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ABSTRACT 

In depth literature survey on the main rotor blade of 

helicopters was carried out, and Black Hawk UH-60 

has chosen for design, development and analysis. The 

blade configuration details including the plan form, 

taper, root joint and profiles was studied. The various 

load cases were analyzed. 

 

The main scope of this project is to Design a hollow 

composite rotor blade using Carbon Fibre Reinforced 

Plastic (CFRP) with different stacking sequences. 

The required thicknesses at various span wise 

locations to compensate the developed loads were 

calculated using strength of material approach. 

Finally the model is analyzed using ANSYS software 

to know the resulting displacements, stresses and 

mode shapes. 

 

INTRODUCTION 

Rotor blade 

The rotor blades of a helicopter are airfoils that 

provide aerodynamic forces when exposed to a relative 

motion of air across their surface. The rotational 

motion of the rotor hub initiated by the helicopter 

engine develops this relative motion, as well as 

forward, sideward and backward flight. While 

developing aerodynamics lift and drag forces, 

structural loads occur on the blades along their span 

and across their chord. A helicopter’s rotor is generally 

made of two or more rotor blades. . Each main rotor 

is mounted on a vertical mast over the top of the 

helicopter, as opposed to a helicopter tail rotor, which 

connects through a combination of drive shaft(s) and 

gearboxes along the tail boom. 

 

LITERATURE SURVEY 

Specifications of Black Hawk UH-60 

Crew: 2 pilots (flight crew) with 2 crew chiefs/gunners 

Length: 64 ft 10 in (19.76 m) 

Fuselage width: 7 ft 9 in (2.36 m)) 

Rotor diameter: 53 ft 8 in (16.36 m) 

Height: 16 ft 10 in (5.13 m) 

Disc area: 2,260 ft² (210 m²) 

Empty weight: 10,624 lb (4,819 kg) 

Loaded weight: 22,000 lb (9,980 kg) 

Max. Takeoff weight: 23,500 lb (10,660 kg) 

Power plant: 2 × General Electric T700-GE-701C 

turbo shaft, 1,890 hp (1,410kW) each 

 

Performance: 

Never exceed speed: 193 knots (222 mph; 357 km/h) 

Maximum speed: 159 KN (183 mph; 295 km/h) 

Cruise speed: 150KN (173 mph; 278 km/h) 

Combat radius: 368 mi (320 nautical miles; 590 km) 

 
Fig 2.1 Orientation of Black Hawk UH-60 

 

Like airplane wings, early rotor blades had a main 

spar, ribs and a covering of fabric. The blades were 

symmetrical because this shape offered a good lift-to-

drag ratio and a stable center of pressure, and they 

were easy to build. This was to be the design and 

shape of rotor blades for many years. The early blades 

http://en.wikipedia.org/wiki/Manufacturer%27s_Weight_Empty
http://en.wikipedia.org/wiki/Maximum_takeoff_weight
http://en.wikipedia.org/wiki/Aircraft_engine
http://en.wikipedia.org/wiki/General_Electric_T700
http://en.wikipedia.org/wiki/General_Electric_T700
http://en.wikipedia.org/wiki/V_speeds#Vne
http://en.wikipedia.org/wiki/V_speeds#Regulatory_V-speeds
http://en.wikipedia.org/wiki/V_speeds#Vc
http://en.wikipedia.org/wiki/Combat_radius
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were a blend of several types of wood, each adding 

properties the other materials lacked. 

 

Material properties 

Selection of material: Carbon Fiber 

 
 

DESIGN OF ROTOR BLADE 

Blade Configuration 

Overall configuration and key data which is required 

to replicate a blade are collected. Literature survey has 

been carried out on the configuration and load cases. 

 
Fig 3.1 Blade Configuration 

 

 
Table 3.1 Configuration of Blade 

Various points on the Blade are located by station 

numbers 

 
Fig 3.2 Blade span-wise stations 

 

Chord line and maximum thickness. 

The airfoil chosen was a SC1094R8 and SC1095, 

which is one of the more favorable of an extended 

series of related airfoils developed. The SC1095 airfoil 

and the SC1094 R8 airfoil, modified from the SC1095 

by adding droop at the leading edge. The effect of the 

nose droop was to extend the SC1095 chord from 

20.76 in. to20.965 in., thereby reducing the airfoil 

thickness from 9.5 percent to 9.4 percent (hence the 

change in the section nomenclature). The addition of 

nose droop also rotated the mean chord line by –1 deg, 

the two airfoil sections are compared on a non-

dimensional basis 

 

There is a linear transition between the SC1094 R8 and 

SC1095airfoil sections.  The SC1095 section is then 

used to the blade tip. 

 

The root airfoil measured 295.28mm chord length 

while the wing tip airfoil measured 238.04 mm chord 

length. 

 
Fig 3.3 Chord length and Maximum thickness of 

airfoils at each stations are noted. 
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Table 3.2 Chord and Thickness (at C/4) at each 

station 

 

Chord-wise and Span-wise thickness calculation 

 
Table 3.3 Chord-wise and Span-wise thickness 

calculation 

 

Blade Design 

The drawing of SC-1094R8 and SC-1095 airfoil is 

produced using AutoCAD by plotting the coordinates. 

The airfoils at each station are designed in such a way 

that, the rib is at the required pitch angle 

 
Fig 3.8 Blade designed using Composite Thickness 

 

ANALYSIS OF ROTOR BLADE 

Finite Element Analysis 

For the sake of validating results ANSYS software has 

chosen. The material properties of each resin system is 

obtained based on their data sheets and tested results of 

neat resin casting (provided by CPDC) and using rule 

of mixtures the required properties (E1,E2,υ12,υ23, 

G12,G23 ) are calculated. These values are given as 

inputs to the software and various tests are carried out 

according to the actually tested specimens. 

 

Material Properties of Carbon fiber 

Carbon T700S properties 

E11        =        139.27 GPA 

E22        = 7.843 GPA 

E33       =        7.843 

υ12              = 0.255 

υ23              = 0.38 

υ31              =  0.255 

G12   = 3.802 GPA 

G23        =        2.951GPa 

G31        =        3.802GPa 

Density     =       1565kg/m
3 

 

Results 

The imported model from AUTOCAD into ANSYS 

was meshed using mesh tool command resulting in 

fine mesh which is shown in the following figures. 



 

 

 Page 758 
 

 
Fig 4.1: Imported model from AUTOCAD 

 

 
Fig4.2: Total meshed body 

 

 
Fig 4.3: Zoomed out mesh 

 

Case I 

In the first case the considered stacking sequence is 

[90/0/90/0/90/0/90/0/90/0/90] which is a symmetrical 

stacking sequence. 

 

The obtained results from static analysis are shown in 

the following figures 

 
Fig 4.4: Selected stacking sequence for the first case 

 

 
Fig 4.5: Displacement plot for the first case 

 

 
Fig 4.6: Von Misses stress plot for the first case 

 

The modal analysis has resulted in the following mode 

shapes 
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Fig 4.7: Mode - 1 for the first case 

 
Fig 4.8: Mode - 2 for the first case 

 
Fig 4.9: Mode - 3 for the first case 

 

 
Fig 4.10: Mode - 4 for the first case 

 

 
Fig 4.11: Mode - 5 for the first case 

 

 
Fig 4.12: Mode - 6 for the first case 

 

Case II 

In the second case the considered stacking sequence is 

[45/-45/45/-45/45/0/45/-45/45/-45/45] which is a 

symmetrical stacking sequence 

 

The obtained results from static analysis are shown in 

the following figures 

 
Fig 4.13: Stacking sequence for Second case 
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Fig 4.14: Displacement plot for the second case 

 
Fig 4.15: Von Misses stress plot for the second case 

 

The modal analysis has resulted in the following mode 

shapes 

 
Fig 4.16: Mode - 1 for the second case 

 
Fig 4.17: Mode - 2 for the second case 

 
Fig 4.18: Mode - 3 for the second case 

 

 
Fig 4.19: Mode - 4 for the second case 

 

 
Fig 4.20: Mode - 5 for the second case 

 

 
Fig 4.21: Mode - 6 for the second case 
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Case III 

In the third case the considered stacking sequence is [-

45/45/90/0/90/0/90/0/90/45/-45] which is a 

symmetrical stacking sequence. 

 

The obtained results from static analysis are shown in 

the following figures 

 
Fig 4.22: Stacking sequence for third case 

 

 
Fig 4.23: Displacement plot for the third case 

 

 
Fig 4.24: Von Misses stress plot for the third case 

 

The modal analysis has resulted in the following mode 

shapes 

 
Fig 4.25: Mode - 1 for the third case 

 

 
Fig 4.26: Mode - 2 for the third case 

 

 
Fig 4.27: Mode - 3 for the third case 

 

 
Fig 4.28: Mode - 4 for the third case 
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Fig 4.29: Mode - 5 for the third case 

 

 
Fig 4.30: Mode - 6 for the third case 

 

CONCLUSION AND FUTURE SCOPE 

Conclusion 

After observing the results from ANSYS the following 

conclusions are derived 

1. The maximum displacement for case-1 

stacking sequence is = 13.89 mm 

2. The maximum stress for case-1 stacking 

sequence is = 54.27 MPA 

3. The maximum displacement for case-2 

stacking sequence is = 54.94 mm 

4. The maximum stress for case-2 stacking 

sequence is = 106.149 MPA 

5. The maximum displacement for case-3 

stacking sequence is = 17mm 

6. The maximum stress for case-3 stacking 

sequence is = 42 MPA 

 

Comparing the modal analysis for all the cases, the 

obtained natural frequencies are 

 

 
Comparing the modal analysis for all the cases, the 

obtained deflections for different modes are 

 

 
 

After observing the results it is found that quasi 

isotropic stacking sequence is better for the 

manufacture of rotor blades which has resulted in less 

stresses i.e. compared to all other selected stacking 

sequences. It also resulted in reasonable minimum 

displacement i.e. 17mm compared to other stacking 

sequences. 

 

Future scope. 

A current goal of Defense is to use adaptive or “smart” 

materials that adjust the airfoil shape to reduce rotor 

vibration.. 
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In the current design, the number of layers of 

composites is fixed, and each layer has the same layer 

thickness. That is, the layer thickness is equal to the 

total thickness divides by the number of layers. 

However, because the feasible values of layer 

thickness are certain discrete numbers, this assumption 

possibly results in the infeasible layer thickness. A 

better way is to choose layer thickness and the number 

of layers as design variables. If the fiber orientations of 

all layers are 96 dependent design variables, the 

number of variables of the optimization problem is 

changeable. The applicable algorithm for such problem 

is very difficult to find in literature. 
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