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ABSTRACT

During helicopter rotor system development process, whirl tower test is conducted basically. For 

conducting whirl tower test during bearingless hub development process, design new blade or using 

existing blade with repair or remodeling. Because simple shape and efficient aerodynamic character-

istic, BO-105 blade is used for hub system development widely. Originally BO-105 blade is used for 

hingeless hub, ho flap stiffness and lag stiffness on blade root area is relatively low. So applying 

BO-105 blade to bearingless hub whirl tower test, root area have to be reinforce. In this process, 

blade root area's section property will be changed. In this paper, suggest reinforcement method of 

BO-105 blade root area and study dynamic characteristic of bearingless rotor system with reinforce-

ment BO-105 blade.
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, Table 2
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Stiffness Target Value

Flap Stiffness(N.mm2) > 9E+09

Lag Stiffness(N.mm2) > 2E+11

Stiffness
629mm 

Section

830mm 

Section
Flap 

Stiffness(N.mm2)
1.2E+10 8.9E+09

Lag 

Stiffness(N.mm2)
1.1E+11 9.2E+10

Table 2

629mm 830mm 

. 830mm 

830mm 

.

(2)
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(Trailing Edge) 

(Foam) Carbon Fabric 

±45°
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Figure 6 BO-105 830mm 

. Figure 6 Figure 

7 Table 3

.

In-house . Table 4

5.6% .

Material Property

Glass Roving
E 4E+04 N/mm2

G 4E+03 N/mm2

Foam
E 2E+01 N/mm2

G 3E+00 N/mm2

Carbon Fabric 

±45°

E 1E+04 N/mm2

G 2E+04 N/mm2

Stiffness
Result

Error
Original Analysis

Flap

Stiffness(N.mm2)
8.9E+09 8.4E+09 5.6%

Lag 

Stiffness(N.mm2)
9.2E+10 9.2E+10 0.8%

(2)

5.6% 

.

Carbon Fabric ±45°

1mm 1.6mm ,

. Figure 8

Table 5

.
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Stiffness

Result

1mm

Reinforcement

1.6mm

Reinforcement
Flap 

Stiffness(N.mm2)
1.3E+10 1.4E+10

Lag 

Stiffness(N.mm2)
2.2E+11 2.7E+11

Table 5 Table 1

Carbon Fabric ±45°1mm 

49% ,

1.6mm 60% .

1mm 

10% , 1.6mm 

35% .

(Center of Gravity), (Tension Center), 

Table 6 . x, 

y (Zero point)

. x 

+ , y 

0 .

,

.

1mm 4.7%, 1.6mm 

6.2%

.

Section 

Offset

Result (x axis)

Original
1mm 

Section

1.6mm 

Section

Center of 

Gravity
0.0mm 12.7mm 16.8mm

Tension 

Center
-1.5mm 3.3mm 5.9mm

Shear 

Center
2.1mm 6.8mm 8.4mm

. BO-105 

. 1.6mm ,

1.57 , 2.93

, Table 6

. Table 7

349RPM 7

BO-105

BO-105

. 2 , 4

, 1 .

. 1 3 , 4

,

.

Figure 9

Fan-plot . BO-105

, .

n/rev .

, 349RPM 1

3 4/rev

,

.

Modes
BO-105 blade Reinforced 

BO-105 Blade

Frequency, 
/rev(Hz)

Frequency, 
/rev(Hz)

1st Lag Mode   0.66(3.88) 0.70(4.07)

1st Flap Mode 1.04(6.03) 1.04(6.03)

2nd Flap Mode 2.52(14.68) 2.53(14.71)

1st Torsion Mode 3.93(22.85) 3.98(23.13)

3rd Flap Mode 4.13(24.01) 4.18(24.30)

2nd Lag Mode 4.61(26.82) 4.61(26.79)

4th Flap Mode 6.44(37.43) 6.54(38.05)

Table 7
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