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FOREWORD

This report describes an in-house effort conducted by personnel
of the Fire Protection Branch (SFH), Fuels and Lubrication Division (SF),
A ir Force Aero Propulsion Laboratory , A i r Force Wr ight Ae ronauti cal
La borator i es , Wri ght-Patterson Air Force Base , Ohio , under Project 3048,
“Fuels , Lubrica ti on and Fi re Protect ion ,’1 Task 304807, ‘ Aerospace Vehic le
Fire Protection .”

This work reported herein was performed during the period under the
di rect ion of the author , Duane G . Fox , project engineer. The report was

released by the author in Octo ber 1977 .

E S ifor
NT I S

Lf? ~~~~~~ o
~ 0

W~~~T~~ V~JUPfl1’ ~ ES

lii



AFAPL-TR-77-77

TABLE OF CONTENTS

SECTION PAGE

I INTRODUCTION AND SUMMARY

1 . Introduct ion 1

2. Summary 1

II HISTORICAL BACKGROUND 3

1. Presen t Hazard Detec ti on Systems 3

2. Aircraft Multiplexed Data Acquisition Systems 3

III HAZARD PROTECTION SYSTEM CONCEPT 7

1. Introduction 7

2. General System Descr ipti on 7

IV HAZARD DETECTORS 13

1. Overhea t and Temperature Detectors 13

a. Point Location Overheat Sensor 13

b. Point Location Temperature Sensor 15

c. Cont inuous Element Overhea t Sensor 16

2. Fire Detectors 20

a. Semiconductor Sensor 20

b . Gas Di schar ge Tube Sensor 22

V HAZARD CONTROL TECHNIQUES 24

1 . Passive Control Measures 24

2. Active Control Measures 24

3. Multiplex System Operated Hazard Control Measures 24

V I AIRCRAFT DATA SYSTEM REQUIREMENTS 27

1. Large Aircraft (CARGO, TANKER) 27

a. General Discuss ion 27

b . Engi ne Nacelles 27
_ _ _ _ _  -

V ~ _ _ _ _

L  .  - 

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .- - .--.- - .



AFAPL -TR-77-77

TABLE OF CONTENTS (CONCLUDED)

SECTION PAGE

c. Auxiliary Power Unit Compartments 29

d. Dry Bays 29

e. Cargo Bays 31

f. Wheel Well Compartments 31

g. Crew Compartments 31

h. Required System Capacities 31

2. Small Aircraft (Fighter) 32

VII LABORATORY BREADBOARD SYSTEM 34

1. General Description 34

2. Hardware

3. Schematics 40

VIII FUTURE SY STEM RECOMMENDATION S 77

REFERENCES 79

vi

_ _ _ _ _ _ _ _ _ _  ____  - -.- — .- .-  - -..
~~--

..-—



AFAPL-TR-77-77

LIST OF ILLUSTRATION S

FIGURE PAGE

1 Typical Aircraft Hazard Zones 4

2 Typical Multiplex Data Acquisition System 6

3 Multiplexed Hazard Detection System 8

4 Dedicated MUX Terminal 11

5 Shared MUX Term inal 12

6 Po int Loca ti on Over heat Sensor 14

7 Bridge Circuit for Thermistor 16

3 Over heat Ca b le Cont i nuous Self Check i ng C i rcu it 18

9 Overhea t Cab le Sampling Self Check i ng C i rcu i t 19

10 Ultrav iolet and Infrare d Opt i cal Type Flame Detec tors 21

11 Typical UV Sensor Output Signal 23

12 MUX Operated Extinguishing System 25

13 Large A i rcraf t Hazar d Protect ion 28

14 Breadboard System Data Acquisition System (Aircraft
Components) 35

15 Complete Breadboard Data System 36

16 Engi ne Nacell e Sensor S imula tor 38

17 Aircraft Multiplexed Hazard Detection Laboratory
Breadboard System 39

18 Overhea t Sensors lA and lB W i ring 41

19 Over heat Sensor Wir ing on Engi ne Simulator 42

20 Fire Senso rs lA and lB Wiring 43

21 Fire Sensors 2A and 28 Wiring 44

22 Breadboard Unit Module No. 6 , UV Sensor Bias Electronics 45

23 Breadboard Unit Module No. 8, UV Sensor Si gnal Processor 46

24 Fire Sensors 3A and 3B Wiring 48

vii

~ -— — ~~~~
— -— - -.- -— ..—• - ______________________________



AFAPL -TR- 77-77

LIST OF ILLUSTRATION S (CONCLUDED)
FIGURE PAGE

25 Breadboard Unit Module No. 5, UV Sensor Bia s
Electronics 49

26 Breadboard Unit Module No. 7, UV Sensor S ig na l
Processor 50

27 Fire Sensors 4A and 4B Wiring 52

28 Test Source lA and lB W iring 53

29 Test Source 2A and 2B Wiring 54

30 Test Source 3A and 3B Wi ring 55

31 Miscellaneous Circuits 56

32 Typical Extinguishing Container Transducer 57

v i ii

_____________ t 
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ___________________________



AFAPL - TR- 77-77

LIST OF TABLES

TABLE PAGE

1 Binary Resolution 15

2 Summary of Lar ge A i rcraf t Hazard Protecti on 32

3 Sumary of Small Aircraft Hazard Prote.tion 33

4 Connec tor Cable Plug and Rece ptacle Types 58

5 Wiring List: Connector A , Mul tip lex System Remote
Out put Term i nal 59

6 Wiring List: Connector B , Multiplex System Remote Input
Term i nal No. 1 61

7 Wiring List: Connector D, Crew Readout 62

8 Wiring List : Connector E , Crew Readout 63

9 Wiring List: Connector F, Sensor Fault Indicator Unit 64

10 W i ring Li sts: Connec tor G , Maintenance Warning Unit 65

11 Wiring List: Connector H, Engine Simulator Unit 66

12 Wiring List: Connector I , Engine Simulator Unit 67

13 W i ring List: Connector J . Sensor Bread boar d Electron ic
Unit 68

14 Wiring List: Connector L , Breadboard Sensor Electronic
Unit 69

15 Wiring List: Connector K , Breadboard Sensor Electronic
Unit 70

16 Wiring List: Interconnection Between Connectors A , D, F,
and I 71

17 Wiring List: Interconnection Between Connectors A , 0, F ,
and I 72

18 Wiring List: Interconnection Between Connectors C and J 73

19 Wiring List: Interconnection Between Connectors G and H 74

20 Wiring List: Connector C, Mult ip lex System Remote
~erminal No. 2 75

21 Wiring List: Interconnection Between Connectors B and D 76

ix



AFA PL-TR -77-77

SECTION 1

INTRODU CTION AND SUMMARY

1. INTRODUCTION

This program was initiated to study the feasibi l i ty of using an on -
board aircraft data acquisition system to obtain information from hazard
detectors such as fi re , over heat, and explosion sensors and provide the

crew with a warning of the hazard .

It is recognized that many future aircraft will have multiplexed

data acquisition systems and central aircraft computers for a variety of

applications which include electrical power distri bution and control of

avionic systems. The types of information signals from hazard detectors

and the handling of these signals are similar in nature to those in other

aircraft systems which will be using multiplexed data acquisition systems .
It is apparent then , that a hazard detection system can also use the

multiplexed data acquisition system. Since the data system will be shared
by several subsystems on the a i rcraf t, it is necessary to adequately

define the data system performance requ i rements and the system capacities

for hazard detection early in the development of the aircraft . This study
provides the background information required to make that early deter-

mi nation of the system requirements.

This program involved both concept formulation and the development of

breadboard hardware for test i ng of these conce pts . The brea dboar d hard-
ware consisted of an off-the-shelf multiplexed data acquisition system
with a programable memory and in-house developed interfacing electronics
and other requi red hardware .

2. SUMMARY

It must be recognized that the hazard detec ti on s ignal transfe r requi red
on an aircraft is a small part of the total info rmation transfer require-

ments on that aircraft . Any attempt to force special requ irements on
the data system which are not required by other larger users of the data

system is not practical . The emphasis on this program has been to develop

~
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techniques for operating the hazard detection subsystem with a standard

data system such as that spec i fied in MIL-STD-1553A (Reference 12).
Fortunately, not many compromises are required for the hazard detection

subsystem because the signal transfer requirements are similar to other

subsystem requi rements .

It i s shown that uti lizat ion of a central ai rcraft computer can
simplify a hazard detection subsystem by eliminating the need for special
purpose computer -like hardware . All hazard detection and control measures
requi re rel iable hardware to ensure freedom from false warn ings .
Utilization of a redundant data acquisition and computer system will

provide the required high reliabi lity.

2
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SECTION II

HISTORICAL BACKGROUND

1. PRESENT FIAZARD DETECTION SYSTEMS

Separate detection systems are usually provided in each zone of the
aircraft for which the detection of the occurrence of a hazardous con-
dition is needed . On some aircraft these areas are limited to engine

nacelles and auxil iary powe r unit compartments. As i l lustrated in
Figure 1 , other zones i n many a i rcraft wh i c h of ten have detec ti on sys tems
include dry bays around fuel compartments , landing gear compartments , and

gun compartments. Experience with operational systems has shown , in
general , a poor reliability , a high false warning rate , and usuall y
inadequate detection (Reference ‘1). Redundancy has been used to decrease

the false warning rate (Reference 2) and optical fire detectors have been

developed to provide more adequate fire detection capability (References

3 , 4, 5, and 6). Optical flame sensors can be used in most areas of the

a i rcraf t for f i re detec ti on .

A system known as the Integrated Fi re and Overhea t Detect ion System
(Integrated System) was developed by the AFAPL for engine nacelle instal-
lations (References 7 and 8). This system combines optical fire detectors ,
continuous element overheat detectors , and a self-checking computer control
into a single system. This development was the first effort to combine
different types of detectors into a single system. The Integrated System
has ove rcome the prob lem of mi sse d fires and false f i re warn i ngs . It i s ,
however , still limited to a single airc raft hazard zone and requires a
special purpose computer within the system to solve the logic equations
associated with redundancy and self testing.

2 . AIRCRAFT MULTIPLEXED DATA ACQUISITION SYSTEMS

Mul tip lexed data acqui sit i on systems ha ve been develo ped for several
a i rcraft appli ca ti ons wh ich i nclu de the di strib uti on of electr i cal power ,
the control of avion i cs and communicat ion systems , and fl ight control .
In itial developments in each area involved developing a multiplexed data

system to transfer informat ion from one po int to another and , if required ,

3
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Cargo/Weapons Bay

Crew Compartment Dry Bay

________ Fuel Tanks

Wheel Well
Engine Nacelle/APU

Electronics Compartment

Figure 1. Typi cal A i rcraft Hazar d Zones
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provide computer operation on that data . A typi cal data system i s shown
in Figure 2. Although each application has uni que problems associated
with multiplexing , many requirements of multiplexing are similar in each
system. Th i s fac t was soon recogni zed by personnel work i ng i n these
techn ical areas (Reference 9). There are then , many advanta ges to be
gained by standardizing the hardware components in the data system, suc h
as the remote terminals , data line , and central p rocessor . These
advantages include cost reduction and simplification . The data bus

operation has been standardized and is specified in MIL-SID-l553A

(Reference 12). An aircraft may have several data systems on-board to
provide a sufficient capacity; however , each system will be compatible

with the others and data transfer between them possible. A subsystem

designed to operate with a data system on a particular aircraft will
also be operabl e on another aircraft which uses the standard data system.

5
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SECTION III

HAZARD PROTECTION SYSTEM CONCEPT

1. INTRODUCTION

This section of the report will discuss in general terms the system
conce pt. Each part of the system w ill be di scussed in greater deta i l
in later sec tions. No attempt w ill be made to relate the general system
to a specific aircraft at this time . An operational aircraft system

woul d be configured to meet the requirements of that aircraft . Several

typical applications (i.e., fi ghter , bomber, cargo) wit h estimates on
number and location of sensors are included in Section VI of this report .

2. GENERAL SYSTEM DESCRIPTION

A hazar d detect ion and contro l system on an a i rc raft can util ize a
data ac qui s i tion system to collect status informat ion from numerous
sensors and associa ted interface electronics wh ich are located at various
points in the aircraft . It can also use the data system to operate crew
readouts , supp ly ma intenance information , and acti vate control dev ices
such as extinguisher systems. A typical system is illustrated in Figure 3.

The data system consists of the Central Processor Unit (CPU), the
data bus , and the remote terminals (RI ’s). The data system shown in this

report is typical of those currently being envisioned . Actual operational

systems may vary somewhat in deta i led opera tion and in terminolo gy . The
general operating characteristics of an operational aircraft system will ,

however , be s imi lar. The reader i s encoura ged to inves tigate the li terature
further to find the latest hardware and system operation being developed

for a particular application . Although shown as a non-redundant system in

drawings and descriptions in this report, an operational system would

employ redundancy to achieve a high reliability . This high reliab ility is

as important for hazard detection and control as it is for other aircraft

subsystems. The redundant electronic boxes and data lines can also be

physically separated to provide a high degree of survivability from

physical damage. This would be especially important in combat aircraft.

7
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The Central Processor Uni t i s ca pab le of perform i ng both ar it hmeti c
and logic operations. Most of the operations of the CPU for hazard

detection and control are solutions of simple logic equations and direct

information transfer. The logic equations result primarily from redundant

sensor systems which require two sensors to be activated before a crew

warning is given. Although some of these equations may be a simple

logical ‘ AND” operation , mos t equati ons become more comp lex when auto-
matic self testing of the sensor and switch-out after sensor failure
are incorporated in the system. Several examples of equations which

occur i n ac tual systems are develo ped i n Sec ti on V II of thi s report.
Other hazar d sensors , such as thermocoup les , requ i re arithmetic operations ,

which include determining and possibly indicating the actual temperature

of some a i rcraft component.

The i nforma ti on transfer and opera ti ons performed by the CPU are
controlled by a program stored in a memory associated with the CPU .

Since this memory will be programmable , it is flexible to change. The
format for this software will be gi ven in a specification presently

being developed by the Air Force. Programing in this report will be

wr itten in the form of Boulean equa ti ons and ar it hmeti c operati ons .

rhe data bus consists of a simple , tw isted , shielded pair of wires
which can operate at data rates up to 2MHZ, although lMHz is typical .
Fas ter systems incorpora ti ng new technolo g ies such as f iber opt ic data
l ines are being developed (Reference 10). Time divis ion multiplexing

has been shown to be a good method of encodi ng the data for transm i ss ion
on the data bus (Reference 11). With the data bus operation now stan-
dardized , data trans fer between d ifferent systems i s poss ib le .

The Remote Terminals (RI ’s) consist of the Multiplex Terminal Unit

(MTU) and the Subsystem Interface Unit (SSIU). The MTU encodes the
data from the SSIU for transmission on the data bus on coninand from the

CPU . It also decodes informat ion from the data bus and inputs it to the
SSIU . The MTU will eventually be standardized and will most likely be

ava ilable as a Large Scale Integration (LSI) package for inclusion in
the Remote Terminal.

9 
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The Subsystem Interface Unit converts the s ignals from the subsystem
to the form required for the MTU. The SSIU is dependent on the subsystem

application and will vary in design accordingly. In installations in

which there are a large number of s ignals requi red for hazard detecti on
(such as an engine nacelle) the RI could be dedicated for hazard

detection only and would then be designed by the hazard detection subsystem

manufac turer . Th i s i ns tallat i on i s shown in Figure 4. In other applica-
tions , in w hi ch there are only a few hazard s ignals , these s ignals woul d
need to be input to the data system through an RI dedicated to another

funct i on such as electr ical power control . Th i s requi rement ex i sts
because each data bus is typically limited to 32 RI’s and therefore the
si gnals must be grouped together to maximize the signals at each RI. In

thi s case the s ignal from the hazard detec ti on su bsystem woul d need to
be compatible with the SSIU which is designed primarily for the other use .

Th i s w i ll represent no major problem to hardware desi gners but does
require the proper designation of signal types early in the development

of a system. Th i s type of installa tion i s illustrated in Figure 5.

A Remote Term inal can be des igned to acce pt di scre te, analog, or
digit al informa tion s ignals . Since a di screte s ignal requi res the leas t
data bits (one bit) for transmission , it is best to use discrete
information if possible. This will reduce the bit capacity required

on the data bus and permi t a higher level of use of the data bus.

10
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SECTION IV

HAZARD DETECTORS

The var ious types of hazar d detec tors presently in use or ava i lab le
for use will be discussed in this section to familiarize the reader with
this technology . Many good references are available for more detailed
reading and will be indicated where appropriate . Specifically, References
12 and 13 give good detailed explanati ons of many of the detectors.

1. OVERHEAT AND TEMPERATURE DETECTORS

Overheat and temperature detectors are used to sense overheat con-
ditions which result from sources such as bleed -air line leaks , fuel or
oil fires , and component part failures. An overheat detector can be a
point location type that detects at a small l ocalized location or a
vol ume ave ragi ng type such as a conti nuous eleme nt sens ing ca b le .

a. Po int Loca ti on Overhea t Sensor

A po i nt loca ti on overheat sensor i s one of the s imp les t ha zar d
sensors to be implemented with a data system because it requires no elec-
tronics (other than a load resistor in some cases) to interface the
sensor with the remote terminal. It is , however , limited in application

on an aircraft because of the limited volume coverage obtained with the

sensor . A point loca ti on overhea t sensor can be use d to protec t a
crit ical component such as an engi ne mount from excess i ve temperature .
Although it is not a fire detector , it is somet imes used ~o detect over--
heat resulting from a fire . The signal from the sensor does not , however ,
i ndi ca te what the cause of the overhea t i s .

The bi-meta l switch type of point location overheat sensor is the

most common and can be operated as shown in Figure 6. Circuit 6a is the
simplest , from an ins tallation viewpoint , because the a i rcraft frame can
be used as one s id e of the c i rcu it. A s imp le short to ground in the
wiring, however , w ill cause a false s ignal . C i rcu it b prov id es a hig her
assurance of a true overhea t warn ing because a s ingle short in the
a i rcra ft w i ring to ground cannot cause a false s ignal. It does requi re
t wo wi res fo r in te rconnect ing  to the sensor and the electron ics unit .

13
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28 VDC
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V5 
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______________________  

Dv

= 0 Normal

V~ = V RI Overheat

Figure 6. Point Location Overheat Sensor
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b. Point Location Temperature Sensor

A point location temperature sensor differs from an overheat
sensor because it provides a signal proportional to the sensor temperature .
This type of sensor includes thermocouples and thermistors . Thermocouple
signals are typically in the millivolt range and thus need some amplification

before being input to the data system . Normally, an a n a l o g  to d i g i t a l

(AID) converter would be incorporated with the subsystem interface unit

and the di gital value of the temperature transmitted on the data system .
The number of bits required for the signal depends on the resol ution of

temperature required . Table 1 shows typical resolutions available with

various A/D converters . Eight bits of data would be required in most

applications.

TABLE 1

B I N A R Y  RESOLUTION

2~~ lI2~ (Decimal)

2
_U 

1.0 100

2-1 0.5 50

2
_2 

0.25 25

2~~ 0 .125 12.5

2~~ 0.0625 6 .2

2~~ 0.03125 3.1

2
_ 6 

0.015625 1.6

2~~ 0.007812 0.8

2
_8 

0.003906 0.4

2~~ 0.001953 0.2

2
_ 10 

0.009766 0.1

2 ’l 0.00048828 0.05

2~~
2 0.00024414 0.024
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A thermistor provides the same information as a thermocouple

except that the signal is generated by an external energy source . The

thermistor is often used in a bridge circuit as shown in Figure 7 to

genera te a volta ge proporti onal to tempera ture . The same cr iter ion for
selec ti on of reso l uti on would also apply to th i s sensor .

If the only information required is knowing that a pre-determined

temperature is exceeded , then the si gnal processing can be performed by

the remote term inal with a c i rcu it such as a vol tage compara tor and a
discrete signal input to the data system. This would reduce significantly

the required number of data bits.

c. Continuous Element Overheat Sensor

Al though there are many types of con ti nuous element over heat
detectors , they all have the property of being capable of sensing a tem-

perature which is above the cable set point (alarm ) temperature over a

portion of the length of the sensor. The sensor , which looks like a wire ,

is mounted in the compartment that is being protected . The alarm temper-

ature is set during manufacture by varying the cable characteristics and

somet imes the assoc iated ca b le elect ronics . The mos t common ca b le con-
struction is a coaxial type cable with the inner conductor and outer

Figure 7. Br idge Circu it for Therm i stor

16
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sheath separated by a temperature sensit ive material. The si gnal from the
cable may be a change in resistance which can be sensed by an electronic

circuit to obtain a warning s ignal when a portion of the cable is above
the alarm temperature .

There are several types of overheat systems described in
References 14 and 15. The operation of these different types of cables
and associated electronics can be generalized , however , i n to  a common

characterist ic.  The si gnal from the sensor electronics is a discrete

change of state when the cable senses the temperature reaching the cable
alarm temperature . This discrete information can be input to a data
system Remote Terminal in the same manner as that from a point location
sensor.

Since this type of cable is often located in a rather severe

environment , it is susceptible to physical damage . It is usually des i red
to check the cable periodically to determine operational integrity. It
is not tested by applying a heat source to the cable , but rather by

monitoring the cable for an electrical short or open circuit condition.

Again , this test will depend on the type of cable. This test function

is performed by the cable electronic circuit and can be done in two ways.

The technique used will be determined by the cable cha racteristics and

system performance requirements.

The cable can be monitored continuously as illustrated in

Figure 8. Techniques such as operating the cable in a bridge circuit and

loo king for an unbalanced condition have been used (Reference 7). A

separate output signal channel is required for the cabl e integrity

informat i on .

A secon d c i rcu i t can be used w hi ch does not requi re a se para te
channel for the sensor test signal and is shown in Figure 9. The sensor

c heck i ng occurs only on command from the central processor . Al though
for a s i ngle sensor the number of data channels i n the two cases i s the
same (two), the si gnal channel used for act i vat i ng the sensor i ntegrity
circuits would be used for other sensors in the system and thus the

total number of channels is reduced . Since the sensor warning signal

17
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- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
VOUT

= +V (NORMAL)

= 0 (SENSOR SHORTED)

Figure 8. Overheat Cable Continuous Self Checking Circuit
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

= +V (NORMAL )

VOUT 
= 0 (ovERHEAT)

= 0 (CIRCUIT TEST)

Figure 9. Overheat Cable Sampling Self Check i ng C i rcu i t
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and the integrity signal are present on the same channel , the cen tral
processor must now keep track of the si gnal timing so that a false

warning is not generated from the test signal . These types of system

operation characteristics will be discussed in a later section of the

report .

2. FIRE DETECTORS

An optical type detector which detects the ultraviolet (UV), visible ,

or infrared (IR) radiation from a fl ame is a true fire detector. There

are severa l types of opti cal detectors ava i la ble . A few are illustrated
in Figure 10. These w ill be general i zed into sem i conductor types and
gas discharge (geiger-muler) tubes.

a. Semiconductor Sensor

The semiconductor detector is operated with a bias voltage that

is supplied by the sensor electronic circuit. The sensor output signal is

usuall y a low level vol tage or current w hi c h i s ampli fied by the sensor
electronics. An infrared (IR) sensor developed by the Air Force for

aircraft engine nacelle applications is described in Reference 5. Although

the sensor signal is proportional to the incident radiation , the rela ti on-
ship of the fire size or location to the incident radiation cannot usually
be determined accurately. Factors such as line-of-sight obstructions
and deposits on the sensor window and other refl ect i ve surfaces make i t
imposs ib le to pred ic t the s i ze or locat ion of a flame that is in the
opti cal f ield of view of the sensor. Usually a sensor output s ignal
w hi ch rep resents the minimum level of detect ion i s chosen as the th reshold
level . Any sensor s ignal greater than th i s minimum i s cons idered a fire
warn ing s ignal . The useful i nformation from the sensor in this app lica ti on
is thus a discrete type of signal . For sensor information of this type, the
s ignal processin g would be done by the sensor electronics and a d iscrete
signal input to the data system. The signal processing might involve

simp le DC threshold detectors , f i lter ing, or other non-con piex electronic
opera tions.

20
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1’11 1
Figure 10. Ultraviolet and Infrared Optical Type Flame Detectors

21

- - — -- —--  —-— - - . - 4 -  . ~••fi 
- - — — - - — _________ 

~~~~~~~~~~~~~~~~~~ 
—



AFAPL -TR -77 -77

One primary problem with any type of fire detector is discrimi-

nati ng a senso r s ig na l resu lti ng from a fi re from a sensor s ignal re-
sul ting from other sources (background). Some sensors are not responsive

to back ground sources or can be made insens iti ve to these back ground
sources by some s i mp le elec tron i c discrim inati on .

The use of a multiplexed data acquisition system which has

access to an a i rcra ft central processor or computer makes it poss ible to
do s ignal processin g on the sensor si gnal wh i ch wou ld be prohi bi ted on a
single sensor basis due to complex and expensive hardware requirements.

In these appli ca ti ons the sensor s i anal after ampl if ica ti on can be input
to the data system remote terminal . Mos t li kely the si gnal would be of
analog form and thus would be input through an analog—to—digital (AID)
converter. The signal transfer requirements would be greater in this

case since more data bits would be required for sufficiently transferring

the act i ve sensor waveform to the a i rcraf t computer . The s ignal sampli ng
time would depend on the frequencies in the sensor signal ; however , an
upper frequency limit of 100 Hertz would be adequate for most sensors of
this type.

The computer signal processing on the signal may involve complex
f i lter ing or waveform analys i s.

b. Gas Discharge Tube Sensor

The gas discharge tube sensor is usually an ultraviolet (UV)

detector. The sensor consists of two electrodes in a gas-filled glass

envelo pe. A UV sensor developed by the Air Force for engine nacelle

application , and i llustrated in Figure 10, i s descr ibed in Refe rence 3.
The sensor uses the photo-electric effect and gas avalanche multiplication

to generate volta ge or current pulses when UV radiation impinges upon

the sensor electrodes. A typical output pulse train generated by a

sensor and associated bias circuit is shown in Figure 11. The pulse

rate is related to the intensity of UV radiation . As with the semi-

conductor sensor , the si gnal processing can be performed by the sensor
electron ic circuit and a discrete signa l input to the data system. The

usual signal processing involves counting the pulses for a period of
time . If a threshold count rate is exceeded , a discrete s ignal can be
Input to the data system.
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If a more compl ex analysis of the pulses is required that would
best be performed by the aircraft computer , then the pulse train infor-
mation would need to be transferred on the data system. The typical

sensor signal is a pulse rate as high as 1000 pulses per second with a

pulse width of 0.75 millisecond . It should be realized that a high

data rate would be required to accomplish this task , and a large bit

capacity would be required if there were severa l sensors . A typical

engi ne nacelle installa ti on for instance may hav e up to twelve UV sensors .

-I

I.-
—J
0

(%J

100 ~i SEC 1 DIV

Figure 11. Typical UV Sensor Output Signal
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SECTION V

HAZARD CONTROL TECHNI QUES

1. PASSIVE CONTROL MEASURES

Many passive measures are p rov ided in a i rcraf t to el i mi nate or control
hazards . Venting leaking fluids or vapors is an example of a technique

used to control explosions and fires. Since passive control measures are

des igned in duri ng a i rcraft manufac ture and are in operat ion at all times ,

they do not need any activation and will not have any requirements for

the multiplex system. In a few instances , sta tus i nfo rmat ion on a pass i ve
control may be required. These would most likely be on-off type signals.

2. ACTIVE CONTROL MEASURES

Overheat conditions when detected by an overheat detector such as one

of those prev i ousl y discussed can be controlled by one of several tech-
niques. An engine nacelle overheat can sometimes be corrected by reducing

the engine thrust. Various types of bleed-air line overheat conditions

can be controlled by shutting down applicable lines and equipment. Tech-
niq ues for ex tinguishing an engi ne nacelle f i re usuall y include shut ti ng
off fuel flow to that engine.

These types of hazard control involve the operation of equipment
wh ich is under the control of other subsystems and would thus be performed
by the aircraft E-mux , A-mu x , engine control or other subsystems . These
will not be discussed further in this report.

3. MULTIPLEX SYSTEM OPERATED HAZARD CONTROL MEASURES

The most widely used hazard control measure which can be implemented

with the data acquisition system is the activation of fire extinguishing

systems and the monitoring of the extinguishing system status. This

subsystem is used exclus i vely for fire protection . A typical system is

illustrated in Figure 12, This system consists of two extinguisher

containers each of which has a status sensor (i.e., pressure switch) and

a release valve (i.e., pyroelectric). The two separate systems provide

a primary and a secondary (backup) source of fire extinguishing agent.

24
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PRIMARY
~~~~~~~~~~~~~~~~~~~~~~~ DUMP VALV E

ACTIVATION

AGENT ACTIVATION VALVE

DISCHARG E ~~~
STATUS TRANSDUCER

STATUS SIGNAL

PRIMARY
CONTAINER

SECONDARY
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ DUMP VALVE

ACTIVATION

AGENT
DISCHARGE ~~~

~~~. STATUS SIGNAL

SECONDARY
CONTAINER

Figure 12. MUX Operated Extinguishing System
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The system is used in engine nacelles , APU compartments , and other
poten tial fire zones . Al though other types of release valves and status
sen sors are used , these examples are typical.

If the fire extinguishing subsystem is not operated by a dedicated

remote t e r m i n a l , then an electronic circuit which is a part of the

extinguisher subsystem wil l  buffer the MUX Remote Terminal discrete
output signal to the release va l ve . This circuit may simply be a relay

or a sil icon controlled rectifier (SCR). If the status sensor is a
pressure swi tch , the elec tron i cs to buffer the status s ignal to the
Remote Te rmina l  would  be as illustrated in Figure 12. The s ta tus  sensor

provides two types of information . It i ndi ca tes that the release valve i s
opened . It also indicates that the system has discharged either through
malfunction of the relea se valve or a lea k i n the system. The data system
can be programmed to determine when a ma l function has occurred and
indicate a warning to the flight crew.

26
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SECTION V I

AIRCRAFT DATA SYSTEM RE QU I R E M E N T S

1 . LARGE AIRCRAFT (CARGO , TANKER)
a. Genera l Discussion

Hazard detection and control on large aircraft such as cargo and
bomber aircraft have the greatest requirement on data acquisit ion systems .
This requirement includes both the number of data inputs and outputs as
well  as the amount of programming in the central processor. These aircraft
also have some operational subsystems such as Central Integrated Test
Systems (C ITS ) that are not avai lable on smaller aircraft . The hazard
detection and control subsystem can uti l ize the CITS for testing of sensors
and indicating failures.

The example used here wil l  be a four engine aircraft. A typical
aircraft is shown in Figure 13. Cargo bay requirements wi l l  be approximately
the same for any of the aircraft of this size. Crew compartment require-
ments wi l l  also be nearly the same .

b. Engine Nacelles

As previously mentioned , fire protection in engine nacelles wil l
have the greatest requirements of the data system . Iwo nacelles can be
grouped together and integrated into one remote term inal . The remote
terminal wil l  need to be redundant to provide the high level of perfor-
mance requ i red for the engi ne nacelle protect ion system.

A typical engine nacelle of this size would require six redundant
optical fire sensors and a redundant pair of overheat detection cables. A

di scre te s ignal channel i s requi red for each sensor . Since the remote
termi nal is dedicated to the protection system , the sensor i nterfac ing
electronics can be integrated internally with the remote terminal . The

status of the interfacing electronics can be contained in the remote
termi nal BITE s ignal . The sensors also requi re a tes t s ignal for
chec ki ng sensor integri ty although one test s ignal can be used for all
the sensors in the nacelle. An extinguishing system with a primary and

reserve ca pabil ity such as previously descr ib ed w i ll also be included
in the engine nacelle protection system .

27
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c. Auxil iary Power Unit Compartments

Auxil iary Power Unit (APU) compartments can be protected from
fire and overheat by one of two techniques. The technique used is
usually determined by the location of the APU and other physical condit ions.

Sometimes if the APU is located near an engine nacelle , the

detection and extinguishing is provided as a part of the adjacent engine

nacelle protection system . In this application the system does not
determine in which compartment the hazard exists and both compartments

are treated as one .

The system illustrated in Figure 13 , however , is a separate

system for an APU compartment. Since the compartment is smaller than an

engine nacelle , a fewer number of fire detectors are required. The

example shows three dual fire detectors and a redundant overheat cable.

Operation of this system is nearly identical to the engine nacelle
system and includes a dual capability extinguishing system .

It should be noted here that the extinguishing agent storage

container may be common with one for an engine nacelle or other dry bay

compartment. Several larger conta iners and assoc i ated i ns trumentati on
may be less expensive than many more smaller containers . Discharge of
the agent into a specific compartment can be controlled by activation of

specific control valves. Again , the choice of system will be determined

by the type of system and the specific operational requirements . The
data ac qui s iti on system requ i rements w i ll be nearl y the same for any of
the systems.

d. Dry Bays

Dry bay hazard protection is the most non-standard type of
protect ion in the a i rcraft and i s thus the most diffi cul t to charac ter i ze .

It is highly aircraft dependent. Passive protection such as explosion

prevention foams will not be considered in this discussion. Basically,

two primary types of hazards can ex ist i n dry bays . Ex p los i ons ca n occu r

i f vapors collect i n a close d bay . Fires can occur from the ig niti on of
fuel or hydraulic fluids which leak into closed or vented compartments.
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Explosion protection involves detection of the explosion in the
first few milliseconds and injecting a suppression agent into the com-

partment prior to the time that the explosio overpressure reaches a

critical value. The explosion can be detected by a fast infrared or

ultraviolet detector. The suppression agent is usually injected under
pressure within a few milliseconds following detection . Due to the short

t ime  i n v o l v e d , it is not practical to send the sensor signal through the
data acquisition system . It is actually not necessary since activation
of the suppression system is automatic and does not require any computer-

like operations on the sensor information . The detector can , however ,

input sensor status information into the data system . This can provide pilot

warning that the system has activated. The suppression system container

status can likewise be input to the data system .

Fuel tank explosion suppression systems wil l  be similar. Another
possible application of ex p losion su pp ress ion systems are fuel system
external vent lines. Several explosion systems and data acquisition

system requirements are s hown in Fig ure 13. As previously mentioned , the

actual requirements for any particular aircraft will vary widely.

Concentra t ions  of explosive vapors can be detected by vapor
detectors and provide early warning of this hazard . Although several
types of sensors are ava ilable for development into aircraft systems,

there are no systems presently available. The many possible types can be

categorized into two classes of output signals.

The simplest signal from a vapor detector is a discrete type of
signal. Handling of this signal is the same as any other discrete signal .

Most likely the vapor detector output signal wi l l  be of analo g form.

On many systems , al titude compensat ion mus t also be performed on the
signal before vapor concentration can be determined . Thi s  type of

operation can easil y be performed by the central processor , s ince aircraf t
alt itude is known and a signal proportior~al to it is available in the

a i rcraf t computer . The analo g s ignal woul d thus need to be input to the
data system . The sensor signal very likely would be a mill ivolt or low
level voltage si gnal . Norma l sampli ng t imes woul d be adequate for thi s
sensor signal.
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Crew warning would usually only be given if the vapor concentration
is above a predetermined threshold level ; howeve r, actual vapor concen-

trations could be displayed if required for certain appl icat ions.

e. Cargo Bays

Hazard protection in cargo bays can involve any of the previously
discussed fire , ex p los i on , and vapor detectors and any of the extinguishing

systems . Typical sensors and signal requirements are il lustrated in
Figure 13.

An additional type of sensor used in cargo bay applications is a

smoke detector which is also known as an early warning fire detector. The
signal requirements for this type of detector can va ry widely. If the
sensor is self-contained , then usually a discrete signal wi l l  be input to
the data acquisition system. If the actual smoke (particle) concentration
is measured and displayed , then an analog signal would be used in the signal
transfer. Norma l signal sampling would be adequate for this system .

Cargo bays also include special weapons bays on certain aircraft.
Although some unique hazards may exist , the discussion of cargo bays wi l l
apply in most cases.

f. Wheel Well Compartments

Hazard protection in wheel well compartments may i nclu de over hea t
detectors or fire detectors and an extinguishing system . Typical data

system requirements are illustrated in Figure 13.

g. Crew Compartments

Crew compartment hazard protection can invol ve fire detection ,
smoke detect ion , and extinguishing systems . Typi cal sensor requi rements
are shown in Figure 13.

h. Requi red System Ca pac i ties

Table 2 summarizes the data system capacities requ i red for a

large aircraft . It should be realized that many aircraft wil l not have
hazard protection in all areas discussed . Engine nacelles and APU
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compartments w i ll always have some degree of protec ti on. Hazar d protec ti on
in other areas will depend on the specific system . The information in

Table 2 can thus be considered to represent the maximum capability .

TABLE 2

SUMMARY OF LARGE AIRCRA FT HAZARD PROTECTION

M U L T I P L E X  SIGNALS TOTAL
LOCATION /TYPE PER LOCATION NO. OF 

________ _________

____________________ 
INPUT OUTPUT LOCATIONS INPUT OUTPUT

ENGINE NACELLE

6 Dual Optical 12 1 48 4
2 Overheat 2 -- 4 8 -—
2 Extinguisher 2 2 8 8

A U X I L I A R Y  POWER UNIT

3 Dual Optical 6 1 12 2
2 Overheat  2 -- 2 4 --
2 Extinguisher 2 2 4 4

EXPLOSION DETECTION

Fuel Vents 1 -- 2 2 --
Dry Bays 1 -- 4 4 --

VAPOR DETECTION 1* 1 10 10* 10

SMOKE DETECTION 1 1 6 6 6

TEMPERATURE SENSOR 1* 1 14 14* 14

__________________ __________ 

TOTAL 120 48
*May require analog or digital input.

2. SMALL AIRCRAFT (FIGHTER)

Hazard detection in small aircraft such as fighter or close air
support is usually limited because of we ight and cost cons idera t i ons .
This class of aircraft does not presently have on-board multiplexed data
acquisition systems . Future aircraft wi ll , however , incorporate data
acquisition systems . Small aircraft will have hazard protection in
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engine nacelles and APU compartments. Other aircraft compartments ari~
usually not provided with the active-type systems . A specialized

application may occasional ly occur. These special requirements w i l l
only have minimum impact on a data acquisi t ion system .

An example of a special application is a dry bay adjacent to a ~u f l
tank where fire or explosion detection is required . Other appl icat ions
such as vapor detection in a gun compartment may ex is t .  Table 3 sum-

marizes the data system capacities required for this vehicle class.

TABLE 3

SUMMARY OF SMALL AIRCRAFT HAZARD PROTECTION

LOCATION /TYPE M U L T I P L E X  SIGNALS NO. OF TOTAL
________ ________ 

LOCAT ION S 
_______ _________

INPUT OUTPUT INPUT OUTP UT

ENGINE NACELLE
6 Dual Optica l 12 1 24 2
2 Over heat 2 -- 2 4 --
2 Extingui sher 2 2 4 4

A U X I L I A R Y  POWER U N I T
3 Dua l Optical 6 1 6
2 Overheat 2 -- 1 2 --
2 Extin guisher 2 2 2 2

EXPLOSION DETECTION
Fuel Vents 1 -— 2 2 --
Dry Bays 1 -- 2 2 --

VAPOR DETECTION 1* 1 5 5* 5

SMOKE DETECTION 1 1 2 2 2

TEMPERATURE SEN SOR 1* 1 8 8* 8

TOTAL 61 24

*May require analog or digital input.
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SECTION V I I

LABORATORY BREADBOARD SYSTEM

1. GENERAL DESCRIPTION

A breaaboard system was fabricated to demonstrate the techniques used
for a mu1t i~ lexed hazard protection system . The system utilizes an

off - the-shel f  mult iplexed data acquisition system which i s known as
SOSTEL II (Solid State Electrical Logic). This data system is a

set ind generation system developed for aircraft electrical load switching

and control.  Severa l types of sensors were interfaced with the data

system . No attempt was made to miniturize the interfacing electronics

and several sensors were used with their standard aircraft electronic

boxes -

The actual operational characteristics of a future aircraft system
will differ from this breadboard system because the data system opera-

ti ona l chara cter i s ti cs have changed s ince the SOSTEL II system was
developed. The data system operation has been standardized by MIL-STD-1553A

(Reference 12). These changes relate mostly to data word format and
transfer characteristics which do not directly influence the hazard

protection subsystem operation .

2. HARDWARE

The SOSTEL II data acquisition system components are shown in  F igure  14.

The system cons i sts of a Central Processor , a Remote Output Term i nal ,
and three Remote Input Term inals . The Central Processor , which is

referred to as the Master Unit (MU), con ta in s  a programmable memory that

i s programmed to solve the system logi c equati ons and also to con trol
the system operation. The Remote Output Terminal (ROT) is used to

ac ti vate hazar d supp ress ion dev ices and to operate the crew di sp lay and
maintenance display . The Remote Input Terminals (RIT ’ s) are used to
i n p u t  the sensor signals and crew activated signals to the data system.

The data system with ground support hardware is shown in Figure 15. The

MU memory programmer is located on the left table. The data line
diagnostic unit is positioned above the programmer. This device provides
a display of data words on the multiplexed data line and is used for
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checkout of the system . The hazard sensors are located on the center

table. The table on the right contains the sensor electronics , data
system , and the display units.

As previously indicated , the engi ne nacelle appli ca ti on i s the mos t
comp lex i n terms of the number of sensors and logi c equati on solu ti ons .
An eng ine nacelle sensor simulator , which is shown in Figure 16 , was

used to study the characteristics of redundant sensors and self testing.
Actual sensors were later operated with the system as shown in Figure 17.
The sensor simulator permits entering either a normal condition , hazard
condition , or a failed sensor condition into the data acquisition system
for eac h of the twe lve fi re detectors and four overheat detectors . In
addition , other inputs from the engine nacelle protection system such as
the extinguishing system status can be input into the data system with
additional switches. The simulator also contains lights which indicate
the switch positions (sensor condition ).

The logic equations for var ious types of redundancy were checked by
us ing the sensor simulator. Logic equations such as those used in the

integrated system concept (Reference ) were studied . The simulator ,
however , onl y considers the steady-state conditions and thus does not
consider the timing of the signals. Even though the steady-state logic
equati ons are val id , several problems were encountered when the actual

sensors were utilized . The most significant problems developed with

sensor self- testing delays occur from the time the test signal is
activated by the Master Unit until the time the response signal from the
sensor electronics is received back at the MU. The delays are caused by
signal processing such as signal averaging and pulse counting . These
delays w l l  vary with different types of sensors and circuits. These
time delays need to be incorporated in the logic equations to al low for
the actual delays in the signals. T ime delays were di ff icul t to generate
with the Master Unit in the SOSTEL II system. Completely successful

operation of the system was not obtained in a dynamic self test mode .
Occasional random false signals occurred which were most likely caused
by timing problems in the processor of the Master Unit. Present day data
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acquisition systems which conform to the MIL-STD-l553A data format can

generate time delays and thus this type of problem will not be significant

in future systems applications.

Another problem experienced with the SOSTEL II ha rdwa re which again
wi l l  not be significant with the newer data systems is the programming of
the computer memory . The SOSTEL II system used on this effort requires

programing at the machine level  and this means writing a program state-

ment for each operation of the processor in solving a Boulean expression.

In addition to the large number of program steps , no diagnostic programs

were available for debugging the program. When a program did not cor-

rectly operate it was not easy to determine if the error was a software
(program) error or a malfunction of the hardware . This problem is

elimi nated in newer data systems by the utilization of a High Order

Language (HOL) for programming, and the sophisticated diagnostic sub-

routines available provide the programmer a rapid means of identif ying and

correct i ng program errors . The central p rocessor of newer data systems
provide a much greater amount of built -in test (BITE) so that hardware

malfunc tions are easy to identify and correct.

3. SCHEMATICS

The schematic diagrams of the hardware fabricated in the breadboard
system shown in Figure 1 7 are presented i n t hi s sect i on . The schema ti cs
and wiring lists serve primarily as documentation of the fabricated

hardware . The schematics are not presen ted w i th a ma i ntenance manua l

objective . Voltages and other circuit details required for a full
maintenance document are omitted . Since no additi onal wor k i s p lanne d on
thi s spec i f ic hardware , a detailed system description is not justified .
All documentat ion spec i fic to the data system i s omitted because t hi s
type of hardware for aircraft use has changed .
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LOOP lB LOOP IA

FAILURE SIWJLATOR SWITCHES

BREADBOARD UNIT
flT] 12 L~1 L~J CONNECTOR K

TEST INITIATION 

1115338 
115V 400 Hz 

1115338 

~~ 1K

- 

I BREADBOARD UNIT
L4J RIGH T FRONT PATCH PANEL, ROW 12

BREADBOARD UNIT
16 L

~
J CONNECTOR .1

r L ,  MUX TERMINAL RIT #218 Li(. J CONN ECTOR C

~ FIE’[] DATA SYSTEM

Figure 18. Overhea t Sensors i A and lB W ir ing
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OVERHEAT SENSOR - BREADBOARD UNIT
Lii.i CONNECTO R K

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ BREADBOAR D UNIT
__ J  CONNECTOR K

OVERHEAT SENSOR
________________ BREADBOARD UNIT

CONNECTOR K

— BREADBOA IW UNIT
CONNECTOR K

r rr ’ BREADBOARD UNIT
CONNECTOR KMAIN EXT. STATUS SWITCH

- BREADBOARD UNITLTLJ CONNECTOR KRESERVE EXT . STATUS SWITCH

_____________________ 
BREADBOARD UNIT[]i1 CONNECTOR K

Figure 19. Overheat Sensor Wiring on Engine Simulator
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SENSOR LOCATED ON
SENSOR SENSOR ENGINE SIMULATO R UNIT

lÀ 

_ _ _ _ _  

lB 
1

~  1 i BREADBOARD UNIT
lJ L 5 2 1 CONNECTOR L

BREADBOARD UNIT

_____ 

E~J I RIGHT PATCH PAN EL , ROW 1 & 2

[41] L ,~~~ BREADBOARD UNIT
I t I

CARD MODUL E NR. 6

LT’~
T ‘- - -L l41

BREADBOARD UNIT
RIGHT PATCH PANEL , ROW 1 & 2

r c J 
BREADBOARD UNIT
RIGHT PATCH PANEL , ROW 5 & 6

L~J
i BREADBOARD UNIT

• CARD MODULE NR. 8
rho I

_____I RIGHT PATCH PANEL , ROW 5 & 6_____ 
F BREADBOARD UNIT

F BREADBOARD UNIT
— RIGHT PATCH PANEL , ROW 12

L BREADBOARD UNIT
_____ CONNECTOR J

1 MUX TERMINAL RIT #2L
1
71 -J--

~ 
CONNECTOR C

w-I I 
[ ~~ 

1 DATA SYSTEM

L B-9 j WORD ~~~ BIT

Figure  20. Fire Sensors lA and lB Wiring
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SENSOR SENSOR SENSOR LO CATED ON
ENGINE SIMULATOR UNIT

_ _ _ _ _ _ _  
1 6  2 1

2A 2B
L~

5

_ _ _  
L 3 1 L~~~ 

4~~~BREADBOARD UNIT
_____ CONNECTOR L

BREADBOARD UNIT

_____ 

L~~ ~~~~ RIGRT PATCH PANEL, ROW 1 & 2

• °  [ 1 10] [21 1  [11 1
S _____ - 

BREADBOARD UNIT
I CARD MODUL E NR. 6

5- 15 55 .
j 16

BREADBOARD UNIT1. ~~~~ -
~~~~i RIGHT PATCH PANEL, ROW 1 & 2

BREADBOARD UNIT

E~—:1] 
RIGHT PATCH PANEL , ROW 5 & 6

BREADBOARD UNITI I

_____ 
CARD MODULE NR. 8

fliT] [
~~i

BREADBOARD UNIT
RIGHT PATCH PANEl , ROW 5 & 6

rG BREADBOARD UNIT
RIGHT PATCH PANEL, ROW 12

BREADBOARD UNIT
CONNECTOR J

_ 

I Mlix TERMINAL RIT #2I L)(LJ CONNECTOR C

I w-~ I ri_u DATA SYSTEM
B-h O j [~~ -l l  J WORD AND BIT

Figure 21. Fire Sensors 2A and 2B Wiring
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Figure 22. Breadboard Unit Module No. 6, UV Sensor Bias Electron ics
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FIGURE 23 CONTINUED

INTEGRATED CIRCUIT NOMENCLATURE

I. C. NO. TYPE

1 NE555V
7 5404
4, 16 5474
5, 11 54193
17 , 23 54193
6 , 12 , 18 , 24 LM111D

PULSE COUNT SELECTOR

Jumpers Determine Pu lse Count

JUMPER BCD COUNT

1—16 1
2—15 2 CHANNEL A3—14 4
4—13 8
5— 12 1
6—11 2 CHANNEL B
7—10 4
8—9 8

TIME BASE RESISTOR

Rt = 3 meg for T = 0.5 sec
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SENSOR I r SENSOR I SENSOR LOCATED ON
ENGINE SIMULATOR UNITB

~~~~~~~~ 

_ I
BREADBOARD UNIT

_____ _____ CONNECTOR L

~~ I ~ ~~~I LEFT PATCH PANEL, ROW 15 & 16
BREADBOARD UNIT

BREADBOARD UNITI 
CARD MODULE NR. 5

i t2~ 
BREADBOARD UNIT

F L~~~~~ LEFT PATCH PANEL , ROW 15 & 16

~~I] 

_

BREADBOARD UNITL~ RIGHT PATCH PANEL, ROW 3 & 4

UNIT
CARD MODULE NR. 7

BREADBOARD UNITTo ’ T 

Lf H RIGHT PATCH PANEL, ROW 3 & 4

[ J BREADBOARD UNITRIGHT PATCH PANEL, ROW 12

- 

10 1 BREADBOARD UNIT
CONNECTOR J

MUX TERMINAL RIT #2L~1 J L~
f 

. CONNECTOR C

W-1 1 DATA SYSTEM
B-12 [ 8-13 WORD AND BITt W-1 — I

Figure 24. Fire Sensors 3A and 3B Wiring
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FIGURE 26 CONTINUED

INTEGRATED CIRCUIT NOMENCLATURE

I. C. NO. TYPE

1 NE 555V
3, 15 5474
4 , 10, 16 , 22 5485
5, 11, 17, 23 5493
6 , 12 , 18 , 24 LM111D
7 5404

TIME BASE RESiSTOR

R t = 5 meg for T = 0.5 sec

PULSE COUNT SELECTOR

JTJ!.~p~~ BCD COUNT

CHANNEL A

6~-11 CHANNEL B
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r SENSOR 4A 

~~ 

{ SENSOR 4B

B A C D  D_C_A B

C E~~~~I

J I
~~~~~~~~ ~~~fE~~C~~ K

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~ BREAD BOARD UNIT
S RIGHT FRONT PATCH PANEL. ROW 12

BREADBOARD UNIT
- - CONNECTOR J

MDX TERMINAL AlT NO. 2

w-i W-2 DATA SYSTEM
B-16 B-i WORD AND BIT

Figure 27. Fire Sensors 4A and 4B Wiring
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SENSOR TEST SOURCE[
~

] ON ENGINE SIMULATOR UNIT

CONNECTOR L

RELAY IN
28 V BREADBOARD UNIT

TEST 1 K  ,
/

5S5~5-

INITIATION ~

• r— ~~~~ 1 BREADBOARD UNITF L~i—1 i M 
fl

LE1I-T PATCH PANEL , ROW 1

K I I BREADBOARD UNIT—
~~~ -—-~~~LEFT PATCH PANEL , ROW 1

TEST LAMP
SOURCE

Figure 28. Test Source lA and lB Wiring
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I 2A SENSOR TEST SOURCE

3 ~ ] ON ENGINE SIMULATOR UNIT

[ 1 8  I CONNECTOR L
BREADBOARD UN IT

RELAY IN

~~~ 
BREADBOARD UNIT

TEST 1 K
INITIATION

BREADBOARD UNIT
_____ 

LEFT PATCH- PANEL , ROW 1

~~~~~~~~~~~~~~~~~~~~~~~~~ BREADBOARD UNIT
LEFT PATCH PANEL , ROW 16

Figure 29. Test Source 2A and 2B Wiring

54

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~ %~ q~~~~~~~~~~~~~ s*~~~~~~~~~ 5 - -—~



AFAPL -TR-7 7-77

RCE ON ENGINE

o-

~~~

I

~~~~~ 

RELAY IN
BREADBOARD UNIT

1 K
TEST

INITIATION

BREADBOARD UNIT
LEFT PATCH PANEL , ROW 15—16

Figure 30. Test Source 3A and 3B Wiring
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—0

—0

—0

28 VOC

5. 1 
BREADBOARD UNIT

1115338 CONNECTOR K

Figure 31. Misce llaneous Circuits
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EXTINGUISHI NG
SYSTEM

R L

~~~~

i

~~~

O5

~~~~~~~YRT _

28 VDC

= VRT System Pressurized

V~ = 0 System Not Pressurized

= Data System “High” Input Signal

Figure 32. Typi cal Ext inguish i ng Conta iner Trans ducer
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TABLE 4

CONNECTOR CABLE PLUG AND RECEPTACLE TY PE S

Connector Cable Plug Type Receptacle

A Deutch RTK 06—l8—85S Deutch 47O12—18—85P

B Deutch RTK 06—18—85S Deutch 47O12—18—85P

C Deutch RTK O6—1 8—85S Deutch 47012—1 8—85P

D Amphenol 348—46E—37S1 Amphenol M8151l/01E14—37Pl

E Amphenol 348—46E—37Pl Amphenol M815ll/01E14—37S1

F Amphenol 348—46E—37Sl Amphenol M81511/O1E14—38P1

C M524266R —1 6T— 24SN M S24265 — R—1 6T—24P

H MS24266R— 16T—24SN MS24265—R—l6T — 24P

I MS24266R— 16T—24SN M S24265 — R— 16T— 24P

J MS24266R—l6T—24SN MS24265—R—16T—24P

K Amphenol 348—46E—l4—37S1 Ainphenol M81511/O1E14—37P1

L Ainphenol 348—46E—l4—37S1 Amphenol M81511/01E14—37P1
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TABLE 5

WIRING LIST : CONNECTOR A , M U L T I P L E X  SYSTEM REMOTE OUTPUT T E R M I N A L

Pin Number Signal Type and Application

1 Crew Readout: Engine—l Fire Lamp
2 Crew Readout: Engine— i Fail Lamp
3 Crew Readout: Engine—i Primary Ext Lamp
4 Crew Readout : Engine—l Secondary Ext Lamp
5 Crew Readout: APU—L Fire Lamp
6 Crew Readout: APU—L Fail Lamp
7 Crew Readout: APU—L Primary Ext Lamp
8 Crew Readout: APU—L Secondary Ext Lamp
9 Crew Readout: Forward Avionics Bay Fire Lamp
10 Crew Readout: Forward Avionics Bay Fail Lamp
1]. Crew Readout: Forward Avionics Bay Extinguisher Lamp
12 Crew Readou t: Engine 1. Overheat Warning Lamp
13 Crew Readout : Engine 1 Overhea t Fail Lamp
14 Crew Readou t: Sys tem in Operation Lamp
is
16 Engine Simulator : Left Engine Fire Sensor IA Lamp
17 Engine Simulator: Lef t Engine Fire Sensor lB Lamp
18 Engine Simula tor: Lef t Engine Fire Sensor 2A Lamp
19 Engine Simula tor : Left Engine Fire Sensor 2B Lamp
20 Engine Simulator : Left Engine Fire Sensor 3A Lamp
21 Engine Simulator : Left Engine Fire Sensor 3B Lamp
22 Engine Simulator : Left Engine Fire Sensor 4A Lamp
23 Engine Simu la tor: Lef t Engine Fire Sensor 43 Lamp
24 Engine Simulator : Overheat Sensor 2 Lamp
25 Engine Simula tor: Overheat Sensor 3 Lamp
26 Engine Simulator : Overheat Sensor 4 Lamp
27 Breadboard Uni t Sensor Tes t Source Driver
28 Engine Simulator : Left Engine Primary Ext Lamp
29 Engine Simulator : Left Engine Secondary Ext Lamp
30 Engine Simulator : Lef t Engine Overheat Sensor IA Lamp
31 Engine Simulator : Left Engine Overheat Sensor lB Lamp
32 Sensor Fault Indicator : Left Engine Fire Sensor 1A Fail Lamp
33 Sensor Fault Indicator: Left Engine Fire Sensor lB Fail Lamp
34 Sensor Fault Indicator : Left Engine Fire Sensor 2A Fail Lamp
35 Sensor Fault Indicator : Left Engine Fire Sensor 2B Fail Lamp
36 Sensor Fault Indicator : Left Engine Fire Sensor 3A Fail Lamp
37 Sensor Fault Indicator : Left Engine Fire Sensor 3B Fail Lamp
38 Sensor Fault Indicator : Left Engine Fire Sensor 4A Fail Lamp
39 Sensor Fault Indicator : Lef t Engine Fire Sensor 4B Fail Lamp
40 Sensor Fault Indicator : Left Engine Fire Sensor 5A Fail Lamp
41 Sensor Fault Indicator : Left Engine Fire Sensor 5B Fail Lamp
42 Sensor Fault Indicator : Lef t Engine Fire Sensor 6A Fail Lamp
43 Sensor Fault Indicator : Left Engine Fire Sensor 6B Fail Lamp
44 Sensor Fault Indicator : Left Engine Overhea t Sensor lÀ Fail Lamp
45 Sensor Fault Indicator : Le ft Engine Overheat Sensor lB Fail Lamp
46 Sensor Fault Indicator : APU—L Fire Sensor 1A Fail Lam p
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TABLE 5 (CONTINuED)

WIRING LIST : CONNECTOR A , MULTIPLEX SY STEM REMOTE OUTPUT TERMINAL

Pin Number Signal Type and Application

47 Sensor Fault Indicator: APU—L Fire Sensor IA Fail Lamp
48 Sensor Fault Ind icator: Righ t Engine Fire Sensor lA Fail Lamp
49 Sensor Fault Indicator : Right Engine Fire Sensor lB Fail Lamp
50 Sensor Fault Indica tor: Righ t Engine Fire Sensor 2A Fail Lamp
51 Sensor Fault Indicator : Right Engine Fire Sensor 2B Fail Lamp
52 Sensor Fault Indicator : Righ t Engine Fire Sensor 3A Fail Lamp
53 Sensor Fault Indicator: Righ t Eng ine Fire Sensor 33 Fail Lamp
54 Sensor Fault Indicator : Right Engine Fire Sensor 4A Fail Lamp
55 Sensor Fault Indica tor: Righ t Engine Fire Sensor 4B Fail Lamp
56 Sensor Fault Indicator : Righ t Engine Fire Sensor 5A Fail Lamp
57 Sensor Fault Indica tor : Righ t Engine Fire Sensor 5B Fail Lamp
58 Sensor Fault Indica tor: Righ t Engine Fire Sensor 6A Fail Lamp
59 Sensor Fault Indicator: Righ t Engine Fire Sensor 6B Fail Lamp
60 Sensor Fault Indica tor: Righ t Engine Overhea t S ensor lA Fail Lamp
61 Sensor Fault Indicator : Right Engine Overheat Sensor lB Fail Lamp
62 Sensor Fault Indicator : APU—R Fir e Sensor IA Fail Lamp
63 Sensor Fault Indicator : APU—R Fire Sensor lB Fail Lamp
64 Mux Bite Input
65 Mux Bite Output
72 Plug Code Input
76 Plug Code Output
80 Sensor Faul t Indica tor Ground
81 Ground Reference for  Eng ine Simulator
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TABLE 6

WIRING LIST : CONNECTOR B, MULTIPLEX SYSTEM REMOTE INPUT TERMINAL NO. 1

Pin Number Signal Type and Applicat ion

1 Engin e 1 Primary Extinguisher Switch Input
2 Engine 1 Secondary Extinguisher Switch Input
3 APIJ—L Primary Extinguisher Switch Input
4 APU—L Secondary Extinguisher Switch Input
5 Forward Avionics Bay Ext inguisher Switch Input
6 Engine 2 Primary Extinguisher Switch Input
7 Engine 2 Seconda ry Extinguisher Switch Input
8 APT Avionics Bay Extinguisher Switch Input
9 Weapons Bay Primary Extinguisher Switch Input

10 Weapons Bay Seconda ry Exting uisher Switch Input
11 APU—R Prima ry Exting uisher Switch Input
12 AP U—L Secondary Extinguisher Switch Input
13 Engine 3 Primary Exting uisher Switch Input
14

I Not Used
63
64 Mux Bite Input
65 Mux Bite Output
72 Plug Code Input
76 Plug Code Output
77 Crew Readout Signal Groun d (Reference)
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TABLE 7

WIRING LIST : CONNECTOR D, CREW READOUT

P in Number Signal Type Readout Designa t ion

1 Lamp En gine—i , Fi r e
2 Lamp Engine —i , Fail
3 Lamp Engine- i , Exti ng & P
4 Lamp Engine 1, S
5 Lamp APU— L , Fire
6 Lamp APU—L , Fail
7 Lamp APU—L , Exting & P
8 Lamp APU—L , S
9 Lamp AV—FW D , Fir e

10 Lamp AV— FWD , Fail
ii Lamp AV—FW D , Exti ng & Disc
12 Lamp Eng ine—i , OHEAT
13 Lamp Engine —i , OHEAT Fai l
14 Lamp System in Operation
15 Groun d
16 Ground
17 28 Volt DC Input Power
18 Ground
19 Switch Engine— l, P
20 Switch Engine —i , S
21 Switch APU—L , P
22 Switch APU—L , S
23 Switch AV-FWD , EXT ACT
24 Switch Engin e— 2 , P
25 Switch Engine —2 , S
26 Switch AV-AFT , EXT ACT
27 Switch WPN— l , P
28 Switch WPN— 1, S
29 Switch APU—R , P
30 Switch APU—R , S
31 Switch Engine — 3 , P
32 Switch Engine— 3 , S
33 Switch Engine— 4 , P
34 Switch Engine— 4 , S

- 35 Lamp En gine-2 , Fire
36 Lamp Engine— 2 , Fail
37 Lamp Engine— 2 , Exting & P
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TABLE 8

WIRING LIST: CONNECTOR E, CREW READOUT

Pin Number Signa~~Ty~~ Readout Designation

1 Lamp Engin~—2 , S
2 Lamp APU—R , Fire
3 Lamp APU—R , Pail
4 Lamp AP U—R , Exting & P
5 Lamp APU—R , S
6 Lamp Engine—3 , Fir e
7 Lamp Engine —3 , Fail
8 Lamp Engine—3 , Exti ng & P
9 Lamp Engine—3 , S

10 Lamp Engine—4 , Fire
11 Lamp Engine— 4 , Fail
12 Lamp Eng ine—4 , Exti ng & P
13 Lamp Eng ine— 4 , S
14 Lamp AV—AFT , Fire
15 Lamp AV—AF T , Fail
16 Lamp Ay—AFT , Exting & Disc
17 Lamp WPN—l , Fir e
18 Lamp WPN—i, Fail
19 Lamp WP N— 1, Exti ng & P
20 Lamp WPN—l , S
21 Lamp WP N—2 , Fire
22 Lamp WPN— 2 , Pail
23 Lamp WPN—2 , Exting & P
24 Lamp WPN— 2 , S
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TABLE 9

W I R I N G  LIST: CONNECTOR F , SENSOR FAULT INDICATOR UNIT

Pin Number Signal Type and Application

1 Engine 1 Fire Sensor lÀ Fail Signal Input
2 Engine 1 Fire Sensor lB Fail Signal Input
3 Engine 1 Fire Sensor 2A Fail Signal Input
4 Engine 1 Fire Sensor 2B Fail Signal Input
5 Engine 1 Fire Sensor 3A Fail Signal Input
6 Engine 1 Fir e Sensor 33 Fail Signa l Input
7 Engine 1 Fire Sensor 4A Fail Signal Input
8 Engine 1 Fire Sensor 4B Fail Signal Input
9 Engine 1 Fire Sensor 5A Fail Signa l Input

10 Eng ine 1 Fire Sensor SB Fail Signa l Input
11 Engine 1 Fire Sensor 6A Fail Signal Input
12 Engine 1 Fire Sensor 6B Fail Signa l Input
13 Engine 1 Overheat Sensor l5A Fail Signal Input
14 Engine 1 Overhea t Sensor lB Fail S
15 APU—L Fire Sensor IA Fail Signal Input
16 APU—L Fire Sensor lB Pail Signal Input
17 Eng ine 2 Fire Sensor IA Fail Signal Input
18 Eng ine 2 Fire Sensor lB Fail Signal Input
19 Engine 2 Fire Sensor 2A Fail Signal Input
20 Engine 2 Fire Sensor 2B Fail Signal Input
21 Engine 2 Fire Sensor 3A Fail Si gna l Input
22 Engine 2 Fire Sensor 3B Fail Signal Input
23 Engine 2 Fire Sensor 4A Fail Signal Input
24 Engine 2 Fire Sensor 4B Fail Signal Input
25 Eng ine 2 Fire Sensor 5A Fail Signal Input
26 Engine 2 Fire Sensor 5B Fail Signal Input
27 Engine 2 Fire Sensor 6A Fail Signal Input
28 Engine 2 Fire Sensor 6B Fail Signal Inpu t
29 Engine 2 Overheat Sensor lÀ Fail Signal Input
30 Engine 2 Overheat Sensor lB Fail Signal Input
31 APU— R Fire Sensor IA Fail Signal Input
32 APU—R Fire Sensor lB Fail Signal Input
33 Signal Ground (Mu x Reference )
34 Power Ground (28 Volt Line)
35 28 Volt DC Powe r Input

Not Used
Not Used

64



AFAPL -TR-77 -77

TABLE 10

WIRING LIST: CONNECTOR G , MA iNTENANCE WARNING UNIT

Pin Number Signal Type and Application

1 Engine 1 Fire Sensor IA Fail Signal Output
2 Engine 1 Fire Sensor 13 Fail Signal Output
3 Engine 1 Fire Sensor 2A Fail Signal Outpu t
4 Engine 1 Fire Sensor 2B Fail Signal Output
5 Engine 1 Fire Sensor 3A Fail Signal Output
6 Engine 1 Fire Sensor 3B Fail Signal Output
7 Engine 1 Fire Sensor 4A Fail Signal Output
8 Engine 1 Fire Sensor 43 Fail Signal Output
9 Engine 1 Fire Sensor 5A Fail Signal Output

10 Engine 1 Fire Sensor SB Fail Si gnal Output
11 Engine 1 Fire Sensor 6A Fail Signal Output
12 Engine i Fire Sensor 6B Fail Si gna l Ou tput
13 Engine 1 Overheat Sensor lÀ Fail Signal Output
14 Engine 1 Overheat Sensor lB Fail Signal Output
15 APU—L Fire Sensor lÀ Fail Signal Output
16 APU—L Fire Sensor lB Fail Signal Output
17 Engine 2 Fire Sensor lÀ Fail Signal Output
18 Engine 2 Fire Sensor lB Fail Signal Outpu t
19 Engine 2 Fire Sensor 2A Fail Signal Output
20 Engine 2 Fire Sensor 2B Fail Signal Output
21 Engine 2 Fire Sensor 3A Fail Signal Output
22 Engine 2 Fire Sensor 33 Fail Signal Output
23 Engine 2 Fire Sensor 4A Pail Signal Output
24 Engine 2 Fire Sensor 4B Fail Signal Output
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TABLE 11

WIRIN G LIST : CONNECTOR H, ENG INE SIMULATOR UNIT

Pin Number Signal Type and Application

1 Engine 1 Fire Sensor lÀ Fail Signal Input
2 Engine 1 Fire Sensor lB Fail Signal Input
3 Engine 1 Fire Sensor 2A Fail Signal Inpu t
4 Engine 1 Fire Sensor 2B Fail Signal Inpu t
5 Engine 1 Fire Sensor 3A Fail Signal Input
6 Engine 1 Fire Sensor 3B Fail Signal Input
7 Engine 1 Fire Sensor 4A Fail Signal Input
8 Engine 1 Fire Sensor 4B Fail Signal Input
9 Engine 1 Fire Sensor 5A Fail Signal Input

10 Engine 1 Fire Sensor 5B Fail Signal Input
11 Engine 1 Fire Sensor 6A Fail Signal Input
12 Engine 1 Fire Sensor 6B Fail Signal Input
13 Engine 1 Overheat Sensor lA Fail Signal Input
14 Engine 1 Overheat Sensor lB Fail Signa l Input
15 APU—L Fire Sensor lÀ Fail Signal Input
16 AP1~—L fire Sensor lB Fail Signal Input
17 Engine 2 Fire Sensor 1A Faii Signal Input
18 Engine 2 Fire Sensor lB Fail Signal Input
19 Engine 2 Fire Sensor 2A Fail Signal Inpu t
20 Engine 2 Fire Sensor 23 Fail Signal Input
21 Engine 2 Fire Sensor 3A Fail Signal Inpu t
22 Engine 2 Fire Sensor 3B Fail Signal Input
23 Engine 2 Fire Sensor 4A Fail Signal Input
24 Engine 2 Fire Sensor 4B Fail Signa l Inpu t
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TABLE 12

W I R I N G  LIST : CONNECTOR I , ENGINE SIMULATOR UNIT

Pin Number Signal Type and Application

1 Lef t Engine Fire Sensor lÀ Lamp
2 Lef t Engine Fire Sensor lB Lamp
3 Lef t Engine Fire Sensor 2A Lamp
4 Left Engine Fire Sensor 2B Lamp
5 Lef t Engine Fire Sensor 3A Lamp
6 Left Engine Fire Sensor 3B Lamp
7 Lef t Engine Fire Sensor 4A Lamp
8 Left  Engine Fire Sensor 43 Lamp
9 Lef t Engine Overheat Sensor 2 Lamp

10 Lef t Engine Overheat Sensor 3 Lamp
ii Left Engine Overheat Sensor 4 Lamp
12 No t Used
13 Lef t Engine Primary Extinguisher Lamp
14 Left Engine Secondary Extinguisher Lamp
15 Left Engine Overheat Sensor lA Lamp
16 Lef t Engine Overheat Sensor lB Lamp
17 Ground Reference for  Mux Terminal
18 28 Volt Lamp Power Input
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TABLE 13

WIRIN G LIST : CONNECTOR J, SENSOR BREADBOARD ELECTRONIC UNIT

Pin Number Signal Type and Application

1 Breadboard Power On Reference
2 Breadboard Electronics : Sensor Test Source Signal -r2
3 Breadboard Electronics: Sensor Test Source Signal -r-~
4 Breadboard Electronics : Sensor Test Source Signal -r4
5 Breadboard Electronics: Engine 1 Fire Sensor iA Signal
6 Breadboard Electronics : Engine 1 Fire Sensor lB Signal
7 Breadboard Electronics : Engine 1 Fire Sensor 2A Signal
8 Breadboard Elec tronics : Engine 1 Fire Sensor 2B Signal
9 Breadboard Electronics : Engine 1 Fire Sensor 3A Signal

10 Breadb oard Elec tronics : Engine 1 Fire Sensor 3B Signal
ii Breadboard Electronics: Sensor Test Source Signal -r1
12 Breadboard Electronics: Sensor Tes t Source Signal r5
13 Breadboard Electronics : Engine 1 Fire Sensor 4A Signal
14 Breadboard Electronics : Engine 1 Fire Sensor 4B Signal
15 Breadboard Electronics: Engine 1 Overheat Sensor lÀ Signal
16 Breadboard Elec tron ics: Engine 1 Overheat Sensor lB Signal
17 Breadboard Electronics: Engine 1 Overheat Sensor 2 Signal
18 Breadboard Electronics : Engine 1 Overheat Sensor 3 Signal
19 Breadboard Electronics : Engine 1 Overheat Sensor 4 Si gnal
20 Breadboard Electronics : Engine 1 Primary Extinguisher

Status Signal
21 Breadboard Electronics : En g ine 1 Secondary Extinguisher

Status Signal
22 Breadboard Electronics: Sensor Test Source Signal T6
23 Not Used
24 Breadboard Electronics : Signal Ground (Reference)
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TABLE 14

WIRIN G LIST : CONNECTOR L, BREADBOARD SENSOR ELECTRONIC UNIT

Pin Number Signal Type and Application

1 Engine Simulator Sensor IA Signal
2 Engine Simulator Sensor lB Signal
3 Engine Simulator Sensor 2A Signal
4 Engine Simulator Sensor 2B Signal
5 Engine Simulator Sensor lA, iB , 2A , 2B Ground
6 Engine Simulator Sensor 3A Supply
7 Engine Simulator Sensor 3B Supp ly
8 Not Used
9 Not Used

10 Engine Simulator Sensor 3A Signal
11 Eng ine Simulator Sensor 33 Signal
12 No t Used
13 Not Used
14 Not Used
15 Not Used
16 Engine Simulator Sensor lÀ Test Source Signal
17 Engine Simulator Sensor lB Test Source Signal
18 Engine Simulator Sensor 2A Test Source Signal
19 Engine Simulator Sensor 2B Test Source Signal
20 Engine Simulator Sensor 3A Test Source Signal
21 Engine Simulator Sensor 33 Test Source Signal
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TABLE 15

WIRING LIST : CONNECTOR K, BREADBOARD SENSOR ELECTRONIC UNIT

Pin Number Signal Type and Application

1 Engine Simulator Sensor 4A Signal
2 Eng ine Simulator Sensor 4A Signal
3 Eng ine Simula tor Sensor 4A Test Sou rce Gro und
4 Engine Simulator Sensor 4A Test Source SuppLy
5 Engine Simulator Sensor 4B Signal
6 Eng ine Simulator Sensor 4B Signal
7 Eng ine Simula tor Sensor 43 Test Source Ground
8 Engine Simulator Sensor 4B Test Source Supply
9 Engine Simula tor Overhea t Sensor lA Signal
10 Engine Simulator Overheat Sensor IA Signal
ii Eng ine Simula tor Overh eat Senso r lB Signal
12 Engine Simulator Overheat Sensor lB Signal
13 Engine Simulator Overheat Sensor 2 Signal
14 Engine Simula tor Overhea t Sensor 3 Signal
15 Engine Simulator Overheat Sensor 4 Signal
16 Engine Simulator Sensor Ground
17 Engine Simulator Main Extinguisher Status Signal
18 Engine Simulator Reserve Extinguisher Status Signal
19 Engine Simulator 5 Volt Reference Supply
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TABLE 16

WIRING LIST: INTERCONNECTION BETWEEN CONNECTORS A , D, F, AND I

Connector A Pin Number To Connector X — Pin XX

A — P i n l D — P inl
A — P i n 2 D — P in2
A — P i n 3 D — P i n 3
A — P 1 n 4 D — P i n 4
A — P i n 5 D — P i n S
A — P i n 6 D — P i n 6
A — P i n 7 D — P i n 7
A — P i n 8 D — P i n 8
A — P i n 9 D — P i n 9
A — P i n i0 D— P i n lO
A — P i n il D P i n il
A — P i n l2 D — P i n l2
A — P i n l3 D — P in l3
A — P i n l4 D— P i n l4
A — P i n i5 D Pin l5
A — P in l6 1 — P i n i
A — P i n l7 I — P i n 2
A — P i n l8 I - P i n 3
A — P i n l9 I — P in4
A — P i n2O I-Pin 5
A — P i n 2l I P in6
A — P i n 22 I — P i n 7
A — P i n 23 I — P in8
A — P i n 24 I — P in 9
A — P i n 25 I— P i n l0
A — P 1 n 26 I— P i n ll
A — Pin 27 Bre adb oard Unit Sensor Test
A — P i n 28 I— P i n l3
A — P i n 29 I — P in l4
A — P i n 3O I — P in l5
A — P i n 3l I—Pi n l6
A — P i n 32 F — P inl
A — P 1n 33 F— P i n 2
A — P i n 34 F — P i n 3
A — P i n 35 F — P in4
A — P i n 36 F— P i n 5
A — P 1n 37 F — P i n 6
A — P i n 38 F — P in l
A — P i n 39 F — P i n 8
A — P i n 4O F - P i n 9
A — P i n 4l F Pin lO
A — P 1n 42 F— P i n ii
A — P i n 43 F — P i n l2
A — P 1 n 44 F — P i n l3
A — P 1 n 45 F Pin i4
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TABLE 17

WIRIN G LIST : INTERCONNE CTI ON BETWEEN CONNE CTOR S A , D, F , AND I - ( CONTINUED)

Connector A Pin Number To Connector X — Pin XX

A — P i n 46 F — P i n l5
A — P i n 47 F — P i n l6
A — P i n 48 F — P i n l7
A — P i n 49 F — P i n l8
A — P i n 5O F — P i n l9
A — P i n Sl F — P i n 2O
A — P 1 n 52 F — P i n 2l
A — P i n 53 F — P i n 22
A — P i n 54 F — P i n 23
A — P i n 55 F — P i n 24
A — P i n 56 F — P i n 25
A — P i n 57 F — P i n 26
A — P i n 58 F — P i n 27
A —  Pin 59 F —  Pin 28
A — P i n 6O F — P i n 29
A — P i n  61 F — P i n  30
A — P i n 62 F — P i n 3i
A — P in 63 F — P i n 32
A — P in 64 A — P i n 65
A —  Pin 65 A —  Pin 64
A — Pin 66

Not Used
A — Pin 71
A —  Pin 72 A —  Pin 76
A — Pin 73
A — Pin 74 Not Used
A — Pin 75
A —  Pin 76 A — P i n  72
A — Pin 77
A — Pin 78 No t Used
A — Pin 79
A — P i n 8O F — P i n 33
A — P i n 8i I — P i n i7
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TABLE 18

WIRING LIST: INTERCONNECTION BETWEEN CONNECTORS C AND J

Connector C Pin Number To Connector X — Pin XX

C — P i n 3 J — P i n l
C — P i n 4 J — P i n 2
C — P i n S J — P i n 3
C — P i n 6 J — P i n 4
C — P i n 7 J — P i n S
C — P i n 8 J — P i n 6
C — P 1 n 9 J — P i n 7
C — P i n l0 J — P i n 8
C — P in ll J— P 1 n 9
C — P i n l2 J — P i n lO
C — P i n l3 J — P i n ll
C — P in l4 J— P i n l2
C — P in l5 J — P i n 13
C — P i n l6 J — P i nl4
C — P i n l7 J — P i n l5
C — P i n l8 J — P i n l6
C — P in l9 J — P i n l7
C — P in 2O J— P i n l8
C — P i n 2l J — P i n l9
C — P i n 22 J — P i n 2O
C — P in 23 J— P in 2l
C — P in 24 J — P i n 22
C — P i n 25 J — P i n 23
C — Pin 26

Not Used
C — Pin 63
C — P i n 64 C— P i n 65
C — P i n 65 C— P i n 64
C — Pin 66

Not Used
C — Pin 69
C — P i n  70 C — P i n  76
C — Pin 71.

Not Used
C — Pin 75
C — P i n 76 C — P i n 7O
C — P i n  77 3 — P i n  24
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TABLE 19

WIRIN G LIST : INTER CONNECTION BETWEEN CONNECTOR S G AND H

Connector C Pin Number To Connector X — Pin XX

G — P i n l H — P i n l
G — P i n 2 H — P i n 2
G — P i n 3 H — P i n 3
G — P i n 4 H — P i n 4
G — P i n 5 H — P i n 5
G — P i n 6 H — P j n 6
G — P i n 7 H — P i n 7
G — P i n 8 H — P i n 8
G — P i n 9 H — P i n 9
G — P i n lO H — P i n lO
G — P i n ll H — P i n ll
G — P i n l2 H — P i n l2
G — P i n l3 H — P i n l3
G — P i n l4 H — P i n l4
G — P 1 n 15 H — P i n l5
G — P i n l6 H — P i n l6
G — P i n l7 H — P i n l7
G — P i n l8 H — P i n l8
G — P i n l9 \

\ H — P i n l9
G — P i n 2O H — P i n 2O
G — P i n 2l H — P i n 2l
G — P i n 22 H — P i n 22
G — Pin 23 ‘- H — Pin 23
G — P in 24 H — P i n 24

\
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TABLE 20

WIRIN G LIST : CONNE CTOR C , MULTIPLEX SYSTEM REMOTE TERMINAL NO . 2

Pin Number Signal Type and Application

3 Breadboard Electronics : Power On Reference
4 Breadboard Electronics: Sensor Test Source Signal 12
5 Breadboard Elec tronics: Sensor Test Source Signal -t

3
6 Breadboard Electronics : Sensor Test Source Signal 147 Breadboard Electronics: Engine 1 Fire Sensor 1A Signal
8 Breadboard Electronics : Engine 1 Fire Sensor lB Signal
9 Breadboard Electronics: Engine 1 Fire Sensor 2A Signal

10 Breadboard Electronics: Engine 1 Fir e Sensor 28 Signal
11 Breadboard Elec tronics: Engine 1 Fire Sensor 3A Signal
12 Breadboard Electron ics: Engine 1 Fire Sensor 38 Signal
13 Breadboard Electronics: Sensor Tes t Source Signal Ti
14 Breadboard Electronics : Sensor Test Source Signal T~~
15 Breadboard Electronics: ~ngine 1 Fire Sensor 4A Signal16 Breadboard Electronics: Engine 1 Fire Sensor 48 Signal
17 Breadboard Electronics : Engine 1 Overheat Sensor lÀ Signal
18 Breadboard Elec tronics: Engine 1 Overheat Sensor lB Signal
19 Breadboard Electronics : Engine 1 Overheat Sensor 2 Signa l
20 Breadboard Electronics : Eng ine 1 Overheat Sensor 3 Signal
21 Breadboard Electronics : Engine 1 Overheat Sensor 4 Signal
22 Breadboard Electronics: Engine 1 Pr imary Extinguisher

Status Signal
23 Breadboard Electronics : Engine 1 Secondary Extinguisher

Status Signal
24 Breadboard Electronics : Sensor Test Source Signal 16
25 Breadboard Electronics: Manual Reset Switch
64 Mux Bite Input
65 Mux Bite Input
70 Plug Code Input
76 Breadboard Electronics: Signal Ground (Reference)
77 Plug Code Output
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TABLE 21

WIRING LIST : INTERCONNECTION BETWEEN CONNECTORS B AND D

Connector B Pin Number To Connector X — Pin XX

B — P i n l D — P i n l9
B — P i n 2 D — P i n 2O
B — P i n 3 D — P i n 2l
B — P i n 4 D - P i n 22
B — P i n 5 D — P i n 23
B — P i n 6 D — P i n 24
B — P i n 7 D — P i n 25
B — P i n 8 D — P i n 26
B — P i n 9 D — P i n 27
B — P i n lO D — P i n 28
B — Pin 11 D — P i n  29
B — P i n l2 D — P i n 3O
B — P i n l3 D — P i n 3l
B — P i n  72 

- - D — P i n  76
B —  Pin 76 D — P i n  72
B — P i n  77 D — P i n  77
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SECTION VIII

FUTURE SYSTEM RECOMMENDATIONS

This program demonstrated the feasibility of using a centra l aircraft
data acquisi tion system for hazard detection and warning. Utilization of
a central data acquisition system and a Centra l Integrated Test System

(CITS) for hazard detection and crew warning should be considered on
future aircraft developments .

Hazard detection and warning systems , by nature , need to be highly
reliable. This high reliability must be maintained when uti l izing a
data acquisition system and cannot be compromised to achieve l ower costs
and other benefits from use of the central aircraft computer. Fortunately,
other flight -critical aircraft subsystems also require a highly reliable
data system and thus the data system will have the needed performance and
reliability.

Most hazard detection systems have sufficient performance reliability ,
and no significant advances in performance reliability can be achieved
with the central aircraft computer. Some increases in confidence of system
operation may result from the automated self testing feature offered by
the centra l computer.

The primary advantage in using this new technology will be the reduction
of both hardware costs and operational costs. Any reduction in the design
and develo pment cos ts of hazar d detec ti on hardware w i ll be offse t by the
added systems integration costs and added hardware for memory capacity
of the central computer and additional remote termi nals.

A s ig ni f ican t reduc ti on i n the cost of system changes i s obta i ned
since many changes can be made in software and not in hardware . The
possibility exists of needing additional hazard sensors when problems
develop after an aircraft becomes operational . Adding sensors or changing
redundancy logic for crew warning might not be cost effective if dedicated
signal processing hardware were i nvolve d , but with a data system the
chan ges may be cost effective .
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U t i l i z a t i o n  of a data acquisition system by other subsystems has
usually resul ted i n system cost reduct i on . No genera l statement can be
made as to whether it is better to use the data system for hazard
detection. This program did not address system cost. Each aircraft
des ig ner shoul d cons id er both the ded ica ted hardware app roac h and the
system integration approach using a central aircraft computer. Final

choice should be made based on performance and life cycle cost benefits.
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