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Kamov Composite Blades
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Kamov Company, Russia

Kamov helicopters have been flying with composite blades of original design and technology for
over 40 years now. These blades are installed on Kamov naval ship borne Ka-27 and Ka-29
models, army combat Ka-50 and Ka-52 models, civil Ka-18, Ka-26, Ka-32, Ka-226 models.

The blade design provides for such aeroelastic layout and eigen frequency specter that ensure
low alternating loads ( blade deformations ) and, consequently, high blade dynamic strength and
long service life in all operation conditions. The blades are also protected against environmental
effects.

Kamov Company created its composite blade structures and technologies for experimental and
serial production using such materials as glass and carbon reinforced plastics developed by All-
russian scientific-research institute of aviation materials ( VIAM ). Kamov Company holds the
USSR Certificate of Authorship ( issued in 1963 ) and patents in the USA, Germany, France,
Italy and Japan (issued in 1973 to 1976 ) protecting its rights.

Two main features of Kamov original technology are the method of laying the pre-formed
shapes of flat glass / carbon fabric and the method of their pressing from inside to a rigid mould
surface.

Compared to winding the technology developed and used by Kamov is simple, practically does
not pose restrictions upon the blade design and ensures stable characteristics of plastic material,
composite blade strength and high accuracy of its aerodynamic profile.

The blades have been serially produced for over 40 years, considerable experience have been
gained and original manufacturing tooling is available. A quality control system is in place.



1. Blade aeroelastic design

1.1 The helicopter blades are affected by
aeroelastic and inertial alternating periodic
loads in flight. The maximum flying speed
is limited not only by the helicopter power-
to-weight ratio (weight/power) but also by
the increase of alternating load amplitudes
influencing the blades and rotor control
linkage, by aeroelastic instability of blade
motion (flutter) and stall flutter. The nature
of alternating aerodynamic and inertial
loads is shown in Fig.1. It is skewness of
airflow over advancing (V+QR) and re-
treating (QR-V) blades that periodically
repeats for each rotor blade. This is illus-
trated in Fig.2 showing thrust and blade
twisting moment linear values along the
blade length based on the results of
ULYSS model analysis.

1.2 The aeroelastic design task is the first
blade design task that provides for:

- high figure of merit at hover and in
flight;

- low level of alternating loads and aeroe-
lastic stability.

High performance is attained by using ad-
vanced TSAGI aerodynamic profiles de-
signed specially for a definite helicopter
model and by the blade planform and twist.
Fig.3 shows Ka-50 and Ka-226 helicopter
blades and generalized aerodynamic pro-
files.

Provision of low blade/control linkage al-
ternating load level and aeroelastic stability
requires the following:

- analysis and development of mass-
elastic configurations of cross sections
using blade design mathematical mod-
els;

- prediction of oscillation eigen values
and modes of oscillation in vacuum and
in the air, damping i.e. prediction of
flutter type self-excited oscillations sta-
bility boundaries;

- prediction and provision of alternating
load low values.

Kamov engineers have developed a gener-
alized aeroelastic mathematical model of a
coaxial main rotor (1350 scientific research
reports and 50 papers published).

The generalized aeroelastic mathematical
model of a coaxial aeroelastic rotor actu-
ally includes two basic models: i.e.
ULYSS (loads and stability) and MFE
(frequencies and stability boundaries). The
concept and functional abilities of the
models are shown in the Tables in Figs.4,
5.

The models are based on nonlinear equa-
tions with periodic coefficients in partial
derivatives (around 3x6=18 equations and
36 boundary conditions) as shown in
Figs.6 to 8.

In ULYSS model (loads and stability of
motion) a corresponding systems of ordi-
nary nonlinear differential equation is time
integrated numerically.

In MFE model (stability, eigen frequen-
cies, modes) the equations are partially lin-
earized and everything is brought to
solving a problem of eigenvalues and ei-
genfunctions of a differential equation sys-
tem with complex coefficients.

Examples of predictions made using
ULYSS and MFE models are shown in
Figs.9 to 12.

2. Blade physical design

Blades of the first Kamov serial helicopter
Ka-15 (1953) and Ka-18 (1956) were made
of wood and delta wood, i.e. plywood im-
pregnated with polymerized resin and
pressed. These blades were actually proto-
types of composite blades. In 1959 Kamov
Company started to develop glass compos-
ite blades and in 1964 their serial produc-
tion started at a plant in Ulan-Ude.



Development of Kamov blade design and
materials is shown in Figs.13 to 20 and in
the Table in Fig.21. Disk loads (max take-
off weight/rotor disk area) and max flying
speeds of Kamov helicopters are shown in
Fig.22.

Requirements for increased take-off weight
and faster flying speeds lead to improve-
ment of the blade design and application of
new materials having increased module E,
G (glass fabrics and carbon fabrics) that al-
lowed to solve aeroelasticity problems of
alternating load reduction and aeroelastic
stability, i.e. helped to ensure the high
flight performance. Introduction of new
materials allowed to attain required values
of blade mass and rigidity (ref. Fig.23)
within the weight and overall dimensions
limitations set for the helicopter as a
whole.

The Table in Fig.21 presents the informa-
tion regarding the development of designs
and materials for Kamov blades.

The latest development is a blade for the
Ka-226 helicopter model and its serial pro-
duction started in 2004. The blade design
features a hollow tail section for the whole
blade length and is moulded in one pass.

The Kamov priority in Russia and in the
word in the field of composite blade
manufacture is certified by a USSR inven-
tors certificate (1963), Russian Federation
patent (2003) and foreign patents like
Germany (1973), France (1975), USA
(1976), Italy and Japan. As early as 15 to
20 years ago Kamov Company predicted
the tendencies later followed by the world
community in the development of compos-
ite blade design and materials.

3. Blade production technology

3.1 The basic materials - glass and carbon -
were developed by the All-russian Scien-
tific-research Institute of Aviation Materi-
als (VIAM) using their glass and carbon

fabrics and matrix materials. VIAM also
certified these materials and developed in-
structions for impregnation and storage of
glass/carbon prepregs and preliminary rec-
ommendations for pressing conditions in
the manufacture of glass/carbon plates.

Real blade structures considerably differ
from flat plates. Besides parts made of
polymer composite materials, the blade de-
sign includes also anti-erosion strip, metal
balancing weights, de-icing heating ele-
ments and hub attachment points (Fig.3).
Kamov engineers have developed moulds,
assembly jigs and other fittings that were
manufactured and used in the blade pro-
duction process. The plate pressure mold-
ing conditions were modified to suit
molding of blades in order to ensure the
proper quality of the produced glass
blades.

Development of hybrid glass/carbon blade
designs required modification of prepreg
manufacture and blade spar pressure mold-
ing technologies.

3.2 Composite blade manufacture technol-
ogy was developed by Kamov Company
and used for mass production of blades at
serial production plants.

The technology developed by Kamov
Company was based on profiling flat pre-
preg sheets, assembly of sheet stacks on
mandrels, preliminary sheet stack pressing,
assembly and final press molding of spars
or whole blades. Pressurized bags are
placed inside the blade blank to create
pressure that presses the blank to the inner
surface of the mould corresponding to the
outer surface of the blade.

Two main process steps of the Ka-226
helicopter blade production are illustrated
in Fig.24 (preliminary pressed stacks and
final blade pressure molding).

This technology is usually called product
lay-up and it has the following advantages:



- there are practically no limitations on
the blade section rigidity (mass) that is
ensured by arbitrary orientation of pre-
preg fils and the number of sheets in
stacks;

- the pressure created by inner bags en-
sures uniformity of the pressure that
presses the plastic to the mould inner
surface and a uniform plastic density
that allows to get stable plastic charac-
teristics both  blade lengthwise and
widthwise;

- high accuracy of the blade external sur-
face;

- multicontour structure molding capabil-
ity, i.e. pressure molding of the whole
blade including its tail section. This ap-
proach does not require small sized
moulds for pressing individual tail sec-
tions and a large complex jig for assem-
bly and bonding of tail section to the
spar;

- simplicity of technological processes
ensuring stability of the blade perform-
ance.

From the very beginning of blade compos-
ite design activities Kamov Company ac-
cepted the lay-up technology for flat blade
blanks.

However at some serial manufacturing
plants they still try to manufacture com-
posite blades using winding technology.

Winding technology does not suit the re-
quirement of the blade manufacture as il-
lustrated in Figs.25, 26.

As it is known, a normal force (di/dS=T/p)
pressing the filament to the surface is in-
versely proportional to the curvature radius
of the mandrel (p).

For lateral blade sections curvature radius
fall within the range of (p=1/50 to 50) of
the blade chord. The sections may have flat
areas (p=).

Fig.26 shows pressing by mould rigid inner
surface forces acting from inside upon the
filaments wound up on a rigid mandrel of a
spar blank.

As follows from Figs.25, 26 and opera-
tional experience of using winding tech-
nology (Ref.40) the main drawbacks of this
technology are:

- inability or difficulty to attain the re-
quired rigidity level of the blade spar;

- inability to ensure uniform density of
winding;

- inability to provide a uniform pressure
upon the filaments (tapes) by pressing
the mould external surface to the rigid
mandrels and consequently inability to
attain stable content of matrix material
and plastic strength parameters;

- low accuracy of the blade external sur-
face;

- inability to wind a multycontour spar or
complete blade including tail sections.

4. Quality control

A quality control system was developed by
Kamov and is introduced at the serial
plant-manufacturer. The main procedures
are presented in Table in Fig.27.

One of the quality control procedures is a
periodic selective blade section test. Sev-
eral blades are selected from each blade lot
and cut into 2-3 parts lengthwise. Sections
are made out of each part and tested at al-
ternating and constant loads at the reso-
nance type vibration test rigs.

A schematic diagram of a vibration rig for
creating alternating and constant loads-
stresses for blade sections is presented in
Fig.28.

The length of sections and boundary condi-
tions at the rig ensure similarity of load
distribution in the sections both lengthwise
and widthwise.



Alternating loads-stresses exceed by sev-
eral times those measured in flight tests
(equivalent, according to the standard
flight profiles).

The type of loading and number of cycles
(number of hours) prior to blade section
damage at the rigs correspond to the estab-
lished service life limit of the blade, i.e. the
type and number of the blade load cycles
in actual operation (Fig.29).

The procedure of the limit service life es-
tablishment also includes the data ob-
tained during static and dynamic tests of
specimens simulating the composite mate-
rial of the blade.

Analysis of local loading for example load-
ing in the area of the blade root attachment
to the rotor hub, is performed using
NASTRAN finite element models of the
design.

5. Structural flight tests
The main tasks here are:

- evaluation of auto-oscillation boundary
margins (flutter on the ground and in
flight, stall flutter);

- measuring of static and dynamic loads
in operational flight conditions - con-
firmation of equivalent load values in
order to establish service limit life;

- modification of the blade design (if re-
quired) based on the results of meas-
urements and analysis of stability
boundary values.

6. Operations and monitoring
The main tasks here are:

- service life limit of consistency with
the prescribed flight profiles (i.e. corre-
spondence of equivalent loads);

- monitoring of the blade condition - con-
firmation of the environmental protec-
tion efficiency and consistency with the
established endurance.

7. Design certification

The blades are certified to international
standards (operational characteristics, de-
sign, process technology).

Conclusions

1. Kamov Company has created a system
for design, manufacture, testing and op-
eration of helicopter composite blades.

2. The Russian and world priority of Ka-
mov Company in the area of helicopter
composite blade manufacture is con-
firmed by the USSR inventors certifi-
cate (1963), patens ( Refs. 35, 36 ) of
Russian Federation (2003) and foreign
countries (1973-1976).

References

! Bypues B.H., Jlepun M.A., “Crioco6 ompeie-
JIeHUS TJABHBIX JKECTKOCTEH CHCTEMBI YIIpaB-
JeHUsT BO3MYIIHBIM BHHTOM” — B cO.:
Ilpobnembi  npoekmupoanusi  CO8PEMEHHbIX
sepmonemos. Tpyovt Bcecoiosnoil HayyHou
rxongepenyuu, Yacmo I, Mocksa, MAU, 22-24
ntoHs 1977 - Mocksa: MAU, 1979, ctp. 97+99.

2 Bypues b.H., “Metoxa pacuera Harpy3ok Ha
JIOMACTAX U B CUCTEME YIPAaBICHUS COOCHBIX
HECYIIMX BUHTOB”, Bcecorosnas KoHgpepenyus
10 CMpPOUMENbHOU MeXaHuke U NpoOYHOCHU
Jemamenvuvlx annapamog: Te3ucvl 00K1a008,
Mocksa, 1984, ctp.1.

® Bypues B.H., “Bompocsl CHCTEMHOTO MpOeK-
THPOBAHUS HECYyIMX BHUHTOB”, Tpyodwvl Hayu-
HbIX  umenutl,  NOCGAWEHHbIX  HAMAMU
axademuxa bB.H. Hpwvesa, ‘“Teopemuuecxue
OCHOBbI  6EPMONEMOCMPOCHUSL U NPOEKMUPO-
sanue eepmonemos’, Mocksa, 12-14 HOsSOps
1984. — M.: AH CCCP, 1986, ctp.179 + 185.



4 Bypues Bb.H., Jleeun W.A., Ps6or B.U.,
Hememuua A.B., Kommesa JI.A., “Hccrmemoa-
HUS TI0 adpOYNPYTOCTH COOCHBIX HECYIINX
BHHTOB”, Tpyobl HAYUHBIX YMEHUl, NOCEAUICH-
nolx namamu axkademuxa bB.H. FOpvesa, “Teo-
pemuiecKkue OCHO8bL BepMOJIETNOCPOEHUsL U
npoekxmuposanue eepmonemos’, Mocksa, 12-
14 HO6pst 1984. - MockBa: AH CCCP, 1986,
ctp. 83+91.

° Bypues b.H., Ps6os B.U., Kommesa JL.A.,
“MeTon pacueTa HECTAIIMOHAPHBIX BO3AYIII-
HBIX HAarpy30K Ha YMPYTHX JIONACTIX COOCHBIX
HECYIINX BHHTOB C y4YE€TOM JIHHAMHUYECKOTO
3aTSATUBAHUS CPBIBA”, Tpyoul HAYUHbIX YmeHuUll,
nocesauennvlx namamu axkaoemuxa b.H. IOpv-
esa, “Teopemuueckas u dKCnepuUMeHMANbHAS
aspoounamuxa”’, Mocksa, 12-14 Hos6ps 1984.
- MockBa: AH CCCP, 1986, ctp. 36 + 41.

® Bypues B.H., Jlepun M.A., Axxamos P.A.,
“Kpurepuu momobus B 3ajade pacdera Jioma-
cTeil Hecymero BuUHTa Ha dumarrep”, Tpyosi
MPembUx HAYYHbIX YMEHUl, NOCGAUeHHBIX Na-
mamu axademuxa Bb.H. FOpvesa, “IIpoexmu-
posanue U  KOHCMPYKYus  6epmonemos”,
Mocksa, 13-14 Hos0pst 1989. — Mockaa:
WHET AH CCCP, 1990, ctp. 121 + 132

" Bypues B.H., IletpoB M.IO., CenemeHes
C.B., lllaxop A.FO., “MeTonuka U KOMILJIEKC
mporpaMMm 00pabOTKH MaxOBOTO IBIKCHHS H
COMMKEHUsT KOHIIOB JIOMACTEH COOCHOTO BEp-
TOJIETa Ha CTAllMOHAPHBIX U HECTALMOHAPHBIX
pexxnMmax moneta”’, Tpyosr mpemvux Hay4HbIX
umeHUll, NOCGAUWEHHBIX NAMAMU AKAOEMUKA
b.H. Opvesa, “Teopemuueckue ocHO8bl @ep-
monemocmpoeruss”, Mockpa, 10-14 HOs0ps
1989. - Mocksa: MMET AH CCCP, 1990, ctp.
128 + 136.

8 bypuer Bb.H., Akunpimiua B.W., T'a"romkuH
IO0.I1., Kotnsap A.Jl., “JleTHBIE HCCIeIOBaHUS
BIIMSIHASL JTOKPBUTKOB M 3aKPBUIKOB Ha JIOTA-
CTSIX BEPXHEr0 M HWYKHETO BUHTOB Ha IPOYHO-
CTHBIC, BHOpallMOHHBIE M  aKyCTHYECKUE
XapaKTePUCTUKH COOCHBIX BepTolieToB”, Tpy-
Obl MpPemvbUx HAYYHLIX YMEHUU, NOCEAUJeHHbIX
namamu axademuxa b.H.FOpvesa, “Ilpoexmu-
poeanue u KOHCmpyKyus eepmosniemos”, Mo-
ckBa, 13-14 Hosi6ps 1989. - Mocksa: UUET
AH CCCP, 1990, ctp. 97 +104.

® llepun N.A., “Meton pacuera TUHAMUYECKUX
XapaKTEPHUCTHUK JIOTIACTH HECYIIero BHHTA —
B ¢06.: Ilpobaembr npoexmuposanusi Hecyuwux
eunmog eepmonemos. — Mocksa: MAU, 1991,
ctp. 31+51.

19 Jleun U.A., “Pacuer coGCTBEHHBIX GOpM H
4acTOT HU3TMOHO-KPYTHJIBHBIX KOJIeOaHUH JIo-
MACTH BEPTOJIETa CO CTPEIOBHIHOW 3aKOHIOB-
ko’ — B ¢0.: IIpobremvl npoexmuposanus
BUHMOKPBINGLIX JIeMAmMeNbHblX annapamos. —
Mocksa: MAH, 1992, ctp. 87+101.

" Bourtsev B.N., “Aeroelasticity of Coaxial
Helicopter Rotor”, Proceedings of 17" Euro-
pean Rotocraft Forum, Germany, Berlin, Sept.
1991.

2 Bourtsev B.N., “The Coaxial Helicopter Vi-
bration Reduction”, Proceedings of 18" Euro-

pean Rotocraft Forum, Avignon, France, Sept.
1992.

13 Bourtsev, B.N., Selemenev, S.V., “The Flap
Motion and the Upper Rotor Blades to Lower
Rotor Blades Clearance for the Coaxial Heli-
copters”, Proceedings of 19" European Rotor-
craft Forum, Italy, Como, Sept. 1993.

14 Akimov, A.l., Butov, V.P., Bourtsev, B.N.,
Selemenev, S.V., “Flight Investigation of Co-
axial Rotor Tip Vortex Structure”, American
Helicopter Society 50" Annual Forum Pro-
ceedings, Vol.Il, USA, Washington, DC, May
11-13, 1994, p.p. 1431+1449.

> Axumos A.W., Byros B.II., Bypues B.H.,
Cenemenes C.B., “JleTHble HCCIEHOBaHHUSI U
aHallM3 BUXPEBOW CTPYKTYphl BUHTOB COOCHO-
ro Bepronera”, Tpyosr nepgoeo gopyma Poc-
BO, Tom Ne 1, Mocksa, 20-21 centsiopst 1994,
ctp. 161+181.

% Bourtsev, B.N., Selemenev, S.V., “The Flap
Motion and the Upper Rotor Blades to Lower
Rotor Blades Clearance for the Coaxial Heli-
copters”, Journal of the AHS, Vol.41-No.l,
January 1996, p.p. 37+51.

""Bourtsev B.N., Gubarev B.A., “Ka-115 Heli-
copter a New Development of Kamov Com-
pany”, Proceedings of 21" European
Rotorcraft Forum, Russia, St. Petersburg, Au-
gust 30 + Sept. 1, 1995, p.p. IIL.11.1 + 12.



8 Bourtsev B.N., Kvokov V.N., Vainstein
.M., Petrosian E.A., “Phenomen of a Coaxial
Helicopter High Figure of Merit at Hover”,
Proceedings of 23" European Rotorcraft Fo-
rum, Germany, Dresden, 16-18 Sept. 1997,
p.p- 86.1+86.11.

19 bypues Bb.H., Komnuesa JI. A., Anumuia
B.A., Hukonbckmii A.A., “Hecymmuii BHHT
BepTosiera Ka-226 — HoBasi cCOBMeCTHasl pa3pa-
ootrka ¢dupmer Kamos u LIAT'”, MAKC-97,
r.)Kykosckuit, Poccus, 1997.

? Bypues B.H., Iletpocsu D.A., Baiinmeiin
.M., KsokoB B.H., “deHoMeH BBICOKOTO KO-
3¢ ¢ULKeHTa TOJIE3HOTO JAEHCTBUS COOCHBIX
BUHTOB Ha peXXHUMe BUCEHUs”, Tpyosr mpemuve-
20 popyma PocBO u Opvesckue umenus, Mo-
cKkBa, 24-25 maprta 1998, ctp.[-103 + [-121.

! Bourtsev, B.N., Guendline, L.J., Selemeneyv,
S.V., “Method and Examples for Calculation
of Flight Path and Parameters While Perform-
ing Aerobatics Maneuvers by the Ka-50 Heli-
copter based on Flight Data Recorded
Information”, Proceedings of 24" European
Rotorcraft Forum, France, Marseilles, 15-17
Sept. 1998, p.p. AD04-1+15.

22 Mikheyev, S.V., Bourtsev, B.N., Selemenev
S.V., “Ka-50 Attack Helicopter Aerobatic
Flight”, Proceedings of 24" European Rotor-
craft Forum, France, Marseilles, 15-17 Sept.
1998, p.p. AD05-1+12.

23 Mikheyev, S.V., Bourtsev, B.N., Selemenev
S.V., “Ka-50 Attack Helicopter Aerobatic
Flight”, American Helicopter Society 55" An-
nual Forum Proceedings, Canada, Montreal,
May 25-27, 1999, p.p. No.104-1+12.

* Camoxun B.®., Epmmmos A.M., Kormsp
A.., bypues b.H., Cenemene C.B., “Uwm-
MyJIECHOE aKyCTHYECKOE M3IyIeHHE BEPTOIeTa
COOCHOH CXEMBI MIPHU KPEeHCEePCKUX CKOPOCTSIX
noneta”, Te3zucvl O0KIA008 HA ceMuHape
“Asuayuonnasn axycmuxa’, JlyoHa, 24-27 mas
1999. Mocksa, HAT'U, 1999, cTp. 27+29.

** Bourtsev, B.N., Selemenev, S.V., Vagis
V.P., “Coaxial Helicopter Rotor Design &
Aeromechanics”, Proceedings of 25" Euro-
pean Rotorcraft Forum, Vol.1, Italy, Rome,
14-16 Sept. 1999, p.p. G22-1+20.

% Bypues B.H., Cenemenes C.B., Baruc B.IL,
“CoOCHBII HECYIUil BUHT: OCOOEHHOCTH KOH-
CTPYKIIMH W a’dpoMmexaHuka”, JKypran “Bep-
monem”, Ne1(8)/2000, ctp. 10+13.

" Bypue B.H., Femmmu JLS., CenemeHes
C.B, “MeTtoa u npuMepbl BEIUYUCIECHUS TPaeK-
TOPUU W TIApaMETPOB IOJIeTa Ha aKkpoOaTthye-
CKMX MaHeBpax BepToneta Ka-507, Tpyow
yemeepmozo gopyma PocBO, Mocksa, 24-25
tdheBpans 2000, ctp. 11-129+146.

28 bypnes b.H., I'enmymua JI.S., Cenemenes
C.B., “Meton u npuMepsl BBIYUCICHUS TPaeK-
TOPUU W TIApaMETPOB TOJIETa Ha MaHEeBpax
Bepronera Ka-50 nmo naHHBIM GOPTOBBIX peru-
CTPaTopoB”, Obwepoccuiickuil HayuHo-
mexuuyeckuil xcypuan “llonem”, Ne 12,2000,
cTp. 1425.

29 Bourtsev, B.N., Selemenev, S.V., “Fan-in-
Fin Performance at Hover Computational
Method”, Proceedings of 26" European Rotor-
craft Forum, Netherlands, Hague, 26 - 29 Sept.
2000, p.p. 10.1+10.

% Samokhin V.F., Bourtsev B.N., “The nature
of impulsive acoustic radiation created by co-
axial helicopter rotors”, Proceedings of 26"

European Rotorcraft Forum, Netherlands,
Hague, 26 - 29 Sept. 2000.

31 Bourtsev, B.N., Ryabov, V.I., Selemenev,
S.V., Butov, V.P., “Helicopter Wake Form
Visualization Results and their Application to
Coaxial Rotor Analysis at Hover”, Proceed-
ings of 27" European Rotorcraft Forum, Rus-
sia, Moscow, 11 - 14 Sept. 2001, p.p. 64.1+13.

%2 Bypues B.H., Ps6os B.H., Cenemenes C.B.,
byros B.I., “Pe3ynpraTel BH3yanu3aluuu
(OpMBI CTPYH BEPTOJICTOB B TIOJIETE M UX IIPH-
JIOKEHUE K pacyeTy COOCHOTO BHHTA Ha PEXH-
Me BUceHus”’, Tpyowl namozo gopyma PocBO,
Mockaa, 20 - 21 despains 2002, ctp. [-33+50.

% Axumor AN, byros B.IIL., bypues b.H.,
Cenmemenes C.B., “Jlernble wucclieqoBaHUS U
aHallM3 BUXPEBON CTPYKTYphl BUHTOB COOCHO-
ro Beprounera’, Ompacnesoii  Hay4HO-
mexHuueckuil sxcypuan “Texuuxa 6030yuHo2o
@pnoma”, 1. LXXVI, No 1-2 (654-655), 2002,
cTp. 52+58.



% Bypues B.H., Jlesun H.A., Ps6os B.1., Ce-
nemeneB C.B., “Harpysku u aspoynpyras yc-
TOWYMBOCTh  JIOMACTEH  HECYILEro BHHTA
BepToneTa”, Bmopoiul mencoyHapooHvlil Koh-
epecc “Henunelinvlli OUHAMUYECKUN AHATU3”
(NDA’2): Tesucwt doxnados, Poccusi, Mockga,
3 - 8 mions 2002. — Mocka: MAU, 2002,
ctp.14.

* Muxees C.B., bypues b.H., llletunun 10.C,
Cenemene C.B., MBannukoa P.B., Jlanun-
kuHa B.J1., “Croco0 u3roToBiIeHuUs JOMACTH U3
KOMITO3UIIMOHHOTO Matepuana”, [lameum P®
Ha uzobpemenue Ne 2230004, 23 ceHTAOpA
2003.

% Muxees C.B., Bypues B.H., Illernnun 10.C,
CenemeneB C.B., BannukoBa P.B., Jlanmi-
kuHa B.JI., “Croco0 U3roToBIEHHS JIONACTH U3
KOMIIO3HMIIMOHHOTO  MaTepuana”, Pegepam
uzobpemenus x Ilamenmy P® na uzobpeme-
Hue Ne 2230004, 23 centsiops 2003, “HUzobpe-
menuss cmpan mupa’, Bozodyxonnasanue,
Asuayus;, Kocmonaemuxa, MIIK B 64,
Brm.33, Ne 6, MockBa, UnhopmarmonHo-
u3narenbckuit eHTp Pocnartenta, 2004, ctp.9.

% Bypues b.H., Jlesun W.A., Ps6os B.IA,
Konena JI.A., Cenemenes C.B., “Harpy3ku u
aspoyrnpyrasi yCTOMYMBOCThH JIOMACTed Hecy-
1Iero BUHTA BepTosera”, Tpyouvl wecmozo ¢ho-
pyma PocBO, Mockaa, 25 - 26 ¢epans 2004,
ctp. II-1+22.

% Muxees C.B., Bypues B.H., Jlauunkuna
B.JI., NBannmkoBa P.B., Cenemenes C.B.,
letnana  10.C, “Kommo3uTHBIE JOMacTH
OAO KAMOB”, XXIV Poccuiickas wxona no
npooreMam HAyKu u MexHON02Ul, NOCEAUJeH-
Has 80-nemuio co OHA pOdNCOEHUsT aAKAOeMUKA
B.II. Maxkeesa: Tesucwvl doxnados, Poccus, T.
Mmuacc, 22 - 24 urons 2004. - Muacc: MCHT,
2004, ctp.11.

% Muxees C.B., Bypues B.H., Jlauunkuna
B.JI., UBaunukoBa P.B., Cenemenes C.B.,
Iletnana  10.C, “Kommo3uTHbIE JOMACTH
OAO KAMOB?”, Tpyowr XXIV Poccuiickot
WKOAbL NO NpObIeMam HAYKU U MexHOLo2Ull,
noceéawennol 80-temuro co OHA pPOdHCOeHUs
axademuxa B.Il. Makeesa: Hayxa u mexnono-
euu, mom 1, Poccus, r. Muacc, 22 - 24 uroHs
2004. - Mocksa: PAH, 2004, cTp.108+119.

“ Iaypos 3.E., “KOMIO3UTHbBIEC NTOMACTH: BbI-
KJIaJKa WiId HaMoTKa ?” ( B 2-X XKypHajax ),
Poccutickuti ungopmayuonusiti mexuuyecKuii
arcypran “Bepmonem”, Ne 4 /1999, vacts 1,
ctp. 28+31; Ne 1/2000, gacts 2, cTp. 16+19.



Forces affecting the main rotor blade element

AY - Lifting force

Flappi
AN - Centrifugal force ;I;F;':Q

APc - Coriolis forces Drag
hinge

»/

Feathering
Resistance force- A X hinge
AP - Blade flap

inertial force

Classic three hinge blade —to —hub attachment

Flapping

Main rotor blade flow pattern in horizontal flight

Advancing blade side Advancing / retreating blade tip M
vV (V + QR) 90° versus flying speed
My = (V+ QR)/A for sound speed
1
Supersonic 230
e flow L~ 220
& 09 = 210
2 1~ 200
2 /f 7 ) 190
S 08 2
S /
z s C ‘
o 0.7 —
180°Q ] Transonic |
0° 08 flow R
e mls
QR \k\
Reverse ® 05 BN N < l
Direction flow zone s \§§\
G OF flight 2 04 S ,\;\ Sia
k- 220
Incoming Bl an \\ 210
Lt B = \ 200
Haw e Subsonic 190
speed _ o flow
\ 270° ' ( QR - V) "0 50 100 150 200 250 300 350
Retreating blade side V, km/h

Fig.1



Thrust in blade sections, kg/m

Relative

radius

Blade azimuth, deg. 300 350

Torsion moment in blade sections, kg-m
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Ka - 50 blade profile

Anti erosion strip Skin Trailing
edge

Ny

INNERnNine

Balance  Glass/carbon Honeycomb
weight Spar
Heating
element
Swept tip

Ka-50 helicopter
main rotor blade \

Blade attachment point Tail section Trim tab
1.8 I I
AEROFOILES
o 0A313
g 1.6 RAEQ%S gop\gqg VR12
n Divl-H
= DR Ka-50 Aerofoil

TsAGI-4 _

1.4 JNacA-230]
0a2128FM&
RAEY843 [
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' 4.2 | SC 1095
NACA.0012<>
1.0 | , !
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Mpp AT (CL=0)

Ka - 226 blade profile ( TSAGI - 4M)

Anti erosion strip Trailing edge

Balance Glass / carbon
weight spar
Heating
element

Blade
attachment

point
Ka-226 helicopter
main rotor blade

Fig.3



Modeled
phenomena

Versions of generalized model

ULYSS MFE
ULYSS.6 | ULYsS1 | ¥ EMFE | AUMFE | 0
{ vacuum ) {ar) B

Elx, Ely, GIp

1 VoW
(r/R, ot)
2| ¢= ‘C}IJH'l\{ \{ \’ \’ \’
3| Vi(r/R y) N N
4 Cy, Cxp, Cm \/ \/ \/ \/
(o, M M)
_ Cy max
) i
(.o, M)
Airfoil
6 aeroelastic \f \f
deformation
Lower / upper
7 rotor N NN AN A
data
Fig.4
Versions of generalized model
Analylsns ULYSS MFE
results B
ULYSS-6 | ULyss-1 | L OMFE ) AUMEE e
{ vacuum ) (ar)
Stall flutter Coaxial
1 boundaries Rotors Blade EILL
Control [/ actuator Coaxial
2 linkage loads, Blade Blade
. Rotors
Bending moments
Elastic Coaxial
3 deformations Rotors Blade Blade
4 Alternating Coaxial
hub loads Rotors
- Blade tips Coaxial
S clearances Rotors
Flutter Coaxial
6 in flight tests Rotors =D EIEED
Flutter Coaxial
7 in ground tests Rotors B2t 2k 2k
8 Eigenfrequencies Blade Blade
and modes
. Coaxial
9 Damping Rotors Blade Blade

Fig.5




Coordinate system
for the elastic blade motion equations

EA - elastic axis

TC - tension center
AC - aerodynamic center
CG - center of gravity

OT=CG-EA
Op=TC -EA

Fig.6

System of equations describing a motion
of one of the six coaxial rotor blades

Y o) o 9 N
m[¥+o-r?j:§|:Nas(y+o‘P@):| as{(o}fo-?)pg],

2

&Y 1 * X
[(M Cos* g+ EJ o, Sirtp)— — ~(EJ ;, — ETy,) =

oy,
Sin2p |+ —4;
o] 2

T as? a8 2
o'xX 2 a a aN
m? = %{N%(Xfap)}+mm](X7Jr)+g|:(rrr 70'P)E:|+
or, @ “ml,
+molo, —o, )+ 2meo L - ——— (X -o
= ( P) Bt 5 ( r)
& 2 NFX 1 ax,
_ W[(Efm(:‘o.rzqw EJnszgp)W 5B - Efﬂ) Sm2¢7:|+ =&
2'p 8%y é ] oY +o.p)oN
(J?+ma;)?+morgfapg[NaS(Y+GP@)} (O'T—GP)(TP)E—CD](JH+IHG;]¢?+
3 ) FX Y
+§(GJ6—§]+ o 55 B — BT {(1-28infp)+
#xY [(e7Y 1
) o) | BBy
Fig.7

Boundary conditions at the root of one of the six blades :
Y(0,6) = 0; X(0.t)=0;

@(0,0) = @, + ® Cos¥ + ®,Sin¥ — K—(O N+ U(‘P)[GJ aQ}(O 1) —-My, (!)j

27
(EJ,Cos*p+ B Sinp) S ‘ZSY %(EJXi ~EJ,) aSX Sim2p=MIZ -& [GJ L M;;:(r)];
(EJ Cos’p + EJ,,Sin gp)a X

1 aF . ”
E(E'JXI - ‘EJYI)ESI”Z';D =Mp (2,

Boundary conditions at the tip of one of the six blades :

@(RJ):O;

8*'xX &'y

L (R,f) = Z(Rt) 0,
3

Zs)f( n=27 S @n=o0.

Fig.8
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Comparision of Calculations and Flight Test Results
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Ka-32 helicopter
Correlation of analytical and flight test data for blade oscillations in the air

Main rotor oscillations are excited through the autopilot

Ground tests for flutter
at effective blade body balance position shift dX eff = 4.1 %
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Correlation of analytical and flight test data for blade oscillations in the air
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Fig.11

Ka-32 helicopter

Air temperature (M value) versus main rotor critical speed

Ground tests for flutter
at effective blade body balance position shift dX eff = 4.1 %o

Rotor speed, fo, Hz

100

o Tests J

— Analvsis i
- . .
RS 95 -
¥}
o
=
’E“ o
=

I 1 1 T 35 - 1 1 ) I

-25 =20 -15 -10 -5 0 5 10 15 20 25

Air temperature, t°C
Fig.12

5.0



Polymer composite main rotor blades
of Kamov helicopters in the Kamov Company Museum

g ™ ARIBSRIEID | [ IRIRI
[ —— e [ WTI— u}'{’n'umu‘:[:'nﬂuf | 1 1 ‘ ] | ] i i
- | T
1187 I

!
|| JLAias

Multipurpose Ka =19 helicopter (1953) Multipurpose K@ = 18 helicopter (1958)

Typical blade section LP -1
( a variant )

Typical blade section B -3
( a variant )

Typical production main rotor blade B - 7 section
( blade chord B= 260...104d mm, Bz= 170 mm )

Fig.14



Typical main rotor blade D 1-M section
( blade chord B =370 mm )

Fig.15

Ka - 26 multipurpose helicopter (1965) Ka - 126 multipurpose helicopter (1987)

( type certified in several countries )

Typical main rotor blade N- 1M section
( blade chord B =350...175 mm, B7= 250 mm)

Fig.16



Ka - 27 (1973) Ka - 28 helicopter Ka-29 (1976)

multipurpose ship borne helicopter ( export version of the Ka - 27 ) transportation combat helicopter

ﬂ HUJ | 1 e

Typical main rotor blade 500UG section
( blade chord B =480 mm )

Non;rex
honeycomb used since 1998
Ka - 31 (1986) Ka-32 (1980) Ka-32A/ A11BC (1990, 1998)
radar surveillance helicopter civil multipurpose helicopter ( type cettified in several countries )

Ka - 50 Black Shark (1982) Ka - 52 Alligator (1997)

single pilot combat attach helicopter multipurpose combat helicopter

Typical main rotor blade section of blades 800, 702
of Ka-50/52/60 helicopters
( blade chord B =530 mm )

- M1:1

Typical tail rotor blade section of Ka -60 helicopter

Ka - 60 Kasatka (1998)
( blade chord B=89 mm)

army multipurpose helicopter

Fig.18



Ultralight Ka = 56 Wasp
helicopter project (1969)

Typical Ka-56 helicopter main rotor blade section
( blade chord B =80 mm )

Remotely piloted
Ka-137

Remotely piloted experimental

Ka - 37 (1993) The Ka-37/137 helicopter typical main rotor blade section

( blade chord B=136...76 mm ., Bz = 100 mm )

Fig.19

(1997) Multipurpose Ka = 226 civil helicopter (2001)
( type certified in 2003 )

Typical main rotor blade 226 section
( blade chord B =260 mm )

Fig.20



Development of designs and applied materials
in Kamov helicopter main & tail rotor blades

Helicopter| Rotor | Number | Blade Blade Blade |Blade material

Blade model radius of chord | elongation | weight Tail De- Typical
type | Ka_x | R, m | blades [Bs, mm|A=R/B; G* kg| SP¥ |cection|c"9 blade section
B-7 15, 18 498 | 3+3 170 29,3 15,6* A « ]
N-1 N
Noim | 26126 | 650 | 3+3 | 250 | 26 | 26,0 Al
226 226 650 | 3+3 | 260 25 34 (BB | No | E . T
D1-M | 2525K | 787 | 3+3 | 370 21,3 | 653 || | E a1
Swue | %.29 74,9" = « {livmmem--
29,31 795 | 3+3 | 480 16,6 E R
s00uGM| 3 78,0~ | | [ e
800 50,52 | 722 | 3+3 | 530 | 136 |673|EEEE|[r| B | « 1  JINEImse
702 80,62 | 690 | 4 530 13 [543 |EEERR || E | « 1 YD
702(TR)| 60,62 | 070 | 11 89 79 |o74 | No | ===
a7 37,137 | 2,40 | 2+2 | 100 24 | 248" No [ =
Blade spar material : N - glass [ . glass / carbon [ - aluminum alloy
Tail section filler : - foam honeycomb |]]]I[|;u> - polymer - honeycomb [ll]]];m;. = aluminum honeycomb
G *— upper rotor blade weight Deicing system: A — alcohol type, E — electrothermal
Fig.21

Rotor disk load, kg /m? Max speed, km/h
' Wy

80
0
60
50
40
30
20
10

Ka-8|Ka-10] Ka-15] Ka-18[Ka - 26 | Ka-126|Ka-226]Ka - 25| Ka - 32| Ka - 29 [Ka - 50| Ka - 52
13 [148 [ 187 | 19 [245 | 245 | 256 | 375 | 635 | 579 | 654 | 731 | 80 | 115 | 150 | 150 | 160 | 190 | 205 | 220 | 250 | 280 | 310 | 300 |

Fig.22

Weight of Kamov production composite blades

Blade weight, G, kg o
100
70 - -
T< NI, T 800 500UG
: — _Jtu]l === 702
C 0.25
40 / —'__f—-—"'"-__’_,.’-""'
30 ’ —‘—"// f—"f 0-1?
/"' - R.

10

4 5 6 7 8 9 10
Rotor radius, R, m

Fig.23




Manufacture of a blade using lay-out technique

T 8 Blade pressing molds ( Kamov Company )
it ey

8 Ll Pt Preliminary pressing of packs

Pack No.1
c Pack No.2 Pack No.3 .

: Final blade 226 pressing pattern
Pack No.1 Pack No.2 Pack No.3

Blade
pressing
mold

Heating Pressing Pressing Pressing
element chamber No.1 chamber No.2 chamber No.3

Fig.24
Manufacture of a blade spar using winding technique

o

( Mil helicopter plant )

Winding pattern
on _ T
= T

Winding machine with 4 synchronously
operating laying mechanisms

Fig.25

Final pressing of blade spars
made using lay-out and winding techniques

The packs Lay-out Wlndlng The pack
are made by laying is made by winding
out prepreg sheets of prepreg tapes

Connection "for a hair”

on mandrels i on the mandrel
- ( technological . )
and preliminary compensator ) with a pressing
pressing chamber
Assembly Mold ’ Mold ncertion
of packs
. of a pack
with a release
on the mandrel
attachment . .
. ) with a pressing
and insertion
in the mold = GE T
Base of external contour Base No. 2 of external contour
Hot Hot
pressure pressure
molding molding

% (YA N LA )
DR St DA St/
RN S Bt 4

Fig.26



Provision of quality and consistency of blade manufacture

Production facility quality control

Independent Inspection quality control

Incoming control
of materials
( for compliance with
the delivery
Specifications )

Prepreg
and
blade assembly
quality control

Finished blade
quality
control

Samples:

- weight control;

Samples:

- weight control;

Samples:

- weight control:

Non - destructive

control
( each blade )

- weight control;

Destructive control
( one blade in a lot for
complete compliance
with the
Specifications ):

- weight control;

- physical - physical - physical - ultrasonic; - physical
properties properties properties - X-ray; properties
and chemical and chemical and chemical - visual and chemical
composition; composition composition; inspection composition;
- structural strength - structural strength - structural strength
Data Data Data Data Data
1 1 1 1 N

Blade production certificate (to be preserved for the whole blade service life )

Fig.27

Blade section dynamic tests for fatigue

——a— -
=

0

< Resonance test rig for testing
coupled blade root sections

The scheme of tests

Vibrator

,I_ ,,,,,

_—
e

N

Fig.28
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Utilization of the blade section dynamic fatigue test results

Main rotor blade section
dynamic test rig

4 F=A_of therig/ A_eqv ( relation of load amplitudes )

F - Load forcing ration at tests

S -N ( Woehler)

diagram

AN

Guaranteed
operation time

——

I N1

T T T T T TTT

N2

N - Load cycle number

No

Time accumulated at the test rig
( test base )

Fig.29

T T T T TT7TT

d

N3

Time accumulated in operation
( predicted )
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