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(b) A typical direct-drive turbine drive train (Source: Enercon)

B] 2.2 Two different drive train systems of typical wind turbines
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B 2.3 Drive train failure rate data taken from Tavner [9]
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B] 3.3 Different degree of freedom representations of the Test Rig
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Bl 4.2 Test Rig run up and run down target speed test
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B] 5.6 Time domain responses of different control loops
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Bl 5.7 Equivalent stiffness-damping- inertia of a Test Rig

# 5.1 Mechanical Parameter of different test rig

Test rig with 5:1 gearbox Test rig with 11:1 gearbox

Ki-=1806 (Nm/rad) Ki2=22100(Nm/rad)

Ci2=8. 46(Kg. rad/m) Ci2=8. 90(Kg. rad/m)

Kes=66. 95(Nm/rad) K=125. 00(Nm/rad)

Czs=2. 74(Kg. rad/m) C=3. 77(Kg. rad/m)

20 1 7@ o bR 2L ELFA R Bit @ 477 oo B P B fhen iR

Fl 35



RhkpRt paR;ad @ mad Bt e gy F2 44 > He 23 hi0t 3

FER ehh & g Fldo™

(D& e g RES B * Tt > gl ol » MR T F /LRI RF - FlA
Bl S BEIEA -

(2)¥HAp b g » i 27 F ot 2
F 4o

5.3 % *

=

Dbt R R RE 0 Ak p k2 &y

5.3.1 % b %32 i B %

He b P 2 SRR~ MatlabAzt ¢ o 3 B BCA4c R 5. 8035 B R % de 4 5. 20

Kle K23
J1 NN/ U2 — N/ J3
cie

ce3
D1 %Dg D3
[
[

B 5.8 Equivalent stiffness-damping- inertia
of a Test Rig connected with support

# 5.2 Natural frequency of Test Rig with different gearboxes

fl, Hz fz, Hz fa, Hz
Test rig with 5:1 gearbox | 121.53(119.03) 2.09(2.09) 0€0)
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# 5.3 Natural frequencies from the different methods

Test Rig Method fi,Hz f,,Hz f3,Hz

Pendulum model 172.00 N/A N/A

With 5:1 Time Domain Test N/A N/A 0.40

Gearbox Frequency Domain Test 121.10 2.01 0.35
Matlab Simulation 119.03 2.09 0

Method 172.00 N/A N/A

With 11:1 Pendulum model N/A N/A 0.18

Gearbox Time Domain Test 131.10 3.50 0.16
Frequency Domain Test 199.40 2.78 0
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