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EXECUTIVE SUMMARY

NTSH and FAA reports of 208 civil helicopter wire strike aceidoents for
a ten-yaar period 1970-1979 are analyzed, 1t was tound that 8%, of the

wire strikes occurred uwuring bright elear weat her.

Analysis of the accldents is orpantzed under pilot, eonvironment, ETH|
machine factors. Methods to reduee the wire strike acefdent rate are dis-
cussed, {ncluding detoct lon/warning devices, identtfication of wire Tocat fons

? prior to flight, wire cutting devices, and implementation of training pro-

, grams.
| The benefits to be gained by implementing acclident avoldianee methaods
b are estimated to be fully justified by reduction (n injury and death amd
; reduction of alreralt damage and loss,
3
’ Major findings are these:

1. Out of 131 persons involved, 17 (11%) died, 52 (16%) were seriously
1 hurt, and 85 (26%) received minor injurfes,

2, Fighty-cight atreraft (42%) were destroyed and 120 (587) suftered
: substantial damage.

3, Dollar cost of aircraft loss and damage was $11, 108,000,

4. The primary cause for 130 of the 208 accidents was, in the
determinat fon of the NISR, the pilot's fatlure to see and avald

objects and obstructions.

5. The average age of pilots experiencing wire atrikes was over 14 vears,
¥ ] I |1 ,

6., Pilot experfence {n helicopter and fixed wing aircealt combined

averaped over 4,200 houres,
Jo Pitol hielivopter expericnce averaped over 2,0 o,

8. Seveatyonine pilots (W) were awere of wite tocation prior Lo

fupact; 100 (A87) were not.

i




10,

1.

13,

14,

15,

b,

17.

18.

19,

J0.

o 100 apricwitural aceldents, 9% oeeutred during chemieal application
of whivh 38 fovelved toxle chemleals,  Only one pilot reported bedng

attected by chomfeal exposure in tlight,

ot 21 tatal aceldents, only 10 pllots had antopsy and toxic level

tests porformed,

ln 99% of aceidents, the coiling was greater than 1,000 feet and corres-
ponding vistbhbility was greater than 3 mites -+ the visual flight rule
minfmumsg, Fighty=-three percent occurred with elear akiva and unlimited

visibllity,

Elghty-seven percent of the wire strikes cecurred in rural areasg 62%

accurred over level terrain,

The greatest percentage of wire strikes in Agriculture occurred during
swath rons (54%); during cruise in Afr Transportation (24%) and Tublic

Sorvice (312).
The wires struck were power (68%), telephone (17%) and puy (5%).

Wire height above gromud was 40 feet or less in 68% of the accidents,
Fourteen percent of the wire strikes fnvelved long span wires - oover

150 feet bhetween support fug potes.

n 2% of the aceldents, fnitial impact was with the main rotor blades
of the helicopters the main votor mant was (nitially struck tn 200 of

the vasess tail rotor 155, canopy th%, amnd skids aml spray boom 155,

tneont rolled landings tollowed wire strikes on ditferent parts of the
helicopter with the tollowing trequency:  miln rotor miast Bah, skid or

spray boom 79%, tabl rotor 8%, main rotor 055 and canopy 435

1t is estimated that a pltot warning device would have been benet fetal

in 705 of the aceldents,

1t s estimated that a pilat training prostas would have been beneticial

{n avelding Se% of the wire strikes,

1t is estimated that wire cutters would have beont effect ive i a9% of

the wire strikes,

P
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INTRODUCTION

Helicopter wire strike accidents are a prohlem in both the clivilian
and military sectors. In a study of 197 civil helicopter aerfal applica-
tfon aceldents for the years 1975-1977, for example, 19% were found to he
caused by collision with wires and poles, the most common causal factor®
(ref. 1). In the Army during the period 1971 to 1977, 74% of 1,100 ubstacle
gtrike mishaps were tree and wire strikes (ref. 2)., Furthurmore, wtiliza-
tion of civil helicopters is growing. This is illustrated by the growth
of aerial application in the U.S5. from 1968 through 1977 (see Figure 1),
and by the projected growth in agricultural helicopter flcet size from approx-
imately 1,100 in 1979 to 3,600 by the year 2000 (ref. 3). Comparable growth

may be expected in other mission categories.

1n recognition of the growth in utilization of civil helicopters and
of current military tactics calling for nap-of-the-earth and contour flying,
a number of investigators have undertaken studies in attempts to reduce wire
strike accidents. Their efforts have concentrated on two aspects of hard-
ware design: (1) development of wire detection and location display devices
and (2) development of designs to {ncrease the tolerance of helfcopters to
wire/pole/tree strikes (ref. 4, 5, 6, 7, 8, 9. 10). These developwents are
discussed and assessed in this report. While some work has been carried
out to identify causal factors in wire strike accidents for specific mis-
aions (ref. 1, 3), an exhaustive study of available data to provide a better

understanding of such mishaps has not been undertaken previously.

In the present study, the 208 National Transportation Safety Board (NTSB)

civil helicopter wire strike accident reports for the ten-year period 1970-1979

were reviewed,

'*Eﬁng5"f5ffﬂfE"was a close sccond, accounting for 18% of the accidents,
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The objectiven of the projoect were

1.

2,

3.

4.

5.

6.

To fdentify factors, .f any, that are common to the majoriey

of wire strike accidonts,

To assess the potential of erieting technology and procedures,

both milttary and civilian, for reducing eivil wire strikes,

To recommend solutfons that could substantially reduce the

number of wire strike accidents.

To conduct a benefits assessment for each of the recommen=-

dations.

To study and 1list appropriate references on research and
development in wire oirike avoidance, References 1 through

18 are listed on pages 47-48 of this report,

To prepare a detailed analysis of each accident to include
any recommendations for wire strike aveidance. Volume 11

of the report contains onc-page “riefs for 208 accidents.

This report contains Appendices A through D, They are:

Appendix A — 208 Civil Aviation Helicopter Wire Strike
Accidents by Type and Mission
1970-1979

Appendix B ~ Primary and Sccondary Causes of
Accidents

Appendix € — Synopsis of Helicopter Research and
Development

Appendix D — Sample of Accident Analysis Briefs as

contained in Volume I1




| FINDINGS

ACCIDENT RESULTS

The resulis of helfeopter wire strike acetdents {1lustrate the serfous-

ness of the wire strike problem,  The ineidence of mishaps durtng the 1en
i years studied ts shown, by missfon, 1n Table 1. Although Forestry was among

the missions to be studied at the begioning of the project, no accident

- —

reports were recefved for that category, By (TSB definition (ref. 11}, a
reportable accident invelves substantial aircraft damage, serious injury,

or death. The data in this study, therefore, represent only part of the wire
strike problem. While a quantitative asscssment of the magnitude of civil
helivopter wire strikes is not possible, a qualitative estimate is that the
sample data reported here represent less than 10% of all wire strikes., As
an example, In a briefing before the Airborne Law Enforcement Associatinn,

19 May 1980, 110 helicopter pilots were asked about striking wires in flight,
Twenty-two stated that they had struck wires, but no strike had resulted in
an NTSB report.

TABLE 1

HELICOPTER WIRE STRIKE ACCIDENTS REPORTED TO NTSB
1970-1979
Agriculture 160
Air Transportation 87
Public Service 16
Construction 4

Cargo Handling (Off-
Shore 011 Support) 1

e

Total Accidents 208

— eemse www W TN - e ———

Because the incidence of Construction and Cargo Handling mishaps was ‘
80 rare, these two missions will be combined into a Miscellaneous (MISC) ‘
category in following tables., MISC will be treated as the other categories,
but findings for this category are extremely tentative, because of the small

slze of the sample,




Severity of injury to personnel is shown in Table 2, The percentage of
persons injured 1s based on the total number of persons on hoard the helicopter,
fneluding passengers and crew members other than the ptlot (see Table 3). When
the Fatal and Serlous c¢ategories are combined, the percentage of injuries is
seen to be markedly higher Lin PS (60%) and MISC (83%) th'n in AG (15%) or AT (27%).

TABLE 2

SEVERITY OF INJURY

v Number
Fatal Serious |. Minor None |of fersons
T-.eived
AG l
Agriculture 4 a 12 (2 61 105
(n=100 Accidents) 4% 11% o7 58%
AT '
Air Transportation 22 . 23 50 40 130
(n=87 Accidents) 12% 15% 26% 47%
PS
Public Service 1 7 6 6 30
(n=16 Accidents) 37% 23% 20% 20%
MISC
Miscellaneous 5 1 6
(n=5 Accidents) 83% 17%
Total 37 52 85 157 331
(n=208 Accidents) 1% 16% 26% a7%

%percents are based on number of persons involved.




TABLE 3

NUMBER OF CREW MIMBERS AND PASSENGERS

Crew Members
Other than Pilot Passengers
| AG
\ : (n=100) - 0 B
) AT
(n=87) 4 99
PS
{ (n=16) 11 3
;
MISC
(n=5) 0 1
Total
{n=208) 15 108
r
The relation of fatalities and injuries to factors such as speed and
mission will be discussed later im the report. However, it 1s significant
to note that, although agricultural aviation requires the greatest exposure
P to wires, it has significantly fewer fatalities with wire strikes relative
to other missions. While beyond the scope of this study, evaluation of the

greater gurvivability of aviators in agricultural missions merits investiga-

tion.

The extent of aircraft damage is presented in Table 4. In our review

of aircraft destroyed by fire, we noted that the aircraft generally caught

fire after landing, and that wire strike damage itself might not have been

—k it et




vt emiive, b oseme canen the pilat was ablte to tman ot a1l switches atte
vrash Lambiog, b other cases che pllor was toe Dnvapacitated tode se,
Paee b L o ot an antemat fe Cire cnppression svatem on helieoptoes mpeht o

el towatd cot Cing afrerat e Tosaaes amd tatal it bes vomesl by Live,

TARLLE 4
ENTENT OF ATRCRAE T DANMAGE
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Costr of alreratt tonses Tor the Q208 aeeldeats are presented (o Table b,
Thene datia were taken from the aceldent veports i1 veconded there,  When econts
were not recorded In the accldent veport, The Helfoopter Blue Book for 1979
wits ued as a souree (refe 12 For o a substant ially damaged afrevaft, two-
thirds of the Blue Book (lgure was chosen as the losa figure, 1 the atrevafl
was destroved, the replacement cost for the year of the acefdent was aned,
Thus, the vost data are a combinat fon of NISE-recorded conts and Blue Book
contr,  Apparent by, the NTSB corts for destroyed alreraft are based on the
original purchase price.  Replacement costs during the year of the accident
will nsuatly be higher, Neither figure is the actual loss to the operator
of the demolished afreraft. While much of this loss will be covered by in-

surance (usually Y0%) the remainder is a divect loss to the operator,

1t nust be remembered that these are costs only of aireraft, Data on
otlier costs, such as damage to property or persong on the ground, replaceneat
of trained pilots, personal tnjury and death settlement costs, tuervased alr-
eratt hull insurance, and law suit settlements, ave not reported in the NTSB

timdinps,

over the ten=year perfod, there is a rvizing trend o cost of wive strike
aceidents, as would be expected in consfderation of the rising costs ol equip-
ment in peneral Cor this periods Costs for the year 1978 are stromply {(uf lo-
enced by two MISC aceidents that {uvelved twoe high-powersd, relatively expen-
slive afveratt (Hughes H00C awd Sikorsky 5=5%5T).  These same two aceldent s
exert a strong inf luence on the average cost of the {ive MISC aceldents over
the ten-vear perlods  The make and model of all afveratt involved in the acei-
dents ar > Histed fn Appendix Ao The lower average cost ol AG aceldent s and
the tact that tor ecight of the ten years A aceldent costs were lower than
oane of other groups s probably due to AG helicopters! bedng penovally

nmebler, less expensive aivevatt,

To vecapitulate:  tor the 208 clvil wire strike accfdentz {n the ten-
yaar :‘l‘t‘hhl 1970-19/79

1. Thirty=seven Hves were lost,

2. Fitty—two people sutfered serivus Injury,




TABLE 5

| l AVERAGE AIRCRAET LOSS (%) Adu TOTAL ALRCRAIT LOSSES (%)

: | 1970 - 1979

‘ .

| AG AT N MISC | Total
ek (n=100) A (n=87) | (n=16) | (n=5) | ___208)
1970 M 17,000 26,000 2,000 ) 19,000
..k 16,800 | 127,500 { 2,000 246,300
11 M| 14,000, 44,000 50,000 _ﬂ 36,000
10, °°° 397,000 | 149,000 | .| 616,000
972 & 21,000 64,000 : 59,000 39,000
—_..Ey w20 ) o3s000 | | 117,500 | 709,700
w73 M 24,000 48,000 35,000 34,000
.S 289,100 | 383,400 | _‘0"__?399_ I R Y X 4 A LY
1974 ¥ 23,000 59,000 48,000 45,000
—. %P 6,500 | 469,500 1 95,000 | 681,000
975 ¥ 68,000 48,000 49,0u0 56,000
w o B]_ 612,100 | 476,500 | 146,000 | 1,234,600
- %] 392,870 1 690,500 274,500 | 79 000 1 ‘-‘l?‘_"‘..‘i’.?...
1977 ¥ 54,000 74,000 66,000 60, 000
_ Nl | sis.600 | 6000 | 1,500,732
yorg M| 46,000 86,000 | 517,000 107,000
ol a3 1,118,900 1,033,000 [ 2,562,200 |
1o Y| 74,000 46,000 67,000

ST 1R H00 208, 000 1,303,500
Total Y] 43,000 54,000 b 00 206,000 63,000
I [ I TSR N\ 4,788,900 B2, 100 2000000 [F1 108,002

9




1, Fipghty eight afveratt were destioved,

i}

Ae e hundied twenty afreratt were dasaged substant fally,

S, ver eleven miltion dollams in aiteratt losses were newnt el

,l CAUSAL FACTORS

the NUSB, are shown in Appendix B These causes lave boen grouped fnto the
‘ five categories Tisted fu Table 6. The most common canke of helteopter wive
)
'

TABLE 6

PRIMARY (P) AND SECONDARY (S) CAUSLS OF AccloLn s®

B | A | ] M| s
plifg | pB0g [plitdg |y Mg U97g

l The primary and secondary causes ot the wire strikes, as determined by

Failure to sce and avoid 63 9 |59 8|7 I 130 20
objects and obstructions
| Inadequate Procedures 13 5 116 24|65 412 21 % 35
crrors in Juduyment 1 3 5 31 111 21 18 9
Adreraft Failures 4 1 3 113 2 10 4
Miscellancous 1 2 1 1 1 1 3 4 4

— B - s - e - — - o - o .- - . R e ]

alncumploto data. LBleven 1979 cases not yet received from ;
NISB as of 0 August 1980.

l 10




' strikes is tailure to see and avoid objects and obatructions. By mlssion
category, "fallure to sev and avold” {8 the primary cause tn the following
proportions of acefdents: AG 68%, AT 70%, P8 443, MISC A7%, overall average

-

—

0o, This report will place special emphasis on why the pllot fatls to see
and avoid objects and obstructions, and recommendations will concentrate .

i actions to correct that deficiency.

Causal factors are discussed in terme of the pilot, the environment, wad

the machine. Pilot factors examined include

Agu
Expertience
[nstrument qualification

Hexalth

Prior knowledge of wite location

Physfological factors (agriculture ouly)

Favironmental factors examined {uelude

e Weather: Llight conditions, cloud cover, visibility, and
obstructions to visfon

Location and terrain
Phase of £lighe

Wire location, height, span, composition and viasibility

Wind and temperature

Machine factors iuvestigated fnclude
e Portions of the helicopter Impacting wire

e Comparison of controlled pe uncontrotled landing
following wive fmpact

Pilot

Apes Pilot's age by missfon types fs shown fo Table 70 The distribut ion
of apes Ix asmumed to be represeatative of that of the overall helicopter p ilat

populat fon,  The average age of wirve strike pilots was 3,7 vears, an ape




whtieh aviatloa tratning, fudpgment ;. and phvaleal condition are common ly

roparded as optimal.

TABLE 7

PILOT AGE

(29 "a'&i' T B 50 and Not Average
under 30 to 39 KO to 49 over Reported Age

AG a0 30 24 5 1
(n=100) a0% 30% 2ar | s 1% 4

- AT 32 27 17 10 1
(n=87) 375 NS 20% 1% 1%

35.5

PS 4 7 4 1
(n=16) 25% 443 254% 6% 34.0 |

MISC 3 1 1
30.0

(n=5) _|__ 6o%x [ 208 | L P N ) e

- ;
- Total 79 65 46 15 3
> 34.7 |
= (n=208) gy 3% 22% 7% AL e |
= ARl b Lo |
= i

- j




Experienca, Pllot experionee o all types of atreraft s shown In
Table 8. A scmewhat surprising findiog (s the larpe nauber of wire strike
pilots with over 2,000 hours of total Flight time, Overall, the averapge
wire strike pilot had 4,207 hours of total rlight time, certaloly not b ndw-

comer to aviation,

TABLE 8

PILOT EXPERIENCE
HELICOPTER AND FIXED WING COMBINED

~ o300 1 3017te | T.000 %0 | over | Mot [
hours 1,000 hrs | 2,000 Ins 2,000 Reported |Average
AG 2 15 10 72 1
: {n=100) 2% 15% 10% 72% 1% 4.,2%)
AT 6 10 14 57
| (n=87) 7% ny 16% 66" 4,280
' PS 2 4 10
(n:-16) 12% 2% 62% 3,373
MIsC 5
(n5) 100 4,748
Total 8 21 28 144 }
(n o8) 4. 13 13 69" L 3,0




Heticopter Experfence. lelicopter experionce (8 shown in Table 9,

. As with total flight experfence, the number of wire strike pilots with over

| 2,000 helicopter hours is a large proportion of the total, Overall, the
average wire strike pitot has 2,719 hours of helicopter time, clearly not

a novice rotary wing aviator.

TABLE 9

PILOT EXPERIENCE

HELICOPTER
0-300 301 to 1,000 to Over Not
hours 1,000 hrs | 2,000 hrs| 2,000 Reported | Average
AG 1" 23 16 49 1
{n=100) 1% 23% 16% 49% 1% 2,345
AT 24 10 16 37
(n=87) 28% % 18% 43% 1,976
PS 1 4 4 6 1
(n=16) 6% 25% 25% 38% 6% 2,334
i
MISC 5
(n=5) 100% 4,093
Total 36 37 36 97 2
(n=208) 17% 18% 17% 47% 1% 2,219




Instrument Qualification. Table 10 illustrates the relation of instru~
ment rating to accident outcome. It {4 concluded that the instrument rating
of the pilots had no bearing on the se..ousncss of the accident, with respect
cither to damage or injury, since the differences in percentages of Not Rated

and Rated pilots are relatively small,

TABLE 10

RELATIONSHIP OF INSTRUMENT RATING OF PILOT
TO DAMAGE OF AIRCRAFT AND INJURIES

205 Accidents @

Aircraft b Instrument Ratin
Damage Injuries Not Rated Rateg
1 0
Fatal 19 0%
Substantial Sericus 8 5
i 10% 12%
None to 70 38
Minor 89% 88%
L.
79 43
Subtotal 629 55%
13 9
Fatal 27% 26%
Destroyed Serious ;g% ;}%
None to 21 15
Minor 44% 43%
Subtotal . 3
Total N 127 78

%pitot rating was reported in only 205 of the 208 accidents.

bIf a passenger was aboard, the data reported are for the most
serious injury. ,

15




Pilot Health. All pilots are required to meet specific FAA plyaical
atandards to be autherized a medical certificate for flight. Pilot FAA medi-
cal classiffcation i8 shown in Table 11, FAA Medical Categories, I, II and
I1I are both time requircments between physical examinations and minimum
requirements for qualification. The most stringent is Category I, the air
transport pilot, requiring examination every 6 months, and the least strin-
gent is Category 11I, the private pilot, requiring examination only every 24
months (ref. 13).

From the standpoint of this study, pilot vision is the most significant
Luman factor consideration for the pilot's ability to see and avoid obstruc-
tions. FAA medical certification for pilot vision is basically the same for
Category I and II pilots, with : lesser requirement for Category I1I. Flight
with a Category 111 medical certificate (2% of the pilot records studied),

TABLE 11

PILOT HEALTH

FAA
Medical Category] Not Waiver Other
1 I1 Il Rep. | for glasses Limitations
AG 8 92 19
{n=100) 8% 92% 19%

AT 18 63 4 2 16 3
(n=87) 2% 72% 5% 2% 18% 3%
PS 2 13 1 1 1
{n=16) 12% 81% 6% 6% 6%

MISC 5 2

(n=5) 100% 40%

Total 28 173 4 3 4] 4
(n=208) 132 83% 2% 1% 20% 2%
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however, doas not necessarily imply a lesser vision capability, If carrying
passengers for hire is not a mission requirement, a pilot with perfeect vision
might choose to retain only A Category 111 medical certificate for the con-

venience of the two-year interval between physical examinations.

The only valid indication of less than perfect vision that could be
obtained from thic accident reports is the requirement for the pilot to wear
corrective lenses for flight. Of the 208 civil helicopter pilots involved
in wire strikes, 41 (20%) required corrective lenses, This is considerably
below the national average: according to the FAA Civil Aeromedical Insti-
tui. {ref, 14), of 827,592 active pilots, 350,701 (42X) require vision cor-

rectizn.

Prior Knowledge of Wire Location. Pilot knowledge of wire location prior

to the mishap is shown in Table 12. Of significance is the large number of

TABLE 12
PILOT'S PRIOCR KNOWLEDGE OF WIRE
Location of Locdt1on of Not
Hire Known Wire Not Known | Determined
AG 50 42 8
(n=100) 50% 42% 8%
AT 23 50 14
(n=87) 26% 57% 16%
PS 3 6 7
{n=16) 19% 8% 44%
MISC 3 2
(n=5) 60% 40%
Total 79 100 29
(n=208) 38% 48% 14%
17




agricultural pilots who knew where the wire hazard was located and flew into
1¢ nevertheless, Overall, wire atrike pilots knew of the mishap wire loea-
tion in 38% of the aceldents,

A determination that the pilot had prior knowledge of wire location was
made only 1f the NTSB accident report specifically stated so or it was clearly
evident from the description of the accident., If anything, data in Table 12

are considered conservative,

The table highlights twe areas of potential gain in wire aveidance: the
ability of the pilot to see the wire and the ability to judge its distance
and altitude. Note that 48% of pilots did not know the location of the wire
prior to the wire strike - an indication that pilots need training in proper
methods of wire reconnaissance if they have to fly low in wire areas, Mis-
judging distance to wires, or losing their location during flight - as suggested
by the number of strikes that occurred when wire location was known - points up

the need for training in wire avoidance procedures.

Physiological factors in agricultural missions. Agricultural aviation

involves exposure to two hazards not normally experienced by other civil heli-
copter pilots: considerable low-level precision flight in the wire environ-
ment. and exposure to chemicals. These aspects of AG flight raise the possi-

bility of pilot fatigue and chemical effects as factors in AG wire strikes.

Figure 2 shows the hours flown on the calendar day of the accident, prior
to the wire strike. While there is an increase in accidents in the fourth
hour of flight over the third, these data are not by themselves sufficient to

attribute the increase tov fatigue.

Agricultural pilot exposure to chemicals as a result of wire strike acci-
dents is shown in Table 13. There were three fatal accidents in Agriculture,
with four fatalities. In all three accldents, the aircraft was carrying non-

toxic chemicals. Autopsy and toxicity reports were negative.

18
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In three cases, pillots reported being affected by toxic chemicals., Two

one in flight. Of the two affected on tae ground,

d reported heing affected for
d was affected for 15

were affected on the ground,
r hours that calendar day an

the other had flown for two hours an
1ight had flown for 2 1/2 hours that
The small number of

atermining the influence

one had flown fou

five hours or less;
The pilot affected in f

cted for 30 minutes or leas.

minutes or lesas.

day and reported being affe

cases reported is insufficient to provide a basis for 4

on accident rates of pilot exposure to chemicals.

TABLE 13

PILOT EXPOSURE TO CHEMICALS
AGRICULTURE (AG)

Chemicals not used 7
Chemicals used:
Non-toxic chemicals h2
Toxic chemicals 38
Not reported 3
Subtotal 93 _93
Grand Total 100

Pilot exposure time to toxic chemicals:

15 minutes or less 1
15 to 30 minutes 2
30 minutes to one hour 2
2 to 4 hours 2
5 hours 1
Not reported 20
Total 38
Pilot-reported etfects of chemical
exposure: Not affected 87
Affected in flight 1
Affected on ground 14
Ne report 3
Total 93

20
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Table 14 shows pilot fatalitien and whether autopsy and toxte level
tests were pertormed on the pllot. Notable ix that, out of 2 fatal aevl-
dents, only ten pilots had both antopsy and toxie level tests performed,

The Lack of autopsy and toxle level tests may well have o detvimental ef tect
on determintog aceldent canses  Such factors as the pilot's blood aleohol
content, podsoning couscd by exhaust carbon monexide, heart attack, and
strokes could go undetected.  Although NPSR regulat fons require both an
antopsy and a toxfc level test to be performed on pitots invoelved in fatal
aceldents, the lack o1 agrecment between vartous states and the federal
government precludes a unitform policy for such action. In vome states, the
local coroner's assessament of the aceldent situation determines whether
autopay and toxie level tests will be performed.  Such practical quest bons
as who will pay tor the autopsy also atfect whether it will be performed.

1 aceident victim autopsy and toxleity test results could be politically
or soclally vmbarvassing, tests might not be performeds A untform national
policy on pertormance of autopsy on fatal atreratt crash victing merits
serfous consideratfon,  The performance ot autopsy and toxie level toests in
three out of three tatal agricultural acceidents represents an administrative

procedure that might be adopted tor all helleopter missions,

TABLE 14

AUTOPSY AND TOXIC LEVLL TESTS
PERFORMED ON PILOTS IN FATAL ACCIDENTS

’a __Autopsy Toxic Level Test
_Pitot et Not Not

e E“m‘if‘f‘i _ Yes mjlo R(?pOI‘ES:.l Yes No Reported
AG 3 3 0 0 3 0 0
AT 13 b ] 3 5 5 3
S b P 2 ] 3 1 1
MISC 0 0 0 0 0 0 0
Total 21 10 7 4 n 6 4




Environment

Weather, Examination of the data underlying Table 15 reveals that 1497
of 208 wire strikes (95%) occeurred when weather condit tons were better than
the visual tlight rule (VFR) eriteria of ceiling greater than 1,000 feet and
corresponding vigibility 3 sdles or more, Eighty-three percent of the wire

strikes occurred with clear skies and 885 with unlimfted visibility,

Factors that might have fwmpaired pitot vision were fnfrequent ly roported,
The major restriction to pilot vigion, haze or smoke, was present only in 9%
of the 208 wire strikes., Another Jdetervent to vislon, sunglare, was only

present An 7% and ratn, snow, or fop were ment foned as tactors in only 4%,

Location and Terrafn. Table 16 relates the dncldence of wire strike to
location and terrvain.  Overall, a high percentage of accldents oceur (n rural
arcas.  Thix {5 ot sarprising in the case of agriculture pilots, sinee rural
arcas are the location of thelr work and alrvstrips.  In other cateportes, it
may be that pfloty are more expectant of wires {n the urban arcas and exercise

more caution (o maneuvering there,

Also, the pereentage of aceldents taking place over level terrain is high,
In the case of AG pilots who must Uty close to the ground for proper applica-
tfon of chemical sprays and other products, the rate for level terrvain (70%)
can be understood,  However, the percentage rates in the other categories may
Indicate the need for training pilots in the wire strike hacards of flying

low over level terrain.
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Phase of Flight. Table 17 shows, by mission, the phase of flight,
estimated speed, and altitude at the time of the helicopter's impact with
the wires, The phases of fiight in which the Agriculture helicopters cxper=
{enced the most wire strikes were the swath run, pull up from swath run,
and in-flight turnaround. Air Transportatfon helicopters fucurred the most
accidents during the cruise, take=of f, and low pass phases. Public Service
helicopter wire strikes occurred most often during cruise, landing, and

autorotation phasos.

When the helicopter takes advantage of {tg vertical take-off and land-
ing capabilities, it is inevitably exposed to the hazards of low-level flight.
However, justifying helicopter wmige flight at wire=hazardous altitude (40
foot or less) is difficult. The percentage of wire strike accidents that
oceurred during the cruise phase of flight in the AT and PS8 categories at
altitudes of 40 feet or less suggests a lack of pilot appreciation of wire
hazards. Helicopter pilot wire strikes in cruise flight are a procedural

error that could be avoided with wire hazard avoldance training.

Agriculture pilot wire strikes during the swath run are a more complex
{ssue, The very nature of the agricultural aviation missfion requires flying
within a few feet of the ground. Under this condition, fdentifying field wire
hazards and plaming a flight path that will avoid wires is a demanding task.
A more detailed analysis of Agriculture wire atrikes by phase of flight is

contained in Table 18,

Table 18 shows knowledge of wire location by phase of flight for Agri-
culture missfons,  When location of wires was known, the highest jncidence of
strikes occurred during swath runs (22%), pull up from swath runs (11%), and
In=f1ight turnarvund (11%).  This may be attributed to misjudgment of dis-
tances to wires, loss of wire location in relation to pilot's placement over
fleld, or attentfon to other misgion regulivenents temporarily distracting the

pilot from wire avoidanee.




TABLE 17

PHASE OF FLIGHT, SPEED, AND ALTITUDE

AG AT PS MISC | Total
i _|_{n=100)] (n=87)}(n=16) | (n=5)] (n=208)
Phase of Fidght | 1 T ) 2
4 14 2
Take-off a2 | 16x | 122 | 402 ] M«

- . 2 8 10
Cruise 28 | N 40% 13%
Low Pass };% é% lg%
Approach to Landing 3% 13% ég lgg

1 7 1 9
Hover 1% 8% 20% 4
Approach to Swath Run ;% 3
57 57
Swath RE?.._-.“n- 579 274
Pull up from Swath Run 13 13w
B 7
In-flight turnaround }g%__ §% 8% .
. 9 4 13
Landing 10, 254 6%
Autorotation }% g% 13% g%
Estimated Sﬁeed (Knots) 20 ) '-45 10 4 81
30 and under 224 529 621, 809, 39
78 Y] b 1 12
Over 30 78] 48y | 38% | 20%] 613
Altitude (Feet) &7 a6 9 . 143
40 and under 87% 53% 56 20% 69%
10 33 5 3 51
Over 40 10% | 38% | 314 | 60% | 25%
3 8 2 1 14
Not Reported 3% 9% 12% 20% 7%
|
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The 30% of aceidents that occurred during swath runs in which the pilot
did not know the location of the wire can be attributed to improper or incom=
plete reconnaissance and hidden wires. The importance of thorough reconnais-
sance prior to swath runs must be cmphasized in training. Locatioen of all
wires and selection of proper pull-up locations to avoid wires is essential

if wire strikes In these areas are to be reduced.

TABLE 18

KNOWLEDGE OF WIRE LOCATION RY
PHASE OF FLIGHT

Agriculture (n=100)

- “Location of | Location of | T

Phase of Flight i Wire Known | Wire Not Known |Not Determined
L . ow o ' S Ne W E T rmm ey el s m o vk e e RPN NN ILET T e Sy i e -

Take-of f 2 2

Climb L ' 2

Approach to

Landing 1 1
Hover E ]

Approach to ,

Swath Run ! 2 3 2
Swath Run 7 i 2 | 30 5
Pull up from ‘

Swath_gun“_“_ : _ n 1l _2
In flight

Turnaround N 2
Autorotation 1
___._?BE;T“Mm,.T.“h.,TJ‘Aéb, 2 some Jd_m.w“g,_
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Wire Characteristics. Table 19 displays a variety of characteristics

r of the wires involved in the accidents, Power wires were involved in wire
strikes more than twice as often as all other types of wire combined.

f Strikes occurred only half as often above 40 feet as at 40 feet or below.

} The highest percentage of wire strikes occurred in the areas where wire
density 1s light. Possibly pilots are more cautious about flying among wires
in medium and heavy density areas or feel they have more maneuverability in

the light density areas.

The number of strikes that occurred when poles were not visible, although
less than 10%, is worthy of attention. It appears that pilots may see the
wire, but, having no reference point on the ground such as a pole by which to

judge the distance to the wire, hit it regardless.

The inability to judge distance to a wire is also highlighted in the num-
ber of long span wire strikes (over 150'). 1In a typical case, a pilot flew
into long span power wires even though the supporting towers for the span were
clearly visible on either side. If it is assumed that the human eye cannot
accurately judge the location and distance to a long span wire, then the only
safe course for a pilot would be to fly higher than the supporting towers

themselves.

Wind and Temperature, Table 20 shows the incidence of accidents under

various wind and temperature conditions. The higher percentage of mishaps in

relatively calm air in Agriculture is undoubtedly due to the fact that AG
pilots favor calm or very low wind conditions to avoid product drift, Seventy-

eight percent of AG accidents took place with wind velocities under seven knots.

The table does not reveal any unusual relationships between temperature
and incidence of wire strikes, Fifty-nine percent of the accideris took place

in a temperature ranging from 33°F to 80°F, a range that may be considered

within normal flight temperatures.

28




*34iM JO adA] IUO UBY] AJOW IA[OAUL SIYLJIS Juos,

148 t t 6 L4 ﬂh LL} L |89} 8 S1L 94 L % 89 Ys 14 S £l 89 % (802=u)
0g £ 8 6l |6 (vl | €262 |2klfLL 2¢ 6SL|} vL 1S EFL [|ZL b cl 1 bl 4 12301
i 74 02;02|09{j0Z 02 09 02 09 02 0Z ot (174 02 % (5=u)
3 LiL [EJL L £ R L L FA 1 1 # ISIW
574 9 thi6LIBEB6L G2 99 ||S2L LE 9% &2l 9 5°¢lL 69 4 (9t=u) _
4 L L 1€ |9 b 6 ¢ S 6 A { e LL . Sd ,,w
o

T4 2 4 bL | € (lOL] EL]OLII9]jOL OL 08 6 B8 £9 |9 4 L4 02 99 % {18=u) h

22 4 F4 L € |16 | LL| L] €S 6 69 B8 €€ 9 |IS 4 4 Ll FA* 3 v

4 L S 9 9 ISt LL|O8 8L 8¢ € oL (/8 ||s L4 S 9l €L % (001=u) ,

| 4 t S 9 9 IS v |LLjO8 8L 8¢ € 0oL L8 ||S t S 9L €L 3 W ﬁ
{(0SL IS IPEISTIZDNZTIZE | T | = || doy|suomssay .noz‘ ,or|ssay [fday ...m._uo Ang .m:o__n_ 49M04

Ja0) 3= I3tz il 2 |2 |2l 08|40 ¢lua0 2j J0N [43A0]R, 0t || 20N

muw.wuwm g [c2i2=[5@lE = |5 | 7| yoras soamw punoJy o 991
:mmm m 2 m 3 m. W.. m JO J3quny aaoqe jybLay
buo ®) «| Sla
AJLLLQLSLA SJIM [[eade ulL S3JULM
6uLII34 Y Sa02004 30 A315u3Q
SILLSTHILIVEYHI JUIM
61 378vL




291 %* L %L | ®e | w2 | 25 w | owl| %L |%z |msL |2 (802=u)
3 L f 6 | 9] 5 | ‘o 8Ll 92| s€ | ss |1e |'er Le30]
(5=u)
%02 200 | %02 %02 20v | 202 %0 ST
L 2 L L 2 |t 2 o
™
%61 sle | %9 | ozsz | zeL | %9 | 8t | el |61 %61 (91=u)
£ | § L b £ Ll 9| ¢ |t 3 Sd
J
2L | gL | os9L | w2 | wmE | 1S %1 w2 | wz |wz [al | mwl (£8=u) |
st t | oot | sz | s | b 8| | 6l [ |ot | 1y |
150 B | wv | sz | 2 % | 3 [ = o|me |mz |2 (00L=u)
s 8t | o0 [ sz | Z 6| v | 2 e | |2 o

I pa3a N i
-3y toN| <*96 | S6-18(08-99 | s9-eel 2e- fio pﬂ Sy-LL} OL-L | 9-¢ | €-1 | we)

1Layuduaye (s10uy)
nﬁsw_msmﬁ.u K3100|9 pulpM

FINLVYIdWIL ANV ALIJ0T3IA ONIM
0Z 318Y1




Machine

This section of the report presents data regarding which portion of the
helicopter impacted with wires and the direction of movement at the time of
impact (Table 21) as well as the relation between impact location and whether
landing was centrolled or uncontrolled (Table 22). Wire strike aircraft manu-
facturer and model are contained in the individual accident summaries that
supplement this report as well as in Appendix A.

Analysis of Table 21 does not reveal a high percentage of wire strikes
on any one part of the helicopter; the chances of hitting one part are about
equal to those of hitting another. Since most of the accidents occurred dur-
ing forward motion, it may be that pilots are having difficulty detecting
and judging distance to wires at all reference points in their span of vision:
above, directly in front, and below.

In consldering the type of landing following wire impact and the extent 1
of damage (Table 22), it should be kept in mind that determining controlled
or uncontrolled descent from a wire strike is difficult in many cases and
that judgment was exercised in making the designation. Autorotations, which
seemed to give the pilot some latitude in selection of a landing site, were
considered controlled descents. In cases in which the aircraft landed right
side up, the pilot was also given credit for a controlled descent. Even so,
67% of the landings following wire strikes were considered uncontrolled des-

cents,

The most critical area for initial wire impact was the main rotor mast,
probably due to the close proximity of mein rotor blade control linkages.
Eighty=four percent of the initial wire impacts with the main rotor mast :
resulted in an uncontrolled descent, with nine aircraft destroyed and seven
damaged substantially. Mechanical wire cutters to protect the main rotor
controls should receive design consideration, Also, future designs should

include suitable shielding to protect main rotor control linkages, !

3
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TABLE 22

CONTROLLED vs UNCONTROLLED LANDING
FOLLOWING WIRE STRIKE

[Uncontrolled | Controlled

' l Initial Impact Landing Landing
i Main Rotor/Rotor Head |
| l Substantial Damage 16 21
. Destroyed 28 3
Total 4% 2% 68 Accidents
| 65% 35%
Tail Rotor/Tail Boom
' Substantial Damage 12 12
Destroyed 14 -
I Total| 26 12 38 Accidents
68% 32%
Bubble/Canopy '
' Substantial Damage 3 16
Destroyed 10 1
I Total 13 “I7 30 Accidents
43%. 57%
Skid/Spray Boom
' Substantial Damage 12 6
Destroyed 10 -
Total 27 —6 28 Accidents
' 79% 21%
Main Rotor Mast
. Substantial Damage 7 1
Destroyed 9 2
Total| 16 T3 19 Accidents
| 843 16%
Initial Impact Undetermined
' Substantial Damage 5 7
Destroyed 13 -
Total| 18 7 25 Accidents
l 72% 28%
A1 Wire Strikes
I Substantial Damage 55 63
Destroyed 84 6
l Totall T39 ~63 208 Accidents
67% 33% ]
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Initial wire impact with the skids or spray hoom was the second most
likely impact to cause an uncontrolled descent. 1In many cases, upon initial
wire engagement with skids, the pilot would attempt to break the wires with
sheer aircraft power., The wire would stretch to the limit, then break, caus-
ing a sizable adverse increase to an already caxed flight contrel situation.
The resultant instantaneous change in flight control loads usually resulted
in an uncontrolled dive into the ground, It may he a more prudent course
to reduce to minimum airspeed, stop, and disengage the skids or spray boom

by reversing.

Tail rotor or tail boom impact was third most likely to cause an uncon-
trolled descent, accounting for 14 (37%) aircraft destroyed and 12 (32%) sub-
stantially damaged. In most cases, destruction of the tail rotor resulted

in loss of directional control.

The high probability of an uncontrolled descent after a wire strike points
up the urgent requirement for wire strike avoidance training and the need for

hardware to avoid wire strike or prevent damage to flight control linkages or

components.

14
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RECOMMENDATIONS

Methods tor avelding wire strikes and for reductng thedr effects are
digensned belowe  These tnclude ways to detect wires (o order to aveld them
amd ways Lo neutralize the effects of wire contact (Ff 1L does ocenr,  For
cach of the first three methods discussed, Table 23 presents estimates of
whether the method would have been effective (n the 208 accefdents studied,
In cach case, the effectiveness was Judped within the couditions existing
at the time of the accident.  For example, {1t during low speed takee-off or
tanding 0 a confined area, the pilot could see and determine the distance
to all the wires, the pilot warning device was Judged as not bedng effective
fn preoventing the acceident.  Also, tdeatification of wires from a device or
chart would be Judped to be noneffectfve under similar circumstances, as
the pllot's visual capabilities wonld be tar more effective and reliable
tor wire avoldancees Wire cutters were judpged as being effect {ve only in
those cases when the afreraft was moving at 30 knots or better and was
st fmated to have sufficfent kinette encrgy to cut the wireds), An anno-
tated bibliography pertaining to clectronte warning devices, wirve cuttoers,

ad rotor shiclds {8 prosented as Appendix ¢,

PILOT WARNING DEVICE

A radar, laser, or other electronie device could provide an awdio and/or
visual fadication of wires fa the SEght path and thus provide detect ton and
warning beyvond that provided by the human eye. Sueh a deviee would peed to
have sultfcient selectivity to activate only for wives that are a hazard to
tlights  Tn arveas with many wires, ag somet imes oxperfenced by the Agriculture
pllot, the wire warniug device would be useless 1 {U activared on every wive
fn close proxtmfty o the afrevatt,  The same 18 true of many Publie Serviee
missfons, I snch selectivity were poasible fo an electronfe deviee, the
device ceuld be of great value,  The eatimates 1o Table 23 ot the uwsefuless
ot owire warndng device have been made on the premise that development of

such hardware ts possible,
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TABLE 23

RECOMMENDED PREVENTION DEVICES AND TcCHNIQUE

Device to warn ldentification
pilot when of wire
within hazardous | location prior
distance to flight Wire Cutters
L [ TR W] Q
o 5 ® al|S ® a

& ee 90 2 eeieas| & I
E Do | = E‘S E S|k E S & =:§.u
w o Ve © W -]
S| 8| gS[s8 | 8l |&| & £7

[ cr o ™4 o= o o o

AG 81 7 12 54 3 43] 65 17 18
(n=100) 81! 791 12%  |54% 3% 43 65% 17% 18%

AT 65 4 18 53 5 291 33 14 40
(n=87) 75% 5%l 20% 161% 64| 334 38% 16% 46%

PS 10 2 4 9 71 2 | 13
(n=16) 62% 12%1 25% {56% 444 12% b4 814

MISC 2 3 ] 41 1 4
{n=5) 40% 60% | 20% 8048 20% 80%
Total 158 13 37 [ 8 83101 32 75
(n::208) 76X 6%l 18% [56% A%l 404 49% 15% 367

The most impressive rescarch and developmeat for a warning device has been

doae by the WS Army (ref. L),

While the Avey misston for nap-ot=the-carth

tlight has application to civil helivoptor wite avoldanes, the civil heli-

copter weather requirements are not as demandingi 95% of wire strikes occurred

during davlight visual viight rule (VFR) vonditions, when a daybight warnlog

doviee would have been adequate,

o

The spectrum of avad table seunors broadens




if a daylight-only, good-visibility-only device is required. A passive elec-
tronic sensor that uses daylight as an illuminating source would recduce welight
and cost, thereby increasing the feasibility of such a device for acquisition

by civil helicopter operatora.

IDENTIFYING WIRE LOCATION

Methods of identifying wire location prior to or in flight could include
visual or photographic aerial reconnaissance ana schniques with maps or
charts to survey areas for hazardous wires. All determinations in Table 23
of the effectiveness of wire location identification have been made on the
premise that a procedural technique including suitable training and measure=-

ment of pilot performance is possible.

WIRE CUTTERS

Wire cutter effectiveness recommendations in Table 23 assume installatiom
of wire cutters protecting the skids, canopy bubble, rotor mast and tail rotor
against strikes in forward motion. Wire cutter effectiveness was determined
from a combination of factors: speed of aircraft, direction of movement,
size of wires, and degree of entanglement by tail roter or main rotor blades.
Some wire cutter effectivenesa can be achieved at speeds as low as 10 knots,
provided the angle of impact of the cutter to the wire is 90°. However, given
varying angles of impact and different types of wire, a forward motion of 30
knots was the speed considered necessary for cutters to be effective. Wire
cutters were judged to be not effective against very heavy steel long=-span
power wires. All determinations of wire cutter effectiveness have been made
on the premise that, had such hardware been ingtalled, it would have func-
tioned reliably. There were no accidents reported involving helicopters with
wire cutters installed. The table shows that wire cutters would have been of
particular benefit in Agriculture (recommended in 65% of cases studied, as

compared to Air Transportation - 38%, and Public Service - 12%).
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Table 24 presents estimates of the potential effectiveness of wire
cutters in the 23 accidents in which the pilot was a fatality. Of these,
19 hit power wires, 3 hit telephone wires and 1 hit a guy wire, In only
eight accidents could the final cause factor bas reasonably determined from
srimary or secondary wire ifmpacts. In only one case could the cause factor
be attributed to a secondary impact; this was with a tail boom after the
main rotor had initially struck and broken other wires. Of the 23 fatal
civil helicopter wire strikes investigated, it was determined that wire
cutters could have been effecti;e in 7 accidents, questionable in 5, and
not effective in 11, If the first two categories are considered together,
12 out of 23 (52%) of the fatal wire strike accidents might have been avoided

with effective wire cutters.

An example of a commercially available wire cutting device is the cutter/
deflector system designed by Bristol Aerospace Limited (BAC) under contract
to the Canidian National Defense Headquarters (ref. 16). The BAC Wire Strike
Protection System (WSPS) has an upper cutter to protect the main rotor con=
trols, a lower cutter to protect the skid gear, and a windscreen center post
deflector with a serrated cutting edge insert to deflect wires to the upper

cutter and to reinforce the center post structure.

Limited U.S. Army tests at NASA Langley Research Center Impact Dynamics
Facility, Hampton, Virginia, in October 1979 (ref. 4), demonstrated the ability
of the WSPS to cut 3/8-inch seven-strand messenger cable with a tensile
strength in excess of 10,000 pounds at an impact speed of 39 knots. The Army
concluded the WSPS was highly effective in protecting the test helicopter
(OH-58) against the results of wire strikes. The WSPS weighs 16.3 pounds,
requires approximately 40 man~hours to install, and is commerclally available
for approximately $4,000,

ROTOR PROTECTION

The Army has studied two methods of protecting the main rotors: pyro-

technic cutters and wire-strike-tolerant main rotor tips. The pyrotechnic
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TABLE 24

ESTIMATE OF POTENTIAL FOR WIRE CUTTER USE
23 FATAL ACCIDENTS

T

&«

AT P Rotor Head | Unknown

AT 1 P Main Rotor | Unknown Yes
AT 2 P Wind Screen|Main Rotor No
AT 1 T Main Rotor | Unknown No
AT 2 2 P Main Rotor |Tail Rotor No
ar| 2 v | P Feggggqeﬂt" Main Rotor| Yes
AT 1 3 P Main Rotor | Unknown No
AT ] Yes 2 P Tail Rotor*| None No
AT 1 Yes 1 G Skid* None No
AT 1 No 2 P Main Rotor |Tail Rotor No
AT 3 Unk 2 P Main Rotor*|Fuselage ?
AT 2 No 1 T Canopy* None ' Yes
ar] 1 |unk | 2 | T 28] ves|skid Main ROEST! Yes
AT 1 Urk 2 P 75| Yes | Bubble Tail Rotor| Yes
AT 2 Unk 2 P 60| Yes |Bubble Main Rotor ?
PS 1 Unk 3 P 200| Yes | Bubble Unknown Yes
PS 4 Unk | Unk P 100{ Yes | Main Rotor | Unknown No
PS 2 Yes 1 P 225| Yes |Main Rotor*| None ?
PS 2 Unk | Unk P 40 No | Main Potor |Tail Rotor No
ps| 2 {unk| 1 | p| 380 Yes Main Rotor 11441 goom | ?
AG 2 | Yes | 2 P g0l Yes |Main Rotor [Tail Boom*| No
AG 1 Yes 1 P 70 No | Spray Boom*|Main Rotor No
AG 1 Yes 3 P 1001 Yes | Skid* None Yes

8 - power T = Telephone G = Guy

ba yes recommendation indicates that the aircraft was traveling at a
minimum of 30 knots.

*Final cause factor in crash
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cutters consist of eight-inch linear-shaped explosive charges along the lead-
ing edge of t.. main rotor blades. When a wire i{s hit, a protective cover
over the explosive charge is blown away, and the wire is cut, The structural
integrity of the blade is not destroyed during detonation; new charges can

be installed, While the leading edge explosive charge does appear effective
in cutting wires, the impracticality of ¢’vil operators' handling the explo-

sives and replacing them on rotor blades does not make this an attractive
option.

Main rotor strike-tolerant blade tips c¢rush with wire impact but remain
with the rotor to avoid undesirable rotor imbalance. Crushable rotor tips
could be replaced. While the crushable tip concept cbviously has merit,
field replacement of main rotor blade tips would have to be fast and econom-
ical for consideration by the civil operator,

A more attractive option te the commercial operator might be damage-
resistant composite materials for main rotor construction. Its extremely
high kinetic energy makes the main rotor blade itself a most effective wire
cutter, provided that the blade can withstand wire impact. The use.of fiber-
glass blade construction appears to be a promising way to increase wire strike
tolerance (ref. 17). In the Agriculture missions studied, for example, 20%
of initial impacts were with the main rotor and 10%, the tail rotor. With
fiberglass blade usage, these wire strikes might not have resulted in acci-
dents. The corrosion-resistant qualities of fibergiass also make it well
suited to the corrosive environment of agricultural aviation that accompanies
chemical use. In addition, the 102 lighter weight of fiberglass blades would

permit greater payloads. Increased payload might compensate for higher fiber-
glass blade cost in agricultural aviation.

TAIL ROTOR PROTECTION

Shielding the tail rotor from wire strikes was determined by Army re-
searchers to be a most promising area for increased wire strike tolerance,
A practical, economical tail rotor shroud would enhance the wire strike tol-
erance nf currently operating civil helicopters, and the fan-in-fin design

is strongly suggested for future rotorcraft.
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TRAINING

Analysis of the wire strike accidents indicates the need for pilor wire
avoidance training to complement wire detection instruments and wire rutrring
devices. Successful helicopter operators' techniques and procedures might
be used as the basis for industry-wide wire avoidance training. Such an effort
could greatly reduce civil helicopter wire strikes. In all mission categories,
pilots need to be aware of long span wire strike hazards when flying in stream
beds and canyons with higher ridges on either side. Supporting poles are often
hidden from a pilot's view; this hinders detection of wires. Cruise flight
should always be above supporting poles and tuwers.

For pilots in the Agriculture category, training is needed in making
the proper ground and aerial reconnaissance of ground obstacles. Marking
these obstacles on plot charts and confirming their présence from the air
should be routine. Aerial reconnaissance methods for determining pole lines,
height of wires, and selection of pull up and turnaround areas should be part
of flight procedures training for AG pilots.

In the Air Transportation, Public Service, and Miscellancous categories,
pilots are frequently required to land and take off from temporary or emergency
landing sites. This is especially the case with Public Service helicopters
responding to emergencies. Site conditions at temporary and emergency landing
and take-off areas are seldom ideal, but criteria for selection and marking
within reasonable safety margins are possible. Once practical site selection
criteria are developed for temporary and emergency landing areas, they should
be taught to ground personnel as well as pilots, Law enforcement, ambulance,
forestry, construction personnel, etc., should know site selection and marking

procedures,




]

HUMAN FACTORS STUDIES

The findings of this study raise the question: why are pilots unable
to see and avoid wires under optimum ceiling and visibility conditions?
Do the human visual and motor coordination systems have the ability to
detect wires accurately and to take action to avoid them? Although physio-
logical measurements to determine why pilots are unable dependably to see
and aveid wires in low level flight were beyond the scope of this report,

this question is certainly worthy of further study. Suggested areas for
human factors research are these:

e Vibration effects on pilot vision. It is possible that
helicopter vibration causes corresponding harmonic eyeball
vibrations that could greatly reduce pilot visual acuity or
cause blurred vision. If eye-critical helicopter vibration

frequencies do exist and could be identified, future heli-
copter designs could avoid them.

¢ Relation of background visual clutter to wire detection.

® Relation of helicopter speed to visual and motor response
to changing cues,

e Evaluation of helicopter blade dfffusion of sunlight into
the flicker phenomena.

¢ Wire strike flight simulation. Develop a helicopter wire
strike simulator flight scenario from accident data
that would duplicate actual flight conditions to quantita-
tively evaluate such human factors as pilot workload, cock-
pit design, effects of fatigue, etc. Development of a
realistic wire strike flight simulation would be invaluable

for development and assessment of future pilot wire warning
device cockpit displays,
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FLIGHT PROCEDURES

The following seven flight procedures are recommended for use by all

helicopter
formalized

oped.

pllots as a result of the findings of this report, In addition,

wire avoldance techniques for specific missions should be devel-

Avoid flight in wire environment when not required
by mission. Maintain altitude over 40 feet when-
ever possible,

Fly over ridge heights.

Fly over poles, not in between.

Use extreme caution at unsurveyed sites,

On wire hazard aerial survey, account for power/
telephone poles and line runs prior to descending

for landing.

Use extreme caution when following ground observer's

directions for wire avoidance.

Never practi-e autorotations at other than

surveyed sites,



SUMMARY OF RECOMMENDATIONS

The following are recommended for an effective helicopter wire strike

reduction program}

1.

2.

3.

4,

5.

6.

7.

8.

Development of a wire detection/pilot warning device.

Development and dissemination of wire identification
procedures.

Installation of mechanical wire cutters.
Use of fiberglass rotors.

Protection of the tail rotor by shroud or fan-in-fin
design,

Development and test of a training program for pilots
and ground personnel.

Conduct of human factors studies.

Adoption of wire-aveiding flight procedures by all
helicopter pilots,

In considering hardware to increase helicopter tolerance to wire strikes,

it is important to note that the study found no single area of the aircraft
significantly more likely to incur an initial strike than any other area. The

main rotors were struck initially about as many times as were the main rotor
mast, canopy, and skids, This pattern implies that selection of only a single
device 1s not advisable, Civil helicopters required to operate routinely in

wire areas should incorporate mechanical wire cutters, a shielded tail rotor,

and strike=tolerant rotor blades.
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COSTS AND BENEFITS

This section discusses the cost of developing and testing noodcd com~
ponents and training for helicopter wire strike prevention. The hencfits
are welghed against the cost of 37 fatalities and $11,000,000 in damaged
and lost aircraft in the ten-year pericd.

PILOT WARNING DEVICE

The development of this device would require $100,000 for a project
cefinition study over six months to identify sensors and displays. On rom-
pletion, a $1,000,000 hardware development and testing program over 36 n. :ths
is estimated. The study found that an effective pilot wire warning devic.:
could have prevented an estimated 76% of civil wire strike accidents in the
ten-year study period and resulted in an estimated saving of 30 lives and
$8, 800,000,

STRIKE-TOLERANT DESIGN

Mechanical wire cutters are currently available. A commercial kit con-
tainihg cutters for the top of the fuselage, windscreen, and areas below the
fuselage for a Bell 206 helicopter can be purchased for $4,000, It is assumed
that a similar kit for other helicopters would be available at comperable cost,
Main and tail rotor blades manufactured with composite materials are in limited
commercial use. They appear to hold promise for withstanding damage from
wire strikes, A program to design wire cutters, deflectors, and structural
reinforcement for a tail rotor shroud is estimated to cost $75,000 over 18 monthi,
If wire cutting devices, composite main and tail rotor blades, and tail rotor
shroud had been installed, it is estimated that 49% of the accidents could have
been prevented, with a saving of 18 lives and $5,390,000.

L
|
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j TRAINING

Development of a civil helicopter wire avoidance training program

4 ' requires the formulation of procedures including site selection and survey
’ techniques for landing and take-off at other than established heliports.
Pilot training would include instruction on human incapability of reliably
seeing and aveiding wires and the required flying techniques and procedures
for safe flight near wire hazards. Training of ground suppert personnel in
site selection, survey, marking, and air-ground radio and visual procedures

is also necessary.

A training program would require $250,000 to develop over an 18-month
period. Had there been an effective training program for pilots, it is esti-
mated that 56% of the accidents would have been prevented with a saving of
20 lives and $6,160,000.
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3.

4,

5.

6.

7.
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APPENDIX A

208 CIVIL AVIATION HELICOPTER WIRE STRIKE ACCIDENTS
BY TYPE AND MISSION

1970 - 1979
The make and model of the aircraft and engines involved in the 208 wire
strikes studiced are shown below. These data do not support any conclusion
conceming the acetdent rate of different aireraft, stnee neither the number
of aireraft of each type in service during the study period nor the member
of hours flown by each type is known, r
Type Mission
| Civil Designation Engine AG AT PS MISC | Total
i Bell 47D-1 Franklin 6vV4-200-C32 10 2 12
47G Franklin V0-335 5 7 12
47G-2 Lycoming V0-435 20 21
| 476-2A ¢ Lycoming V0-435 4 4
47G-2A-1 wycoming V0-435 1 1
47G-3 Franklin TV0-335 1 1 2
47G-38 Lycoming TVQ-25A 1 1
47G-3B-1 Lycoming TV0-435 4 4 8
47G-38-1 Lycoming TV0-435-{}1A 1 1 1 3
47G-3B-2 Lycoming TV0-435 1 2 1 4
47G-3B-2A | Lycoming TV(0-435-F1A 3 3
47G-4 Lycoming V0-540 2 4 4
47G-4A Lycoming V0-540-B18-3 1 3 1 1 6
47G-5 Lycoming V0-435 3 3 1
47G-5A Lycoming V0-435-B1A 1 1
479 Lycoming V0-435 1 1 1 3
473-2A Lycoming V0-540 3 1 4
205A-1 Lycoming Th3-13A 1 |
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Helicopter Wire Strike Accidents by Type and Mission (cont.)

Type Mission

Civil Designation Engine AG AT PS MISC |Total
Bell 206A Allison 350-C18 3 1 4
2068 Allison 250-C20 2 14 16

2068 Allison 250-C208 1 1
206L-1 Allison C28 1 1
Brantly-Hynes B-28 | Lycoming TV0-360-A1A 1 1
Enstrom F28A Lycoming 0-360-C1A 6 6
280-C Lycoming 0-260-E1AD 1 1
Fairchild FH-1100 | Allison 250-C18 1 1 2
Hiller UK 12-A Franklin 6V-335 1 2 4
UH 12-B Franklin 335-6D 1 1 2

UH 12-C Franklin 6v4-200-C33 1 1

UH 12-D Lycoming 0-435-23C 2 1 3

UH 12-L4 Lycoming TV10-540 1 1

12-E Lycoming V0-540 8 2 1 N

12-E4 Lycoming V(0-540 1 1
12-E-J3 Allison 250-C20 2 1 3

Hughes 269A Lycoming H10-360-8B1A 6 5 1 12
300 (2698) Lycoming H10-360-A1A 6 6 12
300 (269C) Lycoming H10-360-C1A 7 6 5 18
500D (369D) Allison 250-C-20B 2 2
5005 (369HS) Allison 250-C-18A 3 ] 4

500C/ 500MC

(369HS/369HM) Allison 250-C-20 ] 1 2
Sikorsky S-55A Wright R-1300 1 2 3
S-55B Wright Cyclone 898C9 HE-2 1 ]

$-55C P&W R-1340 1 1

$-55T P&W ACL PT6T-3/6 1 1

Kaman K 600 P&W 1340 48A 1 1
Total 100 87 16 5 208
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APPENDIX B

PRIMARY AND SECONDARY CAUSES OF ACCIDENTS

Table B lists the primary and secondary causes of accidents as determined
by the NTSB. The first cause listed in the NTSB print-out report was recorded
as the primary cause. Other causes listed were recorded as secondary. The

listing is in order of number of occurrences.




PRIMARY (P) AND SECONDARY (S) CAUSES OF ACCIDENTS®

AG AT PS | MISC| Total
Failure to See and Avoid Objects or ObstructionsP P s|lp slP S|P S| P S
Failed to see and avold objects or obstructions 63 9f59 617 311 13018
Precautionary landing-suspected/known damage | _ 1 D B S
High obstructions . ...l 1 1 o 1
Inadequate Procedures
InaHequd’E"EFE?TT"ht preparation and/or planning | 6 116 112 1 15 2
Diverted attention from operation of aircrgft a2 4 W7
Improper in-f1ight decision or planning T 13 2 'ffﬁjjumn ., 5 3
-Eai]ggmfg maintain adequate | main rotor RPM ] 1 |2 2 1 I "Z_ E-r
Failed to follow approved procedures/directions “‘__A':’i! 2 m“f— 1 1 2
Operated carelessiy 11 B R
Improper operation of flight controls 1 1 11
Improper compensation for wind 11 11
Selected unsuitable terrain 1 1
_gg!grtanted low flying i 5 1 6
Improperly loaded aircraft o B 2] e 1 5
Mismanagement of fuel _ 1 2 T 2
_Inadequate supervision o of flight . 1 1
Disregard_of good operating practice I ] N
Poorly planned approach R D N N
Errors in Judgment
Misjudged clearance . _i]m_?_ug_“§__]__lq_ih“3 1?_'Ei_
Poor judgment = . L _“_“,_nl_“__;
Misjudged speed and_ altitude S DAVUON | MUV RPN PR ]
Aircraft Failures
Mech: malfunction engine_structure cy}indei assy. _Hn_g ) _-?._“,_?u..__, 8
Material failure ...l .Al 1] 2 3 3
Transmission rotor drive system 1 1
TN votor drive shaft assemdly . _ | .| ... T
Miscellaneous
Error of ground signaiman I T I I ]
Puweiline static cable fell on ailuraft N L I
sunglare I I 3.
Pilot fatigue | n ) i mj: -:":.::j 1
‘Not detennined 1 1

— —

alncomplet.e data,
b

I“

Cleven 1979 cases not ieueived from NTSB as of 6 August 1980,

NTSB causes have been grouped into five categories for the purpose of this study.
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APPENDIX C

The following 1s a brief asynopsis of helicopter research and develop-
ment in hazard avoidance and aireraft survivability in the low altitude flight
regime. This limtted analysis addresses two of the proposed solutions to the
eivil helicopter wire avoidance problem: pilot's electronic warning devices
and wire cutters and shields,

Kleehammer, R; Hunt, J.; Kleider, A. Wiwpe Obatacle Warming Systom (NOWS): A
eal=time Aipborne Scnsor for Automatie Deteetion and Recognition of Wive=75fke
Objecots, U.S. Army Aviation R & D Activity, DAABO?7-77-C-2167, January 1967.

This report describes a sensor designed by Fairchild Camera to provide real-time
detection and recognition of 3mm wires at a range of 300 meters during nighttime
helicopter flight operations. Wire or wire-like objects are electro-optically
detected, then recognized by a pattern recognitfon technique within 50 msec of
the firat wire detection indication.

CY

Kleider, A. An Erperimental Eoalwation of dated Low Light Level (aLS00)

for Wire Oketacle Deteetion, U.8. Army Electronics Command ECOMTR 4=321,

May 1975.

This report presents a detailed examination of the ut{lization of a Gated low
level light TV. Results indicate that this technique is applicable to the
problem of wire detection provided means can be found to implement automatic

acquisition and pattern recognttion within a realistic cost.

Del Boea, R.L. and Mongeon, R. J. "Heterodyning €0y Laser Radar for Atrborne
Applications," paper reprinted from Conference Procecdings No. 258, NATO
Advisory Group for Aerospace Rescaveh & Development.

Thiz paper discusses design consfderations, hardware configuration, and test
results of flyable breadboard models that have demonstrated the feasibility of
employing CO, scamfing laser svstems for wire detection, precision hover, Doppler

navigation, and terrain following,
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Burrows, L. T.; Brunken, J, E.; Gupta, B. P, lHelicopter Obstacle Strike
Tolerance. PBaper presented at 35th Annual National Forum of the American
Helicopter Society. May 1979.

This paper reports the results of Army R&D Contract DAAJO02-77-C-0049, con-
ducted by Bell Helicopter for ATL, AVRADCOM. It defines the obstacle strike
problem, suggests design concepts for increasing helicopter surivability,
and proposes strike-tolerance design criteria that may be applied to future
systems,

Gupta, B. T. Helicopter Obstacle Strike Tolerance Concepte Analyeie, USARTL-
TR-78-46. ATL AVRADCOM. April 1979,

In this report, helicopter obstacle strike tolerance designs for rotors, fuse-
lage, and controls are analyzed, and the most promising concepts are selected

for both existing and future helicopter systems.

Waters, K. T. Identification of High Payoff Applicator Helicopters in Agri-
eulture and Forestry, NASA NAS2-10040. May 1979.

This report identifies R&D needs to meke helicopters more productive and to
reduct costs of aerial application in agriculture and forestry. The report
also discusses existing designs that should be buillt into agriculture helicop-
ters for safety, higher productivity, and reliability.

Kleider, A. "Applications of the Charge Coupled Device Sensor for Nap-of-the-
Earth Helicopter Operations," paper reprinted from Conference Proceedings No.
230, NATO Advisory Group for Aerospace Research & Development.

This report examines the use of a charge couple device (CCD) in the Wire
Obstacle Warning System (WOWS) that consistitutes a conceptual breakthrough

in the wire detect-recognize-:vold (DRA) environment and holds promise of
providing a solution to the wire strike problem. It has the desirable proper-
ties of being lighter, smaller, cheaper, and reliable, In this system, video
information is logically processed to provide a symbolic display of the range

and location of the wire obstacle relative to the aircraft heading.
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SAMPLE OF ACCIDENT ANALYSIS BRIEFS
AS CONTAINED IN VOLUME II

h7




APPENDIX D

PUBLIC SERVICE
Police Patrol

3-0608 3/16/77 Nr.Honolulu, HI  Hughes 269C 2 Fatal Destroyed - $66,000

NTSB_Accident Cause:

Pilot Error: Failed to see and avoid obstructions

Factors: Pilot fatigue - Pilot had flown 12 hours in last 24

Black-gray painted wires masked against foliage.

The Accident: A high time aerial law enforcement pilot (10,149 hrs) struck
one strand of a 7 wire electrical high tension power line, about 225 feet above
the ground. The pllot was engaged in a routine police patrol operation and had
Just taken off from a power pumping station prior to wire engagement. Total
time of the flight was one hour and 51 minutes. The pilot had knowledge of wire
location in that he had flown over the wires on departure from the last landing

site and had gone 500 yards beyond, when he reversed direction and flew back
into the wires.

The weather was scattered clouds with 25 miles visibility. At the time
of the accident, 1521, the sun was high and not considered a contributing factor.

Upon initial impact with one wire at an estimated speed of 30 knots, the
main rotor was sheared off and the aircraft crashed to the ground, fatally
injuring both pilot and crewman.

The Honolulu police attribute the power lines being painted black to

"satisfy environmental group" as a cause factor.

Conclusion: The pilot's failure to see and avoid the wires caused the crash.

Pilot fatigue is regarded as a contributing factor in the crash.

Recommendations: A pilot warning device identifying wire location would have

heen beneficial in wire avoidance.

Forward specd of 30 knots could possibly have provided sufficient kinetic
energy for effective use of wire cutters, had they bheen installed. However,
main rotor engagement of the wires, rather than cockpit contact, makes use of

external wire cutters questionable.
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