, H0.137 | 86
87 F8 Nos.142 essential dc bus~bars, reset and W/L for 86 4 out 4 through No.19 logic for asymmetric control {two 4 an F1 Table 1, No0.138 87
88 Signals X,Y 1dentical) XeY for 84 above 2 in m Table 2, No.26 88
89 ¥R slat himit micro switches (in A, out B) 4 out 4 through A,B & in F Table 1, No.139 89
4 return
90 F8, Nos.142 essential dc busebars, 5 amp RPC & off 4 out 4 through 80
91 F8,Nos.142 essential dc busebars. Reset and W/L for JOO 4 out 4 through & in F1 Table 1, No.140 9
91 No.20 logic for slat control (two identical)
97 W1 and 48 slat protection mcro switches (A system A, 4 out 4(5V) 92
B systen B) & return Signals A,B (Ao BeECoD.Fe XTI
93 WR slat overtravel switches (C 1n, D out) 2 out 2(5Y) 93
4 return Signals C,D
o1 WR Stn,688 slat selector valve switches (E in, F out) 2 out Signal E,F No. 21 logic for isolate indicators 94
95 4 return Signal X (twe 1dentical) 2in 7 Table 2, No.27 95
9 (A+BeECeDFex)(M.W 9
No,22 logic for slat selected indicators Logic
(two identical) f=in; Feout 21422
P F8 Xos.182 essential dc¢ bus-bars. S amp RPC 2 off 2 out from logic 20 s 6 out F1 Table 1, No.141 97
o 3 Nos.142 essential dc busebars, 5 amp RPC 3 off 3 out
Transistor switches in negative of solenoids 3 off 3 out 6 through 6 in F1 Table, Me.153 98
S amp
99 F8  Nos,142 essential dc busebars, reset and W/L for 98 4 out 4 through & in F1 Table 1, No.154| 89
F8 Nos.3 and & ac busebars phase C. 15 amp RPC 2 off 2 out
100 F8  Nos,182 noneessential dc busebar 5 amp RPC & off 4 out 8 through 8 in F1 Table 1, No,165]) 100
W1 and ¥6 Yanding lamp control 2 out
101 8 Nos.3 and 4 ac bus-bars reset and W/L for 100 4 out & through 4 in F1 Table 1, No.170} 101
Nos. 142 noneessential dc busebar v N0
28 V¥ ac busebar No,2 3 amp RPC 1 off 1 out . . 2
102 2] {No.a ac busebsr phase A 3 amp RPC 1 off 1 out fogunc‘hons with in F1 Table 1, No.171] 102
103 2 junctions with 102 2 out Fi Table &, No.73 | 103
104 F8  MNo.2 non-essential dc busebar, 10 amp RPC 2 off 2 out 2 through 2in F4 Table &, No.74 | 104
105 F8  Ground power supply (alive V2) 2in drodes and \ No. 23 Yogic Tor main U/C bay servicing lights 105
2(115V) ¥2 (one only}
106R F8 28 volt ac busebar No.2 7 amp RPC 1 off 1 out From logic 23 106R
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Table 3 (concluded}

8 logic boxes

Circuit continuation

ften . No, of No. of Iten
Equipment and location .
No, wires Limitin wires Logic Ko,
M Connectors Boolean logic expressions s ldenti fication
resistors box
i . .
107L | F8 28 volt ac busebar No.1 5 amp RPC 1 off Logic 2 1{115Y) V2 from 105 No. 24 Tegic for ford freight bay F8 servicing 1in 7 Table 2, Ho.33L | 1070
1 out Signal F Tights F + V2 (one only)
108L 1(5V) Signal ¥ No.25 togic for entrance and stop lights
1{115V) Signal V2 from 105 (one only)
V1 = RPC(a); V2.VT = RPC(b)
No.1 ac busebar ghase B 3 amp RPC{a) 1 off
09 | F8 2 out From logic 25
. {wound pover bus-bar phase B 3 amp RPC(b) 1 off 1(5¥) Signal V1, signal B }No.ZG logic for cabin roof 1ights {one only)
Yo.1 ac busebar phase B 3 am RPC(a) 1 off 1(115V) Signal V?, from 105 V1.B = RPC(a); V2.B.W = RPC(b) 11n 1 Table 2, No.38R [ 110R
1ML | F " 2 out From Togic 26
ground power bus-bar phase B 3 amp RPC(b) 1 off Signal A
"R 1 junction with 113L No.27 Yogic for cove Vights (one only) 1in F7 Table 2, No.40R | 112R
1R 1 Junction with 112L{A) &W.A = RPC(a); V2.A. V0 = RPC(b} 1 out F& Table 4, No.82R | 113R
188 | e No.4 ac bus=bar phase B 5 amp RPC(a) 1 off Logic 27 1(5v) Signal W 1R
ground power busebar phase 8 5 amp RPC(b) 1 off 2 out 1{115V) Signal ¥2 froe 105 )
1S F8 Nos.184 ac bus=bars. 3 phase 3 amp RPC 2 off 2 out 2 through 2in Ft Table 1, No,187 115
1 out 1(5V) Signal £
116R | WR Stn.719 slats micro switch (shut E) 1 return wnction with 1178 116R
and 118R
117R | W5 Stn.89 flaps micro switch (shut F) 1 out 1{5V) Signal F
1 return wunction with 116R >’$igna'| Es+FeHout Tout | F1 Table 1, No.190R | 117R
and 118R
Signal H
118R pnction with 116R 10 F& Table & No.93R 118R
and 117R
Stgnal D o, 8~1ogic from 2 Logic 28
110R g BT + B2 « D (one only) Tout | F Table 1, No.791R | 119R
F2 rear passenger door switch
3 out 3(5v)
2 {FB front hold door switch {3 return 3 through 3 out F1 Table 1, No,200 2

F8 water filling door switch

oy



Table &

ZONE Fi, DETAILS OF REMOTE CONTROL CIRCUITS UP T0 BUS-BARS

Fi logre boxes

Circuit continuvation

ttem No. of No, of Iten
Equipment and location . i
No. wires Limting . Wires Logic . . No.,
Connections Boolean logic expressions 1dentification
resistors box
1 Fi Nos.1 to & ac bus=bars 3 amp fuses 12 off 12 n To TRUs for 5 volt rail for logic operation 1
2 | ™ to # TS0 011 Tow pressure suitches b out HsW) & through sout | F1 ] Table 1, Mo2 ?
& return
3 F4 Nos.1 and 2 non~gssential dc bus=bars, 3 amp RPC & off 4 out 4 through & in 8 Table 3, No.3 3
4§ Fk Nos.1 to 4 ac bus=bars, Single phase. 3 amp RPC 4 off 4 out 4 through 4 in F Table 1, No.15 4
5 | MS1 and MS2 Yow pressure switches bout HsY) 4 through 4 out F1 Table 1, No.16 5
4 return
6 F4 Nos,1 and 2 essential dc bus-bars, 7 amp RPC 8 off 8 out 8 through 8 in F1 Table 1, No.26 [
7| 4 RPCs vtem 6 (pover side) gin [0 Tern T | 2 trousn 2out | Pt | Teblet, b0zt | 7
g | No, 2 essent1al dc bus=bar, 7 amp RPC 1 off signal J WNO.'I Yogic for engine start valves Yon! {total)
Nos.1 and ? roneessentral dc bus=bars, 3 amp RPC 2 off 3 out 3 through D,E,H —— bin F1 Table 1, No.28 8
(H.A5,H,A6) signals H.A5,H.AB,F. A1 (F.A1).81(M)F.A1 engine No.1
9 | F No.2 essential dc buseb 3 amp RPC 20f | 2out FAZ FoAS,F M, o= 6 i F1 | Table 1, .29 | 9
0,2 essential dc busebar, amp 0 ou \ (F.A2).B2(M)F.A2 engine Wo.? in able 1, o,
. 4 out §(5Y) —
10 | ¥1 to M4 pneumatic engine speed cut out switches (B1 to B4} s return signals B to B4 (F.£3).B3(M)F. 534 = X engine No.3 10
11 | F4 Nos,1 and 2 essential de¢ bus=bars, 3 amp RPC 4 off 4 out from logic 1 (F.A3).B4(N)F. Rk J = ¥ engine No.4 hi|
. 1 out 1(5V) signals H.A5,H.A6 from 9
12R | MS2 combustor pressure switches (C3+Ch, closed) {1 retorn signals (C3eCh) 1R
No,2 logic for combustor air valve (one only)
. X 1 out 1(5V) signals X and Y from &
13R | F&V time delay switch D closed ) logic 1 (H. AS+H, A6). (C3oCsD). X, Y. 13R
1 return signal D,
14R | F& No.Z essential dc busebar. 3 amp RPC 1 off 1 out from logic 2 Y, 14R
158 | Fk RPCYs iten 11 (pover side) b + d;‘zgf,j and | e through Tout | F1 | Table 1, No.30R | 1SR
18 M1 to Mk reverse thrust switches b out H{sY) & through 4 out F1 Table 1, Ne,3? 16
& return
s . ' : 8 out 8{5v)
17 M1 4o M4 o/heat warning switches and low pressure oil warning switches 8 return 8 through 8 out F1 Table 1, Wo,3? 17
18 F4S test relays with transistor amplifiers 2 oul 2 through 2in F1 Table 1, No.33 18
19 Fk Nos.1 and 2 nonwessential dc bus=bars, amp RPC 4 off 4 out 4 througr 4an F1 Table 1, ¥0,36 19
20 F& Nos.1 and 2 noneessential dc bus=bars, reset and W/l for 19 4 oyt 4 through 40 1 Table 1, No,37 20
No,3 ac bus phase B, 3 amp RPC 1 off A2,N0.3 bus
aL ) {ZBV ac bus single phase, 3 amp RPC 1 off 2 out 7 through A2, 28V ac bus 2in 78 Table 3, Mo.30L | 2L
22 signal € No,3 logic for airframe anti=ictng HP stop 4 in K Table 1, Ko.55 22
2 signal AeB valves 2 n f Table 1, No,56 23
- { i
2 | #S1 and MS2 pressure reducing valve switch (closed D) {g ::‘turn A signal D (AvBeD)(HIR = menory X {tvo identical) 2
N 1
Yogic 3 C.X = close valve RPC four 1dentical
25 { F4 Nos,1 and 2 ntial dc bus=bars, 3 amp RPC 4 off 4 out s gra! R 2o £ Table * Ne &7 25

ToX « oper valve RPC
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Table 4 {continued)

F& Togic boxes

Circuit continuation

l:‘zm Equipment and location f‘;;ezf Limdin N?' of Logi l:‘“
* res\stovg's Connections Boolean logic expressions vires ;gxc tdentification 2.
26 | M1 to Mk high pressure stop valve position switches {: :::urn 4(sV) 4 through & out F Table 1, No,58 26
21 | Fb Nos,1 and 2 tial dc bus<bars, 3 amp RPC 4 off & out 4 through 4in F1 Table 1, ¥o0.59 i
28 | F& Nos,1 and 2 1tial dc bus=bars, 3 amp RPC 2 off 2 out 2 through 2 in 1 Table 1, No,61 2
29 ] MS1 and MS2 pressure reducing valve switches {§ ::turn 2(s¥) 2 through 2 out F1 Table 1, No.62 2
30L | T2 tai) antiicing stop valve switch {: ::Iurn 1Y) 1 through 1 out F1 Table 1, No.63L | 30L
31| MS1 and M52 duct o/heat thermostats {; - A 2 through Zout | F1 | Tablet, No.65 | 3
32L | F9 Stn.1214 interskin pressure switch {: ::turn ") 1 through 1 out 2} Table 3, No.33L } 32
33L | F4 No.1 essential dc busebars, 5 amp RPC 2 off 2 out 2 through 2in £ Table 2, No.10L | 33L
3L | F4 No,1 essential dc busebars, reset and W/L for 33L 2 out 2 through 2in F1 Table 1, No,70L 3L
350 | Fé Stn, 1464 thrust augmenter actuator switeh (’c’;’gg;) 2in 2(28Y) 2 through 2out | F1 | Table t, No.79L | 35L
36L | F4 No,1 essential dc busebar, 3 amp RPC 1 off 1 out 1 through 1in F1 Table 1, No,76L | 36L
Nos.1 and 2 no tial dc bus-bars. 3 amp RPC 4 off 4 out .
3 P {Stn.ﬂﬂf) dual amplifier {auto, increase, decrease} {12 out 16 through 16 1n R Table 1, Ho.7 a
38 MS1 and MS2 compressor nonereturn valve switches : ::Iurn 4{sV) 4 through 4 out F1 Table 1, No,78 38
39 | F& Stn,1300 dual amplifier auto/off warning lights 4 in 4(28Y) 4 through 4 out F1 Table 1, 40,79 39
40R | Fh Stn,1340 right, nonereturn valve switch g :::urn 2s) 2 through 2 out F1 Table 1, No.86R | 4OR
. . two
41 signals A,B,C No.3 logic for spill and stop valves (1dentica'> 6 in F1 Table 1, No.87 41
42 | Fb Nos,1 and 2 essential dc bus=bars, 5 amp RPC (a) 2 off {];g:tli signals 6,8 $ 4.7.6,%+4,9.5+8,Y for RPC (a) 2 in F8 Table 3, No.39 42
43 | Fh Nos.1 and 2 essential dc bus-bars, 5 amp RPC (8) 2 off {‘gglﬁf signals X,% AR.G.x for RPC (b) 2in | P8 | Table 3, No.66 | 43
# | F Nos.1 and 2 essential dc bus-bars. Sam RPC (c) 2 off {];92313 signals Y,V | €.% for RPC (c) 2 in F8 | Table 3, No.48 | 44
45 | F& Nos,1 and 2 essential dc bus<bars, reset and W/L for 42,43 and 44 4 out 4 through 4 in F Table 1, Xo.88 45
46 | F4 $tn,1330 duct o/heat thermostat 120°¢ {E» 19% temperature 2 out AV 4 theough £, bout | Fo | Table 3, No.A7 | 46
¢, high temperature 4 return
47 | F4 Stn.1320 choke valve 1imit switch (open P,¥) 2in d‘z‘(’;’:gv;"" 2 through ¥ 2out | B8 | Table 3, No.55 | 47
48 ] 12 cooling modulating valve limit switch (open S,V) 2 in dizt(),ﬁ;v;nd 2 through V 2 out F8 Table 3, No.56 A8
49 F4 Nos,1 and & ac busebars phase C, reset and ¥/L for 56 and 57 4 out & through 4 n F1 Table 1, No.95 49
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Table & {continued)

F4 logic boxes Circuit continuation
ltea Equipnent and location No. of No. of tem
No. e wires Limting . . . wires Logic . No.
Connections Boolean logic expressions Identr fication
resistors box
A .
P signals A.DeB No.4 Togic for choke valve {two identical) 5 in n Table 2, Ko.14 5%
A.EeC (A.D+B). N = decrease RPC {a)
51 signals H,F, 8,8 %N = decrease RPC (b) 4 in F1 Table 1, No.04 51
52 signals 6,8 N = decrease RPC (c) dc 2 in [al Table 1, No.96 52
53 signals T (A.E«C).B.T.R.U.Y.R 2 in F8 | Table 3, ¥o.58 | 53
*
5t | T2 cooling modulating valve limit switches (shut L,U) 2in di;()?:;v;nd signals U (AE«C).B.T.HV.H increase RPC (d)
*
. . 2 out 2(5Y) o
55 | F4 Stn.1335 differential pressure switches (HP = X,LP = Y) 2 return signals X,X,Y,Y (A.E«C).G.RU.Y.R
No.5 logic for cooling modulating valve
(two 1dentical)
Nos.1 and 2 noneessential dc bus-bars, 5 amp RPC {c) 2 off 2 out {4.0+8).8.0.7
% R {Nos.1 and 4 ac busebars, phase C. 5 amp RPC (a,b,d) 6 off 6 out from logic 4 (A.&B):N,ﬂ decrease RPC (o) %
(A.E+C).B.T.R
57 | F& Nos.1 and & ac busebars, phase C. 5 amp RPC (e, f) & off 4 out from logic 5 . increase RPC (f) 51
/ (A.EsC).6.7
. 1 e 7 out 7(sv) )
58 12,3,% and 6, hydraulic pressure fail switch (elevators and rudders) 7 return 7 through 7 out f1 Table *, No,101 58
59 signals A,B,X.Y | 6 | F1 | Table 1, Ko.102 | 59
&0 signal J No.6 logic for arming valve {two identical) Zin A TabTe 7, Ho.103 60
over run micro switches (G-upeH down) 4 out 4(5Y) . L {-‘—‘}
i & {tavl trim micro switches (C up,D down) 4 return signals C,D,G+H EF . (GeH)f. (X.Y+A.C+8.0) &
62 | F& Stn,1292 hydraulic fault detector {normal E.F, fault K} {f :::ur‘n 2sY) signals E.F,K No.? Togic for over run warning (tuo identicsl) 62
J. (GeH)+K, (A, CoX,Y+B.D)
63 F4 Nos.1 and 2 essential dc busabars, 3 amp RPC 2 off 2 out from logic 6 o ]202:‘: ! F1 Table 1, No,10% | 63
64 | F& hydraulic compartment flamestat {3 :::urn 2sY) 2 through 2 out F1 Table 1, Ko, 142 | 64
65R } F& No.2 essential dc bus=~bar, S amp RPC 2 off 2 out 2 through A,B Z2in F Table 1, Ko 143R | 65R
66R | F& Nc.2 essential dc bus=bar, reset and W/L for 65R 2 out 2 through 2in f Table 1, No,%46R | 66R
67 | F& Nos.1 and 2 tial dc bus-bars. 5 amp RPC 4 off 4 out } through & in f1 Table 1, No. 147 | 67
68 F& Nos.1 and 2 noneessential dc busebars, reset and W/L for 67 4 out & through 4 in F1 Table 1, No.148 | 68
69 | Fb Stn.1271 ferry link actuator Tinit switches (Zm) 210 228V) 2 through 2out | F1 [ Table 1, No,749 | 69
70 | F& WHos.1 and 2 essential dc bus-bars, 5 anp RPC 8 off 8 out 8 through 8 in F1 Table 1, No,156 | 70
n F& Stn,1271 hydraulic isolation valve limit switches (::3:') 8 in 8(28Yv) 8 through 8 out F1 Table 1, No.157 | 71
72 1 F& Nos.1 and 2 essential dc busebars, reset and ¥/L for 70 4 out 4 through 4 in 3] Table 1, No.158 } 72
No.3 ac busebars phase A, 3 amp RPC 1 off
3 | Fa 28V ac bus-bar, Yo.1 3 amp RRC 1 off 2 out 2 through 21in 2] Table 3, No.103 | 73

1%



Table & {concluded)

. F4 logic boxes Circuit continuation
lten . No. of No. of ten
Y. Equipment and location wires Liaiting Commection o Toste 1 wires Logtc ottt Ko,
resistors ections ean logic expressions box niification
;s < < . . 1 out 1(5Y)
n.1195 engine iniakes inspection 1ight switch 2 return 2 through 2 out B8 Table 3, No.104 | 74
75 | F& ground power supply (alive, V2) 2 in diodes and signal W2 15
2(115Y) . . . one
Ho,8 logic for F4 bay servicing lights only
76k | FAV servicing Tights suitch (on, D) 1 out 1Y) signal D De¥2 = RPC (a) R
1 return
one
778 | F9 Stn.1208 servicing lights switch (en, E) {: ::’turn 1059) signal € bo.9 Togic for F3 aft freight bay lights (only) TR
£+V2 » RPC (b)
28V ac bus=bar No.2 3 amp RPC (a) 1 off
TR B {ZSV ac bus=bar No.1 7 amp RPC (b) 1 off 2 out fros Togic 8 and 9 R
1{5V) signal ¥ one
T9R 1(115V) signal V2 froa 75 No.10 logic for entrance andstep lights only 79R
No.1 ac bus=bar, phase B 3 amp RPC (a) 1 off L T
80R | F& {ground sower bus, phase B 3 amp BPC (o) 1 off 2 out froa logic 10 RPC (a); V2,¥1 = RPC (b) 80R
air | B No.1 ac busebar, phass C 3 amp RPC (a) 1 off | Jogic M 1{5v) signal Vi No. 11 1oglc for toilet lights {one only) 1R
ground power bus, phase C 3 amp RPC (b} 1 off 2 out 1(115V) stgnal V2 from 75 « RPC {a); V2.V = RPC (b)
r'd
82R stgnal A No.12 Togic for covelights (one only) 1 in F8 Table 3, No.113R| 8RR
a3 | B No.% ac bus~bar, phase S amp RPC {a) 1 off | legic 12 1{5V) signal W1 Vi.A = RPC (a); V2.ALVi = RPC (b) -
ground power bus, phase C 5 amp RPC (b} 1 off 2 out 1{115V) signal ¥2 froa 75
84 | F3 LA Stn.1173 galley call button (closed, C) {: o N |4 through © Tost | F7 | Table 2, No.ber | 8am
one
B5R | F3 LA Stn,1173 reset buttons (reset R4,R5,R6) 1 out N Gignals R, 85,76 Jio.13 ogic ot right tot can < 1y) 8%
3 return H{M)RY
ne
86R | F3 rear toilets call buttons (closed H,J,K) {3 out 3(sV) signals H,J,K No.14 logic for aft centre toilet ca”(o ]) 86R
Ld 3 return L4 onty,
J(R)RS
878 | F3 LA Stn.1173 transistor svitches for forvard toilet call Hight 1 off | 1 out 1 through Emg’ Ho0.15 logic for aft left toilet call (z:‘]’y) 190 | A1 | Table 2, Ho.47R | 87R
K{H)R6
transistor switches for aft toilet call lights 3 off froa logic 13,14,15,16
B8R | F3 LA Stn. 173 {transrs’mr switches for galley buzzer 1 off b out signal 6 to,16 logic for galley buzzer {one only) Tin F Table 2, No.A3R | BER
G
No.17 logic for rear toilet call {one only) logic 17
89R H(H)R+J(N)RSeK(K)RS 1 out 7 Table 2, No.48R } B9R
90R | F& No,2 essential dc bus~bar. 3 amp RPC 1 off 1 out 1(5V) {;s:pE;yJor transtr sus. 90R
R { F4 No.2 essential dc busebar, reset and W/L for Q0R 2 out 2 through 2 in F1 Tabte 1, Ko.182R| 91R
92 | F4 Nos,1,2 and & ac busebars, phase B, 5 amp RPC 3 off 3 out 3 through 3in F1 Table 1, No.186 | 92
038 | T5 bullet tail tria micro suitch (shut H) {} o WD |4 through # Toot | /8 | Table 3, No.118R| 93
F3 LA rear galley door switch 3 out 3(5V)
9% F3 rear hold door switch 3 peturn 3 through 3 out F1 Table 1, No.199}} 94
£9 Stn, 1480 rear veniral door switch
95 | Fh Mos.1 and 2 essential de busebars {2 2% RPC boff 1 g out 8 through 8in | Ft | Table 1, No.213 | 95
° 5 amp negative transtr sws & off s No,
96 { N1 to Ws generator ofheat svitches (in negative) [ 1) & through 4 out 1 Table 1, Ko.232 { 96

KA




45
Table 5

FLYING CONTROL CENTRAL WARNING ON PANEL B

Table 1, Item No.

Connections to
logic box Fl1,

No. of wires

Panel B. Internal details

]

108

192R

198R

195R

—
—

In, signals for hydraulic pressure failure warning

Ailerons. Right outer J, right inner K, left inner L, left outer N
Elevators. Right outer 0, right inner P, left inner Q, left outer R
Rudders. Upper S, mid T, lower U

In, signals for hydraulic pressure failure warning
Artificial feel No.l, V
Artificial feel No.2, W
Each signal J, K, O, P, S, U is connected as follows.
1 Transistor switch for individual warning light
To{Z Horn warning signal Al vZq isolating diode
3 Central warning light signal A2 vZa logic and isolating diode
Each signal L, N, Q, R, T 1is connected as follows.
1 Transistor switch for individual warning light
Toy2 Horn warning signal Bl vZa isolating diode
3 Central warning light signal B2 via logic and isolating diode
Each signal V and W connected as follows.
To 1 Transistor switch for individual warning light
2 Horn warning signal Al1(W) or B1(V) via isolating diode

out, Al + Bl = J + K +L +N+0+P+Q+R+S+T+U+V+W
(warning horn)

in, signal X = cancel signal for central warning light logic to
cancel central warning light = X(M)3 + X(M)K + XML + X(M)ﬁ +
X0 + XAMDP + X(MQ + XMDR + XEDS + XONT + XM)T.

J.XM)T + K.XMEK + 0.XM)0 + P.X(MP + S.X(M)S +
U.X(M)T

logic for A2

L.XML + N.XOMN + Q.X(M)Q + R.XM)R + T.XM)T

logic for B2

out, logic A2+ B2 (control warning light)
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Table 6

MASTER WARNING SYSTEM ON PANEL B

)
b=
o]
woe g
~ @ )
[ < TR ] [
g M -
285 - 5 Panel B. Internal details
U 0 e
(&) Yy
QU w o
[= R ]
£ 60,0 .
00w 0
O = H =
Generators
2 4 In, signals for CSD oil low pressure No.l-A, No.2-B, No.3-C, No.4-D
232 4 In, signals for generator over heat No.1-E, No.2-F, No.3-G, No.4~H
(negatively switched)
218 4 In, signals for generator failure No.1-J, No.2-K, No.3-L, No.4-N
221 2 In, signals for dc system failure No.1-0, No.2-P
65 2 In, signals for hot air duct over heat right-Q, left-R
Each signal A,B,C,D,J,K,L,N,0,P,Q,R is connected as follows
To 1 Transistor switch in positive line for individual warning light
2 Central warning light signal vZa logic and isolating diode
Each signal E F 6, H is connected as follows
1 Tran51stor switch in negative line for individual warning light
To42 Central warning light signal via inverter, logic and isolating
diode.
205L 1 In, signal X = cancel signal for central warning light
Cancel logic = X(M)A + X(M)B + X(M)C + X(M)D + X(ME + XMF + XMG +
X(MH + X(M)E + X(M)K + X(M)L + X(M)N + X(M)O + X(M)P + X(M)Q + X(M)R
206L 1 Out, signal for central warning light = A.X(M)Z + B.X(M)B + C.XGH)E +
D.X(M)D + E.X(M)E + F.X(M)F + G.X(M)G + H.X(M)H + J.X(M)J + K.X(M)K +
L.XML + N.X(MN + 0.X(M)0 + P.XM)P + Q.X(M)Q + R.X(M)R




Table 7

COMPARISON OF MASSES OF CONVENTIONAL AND REMOTELY CONTROLLED

ELECTRICAL DISTRIBUTION SYSTEMS (SCHEME 1)
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Existing system | Remote control Totals
. Unit
Equipment compared mass ) Total ) Total Existing | Remote
Quantity | mass Quantity | mass X k
kg kg 8 g
Sub-feeder cable
10 gauge 64.5 g/m 30,5 m| 1.97 27.4m| 1.77
12 gauge 29.8 g/m 61.0 m| 1.82| 338.5m] 10.09
14 gauge 19.3 g/m ~ - 108.3 m| 2.09
16 gauge 14.8 g/m - - 155.6 m| 2.3
18 gauge 10.41 g/m - - 347.9 m{ 3.62
20 gauge 6.95 g/m - - 44,0 m| 0.31 3.79 20.18
Distribution cable
8 gauge 99.4 g/m 5.2m| 0.52 - -
10 gauge 64.5 g/mj 311.4 m| 20.09 | 226.9 m | 14.64
12 gauge 29.8 g/m]| 611.8 m| 18.23 1244 m| 3.71
14 gauge 19.3 g/m | 1819.6 m| 35.12 | 1518.9 m | 29.31
16 gauge 14.8 g/m| 467.3 m| 6.92 197.9 m} 2.93
18 gauge 10.41 g/m | 2639.5 m | 27.48 | 477.3 m| 4.97
20 gauge 6.95 g/m | 6374.8 m | 44.31 | 1361.5 m| 9.46
22 gauge 4,23 g/m | 8197.2 m| 34.67 { 1026.3 m | 4.34
24 gauge 2.9 g/m|7182.1 m{20.83} 545.3 m| 1.581} 208.17 70.94
Control signal cable
26 gauge 2.0 g/m - - 22978 m | 45.96
24 gauge (negative 2.9 g/m - - 403 m| 1.17 - 47.13
returns)
Connectors (mated pairs)
155 way 200 g - - 10 2.0
12} way 164 g - - 11 1.8
85 way 98 g - - 5 0.49
55 way 79 g - - 12 0.95
37 way 64 g - - 15 0.96
12 way 36 g - - 12 0.43 - 6.63
Protection
Fuses and holders 26 g 544 14,14 263 6.84
2 to 10 amps
Fuses, heavy duty, bolted 32 ¢ 113 3.62 32 1.02
Circuit breakers 42 ¢ 73 3.07 7 0.29
RPC solid state 57 g - - 287 16.36
ingle pole| {20 t° - - 21 4.89
RPC electro- {Smg P 291 ¢ :
magnetic 276 to
3 le - - 43 15.74
po {645 g
Reset pushes and W/L 12 g 87 1.04 20.83 46.18
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o % e amme—

Table 7 (concluded)

NOTE : -

up—to-date cables and equipment available.

Existing system | Remote control Totals
. Unit
E
quipment compared mass . Total ) Total Existing | Remote
Quantity | mass Quantity |mass Kk Kk
kg kg g g
Relays light duty ﬁ
19 to
2 amp to 10 amp 125 g 134 8.55 ; -
Relays heavy duty
194 to
10 amp to 35 amp 545 o 64 18.26 - 26.81
Manual switches ‘ﬁ(
Single pole 10 amp 41.8 g 153 6.4
2 poie 10 amp 59.1 g 17 1.0
3 pole 10 amp 90.0 g 7 0.63
4 pole 10 amp 110.0 g 12 1.32
2 pole light duty 7.5 g - - 201 1.51 9.35 1.51
Transistor amplifiers _ -
for W/L and indicators -2 g 208 0.25 0.25
Logic boxes
In zone FI - - 2 5.06
In zone F7 see - - 2 3.68
In zone F8 - - 2 3.76
In zone F4 Table 8 - - 2 3.69
Logic mounted on Panel B - - 1 0.21 - 16.4
Estimated mass of See
equipment panels Table 11 125.5 102.4 125.5 102.4
Estimated mass of see
cable ducting Table 12 79.2 70.5 79.2 70.5
473.65 382.12

difference 91.53 kg

'Existing system' departs from the VC 10 installation in incorporating the most




Table

8

ESTIMATED MASS OF LOGIC BOXES AND LOGIC IN PANEL B
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. Logic boxes Fl Logic boxes F7
Unit
Internal components
mass g Q tit Total Quantit Total
uantity |nass g Y Y| mass g
Limiting resistors for 5 volts 0.27 268 72.36 42 11.34
Limiting resistors for 28 volts 0.53 18 9.54 17 9.01
Limiting resistors for 115 volts| 0.94 20 18.8 18 16.92
Diodes 0.15 80 12.0 72 10.8
Through links and junctions 1.73 g/m 572% 247.0 121% 103.8
Integrated logic circuits 1.96 38 74.5 33 64.7
Transistors 1.18 43 50.7 44 51.92
Resistors for logic 0.27 128 34.6 131 35.4
Mounting cards 26.8 12 321.6 8 214.4
Connectors 18.1 12 217.2 8 144.8
Power supplies 8.5 W and 4 W - 4x8,5 w |1500.0 4 x 4 W | 920.0
Total 2558.3 Total 1583.1
2 boxes = 2500 2 boxes = 2100
Unit Logic boxes F8 Logic boxes F4
Internal components mass g '
. Total . Total
Quantity mass g Quantity mass g
Limiting resistors for 5 volts 0.27 72 19.44 79 21.33
Limiting resistors for 28 volts 0.53 40 21.2 19 10.07
Limiting resistors for 115 volts| 0.94 7 6.58 10 9.4
Diodes 0.15 28 4.2 40 6.0
Through links and junctions 1.73 g/m 211% 91.7 160% 69.2
Integrated logic circuits 1.96 58 113.7 50 98.0
Transistors 1.18 62 73.16 44 51.92
Resistors for logic 0.27 181 49.0 154 41.6
Mounting cards 26.8 8 214.4 8 214.4
Connectors 18.1 8 144, 8 8 144.8
Power supplies 4 watt 230.0 4 x 4 W |920.0 4 x 4 W |1920.0
Total 1658.2 Total 1586.7
2 boxes = 2100 2 boxes = 2100
Panel B, zone Fl
Components to be added
Unit . Total
Quantity
mass g mass g
. . . Note *. Wire
Integ?ated logic circuits 1.96 28 54.9 21lowance 250 mm
Transistors 1.18 5 5.9 or throush 1ink
Diodes 0.15 40 6.0 P & .
Resistors for logic 0.27 37 10.0
Mounting cards 26.8 3 80. 4
Connectors 18.1 3 54.3
Total 211.5
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Table 9

DETAILS OF PROTECTION AT ZONES Fl, F7, F8, F4

f

Zone F1 Zone F7 Zone F8 Zone F4
Protective device
de ac dc ac dc ac dc ac
Solid state RPC
Intermittent rating, qty. 17 - 3 - 76 6 54 10
Continuous rating, qty. 10 19 2 20 17 16 18 19
Losses, watts 30 92 14 43 35 63 18 53
Mass, kg 1.54 |1.0810.29( 1.14 5.3 |1.25 4.1 {1.65
Electro—magnetic RPC
Quantity 3 6 6 34 - 15 - -
Mass, kg 0.69 |1.38 | 1.44(13.07 ~ 14,05 - -
Fuses and circuit breakers
Quantity, CB 7 = - - - - - -
Quantity, fuses, 2~10 amp | 79 | 39 | 33 | 64 2 | 16 6 | 24
{
Quantity, fuses, bolted - - 8 24 - - - -
{
Mass, kg 2.35 {1.01 | 1.11] 2.43 |0.05 |0.42 |0.16 '0.62
Total mass kg 8.05 19.48 11.07

6.54
h 5




Table 10

CONNECTORS REQUIRED FOR PANELS

Panel A Panel B Panel D Panel E Panel EA Panel FIR
No. of connections 55 602 37 44 19 12
No. and type of connector | 1 x 55 way {4 x 155 way | 1 x 37 way |1 x 55 way | 1 x 37 way | 1 x 12 way
Mass 0.079 kg 0.8 kg 0.064 kg 0.079 kg | 0.064 kg 0.036 kg Total 1.12 kg
Table 11
ESTIMATED REDUCTION IN PANEL MASS BY ELIMINATING RELAYS
Panel Panel Panel | Panels Panels |Panels Panels Panels Panel Panel Panels
B c X Gand H |P and PA[{U and Z |J and K | RR and RL L LA V and S
Relays deleted 57 - 14 45 13 11% 37% 2 3 3 13
Estimated panel space 7% 157 - 507 857 207 - - - 157 157 857
Panel mass 15 kg |10.0 kg | 5.0 kg 13.2 kg | 7.7 kg 17.3 kg | 47.3 kg - 2.3 kg 1.8 kg | 5.9 kg
Mass reduction 2.25 kg - 2.5 kg 11.22 kg| 1.54 kg - - - 0.35 kg | 0.27 kg| 5.0 kg
Total mass of conventional panels = 125.5 kg * These relays would be replaced by

Estimated mass reduction

23.1 kg

electro-magnetic RPCs.

16
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Table 12

COMPARISON OF.CABLE ARFAS TO DETERMINE TRUNKING PROPORTIONS

Cable areas

(®)

9 26 24 22 20 18 16 | 14 12 10 4
S gauge| gauge | gauge | gauge | gauge | gauge | gauge | gauge| gauge | gauge
Existing VC 10 | Number off]| - - 578 156 59 26 12 20 15 -
Nyvin cables area mm? - - 1815.8{648.1 | 289.6 | 160.1 ] 108.9} 215.5] 294.5 -
~
t Modified VC 10 | Number off - 336 242 156 59 26 12 20 15 -
& | KP150 cables area mm?2 - 302,11 287.6 |268.4}138.7| 80.0| 46.81] 108,01} 294.5 -
b Remote control | Number off| 586 165 42 4 2 21 3 6 - -
KP150 cables area mm 415.4) 148.46 | 49.9 6.9 4,71 64.71 11,7) 34.% - -
Existing VC 10 | Number off| -~ - 511 144 54 12 39 13 6 12
Nyvin cables area mm - - 1605.4]598.3 | 265.1 73.91| 354,11 147.4} 117.8] 815.2
w
n:, Modified VC 10 | Number off| - 314 197 144 54 12 39 13 6 12
& | KP150 cables area mm - 282.4 | 234.1 |247.7 | 126.9 36.91] 152.3 73.9}) 117.8] 815.2
~
™ | Remote control | Number off| 477 | 177 42 1 2 8 | 38 20 8 | 12
KP150 cables area mm 338.1] 159.2 49.9 1.7 4.7 24,6 | 148.4 | 113.7] 157.1} 815.2
Existing VC10 |} Number off - - 353 29 23 9 21 13 - 12
Nyvin cables area mmZ - - 1109.01120.5 | 112.,9 )] 55.4 | 190.7 | 147.4 - | 815.2
~r
~
o |Modified VC 10 | Number off - 225 128 29 23 9 21 13 - 12
¥ | KP150 cables area mm - 202.3 [152.1 49.9 54,1 27.7 82.0 73.9 - 815.2
©
B
Remote control | Number off | 248 109 42 9 3 11 23 4 - 12
KP150 cables area mm 175.8 | 98.0 | 49.9 | 15.5 7.0 | 33.9 | 89.8} 22.7 - ] 815.2
Trunking proportions
§ Total ar%a Side Propzz:;gn of | Zone
S (4) um VA mm length (2) L ‘ﬁ‘
& |Existing VC 10 Nyvin cables 3532.5 59.43 0.208 12.36
o |{Modified VC 10 KP150 cables 1526.4 39,07 0.208 8,13
: Remote control KP150 cables 735.8 27.13 0.208 5.64
B
[-3]
“o' Existing VC 10 Nyvin cables 3977.2 63.07 0.375 23.65
& iModified VC 10 KPI50 cables 2087.2 45.68 0.375 17.13
= Remote control KP150 cables 1812.6 42.57 0.375 15.96
= |Existing VC 10 Nyvin cables | 2551.1 | 50.51 0.417 21.06
S |[Modified VC 10 KP150 cables 1457.2 38.17 0.417 15.92
© Remote control KP150 cables 1307.8 36.16 0.417 15.08
(a) Existing VC110 Nyvin cables, Total AVA = 57.07. Ratio % = 0.72
(b) Modified VC 10 KP150 cables, Total £vKk = 41.18.
(c) Remote control KPI50 cables. Total &JR = 36.68. Ratio L) | 0.89




Table 13

EFFECT ON CABLES OF MOVING ELECTRICAL BAY FROM ZONE F7 TO ZONE F8 (SCHEME 2)
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Conventional

svstem Remote control Totals
Cables Unit mass [ Y — ForaT
Quantity ota Quantity ota Conventional | Remote
mass mass
Main bus-bars shifted
to rear by 8.25 m " kg " kg ke kg
Main feeder
4 gauge 251.9 g/m -99.0 -24.94 -99.0 [-24.94 -24.94 -24.94
New sub-feeders to Fi
8 gauge 99.4 g/m +63.5 +6.31 - - - -
10 gauge 64.5 g/m | +127.9 +8.19 +63.5 | +4.09 - -
12 gauge 29.8 g/m - - +47.6 | +1.42 - -
14 gauge 19.3 g/m - - +142.7 | +2.75 - -
20 gauge 6.95 g/m - - +47.6 | +0.33 +14.5 +8.59
New sub-feeders to F8
14 gauge 19.3 g/m - - +8 +0.154 - -
18 gauge 10.41 g/m - - +64 +0,666 - -
20 gauge 6.95 g/m - - +4 +0,028 0 +0.848
New sub-feeders to F4
12 gauge 29.8 g/m - - +82.8 | +2.47 - -
14 gauge 19.3 g/m - - +41.4 | +0.799 - -
18 gauge 10.41 g/m - - +62.1 +0.65 - -
20 gauge 6.95 g/m - - +248.4 | +1.73 0 +5.65
Sub-feeders scheme 1 ~3.79 -20.18
Distribution cable
10 gauge 64.5 g/m +41,2 +2.657 - - - -
12 gauge 29.8 g/m ~98.8 -2.944 -33.0| -0.98 - -
14 gauge 19.3 g/m | -271.8 -5.246LF -321.2} -6.2 - -
16 gauge 14.8 g/m ~16.5 ~0.244) -66.0 | -0,98 - -
18 gauge 10.41 g/m|  +8.2 +0.086| +57.6 | +0.6 - -
20 gauge 6.95 g/m| =~74.1 -0.515 +6.1 | 4+0.04 - -
22 gauge 4.23 g/m| +214.1 +0.906(| ~156.5 | ~0.66 - -
24 gauge 2.9 g/m | +189.0 +0.548) ~173.3 -0.50 -4.75 ~-8.68
Control signal cable
26 gauge 2.0 g/m - - +1578.4 | +3.157 - -
24 gauge 2.9 g/m - - -110.,0 | -0.319 - -
less 4 x |2 way connectors 36 g - - -4 off | -0.144 0 +2.69
-18.98 -36.02

Reduction in mass of 18.98 kg and 36.02 kg respectively

controlled system,

for conventional system and remotely
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This Report describes how the electrical power distribution system of a large civil aircraft
might be redesigned to employ remote power controllers, embodying solid state protec-
tion, in conjunction with solid state logic, to operate circuits remotely through light-
weight signal wires. An assessment of the masses of a conventional and a remotely con-
trolled system, based on a VC 10 installation in which it is assumed that the latest light-
weight cables and switchgear are used indicates that the remotely controlled system would
be about 90kg lighter. Additional saving might result from equipment specifically designed
to be compatible with solid state remote control techniques.

The effect on both systems of resiting the electrical compartment from the forward to a

mid-aircraft position has been examined and 1t is concluded that a further saving of 36 kg
would result with remote control.
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The redesigned system lends itself to, and has been arranged for, easy conversion to
multiplexed data transmission. Although a multiplexed system has not been assessed, the
mass of cables and fittings that would be replaced has been evaluated as 42 kg, or 77 kg
if analogue circuits were included. This indicates the allowances within which the multi-
plexed data transmission should be designed.
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