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1. INTRODUCTION

1.1. PURPGCSE

The purpose of this study is to examne the various types of cranes in
current use in shipbuilding yards round the world, and to make a
reconmendation on which type is nost cost effective for installation in
U. S. shipyards. In-the study particular attention has been paid to the
four aspects of crane design that inpact nost significantly on

shi pbui | di ng operations: <1> doubl e-boom as opposed to single-boom
design; <2> colum mounting as opposed to turntable mounting for the
slewing part of the crane -- and for colum nountings, the kind of
bearings to be used; <3> bal anced boom as opposed to unbal anced boom
design; and, nost inportant, <4> the provision of level luffing as
opposed to traditional luffing. Since these distinctions may not be
mﬂversaIIK famliar; the purpose of Section 4 of the study is to
outline the theory of operation of each system The short sketch of
crane devel opment on both sides of the Atlantic is intended to explain
this information gap: why is it that U S. operators are often so
unfamliar with devel opments in crane technology outside the United
States? Having filled in the background, the purpose of Section 5 is
the detailed examnation of five actual cranes with a view to
establishing first the investment cost of each type -- its “cost-to-
build” -- and then its maintenance and running costs. Operational
efficiency, i.e. , the speed, accuracy, and downtinme of each crane type
are also investigated. Finally the safety and training of the operator
are considered as investnent factors.

It is intended that the data and conclusions offered in this report
woul d be of value to any U S. shipyard during the planning and
scheduling of replacement cranes.

1.2. PROBLEM

It has becone apparent that the performance of the turntable cranes
traditional ly used in US. shipyards has fallen behind the performance

of fered by crane desiEns available in Europe and the Far East. Most
owners, however, lack sufficient background know edge to decide exactly
what type of crane is best suited to their needs. Wthout such

know edge, a rational study of cost-effectiveness is, unfortunately,
inpossible. \Wat is urgently required at this time is a study that
spells out the significant dif erences in design. theory and explores the
practical inplications of various designs in day-to-day shipyard
operation.
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1.3. SCOPE

This study is not exhaustive. It confines itself to shipbuilding and
ship repairing operations in shipyards. Oher maritine applications --
fast cargo or container handling, offshore oil-rig installation and so

on -- are not evaluated. Further, no attenpt has been nade to review
systematically all the nyriad types of cranes available . This woul d
serve no useful purpose. Instead the study has concentrated on the
handful of design features that are inportant for shipyard applications.
Another self-inposed limtation is that in discussing investment and
running costs, exact dollar figures have not been given, partly because
they are not reliably available, and partly because, in a worldw de
study, the currency roller-coaster would soon nake such figures
worthless.  More useful are conparative figures, i.e. , cost multipliers
that can be attached to cranes of different types, and these have been
given. In general, the study has not tried to achieve quasi-scientific
conpl eteness; rather, it has highlighted the information a crane owner
MhF was about to make an investment decision mght find useful and

rel evant.
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2. MANAGEMENT OVERVIEW

PURPOSE OF THE STUDY

The purpose of this study is to evaluate operational cranes in shipbuilding
yards, and to report on the nost cost-effective design for U S. shipyards.

CRANE DEVELOPMENT

In Europe, a rapid expansion of shipbuilding took place during the
industrial revolution; thus, from the outset, shipbuilding cranes were
custombuilt for dockyards. This tradition nmeans that European
shipbui | ding cranes have a nini-technology of their own. In the U S, on
the other hand, the industrial revolution was concentrated on the
construction industry; dockyard cranes were sinply adaptations of cranes
from building sites.  Wth no tradition of independence, the design of
dockyard cranes has stagnated.

SLEW NG CRANES

In operation, a crane noves in four ways: traveling, slewing, luffing, and
hoi sting

Traveling is different fromcrane to crane only in that a disproportion-

ately heavy crane requires disproportionately heavy track, and that a wide
crane requires inconveniently wide track

In slewi ng operations, the essential problemis the way in which the
slewing part of the crane is mounted. This can be either a colum system
as favored in Europe, or a turntable system as is traditional in the US
Various designs based on colums are possible, the latest featuring the
centerless roller-race bearing

Luffing is the novenent of the boom allowing the load to travel inwards and
outwards. In normal luffing the” load travels not only horizontally, but is
also raised and lowered with the boom In level luffing, the load-path is
horizontal only; this offers a saving of energy and a significant increase
in accuracy. Perfect level luffing is achieved only by a doubl e-boom
design, but a very close approximation is offered by a. “rope-store” built
into the hoisting nechani sm

Hoi sting operations vary fromcrane to crane only in that quasi-Ieve
luffing requires a rope-store. However, an inportant concept in crane
specification arises here. A nodern crane should achieve a "constant |oad
moment. " This neans that when the load raised <I> is nultiplied by the
range of the load <r> (i. e., the distance between the load and the center-
line of the crane), the end-figure <lr> should remain constant. In
inefficient cranes, especially in turntable cranes, the loads raised at
extended ranges are far too small to achieve this standard.
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COVPARATI VE EVALUATI ON

Five cranes were evaluated. These were: <1> the double-boom (gooseneck)
crane, chosen because it achieves perfect |evel luffing; <2> the single-
boom crane with rope-store level luffing, chosen because it is still the

wor khorse of shipbuilding outside the U S.; <3> the bal anced boom crane
(also with rope-store level luffing) -- an older design but still in use in
the Far East; <4> the single-boom crane without level luffing, chosen for
its sinmple, basic design (although it is. a state-of-the-art product); and
<5> the turntable crane -- the standard American design to date.

I'n conparing operational efficiency, the first criterion is speed.

Al though high-speed luffing is a feature of the gooseneck and bal anced
boom speed has little practical value. The speed of all other movenents
depends not on the design itself but on the drive units. Mere speed is
not, however, a real advantage in operation: snoothness, i.e., stepless
shock-free operation, is far nore inportant.

As to accuracy, the gooseneck enjoys sone advantage; the other four types
are equivalent.

In terns of energy consunption, the gooseneck again has a slight edge in
luffing operations. This advantage is offset by the additional weight of
the crane which creates an energy deficit in nearly all other operations

In summary, no crane had a decisive advantage in efficiency. In examning
costs, however, clear distinctions did arise

First, analysis of maintenance costs (poorly recorded in nmost yards) shows
sinply that conplicated cranes (goose-neck and bal anced boon) cost nore to
maintain. Safety and training costs show no interesting divergences. The
most significant difference arises in the "cost-to-build”factor. ~This is,
obviously, not the same as the price of the crane. To find relative "' cost-
to-build, 'the weight of the crane and the |abor applied per ton must be
netted, always assumng that cranes of the same |oad noment are specified.
The results here are significant. Taking the single-boom crane with rope-
store level luffing as standard (i. e., it has a cost-to-build nultiplier of

1.0 ), then the cost-to-build for a goose-neck crane is a prohibitive 1.5

(one and a half tines” as nuch). The bal anced-boom crane is al so expensive
at 1.3. The turntable crane (not strictly conparable because of its poor
performance) has a multiplier of 1.2. Only the single-boom crane with
normal luffing is cheaper to build, with a nultiplier of 0.9

RECOMMENDATI ON

Two cranes seem to be nost cost-effective, taking into account their
different capabilities. For heavy-duty cranes, where level luffing is

sel dom of practical significance, the single-boom colum crane with norm
luffing is reconmended; for mediumduty, fitting-out operations, the

singl e-boom colum crane with level luffing. For light duty, the exact
apPIication of the crane should be studied to see if the benefit of a level
luffing rope-store is worth the extra cost; in any case a single-boom crane
with top-nmounted race bearing is again the nost cost-effective choice
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3. THE EVOLUTION OF SLEW CRANES IN SHIPYARDS

The purpose of this section is to contrast traditional shipbuilding
cranes In Europe and the” United States; the two different evolutionary
patterns explain the radically contrasted designs that have energed on
the two sides of the Atlantic.

3.1. THE EURCPEAN PERSPECTI VE

Mbdern shipbuilding dates back to the First Industrial Revolution, to
the dawn of steam electrical power, and the mass production of rolled
steel. The colonial enpires of Britain, France, Germany and Hol | and
required enormous merchant fleets as well as powerful navies to protect
the sea-lanes. Accordingly, shipyards proliferated along the coasts
usual 'y concentrated in areas where boatbuilding was a tradition dating
back to medieval tines.

At first, the building technique remained traditional: the steel hul

was constructed on an inclined sliding berth (or slip way) as if it were

sinply a larger and heavier version of the wooden hull. Soon, however,

the tremendous demand for new vessels obliged yards to lay down three or

even four parallel slip ways. Batteries of cable cranes with 5-, 10-, or

20-ton trolleys worked on the hulls. In nore sophisticated yards, an

overhead crane system was installed which allowed multiple lifts involv-

ing up to ten trolleys —such lifts nust—have—prgsented form dabl e

problens of load command and placing. |Figure 1 ghows the |iner Europa
ype

being |aunched in Hanburg from under am overhead system of this
in the old Howal dt yard.

Figure 1:

The | aunch of the Europa,
Hambur g, August 15'1@%%7
from under a system of
cable crane trollies

The significant fact here is that no heavy-lift cranes were required for
hull building as such, since the basic construction technique was
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rivetting; it was only when the ship was fitted out that heavy-lift
cranes were required. The fitting-out of the hull was performed

al ongside a quay on which a heavy-lift slew crane was erected. The
ol dest known crane of this type was built in Hanburg in 1887: it was
steam operated and had a capacity of 150 tons. | See-Figure 2)

Figure 2

Heavy-lift crane of
150 tons capacity.
Built in Hanburg, 1887

This was the era of enornous, hanmerhead cranes with capacities of 100
tons at 150 feet or nore. Due to their vast weight (up to 2000 tons),
such hanmer heads were often
stationary —it was cheaper
to move the hull along the
quay than to build rails for
the crane to trayel_(ne such
crane is shown infFigure 3; |it
was electrically o6peratet—and
was installed early in this
century in the Blohm and Voss
yard in Hanburg.

Figure 3:

Stationary fitting-out
crane, 250 tons
capacity, electrically
operated, installed at
B1 ohm and Voss, Hanburg,
here shown in 1914
fitting a mast to the SS
Vat er | and. The crane
was destroyed in 1944.
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The design of such cranes resulted directly fromthe social and tech-

nol ogi cal conditions of the early twentieth century. Labor was cheap while
materials were expensive;, therefore, little thought was given to |abor
costs in building, in -mintaining, or in operating the cranes. Fromthe
technol ogi cal viewpoint, steel rolling mlls produced essentially an?l es,
flats, bars and beans; plate-makers could produce only heavy boiler-plate
manufactured to rather wide tolerances. The prinmary construction technique
was rivetting. For crane design, all this neant that heavy-lift slew

cranes were more or less restricted to quayside, fitting-out operations.

L

. .
) e e o e e

T g ig_;:—:ﬁ,.‘.‘-“"m‘;_;‘.?:?’ﬁh-l-
s >

K

Figure 4 Early 60-ton gooseneck cranes (photographed after the Second
Wrld War) operating in Coteborg, Sweden.
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The next step in crane design was the introduction of goose-neck cranes.
These el egant structures brought with them certain advantages over the
ol d hamerheads: they were lighter for their capacity and were therefore
easier to put on tracks; a relatively small gooseneck coul d reach over

hi gh superstructures; and the short unguided rope |ength allowed
accurate load placement. r{AH—thesejfeatures will be presented in

detail in later chapters. ) | Figure 4 shows a fairly early set of
gooseneck cranes with the characteristic lattice design.

After the devastation caused by the Second Wrld War, nost shipyard
equi pment had to be replaced -- this was the golden age of the
gooseneck. Fil_gure 5 shows the slipway system of the Bl ohm and Voss
shi p-yard arbtg—w th seven post-war gooseneck cranes in operation.

ro
Aoy

<

Figure 5. Doubl e-boom (goose-neck) cranes operating on a slipway system
in the Blohmand Voss yard, Hanburg, 1955.
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3.2. THE AMERI CAN ALTERNATI VE

In the United States a different situation energed. Firstly, without an
enpire to colonize, to trade with, and to protect, there was a |ess
massive demand for large steel. boats. In fact while Europe was building
its navies, the United States was experiencing the skyscraper boom  For
bui l ding these imense steel structures, a different type of material-
handl ing device was required -- the nobile crane. The nobile crane
started out as a derrick on a truck, but quickly devel oped boons, - jibs,
and, nost inportant, its own power-source, usually a diesel engine; the
key factor, in any case, was nobility. The early mnechanical gear-
shifting systens, which were jerky and suffered excessive wear and tear,
were soon replaced with primtive, but neverthel ess nmuch snoother,
hydraulic systems. Such cranes were cheaply produced in enornmus
nunbers. As to shipyards, fromthed outset they adopted t#e rerbiIeI
cranes devel oped for the building industry, set them atop high, stee

pl at f or s, an[c)i used them for shigp- bui | di r¥g~h%ws ga Dravo
Wirler C 17, typical of such cranes; it had a capacity of 60 tons at 35
feet, and 20 tons at 80 feet, figures that are perhapS nore appropriate
on a building site than in a shipyard.

R R Figure 6
= ':.r».‘ X .
“"5'A ] 2 T3 A Dravo Wirler

722 URRAES .
RRESIELRAAE 17 i an East
TooAT T e Coast shi pyard.

Capaci ty:
60 tons x 35 feet;
20 tons x 80 feet.
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In summary, two shipyard traditions devel oped on either side of the

Atlantic. In the United States, the cheapness and availability of
nobi | e cranes deveIoged for building sites evidently persuaded ship yards
to adapt them for shipbuilding purposes. In Europe, on the other hand

the enornous demand for ships caused shipbuilding cranes to develop as
machines in their own right, specially tailored to the needs of the

shipyard. They tended to be: electrically powered rather than diese
powered, and to be custom built rather than mass produced.

Once a sufficient body of specialized know edge was available, standards
for engineering crane structures and rope systems were instituted, for
exanple, DIN 120 in Gbrnanﬁ and BS 2573 in England. These standards
constantly reviewed, offer the theoretical underpinning of the highly
sophi sticated European crane industry.

3.3. THE GCOLI ATH CRANE

i

N

-

f

Figure 7. 500-ton Goliath in Brenmen in 1965, show ng main
and turn-around crabs. Height: 177 ft (54 meters).
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Fiqure 7 dhows a 500-ton Goliath unit towering 177 feet above a gravity

dry dock .  Although this study concerns itself with slew cranes, it my

be appropriate to nmention the CGoliath crane, since it has had sone
influence on the market for slew cranes. The CGoliath seen here has two
crabs, the main one, and a turn-around crab which enable it to turn 500-
ton hull sections for easier welding. Despite the usefulness of this
maneuver, the Coliath is costly to install and costly to run
Characteristically it has 2000 kWof installed power; this makes it

absurdly expensive in operation since 90% of |ifts, even in the

construction of wvicc vessels, are in the range of 300 Ibs - 6000 |bs

For smaller, lighter loads a smaller, lighter crane is needed. This has
meant that the Coliath units have, perhaps unexpectedly, created a
market for auxiliary, supporting units. OriginaHy—as—seen in Figure

7, a tower-crane was used. Today, as seen in Figure 8, |a slew crane of
some sort would be the answer.

R 2% =
T ——— Y . THIPEN

B LC X e et o o N
Lot BREMER-VULK AN s
——— T

R,k
U ii 3

Figure 8: Slew crane in the Vulkan Shipyard, Brenen, 1974
in support of a Goliath.
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4. THE SLEW C R A N E
A SYSTEM OF ACTING AND REACTING FORCES

The purpose of this section is to outline the basic engineering
principles involved in the construction and operation of slew cranes.

4.1. SLEW CRANES
4.1.1. Introduction

Crane devel opment has been characterized by the the need for ever
bi gger cranes with ever faster operation. Along with increased

| oad- handl ing and speed, the crane-user has demanded economny and
reliability. These demands have forced crane-designers to refine
their engineering techniques, achieving better results from

lighter, nmore cleverly designed structures into which increasingIK
pover ful machinery can be installed. This has meant applying the
principles for the design of |ightweight. welded steel structures

with ever greater rigor and finesse

In operation a crane is subjected to four kinds of forces. The

| east inportant are the atnospheric forces brought to bear on the
structure: wind, ice, snow. The operational mass of the crane
itself, as it noves, naturally generates a significant pattern of
forces. Less obvious, but no less inportant, are the forces at
work in the support-structure of the crane, the track-wheel system
on which it runs. Finally, and nost inportant, are the forces
exerted by the load to be noved.

The rel ationships anong these forces are now wel | understood.
Further, materials science has developed to the point where the
patterns of stress can be closely tied to the performance of the
structure, allowing maxinum efficiency at no sacrifice of absolute
safety. In these technol ogical devel opnents, conmputer analysis has
played a key role.
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4.1.2. The Slew Crane: Definition

AU cranes offering a circular field of operation are called “slew
cranes. " |(See Figure 9.)

Figure 9

Crcular Field of Qperation
of Slew Crane

Wth the addition of a luffing boom the field of operation may be
broadened to a circular ring area, as in|Figure 4.2.

Figure 10

Ring Field of Cperation
of Luffing Slew Crane

Wth the addition of a trayeling system the area of operation can
be elongated at will, as infFigure ll.i
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Figure 11: Maximum Fiel d of Qperation of Traveling Slew Crane



WOLFFKRAN/ CRANE  STUDY [18] SLEW CRANES

4.1.3. The Slew Crane: Description

There are many technical solutions to the problem of allowing a
crane to slew, but essentially all slew cranes consist of:

(a) a boomor system of booms that permts a—hoek—er—tagkle to
reach outward froma center. See (1) in Figure 12.

(b) a structure to support the boom See (2)

(c) housing(s) to allow convenient placement of machinery. See (3)

(d) a substructure which. supports all the above. See (¥)
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Figure 12: Min Parts of a Slew Crane

In essence a crane, by using a pulley system conbines two of
mankind’s nmost basic inventions -- the wheel for turning forces
round corners, and the rope for extending the human arm-- thus
allowing the lifting and noving of great weights.
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4.1.4. The Slew Crane: Qperation
4.1.4.1. Hoisting

Modern cranes operate on the basis of a design |oad nonent.

(For details see Section 5.2.1.) In brief: a shipyard night
require a crane able to Iift 50 tons at 20 neters (66 fta/

The designer multiplies these two figures toget her and

builds a crane of 1000 nmt (or 7360 ft kips). Since the

figure 1000 nt 7360 ft kips) remains constant, it is clear

that the crane WI|| lift Zé)tons at 40 neters (131 ft), or

100 tons at 10 neters (33 .ft). The “constant |oad noment

crane, " i.e., a crane wi_th a capacity that varies with
range, is standard—-na—shipbuilding. It is shown
schematically in|Figure 13.

L

4

Figure 13:

Constant Load
Morment Crane

There is another possibility: the shipyard might specify the
crane with a capacity of 50 tons at 40 nmeters, but that 50

tons would be the maxinum load. In this case, the crane
Would be a 2000 m (14700 ft kips) unit. Such cranes are

ed as fitting-out or as wingwall cranes. See
Figure 14.

Figure 14:

Constant Load
Crane
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The cost conparison here is interesting: the constant |oad
nonent _crane (at least in European practice) would need
hoi ST _machinery sufficient to raise 100 tons; rope pul
capacity would be 12.5 tons; two rope lines would be reeled
on the drum each with a 4-fall pulley-block for a total of

8 falls. On the other hand, the constant |oad crane would
require heavier steel construction, but the horst machinery

woul d be nuch lighter -- only 4 falls woul d be needed. For
this reason the constant |oad crane would be, in the end

effect, cheaper to install

Traditional American crane design has produced a further
variant of this pattern, a design in which there is an enor-
nmous difference between the |oad capacity at mnimum and at
maxi mum extension, and in which the |oad nonent (= load x
extension) does not remain constant but falls off dras-
tically as range increases. Perhaps this type could be

| abel ed the “non-constant |oad nonent crane. ” For exanple,
one Oyde standard nodel (the 28 E, discussed as Crane 5 in
the next chapter) can lift 190 000 Ibs (86 metric tons) at

45 feet (13.7 m). This is inpressive. The load noment at
this mnimum extension is 8 550 ft kips (1204 nt). At

maxi num extension (160 feet ), however, the load is a nere 37
000 I'bs (17 metric tons). This produces a far lower figure
for Ioad noment: 5920 ft kips (833 nt). This collapse in
performance is well below the normally accepted

International standard found in constant [oad moment cranes.
What accounts for this deficiency? The center of gravity of
turntable cranes nust be kept within the radius of the
turntable: this feature is inherent in the design. The
unfortunate results are twofold: first, at maxi mum extension
the crane lifts extremely unfavorable |oads; secondly, the
heavy machinery installed to hoist. enornous |oads at i ninum
extension will be ever nore underutilized (by internationa
standards) as range increases. This underutilization not

only puts up the purchase price but also increases running
costs. [Figure 15 [shows a crane of this type.

83t
e
- ~~.. ] 23t? i .
. & Figure 15:

P R 13.7m a8.7m The “Non- Const ant

Load Mnment” Crane
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A word about hoists. Normally a slew crane is equipped with
two hoists: <1> the heavy lift" or main hoist, and <2> the
auxiliary or whip hoist. The main hoist usually operates at

a range of |oad/speed ratios, with a slower speed for

heavier loads and a higher speed for lighter loads. The
whip hoist takes only light |oads, but noves them very

qui ckly.

The main criterion in the art of hoisting is that the |oad

moves through the shortest possible distance, This neans
that the crane nust performall operations (lifting/

|l owering, luffing, slewi ng, traveling) SIMJLTANEQUSLY. This
requires great skill on the part of the crane-driver. For

this reason, the driver should be situated high in the crane
to allow the best possible view of the field of operation
Further, the driver’s cabin should nove with the slew ng

part of the crane. For the actual maneuvering of the I|oad,
the driver will have an easy-to-operate “joystick” in each
hand, ergonomically designed so that the movenent is
“natural. " In other words, right-hand pull brings the |oad
up; right-hand push lowers it; right-hand right slews the
crane to the right, right-hand left slews it left. The
joystick in the left hand controls luffing and traveling
operations.

4.1.4.2. Mechanical Qperation

The prime movers that raise loads, either the cargo or the
boom itself, are electric motors or diesel engines. Between
the prinme nover and the rope drums are either mechanical
reduction gears or a hydraulic reduction system

The main object of a nodern drive is to adjust speeds to
actual needs as efficiently as possible. Electrically, this

may be achieved by slipringnotor-eddycurrent brakes and / or a
stepped variable resistor; stepless adjustment is achieved

by the use of a DC-drive. Superior performance is offered

by a hydraulic adjustment which allows stepless control from
zero to full power.
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4.1.2.3. Slewng

A crane nust slew while | oaded; the engineering problem here

is to design a slewing nechanismthat wll bear all the gra-
vitational forces plus the "overturning" monent set Up by

the load. Three systens (with minor variations) are in use:

System 1: The turntable with kingpost

A turntable crane is shown in|Figure 16.] The center of
gravity without load is shown as (GT), while the center of
gravity with load is shown as (G. Both centers renain
within the radius of the turntable (r). Support rollers (R
running on a circular rail bear the total weight. The king-
post (K) is nerely a neans of centering the turntable an
bears no part of the |oad.

-
F3
-0

Figure 16: Turntable Crane with Kingpost

This system has a nunber of disadvantages: first, it
requires a very wide turntable if heavy |oads are to be
lifted -- an excessively wide substructure is then also
necessary; secondly, heavy loads require installation of an
exorbitantly I arge number of rollers; finally, as the crane
ages, adjustnent between rollers and kingpost becones
increasingly difficult.
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System 2: Colum crane with upper and |ower bearing

A two-bearing colum crane is shown in|Figure 17.(1In this
dﬁsi?n éhe wei ght oL the slemﬁng part of wﬁll '.h- and of

e load are porne the | ower hearing, ile the crane's
t'overturnlrngp monent Ps d?strl ute&zbetmeen t%e upSer

bearing and the | ower.

Figure 17:  Colum Crane with Upper and Lower Bearing

This design is better than the turntable for heavy cargo
cranes since the |ower bearing requires conparatively little
fine adjustment -or other numintenance. The numin di sadvantage
of this design is the extreme weight of the central colum:
a large amount of energy is required to turn it, and a bul ky
structure is required to support it.
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System 3: Crane with centerless roller-race bearing

A crane with a centerless roller-race bearing is shown in
|Figure 18.] It is clear at a glance that it differs
'n appearance fromthe two earlier designs.

1

<& centerless
race bearing

Figure 18: Crane with Centerless Roller-Race Bearing

The secret of the design is the hearing itself. It is shown
in cross-section in[Figure 19.| The bearing nornally
consists of three heavy steer 1ings. The lower ringis
bolted to the stationary structure; the upper ring is bolted
to the slewing structure; the niddle ring holds the other
two rings together and houses two sets of antifriction
roller or ball elenents
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Figure 19: Centerless Roller-Race Bearing

This oversized "antifriction" bearing can handle both
vertical forces and the “overturning” nonent of the |oaded
crane. It can be manufactured to nmeet the heaviest
capacities required today. Care nust be taken: however, to
manuf acture the support structure wth sufficient rigidity
since the bearing itself allows alnost no “bending. "

The centerless roller-race bearing has a nunber of very
inPortant advantages: first, because it is centerless, it
offers a wide aperture allowi ng convenient access between
the stationary and the slewing part of the crane; secondly,
the design is extrenely safe and requires little nore than
routine greasing by ma¥ of maintenance. Finally, th .
el egant narrowness of the design can be extrenely useful: i f
| ong trucks or heavy wheel -1 0ads can be acconmodat ed, - then
ratfier narrow gauge frack can be used; further, such slim
luffing cranes may work in close proxinity allowing twin or

even quadruple lifts.  This kind of flexibility is not

possible with other, less up-to-date designs
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4.1.4.4. Safety

A slew crane in operation today can be made virtually

foolproof. Wth a state-of-the-art crane, all novenents are
controlled by limt swtches, electronic guards, |oadnonent

and overl oad-control devices. EnerPency appliances in case

of power failure -- cut-outs, manual but controlled brake

lifts, and cross-over arrangenents -- are fitted. The

cranes, as their safety records show, are as fool proof as

human ingenuity can make them
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4.1.5. The Supporting Structure

Rai |l road accidents have become nore common in the United States as
ol d roadbeds decay; in fact, there is little point devel opi ng?] noder n

| oconotives and rolling-stock if substandard track obliges themto

run at 20 nph. The same principle applies to cranes The track on
which a crane runs is as inportant as the crane itself.

To make clear why this is so, consider the forces operating on the
track. \Wen a traveling crane accelerates or brakes, it generates
dynam ¢ forces which act parallel to the track; slew ng movenments
generate crosswise forces (or "horizontal |oad") which the track
nust withstand. As well as dynamic forces, the track nust also
withstand static forces exerted by the structure of the crane; these
forces vary in operation as the balance and center of ?ravity of the
crane change. These static forces are exerted paral el and/or
crosswise to the track. |Fi gure 20 Fhows these forces at work.

The crane may travel,
slew with load,
accelerate/decelerate,
or perform all three
movements
simultaneously.

A B = Track

HL = Horizontal Load

W, = Wheel Load ~

D = Distance between \Weel Centers ) " /

Figure 20: Reacting Forces Qperating on a Slew Crane
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The wheel -1oad (W) bears vertically on the track. The design
assunption is that W is distributed maximally through a 45 degree

cone into the supporting substructure (concrete, packed gravel

etc). The horizontal load (HL) is exerted via the flanges of

doubl e-flanged wheel s against the rail head; its effect is to bend

both the rarl and the rail-support. The design assunption is that

HL will not exceed 1/10 of W

During the operational life of a crane, the forces bearing on the

track show a marked tendency to increase. The increase occurs
because of wear and tear on the guide system and the heads of the
rails themsel ves; the ?eonetry of the track may al so change from
the settling of the soil, fromcorrosion, or from other causes.

The increased forces caused by all these changes nust obviously be
al | oned for.

The potential for change in track geonetry has an inportant
influence on the design of the portal. structure: on perfect track
the portal will rest on four points; corner pressure (CP) will
change with slewing action; each of the bogey wheel s on any- given
corner will bear exactly the same load. This situation is shown in

l ' CP = Corner Pressure
W. = Wheel Load
' (W = CPI4)

Figure 21: Corner Pressures and Weel Loads on a Slew Crane

G ven wear, or any other change in the track, this support wll be
reduced to three points. If the center of gravity of the crane now
shifts and passes over the so-called “tipping edge” (the diagona
line between two supporting corners), there will be a noment when
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SLEW CRANES

the portal rests not on three but effectively on only two

(diagonal 'y opposite) supporting points.

pressures for a 2000-nt (114-ton) cran
conditions are given in|[Figure 22 hnd

Changes in wheel

Table 1 $e|ow

ese various

CP1 CPy

-ﬁié@g-—_-—/:_%f_

A\

CP3 CP4

CP (1,2,3,4)

= Corner Pressure

Figure 22. Changes in Weel

Load During Sl ew ng

Pressure (in kips) on:

CP1 CP2 CP3 CP4
4-point support
Al corners in equal 77 268 268 458
i deal contact
3-point support
CPl is off contact 345 345 381
because of worn track
2-poi nt support
Wile slewng, crane crosses
“tipping edge”; CP 4 is off 345 726
contact and only CP2 and CP3
bear load until CP1 comes in
contact again

Table 1: Changes in Corner Pressure for a 2000-mt (114-ton) crane

on Worn Track
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The significance of these figures is Clear: given poor track,
corner pressure can increase from 458 kips (as assumed in the
design) to some 726 kips, a figure roughly 60% in excess of what is
safe. Mdern portal design, i.e. , the design of the crane itself,
allows for this shift of forces, but it is obviously inportant that
the track itself be correctly designed to reduce this kind of
structural stress. Design rules for the steel track itself were
devel oped in Germany during the fifties and sixties when nassive
crane replacenents had to be made. These rules have neant that
derailments, which entail costly down-time and repairs, occur
extremely. seldom Design rules for the concrete substructure of
the track have not, unfortunately, been fornulated as yet.
Accordingly a ?eolochaI survey as well as the advice of a civi
engineer and of a soil expert, is essential in deciding whether
existing track can be reused or a new track nust be built

As to the future, experiments are being carried out to free

sl ewi ng-cranes altogether from track by fitting them with rubber-
tire bogies;, this would give the crane capabilities sinmlar to
those of a rough-terrain vehicle. Regrettably, the cost of such
cranes is, for the foreseeable future, prohibitive .-



WOLFFKRAN CRANE  STUDY [31] SLEW CRANES
4.2. LUFFING AND LEVEL LUFFI NG -- THEORY

4.2.1. Definitions

Luffing
The novenent of the boom of a crane upward or downward.

Level - Luf fi ng:

The procedure of moving a load on a crane’s hook (or the
enpty hook itself) along a horizontal (or nearly horizontal)
path when the boom of the crane is luffed upward or
downwar d.

4.2.2. Anplification

Figure 23 shows what happens when the normal |uffing movenent takes
piace. AS the boomof the crane is raised, the distance between
the boom head sheave and the |oad renains constant; the—toad
accordingly describes a parabolic Fath.throu h the air. | Figure 24
shows. the load path during level luffing: the height of Ltheboom

head sheave and its distance fromthe |oad remain constant so that
the load travels horizontally.

The advantages of level luffing are that the crane's hoist does not
have to nmake adjustnments to allow for the vertical novenent of the
hook or |oad; nore inportant, the luffing mechanism nust only raise
the deadwei ght of the boom -- no additional “work” (in the-
nechani cal sense of the word) is required, and. no unnecessary
energy is consumed.

Wthin the crane industry, level luffing is loosely taken to nean
the sumof all the nethods whereby the deadwei ght of the boomis
noved; taken into account are friction |osses fromthe rope and

pul l eys, pressure loss at the boonlhin%e, and | osses resulting from
wind pressure, ice load and so on. The |oad proper is assunmed to
cause no work and to use no energy.
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Luf fing Movenent
Wthout Level
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Figure 24:

Luf fi ng Movenent
Showi ng Level
Luffing
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4.3. LEVEL LUFFI NG — PRACTI CE

4.3.1.  The Doubl e-Boom Level Luffing Crane

Descri ption:

The “gooseneck' crane (nore properly known as the doubl e-boom or
doubl e-1 ever boom crane) is the best known means of achieving |evel
luffing. In principle the gooseneck crane consists of three boons,
' hinged to the main slewing el ement of the crane
(see Figure 25).| The strut boom <3> (also called the main boom or
conpression boom is hinged at its topnost end to the fly boom <1>
(also called the head boom) which it supports. The boomtie <2>

f(also known as the tension boonm is hinged to the inner end of the
|y boom and to the highest point of the main crane structure. The

main boomis raised and | owered by nmeans of luffing drive <5> which
my be of a screw type, rack-and-pinion type, or hydraulic type. A
count erwei ght <4> conpensates for the weight of the main boom

fly boom or head boom oy —

T

boom tie or tension boom /m\

strut boom or main boom or compression boom

counter weight

luffing drive

ONONCOROXS)

Figure 25: Mjor Parts of the Doubl e-Boom (Gooseneck) Crane
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Qperation:

The quadrilateral formed by the three boons and the structure of
the crane is so constructed that when the main boomis raised or

| owered—the—outer end of the fly boom remains at a constant height
(see Figure 26). | The hoist rope is made to travel over three
puH-eys—ocated—at the lower end of the boomtie, at the hinge
between the boomtie and fly boom and at the outer end of the fly
boom its length is thus’ unaffected by the raising or |owering of
the strut boom The end effect is that the hook/load remains at a
constant height and perfectly horizontal level luffing is achieved.

b -
X
4

¥
[ SN RN, A S
4
‘

the horizontal
load path

-
LITTIT

Figure 26: Level Luffing as Achieved by the Gooseneck Crane. (The
hook |evel remmins constant, whatever the elevation of
the strut boom )
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4.3.2. The Single-Jib Crane with Normal Luffing

Descri ption:

The single jib slew crane consists of a single jib hinged to the
mai n slew'n? structure of the crane (see[Figure 27).| The jib is
raised and lowered by a sinple rope whi cmpasses over a pulley at
the topmost point of the main structure. The hoist rope uses the
4-fall, sinple-reeving system

Figure 27 Single-Jib Slew Crane with Sinple Hoist Rope: Basic
Load Path when Luffing
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Qperation:

Wen operating with a sinple 4-fall hoist rope (see|Figure 28),| the
single-jib slew crane raises and |owers the load at the sane tine
that the jib is raised and lowered. This inposes considerable
additional “work”™ on the crane and uses additional energy. Using
this rope system level luffing cannot be achieved.

Figure 28: Rope System for a Sinple 4-fall Hoist Rope.
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4.3.3. Single-Jib Level-Luffing Crane -

Description:

SLEW CRANE!

This crane is constructed-in the same way as a single-jib crane

that has normal luffing
that a 2-fall, 3-reeving 1

see Figure 4.20).

e

~]

The only difference is
used.

1:‘,_._

Vi

v

m;lgs‘ 2

Figure 29: Single-Jib Slew Crane with 3-Reeved Hoist Rope:
Basic Load Path when Luffing
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Qperation:

The 2-fall, 3-reeving rope systemis shown in|Figure 30.|- In fact,

this systemacts as a “rope store, “ taking in and paying out rope as
necessary to achieve a close approximation to |evel luffing.

The outer end of the jib; the hinge of the jib, and the topnost
point of the main structure forma triangle. As the jib is raised,
the distance between its outer end and the topnost point of the
structure is reduced. Rope that has been “stored” between these

. points is paid out automatically as the jib rises; as the jibis

| owered, rope between the hook and the jib is automatically taken up
and “stored” again. The overall effect is that the load stays at
much the sane hei ght whatever the elevation of the jib. This
closely approximates the true level luffing of the gooseneck crane.

Figure 30: Rope System for a 2-Fall, 3-Reeving Hoist Rope:
Approxi mates Level Luffing in Use

Afurther refinement is to introduce a bal ancing mechanismto
conpensate for t-he weight of the boom during luffing. This operates
in the same way as the counterwei ght of the doubl e-boom crane
discussed earlier. The advantage of the balanced boomis that
luffing requires less power; the disadvantages are the extra weight
to be accelerated and decelerated during slewing and traveling
operations,. the extra nmoving parts with the attendant maintenance,
and the increased wind attack area.
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5. COVWPARATI VE EVALUATI ON

The purpose of this section is to present and explain the performnce
and cost data collected on five cranes. These figures formthe basis of
the analysis and conclusions offered in Section 6.

5.1. SELECTI ON OF CRANES

In this study, five cranes have been chosen for conparative evaluation.
These are:

Crane 1: A Double Boom (Goose Neck) Crane

Crane 2: A Single (Strut) Boom Crane with Rope Luffing (Colum
Crane with Upper and Lower Bearing)

Crane 3: A Single Boom Crane with Bal anced Boom and Mechani cal
Luffing (Colum Crane with Upper and Lower Bearing)

Crane 4. A Single Boom Crane with Rope Luffing (with Centerless
Rol | er-Race Bearing)

Crane 5: Single Crane with Rope Luffing (with turntable and
ki ngpost)

The nechanical differences between these various designs were expl ai ned
in Section 4 earlier.

These five cranes have been chosen as representing, on a worldw de
basis, the most common approaches to the construction of shipyard
cranes. Crane 1, the Goose Neck, is the only design that can achieve
perfect level luffing and was popular in Europe until the early
seventies. Cranes 2 and 3 represent the European/Far Eastern approach
to achievi n% level luffing with cranes of single boom design. The
difference between themis that Crane 3 uses a bal anced boom which
reduces the load when luffing. Crane 4 dispenses with level luffing,
which is of dubious cost-effectiveness in shipbuilding, but incorporates
the most nodern slew ng technol ogr. Crane 5 (which also lacks |evel
luffing) illustrates the traditional Anmerican approach to crane design.
t?olrrparative technical details for each crane are given in Section 5.3.

el ow.

It was decided that cranes in actual operation should be eval uated
rather than generic crane-types. This is because, in the first place,
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generic data are not always available, and, in the second, because
actual performance may not measure up to theoretical levels. On the
other hand, by choosing specific operational cranes to study, it is
possible that a particularly good or a particularly poor nodel may
distort the figures to sone degree. Some allowance for this possible
distortion should be made in reading this section of this report,

al though experience suggests that the expected and actual performnce of
the cranes in question are reasonably close.

5.2, SELECTION OF EVALUATIVE CRITER A

5.2.1. Rating

Eval uating several pieces of machinery against each other requires
the existence of a standardized system of measurenent. For cranes,
no internationally accepted standard exists for assessing their
capacity.  Since, however, (at least outside the United States )

nmost shipbuil ding cranes are custom nmade, sone kind of “sizing”
system is clearly necessary for conparison purposes. |n Europe
cranes are usually conpared by defining their highest possible |oad
monent __The formula is:

|l oad nmonent = mx t

where (m is the distance in neters between the |oad and the crane,
and (t) Is the maxinum load in tons. The. use of this figure allows
cranes of different types to be conpared, while the normal Anerican
practice of conparing sinply maxinumload is only useful in
conparing cranes of exactly the same type. To take one exanple
Crane 1 in the study is, in American ferns, a "60-ton crane. " The
European woul d | ook at the |oad noment: at 33 meters this is 44
tons (33 x 44 = 1452 nt); while at 25 neters the load is 60 tons

(25 x60 = 1500 nt). The maxi mum | oad monent is accordingly 1500
nt, and the crane would be considered a “1500 crane.’1

It is possible to convert the nmetric value into an (albeit unusual)
Anerican value, the f t kip . The conversion formila is:

1nm =10 KNm= 7.376 ft kip
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The five-cranes studied are accordingly rated as follows:

Max. Load Rating Rating
in nt inft kip
Crane 1 60- t 1500 11000
Crane 2 100-t 2000 14700
Crane 3 80-t . 3300 24300
Crane 4 114-t 2000 14700
Crane 5 90-t 1204- 833 8550 -5920..

Table 2: Conparative Rating of Cranes

It is clear at a glance that the European ratings are not directly
proportional to the Anerican, since they take into account the

efficiency of the crane design as well as the deadweight Iifted.

5.2.2. (perational Criteria

Operationally a crane is judged by its speed and by its accuracy.
Further, the efficiency of its design can be nmeasured in terns of
the energy it consumes in achieving these primry goals.
Accordingly, these three standards -- speed, accuracy, and energy
consunption —are used to evaluate each crane.

5.2.3. Investnent Criteria

The first factor to be considered here is obviously the actual cost
of installing a crane. Training personnel to use the crane is
another aspect of start-up costs. Mintenance costs and running
costs nust also be appraised.

I'n deciding which crane to buy, absolute primacy nust be given to
the duties the crane is expected to perform Al though this point

may seem obvious, it is not always fully inplemented.

Surprisingly, ” many yards specify a set of cranes sinply on the

basis of maximum lift, even. though this lift may be perforned by
only one crane once every few nonths, or even once every few years.
It would be more economical to look at the loads a crane (or set of
cranes ) nust handle three or four tines an hour: the lifting of
wel ding sets, containers, cabledrums, and so on. An appropriate
mx of cranes would then allow snall, fast units to do an

econonical job most of the time, reserving the clumsy, expensive
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unit (or units) for the tasks they do best. Mere size in itself is
not a guarantee of efficiency. To take an extreme case: the
heaviest unit of its kind in the world is probably the Goliath
crane at the old Westinghouse nuclear float plant 1n Jacksonville

The value of the crane in day-to-day operations was actually
negligible

Anot her factor that can be overstressed is speed. An analysis of
the operations in any(Piven yard may show that its cranes are

sel dom (or never) used at maxi num speed, or that a costly

i nvestment in super-fast nmachinery may in practice save only a few
man-hours a day. A case in point is the Nassco yard in San Diego
Here cranes are used to transport part-fabricated units over

di stances of several hundred yards using a renarkable, though far
from new, railroad system In updating this -system the hoist-
speed of the new cranes would be of little inportance; prine
enphasi s woul d have to be given to installing a rugged truck
system

The decisive figure ininitial crane investnent is the estimated

| ob- hour-cost. Based on this figure, an appropriate duty-mx can
e developed. To give an exanple: analysis may show that medium
sized cranes can acconplish nearly all the tasks in a yard, |eaving
only occasional very heavy |oads that can, in fact, be twin-lifted.
Although twin-lifting takes extra time, the yard may decide on two
medi um cranes rather than one large one since in normal operation

it will then have two nifty cranes in action instead of one clunsy
one, with a considerable saving” of time. This saving may quickly
pay back the cost of investing in two cranes rather than in one
especial |y when such factors as the installation of heavy track and
energy costs are also taken into account.

As to maintenance costs, the primary factors here are snmoothness

and shock-free operation. State-of-the-art hydraulic systens allow
shock-free start-up and stop in both slew ng and hoisting

0ﬁeration. A d-fashi oned sl ew ng techno[ogy puts massive strain on
the steel structure of the crane, especially on the tower, and
could lead to premature metal fatigue; old-fashioned hoisting
technology will contribute to -structural strain, but, nore

inmportant, it will lead to rapid and excessive wear and tear on al
the hoist gear.
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5.3. THE FI VE CRANES I N DETAI L

In this section, the vital statistics of each crane are given, followed
in each case by a scale drawing.

5.3.1. Crane 1

Type Doubl e Boom (Goose Neck) Level Luffing Crane
Year 1 9 5 8 .

Location Howal d- Deut sche Werft ( HD W, Hanburg
Buil't by MAN- Nur errber g

Max. Load 133 000 Ibs at 82 ft (60 tons at 25 neters)

Rat i ng 1500 mt (11 000 ft kip)

Max. Radius 108 ft with 97 000 Ibs (33 meters with 44 tons)
Mn. Radius 33 ft (10 neters)

Wi p Hoi st 11 000 Ibs at 120 ft (5 tons at 36.5 neters)
Rai | Gauge 39 ft (12 neters)

Drives Traditional electro-nechanical slip ring mtors with
resistor control and nultiple reduction gear boxef
Desi gn Vertical slew colum in box-girder” structure
Principle supported by a Bortaj al so of box-girder
structure. Al Dbox-girder parts of mld steel

plates, fully welded.

Remark: This crane is one of the biggest double-boom (gooseneck)

cranes built for ship yard duty in Europe. Two units of this type
are still on site today.
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crane 1 Type Double Boom (Goose Neck) Level Lufflng Crane
Year 1958
Location Howald=Deutsche Werft (HDW), Hamburg
8uilt by MAN=-Nuremberg
Max. Load 133 000 Ibs at 82 f+ (60 tons at 25 meters)
Rat i ng 1500 m+ (11 000 f+ Kkip)
Max. Radius 108 f+ with 97 000 lbs (33 meters with 44 tons)
Min. Radius 33 f+ (10 meters)
Whip Hoist 11 000 lbs at 120 f+ (5 tons a+ 36.5 meters)

Rail Gauge .

39 f+ (12 meters)
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5.3.2. Crane 2

Type Single (Strut-) Boom Crane with Level (Rope-store)
Luffing

Year 19509

Location O tenser Eisenwerke, Drydock Elbe XVII (Now near
Athens, Geece)

Built by MAN- Nur enber g

Max. Load 220 000 Ibs at 82 ft” (100 tons at 25 meters)

Rating 2000 nt (14 700 ft kip)

Max. Radi us 125 ft with 110 000 Ibs (38 neters with 50 tons)
M n. Radius 33 ft (10 neters)

Wi p  Hoi st 11 000 Ibs at 136 ft (5 tons at 41.5 neters)

Rai | Gauge 33 ft (10 neters)

Drives Traditional electro-nmechanical slipring motors with
resistor control and nultiple reduction gear boxes
Desi gn Vertical slew colum in box-girder structure
Principle supported by a portal also of box-girder

structure.  Boom of lattice design; remainder of
box-girder. parts of mld steel plates, fully
wel ded.

Remark: This was the first modern single boomcrane with (quasi-)

| evel [uffing éachieved by the rope storage systenm) built in Europe
for shipyard duty.
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125§t
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" Crane 2

Type

Year,
Location
Bullt by
Max. Load
Rating

Max. Radius
Min, Radlus
Whip Hoist
Rall Gauge

Single Boom Crane with Level (Rope~store) Luffing
1959

Ottaenser Eisenwerke, Drydock Elbe XViI
MAN=Nuremberg

220 000 ibs at 82 f+ (100 tons at 25 meters)
2000 mt+ (14 700 ft kip) - -
125 f+ with 110 000 lbs (38 meters with 50 tons)
33 f+ (10 meters)

11 000 [bs at 136 f+ (5 tons at 41.5 meters)

33 £+ (10 meters)
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5.3.3. Crane 3
Type Single Boom Crane with Balanced Boom and Mechanica
Luffing
Year 1980
Location Keppel Tuas Shipyard, Singapore
Built by Mtsui Engineering, Japan
Max. Load 176 000 Ibs at 138 ft (80 tons at 42 neters)
Rati ng 3300 nt (24 300 ft kip)
Max. Radi us 184 ft with 110 000 Ibs (56 nmeters with 50 tons)
M n. Radius g7ft (27 meters)
Wi p Hoi st 33 000 Ibs at 164 ft (15 tons at 50 neters)
Rai | Gauge 33 ft (10 neters)
Drives Traditional electro-mechanical slipring motors with
resistor control and nmultiple reduction gear boxes
Desi gn Vertical slew colum in box-girder structure
Principle supported by a portal also of box-girder

structure. ~ Boom of lattice design; remainder of

PiPeS or box-girder parts of mld steel plates,
ully wel ded.

Remark: Many cranes of this type have been constructed. The crane

studied here is one of the largest.
present installed in the Keppel
achieves (quasi-) leve

Four identical units are at
Tuas yard in Singapore. The crane

luffing by neans of a rope-store. The

bal anced boom assists in the performance of |uffing operations
(The design is originally European. )




WOLFFKRAN/CRANE

CRANE 3

STUDY

[48]
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Crane 3 Type
Year
Location
Built by
Max. Load
Rating
Max, Radius
Min. Radius
Whip Hoist
Rall| Gauge

1980

Keppel Tuas Shipyard, Singapore

Mitsul Engineering, Japan.

176 000 lbs at 138 f+ (80 tons at 42 meters)
3300 mt+ (24 300 ft kip)

184 f+ with 110 000 Ibs (56 meters with 50 tons)
87 ft (27 meters) .

33 000 Ibs at 164 f+ (15 tons at 50 meters)

33 f+ (10 meters)

Single (Balanced) Boom Crane with Level Luffing
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5.3.4. Crane 4
Type Single boom crane with rope luffing; stationary

pipe colum and centerless roller-race bearing
construction

Year 1981

Location Avondal e Shipyard, New Ol eans

Built by MAN- Wl f f kran

Max. Load 251 000 I'bs at 60 ft (114 tons at 18.3 neters)

Rating 2000 nt (14 700 ft kip)

Max. Radi us 131 ft with 95 000 Ibs (40 neters with 43 tons)

M n. Radius 43 ft (13 neters)

Whi p Hoi st 40 000 I'bs at 151 ft (18 tons at 46 neters)

Rai | Gauge 35 ft (10.7 meters)

Drives All drives are electro-hydraulic, direct driven.
The crane has no mechani cal reduction gears.

Desi gn Stationary pipe colum on box-girder porta

Principle beam  Boom of pipe lattice construction. Min

structure is plate manufactured or rolled section
assenbled, fully wel ded.

Remarks: The design incorporates the advantages of the nodern

centerless roller-race bearing.
during operation. The crane dispenses wth |evel

The pipe colum does not nove
| uffing. since,

for shipbuilding applications, the additional cost of installing a

rope store does not seemto bring conparable benefits.

The use of

an electro-hydraulic drive systemis particularly valuable in

achi eving snooth, accurate operation.

AU safety and operational

aspects are electronically controlled
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CRANE 4
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(13m) (18m) .

Crane 4

Type

Year
Location
Bulilt by
Max, Load
Rating

Max, Radius
Min, Radlius
Whip Hoist
Rai! Gauge

Singie Boom Crane with Rope Luffing
1981 .

Avondale Shipyard, New Orleans

MAN-Wo | ffkran

251 000 ibs at 60 ft (114 tons at 18,3 meters)
2000 mt+ (14 700 ft+ kip)

131 £+ with 95 000 lbs (40 meters with 43 tons)
43 £+ (13 meters)

40 000 lbs at 151 f+ (18 tons at 46 meters)

. 35 ft (10.7 meters)
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5.3.5. Crane 5

Type Singl e-boom crane with rope luffing, turntable and
ki ngpost. sl ew ng

Year 1971

Location Nassco Shipyard, San Diego, California

Bui It by C yde- USA (Model 28 E)

Max. Load 190 000 I'bs at 45 ft, with 16-part line (86 tons
at 14 neters)

Rating”’ max. 1204 nt (8550 ft kip)
mn. 833 nt (5920 ft kip)

Max. Radi us 160 ft with 37 000 Ibs (49 neters with 17 tons)

Mn. Radius 45 ft (14 neters)

Wi p Hoi st 50 000 Ibs at 175 ft, with 4-part line (23 tons
at 58 neters)

Rai| Gauge 40 ft (12.2 neters)

Drives Diesel-electric prinme nmover; dc drives; pneunatic
control

Desi gn Tabl e-top support structure of lattice design

Principle with turntable-kingpost slewing. A large, . heavy

machi ne hou3|n? mounted on the slewing part of the
crane. Boom of angle-lattice design, welded.

Remarks: Cranes of this type are made by a nunber of Anmerican
manuf acturers in either electro-hydraulic, diesel-hydraulic, or di-
electric versions. They are standard equipment inthe U S., and in

areas influenced by U.S. traditions. .
life, and a fair number are second-hand units.

their useful

ny are now at the end of




WOLFFKRAN/CRANE STUDY

'

/)
. -

.
/é:/

CRANE 5

[52]

st 90t Crane
{
i .
! 14t
i i
i i
45ft 90 {t 135t 1801t
14m 27m 41m 55m
f m—— N S 0 A
Crane 5 Type ' Single Boom Crane: Rope Luffing, Turntable Slew
Year 1971 .
Location Nassco Shipyard, San Diego, California
Built by Clyde-USA (Model 28E)
Max. Load - 190 000 ibs at 45 f+ (86 tons at 14 meters)
Rating maxe 1204 mt (8550 f+ kip)

min., 833 mt (5920 ft+ kip)
Max. Radius 160 ft+ with 37 000 lbs (49 meters with 70 tons)
Min. Radius 45 f+ (14 meters) -
Whip Hoist 50 000 ibs at 175 f+ (23 tons at 58 meters)
Rall Gauge . 40 f+ (12.2 meters)
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5.4. OPERATI ONAL EVALUATI ON

5.4.1. Speed

The speed of a crane can-'be neasured during the performance of four
gi5tinct operations: hoisting, luffing, slewing and traveling. Table
3 shows the nmeasured performance of the five cranes.

CRANE 1|CRANE 2| CRANE 3 |CRANE 4|CRANE 5
(60-t) |(110-t) | (80-t) |(114.-t) | (90-t)

HO STING in ft/mn

Speed with 26 11 26 10 26
max. | oad

Max. speed 26 25 53 40 26
Load at which

max. speed max 50-t 40-t 25-t max
achi eved

LUFFING in ft/mn

Wth full |oad 98 33 66 12 12
W t hout | oad 98 33 66 23 12
SLEWNG in rpm

At max. radius 0.75 0.7 0.3 0.5 0.5
Atmn. radius 0.75 0.7 0.3 1.5 0.5
TRAVELING in ft/mn

98 98 98 131 125

Table 3: Conparative Evaluation by SPEED

Hoi sti ng

The difference in hoist speeds is nore apparent than real. Any of
these cranes equipped with the. appropriate drive unit and rope
system could hoist at any sensible speed. In fact, high-speed
hoisting is rarely used with heavy loads. For very light [oads,
the whip hoist is always available. The main point here is t hat
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achieving high speeds with heavy loads is a disproportionately
expensi ve business: not only do nore expensive prine movers have to
be installed, but the increased dynamic stresses have to be allowed
for in the structure itself.

Luffing

The doubl e-boom|(Crane 1) |and bal anced boom [ Crane 3)| al |l ow
consi derably higher Tuff speeds than the traditional rope-pul
system Over the course of a work-day or shift, the very high
luffing speed of the doubl e-boom crane would offer a significant
advantage in the nunber of heavy |oads handl ed.

Sl ewi ng

Sl ew speeds depend on two factors: <a> the structural mass to be
accel erated and decel erated; <b> the outreach of the crane and the
consequent circunferential |oad speeds —these could, if extrene,
exert considerable tangential stress on the crane structure
Because of the heavy nmass of the slewing part of| Crane 1 and Crane
3, [they are at sone theoretical disadvantage when ‘+Ht—tofres—to
Sfewing; this can be overcone only by the installation of powerfu
and expensive prinme movers. The relatively high speed achieved at
considerabl e cost by Crane 1 (O 75 rpm) may not, however, be of
much advantage: a 44-ton load at 108 ft radius will be traveling at
about 6 nph, which is fairly fast even on a bicycle. The
aBparentIy sl ower speed achieved by Crane 3 (O 3 rpm) wll nove a
50-ton load at a radius of 184 ft at a speed of some 4 nph, which
is quite fast enough.

Speed is not the essence here, but snoothness. The stepless

shockfree acceleration of a nodern slew crane (hydraulic or DC)
allows nuch more efficient handling of the load. The old saying is

appropriate here: Mre haste, |ess speed.

Traveling

The lighter the crane, the better its traveling performance will

be. Again, high speed as such is not normally required —an
average wal king speed of 130 ft /min (or about 1.5 nph) is actually
ideal in shipbuilding practice. It is rapid acceleration and
deceleration that are nost significant in assessing the traveling
efficiency of a crane; here lighter mass is of the greatest

i nport ance.

The inportance of correctly installed track was stressed in Section

4, but it should be repeated here. A crane can travel only as fast
as its track allows.
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5.4.2. Accur acy

The doubl e-boom or gooseneck crane has a significant advantage here.
It can achieve the shortest theoretically possible horizontal |oad

path. Because it has the. shortest unguided rope-length between the
crane and the load, it allows the |east possible free sway. This
permts quick, accurate placing of the load. A relatively low crane

structure is also able_tg ver the masts or other-super-
structure of a vessel| Figure 31 |makes this advantage cl ear

Easy reach over high Short ungui ded
superstructures rope length

Figure 31: Accuracy Advantage of the Double Boom Crane

Wth all the other four cranes, accuracy is a matter of three
factors: <a> Qperator training; <b> the snoothness of the drive
system and <c> the rigidity of the structure, especially the boom
I'n achieving smooth drive, the use of hydraulic or DC systens (as
installed in Crane 4) is of the utnost inportance. The standard
slipringmtor / AC drive sinply cannot achieve the requisite degree of
smoothness.  As to the rigidity of the structure itself, a plate
fabricated or a single-pipe boomis nore likely to bend in operation
than a lattice boom wth an obvious deleterious effect on accuracy.
Mst rigid, and therefore nost accurate, is the pipe-lattice boom
The pipe-lattice boom (as installed in crane 4) Is not nerely the
nmost rigid: it has, in fact, the best weight/stiffness ratio

Further, the resulting lighter boom offers a smaller wnd-attack
area, an added advantage of this type of construction.

Beyond question, the superior accuracy of the doubl e-boomcrane is
important for fast cargo-handling in a seaport. \Wether this
accuracy is cost-effective in shipbuilding applications is, however
open to doubt.
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5.4.3.

EVALUATI ON

Energy Consunption of Total Installed Capacity

To calculate energy use, a load of 0.75 of maxinmum has been assuned

in each case. Drive units included are: main hoist, whip hoist,
luffing drive, slemrng drive, travel drive (with mn. 50% of wheels
driven). An energy surcharge of 15% has then been added to take

into account |ighting, air-conditioning, signals,

power - out | ets and

Bgrgw auxiliary uses of energy. The results are given infTable 4
CRANE: 1 | CRANE 2 [ CRANE 3 | CRANE 4 | CRANE 5
(60-t) | (1lo-t) | (80-1) (114-t) | (90-1)
HO STING in kw
Mai n hoi st 108 96 132 73 152
Wi p hoi st 30 30 55 37 *
LUFF ING in kw
30 60 55 75 76
SLEWNG in kw
Units 2 2 2 2 1
Tot al 60 74 44 65 57
TRAVELI NG in kw
Units 4 2 8 8 4
Tot al 100 100 88 90 76

* Sanme notor used for main and whip hoist

Table 4:

The nost obvious feature of this table is the energy advan

Conparative Evaluation by ENERGY CONSUMPTI ON

age —

about 50% —enjoyed by the doubl e-boom crane-

(Crane 1)

juring

luffing operations. This advantage woul d becone

however ,
such

not the case in shipbuilding operations.

In fact,
ently srgnlflcant advantage in energy costs.

SEYI I I vdll

a may that |uffing movenments occur very frequently.

only when a | arge nunber of heavy |oads must be moved in

This is

no single crane in this study appears to enjoy any inher-
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5.5. | NVESTMENT EVALUATI ON
5.5.1. Cost of Installation

The cost of a crane derives fromtwo sources: <a> the structure
ﬁ be—the machinery and electrical systems. |In exanining
Cranes 1 E;]md 3 (the. traditional European cranes), it is clear
that the i rery—and el ectrical systems. do not significantly
differ, and that the costs of cranes of these types will vary, in
essence, because of the amount of steel in their structures and the

amount of work required to build them First, then, the weight of
s used in these structures. This has been cal cul ated

in Table 5.
CRANE 1| CRANE 2 [CRANE 3| CRANE 4 |CRANE 5
(60-t) | (110-t) | (80-t) |(Il4-t) [ (90-1)
(Al weights in tons)
Boom or boom 64 31 65 19 25
system
Sl ewi ng part 74 102 190 69 53
W t hout boom
Port al 148 137 209 106 103
Machi nery 61 73 63 46 77
TOTAL CRANE 357 353 537 250 258
LESS BALLASTS
Sl ewi ng Bal | ast 28 105 263 130 143
Center Ball ast 113 139 50 250
TOTAL OPERATI NG| 498 597 850 400 401
VEI GHT

Table 5: Conparative Eval uation by VEI GHT

It is obviously inpossible to conpare the exact cost-to-build of
various crane types, but nevertheless a rule-of-thunb nethod exists
which allows the buyer to calculate a rough "cost-to-build

mul tiplier for each type of crane. The first step is to

equi val ence the five types of crane studied, so that each has the
sane nom nal |oad noment. This cal cul ation assunes that to get the
sane | oad noment, m Eroportlonal amount of steel would be
required.  Taki ng |Grane 2. lthe 100-ton, 2000 nt |oad noment crane
as standard, the following |oad noment equival ency factors energe:
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i ght Rating |Equivalency|{Equivalenced
in m Factor Weights
Crane 1 357 t 1500 1.3 464 t
Crane 2 353 t 2000 1.0 353 t
Crane 3 537 t 3300 0.6 322 t
Crane 4 250 t 2000 1.0 250 t
Crane 5 258 t 1200 1.6 412 t
Table 6: Rating Equival ency of Cranes

In other words, to achieve the same load nonent as Crane 2, a crane
of type 1 would take (roughly) 464 tons of steel and other parts.

The anount of steel in the crane cannot sinply be nmultiplied by a
standard figure for labor to find its cost. This is because the

work involved in constricting each type of crane is different, and
because some cranes require |arge nunbers of noving parts that are
expensive to buy and to install. The key figure here is the amount
of labor that has to be invested for each ton of steel worked. For
each type of crane the pluses and mnuses are as follows:

Crane 1 The extrene weight of this crane requires dispropor-

tionately heavy and expensive bearings. The instal-

lation of, the many joints required by the gooseneck
requires a large amount of drilling and bolting as wel
as extreme precision in assenbly.

Crane 2  This crane design is standard. It has no unusua

features that require special techniques, and is built

of basic, inexpensive materials.

Crane 3  This crane is. expensive to build. It has many noving
arts requiring exactly manufactured, heavy bearings.
he central colum has a “knick” at the top which Is

costly to make.

Crane 4  This crane uses expensive steel pipe for its jib, which

adds to its cost; however, the lighter construction of

the jib nmeans that less welding is required. The
centerless roller bearing is an expensive feature.

Crane 5 The use of angle iron in this crane requires a large

amount of welding, but in general manufacturing costs

are about the same as for Crane 2
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| f these various advantages and problens are netted, a rough “Iabor
cost per ton of steel” factor emerges for each crane. Taking Crane

2 again as the standard (“labgr” cost factor = 1), the various,
ratings are given in[f Table 7. | In the same table, the total weight
of steel is nultiplied by this “labor” factor, giving a figure for
cost-to-build . This end figure, it nust be stressed, expresses
only a relationship —it is not attached to a unit of any kind.
Rel ative Equi val ence | Rel ative
“Labor” i ght cost-to-
Cost of Steel Bui | d
Crane 1 1.2 464 t 557
Crane 2 1 353 t 353
Crane 3 1.4 322 t 450
Crane 4 1.3 250 t 325
Crane 5 1.0 412 t 412
Table 7. 'Labor” Cost per Ton of Steel and Relative Cost-to-Build

If Crane 2 is once again taken as the industry standard (relative
cost-to-build = 353), then an extremely useful nultiplier now
emerges: the . cost-to-build multiplier. This nultiplier is

cal culated sinply by dividing the various cost-to-build figures by
the cost-to-build o]l crane 2. [Table 8 Ishovvs the resulting figures.
CRANE TYPE COST- TO BUI LD
MULTI PLIER
Crane 1: Doubl e Boom ( Goose neck) x 1.5
Crane 2: Single Boom Level Luffing x 1.0
Crane 3: Bal anced Boom Level Luffing x 1.3
Crane 4: Single Boom Normal Luffing x 0.9
(Eur opean type)
Crane 5: Single Boom Normal Luffing x 1.2
(U.S. type)
Table 8: Cost-to-Build Miltipliers (The figures assume

i dentical specification)
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To take an exanple, a. shipyard specifies a single-boom Ievel
luffing crane (a type-2 crane); the manufacturer quotes a price of
$1 mllion. Gven the same capacity and performance, the other
types of crane would then cost $1 m x the appropriate nultiplier: a
doubl e-boom crane would cost $1.5 m a bal anced singl e-boom crane
$1.3 m a single boomcrane with normal luffing $0.9 m and an
Anerican-type turntable crane $1.2 m

Useful as this rule-of-thumb figure is, it nust be stressed that

these are manufacturing cost figures, and that they bear no direct
relationship to the price of a crane in the market-place. Cearly

price depends on such things as exchange rates, the buyer's neg-
otiating skill and the seller’s keenness to win the order. For the
foreseeable future, there should be a buyer's market for cranes.

Anot her inportant consideration arising fromweight is the wheel
pressure exerted on the track system the greater the pressure, the
nore expensive the track. For purposes of conparison, it has first
been assumed in|Table 9 that each of the five cranes would run on
10 wheel s per cormer; figures for the actual nunber of wheels and
resulting weights are given in the lower part of the table.

CRANE 1 | CRANE 2 | CRANE 3 | CRANE 4 | CRANE 5
(60-1) (110-t) | (80-1) (114-1) (90-1)
Speed (ft/mn) 98 98 98 131 125
Max. corner 209-t 294-t 380-t 204-t 160-t
pressure
Desi gn wheel -
| oad (10 wheels 21-t 30-t 38-t 21-t 16-t
per corner)
Actual wheels 8- 10 10 6 4
per corner
Act ual wheel - 26-t 30-t 38-t 34-1 40-t
|l oad (max. )
W dth of
rail head 3 3 4 4 4
(in inches)
Gauge (actual) 39 33 33 35 40
(inft)
Wieel dianeter 25 25 25 25 24
(in inches)

Table 90 Conparative Evaluation by WHEEL LQOADI NGS
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The doubl e-boom crane (Crane 1) and the turntable brane (Crane 5)
enjoy a certain advantage here in actual wheel load;, this is be-
cause of the very wide gauges they use. The principle is that the
wider the gauge, the less leverage the load will be able to exert

on the track. This advantage is not, however, of any %reat Si g-
nificance, in general, the deadweight of the crane can be taken as
directly proportional to the wheel |oad. This neans that an in
crease in weight requires either distribution through a larger
number of wheels, or an inproved track —both expensive itens.
Further heavier deadwei ghts naturally require nore powerful drives

and brakes. This is an inportant cost consideration when existing
track is to be used for a new, and probably nore powerful, crane.

5.5.2. Muintenance

Mai nt enance costs for drive units and other machinery, for electric

circuitry; and for the traveling systemwll be rOU?th equal for
each crane. Mst yards do not keep records of oil changes and so

on, but all report regular changes of oil in gearboxes on a 6-12
nonth basis.

Areas of special concern for maintenance teams include:

a. The use of existing, but inadequate track for new, heavy cranes.

h. The effect of outside shot-blasting residue on all noving parts.

c. The wear caused by inproperly adjusted king-posts and roller
trains

d. Wear on slew gear-pinions in ol der cranes.
e. Sticking link-systenms in ol der double-boom cranes.

f. The cutting or damaging of mains electricity supply cable during
normal operation.

Since, however, these problens (apart from <e> ) are comon to al
types, they are of no significance in assessing Investment costs.

Anot her procedure comon to all yards was the inspection and

mai ntenance of the crane structure itself. In all cases the

structure was examned for defective nenbers on a regular (6-12
nmonth) basis. Not a single case of damage from netal fatigue was
reported for any type of crane. Disappointingly, only 2 yards, a
naval support yard in Germany and one in Ml aysia, carried out the
corrosion preventive shot blasting and repainting recomended by

the manufacturers. The general argument was that the machinery and
circuitry wear out in a 20-25 year span, requiring the replacement
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of the crane; the structure itself is still good at that tine, even
with its first coat of paint

The only area in which a maintenance cost differential arises is

from the nunmber of regular maintenance points on each crane. These
are: <a> links, hinge-points, and bearing points; <b> pul | eys

Tabl e 10 dives the nunmber of such points on each crane.

CRANE 1 | CRANE 2 | CRANE 3 | CRANE 4 | CRANE 5
(60-1) (110-t) (80-t) (114-1) (90-1)
Li nks and 9 3 8 2 2
hi nges
Pul | ey 4 7 4 6 b
stations
TOTAL 13 10 12 8 8

Table 10: Conparative Evaluation by MAI NTENANCE PO NTS

In general, the doubl e-boom crane, because of its many |inks and
hinges, will be more costly to maintain than a single boom The

bal anced single boom al so, however, requires a considerable nunber
of linkages and will also be relatively expensive to naintain.

The only parts of a crane requiring regular replacement are the
hoi st ropes. No ‘exact figures for replacenent periods have been
obtained, but the general trend is clear: hoist ropes in double-
boom cranes last significantly |onger than hoist-ropes in single-
boom cranes with rope-store |level luffing. Normal figures seemto
be 2-3 years for doubl e-boom cranes and 2 years for single boons.
The exception to this rule is that when a heavy-1oad, double-boom
crane has a multiple hoist tackle of 12 or 16 falls, the rope seens
to have about the same life as that of a single-boomcrane. The
reason for this is that the (otherw se advantageous) short free-

swi ng distance between boom end and | ower block, requires constant,
mul tI'pl e bending of the rope.

A final word of warning: crane owners around the world all identify
one hoist-rope “eater”: the welding of inadequately grounded parts
to hull structures. The hoist-rope then becones the ground —this-
can shorten its Iife to a meager 3 or 4 nonths.

Cash figures for crane maintenance are not available. Crane
drivers thenselves normally carry out regular daily greasing
“\When-needed” maintenance is performed by teans that report,
normal |y, to Plant Engineering. The cost of these personnel and of
the repairs is thus allocated to general overhead, either directly .

or via Plant Engineering. Specific crane records are not kept.
However, ai rule of thunb energed from discussions wth maintenance
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experts: during the first ten years, a busy yard will spend 3-5% of
the initial purchase cost on maintenance. In slack times this will
drop to 1.5-3% After ten years, maintenance costs shoul d be taken
as percentages of replacenent cost.

The question of downtime’ was also addressed at each yard. Again,

no record-keeping had taken place, and comment is, therefore,

sonewhat inpressionistic: In general, no yard can afford downtine
on a crane, and so good stocks of all “wear-and-tear” parts were

mai ntained. The only common cause of serious downtine appeared to

be during the running-in of a new crane when the manufacturer had

to make adjustments or solve teething troubles. In general, yards

feel that a good crane should stand up to weeks or even nonths of

hard, continuous use during peak times w thout needing any

mai ntenance.  The only case reported of a major crane breakdown was

with a 10-year-ol d gooseneck: the doubl e-boom had stuck due to a
lack of grease and took two weeks to repair.

The downtinme required for a rope-change was generally reported as
20-26 man-hours. A three-man team coul d thus change rope during a
single shift. In fact, nost yards thought that their cranes were

in operation during only about 70% of the work-year (2000 hours per
year on a 40-hour single shift; 4000 hours on double shift). This
clearly allows adequate time for preventive maintenance during non-
operational periods.

5.5.3. Safety of Equi pment and Operator

In specifying a crane, no short cuts should be taken in requiring a
full battery of safety devices. In the view of the witer, all

cranes, regardless of nmininumlocal or national safetv require-
nments, should have the follow ng safety features

5.5.3.1. Load Mnent Contro

This control prevents the crane |uffing outwards beyond safe
limts, or lifting too heavy a load for a given radius. Wen
invoked, this control should not inactivate the crane
conpletely, but rnust permt the appropriate corrective
action, e.g. , luffirig inwards or lowering the Ioad

Load Monent Control may be nechanical or electronic; it
calculates the product of actual |oad and radius, and
automatically prevents incorrect novenents.

5.5.3.2. Load Control

This control may be independent, or an integrated part of the

| oad moment control. Load data is evaluated to prevent the
lifting of an excessive |oad.
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There are many ways of collecting |oad data: electronic |oad
cells may be mounted at the free end of the hoist line, or an

eccentric pulley may be mounted in the line system to
mention just two alternatives.

5.5.3.3.  Emergency- Qut

In energency situations, activation of a red push-button
within easy reach of the operator instantly shuts down all
crane novements. Two further emergency-out stations shoul d
be available on the ground.

Restarting should only be possible when all control |evers
have been returned to the zero position.

5.5.3.4. Dead-NMan Control

The dead-man control should be installed only in cranes run
by remote control with a portable control system The prin-
ciple is famliar fromrailroad engines. |If the operator re-
noves his hand fromthe dead-man control handle, the crane is
automatically shut down. There is usually a tinme-lapse relay
allowing a few seconds grace in case of accidental release.

[f the crane is directly operated by the driver, the spring-
controlled, zero-action levers nust return to zero whenever
rel eased by the operator.

5.5.3.5. Anti Two-Bl ocking Device

At safety congresses, the possibility of two-blocking (i. e.,
the accidental collision of upper and [ower blocks when the
hook is in its uppermost position) is often discussed by

Armerican makers and owners as a serious danger, while
Europeans are wholly unfamliar with this type of accident.

V\h?/? Probably because an anti two-blotiking device is a
safety requirement in Europe.

Ideal Iy anti two-blocking devices consist of swtches nounted

on all ropedrums. The switches are nounted in rugged

housings, and require no adjustment after installation. They

are preset for various speeds of operation —full, half

in chri)n (= 1/ 10 speed) |O—and operpate at both ends of the
crane’s range, i.e. , when the blocks are close together, and
when the load is at ground-zero. The switches are installed

to control both luffing and hoisting operations.

5.5.3.6. Wndspeed. Safeguards and Storm Anchors

W ndspeed indicators operate by means of audible and/or
visible alarms.  The alarms are activated normally bv

wi ndspeeds of Force 8 on the Beaufort scale (= 45 nph, 40
knots, 71 kph, or 20 meters per second). Under Force 8
conditions, the brakes on the crane's traveling drive should
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be adequate to prevent novenment; in addition, however, easily
operated rail clanps should be available which either grip
the railhead or wedge the crane wheels against the railhead.

In winds of Force 11 or stronger, the crane should be parked
in a safe position and anchored by means of guy ropes to
secure points on the ground. Two factors nust then be
considered: first, the traveling drive on the crane nust be
specified as having enough power to nove the crane into its

safe ﬁosition agai nst Force 10 winds; secondly, [imt
swi tches nust be installed so that the crane cannot be
inadvertently started while still anchored to the ground

5.5.3.7. Further Measures

A boomis nornally further protected by a rubber or
hYdrauIic¢ram back-stop. A centrifugal speed controller is
al so sonmetines installed to prevent over-rapid descent of a

boom this device is especially favored in Belgium and the
Net her | ands.

Special attention should also be paid to so-called "safety

brakes. " These are normally doubl e-shoe, heavy disc, or band
brakes. They nust be rugged enough to hold even nmaxi num test
| oads without slipping or overheating.

The safety devices built into a nmodern crane make it practically
fool proof, apart fromthe “human elenent. " Two problens energe
here.  The first is the abuse of limt switches. The opening
section of the “German Accident Prevention Regulations” reads

"Limt swtches should never be used as Qperational swtches

A good operator tests that limt switches are operational at

the start of each day's work, but never uses them during .
operation.

The point cannot be overstressed: good operation depends on the
operator’s skill not on the functioning of linit switches. The
next problemarea is the personal safety of the operator. Here the

manufacturer’s role is limted to providing the safest crane pos-
sible, followng the guidance of Osha (USA) or VBG9 (W GCernany)
—it is up to. the operator, however, to use the crane safely.

In ensuring operator safety, an owner specifying a crane should
Lnﬁlude specific wording to ensure that the following features are
uilt in:

0 Ladders should have square rungs not round ones, and one edge of

the square rung should be slightly raised. This marine-type
| adder is nuch safer when wet.

! Access shoul d be, where possible, covered. Colum cranes which
use a centerless bearing have a big safety advantage here as
agai nst turntable cranes.
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"The operator's cab should be to the side of the center-line of
the boom Research shows that the operator's judgement of dis-
tance is at its poorest when the cab is centered under the boom

"A good-size fire-extinguisher, checked at regular intervals,
should be provided in the operator’'s cab.

°On many cranes (particularly on certain turntable crane), the
operator can |eave the cab onl¥ when the turntable reaches one or
two of its slewng positions. This is dangerous. ldeally the
ogerator should be able to |eave the cab whatever the position of
the crane. If, for technical reasons, this ideal cannot be

achieyed, then the cab, nust be equipped. with a safety rope that
has a belt and-automatic reel brake to allow emergency exit.

A final point on safety and convenience: the provision of an
elevator, a toilet, or even an elaborate rest-roomin a crane makes
no contribution to safety. These expensive itens require constant
mai ntenance and deteriorate very quickly. The costs do not appear
to be justified by the benefits

5.5.4. Qperator Training

There is little significant variation in the cost of operator

training among crane types. Al yards report simlar methods of
recruiting drivers: workers in related trades who show an interest
in crane-driving are allowed to show their aptitude during a 2-4
week hands-on training session with an instructor (a driver
hinself).  After a satisfactory probation, the new driver is given

hi s omn"cEanﬁb al ways  an oldgzr,| mnor unit, and can then “work his
way up [0 More important jobs Skilled drivers are greatly

val ued, and yards make every effort to keep themon “their” cranes.
The classic case is a teamof 6 drivers who. have worked a set of 4
goose-neck cranes in a Gernan shipyard for over 15 years. Their
kind of expertise is not a matter of training but of experience.

Additional training courses for drivers on such subjects as genera

safety, rigging, basic electrics, and so on, are offered al most
everywhere, but nowhere is there an official requirenment that

crane-drivers be trained in any way whatsoever, though |abor unions
reconmend training and offer programs. Despite this genera

apathy, the witers of this report would recommend that junior
operators during their first 3 years be given regular and repeated
instruction in four particular areas

a. Safety, particularly the correct checking of limt swtches.

b. Signals and nethods of communication with the ground.

c. \Wat constitutes crane abuse.

d. Early spotting of irregularity in a crane's functioning.
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6. RECOMMENDATI ON

The five cranes featured in Section 5 allow a fair survey of ship-

building cranes in use today .- By conparing these five cranes, and
elimnating less suitable designs, a rational investment decision can be
made. The process of elinmnating unsuitable designs has four steps; in
each step the cranes are divided into two groups according to the
presence or absence of some particular feature (e. g., double boom vs
single boom). In fact, one group contains only one crane, while the

other group contains all the cranes still in contention. |In each case,

the single crane is elimnated. The remaining cranes are then regrouped
so that the next decision can be made. The first grouping pits the

doubl e-boom crane (Crane 1) against the group of four single-boom
cranes. After the double-boomis elimnated, four cranes remin: three
colum cranes and one turntable crane. The turntable design can now be
elimnated. Anong the three renaining ‘cranes, two have an unbal anced
boom and one has a bal anced boom thus generating the third
elinnation. Finally the choice must be nade between two designs: the
level luffing and the non-level luffing crane

The grounds for the preferences established bel ow have already been
staked out in Sections 4 and 5. In this section, therefore, the
arguments are sinply summarized. The arguments are derived both from
theory, and from the buying practice of shipyards round the world; in
every case theory and practice lead to the same conclusion.

6.1. CHOCE 1: DOUBLE-BOOM OR S| NGLE- BOOM

I N THEORY

The doubl e-boom crane has had its day. Design techniques today,

especial |y safe wel ding and Frecise stress control, make it possible to
build fast, safe cranes of alnost any height at far |ower cost both. in
terms of materials and |abor applied. Level luffing, one definite
advantage of the doubl e-boom crane, can be closely approxi mted by rope-
store methods. High-speed luffing, again an advantage of the doubl e-
boom is seldom of practical significance in ship-building operations

IN THE MARKETPLACE

During the 1970's and 1980's in shipyards worldw de nearly all new

cranes have been of single-boom design. The remainder, the doubl e-
booners, have been built in Communist Europe at "political prices"

(prices ained at earning foreign currency) or for barter
RECOVIVENDATI ON :

SI NGLE- BOOM CRANES
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6.2. CHOCE 2. TURNTABLE OR COLUWN ?

I N THEORY

The turntable crane is rugged--and conparatively sinple in design, but it
has grave drawbacks. It has a clumsy top structure that requires
excessive erection time and causes unwarranted maintenance costs. Its
mai n di sadvantage, however, is that its center of gravity nust remain
within the periphery of the circular runway that supports the turntable
This limtation neans that as capacity increases the runway becones
inpractically wide; further, heavy |loads cannot be hoisted at w de
ranges without a disproportionate increase in the size of the crane. In
fact, turntable cranes necessarily fall below the constant-Ioad- nonent
standard that is the internationally expected today; this surely means
that the turntable crane has been superseded. The design theory of the
colum crane, on the other hand, suffers from none these limtations; it
offers superior all-round performance in terms of’ both weight and cost.

IN THE MARKETPLACE

The only areas of the world where new turntable cranes have been
installed since the 1950's are areas where, for political or economc
reasons, the buyers have had no real choice. \ere crane-builders have
been approached to design state-of-the-art machines for their clientele,

the invariable choice (outside the U S ) has been the colum crane.

RECOMMVENDATI ON
COLUMN  CRANES

6.3. CHO CE 3: BALANCED- BOOM OR UNBALANCED-BOOM ¢?

I N THEORY

The bal anced boom was created as aeplacenent for the doubl e-boom It
attenpted to reproduce the best features of the doubl e-boom at a |ower
cost using nore sophisticated engineering. It succeeded in achieving
these aims: this crane achieves a fairly high luffing speed for a |ow
application of energy. The attendant disadvantages are, however, weight
and mai ntenance costs. For shipyard use, the benefits offered by this
design are not worth the additional investments in the machine and its
mai ntenance. Long after European designers had abandoned this design
it was still favored by the Japanese who invested heavily in these

cranes in the late 50's and earLF 60's.  Many of these cranes have been
built under licence in shipyards in developing Asian countries where
they can be seen in great nunbers.
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IN THE MARKETPLACE

During the 1970's and 1980's very few cranes indeed of the bal anced-boom
type have been installed. Designers have universally favored an
unbal anced, singl e-boom desi gn

RECOMMENDATI ON
UNBALANCED BOOM CRANES

6.4. CHOCE 4. LEVEL LUFFI NG OR NORMAL LUFFI NG ?

Cranes used in shipyards can be divided into three categories according
to capacity.

Type 1. The Heavy-Duty Crane

The heavy-duty crane lifts loads of from 50 000 Ibs (23 netric
tons) to 440 000 Ibs (200 netric tons). In shipyards, such lifts
are required only occasionally, and never on a continuous basis —
a few lifts a day or just one a nonth would be the normal spectrum

In general such lifts are pure hoists, with [ittle need for -
simul taneous |uffing

Type 2. The MediumDuty, Fitting-Qut Crane

The load range here is from 30 000 Ibs (14 netric tons) up to 132
000 Ibs (60 nmetric tons). Lifts in this range are very common in -
shipbuilding. Since these cranes are characteristically used in a

fitting-out berth or in a floating dry dock for repairs, the |oads

may have to be fairly accurately placed. Mvenents will tend to be
vertical rather than horizontal, though both kinds of nmovenents are
needed

Type 3. The Light-Duty, Auxiliary Crane

The load range of the light-duty crane is between 11 000 |bs (5
netric tons) and 60 000 Ibs (30 netric tons). These cranes are

hi ghly mobile and work in conjunction with a heavy-duty crane.
Litt path is normally vertical, though there may be applications
where a light crane nust make frequent horizontal novements.

Since heavy lifts are performed very slowy, both in hoisting and

luffing, and since heavy noves require very careful, step-by-step
performance, speed will never be an essential factor in heavy-duty

operations. For this reason, the advantages offered by a level-luffing
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crane can be discounted. For the heavy-duty crane, normal-I|uffing
offers perfectly adequate performance at appreciably |ower cost.

Anot her factor here is the rope-storage system above a certain hook-

wei ght —roughly 220 000 I bs (100 netric tons) —the. weight of the

rope stored between the the A-frame and the top of the boom can becone
so heavy that it exercises an excessive pull on the boomtip. For heavy

| oads, there seens to be no econonmically feasible way either to avoid

the i mense weight of a triple-reeving systemor to counterbal ance this
weight. This nmeans that the top linmt on level luffing (using a rope-
store) is reached at about 220 000 |bs, which is appreciably below the
heaviest lifts required.

A fitting-out crane of medium capacity, however, might well benefit from
the ability to move |oads horizontally with speed and accuracy. This
woul d be especially true where the load path is obstructed and the |oad

nust pass round obstacles. At this weight, the rope-storage system
encounters no probl ens.

As to light cranes, a study of a particular work-station mght show that
a light crane working there nust often perform horizontal movements. |f
thisis so, the level-luffing version of the crane would be preferable.

In general, however, experience shows , that light cranes typically
perform vertical |oad novenents, and that the extra cost of |evel-
luffing would not bring conparable benefits.

RECOMMENDATI ON

For heavy-duty : NORMAL LUFFI NG
For fitting out : LEVEL LUFFI NG
For |ight-duty . NORMVAL/ LEVEL LUFFI NG AS APPROPRI ATE

6.5. CONCLUS| ON

For shipbuilding applications today, the nost cost-effective choice is
t he:

COLUMN- MOUNTED CRANE W TH A SI NGLE, UNBALANCED BOOM

For fitting-out and other mediumduty purposes, the addition of rope-
store level luffing is a desirable extra feature.
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