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DEEP WATER KNUCKLE BOOM CRANE 

Field of the Invention 

[0001] The present application relates to cranes and more particularly to knuckle boom 

cranes. Still more particularly, the present application relates to knuckle boom cranes for 

use in deep water applications such as offshore oil platforms or other offshore platforms, 

ships, barges, or other situations where the crane may be adapted to pick and lift a load or 

lower a load to a point that is significantly below the base of the crane. 

Background 

[0002] Knuckle boom cranes have long since been used and are advantageous in offshore 

industries, in part, because of their relatively compact foot print and their ability to 

provide a relatively low boom tip height. For example, a knuckle boom crane may have a 

foot print of approximately half of the diameter of a comparable capacity lattice boom 

crane and the articulating inner and outer boom allows for lowering the boom tip to 

reduce the pendulum length between the boom tip and the picking hook. The smaller 

footprint offers advantages where the available area for equipment, material, workers, 

and working area is relatively small such as on a ship or oil platform. The lower boom 

tip and shorter pendulum length helps to reduce the swaying motion of a suspended load 

that may be induced by waves in the ocean, sea, or other waterway. The reduced 

swaying of the material can provide for more efficient handling of the material and can 

make for a safer working environment. However, the versatility of knuckle boom cranes 

can cause them to sacrifice lifting capacity. 

[0003] Demands for higher capacity cranes continue to increase and demands for cranes 

that can access deeper waters also continue to increase. Where 100 to 250 metric ton 

cranes were previously sufficient, industry has demanded more capacity and 400 metric 

ton cranes have become commonplace. Where depths of 500 meters were previously 

sufficient, industry has demanded access to deeper waters and 1000 meter depths have 

become common place. Demands continue to increase and the industry is now requesting 

600 metric ton, 700 metric ton and even 800 metric ton cranes. Moreover, not only does 
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the industry want the higher lift capacity, the industry also wants to be able to access 

ocean depths of 3500 meters; more than 2 miles below the surface. 

[0004] Solutions to achieve current capacities and payout lengths have involved 

increasing the cable diameter and length of cable. Each of these changes causes the cable 

spools (hoists) and associated wire ropes to increase in diameter and weight. The 

increase in cable/rope diameter and weight has led to relocating the spool (hoist) from the 

base of the crane to a location below the deck of ships, for example. However, the 

current demands have exhausted the capacity of this solution. That is, the cable spools 

(wire ropes) have reached a size and a weight that suppliers of currently available cabling 

(wire ropes) simply do not have the space in their facilities to produce such large spools 

of cable (wire ropes). For example, a spool for a cable for a 800 metric ton knuckle 

boom crane that can reach depths of 3500 meters would have wire rope with a diameter 

of 165mm and a weight of approximately 460 metric tons. This solution has run its 

course and the industry is in need of alternative solutions. 

Summary 

[0005] In one embodiment, a crane may include a rotatable base. The crane may also 

include an inner boom extending from a base end to a first knuckle end. The base end 

may be pivotally connected at a base pivot point to the rotatable base such that the inner 

boom is pivotable in a vertical plane about the base pivot point. The crane may also 

include an outer boom extending from a second knuckle end to a boom tip. The second 

knuckle end may be pivotally connected at a knuckle pivot point to the first knuckle end 

of the inner boom such that the outer boom is pivotable in the vertical plane about the 

knuckle pivot point. The crane may also include a plurality of guide assemblies arranged 

along the length of the inner and outer boom and adapted for guiding a plurality of lines. 

Each of the guide assemblies may include a rack structure and a plurality of line guides 

arranged on the rack structure. The crane may also include a multi-line material handling 

system. The multi-line material handling system may include a first line having a first 

end secured to a first winch drum. The first line may include an outgoing portion 

extending from the first winch drum and along one of the line guides of each of the 

plurality of guide assemblies to a sheave block, and an incoming portion returning from 
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the sheave block to a supported anchor device. The multi-line material handling system 

may also include a second line having a first end secured to a second winch drum. The 

second line may include an outgoing portion extending from the second winch drum and 

along one of the line guides of each of the plurality of guide assemblies to the sheave 

block, and an incoming portion returning from the sheave block to the supported anchor 

device. 

[0006] In another embodiment, a crane may include a knuckle boom crane having a base 

and a means for handling a load and lowering the load to a depth of 3500 meters below 

the base of the knuckle boom crane. The means for handling a load may have a capacity 

of 800 metric tons and, as such, may be capable of lowering a 500 metric ton load to the 

3500 meter depth, for example. 

[0007] While multiple embodiments are disclosed, still other embodiments of the present 

disclosure will become apparent to those skilled in the art from the following detailed 

description, which shows and describes illustrative embodiments of the package. As will 

be realized, the various embodiments of the present disclosure are capable of 

modifications in various aspects, all without departing from the spirit and scope of the 

present disclosure. Accordingly, the drawings and detailed description are to be regarded 

as illustrative in nature and not restrictive. 

Brief Description of the Drawings 

[0008] While the specification concludes with claims particularly pointing out and 

distinctly claiming the subject matter that is regarded as forming the various 

embodiments of the present disclosure, it is believed that the disclosure will be better 

understood from the following description taken in conjunction with the accompanying 

Figures. 

[0009] FIG. 1 is a perspective view of a model of a knuckle boom crane, according to 

some embodiments. 

[0010] FIG. 2 is a close-up view of a boom system of the model crane of FIG. 1. 

[0011] FIG. 3 is a schematic diagram of the material handling system of the model crane 

of FIG. 1. 
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[0012] FIG. 4 is a close-up view of a load suspended from a hook block of the model 

crane of FIG. 1. 

[0013] FIG. 5 is a close-up view of a guide assembly of the model crane of FIG. 1. 

[0014] FIG. 6 is another view of the model crane of FIG. 1 with the outer boom in an 

inverted position. 

[0015] FIG. 7 is a top view of a portion of the material handling system of the model 

crane of FIG. 1. 

[0016] FIGS. 8-21 show a line routing system for arrangement below the base of the 

model crane of FIG. 1. 

[0017] FIG. 22 is a close up view of the line routing system of the model crane of FIG. 1. 

[0018] FIG. 23 shows another embodiment of a knuckle boom crane with fewer guide 

assemblies than the knuckle boom crane of FIG. 1, according to some embodiments. 

[0019] FIG. 24 shows another embodiment of a knuckle boom crane with lines being 

routed alongside the inner and outer boom, according to some embodiments. 

Detailed Description 

[0020] The present application, in some embodiments, relates to a high capacity deep 

water knuckle boom crane. In contrast to existing single line knuckle boom cranes, the 

knuckle boom crane may include a multi-line system. The multi-line system is provided 

with a series of guides in the form of sheave systems for guiding the lines along the 

doubly articulable boom system and accommodating the multitude of positions and 

arrangements the boom system is capable of forming, including an inversion of the outer 

boom relative to the inner boom. The multi-line system in place on the versatile boom 

allows for a reduction in the diameter of the line required to achieve a high lifting 

capacity. As such, suitable line spool sizes may be provided with lengths of line capable 

of reaching ocean depths exceeding 3500 meters while also providing crane capacities 

exceeding current industry standards. 

[0021] Referring now to FIG. 1, a knuckle boom crane 100 is shown. The crane 100 may 

include a base 102, a boom system 104, a material handling system 106 including one or 

more lines 110, and a guide system 108 for guiding the lines 110 of the material handling 

system 106. The base 102 may be rotatable relative to a supporting structure 50 and the 
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boom system 104 may extend therefrom such that the boom system 104 rotates with the 

base 102. The boom system 104 may include a plurality of booms that may be 

articulated relative to the base 102 for picking, lifting, lowering, swinging, or otherwise 

handling material. The material handling system 106 may include one or more lines 110 

and one or more winches 112 for in hauling or paying out the line 110. The guide system 

108 may guide the lines 110 of the material handling system 106 as they are paid out or 

in hauled and may maintain the line 110 position relative to the boom system 104 and 

relative to other lines 110. 

BASE 

[0022] Referring to FIG. 2, the base 102 of the crane 100 may include a platform 114 and 

may be supported by a support structure 50. The support structure 50 may interface with 

the base 102 to provide vertical support and resist overturning of the base 102 relative to 

the support structure 50 while also allowing rotation of the base 102 about the support 

structure 50. The interface between the base 102 and the support structure 50 may 

include one or more vertically oriented roller bearings and may also include one or more 

radially oriented roller bearings. Several combinations of roller bearings or other 

interfaces may be provided. In some embodiments, a radial support bearing or pair of 

opposing and vertically offset radial support bearings may be used. In one embodiment, 

the radial support bearing described in U.S. Patent 7,891,508 may be provided, the 

content of which are hereby incorporated by reference herein in its entirety. A traction 

drive mechanism may also be provided for engaging the support structure 50 and for 

controllably rotating the base 102 relative to the support structure 50. 

[0023] In some embodiments, the base 102 may be supported by a support structure 50 in 

the form of a cylindrical pedestal and the base 102 may rotate atop the pedestal. The 

pedestal may be positioned on or form an on-land structure or the pedestal may be 

arranged on or form an offshore structure. In some embodiments, the pedestal may be 

arranged on a ship, barge, offshore platform, or other marine device or structure. Other-

structures other than cylindrical pedestals may also be provided such as other cross-

sectional pedestals, or platforms, decks, or other supporting structures. In some 

embodiments, the base 102 may be capable of rotating 360 degrees around the support 
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structure 50 or pedestal. The base 50 may also include a cab for an operator, a working 

platform or other similar structures or elements. 

[0024] The base 102 may also include boom interfacing devices 116, such as brackets, 

hubs, ears, or other structures for interfacing with the boom system 104 described below. 

The boom interfacing devices 116 may include a boom bracket and a ram bracket, for 

example. The boom brackets may function to secure the boom or booms 118 of the 

boom system 104 to the base 102 and allow for free pivoting motion of the boom system 

104 about the base 102. The ram brackets may function to secure rams 120 to the base 

102 for controlling the pivoting articulation of the boom system 104. 

[0025] In some embodiments, the boom brackets may include a pair of tab plates 

extending from the platform 114 of the base 102. The pair of tab plates may extend 

parallel to one another and may be spaced from one another a distance equal to the width 

of a boom 118, for example. The tab plates may each include a hole aligned with the 

hole in the other tab plate. A boom 118 may be arranged between the tab plates and may 

include a bore and a pivot pin may be arranged through the holes of the tab plates and the 

bore of the boom 118 to pivotally secure the boom 118 to the base 102. The center point 

of the hole in the tab plates and the centerline of the bore may define a base pivot point 

122 for pivotally articulating the boom system 104 about the base 102. A bearing or 

bearings may be provided to allow the boom system 104 to pivot about the pivot point 

122 of the base. In other embodiments, rather than providing tab plates on the base 102 

for receiving a boom 118, a relatively broad lug may be provided on the base 102. In this 

embodiment, ear plates or tab plates may be provided on the boom 118 for arrangement 

on either side of the lug. The ear plates or tab plates may include a hole for alignment 

with a bore in the lug to receive a pivot pin. Other types of jaw-like connections may be 

provide to allow for pivoting motion between the boom 118 and the base 102. 

[0026] The ram brackets may be the same or similar to the boom brackets. That is, tab 

plates may be provided on the base 102 for receiving an end of a ram 120 or tab plates 

may be provided on an end of a ram 120 for placement around a lug on the base 102. 

Depending on the size and design selections of the crane 100, namely, whether the boom 

system 104 is operated with a single series of rams 120 or whether the boom system 104 
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is operated with a series of paired rams 120, the base 102 may include a corresponding 

number of ram brackets. 

BOOM SYSTEM 

[0027] The boom system 104 may include one or more booms 118 pivotally extending 

from the base 102. In the case of the knuckle boom crane 100 shown, a pair of booms 

118 extend in series from the base 102. An inner boom 118A may be pivotally connected 

to the base 102 via the boom bracket and an outer boom 118B may be pivotally 

connected to the inner boom 118A with a same or similar pivot connection. The 

connection between the inner and outer boom 118A, 118B may include a pivot pin 

defining a knuckle pivot point 124. The knuckle boom system 104 may thus articulate 

relative to the base 102 similar to a human finger with a single knuckle, for example. 

[0028] The inner boom 118A may extend from a base end 126 coupled to the base 102 to 

a knuckle end 128. The inner boom 118A may be generally elongate and may be 

designed to withstand compressive and bending loads induced therein during operation 

by the weight of materials and/or equipment lifted, moved, or otherwise handled. The 

outer boom 118B may extend from a knuckle end 130 that is coupled to the knuckle end 

128 of the inner boom 118A to a boom tip 132. The knuckle ends 128, 130 of the inner 

and outer boom 118A, 118B may be pivotally connected at the knuckle pivot point 124. 

In some embodiments, this may be in alignment with a rack structure to be described 

below. In other embodiments, the knuckle pivot point 124 may be isolated from any rack 

structure or other line guide system. 

[0029] Each of the inner and outer booms 118A, 118B may include built-up, hot-rolled, 

cold-rolled steel structures or other steel structures. Other materials such as composite 

materials or other materials may also be used. In some embodiments, the booms 118A, 

118B may include box beams formed from plate steel welded to form a generally 

rectangular cross-section, for example. Internal stiffeners, braces, backing bars, and other 

design and/or fabrication and/or erection related features may be provided. In some 

embodiments, the cross-section of the booms 118 A, 118B may vary to provide a tapered 

boom as shown in FIG. 2. In this embodiment, the tapered shape of the inner boom 118A 

may allow for the rams 120 to be offset from the boom 118A and may also reflect the 

compressive and bending load diagram of the boom allowing for efficient use of material 
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in constructing the boom. As shown, the inner boom 118A may be relatively thin near 

the base 102, may get relatively thick toward the mid-length of the boom 118 A, and may 

get thinner again near the knuckle end 128 of the inner boom 118A. The outer boom 

118B may be relatively thick near the knuckle end 130 and may get relatively thinner 

toward the boom tip 132. 

[0030] The inner and outer booms 118 A, 118B may be articulable via a plurality of rams 

120. A single line of rams 120 that are generally centered along the length of the booms 

118 may be provided, for example. In other embodiments, a pair of lines of rams 120 

may be provided where a line of rams 120 extends along or adjacent the sides of the 

boom members 118. In some embodiments, the more heavily loaded portions of the 

boom 104 are operable via multiple rams 120 and more lightly loaded portions of the 

boom 104 may be operable via a single ram 120. The rams 120 may be hydraulic rams 

120 or other types of rams 120 may be provided. The rams 120 may be controlled by an 

operator via a control device. Where the rams 120 are hydraulic, the rams 120 may be in-

fluid communication with a hydraulic fluid reservoir via hydraulic lines connecting the 

ram 120 to a pump and one or more valves, for example. 

[0031] As shown, an inner ram 120A or plurality of inner rams 120A may be secured to 

the base 102 and secured to a ram bracket on the inner boom 120A. The ram bracket for 

the inner ram 120A may be spaced along the length of the inner boom 118A from 

approximately VA to 3A of the length of the boom 118A or from approximately 5/i<> to 14 of 

the length of the boom 118A or approximately V3 of the length of the boom 118A. Other 

locations for the inner ram bracket may also be provided and selected based on the 

anticipated crane loadings and other design optimizations. The inner ram 120A may thus 

be extended or contracted to control the angular position of the inner boom 118A. That 

is, as the inner ram 120A is extended, the inner boom 118A may pivot upwardly about 

the base pivot point 122 and as the inner ram I20A is contracted, the inner boom 118A 

may pivot downwardly about the base pivot point 122. 

[0032] An outer ram 120B or plurality of outer rams 120B may be secured to the inner 

boom 118A via an outer ram bracket on the inner boom 118A and may also be secured to 

the outer boom 118B via another ram bracket. The outer ram bracket on the inner boom 

118A may be spaced along the length of the inner boom 118A from approximately lA to 
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3A of the length of the boom 118A or from approximately 'A to u/i6 of the length of the 

boom 118A or approximately % of the length of the boom 118A. Other locations for the 

outer ram bracket may also be provided and selected based on the anticipated crane 

loadings and other design optimizations. The outer ram 120B may thus be extended or 

contracted to control the angular position of the outer boom 118B relative to the inner 

boom 118 A. That is, as the outer ram 120B is extended, the outer boom 118B may pivot 

so as to increase the distance between the boom tip 132 and the base 102 or travel 

outwardly away from the base 102, for example. As the outer ram 120B is contracted, 

the outer boom 118B may pivot so as to decrease the distance between the boom tip 132 

and the base 120 or travel inwardly toward the base 102, for example. 

MATERIAL HANDLING SYSTEM 
[0033] The crane 100 may be equipped with a material handling system 106 relying on 

the framework of the base 102 and the boom system 104 while providing in-hauling and 

payout capabilities. The material handling system 106 may include one or more winches 

112 for paying out and hauling in line. In some embodiments, a single line 110 and a 

single winch 112 may be provided. In other embodiments, a plurality of winches 112 and 

corresponding lines 110 may be provided. The line arrangement for each winch 112 may 

generally include a portion wrapped on a winch drum, a portion extending along the 

boom 118 of the crane 100, and a portion extending from the boom tip 132 to a hook 

block 134. In some embodiments, a portion of the line 110 may return from the hook 

block 134 to an anchor point, for example. The winch may be operated in each of two 

directions to payout or inhaul line 110 such that material picked and lifted by the crane 

100 may be raised or lowered by in hauling or paying out line 110 respectively. 

[0034] As shown in FIGS. 1, 3, and 7, in one embodiment, a pair of winches 112 may be 

provided and each line 110 associated with the respective winches 112 may include an 

outgoing portion 136 and an incoming portion 138. As shown, an outgoing portion 136 

of the line 110 may extend from the winch 112 to the boom 118 and may be supported 

along the length of the boom 118. The outgoing portion 136 may extend beyond the 

length of the boom 118 and may hang freely from the boom tip 132. The outgoing 

portion 136 may continue to a hook block 134, as shown in FIG. 4, where material, 

equipment, or other loadings may be supported. The incoming portion 138 of the line 
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110 may return from the hook block 134 and may be secured to an anchor point on the 

crane 100. In some embodiments, the incoming portion 138 may be secured to an anchor 

device 140 near the boom tip 132. In other embodiments, as shown, the incoming portion 

138 may extend along and be supported by the boom 118 and may be secured to an 

anchor device 140 thereafter. 

[0035] In some embodiments, the lines 110 associated with each winch 112 may be wire 

ropes. In some embodiments, the wire ropes may be opposite lay wire ropes. For 

example, in one embodiment a first line 11 OA may be a right lay line and a second line 

110B may be left lay line. In still other embodiments, alternative rope materials may also 
be used. 

[0036] Each of the lines 110 associated with the respective winches 112 may follow a 

substantially parallel path along the boom system 104, to the hook block 134, and back to 

the anchor device 140. As discussed in more detail below, the use of right lay and left lay 

wire ropes of similar construction may reduce the tendency of the lower block, or hook 

block, to twist or rotate at extended water depths. In the region between the boom tip 132 

and the hook block 134, four line portions may work together to support a lifted load. 

[0037] As shown, a first line 110A may extend from a first winch 112A and may include 

an outgoing portion 136A may extend along an outside edge of the boom 118 and extend 

downward from the boom tip 132. The corresponding incoming portion 138A may return 

from the hook block 134 and may be positioned nearer to the centerline of the boom 118. 

The outgoing and incoming portion 136A, 138A of the line 110A may be part of the 

same right lay line, for example, and may have a tendency to rotate the hook block 134 in 

a first direction. Without more, the incoming and outgoing portion 136A, 138A may 

cause the hook block 134 to twist causing the incoming and outgoing portion 136A, 

138A of the line 110 to entangle. This can create a situation where load cannot be paid 

out or in hauled and can be particularly problematic when large lengths of line 110A are 

suspended from the boom tip 132. However, as also shown, a second line 110B 

extending from a second winch 112B may include an outgoing portion 136B that may 

extend along an opposite outside edge of the boom 118 and extend downward from the 

boom tip 132. The corresponding incoming portion 138B may return from the hook 

block 134 and may be positioned nearer to the centerline of the boom 118 than the 
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corresponding outgoing portion 136B and generally adjacent to the first line's incoming 

portion 138A. The outgoing and incoming portion 136B, 138B of the line 110B may be 

part of the same left lay line, for example, and may have a tendency to rotate the hook 

block 134 in a second direction opposite the first direction. As such, rotation of the hook 

block 134 may be equally and oppositely biased such that no rotation occurs and 

entanglement of the lines 110A and 11 OB is avoided. In single line systems, particularly 

when the line is doubled back to an anchor point, more elaborate special rotation resistant 

lines are often used to avoid rotation of the load and entanglement of outgoing and 

incoming lines. The presently described system allows for the use of more commonly 

available and less expensive right lay and left lay ropes. It is noted that, while the 

outgoing portion 136 of the lines 110 are described as being along the outboard edge of 

the boom 118 and the incoming portions 138 of the lines are described as being inboard 

relative to the outgoing portions 136, an opposite arrangement may also be provided. 

[0038] The presence of four line portions supporting the hook block 134 may allow for 

the tension in the line 110 due to the supported load to be reduced by a factor of four. 

That is, by way of comparison, and setting buoyant forces aside, a 100 metric ton load 

may cause 100 metric tons of tensile force in a single line. In contrast, in the presently 

described system, a 100 metric ton force may cause only 25 metric tons of tensile force in 

each of the four lines. Additional advantages relating to line design may be realized from 

this arrangement as described below. 

[0039] A comparison of line arrangements was performed for a 400 metric ton load with 

a length of line capable of paying out 2000 meters. In a single line approach, a 103 mm 

diameter rope may be used having a single line pull capacity of 190.9 metric tons. The 

length of the line may be 2020 meters causing the total rope weight to be approximately 

89 metric tons. In a double line approach, a 70 mm diameter rope may be used having a 

single line pull capacity of 93.7 metric tons. The length of the line may be 4040 meters 

(i.e., outgoing and incoming portions) causing the total rope weight to be approximately 

82 metric tons. In a four line approach as described above, a 48 mm diameter rope may 

be used having a single line pull capacity of 46.4 metric tons. The length of line may be 

8080 meters (i.e., 2-outgoing, 2-incoming) causing the total rope weight to be 

approximately 77.2 metric tons. (A savings of approximately 12 metric tons of rope 
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compared to the single line approach) As such, not only can the rope diameter be 

reduced, and thus reduce the weight of each spool of line, the total rope weight may also 

be reduced making the system more efficient. This is, in part, because the live load 

calculations for material handling involve the application of a live load factor to the 

weight of the line portion between the winch and the hook block. By using the above-

described four line approach, approximately V* of the weight of the line may be omitted 

from the live load on the crane allowing for further optimization of the line diameter. 

[0040] The described arrangement of lines 110 for a material handling system 106 

provides advantages that may change the landscape of the paradigm of single line 

knuckle boom cranes. While the use of more than a single line entering and exiting a 

hook block may be known, these systems often involve one or two winches having 

outgoing lines that extend up a crane boom, down to a hook block and back up to a 

supported boom block. The lines may continue through the boom block and return to the 

hook block and extend back up to the boom block. In some cases, up to 32 lines or more 

including back and forth lines between the boom block and hook block may be provided. 

However, in these cases, the lines that extend along the boom of the crane generally 

include only the outgoing lines directly extending from the winch. Moreover, these lines 

are routed along a single boom articulable about a single pivot point and guiding the one 

or two lines along the boom may be relatively straightforward. In the present knuckle 

boom crane, multiple lines (including both outgoing and incoming lines) may extend the 

full length of the boom system and the boom system may include a doubly articulable 

boom and further may involve an ability for the outer boom to invert below the inner 

boom. Moreover, as will be discussed in more detail below, accommodations may be 

provided for handling the four lines near the base of the knuckle boom crane and below 

the base of the crane while allowing the crane to rotate through a range of motion. 

GUIDE SYSTEM 

[0041] As the line 110 of the material handling system 106 extends from a winch 112, 

along the boom system 104, and to the hook block 134, the lines 110 may be guided 

along the boom system 104 by a plurality of guide assemblies 142. The guide assemblies 

142 may be configured to transfer load from the lines 110 to the boom system 104 to 

support a lifted load, for example. The guide assemblies 142 may also be configured to 
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maintain the location of the lines 110 relative to the boom system 104 and relative to each 

other. Moreover, the guide assemblies 142 may be adapted to allow the lines 110 to be 

paid out or hauled in while continuing to perform the load transfer function and the line 

position functions already mentioned. 

[0042] The guide assemblies 142 may be arranged near the base 102 of the crane 100 and 

along the length of the boom system 104. As shown in FIG. 2, a guide assembly may be 

provided at or near the boom tip 132, on either sides of the knuckle or knuckle pivot point 

130, and near the intersection of the inner boom 118A with the base 102 of the crane 100. 

As such, four guide assemblies 142 may be provided. Fewer or more guide assemblies 

142 may be provided and may be configured to accommodate geometric changes in the 

boom 118 geometry to provide suitable line support. More discussion of this is provided 

with respect to FIG. 23 and 24 below. 

[0043] Referring to FIG. 5, the guide assemblies 142 may include a rack structure 144 

and one or more line guides 146. The rack structure 144 may be adapted to support the 

line guides 146 relative to the boom 118 or other attachment point and the line guides 146 

may interface with the lines 110 of the material handling system 106 to maintain their 

respective positions, transfer load to the rack structure 144 from the lines 110, and allow 

the lines 110 to be paid out or hauled in. In the embodiment, shown, the rack structure 

144 may include a standoff bracket 148 or plurality of standoff brackets 148 and a 

bridging element 150. The standoff bracket 148 may be coupled to the boom 118 or 

other support surface and the bridging element 150 may extend laterally relative to the 

boom 118,, for example, to support a plurality of line guides 146. 

[0044] In one embodiment, as shown, the rack structure 144 may include a standoff plate 

or ear 148 and the bridging element 150 may include a spindle, shaft, or other laterally 

extending element for supporting the line guides 146. The bridging element 150 may be 

flexurally designed to extend from the supporting standoff plate 148 and support the line 

guides 146 at positions laterally offset from the standoff plate 148. Where multiple 

standoff plates 148 are provided, the bridging element 150 may support line guides 146 

between the standoff plates 148 and/or beyond the standoff plates 148. The line guides 

146 may be spaced along the bridging element 150 in spaced apart relationship and the 

spacing of the line guides 146 may define the spacing of the lines 110 extending along 
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the boom 118. In some embodiments, depending on the hook block geometiy, the line 

guides 146 may be spaced to match the spacing between the outgoing and incoming 

portions 136, 138 of a line 110 as it enters and leaves the hook block 134. For example, 

as shown in FIG. 3, the spacing measured substantially perpendicular to the boom 118 

between an outgoing line 136 and an incoming line 138 may be equal to the throat 

diameter of a hook block sheave plus the line diameter. Where two hook block sheaves 

are provided for each incoming 138 and outgoing line 136, the spacing measured 

substantially perpendicular to the boom 118 between an outgoing line 136 and an 

incoming line 138 may be equal to the throat diameter of the hook block sheaves, plus the 

spacing between the center of the sheaves, plus the line diameter. While other spacings 

may also be provided, the described spacing may preserve the geometiy of the lines 110 

entering and exiting the hook block 134 and may be advantageous to maintain the lines 

110 in alignment with the line guides 146 on the boom tip 132 and reduce tendencies for 

the line to walk off of the guides 146. 

[0045] In one embodiment, as shown; the line guides 146 may include sheaves, pulleys, 

or other rotating line guides 146. The sheaves or pulleys may be arranged for 

substantially free rotation on the bridging element 150 and may include a bearing or 

series of bearing allowing for rotation of the line guide 146 as the line 110 is paid out or 

in hauled. Alternatively, the lines guides 146 may be sleeves, slots, grooves, or otherwise 

shaped guiding structures that allow the lines 110 to pass therethrough. In some 

embodiments, the line guides 146 may be lined with a low-friction slip material to allow 

the line 110 to pass along the guide 146 and minimize friction thereon. 

[0046] The guide assembly 142 at the boom tip 132 may be adapted to guide and support 

the lines 110 of the material handling system 106 in a plurality of positions. In some 

embodiments, the guide assembly 142 at the boom tip 132 includes an over and under 

rack structure 144 with associated line guides 146. As such, when the outer boom 118B 

is arranged as shown in FIGS. 1 and 2, the lines 110 may be generally supported by the 

under rack structure 144 and associate line guides 146. When the outer boom 118B is 

pivoted inwardly relative to its position in FIGS. 1 and 2, the outer boom 118B may 

become inverted below the inner boom 118A as show in FIG. 6. This may cause the line 

110 extending to the hook block 134 to hang from the over rack structure that has now 
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moved to a position below the line 110. This again exemplifies the obstacles involved in 

routing multiple lines along a knuckle boom crane. That is, not only does the crane 100 

have multiple articulating booms in contrast to single boom cranes, but one of the booms 

of a knuckle boom crane may actually be inverted below the other boom. An 

arrangement of line guides 146 for multiple lines 110 is provided here to accommodate 

the relatively involved motions of a knuckle boom crane. 

[0047] The guide assemblies 142 at the base 102 of the boom system 104 may be adapted 

to accommodate lines 110 extending in multiple directions. In other embodiments, the 

lines may all extend generally in the same direction. The guide assembly 142 may 

include a rack structure 144 and a bridging element 150 and the lines 110 may extend 

over the line guides 146 or under the line guides 146 depending on the direction the lines 

110 extend when leaving the base 102 of the crane 100. As shown in FIGS. 1,2, 3, and 6 

and in close-up in FIG. 22, the inner two lines 110 extending down along the inner boom 

118A are incoming portions 138 of respective lines 110. These incoming lines 138 may 

extend generally horizontally as they leave the base 102 of the crane and, as such, the 

lines 110 may extend below their respective line guides 146. The outer two lines 110 are 

outgoing lines 136 and may extend generally downward as they leave the base 102 of the 

crane 100 and extend toward the winch 112. As such, these lines 110 may extend over 

their respective lines guides 146. The outgoing portions 136 may proceed around an 

additional set of line guides leading back to the location of the winches 112 associated 

with each line 110. This additional set of line guides 146 may be adapted to 

accommodate rotation of the base of the crane 100 and the several lines 110 passing 

through this area. In some embodiments, some of the line guides may be positioned on 

swing arms or other pivoting or rotating fixtures to accommodate the varying location of 

the lines 110 as the lower most guide assembly 142 rotates with the crane 100. 

[0048] In other embodiments, as shown in a series of FIGS. 8-21, the lines 110 may pass 

across the top of the line guides 146 at the base 102 of the crane 100. In some 

embodiments, the lines 110 may pass generally down and through the supporting pedestal 

50 and rotation of the crane may be accommodated by a system of routing guides 143, 

145 the same as or similar to the guide assemblies 142. 
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[0049] As shown in FIG. 8, for example, the lines 110 may be routed from the guide 

assembly 142 at the base of the crane to a routing guide 143 located below a ship deck. It 

is noted that the crane booms have been omitted for clarity and the springs shown are for 

simulating the tension on the lines due a load suspended from the crane. In some 

embodiments, an intermediate or mid-span routing guide 145 may be provided. As 

shown in FIG. 17, for example, a first outgoing portion 136A and incoming portion 138A 

of line may extend along one side of the intermediate routing guide 145 and a second 

outgoing portion 136B and incoming portion 138B of line may extend along an opposing 

side of the intermediate routing guide 145. Referring again to FIG. 8, all of the incoming 

and outgoing portions 136A/B, 138A/B of the two lines may then pass along the same 

side of the routing guide 143, pass underneath the routing guide 143 and extend to a hoist 

or anchor device, (i.e., outgoing portions I36A/B may extend to a hoist and incoming 

portions 138A/B may extend to an anchor device 140.) 

[0050] The intermediate or mid-span guide 145 may be adapted to rotate some fraction of 

the rotation of the crane and the guide assembly 142 at the base of the crane. For 

example, in some embodiments, the intermediate guide 145 may rotate half of the 

rotation of the crane. When the crane rotates 60 degrees about the pedestal, the 

intermediate guide 145 may, for example, rotate 30 degrees. In other embodiments, other 

fractions may be used, such as XA, 1/3, 3/8, 5/8, %, or some other fraction of the crane 

rotation. The control system of may allow for input of the selected fraction or the 

selected fraction may be coded into the control system such that intermediate routing 

guide rotates automatically with the crane rotation. 

[0051] As shown in FIGS. 17-20 a series of top views of positions of the guide assembly 

142 at the base of the crane relative to the routing guide 143 and intermediate routing . 

guide 145 are shown. In FIG. 17, for example, the guide assembly 142 is aligned with 

the routing guide 143. In FIG. 18, the guide assembly 142 at the base of the crane has 

rotated approximately 90 degrees relative to the routing guide 143 and the intermediate 

guide has rotated approximately 45 degrees. In FIG. 19, further rotation of the guide 

assembly 142 has occurred and the guide assembly 142 is shown positioned 

approximately 180 degrees from its original position and thus 180 degrees relative to the 

routing guide 143. The intermediate guide 145 has rotated approximately 90 degrees 
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from its original position. As can be appreciated, without the intermediate guide 145, if 

the guide assembly 142 were to rotate 180 degrees relative to the rouging guide 143, the 

lines would cross causing line fouling. With the intermediate routing guide 145, relative 

rotations between the guide assembly 142 and the routing guide 143 up to and exceeding 

180 degrees may be provided. Accordingly, where the crane can rotate 180 degrees or 

more in each direction, a full 360 degree range of motion may be provided without 

fouling of the lines extending from the base of the crane. 

ANCHOR DEVICE 
[0052] As mentioned, the incoming lines 138 of the multi-line system may return from 

the hook block 134 to an anchor device 140. In the embodiments shown, the anchor 

device 140 is located off of the crane 100 and may be located below a ship deck, for 

example; However, it is noted that the anchor device 140 may be at any point near or 

inward from the boom tip 132 where support to the incoming lines 138 may be provided. 

In some embodiments, the anchor point for one incoming portion 138 may be different 

than the anchor point for another incoming portion 138. In other embodiments the 

anchor point may be the same or may be on the same device 140. 

[0053] In the embodiment shown, the anchor device 140 may include a substantially free 

rotating pulley or sheave and in some embodiments, the free pulley or sheave may be an 

equalizer pulley or drum-style equalizer. Each of the incoming line portions 138 may be 

wrapped on an equalizer sheave or pulley in opposite directions, and the respective free 

ends of the lines 110 may be secured to the sheave or pulley. As the two winches 112A 

and 112B pay out or in haul line, if the outgoing portions 136 of the respective lines 110 

are paid out or in hauled at the same rate, the tension on the incoming portions 138 of the 

respective lines 110 may be substantially equal. When an outgoing portion, portion 136A 

for example, is paid out faster than the other 136B, the other incoming portion 138B may 

begin to cany more load and thus pull on the equalizer sheave or pulley. Sensors may be 

provided on the equalizer sheave or pulley for automatic monitoring of the line payout, 

for example, such that the slower winch, for example, may be sped up or the faster winch 

may be slowed down. A similar approach may also be used when in hauling line. Other 

anchor devices 140 may also be provided and equalization may be included. For 

example, a translating anchor device associated with each incoming line may be provided 
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or a separate winch and drum may be provided for each incoming line for example. Still 

other anchor devices may be provided to support the loads imposed by the incoming lines 

and compensate for uneveness in the inhauling or paying out of the two lines in the 

system such that the hook block may remain substantially level and the load from the 

hook block may be substantially evenly distributed between the two systems of outgoing 

and incoming lines. 

[0054] In still other embodiments, a heave compensation mechanism 160 may be 

provided and incorporated into the support for the anchor point and/or equalizer sheave 

or pulley. As shown in FIG. 7, for example, a heave compensation mechanism 160 may 

be provided by allowing for translation of the anchor point and/or equalizer sheave or 

pulley. That is, as a ship, for example, experiences upward wave heave motion, the 

anchor point may translate toward the base of the crane 100 to provide excess incoming 

portion 138 of the line 110. As the ship, for example, descends into a wave trough, the 

anchor point may be returned to its previous position to take-up the amount of the 

incoming portion 138 of the line 110 that was just provided for the upward heave. As 

such, the material, equipment, or other item that is suspended by the hook block 134 may 

be held substantially stationary. 

[0055] The crane 100 may be controlled by an operator and/or a computer control device. 

The control device may include a computer-type device including a computer readable 

storage medium and a processor. The control device may include computer implemented 

instructions stored on the computer readable storage medium for performing several 

operations. The operations may include sensing of the equalizer and directing the 

winches to run at corrective speeds. The operations may also include performing heave 

compensation processes responsive to sensors that sense wave motion accelerations and 

the like. The operations may also include directing crane motions responsive to operator 

commands via joysticks or other operator interfaces. The control device may, thus, 

control the direction of the winches and the speed the winches run. The control device 

may also control the pumps and valves associated with the hydraulics on the boom 

system 104 and may also control the motors associated with rotating traction devices that 

allow for rotation of the crane 100 about the supporting pedestal for example. 
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[0056] In use, an operator may rotate the crane 100 such that the boom tip 132 is above 

or near material to be picked up or otherwise handled. The boom system 104 may be 

manipulated to locate the boom tip 132 approximately directly above a pick point on the 

material. The boom tip 132 may also be lowered to reduce the pendulum length of the 

line 110 suspended from the boom tip 132. Line 110 may be paid out to approach the 

material with the hook block 134 and the material may be slung to the hook on the hook 

block 134. Line 110 may be in hauled to lift the load or the boom system 104 may be 

manipulated to lift the load. The crane 100 may swing by rotating the base 102 relative 

to the pedestal 50, the boom system 104 may be manipulated to move the load radially 

toward or away from the pedestal or to raise or lower the load, and line 110 may be paid 

out to lower the load to a new location. 

[0057] In some embodiments, the load may be picked from the deck of ship for example 

and the crane 100 may rotate to swing the load out over the side of the ship. The line 110 

may be paid out to lower the material into the water and down to the ocean floor, sea bed, 

river bottom, or other underlying structure or location. It is noted that he crane capacity 

may be a substantially fixed value based on an assumed boom path envelope or the 

capacity may vary depending on several boom positions. However, as line is paid out 

and with the capacity of the crane remaining substantially constant, the amount of 

material that can be lowered to the ocean floor may be reduced. For example, a 800 

metric ton crane may have capacity to lift a 800 metric ton load with little line paid out. 

However, due to the dead load of the line on the crane, if the 800 metric ton crane is used 

to lower material to a depth of 3500 meters, the weight of the material may be limited to 

a weight lower than 800 metric tons and may be more like 500 metric tons. The 

remaining 300 metric tons may be the weight of the line. Other relationships between 

overall capacity and capacity at depth may be provided and may vary depending on the 

type of line being used and weight of the line. 

[0058] It is noted that in the multi-line system described, the winch speeds may be 

approximately double that of a single line system. That is, in the single line system, each 

unit of line 110 paid out may be equal to the distance that the suspended material drops. 

In the described four-line system, each unit of line 110 paid out is equal to twice the 

distance that the suspended material drops. That is, to get a suspended load to fall 1 
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meter, 2 meters of line 110 must be paid out. As such, the winches of the current system 

may be geared to run faster (i.e., approximately twice as fast) than those of a single line 

system. However, the amount of power generated by the winches 112 is approximately 

the same because the forces for each winch are approximately lA of a single line system. 

[0059] In some embodiments, the winches 112 may be associated with an energy 

dissipation system for use in high-speed payout situations or other situations. In these 

embodiments, the winches 112 may include a transmission the same or similar as that 

described in U.S. Patent No. 7,487,954, the content of which is hereby incorporated by 

reference herein, in its entirety. 

[0060] Referring to FIG. 23, another embodiment of a knuckle boom crane 200 is shown. 

In this embodiment, fewer sets of guide assemblies 242 are shown. For example, as 

shown, the guide assembly 242x near the knuckle arranged on the outer boom 218B has 

been omitted and each of the line guides 246 of the guide assembly have been offset 

sufficiently to guide the lines 210 of the material handling system 206 along the side of 

the booms 218A, 218B. As such, where previous single-line knuckle boom cranes 

required both sets of line guides to route the single line over the knuckle and 

accommodate several positions of the booms, the laterally offset lines 210 allow for the 

elimination of one of the guide assemblies 242 because the lines 210 may pass alongside 

the booms 218A, 218B and may impinge on the laterally extending plane of the boom 

218A, 218B without interfering with the booms 218A, 218B themselves. As such, the 

lateral position of the lines 210 allows for the reduction in guide assemblies 242 which, 

with the previous single line approach, would have caused the single line to interfere with 

the boom. While the guide assembly 242x near the knuckle on the outer boom 218B has 

been shown as eliminated, the guide assembly 242 near the knuckle on the inner boom 

218A may alternatively be eliminated. Other quantities and locations of guide assemblies 

242 may be provided and flexibility in the number and location of the guide assemblies 

242 may be provided by the offset positions of the lines 210. 

[0061] Referring to FIG. 24, another embodiment of a knuckle boom crane 300 is shown. 

In this embodiment, the guide assembly 342 near the knuckle on the outer boom 318B 

has been eliminated like in FIG. 23. However, here, the guide assembly 342 near the 

knuckle on the inner boom 318A has also been relocated to extend through the boom 
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318A or be arranged on either side of the boom 318A such that the lines 310 of the 

material handling system 306 may extend generally alongside the booms 318A, 318B of 

the crane 300. The guide assemblies 342 may include a rack structure in the form of a 

spindle or axle similar to the guide assemblies 142 previously described, but the rack 

structures may extend laterally through boom 318A, 318B rather than being arranged on 

top of the boom 318A, 318B, for example. In other embodiments, the rack structure may 

include brackets cantilevered off the side of the boom 318A, 318B rather than extending 

through the boom 318A, 318B. While a single guide assembly 342 has been shown as 

being adjusted to fall within or be closer to the lateral plane of the boom 318A, other 

guide assemblies 342 such as the guide assembly 342 at the base of the boom 318A may 

also be adjusted similarly. The guide assemblies 342 at the boom tip 332 may also be 

adjusted since clearance of the line 310 relative to the top surface of the outer boom 318B 

may no longer be a controlling factor. 

[0062] In the foregoing description various embodiments of the present disclosure have 

been presented for the purpose of illustration and description. They are not intended to be 

exhaustive or to limit the invention to the precise form disclosed. Other modifications or 

variations are possible in light of the above teachings. The embodiments were chosen and 

described to provide the best illustration of the principals of the invention and its practical 

application, and to enable one of ordinary skill in the art to utilize the invention in various 

embodiments and with various modifications as are suited to the particular use 

contemplated. All such modifications and variations are within the scope of the invention 

as determined by the appended claims when inteipreted in accordance with the breadth 

they are fairly, legally, and equitably entitled. 
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Claims 

What is claimed is; 

1. A crane, comprising: 

a rotatable base; 

an inner boom extending from a base end to a first knuckle end, the base end 
pivotally connected at a base pivot point to the rotatable base such that the inner boom is 
pivotable in a vertical plane about the base pivot point; 

an outer boom extending from a second knuckle end to a boom tip, the second 
knuckle end pivotally connected at a knuckle pivot point to the first knuckle end of the 
inner boom such that the outer boom is pivotable in the vertical plane about the knuckle 
pivot point; 

a plurality of guide assemblies arranged along the length of the inner and outer 
boom and adapted for guiding a plurality of lines, each of the guide assemblies having a 
rack structure and a plurality of line guides arranged on the rack structure; and 

a multi-line material handling system, comprising: 

a first line having a first end secured to a first winch drum, an outgoing 
portion extending from the first winch drum and along one of the line guides of each of 
the plurality of guide assemblies to a sheave block, and an incoming portion returning 
from the sheave block to a supported anchor device; and 

a second line having a first end secured to a second winch drum, an 
outgoing portion extending from the second winch drum and along one of the line guides 
of each of the plurality of guide assemblies to the sheave block, and an incoming portion 
returning from the sheave block to the supported anchor device. 
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2. The crane of claim 1, wherein the incoming portions of the first and second lines each 
extend along one of the line guides of each of the plurality of guide assemblies before 
returning to the supported anchor device. 

3. The crane of claim 1, wherein the rack structure of each of the guide assemblies 
comprises a support bracket and a spindle. 

4. The crane of claim 3, wherein the line guides are arranged in spaced apart relationship 
along the spindle. 

5. The crane of claim 4, wherein the spindle extends transversely to the inner and outer 
boom. 

6. The crane of claim 1, wherein the plurality of line guides comprise sheaves. 

7. The crane of claim 6, wherein each of the guide assemblies includes four sheaves to 
accommodate the incoming and outgoing portion of the first line and the incoming and 
outgoing portion of the second line. 

8. The crane of claim 1, wherein the first line is a right lay line and the second line is a 
left lay line. 

9. The crane of claim 1, wherein the sheave block includes a line guide for each of the 
first and second lines. 

10. The crane of claim 1, wherein one of the plurality of guide assemblies is arranged 
near the outer boom tip and comprises: 

a first rack structure and a plurality of line guides arranged on a first side of the 
first and second lines; and 

a second rack structure and a plurality of line guides arranged on a second side of 
the first and seeond lines. 

11. The crane of claim 1, wherein the supported anchor device is an equalizing device. 
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12. The crane of claim 1, further comprising a monitoring system in communication with 

the equalizing device, wherein the equalizing device includes a sensor for determining 
the relative payout of the first and second line. 

13. The crane of claim 12, wherein, when the relative payout is unequal the monitoring 
system automatically increases or reduces the operating speed of one of the first and 
second winch drums. 

14. The crane of claim 11, further comprising a heave compensation device coupled to 
the equalizing device. 

15. The crane of claim 14, wherein the heave compensation device selectively induces 
longitudinal motion of the equalizing device in a direction substantially parallel to the 
incoming portions of the first and second lines. 

16. The crane of claim 1, further comprising a line routing system arranged along a line 
path between the base of the crane and each of the first and second winch drums and the 
supported anchor device. 

17. The crane of claim 16, wherein the line routing system includes a routing guide 
arranged below the base of the crane and an intermediate routing guide arranged between 
the routing guide and the base of the crane. 

18. The crane of claim 17, wherein the intermediate routing guide is configured to rotate 
a selected fraction of the crane rotation. 

19. The crane of claim 18, wherein the selected fraction is 'A. 


