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I. INTRODUCTION

A correct drive train design is the foundation for a later
reliable and robust horizontal tidal stream turbine. Bearings,
sea water seal, gearbox, generator, etc. are key products and
its prober selection and design is of extremely high
importance. Engineering & application knowledge from
similar ship propeller shaft and wind turbine applications is
very helpful to re-use learning and reduce technical risks.

Il. ABSTRACT

The presentation illustrates a case study what is helpful for
turbine designers to get more component understanding
during work out and comparison of different turbine concepts.
Derived from existing wind turbines and upcoming tidal
turbine, it indicates suitable rotor bearing concepts for a new
geared turbine in the IMW range.

Basic engineering working steps from first load analysis to
the selection of shaft, bearing, seal, coupling, gearbox,
generator and lubricant are pictured. Explanation of specific
rotor bearing selection criteria' s according different standards
and further application specific needs are part of the
presentation. Different turbine layouts are compared in
different technical and commercial aspects.

The aim of the presentation is to inform and share existing
drive train knowledge, re-use and further improve it. The
content of this presentation is derived from practical
experience from various advanced tidal stream turbine
projects in Europe, North America and Asia. SKF who is one
of the global leaders in the bearing industry is engaged with
most advanced tidal stream turbine manufacturers from the
early prototype phase. This involves drive train design,
engineering, manufacturing, aswell asvalidation and testing .

Case study: IMW horizontal tidal stream turbine
(geared)

Tidal stream turbines are located in the harshest Ocean
environment as swimming platform or sub-sea grounded
machines. The machine principle is based on a 2- or 3-bladed
hub design, horizontal low speed rotor shaft and following
gearbox/generator. During an early turbine design concept
phase, first input parameters are often specified to pre-select
the main components used at drive line shaft.

Example: 1MW horizontal tidal turbine (geared)

Input for bearing pre-selection:

* Weight Hub + 3 blades = xx tons

* My bending moment = w0000 kNm

= Distance hub centre to tower centre = xxm
» Gearbox weight = xx tons

# Use of casted hollow rotor shaft

Requested analysis:

» Bearing loads radial & axial, life time, static safety

* Ranking of different rotor bearing types & arrangements,

+ Bearing types (housings) with main dimensions & price indications.

Slide1: Example IMW turbine design

The software “Tida bladed” from DNV-GL seems to be
the upcoming tool to simulate tidal stream operational and
ultimate loads acting at the blade hub. This complex load
simulations are used for further load reductions to handle and
calculate bearing radial and axial loads. This load calculations
forms the base for a first selection about bearing types &
arrangements. Most relevant for the bearing selection
according SKF experience is the thrust loads Fx produced by
the ocean tida water stream. Radial bearing loads Fz in
vertical position. Often seen extreme high bending moments
My who can result in bearing misalignment and edge loading
inside the bearings.



Ultimate loads vs. turbine power

Simple comparison of different projects to cross-check & estimate bearing's

= Significant high thrust loads are acting based on water siream,
* Lower radial loads based on

= Bigger variations of all My bending moments; no clear relation
""" Datum

Slide 2: Fx, Fz and My hub loads

For a 1MW turbine a wider range of suitable bearing
arrangements and drive train designs is possible. During the
concept phase different designs A, B, C, D, E, etc. builds the
base for SKF to select the most promising technical solutions
based on individual customer wishes and experiences with
designs before. There are different criteria’'s to consider by a
stepwise increase of the engineering level during the project.
At a later project stage, more advanced engineering software
is used to work out bearing performance in detail and ensure a
reliable running.

Rotor bearing selection
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Slide 3: Bearing selection chart

Thetidal turbine and especially bearings are stressed in this
new application under water. It's a challenge for the industry
to develop reliable products and lubricants for an area where
access to nacelles is limited and only short term experiences is
partly available. There are today extreme high expectations
about bearing performance and fulfilment of calculated life
time. Many influencing factors, like lubricant and its
contaminations, can be considered in advanced bearing
calculation software tools.

There are aso high efforts needed to do flexible FE
calculations to optimise bearing surroundings like housing and
nacelle body design. The presentation shows how this shapes
bearing loads zones and stress distributions inside the bearing
roller to race contact.

Modelling & Calculation with SKF SimPro

Slide 4: Modelling & calculation

The presentation likes to inform also about limitations and
often seen subjects on daily base which can negative effect the
bearing life time. Learnings SKF made over the years in other
segments like wind industry.

Rated life versus service life

Bearing performance
|
| |

Theoretical model Reality (service life)

Loads & variations

Speed & variations
Temperatures {out, in, max/min).
Bearing internal design Tolerances variations.

Bharing siiridog (f newciad) weak & fragile bearing surroundings.
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Subjects which are not easy to cover;

‘Wrong bearing handling.

Slide 5: Bearing selection chart

Between rotating blade hub and turbine nacelle, a complex
sea water seal is needed to prevent water entry into the
bearing system and its lubricant. Strength calculations of the
rotor shaft in combination with the rotor bearing size selection
builds the base to select the needed sedl size.

Existing SKF ship propeller seals from type Simplex and
Carboplan can be selected according applications conditions
like water pressure and expected service interval

Lip seal vs. mechanical sea water seal

= Pre-selection of SKF Simplex and SKF
Carboplan seal

+ Water level & expected service interval
to consider

+ Rotor shaft and bearing defines the seal
dimensions

Oil system vs. grease system lo
consider.

Slide 6: SKF Marinelip seal vs. mechanical seal



The presentations indicates different modular gearbox - o o
arrangements installed inside the turbine nacelle and fixed to Flexible investigations of bearings in wind gearboxes
the end of rotor shaft. The gearbox mounts and decoupling "' .
elements plays a dominant role to ensure that only drive
torque Mx enters the gearbox input shaft and generator. All
parasitic hub loads should be transferred via the bearings to
the turbine mainframe. Pros- and cons of different design
versions are pictured and explained.

Modular drive train design’s

Flexible 3-point Rigid compact 2-point Rigid 1-bearing concept semi Slide 9: Gearbox planet wheel application

SRE | SRTE acts as locating Cross-located single TRB Large size DRTRE TDO
bearing. back-to-back. “Nautilus® semi-integrated.
Gearbox acts with non-locating Gearbox coupled with flexible Gearbox bolted to rotor shaft.
nction. forque arm supports.
| Smaller turbines. MW-Turbines Very compact modular design,
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Slide 7: Different geared drive train design’s 2018

There are various gearbox designs existing like paralel
shaft and planetary designs or a combination of it. Most
relevant concepts are introduced by principle sketches to get
an overview about gear stages, possible ratios and bearing
arrangements inside the box.

Gearbox selection
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Slide 8: Gearbox types & selection

As an example, the gearbox planet wheel application of a
1MW gearbox is selected to inform about the way how this
bearings and arrangements are calculated and designed.
Learnings from the wind industry and its best bearing
solutions today.



