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(54) ACTIVE CLAMPING SYSTEM FOR ROAD TRANSPORTATION OF A WIND TURBINE BLADE 
AND RELATED METHOD

(57) A transportation arrangement (10) includes a
dolly and a clamp (20) secured to the dolly (14). The
clamp (20) includes a frame (30) having a lower portion
(32) coupled to the dolly (14) and an upper portion (34)
selectively rotatable relative to the lower portion (32), a
saddle (100) positioned on the lower portion of the frame,
a jaw (130) movably positioned on the upper portion (34)
of the frame (30), and an actuator (150) operatively cou-
pled to the jaw (130) and configured to move the jaw

(130) relative to the saddle (100) to apply a clamping
force on a blade (16). The actuator (150) is configured
to extend the jaw (130) toward the saddle (100) in re-
sponse to the clamping force being less than or equal to
a minimum threshold clamping force, and may be con-
figured to retract the jaw (130) away from the saddle (100)
in response to the clamping force being greater than or
equal to a maximum threshold clamping force. A method
of transporting a blade (16) is also disclosed.
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Description

Technical Field

[0001] This invention generally relates to wind tur-
bines, and more particularly to an active clamping system
for transporting a wind turbine blade.

Background

[0002] Wind turbines are used to produce electrical en-
ergy using a renewable resource and without combusting
a fossil fuel. Generally, a wind turbine converts kinetic
energy from the wind into electrical power. A horizontal-
axis wind turbine includes a tower, a nacelle located at
the apex of the tower, and a rotor having a plurality of
blades extending from a hub and supported in the nacelle
by means of a shaft. The shaft couples the rotor either
directly or indirectly with a generator, which is housed
inside the nacelle. Consequently, as wind forces the
blades to rotate, electrical energy is produced by the gen-
erator.
[0003] Transportation of wind turbine blades from their
production site to their installation location or to an interim
storage site poses a variety of technical challenges, par-
ticularly in view of the ever-increasing size of individual
blades. Previously, a very long trailer such as an over-
sized or extendable truck bed was commonly used for
transporting blades. More recently, the use of dollies has
become preferable as the length of blades has increased,
because such dollies allow for improved maneuvering
around curves, junctions, or other potential road or road-
side obstacles.
[0004] In many cases, a dolly may be towed from a
truck by a cable or boom. However, a dolly’s ability to
navigate around obstacles may be improved if the dolly
were not towed from the truck by such a cable or boom.
Therefore, it is desirable for the dolly to simply be towed
from the truck by the blade itself. In some cases, a dolly
may additionally be equipped with a dedicated drive ar-
rangement. However, such a dedicated drive arrange-
ment necessarily increases the complexity and cost of
the dolly, and may therefore preferably be omitted.
[0005] To that end, a blade may be operatively coupled
to the dolly via a clamp positioned around a tip end region
of the blade. The clamp may frictionally engage the blade
to restrain the blade on the dolly. In this manner, the
connection between the blade and the clamp may define
the load path between the truck and the dolly for allowing
the truck to tow the dolly without any towing cables or
booms extending therebetween. Thus, acceleration of
the truck may be transmitted to the dolly via the blade
and the clamp. Likewise, braking action of the truck may
be transmitted to the dolly via the blade and the clamp.
In some cases, the dolly may be equipped with a dedi-
cated braking arrangement, such that the braking action
of the truck may only momentarily be transmitted to the
dolly via the blade and the clamp before the dedicated

braking arrangement of the dolly is activated.
[0006] Towing the dolly by the blade presents various
potential problems which may arise as a result of the
acceleration and deceleration forces transmitted along
the blade and the clamp to the dolly during transportation
tending to undermine the connection between the blade
and the clamp. In particular, the frictional engagement of
the clamp with the blade may be undermined during
transportation if the blade drifts or creeps forward relative
to the clamp, which could ultimately result in the blade
slipping free from the clamp. On the other hand, the clamp
may be applied excessively tightly around the blade in
an effort to prevent such slippage, which may inadvert-
ently cause the clamp to compressively damage the
blade thereby compromising the structural integrity of the
blade and rendering the blade unusable. Moreover, the
interface between the blade and the clamp may be sub-
jected to vibrations and shocks during transportation
which may cause unexpected increases and/or decreas-
es in the clamping force applied to the blade. Current
clamping systems do not provide any means to account
for these undesirable changes in the applied clamping
force.
[0007] Manufacturers of wind turbines and wind tur-
bine components continually strive to improve systems
and methods associated with the transportation and han-
dling of wind turbine blades. It would therefore be desir-
able to provide an improved clamping system for trans-
porting a wind turbine blade that ensures a sufficiently
firm clamping action on the blade to restrain the blade
during transportation, while at the same time preventing
excessive, possibly damaging force from being applied
to the blade.

Summary

[0008] In one embodiment, a transportation arrange-
ment includes a dolly and a clamp secured to the dolly.
The clamp includes a frame having a lower portion cou-
pled to the dolly and an upper portion selectively rotatable
relative to the lower portion, at least one saddle posi-
tioned on the lower portion of the frame, at least one jaw
movably positioned on the upper portion of the frame,
and at least one jaw actuator operatively coupled to the
at least one jaw and configured to move the at least one
jaw relative to the at least one saddle to apply a clamping
force on a blade positioned between the at least one sad-
dle and the at least one jaw. The at least one jaw actuator
is configured to extend the at least one jaw toward the
at least one saddle in response to the clamping force
being less than or equal to a predetermined minimum
threshold clamping force. The at least one jaw actuator
may also be configured to retract the at least one jaw
away from the at least one saddle in response to the
clamping force being greater than or equal to a prede-
termined maximum threshold clamping force.
[0009] In one embodiment, the clamp further includes
at least one energy storage device configured to selec-
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tively store and release energy from and to the at least
one jaw actuator. For example, the at least one energy
storage device may be configured to release energy to
the at least one jaw actuator in response to the clamping
force being less than or equal to the predetermined min-
imum threshold clamping force. In addition or alternative-
ly, the at least one energy storage device may be con-
figured to store energy from the at least one jaw actuator
in response to the clamping force being greater than or
equal to the predetermined maximum threshold clamping
force.
[0010] The at least one energy storage device may in-
clude at least one hydraulic accumulator. In this regard,
the at least one jaw actuator may include at least one
hydraulic cylinder including a barrel defining an interior,
a piston configured to reciprocate within the barrel and
dividing the interior of the barrel into a bottom chamber
and a piston rod side chamber, and a piston rod including
a first end operatively coupled to the piston within the
piston rod side chamber and a second end operatively
coupled to the at least one jaw, wherein the bottom cham-
ber is fluidly coupled to the at least one hydraulic accu-
mulator. In one embodiment, the at least one hydraulic
accumulator is configured to supply hydraulic fluid to the
bottom chamber in response to a hydraulic fluid pressure
within the bottom chamber being less than or equal to a
first predetermined minimum threshold pressure corre-
sponding to the predetermined minimum threshold
clamping force to extend the at least one jaw toward the
at least one saddle. In addition or alternatively, the at
least one hydraulic accumulator may be configured to
receive hydraulic fluid from the bottom chamber in re-
sponse to the hydraulic fluid pressure within the bottom
chamber being greater than or equal to a predetermined
maximum threshold pressure corresponding to the pre-
determined maximum threshold clamping force to retract
the at least one jaw from the at least one saddle. The
transportation arrangement may further include a display
and at least one pressure sensor configured to detect a
hydraulic fluid pressure within the bottom chamber,
wherein the at least one pressure sensor is configured
to communicate an alert to the display in response to the
detected hydraulic fluid pressure being less than or equal
to a second predetermined minimum threshold pressure
less than the first predetermined minimum threshold
pressure. In another embodiment, the at least one energy
storage device includes at least one spring.
[0011] In one embodiment, the transportation arrange-
ment further includes a truck configured to tow the dolly,
and a blade including a first region operatively coupled
to the truck and a second region positioned between the
at least one saddle and the at least one jaw of the clamp
such that the second region is operatively coupled to the
dolly via the clamp. The blade and the clamp define a
load path between the truck and the dolly for allowing the
truck to tow the dolly. The first region of the blade may
include a root end region of the blade and the second
region of the blade may include a tip end region of the

blade.
[0012] The at least one saddle and the at least one jaw
may each include at least one friction pad. In addition or
alternatively, the clamp may further include an
open/close actuator operatively coupled to the upper por-
tion of the frame and configured to selectively rotate the
upper portion relative to the lower portion. A transport
arrangement according to the invention is defined in ap-
pended claim 1. Preferred, optional features are defined
in appended subclaims 2-14.
[0013] In another embodiment, a method of transport-
ing a wind turbine blade is provided. The method includes
providing a dolly and a clamp secured to the dolly, rotating
a first portion of the clamp relative to a second portion of
the clamp to an opened position, inserting a region of the
blade into the clamp, rotating the first portion of the clamp
relative to the second portion of the clamp to a closed
position, and moving at least one jaw into frictional en-
gagement with the blade to apply a clamping force on
the blade. The method also includes extending the at
least one jaw toward the second portion of the clamp in
response to the clamping force being less than or equal
to a predetermined minimum threshold clamping force.
The method may also include retracting the at least one
jaw away from the second portion of the clamp in re-
sponse to the clamping force being greater than or equal
to a predetermined maximum threshold clamping force.
In one embodiment, extending the at least one jaw in-
cludes selectively releasing energy from at least one en-
ergy storage device to the at least one jaw actuator in
response to the clamping force being less than or equal
to the predetermined minimum threshold clamping force.
In addition or alternatively, retracting the at least one jaw
may include selectively storing energy from the at least
one jaw actuator in at least one energy storage device
in response to the clamping force being greater than or
equal to the predetermined maximum threshold clamping
force. Hence, retracting the at least one jaw may include
allowing the jaw to be pushed back by the action of the
blade in the clamp.
[0014] The method may further include towing the dolly
from a truck via the blade and the clamp such that the
blade and the clamp define a load path between the truck
and the dolly. The method may also include rotating the
first portion of the clamp relative to the second portion of
the clamp to an opened position after towing the dolly
from the truck via the blade and the clamp, and removing
the region of the blade from the clamp. A method accord-
ing to the invention is defined in appended claim 15. Pre-
ferred, optional features are defined in appended sub-
claims 16-20.

Brief Description of the Drawings

[0015] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate embodiments of the invention and, together with
a general description of the invention given above, and
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the detailed description given below, serve to explain the
invention.

FIG. 1 is a perspective view of an exemplary trans-
portation arrangement including a truck, a dolly, a
wind turbine blade, and a clamp in accordance with
an aspect of the invention.
FIG. 2 is a front perspective view of the clamp shown
in FIG. 1, showing the blade in phantom.
FIG. 3 is a rear perspective view of the clamp shown
in FIG. 1.
FIG. 4 is a side elevation view of the clamp shown
in FIG. 1.
FIG. 5 is a longitudinal cross sectional view of the
clamp shown in FIG. 1.
FIG. 6 is a partial front perspective view of the clamp
shown in FIG. 1, with the upper portion of the frame
of the clamp hidden.
FIG. 7 is a cross sectional view of the clamp shown
in FIG. 1, taken along section line 7-7 in FIG. 4.
FIG. 8 is a schematic view of a hydraulic circuit for
operating the open/close actuator and the jaw actu-
ators of the clamp shown in FIG. 1.
FIG. 9 is a cross sectional view of an alternative jaw
actuator.

Detailed Description

[0016] With reference to FIG. 1, an exemplary trans-
portation arrangement 10 includes a tractor or truck 12,
a trailer or dolly 14, and a wind turbine blade 16 opera-
tively coupled to the truck 12 in a known manner, such
as via a root frame 18, and operatively coupled to the
dolly 14 via an exemplary clamp 20. In the embodiment
shown, the dolly 14 is configured to be towed from the
truck 12 by the blade 16 itself such that no additional
towing cable or boom is required between the truck 12
and the dolly 14. More particularly, the blade 16 and the
clamp 20 may collectively define a load path between
the truck 12 and the dolly 14 for allowing the truck 12 to
tow the dolly 14 with acceleration and braking action of
the truck 12 being transmittable to the dolly 14 via the
blade 16 and the clamp 20. As described in greater detail
below, the clamp 20 is configured to automatically adjust
the clamping force applied on the blade 16 by the clamp
20 in response to the applied clamping force falling short
of and/or exceeding certain predetermined threshold val-
ue(s) to maintain a sufficiently firm and substantially con-
tinuous clamping action on the blade 16 to restrain the
blade 16 during transportation, and/or to prevent exces-
sive, possibly damaging force from being applied to the
blade 16.
[0017] While not shown in detail, the blade 16 may be
of any suitable configuration and may include, for exam-
ple, a leading edge, a trailing edge, a pressure side, a
suction side, a root end region, and a tip end region. In
the embodiment shown, the root end region of the blade
16 is operatively coupled to the truck 12 via the root frame

18 and the tip end region is operatively coupled to the
dolly 14 via the clamp 20.
[0018] Referring now primarily to FIGS. 2-7, the illus-
trated clamp 20 includes a frame 30 having a lower por-
tion 32 configured to be coupled to the dolly 14 and an
upper portion 34 configured to be selectively rotatable
relative to the lower portion 32, such that at least a region
of the blade 16 (e.g., the tip end region) may be selectively
positioned between the lower and upper portions 32, 34
of the frame 30. The illustrated lower and upper portions
32, 34 each extend between first ends 32a, 34a and sec-
ond ends 32b, 34b, respectively, and are generally sized
and shaped to collectively wrap around the exterior sur-
face of the blade 16. For example, the lower portion 32
may be generally contoured to receive the pressure side
of the blade 16 and the upper portion 34 may be generally
contoured to receive the suction side of the blade 16
when the trailing edge of the blade 16 is positioned prox-
imate the first ends 32a, 34a of the lower and upper por-
tions 32, 34 and the leading edge of the blade 16 is po-
sitioned proximate the second ends 32b, 34b of the lower
and upper portions 32, 34. In this regard, the space be-
tween the lower and upper portions 32, 34 may be rela-
tively large proximate the second ends 32b, 34b to ac-
commodate the relatively bulky leading edge of the blade
16, and may be relatively small proximate the first ends
32a, 34a to accommodate the relatively narrow trailing
edge of the blade 16.
[0019] The illustrated lower portion 32 of the frame 30
includes a plurality of mounting brackets 40 for receiving
respective fasteners (not shown) for fixedly securing the
lower portion 32 of the frame 30 to the dolly 14 or to a
bolster or table supported by the dolly 14. While the il-
lustrated lower portion 32 is fixed against movement rel-
ative to the dolly 14, the lower portion 32 may alternatively
be configured to selectively pivot, swivel, and/or tilt rela-
tive to the dolly 14, and/or may be adjustable in height
relative to the dolly 14. For example, the lower portion
32 may be supported on a hinged bolster for pivoting the
clamp 20 and accompanying blade 16 about a horizontal
axis transverse to the dolly 14; the lower portion 32 may
be supported on a swivel bolster for swiveling the clamp
20 and accompanying blade 16 about a vertical axis; the
lower portion 32 may be supported on a tilting bolster for
tilting the clamp 20 and accompanying blade 16 about a
horizontal axis parallel to the dolly 14; and/or the lower
portion 32 may be supported on a height adjustable bol-
ster (e.g., scissor table) for increasing or decreasing the
height of the clamp 20 and accompanying blade 16. Such
features may be used to accommodate various types or
models of blades 16 and/or to assist the transportation
arrangement 10 in maneuvering with respect to curves,
junctions, hills, or other potential road or roadside obsta-
cles during transportation.
[0020] The lower portion 32 of the frame further in-
cludes a plurality of lower hinge joints 42 at or near the
second end 32b thereof configured for alignment with
respective upper hinge joints 44 provided on the upper
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portion 34 at or near the second end 34b thereof. Corre-
sponding hinge pins 46 extend through each set of lower
and upper hinge joints 42, 44 to thereby rotatably couple
the lower and upper portions 32, 34 of the frame 30 to-
gether. In this manner, the upper portion 34 of the frame
30 may be selectively rotated relative to the lower portion
32 about an axis of rotation defined by the hinge pins 46
between the illustrated closed position wherein the first
ends 32a, 34a of the lower and upper portions 32, 34 are
proximate each other to capture the blade 16 and one or
more opened positions (not shown) wherein the first ends
32a, 34a of the lower and upper portions 32, 34 are
spaced apart from each other to allow insertion and/or
removal of the blade 16 therebetween.
[0021] In the embodiment shown, at least one lock 50
is provided on the frame 30 at or near the first ends 32a,
34a of the lower and upper portions 32, 34 for selectively
locking the upper portion 34 in the closed position against
rotation relative to the lower portion 32. Each of the illus-
trated locks 50 includes at least one claw 52 removably
coupled to the lower portion 32 at or near the first end
32a thereof. In the embodiment shown, each claw 52 is
removably coupled to the lower portion 32 via corre-
sponding tubes 54 and locking pins 56. Each claw 52
includes a hook 58 (FIG. 6) configured to frictionally en-
gage at least one corresponding rail 60 provided on the
upper portion 34 at or near the first end 34a thereof when
the upper portion 34 is in the closed position, such that
the interaction of the hook 58 with the corresponding rail
60 may prevent rotation of the upper portion 34 relative
to the lower portion 32 toward the opened position. Each
lock 50 may be partially or completely removable from
the lower portion 32 to disengage the hook 58 from the
rail 60 by removing one or more of the corresponding
tubes 54 and locking pins 56 to allow rotation of the upper
portion 34 relative to the lower portion 32 toward the
opened position, such as for removal of the blade 16.
[0022] The clamp 20 may further include an open/close
actuator 70, optionally in the form of a hydraulic cylinder,
fixedly coupled to an upper surface of the upper portion
34 of the frame 30. Optionally, as illustrated, the actuator
70 may be operatively coupled to each of the lower and
upper frame portions 32, 34 at or near the second ends
thereof, preferably via lower and upper arms 72, 74, re-
spectively. The actuator 70 may effect rotational move-
ment of the upper frame portion 34 relative to the lower
frame portion 32 about the axis of the rotation defined by
the hinge pins 46. In the embodiment shown, the
open/close actuator 70 may include a barrel 80 defining
an interior and fixedly coupled to the upper frame portion
34. In particular, the barrel 80 may be coupled to the
upper surface of the upper frame portion (34), preferably
via a bracket 84 and fasteners 86. The open/close actu-
ator 70 may further include a piston 90 configured to re-
ciprocate within the barrel 80 and dividing the interior of
the barrel into a bottom chamber 92 and a piston rod side
chamber 94 (shown schematically in FIG. 8), and a piston
rod 96 including a first end operatively coupled to the

piston 90 within the piston rod side chamber 94. A second
end of said piston rod 96 may be operatively coupled to
the upper and lower frame portions 32, 34, in particular
via upper and lower arms 72, 74, such that extension of
the piston rod 96 away from the barrel 80 causes the
upper frame portion 34 to rotate about the axis of rotation
toward the closed position and retraction of the piston
rod 96 into the barrel 80 causes the upper frame portion
34 to rotate about the axis of rotation toward the opened
position. While the illustrated open/close actuator 70 is
of a hydraulic configuration, any suitable open/close ac-
tuator may be used to effect rotational movement of the
upper portion 34 relative to the lower portion 32 about
the axis of rotation. Alternatively, the open/close actuator
70 may be eliminated such that the rotational movement
of the upper frame portion 34 relative to the lower frame
portion 32 about the axis of rotation may be performed
manually, for example.
[0023] As shown, the clamp 20 includes at least one
saddle 100 (see 100a, 100b, 100c, 100d) positioned on
the lower portion 32 of the frame 30 on an interior side
thereof. The illustrated clamp 20 includes first, second,
and third saddles 100a, 100b, 100c positioned along the
length of the lower portion 32 and configured to confront
the pressure side of the blade 16, and a fourth saddle
100d positioned at or near the second end 32b of the
lower portion 32 and configured to confront the leading
edge of the blade 16.
[0024] As best shown in FIG. 4, the first, second, and
third saddles 100a, 100b, 100c each include a generally
U-shaped support 102 having a pair of flanges 104 con-
figured to be received by corresponding slots 106 pro-
vided in the lower portion 32, a platform 108 fixedly cou-
pled to the support 102 via one or more fasteners 110,
and at least one friction pad 112 fixedly coupled to the
platform 108 via one or more fasteners 114. The fourth
saddle 100d includes a generally V-shaped support 116
having a longitudinal channel 118 therealong for receiv-
ing an adjustable fastener 120 for coupling the fourth
saddle 100d to the lower portion 32, and at least one
friction pad 122 carried by the support 116. In the em-
bodiment shown, the friction pads 112 of the first, second,
and third saddles 100a, 100b, 100c are each configured
to frictionally engage the pressure side of the blade 16,
and the friction pad 122 of the fourth saddle 100d is con-
figured to frictionally engage the leading edge of the blade
16. In this regard, the illustrated friction pads 112, 122
are slightly angled relative to a longitudinal axis of the
clamp 20 (e.g., corresponding to the longitudinal axis of
the blade 16), as best shown in FIGS. 4 and 5, to accom-
modate for slight tapering of the exterior surface of the
blade 16 in the root-tip direction.
[0025] It should be appreciated that the adjustable fas-
tener 120 associated with the illustrated fourth saddle
100d may allow the fourth saddle 100d to be manually
extended and/or retracted into a desired engagement
with the leading edge of the blade 16 prior to transporting
the blade 16, and/or may allow the fourth saddle 100d to
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be removed entirely from the lower portion 32. Likewise,
the illustrated first, second, and third saddles 100a, 100b,
100c may be removable from the lower portion 32 by
disengaging the flanges 104 from the respective slots
106. While some degree of adjustability and/or remova-
bility of the saddles 100a, 100b, 100c, 100d is contem-
plated, such as when the clamp 20 is at rest, the saddles
100a, 100b, 100c, 100d may be passive or generally sta-
tionary relative to the lower portion 32 during normal op-
eration of the clamp 20, such as during transportation of
the blade 16 while restrained by the clamp 20.
[0026] As shown, the clamp 20 also includes at least
one jaw 130 (see 130a, 130b) movably positioned on the
upper portion 34 of the frame 30 on an interior side there-
of. The illustrated clamp 20 includes first and second jaws
130a, 130b movably positioned along the length of the
upper portion 34 and configured to confront the suction
side of the blade 16. In the embodiment shown, the first
jaw 130a has a relatively larger surface area as compared
to the second jaw 130b and is configured to be positioned
proximate the relatively bulky leading edge of the blade
16 such that the first jaw 130a may be considered the
primary source of clamping force on the blade 16. Thus,
the first jaw 130a may be referred to as the primary jaw
and the second jaw 130b may be referred to as the sec-
ondary jaw.
[0027] As best shown in FIG. 4, the first and second
jaws 130a, 130b each include a pair of generally U-
shaped supports 132 each having a pair of flanges 134,
the purposes of which are described below, a platform
136 fixedly coupled to the pair of supports 132 via one
or more fasteners 138, and at least one friction pad 142
fixedly coupled to the platform 136 via one or more fas-
teners 144. In the embodiment shown, the friction pads
142 of the first and second jaws 130a, 130b are config-
ured to frictionally engage the suction side of the blade
16 proximate the leading and trailing edges of the blade
16, respectively. In this regard, the illustrated friction pads
142 are slightly angled relative to the longitudinal axis of
the clamp 20, as best shown in FIGS. 4 and 5, to accom-
modate for slight tapering of the exterior surface of the
blade 16 in the root-tip direction.
[0028] As shown, the clamp 20 further includes at least
one jaw actuator 150 (see 150a, 150b, 150c 150d) each
in the form of a hydraulic cylinder configured to move the
first and/or second jaws 130a, 130b relative to one or
more of the saddles 100a, 100b, 100c, 100d to apply a
clamping force on the blade 16 when the upper portion
34 of the frame 30 is in the closed position. The illustrated
clamp 20 includes first and second primary jaw actuators
150a, 150b fixedly coupled to the upper portion 34 of the
frame 30, and operatively coupled to each of the flanges
134 of the supports 132 of the primary jaw 130a via re-
spective pins 152 (FIG. 5), for effecting generally linear
movement of the primary jaw 130a relative to one or more
of the saddles 100a, 100b, 100c, 100d. Likewise, the
illustrated clamp 20 includes first and second secondary
jaw actuators 150c, 150d fixedly coupled to the upper

portion 34 of the frame 30, and operatively coupled to
each of the flanges 134 of the supports 132 of the sec-
ondary jaw 130b via respective pins 152, for effecting
generally linear movement of the secondary jaw 130b
relative to one or more of the saddles 100a, 100b, 100c,
100d.
[0029] As best shown in FIG. 6, each of the primary
and secondary jaw actuators 150a, 150b, 150c, 150d
includes a barrel 160 defining an interior and fixedly cou-
pled to the upper surface of the upper portion 34 via a
bracket 164 and fasteners 166, a piston 170 configured
to reciprocate within the barrel 160 and dividing the inte-
rior of the barrel 160 into a bottom chamber 172 and a
piston rod side chamber 174 (shown schematically in
FIG. 8), and a piston rod 176 including a first end oper-
atively coupled to the piston 170 within the piston rod
side chamber 174 and a second end operatively coupled
to the respective pin 152, such that extension of the piston
rod 176 away from the barrel 160 causes the respective
jaw 130a, 130b to advance generally linearly toward one
or more of the saddles 100a, 100b, 100c, 100d (and the
blade 16, when present) and retraction of the piston rod
176 into the barrel 160 causes the respective jaw 130a,
130b to withdraw generally linearly away from one or
more of the saddles 100a, 100b, 100c, 100d (and the
blade 16, when present). While the illustrated jaw actu-
ators 150a, 150b, 150c, 150d are each of a hydraulic
configuration, any suitable jaw actuators may be used to
effect generally linear movement of the primary and sec-
ondary jaws 130a, 130b relative to the saddles 100a,
100b, 100c, 100d. In addition or alternatively, more or
less jaw actuators than the number illustrated may be
used.
[0030] In one embodiment, the interfaces between the
flanges 134 and the respective pins 152 and/or between
the pins 152 and the respective piston rods 176 may allow
the primary and/or secondary jaws 130a, 130b to slightly
rotate about one or more axes of rotation defined by one
or more of the pins 152, for example, such as to accom-
modate for slight variances in the exterior surface of the
blade 16 in the root-tip direction.
[0031] As best shown in FIGS. 5-7, a pair of swing arms
180 extend between each of the pins 152 and a corre-
sponding auxiliary pin 182 fixedly provided on the upper
portion 34 of the frame 30. Each of the swing arms 180
may remain pivotably engaged with both the respective
pin 152 and auxiliary pin 182 during linear movement of
the respective jaw 130a, 130b. In this regard, each of the
swing arms 180 includes a pair of recesses 184 posi-
tioned at or near the ends thereof and configured to ro-
tatably receive the respective pin 152 and auxiliary pin
182. In one embodiment, the swing arms 180 may assist
in firmly restraining the blade 16 in the clamp 20.
[0032] The illustrated clamp 20 is configured to provide
"active" or "smart" clamping action on the blade 16 when
the upper portion 34 is in the closed position with the
blade 16 positioned between the saddles 100a, 100b,
100c, 100d and the movable jaws 130a, 130b. This may
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ensure improved contact between the friction pads 112,
122 and the blade 16 and thus improved retention of the
blade 16 within the frame 30 of the clamp 20. The clamp
20 may thereby ensure a substantially constant clamping
force on the blade 16 during transportation, even in cases
where the blade’s position shifts slightly between the
jaw(s) 130 and the saddle(s) 100. For example, the blade
16 may be prevented from pulling itself loose in case its
position in the clamp 20 were to creep slightly such that
it would present a slightly narrower portion between the
saddle(s) 100 and jaw(s) 130 of the clamp 20. In such a
situation, the clamping action on the blade would be
maintained by the effect of the energy storage device
220. The clamp 20 may be configured to continuously
apply a clamping force on the blade 16 during transpor-
tation of the blade 16, and to automatically adjust the
clamping action on the blade 16 in response to various
events affecting the clamping force in real time without
requiring manual intervention from an operator or other
personnel.
[0033] In this regard, each of the jaw actuators 150a,
150b, 150c, 150d may be configured to advance the re-
spective jaw 130a, 130b toward one or more of the sad-
dles 100a, 100b, 100c, 100d in response to the clamping
force applied on the blade 16 being less than or equal to
a predetermined minimum threshold value. In this man-
ner, the jaws 130a, 130b may be actively urged toward
the blade 16 by the jaw actuators 150a, 150b, 150c, 150d
to apply a substantially continuous clamping force there-
to. As described in greater detail below, the applied
clamping force may be regulated according to the re-
quired degree of clamping necessary to maintain the
blade 16 securely in the clamp 20. For example, the pre-
determined minimum threshold clamping force may be
selected for the particular type or model of the blade 16.
Thus, the jaw actuators 150a, 150b, 150c, 150d may en-
sure that a minimum desired clamping force is main-
tained on the blade 16, thereby ensuring that the blade
16 is continuously positively restrained in the frame 30
of the clamp 20.
[0034] In addition or alternatively, each of the jaw ac-
tuators 150a, 150b, 150c, 150d may be configured to
withdraw the respective jaw 130a, 130b away from the
one or more of the saddles 100a, 100b, 100c, 100d in
response to the clamping force being greater than or
equal to a predetermined maximum threshold value. Sim-
ilar to the predetermined minimum threshold clamping
force, the predetermined maximum threshold clamping
force may be selected for the particular type or model of
the blade 16. Thus, the jaw actuators 150a, 150b, 150c,
150d may ensure that a maximum allowed clamping
force on the blade 16 is not exceeded, thereby ensuring
that the blade 16 is not inadvertently damaged by exces-
sive clamping.
[0035] Referring now to FIG. 8, the active or smart
clamping of the blade 16 may be achieved via an exem-
plary hydraulic circuit 200. As shown, the hydraulic circuit
200 includes each of the aforementioned jaw actuators

150a, 150b, 150c, 150d and the open/close actuator 70.
The illustrated hydraulic circuit 200 also includes a hy-
draulic power source 202 which may include a hydraulic
fluid reservoir and a hydraulic pump (not shown), for ex-
ample, for supplying hydraulic fluid such as oil to the var-
ious components of the circuit 200. In one embodiment,
a hydraulic fluid reservoir and/or hydraulic pump of the
dolly 14, such as of a dedicated braking system of the
dolly 14, may be used for the hydraulic power source
202. In another embodiment, the hydraulic power source
202 may be provided on the truck 12. In any event, the
hydraulic power source 202 is selectively fluidly coupled
to each of the jaw actuators 150a, 150b, 150c, 150d and
to the open/close actuator 70 via at least one working
fluid line 204a, 204b, 204c, 204d (indicated as solid lines),
at least one drain line 206 (indicated as dashed lines),
and various other hydraulic components.
[0036] In this regard, the hydraulic power source 202
is selectively fluidly coupled to the first and second pri-
mary jaw actuators 150a, 150b and to the first and second
secondary jaw actuators 150c, 150d via at least first and
second working fluid lines 204a, 204b, the at least one
drain line 206, and corresponding first, second, third, and
fourth counter balance or over center valves 210a, 210b,
210c, 210d configured to regulate flow of hydraulic fluid
into and out of the respective jaw actuators 150a, 150b,
150c, 150d. A solenoid valve (not shown) may be selec-
tively activated to direct hydraulic fluid into the first and/or
second working fluid lines 204a, 204b from the hydraulic
power source 202. For example, the solenoid valve may
be activated to a first position for selectively directing
hydraulic fluid into the first working fluid line 204a and
subsequently into the bottom chamber 172 of the barrel
160 of each of the primary jaw actuators 150a, 150b to
move the primary jaw 130a toward the one or more sad-
dles 100a, 100b, 100c, 100d, such as for exerting a suit-
able clamping force on the blade 16 proximate the leading
edge. In this regard, the primary jaw actuators 150a, 150b
are arranged in parallel with each other such that they
may be pressurized substantially simultaneously with
each other.
[0037] In the embodiment shown, the first working fluid
line 204a is generally bifurcated into a first section includ-
ing the primary jaw actuators 150a, 150b and a second
section including the secondary jaw actuators 150c, 150d
by a sequence valve 212 and a pressure relief valve 214
for ensuring that the first section is pressurized to a de-
sired pressure before the second section is pressurized.
In this manner, a suitable clamping force may be applied
to the blade 16 proximate the leading edge first, and may
be applied to the blade 16 proximate the trailing edge
second. For example, the sequence valve 212 may have
a predetermined fluid pressure threshold of 150 bar and
the pressure relief valve 214 may have a predetermined
fluid pressure threshold of 80 bar. Thus, with the solenoid
valve in the first position and after the primary jaw 130a
has moved toward the one or more saddles 100a, 100b,
100c, 100d to provide a clamping force on the blade 16,
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the hydraulic fluid may be directed through the sequence
valve 212 and pressure relief valve 214 into the second
section of the first working fluid line 204a and subse-
quently into the bottom chamber 172 of the barrel 160 of
each of the secondary jaw actuators 150c, 150d to move
the secondary jaw 130b toward the one or more saddles
100a, 100b, 100c, 100d, such as for exerting a suitable
clamping force on the blade 16 proximate the trailing
edge. In this regard, the secondary jaw actuators 150c,
150d are arranged in parallel with each other such that
they may be pressurized substantially simultaneously
with each other.
[0038] Alternatively, the solenoid valve may be activat-
ed to a second position for selectively directing hydraulic
fluid into the second working fluid line 204b and subse-
quently into the piston rod side chamber 174 of the barrel
160 of each of the primary and secondary jaw actuators
150a, 150b, 150c, 150d to move both the primary and
secondary jaws 130a, 130b away from the one or more
saddles 100a, 100b, 100c, 100d, such as for releasing
the blade 16.
[0039] In the embodiment shown, a pressure relief
valve 216 is positioned between the first and second
working fluid lines 204a, 204b for diverting hydraulic fluid
from the first working fluid line 204a to the second working
fluid line 204b if the fluid pressure within the first working
fluid line 204a exceeds a predetermined threshold, such
as 160 bar, for example.
[0040] As shown, the hydraulic power source 202 is
also selectively fluidly coupled to the open/close actuator
70 via third and fourth working fluid lines 204c, 204d, the
at least one drain line 206, and a fifth counter balance or
over center valve 210e configured to regulate flow of hy-
draulic fluid into and out of the open/close actuator 70.
A solenoid valve (not shown) may be selectively activated
to direct hydraulic fluid into the third and/or fourth working
fluid lines 204c, 204d from the hydraulic power source
202. For example, the solenoid valve may be activated
to a first position for selectively directing hydraulic fluid
into the third working fluid line 204c and subsequently
into the bottom chamber 92 of the barrel 80 of the
open/close actuator 70 to move the upper portion 34 of
the frame 30 toward the opened position, such as for
insertion or removal of the blade 16. Alternatively, the
solenoid valve may be activated to a second position for
selectively directing hydraulic fluid into the fourth working
fluid line 204d and subsequently into the piston rod side
chamber 94 of the barrel 80 of the open/close actuator
70 to move the upper portion 34 of the frame 30 toward
the closed position, such as for capturing the blade 16.
[0041] In the embodiment shown, each of the jaw ac-
tuators 150a, 150b, 150c, 150d is equipped with a ded-
icated energy storage device in the form of a hydraulic
accumulator 220a, 220b, 220c, 220d fluidly coupled to
the bottom chamber 172 of the respective jaw actuator
150a, 150b, 150c, 150d and configured to selectively
store and release energy from and to the respective jaw
actuator 150a, 150b, 150c, 150d, thereby providing some

flexibility and/or yield to each of the jaw actuators 150a,
150b, 150c, 150d for responding to unexpected increas-
es and/or decreases in fluid pressure within the bottom
chambers 172, as described in greater detail below.
[0042] Each hydraulic accumulator 220a, 220b, 220c,
220d may be configured as a compressed gas or gas-
charged closed accumulator, for example, and may in-
clude a hydraulic fluid chamber and a pressurized inert
gas (e.g., nitrogen) chamber for providing a compressive
force on the hydraulic fluid via an elastic diaphragm, en-
closed bladder, or floating piston. The hydraulic fluid
chamber of each hydraulic accumulator 220a, 220b,
220c, 220d may be configured to receive hydraulic fluid
from the hydraulic power source 202 when the respective
section of the first working fluid line 204a is pressurized,
thereby decreasing the volume of the compressed gas
and increasing the pressure of the gas and the pressure
on the hydraulic fluid. In one embodiment, each hydraulic
accumulator 220a, 220b, 220c, 220d may be configured
to be pressurized to 160 bar. In addition or alternatively,
each hydraulic accumulator 220a, 220b, 220c, 220d may
have a volume greater than that of the respective jaw
actuator 150a, 150b, 150c, 150d.
[0043] Each hydraulic accumulator 220a, 220b, 220c,
220d may be configured to supply hydraulic fluid to the
bottom chamber 172 of the respective jaw actuator 150a,
150b, 150c, 150d in response to a fluid pressure within
the bottom chamber 172 falling short of a first predeter-
mined minimum threshold value corresponding to the
predetermined minimum threshold clamping force, so
that the resulting pressurization of the bottom chamber
172 may cause the respective jaw 130a, 130b to advance
toward the one or more saddles 100a, 100b, 100c, 100d
and thereby increase the clamping force applied to the
blade 16. In this manner, the hydraulic circuit 200 may
automatically compensate for undesirable decreases in
pressure within the bottom chambers 172 of the jaw ac-
tuators 150a, 150b, 150c, 150d which may be indicative
of the blade 16 creeping, drifting, or otherwise beginning
to slip, and/or of minor hydraulic fluid leakage from the
hydraulic circuit 200. Thus, the hydraulic accumulators
220a, 220b, 220c, 220d may assist in maintaining a sub-
stantially continuous desired clamping force on the blade
16.
[0044] In addition or alternatively, each hydraulic ac-
cumulator 220a, 220b, 220c, 220d may be configured to
receive hydraulic fluid from the bottom chamber 172 of
the respective jaw actuator 150a, 150b, 150c, 150d in
response to a fluid pressure within the bottom chamber
172 exceeding a predetermined maximum threshold val-
ue corresponding to the predetermined maximum thresh-
old clamping force, so that the resulting depressurization
of the bottom chamber 172 may cause the respective
jaw 130a, 130b to withdraw away from the one or more
saddles 100-d and thereby decrease the clamping force
applied to the blade 16. In this manner, the hydraulic
circuit 200 may automatically compensate for undesira-
ble increases in pressure within the bottom chambers
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172 of the jaw actuators 150a, 150b, 150c, 150d which
may be indicative of excessive, potentially damaging
force application on the blade 16. Thus, the hydraulic
accumulators 220a, 220b, 220c, 220d may assist in pre-
venting damage to the blade 16.
[0045] While the energy storage devices of this em-
bodiment are illustrated as hydraulic accumulators 220a,
220b, 220c, 220d, any other suitable energy storage de-
vices, such as one or more springs, may be used to se-
lectively store and release energy from and to the re-
spective jaw actuator 150a, 150b, 150c, 150d in re-
sponse to the applied clamping force exceeding or falling
short of the predetermined maximum or minimum thresh-
old values.
[0046] In the embodiment shown, one or more or a
plurality of pressure sensors 230 (see 230a, 230b, 230c,
230d) may be configured to detect a fluid pressure within
the bottom chamber 172 of each of the jaw actuators
150a, 150b, 150c, 150d. For example, each pressure
sensor 230a, 230b, 230c, 230d may be positioned in-line
with the first working fluid line 204a at or near the bottom
chamber 172 and/or at or near the hydraulic fluid cham-
ber of the respective accumulator 220a, 220b, 220c,
220d. Each pressure sensor 230a, 230b, 230c, 230d may
be in operative communication with a display (not shown)
and may be configured to communicate an alert to the
display in response to the detected fluid pressure falling
short of a second predetermined minimum threshold val-
ue. The second predetermined minimum threshold value
may be less than the first predetermined minimum
threshold value, and may be indicative of the clamping
force being too low to provide adequate retention of the
blade 16 as a result of major hydraulic fluid leakage from
the hydraulic circuit 200 and/or of severe slippage of the
blade 16 from the clamp 20. Such an event may require
the attention of the operator to remedy, such as by halting
transportation and re-establishing the desired pressuri-
zation of the jaw actuators 150a, 150b, 150c, 150d. Thus,
the second predetermined minimum threshold value may
be considered an absolute predetermined minimum
threshold value. For example, the second predetermined
minimum threshold value may be 140 bar.
[0047] In one embodiment, one or more of the afore-
mentioned solenoid valves and/or pressure sensors
230a, 230b, 230c, 230d may receive electrical power
from an electrical power supply of the truck 12 via one
or more electrical cables (not shown) for routing the elec-
trical power from the electrical power supply to the dolly
14, for example.
[0048] In order to transport the blade 16, the root end
region of the blade 16 may be operatively coupled to the
truck 12 in a known manner and the clamp 20 may be
secured to the dolly 14. The upper portion 34 of the frame
30 of the clamp 20 may initially be in the opened position
so that the tip end region of the blade 16 may be inserted
between the first ends 32a, 34a of the frame 130 and
placed on or against the saddles 100a, 100b, 100c, 100d
of the lower portion 32 of the frame 30. The upper portion

34 may subsequently be rotated relative to the lower por-
tion 32 about the axis of rotation to the closed position,
such as via the open/close actuator 70, and may be se-
lectively locked against further movement relative to the
lower portion 32 via the lock 50. With the upper portion
34 in the closed position, the first section of the first work-
ing fluid line 204a may be pressurized to a predetermined
pressure to advance the primary jaw 130a into frictional
engagement with the blade 16 to provide a predeter-
mined clamping force on the blade 16 corresponding to
the predetermined pressure, and to pressurize the hy-
draulic fluid chambers of the respective accumulators
220a, 220b. The second section of the first working fluid
line 204a may be subsequently pressurized to a prede-
termined pressure to advance the secondary jaw 130b
into frictional engagement with the blade 16 to also pro-
vide a predetermined clamping force on the blade 16
corresponding to the predetermined pressure, and to
pressurize the hydraulic fluid chambers of the respective
accumulators 220c, 220d. The predetermined clamping
force may be selected to be sufficiently high to prevent
slippage or disengagement of the blade 16 from the
clamp 20 and to be sufficiently low to prevent damage to
the blade 16.
[0049] With the blade 16 operatively coupled to the
truck 12 and to the dolly 14 via the clamp 20, the truck
12 may be driven to tow the dolly 14 with the blade 16
and the clamp 20 defining the load path between the
truck 12 and the dolly 14 such that acceleration and brak-
ing action of the truck 12 are transmitted to the dolly 14
via the blade 16 and the clamp 20. The clamp 20 sub-
stantially continuously maintains the predetermined
clamping force during transportation via the active or
smart clamping feature described above. For example,
if the blade 16 creeps or drifts forward through the frame
30 such that a relatively slender region of the blade 16
enters the space between the saddles 100a, 100b, 100c,
100d and the jaws 130a, 130b due to strain, small shocks
during transportation, or hydraulic fluid leakage, the ac-
cumulator(s) 220a, 220b, 220c, 220d may supply hydrau-
lic fluid to the respective jaw actuator(s) 150a, 150b,
150c, 150d such that the jaws 130a, 130b may automat-
ically follow forward to maintain the predetermined
clamping force on the blade 16 and thereby continue to
adequately restrain the blade 16 in the clamp 20. Like-
wise, if the jaws 130a, 130b begin to exert an excessive
clamping force on the blade 16, the accumulator(s) 220a,
220b, 220c, 220d may receive hydraulic fluid from the
respective jaw actuator(s) 150a, 150b, 150c, 150d such
that the jaws 130a, 130b may automatically fall backward
to maintain the predetermined clamping force on the
blade 16 and thereby continue to avoid damaging the
blade 16.
[0050] In the event of a major decrease in hydraulic
pressure, the operator may be alerted by the pressure
sensors 230a, 230b, 230c, 230d and may halt the truck
12 and re-establish the desired hydraulic pressure in the
hydraulic circuit 200. In one embodiment, the transpor-
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tation arrangement 10 may be capable of experiencing
between 12 and 16 hours of travel time before requiring
reestablishment of the desired hydraulic pressure. Op-
tionally, an alert triggered by a detected loss of clamping
force between the clamp 20 and the blade 16 may trigger
an alarm instructing a driver to immediately bring the
transport truck 12 to a halt.
[0051] After the transportation arrangement 10 has ar-
rived at the desired destination, the upper portion 34 of
the frame 30 may be unlocked and rotated to the opened
position and the blade 16 may be removed from the clamp
20 for mounting, maintenance, or any other desired pur-
pose.
[0052] Referring now to FIG. 9, an alternative jaw ac-
tuator in the form of an electric servomotor 250 in oper-
ative communication with a controller 252 may be con-
figured to move one or more of the jaws 130a, 130b rel-
ative to the saddles 100a, 100b, 100c, 100d to apply a
clamping force on the blade 16 when the upper portion
34 of the frame 130 is in the closed position. The illus-
trated servomotor 250 is operatively coupled to the sup-
port 132 of the respective jaw 130a, 130b for effecting
generally linear movement of the jaw 130a, 130b relative
to one or more of the saddles 100a, 100b, 100c, 100d.
In this regard, a rotatable shaft 260 extends from the
servomotor 250 and terminates at a pinion 262 config-
ured to frictionally engage a lead nut 264 which is, in turn,
threadably engaged with a lead screw 266 such that ro-
tation of the lead nut 264 via activation of the servomotor
250 may cause the lead screw 266 to move linearly. The
illustrated lead screw 266 extends through a top plate
270 fixedly coupled to the upper portion 34 of the frame
30 of the clamp 20 toward a bottom plate 272 operatively
coupled to the support 132 of the respective jaw 130a,
130b such that extension of the lead screw 266 away
from the lead nut 264 causes the respective jaw 130a,
130b to advance generally linearly toward one or more
of the saddles 100a, 100b, 100c, 100d (and the blade
16, when present) and retraction of the lead screw 266
into the lead nut 264 causes the respective jaw 130a,
130b to withdraw generally linearly away from one or
more of the saddles 100a, 100b, 100c, 100d (and the
blade 16, when present).
[0053] In the embodiment shown, the bottom plate 272
is pivotably coupled to the jaw 130a, 130b via first and
second hinge leaves 274, 276 and a hinge pin 278 which
may allow the jaw 130a, 130b to slightly rotate about an
axis of rotation defined the hinge pin 278, for example,
such as to accommodate for slight variances in the ex-
terior surface of the blade 16.
[0054] Similar to the above embodiment, the servomo-
tor 250 may be configured to advance the jaw 130a, 130b
toward one or more of the saddles 100a, 100b, 100c,
100d in response to the clamping force applied on the
blade 16 being less than or equal to a predetermined
minimum threshold value, and/or may be configured to
withdraw the jaw 130a, 130b away from the one or more
of the saddles 100a, 100b, 100c, 100d in response to the

clamping force being greater than or equal to a prede-
termined maximum threshold value. In this embodiment,
the active or smart clamping of the blade 16 may be
achieved via one or more sensors 280 in operative com-
munication with the controller 252 and configured to pro-
vide feedback to the controller 252 indicative of the
clamping force being applied to the blade 16 by the jaw
130a, 130b. If the sensed clamping force is too low, the
controller 252 may activate the servomotor 250 to in-
crease the clamping force. Likewise, if the sensed clamp-
ing force is too high, the controller 252 may activate the
servomotor 250 to decrease the clamping force. In one
embodiment, the sensor 280 may be a compression sen-
sor positioned directly on the jaw 130a, 130b, such as
on or in the friction pad(s) 142 thereof.
[0055] In addition or alternatively, the sensor 280 may
be configured to measure the compressive force and/or
extension of a compression spring 290 extending around
the lead screw 266 between the top and bottom plates
270, 272. The spring 290 may be permitted to expand
as the lead screw 266 and bottom plate 272 advance
from the lead nut 264 and may be compressed as the
lead screw 266 and bottom plate 272 retract toward the
lead nut 264. Thus, the compressive force of the spring
290 and/or the extension of the spring 290 may be indic-
ative of the clamping force applied to the blade 16. Var-
iations in the compressive force and/or extension of the
spring 290 detected by the sensor 280 and communicat-
ed to the controller 252 may be compensated for by ac-
tivation of the servomotor 250 to substantially continu-
ously maintain the desired clamping force on the blade
16 similar to the above embodiment. The controller 252
may also be configured to communicate an alert to the
display in response to the detected compressive force
and/or extension of the spring 290 falling short of an ab-
solute predetermined minimum threshold value, which
may be indicative of the clamping force being too low to
provide adequate retention of the blade 16 as a result of
severe slippage of the blade 16 from the clamp 20, for
example. Such an event may require the attention of the
operator to remedy, such as by halting transportation and
servicing, re-setting, or adjusting the servomotor 250
and/or associated components.
[0056] Thus, the transportation arrangement 10 may
reliably maintain a desired clamping force on the blade
16 during transportation while towing the dolly 14 from
the truck 12 via the blade 16 and the clamp 20 by actively
responding to and compensating for undesirable de-
creases and/or increases in the applied clamping force
during such transportation to prevent the blade 16 from
slipping out from the clamp 20 and to prevent compres-
sive damage to the blade 16. By continuously monitoring
the clamping action on the blade 16 during transportation
of the blade 16 and automatically adjusting the clamping
action on the blade 16 in response to such events in real
time, the need for manual intervention from the operator
to ensure proper clamping of the blade 16 during trans-
portation may be avoided or eliminated.
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[0057] While the present invention has been illustrated
by a description of various preferred embodiments and
while these embodiments have been described in some
detail, it is not the intention of the Applicant to restrict or
in any way limit the scope of the appended claims to such
detail. Additional advantages and modifications will read-
ily appear to those skilled in the art. The various features
of the invention may be used alone or in numerous com-
binations depending on the needs and preferences of
the user.

Claims

1. A transportation arrangement (10), comprising:

a dolly (14); and
a clamp (20) secured to the dolly (14), the clamp
(20) including:

a frame (30) having a lower portion (32) cou-
pled to the dolly (14) and an upper portion
(34) selectively rotatable relative to the low-
er portion (32);
at least one saddle (100) positioned on the
lower portion (32) of the frame (30);
at least one jaw (130) movably positioned
on the upper portion (32) of the frame (30);
and
at least one jaw actuator (150) operatively
coupled to the at least one jaw (130) and
configured to move the at least one jaw
(130) relative to the at least one saddle
(100) to apply a clamping force on a blade
positioned between the at least one saddle
(100) and the at least one jaw (130),
wherein the at least one jaw actuator (150)
is configured to extend the at least one jaw
(130) toward the at least one saddle (100)
in response to the clamping force being less
than or equal to a predetermined minimum
threshold clamping force.

2. The transportation arrangement (10) of claim 1,
wherein the at least one jaw actuator (150) is con-
figured to retract the at least one jaw (130) away from
the at least one saddle (100) in response to the
clamping force being greater than or equal to a pre-
determined maximum threshold clamping force.

3. The transportation arrangement (10) of either claim
1 or 2, wherein the clamp (20) further includes at
least one energy storage device (220) configured to
selectively store and release energy from and to the
at least one jaw actuator (150).

4. The transportation arrangement (10) of claim 3,
wherein the at least one energy storage device (220)

is configured to release energy to the at least one
jaw actuator (150) in response to the clamping force
being less than or equal to the predetermined mini-
mum threshold clamping force.

5. The transportation arrangement (10) of either claim
3 or 4, wherein the at least one energy storage device
(220) is configured to store energy from the at least
one jaw actuator (150) in response to the clamping
force being greater than or equal to the predeter-
mined maximum threshold clamping force.

6. The transportation arrangement (10) of any of claims
3-5, wherein the at least one energy storage device
(220) includes at least one hydraulic accumulator
(220a-d).

7. The transportation arrangement (10) of claim 6,
wherein the at least one jaw actuator (150) includes
at least one hydraulic cylinder including:

a barrel (160) defining an interior;
a piston (170) configured to reciprocate within
the barrel (160) and dividing the interior of the
barrel (160) into a bottom chamber (172) and a
piston rod side chamber (174); and
a piston rod (176) including a first end opera-
tively coupled to the piston (170) within the pis-
ton rod side chamber (174) and a second end
operatively coupled to the at least one jaw (130),
wherein the bottom chamber (172) is fluidly cou-
pled to the at least one hydraulic accumulator
(220a-d).

8. The transportation arrangement (10) of claim 7,
wherein the at least one hydraulic accumulator
(220a-d) is configured to supply hydraulic fluid to the
bottom chamber (172) in response to a hydraulic fluid
pressure within the bottom chamber (172) being less
than or equal to a first predetermined minimum
threshold pressure corresponding to the predeter-
mined minimum threshold clamping force to extend
the at least one jaw (130) toward the at least one
saddle (100).

9. The transportation arrangement (10) of either claim
7 or 8, wherein the at least one hydraulic accumulator
(220a-d) is configured to receive hydraulic fluid from
the bottom chamber (172) in response to the hydrau-
lic fluid pressure within the bottom chamber (172)
being greater than or equal to a predetermined max-
imum threshold pressure corresponding to the pre-
determined maximum threshold clamping force to
retract the at least one jaw (130) from the at least
one saddle (100).

10. The transportation arrangement (10) of either claim
8 or 9, further comprising:
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a display; and
at least one pressure sensor (230) configured
to detect a hydraulic fluid pressure within the
bottom chamber (172), wherein the at least one
pressure sensor (203) is configured to commu-
nicate an alert to the display in response to the
detected hydraulic fluid pressure being less than
or equal to a second predetermined minimum
threshold pressure less than the first predeter-
mined minimum threshold pressure.

11. The transportation arrangement (10) of any of claims
3-5, wherein the at least one energy storage device
(220) includes at least one spring.

12. The transportation arrangement (10) of any of claims
1-11, further comprising:

a truck (12) configured to tow the dolly (14); and
a blade (16) including a first region operatively
coupled to the truck (12) and a second region
positioned between the at least one saddle (100)
and the at least one jaw of the clamp (20) such
that the second region is operatively coupled to
the dolly (14) via the clamp (20),
wherein the blade (16) and the clamp (20) define
a load path between the truck (12) and the dolly
(14) for allowing the truck (12) to tow the dolly
(14), preferably wherein the first region of the
blade (16) includes a root end region of the blade
and wherein the second region of the blade (16)
includes a tip end region of the blade (16).

13. The transportation arrangement (10) of any of claims
1-12, wherein the at least one saddle (100) and the
at least one jaw (100) each include at least one fric-
tion pad (112, 122).

14. The transportation arrangement (10) of any of claims
1-13, wherein the clamp (20) further includes an
open/close actuator (70) operatively coupled to the
upper portion (34) of the frame (30) and configured
to selectively rotate the upper portion relative to the
lower portion (32).

15. A method of transporting a wind turbine blade (16),
comprising:

providing a dolly (14) and a clamp (20) secured
to the dolly (14);
rotating a first portion of the clamp (20) relative
to a second portion of the clamp (20) to an
opened position;
inserting a region of the blade (16) into the clamp
(20);
rotating the first portion of the clamp (20) relative
to the second portion of the clamp (20) to a
closed position;

moving at least one jaw (130) into frictional en-
gagement with the blade (16) to apply a clamp-
ing force on the blade (16);
extending the at least one jaw (130) toward the
second portion of the clamp (20) in response to
the clamping force being less than or equal to a
predetermined minimum threshold clamping
force.

16. The method of claim 15, further comprising:
retracting the at least one jaw (130) away from the
second portion of the clamp (20) in response to the
clamping force being greater than or equal to a pre-
determined maximum threshold clamping force.

17. The method of either claim 15 or 16, wherein extend-
ing the at least one jaw (130) includes selectively
releasing energy from at least one energy storage
device (220) to the at least one jaw actuator (150) in
response to the clamping force being less than or
equal to the predetermined minimum threshold
clamping force.

18. The method of either claim 16 or 17, wherein retract-
ing the at least one jaw (130) includes selectively
storing energy from the at least one jaw actuator
(150) in at least one energy storage device (220) in
response to the clamping force being greater than
or equal to the predetermined maximum threshold
clamping force.

19. The method of any of claims 15-18, further compris-
ing:
towing the dolly (14) from a truck (12) via the blade
(16) and the clamp (20) such that the blade (16) and
the clamp (20) define a load path between the truck
(12) and the dolly (14).

20. The method of claim 19, further comprising:

rotating the first portion of the clamp (20) relative
to the second portion of the clamp (20) to an
opened position after towing the dolly (14) from
the truck (12) via the blade (16) and the clamp
(20); and
removing the region of the blade (16) from the
clamp (20).

21 22 



EP 3 722 600 A1

13



EP 3 722 600 A1

14



EP 3 722 600 A1

15



EP 3 722 600 A1

16



EP 3 722 600 A1

17



EP 3 722 600 A1

18



EP 3 722 600 A1

19



EP 3 722 600 A1

20



EP 3 722 600 A1

21



EP 3 722 600 A1

22

5

10

15

20

25

30

35

40

45

50

55



EP 3 722 600 A1

23

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

