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the . .45, Figure 3 is a side elevation of an other embodiment of the cutting device according to the invention,
60 Figure 4 is a front elevation in.section, taken along the line A-A in Figure 3, illustrating the relationship of 60
the cutting edges according to the invention,
Figure5isa graphical record of a typical strain gauge reading made during testing of the cutting device
according to the invention as illustrated in Figure 2, and
Figure 6'is a side elevation, partly in section, illustrating a cuttmg device according to the invention
65 adapted for mountlng on the underside of an aircraft. 65
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"16A is conveniently about 3/8" ‘in thickness and the side pieces 16B and 16C
are about 1/4thick. -The bl ades9 and 1 1 are nmade of Cromploy R (A2) (Atl.as
St eel s Conpany) or any other qualitytool steel, heat treated to the desired
hardness as di scussed above. The blades 9 and 11 are then nechanically .
fastened through the jaw menbers 16B and 16C. This type of $828882%8 Bl ades
ar\"ang Ci S

again to Figure 4, it will be seen thatasLbe .cutti ng -edges 10 and 12 are
triangular in section, the 25 sides of which 15 and 17 are di sposed at an
angl e of mﬁmdge—h-mﬁm—acmmmmmm ng
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herei nabter. Since cable strikessupadelragd | y occur during tactical towlevab
nap-of -the-earth flights in the rural or outlying areas, it was deC| ded
that the cables frequene‘f"l"V used F'ﬁ ‘I’rlr e areas be cl Bl?el y exam ne¥*®%Tabl e 1
provi des a listi ng of the cables ST ¥%d. This information was furni shed by
the Mangtoba Hydro and ghdx3) t oba §§tee|1}e4nephone Syst emygind may be ceg@gi der gl
typi cal of the Canadi an environmeat. 35 It can readlly be
seen from Tabl & 1 that having elimnated the "down guy" due to its attitude
of stringing, & windsclewiseto roMultiplumiriemor/ cutter YWevd d handl el$f5&t
head-on_strikeTsituati G4 th s8¥¥%intial |y horizontal Iy strung &8l es | f
it. weré@®desi gned to seygr, 38"%@ g}gg;atng,_g st eel . sevg% strand cabj fﬁ haV|

an ultimate tensile strengt about 1 1,100 Ibs as typified by
the 10M carrier cable. GB 2 038 223 B 3 TABLE 1 U tinmate 5
‘Appr oxi mat e Tendowe Guy ~ 57Ap@ktrandt | on @zl e 172081 C
D anmet &b - Strengt h | ndentare - -~ Construction: 25
(i nches) _ (TD§] ZACSR GALT T St eel . : - 312
2,780 10 160 ga ' ?::j;::gg:perstrands bar e’ _ 10
Shri ke 3AL/ 4 steel wires protected - 312 6,420 strands
bare 1% 24 gauge 8( 3/ InRuminiumand3 St eel - str.@nds : See Note11%3
2,915 15 bare Service pbiidtityilenal um ni. um Var i ous :
1,835 to Cables . strands  shields
3,490 20 Cw 0 pajr 200-19 gauge ' '
20 Head,Quy . Z 7 steéP Réf rands; o oroopper - 281 ) 8, 450 barg
Down Gy g steel strands wires protected - 438 . 17,300 25
bare w 19 gauge . in aluminium and 1.50 25 100 geiNote 1
200- 24 gauge |t£sul at ed copper W pelgetipiiedt ect ed :
-shields
5M carrier 7 strand steel Unknown 5,000
: bare :
- : ' 10M éarier -7 strand steel o .38 11,100
45 . : bare . : 45
¥
50 . : | 50 .

NOTE: {1) UTS is unknown but these cables are relatively soft and can be handled with a hand cutter

An explanatlon of the basnc design philosophy follows
Consider the two converging co-acting cutting edges 10 and 12 as the sides of an isosceles triangle, the
.68 base of which is formed by the gap at the widest part of the opening between said edges. Thus, a cable will 55
simultaneously engage the co-acting cutting edges 10 and 12. It will be seen that the length of said base has
been preferably determined by the diameter of the 10M “objective cable” i.e. 0.37 inches. The perpendicular
distance from the base to the apex of the triangle, preferably about three inches represents a compromise
between mechanical advantage and space available.
- 60 The mechanical advantage may be calculated by dividing said perpendicular distance by the lengthofthe 60
~~  base. The sliding friction component is considered to be negligible due to the sharpness and surface finish
i.e. hardness of the cutting edges.
Figures 2 and 3 show that the triangle, described above, has a .37” base and said perpendicular distance is
about 3". This provides a mechanical advantage.of approximately 8:1; i.e. for every 100 Ibs of impact force
65 thereis a potential of approximately 800 lbs cutting force. The apex angle 0 for this triangle is approximately . 65
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, | 24 gauge in al um ni um and 1.12
ef:ﬂ) e 1 30 polyethylene shields 100 pair 200- 19 - gauge .35 .
| a

ted copper 35 Wires
pr ot ected 19 gauge in alum nium and 1.50 See
Note 4 pol GR2e8BIZ&HE shi el ds 40 4 ~
40 5M carrier 7 Strand steel ONKMoWn : 5—000—b'are""ﬂ
10M car i7efro decredsetiis #3(@ afid 64 improve cutting efficiency®ould require lengthening the cdtlar 300 45
bar e reducing the size of the objective cable. It is envisaged that the angle 8 is usefully variablelib a Eige of 5-10°.
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the deflecting element 20 is an integral part of the centre piece of the jaw member 16A. The deflector 20 is -
- 46 thus upstanding from the jaw member 16 and 16A and is disposed substantially perpendicular to the plane 45

of the helicopter roof. The element 20 includes a leading cable-deflecting edge 26, which may be shaped or
treated to inflict damage to a cable, arranged at an angle of about 45° to the horizontal and being of sufficient
height about the helicopter roof to contact a cable entering the space above the roof and below the main.
rotor disc, and to deflect it into engagement with the cutting edges 10 and 12. As seen in Figure 3, the edge

50 26 may comprise a saw tooth blade mechanically fastened to the deflector by conventional means. In this .50 .
embodiment the cutting teeth are arranged for normal cutting action in the upward direction so that should :
the aircraft drop e.g. during attempted cable avoidance the cable may move upwardiy on the cutting edge 26
to inflict as much damage as possible to the cable. It will be noted that a smooth transition from the cable
deflecting edge 26 to the cable-cutting edge 10 is provided. The deflecting element 20 of the Figure 2

65 embodiment is conveniently constructed of high-strength aluminium. The same material as used for the jaw 56
member 16A may be conveniently employed. :

As thus seen in Figure 1, additional support for the upstandlng deflector element 20 is provided by a

support plate (not shown} rigidly fixed to the helicopter roof and support struts 39 disposed at an angle of
about 30° to the element 20, connecting the elements 20.and the support plate. Stainless steel tubing 3/8" in _

60 diameter was found to be a suitable material for the struts 39. The support struts must of course be 60
positioned so that they will not likely |mpede the progress of cables entermg between the co- actmg
cable-cutting edges 10 and 12.

It will also-be seen particularly from Figure 3 that the deflecting element 22 is ngldly fastened to the
cable-cutting device, in this case to the jaw member 16. This enables the element 22 to provide additional
" 65 support for the cable-cutting device, and in particular it will be seen that the loads acting on the device in 65
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fact, ‘i nyfRE dkerep ‘T%ﬁ%‘sf/%ctsﬂncabeﬂnlhm,dfusénge%f?ﬁEﬁ;r 'a falsispapdedner e
severgd urﬂon RRTEURIVANeR 7 26 follovsawe t oot h bl ade 24. The seconﬁ CRifng the
def | ectimgvampber is a cable.deflecting element 20 which: is rigidly "
mechani catHeyatirosgét®n 86n Q- r..16 |n a_conventional manner as

~ shown " |r?uﬁr/geﬂes;orzrvashmhhbn’e@f:%gﬁﬁ%éf\ér owa%é(‘f r‘ﬁé’ Rthe Pﬁ@smqpem"""g“@étenent 20 is
Can ing edfHPN frpraprigk stedigrucent r e pi ece O WNHIOR BReF fitnpa andithemaiebdamct or
20 1is 45,19;{'{; S l{,gstandl ng- fromthe jaw rrenber 16 and 16A and is disposed
asubstantl \gg,guse oI ar to the plane 45 of the helicopter roof. #he
el enment tr{é@,eu.amg 4483 f tﬁg ;ﬁ ee‘"d‘éPP@emlume@dgeer%Nermmemyecgg shaped
or treated to |an i ct a e 9ege °’b5’Eﬂa%emeaPar"ﬁH@fé@ttmplaasesa;mgéepeea‘no.about 450
to the horizontal and bei ng of sufficient height about the helicopter roof
to contact a cable entering t he space above the roof and bel ow the main.
rotor disc, and to deflect it into engagenment with the cutting edges 10 and
12. As seen in Figure 3, the edge 50 26 may conprise a saw tooth bl ade
mechani cal ly fastened to the deflector by conventional neans. In this 50
enbodi nent the cutting teeth are arranged for normal cutting action in the
‘upward direction so that should the aircraft drop e.g. during attenpted
cabl e avoi dance the cabl e nmay nove upwardly on the cutting edge 26 to
inflict as nmuch damage as possible to the cable. It will be noted that a
smpoth transi-tion fromthe cable deflecting edge 26 to the cable-cutting
edge 10 is provi ded. The deflecting el ement 20 of the Figure 2 55

enbodi ment’ i s conveniently constructed of high-strength alumnium The sane
material. as used for the jaw 55
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wei ght . 'The tests indicated that "objective" |OMcarrier cable, .38 in
di aneter, 7'steel strands‘and 11,100 |bs tensile strength, would be brokg
by a 3, 000 | bs Hel i copter noving at a forward speed of about 7 knots, the
cutter approaching the cable at about 90. Sinulated cable-strike tests were
then cgnducted to optimse the cutter/deflector size, Shapegﬁ.fl@hg@jag 7

- canstr z

35 In these experinents, a cutter/deflector nounted Kiowa cabin section was:
appropriately secured to a truck bed for use as a test vehicle. The test
vehicle was driven under suitably substantially horizontally suspended
wires to determine the cutter/deflector capability and fusel age structural
integrity. A brief descrlptlon of t he maj or conponents involved is as
ol |l ows: 40 ' .

40 Test vehicle. The gabin segtion fro
S/'N 136266 equ| pped wifth |the {est jcutt
tonne flat bed|truck tlhrdugh the Ijandi
with an appropfi ate stjeel| stricturie.
vere used to npasure the:wire|strike |

"A" catggory cragh Kiowa) Hel ijcopter

r/-deflec_-ﬁor was arjchored fo a3

g gear filttings aqd t he nhi n Ream
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equence. Referring again to the cutter efficiency, reference is nade to

ure 5 which is a graph illustrating a strain gauge reading, t he

b.rtlcular strain gauge 50 bei ng mounted on the back of the jaw nmenber 16

‘e.- the area 10 where nmaxi mum strain should occur during the cutting

aﬁti@n Idgd 2e82eB fromthe graph i.e. the strip chart 10 recordi ngsof ::F

t
7. Table I1) engages ‘the cutting edges the range of strain recorded
represents stress levels ranging from8700 |b/in2 conpression to 2100Ib/|n2
tension in the jaw nenber 16.. This is considered to be a | ow stress |evel
and indicates that -efficient cutting action took place with | ow | oads
inposed on the airfrane. In this test the duration of strain, 15

¥ indicating cutting time, is 0.28 seconds, which confirns that efficient v

# cutting action t¢ok plack. Ohr strhin [L5 gduges rount d on defl ectors,

¢ struts and airfrane rei nf orcenents inpdicatpd stiress lfevel § from 4, 000[ b/ sq =
in compression td 9,000 | b/sq jn tension, hell (withinq thejcapabilities of

the materials used. I'n operatipm W[ referende to Higure 1, a cabl e
striking the nos¢ of the| helicpgt@r pBo¥e |fss dpex 34 wil| tend to nmove up
the nose into coptact wiflg the Bfst| &ble @ef llegtg Ng 8l efrent 22 and
subsequently int¢ 20 en agenen@ivi,th'gt e | 3w r |18 chrrying the .
cabl e-cutting ed'es > SES|SEEE :’:: €20 |Ascabl e entering the -
space betveen the cgbl e-Eut ti ng‘%ne@ns)m@ftlﬁeﬁto 30& [t B@ fmi.n rotor shaft
wll strike the ecgnd caldl e d ﬁl.%@t_ ,:_g@_ P rgest n@ ardgl& def| ected into
engagement with fheg aw rrg"r’rber = anp hencp3 £t w@\%ti@é 2dges. Low
-strength, small- di amet er| Cabl ek ar e 'Pften severied gring|test, upon .
contact with the abraswe or cutting| edgest 24 gnd 26 {carr|ed by el ements 22
and 20 respectle§/°|Ie befork entefing.2b the jaw|menber 16.
25 It is also copte@F atp® that Ca sipi@-ar p@tgrlassdndl y|be installed on
~the. underS|de of the,ilel coptey to reduce fhe hazard-jof chble strikes .
occurring below.t he of theo-n_os_e on th% urdercar rci,aga As best seen in
Fi- gure 6, &S mIa# emcutt pg deyrce tpmthetwof Rigure 3 is shown
rigidy nechaﬁl cIIy fastened Fo the| underpi de |of ‘t hd nose 51 of a

hel i copt er tocpr pt.ect’ the skids (hot|shownj fragm cablle stfikes. 30 The
configurationgOfthe deflect®r P@ is BIg ght]y na'r'.to_vver_,.,-,t;_h\a georretry bei ng
nmodified to sﬁlt thg locptidn.| &.. 30wl % sq Be ndt®d that . the cable = -
cutting edge J2 has8been enfédoat | £ tp adifitatleBgu{ding of a cable
striking surfgceg 2§ or gagignt'@%ngaie%ent ani tihgt he [cpacting cable cutting
edges 10 and 2. |ThE t ot pE 9@ S of | EhEs p@ tilng deyige and deflecting =
_ nmeans is about 546 Ib. thin Foatl ng of a| suitlabl e rlubbef material nmay be
coated onto the g$harp edges of any of the puttgrs 35| desgribed. to m nimse
, accidental injur tg per sonnel | The foatinp may be agpbiefl by conventional
h—eas.:go al ng, a)ray 80. anjs,’orLshi ng. ﬁ'he r ubber coating
shoul d be. resi st 4t tD=af Rcr af | & uel 58 oi | | Bratfer ang Seat her agei ng.
Sui t abl e materi aljs include Bunp(R T.M)-N [uybbgr and |pol-ysul phi de coati ng
conmpounds. The p i-nci;@l el behind the poatinpds |that th& ‘cpating will
qui ckly break doyn urgler| fir esspfiet o pipose 34k [sBar p |ofitg ( ng surfaces,
whi | e af fording proiekti bR agal Bst ar& denf & <i rgﬁ'y d%ta g i nci dental 40
cont act . . -. - o o~ C\_l. I Ry -
40 It wll be apprecigted by those skilled|in the art| that the novel
cabl e-cutting de{yi€e $as| been |llustfated |n cqnjunctlion Wth the
protection of a i%gl% rptor-type helicoptpr. It is glso envi saged that the
novel devices may @ Hdapied fpR use| @th [ @ n-|retor |tgpe hel i copters e.g.
t he Canadi an For ¢es Gt 1| 47 and CH 1} 13A i} e. tlo protlect goth front and
rear rotors -and hg.i rgungdercarfiages} Agaipn, the devijce cpuld be used to
protect the 45 tzi gal | enpenhage apd ot hpr pdrts of| fixed-wing aircraft.
45 CLAIMS 1..-An ai<eraftl Ravi nga saf €y dew cé dor 'prﬁte,tl ng the
aircraft, when airborne, fromstrikes by cables 50 under tension, the
device conpri-sing a cable-cutting device conprising a pair of stati onary
co-acting 50 cable-cutting edges.converging at an acute angle to produce a
wedge- | i-ke nechani cal advantage while presenting a fresh cutting edge to a
cable as it S|nultaneously engages and advances between said

-



gig cabl e-cutting edges wherein the angul ar disposition and
@Fati on of said edges is such as to permt at |east partial cutting of
¥ cable-before it reaches the extrenmties of said edges so that the

P 55 will fail under noderate tension.

. An aircraft as clainmed in claim1, wherein the cutting edges are
'gedgl n the sanme .plane. 3. An aircraft as clained in clal %’Im%zcgal m g4

é ot ha Htira—edaes—i-h—cross-section are in-the form
erClll Lll\.a ‘IULLTIH uua\.’u

at er al Tgr an.i soscel e trlanle theaex anle beln |nthe raneof

5. 4 moaf’v’sfaz";vefﬁ i g g o W‘l“""o*:.
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thes. 5. devire #tpst<i3at4t 19223 and 25). Mexdlattentests aeaﬂlvél')omdnméteheﬁmﬂtl’p& cap@wettgtie i S
put -7, PRQ“F'EF} th of the base |s about and the height i's about 3"
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e * P‘E‘ §" 'E%Lf"t 20T Pt membesi Gl eeramout
Pyes ar &%ﬁg am ecu mgactlon tlsseenfn‘om the'grap ¢% e stri azt 03810
- 62 R ereadmg thatwhen the cable {a 1M cable - see test No. 7. iell) en the
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2. An alrcraft as clalmed in clalm 1, wherem the cutting edges are arranged in the same plane.
3. Anaircraft as claimed in claim 1 or claim 2, wherein the cutting edges in cross-section are in the form
.of an equilateral or an isosceles triangle, the apex angle being in the range of 45-75°.
4. An aircraft as claimed in any one of claims 1-3 wherein the cutting edges converge to define the sides
60 of an isosceles triangle, the apex angle being in the range of 5-10°, the leading ends of the sides being spaced 60
.to form the base of the triangle, whose height is from 2 to 4 inches.
5. An aircraft as claimed in claim 4, wherein the apex angle is about 7°, the length of the base is about .37"
and the height is about 3",
6. An aircraft as claimed in any one of claims 1-5 in which the cutting edges are made of a suitable alloy
65 steel material, heat treated to about 56-62 Rc Rockwell hardness. 65
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2. Anaircraft as claimed in claim 1, wherein the cutting edges are arranged in the same plane.
3. Anaircraft as claimed in claim 1 or claim 2, wherein the cutting edges in cross-section are in the form
.of an equilateral or an isosceles triangle, the apex angle being in the range of 45-75°.
4. An aircraft as claimed in any one of claims 1-3 wherein the cutting edges converge to define the sides
60 of an isosceles triangle, the apex angle being in the range of 5-10°, the leading ends of the sides being spaced 60
.to form the base of the triangle, whose height is from 2 to 4 inches.
5. An aircraft as claimed in claim 4, wherein the apex angle is about 7°, the length of the base is about .37"
and the height is about 3",
6. Anaircraft as claimedin any one of claims 1-5 in which the cutting edges are made of a suitable alloy .
65 steel material, heat treated to about 56-62 Re Rockwell hardness. 65
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