
International Core Journal of Engineering Volume 7 Issue 10, 2021 

ISSN: 2414-1895 DOI: 10.6919/ICJE.202110_7(10).0069 

 

481 

Design and Analysis for Wind Power Blade Fatigue Loading 
System with Inertial Vibration 

Denggang Zhang1,a, Chengliang Li1,b, Zhongbin Feng2,c 

1Sinoma Wind Power Blade Co., Ltd., Beijing, 100192, China; 

2Shandong Institute of Metrology, Jinan, 250014, China. 

a1766658170@qq.com, b1647756540@qq.com, c1781426898@qq.com 

 

Abstract 

In view of the problem of wind power blade fatigue loading, a heavy hammer inertial 
vibration wind power blade fatigue loading system is designed. Based on the three-
dimensional model of the loading system, the static and life analysis of key components 
are carried out by finite elements analysis, and stress, deformation cloud map and 
fatigue life are obtained. The results show that the key components of the loading system 
meet the design requirements and lay the foundation for the overall structure design of 
the whole loading system. 
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1. Introduction 

In recent years, wind power installed capacity ushered in explosive growth, wind blades towards a 

longer, larger direction. With the larger the size of the blades, how to make high-quality blades has 

become a hot issue [1]. Production and sales of high-quality blades cannot be separated from the full-

size structure of the blades detection. Fatigue testing in the full-size structure test of wind blades is 

an important means to check the quality of blades [2]. As a form of blade fatigue loading test, the 

electric hammer loading method has the advantages of simple structure, precise control and low cost. 

This paper uses finite elements [3, 4]to perform hydrostatic analysis [5] and fatigue analysis [6, 7] on 

the key components of the wind power blade fatigue loading system of electric hammer inertial 

vibration in order to verify the design safety and provide a theoretical basis for the overall structure 

design of the loading system.  

2. Overall scenario design 

2.1 System composition 

The fatigue loading system of wind turbine blades includes a power transmission system, a support 

system, a detection control system and a safety guarantee system. The three-dimensional diagram of 

the loading device is shown in Fig. 1. 

2.2 Working principle 

The loading system uses the resonance principle to work. The decelerating motor drives the rotating 

mass to make approximately sinusoidal rotation in the vertical plane. The centrifugal force acts as an 

exciting force to do work on the blade. By adjusting the size of the mass, the blade reaches the 

amplitude required by the test. The laser rangefinder monitors the change of the blade amplitude in 

real time, and controls the output signal of the inverter through PLC, and then adjusts the output speed 

of the motor through the inverter, so that the rotating frequency of the rotating mass is the resonance 

frequency in real time. 
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Fig. 1 Three-dimensional diagram of loading device 

 

3. Finite element analysis of key components 

3.1 Analysis of the force of the heavy hammer 

Known conditions: 

The equivalent arm length of the heavy hammer is 𝐿 = 1.5𝑚, the blade vibration frequency is 𝑓 =
0.3𝐻𝑧, and the blade excitation point amplitude is 𝐴 = 1.8𝑚; 

The weight of the weight is 𝑚𝑝 = 1100𝑘𝑔, the equivalent weight of the weight is 𝑚 = 1000𝑘𝑔, the 

reducer is 𝑚𝑟 = 392𝑘𝑔, the motor weight is 𝑚𝑚 = 349𝑘𝑔, the bell flange and coupling weight is 

𝑚𝑓 = 200𝑘𝑔, the base of the reducer The mass is 𝑚𝑏 = 160𝑘𝑔, and the stent mass is 𝑚𝑠 = 339𝑘𝑔. 

The movement form of the heavy hammer is shown in Fig. 2. Taking the vertical direction as the X 

direction (upward is positive), and the horizontal direction as the Y direction (leftward is positive), 

the weight rotates clockwise, and the rectangular coordinate system is established with the weight 

rotation center O as the origin, then at any time, the force of hammer is shown in Fig. 3.  

 

 

Fig. 2 Movement diagram of heavy hammer with blade 
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Fig. 3 Stress diagram of heavy hammer 

 

Where 𝑎𝑐 is the centripetal acceleration, 𝑎𝑥𝑐 and 𝑎𝑦𝑐 is the projection of centripetal acceleration in 

X and Y directions, 𝑎𝑥𝑠 and 𝑎𝑦𝑠 is the acceleration of the heavy hammer with the blade vibration. 

In order to study the force on the heavy hammer, take the rotation center O of the heavy hammer as 

the fixed support, and use the D'Alembert principle to obtain: 

In the X direction: 

The gravity of the heavy hammer is: 

𝐺 = −𝑚𝑝𝑔                               (1) 

The component of centrifugal force is: 

𝐹𝑥𝑐 = −𝑚𝑎𝑥𝑐 = 𝑚𝐿𝜔
2 𝑠𝑖𝑛(𝜔𝑡)                       (2) 

Additional force generated by heavy hammer with blade vibration: 

𝐹𝑥𝑠 = −𝑚𝑝𝑎𝑥𝑠 = −𝑚𝑝𝜔
2𝐴 𝑐𝑜𝑠(𝜔𝑡)                     (3) 

In the Y direction: 

The component of centrifugal force generated by the rotation of heavy hammer is: 

𝐹𝑦𝑐 = −𝑚𝑎𝑦𝑐 = 𝑚𝐿𝜔
2 𝑐𝑜𝑠(𝜔𝑡)                       (4) 

The Y direction additional force generated by the heavy hammer with the blade vibration is: 

𝐹𝑦𝑠 = −𝑚𝑝𝑎𝑦𝑠 = 𝑚𝑝
𝑎(1)+𝑏

2
(2𝜔′)2 𝑐𝑜𝑠(2𝜔′𝑡)                  (5) 

In the Z direction: 

The blade itself will undergo torsional deformation during vibration, and the blade has displacement 

in the edgewise direction, then 

𝐹𝑧 = 𝐹𝑧𝑟 + 𝐹𝑧𝑏 = −𝑚𝑝(𝐷 + 𝐻(1) 𝑠𝑖𝑛 10°) × ω
′2 𝑐𝑜𝑠(𝜔′𝑡)             (6) 

𝐹𝑧𝑟 is the additional force in Z direction caused by blade torsion; 𝐹𝑧𝑏 is the additional force generated 

by the movement of the blade in the edgewise direction. 

𝑀𝑧 = 𝑚𝑝𝑔𝐿 𝑐𝑜𝑠(𝜔𝑡) + 𝑚𝑝𝐿𝜔
2𝐴 𝑐𝑜𝑠2(𝜔𝑡) +𝑚𝑝𝐿

𝑎(1)+𝑏

2
(2ω′)2 𝑐𝑜𝑠(2ω′𝑡) 𝑠𝑖𝑛(𝜔𝑡)    (7) 

𝑀𝑥𝑦 = 𝑚𝑝𝐿(𝐷 + 𝐻(1) 𝑠𝑖𝑛 10°) × ω
′2 𝑐𝑜𝑠(ω′𝑡)                  (8) 

According to the known conditions, substitute the known quantity into the above formula to calculate 

all loads, and the results are shown in Fig. 4. 
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Fig. 4 Load on heavy hammer 

 

It can be seen from the above figure that the heavy hammer is subjected to alternating load. It is 

difficult to directly see the most dangerous working conditions acting on the heavy hammer. Now 

four working conditions with maximum force and torque are listed respectively. They are analyzed 

and calculated respectively. Finally, the most dangerous working conditions are determined. The 

classification of the four working conditions is shown in Table 1. 

 

Table 1. 4 conditions (𝐹𝑥𝑦 = √𝐹𝑥2 + 𝐹𝑦2) 

Condition 1 Condition 2 Condition 3 Condition 4 

Fxy= 
22290N 

Fx=17815N Fxy= 
22290N 

Fx=17815N Fxy= 
22290N 

Fx=17815N Fxy= 
19486N 

Fx=19245N 
Fy=13397N Fy=13397N Fy=13397N Fy=-3054N 

Fz=3909N Fz=3909N Fz=3909N Fz=1647N 
Mxy=5863Nm Mxy=5863Nm Mxy=5863Nm Mxy=2470Nm 

Mz=26723Nm Mz=26723Nm Mz=26723Nm Mz=28644Nm 

 

It can be seen from table 1 that condition 1, condition 2 and condition 3 are the same. They are 

combined and defined as condition I. at this time 𝜔𝑡 = 0 °. Condition 4 is defined as condition II. At 

this time 𝜔𝑡 ≈ 339°. 

3.2 Strength analysis of heavy hammer 

The load on the heavy hammer is calculated through force analysis. However, in practice, some 

uncertain factors will cause load changes. Therefore, we introduce load coefficient. On the basis of 

the calculated load, multiply the corresponding load coefficient to obtain the analysis load. Each load 

coefficient is shown in Table 2. 

Table 2. Load factors 

Load factors Value 

X-direction 𝛿𝑥 = 1.5 

Y-direction 𝛿𝑦 = 1.5 

𝐹𝑦𝑠 𝛿𝑦𝑠 = 1.5 

Z-direction 𝛿𝑧 = 1 

𝑀 𝛿𝑀 = 1.25 

 

Condition I: 

𝐹𝐼𝑥𝑎𝑛𝑎 = 𝛿𝑥𝐹𝑥 = 1.5 × 17815 = 26723𝑁 

𝐹𝐼𝑦𝑎𝑛𝑎 = 𝛿𝑦𝐹𝑦𝑐 + 𝐹𝑦𝑠 = 1.5 × 5330 + 8067 = 16062𝑁 
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𝐹𝐼𝑧𝑎𝑛𝑎 = 𝛿𝑧𝐹𝑧 = 1 × 3909 = 3909𝑁 

𝑀𝐼𝑧𝑎𝑛𝑎 = 𝛿𝑀𝑀𝑧 = 1.25 × 26723 = 33404𝑁𝑚 

𝑀𝐼𝑥𝑦𝑎𝑛𝑎 = 𝛿𝑀𝑀𝑥𝑦 = 1.25 × 5863 = 7329𝑁𝑚 

Condition II: 

𝐹𝐼𝐼𝑥𝑎𝑛𝑎 = 𝛿𝑥𝐹𝑥 = 1.5 × 19245 = 28868𝑁 

𝐹𝐼𝐼𝑦𝑎𝑛𝑎 = 𝛿𝑦𝐹𝑦𝑐 + 𝐹𝑦𝑠 = 1.5 × 4985 − 8039 = −562𝑁 

𝐹𝐼𝐼𝑧𝑎𝑛𝑎 = 𝛿𝑧𝐹𝑧 = 1 × 1647 = 1647𝑁 

𝑀𝐼𝐼𝑧𝑎𝑛𝑎 = 𝛿𝑀𝑀𝑧 = 1.25 × 28644 = 35805𝑁𝑚 

𝑀𝐼𝐼𝑥𝑦𝑎𝑛𝑎 = 𝛿𝑀𝑀𝑥𝑦 = 1.25 × 2470 = 3088𝑁𝑚 

Loads and constraints under condition I: 

When the 3D model is imported into the workbench, the annular surface of the heavy hammer part in 

contact with the spline shaft sleeve is used as the fixed surface in the workbench. The constraint is 

shown as the Q surface in Fig. 5 

The heavy hammer includes a rotating arm and several mass blocks. The mass block is mainly 

connected to the rotating arm through seven through bolts. The center of gravity of the heavy hammer 

is concentrated in the mass block, that is, the position determined by the seven through bolts. 

According to the D’Alembert principle, X All forces in Y and Z directions are applied to the center 

of gravity of the heavy hammer. Assuming that the forces on the 7 bolts are uniform, the calculated 

forces in X and Y directions are uniformly applied to the 7 bolt holes according to their directions. 

X direction: 

𝐹𝐴 = 𝐹𝐶 = 𝐹𝐸 = ⋯ =⏟              
7 in total

𝐹𝐼𝑥𝑎𝑛𝑎

7
= 3818𝑁                      (9) 

Y direction: 

𝐹𝐵 = 𝐹𝐷 = 𝐹𝐹 = ⋯ =⏟              
 7 in total

𝐹𝐼𝑦𝑎𝑛𝑎

7
= 2295𝑁                     (10) 

The Z direction is perpendicular to the hammer plane. 𝐹𝑧 compresses the plane of the hammer. The 

action surface is the contact surface between the rotating arm of the hammer and the mass block. 

Then in the Z direction: 

𝐹𝑂 = 𝐹𝐼𝑧𝑎𝑛𝑎 = 3909𝑁                            (11) 

Under condition I ω T = 0 °, the heavy hammer is in the horizontal position. Its load and restraint are 

shown in Fig. 6. 

 

 

Fig. 5 Heavy hammer load and restraint 
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Fig. 6 Grid division of heavy hammer 

 

Fig. 7 shows the stress distribution of heavy hammer under working condition I.  

The calculated maximum stress is 75 MPa. It occurs at the position shown in Fig. 7. 

Loads and constraints under condition II: 

The restraint and load application method of the heavy hammer in condition II is the same as that in 

condition I. The only difference is the size and direction of the load. 

 

 

Fig. 7 Stress distribution of heavy hammer 

X direction: 

𝐹𝐴 = 𝐹𝐵 = 𝐹𝐶 = ⋯ =⏟              
7 in tota

𝐹𝐼𝐼𝑥𝑎𝑛𝑎

7
= 4124𝑁                    (12) 

Y direction: 

𝐹𝐻 = 𝐹𝐼 = 𝐹𝐽 = ⋯ =⏟            
7 in tota

𝐹𝐼𝐼𝑦𝑎𝑛𝑎

7
= −80𝑁                     (13) 
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Z direction: 

𝐹𝑂 = 𝐹𝐼𝐼𝑧𝑎𝑛𝑎 = 1647𝑁                            (14) 

Under condition II 𝜔𝑡 ≈ 339°. The included angle between the length direction of the heavy hammer 

and the Y axis is 360° − 339° = 21°. Its load and restraint are shown in Fig. 8. 

 

 

Fig. 8 Heavy hammer load and restraint 

 

The mesh division of heavy hammer under condition II is the same as that under condition I. 

Fig. 9 shows the stress distribution of the heavy hammer under condition II 

 

 

Fig. 9 Stress distribution of heavy hammer 

 

The calculated maximum stress is 56 MPa. It occurs at the position shown in Fig. 9. 

In order to ensure that the parts meet a certain strength, various safety factors are introduced during 

strength verification. Their values are shown in Table 3. 
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Table 3. Safety factors 

Safety factors Value 

Material safety factor (static strength and fatigue strength) 𝛿𝑚 = 1 

Weld safety factor 𝛿𝑤 = 1.5 

Part safety factor 𝛿𝑠 = 2 

 

Through the above analysis, it is concluded that condition I is a dangerous condition. Maximum stress 

σ= 75 MPa. Because the maximum stress occurs at the rib plate, the material safety factor is taken as 

𝛿𝑚 = 1. The yield limit of material Q345 is 𝜎𝑠 = 345𝑀𝑃𝑎. Then the allowable stress is 

[𝜎] =
𝜎𝑠

𝛿𝑚𝛿𝑠
= 172.5𝑀𝑃𝑎                           (15) 

𝜎 = 75𝑀𝑃𝑎 < [𝜎]                             (16) 

Therefore, the static load strength of the heavy hammer meets the requirements. 

3.3 Life analysis of heavy hammer 

The maximum stress available for the fatigue characteristics of the material 𝜎𝑚𝑎𝑥, number of stress 

cycles 𝑁, stress ratio (or cycle characteristic) 𝑟 (
𝜎𝑚𝑖𝑛

𝜎𝑚𝑎𝑥
). The fatigue characteristic Sn curve of 𝑟 = 0 

of Q345 is selected, as shown in Fig. 10. According to this figure, the life of the heavy hammer can 

be calculated. 

 

 

Fig. 10 Q345 SN curve 

 

Fatigue analysis of heavy hammer is carried out with workbench under condition I. The key load that 

has the greatest impact on the stress of heavy hammer is 𝐹𝑥𝑦 . From table 1: 𝐹𝑥𝑦𝑚𝑎𝑥 = 22290𝑁, 

𝐹𝑥𝑦𝑚𝑖𝑛 = 2142𝑁. 

Then the stress ratio is: 

𝑟 =
𝐹𝑥𝑦𝑚𝑖𝑛

𝐹𝑥𝑦𝑚𝑎𝑥
= 0.096                                    (17) 

Analysis type selection: Stress Life; Selection of average stress theory: Goodman; Stress type 

selection: Equivalent; Unit selection: Cycles 

Then the parameter setting of heavy hammer fatigue life analysis is shown in Fig. 11. 
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Fig. 11 Heavy hammer fatigue analysis parameter setting 

 

When the design life is 50 million times, the distribution of safety factor of heavy hammer is shown 

in Fig. 12. 

 

Fig. 12 Distribution of fatigue safety factor 

 

The minimum fatigue safety factor of heavy hammer is 2.5. It occurs at the position shown in Fig. 12. 

4. Conclusion 

Based on the finite element analysis method, this paper checks the statics and life of the key 

components of the heavy hammer wind turbine blade fatigue loading system, and makes a 

comprehensive analysis combined with the dangerous working conditions and safety factor. The 

results show that under the dangerous working conditions, the key components of the loading system 

𝜎 = 75𝑀𝑃𝑎 < [𝜎]. The minimum fatigue safety factor is 2.5, which meets the design requirements. 

The research in this paper provides a theoretical basis for the overall structural design of the whole 

loading system. 
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