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Abstract — Wind energy is considered as the most competitive energy source in terms of power generation cost
and efficiency. The power train of the pitch drive for a wind turbine uses a 3-stage complex planetary gear system
in being developed locally. A gear train of the pitch drive consists of an electric or hydraulic motor and a plan-
etary decelerator, which optimizes the pitch angle of the blade for wind generators in response to the change in
wind speed. However, it is prone to many problems, such as excessive repair costs in case of failure. Complex
planetary gears are very important parts of a pitch drive system because of strength problem. When gears are
designed for the power train of a pitch drive, it is necessary to analyze the fatigue strength of gears. While cal-
culating the specifications of the complex planetary gears along with the bending and compressive stresses of
the gears, it is necessary to analyze the fatigue strength of gears to obtain an optimal design of the complex plan-
etary gears in terms of cost and reliability. In this study, the specifications of planetary gears are calculated using
a self-developed gear design program. The actual gear bending and compressive stresses of the planetary gear
system were analyzed using the Lewes and Hertz equation. Additionally, the calculated specifications of the com-
plex planetary gears were verified by evaluating the results from the Stress - No. of cycles curves of gears.
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Nc,,, :No.l, 2, 3 stage, rpm of carrier

Ng,,, @ No.l, 2, 3 stage, rpm of ring gear

Ts,, :No.l, 2, 3 stage, torque of sun gear

Tp,, :No.l, 2, 3 stage, torque of pinion gear
Tk,,, : No.l, 2, 3 stage, torque of ring gear
Zsm : No.1, 2, 3 stage, No. of sun gear teeth
Zp,,, :No.l, 2, 3 stage, No. of pinion gear teeth

Zz,,, : No.l, 2, 3 stage, No. of ring gear teeth

N : Rotating speed, rpm
P : Actual gear compressive stress, N/mm’
S : Actual gear bending stress, N/mm’
Sw @ Allowable gear bending stress, N/mm”
S, : Allowable gear compressive stress, N/mm’
T : Torque on gear(N'm)
N, : Contact length of action(mm)
F . Face width of gear(mm)
X : Lewes bending factor(mm)
Z  : Number of teeth in gear
Nr Number of cycles
C), C, : SN-curve Coefficient
a  : Normal pressure angle
@ : Transverse pressure angle
F. : Active face width in contact(mm)
T. : Torque of sun gear(N-m)
T, : Torque of pinion gear(N-m)
Zs : Number of teeth in sun gear
Zp  : Number of Teeth in pinion gear

Zz  : Number of teeth in ring gear
CD : Operating center distance

OR : Outside radius of gear

BR : Base radius of gear
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Fig. 1. Photograph of pitch drive for wind turbine.

Vol. 37, No. 2, April 2021



50 A - g - 2

1st stage
2nd stage

3rd stage

(a) Pitch drive assembly
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(b) Schematic diagram of 3 stage planetary gear

> Output

Fig. 2. Photograph of pitch drive assembly and
schematic diagram of planetary gear train.

Table 1. Specifications of the pitch drive

Total Gear . . Max. Output Torque/
Ratio Required Life Speed
314.2 175,320 hrs 56.9 KNm/0.9 rpm

Requirements
(Gear ratio, Torque, Speed )
v <

’ Calculating basic gear geometry ‘4—

v
Gear contact analysis

| Calculating addendum modification coefficients

v

Undercut, Contact ratio;

Gear tip thickness

Calculating equivalent input torque

& speed based on working modes

v

‘ Calculating required torque & speed for each gears

Gear strength analysis E—

( Optimaized gear geometry )

Fig. 3. Equation system solving with gear specifi-
cations calculation and strength analysis.
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ARISZ Fig. 2(apll 314 bl 9x] =efolBe] Z7iA|
ARIF} Fig, 2(b)ell %] Egfo]Bg B9t fA)7]o] E
g0l 22 eItk 283 Table 12 97| =
glo|Ho] Aoz oF 1 T& IMARI
A AASE 8 24 ot

710179 Al 9 Zhwsiagoz st 22

New Design of Gear Set x

Gear Set Name
— {Result]

| <Pinion> <Gear>

P.C0in. o
[f | LS Pinion 08D [f777756; | OutDia. 4400000 | OutDia. [s600275%

|

[5 | AUE Gear 08D [i5zao6er | ChaDis. ha Dia. 002798
25 HLHE Gear 0.B.D [3.524069¢ Cha Dia. Cha Dia. 195.002799 |

| HelixAagle  [§ SHEPnion0BO[g  RootDia. Zoooooss | RootDie.  [a5.602758
61
5

[Base Data Input | 10.8.0 Input] P.CDia.
Normal Module

| Pressure angle

| Center Distance BZ8Gear 08BD[g  BaseDia. 7.18923: Base Dia. [63:380316

HHH TN

Sop Din. T4 | Sop Dis. [e5367758
Pinion Tooth 21 [DlElDabon TIF Dis. TIF Dia. oo ||
| GearTooth 22

[ BacklashMinl [0z 0.8. Dia. 0.8. Dia. [s7.070982
WA o o3 oBD.Ton [osss6: | 0BO.Ton  [o3ssEve | |
@ o Back Lash Max 1 0.3 ol 0.336606: ol -0.399806! |
DXA+@ 5 BecklashRengel [i  0BD.To  [gsoass | 08D.To  [osserio |
| Piion Z$3% [oi000001 BacklashMinz  foz  DeF1 LY |||
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:

| bR a7 BacklashRange2 [o1
| oer 47 CuterRodivs  [g4g33000
=
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(a) Calculating gear specifications

(Gear1)
tooth tip :0.4460
Out Dia  : 34.4000
Pitch Dia : 30.0000
Base Dia @ 27.1892
Root Dia : 25.0000
Co.ratio: 1.1741
| x-factor :  1.0635
ri L%
1Gear2l

tooth tip :0.5700

ut Dia : 96.0028

Pitch Dia : 92.0000

Base Dia : 83.3803

Root Dia : 86.6028

Co.ratio: 1.1741
| X-factor : 1.5664

N\

(b) Generating gear teeth

Fig. 4. Developed gear design program.
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Table 2. Specifications of the planetary gears
A B C D E F G H I
Items (NO1  (NO.  (NOI  (NO2  (NO2 (NO2  (NO3  (NO3  (NO3
S/G) PIG)  RG)  SG) P/G) RG) S/G) PIG)  RG)
Module 2 — — 2.5 — «— 4.5 — —
Press Angle 25° — — 27° - — 27° «— -
Helix Angle 0’ — - 0’ — — 0° - -
No. of Gear Teeth 15 46 108 17 47 112 19 28 77
Tooth modification = 0007 03869  0.148 0178 0 02635 03765 0
factor
Outside Dia. 344 96 210.4 48.2 1234 275 96.8 138.3 337.5
Face Width 19 19 14 40 40 35 40 40 40

Table 3. Torque and number of rotation(N-m/rpm)

Items No.l stage No.2 stage No.3 stage
Ns 288.69 35.20 4.64
Np 82.65 11.05 2.52
Ns 0 0 0
T 1.89 15.50 88.17
Tr 5.80 42.83 129.94
Tx 13.61 102.07 357.33

1000

Sab : Allowable bending stress
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Fig. 5. Number of cycles and bending stress of the
planetary gears.
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10000

Sac : Allowable compressive stress
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o

Mol

Compressive stress (N/mm?)
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Number of cycles ,

Fig. 6. Number of cycles and compressive stress of the
planetary gears.
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