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Focus on Planet Gears and Bearings

• Brief introduction to Romax

• Overview of GRC gearbox model 

• Design analysis axamples:

o Drivetrain analysis load case

o Understanding planet misalignment – it effects reliability!

o Sensitivity study for carrier bearing settings

o Design change and analysis

o Microgeometry optimisation



NREL GRC 750kW Gearbox 

• Romax are an enthusiastic partner in the NREL GRC project

• 750 kW, 3-point mounted drivetrain and will be tested on the dyno and in the field

• Comprehensive instrumentation package

• Model includes single stage planetary gear set, intermediate and high speed helical gear 
sets including micro-geometry

• Advanced non-linear bearing models 

• Flexibility of housing and planet carrier included – important!



Analysis Load Case

• Static deflections, loads and misalignments were calculated for an in-service 

load case with a high off-axis moment: 

X

Z

Y

FZ (Rotor weight) = -1,500 kN

Off-axis moment MZ = -100 kNm

Input torque 

MX = 325 kNm

(100% torque)



Focus on these bearings

Upwind carrier 

bearing

© Romax Technology Ltd 2009

Downwind carrier bearing

Planet bearings



Carrier Bearing Stress Distribution

Upwind Bearing

Max. Contact stress: 1135MPa

Rollers in Contact: 9

Downwind Bearing

Max. Contact stress: 888MPa

Rollers in Contact: 9

0 degrees carrier rotation

Bearing radial clearance: 260µm (upwind and downwind)

• Upwind bearing taking more load

• Not so exciting – but there are big knock-on effects from these bearings and 

their settings



Sun/Planet Gear Mesh @ 0º Carrier Rotation
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2
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Max. contact stress: 1197MPa

Misalignment: 57.2 (FbetaX)

Face load distribution: 1.35 (Khbeta)

Max. contact stress: 1223MPa

Misalignment: 173 (FbetaX)

Face load distribution: 1.72 (Khbeta)

Max. contact stress: 1146MPa

Misalignment: 103 (FbetaX)

Face load distribution: 1.25 (Khbeta)

Upwind side



What Happens When the Carrier Rotates?

Sun/Planet Gear Misalignment vs Carrier Rotation

0

50

100

150

200

0 4
0

8
0

1
2
0

1
6
0

2
0
0

2
4
0

2
8
0

3
2
0

3
6
0

Angle of Rotation (Deg)

F
B
e
ta
X Planet 1

Planet 2

Planet 3

Planet Load Share Vs Carrier Rotation
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• Planet load share varies with time

• Planetary gear misalignment (FbetaX) varies with time

• Result – increased vibration and reduced life

• Reliability issues

Bearing radial clearance: 260µm (upwind and downwind)



What Happens When the Carrier Rotates?

Downwind Planet Bearings vs Carrier Rotation
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• Planet bearing stresses vary

• Extend of bearing edge loading varies

• Result – reduced bearing life

• Reliability issues

Downwind Bearing Contact Stresses

Bearing radial clearance: 260µm (upwind and downwind)



Understanding the Problem

• Sensitivity study for planet carrier bearing tolerances (0 to 400 micron)

• Planet gear misalignment and load sharing strongly effected by carrier bearing 

clearance

Sun/Planet Misalignment (FBetaX) Sun/Planet Load Distribution (KhBeta)

Planet 1 at 0 degrees carrier rotation



Improved carrier bearing clearance settings

Bearing radial clearance 

50µm (upwind), 200µm (downwind)

Downwind Planet Bearings vs Carrier Rotation
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Downwind Planet Bearings vs Carrier Rotation
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Bearing radial clearance 

260µm (upwind), 260µm (downwind)

• Variation in maximum stress reduced by a factor of 4

• Improved load distribution and load sharing

• Lower vibration, better life, improved reliability

• BUT: Can we really rely on such tight bearing settings on the CRB’s



So What do We Do? – Redesign to Reduce Sensitivity

• Types of design decisions that might want to be investigated:

o 2 point mounting with traditional mount?

o 2 point mounting with torque only mount?

o Change the bearing package?

o More planets?

o Use flexible pin design?

• We use the advanced design tools to make the assessments.

Following Case Study: Change the bearing package



Brief! Study on changing to Carrier TRB’s

• Sensitivity study for carrier bearing preload (-200 to 200 micron)

• For operating settings at preload axial100µm

o Lower variation of planet gear misalignment and load distribution with 

carrier rotation

Sun/Planet Misalignment (FBetaX) Sun/Planet Load Distribution (KhBeta)

Planet 1 at 0 degrees carrier rotation



Load Distribution at the Carrier TRB’s

Upwind Bearing

Max. Contact Stress: 742MPa

Rollers in Contact: 60

Load Zone factor: 0.996

Downwind Bearing

Max. Contact Stress: 728MPa

Rollers in Contact: 58

Load Zone factor: 0.99

0 degrees carrier rotation

Bearing axial preload: 100µm

• Carrier bearings have acceptable loading conditions

• Stress is reduced and max. stress at upwind/downwind bearings more equal



Optimisation of Gear Microgeometry

• With consistent planet gear misalignment with carrier rotation:

o Microgeometry corrections on the planet gears can be made

o Gear misalignment corrected 

o Face load distribution improved

o Less vibration

o Better gear and bearing life

o Improved reliability



Planet/Sun Gear Contact @ 0º Carrier Rotation

Khbeta = 1.72

Original Case

CRB

TRB + 

100µm Preload
After microgeometry

optimisation

Khbeta = 1.25

Khbeta = 1.35

Khbeta = 1.39

Khbeta = 1.28

Khbeta = 1.23

Khbeta = 1.11

Khbeta = 1.10

Khbeta = 1.13

Planet 1

Planet 2

Planet 3



Reliability Problems?

Thanks to Sandy Butterfield and NREL for the GRC program

And to Sandia Labs for this excellent event

We can help!
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