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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+ΩR) and re-
treating (ΩR-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    Ка-50 and Ка-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 3×6=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 МFE 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 МFE models are shown in 
Figs.9 to 12. 

 

2. Blade physical design 

Blades of the first Kamov serial helicopter   
Ка-15 (1953) and Ка-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 Е, 
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      
Ка-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 (dñ/dS=Т/ρ) 
pressing the filament to the surface is in-
versely proportional to the curvature radius 
of the mandrel (ρ). 

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

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). 
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