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ABSTRACT 
 Nontorque loads induced by the wind turbine rotor 
overhang weight and aerodynamic forces can greatly affect 
drivetrain loads and responses. If not addressed properly, these 
loads can result in a decrease in gearbox component life. This 
work uses analytical modeling, computational modeling, and 
experimental data to evaluate a unique drivetrain design that 
minimizes the effects of nontorque loads on gearbox reliability: 
the Pure Torque® drivetrain developed by Alstom. The 
drivetrain has a hub-support configuration that transmits 
nontorque loads directly into the tower rather than through the 
gearbox as in other design approaches. An analytical model of 
Alstom’s Pure Torque drivetrain provides insight into the 
relationships among turbine component weights, aerodynamic 
forces, and the resulting drivetrain loads. Main shaft bending 
loads are orders of magnitude lower than the rated torque and 
are hardly affected by wind conditions and turbine operations. 

1 INTRODUCTION 
 Premature gearbox failures in wind turbines have a 
significant impact on the cost of wind farm operations [1]. 
Geared drivetrains, the most prevalent design for land-based 
wind turbines, consist of a main shaft, main bearing(s), 
gearbox, generator coupling, and generator. Different rotor 
supports and bearing configurations are used by manufacturers 
and can be grouped into four categories: 1) three-point 
suspension, 2) two-main-bearing suspension, 3) integrated 
suspension, and 4) torque only suspension, such as Alstom’s 
Pure Torque drivetrain. In the three-point suspension, the rear 
main bearing of the two main shaft bearings is integrated into 
the gearbox at the planetary stage as the planetary carrier 
bearing. The two-main-bearing suspension uses two separate 

main bearings that ideally transmit all the nontorque loads from 
the rotor into the tower through the bedplate. The integrated 
drivetrain has the main bearings integrated into the gearbox. 
The nontorque loads are transmitted through the gearbox 
housing. The torque only drivetrain is distinct from the others 
as it uses a set of flexible couplings to connect the rotor with 
the main shaft thus isolating most nontorque loads from the 
drivetrain, including the rotor overhang weight. Of these 
drivetrain configurations, the three-point suspension drivetrain, 
historically the most widely used configuration, is the most 
sensitive to nontorque loads.  
 Horizontal-axis wind turbine drivetrains carry various 
combinations of torque and nontorque loads. Nontorque loads 
are primarily caused by the rotor overhang weight and 
aerodynamic loads. Tests conducted by the National Renewable 
Energy Laboratory (NREL) Gearbox Reliability Collaborative 
(GRC) on a three-point suspension drivetrain showed that it 
transmits significant main shaft bending loads into the gearbox 
[2][3]. The main shaft pitching moments measured in the 
dynamometer and field tests are 29% to 64% of rated input 
torque [3].  
 Nontorque loads are one of the major sources of 
gearbox reliability issues that contribute to premature gearbox 
failures or internal component damage [4][2][5][6]. Nontorque 
loads affected the planetary load sharing, gear load distribution, 
and bearing load at the planetary gear stage of the GRC 
gearbox [7]. Planetary gears use a number of nearly or equally-
spaced planet gears that share the loads. However, planet gear 
loads are rarely equally-shared among the planets [8][9]. The 
planetary load sharing factor is the ratio between the maximum 
torque that a single planet gear carries and the average torque 
among all planet gears. The degree of unequal load sharing has 
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implications of tolerance schemes and gearbox loads. All of 
these parameters affect the design and fatigue life of the planet 
gears and bearings. 
 Different combinations of torque and nontorque loads 
can cause gear edge load, tooth pitting, bearing fatigue, and 
skidding. Gear tooth edge loading was observed during the 
GRC experiments. The edge loading was caused by unequal 
planet bearing loads between upwind and downwind rows and 
by misalignment [10] caused by nontorque loads. Micropitting 
induced by the edge contact was evident on the upwind side of 
the ring gear teeth. Planet bearings may become pitted during 
the high torque events such as those experienced during some 
braking events. Nontorque loads and manufacturing tolerances 
cause cyclic planet bearing forces around the rotor rotation 
frequency and its higher harmonics. The combination of the 
cyclic bearing loading and the initial pits that occur during high 
torque events can cause bearing pitting over time. At low 
torque, the planet bearings are susceptible to skidding, which 
compromises the desired pure rolling condition of the bearing 
and reduces bearing life. The sensitivity to nontorque loads is 
an inherent reliability issue of three-point suspension 
drivetrains. 
 The major objective of this study was to evaluate the 
Alstom drivetrain solutions for minimizing the impacts of 
nontorque loads using modeling and experimental approaches. 
The approaches included the field testing, a high-fidelity 
computational model established in SAMCEF [11], and a 
reduced-order analytical model. Field testing of the Alstom 
ECO100 turbine was conducted at the National Wind 
Technology Center (NWTC) at NREL, and extensive data on 
turbine and drivetrain loads were collected. Experimental data 
were correlated with the modeling results and they helped 
justify the modeling assumptions and boundaries. The 
computational model included all wind turbine components, 
which accounted for the interaction between the drivetrain and 
the rest of the turbine. The analytical formulation provided 
insight on the load-path of the nontorque loads between the 
rotor and the drivetrain.  

2 A DRIVETRAIN DESIGN SOLUTION TO 
ELIMINATE NONTORQUE LOADS 

2.1 Drivetrain Configuration  
 This study analyzed Alstom’s ECO100 wind turbine 
with a power rating of 3 MW. Alstom is addressing the 
aforementioned drivetrain reliability issues by utilizing a 
unique hub support configuration. The Pure Torque design 
prevents most rotor nontorque loads from entering the 
drivetrain. The hub support configuration is illustrated in Figure 
1(a). An extended bedplate beneath the hub, called the front 
frame, is used to transfer rotor nontorque loads to the tower. A 
spread pair of tapered roller bearings is mounted on the front 
frame to support the rotor. The rotor center of gravity is in the 
middle of the two main bearings. This configuration minimizes 
the moment between main bearings caused by the rotor weight. 

 The main bearings react to the aerodynamic loads. A 
set of flexible couplings are mounted circumferentially on the 
front face elastically connecting the main shaft to the hub, as 
shown in Figure 1(b). The couplings layout is designed to 
provide flexibility in axial, radial, and tilting directions, 
effectively interrupting the nontorque load path from the hub to 
the shaft while providing a relatively high rotational stiffness 
for transmitting the torque to the shaft. The flexible couplings 
account for dynamic misalignments during operation and static 
misalignments caused by assembly tolerances. The gearbox sits 
on elastomer trunnions that provide rigidity in the vertical and 
rotational directions and add flexibility in the horizontal and 
tilting directions.  
 The geared drivetrain includes a low-speed shaft, 
shrink disk, three-stage gearbox, mechanical brake, generator 
coupling, and generator. The gearbox has two planetary stages 
and a helical gear pair. The first two gearbox stages have four 
and three planet gears, respectively. General turbine 
configuration is discussed in [12]. 

 
(a) 

 
 (b) 

Figure 1. (a) Alstom’s Pure Torque drivetrain (b) hub support 

2.2 Study Approaches 
 This study used multiple approaches to evaluate 
Alstom’s Pure Torque drivetrain, including field testing of 
Alstom’s ECO100 wind turbine at the NWTC, a computational 
turbine model, and an analytical model. The experimental 
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results were used to verify the established models. The 
computational model of the turbine was established in 
SAMCEF, which includes the blades, hub, bedplate, tower, 
foundation, and drivetrain. The analytical model is static and is 
useful for providing insight on the nontorque load path.  

 

Figure 2. ECO100 3 MW Wind turbine at the NWTC 

2.2.1 Field Testing 
 Alstom’s test turbine is located at NREL’s NWTC, at 
an altitude of approximately 1,840 m above sea level with an 
air density close to 1 kg/m3. Figure 2 shows the test turbine 
with a meteorological tower in the background that measures 
wind speed, wind shear, wind direction, air temperature, and air 
pressure. The test site has a relatively high turbulence intensity 
level as shown in Figure 3. All three of the turbine’s blades 
were instrumented to measure the blade root bending moments 
in the flap and lead-lag directions. Two bending bridges were 
installed near the middle of the front frame to measure the 
bending moments. Strain gauges were also mounted at the 
tower base to measure the side-side bending, fore-aft bending, 
and torque. The main shaft was instrumented for torque and 
bending in two perpendicular directions. The measurement 
plane was located at 25% of the main shaft length upwind from 
the gearbox. Proximity sensors were mounted at the gearbox 
torque arms to measure the horizontal displacement and 
torsional misalignment. Measurements were collected under the 
following load cases: normal production, emergency stop, 
parked or idling, normal start up, and shut down. 

 
(a) 

 
(b) 

Figure 3. (a) turbulence intensity and (b) wind direction average at 
Site 4.1 at the NWTC 

2.2.2 Computational Model 
 The ECO100 wind turbine was modeled in SAMCEF 
Wind Turbine version 3.2 as shown in Figure 4(a). SAMCEF 
incorporates an implicit nonlinear dynamic finite element 
approach with multibody system functionalities. SAMCEF 
iteratively solves the nonlinear equations of the system’s 
motion. Further details on the integration procedure, error 
estimators, and solution strategies can be found in [11]. Unlike 
FAST [14] and GH BLADED [13], SAMCEF includes a 
detailed gearbox model and structural flexibilities of the 
drivetrain. These advantages make it suitable to study the 
effects of nontorque loads on drivetrain dynamic responses. 
 The wind turbine model includes blades, hub, frames, 
main shaft, gearbox, tower, and foundation with more than 
3,000 degrees of freedom. The flexibilities of key structural 
components were accounted for by using a combination of 
nonlinear beams and super elements. The blades, tower, and 
main shaft were modeled using nonlinear Timoshenko beams 
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that account for extension, bending, shear, and torsion. The 
front, main and rear frames (shown in Figure 5(a)), gearbox 
housing, and planetary carriers were modeled initially by finite 
element models. The Craig-Bampton condensation technique 
[15] was then applied to reduce the degrees of freedom of these 
finite element models and improve the computational 
efficiency. Only nodes (super elements) at crucial locations 
were retained. These locations included the interfaces between 
the frame and the hub coupling, main bearings, gearbox 
trunnions, generator mounts, and the yaw drive.  

 
(a)  

 
(b) 

Figure 4. The computational models established in SAMCEF: (a) 
the turbine, (b) drivetrain 

 The drivetrain module, shown in Figure 4(b), included 
the flexible front and main frames, main shaft, main bearings, 
gearbox, gearbox trunnions, generator coupling, and generator. 
Each gear was modeled as an element with six degrees of 
freedom. The gear model considered helix angle, pressure 
angle, module, backlash, number of teeth, and gear tooth loads 
as shown in Figure 5(b). Gear microgeometry and mesh 
stiffness variation were not considered. Bearings are modeled 
by nonlinear stiffness functions with clearances in radial and 
axial directions. Only diagonal terms in the stiffness matrices of 
the bearings were considered.   

 
(a) 

 
(b) 

Figure 5. (a) front frame and (b) gearbox models in SAMCEF 
 Aerodynamic loads were calculated based on the blade 
element momentum theory (BEM) with wind turbine specific 
corrections for tip and hub losses, wake effects, tower shadow 
effect, dynamic inflow, and dynamic stall [16][17][18]. 
TurbSim [19] generated the turbulent wind fields used in this 
study with wind shear and profiles defined by the IEC standard 
[20] but adjusted to the test site conditions for density and 
turbulence intensity. Turbulent wind loads were simulated to 
statistically compare turbine response/loads against 
experiments at various cut-in and cut-out wind speeds. Steady 
wind was used to simulate transient events (i.e. emergency 
stop). Gravity forces of individual components of the turbine 
were also included.  

2.2.3 Analytical Model  
The analytical model described the transfer path of nontorque 
loads and calculated the drivetrain loads in Alstom’s Pure 
Torque drivetrain. The results were used with the experimental 
and computational modeling approaches to evaluate the Pure 
Torque design drivetrain. The main shaft force diagram is 
shown in Figure 6. The nomenclature is shown in Table 1. 
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Table 1. Nomenclature for the analytical model 

1L  Distance between the hub coupling and 
upwind main bearing 

2L  Distance between the hub coupling and 
downwind main bearing 

 Distance between the hub coupling and 
center of gravity of the main shaft 

 Distance between the hub coupling and 
center of gravity of the carrier 

 Distance between the hub coupling and 
upwind carrier bearing 

 Distance between the planet bearing and 
downwind carrier bearing 

FFL  Distance between the upwind main bearing 
and center of gravity of the front frame 

hbL  Distance between the hub coupling and hub 
center 

 Main shaft length 

 Distance between the hub coupling and 
planet bearing locations 

SL  Distance between the upwind main bearing 
and front frame sensor 

,r r
cu cdk k  

Radial stiffnesses of the upwind and 
downwind carrier bearings 

,t t
cu cdk k  Tilting stiffnesses of the upwind and 

downwind carrier bearings 

1 2,r r
B Bk k

 
Radial stiffnesses of the upwind and 
downwind main bearings 

1 2,t t
B Bk k

 
Tilting stiffnesses of the upwind and 
downwind main bearings 

 Weight of the carrier 

FFW  Weight of the front frame 

 Weight of the hub coupling 

 Weight of the main shaft 

hbW  Weight of the hub and blade system 

1 1, , ,j j
B BF M j y z=  Forces and moments at the upwind main 

bearing 

2 2, , ,j j
B BF M j y z=  Forces and moments at the downwind main 

bearing 

 Forces and moments at the upwind carrier 
bearing 

 Forces and moments at the downwind carrier 
bearing 

, ,j
hbM j y z=  

Bending moments caused by aerodynamic 
forces and rotor weight at the hub center 

 Forces and moments at the hub coupling 

 Forces and moments at the geometric center 
of the planet bearings 

, , ,j j
S SF M j y z=  Forces and moments at the front frame sensor 

 Bending moments along the main shaft 

 
Figure 6. Force diagram of the main shaft 

 The following equations are derived based on the force 
and moment balance of the system.  
The force balance along the horizontal axis 0yF =∑  leads to  

0y y y y
hc cu PL cdF F F F+ + + =                             (1) 

The force balance along the vertical axis 0zF =∑  leads to  

0z z z z
hc ms c cu Phc L cdF W W FW F F+ + +−− − =                           (2) 

The balance of pitching moments 0yM =∑  around planet 
bearing locations leads to  

( ) ( )

( ) 0

y z
hc hc PL PL ms PL as c PL c

z y y z y
cu PL cu cu

hc

PL cd cd cd

M F L W L W L L W L L

F L L M M F L M

+ − − − −

+ − + + − + =

−
         (3) 

The balance of yaw moments 0zM =∑ around planet bearing 
locations results in 

( ) 0z y y z z y z
hc hc PL cu PL cu cu PL cd cd cdM F L F L L M M F L M− − − + + + + =

                                 (4) 
The following assumptions are made based on system stiffness 
properties: 

i. Hub coupling moments are negligible because tilting 
stiffnesses of the hub coupling are significantly lower 
than main bearings, thus 

, 0hc
y z

hcM M =                                                            (5) 

asL

cL

cuL

cdL

msL

PLL

cW

hcW

msW

, , ,j j
cu cuF M j y z=

, , ,j j
cd cdF M j y z=

, , ,j j
hc hcF M j y z=

, , ,j j
PL PLF M j y z=

, ,j
shM j y z=



6 

ii. Rotor loads in the y direction are transferred to the 
frame through the main bearings instead of the 
drivetrain through the hub coupling because the hub 
coupling stiffness is orders of magnitude smaller than 
main bearings. 

0hc
yF =                         (6) 

iii. Drivetrain weight (main shaft and carrier) is supported 
by radial stiffnesses of the carrier bearings instead of 
bending stiffness because 2 ,r t t

cu cu cu cdk L k k>>  and 
2 ,r t t

cd cd cu cdk L k k>>  

0y z y z
cu cu cd cdM M M M= = = =                   (7) 

iv. Carrier bearings have high stiffnesses and smaller 
clearances than gear backlash, thus loads (mainly main 
shaft and carrier weight) are supported by carrier 
bearings and nearly only torque is transmitted to gear 
meshes. Furthermore, planet bearings are mounted in 
symmetry without positioning errors and unequal 
clearances. As a result, planet gears have equal load 
sharing, resulting in  

0y z
PL PLF F= =                         (8) 

0y z
PL PLM M= =               (9) 

A kinematic constraint is also applied to solve the undetermined 
system, as follows: 

v. The upwind carrier bearing is heavily loaded 
compared to the downwind bearing. Given the 
comparable load capacities of upwind and downwind 
carrier bearings, the distance between the hub or main 
shaft and the upwind carrier bearing is smaller than 
that with the downwind bearing, i.e.  

, ,j j
cu cdF F j y z>> =           (10) 

This assumption could vary with different carrier 
bearing configurations used in different turbines. A 
sensitivity study on the effects of upwind and 
downwind carrier bearing stiffnesses on drivetrain 
loads is recommended to improve the calculation 
accuracy of the main shaft load. 

The solutions of Eq. (1) - Eq. (4) are  

( ) ( )z ms cu as c cu c
hc hc

c

c
cu

u

z as
ms

cu cu
c

W L L W L LF W
L

L LF W W
L L

− + − = +

+=






                             (11) 

The main shaft bending moments along the main shaft are  

2( ) ( ) 1( )
2

( ) 0

y ms cu as c cu c ms
sh

cu ms

z
sh

ms

W L L W L L WM x x x
L L

M x
x L

  − + −
= −  
 

 =
<

       (12) 

 As shown in equations (11) and (12), hub coupling and 
main shaft loads are only a function of the drivetrain weight. 
Although these equations are not general and cannot be used 
directly for another drivetrain design, this methodology can be 
applied to any drivetrain configuration to quantify the influence 
of nontorque loads on drivetrain loads. Using a similar 
approach, the forces and moments of the front frame and main 
bearings can also be formulated.  
 The force diagram of the hub and blades is shown in 
Figure 7(a) and Figure 7(b). Assumptions made for the hub and 
blades include  

1. The hub moments are reacted by radial stiffnesses of 
main bearings because of

( ) ( )2 2
1 2 1 1 2 2, ,t t r r

B B B hb B hbk k k L L k L L<< − − ,  such 

that 1 2, , ,j j j
B B hbM M M j y z<< =                             (13) 

2. Aerodynamic radial and axial forces acting on the hub 
center and axial forces are not considered. 

 
(a) 

 
(b) 

Figure 7. Force diagram of (a) the hub system and (b) front frame 
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The final form of the analytical solution is  

( ) [ ]

( )

1
2 1

2
2 1

2 2
1

2 1 2 1

1 1
2

2 1 2 1

( ) ( )

0

( )
( ) ( )

( )
( )

z ms cu as c cu c
hc

cu

z as
ms

cu cu
y

cu

z
y hb

B

z
y hb

B

y
z hb hb hb

B ms cu as c cu c
cu

y
z hb hb

B m

c
cu c

s c
h

u as c
c

b

u

W L L W L L
F

L
L L

F W W
L L

F

M
F

L L

M
F

L L

W L L M L
F W L L W L L

L L L L L

W L L M L
F W L L W

L L L L L

− + −
=

+

=

=
−

= −
−

− −
= + − + −

− −

− +
= − − +

−

=

−
[ ]

( ) [ ]2

2 1 2 1

2
2 1

2 1

( )

( ) ( )

( ) ( )

cu c

y yS S
S hb ms cu as c cu c

cu

S
hb hb S FF FF

z zS
S hb

L L

L L L
M M W L L W L L

L L L L L
L

L L W L L w
L L

L
M M

L L




















−



= − − + −
− −


 + − +

+

−
−


 = −

−
 (14) 

 As shown in Eq. (14), the bedplate bending moments, 
Ms and main bearing loads, FB1 and FB2, highly depend on the 
rotor loads. The weights of the rotor, front frame, and main 
shaft affect the bedplate bending moment about the y axis and 
main bearing loads in the z direction. Hub coupling loads 
(𝐹ℎ𝑐) are independent from aerodynamic loads and rotor 
weight being mainly driven by main shaft weight.  

2.3 Main Shaft Bending Moment Sensitivity to 
Carrier’s Center of Gravity and Loads  

 Sensitivity studies were performed to investigate the 
effects of the carrier’s center of gravity (COG) and load sharing 
between upwind and downwind carrier bearings on main shaft 
bending moments as shown in Figure 8 and Figure 9. The 
results were calculated using the analytical model. As shown in 
Figure 8, the main shaft bending moment, My, increased or 
decreased when the carrier’s COG was located upwind or 
downwind of the carrier geometric center. Therefore, the main 
shaft bending moment could be further reduced by artificially 
placing the carrier COG downwind. Furthermore, the load 
share between the upwind and downwind carrier bearings 
significantly affected the main shaft bending moment as shown 
in Figure 9. When the downwind carrier bearing carried all the 
loads, the maximum shaft bending moment increased more than 
300% at the measurement point (shaft length of 0.75) compared 
to the case when the upwind bearing carries the loads. This 
suggests that using a higher stiffness for the upwind carrier 

bearing than the downwind bearing can reduce the main shaft 
bending moment significantly.  

 
Figure 8. Main shaft bending moment, My, along the shaft when 
the carrier COG is located at the upwind and downwind of the 

geometric center 

 
Figure 9. Main shaft bending moment, My, along the shaft when 

the carrier bearing loads are shared between two carrier bearings 
or carried by a single bearing 

2.4 Model Validation by Experiment 
 Results calculated by the developed models were 
compared against experimental data collected during power 
production and transients. The comparison results included 
natural frequencies, blade loads, main shaft loads, and tower 
base loads.  
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2.4.1 Natural Frequency 
 Wind turbine natural frequencies within the range 
from 0Hz to 2Hz were compared between the computational 
model and the experiment as shown in Table 2. Good 
agreement is evident, particularly with the first tower bending 
mode.  

Table 2. Natural frequencies and modes of the ECO100 turbine 

Mode Shape Frequency Difference % 
1st  tower bending 0.0 
2nd tower bending -2.3 

1st  blade flap (collective) -2.8 
1st blade lead-lag (collective) -5.3 

1st rotational drivetrain +1.2 

2.4.2 Turbine Loads during Power Production 
 Figure 10(a) and Figure 10(b) compare the modeling 
and experimental results of blade 1 flap and blade 1 lead-lag 
loads within the cut-in to cut-out wind speed range. The 
maximum, minimum, and mean loads are based on 10-minute 
measurements or simulations using the computational model. 
The experimental results are based on 1,345 sets of 10-minute 
datasets of power production. The computational model 
calculated 10-minute real time turbine loads for every 2 m/s 
wind speed bin between the cut-in and cut-out speeds. At each 
wind speed, three different wind fields are simulated using 
TurbSim with the measured turbulence intensity. These 
calculated loads match experimental results. Blade loads 
increased with wind speed until the rated speed at which blades 
start to pitch was achieved. Beyond the rated speed, these loads 
decreased gradually.  

 
(a) 

 
(b) 

Figure 10. Scatterplot for blade 1 flap and lead-lag bending loads 

2.4.3 Result Correlation between the Analytical and 
Computational Models 

Two extreme pitch fault cases are simulated using the 
computational model. They are: 1) blade 1 pitch stuck at 10 
degree, and 2) blade 1 pitches at 1.5 degree and the other two 
blades pitch to feather. The analytical model uses the calculated 
rotor loads at the hub center as the input and the resulting front 
frame loads are compared against the computational model. A 
wind speed ramp from 3m/s to 25m/s over 225 seconds is used 
in the simulations of the pitch stuck case. Constant wind speed 
of 10m/s is used in the simulation of the pitch failure case. 
Figure 11(a) and Figure 11(b) show the time history of the front 
frame moments during these two pitch fault events calculated 
using the analytical and computational models. Results are 
normalized by comparing against the maximum pitching 
moment during the pitch stuck case. The agreement is 
excellent. As shown in Figure 11(a), during the first 25 seconds, 
wind speed is constant (3m/s) and the rotor imbalance is 
induced by the pitch stuck. Between 25 second and 100 second, 
the front frame loads increase with wind speed. After 100 
second, the blade 2 and blade 3 start to pitch and the front 
frame loads decrease. The load reaches the minimal when the 
pitch angles of all blades equal 10 degree (rotor balance). 
Afterwards, the aerodynamic loads caused by high wind disturb 
the rotor balance, leading to the load increase at the front frame. 
As shown in Figure 11(b), at 25 second, blade 2 and blade 3 
pitch quickly to the feathering position (around 90 degree) to 
stop the rotor. This results in a very large asymmetric rotor load 
due to the resulting pitch imbalance among the blades. 
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(a) 

  
(b) 

Figure 11. Dimensionless front frame bending moments during (a) 
pitch stuck and (b) pitch failure events 

2.5 Evaluation of the Pure Torque Drivetrain  
 This section evaluates the Pure Torque drivetrain by 
studying main shaft bending loads during various field events, 
such as power production, normal stops with torque control, 
and emergency stop without torque control. 

2.5.1 Main Shaft Loads during Power Production 
 Figure 12 compares the modeling and experimental 
results of main shaft pitching and yaw moments within the cut-
in to cut-out wind speed range. The experimental results are 
binned for every 2 m/s wind speed from the cut-in to cut-out 
wind speeds and are based on 1,345 sets of 10-minute data. The 
statistic values of the experimental results are the maximum of 
the maximums, the mean of the means, and the minimum of the 
minimums of each wind speed bin.  
 Good agreement is evident among the computational 
model, analytical model, and experiment results. Small 
differences exist between the computational model and the 
other two approaches. Sensitivity study results indicate that the 
center of gravity locations of the planetary carrier may be 
different in the test turbine and analytical model compared to 

the computational model. The different centers of gravity of the 
planetary carrier could be a potential source that results in 
higher pitching moment calculated by the computational model 
compared to experiments and analytical modeling results.  
 Within the entire wind speed range, the maximum 
shaft bending moment is less than 3% of the rated shaft torque, 
which is an order of magnitude less than the bending moment 
in the GRC three-point suspension drivetrain. The shaft loads 
do not change significantly with wind speed, which suggests a 
negligible influence of aerodynamics loads on the drivetrain. 
Additionally, the main shaft pitching moment of the Pure 
Torque drivetrain is mainly caused by the shaft weight, as 
shown in Eq. (12).  

 
(a) 

 
(b) 

Figure 12. Main shaft (a) pitching and (b) yaw moments 

2.5.2 Main Shaft Loads during Extreme Transient 
Events 

 An emergency stop was manually performed during 
the test, and the turbine responses are compared between the 
modeling and experimental results in Figure 13. The results 
calculated by the computational model match the experimental 



10 

data well. The machine was operating at full power and rated 
speed and had an emergency stop at 157 s. At this instant, the 
shaft torque dropped immediately and became negative (80% 
of the rated torque). From 157 s to 180 s, the main shaft 
experienced torque reversals that lasted for 23 s. In the 
meantime, the high-speed RPM reached 120% of the rated 
speed at 157 s and reduced to zero within 23 s. Although the 
majority of the machine responses and loads changed rapidly 
during the emergency stop, the main shaft bending loads 
remained steady and the amplitudes were low as shown in 
Figure 13.  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 13. Turbine response: (a) rotor torque, (b) rotor speed, (c) 
main shaft pitching moment, and (d) main shaft yaw moment, 

during an emergency stop event  
 

3 CONCLUSIONS 
 In Alstom’s Pure Torque drivetrain, nearly all 
aerodynamic nontorque loads are diverted directly to the front 
frame instead of the drivetrain during various normal and 
extreme load cases. The front frame carries all the aerodynamic 
loads that have amplitudes comparable to the shaft torque. 
Gearbox misalignments and motions have low amplitudes 
during these events. Main shaft bending moments are mainly 
caused by the shaft’s own weight. Their amplitudes are two 
orders of magnitude lower than the shaft torque. 
 A high-fidelity computational model was established 
in SAMCEF, and it was validated by experimental results for 
natural frequencies, turbine loads, and drivetrain loads. The 
flexibilities of the front frame, main shaft, and gearbox housing 
were important for accurately calculating the loads and 
deflections of the drivetrain and front frame. Having a detailed 
drivetrain module in the wind turbine dynamic model was 
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crucial to capturing the drivetrain dynamics and its interaction 
with the turbine response. 
 The reduced-order analytical model provided insight 
on the effects of nontorque rotor loads on the loads of various 
turbine components for the torque-only drivetrains. The 
methodology to derive the analytical model can be applied to 
other drivetrain configurations to quantify the influence of 
nontorque loads. 
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