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* DEVELOPMENT OF A TZST FaCILITY AND PRCCEDURES
FOR EVALUATING AIRCRAFT HOSE ASEEMBLIES

SUMMARY

In order to determine the fire resistance of flexable tubing
assemblies under orerating ccnditions waithout the necessity of conducting
flaght fire tests, a development project was undertaken to produce a test
facilaty and test crocedures for subjecting such assemblies to conditions
that exist in flight. This facilaty produces a typical aireraft pover plant
fire, vibration of the tywe encountered during rough engine operation and
the varicis flight conditions of o1l flow, pressure and temperature.

Durang the conduct of this project, numerous fire tests were con-
ducted on presently used and newly-developed types of hose assemblies, the
results of which are presented an this report.

INTRCDUCTION

In August 1947 the Cival Aeronautics Administration issued Safety
Regulation Release No., 259 an order to acquaint industry with the fare pre-
vention requirements of materials used in air carrier aircraft, The portion
of this release pertaining to flexible tubang, wath and wathout connections,
1n essence defines "fireprcof" as withstanding a 2000°F flame for 15 minutes
vithout severe damage and "fire resistant" as withstanding the same fire and
remaining operable for not less than 5 minutes, At that time, it was gen-~
erally believed that hose assemblies, complying with Specification MIL-H-5511
withstood such a fire test for at least 10 minutes, This was considered ‘o
be adequate for flexable tubing assemblies used for flammable fluids an
potential faire zones. However, an 1950, both the Technical Development and
Evaluation Center and the coupling manufacturers independently conducted
fire tests on the Specification MII-H-5511 assemblies in all sizes commonly
used, and found that many of these assemblies failed in less than 2 minutes
when subjected to the prescrabed fire test, Few ascemblies withstood the
test conditions for even the required S5 minutes specified in the "fire re-
sistant" requirements. This led to more extensive testing and investigations
involvaing more realistic test conditions, and finally resulted in developing
the test equipment and procedures which are described in this report.

DTVEICPMENT OF TEST EQUIPMuNT

The burner used to produce the flame consists of a gun-type con~
version 011 burner lModel TMC~-FP manufactured by the Bogue Electric Co, equipped
with a Monarch [io. 2, B0° spray angle nozzle, Kerosene is used as fuel. The
return relief valve 1s set at 85 psi and at this pressure the nozzle delivers
2 gallons of kerosene per hcur. The air consumed by the burner is controlled
by five, l-inch diameter holes in 1/16-inch thick sheet metal. The pressure
dafferential across this sheet metal 1s 0.35 inch of wzter, Two deflector
strips, each 3/l anch wide, are fastened to the end of the barrel so that
the ends of the strips are 1-1/2 inches apart and 1-1/2 inches beyond the
01l nozzle, L barrel extension was added to the burner extending 10 inches
beyond the end of the barrel, Thas has an opening 6 inches high and 11 inches



2

wide, The burner is located so that the hose to be tested 15 L inches beyond
the end of the barrel extensicn, The flame passes equally above and below the
hose. This medified conversion o1l burner produces an o1l fire at a temperature
of 2000% and of the size and severity that can be expected in the event of a
power plant fire.

The bench concists essent.ally of a heavy steel table 60 anches
wide, 28 inches decp, and 32 inches high, -.elghing approximately 1000 pounds.
Mounted on this benca 1s a vibrating mechanism, a hood, anc a light-sensitive
cell, The legs of the bench rest on 1/l anch thick rubber p.ds. These prevent
the transmission of the vibration teo the flecor and keep the bench from "walking."
The bench and burner are shown in Fig. 1. The control panel and messwring
equipment are shown in Fig. 2.

Details of the vibrating mechenism are shown an Fig. 3. This imparts
a total lateral displacement of 5/32-1nch and a total angular rotation of 90
at 2000 cpm at one end of the hose assembly. The other end of the hose 15
fixed. The vibrating end of the hose assembly 1s sublected to flame.

The uood which can be seen in Fags, 1 and 2 1s 25 inches wide and
25 1nches high. us shown an Fag, 3, the vabrated fitting as 7 inches back of
the oren front of the hood., The rear end of the hood 1s ducted to a fan which
draws air through it at a velocity of 400 fpm. This air mcovement 2ads in
keeping the flame horazontal and, when hose failure increases the fire sizg
it assures the tr.vel of the flame past the light sensaitave cell vhich 1s
located U4ly inches down wind of the vibrated end of the hose assembly. A de
amnlifier and relays for effecting autcematic shutdewn and to stcp the chrono-
meter are arranged so as to operate when the cell senses the light of the en-
larged flame.

Four chromel-alumel thermccounles of 22 gage wnre, spaced 3 inches
anart horizontally, are centrally located in the flame in a line normal to
and 1/l 1nch ahead of the hose assembly. These measure the flame temperature
throughout each test.

The o1l circulating and heating equipment shovn in Fig. 2 conprises
an electrically draiven oil —um> and a 20-gallon oil tank waith a 3000-watt,
thernostatically controlled, immersion heater. The pumn 1s rated at 3000 psi
and 15 capable of delavering eixther 10 gpm at 100 psi or § gnm at 1750 psa,
The pressure relief valves, flow andicators, pressure gages, control and
selsctor valves, are included in the plumbing of the 011 system.

TEST PROCZDURE

The hose assemblies tested were 2l inches long and uere mounted on
the test bench as indicated in Fag. 3. 021 at the desired temperature vas
circulated through the assembly to remove all zair from the piping system and
to bring the temperature of the test assembly up to oper.ting temperature,
The 01l flow and prescure uvere then regulated to the desired values, The
vibrator was then started and the a.sembly checked to make certaiun that no
resonant whaipping occurred. The fan vhich effects the air movement over the
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assembly was then st:rted. The fire test was then imitiated by 1gniting the
burner and starting the chronometer simultaneously. Two stages of failure
were generally noted: (1) when the operator detected the first visible sign
of an o1l leak, and (2} vhen the automatic shutdorm was triggercd by the
light sensitive cell, The second stage occwired when the photocell sensed a
flame hli 1nches beyond the assembly under test and so indicated a significant
increase of fire size. Thas 15 indenendent of the operators judgment.

A slicht variation in procedure was necessary in conducting tests on
assemblies 1ntenaed for a specific apnlication such as the propeller feathering
lines, To simulate the conditions to which such an ascembly 15 subjected, 1%
was necessary to effect a quick "swmtch-over" from low pressure lou rate of
flow to high pressure high rate of flow, In order to accomplish this, a high-
low pressure renge selector was installed, In order to prevent damage to
instruments, at 1as necessary that the operator close the valve to the low
pressure gage and turn the flow indicator selector to the hagh flow position,
prior to the time for the switch-over.

The procedure used i1n fire testing assemblies intended for use in
fire extinguishing systems was ccnsiderably different than tho:e previously
described. Such assemblies were mounted on the bench in the normal manner,
but the o1l lines to and from the bench were removed. In place of these,
lines of arnropraate size were attached so that an aircraft extinguishing agent
bottle could be discharged through the assembly vhile 1t was being subjectec
to fire and vibration. A noszle with an area equal to 65 per cent of the area
of the hose assembly beang tested was attached to the discharge side. 1In
these tests, the assembly was subjected to fire and vabration for a prearrangec
period, usually 10 or 15 rinutes, at which time the extinguishing agent was
discharged. If the assembly transmitted the extinguishant withoul excessive
leakage, 1t was considered to be satisfactory for use in an extinguishing
system passing through a fire sone.

The tyopes of hose and essemblies tested were:

{a) Hose meetang ESpecifiacation ANH-35 ~ Synthetic rubber, cotton braad,
{b) Hose meeting fire preventative requirements - Synthetic rubber,
cctton and asbestos braid.
(¢) Hose meeting Specification MIL-H-5511 - Synthetic rubber, single
steel braid.
(<) _.ssembly meeting Specification MS~28741 - same as (c¢) but with
fixed end fattings.
(e} Assembly meeting Specification MTIL-H-5512 - Synthetac rubber,
double steel braid, with fixed end fittangs.
(f) R-3800 assembly - Teflon liner, steecl braid wath fixed end fattings,.
(g) SR-3800 assembly - Same as (f) but wmth asbestos and neoprene coverins,
{h) SSFR-3800 assembly - Simalar to (f) but wath two coverings of asbestos
and neomrene and slightly different met.cd of end fittang attachment.
{1) Flexable metal assembly - 411 steel or inconel liner, braid and end
fittangs, velded, braised or mechanically attached.

The term "standard flow" as used in Table II 1s defined as the flow
of SiE No., 20 o1l at 200°F through a hose ascembly in the folloving quantities:



Hose 011 Flow
Size gom
= 0,31
-5 0.49
-6 0.70
-8 1.25
-10 1,95
=12 2480
~-16 .00
=20 7. 80

RESULLS AIID DISCUSEION

The ability of the test facilaty described an this report te provide
reliable and rerroducible results was cemonstratzd by conducting high pressure,
static flou fire tests on thin wall stainless steel flexable assemblies. Such
assemblies are generally more unmiform than composition assemblies since they
are not effected by agang or by integraty differences of the comnections between
tubing and end fittings of the comnosition hose assemblies, Results of the
testc on the stainless steel as.emblies are gaven in Table I.

TABLE T

REFRCDUCIBILITY TESTS

Samnle Size Time for Failure
Number Nominal Min:Sec,

1 -6 0:53

2 -6 0:52

3 -6 0:55

i -10 2:45

[ ~10 23l

Results of fare tests on hose and hose assemblies frequently used
in present d.y aircraft are given in Table 1T, The first two i1tems in Table
II gave the resvlts of fire tests on hoses of the type generally used wath
hose clamps, The renainder of the table gives the results of fire tests on
VMIL-H~5511 hose and the MS=287L1 assemblies which are the general purnose
fire resistant assemblies that have replaced the earlier hose and hose clamp
arrangements, The results listed in Table II were obtained in tests conducted
under the standard conditions set forth in this remort for faire testing flexable
tubing assemblies. Results of fire tests on hose assemblies of various types
of constructicn and at various rates of o1l flowat 30 psi are given an Fags. L
to 9 i1nclusive, Results of similor tests at 1000 psi are given in Figs. 10 to
13 inclusaive.

Table II shows the marked differences in faire resistance that can be
expected of similar pieces of hose and the even greater spreac that results
when a number of assemblies of the same s1ze are tested under the same conditions.
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TABIE 11
ATSULTS OF FIRD TESTS OW SOMD o WESTOWTLY USLD AIRCHAT'T LOLST AWD HOUL Ao H.ELIES

(Test specimens subjected to lateral and torsional vibration and conducting oil
at 35 psi, 200°TF and standard flou rate)

Nominal los of .ime for Failure
Item Size Tests Mids Maxe.{.) Average
Liln: .ece Min:Sec. Mln:idec.
AllF1-35 (hose only) =12 10 0345 1:10 1:00
irc Preventative =12 3 259 0:38 7:3
(hosc only)
M1L~d-5511 (hose only) -4 7 L:03 ~, 10300 6:21
11iL-.-5511 (hose only) -6 10 8:42 > 10400 9152
11IL-17-5511 (hose only) -8 9 L:49 »10:00 8:00
1II1-1-5511 (hose only) =12 10 3:50 10:00 7305
1.IL-1-5511 (hose only) -16 6 1:25 5:25 3132
1hiL-n-5511 (hose only) =20 7 1:27 1:50 1:38
. 5=28741 assembly -l 11 1:25 = 10:00 6:02
1:5-28741 asserbly -6 9 0:52 :-10:00 5:52
1..-287L1 assembly -8 9 1:12 >10:00 212l
MS5-287hl assembly -12 12 1:57 ~10:00 15
Li.~2874) assembly -15 11 1:20 > 10:00 2:53
i1.~287U1 assembly =20 L 1:50 2:30 2:03

() & maxaimum time of ,10:00 indicates that the test continued for a total
of ten conlinuecus minules without any cigns of farlure to the hose or
assembly,
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Thas 15 clearly seen in the test whach gave the minimum value for the MS-28741-
6 assembly. This failure was not due to rupture of tubing but to the hose
blowing off the end fitting. The test on the MS-28741-16 assembly that gave
the maxamum time for failure was oi greater duration than similar tests for
the hcse only,less fattings. This vas unusual, but did occur occasionally,
possible due to the difference in the age of the asscmblies. There were also
instznces vhen the fire resistance of a hose increased when the fire test was
anterrupted after one or tro minutes of operation. In most cases where such
an interruption i1n the test occurred, a much greater time untal foilure re-
sulted., Thas preheating of the as.erbly seered to improve the fire resistance
of the hose body as well as the ability of the end fatting to remain attached
to the body of the Lose,

Tuo types of failure occurred while fire testing the MS-28741 as-
semblies. One was the separation of the hese body from the end fatiing and
the other vas the leakage resulting from the damaged hose body. Failure of
the MTI-H-5512 and the teflon liner assemblies was due to leak:ige, In none
of the tests conducted on those assemblies did the hose body separate from
the end fitting.

Results of the fire tests conducted on assemblies intended for use
in propeller feathering lines are listed in Table I1I. The conditions of fire
and vibration were the same as used in previous tests except vhere notedy The
conditions of o1l flow and pressure were; 0.3 gpm at 150 psi for L-1/2 mnutes,
ammecdiately followed by 2.3 gpm at 1700 psi for 30 seconds, The MIL-H-5512
assemblies used in these tests had protective sleeves over the coupling nuts.

A few fire tests using a less complicated procedure vere conducted
on asserblies intended for use in propeller feathering systems. In these
tests, the assemblies vere subjected to fire and vibration vhale containing
o1l 2t 1700 psi and no flow. This method of test 1s more severe than the
methed which simulates operating conditions. However, resulus of this type
of test can be depended upon regardless of the operating conditions, wiach
are not always the same, Actually, this particular test represents the most
severe operating condition. It also simplafies the procedure so that much
less equipment and operatang skill is required. Results of these tests where
static o1l at 1700 psi was contined in the line were:

MII~E~5512-10 failed in 3 minutes and 25 seconds.
S5SFR-3800-10 failed an 5 minutes and 2}, seconds,

4 few Tire tests were conducted on hose assemblies to determine thear
smtability for use in extinguishing systems located in fire zones. In these
tests, some =10 flexaible metal assemblies were subjected to fire and vaibration
for 10 minutes, at which time L pounds of €O, was discharged through them with-
ocut loss of agent. Similar tests on HS-EB?ME—IO assemblies indicated failure
in 1 to 3 minutes.



TaBIE ITT

RLSULTS OF FIRE TESTS OH ~nOPLLLER FEATLIAING LIDSC

Ttem

1 I=11-5512-10
1IL-1=5512-10
1 ITL=1i-5512-10
nIL-H-5512-10
ITL-H-5512-10
I1TL-4-5512-10
J10-,-551.2-10
1 IL-H-5512-10
SSFR=-3000-10

SofR-28C0-10

LOFR-36800-10

Tame for Failure

_1lntSec.

OxX

OT

Ok

oIN

™
A

3:45
ly:20
L+30
3:07
2:28
3:51
at 5300
at 5:uC
al 5:00
at 5:00

at 5:C0

Remarks

12000F flame
120007 flame
12000F flane

2000°F flane

- no vibkration

- no vibration
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CONCLUSIONS

From the results of the tests cenducted, 1t is concluded that the
equirment and procedure descraibed an this report commrise a suitable means
for subjecting flexible tubing assemblies to simulated flaght fire condatzons,

RECOMMIDATIONS

It is recommenced thats
1., The test facilities described in this report be used in conducting
fare tests on hose and hose assemblaies to determaine their suitability for use
in pover plant installations,

2, The fluad pressure applied during the fire test be the same as the
operating pres.ure of the line being tected instead of the previously specified
35 to 40 psai.

3. In concucting faire tests on lines intended for use in a propeller
feathering system, static pressure (no flow) be employed.

e Conditicns of vabration simulating rough engine operation be in-
corporzted 1n the conduct of the fire test.
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