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Totroduetion to ibis paper includes surs labevestlng events from ihe history of cowpoulie
vobtor blades 1o PZL-Bwidnik. The following chapiers include the blade oross seciion slruvcture
blade geoweiry, and ils mass and stlffnesg distribubtions. Resongnoe diagrang; one of thew with
?b}n i‘lﬂxibiﬁt‘ included; are given. Swrveys of sbatilc, dynamic, fatlgue end wexiler ageing
ceabs, the fests on o tled-down helicopter) and the fiisht teats are alco discussed here,

Unigque dAynamle phenomencn of low forgisnsd phlffenss bladss atall utier and pylon resus
pance are discussed in the FLIGHT TESTS chapber,

HOTATION : ' v « helicopter pirspeed) km/fh
Fo « blade tab deflection anglin
] = potor radius, wmeiers pogliive for tralling edpe
F2 = rotopr angular speed; ug, degrees
radiang por gecond ’E’D = bladse voot toralonal wmomend
fi3:4 = rotor tip aspoed,; matars ffentheriog moment = piteh
© poy second ink doad x the arm relatlwe
¢ =~ blade chord to pitehing axis/, No
» = Blade redial coordinate; Ty = blade seotion torzloanl
neters ' woment at F o= 0.59%, im
Iiin = Hewlon per meter = 1 ky x ﬁ? w witch howsing Pending moment
' meter2 x ﬁecon:’zg approXinmately in the plans
8 = gpcond of rotetion, Hm
P w § = gimgnsiondess blade radiug H, = piteh hcusling bending noment
@ at e center of The sppregingtely In the thruat
rotor dmd 1.0 st the tip plane, Ko
p = gao par maln rotor revolus Sffsﬁ;:u%&g = robor snsft bending mowents
Lien ] in rotztional coordinate
G, = torslomal stiffnegs of . systen, sultably D.6 @ and

blade secktion o - oA
s WomE mz

0,2 m doyn from the plans
of rotebion; Nm

E‘l&, . = bending stifinzzs of blsde S?:iﬁmw 3xd harmonle component of
saction in chordwise plome My
Hx ma . ¥ = POLOr faPelle

bendling stifinsse of bladp
sectlon in flatwise plawm,
Hzwm

nominal sotor ehefs
blade natural frecquency,
cyoles per minute

; = blade azisuth ¥ afl-t; O - @iy =~ minute
when the blade iz phove the DAT = opubpide alr tonperatwe in
helicopbar tall boon and £1ights P
increases in the dirvection B - £iight altitule, moters
of rotation, degrees T = holicopter takuofl muss,
% = bime, seconds hgn :
4] « Flapping sngls of the plade

Lim

Ly .

poaliive for blode axis upy
dagraes

lsgging angle oF the blads
positive for blade axis 3ag)
degraes

wlede alrlell pliching wo-
mant soalficisnd

b6 - 4

IRFRODULTION

The history of Fl-Swidnik conpo-
site rolor bisdes bagen in 1959 In
1950 ths main rotor blades For the
Si=f Labks helicopber weve designed
snd manulactured,y



Almoat at the same time; compoe
site mgin rotor biedes for the Mist
helicopier were designad. They were '
based on the room temperature curing
tachnology . Soms of thege blede acts
had £lown up to 400 hoursy _

_ Composite muin and tail roter
blzdes foy the Mi=Z halicopler were
degigned in 1966y Their technology
wes based on two stape; high tems
perature curing: prelimfverily iz
60%; and then in 150°%¢, Polish
cartlficatlion for these bhlades wes.
ebtpined in 1968; after completion
of the full stand; ground; and
flipght tests programy, and then; five
setz of these blades ware assigned . .-
for operation under Aviantion Auw
thopritles supervisiony

Zo fary; we have an almost fife
teen-yeara~long experievce with ths
above bladeg. AL presesnt, several
years after ranufacturing. some sets
of these blades are still in opera. .’
tdon on a fow PZi~Kania helicopteray

Paralelly, a few tyoes of lavrgey
33 6, axnd 8 meters dismeter, indue
strial robor blades were deslgned
and manufactursd on the basis of
room tenparature technologyy Aftew
aimost twenby yearz of thelr operae
tien, no serious problems aroses
apart from leading edge snd blede
paint erpsiony

On the basis of the experiences
mantloned above; in the preliminary
stages of the PZL=Sohkol helicopter.
development it was decided to deslgn
and develop conposite rotor blades.
with low torsional gtiffnsss; with
no fibye layers angled at 45% to the
blade axis,

The prizk of development of the
low torsicnal stiffness blades was
undertzken on the basis of carliar
difficuities in obtaining high tor-
sloenzl stifiness of a composite i
structure; elastlc In ites naturaj
and also bacguse of the qualitabtive
expaciation that such 2 gtrusturse
desipn mey lmprove the helicoptor
parforasncesy

Obviously, the lmvelvmant of
compeslie materials such as glase

LG =
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fibre and fabidos in the design of
the blade necessitated the inehouse
phaticy; fatigus; and envivonpental
testa; which were required ZLor cerw
tifioationy as well, ag evolustion
of golar heating effect; natural
moigture ebsorbilon etes The lighte
ning tests are glimost complated by
NG

A sbort purvey of gtalie) fable
gua) ard natural ageing tests wmade
for FZi«Sokol biade gualification
iz presentsd herey The unigue phee
nopenon of stall fiviter with pylon
regonance pyesanca, vhich appsarad
in preliminavy stages of the F2l-
Sokel fiight testa; is digcusged
in g nmore detalled way,

BLADE DESCRIPIION

The main robor of the PZL-Sokol
helicopter consizts of four blades
with s fully arsiculated huh,

The hosic airfoil of the blade
has 440 mn nominal chord HACA 230M;
wilth 16 to 9 por cont thicknesas from
root to tipd Linoar twist along the
blade length is 10%39%

The blade consistz of s Def{ront
apary afterbody skins stabllized by
a honsyponb core made of glass fabe
rie) and & trailing edge strips In
the outboard area of the blade; the
trailing edge skins are stretched
out of the nominal chord inm order
60 fora 5 per cent tralling edpe
tabsy

Pig. 1 presents a typical cvrogs
gection of the blade, Fig, 2 prow
sents blade goowmstries in partiouw
lar variants of design,' The key
atructural coumponsnts of the spar
are spanwizely oriented glass fibs
res and glasg fabrdes In an epoxy
matrix, The flbres are wrappsd
arcud a two-hole fastenar; so that
they form a loop jolnt of the bwe}
Jongitudinally oirdented; attachmant

1

boltse Ro torzion plies with 4&°

£ibre orisuntation are ugad.

In the outboard srea of the himde
e loading nese block provides the
nocegsary seetion balance sud o



tatlonnl inerila. The honeyooub corve
axtonds from the traillog edge of
the gpar $o the unidirectional blade
trailing edge member to support the
shing The skin congists of three
wiiss mede of glass fabric with 0%
o0 fibres orientation,

" Blactrical heater mabz wilth the
supply wires for the deleing systen
arve also glued o the blade leading
adge suriace.

The deforuable trim tab of the
blade iz made of duralomin,

Fir. 5 presents blede mass; cone
tar of gravity, and elaogiic centers
distribution,

Fig. & pregents flapwise; choxde
wige; and torsional stiffness dise
tributlons of the hladey

Figse 5 and 6 present dimgrams
of nxtural blade freguencles,' The
diagram in Fige © includes Tthe ine
Lluwence of pylon flexdibility,

ULTIMATE AND PROOF TESTS
AND OTHER MEASUREHMENTS

Tha static test progrem cousists
¢ the following teails:

1 Statle tension tests of the blads
= Wltimate strength factor egual

4y Thig load factor includes;
beside the baslc safety fachbor
equal 2, an extra safely factor
equal 1,33, traditionally ap-
roved for composites in PZY, =
Swidniky .

24 Blade wltimabe bending tesis for
the Ysiop dump' case of Llapping
hinge'a'

3% Root end ulbimnbe banding test
in flgtwise and chordwise direce
tlons fwith tenslon/; and ulbi.
mate toraion tests Jwith tansionfy

&y Uliivats tozsion teats of the
whole bladey It should be glbregesd
here that the btest resulbed in
blade Tailure at toraional moment
equal 3670 Np applied ot P = 0.9
and blade tip borsional defloo=
tion equal to 146%)

5. Tenslon free ulbimte bonding
tasts in chordwise divecbion ia
apder to determlne the roobt el

T attachavent glreugth and hudhe
iing styengih of the bisde Srale. .
ling wdges

Ge¢ Blade tip proof loading In flap=
wize awl chordwise directlons.

Te Detormdnation of bending stiffe
nass lu boih planes and torsio-
nal stifthesg.

B, Deteraination of blade tip dew
flection under own welpht,

9 Determination of elastic eenters
Jocation in fypical crosy pge~
tions of the blada.

105 Deterwination of maasg and center
of gravity distribution in typi-
-ogl oross sections of the Dlade
and blade dynanic axis locsiion
by cubiing the blade into sege
mgnty and appropriste measuwe—
ments and celeoulations,

DYRAMIC TESTS

Dynamic tests conzisted in leading
the blade root end inte vibrablon
with: a dynamie shoker in order to dae

termine the first; secomd, and third

_ Elawmrise naturel frequencisa and

mode shapes, and the first and zecond
torsionsl natural freguencies syl
mode ghapesy’

The test consisted in vibrating
the blade sinusoldally and varying
tie frequencies untll the blacs
natural frequencles wers found.

Measwenents of the first tor-
gslonal natural frequency of the

© bledes on an wnoperating helicops

ter in oxder'to congider the inflte
ence of conbrol avsten stiffvess
and bisdes coupling through the
swash plate were carried oult indew
pendently.
The lowemt.results. received were
as follows: .
» 321 P for lsolsted blade toraion
vibration teats
@ 34B F for blade torsion wibration
test on an unopsrabing helicopter
JI%t ssems that these measnrements
ware not coerrect/



FATIGUE TESTS
In the course of the Mi=1 and.
¥i=2 helicopters prototype blades |
gzve lopment; the coupon fatigue
tests were conducted in omer to
 budld W8hlerfs and Haighfs disgrams
which are not included in cuyrend
literaturey On this basis the Za=
tigus tests Zor the PZl=Sokel helis
copber hlades were couducted on 12
segmetia of yyetolype blades onlys
Tun blade sections and rool mege
ments Invelving voot retention -
2Eking vere examined. Fopr eacl of
these two blade sections two sefw=
ments for each bending plone werc
tested, Tdenticsl tepis were cars,
ried out up to 50 = 106 gycles on
each Joad levely
There wers three 1c;a{i Aovels;
with tengliie centrifugal forcey EBach
subseguant level of bending loads
difiersd from the preceeding one by
30 per cont at constant tenslile
force.
in the courge of fuxrther tests
the mmber of each type of blade
sepguente 1 planned to be Incrsasged
te & o G, It proved impesgible %o
domage the blade spar in the courge
of the above testay .
A fow blade segments that rassed
the above testa underwsnt some extra
Tatigue tasts ¢t the tomperabure of
an¥c, and such tesls with an opova~
ting deicing gysten. fThis system ~
operated &% 1imited electrical poweyr
supply /e An approprigte temperature
in the tagl chamber was kept by lanps
raftizting heat ab bDolh upper and lo=
wer sking of the blade segmermisy

YEATHATRING TESTH

in order to check the influsnee -
of & Iong~lasting exposition te iha
wegbheyr conditions upon the glasge
epoxy copposite sltrengih; a 1ot of
suall samples were prodoced: and
aubjected o static, tension; o
presaion, and bendihg testsy

e tesis of pariiculsw sety of
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sepilas wre carrdsd out afier 2 & 3
venva of thex balng exvosed %o wans
thesing, Consideredls decrease in e
strengbh wag noted i case of ths e

paivted sampless In cage of the senples

paloted with an epoxy padnt This dow
creaga was ooneiderably smaller, The
greptest deorense and scabtier of |
strepgth was Pevealsd by sauples pube
Jected to eﬁmpimssion' haztsy

Five Mi-2 helicopler composile

blades werw algo arposed o woathde

rioge Those biades were subjected to
stiffnegs monsurements and ulilsabe
tession tents each three vemra of
agbural sgeling, The tests oa swall
gardiles were hald up to 1D vears of
waburel ageling; sud vhole blades op
o 15 yearsy The mesuronents off
abiffneny and witimpte tension tests
of aged blades afier 15 years of e
tural egeing revesled satisfocbory
atatio strangth, and so, they were
approved for operatlon for guch &

payisd of timg,

The cenclusionsz drvawa from the
above tests were ubilized v desige
ning the PZL-Sokol blsdez, which are
made of almost the towe waberials.

LIGHTNING TESTS

These togts are being carried out
by Waresaw Institute of Teclawlopy;
and are almost conpleted by nowe

ALY thess tests gave hasiz for
approving the hlades for tests on a
tied=down helicopler, and then for
£fYight tegta; with a suggestion of
operablon on a ¥FALL SAPEY principle

TIDD-LOWN HELICORPTER TR3TE

These tests began with the measuroe
mentes of Ioade in the chosen biade HeCw
tlonsy, rotor kuby rotor shall, end
avarh Plate - gt full ranges of cols =
Iective and oyelic pitch and main
robor Tep.Hs Flutier mevgin had been
chechked egrlicr by 3 per cont displacee
ment of the bigde dynamieo cxis ip Gle
rection to the tralling edge. It had
beer dene by placing appropriasts



weighis on the bisde tralling edge
ah 0.T o Ou75 of the blads radiusy

Thyee diffevent types of blade
goomalisfes wave testeds [fSee Figd
2fs Ther Ciffersd in tips and lo=
cation of trailing tabs,

At the beginolng vawlsot A bDlas
den were teatsds These blades ceuged
& hepyy vibration of g tied-dozm
Belicopter, which could be decreased
Wy chonging the belicopter turnden
4n erder to detune it from the maldn
frequeasy transmlitted through the
bub, l.e. & Py Congiderabls incrow
gse iz vibratlion was noticed, paps
ficnarly at high collective and
eyellc plich, and at decrpasing the
main yobor FeTais

A simiiiar vhenomenon; but cone
siderably aore inbense, was observed
on & full geads lransmission fegh
ghand,’

In spite of an alaraing teheviour
of g tisd-down helicopter, 1t was
decided to test the blodes in flight
It was assumed here, ihat the charace
feristics of fthe wlon = pobur syge
tom i different in £light then whan
tied dowa o on a transmission standy
foee chapler concerning lests in
fuigntsy ,

The endurance bled-down tesbs wure
ocarvied oulb for 1000 hrs. Bach indivie
dual test lasted Loy 200 hray The
tests are o b2 continued up to 1500
hres totale

During the first 150 hee of a
tied-down helicovier tests spall bub
esgenticl changes in blade consbrues
tion were being tested, The verimob
¢ blades underwent the tests after
Lirat 200 hrg of Lasbing Test lsed
peasurensnés in pariioular opsrablice
n.d gtapes of 200 hray test waze
saxded oub afber the firet 400 heay
of halicopter opsration and then
hefore apd afber. each 200 hrwy
parieds

FLIGHT TESTS.

& short malden £light =t Limited
spzed was perfoimed op the helisops
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tur which was 4o be used for tiede
dowr: tants, with beblegs blades;
tepered at the tips. Plloling and
amiling of the helicopbar was ges
rarally goody buby from tims %o
bimagy aome short weves of vibias
ticon were observed in the Tuselaza
even in hover. The msasureumenis of
mean loads fn the cotlactive cone
trel aysten revesicd too hlgh
velusgy It was then decided thas
the Vardant A bladeg; Fige 25 are
te b bepted on the firat Flighi
prolobype helicoptery The varlané
A blades had 9 per cent tmbg at T
m 0,29 ¢ 047; and anglog 0F defe
l=okicon 5:,1, = 157 & &2 upwprd to
the nominal sivifoell cherxds,

Fivgt fiights with the varlant
A bladges revealed foc high o helie
copber vibration; high hub and
conbrol sysbenm loads within the
airspeed renge from 30 To 120 km/fiy
and unsafe vaiues at the alrspeeds
over 120 im/he' Shertening the tabs
frem 9 o 5 pere cent resulbed in
considerable improvement, bub did
nat solve the whole problew, Thore
ware alzo ceviain dlificudiiess In
biade trecking.

The vecords of blade torsional
momants 9, ab P s 0,599 and fea~
thering moment T, versus blade
azimnth arve ghown in Figs. 7 and 8
Loy hover and level {1ight ab V =
€0 km/hy .

A hypothesls hed been pui for-
ward ‘that the selfeexciting vibra-
tion provoked by sell-contyol of
hydraulic boosters Ivom gear box
body vibration, may be responsibils
for thepe problems. In order {o
solve them; the range of hydraulic
pounbors ingensivity had been ine
ereaseds It appeaved; howsver; that
the problen rvemalned wnsolved., The
wlioh hed agaln hnd some Droblema
in conbrolling the aallcopbery
evan in hovar,

Thas gibuetisn was critical =
there hod boen s helicopber; but
thare ware no possibility te fly ik,
The membara of the top deslisn teawm

N +
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were rather deprogsed and cregtisle
len, Various hypotheses ware being
wut forvard, Checking them did ncl
glve any sstisfactory explenation
of the phenomanon,

Nevertheleas it vwas sure thal

© there 18 some selfeczclbed vibrae

tion on the helicopiers The question
remained: by what chemmel and wheve
Zrom the epergy 15 trmmit‘tea Lo
the holicoptar sys tens pupporbing
1ts vibration?

In this critical momeni, the
chief designer put forward & 5ee=
mingly incredible bypothesls: at.
very low forward spheeds, and som@w
tlmzs in hover, thevre appears a’
strong stall fiutter phenomenon on
the rotor blades, This cohclusion
had been drewn from the records of

lade torsional moments Ty and T, =

Flgee 7 and 8, vheve the notatlon 3
denotes sugpected complete cycle of
moment stall. The records of fors
sionnl woments Ty ab T ow 0.595; in
Fizsa. Ta and 85, show an unstabls )
bakaviour of the outboard blade part
and 1t could bz suspecied thai sevaw
ral atall oyvcies exlst there.

1he bypothesis was conflrwed by T
wavoform, Fig. &@c, whore evident eslue
regs of the waveform; and = smaller
amplitude are obgerved, Handlling of
the helicopter in descent, from the
very begiming of the flight testa;
vas sufficiently good and vibration
vas kept at a low level,

It is worth to mention thalt tha
suspected moment stall spikes in the
feathering moment records {’J.‘af gD
pearved as cycles of torsgional rege
porze well within the basic 1P wavee
form, Fig. Bae

After recelving the above pentionsd
results, the work was concentypted -
upan the blade, Al the sems tims the
golution for the pylon rescnatcs
provien was sought, Anong other
things, a pexivnlum vibration absore
bar, mounted on a hub head; for the
Ird excitatlon frequency in the ro=
tztion plzne was constructed,

Suspecting that the maln reagon
for the stall fiubter was the ine=

+

proper cheracterdstics of the alre
foll mercdypacic wmomant cosfficient
ab T e 0,79 & 1405 and ihe decrease -
in €. of the airfoil at P e (.29
0,095 in resuli of the tralling
edge tabs deflected upwardg, .

. the tabs et T =
0@29 ® 03695 ware mmavadg and TEper
cent ¢ chord Tabs in the chomd plene
at T a 0.75 & 1.0 were Introduced.
The tabs formad extensions of the
cotulogue airfoll chowde exespt for
cne tal segmant ab B o= 0,867 & (.095
deflected 8° upwvards. In result of
these changes,; vardant 8 blade gote
netiy was mcéived,, Fige Zu

With this blade variant instalisd
the helicopter arrived gf the wasumed
for the test sirspeed of 200 mlh,
revealing considerably lower vLbtma
hlon, It becams clear that the tral-
iing edge tabz constitule an inpore.
tent fagtory which influences the
leved of helicopter wibrabion. This
blade could also be sasily treciable,
An sxperimental Ilight was alge pere
Zormad, with all the ohove mentlioned
tebs daflected 4° upwards -~ the lesvel
of vibration increased conslderably
againg so the tab angles were converw
tod to the former onsc.

Hounver, because of fhe high mean
load on the swash plate; it was dew
cided o kry the variant ¢ hladas
[Figy 2/ with taveved tips, and si-
ndliarly arranged tabs; Dub 5 por
penl ¢ long.

Yariant ¢ blade peopetry

Since a set of blades, very sipie
liar to variant C; was prepaved in
the meantime, it wes deocided to popr=
form exparimental £iights with thess
blades, Theze blades were denoted as
variant ¢F, N

Thia get of blades bwd 7.9 per
cent € tabs arvenged identically as
varlant B; bub bad no tab at F e
0.825 & 1.0,

To move detune the fuselage frowm
the maln exclbetion froquency &F;
100 kgs wolght was installed onte



the top of the pain vobor shadby

The helicepter sovisped in this
wayd with the vavleot o* plades
imstalled; veached 200 ku/h murimm
isval speedy The repords of sslestad
wdn robor pavemelars are preogantad
in Pigsy B3 10, asd 1y They show
that the chevasterigbic gtail gpikes
appear ob ¥ = 260 Ll b zelsr tin
spead &1 » F2.5 mfs fFlg. Maf;
sid gonfirm the presence of mplon
resonancs . with ¥l barmonic gitcis
tavior fregeency in chordwise plans
FEimy 4484, pod with PEh haveondo
gxpiiabicon frequency in Llapwise
phanegs fRigs 1ied. f8ee alma Pigy
64y It must be also notesd that the
S hapminio of shafl bending moxsnt
songiderably lnoreases; fugether
with The sopoarence of charssborige
tin atall aplkes on T/ plobiing,
th zan be seen in Figsl 104 and tl4;
whare 1t Iz almost doubledy

Sielliariy, Lt happens with the
fapplog wagles, Pigae 108 snd 1Y

Pigs 12 piepenis x"zzga‘%’;‘aex*ing mow
menis 7 T for verdent T Yiades wilh
all tha 5 pap cont tabs defleoted 4%
upe FAL waldsht of 6100 kss/ IH waoy
ba abgerved that thzzse charsoteristle
epikes appeer ot ¥ = 220 /b, andt
robop bip speed @R = 208 wfsy /Figs
t2a/; and they diseppear with rotor
Lip syasd inovesse to HRe 231 w/sg
FFize 12bfs They . apusay agein with
the helleopber slrsimed jncrease up
to Vo 260 mfh pPlgy 120/

in cach cess the sball spikes ape
sppredl the helicopter vibration ine
erpased; Wa oan say that the wore
Latense splhesd the more fnteuse the
heitoepter vikrabiond Nevertlmless;
the gererdl opinion of th pilot) as
well as the meaguveément voocords bales:
ab &R = 220 afpy were rather posibivey

 Uomperdson off the ryesulbs of Ziighk

tosbs. of vardants B and ¥blades sboved
thet the smpﬁ; back tapered Hip gives
highey meen loads on conbrol ayabamy
both in collestive and cyclis pitchs
inereasing the mean szd partisuieriy
Lirot hermponio of the fealthering
nopenh s

B8 = 7

Yarlent O of Blads gacmaipy

Yardant ¢ Blade oopstilcies the
final configuration of PE2LeBokel
main robor bledsy The % par ounb
babs of B = 2,757 & 1.0 form exion.
icng of upper and lover skins of
the blazde spd eolnolds with the
chowds of noeinsl airdolls; awesyi
ah ¥ = 0,857 & 0,925 whare tha lab
sagment 18 duflooted 4° npward. Ade
ditinnel 9 pov cont o tebh at P =
G598 ¢ 0,792 iz mado of duralumin
srd iz used oy seradyaamic blade

bracking,

- After introductien of the phove
bladen; and s hub nounted; Salomon
Typa) pendulum vibration sbsorber
for 31d horponic frequensy in the
rotabion planz) the helicopter
resched the fevel apoed ovar 260
wafhy with £2 = 550 nis.

1t appeared that ab£R = 210 fs
the hellecopier pay Toach the alre
spead of 240 /by andy at &8 =
200 wfe 160 ka/h b level of
wibpation romaining low,

it wee fuaed oub thet LUAR ia
nut increszed sbove these values Lt
Isads fo incrsssed vibzabon and chae
sacteriatie sg.«.iﬁs in featharing
megant roterds T4 and invrease of

"swash plate altamﬁe mokanty ) ogw

yeolally Zonglbudinel) in cyelic
ch_aix'glg whichy ez a whole; may be
treated a5 the evidence for stall

Tiubbor

Tiwe pecerdsn of featherlog mowent
¥y #or final confifuration of the
helizopter with varlant ¢ blodes ave
shiown 40 Flg, 154 5 Figs 14 presents
the changes in svash plate control
loads versyy hellcopter alrgpsed)

For esononical reasons) In resuli
of filght beatsy it wes decided to

praserve the possible ronge of R =
200 ¢ 220 mfs; which hed beanh essuved

2arlier by eppropriate deslgn of the

powmriant elsotroshydravliie fusldl
eontrel syateny

Addevebls robor tlp sp@@&s weTeus
fellonpber airspesd aprd denslty elile
tdes ave pressnted i Plgd 15,



CONCLUDING REMARKS

1, The main vesson Zor the nogstive
dynamic phencpens on the PZLeBolibl
helicopter in the prelinminary stage
of £lizht tests wes the atall flutter
of the main rotor blades)y which ape
peared at very. low alrspeeda; and on
a tied~down helicoptery as well as on
© a ngtural tronsmission test standj ab’
high collsetive gudfor cyelic pitehy'
The second bub not lgas important
reason was that the go=colled pylon
regopance freguency was close to noe
mingl wain rotor Tepsdme "Curding the
problen by elimination ¢f pylon ree=
sonance only would be a passive me-
thod; which wouid dmprove neither the
blade operation nor the helicopter
perforsance,y It also would pot sufe-
ficientTy decrease the hub and suash '
plate leoads, An acbive method of
dealing with the problen was fo ra=
move the ztall flutter. It decrsased
the loads on the hub and swash platey
the heliconter vibration, and fue
proved its performanca, Neverthelessy
with ne hub mountad vibration absor=
ber, it would be difficult to talk
about a good helicoplers

2y IL 42 particularly important fox
the blade with low torgional stife
fnegs to appropristely select the !
agrodynamic characteristics of the
alrfoils, especially Cma‘

5. Suept back tapered tip appeared to
ke less effective than tapered tip in
the FZL-Schol blade confipuration. I¥
was responsible for Tthe lncrease of
mean and fst harmenic feathering moe-
ments. Howsver, & positive feature of
this tip should also be mentioned hers
- i1 increasss the blade pendulom
flutter margin,

&y Gpward deflection of the zirfoll
trailing edge tabe in the PZL-Sckol
bLlade configuraticn decromzes the atall
flutter marging Increases the hub ami
contrel system loasds; and helicoptar
vibration.

5. The PZleSokol main robtor bladey
being & low torsional stiffness blade
haz some feztures of the Aercelasiti-

h o

cally Confolmable Robor Conceyl /ACRCS
blades oz the alzfoils pressure cenlors
are considerakly behind the elastic

_centersd fSee Fige 2/

6 In the developmont of the ACRC hlade
aliminaticon of the stall Llutter phaw
DomenGn MY appear a gerlous. probismg
which; as 1% geensy has not been dize
cussed 30 fary
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