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HELICOPTER ROTOR AND METHOD OF 
REPAIRING SAME 

FIELD OF THE INVENTION 

0001. The present invention relates to aerofoils, and more 
particularly to the protection of aerofoil leading edges from 
erosion damage. The invention has particular application to 
rotary wings, for example helicopter rotor blades. 

BACKGROUND 

0002 The invention was developed in the environment of 
helicopter rotor blade repair, and will be described primarily 
in connection with that application. It will be understood by 
those knowledgeable in the art that the invention may have 
wider application to aerofoils for other purposes. 
0003. The leading edges of helicopter rotor blades are 
Subject to environmental wear, particularly when the heli 
copter is operated in harsh conditions, for example with 
Significant quantities of ambient Sand or Salt. It has been 
found in particular that there is a recurring problem of skin 
erosion located inboard of the metal leading edge abrasion 
Strips in main rotor blades. Current practice is to remove the 
blades from the helicopter and Send them for repair. In Some 
cases, the damage cannot be repaired The damage requires 
skin repairs to the leading edge with reinforcement doublers 
applied. It has been found that a metal skin repair in the fleX 
Section of the blade is prone to delamination. 
0004 Impact damage is another significant concern with 
rotor blades Since impact damage to the blade also requires 
removal of the blade and Shipping to Specialized shop 
capable of performing the repairs. 

0005 Either repair, of erosion or impact damage can 
mean several weeks downtime for the aircraft while the 
blade is dismounted, packed and Shipped, repaired and 
returned. 

0006 The present invention is concerned with an alter 
native arrangement that ameliorates many of the problems 
with current repair techniques for aerofoil leading edges. 

SUMMARY 

0007 According to one aspect of the present invention 
there is provided an aerofoil for use in an aircraft, the 
aerofoil having a leading edge and a wear resistant, resilient 
polymeric material extending along at least a portion of the 
leading edge. 

0008. The polymeric leading edge has been found to 
provide good resistance to erosion. It has been found to be 
particularly effective in the fleX Section of helicopter main 
rotor blades as the flexibility of the material limits any 
tendency to delaminate as occurs with rigid metal leading 
edge repairs in this Section of the blade. On the other hand, 
it is to be noted that when used in the outboard flight section 
of a helicopter rotor, the high centrifugal forces on the 
polymer may cause creep of the material, leading to the 
polymer disengaging off the end of the blade. In conse 
quence, the polymer leading edge is, in this environment, 
preferably limited to the flex section of the blade, with the 
flight Section being equipped with a conventional metal 
leading edge. 
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0009 Minor impact damage to a polymeric leading edge 
can readily be repaired in the field rather than dismounting 
the blade and Shipping it away for repair, as would be the 
case with damage to a conventional leading edge. 

0010. According to another aspect of the present inven 
tion there is provided a method of protecting the leading 
edge of an aerofoil from erosion, comprising Securing to the 
leading edge a layer of resilient polymeric material. 

0011. The installation of the polymeric leading edge is 
much more easily performed than the installation of a metal 
leading edge. It conforms more closely to the blade con 
figuration Since the metal edge is conventionally shaped 
using a brake, forming a Sequence of Substantially flat 
Segments only approximating the Smooth, uniform curvature 
of the original blade. 

0012. Where the aerofoil is a rotor blade for a rotary wing 
aircraft with a mounting end for attachment to a rotor drive, 
a flight Section adjacent a blade tip, opposite the mounting 
end and a flex Section between the flight Section and the 
mounting end, the method preferably comprises Securing the 
resilient polymer to the leading edge of the flex Section. 

0013 The resilient polymer is preferably an elastomeric 
material, for example polyurethane. The currently preferred 
material is ether urethane 85 Shore A polyurethane, desir 
ably black in colour with a matte finish and UV stabilized. 
It is preferably bonded to the leading edge skin using an 
adhesive and with a bond line thickneSS control medium. 
This may be a scrim cloth. 

0014. The currently preferred adhesive is an epoxy adhe 
sive, Hysol EA 9309.3NA containing 5-mil glass beads for 
bond line thickness control. It is preferably cured at an 
elevated temperature, with a uniform pressure applied over 
the polyurethane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015. In the accompanying drawings, which illustrate an 
exemplary embodiment of the present invention: 

0016 
0017 FIG. 2 is an exploded section along line II-II of 
FIG. 1; and 

0018) 
repair. 

FIG. 1 is a plan view of a helicopter rotor blade; 

FIG. 3 is an exploded isometric of a leading edge 

DETAILED DESCRIPTION 

0019 Referring to the accompanying drawings, there is 
illustrated a blade 10 for use in a helicopter main rotor. The 
blade has a mounting end 12 carrying a mounting fitting 14 
which is used to mount the blade on the rotor hub of the 
aircraft. The opposite end of the blade is the blade tip 16. 
That section of the blade adjacent the tip is the flight section 
18 which, because it is furthest from the axis of rotation, 
travels at the greatest Speed and provides the majority of lift. 
Inboard of the flight section, 18 is the flex section 20 which, 
in use, undergoes bending deflection under the lift forces 
exerted on the blade. 
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0020. The entire blade has an aerofoil shape as shown 
most particularly in FIG. 2. 
0021. The leading edge 22 of the blade is subject to 
erosion during use. The erosion is most pronounced in the 
flight section where the speed of the blade is highest. To 
limit erosion in the flight Section, the rotor is equipped with 
an erosion strip 24. When wear of the erosion strip reaches 
an unacceptable level, it is removed and replaced. With the 
present invention, For leading edge wear inboard of the 
erosion Strip, the worn skin of the rotor is abraded and 
cleaned and equipped with a polyurethane leading edge Strip 
26 as edge protection. 

EXAMPLE 

0022. With the illustrated blade 10, the repair area of the 
blade is marked off. It is then abraded and cleaned with an 
appropriate Solvent. 
0023 The bonding surface 30 of a polyurethane strip 32 
is also abraded and cleaned with a Solvent. 

0024. Adhesive 34 is applied to the abraded bonding 
Surfaces of the blade and the polyurethane Strip. 
0025) A scrim cloth 36, in this case 0.008 inch (00.2 
mm.)nylon is positioned Smoothly over the repair area, 
leaving no wrinkles or creases. 
0026. The polyurethane strip 32 is then positioned on the 
repair area over the Scrim cloth and Subjected to a uniform 
pressure of 15 psi (10 N/m) and an elevated temperature 
(e.g. 180° F (82 C.) for a duration sufficient to cure the 
adhesive. It has been found that good conformity to the 
original shape of the blade and uniform adhesion are 
achieved through the use of a preSSurized bladder acting on 
the outer Surface of the polymeric sheet during curing of the 
adhesive. 

0027. This produces the polyurethane leading edge pro 
tector 26 in the flex Section, abutting the metal edge pro 
tection used in the flight section at a junction 38 where the 
edge of the metal sheet of the flight Section edge protection 
24 provides a Surface against which the outboard edge of the 
polyurethane sheet 32 engages, to Support the polyurethane 
sheet against creep owing to the centrifugal force that is 
generated during operation of the blade. 
0028. While one particular embodiment of the present 
invention has been described in the foregoing, it is to be 
understood that other embodiments are possible within the 
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Scope of the appended claims. Thus, while the present 
invention has been described in connection with its appli 
cation to helicopter main rotor blades, it is to be understood 
that the invention has application to other aerofoils that 
require edge protection. Examples may include the wings of 
fixed wing aircraft and the leading edges of aircraft propel 
lers. The invention is therefore to be considered limited 
Solely to the Scope of the appended claims. 
Embodiments of the invention in which an exclusive prop 

erty or privilege is claimed are defined as follows: 
1. An aerofoil for use in an aircraft, the aerofoil having a 

leading edge and a wear resistant polymeric material extend 
ing along at least a portion of the leading edge. 

2. An aerofoil according to claim 1 wherein the polymeric 
material is an elastomer. 

3. An aerofoil according to claim 1 wherein the polymeric 
material is polyurethane. 

4. An aerofoil according to claim 1, wherein the aerofoil 
is a rotor blade for a rotating wing aircraft. 

5. An aerofoil according to claim 4 wherein the rotor 
blade has an inboard end Section for attachment to a rotor 
drive, an outboard flight Section adjacent an outboard tip end 
of the blade and a flexible blade section between the inboard 
and outboard Sections of the blade, the polymeric material 
being applied to the leading edge of the flexible blade 
Section. 

6. A method of protecting the leading edge of an aerofoil 
from erosion, comprising Securing to the leading edge a 
layer of resilient polymer material. 

7. A method according to claim 6 wherein the aerofoil is 
a rotor blade for a rotary wing aircraft with an inboard 
mounting end for attachment to a rotor drive, a flight Section 
adjacent an outboard blade tip opposite the mounting end 
and a flex Section between the flight Section and the mount 
ing end, the method comprising Securing the resilient poly 
mer to the leading edge of the flex Section. 

8. A method according to claim 6 wherein the resilient 
polymer is an elastomeric material. 

9. A method according to claim 6, wherein the resilient 
polymer is polyurethane. 

10. A method according to claim 6 comprising applying a 
bond line thickneSS control medium to the leading edge and 
applying the resilient polymer to the thickness control 
medium. 

11. A method according to claim 10 wherein the bond line 
thickness control medium is a Scrim cloth. 
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