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(57) Abstract: Exciter device (1, 1a, 1b, Ic, 1d, le, 1f) for fatigue testing of a blade (2) of a wind turbine, comprising a actuator for
generating a periodic excitation force and a coupling device (6) for coupling the actuator to a blade (2) to be tested, characterised in
that the exciter device (1, 1a, 1b, 1c, 1d, le, 1f) comprises a pretensioning device (13) applying a pretension such that the excitation
force only acts in a pulling or pushing direction over the whole period.
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Description

Exciter device and method for fatigue testing of a blade of a

wind turbine

The invention concerns an exciter device for fatigue testing
of a blade of a wind turbine, comprising an actuator, in par-
ticular a motor, for generating a periodic excitation force
and a coupling device for coupling the motor to a blade to be
tested. The invention further concerns a method for fatigue
testing of a blade of a wind turbine, wherein a periodic ex-
citation force is generated by an actuator, in particular a
motor, and applied to the blade by the coupling device for
coupling the actuator to the blade.

Blades used in wind turbines are required to withstand wvary-
ing, strong forces over a long time period. Thus, comprehen-
sive testing regarding the mechanical properties of the
blade, in particular fatigue, is performed. In particular, an
exciter device is coupled to the blade such that an excita-
tion force generated by the actuator, in particular the mo-
tor, acts on a blade to be tested. The purpose of such an ex-
citer device may, for example, be to apply a sinusoidal exci-
tation force on the blade with a frequency near or corre-
sponding to the blade’s eigenfrequency (taking into account
the effects of exciter itself), using, for example, several
million cycles. The position along the length of the blade
where the excitation force acts may be suitably chosen. Dur-
ing such a fatigue test, which may take a long time to per-
form, for example up to a few months, the tip of the blade

may oscillate over several meters.

A known exciter device for a blade comprises a servo motor
and a coupling device, wherein the coupling device may com-
prise a gearbox, an exciter arm and a pushrod. Such an excit-
er device is for example described in
http://www.blaest.com/news-2/176-blaest-developed-a-new-

electro-mechanical-exciter-for-fatigue-testing. In this ex-
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citer device, the electrical motor applies a reversing torque
onto the input shaft of the gearbox, which converts the low
torque and high speed from the input shaft into high torque
and low speed on the output shaft. A torque arm is clamped to
the output shaft, moving up and down by, for example, 30 °.
By means of flexible connections, such as swivel bearings, a
push-pull rod is connected between the torque arm and the
blade and thereby able to transfer the excitation force from

the exciter device to the blade.

However, several problems exist when using such an exciter
device. A first problem is wear. For each direction change
between a pulling direction and a pushing direction, the
teeth of the gear in the gearbox will change their engagement
side, since the teeth have to interact with the previously
opposite teeth. Since there is always some backlash in the
gearbox, there will be movement and thus a characterizing
clicking sound. These gearbox reversals will, over time, wear
out the gearbox. Another problem regarding these gearbox re-
versals is that the sinusoidal force to be applied is noisy

and will impact test quality and time.

Another problem is the cost of the exciting device. Not only
is the servo motor used more expensive than a standard motor,
but also the gearbox, exciter arm and pushrod are expensive.
It is noted that a servo motor is used since the motor needs
to have a low motor shaft inertia to reduce the above-

mentioned teeth wear.

A third problem is the time needed for fatigue testing. In
particular, the mass of the exciter arm and the pushrod and
the geared motor shaft inertia have a significant impact on
the test result. A flapwise blade test takes approximately
three months to conduct, depending on the eigenfrequency. The
more mass 1s added to the blade the more time it will take to
test the blade. Since the eigenfrequency is the square root
of the equivalent stiffness of the blade divided by the
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equivalent mass of the blade, test duration may rise signifi-

cantly when adding additional mass.

Finally, the moment distribution along the blade is also af-
fected based on any additional masses, which cause the blade
to bend in different ways. During the blade fatigue test,
hard constraints to the bending exist for each, for example,
half meter along the blade, which must be complied with. If
too much mass is added by the exciter device, this may result

in overtesting of certain areas of the blade.

In summary, the existing excitation method requires an expen-
sive gear and motor type as well as a heavy arm and pushrod.
Furthermore, noise from the gearbox reversals wears the gears
and secondly causes a noisy excitation force input to the
blade. Finally, the heavy arm/pushrod and geared motor shaft

prolong the test time and cause potential overtesting.

It is thus an object of the current invention to provide an
improved exciter device, in particular being less subject to
wear, producing a less noisy excitation force and adding less
mass to the blade.

This object is achieved by providing an exciter device and a
method according to the independent claims. Advantageous em-

bodiments are described in the dependent claims.

In an exciter device as initially described, according to the
invention, the exciter device comprises a pretensioning de-
vice applying a pretension such that the excitation force on-
ly acts in a pulling or pushing direction over the whole pe-

riod.

The pretension can be understood as an offset for the period-
ic excitation force, such that the periodic excitation force
never changes sign. In particular, the periodic, preferably

sinusoidal excitation force may only act in a pulling direc-

tion, since any mass added to the blade will also act in this
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direction, such that, in some cases, less pretension may be

applied.

An idea of the current invention is thus that the excitation
force acting on the blade does not change sign, for example,
is always positive. This is a fundamentally new approach on
how fatigue testing excitation should work, since known ap-
proaches always assumed that, to successfully excite a blade,
it would be required to both push and pull. However, the main
purpose is to apply a sinusoidal force to the blade. This can
also be achieved in the current invention, using the offset
provided by the pretension. In this manner, if a gearbox is
used, gearbox reversals may be avoided, thus also reducing
the detrimental effects discusses above. Additionally, howev-
er, the concept of only having the excitation force act in
one direction and not changing sign allows for advantageous

new designs of exciter devices, as laid out in detail below.

Generally, in many embodiments, the exciter device further
comprises a control device, the control device being config-
ured to control the actuator, in particular the motor, to
generate the periodic excitation force for the blade having a
predetermined frequency, in particular calculated from an ei-
genfrequency of the blade and/or depending on a coupling
point of the blade. Often, the exciter device will also com-
prise a load cell providing measurement data on the excita-
tion force actually exerted. In this manner, feedback control
may be executed by the control device, since the measurement
data are provided to the control device. As an alternative to
the load cell, of course, also other force measurement devic-

es may be employed.

In a less preferred embodiment, the coupling device may com-
prise a gearbox. For example, the already known design,
wherein the coupling device additionally comprises an exciter
arm (torque arm) and a pushrod may be used. The aim of the
current invention in this case is to prevent gearbox rever-

sals of the gearbox connected to the motor shaft as input
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shaft. The pretensioning device acts on the motor shaft and
applies a pretension such that no gear reversals appear. That
is, during the generation of the periodic excitation force,
the teeth of the gears of the gearbox remain engaged, never
coming in contact with the opposite teeth. In this manner,
wear of the gearbox and noisiness of the excitation force can

be greatly reduced.

In the embodiment having a gearbox, since the pretension is
applied to the motor shaft, preferably, the pretension device
may comprise the motor itself, applying at least a part of
the pretension, in particular using the control device to ac-
cordingly control the motor. However, pretension may also, at
least in part, be applied by a separate member of the preten-

sion device, for example a spring or a piston.

However, in an especially preferred embodiment of the current
invention, the coupling device comprises,

- a transfer device for mounting to the blade to transfer
the excitation force to the blade,

- a pulley mounted to a actuator shaft of the actuator,
and

- a flexible coupling element for coupling the pulley to
the transfer device, the pulley being configured to wind the
wire to transfer the excitation force,

- wherein the coupling element is pretensioned by the pre-

tensioning device.

The basic idea of the current invention, that is, to provide
an excitation force, in particular a sinusoidal excitation
force, never changing sign, which therefore is applied only
in a pushing or, preferably, pulling direction, can be ex-
ploited to provide a completely new design of an exciter de-
vice for fatigue testing. In this design, instead of the
gearbox, a pulley is used, wherein the diameter of the pulley
is chosen to obtain a certain winding speed (meters/second)
at a nominal rotation speed (rpm). Since the force only acts

in one direction, in this case the pulling direction, a flex-
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ible coupling element may be used to couple the pulley to the
blade.

The flexible coupling element may, in particular, be wire-
like or belt-like. That 1is, the flexible coupling element is
elongated, at least essentially inelastic in its longitudinal
direction and flexible perpendicular to the longitudinal di-
rection. In particular, the coupling element may be chosen
from the group comprising a steel wire, a rope, a belt and a

fiber.

The coupling element is fixed to the pulley, wherein the pul-
ley may have a track for the coupling element or each cou-
pling element fixed to it. The coupling element is also at-
tached to the transfer device, completing the coupling. In
preferred embodiments, the pulley may be placed below the
contact point on the blade, however, additional pulleys may
be used to redirect the flexible coupling element, in partic-
ular to direct the excitation force such that it acts verti-
cally on the blade in the pulling direction. In operation,
due to the coupling element being fixed to the pulley, the
periodic torque of the actuator results in repeatedly winding
and unwinding the flexible coupling element to and from the
pulley. Since the flexible coupling element (and thus the
pulley and actuator shaft, in particular motor shaft) are
pretensioned by virtue of the pretensioning device, each ro-
tating movement of the pulley and thus each winding of the
coupling device results in a change in the (pulling) excita-

tion force exerted on the blade.

This design of the exciter device may shortly be described as
being an exciter device for fatigue testing of a blade of a
wind turbine, comprising an actuator, in particular a motor,
for generating a periodic excitation force and a coupling de-
vice for coupling the actuator to a blade to be tested, which
is characterized in that the coupling device comprises a
transfer device for mounting to the blade to transfer the ex-

citation force to the blade, a pulley mounted to a actuator
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shaft of the actuator, and a flexible coupling element for

coupling the pulley to the transfer device, the pulley being
configured to wind the wire to transfer the excitation force,
wherein the coupling element is pretensioned by a pretension-

ing device.

The advantages of the concrete construction using a pulley
are, firstly, that no gearbox is needed, such that no gearbox
reversals occur anyway. The wear is thus reduced to the wear
of the at least one pulley and coupling element. Additional-
ly, by removing the exciter arm, the pushrod and the geared
motor shaft inertia, the equivalent mass is reduced, such
that the eigenfrequency of the arrangement is increased and
time for fatigue testing can be reduced. Thirdly, the quality
of the fatigue test is improved since the exciter device does

not introduce a large mass and inertia at a single point.

In an advantageous embodiment, the motor may be a three-phase
induction motor. That is, the invention allows for the use of
a cheap, standard three-phase induction motor instead of ser-
vo motor, such that the cost of the exciter device may be

further reduced.

In a concrete embodiment, the pretension device may comprise
a spring or a mass or a piston, wherein the pretension is ap-
plied by using a flexible pretensioning element fixed to the
pulley. The flexible pretensioning element, which is an addi-
tional flexible coupling element, may also be, as described
with respect to the flexible coupling element, wire-like or
belt-1ike, and is also fixed to the pulley, such that, due to
the attachment to the spring, mass or piston, a pretensioning
force acts on the pulley, also tensioning the flexible cou-
pling element. In particular, the spring may be attached to
the pretensioning element and a counter-bearing, for example
a concrete block or the like, such that pretension is applied
to the pulley and thus to the actuator shaft and the coupling
element. If a mass is used, the freely suspended mass may be

attached to the pretensioning element, such that gravity pro-
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vides the pretensioning force. It is noted that the counter-
bearing may, of course, comprise a part of the pretensioning
element if, for example, a spring is integrated into the pre-

tensioning element.

In an especially preferred design, the counter-bearing may
comprise the coupling element and/or an attachment means for
the coupling element and/or the transfer device is used as
the counter-bearing. In this manner, a very compact exciter
device results, such that less room is needed. In essence, in
this embodiment, the blade itself provides the main mass for

the counter-bearing.

Alternatively or additionally, the pretensioning device may
comprise the actuator applying at least a part of the preten-
sion, in particular using the control device to accordingly
control the actuator. In this case, if the actuator applies
the whole pretension, no additional members for the preten-
sioning device are required, also allowing for a very compact
design. The pretension may, for example, be realized by add-

ing an offset to the control of the actuator.

The transfer device may comprise, as already known from the
state of the art, a yoke. However, in a preferred embodiment,
the transfer device may also comprise a sling to be slung
around the blade, since, in this embodiment, the excitation
force only acts as a pulling force. The usage of a sling fur-
ther reduces mass, complexity and cost. The sling may, compa-
rable to the flexible coupling element and the flexible pre-
tensioning element, be made of a wire, in particular a steel

wire, a rope, a belt or a fiber material.

The coupling element may be attached to the transfer device
by an attachment means, comprising at least one through-hole
for fixing the coupling element. Preferably, if the transfer
device comprises a sling as described above, the attachment

means may comprise an additional through-hole for the sling.
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As has already been discussed, the exciter device may com-
prise a load cell, in particular connected to the control de-
vice. The control device may use the measurement data for

feedback control.

In an advantageous embodiment, the load cell may be comprised
by the attachment means. The position of the attachment means
is an ideal spot for providing a force measurement to be used
in controlling the exciter device. Thus, the load cell may be
integrated into the attachment means or even for the attach-

ment means.

The invention further concerns a method for fatigue testing
of a blade of a wind turbine, wherein a periodic excitation
force is generated by an actuator, in particular a motor, and
applied to the blade by a coupling device for coupling the
actuator to the blade, wherein a pretension is applied to the
blade such that the excitation force only acts in pulling or
pushing direction over the whole period of the periodic exci-
tation force. All features and remarks regarding the exciter
device according to the invention also apply to the method
according to the invention, such that the same advantages are
achieved. In particular, an exciter device according to the

invention is used in the method according to the invention.

Further details and advantages become apparent from the fol-
lowing description of concrete embodiments taken in conjunc-

tion with the drawings, in which:

Fig. 1 shows a principle drawing of an exciter device ac-

cording to the invention,

Fig. 2 is a graph showing a conventionally applied excita-
tion force and an excitation force applied accord-

ing to the current invention,

Fig. 3 shows a first embodiment of an exciter device ac-

cording to the invention,
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10
Fig. 4 shows a detail regarding the first embodiment,
Fig. 5 shows a second embodiment of an exciter device ac-

cording to the invention,

Fig. 6 shows a third embodiment of an exciter device ac-

cording to the invention,

Fig. 7 shows a fourth embodiment of an exciter device ac-

cording to the invention,

Fig. 8 shows a fifth embodiment of an exciter device ac-

cording to the invention, and

Fig. 9 shows a sixth embodiment of an exciter device ac-

cording to the invention.

Fig. 1 shows the general structure of an exciter device 1 ac-
cording to the current invention. The exciter device 1 is to
be used for fatigue testing a blade 2 by exerting a periodic,
in this case sinusoidal, excitation force on the blade at a
certain position along the blade 2. To generate this excita-
tion force, the exciter device 1 generally comprises as an
actuator a motor 3, in this case a three-phase induction mo-
tor, which is controlled by a control device 4. The motor 3,
outputting a certain torque at a motor shaft 5, is coupled to
the blade 2 using a coupling device generally indicated at o.
The coupling device 6 generally comprises at least one load
cell 7 measuring the actual excitation force, wherein the
corresponding measurement data is applied to the control de-

vice 4, enabling feedback control.

Since the motor 3 outputs a relatively low torque at rela-
tively high rotation speed (rpm), this output is to be con-
verted to a certain applied pulling speed/force on the blade
by a conversion means. Regarding the current invention, two

options exist.
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In a first embodiment, which is less preferred, a gearbox 8
is used, whose output shaft supplies a higher output torque
to a mechanical arrangement 9 comprising an exciter arm and a
pushrod (which, in this case, may be more suitably termed
pullrod). The latter is attached to the blade 2 using a
transfer device 10, in this less preferred embodiment a yoke

or generally a clamp.

In a preferred second option, a pulley 11 is attached to the
motor shaft 5, to which a flexible coupling element 12, for
example a steel wire, a rope or a belt, is fixed. The other
end of the flexible coupling element is attached to the
transfer device 10 via an attachment means comprising the
load cell 7.

Essential for the feasibility of the second option is a pre-
tensioning device 13, which acts at least on the motor shaft
5, providing a pretension such that the excitation force only
acts in a pulling direction over the whole period of the si-
nusoidal wave form. In other words, the pretension can be un-
derstood as an offset for the periodic excitation force, such

that the periodic excitation force never changes sign.

This is illustrated in the graph of fig. 2, wherein the exci-
tation force (in kN) 1is plotted against time. The curve 14
shows an excitation force generated by a conventional exciter
device according to the state of the art. As can be seen, the
sinusocidal excitation force oscillates essentially around ze-
ro, resulting in an alternating push-and-pull-operation on
the blade. The curve 15, however, shows a sinusoidal excita-
tion force generated by an exciter device 1 according to the
invention. As can be seen, the pretension provided by the
pretensioning device 13 acts as an offset 16 such that the
sign of the excitation force is always “plus”, resulting in
the excitation force only applying in the pulling direction.
In this manner, when using a gearbox 8, no gearbox reversals

occur, while, in preferred embodiments, when using the flexi-
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ble coupling element 12 fixed to the pulley 11, this con-

struction becomes feasible.

The following figures show concrete embodiments of an exciter

device 1 according to the invention.

Fig. 3 shows a first embodiment of an exciter device la. In
this embodiment, and in the following embodiments, steel
wires will be exemplarily used as the flexible coupling ele-
ment 12 and the flexible pretensioning element 17, where ap-
plicable. As can be seen, in the first concrete embodiment,
the steel wire 18 is fixed to the pulley 11 such that the re-
versingly operated motor 3 acts to wind and unwind the steel
wire 18 from the pully 11. The pretensioning device 13 com-
prises a freely suspended mass 20 fixed to another steel wire
19 acting as a flexible pretensioning element 17. The steel
wire 19 is also fixed to the pulley 11, providing the preten-
sion to the pulley 11, the motor shaft and the coupling ele-
ment 12, that is, the steel wire 18, keeping it pretensioned.

The pulley 11 may provide tracks for both steel wires 18, 19.

Fig. 4 shows the use of an additional pulley 21 for the steel
wire 19, for example, to place the freely suspended mass 20

horizontally beneath the motor 3.

Returning to fig. 3, also the blade 2 to be tested is shown
in greater extent. The blade root is securely fixed in a con-
crete block 22. The blade 2 is received by the transfer de-
vice 10 at a certain position, such that the exerted excita-
tion force may cause the blade to oscillate as indicated by

arrows 23.

Fig. 5 shows a second embodiment of an exciter device 1lb ac-
cording to the invention. In this case, the transfer device
10 comprises a wooden yoke 24 in which the blade 2 to be
tested is received. The steel wire 18 acting as flexible cou-
pling element 12 is attached to the yoke 24 by an attachment

means 25 having a through-hole for attachment of the steel
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wire 18 and also comprising the load cell 7. Please note that
the load cell 7 may be integrated into the attachment means
25 also in each of the other embodiments, although this will

not be shown for reasons of clarity and comprehensibility.

The pretension device 13 in this embodiment comprises, again,
a steel wire 19 as a pretensioning element, into which a
spring 26 is integrated. The steel wire 19 is fixed to the
steel wire 18 close to the attachment means 25, such that the

pretensioning force results.

Fig. 6 shows a third embodiment of an exciter device 1lc ac-
cording to the invention, which differs from the embodiment
of fig. 5 in that the transfer device 10 comprises a sling 27
slung around the blade 2. The sling 27 may, for example, pass
through another through-hole of the attachment means 25. Ad-
ditionally, the steel rope 19, in this case, 1is also fixed to

the attachment means.

Fig. 7 shows a fourth embodiment of an exciter device 1d ac-
cording to the current invention. In this embodiment, which
uses the wooden yoke 24, the motor 3 itself forms part of the
pretensioning device 13, since it provides the pretension it-
self as an electrical torque, in particular controlled by the
control device 4. This embodiment of the pretensioning device
13 may also be combined with other concrete realizations of
the pretensioning device 13; Additionally, instead of the
wooded yoke 24, also other transfer devices 10 may be used,

for example the sling 27.

A further, fifth embodiment of an exciter device le according
to the invention is shown in fig. 8. In this variant, the
spring 26 uses a concrete block 28 as a counter-bearing to

provide the pretension.

As the sixth embodiment of an exciter device 1f according to
the invention in fig. 9 shows, again, also a sling 27 may be

used as part of the transfer device 10.
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Although the present invention has been described in detail

with reference to the preferred embodiment, the present in-

vention i1s not limited by the disclosed examples from which
the skilled person is able to derive other variations without
departing from the scope of the invention.
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Claims

1. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) for fatigue
testing of a blade (2) of a wind turbine, comprising an actu-
ator, in particular a motor (3), for generating a periodic
excitation force and a coupling device (6) for coupling the
actuator to a blade (2) to be tested, characterised in that
the exciter device (1, la, 1lb, 1lc, 1d, le, 1f) comprises a
pretensioning device (13) applying a pretension such that the
excitation force only acts in a pulling or pushing direction

over the whole period.

2. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
claim 1, characterised in that the exciter device (1, la, 1lb,
lc, 1d, 1le, 1f) further comprises a control device (4), the
control device (4) being configured to control the actuator
to generate the periodic excitation force for the blade (2)
having a predetermined frequency, 1in particular calculated
from an eigenfrequency of the blade (2) and/or depending on a

coupling point of the blade (2).

3. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
claim 1 or 2, characterised in that the coupling device (6)

comprises a gearbox (8).

4, Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
claim 1 or 2, characterised in that the coupling device (6)
comprises:

- a transfer device (10) for mounting to the blade (2) to
transfer the excitation force to the blade (2),

- a pulley (11) mounted to a actuator shaft of the actua-
tor, and

- a flexible coupling element (12) for coupling the pulley
(11) to the transfer device (10), the pulley (11) being con-
figured to wind the wire to transfer the excitation force,

- wherein the coupling element (12) is pretensioned by the

pretensioning device (13).
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le

5. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
claim 4, characterised in that the actuator is a three-phase
induction motor (3) and/or the coupling element (12) is cho-
sen from the group comprising a steel wire (18), a rope, a
belt and a fiber.

o. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
claim 4 or 5, characterised in that the pretensioning device
(13) comprises a spring (26) or a mass (20) or piston, where-
in the pretension is applied by using a flexible pretension-

ing element (17) fixed to the pulley (11).

7. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
claim 6, characterised in that the spring (26) is attached to
the pretensioning element (17) and a counter-bearing or that
the freely suspended mass (20) is attached to the pretension-

ing element (17).

8. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
claim 7, characterised in that the counter-bearing comprises
the coupling element (12) and/or an attachment means (25) for
the coupling element (12) and/or the transfer device (10) is

used as the counter-bearing.

9. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
any of the claim 4 to 8, characterised in that the preten-
sioning device (13) comprises the actuator applying at least
a part of the pretension, in particular using the control de-

vice (4) to accordingly control the actuator.

10. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
one of the claims 4 to 9, characterised in that the transfer
device (10) comprises a yoke (24) and/or a sling (27) to be

slung around the blade (2).

11. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
one of the claims 4 to 10, characterised in that the coupling

element (12) is attached to the transfer device (10) by an
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attachment means (25), comprising at least one through-hole

for fixing the coupling element (12).

12. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
claim 11, characterised in that, 1f the transfer device (10)
comprises a sling (27) according to claim 10, the attachment
means (25) comprises an additional through-hole for the

sling.

13. Exciter device (1, la, 1lb, 1lc, 1d, le, 1f) according to
one of the preceding claims, characterised in that it com-
prises a load cell (7), in particular connected to the con-

trol device (4).

14. Method for fatigue testing of a blade (2) of a wind tur-
bine, wherein a periodic excitation force is generated by an
actuator, in particular a motor (3), and applied to the blade
(2) by a coupling device (6) for coupling the actuator to the
blade (2), characterised in that a pretension is applied to
the blade (2) such that the excitation force only acts in a

pulling or pushing direction over the whole period.

15. Method according to claim 14, characterised in that an
exciter device (1, 1la, 1b, 1lc¢, 1d, le, 1f) according to any

of the claim 1 to 13 is used.
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