SECTION 2 - WARNING SYSTEMS

CHAPTER | — FIRE WARNING SYSTEM
CHAPTER 2 — STANDARD WARNING SYSTEM

CHAPTER 3 — AUXILIARY WARNING SYSTEM
(and Additional Warnings)
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Para, 16 = Description,
Pera, 7=10 = Operatiaon ,
Para, 44 = Companent Iccation.
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DESCRIPTION

4 The Graviner firewire detection system consists
of Tlexidble sensing elements, unit detectors, coupling
units, bulkhead fittings and a control unit.

2., The system is designed to give maximum coverage,
high speed fire and high temperature detection, &nd
rapid cancelletion of the warning when the fire or
the overheat condition has been controlled.

3., The flexible sensing elements consists of stain-
less steel capillaries and are provided with

integrel means of inter-connection and a co-2xial
centre conductor,

Lo The centre conductor is separztsd from the walls
of the capillary by a filling material, the
electrical resistance of which decreases with increase
in tempereture and conversely increases as the
temperature decreases, Bach end fitting contains a
ceramic bush and co-axial centre pin assembly.

5. Fire detesction equipment provides for the
continuous monitoring of all thrse zones of both
engines, Zones 1 and 2 only are protscted by fire
extinguishing apparatus. Two Inertia Switches
discharge both bottles into No., 1. and No, 2, zones
in the event of a crash landing.

6. Two sensing elements serve each engine, one in
No. 4. and No, 2, zones and one in No. 3. zone. The
elements are connected to L relay boxes which control
the four indicators on the cenirzl warning sysien

panel.
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7. With the cutbreak of fire, the decreasing
resistance in the element results in a flow of A.C,
through the element to the bridge rectifier in thne
relay box,

8. Tne D.C. output from the rectifier closes a
relay the contacts of which make the supply to the
appropriate warning lamp,

9, The clemenis are connected in the form of a
loop and fed at both ends., This ensures the system
will remain operative in the event of a fractured
element,

10, Each of the L4 relay boxes incorporates & r2lay

a transformer (fed from 115 volt single phase supply) C
and & full wave bridge resctifier, Additional relays
are conirolled by the central warning system test
switch end when energised they short across the ends
of the firewire elaments, The input circuit to the
btridge rectifisrs is thus completed and the warning
lizht relays are energised, Illumination of the
varning lamps proves the continuity of the firewire
and operation of the relays,
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1. ' COMPQIENT

4 Firewire Relay Boxes,

Fire Extinguisher
Indicator Fuse,

Fire Extinguisher
Indicator Fuse-Holder,

Fire Extinguisher
Bottle (4121b,)
2 off, Port & Stbd,

Inertia Switch
2 off. Port & Stbd.

Crash Relay

Sensing Elements
5! oO"
10* o"
1' 6"

FIRE WARNING & EXTINGUISHERS SYSTEM.

LOCATTION

Main Equipment Bay

Between Frs., L7-L8
Port side, Access

Between Frs. L7-48
Port side, Access
Panal 61P.

No, 3 Fire Zane
Between Frs, lL4-15
Port & Starboard,

FWd. Of NO. 20&1Q-ne
between Frs, L2-43
Part & Stbd.

D2 Relay Box between
Frs. 52-53 Pm
gide,

Fitted in Fire Zocnes,

COMPONENT
No, 2 Engine,

Single Phase (XG) Supply
Fuse 5 amp.

Fire Warning Lights Supply
Circuit Fuse 5 amp.

Fire Extinguisher Supply

No, 1 Engine
Single Phase (XF) Supply
Fuse 5 amp.

Fire Warning Lights
Supply Circuit Fuse
5 anmp.

Fire Extinguisher

No, 1 and 2 Engines
Crash Fire Extinguisher

Supply Fuse 20 Amp.

ATRCRAFT SERVICE SCHOOL
"LIGHTNING" MK.3,
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LOCATION

Fuse No, 3741 A.C. Fuse
& Relay Box Fwd. Spine,

Fuse No, 193 Emergency
Services Fuse Box,
Frs, 22 = 23 Pert,

Fuse No, 184
Emergency Services Fuse
Box,

Fuse No, 387
A.C. Fuse and Relay Bax

Fuse No, 192
Emergency Services
Fuse Box, Frs, 22-23 Port

Fuse No, 185
Emergency Services
Puse Box,

Fuse No. 198 Emergency
Services Fuse Bax,



INTRODUCTION

1. The Triple F,D, Control Units are used in eon-
Junotion with the stsnderd FIEEWIRE detestor. The
type used in the Lightning Mk, JII is the 162D (thise
is a potted assembly),

OFERATION

2o Basic deteotor eireuit:- As shown in FIG, the
cireuit eomprises a transformer with three windings,
Windings 3 = 4 and 4 = 5 are wound so that at any in-
stence the voltages at 3 end 5 are identieel when re-
ferred to 4 (the eentre tepping). Winding 5 = 6 is
used to derive ithe power to switeh relay R.L.A,

3¢ Flrewire coldi= V¥hen ths FIREWIRE is eold the
impedance between shestih and eentre somdmetors is
high end it appears as ean open eircuit, There are
therefore no eireuleting ewrrentes and there eesn bs no
potential seross R4. Hence the thyristor will not be
triggered.

he Firewire hot:=

(a) The Charging Period (the positive going
helf eyele). In thiz condition 3 end 5 are pis=
itive with respest to ) end the dicde M2,1 is
free to eonduet. The FIREWIRE, being hot, is
eble to aceept energy and th:i.a is mpplie& from
winding 5 = i via MR,]l end R3 and from winding
4 = 5 vie B4 snd L1, The forwerd impedance
MR,1 is low and the inpedsnee of Il to A.C, i=s
high, the majarity of the eharge is therefore
derived from windings 3 - k4,

As this is the positive part of the eyele a
smsll negetive potential will appear across Ri
sinee the eurrent flow is from 5 to 4 (i.e,
anti-elockwise), This small voltage tends to
prevent the thyristor from triggering under the

(b) The Disecherge or Detecting Period (the
negative going half eycle).

In this condition 3 and 5 are negative with
respeet to 4 and the FIREWIRE is free to dis-
charge, It cannot dischaerge back to point 3
beceuse of the bloeking action of the diode MR.1,
i1t therefore discharges through Il and Rj and is
essisted in this sineoe point 5 is now negative,
Sinoce the eharge on the FIREWIRE is unidirest-
iongl then conversely so is the discharge and
the inductanee Ll will eppear as a low impedanse
to the resultent D,C. current, The "read-out®
voltage appearing asross Rl will therefore be
due to the charge existing on the FIREWIHE,
Since the sbility of the FIREWIRE tc store 2
cherge is dependent upon temperature then the
reed~cut voltege eeross Rk is elso dependent
upon tempersture.

6. TWhen the FIEEWIRB tempersture reaches the warn-
ing point suffieient voltage will appeer across Rk to
esuse the thyristor to "trigger®. When this happens
the inpedence of the thyristor drops to a very low
velue and sufficient eurrent esn flow from winding

5 = 6 through diode MR,2 to operate relay R.L.A.

This esuses the contaetor R.L.A.2 to close and emer-
gise the warning eireuit.

7. The second econtacts R,L.A.1l short oireuit R3 and
gllow & larger cherging volteage to become available.
This has two fumeotions,

(1) It locks the warning om,

(2) It provides the operate and reset valuwes
since now thaf a lsrger voltage is availeble the
FIEEWIRE will have to fall to.a lower tempersture
before the system esn reset,
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8. It ean be seen from the foregoing that if a shart
cireauit appears on the element then there san be no
charge and therefore no discharge. Hence it is not
possible for the system to false wern under these eon-
ditions, The current in the cirouit is governed by
B35, Rl, and L.1, and these values ars so ehossn that
the wltage required to trigger the thyristors are
never reached under short cireuit eonditions,

9. Referring now to the somplete control unit, it
can be seen that a number of eomponents have been
added to the basic cirenit. The function of these
components are as follows.

TEST

Warning
Warning
Warning
Werndng
VWarning
Warning
Werning
Warning
Fail to Wam

10, Test of the systems is carried out by interpoaing o6 s,

Capacitor Gl, into eircuit in series with the FIREWIRE Beeed

eentre eonductor by means of the contasts R,L.B.1l on t2: g_g‘?"’é"a

the test relay R.L.B.. Capscitor Cl simlates the B HEREHREK g

¥ apparent® cepacitance of the FIREWIRE element when a R EE Q,g

= S

d 459949544

() If the eentre condustor is open eireuit then Bl 56888282
the espacitor Cl is not cormected into oircuit emd . - g COmEE
the system will feil to test, i,e, will correctly SRR
show a fault conditiom, § E§ §§
{b) Since the element inmlation resistaunse is fé a3 2388
interposed between the test cspacitor C1l and o eosees o
earth, deterioration in the element resistensce 5 B '&'-3 %E
will tend to short cut the capasitar Cl to earth Sq3ddds e s

and no read-out voltage will appear across Rl
Henoe the system will fail to test i.e. will
earrectly show a fault eondition.

11, This types of test faecility has the adventage that
if the system deteriorates due to moisture contamine
ation, the fault will be pisked up and indisated be-
fore the system besomes inoperative, The figures for
& typieal system using verious degrees of salt sole
ution to eontaminate the temperature sensitive mater-
ial are as followss=

COMMNSTIGS o

System reset by twreaking end remsking to eontrol unit before flame test

12, A,C, Reslsatance
7500
1500
845
630
4350
290
270
220
190



15. It will be seen from the foregoing that evidence
of the system being unservicesble will appear well
before its fire deteetor ability is lost,

TRANSIENT AND FPEAK VOLTAGE SUPPRESSION CIRCUIT

1, Diocde MR,3 and R2 are incorporated to prevent
transient or peak woltage on the supply line reaching
the thyristor. C2 is incorporated to integrate the
eurrent pulse appearing across the relay coil termine
etions in order to maintain the relsy in the energised
eondition during the half cysle when the thyristor is
non-gonducting,

THE 5 _CIRCUIT

15, This comprises Diode MR,5, Resistor R5, Diode MR.§

and @apasitor C3, This eircuit is included to stab-
alize the characteristics under voltage and control
unit ambient temperature variatioms,

16, The negative bias is derived from windings 5 = 6,
reotified by diode MR.5, limited and integrated by BS5
and C3, Sinoe capacitor C3 is of the polarised type
diode MR.6 is interposed to prevent a positive pote
ential appearing on €3,

Aireraft Service School
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STANDARD WARNING SYSTE

1 = General
2=5 - Components
6-7 =~ Operation
8-10 Test Switch,
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CHAPTER 2 - STANDAPD WARNING SYSTEM

ATRCRAFT SERVICE SCHOOL

GENERAL,

1¢ This system is designed to attract the immediate
attention of the pilot to any failure of the critical
services essential to the safety of the airecraft,
These services are =

(a) Fire (Engine and Reheat)

(b) D.C. Pailure,

(¢) Controls Hydraulic Pressure Failure,
(a) Cabin Pressure Failure.

(e) Oxygen Pressure Failure,

Provision exists to incorporate additional warnings
should they become necessary,

COMPCIVENTS,

2 The gystem incorporates a flasher and excitation
unit, an indicator unit, an audio warning unit, and
a RED attention light,

Flasher and Excitation Unit,

3, This unit houses two double coil, high speed
relays, one coil being the operating and the other
the holding coil with a capacitor and rectifier for
each warning in series with the operating coil.

Also housed is a flashing circuit consisting of four
transistors, two of which are used in a milti-vibrator
switching circuit and the remaining two as output
transistors controlling the supply voltage to the
attention light and cancel switch light,

The Indicator Unit,

4. The Indicator Unit groups together the various
warning lights which are duplicated for each service
in the event of filament failure, Fitted on the
unit are the fire detonator push switches, a cancel
switch for cutting out visual and audible ATTENTICN
warnings, & mute switch for use by ground staff to
remove warnings which would be "(N" with both engines

"LIGHTNING" MK,3
BL: 2/2

stationary and the D.C. bus bars live, and a test
switch for checking the system for correct operation,

Audio Warming Unit,

5 The audio warning unit incorporates a transistorised

multi-vibrator circuit which, in the event of an
energency, feeds a sound resembling a fire bell into
the pilots headphones,

OPERATICN,

6. Then an emergency occurs the appropriate lamps on
the indicator unit illuminate, At the same time the
surge current through the associated capacitor and
rectifier in the excitation unit energises the
operating coil of each high speed relay, On closing,
these complete a "hold in" circuit through a pair

of their own contacts and the normally closed contacts
of the attention cancel switch to the "hold in" coil
of each relay and through other contacts, fecds a
positive from one relay to the audio warning unit and
from the other relay to the flasher circuit which
controls the action of the attention light,

7. The above indications will contimue as long as
the emergency exists but depressing the cancel switch
will de-energise the high speed relays, thus cutting
off the supply to the audio warning unit and the
flasher unit, The audio warning will cease, the
attention light and the cancel switeh light will go
out, The appropriate WARNING indication will remain
until the emergency has been rectified,

TEST STYITCH.

8. A functional check of the system can be made by
depressing the test switch. The following indications
should appear simultaneously with depression of the
test switch,

(2) The Attention Light Flashes,

(b) The Audio Warning is injected into the Pilots
Headphones,
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(e) All the Warning Lights on the Indicator Unit
are illuminated,

(d8) The Cancel Switch Light Flashes,

(e) The Fire Extinguisher Switch Lights are
illuminated,

(f) The Mute Switch Light is illuminated,

9. When the test switch is released the following
should occur :=-

() The Attention Light Continues to Flash,

(b)  The hudio Warning Contirues to Operate,

(¢) All Warning Lights on the Indicator Unit
are Extinguished,

(d) The Cancel Switch Light contimies to Flash,

(e) The Fire Extinguisher Switch Lights are
Ex-tinguished.
(f)  The Myte Switch Light is Extinguished,

10 Depressing the cancel switch should cause
the attention light and cancel switch light to
be extinguished, and the audio warning to cease,
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CGIAPTER 3 - AUXILIARY WARVING SYSTEM
(end additional warnings)

Para, 41 - Generzl,

Para, 2 -« Indicetar Panel,

Para, 3 - Operation,

Para, L4 - Engines Oil and Fuel Pressure Warnings,
Para, 5 - Testing.

ADDITICHAL WARNINGS

Pare, 6 ~ Oxygen Flow,
Para, 7 = Canopy Operztion,
Para, 8 « Canopy Unlock,
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ATRCRAPT SERVICE SCHOOL

and edditionel warnings.

GERERAL

1. The warnings given on the AUXTITARY WARNING PANEL
are of a less criticel nsture than those previously
céescribed in Chapter 2 and are meinly associated with
engine services. The warnings given are as follcws:-

(a) Fuel Pressure - No,4 Engine.

(bg Fuel Pressure - No,2 Engine,

¢) 0il Pressure -~ No,1 Engine,

d) Oil Pressure = No.Z2 Engine,

(e) Reheat Top Temperature Trip - No.{1 Engine.
(f) Reheat Top Temperature Trip - No.2 Engire,
(g) Alternator Failure,

(h) Air Turbine Stsll Warning,

i) No,4 Power Contrels Bydreulic Failure,

3} No.2 Power Controls Hydresulic Feilure,

k) Main D.C. Generator Failurs.

1) Ice Warnming.

(m) Cenopy Unlock.

INDICATCOR PANEL

2. The indicetor panel, mounted on the starboard
canopy sill, houses the warning lights, four for

each warning, wired in paralleled pairs in case of
filament failure, the appropriaste pair of lamps being
selected by means of the NIGHT/DAY switch on the unit.
To counteract the possibility of the introduction of
stray feeds due to the method of night/dsy switching,
blocking rectifiers are wired in series with each pair
of lamps, These rectifiers are alsc fitted in the
pansl,

OPERATION

3. All werning circuits are D.C. operated and all
are similar in operetion., When the eppropriate warning
switch or relay is made, a supply is fed via the
rectifiers to the lemps and, as the earth circuit is
completed via the NIGHT/DAY switch, the appropriate
lamps ere illuminated.

ENGINE OIL AND FUEL FHESSIRE WARNINGS
Lk In these circuits low voltage filaments are used.

*LIGHTVING" MK.3.
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The 100 Ohm resistors drop the voltage to the filaments
via the pressure switches but in the test circuit 62

Ohm resistors are used as voltage droppers. The reason
for this being that the 62 Chm resistors provide the
correct test voltage, but the 100 chm resistors limit

the current if ane of the parallel filaments open circuit.

TESTING

5« The gystem can be checked by pressing the test
switch locgted at the forward end of the panel, This
checks the contimiity of the lamp filaments and panel
wiring., Whilst pressing the test switch, the NIGHT/DAY
switch should be cperated to test both pairs of lemp
filements.

ADDITIONAL WARNINGS,

OXYGEN FLOW

6. A diaphregm operated switch fitted in the ocxygen
regulator controls a magnetiec indicator located on

the port top panels, The action of the pilot's
breathing alternately mekes and bresks the diaphragm
operated switch and the indicater fed by this switch
is energised white or de-energised black to show
respiratory pulses under normel demand conditions,
Under pressure treathing conditions the indicator
would remain permanently energised owing to the
displacement of the diaphrsgm holding the switch nade.

CANOFY OPERATION

7. A warning horn is installed in the cockpit te
warn personnel whenever the power operated cenopy is
being opened cr closed.

CANOFY UNIOCK

8. Two psrallel connected micro-switches opersted
by the cancpy locking mechanism feed a D.C. supply
to two warning lemps fitted in the auxiliaery
warning panel, When the canopy is locked the miere
switches open, breaking the supply to the warning
lampa.
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