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NOTICE

When Government drawings, specifications, or other data are used for any purpose
other than in connection with a definitely related Government procurement operation,
the United States Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the government may hawe formulated, furnished, or in
any way suppiled the said drawings, specifications, or other data, is not to be regarded
by implication or otherwise as in any manner licensing the holder or aay other person
or corporation, or conveying any rights or permission to marsufacture, use, or sell any
patented inventioa that may ir any way be related thereto.

E|
:
§
E |
=
=
E]
=
:;:E
E
i3
k|
E
3
£
;;5

i ety Ve L o ey

Copies of this report should not be returned unless return is required by security

considerations, contractual obligations, or notice on a specific document.
AIR FORCE/56780/28 September 1972 — 100

ol ALt e ol Al VAT N VA R o

D T T S 0 A A A S DS SNt XS S i
s

R




UNCLASSIFIED

Security Classzificstica

DOCUMENT CONTRCL DATA-R&D

(Sacurity clasailication of title, body of abatract and indexing se:n viation must be satered when the cverall report ls classilied;

1 ORIGINATING ACTIVITY (Cotporate suthor) 28, REPORT SECURITY CLASSIFICATION

ARir Force Aero Propulsion Laboratory UNCLASSIFIED

Wright-Patterson Air Force Base, Ohio 4543! 2b. GROUP

3 RMEPORY TITLE

FIRE DETECTION SYSTEM PERFORMANCE IN USAF AIRCRAFT

4 DESCRIPTIVE NOTES (Type of report and inclusive dates)

arch 1971 through September 1971

8. AUTHOR{S) (Firet name, middle initial, last name)

Charles L. Delaney

$. REPORT DATE

78, TOTAL NO. OF PAGES 7b. NO OF mXFs

Mugust 1972 25 No'ie

ta CONTRACT OR GRANT NO 98, ORIGINATOR'S REPORT NUMBER(S)

s prosect no. 3048

AFAPL-TR-72-49
« Task 304807

82 OTHER NEPORT RO(S) (Any other numbers that may be zesigned
this report)

d.

10 DISTRIBUTION STATEMENT

Approved for public release; distribution unlimited.

1v SUPPLEMENTARY NOTES 12 SPONSORING MILITARY ACTYI/ZITY

Air Force Aero Propulsion Laboratory (SFH)
Wright-Patterson Air Force Base, Ohio

45433
!‘\ASITNACT

~--This report is concerned with the determination of the performance of fire
detection systems in USAF aircraft. Data on false fire warnings and aircraft
engine nacelle fires was taken from Air Force accident/incident reports,obtained
from Headquarters Air Force Inspection and Safety Center, Norton Air Force Base,

California. Thi¥s data included the time.period 1965 through 1970 cnd is restricted
to noncombat related accidents/incidents.

Analysis of the data showed that false fire warnings are a magor problem in the
majority of USAF aircraft (83% of all reported alarms are false). These false fire
warnings resulted in damage or destruction to aircraft as well as crew injuries/
fatalities. In addition, it was found that in approximately 50% of the engine

nacelle fires, where the performance of the detection system could be determined,
the system did not provide an alarm.

It was also found that the fire detection system in a number of aircraft had been
partially or totally removed to reduce or eliminate the false fire warning problem.

As a consequence the majority of the fires which occurred in these aircraft were
not detected.

The information contained in this report is for use solely for safety purposes
and accident prevention and is not to be used for any other purpose.

DD ".1473 - # UNCLASSIFIED

Securnity Classification

SANMONASREE 1N WA R RO 0 O A AR DR MRS S S

et oA R et

S
K

i L B e et Ao RN s T SRR AR SN Rl

b e, e 6, A b A o ket

RTRLO

[

it

oo b oot g Bt gt




UNCLASSIFIED

Security Clascification

KEY YIORDS

Linux & LINK B I

LiNK ©

neoLE H

3
-4

RILE

LA

ROLE

wT

Fire Detection
detection System

Aircraft Fire Detection System

A S Wy Wi o kW

FYSTT NN

~ine

RSP

esriam,

2U.5.Government Printing Office: 1972 — 759-466/113 I «\_g

UNCLASSIFIED

Security Classification

AR el

K i ke s s bR bt Bt

i

o et A i

i

At B AL

s it

SPRCT AT




—— - B I AT G S ivhalt st WA R R e "

—_— R R U

e b A G L i

7-C

CHARLES L. DELANEY

IN USAF AIRCRAFT

FIRE DETECTION SYSTEM PERFORMANCE
Approved for public release; distribution unlimited.

ok S SNSRI L B A Rt LI O I o S R TR ML PRSI R




FOREWCRD

This report was prepared for the Air Force Aero Pronulsion Laboratory,
Wright-Patterson Air force Base, Dhic under Project 3048, "Fuels, Lubrication,

14

and Fire Protection" and Task 304807, "Aerospace Vehicle Fire Protection®.

The work was accomplished from March 197} through September 1971,

The author of this report is Mr. Charles L. Delaney, AFAPL/SFY.
Mr. Robert Shanks of the Headquarters Air Force Inspection and Safety
Center (SESM), Norton Air Force Base, California, provided the USAF

aircraft accident and incident information used in the report.
This report was submitted by the author June 1972.

This technical report has been reviewed and is approved.

BENITO P. BOTTERY
Chief, Fire Protection Branch

fuels and Lubrication Division
AF Aero Propulsion Laboratory
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SECTION T
INTRODUCTION

The Air Force Aero Propulsion Laboratory {(AFAPL) has been involved
in research anu Jevelopment of hazard detection equipment for Air Force
aircraf. “ur approximatsly seven years. During this period the AFAPL
emphasis has been placed on developing hazard detection equipment with
greater rel®ability and improved capanility applications.
such items as the Integrated Fire and Overheat Detection System, Time
Domain Refle:;tometry and Self-Generating Overheat Systems, 1000°F fiber
opt* -~ bundles, silicon carbide ultraviolet detestor, 750°F infrared
de <ot [000°F ultrviolet detector, 559°F ultraviolet detector, and
a . «-.e detector have or are being developed for aircraft use. In the
near future several of these deveiopments will be ready for application

to operational aircraft or to aircraft under davelopment.

In addition, it appeared from contact with personnel from the Air
Force System Command's Aeronautical Systems Division and the USAF
operating commands that numerous deficiencies continue to exist with
the detection systems used in Air Force operaticnal aircraft. Therefore,
the AFAPL decided to conduct an investigation to deter:ine the performance
of the fire and overhsat systems in these operational aircraft as a

means of furtner verifying the need for the advanced detection equipment
being developed.

Virtually all Air Force aircraft utilize some form of temperature

sensing for detecting fire and overheat conditions. Table I shows the

As a consequence
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type of detection systein used on various Air Force aircraft. These
systems have 1imited capability in that total detection coverage of
an area or volume is not possible because the sensor may not receive
heat from the fire or overheat source depending upon its location with
respect to the hazard condition. In addition, because the temperature
sensing device has a finite mass, a minimum of several seconds is

required to heat it to the alarm temperature. Therefora, considerable

damage ccuid occur before an alarm is providea.

In order to properly assess the performance of nresent day fire
and overheat detection systems, the AFAPL chose to investigate the
accidents/incidents in Air Force aircraft involving engine nacelle
fires or false fire warnings from 1965 through 1970. Headquarters,

Air Force Inspection and Safety Center (SESM), Norton Air Force Rase,

California was requested to provide this information. Computer listings

containing information from accident/incident reports describing engine
nacelle fires and false fire warnings were graciously provided by SESM.

Without their support, this report would not have been possible.
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SECTION il
DISCUSSION

The Inspection and Safety Center indexes and automates USAF aircraft
accident and incident information. The most important categories of
information needed for analysic of aircraft mishaps are transferred

from the accident/incident reports to an automated data retrieval system.

In response to the Air Force Aero Propulsion Laboratory, SESM
provided information on false fire warnings and fires in USAF aircraft.
The information received showed 532 accidents/incidents involving fires
in the aircraft engine nacelle under non-combat conditions. A review of

the information resulted in the role of the detection system being

i L AR A AR b s

determined in 427 cases. The following is a discission of the

A,

information received on false fire warnings and engine nacelle fires.

1. FALSE FIRT WARNINGS
The accident/incident reports for the period 1965 through 1970

R T,

contained 1250 cases wherein the aircraft fire detection system provided

an alarm. One thousand and thirty six or 83% of these cases were
false fire warnings. Table II depicts these reported false fire warnings
by aircraft by year. A review of the data revealed the foilowing:

a. Reported fTalse fire warnings for the B-52 and C-135 aircraft
appear to be at an acceptable level. However, in reviewing the history
of the fire detection systems for these aircraft it was found that some
of the unit detectors in the engine nacelle of these aircraft had been
removed to reduce false fire warnings. Thus, these aircraft presently

have a minimal fire detection system capability.
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b. The T-37, T-38, F-4 and the F-101 aircraft have reported high

T Ty

numbers of false fire warnings. In addition, the number per year has

been fairly constant over the time period irvestigated. Apparently

these aircraft have had detection system problems for several years

which have never been resolved. .

¢. In addition to the excessive number of aborted missions, added

i g, b e S

maintenance, and the general nuisance factor, false fire warnings in

Air Force aircraft have some very serious consequences in terms of
damaged or destroyed aircraft and crew member fatalities. As can be seen

from Table III, during this time period false fire warnings resulted in

St AR it

three crew members being killed, four aircraft being destroyed and

another receiving major damage.

2. ENGINE NACELLE FIRES

The computer printout contained 532 accidents/incidents during the
time periud 1965 through 1970 involving a fire or overheat condition
in the engine nacelles of USAF aircraft. Table JV presents these by ‘
aircraft by year. A review of the data resulted in the role of the
detection system beina determined in 427 accidents/incidents. The

remaining 105 accidents/incidents included in the computer printout

either invelved fire in aircraft which did not have a detection system,

S e o, o L B A

or did not contain sufficient information in the report such that the

role of the detection system could be determined. However, the 427

cases in which the detection system role was determined was a sufficiently

large sample (75%) so as to be adequately representative of all the cases.

In 213, or approximately 50% of the <42/ accidents/incidents the

detection system did not provide an alarm as indicated in Table IV.
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Of the 427 accidents/incidents, 307 or 72% of these cases involved
fire only; that is, no structural damage or explosion preceding the fire.

In 137 or 45% of the 307 cases the fire detection system did not provide

an alarm,

T s V1 whtenehit i b A S i b i el

For the vast majority of these accidents/incidents, it was impossible

to determine from the report the damage resuiting from the detectioen
system not providing an alarm, or to quantitatively assess the value of ;
a faster alarm by the detection system. However, Table V shows three

accidents wherein it appears that aircraft were either destroyed or

received major damage as a vresult of the datection system not providing

an alamm.

As can be seen on Tabie IV the B-5Z2 and C-135 aircraft experience
a high percentage of undetected fires in the engine nacelle. This is
partly due to the removal of a portion of the detection system because
of false fire warning probiems as has previously been mentioned. It

was further noted that a large percentage of these fires involved

SRS 5 A R W RS S ek
rh A ———————R Y Ra———————

burner-can or fuel manifold failures which inttially result in fairly
localized, intense, high velocity fiames. Conscquently, the probability
of detection by a unit or continuous overheat device within a reasonable

time after combustion initiation, if at all, is extremely low particularly

O N o N ot O ot i A B Ut i

for a burner-can failure. Radiation sensors would be much more suitable

e

At

for detecting this type of fire because of their volume coverage

bt

capability. In addition, the radiation sensor would provide early detection

of the fire thus, potentially, greatly reducing the ensuing damage to the

LTI

engine nacelje. Table VI summarizes the USAF aircraft fire and overheat
warning experience from 1965 through 1970.

14
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TARLE YT - USAF AIRCRAFI FIRE AND OVERHEAT
WARNING EXPERIENCE

Total Nartrer of Incidents - 1608

FIRE ?
YFS NO
YES 21k 1036
WARNTNG
. NO 213 NO
LIGHT INCIDENT
oN ?
UNKNOWN NO
105 INCIDENT
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SECTION IXI
CONCLUSIONS

The review of fhe accidents/incidents involving fire, overhecat, and
false fire warnings in Air Fo}ce 2ircraft engine nacelles disciosed the
following: ' h

a. Approximately 83% of the reported fire alarms in USAF aircraft
are false (1036 out of 1250 cases).

b. False fire warnings are a major problem in Air Force aircraf?
not only because of their freqdency but because of tne éesu]ting cost
(funding and injuries/fatalities).

c. False alarni problems should never be resolved by reducing or
eliminating the detection system capability as has been done in certain
aircraft in the past because of the resuling increase in the aumber of
missed fires. This in turn could result in additional damage/destruction
to aircraft as well as potential injury/fatalities to crew members.

d. Present day detection systems do not provide adeguate detection
capability ac evidenced by their failure to alarm in approximately 50%
of the fire accidents/incidents in Air Force aircraft. Radiation
sensors should be used in lieu of overheat sensors for the detection of
fires to corpect this deficiency.

e. Several aircraft have had detection system problems such as
false fire warnings and missed fires which have never been resolved.

f. Assessment of detection system capability on USAF aircraft in
a combat environment was not possible from the data available. Information
on the effect of missed fires and the criticality of detection time

would be particularly valuatie. Potential data to make these

17

—resi = = Soatoi FNETAS S i S

e e e e s e

sggss et

DA M e HAE R A B M e b R ot et AR G 3

A

TSR

R i

b AR e o SR i

et it it B ¢

AR g 0, 0 By




P S L R T .

!
!
}

@ ———————

determinations can be obtained from the Combat Damage Informatien
Center (CDIC) at Wright-Patterson AFB, Ohlo.

g. The deficiencies (talse fire warnings and missed fires) of
present day fire detection systems in operational USAF aircraft can be
resolved by the use of advanced fire detection systems developed by the
AFAPL. False fire warnings can virtually be eliminated by using either
the Self Gen.rating Overheat Detection System or the Dual Loop Lontinuous
Overheat System. The Dual Loop System is a derivative of the Integrated
System and is currertly being used with great success in many commercial
aircraft. Both false fire warnings and missed fires potentially
can be 21iminated by use of the Integrated System which utilizes
redundant radiatior sensors for fire detecticn and redundant (dual loop)

continuous sensors for overheat detection resulting in a high degree of

system reliability.
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