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Abstract 

  This study is on shaft design analysis of a 0.1KW 

horizontal axis wind turbine. This shaft transmits 

mechanical power from the tip of the blade at one 

end to the a streamlined enclosure called a nacelle 

that houses key turbine components (usually 

including the gears, rotor and generator) at the 

other end. For this small 0.1 kW horizontal axis 

wind turbine having rotor mass of 5.85 kg and 

rotational speed of 381 rpm, the main shaft 

diameter and its design torque evaluated as 16mm 

and 2.64 Nm respectively. A smaller braking torque 

of 1.34 Nm was also observed at the output shaft 

(4.5mm diameter) to the alternator end. 

 

INTRODUCTION 

Numerous power plant options are available due to various sources of energy 

that can be used to produce power and electricity. Sustainability of electricity 

supply can be achieved by utilizing plants mix from these energy sources since 

they may not all be available always at the same time and their suitability are 

not the same. Some power plants are base load oriented; some are for peaking 

purposes, while there are those that are suitable as off-grid machines. Wind 

turbine is a desirable inclusion that favours the drive for renewable and clean 

energy solution, and these promote better environment and development in line 

with current global policy order. Usually, the axis of rotation of a horizontal 

axis wind turbine (HAWT) is parallel to the ground, for HAWTs, their shafts 
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are parallel to the ground (Schubel and Crossley, 2012); the components of a 

HAWT include the blade and hub, shaft, speed increasing device (such as gears, 

belt and pulleys), alternator (generator), bearings, coupling and nacelle housing. 

Within the nacelle are the gears which help to increase the shaft speed to match 

that of the alternator, while the rotary mechanical energy is converted to 

electricity by the alternator.  

The focus of this work is on the design of shaft for a 0.1KW horizontal axis 

wind turbine. We assumed that the load (blade and hub) act on the tip of the 

shaft and that the shaft is a cantilever. 

 

SHAFT DESIGN ANALYSIS 

1.1. Bending Moment: The shaft should be able to withstand the 

bending and twisting loads exerted on it. 

 

 

 

 

 

  

 

 

 

 

Figure 1 is the main shaft of the HAWT with rotor load, and figure 2 is the free 

body diagram. The main shaft bending moment is given as  

Mi = Pr x                                                                                                 (1) 

where, Mi = bending moment of main shaft; Pr = rotor load (hub + blade) = 3.76 

kg; x = 0.065m = distance (position) along shaft length; L = length of main 

shaft. 

Mi = 5.85 * 0.065 = 0.38Nm 

 

Design Torque: Power is given as 

P = Tω 

or  

P = T * 2πN/60                                                                                       (2) 

L 

Pr 

Pr 

Figure 1: Main shaft of HAWT with rotor load 

Figure 2: Free body diagram of main shaft of HAWT with rotor load 
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Where, P = power (Watts); ω = angular speed of main shaft (rad/sec) = 40 

rad/sec; N = angular speed (rpm) = 381 rpm.  

Design torque of main shaft is given as  

Td = (30 * Pd)/η *πNd                                                                             (3) 

(Bouchama, 2016), 

Where, Pd = design power = 100W; η = drive train efficiency; Nd = design 

rotational (angular) speed = 381 rpm. 

But drive train efficiency is given as 

η = ηg * ηb
4                                                                                             (4) 

(X-Engineer, n.d.) 

Where, ηg = gear efficiency = 0.99 = ηb = bearing efficiency.  

Applying equation (4),  

η = 0.99 * 0.994 = 0.95. 

So that, 

Td = (30 * 100)/0.95π * 381 = 2.64 Nm 

Total Torque: From the international electro technical committee, the total 

torque in the event of blackout is set to be 

Ttotal = Td + Tb,total = Tt                                                                            (5) 

Bouchama, 2016), 

Where, Tb,total = total maximum allowable brake torque applied on the rotor shaft 

(Nm). 

The brake torque is given as  

Tbi = fTL                                                                                                (6) 

(Altra Motion, 2010), 

Where, Tbi = brake torque = Tb,total;  f = service factor = 2; TL = load torque 

(aerodynamic torque) = Td. 

Using equation (6), 

Tbi = 2 * 2.64 = 5.28Nm, 

Therefore, 

Tt = 2.64 + 5.28 = 7.92Nm 

Main Shaft Diameter: Considering the combined bending and twisting loads 

acting on the main shaft, then the maximum shear stress theorem can be applied 

as 

di = (32 *ns/π * sy * (M2 + T2)1/2)1/3                                                        (7) 
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Ns = n1 * n2; n1 = 3; n2 = 3; these are safety factors for both ultimate loads (n1 = 

3) and material characteristics (n2 = 3); minimum yield strength for material 

(stainless steel) = 207MPa = sy 

(Bouchama, 2016), 

Where, di = main shaft diameter; M = maximum bending moment; T = design 

torque = Td. 

Putting values in equation (7), then, 

di =  (32 *9/π * 207 *106 * (0.242 + 7.922)1/2)1/3     =  0.0152m = 15.2mm, take 

16mm main shaft diameter. 

The Output Shaft Torque: The relationship between the output shaft torque and 

design torque is given as 

To = Td * R                                                                                             (8) 

Where, To = output shaft torque; R = gear ratio = 0.254, hence, 

To = 2.64 * 0.254 = 0.67Nm. 

But, 

Tto = To + Tbo, 

Where, Tto = total torque in the event of blackout at output shaft; Tbo = total 

brake torque at output shaft.  Therefore, 

Tbo  = 2 * 0.67 = 1.34Nm 

Hence, 

Tto = 0.67 + 1.34 = 2.01Nm. 

Assuming negligible bending load, the diameter of the solid output shaft 

connected to the alternator can be got from 

do = (P/N)1/3 * 112 (mm)                                                                        (9) 

(Yung, 2015) 

or 

do = (16T/πτxy)1/3                                                                                   (10) 

(Bouchama, 2016), 

Where, P = design power (kW); N = rotational speed = 1500 rpm; τxy = shear 

stress = 112MPa; T = To = output shaft torque. 

From equation (9), 

do = (0.1/1500)1/3 * 112 (mm) = 4.54mm; also from equation (10), 

do = (16 * 1.95/π * 112 * 106)1/3 = 4.5mm. 

 

RESULTS AND DISCUSSION 

Table 1: Power and Design Torque 



 

Page 386                                                                  IJASD Vol. 20 (2) 2020 ISSN – 2218-8777 

 
 

P (W) Td (Nm) 

100.40 2.51 

67.20 1.68 

44.80 1.12 

33.60 0.84 

26.80 0.67 

22.40 0.56 

19.20 0.48 

16.80 0.42 

14.80 0.37 

13.60 0.34 

12.00 0.30 

 

Table 2: Main Shaft Diameter and Total Torque 

di (mm) Tt (Nm) 

7.69 1 

9.63 2 

11.00 3 

12.11 4 

13.04 5 

13.86 6 

14.58 7 

15.25 8 

15.86 9 

16.43 10 

 

Table 3: Output Shaft Diameter and Output Rotational Speed 

do (mm) N (rpm) 

7.77 300 

6.16 600 

5.38 900 

4.89 1200 

4.54 1500 

4.27 1800 

4.06 2100 
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3.88 2400 

3.73 2700 

3.60 3000 

3.49 3300 

 

Table 4: Brake Force and Design Torque 

Tb (Nm) Td (Nm) 

1 0.5 

2 1 

4 2 

6 3 

8 4 

10 5 

12 6 

14 7 

16 8 

18 9 

 

Table 5: Power and Wind Speed 

Power, P (W) Wind Speed (m/s) 

0.10 0.50 

0.80 1.00 

6.38 2.00 

21.55 3.00 

51.07 4.00 

99.75 5.00 

172.37 6.00 

 

The main shaft diameter has been found to be 15.2 mm (16 mm taken) with the 

design torque being 2.51Nm, but applying the gear train efficiency raised this 

value to 2.64Nm, while at the alternator speed of 1500 rpm the corresponding 

output shaft diameter should be 4.54 mm (tables 1 and 3). Table 1 also shows 

the mechanical power and design torque correlation at a constant rotational 

speed of 381 rpm (40 rad/sec), and 100.4W aligns to the rated wind speed (table 

1 and figure 3). Pitch control would be applied at excessively higher wind speed 

to maintain the design torque, rotational speed and power. Further, a smaller 
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brake torque was observed at the output shaft which corresponds to a value 

(1.34Nm) between 0.5 and 1 Nm of design output torque, that is 0.67 (table 4).  

 

CONCLUSION 

For the small 0.1 kW HAWT having rotor mass of 5.85 kg and rotational speed 

of 381 rpm, the main shaft diameter and its design torque have been predicted 

to be 16mm and 2.64 Nm respectively. A smaller braking torque of 1.34 Nm 

was also observed at the output shaft (4.5mm diameter) to the alternator end. 
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