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ABSTRACT

An experimental investigationwas performed on
damaged arresting gear tapes #te Langley Aircraft
Landing Dynamicdacility. The arrestment system uses
five pairs of tapes to bringhe testcarriage to a halt. The
procedure used to determine when réplace thetapes
consists of alose evaluation of each of the 1d&pes after
eachrun. During thisevaluation, each tape is examined
thoroughly and any damage observed tre tape is
recorded. If the damaged tape does pas$sthe inspection,
the tape is replaced with a new one. Hog past 13 years,
the most commonly seen damadgpes are edge fray
damage and transverse damage. Tests wenrglucted to
determine themaximumtensile strength of a damaged
arresting geartape specimenThe dataindicate that tapes
exhibiting transverse damage can withstand higher loads
than tapes with edge fray damage.

INTRODUCTION

The objectives ofhis studywere(a) to develop amethodology fortesting agingtapes,
(b) to determine the tensile load strength of damaged arrestingageaspecimensnd (c)
to develop recommendations to improve the procedure for replacing damaged arresting gear
tape at the Langley Aircraft Landing Dynamics Facility (ALDF). An overview of the ALDF
is pictured in figure 1. This paper presetddsashowing the effects of transverdamage
and edge fray damage on the tensile load capability of the tapes.

The arrestmensystem is a key component thie ALDF. This system is designed to
stop a 58-ton slettaveling atspeeds of 220 knots. No failurestbé arrestmengsystem
have occurred to stop the test carriage, but damage has occurregdytstehe tapes and the
test carriage. Although the incident ratdassthan 0.1 percent, tape failureould result in
extensive damage to the arrestm®rgtem andhe carriage. Repairs to any component of
the facility can be costly and time-consuming and affect the schedule of ptasted The
arrestment system makes use of five sets of st pendantswvith anylon tape attached
to eachend of the pendarfbr atotal of 10tapes. Although theystem consist ofive
assemblies, three of tliee are adequate tstopthe test carriage in approximaté@o0 ft.
Figure 2 shows an arrestment of the test carriage during a typical run.

The facility uses an inspection procedure after each test run to determine the condition of
each tape. This evaluation involvesntense screening of the tapes detectand report



damage. The damaged areas are further examinemsiarethat the tapesmeet the
minimum strength requirements before proceedmith the test. When atape fails the
inspection, it is replaced withreewtape. Severalypes ofdamage that can cause a tape to

fail are noted in thdnspection andReplacemenProcedure forthe ALDF. The tests
performed for this studwere onspecimens exhibiting edge fralamage and transverse
damage. The eddgeay damage manifests itself asl@ss intape integrity near th&ape

edges as transverseeaving materiafails; thus looseaxial fibers will fray. Then the
damagecdedges need to beut off, which makes the tape more narrdfig. 3(a)). This
damage linearly decreases the tensile lcaghcity as tape widtecreases. Transverse
damageoccurswhen the transversereave ofthe tape material unravelsThis damage
indicates internal failure of the tensieave. Transverse damage manifests itself by worn
spots or cuts througtine outerweave ofthe tapeg(fig. 3(b)). Whenthe transverseveave
unravels, the tensile load capacity decreases. A test was conducted on one of the specimens
exhibiting simulated damage. Simulated damagelved taking a specimen in fairlgood
condition and manually applying damage to the specimen using tools to put several cuts and
bruises on the material in various sections of the specimen.

FACILITY

The Langley Aircraft Landingpynamics Facility is a unique national téstility at the
NASA Langley Research Center and is located in Hampton, Virgifies facility has the
ability to evaluate aircraft landing gear systems including new and advanced concepts. Tests
can be performed on full-size aircraft landing gegtems. These testsan be conducted
under closely controlled conditions on runwayrfaces tcsimulate landing and takeoff
operations of aircrafunder many different simulatedreatherconditions. Research is
performed on phenomenrsuch ashydroplaning, tire friction, tire brakingslush drag,
cornering, steering, tire performanesd runway grooving. The accomplishmentdests
at the ALDF have made significant impacts on aircraft progress.

The mainfeatures of théALDF include awater jetpropulsionsystem, the testarriage,
and the arrestment system. Thigh-pressurevater jetpropulsion system propethe test
carriage along the 2800-ft runway. The componenthisfsystemare anL-shapedvessel
thatholds 26 00Qyal of water,three air storageanks pressurized toraaximum of3150
psi, and a high-speed shutter valve which controls the flow of the water. The test carriage is
constructed of tubular steel members and weigh®B8. Located near the center of the
carriage is a 20-ft-wide anD-ft-long open bay.The open bay is part ahe test section
areaused for mountinganding geasystems andther various test articles. A hydraulic



system is used to positighe drop carriage apply loads, and obtasink speeds up to 20
ft/sec on tires. Positioned dhe front of the carriage is aoseblock thathasfive V-
grooves, which isised tocapture thdive arresting gear cables on the arrestnsrstem.
Reference 1 gives a more detailed description of the ALDF.

ARRESTMENT SYSTEM

The arrestment system (fig. 4), located 1800 feet down the tragkedsto bringhe test
carriage to a halt. A typical test can include speeds up t&r&#8. The maincomponents
of this system include five independesetts of energy absorberswatercooling system, a
pendantsupport gantrytower, and 10 arresting gear tapes. Connecte@ach energy
absorber is the cable-tape assembly in which a tape is attached to each end of the five cables.
Each cableassembly consists of steel wire pendant that isl.25 in. indiameter and
100 ft long. The system is capable of absorbing 167 000 000 ft-lb of energy by raising the
temperature of watecontained infive sets of tubs. Each energy-absorber assembly
contains a tub, rotation shaft, and a spool. If mnysets ofthe energyabsorberdail, this
systemstill hassufficient energy absorbingapability to arrest the carriageiccessfully.
The gantrytower supportsthe arresting geatables, isused toelevatethe cableswhen
towing the carriage down theack, and supportsthe five cable assemblies to the precise
nose block position for the test carriage and arrestment system engagement. (See fig. 5.)

ARRESTING GEAR TAPE

The arresting gear tape is made of woven nylon and is extrstifelyTo accommodate
wearand abrasion othe tape,the top and bottoredges ofeach tape are reinforcenth
extra nylon. The tape is also treated with a black resin polymer tgiesépnt deterioration
because of weather conditions.

The test specimens used for the experiment were selected from aged arresting gear tapes
that had been replaced frothe arrestmensystem bynew tapes. The aged tapesre
closely examined to identify the various types of tape damage. New tapesiahe 8 in.
wide, 0.344 inthick, and 483 ft. long.For the testaging arresting gedape was cut into
specimens 26 in. and 30in. long and grouped imto damage categorieedge fray
damage and transverse damage. Figure 6 shows an example of typical arresting gear tape.



TEST APPARATUS

The tests ofthe arresting gear tapegere conducted on @20 000-Ib load-testing
machine (fig. 7). The setup consistedttod 120 000-Ibload-testing machinand adigital
data acquisition system, which was used to capture the data during each test with a recording
rate of 10samples/sec. The testingachineconsists of dydraulicpressand asensitive
load measuremeistystem. The criticalcomponent to theuccess othe test was the grip
fixture, which had to fit into each of the 3- by 4-in. top and bottom sp#Es ofthe testing
machine as well agrip the tape specimenTwo identicalgrip fixturesweredesigned, one
for the top mount ofhe testing machinand the othefor the bottom mount.One end of
the grip fixture was designed tdit into the open slots ofthe testingmachine,and the
opposite end was designed to fit the 8-in -wide arresting gear tape specimen. (See fig. 8.)

The tapegrip fixture shown in figure 9 consisted otanter plateandtwo side plates.
The plateswere mounted together at an angle fyin. bolts. Whenthe tensile load
increased, the clamping force of thide plates increasedlhe assembly ofthe specimen
between the side plates consisted of two wedges that fit between the insidsidé thiates
and each side of the specimen. Sandpaper was used between the inside opltite sidd
the wedge. Doublersmadeout of Union Carbide Bakelitematerial were attached to the
specimen prior to testing to help reinforce the tape edges.

TEST PROCEDURE

The test procedur@volved three mainsteps. The first step involved preparing the
specimen for testing. The preparation consisted of malandglers out of UniorCarbide
Bakelite material. The process involved bonding the doublers to the tape by applying epoxy
to theedges othe tape specimeand curing theepoxy for atleast 6 hrprior to testing.
Steptwo was theassembly ofthe grip fixture andthe tape. The tape specimen was
assembled to the grip with wedges and sandpaper, fitting the spdmtmezen the wedges
and the side plates and bolting together with 1-in. bolts on sdehofthe specimen. Two
bolts on each side of the specimen were tightened to clamp the specimegrip theure.

The grip fixture clamped each end of the specinmng up 2 in. okpecimen. Stefhree
involved attaching the grip fixture to the testing machine. The narrow end of the grip fixture
was placed in the open slots of the top and bottom mounts and held together by 2-in. bolts.
(See figs. 7 and 8.)



The testing machine waset to themaximum load capacity ofi20 000 Ib and a
displacement transducer was mounted omibehine to measure deformation. dagital
data acquisitiorsystemwas used tocollect dataduring each test. Loads were applied
increasingly until failure occurred or the maximum travel length on the testing machine was
reached. Most of the specimens failed at tigeip fixture. A challenge was developing a
fixture that did not cause the specimerslip or fail at the fixtureends. The failureloads
varied from 40 206 Ib to 93 083 Ib. Figure 10 displays a typical failed specimen.

RESULTS

Fifteen arresting geatape specimenswere tested. The condition of the specimens
ranged from transversgamagesimulateddamageand edge fray damagélhe specimens
were 0.344 in. thick and 8 in. wide with the exception of specimen 1 that wasidenand
the length was 26 in. for 13 of the specimens and 30 in. for the remainihlge2geometry
for each of thespecimens tested can fmund intable 1,but due to grip failure problems,
only 3 tests showed tape failure and are discussed in the following paragraphs.

Specimens 12, 14, and 15, which exemplified tape failure, aredisowssed. Figure 11
displays doad-displacement pldor specimeril2. The damage typ#or this specimen is
transverse damage with minor edge fray. Specimen 12 failed at a maximum load of 69 048
Ib. The minor discontinuity observed in tharve is possibly caused bynternal fiber
breakage of the specimeopping soundsvere heard when théads were approaching
20 000 Ib.

A load-displacement plot of specimen 15 is shown in fidi&e Specimen 15 exhibited
transverse damage a&ll and failed at anaximum load of 74634 Ib. The curve in the
figure shows someninor discontinuity approachings 000 Ib. Duringthe test,popping
sounds were heard near these loads.

A plot showing load displacement oftape withedge fraydamage specimenl4, is in
figure 13. This specimefailed at a maximum load @f0 206 |Ib. Poppingoundswere
also heard during this tesfThe specimenvith edge fraydamage failed at a mudbwer
load than that of the specimernth transverse damageBased on thi®bservationfurther
tests should be performdstcause it is probabkbat the tapesvith edge fraydamage
should be replaced sooner than the ones with transverse damage.



CONCLUDING REMARKS

An experimentalstudy was performed on damaged arresting gepe specimens to
determine their maximum tensile load strength capability. After several modifications to the
grip fixture, a grip design was developed that was adequageptthe 8-in. specimens and
fit properly intothe slots onthe 120 000-Ib load-testingnachine. A methodology was
established to perform continued evaluations of the aging arresting gear tapes in the future.

The specimens testedere characterized ashibiting transverse damage and edge fray
damage. The specimendth transverse damage failed at higheads thanthe specimen
with edge fray damage. This result suggests that if the arrestintageahowsedge fray
during the inspection procedure, consideration shoulgivies toreplacing the tapsooner
than one with transverse damage. However, further tests should be conducted on specimens
with both transverselamage and eddeay damage to acquire a larger datet before
consideration is given to altering the inspection and replacement procedure.

One recommendation is if edge frajamage is detecteghd the damageddges are
trimmed, the trimmedkdges should b&eated with gpolymer solution to help hold the
fibers together to increase the tensile strength of the tape.

REFERENCE

1. Davis,Pamela A.; Stubbs, Sandy M.; and Tanner, JohnlLangley Aircraft Landing
Dynamics Facility. NASA RP-1189, 1987.



B0 popeuIep
Yeam e a.n|re (44 8 o9C affewreq sseasuel | GT
9.in|rejade] [ 44 8 9Z abewe Ae.i4abp3 14’
[pAe ] Jo 1IN0 oZ 3 0 abeweq as eAsue .l ] T
(Ae.1}abpa Joulw awos)
aln|rejade] 22 ol oc abewreq as eAsue . | AN
ain|rey diio [ 44 8 4 abeweq parenwis 1T
ain|rey diuo [ 44 8 9Z uoipuod pooo oT
9in|rej diio [ 44 8 9Z uollipuod pooo 6
alnjrej diio 22 Q oc abeweq aseAsue .l | S)
aJin|re} diio 22 3 (Y4 abeweq ssensue .| /
alnjrej diio 22 Q oc abeweq as eAsue .l | 9
elep JuedIjnsu| [ 44 9Z adeys-suog pare|nuis g
alnjrej diio 22 Q oc abeweq as eAsue .l | ¥
aJin|re} diio 22 3 (Y4 abeweq ssensue .| S
alnjrej diio 22 Q oc abeweq as eAsue .l | 2
pAe ] JO 1NO 9¢ L o€ uolipuoy pooo T
(ui)
H1ON3
NOILD3s | (u) (un al
SINdININOD 1S3l H1AIM | HLONIT | NOILIANOD N3dINID3IdS N3N I1D3dS

AdL3INOTIOD NIWIO3ILS 1SF1 T 319VL




‘K110 sotueuA( Surpue ] JeIdary A9[ue| [ 2InSiq

s|el i
" UMOP-PIOH

aAjeA Jonnys [
ﬁmmqmsm_m._I

abe|LED 158

126 Bunse.ry B e BUlp(ing UCIBITIED
e e : e s




"unu 393 [ea1dA) € Sunmp 9FerLed 159) JO JUIUNSAIY ‘7 AInJIq




(a) Edge fray

(b) Transverse

Figure 3. Types of damage.
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Figure 5. Arrestment system elevated for towing of test ¢
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Side Clamps

Arresting Gear Tape
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Figure 9. Schematic of tape grip fixture and arresting gear tape specimen assembly.
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Figure 10. Arresting gear tape failure.
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Figure 11. Load-displacement plot for specimen 12 with transverse
damage and minor edge fray damage.
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Figure 12. Load-displacement plot for specimen 15 with transverse damage.
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Figure 13. Load-displacement plot for specimen 14 with edge fray damage.
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