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performance certification. Since 2005, Narec has
tested multi-MW wind turbine blades for major wind
OEMs; it was natural to consider transferring this
skill-set and asset capability to testing for the benefit
of the emerging tidal sector. This benefit is
highlighted by the fact that several of the leading
tidal stream OEMs have reported blade failure issues.
An evaluation was undertaken in 2011 to ascertain
the viability and practical implications of transferring
Narec’s testing capabilities, culminating in physical
tests on a structure representative of a generic 8m
tidal blade. Since then, further analysis has been
undertaken to ascertain the feasibility of developing a
dedicated tidal stream turbine blade test rig.

Abstract
The blades of a tidal stream turbine are a vital
component in the overall system for converting
the kinetic energy of moving water into electrical
power. Mechanically testing blades, to validate
performance, is prudent and is undertaken within
the wind industry by a small number of dedicated
test facilities in Europe. Narec has tested many
wind turbine blades in recent years, so it was
natural to consider transferring this skill-set to
tests for the tidal sector. An in-house evaluation
was undertaken in 2011 to ascertain the viability
and practical implications of transferring these
large scale test capabilities to testing tidal blades.
This paper discusses the outcome of these trials
and their wider implications. A range of technical
solutions for testing the structural performance of
tidal blades is considered and best practise
recommendations are made.

2.

Testing of wind turbine blades uses two distinct
modes; a static “strength” type test and a “fatigue”
type test. In both cases it is customary to mount the
blade in a horizontal fashion by fixing the root to a
sufficiently robust foundation structure. Clearly this
orientation represents only one of the conditions a
blade experiences in the field due to its rotational
nature. But in this scenario the effect of gravity,
resulting from its horizontal mounting position,
creates the greatest possible self-weight static root
bending moment. This reason, combined with the
practical difficulties of vertically mounting blades
within a test lab building, results in all major test
facilities mounting blades at or near the horizontal.
The aerodynamic form of a wind blade creates a
shape that exhibits differing stiffness in the
‘edgewise’ and ‘flapwise’ directions. Therefore tests
are often repeated by applying loads to each of the
main four quadrants of the blade in sequence. This
subjects each of the principle blade faces and edges to
compression and tension load cases.
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1.

Typical Wind Blade Testing

Introduction

The blades of a tidal stream turbine are a vital
component in the overall system for converting
kinetic tidal energy into electrical power. The blades
are the primary interface with the tidal energy itself
and create the means of converting the energy
contained in the fluid flow to usable shaft power.
Mechanical testing of blades, to validate their
structural performance, is prudent and is very widely
undertaken within the wind turbine sector. A process
of international consensus on how to undertake these
tests has led to the standardisation of testing
methodologies – as detailed in the IEC 61400-23
documentation [1]. The motivation for these kinds of
testing includes both OEM design procedure and
manufacturing process validation and also extends
into the realms of third party, independent,
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2.1 Static Testing
The first of the tests typically undertaken is a
‘static’ test. This consists of introducing one or more
load transfer points into the blade such that the blade
is progressively loaded to take up a deflection that
represents an extreme design load case or cases. The
deflections typical in a MW-scale wind blade are in
the order of at least several metres at the tip. The
Narec lab achieves this by using winches with typical
cable pull loads of 10kN to 40kN. In the case where
multiple winches are used a synchronisation process
is required. The longer a wind blade is the greater the
number of static load introduction points that are
required. Four or five points are typical on a blade of
around 30m, with more required on longer blades.

Characteristic
Length
Tip deflections
Root Bending
Moments

Loads

Tested area

2.2 Fatigue Testing
The second type of test typically undertaken is a
‘fatigue’ test. This involves applying cyclic loads to
the blade either via a forced actuation, or resonance
mass system, or a hybrid of both. The resonant mass
technique has the advantage of exploiting minimal
power input requirements by exciting the blade at or
near its natural frequency. Often fatigue testing will
subject a blade to between 1 and 3 million load
cycles. Differing labs have developed their own
techniques of applying loads to deliver a blade
fatigue test. The Narec lab uses oscillating masses
powered by hydraulics.

Natural
frequency
Operating speed

Tidal Stream
Blades (1MW)
~7 metres
Small – 10 to
100s of mm
5000kNm
(static)
2500kNm
(fatigue)
100+kN at less
than 4 points on
a blade

15-20 rpm

12-30 rpm

Saddle width
200mm,
affected region
approx
1m/saddle,
~50% of blade
tested.
~10Hz

Table 1: Comparison of key physical characteristics of
wind and tidal steam blades for a typical 1MW device.

4.

Blade Differences

4.1 Length
The relative length of tidal stream turbine blades
does offer an obvious advantage over wind turbine
blades in terms of test-rig size. This is compounded
by the fact that there is a ‘design-limit’ for the
maximum length of future tidal turbine blades;
limited by the foreseeable water depths available in
high tidal energy flow areas. This is in contrast with
wind turbines, which are conceivably unrestricted if
the operating loads can be resisted.
Therefore, unlike wind blades which have grown
from 7.5m blades on 50kW turbines in 1985 to 61.5m
blades on 5MW turbines in 2005, tidal blades will not
follow the same development path.

2.3 Test to Failure
After a fatigue test, the blade is usually subjected
to the original ‘static’ test loads in order to ensure
that there are no damaging effects due to the ‘fatigue’
test. After this, the blade will often be tested to
failure; loads applied by the winches are gradually
increased until there is a failure within the blade. This
provides evidence of the maximum service loads that
the blade can withstand and the locations where the
blade is likely to fail in service.

3.

Wind Blades
(1MW)
>30 metres
Large – several
metres
6000kNm
(static)
3500kNm
(fatigue)
Typical 10 –
40kN at 4 – 5
points on a
blade.
Saddle width
200mm,
affected region
approx
1m/saddle,
~80% of blade
tested.
1 – 2Hz

Tidal Blade Characteristics

Whilst schematically wind and tidal turbine blades
have much in common, examination of the
comparative characteristics reveals that there are
significant dimensional and structural differences.
The physical characteristics of wind and tidal stream
blades are markedly different, and this leads to
significantly differing requirements for mechanical
testing and the equipment required to achieve these
tests. The key differences are detailed in Table 1.

4.2 Blade Deflections
The smaller tip deflections experienced by tidal
stream turbines will be of benefit to the rig in terms
of size. However, the higher stiffness of a tidal
stream blade may introduce challenges in applying
loads nearer the blade root, where a typical test
deflection may only be in the order of 10mm for a
100+kN load. This may rule out the possibility of
using winches and cables to load the blade, as often
done with testing wind turbine blades, and hydraulic
actuators may be more suited for use.
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4.3 Loads
The expected loads that tidal stream turbine blades
are likely to encounter are, as yet, not well defined.
There is no standard as to the design load cases
(DLCs) that should be considered, nor is there an
industry standard for determining these DLCs.
TidelBladed from GL Garrad Hassan [2], has been
developed around their equivalent software for wind
turbine design and does go some way to standardising
the DLC’s that should be considered. The loads
required for a ‘static’ test should be relatively
straightforward to develop from DLCs; however
‘fatigue’ testing of approximately 106 cycles will
require larger loads to be applied than experienced in
service to generate a similar damage to the blade over
a lower number of cycles, as per the Palmgren-Miner
rule.

5.

Previous Testing Experience at Narec

In 2011, Narec conducted an evaluation to
ascertain the viability and practical implications of
transferring Narec’s testing capabilities. This entailed
a physical test of a ‘dummy’ blade that was
structurally representative of a tidal blade within
Narec’s current wind blade test facility. The blade
was fabricated, using 20mm thick S890 steel plate, as
a tapering box to ensure that it would have similar
physical properties to a tidal blade.

4.4 Tested Areas
Using data for compressive stresses within GFRP
[3], it was determined that a 200mm saddle would be
sufficient to transfer the static loads to the blade
without damaging the blade material. However,
assuming 4 load application points, these saddles
occupy a significantly greater proportion of the blade
length in comparison to the equivalent test for wind
turbine blades. The physical structure of the saddles
results in localised changes in the stiffness of the
blade and changes its physical properties. Although
this initially might appear to be a restriction, ‘static’
tests can be repeated with different load application
points in order to test the whole blade. This is not the
case with ‘fatigue’ testing, however since the likely
blade failure locations will be known in advance, the
test can be designed to take this into consideration.

Figure 1: Static test set-up of ‘dummy’ blade

The test involved both static (Fig.1) and fatigue
tests (Fig.2) with load cases that were representative
of the suggested DLCs supplied by a blade OEM.
The static blade test involved applying loads from
four hydraulic actuators across the blade length. The
strain measurements along the blade were used as
calibration for the fatigue test; for which loads were
applied using a mass reciprocating at blade resonance
(approx. 6 Hz).

4.5 Natural Frequencies
The higher natural frequency of a tidal blade
results in a very complex design for a resonant mass
system for ‘fatigue’ testing. The high test frequency
would also result in heating of the blade, leading to
undesirable changes in material properties.
Consequently, a forced actuation system would
appear to be the most applicable design for ‘fatigue’
testing.
As a forced actuation system will generally be
controlled by hydraulic cylinders, the operating
frequency of the testing will be wholly dependent
upon the actuator stroke lengths, and the permissible
flow rates of the hydraulic system. Initial studies
within Narec suggest that an operating frequency
within the region of 1-2 Hz should be achievable for
a tidal stream turbine blade; equivalent to 4-7 weeks
of testing for 106 cycles.

Figure 2: Fatigue test set-up of ‘dummy’ blade.
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The fatigue test was not performed for a large
number of cycles due to the Narec reciprocating mass
system not being rated for use at such high
frequencies. Indeed the design of such a device for
use at approximately 10Hz would be very complex;
hence the recommendation to use forced actuation for
fatigue tests.
The existing blade test facility itself proved to be
capable of withstanding the loads involved in tidal
blade testing, however the design of a retrofit support
structure for testing a marine blade was complex and
onerous. The design of a purpose built facility, based
on the operation of this previous testing, is
conceivable, and would reduce the necessary
complexities experienced in these tests.

6.

currently used in wind turbine blade test facilities,
effectively limits the proportion of blade that can be
tested for each scenario. In this sense, there is a
requirement to reduce the area of the blade and the
number of force application points, whilst ensuring
that the suitable bending moment profile is
maintained, so as to increase the percentage of the
blade that is tested. Further to this, multiple force
application points for fatigue testing will require a
sophisticated control system to ensure that the loads
are applied in phase.

7.

Recommendations

The tidal turbine industry is in a stage of relative
infancy in comparison to the wind industry. As such,
there is little in the way of design standardisation.
However, it is recommended that an industry
agreement or standardisation of a blade test procedure
is required to drive the development of a test facility.
This may be directly related to the wind turbine blade
test standards, and utilise both static and fatigue
testing. However, this is a significant decision that
requires collaboration between OEMs. Currently, few
tidal devices have been deployed for a sufficient
operating period for fatigue to affect failure modes. It
is conceivable that a purely static test rig could be
developed to facilitate the long-term deployment of
prototype devices. Until a decision is made to what a
‘standard’ blade test will consist of, the developer of
a test facility is working at the risk of not enabling
the tests required by OEMs.
Designing a purely static test facility is relatively
straight-forward, and one option has been proven by
Narec in 2011. Knowledge that tidal turbine blade
OEMs have performed static tests is also promising
when considering developing a purely static test
facility. The major challenge relates to the
development of a cost-efficient fatigue test facility.
As mentioned, the high frequencies associated with
resonant testing do not lend themselves to GFRP
testing, so forced actuation is the only conceivable
solution. However, the applied loads and test
frequencies involved will require a significant
hydraulic system that will drive the cost of the
facility.
The DLC’s for wind turbines are also well defined
[3]; a similar standard for tidal turbines will enable a
suitable envelope for the test load cases to be
considered during the development of a test facility.
Furthermore, the validation of DLCs with in-service
load measurements – whether TidalBladed or inhouse design is used – will give confidence to the
loads applied to the blades during testing.

Considerations for Facility Design

There are various considerations that must be
taken into account for the design of a tidal turbine
blade test facility. Firstly, due to the fact that there is
conceivable ‘design limit’ to the size of tidal stream
turbine blades, the maximum blade size should be
considered in the design of a test facility. This will
ensure that the facility is ‘future proof’ against new
designs. This idea of being ‘future proof’ should take
into account, not just length, but expected test loads
and deflections.
The geometry of tidal turbine blades is not
standardised, unlike in the wind industry, where
blades have many common features. The marine
blades currently in development have a variety of
blade root connections, which will have different
merits. These root connections should be considered
during the design of the facility hub, as this will
minimise the design work required for interfaces
between the facility and blade.
The overall size of the tidal blade test rig does not
necessarily require a purpose built building; therefore
it may be possible to design a readily transportable
rig. However, the small size of the reaction frame, in
relation to wind blade test facilities, does not signify
a trivial design. Although the facility will be smaller,
it has to withstand larger forces. Furthermore, the
necessity to perform fatigue testing will require the
reaction frame to be fatigue rated.
The test frequency for fatigue testing will mainly
be dependent upon a time/cost trade-off. Time for
testing is reduced with increasing test frequency,
however this requires larger flow rates from the
hydraulic system, thus increasing cost. Careful
consideration should be spent on what is perceived to
be a reasonable test time for fatigue testing, and
whether this is feasible within the budget allowances.
The transfer of load to the test blade requires
careful consideration, as the design of saddles, as
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