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the 20mm gun, a lower cutter, and a forward windshield deflector. Using the NASA-Largiey
Rese3rch Center's Impact Dynamics Research Facility, an AH-IS helicopter fitted with the
WSPS wa& subiected to pendulum swing tests into the objective wire, which is a steel, seven-
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demonstrated its capability to sever the objective wire in all tests, during which impact velocity.
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installation it was determined that some WSPS components weie not necessary, and these were
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cutter should be added to the system to prevent a wire from hanginq up on the air data sensor
boom: , timing did not permit the fabrication and test of such a component., Acquisi-
tion and installation of the WSPS tested (modified to include an air data boon, cutter) is
recommended for the Army AH-1S helicopter fleet.
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PREFACE

The project engineer for the tests described herein was LeRoy T. Burrows, Aerospace Engineer,
Safety and Survivability Technical Area, Aeronautical Systems Dio'ision, Applied Technology
Laboratory (ATL). The lead aerospace technician was Paul Tr"Plett, also of ATL.

The author extends his gratitude to the following organizations for the support specified:

NASA-Larigley Research Center (LRC) for providing facility support, conducting
the pendulum swings of the aircraft, and providing external ohotography. " :

Directorate for Systems Enqineering and Development, HQ, AVRADCOM and the
COBRA Project Manager for requesting and funding these tests and for providing
the test vehicle and the WSPS.

US Army Communications Command Detachment, Fort Eustis, for timely erection P
of the wires for these tests.

US Armv Transportation Center and Fort Eustis for lending some test vehicle
components and moving the aircraft.

p wD

p w

•.st'nL For

- Ji

Avallabilutv ,d5
.7... . . A.

r1
I I

3

0 0 9 0 0 0 0 9 11111 p It 9 0 4111 V W



TABLE OF CONTENTS

Page.

PREFACE ............................. ........................ ...... .......... ............... ....... 3

LIST OF ILLUJSTRATIONS................... ......................................................... 6

INTRODUCTION ............................... ....................... .... ............................ 7

TEST PURPOSE.............................. . ............ ............... ................................ 9

TEST FACILITY.............................................................................. .......... 10

TEST SETUP ....................I............. ................................................. ......... 13

A a t Preparationl............................................................................. 13 0

Wire Strike Prot'?ct'on Systemn (WSPS) ........................................... ... -...... 15

O bjectiv e W IN ? 1.. ..... ................ .8... ..-.. .............. ... i

Photographic and Radar Coverage ... .... ...... .......... ............ ... 18

Infsttir L'fne tation ................................. .................. ............. ........................... 18

TEST DESCRIPTION AND RESULTS ... ........................................................ 20

2
Planned Test Program ..... .........-....................................................... 20

Actual Test Program .. ......... ................................ ............................... 20
Pp Breakaw\ay Tip Test........ ........................ ....... .............. ............... 31

Analysis..................... ..... .................................... ..... ..................... 33

CONCLUSIONS............................................................ ........--.... ........ ....... 34

RECOMMENDATIONS ....... .................. ................................... ....... 35

5

p~ ~~ ~ 9 9S 9 0 9 SS 9 6 6 6 V w



" I

LIST OF IL.USTRATIONS

Figure Pane

1 Impact Dynamics Research Facility .................................... .............................. 10

2 Pendulum swing test apparatus .......... ............... ......................................... 11

3 T est a irc ra ft ................................................................................. ............... . . ..... 1 2

4 Test aircraft fixtures ................................................... 14

5 CH47 transport of AH-1S ................................................................................... 14

6 U p p er c u tte r .................................................................................................... .... 1 5

7 TSU deflector ........................................................ 16

8 Chin cutter ................................. .................. .. ............................... 16

9 L o w er cu tte r .................................................................... . ...................... .......... 1 7

10 Forward windshield deflector .............................................................................. 17

11 On-board camera circuitry ............................................................................. 19

12 40-knot test pullback position .............................................................................. 22

13 Test 1 wire tension time histury ........................................................................ 22

14 Te~t 1 effect on TSU position indicator .................................. 23
2

15 Test 1 effect on nose skin.................. ................................................................. 23 B

16 Test 2 wire impact ............................................................................................... 24
17 Test 2 wire cut.............................................................................. 25

18 Test 2 wire tension time history ....................................................................... 25

19 T est 2 aircra ft d arm a ge ......................................................................................... 2 6 P

2C- 15-knot test pullback position .............................................................................. 27

2 1 T est 5 w ire im p act ............................................................................................ . 2 8

22 Test 5 wire cut ...... ............................. ................. . . . . . . . ... 28

23 Test 5 wire tension time history ....................................................................... 29

24 Test 6 wire tension time history ........................................................................ 30

25 Test 6 wire impact .................................................... 30

2 6 T est 6 w ire c u t ............................. ......... ....................................................... 3 1

2 7 B reak awv ay tip test s-I .jp ...................................................................................... 3 2

28 B reakaw ay tip test results .................................................................................. 3 2

6



INTRODUCTInN

In-flight wire strikes are a serious threat during all-wEather daytime and nig~ittrrne helicopter
operations, including:

Terrain flight (nap-of-thie-earth, low-level, and contour)

* Enclosed area takeoff and landing

* Confined area maneuvering -- *

*The US Army's growing emphasis on these operations Is a major reason for the recent incrtase
*in the number of wire strikes experienced. Despite concentrated training in how to avoid wire

strikes, and actions such as mapping wires in training areas, removing unnecessary wires, mark-
* ing cable,- with orange spheres or other devices, anid preparing SOP's to increase pilot awareness

of the wire strike threat, the peaicetime wirrf strike problem remains serious. During the p~eriod -
1 January 1974 to 1 January 1980, w Ire strikes accouinted for 8 percent of to~l Army aircraft
damage, 6 percent of all Army aircraft injuries, and 16 percent of Army aviation fatalities.
During this period none of the fatalities were cauled by the main or tail rotor blades strikinq
wires, which indicates that fuselage and skid gear strikes are the primary problem. Since many
of tnese mishaps have occurred during training over familiar sites, It can be assumed that thle
wire impact threat posed by c~ombat operations in unfamiliar areas would result in increased

*wire strikes. Furthermore, in a hostile environment the enemy can be expected to string wires
* as an ir~trusion countermeasure.

SSince the empha,ized operations require flight close to the ground during varying degrees of
visibility, the hazards presented by wires and other obstacles cannot be eliminated. However,
these hazards can be effectively reciiced by configurinai the helicopter system to he. more to[- w
erant of thpm. Increasing helicopter survivability to thre wire strike threat will result ir fewver
mishaps, and therefore, increased aircraft availability, decreased maintenance, reduced casualties,
and improved mission effectiveness.

A simple, cost-effective design approach to providing protection from the wire strike threat is
a helicopter Wire Strike Protection System (WSPS) consisting of a combination of deflectors w
and passive cutters. An examination of electric power arid 'telephone lines in use revealed that
a 3!.8-inch -diameter, seven-strand steel messenger cable wvith a tensile strength in excess of
10,000 pounds was the toughest cable found in abundance;- this cable has been the cause of
many fatal helicopter accidents. Accordingly, the WSPS should be designed to counter the

*threat of this cable, which in this report is dlesignated tiie dlesiqn objective wire. This wire is
normally used to support heavy communications cabics that contain many copper wir(,s within.

In May 1979, a WSPS designed by Bristol Aerospace Limited (BAI.) was qualified for Cana-
dian KIOWA helicopter (OH-58A) application. This system consisted of an ujppe)r Cutter, a

* lower cutter, and a windshield center-post deflector. BAL conducted a series of 52 wvirecutting
tests by mounting a deflector and upper Cuitter on a wrecked K IOWA fuseluIgc,, riqidly secu~ring

4this to the flatbed o! a troc~k, and! driving the truck into fi xed wi ris. Test var ables included(]
* sp~eed (15 to 60 mnph), yaw anq(lle (0 to 45 deg), strike location (nose to top) of cutter), anid

wires (steel -rein forced aluminum, mecssenger, and guy ca~'~-Concurrently, the,, Canadiain Aero
* ~~space Enijineering Test Establishm nent conducted a fI yin q( ualities anrd electromaginetic In ter

ference (EM I) qualification of thin OH 58A with the WSPS instal ed. All w-ire, cutting tests were
successful, and no significant. effects upon aircraft flying qualities or EM I were nlotedl.

4p
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The wire-cutting test method employed by BAL validated upper cutter and deflector design
objectives but did not test the lower cutter. Neither were questions answered regardingI air
craft pitch and yaw attitude changes or deceleration loads 0 ttendant to the wire impact and
cuttin(] sequence, or their potential effects upon aircraft control and rotor hlade flappinq.
These questions were answered by OH-58A swing tests conducted by ATL in October 1979
and reported in Reference 1. The wire impact/deflection/cuttinq sequence did not have a sl I
nificant effect on the OH-58A helicopter with respect to attitude chanqe or impact loads, arnd
rotor blade flapping effects were calculated to be negligible.

The UH-1 WSPS is similar in configuration to the OH-58 system. For this reason the Canadian
Armed Forces procured a WSPS for their IROQUOIS (UH 1) fleet without subjecting it to veri-
fication testing. Prior to the application of the WSPS to tie US A:my's UH-1 fleet, ATL was 41
requested to conduct verification swing testing similar to that done for the OH-58 WSPS. One
difference was a test where the wire was impacted at arn angle of 30 degrees from the normal
to the flight path, which identified the need for a windshield wiper shaft deflector as part of
the WSPS. The results of the LUH-1 WSPS test effort are reported in Reference 2.

The AH-1S COBRA WSPS is more complex than the OH-58 or UH-1 WSPS because of the
weapons and other equipment installed on this aircraft which present potential wire snags. The
AH-1S WSPS was jointly designed by Bell Helicopter Textron (BHT) and BAL under a HO,
AVRADCOM contract with BHT.

At the invitation of HQ, AVRADCOM, ATL became involved with this WSPS early in its desiqn
cycle. A recommended location for the upper cutter above the pilot station on the aircraft -1
centerline was not considered feasible by some Army elements due to the potential adverse
effect on FM homing. ADF antenna, and airborne laser tracker (ALT) performance. Accord-
ingly, ATL requested that the US Army Aviation Development Test Activity conduct design
support flight tests to determine if adverse effects did result from the proposed upper cutter
location. For the AH-1S flight tests, BHT provided a mounting plate and ATL proviJed a
modified OH-58A prototype upper cutter to simulate an AH-1S tipper cutter mass. The results 1
of the flight tests indicated that the proposed upoer cutter location had a negligihle effect on
FM homing but did induce a signiticant error in the AN/ARN-89B ADF direction-finding capa-
bility. However, sufficient compieisation was available in the receiver to correct the error and
provide a usable systeri.

The US Army Night Vision and Electro-Optics Laboratory, which has responsibility for ALT •
development, was contacted. They conducted an analysis of the proposed upper cutter loca-
tion and concluded that there would be "no significant interference with ALT operations
despite minimal obscuration."

Prior to the application of the WSPS to the US Army's AH-1S fleet, HQ, AVRADCOM and
* the COBRA Project Manager requested that ATL conduct verification swing testing of the sys-

tem. This report describes the AH-1S WSPS test effort.

Le Roy T. Burrows, /(if'•l~auai Icufj h 'pi-r |tir' .Strike I",' liue ( "io'i USAAV RADCOM

TM 80-D-7, Applied Technology Laboratory, US Army Research and Technology Laboratories

(AVRADCOM), Fort Eustis, Virginia, June 1980, AD A0868E7.

2 LeRoy T. Burrows, I' rilif imi (-A.tiia. ,it a 1l -i lt'1rc .51) IoiRC /'rIl(( iIm Si ' ft m ( b'IS.,5V

USAAVRADCOM TR 82-D35, Applied Technology Laboratory, US Army Research and Tech-
nology Laboratories (AVRADCOM), Fort Eustis, Virglinia, Octnber 1982.
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TEST PURPOSE

The prim ary purpose of this test series was to determ ine the suitability of the BAL.BHT " "
WSPS for application to the AH-1S COBRA helicopter. This was to be accomplished by the
experimental evaluation of each WSPS component. In addition, installation problems, potential
sy ste m lim ita tio n s, an d a irfram e d a m age fro m th e w ire inpac t,'d e flec tion ,"cu ttin g scq u eeC ce w e re
to be assessed.
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TEST FACILIT"

The AH IS ':VSPS test was rfrformied a1 tre NASA La'Iigly Reseairch C-,enter's lmrii)ct Dynmriar:s
Resear".I. Icility shown in Fiqure 1. The )asic struicture of the facil it,, is the 220.footrhigh
hy 400 font Ilong gantry. It is sLii)C)orted I)w three sets of idlnud he les Sli cl;i 267 feet tlrri-
at the gi OtLd level and 67 feet anart at thie 218 foot leveI. A mrnvahIle hr biit spans tirt gjru y
at the 218-foot level arid traverses th e lengIth of the glantry- A contiol room and aii oblserva
tion trom ire located in) the lruildi:gq at the base of the, gantry. Alin•g tl c;rir linqe I-.f the

gantry, at gIround level, is a stripi of reinforced concrete 400 feet Iong•, 30 feet wide, aind 0.67
foot thick-.

The apliaratnis necessary to condnict a helicop ter r, iudnilnim swin. test is shown in F ipire 2.
Swing-cable pivot-point platforms located at the west end of the gantry supported the winches,

sheaves, and pulley systems that controlled tire lengIth of the two swing cakles. A pullhack plat.
form attlac'hed to the uinderside of the movable carria(le stupil;orted t'e w-in.ch. shea,.-e, and ii•u l!(
systen- tid:t control'led the engtle tl (il ipulllback Ca!e. Tlhe sI-ii caules fl.er e attrcired to an p

I !)rar- spreader bar (Figlure 3) that waS ConnleCted• th ttlre hMlicop)t,; rotor huh andi during the pen.

duluin switoe su pported the helicopter tiirowi'r the rotor mnast, :as iw. free flight. A pullhack
calm.. liti• onin electrically olrernte I hook was attached'I to a spWciallv fabricated fixtture placed
on the alt co-ni of the tail boom. Thi, I irearn sprearder bar was employ'ni to Irrevtert the test
aircraft from spinning after the sW rig test arnd twistinig the swing carrles.

Both si'Swi 'i and p)ullback cables can be varied in lerrgth to I rovihe dres•ired irenrlumILml Swinrig
arc anr velocity.

V4.

, ....... .

FgiJure, 1. Implact Dynamiics Res5xarc:l r-acility.
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TEST SETUP

AIRCRAFT PREPARATION

The test helicopter was a nonflyahie AHi1S (modernized COBRA), sN' 76-22o&C that vvis fur-
nished to ATL by the COBRA Project Manager. It was fully equipped IE?!s Avignlc equiipmrient,
20mm cannon, telescopic sight unit (ISU), and air data sensor. Thle aircr.-fý o~luirrl~d Some
rehuild after shipment, and this was accomplished bý the US Army Trbiisrjorzat ion School.
They also loaned to ATL and installed a TSU and a 20mmi canno'1. T:10 aircrzaft was Initially

Iprepadred for testing at Vie ATIL research support area as follow~s:

1. installed the AH-1S WSPS.

2. Fabricatfd and installed fixtures to prevent rotor he(ad ri~,Ovrnqe fl I ýri ~v
direction.

q3. Fabricated and installed four on-board camera mounts arid iria crCL~itry anni
fixtures required to actuate the cameras via a lanyardJ.

4. Added fixtures for swing arnd pullback. cable attachmrent (Frjur-i?4).

45. Designed, fabricated, and installed] a spoiler ittachniti, it to llic v&!11 ;,Il stabilizer
to prevent adverse yawing during the swing tests (F iqure. 4:.

G.. Calculated weight arnd balance and addced haliast required tc 1) 1 ac-- t fl center of
3 gravity (cg) at the rotor mast station.

7. dded fixtuie tu ,preverit TSU rotation. -0

8. Fabricated a dummy air data sensor.

Durinq installation of the WSPS on the test vehicle, it was concluded that t1. riG shield was
not required since the- aircra-ft skin in this area was considered to bp. Struicturally rapable of

*withstanding wire impact and deflection. It was also decided that thle loflt forji/orrl winrkhielri p

- deflector with a sawtooth edge insert was riot necessary and would iTrd '.'.Ire df-flection. In
addition, .t was determined that thle two lower cutter mountinq castingrs acJ(!io cxccss~ivý diffi.
culty to the installation and could be eliminated through a sim~lc iri5 taitlat iO proceclure. HO,
AVRADCOM and the WSPS conriactor, BHT, concurred with ATL% rec.-rir"Rnciation to elini
nat those corflponirrts fromn the AH 1S WSPS to be ts~i

Tlln! initial wei'ihit and balanice yielded a net aircraft weight of 573(1 I-)o~iiicl.-S.it 11i he c~j at
statiuin 202, just 2 inches from thr! rotor mast, station 200. Severity mr-cwrud if- !2allalst w'a5
p~lace(] on the gunner seat floor aird the rocket pod stores were addedl, :)ri irljintj 1F.-, niovoiwnt
weight utp to 6044 pounds with the cg at the rotor mast, station 200.

A CH 47 he! copte:r Was LuSed' to0 transtport the test venic~p from Focrt Eti s "t 1),1 ttest tp u
(Figure 5).
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Fi(]ur(, 5. CH 47 tranJfsport of AH.1S.
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WIRE STRIKE PROTECTION SYSTEM (WSPS)

The AH-1S WSPS tested has five rn,,jor components: th- ui per cutter, which protects the
main rotor controls (Figure 6); the TSU deflect. r, w, ch prevents a wire from snaqqinq( on the
TSU optics or supporting structure (Figure 7); the chin cutter, which helps prevent a wire
from snagging on the 20mm cannon turret (Figure 8); a lower cutter to protect the skid cear
(Figure 9); and a deflector with a sawtooth edge insert mounted on the right forward wind
shield structure to provide some protection from an air data boom wire snag (Figure 10).

The WSPS is a passive system, having no moving parts. Upon wire impact, the helicopter
momentum deflects the wire or cable into the upper, chin, or lower wedge-shaped cutter, "0
which notches it to the extent required for tensile failure.

The weight of the AH-1S WSPS tested was approximately 25 pounds.
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FiquLre 7. TSU deflector.

F iqiirc 8. GhIno cutte.r.
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WIRE STRIKE PROTECTION SYSTEM (WSPS)

1he AH.IS WSPS tested has five major components: the ur)[)er cutter, which protects the
main rotor controls (Figure 6); the TSU ,Qflector, which prevents a wire from snaqgin.ý on the
TSU optics or supporting structure (Figure 7): the chin cutter, which helps prevent a wire •
from snagging on the 20mm cannon turret (Fiqure 8); a lower cutter to protect the skid qnýar
(Figure 9); and a deflector with a sawtooth edge insert mounted on the right forward wind
shield structure tn provide some protection from an air data boom wire snag (Figure 10).

The WSPS is a passive system, having no moving parts. Upon wire impact, the helicopter
momentum deflects the wire or cable into the upl'per, chin, or lower wedge-shaped cutter, -.

which notches it to the extent required for tensile failure.

The weight of the AH-1S WSPS tested was approximately 25 Pounds.

Fixture' 6. Ulpper cli1t,'
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Fiqjure 7. TSU deflector.
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OBJECTIVE WIRE

For the tests, the objective wire was a 3/8-inch-diameter, seven-strand cable having a tensile
strengtti of 11,500 pounds. Four communication/power line poles were erected at the test site
approximately 200 feet apart to permit stringinq the wires 30 degrees from the normal or nor-
mal to the predicted aircraft flight path. Use of a 200-foot wire ;trunq at a standard height
and tensioned by the line crew in accordance with normal piocedures provided the basis for a
realistic wire installation. The wire was strung approximately 10 feet forward of the swing
cable pivot-point platforms at a height of 22 feet above ground level. This permitted raising
or lowe, ing the aircraft to a pre-pullback position without wire interference.

PHOTOGRAPHIC AND RADAR COVERAGE

Mounts for four high-speed (400 frarnes/sez) 16mm motion picture cameras were installed on
the test helicopter. One mount was placed in the cockpit to provide a pi!ot's eye view during
the tests. The other mounts were placed to permit views of the upper cutter, chin cutter,
and lower cutter and were located on the rotor hub, right side of the 20mm cannon turret,
and right skid landing gear, respectively (Figure 3). A 10mm wide angle lens was used with all
on-board cameras because of its wide field of view and its ability to obtain visual data at close
ran--. "rv,sc vm._ we,,r-o."red by an on-hoard NiCad battery and were activated by a
lanyard switch through circuitry located in the AH-1S ammunition bay (Figure 11). At the
T-minus-3-seconds point of the aircraft release countdown, t.,e lanyard pin is manually pulled,
thus permitting camer# run-up prior to release.

The exterior hifgh-speed and stil! sequence motion picture photography was provided by NASA.
Hand-held real time and ;apid sequence cameras were operated by ATL photographers. Ground
coverage ncluded fuur high-speed (650 frames/sec) ground cameras and two 70mm still sequence
(50 frames'sec) cameras.

Rhadar '.dS S,;t up by NASA personnel to measure helicopter velocity at wire impact. The
radar used was a stand-mouInted, continuous-wave Doppler system.

INSTRUMENTATION

A 10,000 bOund-capacity load cell was installed at each end of the objective wire and then
securerl to the line poles. These load cells were connected to the am[plififer-recorder electmonics
by 260 inml 320 foot cables for the left and right poles, iespectively. Each load cell was cali.
brated before and after each test . Prior to each test, the static line tension measured bv the,
load Cells v.,Is zeroed out so tilAl only tile time history of the increase iri line tension (Jurintl
III( wire. iil),Ict,;defle;ction:,cut till(I Se••uniCte was measured.
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TEST DESCRIPTION AND RESULTS

PLANNEj[D TEST PROGRAM

The Directorate for Development and Qualification, HO, AVRADCOM, specified a qualification
test program for the AHi 1S WSPS. The finda; coordinated test program and conditions, taking
into ai.couft test rig limitations, are provided in Table 1.

Prior to initiation of the official test serieS, the' aircraft was swung twice at a peak velocity of
40 knots vothout wires erected to ascertain the aircraft motion durinq a lpendlulumn Swinq
while Supported only through the rotor mast. This was especially important for this test pro-
gramn in which pitch attitude was to be varied (Table 1 ) by shifting the be,'*lt, thus moving
the lateral cg away from the rotor mast station. Neither of these tests resulted in erratic
flight motions and the static pitch attitude was maintained at the bottom of the ijenriulum
swing, thus indicating that no further r -straint of the aircraft during the 40-knot wire impact
tests was required. The tests ais ) indicated that the vertical Stabilizer spoiler designed, fabrica
ted, and installed by ATL was highly effective in rpreventing adverse aircraft yaw throughout
'he pendulum swing.

TABLE. I All 1S Výsps i)UALIFicATIoN1 TEST PRO0GRAMI CONDITIiONS

O ict'Wire nio -c! \',ioo v Wire Ar.qir' 'Ali tt
15mhpijct Location k t Respect to F i;qhT Pa'1h Pitch Attitude

Nose structiro above 40 Normal 5 to 10 dcg

TSU nose down

240 25 to 30 oieq 5 o, 10 diey
from normnai 'rse down

TSU diefiector 15 Nc~.rmal 5 to 10 (leg

nose up

U Tip of Ivwer cutior 40 Normnal -3 to -3 d.!

ACTUAL TEST PROGRAM

For -jchl tct the AH IS aircraft was, lifted bi t-he tw.*No swving cables to a heioiht that vvould g
provide the desired location of initial wire impact. In estimating lift height or Swing cableý
iengIti neededl to obtain tihe desired impadct location, swing cable elongation under dynatmic
loads must be considered. For a 40-knot swvinq test, the vehicle will pullI approximately 1 G
additional acceleration at the base of the swing; for the size swing Cables used, this egjuata-s to
frin p1oniat ion of approx imnatOly 5 inches. The swing cables were attached to the rotor IiLJI)

p ny a ringq attachment that all owed pitchi ng movemnerit of the aircraft independent of the
sw,.ingc cables. The pull 1hack height was calculated to lprovide a p eindulurn swing fI iih t path
that w.ould resulIt in the desi red aircraft velocity at wire impa)Zct.

Ths! ac~tuajl test Itrofgran1f is shownvr lit Tableý 2. The itlatirid tersts A, B, C, aind D snecifie~d inl
Tabli. 1 should he (;iti-pareth d(li Ct;Y to tile dictu~l te-sts 1, 2, 5, arid 6. rsci~ . Diue tor-
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facility restrictions, the wire p)oles nad to he erected such thal the objective wire was impacted

eli!c closxr to the left pole than to the 6i li t pole. Therefore, test discussion is liliIited to

left pole load cell data which is more, indicative of the wife 'oitli)acr',(eflectioiC entt![ o sequence
events. For each test, pitch attitude was varied by shifting tire lead ballast to obtain a static
pitclh attitude cli sistent with thl test plan specified in Table 1. A descriilton of ea'l actual
test follows S

I 1A 1 r.I ,!,o 1 S VI\ IFIrCAII ON T ESTlT1 Ni, _'JuC),"I)UCT t D

V.'rc_ Ani;,Ii V'.-. I(. iiJ: h . " "
"1 cs Wire Impact vtSi'S Compo Furri Norm'al Imt;.ict I

N" ia3e L wcatior,, ,ell) T ,;týd W -1a'i Ill Left V'(le i"hll P ,

4. 15 82 Nose above Upper cutter 0 40 1 3762 3392 -6

TSU dhliecror

2 419:82 Forward wind Uppc-r crltter 30 395 3018 2I6.6

4,20:82 Chm te .il cutrle 0 17 R 4083 3392 -8

4 4 21 82 Ai;oe chin Chin crutler 0 1 ; 9 3466 3055 B8

C..1 Ii-f

4 21 82 TSU dlviiectui, 1SU defliclor 0 17 8 3390 2020 .8
.1110o Cliir cutter S

6 4/22 82 Lcrvwcr cuttner Lower cutter 0 334 3416 1961 0

F
Test 1

To obtain a 6 degree nose-down pitch attitude, 350 pounds of ballast was added to the floor
of the gunner's seat. The pullback position for the 40-knot test is shown in Fiure 12. The
wire impact was to be on the aircraft nose after getting by the TSU position indicator, which
is a metal rod sticking LJI) app)roximately 6 inches above the front of the TSU. In this test
the wire impacted the TSU position indicator rod, bent it over, and then impacted the air- W "

craft nose. The wire deflected upward to the forward windshield deflector where it gougled
out teeth from the sawtootred hlade insert in three places, progressively notching tie wire
until it broke in tension near the top of the deflector. Tile left pole wire tension time
history cgiven in Figure 13 graphically depicts these event;.

To hoptter I iainerStand tht-s an'I I. Ln fi -,~ frflnl su.bseqLuet teStS, Ftquit" 13 i- rxt •I;i 11cl :is P l
folI %ows. Initial impact loadina is s:lown followed by a teotion decrease as the ,ire I ;ti;),ijI
froni tlI( TSU iHidicator to li;: nose strtrcture and into th.ir leflector sawtooth 4(,l]e vlf -0 a a
temp~urat y s,'ag provided a steep[ tension increase. This contill until th- wir' broka ;ooe i
of the snag, decreasing tension, and bounced to anot ,:r irea of the deflector witl liit attendant
snaitl a!id Ihlusion inr:rease. This seqluen(ce of eVl:llts toll; t (:u otne mote 'tIlt., .!,l Jil,'
C:viitluliy broke. It should be root.(f that, ever) if there are no s5nalS, while t:;ii vwr is in S
Contat wilth the aircraft v.-ie tension will ricrea.;e nie ,, . ,,th ill friction duo I r h I. lstruc
twins, such /ts screw and lolt hii-ls, and due lo tIe takitni: Lp) of static slack I,) tll' '"..

Ill. -i l)trtlrd canleras u e( l (luJrll.(; this test wV ,e m)olje ! i, ; U;( c)nkllit lil (i I I i OtilI .
Fil1uru 14 shows the hueit TSU l.sitirln in-dicator rol, !I- 5 SlimS-v , w:

til, aicrah ikin was scialed a.,I cracked- S
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Fiqlurc 12. 40 knot test ipullhack Imos Iti oil
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Fi:;Lirf 13. Test I w trn' i ciC, ri me hJ1[• istory.
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1 w i; ,j~ d itOtt hcfl fý-a'.* I- t;, f oi ward vviriis ii St (F ito 161 iiid
'.I' L) pnI wI C.UITter Jn~ I - t I d Io e in fale in Feso I FI ure 17 71. Figurk: 18

* \~v~r'? tension tinme history for tinis anf(Ilied wi~t test. [V'ror :mircraf, skint) rng
j 1! ih-_ iIip,,Ct polo', Zcind, is ti;c, '..ir-e defiflcted. oin tlie: i-t ard \Vi'aidSni(!( St'Lilii t-

I I Si19 Aalý)YSIS o1. thle hiIgh SJ)CiXj 1n100i1n piCti.re( d iculiteiittion aid Figuore 18 sliuov.d
T'-,- h vten staved in contact ,,.-t tri teor~vardj vi ndsh Ifd (1for ovor one.-half of th2 mxi

I rj. . UflSC~ti~lC anjd that i: ore vere minor snaqs wn tie ;Aft coineCog 01c W Ib
fouiwy'. andi upper vviiirshieiri strUCtorc and tile le'ft edgeC Of lhlý upp)[er C: ttr OUntingoiiO

all wn cfnwer amlifedby thne angled vvire. Impact.
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1FI'in 16. Test 2 wvire inhinlrt.
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In test 5 the wire impacted the TSU deflector (Figure 21) arid then deflected into the chin

cutter, again resulting in a successful cut (Figure 22). Figure 23 depicts the wire tension time
history for this test. Immediately after impact, the wire snagged the TSU optics protective
cover mounting screw head, building up a constant tension until it released and deflected to
the forward edge of the chin cutter, where it snagged momentarily before entering the cutting
surfaces. The TSU structure and the cover screw head received superficial damage.

5 #1 / .-=

II

Figure 20. 15-knot test pullback position.
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Figure 21. Test 5 wire impact.

V qtijr(, 22. Test 5 wvire cot
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Figure 23. Test 5 wire tension time historv.

Test 6 '

The pullback platform was moved back to the position required for a 40 knot test, and this p
test was successfully conducted.

Figure 24 depicts the wire tension time history. The wire impacted the lower cutter right

belovv its joint witl, the lower blade insert (Figure 25). This joint proved to b1c a minor snag

area, impeding deflection into the cutting blades. When the wire let go it entered the blades

and was notched and broken JFigure 26), '
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Figure 24. Test 6 wire tension time history.
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Fig.ure 25. Test 6 wire impact.
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Figure 26. Test 6 wire cut.

BREAKAWAY TriP TEST

This additional test was requested by HQ, AVRADCONI arid was coniducted at the ATI. research
support arm-a. A lower cutter breakaway tip is desirable in that it wouldi prevent aircraft (lur-image
when the aircraft straddles a solcid object up)on landing. A hole was drilled into the cuittr ilp
and] a cable connected as shown in Figure 27. The cah!e was I~roijresively tensioned Until t:10
shear rivet fai led (Figure 28). For thi s test a load ceil was ctonuiecteul to tie te;nsion hr, anld
the recordeo data indicated iat the rivet sheared at a 542 pound load. Th is is kith ii 10
percci it cfthe desi qn failure . nac of '500 [)ou.n(Is.



Figure 27. Breakaway tip test setup.

- oo , w

Fiqurw 28. Breakaway tii test results.
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ANALYSIS

Analysis of the test films, the post-test aircraft condition, and the wire tension Ioad cell data
resulted in tie following observations:

1. The upper, lower, and chin cutters were all effective in notching the o[)iectivc cable
to the extent where it would fail in tension at a force less than one-third of its
basic tensile strength.

2. The left side forward windshield deflector with a sawtL)oth blade insert imp(des
deflection and is riot adequate protection from the serious danger of a wire snagging
the air data boom (Figure 3). At higher wire impact velocities than that tested,
unacceptable loads may be transmitted to the aircraft windshield structurk; as a
result of the snag created when teeth are gouged out of the sawtooth blade insert.

3. The forward edges of the upper cutter mounting plate are minor snags that can be
easily eliminated.

4. The lower cutter components did not provide smooth wire deflection into the cutting -I
edges. This minor problem could be easily corrected in _a production design.

5. For thle low-speed test (18 kt) thli wire was in conta't ".,,ith the test aircraft for
437 ms as compared to the 40knot tests where the wire was in contact for 107 to
217 ins, depending upon the impact point. Any aircraft attitude variation that may
occur due to wire contact loads in a 1 .2-second time period would probably correct
itself after wire breakage before the pilot could make. a corrective control input.

P p

p qp
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CONCLUblONS

1. The passive WSPS concept as modified and tested should be effective in protecting the
AH-1S helicopter against mishaps caused by wire strikes. When the system is installed _
fleetwide, fewer accidents, injuries, and fatalities than are presently heing experienced
from wire impacts in unprotected Army helicopters should result.

2. Frame-hy-frame film analysis indicates that the wire impact,"deflection cutting sequence
wi!! not have a significant etfect on tile helicopter or the operator with respect to per.
formance and control. p "--

3. Tile wire snag potential of the air data boom presents a significant limitation to the
system tested.

4. Because of the weapon systems installed on a qunship and the inahilit,,, to provide full
protection, the AH 1S WSPS will be less effective than those designed for the OH.58
and UH 1 helicopters.

P 4P

I p1

4
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RECOMMENDATIONS

Based on the ATL wire strike protection test series, it is recommended that:

1 The AH.iS WSPS include a cutter mounted at the joint of the air data hoom and the
windshield structure. Once this is done, the deflector with a bawtooth edqe insert
mounted on the right side of the forward windshield structure should be eliminated.

2. The Army initiate retrofit of AH-1S helicopters with a WSPS as modified above.
3. All new helicopter specifications include a requirement for a WSPS.

4. The BLACK HAWK and Advanced Attack Helicopter Project Managers take action to
define a WSPS configuration suitable for those helicopters, ietrofit aircraft already pro-
duced, and plan for WSPS installation (luring production.
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