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EXECUTIVE SURHARY

NTSB and I,'AArepurts of 20H civil [lelleopter wire strike aceidelltS for

a ten-year p_rtod Lq70-LgJ9 are analyzed. It was round that 83;. t_l" ti;e

wLre strikes occurred uurtng bright clear weather.

Analysts of the accidents Ix ortlaZlizedunder pilot, t'llVil'Olllllt'll[o illhl

machine flirters, lqetllt_sI:o reduce the wire sLrlke accident rale are dls-

CuSsetl_ itzc/uding detection/warning devh'es, [dent Iflcatlon of wire Iorilt [¢111s

prior to flight, wire curling devices, and Implerat,ntltt felt of tr,!lnlltl/ pro-

g rants.

The benefits to be gained by Implementing accident avoida11¢e methods

are estLnlated to be fully justified by reduction In Injury and death and

rodu_Lioa of alter:fit damage ,1lid loss,

Haler findLngs are these:

I. t)ttC of 3:11 persons involved, 17 Ill"/) died, 52 (lbT.) were serious|y

hurt s and 85 (2(Y;_)received minor Injuries.

2. Eighty-eight aircraft (h27,) were destroyed and l?O (58:?.) suffered

nttbstant Ial damage°

"l. IklJlar cost: of aircraft loss and daraagt, with $Iltl08.O00.

4. The priu.try cause for 130 of the 208 at'¢ldetlts wits, In the

doternsinat loll of the N'rSBj the ptlet's fathtre to see arid avoid

objects ,tnd obstt'ttct tollS.

5. The aver,tge itge of pilots t,._.pt, l'[elt¢lltg wll'e :ltr|ke,.t W,Ut ovel" "lit yt'.tl'_o

6. Pilot t, xilt, l'|etlct, in ht, llt'oplt,l" ,llld fixed witlg il|rct',tf{ t'onlb|llt,d

i|Vt_l',t)_t'tl t)Vel' It t"l[]O hollr,q•

1, Pile! h_'licopt*'I" t'Xl't'l i*'tlct, itV_'l.I)',_'d over ,_,_)llt) hOllY!i*

8* SeVt'llly-I|[ttt' I;(ll_[!{ _IS",) W0,'l't ' dW,llt' O| _ilt.' |tiC,l[ 1011 |}l(Ol It"

ilup.l_'[ ; lot) (hH".) wt, l L' Itol.

it
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I!0 Ill '_' of

polld|il}_vl_lbllity w_IS gl'¢ator than 3 1_iles '- the' vl._u,_l f11g|it rtlle

I Ulllil_nlln_. Ell/hly-thrt,_ Ill'l'¢'i'li{ tlt't'iil'rt, d wtih ¢]oill" _kiq_ illld iiilitlllJlGdvi,_tbl 1Ity,

I 12. I'_ll_lit)'-_li'vi'n llt'rt'i_ilt of thq WIl't, l_tl'lkqs oc¢lli'rqd In rtirlil areas; b2l
tlt'i'llrrlld llll#ttlr h'v_l li, rrlilll.

i l]t. Till' I_,l'l'_llt'_ll lit_i't't'lllll_t_ ol" I#il't" ._lll'lkt'l_ In Ailrlt'ii]llirt_ ot, t, ilrri,d liill';llltl
:4wlllh i.tliis (b/i_,)l dilrllig l, rill,_li_ Ill Ah" Tl'_lil_liol-liltlotl (_4_,) illld Pullltc

I <t o,

S*_,rvli_t'. (I,).

i4i. Tlit' I¢ii'i,._ l_lrilt'k I¢l,rl _ i_owl,I" (lille.;) tll, h,ldlOlli, (IT,'i;) _ind l_,iiy ($_).

I l%. I_tll'l ' ll,'ltlhl il|lOVt" i_rOillll| Wlll_ 4() |l't'l ill" ]l'._l._ ill (llt'J_, of lht, _lt't'ii|i_lltt.

I;oIIl'lt_t'll llt'l'i'l_llt 0|" thl' %¢|rl_ .-IIl'ikt,_ illvolvt,d lolig 14|lilll _ltl'l,_l ovoi"

I |!ill fl.t,! lll, l_'i,i,Ii ,_lipllol'l Ilil; polt, l_o

Ill. hi 22'_. of thl" il¢¢ldl'iltl4_ Illlttal ilupli¢l Wil,_l _ltll the mlillt i'otor I_ladq._

of Iho lil'll_'olllOi'i Ilil" lll_iltl rotor liillltl _%1,_i liltlllilly ._ll'tll'k Ill i_ll'}; of

tlll, ¢_i._l,;ll tlll l I'lltOl' 15",,. i'illlOl_%" 15'_ t iiild _kld_ _lild _pi'ay b_lolll i_i_'_.

17. I!n¢_lltroli_,d lllildlill_,_ iollll_.l.d wlt'l, i_li'lkl,._ Oll dltft, l'l, tti pili'l_ of Ihq

lil,Jl_'tlllli,r _'llh lht, Iolllll_llll: Iri,qlii,lit'y: iil_illi I'tllof Inil,ql 1_4_ i ._ktd o!"

,_lli'.ly llOOtli 711_ I l.lll I'olof lill_ t Iliillll I'l_tor b._f_ lillll i'ililolI.v 4'J';_,

I_. If, l._i i, tll llliilli%| Ill,it il llllill Wiil'lllllg llt,Vll'l' i.'ouhl hilii' bl,t,II I_l, ili, fli'tli]

Ill _ll_], ill Ihl' _il't'llh'lll._l.

lti, It I_ i'._il Ilii.lll_tl Iliill il pilot II'.lililll} I I_l_}:lillli would ll.Ivt' hi'i'll bl,nlq'lei_il

hi ,Ivoldllil', qt¢:, oi thi, w|lt, _ti'lkl'I_.

•_0. It I_ t'iil h!idtt'd Ilt_lt l_l(|'t, i'tlllt_l';t woiild lllivl' hi'i'll t'lll'i'll%'t _ Ill 4_1'{, of

lht' wilt, ._li'lkt,,_.
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INTRODUCTION

Iteltcopter wire strike accld,,nta are a problem In both the civilian

and mtlltary sectors. In a study of 197 ctvit helh',q_ter aerial appltca-

i tlon accidents for the years 1975-1977, for example, 19X were fomtd to be

caused by coII_ston with wires and poles, the most ct_)l_l| co|lsa] factor*

j (ref. 1). In the Army during tile per|od 1971 to 1977, 76Z of 1,100 obstacle

strike mt_heps were tree and wire strikes (ref. 2). Furtlmrmore, atilt:a-

tion of civil helicopters is growing. This is illustrated by the growth
of aerial application in the U.S. from 1968 through 1977 (see Figure 1) t

I and by the projected growth in agricultural helicopter fleet size from approx-
imateZy 1,100 in 1979 to 3,600 by the year 2000 (ref. 3). Comparable growth

i may be expected in other mission categories.
In recognition of the growth in utilization of civil helicopters and

f m of current mllttary tactics calltn 8 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-

I ware design: (1) development of wire detection and location display devices

and (2) development of designs to increase the tolerance of helicopters to

I wire/pole/tree strikes (ref. 4, 5, 6, 7, 8, 9. 10). These developments 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-
sions (ref. 1, 3), an exlmustive study of available data to provide a better

] understanding of such mishaps has not been undertaken previously.

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

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

were reviewed.

*l.:_l"g'_t'_-fa'(ltlr_-was a cZose second, acceunttng for 18_ of the accidents.

i in i i i i
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riw objeetivus of tilt. project were

I I. To Identlfy fa,'Iors, .f _*ny, th_it _tl'*. cosmn*m le the nmJority

of wire strike accidents,

I 2. To a.q._css tile petentla] of eyiol |ug technology m_d procvdurus,

both m111tary and civilian, for roduclng civil wire strikes.

3. To recommend solutlons that could _ubstantlally reduce the

number of wire strike accidents.

4. To conduct a benefits assessment for each of the recommen-

dations.

$, To study and list appropriate references on research and

development in wire _Lrike avoidance. References I through

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

6, To prepare a detailed analysis of each accident to include

any recommendations for wire strike avoidance. Volume II

of the report contains one-page _riefs Lor 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 Secondary Causes of
Accidents

Appendix C -- Synopsis of Ilclicopter Research and
Development

Appendix D -- SampXe of Accident Analysis Briefs as
contained tn Volume II

1980024873-TSA12



FINDIN6S

ACCIDENTRESULTS

i The t emllts of hollc,q_ter wire strike at eidt, nts f]]ustl"_lt# the serloua-
nexs ef tile wlre _tll'|ke problem, rlle Int, ldellcU of mishaps t|tlrlll 8 the ten

y¢,a1"s Hludled Is .qhot_n, by nils.'_IOl1_ |11 Table I. Although Fore,try was aluon 8

the 1nlsslollS to be studied at the |_eglulling of the p1"oJeetj no at'tide11,

reports were received for that cateBory. Bv d'I'SB definition (ref. 12), a

roporCnbte act.|tlel_t involves sobst:antial aircraft dalnage_ serious injury t

or death. The data tn this study, therefore, represent only part of the wire

strike problem. While a quantitative assessment of the magnitude of civil

helicopter wire strikes is not possible, a qualitative estJnlate is that the

i sample data reported here represent less than i0_ of all wire strikes. As

an example, 1tl a briefing before the Airborne Law Enforcement Associatlqn,

I 19 ]'lay 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

I an N'rSB report.
TABLE l

m HELICOPTERWIRE STRIKE ACCIDENTSREPORTEDTO NTSB1970-1979

m Agricu]tu_e 100
Air Transportation 87

j Public Service 16Construction 4

Cargo Handling (Off-

I Shore Oil Support) 1

Total Accidents208

Becattse the tnciden{:e of Construction and C(lt'go Ihtndltng mishaps was

So rare, these two missions will be combhlud Into a Htscel]aueous (HZSC)

category 111 following tables. }liSt: wiJl be treated as the other categories,

but ftndtu_s for this category are extreluely tentative, because of the small

size of tile samp]e,

1980024873 TSA13



_everlty af injury to personnel ta ahown tn %:b]e 2. TIw p_rc_!_ag ,_ af

puraonu tnJurad ta baaed on the to,at number of p_r._¢ma _)n board tha hali_op_ar,

including paaaengera and crew qnaalbers other I:han the ptlot (see Tabl_ 3). When

the Fatal and Serlou._ _ategot'ies are coalbined, the percentage of lnjl_rie,_ Is

aavn to be markedly higher in Pfi (607.) and HI$C (83_) cl:'n in AC (15g) or AT (277.),

TABLE2

SEVERITYOF INJURY

I i Num_.r

Fatal Serious Minor None iof Fetso,.s
l'.:_,.ed

AG
Agriculture 4 12 73 61 105

(n=100Accidents) 4%a ll% _7% 58%

AT

Air Transportation 22 20 S0 40 130
(n=87 Accidents) 12% 15% 26% 47%

PS

Public Service 11 7 6 6 30
(n=16Accidents) 37% 23% 20% 20%

MISC

Miscellaneous 5 1 6
(n=S Accidents) 83% 17_

Total 37 52 85 157 331

(n=208Accidents) 11,% 16_ 26% 47%

apercentsare based on number of persons involved.

5

_=2 z_ ............. ,=__ _........................................ _ ,
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TABLE3

NUMBEROF CREWtli:MBERSAND PASSENGERS

i Crew Members

Other than Pilot Passengers
,i

AG
(n=10o) 0 5

AT
(n=87) 4 gg

PS
(n=16) 11 3

MISC
(n=5) 0 ]

Total
(n=208) 15 I08

The relation of fatalities and injuries to factors such as speed and

mission will be discussed later in the report. However, it Is significant

to note that, although agricultural aviation requires the greatest exposure

tO wires, it has significantly fewer fatalities wlth wire strikes relative

to other missions. _tile beyond the scope of this study, evaluation of the

greater survivability 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

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

i

I o

!

1980024873-TSB01
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t:o_ttl of _tir¢'l'zltt |o;lfi|,_l fOl" thl' '.!11_ _l¢¢ldent_ tire pl'¢,Hl,tlted I11 T_tbh. 5.

'rhL,tl¢_ diltll W_,t'¢, t111|'11 |I'L_III tilt' i|¢¢hh'ttt l'l,j_or¢14 It t't,l.or_h,d thl,r¢,. I._hl,tt ¢otHH

l
w¢,rt, trot I'¢,¢'ot'_ll,d lit tilt" il¢¢ldt,nt t't,|_ot't t 'l'h,' II,'_l_i%_'t. '_* I_/N¢' I_o_,_ |'or I_)/¢l

wil_l i1,_1t,¢1 _|..4 _l _s_iil'L'f,_ (t'¢'| . I:}). _'or it :ltlb_|illtl I II1_' ¢l_lltlltl_|'_l illt't'l'lll't s tWil-

l thlrd_ of tilt' I{ll,,' Itoo_: i'[l',11re Wall ¢llo_l,n _IH the Io_¢_ |'1}_t11'¢'. 11" tilt' i|lt'¢t'*l|ll

Wil_4 dq_-ttl'OVl'd, lilt' 1'¢'1_1111t'1111'11l ¢_ll ft_l' tht' .Y¢'_II" of tht' il¢'¢'lLh'ltt v/it,'4 I1,'11'¢1.

i 'I'h11_ tilL' ¢o.,_t d_llil tire' It ¢tlttlbhllll loll of N'l',qll-r¢,¢orded ¢oHl.m 1111d

_'_}_t_. App_lrt,nt ly_ the N'I'_B _'q_t_ fqr de_tl'oyed Illr¢l'itt't 111"¢,bn_ed on the

I t11't}_|1111] I_tlt'¢h_l_q pt*lLe. Rqlll_:|t't,tnl,111. i'odt_4 dlll'ht}_ the' yL,_ll" of IhL _ _lc_"lLh,nt
will 11.,ntillly bq hll;h_'r. H¢,]ILhL,i" f_gure Ir the a¢tlta] lo_x to the, operator

I of the JetllolisheJ Zlll'_.?l'_i_'l.. I"_hlh' tllltLh of tills loSX rill be cow,red by tn-
}4t11"11111t'(ll_4111111y tJO_,) tilt' l'L'll1_illtd¢'l"I_4 It LHl'L'¢t 10)4.'4 tO tilt" Ol',qt','ttor,

I ]1. I1111,Ht hi' t'¢,llt¢,ktlbL, r¢%l thnt tlle_¢, ¢lrq co, Ix t_11]..v of i|[|'¢l'_if_. I)ntzl O11

I O1" tl'illtlOd pllotr_ ]_¢'1"_O111|1 I11]111"_ _111d d_'ath pc'it h'tltt'tlt I,'o_4tA I ltl_'t't'il_t%I It|f-Lrnft 111111|11_111"iI11t'_,?_1111dIi_ _111t ,.4etth,ttlt,nt_ ikt'e llot repql'l*,d In tilt' N'l'SIt

t"1iid I n}',_ ,,

I Ow'I" Iht: It, ll-%'t'_l|" pt'l'|od I the,re, 1_ il 1"1._h11_ tl't,1111 Ill ¢'oFit of _./h't' ._ll'lk¢,

! II¢t'l¢l_'11t_ il_ wou.ld bq exPt'cted tn {'otl.,41dt'l'_il IO11 of tht, 1*1,'4[111_',¢o._1_ of *'_lltll_-

lilt'hi 111 |_t'111'1"iII |'or Ihl_ pt, riodo t:oxtg for the" .virgil • 1limb ill't' ,_lt'Oll}_l._' Ill|'lll-

¢,llt't'tl |sy tWO t'11,"4t" il¢'t'ld_'11t_ thai IltVOlvt,d t_o h[}_,h-l_o_t'l't'ds r_,lnt lvely ¢'xpetl-

.'_lVt' _l[t'¢rzl|'t (1111)_,111",_hi)tit: 1111d_[kol'_{k? ._-55'1'). 'r}l,,,_l_, ,,_11111,two il¢¢ld_,nt_{

¢'Xt'l't il ._I1'OII1', |11|hlt'll_'t' Ol1 the' ilvt'l'il}_t' ¢t},'tt _[ tilt' five t_|lSt: ll_'_'ltlt'lll;i OV¢'1"

the |t'll-y¢'ila" period. The Iltilkt' Itlld tllt*_d¢'l OI nil illt't'l'iIt'l Involved In tilt' il¢¢I-

dent:_ it? ? tl_ted In ApP_,nJ|x _'_, The IoWl'l" ilvt'l'il}_t' ¢L_t o| At? il_,¢ld¢,11t_ itttd

tht, filL| thilt Iof t,l);ht of tilt, tl,ll Vt_Itl'_ ¢_t: ;11¢[dL'11t ¢Oxt._ _{'1"t' IOwL'I" th;llk

• ' _:_t' of OI h_.,r Bl'ollp_ I _ pt'obilb ly due t o At,' I1_'1[¢oPI t,1"_;_ bt'ltl_ _, )_¢'lll't'll I I%'

IHl:,:__t'l'_ It'}Ill t':_I_t'II,_IIVt ' iil_'¢t'iIIt ,

I'o re¢llpItttl_ltt': lot till, :_t}14¢'l_..ll _lt't, _tt'|kt' il_'¢'ld_'tkl.'_ Ill tht, It,If

t. Thlrty-tl¢,w,tl Ilve_ wet'c Io_t.

_. I;l|ly-t_o I_eoph ' .'{Ittft'l'_'d _*'1"1_'11,'_II1111r_.',

H

................... _ ....... . ..... , :, ::, ,......... = :,£.. _ .............................. _i
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I

I t ApLL.

I AVt_RAI_EAII{CI{AFI LOSS (.v) ArIL)TOTAL,_dRCRAI_TLOSSES()'.)

i 1970 1979

(n=lO0) (n=87) 01=161 (n=5) 208)

1970 17,000 26.000 " 2,000 ° _ 19,000

_: 116,800 L 127,500 2.000 246,300

1971 ,v 14,000 _ 44,000 50,000 36,000
): 70,000 397,000 149,000 616.000

1972 .v 21.000 64,000 59.000 39.000

........ }: ..... 210.200 382.000 ', 117,500 709.700

1973 .v 24,000 48.000 35_000 34.000
•': 289.100 383.400 104,600 777,100

1974 ;_" 23°000 59,000 48,000 45.000
:: i 16,500 469,500 95,000 - 681,000

1915 .v 68,001.1 48,000 49,0u0 56,000
•_: 612.100 476,500 146,000 1,234,600

1976 .v 36,000 43,000 92,000 79,000 46,000

- >: 392t870 ......... 690,500 274,500 79,000 1,436,870

1971 .v 54,000 74,000 66,000 60,000
;: 919.132 515.600 66.0t10 1,500,732

.v 46,111111 86,1100 517,000 107,0001978

._: 410.300 ,i 18.900 1,033.1100 2,562.21111

19/q .V 7,1,000 46,0011 67,000
;: 1.1 I 5.5_10 2;'_, Ll1.10 1,343,500

1_}taI '_"i ,13,lllill 5b,00l) 5;_,0110 241i,lltltl 53.I1{ILI
'_'I I t

::j4o;'t,;'oso;',7'd.'{,_tlt| tL_l,100 I, . ),._JO 1,1L1.'1,002
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I
I
I ,_l,_ L_LI,' humhl'_l I',¢_'slly ,lll_'l,llt _¢_'1_' d,mhll',_',l ,'_ut_!_t,mll,l|ly,

%o L_VI'I" I'I_'VI'|t 11t|l|iL_tl _1¢_11,t1_{ I11 ,titvt,llt I_1::_,!_ Wt'lt' Ill_'ttltl't_,

I
CALISAI.IAL',IL)R_

the t_'l',_ll_ ,11'_' ,'_|I_W11 |11 Al_pi'11dix I%, 1'h_'_,' _'_111,'_I'_ |1_Iv_,' |_'¢'11 l,_l'O1,Ip_'d htt¢_ the

I l'IVe _'zlte_._,_1"|t'_ ll,'ll¢'d |11 *I'_I|_|_, b. '|'h_" 11_I _'_m111¢_11_'_111_{_,_f h,_l|_'_l_l_,r _|I'¢,

I 1ABI.L 6.

i I'RII_I_RY(P) ANt)SICONI)ARY(S) CALISLSOf ACI'IDI.NISa

AG AT PS MISC Total

i pl,_2)S pU44)S pill')S p (5)S pl1'I7)S

J Failureto see and avoid 63 9 59 8 7 3 I 130 20
objectsand obstru_:tions

InadequateP,'ucedures 13 5 16 24 5 4 2 36 35

Errors in ,lud_jme_t II 3 5 3 I I I 2 18 9

Aircraft failures 4 1 3 1 3 2 10 4

Miscellaneous 1 2 1 1 1 1 3 4

aluconlplete data. t.levell 1979 cases uot yet received fronl
NISB as i_f;'bAu_just19_0.

i I 0
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,_trik_ L_ t'aiLur_ to Hee attd aw1[d ohJL,cL._ ilod ob_trucLLon_. B.v mi._sLon

eategory, "fa||.u1"o _o _,_'L, told _Ivo[d" LH the p1_h11_H'ycause [.n the fol[ow|ng

proportLolm of ac.eidL, it[_: AG b8%, AT 70%_ PH 44%, HL_C 27%_ ow_t'aL1 aw'1"age

00%, TI'_L_ report: will pLace apecLaL empha._l, on wily the piLot |l_lLld t;o t4eo

dlll_ ilVO_kd o_j_ctlsl dlld OIIst'ru_C_OI|At illld r_Oll|lll¢}llililt|.OllA wl,l.li_Oll¢'i_tl_ril{'{_ ,"

acLLon_ to eorl:e¢l:l;llnl:deflclellcy,

Cilu._aL factors iil'e discussed in _¢,_rlllZ,'OL: t'l|_ [llLo_'p t;h_, ¢znvlL'ottmeo{ t ,.rid

I:he m_tchLnL,, Pilot f;.tetors exilmLrlod _Lll_.[ud_z

• A_e

• Expertence

@ [n_lt rument: quasi t f tcilt ion

• lleaLth

• Prior knowledge of wire location

• Physiological factors (agriculture ouly)

Env[rollulelttal factors examLned i11chlde

• Weatl_er: Light conditions, cloud cover, vtstbi|Lt'y, and
o|)_LrucLLor_ to v.L,_Lon

• LO_il[ roll illld IP_._rr,:| [11

• P|lilse of _light

• WLre location, IleLght_ 8pall, composLtiou itlld vl,_ibility

• Wind iltld _etllperiltliF_

MilchLne f;ictor._ invest[gaLed illchtde

• Portiotl,'i of l;he helicopter [nlpactltl_ wire

• Conlpar isoll of eolll re] led t'_ illlCOnl rill h,d landl ug
['o[low|llg _Ire lh111_Icl

Pllot

A!;.'. Pilotl'-; ilg_' by ml.,i:;lo11 type':; [,,i shown lu 'rabl_, I, 'Hie dl:;t1'il_ul ion

of il),i,:i [_i il!ilillllli'd Ill Ill' l'l,lll'i':il,nl,ll ive oI thal of the' over.111 lli, l icoplel pl lot

pOl_ul,lt |Oil, The ilVl'l',I,_',t + il_,l ' o|' W[ll' :ill ik_, plh+l,,i wa+; +6.1 _+k',ll'tl I /Ill ilt;l' ill

II
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• i "[I I -- Z_- •

T_B_.7

j PILOT AGE

29 and 50 and Not Average
under 30 to 39 _0 to 49 over Reported Age

i AG 40 30 24 5 1

(n=100) 40% 30t_ 24._ 5% I_ 34.4

AT 32 27 17 10 1

I (n=87) 37",; 31:,_ 20'_, ll_ 1_ 35.5

I PS 4 7 4 1
(_=16) 25:_ 44_; 25';: 6:,'; 34.0

I MISC 3 1 1

(n=5) 60_', 20_, 20% 30.0

BB
Total 79 65 46 15 3

• 34.7
- (n-:20_._) 38'_', 31',_, 22_ 7% 1'._

J I

1.qF_r)r)_AR7"),_Te I_h"7



.

'l'_lhlq B, A _,'-I|_'wh_l,L _,lrl_rl_ht _ I'ltt_|ht_ I_ tht, I_II'_,;L' nttmht, r of wll'q _tt'lk_,

plh_t:,_ vI.Lh over 2,000 hpure_ o1" I,ol_tl Flll_,hl LIt_t_, OvL,t';_!I_ lh_ _ _lw, t'_lF,¢,

t!l)lllt'l" I-0 ilV_,_|l [0||.

TABLE.8.

PILOT EXPt:RII_NCE
IIELICOPTERAND FIXED L_INGCOMBINE()

0-300 301 Lo 1,000 Lo Over Not
ilours 1,000 hrs 2,000 hrs 2,000 Reported Average

AG 2 15 10 72 I
(n=100) 2',_ 15'_ I0'.',; 72'i, I'I, 4,250

AT 6 10 14 57

J (n=87) 7'_ 11':_, 16'_', 6@,; 4,280

PS 2 4 10
(n:.16) 12"; 2._, b2,, 3,373

MI._C 5
(n 5) It)t}:, 4,7 ,_J

lo L,_1 ,'3 ?/ 2_3 1,|4 I
(n . 0,,) 4,, 13",, 13';, 6,r,, .5", 4,;'L','

IV
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.llq.tl_:oP.t(:r I'._l)t.l:/__,JLee. lie] Ic,oplqr c,xporh,nce I_ HhownhI TahIq 9.
A_ with total f111_htexpt,r_(_neo,the 11[itll|)Orof wiro strike pllots with qw,r

2,000 hel[copterhours IH a lart:qproporlion Of thq tolal, Ow,rall, the

avqr_q_owlre _trlke pilot ha_ 2,2t9 h_stlrrof hollcoptqrtimq, (']L,al'lynot

a novice rotary wing aviator.

TABLE 9

PILOT EXPERIENCE
IIELICOPTER

0-300 301 tO 1,000 to Over Not

I hours 1,000 hrs 2,000 hrs 2,000 Reported Average
Ill

AG 11 23 16 49 1

(n=lO0) 11% 23% 16% 49% 1% 2,345

I AT 24 10 16 37(n=87) 28% 4% 18% 43% 1,976

PS 1 4 4 6 1
{n=16) 6_ 25_ 25_ 38_ 6% 2,334

1

t

MISC 5
(n:5) I00_ 4,093

Total 36 37 36 97 2

'_ I% 2,219(n=208) 17_ 18_ 17% 47_ ,

14

' , I
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I

I
In_tFt_n:ntO_a]1_f_i?atJpSn.Table I0 illustratesthe re]orlonof Instru-

i ment rating to accidentoutcome. It lq concludedthat the Instrumentratingof the pilots had no bearing on the Ho,,ouanoanof the acc/dentpwith re_pect

either to dmnage or tnjuryj since the differences in percentages of Not Rated

I and Rated pilots are re]attvely small.

I TABLE10

I | RELATIONSHIPOF INSTRUMENTRATING OF PILOT
I W TO DAMAGE OF AIRCRAFTAND INJURIES

i 205 Accidents a

Aircraft Instrument Ratin 9
Damage Injuriesb Not Rated Rated

i ,, ,.

1 0

j Fatal I% 0%
8 5

Substantial Serious I0% 12%

J None to 70 38
Minor 89% 88%

I 79 43
Subtotal 62% 55%

n i

I 13 g
Fatal 27% 26%

14 11
Destroyed Serious 29% 31%

None to 21 15
Minor 44% 43%

HII

48 35
Subtotal 38% 45%

Total N 127 78

apilot rating was reported in only 205 of the 208 accidents.

blf a passengerwas aboard, the data reportedare for the most
serious injury.

| 15
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Pl.lp_J[oa.lth. All pilots are required to meet specific FAA physical

I Htandarda to be auLhortzed a medtea] certificate for flight. Pilot FAA medi-
cal clasaiftcatlon is ahown ill Table 11. FAA Medical Categortesp I, II and

III are both time reqnlrL,mentsbetween physical oxamlnatJona and minlmum

Ig requirements for qualification. The most _tringent is Category 1. the air

transport pilot, requiring examination every 6 months, and the least atrin-

gent is Category 111. the private pilot, requlring examination only every 24

months (ref, 13).

From the standpoint of this study, pilot vision is the most significant

h_an factor consideration for the pilot's abillty to see and avoid obstruc-

tions. FAA medlcal certification for pilot vision is baslcally the same for

Category I and 11 pilots, with : lesser requirement for Category I11. Flight

wlth a Category 111 medlcal certificate (2_ of the pilot records studied),

TABLE11

PILOTHEALTH

FAA
Hedfcal Category] Not Natver Other

l II Ill [ Rep. for glasses Limitations.

AG 8 92 19
(n=lO0) 8_ gC_ 19_

i

AT 18 63 4 2 16 3
(n=87) 21_ 72_ 5_ 2_ 18_ 3_

PS 2 13 1 1 1
(n=16) 12_ 81_ 6_ 6_ 6_

HISC 5 2
(n=5) 100

Total 28 173 4 3 41 4
(n=208) 13% 83% 2% 1_ 20% 2_

' II I I
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however, does not neeesnarlly imply a lesser vision capability. If carrying

passengers for hire Is not a mission requirement, a pilot wlth perfect vision

might choose to retain only a Category III medlcal certificate for the con-

1 venlenee of the two-year interval between physical examinations.
i

The only valid indication of less than perfect vision that could be

obtained from the accident reports is the requirement for the pilot to wear
corrective lenses for flight. Of the 208 civil helicopter pilots involved

i in wire strikes, 41 (20Z) required corrective lenses. This is considerablybelnw the national average: according to the FAA Civil Aeromedical Insti-

tuL. (ref. 14), of 827,592 active pilots, 350,701 (42Z) require vision cor-

I rec=i=n.

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

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

I TABLE 1.______2

i PILOT'S PRIOR KNOWLEDGEOF WIRELocation of Location of Not
Wire Known Wire Not Known Determined

AG 50 42 8

(n=IOO) 50% 42% 8%

AT 23 50 14
(n=87) 26% 57% 16%

PS 3 6 7
(n=16) 19_ 38_ 44_

MISC 3 2
(n-S) 60% 40_

BP

Total 79 100 29
(n=208) 38_ 48_ 14_

I 17
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!

agricultural pllotH who know whore the wire hm:ard was located and flow into

i_ neverthelesu. Overall, wire strike pilots knew of the mishap wire loca-

tion in 38_ of the accidents.

A determination that the pilo¢: had prior knowledge of wire location was

made only if the NTSB accident report specifically stated so or it was clearly

evident /rein the description of the accident. If anything, data in Table 12

are considered conaervatJ.ve.

The table highlights two areas of potential gain in wire avoidance: the

abiJ.ity of the pilot to see the wire and the ability to Judge its distance

and alt£tude. 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. Nts-

Judging distance to wires, or losing their location during flight - as suggested

by the nunlber of strikes that occurred when wire location was known - points up

the need for training in wire avoidance procedures.

Physiological factors in asricultural missions. Agricultural aviation

involves exposure to two hazards not normally experienced by other civil heli-

c,_pter pilots: considerable low-level precision flight in the wire environ-

mont. and exposure to chemicals. These aspects 0£ AG flight raise the possi-

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

Figure 2 shows the hours flown on tile 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

atLribnte the increase to 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 accidents, the aircraft was carrying non-

toxic chemicals. Autopsy and toxicity reports were negative.

18
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I
In throe _isee, pliers reported being affected by toxic chemicals. Two

I were nffecLed on the ground_ one in flight. Of the two affected on t:_e ground,
one had flown four hours th_ calendar day aud reported being affected for

I five hours or less; the other had flown for two hours and was affected for 15minutes or less. The pilot affected in flight bad flown for 2 1/2 hours that

day and reported being affected for 30 minutes or le_s, The small number of

I cases reported is insufficient to provide a basis for dzterminin 8 the influence

on Accident rates of pilot exposure to chemicals.

I TABLE13

I PILOT EXPOSURETO CHEMICALSAGRICULTURE(AG)

I Chemicals used 7
not

Chemicals used:

j Non-toxic chemicals 52Toxic chemicals 38

Not reported

t Subtotal 93 93
Grand Total 100

J Pilot exposure time to toxic chemicals:
15 minutes or less 11

J 15 to 30 minutes 2
30 minutes to one hour 2

i 2 tO 4 hours 25 hours I

Not reported 2_0_0

Total 38

Pilot-reported effects of chemical

Not affected 87exposure:

Affected in flight 1

l Affected on ground 2
No report

Total 93

{
2o
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'l'_ll_h' .14 _dlowtz pilot I':lt_|llt i,'t¢ mid wll¢,thl,r mltOl_y _111¢1Ioxh' h,v¢,l

t_,;H:_ w_,t'_, pl,rl_u.111_,d Oil Itl_, pi|ot. HOt_lbh, |H Ih_ll, oltl of ')| |'_itill ll¢'l'|-

ch'llt_% OI1|) ° 1_'11 pIIol;_ 11_1d both _111tol)tLv and toxic' h'w,I tl,_tH |_1'rfo1"111¢'¢1.

'l'h_,l_h'k ol _IIIIOl,_LViltl_.lloxll' h'w'l tl,HI,'llll_l_'W_,II h_Ivl'II_,ll,It'lltll,ntzi| ¢'ll'L'i,t

O11 d_'lel'mllllll)',_h'L'Idt'lllL'_lll,'li'.,_lll'llI'II_'IoI'NII_ lhL' pllol I_ blood il|¢ohol

¢_o1111"III_ 11o|._lOlII111_l'llIltl¢'il|'*v¢'xhllll,'l[_'ill'h,_lllllOllOX|lll'_hl'¢.ll'ltlllllL'k_IIII_.I

,t1"ok,'_ _'ould _o Illld_'le_'ll'd.Allhouldl H'I'_|Ir_,l_lllllllOtlllrl_qllll'¢, both _iii

l111IOl,,,_y_llldil Ioxl_, h,w,l t¢,_l to b_, l,_,1"fol'medon p[|ol}l lllvOlved in l'zllzi]

l_ov¢,_.ttt11_,t11pl'i,_,lllde__i llllll'ol'lllpolley for _111"IIll_'l.iOll. 111 IIOlIII_ 14t:llll_ll_lh¢'

Io¢_II _,oro11_,I"__I._,_4_III_,IIIof lhe _l¢¢Id_ull ,,,I[llllltlOll delerullnel.l vh_,lhl,r

llulopl4_,illlllIoxli" I_'W'I I_,}4t_4wlll he 11{'l'fi_l'llll'd._II_'IIpl'ilcll_:lllqul'lltJOll,'l

_I_ who wlll l,_lyfor I11_,_1_IOl,_y _iI_o IIIIi,¢I Wlli,llli,l" It wlll l_e perfot'm_,d.

If _l,!,'Id_,llt_.,l_,tIiiilltllOlll-_'_tlldto._l_'ll_,legit l'l.,t-lll|l.,l_'ould I__ l_OlltLl_'al.ly

Of .o_l_]ly _'ml,_lt'a'_t,_Itt_ljt_,t_t,'_nll_ht llOt b_, l,el'fOl'Itl*'d.A lllllfOl'lllllzttJOltll]

pollcy O11 l_l'l'tOl'lllilll_'_' Of illllOp}4%'_IIII'_II_II_III'¢I'iII'Il'l'll_l|l_II'IIIIIl4nll,l'Itll

}I_:I'IOLI.'4¢Oll,_|_|_'l'illlOll.The' I_'I'IO1"III_III_'_."ol illllOl_14y_llldloxh" h,w,l I{,_iI14III

l.hl'_'_'out ol_ lhl'_'_'I_II_I|_ll_l'l_'ullut_llil_'¢Idelll_ l'_,pr_,_,lll_ _IIIadmlnl_t l'_llI_,

l_.ro_:_.,dtll'_,lh_ll lllll_hll_l'_i_lol_l_'dfor all h_,lh'ol_IL,l"ltll_lon_.

TABL[ 14

AUTOPSYANDTOXIC LEVt.LTISTS
PLRFORf4ED0N PILOTS IN FATALACCIL1ENT$

Pilot AuLo_.L_L Toxic Level Test............... Not

--'_o-'L-'-- Yes No Repro'ted,FaLaltLies Yes No .Rep?rt.ed _.

AG 3 3 0 0 3 0 0

AT 13 5 5 3 5 5 3

PS 5 2 2 1 3 1 1

MISC 0 0 0 0 0 0 0

IotaI 21 Itl 7 4 11 6 4

.'I

1980024873-TSC02



I
I

Env t ronfllen t.

I ._L,.zlt|LL,t], I'_X_iIll|II_II loft of thv d_lt_l tiltdt'l'ly|ll} _, 'I'_tl)|v ]._ I'OVL';I|_ t|i_it 197

of _{)_ Wll'¢' t4tt °|kOH (¢}5_) ¢_'¢'til'l't'S| W|I¢'II W¢'ZI|IIOI" t'¢_tldJ( |OtIH Wt'I't' bL'[tz't" tJliin

i the, v[su_l] t lib, hi t'uh, (Vl"g) t't'it_,s'lli of v¢,l|itt_ F_I't'¢iI_,I" Ih;llt 1,000 f¢,¢,t line|

L,t)rr¢,_l)¢mditl _ vl_ll_i]tty 3 ukl)v_ or iiitir¢,. )"|_|l|._'-t|kl'L'¢' pel'eeut of the wire

I t4lt'lkL_H Lt_'I?III'I'L'4.i WILIi _.'h,_ir .,4ki_.,_4 _Itld _',',, ttni4ttlitl,d
W|I|I vt_lhtllty.

]"_ICLOI'H L|I_II mtL_lzt hove hlq_ztrwl j_lJot vit4[Otl wvl'o ltkfreqZlvtlt]), l'V]_os'te ,I,

I ']'|tL, tll_t.]_3|" l't, xtt'iL'tJozt to ]_]]et v[}4[Otl_ |llt_;_, of _ttl|¢_kz,_ w_ls |_£t, xt, ttt L)tt|y In _

of the., _08 w:[re 8tl:J.kes. AtZoL|lL, I' d_,t_,t't-z,11t to vipJ.Oll_ 8Ulli_]_lre_ wzlH otllY

l,._e_z.L.#_n.._m_l" ,'['=err_:i.t]. 'l'_H_lt, lb reI_lte_ the /tz_'.idezlt't, of w/re _tl'/ke to

i |oczlt[otl _111d t_,l't'_1111. OVet',_ll,l._ tZ |l_|t |_L_t't'OlttZt_30J" Zlw, idetltH _,_,'L?tt|"[tl |"ttt','t]

_ll't'_l_, 'l'lll_ |t_ tlt_t, t_Ltt'J)t'JH[ttl _, Jr1 tlZt' _'_Z_t' Of _l_t'i_'tt|LttZ'_' pilot_ ,_[ttL'_' t'ttr_l]

a _It.¢,_IA _tt.t_ thL, Jz_t'4iLJ@lt oJ" thL'[l" wot'k zm,I zt[t'_tt'[_,_, hi ot|t_'t" ¢'_ltt,_L_l'|l,_ it

tlltlrt, t'_ttt_Jotl [tl tthltlL'ttVt_t'ttl_ [|lt'l't_,

t J_It Of ch_._ttiJWt,[ H|_t'zlvs zitld oilier products_ the r_zte for level tert'_zhz (70Z)

I11div_Ite the m, ed for t1"_I(11[111_ pIlot_ Jli I11_, wlre xtrlke |iz1_'._11"d_ _I- I'ly_111_

|ow _w,t" |eve| t_,rl"_lln.
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I
Ph.n_e of _)isbt. Table 17 shown, by mission, the phase of f)lghtt

i estt|liated sgteed t and altitude at the time of the holicoptorts impact with

the wires. The phases of flight in which the Agriculture helicopters vxper-

I ienced tilt, most wire strikes were the swath runt poll up from swath run,
and in-flight turnaround. Air Transportation helicopters Incurred tile most

II accidents during the cruise, take-off, and 1¢_ pass phases. Public Servicehelicopter wire strikes occurred most often dorlng cruise, ]anding_ and

I autorotat ion phases,
Nhen tile helicopter takes advantage of its vortical take-off and land-

i ing capabllitles, it is inevitably exposed to tilehazards of low-level fllgllt.tlowever, Justifying Iwlteopter ,'2_¢t'_c flight at wire-hazardous altitude (40

feet or less) In difficult. Tile percentage of wire strike accidents that

i occurred during tile cruise phase of fitgllt ill tile AT and PS categories at

altitudes of ,_0 feet or less suggests a lack of pilot appreciation of wire

Ilelicopter pilot flight are a procedural
hazards. wiry strikes ill cruise

error that could be avoided witit wire hazard avoidance training.

Agriculture pilot wire strikes during tile swath run are a more complex

issue. 'ritevery natltre of tile agricultural aviation mission requires flying

I within a few feet of the ground. Under tills condition, identifying field wire
ha;:;l|'ds illld plmmiag a f]ight path that w/i] _tvoJd wires is a demanding tank,

' A more detailed analysis of Agriculture wire strikes by plmsc of fligltt is

contained ill Table 18.

Table 18 shows knowledge of wire location by phase of fllght for Agri-

¢'ttllsre IllissiOIIN. ghea |oeat_oll of wlres was known t the highest il}eldellt'eof

strikes occurred during swatlt runs (22g',), pull up from swath runs (IIZ) t and

in-flight turnaround (llg). This uuty be attrthuted to misjudgment of dis-

tllllCeS tO wlres, loss of wire location ill relation to pilot's placement over

field, or attetttion to other mission requirements temporarily distracting the

pI lot fl'e*l) wire i|vt_ldal|ce.

2_

z

-. __ : .... lUll I i
i I
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TABLE17

PHASEOF FLIGHT, SPEED, ANDALTITUDE

AG AT PS Total
(n=lO0 (n=87) (n=16) ;(n=208)

Phase of Fltght
4 14 2 2 22

Take-off 4_ 16_ 12_ 4n_ 11_
2 8 10

Climb 2% g 5Z
21_ 5 2 28

Cruise 24_ 31_ 4_ 13%

I 11 1 12Low Pass 13% 6% 6%
? g 1 12

i Approach to Landing 2% 10% 6% 6_1 7 1 9
Hover 1% 8_ 20% 4%

/ 7

m J Approach to Swath Run 7% 3_57 57
Swath Run 57% 27%

I ............. 13 13m Pull up from Swath Run 13% 6_
"" 13 4 17

J 4 138In-flight turnaround 13_ 5_

W Landing 10% 25% 6%
I 4 3 B

! l Autorotation I%.......5% 19% 4%
EstimatedSpeed (Knots)

22. 45 10 4 81

I 22_ 52% 62_ 80% 39%
30 and under

78 4Z b 1 127
Over 30 78% 48% 38_ 20% 61%

I Altitude (Feet)
87 46 g 1 143

40 and under 87% 53% 56_ 20% 69%

I 10 33 5 3 51Over 40 10% 38% 31_ 60% 25%
3 8 2 1 14

i Not Reported 3% 9% 12% 20% 7%

!

I 2.
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The 30g of accidents that occurred during swath runs in whtcl_ tire pilot

did not know ti_e location of tile 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 emphasized in training. Location 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.

TABLE18

KNOWLEDGEOF WIRELOCATIONRYPHASEOFFLIGHT

Agriculture (n=lO0)

I
.................... lLocitiOa-of .... Locatlonof ................
Phaseof Fliqht I Wire Known Wire Not Known Not Determined

I _ ..... _.. - _'_:_-.-_ : ...................... -
Take-off 2 2

I Climb 2
Approachto
Landing 1 l

Hover 1

i Approach toSwath Run : 2 3 2

Swath Run 22 30 5

Pullup from
SwathRun 11 2

J In flightTurnaround 11 2

Autorotation 1

Total 50 42 8

I
I

27

I
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I
Wire Charecterlstlcs. Table 19 displays a variety of charaeterlstlcs

I 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 combi,_ed.

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

I density is light. Possibly pilots are mere cautious about flying among wiresin medium and heavy density areas or feel they have more maneuverability in

i the light density areas.
The number of strikes that occurred when poles were not vlslble, although

i less than 10%, is worthy of attention. It appears that pilots may see thewire, but, having no reference point on the ground such as a pole by which to

Judge the distance to the wire, hit it regardless.

i The inability to Judge distance to a wire is also hlghllghted in the num-

ber of long span wire strikes (over i50'). In a typical case, a pilot flew

I 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

I accurately Judge the location to a long span
and distance wire, then the only

safe course for a pilot would be to fly higher than the supporting towers

I themselves.

Wind and Temperature. Table 20 shows the incidence of accidents underT
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 accideu_s took place

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

within normal flight temperatures.

28
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I
i

Machtne

I 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

I impact (Table 21) an well as the relation between impact location and whether

landlng was controlled or uncontrolled (Table 22). Wire strike aircraft manu-

I facturer and model are contained in the individual accident summaries that

supplement this report as well as in Appendix A.

I 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

i equal to those of hitting apother. 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 r_eir span of vision:
above, directly in front, and below.

i In considering the type of landing following wire impact and the extent
of damage (Table 22), it should be kept in mind that determining controlled

I or uncontrolled descent from a wire strike is difficult in many cases andthat Judgment was exercised in making the designation. Autorotations, which

seemed to give the pilot some latitude in selection of a landing site, were

I 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 lmpact was the main rotor mast,

probably due to the close proximity of main rotor blade control linkages.

l Eighty-four percent of the initial wlre impacts wlth the main rotor mast

i resulted in an uncontrolled descent, with nine aircraft destroyed and sevenI damaged substantially. Hechanical wire cutters to protect the main rotor
I controls should receive design consideration. Also, future designs should

I include suitable shielding to protect main rotor control linkages.

I

31
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I

J TABLE22
CONTROLLEDVB UNCONTROLLEDLANDING

I FOLLOWINGWIRE STRIKE

-" Uncontrolled Controlled

m initialImpact Landing Landing_i

Main Rotor/RotorHead

I SubstantlalDamage 16 21Destroyed 28 3
Total "-4"4 "-'E4" 68 Accidents

l 65% 35%

Tail Rotor/TallBoom

l SubstantialDamage 12
12

Destroyed 14 -
Total _ _ 38 Accidents

i 68% 32%

Bubble/Canopy

I SubstantialDamage 3 16
Destroyed lO l

J Total _ _ 30 Accidents43% 57%

Skid/SprayBoom

I SubstantialDamage 12 6Destroyed I0 -

Total 2_ _ 28 Accidents

I 79% 21%
Main Rotor Mast

l SubstantialDamage 7 1Destroyed 9 2

Total _ _ 19 Accidents

I 84% 16_

InitialImpactUndetermined

l SubstantialDamage
5 7

Destroyed 13 -

Total 17 _ 25 Accidents

I 72% 28%
ill i

All Wire Strikes

I SubstantialDamage 55 63
Destroyed 84 6

I Total _ _ 208 Accidents67% 33% ....

33
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lnitial wire impact with the skids or spray boom was the second most

likely _mpact to cause an uncontrolled descent, In many eases, upon initial

wire engagement with skids, the pilot would attempt to break tile wires with

shear aircraft power. The wire would stretch to tile limit, then break, caus-

ing a sizable adverse increase to an already taxed flight control situation.

The resultant instantaneous change in flight control loads usually resulted

in an uncontrolled dive into the ground. It may be a more prudent course

to reduce to minimum airspeed, stop, and disengage the skids or spray boom

by reversing,

Tall rotor or tall boom impact was third most likely co cause an uncon-

trolled descent, accounting for 14 (37Z) aircraft destroyed and 12 (32%) sub-

atantlally 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

Fh'ZlioJ_¢ for _tw_[dlt1_ WIl*t,_ _tI'IkL,H _Iltd |'01" redll_'lttR Lll¢'tr e|'ll¢!l.'[:l _IrL_

dl.'_clt_Ned hE, low. '['lit,.'_,, [nt.htd¢_ vay._ tit th,LecL Vil't,_ in order It, ,tvtHd tll,_llt

;ttttl v_lyH to tt¢,utr_t|l_.t, tilL' ¢'1"1"¢'¢'t_1 O1" wire ¢ottt=lt't [|" IL _.lo{,.,t ot%'tll['. ["or

¢=;tch ol t hi, I'I I'lL t hl'=,t, ItteLhod.,.i J 1=4Cllt4,-t,>d_ 'l'able 2:1 i)r_t_l_LS L,_t [nt=ttt, s of

vhl, t her" tltt_ ntt_thod volt|d hzlvt, ItL'L'U eff,.ttt, lVe Ill tilt _ '-)08 =lC¢'ldeltlA xt.ttdLed,

ht ezlch t'_t_¢,j tilt, ¢'fl¢'¢LLVeltt,=48 v_t..4 Judgt, d v ltltllt the COltJtttotti4 existing

at the time ot" the ;tc¢'ldeltt.. For ¢,xmttple_ it" dtl|'|l|_ |or Sp¢'ed It|Re-off or

I;tttdht}._ I11 _1 cottl'_.ltt, d ;l|l#.tZ|l f_ht_ I)[Ll+lL t'¢ltl].d _¢.'t' ;.llltl det:_rmlltc_ the, d(,,_t;Itlt'c,

to :11 I t lt_ v[t't,=4_ the, pilot W_ll'tt|tl}_ d¢,vIt't _ v;iR Jtld_L_d _lx trot I)_'_ll_ _'ff_'cL[ve

lit pr¢,v_ttt|ttg tht, ¢l_'_'lLdt,tt[. AI.,4o_ Idt'llt I|[_'Z|t[OIt O): YEt'IrA fTOltl _.1dPV[L'L, Or

¢'ll_ll't votlhl bt' Jud_',¢'d to bt' tlotl¢'l'ft'_'tIv¢' Illtdt't" .,limllar t,[t'_.,ltln,.4t_ln_%ts! _1_4

the p[ hit _n vJ.'4,ttzil _'apahl lit it, n v¢_uhl be' I';ll" more t'ft'e¢:t|v_, _lnd re,| tabh,

I_tt" wlt't' ;Ivold_ltl¢_¢', N|I*¢, ¢'tltt¢'l'X ',._¢'t*¢' .ludg_.'d ¢1=4I'_t'llt_ t'l'[,.,¢tlv¢, on|y Ell

tho_4t, t,_ttl¢,;t who,it tilt" =tlt't'l_'_llt v_l,'_ItIOVlli_ _lt IO ktlol.,4 or* ll_,t, tL, r zltld V_l_

ttt4t tttl;tt¢,d to II_tV¢" ,'4Lit'filL'It, tiE kLttt, t l¢" ¢_ltL't'gy tel _?tl[ tilt s VJl.'t,(_), All _lltllO--

tzlt¢'d t_fltllo}_t'ziphy It_,t'tzlJ.tt|tt_ to t'lt't'tl'olll¢" wZlrltLltg d¢,vit't,t.t_ VII'_" t'ttttt, t'.'4j

;111d I'otor _hl,,hI_ [_ pt'¢'_t'tttt'd _I_ Appendix t:.
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TABLE23

RECOMMENDEDPREVENTIONDEVICESANDTECHNIQUE

Device to warn Ide.ttftcatton
ptlot when of wtre

_tthtn hazardous location prior
distance to fltght Wtre Cutters

!: ..!o!
A0 8, ; i, ] ,3,s I_ i8(n=lO0) 81 % 12_ _ 43_ 65% _ 18¢

AT 5 29 33 14 40
(n=87) 6_; 3_ 38_ 16_ 46_

PS 7 2 1 13
(n:16) 4¢_ 12_ 6¢ 81_

MISC 4 1 4
(n=5) 80: 20_ 80_

Total B 83 101 32 75
(n::2OB) 4_ 4@ 4% 15¢ 355

't'ht_ i,_14t |,|pl"t_ts|vt_ I't'_tt.iil't'h _llltl th.vt_lt_plllt.tlt ft_l" _1 W;ll'tt|ll_ tit.v|t't. |t_l.q |)t't'll

_|ttttt' ItV tht" U,S, Al'UIv (_rt,|'. I.!)), WJtih, Iht, At'l|iV II11_;_;_.t_11 i't_t" tl;tp-t_t-ti)t'-t_iwth

t lit'.ht h.l.q _tpp|i¢_illOlt to vlvII hqllt'optt.t' wl|'t.. _tvt_ld_titt't'. tlzt' civil ht_|l -

_'_|_tt't" wt'_tl_tt'l" t't't|ttl|'t.ltlt'tttH _tre t|_t .|.q tlt.ttt;ttzditll_.I t_%;_ Of Ill't..qtt'lkt..q oct.ttl_rt.d

dt11"[11_ d.zvlight vl.q,.t| I|ll'izt t'tt|*, tVFR) t't_ttdltIt_11_4, whets zz dtty|l_ht _¢;11"I11118

t|t.vJ_'t, wittily| h.tvt" |_t.t?tt _tt|t.qtt_ttt.. 'l'|lt* Hpt't't|'uN t_l _lv_t||ttblt. _t_.ttHt_t'H b|'t_;ttlt_lt.q

|b

..................................... ._ .......... ii _::_.] _..........................................................., I
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if a dayllght-only, 8ood-vlsibillty-only device is required. A passive elec-

tronic sensor tiler uses daylight as an illuminating source would reduce weight

end cost, thereby increasing the feasibility of such a device for acquisition

by civil helicopter operators.

IDENTIFYING WIRE LOCATION

Hethods of identifying wire location prior to or in flight could include

visual or photographic aerial reconnaissance anQ .chniques with maps or

charts to survey areas for hazardous wires. All determinations in Table 23

o£ 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 recor_mendatious in Table 23 assume installation

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 rotor or main rotor blades.

Some wire cutter effectiveness 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 dt££erent 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 installed, 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%).

31
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Table 24 presents estimates of the potential effectiveness of wire

cutters In _he 23 accidents in which the pilot was a fatality. Of these,

19 hit power wires, 3 hit telephone wires and 1 |lit a guy wire. In only

eight accidents could the final cause factor bo reasonably determined from

primary or secondary wire impacts. In only one case could tile cause factor

be attributed to a secondary impact| this was with a tail boom after the

main rotor had initlaily struck and broken other wires. Of the 23 fatal

civil helicopter wire strikes investigated, it was determined that wire

cutters could have been effective in 7 accidents, questionable in 5, and

not effective in II. If the first two categories are considered together,

12 out of 23 (52X) 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 (BAt) under contract

to the Canadian National Defense Headquarters (ref. 16). The BAG Wire Strike

Protection System (WSPS) has an upper cutter to protect the main rotor con-

trois, a lower cutter to protect the skid gear, end a windscreen center post

deflector with a serrated cutting edge insert to deflect wires to the upper

cutter and to reinforce tlle 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 tlle WSPS to cut 3/8-inch seven-strand messenger cable with a tensile

strength in excess of lO,000 pounds at an impact speed of 39 knots. Tile 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 eonnerclally available

for approximately $4,000.

ROTORPROTECTION

Tile Army has studied two methods of protc,_ttng the main rotors: pyre-

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

:18
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TABLE 24

ESTIMATEOF POTENTIALFORWIRECUTTERUSE
23 FATALACCIDENTS

AT 1 Unk 2 P 250: Yes ,Rotor Head Unknown ?

AT 1 Unk 3 P 150= Yes Main Rotor Unknown Yes

AT 2 Unk 4 P 701 Yes Wind Screen Main Rotor No

AT 1 Unk 16 T 170: Yes Ma_n Rotor Unknown No

AT 2 Unk 2 P 40 No Main Rotor Tail Rotor No
Between Rtr

AT 2 No 1 P 25 No & Bubble Main Rotor Yes

AT 1 No 3 P 33 No Main Rotor Unknown No

AT 1 Yes 2 P 40 No Tail Rotor* None No

I AT I Yes I G 65 No Skid* None No
AT l No 2 P 20 No Main Rotor Tail Rotor No

I AT 3 Unk 2 P 40 No Main Rotor* Fuselage ?AT 2 No l T 75 No Canopy* None Yes

AT l Unk2 T 2SYesSkid Rotor
Rotor Yes

I AT 1 Unk 2 P 75 Yes Bubble Tat1 Rotor Yes

AT 2 Unk 2 P 60 Yes Bubble Main Rotorl ?

J "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 Matn Rotor* None ?

PS 2 Unk Unk P 40 No Main _otor ;Tail Rotor No

I Main RotorPS 2 Unk 1 P 350 Yes Shaft Tail Boom ?

AG Main Rotor Tail Boom*

AG Spray Boom*Main Rotor

AG Skid* None

ap = 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 I

39
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I
I cutters consist of elght-lnch llnear-shaped explosive charges along the lead-

In8 edge of t,,e main rotor blades. _len a wire is hit. a protective cover

I over the explosive charge is blown away, and the wlre is cut. The structural

integrity of the blade is not destroyed during detonation; new charges can

I be installed. While the leading edge explosive charge does appear effective
In cutting wires, the impracticality of c'vll operators' handllng the explo-

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

I Nain rotor strike-tolerant blade tips crush with wire impact but remain
with the rotor to avoid undesirable rotor imbalance. Crushable rotor tips

i could be replaced. _ile the crushable tip concept obviously has merit,field replacement of main rotor blade tips would have to be fast and econom-

ical for consideration by the civil operator.

I A more attractive option to the co_ercial operator might be damage-

• resistant composite materials for main rotor construction. Its extremely

1 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-

I glass blade construction appears to be a promising way to increase wire strike

tolerance (ref. 17). In the Agriculture missions studied, for example, 20%

I of initial impacts were with the main rotor and the tail With10_, rotor.

r fiberglass blade usage, these wire strikes might not have resulted in acci-

I 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 10_ lighter weight of fiberglass blades wouldpermit greater payloads. Increased payload might compensate for higher fiber-

i glass blade cost in agricultural aviation.

I TAIL ROTORPROTECTION
Shielding the tall rotor from wire strikes was determined by Army te-

l searchers to be a most promising area for increased wire strike tolerance.
A practical, economical tall rotor shroud would enhance the wire strike tol-

l erance nf currently operating civil helicopters, and the fan-in-fln designis strongly suBgested for future rotorcraft.

| 4o
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TRAINING

Analysis of the wire strike accidents Indicates the need for p_l_r _re

avoidance training to complement wire detection instruments and wir_ m:_Ing

devices. Successful helicopter operators' techniques and procedures might

be used as tile basis for Industry-wlde 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 towers.

For pilots in the Agriculture category, training is needed in making

the proper ground and aerial reconnaissance of ground obstacles. Harking

these obstacles on plot charts and confirming their presence 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 Transp_rtation, Public Service, and Miscellaneous 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.
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I HUb_NFACTORSSTUDIES

The fiudiugs of this study raise the queationz why ere pilots unable

to see aud avoid wires under optimum ceiling aud visibility c, mditious?

I Do the human visual and motor coordination have the ability to
eyatems

detect wires accurately and to take action to avoid them? Although phyaio-

I logical measurements to determiue why pilots are unable dependably to see
and avoid wires £u low level flight were beyond the scope of this report,

this question is certainly worthy of further study. Suggested areas for

I human factors research are theses

I • Vibration effects on pilot vision. It is possible thathelicopter vibration causes corresponding harmonic eyeball

vibrations that could greatly reduce pilot visual acuity or

I cause blurred vision. If eye-critical helicopter vibration

frequencies do exist and could be identified, future heli-

I copter designs could avoid them.

• Relation of background visual clutter to wire detection.

I • ReJ,ation of helicopter speed to visual and motor response

to changing cues.

I b

• Evaluation of helicopter blade diffusion of sunlight Into

i the flicker phenomena.
• Nire strike flight simulation. Develop a helicopter wire

I strike simulator flight scenario from accident datathat 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 invaluabJe

I for development and assessment of future pilot wire warning

device cockpit displays.

I
I
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FLIGHT PROCEDURES

The following seven flight procedures are recommended for use by all

helicopter pilots as a result of tile findings of this report. In addition t

i formalized wire avoidance techniques for speelflc missions S|lould be devel-oped.

I • Avoid flight in wire environment when not required
by mission. Natntatn 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 observerts

directions for wire avoidance.

• NeVer praetX'e atttorotations at other titan

surveyed sites,

4|
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I
I

SUMMARYOFRECOMMENDATIONS

I
Tile following ere recommended for an effective helleopter wire strike

i reduction programz

i 1. Development of a wire detection/pilot warning device.

2. Development and dissemination of wire identification

I procedures.

I 3. Installation of mechanical wlre cutters.

i 4. Use of fiberglass rotors.

5. Protection of the tall rotor by shroud or fan-ln-fln

I design.

I 6, Development and test of a training program for pilotsand ground personnel.

I 7. Conduct of human factors studies.

I 8. Adoption of wire-avoiding flight procedures by allhelicopter pilots.

I In considering hardware to increase helicopter tolerance to wire strikes,

it is important to note that the study found no single area of tile aircraft I

I stEaifJcantly more likely to incur an initial strike than any other area. The l!,I

main rotors were struck initially about as many times as were the maln rotor

I mast, canopy, and skids. This pattern implies that selection of only a single
device xs not advisable. Civil hellcoptcrs required to operate routinely in

wire areas should incorporate mechanical wi:'e cutters, a shielded tail rotor,

I and strike-tolerant rotor blades.

I
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COSTSANDBENEFITS

This section discusses the cost of developing and testing n_J.d com-

ponents and training for helicopter wire strike prevention. The benefits

are weighed against the cost of 37 fatalities and SLID000,000 in damaged

and lost aircraft in the ten-year period.

PILOTWARNINGDEVICE

The development of this device would require $100,000 for a project

{.efinition study over six months to identify sensors and displays. On com-

pletion, a $1_000,000 hardware development and testing program over 36 m, .the

is estimated. The study found that an effective pilot wire warning devic..

could have prevented an estimated 76Z 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-TOLERANTDESIGtl

Mechanical wire cutters are currently available. A commercial kit con-

taining 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 comparable cost.
i

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 monthJ.

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.

45
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TRAINING

Development of a civil helicopter wlre avoidance training program

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 avoiding wires and the required flying techniques and procedures

for safe flight near wire hazards. Training of ground support personnel in

site selection, survey, marking, and air-ground radio and visual procedures

is also necessary.

A training program would require $250D000 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 llves and $6,160,000.
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APPENDIXA

I
208 CIVIL AVIATION HELICOPTERWIRE STRIKE ACCIDENTS

BY TYPE ANDMISSION

I 1970 - 1979

I make model of the aircraft and Involved in tile 208 wlrc
The an II eagJ.n@s

strlkcs studl_,d are shown below. _'h¢8c (_tcz do rOf. euppoPt rmU _otz_'Tnolotl

I ¢'on_',,Pnln_d the a,.,,id¢'nt 2,ate of diffeP(:nt aiPoz_zft, atnee neither the numbez,
of _:iP,_,aft of eJah typa in ao2_i,_e dm.lnc.; tha atud_j pez,iod noP the nwnbe_+

i of houPe flown b_j eaoh tyl,a z_e known.

Type Mission

I Civil Designation Engine AG AT PS HISC Total

j Bell 47D-1 Franklin 6V4-200-C32 10 2 12
47G Franklin V0-335 5 7 12

47G-2 Lycomin9 VO-435 20 1 21

47G-2A LycCning V0-435 4 4

47G-2A-1 Lyc_nin 9 V0-435 1 1

47G-3 Frankl tn TV0-335 I | 2

47G-3B Lycomtn9 TVO-2SA 1 l

47G-3B-1 Lyconffn9 TVO-435 4 4 8

47G-3B-] Lycoming TVO-435-B1A I 1 1 3

47G-3B-2 Lycomtn9 TVO-435 1 2 1 4

47G-3B-2A Lycomfn9 TVO-435-FIA 3 3

47G-4 Lycoming VO-540 2 2 4

47G-4A Lycomtn9 VO-54O-B1B-3 1 3 1 1 6

47G-5 Lyc_ning V0-435 3 3

47G-5A LycomingVO-435-BIA 1 1

47J Lycomtng V0-435 1 1 1 3

47J-2A Lycoming V0-540 3 1 4

205A-I LycomingTb3-13A 1 I

'_0
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I
Helicopter Wire Strlke Accidents by Type and Mission (cont.)

I
Type Mission

Ctvi1 Engine AG AT PS MISC TotalDesignation

Bell 206A A11ison 350-C18 3 I 4

i 206B A111son 250-C20 2 14 16
206B A11ison 250-C208 I I

I 206L-1 Allison C28 1 1
Brantly-Hynes B-28 Lycorning TVO-360-A1A 1 1

I Enstrom F28A Lycoming 0-360-C1A 6 6

280-C _LycomlngO-260-EIAD l 1

FairchildFH-1100 A11ison 250-C18 I I 2

Hiller UH 12-A Franklin 6V-335 1 3 4

I UH 12-B Franklin 335-6D 1 1 2

UH 12-C Franklin 6V4-200-C33 1 1

l UH 1Z-0 Lycomtng 0-435-23C 2 1 3

UH 12-L4 Lycoming TV10-540 1 1

l 12-E V0-540 8 2 1 IItycomin9

12-E4 LycomingV0-540 I l

m 1Z-E-J3 Allison 250-C20 2 1 3
Hughes 26% LycomlngH10-360-B1A 6 5 1 12

I 300 (2698) LycomingH10-360-AIA 5 6 12
300 (269C) Lycomtng H10-360-C1A 7 6 5 18

I 500D (369D) Allison 250-C-20B 2 25005 (369HS) Allison 250-C-18A 3 1 4

' I 500C/50_IC_-- (369HS/369HM) Allison 250-C-20 1 I 2

I Sikorsky S-S5A Wright R-1300 1 2 3
m- I S-55B Wright Cyclone B98C9 HE-2 1 1

S-55C P&WR-1340 1 1

I S-55T P&WACLPT6T-3/6 1 1
Kaman K 600 P&W1340 48A 1 1

l Total 16 5 208
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i APPENDIX B

I PRD_RY AND SECONDARYCAUSESOF ACCIDENTS

I 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

I as the primary cause. Other causes listed were recorded as secondary. The

listing is in order of number of occurrences.

I
I
t
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PRIMARY(P) ANDSECONDARYiS) CAUSESOF ACCIDENTSa

AT PsmscTot'17
I F,a.tlure to, See and Avoid Objects or Obstruc.ttonsb P--S P--'S F--S 'L_

Fatledto_eanda_y_tdO,t.octsorobstructions .- .63_9.59 6 7_3 1 .30 1_

Precauttonarz. la,dJn.g-su.speeted/known damage............. 1........... 1

J HJg_h_.obstructt ons .......... _1_ ........
Inadequate. Procedures

I ' Inadequate preflight preparation and/or planning 6 1 6 1 2 1 15 2Dtverted attention ire, operation of aircraft "4 -1 2 4 1 1 .... i -'7-_-

Improper in-flight decision or planning 1 3 2 1 1 5 3

Fa_e.d_L_oma.tnt___aatnad.equ_a.tej!!.atnrot_oE RPM 1 2 2 1 4 2

Failed .to fo!low approved procedures/directions .......2 ....... 1._ 1 2

I Operated carelessly ........ 1- I 1 1.i

Improper operation of fltght controls 1 1 1 1i

Improper compensation for wtnd 1 1 1 1
Selected unsuitable terratn 1 1

I Unwarranted low flying 5 1 6
Improperly loaded aircraft 2 2 1 5

.Mtsmanagement:..of. f uueL ..... 2 2

' _,nadequ_Itesuperv|ston of fl ight L_]_L_..i__i.::/_.___ _

_Di._s.regard of.9ood operating practice --_

I .Poorly.pla_nn.edap.proach _----T-
,Error.s.in Jud9ment

P_oop,judgL!le.n_t....................... ]_

l Atr-cYaftFa:ilu-res ..............................................

Mech. ','a] function-engine structure-cyl tnder assy..____ _ 3_ 8Transmissionrotor drive system i"

Tail rotor drive shaft assembly _ 1
I Miscellaneous

Error of ground signalman ............ I

I Po.wer!tne staticcable fe!!on aircraft 1
Sunglare 3

Pilot fatfg,e 1
Not deten, hmed 1

m alncoml)leLedata. Eleven 1979 cases not received fr_, NTSB as of ;!6August 19BO.

bNTSB ca,ses have beet)grouped i,to five categorlesfor tlmepurpose of this st,dy.

I h

I
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APPENDIXC

SYNOPSISOF HELICOPTER
RESEARCHANDDEVELOPI,tENT

I_,' t
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i APPENDIX C

The following Is a brief _ynopsls of helicopter research cad develop-

ment in h:lzard avoidance and aircraft survivubt]lty In tile low altitude flight
regime. This limited analysis addresses two of the proposed solutions to the

| civil helicopter wire avoidance problem: pilot's electronic warning devices

i and wire cutters and shields.

I

I
I | Kleehammer, R; Hunt, J.; Kletder, A. W£_',' OZ'_t_l(:],_ W,zz'_u*._lt_Slt_cm (I¢t_|¢S): A

i O_)Jec.t_, U.S. Army Aviation R & 1) Activity, D_AB07-77-C-2167, January 1967.This report describes a sensor designed by Fairchild Camera to provide real-time

detection and recognition of 3n_ wires at a range of 300 meters during nighttimehelicopter flight operatiotls. Wire or wire-like objects are electro-optically

detected_ thetl recognized by a pattern recognitiott technique within 50 ms¢_ of

tile first wire detection indication.

for WP,, Ol,t_t, ze/o Potc_*_{_. U.S. Army Electronics Cemmand ECOHTR 4-321,
May 1975.

This report presents a detailed examination of the nti]ization of a Gated low

level light T_. Results indicate that this technique is appllc_ble to the

problem of wire detection provided means can be found to implement atitomati¢

acquisition and p_tttern recognition within a realistic vest.

I
llel Boca, R.L. and Nongeon, R. J. "lleterodyning 1'O2 Laser Radar for Airborne
Applications," paper rt, pritited from L_onference" Proceedings No. .58,') NATO

I Adv i,qorv t:roup Aerospace I_eve lopment.
for Researt, h &

This paper discusses destglz cous|derath_118, h;trtlware t'ollfignration t _tnd tell[

I results o! fly;_bh, breadbo_lrd models that have demonstr_ited the feasibility of

empJoyln)', CO2 ,qt'illlnlng |aser 8ystt,ms for wire detect[ont prt, cis|Oll lit%vet l |)t%pp]el"

I nilvigitt[etl_ illltl |erraln |'t_l.|owlng.

I

I

................. _- ............. ,,;' ±_ : ........... _........ ,,_i ................................................. i .........
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Burrows, L. T,; Brunken, J. E.; Oupta, B. P. HeZiaopter Obe#aa_e Str_ke
To_eranoe. _sper presented at 35th Annual National Forum of the American

Helicopter Society. May 1979.

This paper reports the results of Army R&D Contract DAAJ02-77-C-0049, con-

ducted by Bell Helicopter for ATL, AVRADCON. It defines the obstacle strike

problemj suggests design concepts for increasing helicopter surivabllity,

and proposes strike-tolerance design criteria that may he applied to future

systems.

Gupta, B. T. HeZiuopter Ob8_aoZe S_r_ke ToZe_anoe Conuep_s AnuZysi8, USARTL-
TR-78-46. ATL AVRADCOM. April 1979.

In this report, helicopter obstacle strike tolerance designs for rotors, fuse-

lage, and controls are analysed, and the most promising concepts are selected

for both existing and future helicopter systems.

Waters, K. T. Iden_ifioationof High Payoff AppZioatorHeZiooptersin Agri-
ouZ_re and Forestry, NASA NAS2-I0040. May 1979.

This report identifies R&D needs to make helicopters more productive and to

reduct costs of aerial application in agriculture and forestry. The report

also discusses existing designs that should be built into agriculture helicop-

ters for safety, higher productivity, and reliability.

Kle!der, 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-_ecognize-;void (DRA) environment and holds promise of

pruvtding a solution to the wire strike problem. It has the desirable proper-

. ties of being lighter, smaller, cheaper, and reliable. In this system, _ideo

information is _oglcally processed to provide a symbolic display of the range

and location of the wire obstacle relative to the aircraft heading.
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i APPENDIXD

I SAHPLEOF ACCIDENTANALYSISBRIEFS
AS CONTAINEDIN VOLUMEIX

I
I
I
I
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I
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APPENDIX D

PUBLIC SERVICE

Police Patrol

3-060___._8831_ Nr.Honolulu, HI Hushes 269C 2 Fatal Destroyed - 966,000

NTSB Accident Cause:

Pilot Error: Failed to see end avoid obstructions

Factors: Pilot fatigue - Pilot had flown 12 hours in last 2&
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 22S feet above

the ground. The pilot was engaged in a routine police patrol operation and had

Just taken off from a power p,,_ptng station prior to wire engagement. Total

time of the flight was one hour and $1 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

inJurinB both pilot and cretan.

The Honolulu police attribute the power lines being painted black te

'*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.

Recon_nendations: A pilot warning device identifying wire location would have

been beneficial in wire avoidance.

Forward _peed of 30 knots could possibly have provided sufficient kinetic

energy for effective use of wire cutters, had they been installed. However,

main rotor engagement of the wires, rather than cockpit contact, makes use of

external wire cutters questtouahl¢,.
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