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ABSTRACT

Thi s handbook addresses the nost prevalent varieties of cranes within the

i nventories of U S. Navy shore facilities. There still remain many | ess conmon
and sonme uni que, one-of-a-kind cranes in service, which fall outside the practica
scope of this handbook. The period of crane design extends from contenporary to
the early 1940’ s.

The individual varieties of cranes included in this handbook are further grouped
as “older” and “newer” types and as standard commercial and custom (built-up)
desi gns.

The handbook begins with a non-technical description of the selected varieties of
cranes and progresses to rigorous engi neering nethodol ogy and desi gn requirenents
for the main assenblies and their conmponent parts. It is intended for the use of
engi neers proficient in the technical disciplines relevant to cranes, but not
necessarily expert in all phases of crane design
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FOREWORD

NAVFACI NST 11450.1 assigns to the Navy Crane Center (NCC) the authority and
responsibility for the procurenment, establishment and control of design standard,
oversi ght of maintenance, and evaluation of all cranes at Navy shore facilities.
The main objectives of this handbook are — to consolidate the current crane design
criteria and practices; and to record past experience, use-proven successfu
practices, and design features of the older cranes. It is also intended to serve
as a guide for engineers responsible for selecting and maintai ning cranes, crane
systens, and crane conponents.

Thi s handbook uses, to the maxi mum extent feasible, national professional society,
association, and institute standards in accordance w th NAVFACENGCOM pol i cy.

Devi ations fromthese criteria should not be nmade w thout prior approval of Navy
Crane Center.

Desi gn cannot remain static any nore than the functions it serves or the

technol ogies it uses. Accordingly, reconmendations for inprovenent are encouraged
fromw thin the Navy, other CGovernnent agencies, and the private sector and shoul d
be furnished on the DD Form 1426 provi ded inside the back cover to Director, Navy
Crane Center, 10 Industrial H ghway, Lester, PA 19113-2090, phone (610) 595-0505.

DO NOT' USE THI S HANDBOOK AS A REFERENCE DOCUMENT FOR PROCUREMENT OF CRANES. DO
NOT REFERENCE | T I N M LI TARY OR FEDERAL SPECI FI CATI ONS OR OTHER PROCUREMENT
DOCUMENTS.  USE I T FOR THE DEVELOPMENT OF TECHNI CAL SPECI FI CATI ONS FOR THE DESI G\,
CONSTRUCTI ON, AND | NSTALLATI ON OF CRANES
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Section 1: | NTRODUCTI ON

1.1 Scope. This handbook provi des conprehensive descriptions of the

predonm nant crane types in service at Navy shore facilities. It also outlines the
design requirenents and the pertinent engineering nethodol ogy for design

eval uation of ol der and contenporary cranes.

It should be understood that nunerous exceptions to the crane
configurations, design features, and design criteria can be found in the Navy
crane inventory — all with a record of successful performance — but they are
beyond the scope of this handbook. Unless such exceptions are clear
non- conpliances with the requirenments of this handbook or their perfornmance
becomes questionable, they should be left intact.

1.1.1 Definitions. The ternms “ol der cranes”, “newer cranes”, “standard
comercial”, and “custom design(ed)”, and “built-up” are used throughout this
handbook. Their definitions follow

a) O der cranes, in the case of portal and floating cranes, are those
designed and built prior to the early 1980's; newer cranes are those of the later
period. Their prom nent visual distinctions are illustrated in figures 5, 6, 7,
and 8. Container and nobile cranes are all in the newer crane category. The
di stinction anong the other crane types is less identifiable, but the nost visible
features on ol der cranes are riveted structural connections, extensive use of open
gearing, w de use of castings, and inprecise material identification

b) Standard comercial or conmercial assenblies and conponents are
those itens readily avail able off-the-shelf from manufacturers specializing in the
design and production of such itens. This definition enconpasses nobil e cranes,
packaged hoi sts, underrunning hoist/trolley units, gear reducers, brakes,
spreaders, hooks, wheels, etc. To be used on cranes, these itens nust conply with
t he applicabl e recogni zed i ndustry standards.

c) Custom designed or built-up are terns applied to itenms of origina
or uni que design, including entire cranes, assenblies, and conponents.

1.1.2 Applicability to Oder Cranes. dder cranes, which do not conply with
the design criteria presented in this handbook, may remain in service in their
original configuration if they have a history of satisfactory performance. Wen
assenbl i es or conponents of ol der cranes need to be repaired or replaced, they
shoul d be upgraded to the criteria of this handbook only where it is practical to
do so. Navy Crane Center (NCC) controls this upgradi ng process through the review
and approval / di sapproval of Crane Alteration Requests, as mandated i n NAVFAC

P- 307.

1.1.3 Applicability to Standard Commercial Itens. The applicability of
Sections 4, 5, 6, and 8 to purchased off-the-shelf itens is linmted to the
optional features offered by the manufacturers of these itens and easily

i npl enent ed nodi fications. Such nodifications are confined essentially to

repl acenent of wire rope, hook bl ock, or hook of packaged hoist or hoist/trolley
unit.

1.2 Cancel | ati on. This handbook cancels and supersedes NAVFAC D 38. 01
Wei ght Handl i ng Equi pnent, and Change 1 dated Cct ober 1986.

1
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1.3 Rel ated Criteria. This handbook covers many varieties of cranes, and
consequently references many design standards and criteria specifications.

In order to make the relationship of such standards and specifications to the
crane types clear and unanbi guous, they are listed under Industry Standards

par agraphs of the particular crane type description to which they apply.

1.4 Purpose of Related Criteria. The applicable industry standards, |isted
under each crane type, are intended to govern the design of the crane and the
conmponents to which they apply. Any other, nore stringent, design requirenents
apply only when specifically invoked by NCC or other procuring activity.
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Section 2: MAIN CRANE TYPES

2.1 Overhead El ectric Traveling (CET) Cranes. These cranes, also called
“bridge cranes”, are installed on overhead runway rails to provide hoisting
(lifting) coverage throughout the entire length and width (span) of the runway.
The trolley is equipped with one or two hoists. CET cranes are ideal for heavy
duty service in warehouses, machi ne shops, naintenance bays, and sinilar work
areas. They function equally well indoors and outdoors. The controls for the
cranes may be located in an operator’s cab, on a suspended pendent pushbutton
station near the floor level, or at a renote control station. The design and
condition of the runway nmust conply with the crane industry standards to ensure
sati sfactory crane operation

2.1.1 Ceneral Description. The main structure of OETs is a pair of parallel
bridge girders, which span the runway and rest on end trucks. 1In the comon four-
wheel configuration, the end trucks also function as end ties for the bridge
girders. The hoists are nounted on a trolley frame, which travels on rails
fastened to the bridge girders. Crane notions are driven by electric notors. The
electric power is transferred froma fixed |ocation near the runway to the
traveling bridge by means of collector shoes sliding along rigid conductors
parallel to the runway or through extendabl e | oops of flexible conductors
festooned al ong the runway. Figure 1 shows a typical OET with two hoists.

The majority of OET's have two hoists (rmain and auxiliary) on the trolley
for maxi mum operational utility. The main hoist is capable of lifting the rated
capacity of the crane and is relatively slow, the auxiliary hoist has a | ower
lifting capacity (from 10 percent to 30 percent of the main hoist) but is
correspondingly faster. In normal service it is the auxiliary hoist that is used
for most lifts since the need for the rated capacity of the main hoist is
i nfrequent.

The bridge girders are al ways custom designed to fit the runway span
The end trucks/end ties, trolley frame, bridge and trolley drives, and hoists may
be manufacturer’s standard comercial or custom designed (built-up) assenblies,
dependi ng on the application. 1In either case, many of the subassenblies and
conponents are standard off-the-shelf conponents. Usually cranes intended for
general purpose service (GPS) are in |arge neasure manufacturers’ standard
designs, those for special purpose service (SPS) or handling of ordnance are often
built-up custom desi gns.

2.1.2 Distinctive Features. The stable platformof the bridge structure of OET
cranes permts a wi de range of design options to suit virtually any operationa
requi renent. The rated capacities of these cranes vary from5 tons to 500 tons,
and their spans may range up to 200 feet. Wth the hoists centered between the
bridge girders, crane lifting capacity is never limted by stability. The high
overhead | ocati on of these cranes avoids interference with the floor activity and
equi prent by lifting the | oads over the floor obstructions. Wl kways al ong the
bridge girders and the floor on the trolley structure, provide excellent
accessibility to all mechanical and el ectrical conponents.

2.1.3 I ndustry Standards. The governing industry standard for OET cranes is
CMPAA Speci fication #70, Specifications for Top Running Bridge & Gantry Type
Multiple Grder Electric Overhead Traveling Cranes, published by the Crane

Manuf acturers Association of Arerica, Inc. This specification defines crane

3
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service classes — from“standby” to “conti nuous severe” service. (NCC policy is
to specify Cass C “noderate” service as a mninmum) |In addition to the crane
design requirenents, this specification provides the runway design and condition
criteria for straightness, |evel ness, span, and deflection tol erances.

CMPA Specification #70 is not entirely adequate for neeting Navy CET
design requirenents, especially for the nechanical and electrical design features.
These additional Navy requirenments are addressed in detail in Sections 4 and 5 of
t hi s handbook.

ANSI / ASME B30. 2, Overhead and Gantry Cranes (Top Running Bridge, Single
or Multiple Grder, Top Running Troll ey Hoist) published by the American Society
of Mechani cal Engineers. This standard focuses primarily on the safety aspects of
t he desi gn and operation of CET and gantry cranes.

The Wi ti ng Crane Handbook, published by the Wiiting Corporation, is a
conpr ehensi ve crane design reference textbook. It is especially useful for
estimating wei ghts, dinensions, required runway and buil di ng cl earances, and
maxi mum wheel | oads of OET cranes.

2.2 Underrunni ng Cranes. These cranes, also called “underhung cranes”,

al ways feature an underrunning hoist/trolley unit or a trolley with a separate
hoi st; however, the bridge end trucks may be overrunning (on runway rails) or
underrunning (on the [ ower flanges of runway beans). The underrunni ng runway
beans are secured to the roof support structure of the building. The crane
configurations are either in the formof a single girder (with a conbination
hoi st/trolley unit nounted on its lower flange) or twin girders (with a trolley
mounted on their lower flanges). The end trucks may be of the rigid type, with
wheel s on fixed axles protruding fromthe end truck frane; or of flexible type, on
swi vel connections supported by two-wheel carrier yokes. Crane operator’s
controls are usually on a suspended control station near the floor level. The
design and condition of the runway, whether for overrunning or underrunning
trucks, nmust conply with industry standards to ensure satisfactory crane
operation.

2.2.1 Suspensi on Systens. Underrunning cranes w th underrunni ng bridge end
trucks are often procured with runway beans and suspensi on systens. The
suspensi on systens may be rigid or flexible, depending on the building
construction and the avail abl e headroom and are designed to support the bridge
end trucks on the | ower flanges of the runway beanms. 1In the rigid systens the
runway beans are fastened directly to the building structure. 1In the flexible
systens the runway beans are suspended on tie rods which can nove laterally (like
a pendul un) about their individual suspension points. Lateral and |ongitudina
braci ng must be installed to limt the horizontal notion (sway) of such systens.
Standard commercial tie rods, clanps, and various fittings and hardware are
avai | abl e from manufacturers of patented track

(Runways for cranes with overrunning bridge end trucks are usually
constructed as an integral part of the building.)

2.2.2 Ceneral Description. There is a wide selection of arrangenents and
design features available for underrunning cranes. The runway beans and the
bridge girders may be in the formof standard structural shapes (w de flange or
| -beam sections) or patented (nonorail type) track. (NCC policy is to specify
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only patented track for all new crane procurenents.) The cranes are nost often
electrically powered, and with standard commercial wire rope hoists or
hoist/trolley units. However, several other power and design options are
avai | abl e — pneumatic or manual power and chain hoist. (See paragraph 4.3.1.4 for
standard conmerci al design variations.) The electric power is transferred froma
fixed location near the runway to the traveling bridge through expandabl e | oops of
fl exi bl e conductors festooned along the runway or rigid conductors and sliding

col  ector shoes.

The single-girder bridge with a hoist/trolley unit is the nost preval ent
configuration. It is conprised of the main girder, which carries the
hoist/trolley unit, and an outrigger beam braced to the upper flange of the main
girder. The outrigger beaminproves the lateral stability of the main girder
supports the hoist/trolley electrification system and may support the bridge
travel drive. The main girder and the outrigger beamare connected to an end
truck at each end. Bridge travel drives on flexible end trucks are in the form of
two powered yokes (drive heads), one on each end truck. On cranes with rigid end
trucks, as depicted in figure 2, the bridge drive is centrally nounted and drives
both end trucks. The hoist/trolley unit has an integral travel drive.

The twi n-girder bridge configuration has the upper flanges of the girders
braced to each other for lateral stability and carries a trolley franme with an
i ndependent hoist on the |lower flanges. The end trucks may be of either the rigid
or flexible design, with bridge drives as described above. The trolley frame is
usual 'y a custom desi gned, built-up assenbly.

2.2.3 Di stinctive Features. The unique feature available with these cranes is
the ability of the hoist/trolley unit or the trolley to cross over between bridge
girders of adjoining cranes or travel onto a spur track. Such cross-overs may be
direct (girder-to-girder) or across an internmedi ate transfer section. The
hoist/trolley units are standard commerci al designs, which are selected from anong
t he catal og nodel s advertised by the major manufacturers of such equipnent; it is
i npractical to have them custom designed. The trolleys of tw n-girder bridge
cranes, can nount either a standard nodel or a built-up, custom designed hoist.

2.2. 4 I ndustry Standards. Due to the wide variety of configurations and design
options available with this category of cranes, there are several applicable

i ndustry standards. The governing standard for the design of single girder cranes
wi th underrunning hoist/trolley units is CMAA Specification #74, Specifications
for Top Running & Under Running Single Grder Electric Overhead Traveling Cranes
Uilizing Under Running Troll ey Hoist, published by the Crane Manufacturers

Associ ation of Anerica, Inc. It prescribes design requirements for bridge girders
inthe formof all types of single web structural beans, including specially

rei nforced, and of box section designs. The bridge end trucks are either of the
top running type as in CET's (and running on runway rails) or underrunning type
with wheels on fixed axles. This specification also provides design and condition
requi renents for straightness, |evelness, span, and deflection tol erances for
runways for top running and underrunni ng cranes.

Being limted in scope, however, and specifically excluding the patented
track and swivel carrier yoke end trucks, the NCC references CMAA Specification
#74 only for the evaluation of existing structural shape/section bridge girders
and runway beans.
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The governing industry standard for the design of runways (including
suspensi on systens) and crane bridges utilizing patented track, is ANSI M 27.1,
Speci fication for Underhung Cranes and Monorail Systens, published by Mnorai
Manuf acturers Association, Inc. This specification defines crane service cl asses
from*“standby” to “severe duty cycle” service. (NCC policy is to specify Class C
“noderate” service as a mnimum)

El ectric hoists and hoist/trolley units for all nodes of
i nstal |l ati on/ suspensi on on underrunni ng cranes are governed by ANSI/ASVE
HST-4M Performance Standard for Overhead Electric Wre Rope Hoists, published by
the American Soci ety of Mechani cal Engineers.

ANSI / ASME B30. 11, Mnorails and Under hung Cranes, published by the
Ameri can Soci ety of Mechani cal Engineers. This standard focuses primarily on the
safety aspects of the design and operation of underrunni ng cranes.

ANSI / ASME B30. 16, Over head Hoi sts (Under hung), published by the Anerican
Soci ety of Mechani cal Engineers. This standard focuses primarily on the safety
aspects of the design and operation of electric-powered wire rope and chain
hoi sts, hand chain operated (manual) chain hoists, and air-powered wire rope and
chai n hoi sts.

ANSI / ASME B30. 17, Overhead and Gantry Cranes (Top Running Bridge, Single
G rder, Under hung Hoi st, published by the Anerican Society of Mechanica
Engi neers. This standard focuses primarily on the safety aspects of the design
and operation of underrunning cranes utilizing all types of box section and single
web structural girders (including specially reinforced).

2.3 Cantil ever Cranes. This category of cranes enconpasses a | arge
assortment of designs, and it is not practical to describe all their variations.
They are grouped as stationary (jib) and traveling (wall), and only the nost
preval ent designs within these groups are described in this handbook

2.3.1 Ceneral Description. These cranes utilize various designs of

cantil evered boons with cross sections sinmlar to the bridge girders of OET or
underrunni ng cranes. The cranes may either be stationary jib type (with a

pi voti ng boom nounted on a pillar or wall bracket) or traveling type (with the
boom nounted rigidly on a vertical frane) running on rails built into the wall
structures. Because of the nonent inposed on the boom the rated capacity of
these cranes is usually limted to 5 tons.

2.3.1.1 Stationary. Jib cranes have a restricted area of hook coverage but are
easy to install in any location that requires Iight hoisting service. Pillar type
jib cranes are free-standing, with a pivoting boomthat is either fully

cantil evered or tie rod supported. The anchoring of the base of the pillar nust
be designed for the entire noment inposed on the pillar. Jib cranes that are
mount ed on wal |l brackets have the boom foot rigidly connected to a vertical mast
and the boomtip supported by a diagonal tie rod secured to the top of the nast.
The ends of the mast pivot on two in-line bearings built into the surrounding
buil ding structure. Alternatively, the mast may be onmitted and the boom foot and
upper end of the tie rod attached directly to in-line bearings supported by the
wal I colum. Figure 3 shows four varieties of stationary jib cranes.
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FIGURE 3
STATIONARY JIB CRANES
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The boons on these cranes are always in the formof a single-web girder
wi th an underrunning hoist/trolley unit. The individual notions may be
electrically driven and controlled froma pendent pushbutton station or nmanually
oper at ed.

2.3.1.2 Traveling. These cranes travel along the wall on a runway conprised of a
single rail designed for the vertical |oads and two wi dely separated nonent -
carrying rails or other formof running surfaces along the wall. The design of
the single rail end truck (carriage) is simlar to that of an CET crane. The
nmonent - carryi ng menbers of the runway can use either of two design options — two
standard rails (oriented for opposed horizontal |oads); or two single web
structural sections. 1In the case of the rail option, the nonent-carrying end
trucks are simlar to those of an CET crane. 1In the case of single web sections,

t he upper end trucks are designed to pull on the flanges in the sane nanner as the
underrunning rigid end trucks with wheels on fixed axles in pinned brackets for

| oad equalization; the |lower end truck is designed with crowned rollers to run on
the outer surface of the runway flange. The running surfaces of the structura
sections can be upgraded by the addition of wel ded-on machi ned nedi um car bon stee
strips.

The boons may be single beamtype (either structural section or patented
track) mounting an underrunning hoist/trolley unit or a twin beamdesign with a
top running trolley. The boons are supported with tie rods or knee braces, as
best suited for the particular application. Figure 4 shows two types of traveling
wal | cranes.

VAl | cranes are usually electrically powered on all notions and may be
controlled froman operator’s cab or a pendent pushbutton station. Electric power
is transferred froma fixed |ocation near the runway to the traveling vertica
frame by neans of collector shoes sliding along rigid conductors parallel to the
wal | . Light duty cranes may have nanual |y operated hoist and trolley drives of
the types avail able for underrunni ng cranes.

2.3.2 Distinctive Features. The nonments that these cranes inpose on the
support structure or the runway limt their capacity and reach. However, with the
availability of virtually all key conponents off-the-shelf and with many design
options, cantilever cranes can be selected or custom zed to suit virtually any |ow
capacity application.

2.3.3 I ndustry Standards. There are no industry standards for this specific
category of cranes. Various portions of the design are included in the standards
of CET (CMAA Specification #70) and underrunni ng cranes (CMAA Specification #74).
The safety aspects of the design and operation are addressed in ANSI/ASME B30. 2,
Overhead and Gantry Cranes (Top Running Bridge, Single or Multiple Grder, Top
Runni ng Troll ey Hoist) and ANSI/ASME B30.11, Monorails and Under hung Cranes;
publ i shed by the Anerican Society of Mechani cal Engi neers.

2.4 Portal Cranes. Portal cranes derive their name fromthe opening (portal)
between the |l egs of the structure (gantry) which pernmts the passage of vehicles
in the congested environment of wharves and piers. They are also popularly called
revol ving gantry, dockside, or Wirley cranes. These cranes run on two widely
spaced rails (18 to 60 foot gauge) at ground |l evel close to the edge of the
wharves and piers that they service. The gantry nmounts a rotating superstructure
(upperworks) with a luffing boom The standard cl earance under the gantry cap is
22 feet.

10
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There is a striking visual difference between the ol der portal cranes
(shown in figure 5) and those of newer design and manufacture (shown in figure 6).
The ol der cranes have a deep triangular truss boomand a cage-like gantry
consi sting of hundreds of riveted structural nmenbers. The newer cranes have a
sl ender lattice boomand snmooth, streamined, gantry structure consisting of a few
| arge wel dnents bolted together. The rated capacities and hook reaches range up
to 170 tons and 120 feet, respectively. The elevation of the machinery deck, boom
hi nge, and operator’s cab are of major inportance to the utility of the crane —
t he boom hi nge position controls the crane’s reach over nearby obstructions and
the position of the operator’s cab determines his field of vision. The elevations
of these elenents vary from48 feet to 81 feet.

There are significant differences between Navy and conmercial porta
cranes.

a) Navy cranes are normally “straight-line” rated up to the nmaxi mum
reach of the hook; for exanple, 50-tons from 55-foot radius to 95-foot radius.
Commercial cranes are variably rated; for exanple, 75 tons at 55-foot radius and
decreasing to 12 tons at 95-foot radius.

b) Navy cranes are required to travel around tight curves at the head
of drydocks, which necessitates conplex travel truck designs to conpensate for
increase in the effective rail gauge. Commercial cranes travel on straight or
gently curving tracks with a fixed rail gauge. The geonetry of this effect is
expl ai ned i n paragraph 5.2.12.

c) Navy cranes are always sel f-powered wi th an onboard di esel engine-
generator set. Commercial cranes are often shore-powered by neans of a gantry
nount ed cabl e reel connected to a fixed electric termnal near one rail. The
cable reel pays out or takes up the cable as the crane travels back and forth
al ong the track.

2.4.1 Ceneral Description. The main structural components of portal cranes are
the rotating upperworks (including the machi nery deck, A-franme, boom and strut)
and the traveling portal base. Each of the four corners of the gantry is
supported by a conpl enent of travel wheels. A systemof equalizers (rocking

beans) under each corner distributes the corner |load equally to all wheels. Pairs
of wheels are nounted in the travel trucks, which are free to swivel (steer) to
follow the curvature of the track. Typically, 1/3 or 1/2 of the wheels are

driven.

The upperworks is conprised of the machi nery deck on which are nounted
two or three hook hoists, luffing hoists, rotate drive, electrical controls and
resistors, diesel engine-generator set, fuel tank, A-frame, boom counterweight,
and operator’s cab. (In the case of cranes with machi nery decks at 80-f oot
el evation, the diesel engine-generator set and fuel tank are installed on the
portal base cap to make them nore accessible for servicing.) The entire
upperworks is supported by roller path and king pin assenblies or a rotate
bearing. Wth only rare exceptions, all drives on Navy portal cranes are
electric. Comercial portal cranes, however, are increasingly converting to
hydraulic (hydrostatic) drives, which have been refined to offer sone tangible
advant ages over the electric drives — conpactness, continuously variable speed
range, and |ower costs. This viewis confirned by the fact that nobile cranes are
excl usively hydrostatic or mechanical / hydroki neti c.

12



MIL-HDBK-1038

(NDISAA ¥AQTO) ANVYD TVIYOd
S JYNOIA

il 1 1
=HNENEEEE
--n\_ﬂ/
o ~
E) —
S PEENET

\N\LH%II+

| - -

THTATITTITIN
Q=

13



MIL-HDBK-1038

gLl

T _%:‘ T

I

—
=
v

T

=

E- RS
] 1] | L ™
i

14

FIGURE 6
PORTAL CRANE (NEWER DESIGN)



M L- HDBK- 1038

Al t hough | ess noticeable than the difference between the boons and gantry
structures, the rotate nmechani smof the newer cranes differs even nore
dramatically fromthe old roller path design. Unlike the older cranes, which
rotate on a sinple assenbly of exposed rollers on bent rail or cast segments with
a king pin for centering, the newer cranes rotate on a precision sealed roller
beari ng.

2.4.2 Distinctive Features. Portal cranes have the ability to travel anywhere
within their rail network (circuit) and provide heavy lift capability at a reach
unmat ched by any ot her outdoor traveling crane. The wi de and hi gh portal opening
with narrow travel trucks and gantry |legs of the portal cranes m nimze
obstruction in the busy work areas where they operate.

Corrosion is always a major maintenance concern with any outdoor crane,
but this problemis particularly acute with the intricate cage-like construction
of the old gantries and boons with crevices and water pockets throughout. The
mai nl y wel ded construction of newer cranes presents a smooth exterior which
m ni m zes this nai ntenance burden.

2.4.3 I ndustry Standards. There are no industry design standards for porta
cranes. Structurally these cranes are designed in conpliance with the applicable
requi renents of the Manual of Steel Construction, published by The American
Institute of Steel Construction, Inc.

ASME B30.4, Portal, Tower, and Pillar Cranes, published by the American
Soci ety of Mechani cal Engineers. This standard focuses primarily on the safety
aspects of the design and operation of the cranes.

APl Specification 2C, Specification for Ofshore Cranes, published by
American PetroleumlInstitute, prescribes a nmethod for cal culation of |oads on the
rotate bearing. However, since rotate bearings and their nmounting are a specialty
of a limted nunber of manufacturers, their guidance for bearing selection and
installation should be followed when it is available.

2.5 Fl oating Cranes. Floating cranes are conprised of the upperworks of
portal cranes nounted on barges. These cranes are intended for operation in
sheltered waters but are designed for towing in the open sea. They are not self-
propel |l ed, except that they are equi pped with capstans which pull on nooring |lines
to reposition thensel ves over short distances. Floating cranes are versatile —

t hey can be positioned between the shore and the vessel for rapid | oading or off-
| oadi ng, inside a drydock in close proximty to the work area, or anywhere within
the basin. As with the portal cranes, the older designs (shown in figure 7)
feature deep triangul ar truss boonms, while the newer cranes (shown in figure 8)
have slender lattice boons. Oder floating cranes are “straight-line” rated, the
newer designs are variably rated through nost of the operating range.

2.5.1 Ceneral Description. The upperworks of the floating crane is supported
on a tub (structural columm) built into the barge near the stern. As a
count er bal ance to the crane, the bow end of the barge deck is provided with a
thick (usually 1.5 to 2.0 inches) steel cargo | aydown area. The upperworKks,
including the rotate bearing, is simlar in design to that of the portal crane,
with only a few exceptions:

a) Boom desi gn nust consider side pulls due to list and trimof the
bar ge.
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b) The rotate drive and the rotate bearing designs nust consider
rotation out of the horizontal plane due to the list and trim of the barge.

c) The di esel engine-generator set and fuel tank may be located in the
barge, rather than the nmachi nery house.

d) Hydrostatic drives are the normon nodern cranes.

e) Tie down and | ocking provisions for the boom and upperworks are
required for towing in the open seas.

2.5.2 Di stinctive Features. Since it is desirable to maintain a | ow center of
gravity for stability in the water, the elevation of the machinery deck is
restricted. Conpared to portal cranes, all portions of floating cranes are at a

| ow el evation. To mtigate this condition, the boom hinge pin and operator’s cab
are often raised above the roof |level of the machinery house. The rated
capacities and reaches range up to 115 tons at 80 feet, respectively. The boons
frequently have a long extension in the formof ajib to increase the reach of the
whi p hook for servicing masts and periscopes of Navy vessels.

A conspi cuous boomrest is |ocated at the bow end to support the boom
when the crane is not operating and to secure it for towing. A pilothouse is
sonetines installed at the bow, often within the boomrest.

2.5.3 Industry Standards. The design of barges is regulated by Rules for
Bui | di ng and C assing Steel Barges, published by the Anerican Bureau of Shipping.
The barge design includes the reinforced circular colum (tub) which supports the
roller path or the rotate bearing of the floating crane upperworks. Structurally
these cranes are designed in conpliance with the applicable requirements of the
Manual of Steel Construction, published by the American Institute of Steel
Construction, Inc.

APl Specification 2C, Specification for Ofshore Cranes, published by the
American PetroleumlInstitute, prescribes a nmethod for cal culation of |oads on the
rotate bearing.

ASME B30.8, Floating Cranes and Floating Derricks, published by the
American Soci ety of Mechani cal Engineers. This standard focuses primarily on the
safety aspects of the design and operation of these cranes.

Various U. S. Coast QGuard regul ations inpose seawort hi ness, safety, and
human occupancy requirenents.

2.6 Cont ai ner Cranes. Container cranes are optimzed for rapid | oading and
of f-1 oadi ng of standard shi pping containers. The containers are transferred

bet ween the container ship and the dock storage area or the truck carriers. The
crane rails are straight and the waterside rail is located close to the edge of
the wharf or pier. Container cranes in comrercial service are often shore-
powered, with the electric power cable spooled on a reel and laid in a trough
running parallel to the land side rail; those in Navy service are self-powered
wi th an on-board di esel engi ne-generator set. These cranes are equipped with
several standard | engths of frames (spreaders) to engage different sizes of
cont ai ners both above deck and inside the ship’s holds. The standard maxi mum
wei ght of containers is either 40 or 50 | ong
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tons. It is a common practice to provide a | oad beamw th one or several hooks,
whi ch can be readily installed in place of the spreader for handling bul k cargo.
Figure 9 shows a typical container crane

2.6.1 Ceneral Description. The primary structural conponents of container
cranes are the gantry, horizontal main beans, |uffing boom and an overrunning or
underrunning trolley with an adjacent operator’s cab. Wen in use, the boomis
lowered to the horizontal position in line with the main beam and above the
cont ai ner ship deck. The boomlength is designed to reach across the entire w dth
of the stacked containers on the ship. The horizontal main beans forma rearward
ext ensi on of the boom over the container storage area on the wharf or pier. These
cranes have non-rotating upperworks; they nmust reposition thenselves on the rails
to be in line for each row of containers to be handled. The boomis luffed up to
cl ear any ship superstructure before the crane noves along the rails. When the
container crane is not in use, the boomis locked in a nearly vertical position

The containers are engaged by twi st |locks located in the corners of the
lifting frame (spreader). The spreaders may be of fixed | ength designed to engage
only one size of containers, or they may be telescoping to fit any | ength of
contai ner. The standard di mensions of containers are 8 feet high, 8 feet wide,
and 20 to 40 feet long. The spreaders are readily di sengageable fromthe hoi st
head bl ock.

The hoist may be located either on the trolley with the wire ropes
descendi ng downward fromthe wire rope drumto the four sheaves in the corner of
the head bl ock frame, or in the nmachinery house with the wire ropes routed
hori zontally to the trolley and downward to the head bl ock frane sheaves. The
four wire ropes are i ndependent (non-equalized). The head block is designed
for quick nmechanical and electrical connection to its counterpart on the spreader
Electric power is delivered to the spreader hydraulic devices via a suspended
coi l ed power cable.

2.6.2 Distinctive Features. The structure is arigid traveling gantry with a
fixed main beamand a luffing boom \When the boomis in the horizonta

(operating) position, it is supported by steel stays, which are attached to the
top of the A-frane. The machi nery house and an integral or separate diese

engi ne-generator set enclosure are installed on top of the main beam and both are
equi pped with a built-in service crane (either CET or underrunning type) of
adequate capacity to handl e the heavi est conponents which may require renoval.

The machi nery house and encl osure floors have renovabl e hatches through which the
servi ce crane hooks can reach the ground | evel.

These cranes are designed specifically for handling standard containers
at arapid rate (up to 35 per hour) and a high degree of safety.

2.6.3 I ndustry Standards. There are no industry standards specifically for the
design of container cranes. Structurally these cranes are designed to conply with
t he applicabl e requirenent of Manual of Steel Construction, published by the
Anerican Institute of Steel Construction, Inc.

ASME B30. 24 (under devel opnent), Container Cranes, will be published by
the American Society of Mechanical Engineers. This standard focuses primarily on
the safety aspects of the design and operation of the cranes.
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2.7 Mobil e Cranes. Mobile cranes are available in a variety of
configurati ons — wheel -nmounted or track-nounted (craw er); solid tel escopi ng boom
or fixed length lattice boom and crane operator stations on the chassis, on the
upperwor ks, or both. These cranes are standard nodel s of established

manuf acturers. They are designed for highway travel/transportati on and of
necessity are optimzed within the highway wei ght and size restrictions. As a
direct result of these restrictions, the stability of nobile cranes is poor
conpared to that of portal cranes.

2.7.1 Ceneral Description. \Weel-nmounted cranes (as shown in figure 10)
utilize an autonotive style of chassis with a standard driver’s cab for road
travel. Crane controls may be located in the sane fixed cab or a separate

operator’s station on the rotating upperworks. On crawl er cranes (as shown in
figure 11) a single cab is used for driving and crane operation. Mbile cranes
are equi pped with hydraulically extendable outriggers near the corners of the
chassi s, which nust be deployed to stabilize the crane when making a lift. On
sonme nodel s, the outriggers may not have the capability of relieving all of the
wei ght fromthe wheels. A counterweight is always installed on the upperworks,
whi ch rotates on a nonent carrying bearing or on rollers/roller path with hook
rollers to take up the overturning noment.

Tel escopi ng boons are luffed and extended by neans of hydraulic
cylinders. Lattice boons are |luffed by neans of a wire rope hoi st and sheaves at
the top of the upperworks. The design of lattice boons permts di sassenbly of the
boom sections to shorten their Iength for road travel or to increase the length
for | onger reach when required.

The crane functions on nobile cranes are generally powered by hydraulics
— either nmotors or cylinders. Sonme nodels use a conbination of hydraulic and
mechani cal drives. The reeving systens are single reeved and arranged for easy
conversion to any of several configurations for the desired conbination of hoi st
speed-lifting capacity.

2.7.2 Distinctive Features. The main virtue of nobile cranes is their ability
to travel to the work site and position thenselves in the nost advant ageous

| ocation for the task. Their forenpst weakness is limted stability, even when
set on outriggers, and inability to travel with any significant [ oad on the hook
Operators’ understanding of the site/ground conditions and the reference to the
proper chart for crane stability limts for each particular upperworks orientation
and boomlength are critical to safe operation

2.7.3 I ndustry Standards. There are no conprehensive industry standards for

t he design of nobile cranes. ASME B30.5, Mbile and Loconoti ve Cranes, focuses
primarily on the safety aspects of the design and operation of these cranes. SAE
J1028, Mobile Crane Wrking Area Definitions, provides in graphic formthe
[imting position of any |load for operation within the major working quadrants.

SAE J1289, Mobile Crane Stability Ratings, provides the nethodol ogy for
calculating the tipping |load of a nobile crane.

2.8 Gantry and Sem -Gntry Cranes. These cranes are sinmlar to the bridge
cranes in many respects. But unlike the OET and underrunni ng cranes, where the
lifting height is established by the elevation of the runway rails, gantry cranes
travel on ground-level rails and obtain their lifting height by nmeans of tal
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vertical frames interposed between the end trucks and the bridge girders. 1In the
case of the sem -gantry cranes, only one end is so configured — the other end is a
typi cal bridge crane running on an elevated rail. They are not limted by any

overturning nonent due to rated | oad and may be of any capacity that the rails can
support.

Since the only structural support that is required for gantry cranes is a
pair of ground level rails, they can be installed in buildings wthout the najor
i nvest ment of an overhead runway. Sem -gantry cranes are well suited to outdoor
installations such as plate yards adjacent to
bui |l di ngs — one end running on a ground level rail and the other on a high rai
near the top of the wall.

Gantry and sem -gantry cranes offer broad design flexibility and can be
configured for many varied functions. The bridge structure may be of the double
gi rder arrangenent with an overrunning trolley or a single girder with an
underrunni ng hoist/trolley unit. Crane controls nmay be located in an operator’s
cab (on a sill beam bridge, or trolley) or on a pendent pushbutton station

2.8.1 Ceneral Description. The bridge structure is designed to the sane
criteria as the CET and underrunni ng cranes, whichever is applicable to the
particul ar configuration. The upper part of the vertical frame serves as an end
tie for the bridge girders. The |Iower end of the vertical frame incorporates a
sill beamwi th a two-wheel end truck at each end. Sturdy braces between the
vertical frames and the bridge girders provide the required strength and rigidity
to the gantry structure. All crane notions are driven by electric notors.
Electric power is transferred froma fixed location at the el evation of the bridge
girders to the crane by nmeans of collector shoes sliding along rigid conductors
parallel to the bridge girder end ties.

Virtually all large capacity gantry and sem -gantry cranes are custom
designed. Figures 12 and 13 show the gantry and sem -gantry configurations,
together with sone of the avail abl e options.

2.8.2 Distinctive Features. Large capacity gantry cranes (usually 40 tons or
greater) are sonetinmes powered by an on-board di esel engine-electric

generator set which is mounted on the sill beam Wen an operator’s cab is
provided, it is nost often placed on the sill beam However, depending on the

i ntended service, the operator’s cab may be installed on a bridge girder or the
trolley.

These cranes can be configured to provide limted capacity outboard of
the runway rails by the use of vertical frames with an open center. This
arrangenent, sonetinmes called “through-1eg”, may be used with either overrunni ng
or underrunning trolleys and hoist/trolley units.

Standard comercial rubber-tired gantry cranes are often used in
cont ai ner handl i ng operations. The maxi mum practical height limts the stacking
hei ght to three containers.

2.8.3 I ndustry Standards. The governing industry standard for gantry (and
sem -gantry) cranes is CMAA Specification #70, Specification for Top Runni ng
Bridge and Gantry Type Miultiple Grder Electric Overhead Traveling Cranes,
publ i shed by the Crane Manufacturers Association of America, Inc. The safety
aspects of the design and operation are addressed in ANSI/ASME B30.2, Overhead
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and Gantry Cranes (Top Running Bridge, Single or Multiple Grder, Top Runni ng
Troll ey Hoist) and ANSI/ASME B30. 17, Overhead and Gantry Cranes (Top Runni ng

Bridge, Single Grder, Underhung Hoist), published by the American Society of
Mechani cal Engi neers.
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Section 3: COMVERCI AL CRANES, MONORAIL HO STS, AND LI NE HAULI NG MECHANI SVB

3.1 Cranes. Standard conmercial crane types, such as |oconotive and

revol ving cranes, are designed to crane industry specifications, and are optim zed
for specific applications. They may be used at their rated or reduced capacities,
at the discretion of the using activity.

3.1.1 Loconoti ve Cranes. Loconotive cranes are powered by di esel engine-
generator sets and are self-propelled. They are available with free over-side
rated capacities of up to 55 tons and up to 150 tons when set on outriggers.

St andard comercial | oconotive cranes are designed to conply wi th ANSI/ASME B30. 5,
Mobi I e and Loconotive Cranes.

3.1.2 Pedestal and Revolving Gantry Cranes. These cranes are designed as
standard conmerci al upperworks units for mounting on tubul ar pedestals or other
support structures. The boons may be of the fixed-length lattice or of the box-
section tel escopic design. They are designed for road transportability and ready
installation on various support structures, and of necessity, |ack sone of the
customary maintainability and service |ife prolonging features of Navy portal and
floating cranes.

Pedestal cranes, which are intended for offshore service on oil rigs, are
designed to conply with Anerican PetroleumlInstitute Specification APl 2C. They
may be powered either with an onboard diesel engine or froma renote electric
power source. The drives are hydraulic or direct mechanical type. Drive
machi nery on sone standard designs is only partially enclosed by a machi nery
house, but the exposed equipnent is required to have other neans of adequate
protection fromthe corrosive marine environnent. Stainless steel hydraulic lines
and special exterior paints are anong standard options.

Revol ving gantry cranes are simlar in design to the pedestal cranes, but
may not conply with Specification APl 2C and are not optim zed for the marine
environnent. They are normally installed on traveling gantries (portal bases).

3.2 Monorail Systenms. Monorail installations utilize the same hoists and
hoist/trolley units as the underrunning cranes. Mnorail |ayouts may be straight,
wi th curves, open or closed |oops of patented track. The suspension mnmust be
either laterally braced flexible type or rigid. Standard track sw tches, both
electrically or manually operated, are available to permt hoist/trolley units to
transfer between adjacent sections of the nonorail l|ayout. The sw tches include

i nterlock nechanisns for positive track alignment and automatically activated
forks (stops) to prevent a hoist/trolley unit fromrolling off an end of the
track. Standard conmercial nonorails are designed to conply with ASME B30. 11
Monor ai | s and Under hung Cranes.

Electrically powered hoist/trolley units on curved track require rigid
electrification curved to follow the track at a fixed distance. Standard
electrification hardware is available to permt snooth crossing of collector shoes
at the switches to maintain uninterrupted electric power. Mtion control is
normal ly froma control station suspended fromthe hoist/trolley unit.

Al ternatively, the notions may be controlled by renote neans, such as infrared or
radi o signals.

3.3 Li ne Handl i ng Mechani sms. Various line handling (hauling) nechanisns —
such as capstans, w ndlasses, and wi nches, are standard conmercial products
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intended primarily for installation aboard barges and fl oati ng cranes for nooring
and re-positioning along the piers. These nechanisns are designed to mari ne

i ndustry specifications for service aboard seagoi ng vessels. They should be used
at their rated capacities.

3.3.1 Capstans. Capstans have a snmpboth drumon a vertical axis, with its
bott om end connected to the drive nmechanism and its top unobstructed. Unlike

hoi sts, there is no nechanical anchor for the rope, the drum devel ops sufficient
friction with the mooring line (non-netallic rope) froma nunber of manually wound
“dead waps” to begin pulling the | oaded end of the rope. The unloaded end is
handl ed manually as it pays off the drumand is coiled on the deck. The nunber of
friction produci ng dead w aps renmai ns constant during the hauling process.
Capstans are normal ly powered by electric notors.

3.3.2 W ndl asses. Wndl asses are a nodification of capstans, in that, the drum
is replaced by a pocketed and slotted wheel (wldcat) that grabs a chain, as it
makes half a wap around it. The unloaded end of the chain is collected on the
deck. Wndl asses are used on barges and floating cranes primarily for dropping

and raising anchors. Wndl asses are normally powered by electric notors.

3.3.3 Wnches. Wnches are identical to single reeved hoists, except that the
wire rope live end is routed for hauling, rather than lifting the load. The wire
rope drum may be grooved (for single |layer spooling) or snooth (for nulti-Iayer
spooling). Wnches with smooth druns can al so be used for hauling nooring |lines
or chains. Wnches are available with either electric or hydraulic notors.
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Section 4: DESCRI PTI ON OF ASSEMBLI ES AND COVPONENTS

4.1 Structural. The current Navy inventory of cranes contains a mx of ol der
designs of portal and floating cranes, whose structures are riveted or bolted
assenblies of rolled structural plates and shapes; and newer cranes, which nmake
ext ensi ve use of nmmjor weldnents bolted at the main connections. These

di fferences are nost apparent on the boons and portal crane bases.

The ASTM A7 structural steel of the ol der cranes has been replaced by the
nmodern ASTM A36 and hi gher strength steels. The inproved physical properties and
chem stry of the nodern steels were brought into tighter control to ensure high
quality and uniformty of welds. Structural steel used on all outdoor cranes is
now required to have a m ninmum fracture toughness of 25 foot-pounds at 40 degrees
Fahrenheit (per Charpy V-notch tests). The older ASTM A307 structural bolts were
suppl anted by ASTM A325 and A490 hi gh strength bolts.

St andard comercial cranes use structural tubing — round, square, or
rectangular - in many of their structural conponents. Structural tubing and ot her
steel shapes of higher strength than ASTM A36 require strict conpliance with the
wel di ng procedures of American Wl ding Society or the original equipnent
manuf act urer.

4.1.1 Bridge Grders for CET, Gantry, and Sem -Gantry Cranes. Bridge girders
of the box section design are ideal for OET cranes because of their high capacity
to withstand lateral and torsional |oads. These girders have parallel top and
bottom fl anges, two parallel webs, full depth diaphragns for rigidity,

i nternedi ate short diaphragns for rail support, and in sone cases, |ongitudina
stiffeners. The girders are designed with a canber to conpensate for deflection
under | oad. The flanges and webs are wel ded together with continuous fillet

wel ds. The interior diaphragns may be welded with intermttent welds. For

i nternedi ate spans and capacities, box section girders are sonetimes fabricated
fromstructural shapes, or a conbination of structural shapes and plates. This
type of girder is usually a manufacturer’s standard design utilizing proven design
details. The use of custom (non-standard) designed girders of this type should be
approached with caution. (CMAA #70 does not address the design of this type of
girder in sufficient detail.)

For cranes in CMAA #70, Class C service, with spans of 40 feet or |ess,
and with rated capacities of 20 tons or less, single web girders may be used.
(Navy Crane Center (NCC) policy is to specify only dass C or heavier duty
service.) The single web girders may be built-up (welded) with the web profiled
for the desired canber or they may be standard rolled structural shapes bent
(bowed) to the proper canmber. External vertical stiffeners are often required on
the sides of the web and the flanges. The ends of the bridge girders, both box
section and single web type, should be notched (stepped) to fit over the end
truck. The girders nmust be reinforced at the notches with vertical diaphragns and
hori zontal stiffeners. The bottom flanges should be tapered towards the notches.

The trolley rails should be centered over the top flange and secured with
rail clips. The rail clips may be welded directly to the top flange or fastened
with nuts and threaded studs welded to the top flange. The rails should be free
to shift longitudinally but the amobunt of nmovenment nust be limted by end stops.
Optionally, the rails may be positioned directly over one of the box girder webs,
in which case
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t he short diaphragns may be omitted, but the girder box section nust be designed
for the additional torsional |oads due to this eccentric |oading.

4.1.1.1 Wl kways. OETs should be provided wth wal kways where space permts.
The drive girder wal kway, where the bridge drive machinery and el ectrical control

cabi nets are nmounted, nust extend the full length of the girder. The idler girder
wal kway, as a mninum should extend fromone end truck at |least twice the length
of the trolley. It is desirable, where space pernits, to have a crossover wal k

between the two girder wal kways. The width
of the wal kways, handrails, toe plates, and gates or safety chains, mnmust conply
wi th OSHA requirenents.

4.1.2 End Trucks and End Ties for OET Cranes. On four-wheel cranes, the end
truck franmes provide strength and rigidity to the entire bridge structure to
resi st horizontal loads. On |large four-wheel cranes, the end trucks are built-up
wel dnments of box section design, with internal diaphragns |ocated under the bridge
girder webs. The bottom flanges are notched at the ends and the webs are
reinforced to formrecessed seats for wheel axle bearings.

On snal ler cranes, the end trucks may utilize structural channel sections
for webs with external vertical stiffeners and doubl er plates around the whee
axl e seats. The |lower flanges are notched for the travel wheels and the channe
webs are slotted fromthe ends to pernit installation and renoval of flanged whee
axl e bearing housings. Standard conmercial end trucks are normally of this type.

On ei ght -wheel cranes, the end trucks may be pinned (wheel | oad
equal i zing) type, or fixed (wheel |oad conpensating) type. The bridge girders are
joined by end ties, which provide the strength and rigidity required to resi st
hori zontal loads. End ties may be rigid (for wheel |oad equalizing) or flexible

(for wheel |oad conpensating). |If equalizing end trucks are used, the bridge
girder and rigid end tie nust forma frame that is rigid about its vertical and
hori zontal (perpendicular to the rail) axes. |If conpensating end trucks are used,

the end tie must be rigid about the vertical axis but relatively flexible about
the horizontal axis to permt partial rocking nmotion for wheel |oad conpensation
Both end tie designs provide for satisfactory |oad sharing (equalizing or
conpensati ng) between pairs of wheels in each corner

4.1.2.1 \heel Base. For four-wheel cranes, the wheel base is defined as the
center-to-center distance between the wheels' axles. For eight-wheel cranes, the
wheel base is defined as the center-to-center distance between the outernost whee
axles. To minimze the undesirable effects of skew ng, the wheel base nmust be at
| east 1/7 of the runway span (center-to-center distance between the rails).

4.1.3 Bridge G rder-End Tie/ End Truck Connections for CET Cranes. On ol der
cranes, the alignnent of the bridge assenbly was often maintained by the use of
cl ose tolerance bolt-to-hole fits. On newer cranes, these connections are slip-
critical (or friction type), nmade with high strength structural bolts. Tapered
alignment pins (two per corner) are used to maintain original shop alignnent
between the bridge girders and the end ties/end trucks when reassenbling the
joint. The bolt holes and alignment holes should be |ocated close to the webs of
the structural menber in w dened flanges or wel ded-on fl ange extensions.
Additionally, if required to maintain rigidity in the horizontal plane, gusset

pl ates may be required between the bridge girder and end tie/end truck fl anges.
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Access holes may be cut in the | ow stress areas of webs for bolt or nut
installation and torquing. Such access holes should be closed with cover plates.

4.1.4 Trolley Franes for OET Cranes. Trolley side franmes are built-up box
sections of flat plates, channel shapes and flat plates, or rectangul ar structura
tubing. The side frames are joined by cross nenbers at the ends and by
internediate load girts which support the hoists and the upper bl ock sheaves.

Steel floor plating, with slots for wire ropes, is often installed over the entire
trolley frane. Trolleys are normally supported on four travel wheels.

On snal ler cranes, especially those with standard commerci al packaged
hoi sts, trolley frame construction varies. It is conmon practice to omt the
floor plates.

4.1.5 Bridge Grders for Underrunning Cranes. The preferred bridge girder
design is the “patented track”. The girder cross section has an upper T-section
of structural steel and a lower, smaller inverted T-section accurately machined
from hard, high-carbon steel. The two T-sections are joined with continuous (but
not necessarily full-penetration) groove welds. The |lower T-section is avail able
in three standard sizes and is designed to acconmodate either flanged or
flangel ess wheels. It is machined on all sides-presenting snooth side surfaces
for guide rollers and a nmachi ned bottom surface for traction wheels. The ends of
the bridge girders are normally coped and reinforced with gussets and doubl ers for
full strength connection to the end trucks. Bridge girders are normally avail able
in lengths up to about 70 feet and normally are not canbered.

A less costly alternative to the patented track is a rolled structural
steel section — either |-beamor w de flange. The drawbacks are the | ess durable
wear surfaces and wi der dinensional, straightness, and warpage tol erances.

4.1.5.1 CQutrigger Beans. The outrigger beans (if used) may be of any standard
structural section which is of adequate strength to nount the electric power
conductors and the single-notor bridge drive. The outrigger beam may be used to
forma horizontal truss by neans of diagonal |acing to the upper flange of the
bridge girder. The ends of the outrigger beans are connected to the end trucks or
connecti ng bars.

4.1.6 End Trucks. The underrunning end trucks may be of rigid or flexible
design. The rigid end trucks include wheel axle seats at each end; the flexible
end trucks are supported by swiveling |oad bars or carrier yokes. The rigid end
trucks are weldnents of steel plate or channel sections which are joined and

rei nforced at each end by U shaped steel plates agai nst wheel spreading forces and
are additionally reinforced with gussets and doublers at the wheel axle seats.

The flexi ble end trucks have the connecting bars as their main structura
components. Figure 14 illustrates typical arrangenents of both types of end
trucks. Underrunning end trucks are usually standard conmercial conponents.

4.1.7 Runways for Underrunni ng Cranes. The runways are designed with the sane
patented track sections as the bridge girders. The Iength of the runways often
requi res splices between the sections. (The standard track sections are normally
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available in lengths up to 70 feet.) The splices are nade with flat plates on
both sides of the upper T-section webs. The |ower T-section end nmust be positioned
to mnimze the gap on the running surface for snooth crossing by the wheels. The
splices nmust be |located directly under the support nenbers.

Patented track is available in curved sections with any radius of
curvature down to 48 inches. This fseature permts the patented track to be laid
out in the formof closed loop circuits. (Electric power for hoist/trolley units
can be delivered through matching rigid conductors attached directly to the
patented track.) |-beamtrack can be bent to a 20-inch radi us.

4.1.7.1 Runway Suspension Systenms. Depending on the avail able headroomin the
bui | di ng, the runway suspension systemmay be rigid or flexible. The rigid
suspensi on system has the upper flanges of the patented track bolted directly to
the building structure or to interposed solid spacers. These joints usually

i nclude shinms to obtain the required | evel ness. The flexible runway suspension
systens support the patented track on vertical alloy steel rods with threaded
ends. The rods are threaded into self-aligning ginbals or ball-and-socket
fittings, which are bolted to the building structure and the patented track
Additional lateral and longitudinal tie rod braces are usually installed to limt
the sway of the runway. Flexible suspension systens for cranes with rigid end
trucks normally have one patented track installed without |ateral braces to avoid
travel truck binding due to mnor gauge variations. Al flexible suspension
conponents are standard commercial itens.

Suspensi on of curved sections of runways requires particular attention to
m nimze the introduction of |ateral bending noments (tw sting) of the patented
track.

4.1.7.2 Extensions and Transfer Sections. The bridge girders may extend as
cantil evers beyond the end trucks to extend hook approaches or to facilitate the
transfer of the hoist/trolley unit to an adjacent crane or spur track. Wth such
arrangenents the girder |ower flanges nust be brought into close alignment and the
gap between them nust be held to a mnimum Interlocks are required to engage and
lock the girders in alignment during hoist/trolley transit. |In cases where the
opposite bridge girders cannot be brought into close proximty, a short transfer
section is installed to span the separating di stance.

On cranes whose hoist/trolley units transfer directly to another bridge
girder, the end trucks should be |ocated near the ends of the bridge girders to
mnimze the relative deflections at the gap. Al so, the adjacent runway tracks
and the transfer section should be supported froma conmon structural menber.
This will help to maintain the alignment of the | ower flanges for snooth whee
transit.

4.1.8 Cantil evered Boons. The boons of cantil evered cranes nay be of any form
or cross section — box, single web, or nonorail. Because of the wide variety of
boom configurations and their supports, there are no established designs or

anal yses for them Each design is unique in sone aspects and must be designed in
accordance with the applicable requirenents of the structural code. The sanme
applies to the boom support structures (pillars, wall brackets, and vertica
franes) and connections. These boons are relatively short and therefore do not
requi re any canber; however,
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t he boom should be installed with a slight upward slope towards the tip to
conpensate for deflection under | oad.

4.1.9 Pillar Anchor Bolts. Freestanding pillars require an integral base with
a wide foot print for anchoring themto the concrete foundation. The preferred
installation of anchor bolts (ASTM A36 threaded rods) is to have them cast
directly into the concrete base. The enbedded ends may be ternmi nated w th heavy
steel plates/washers with nuts on both sides. Anchor bolts with bent ends (J or L
bolts) are permtted only if recomended by the manufacturer of the standard
commercial crane. Installation of anchor bolts into drilled holes by neans of
bondi ng conpounds is an acceptable alternative for existing concrete foundations.

4.1.10 Portal and Floating Crane Truss Boons. The deep triangular truss boomns
of ol der cranes are assenbl ed from standard open structural shapes fastened with
rivets or bolts. There are few, if any, weldnments on these boons. Every riveted
or bolted joint is susceptible to rusting at the faying surfaces and requires
frequent inspection and mai ntenance. A comon design feature is the back-to-back
arrangenent of |acing nenbers separated by the width of the flange thickness of
anot her structural menber. The narrow separation between the flat faces of such
| acings provides limted access to clean and preserve them agai nst corrosion

Many rivets corrode and | oosen within their bores and nust be replaced. The
commonl y accepted repl acenent fasteners in place of rivets are the high strength
ASTM A325 bol ts.

4.1.11 Portal and Floating Crane Lattice Boons. The |attice boons of newer
cranes are assenbled fromthree or four all-welded sections bolted together at the
mai n chords. The ends of the main chords have heavy bolting pl ates wel ded,
gusseted, and machined for a close fit with the mati ng boom secti on. Each boom
section supports a wal kway along the entire length of the boomto provide access
to all lighting fixtures, sheaves, rollers, and lubrication points. The wal kway
is accessible fromthe nachi nery deck with the boom | evel.

Traditionally the main chords were required to be either structura
angl es or wide flange beans. Tubular sections for main chords were avoi ded
because danage on them can be repaired only by cutting and wel di ng, and because
the condition of the interior surface could not be known with certainty. Danmage
on mai n chords of the open structural sections in nost cases is easily repaired by
cold straightening. The tubular sections - either round, square, or rectangular —
were permtted for |acing nenbers because their convex shape mnimzes the formng
of water pockets on the boom Current NCC policy is to permt tubular sections for
all structural nenbers of boons, provided they are capable of being weld repaired
inthe field. The ends of tubular sections nust always be seal welded to prevent
wat er intrusion.

The | ower (foot) section of the boomis tapered in profile and termn nates
with two hinges which may contain reinforced housings. The hinges should be
spread wi der than the width of the basic boomstructure to limt the wi nd | oads
and inertia | oads on the hinges. The hinge arrangenents utilize bronze bushi ngs,
which may be installed either in the boomfoot section or the base supports. The
upper (tip) section of the boomis also tapered in profile and carries the whip
hoi st sheave at its end, and inboard, the auxiliary hoist sheaves if the crane is
so equi pped. The main hoi st sheave nest and the outboard | uffing hoi st sheave nest
(or wire rope pendant connections fromthe strut) are usually built into the
out board end of the
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adj acent inner section. Individual boom sections support pivoting lighting
fixtures, deflector sheaves, and rollers or rubbing blocks to preclude wire rope
contact with the boom structure.

4.1.11.1 Struts. Struts (also called floating nmasts) are structural franes that
support the outboard |luffing hoist sheave nest and defl ector sheaves of the hook
hoi st reeving systens. They pivot on hinges simlar to those of the boom and are
connected to the boom by neans of wire rope pendants. |n operation, they control

t he nmovenents of the boom The varying geonetry between the A-frane, boom and
strut on any given crane, may inpose both tensile and conpressive |oads on the
strut, as it pivots through its range of notion. Access nmust be provided to al
sheaves.

(Struts have been incorporated in the designs of some newer portal cranes
to support (and elimnate the sag of) the luffing sheaves that were renoved from
the boomto mnimze lubrication drip on clean areas underneath the hooks. Figure
6 depicts a portal crane design with a strut.)

4.1.12 Cont ai ner Crane Boons. These boons are the |uffing extensions of the
main beans. In their horizontal position, they function as cantilevered girders
with trolley rails on their lower flanges. The boomgirders are supported by
stays at the outer ends and are hinged at the feet so that they can be raised to
clear the ship’s superstructure during travel or for storage. The boom girders
have box cross sections which are braced at their upper flanges and at the ends.
The | ower flanges are w dened on one side to support a trolley rail. The boom
girders’ cross sections are sufficiently large to permt entry into their interior
and are reinforced with open diaphragns to pernmit full access for inspection or
repair. The access hatches are normally located in the upper flanges and are
rei nforced around the perineter to nmaintain the cross sectional properties and
preclude entry of rainwater. These boom girders are one-pi ece wel dnents.

One boom girder supports a full-length wal kway arranged to permt
energency egress fromthe cab anywhere al ong the wal kway. The upper flange of the
boom gi rder may serve as the wal kway or a separate wal kway structure may be
cantil evered off the side of the boom girder

4.1.12.1 Boom and Main Beam Stays. The boons are supported in their horizonta
operating position by stays fromthe top of the gantry. These stays are rigid
structural nenbers, doubl e-hinged near the center to allow themto fold when the
boomis raised by the boom hoist. The main beam stays differ only in the deletion
of the center hinge.

4.1.13 Cont ai ner Crane Main Beans. The main beans may be considered as
extensions of the (luffing) boomand are of the same cross section and
construction as the boomgirders. They are rigidly built into the gantry in line
wi th the boom girders and extend backwards through the gantry as cantilevers to
permt trolley travel past the land-side rail. The main beans al so serve as
foundati ons for the hoist machinery house and the diesel engine-electric generator
room

One of the main beans includes a wal kway whi ch mat ches the boom wal kway
and extends to the very end of the main beam This wal kway al so nmust permt
energency egress fromthe cab at any location. The other main beamis required to
have a short
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wal kway or platformat the back end for servicing the festoon system The two
wal kways must be connected by a crossover wal k.

4.1.14 Mobil e Crane Fi xed Length Boons. These boons are lattice type standard
conmponents of various manufacturers and may be of either tubular or open
structural sections. The individual sections are all-welded and normally the
grade of steel is of higher strength than on other cranes. The main chords and
lacing are nost often thin-wall tubular sections. Boom sections may be bolted or
pi nned for quick disassenbly and assenbly. The assenbl ed boom | engths vary,
dependi ng on the required reach, and the crane capacity is adjusted

correspondi ngly. The boomlength is changed by addition or renoval of standard
boom secti ons.

The booms are normally raised by a boom hoi st and wire ropes. Wl kways
or platfornms are not provided because their weight detracts directly fromthe
crane’ s capacity.

4.1.14.1 Flying Jibs. Boomextensions in the formof lattice type pinned flying
jibs are common on nobile cranes. The installation of flying jibs includes
addi ti onal standard conponents such as a mast and pendant cables. The common
practice is to align (angle) the flying jib below the axis of the boom

4.1.15 Mobi |l e Crane Tel escopi ¢ Boons. Tel escopi ¢ boons have cl osed rectangul ar
or trapezoidal cross sections. They nmay be standard structural tubul ar shapes or
built-up box sections. They are extended (tel escoped out) by neans of interna
hydraulic cylinders. Each section slides on non-netallic lowfriction pads
installed at the open end of the surrounding section

The boons are normally raised by hydraulic cylinders installed between
t he machi nery deck and reinforced connections on the boom As in the case of
fixed | ength boons, wal kways and platforns are not provided so as not to detract
fromthe crane’s capacity.

4.1.16 A-Franes. A-franes, so called because of their profile, serve to elevate
the boom |l uffing sheaves to a favorable position for raising the boom The two
back | egs, which are subjected only to tension, are standard open or closed
structural shapes. The two forward |egs, which are subjected to conpressive | oads
and bending | oads fromthe reeving systems’ sheaves nmounted on them are usually
rel atively heavy closed sections and are extensively braced. The A-frames al so
support the | adders and platfornms that provide access to the sheaves and ot her
service points.

The forward | egs are connected to the machi nery deck main beans or their
rigid vertical extensions in the formof pedestals or structural frames; the back
| egs are connected at the back ends of the main beans directly above the
counterwei ght. The connections between A-frames nenbers and with the machi nery
deck may be rigid (common practice on ol der cranes) or pinned. Pinned connections
make assenbly and di sassenbly (which is sonmetines required for repairs or access
to the machinery house interior) easy to perform It is NCC policy to require
pi nned connections for new cranes.

A-frames are distinct structural assenblies and do not differ between
those on portal and floating cranes. On container cranes, however, the A-frames
are integral vertical extensions of the gantry structure. The A-frames nust
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i nclude | adders and platforns for access to the various sheaves, sheave franes,
equal i zer beans, and ot her equi prent.

4.1.17 Machi nery Decks. Machinery decks of portal and floating cranes are
usual Iy constructed around two | ongitudi nal main beans, which may be | arge wide
flange sections or built-up box girders. They are positioned in line with the
boom hi nges and extend aft to the end of the machinery house. A circular
transition section to match the dianeter of the roller path or the rotate bearing
is welded to the main beans. |In case of the roller path design, the center
steadinent is centered between the main beans in a heavy structural frane.
Normal Iy pin housings for the A-frame connecti ons and boom hinges are welded to

t he upper flanges of the main beanms. Alternatively, rigid internmedi ate pedestals
or structural franes nmay be bolted or welded to the main beans to support the A
frame and boom hi nge pins.

The machi nery deck is extended sideways with cantil evered structura
supports to provide additional nounting foundations for the operator’s cab
el ectrical equipnment, fuel tank, and other m scellaneous itenms. On new cranes the

entire machi nery deck should be a single weldnment. |If practical considerations
preclude this, then the bolted connections should be designed to ensure an
accurate fit/alignment for field assenbly. Interiors of major closed sections of

the structure are accessible through hatches in the floor. On the ol der cranes of
riveted construction, nost areas of the machinery deck are accessible fromthe
open bottom of the structure.

The main beans support the hoists on their independent foundations and
the counterweight. This arrangenent aligns all the hoist wire ropes nearly
parallel with the sheaves on the A-frane and the boom The rotate drives should
al so be nounted adjacent to the main beans to take advantage of their inherent
strength and rigidity. The diesel engine-generator set, depending on the
machi nery house space constraints, may al so be mounted on the main beans, but the
newer cranes locate it on the side support on the opposite side fromthe
operator’s cab. On cranes with rotate bearings, the main beans should include
rei nforced jacking points for raising the crane upperworks to pernit rotate
beari ng repl acenent.

4.1.18 Portal Bases. Portal bases (gantries) of the older cranes are four-

| egged structures constructed fromplates and standard structural sections with
riveted or bolted joints. These structures are susceptible to corrosion at the
joints and on exposed but inaccessible surfaces. They are slightly flexible, and
this characteristic allows themto deflect sufficiently to keep all the travel
wheels in full contact with uneven rails. The upper section (gantry cap) includes
a near circular (usually octagonal) girder arrangenment to support the roller path.
The roller path is usually 26 to 30 feet in dianeter, regardl ess of the rai

gauge. The legs are connected by heavy sill beans at their |ower ends.

On newer cranes with rotate bearings, the portal bases are one-piece
wel dments or bolted assenblies of several nmjor weldnents. The weldnents are
cl osed sections made up of flat plates and present a snmpoth, |ow mai ntenance
exterior. Al structural reinforcenents, normally in the form of open diaphragns,
are confined to the interior. Al interior sections which are |arge enough for
entry (approximtely 2-foot by 3-foot cross section) are accessible for inspection
and repair; smaller sections are seal welded. The circular colum, of
approxi mately the sane dianmeter as the rotate bearing, is installed on top of the
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gantry cap. The colum may have the access | adders either on the inside or the
outside. The lower portion of the gantry is in the formof two tapered boxes
flaring out fromthe gantry cap and with their |ongitudi nal axes positioned in
line with the rails. The box section construction makes these portal bases rigid
and provisions nmust be made in the travel truck systemto maintain wheel contact
on uneven rails. Wen required for crane stability, ballast in the form of
concrete or steel may be placed near the bottom of the portal base structure.

The width of the portal base opening is nade as wi de as the rail gauge
permts, and the height is not |less than 22 feet. Portal cranes are required to
traverse sharp curves, which inpose |arge spreading or squeezing side | oads and
bendi ng nmonents on the portal base. The ol der cranes with open riveted or bolted
construction require extensive leg-to-gantry cap reinforcement to withstand the
bendi ng nonents.

4.1.19 Gantries and Senmi-Gantries. Gntries and sem -gantries of cranes with
overrunning trolleys, depending on the size and vintage, may be constructed of
open structural sections or box section weldments bolted together. The smaller
and ol der gantries are likely to be of the open structural section design; the

| arger and newer, of the box section design. Gantries of container cranes are
assenbl ed from |l arge box-section wel dnents, which have accessible interiors with
built-in ladders and platforns for inspection and repairs.

4.1.20 Fl oati ng Crane Tub Structures. The upper portions of the tubs are
simlar to those of portal crane bases. They normally protrude 7 to 8 feet above
t he barge deck to provide wal king cl earance and access to the roller path assenbly
or the rotate bearing. The tubs are built into the barge structure with extensive
gusseting to distribute the Ioads uniformy into the barge structure.

4.1.21 Portal Base, Gantry, and Tub Penetrations. Openings, such as doors and
hat ches, in these structures must be reinforced around their perineter with
reinforcing rings (collars), structural frames, or doublers to

mai ntain the section nodulus (and strength) of the cross section. Any door or
hatch into a cl osed space nust include positive nmeans of opening from either side.
Al'l exterior openings in horizontal surfaces nmust have coam ng or raised
structural reinforcement to prevent entry of rainwater into the structure
interior.

4.1.22 Machi nery Houses and Qutdoor Qperator’s Cabs. These structures are
designed with sheet netal panels over a structural frame. dazing is provided as
appropriate for entry of natural Iight and operator visibility. Localized
structural reinforcements are added as required for specific purposes; such as

wal kways, electrical resistor enclosures, diesel engine exhaust system w ndow
cleaning platforns, etc. Machinery house walls of ol der cranes nay incorporate
“soft patches” — sections which can be easily cut out for equiprment replacenent
and then reinstalled. Machinery house roofs may have access hatches above itens
of equi pment, which are expected to require periodic maintenance in the shop

Machi nery house roofs also require slots for the routing of hoists' wire ropes to
the A-frame. Al roof openings are provided with coanming to mnimze the entry of
rainwater. Additionally, wire rope slots are covered with rubber flaps, which are
pried open by the wire ropes as they nove across them
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Qperator’s cabs of portal cranes are normally |ocated on the forward
ext ensi on of the nmachinery deck or on the machinery house roof. On floating
cranes, a conmon practice is to locate the operator’s cab on, or even above, the
machi nery house roof. On container cranes, the operator’s cab is always attached
to the trolley to give the operator a clear view for accurate spotting of the
spreader and contai ners.

4.1.22.1 Open Cabs (for Indoor Cranes). Indoor CET and traveling jib (wall)
cranes may be provided with open operator’s cabs. These cabs nust provi de adequate
visibility and physical safety for the operator

4.1.23 Drive Foundations. Hoist drives, rotate drives, and travel drives of
portal, floating, and container cranes are nounted on i ndependent structura
foundations to permt accurate shop alignment and fit-up of their nechanica
conponents before installation on the cranes. The foundations are required to be
rigid one-piece wel dnents designed to isolate the drive assenbly from any

defl ections of the main support structures and to maintain alignnent of the
conmponents. The foundations are shimred and bolted to the support structures with
hi gh strength structural bolts. Travel drives, which are shaft (wheel axle)
mounted, may only be pinned to the travel truck support structure.

4.1.23.1 Diesel Engine-Electric Generator Set Foundations. These sets are
normal |y obtained fromcomercial firms specializing in assenbling such equi prent.
Unli ke the drive foundations, these are nounted on vibration isolators/snubbers to
prevent harnful resonance with the crane structure.

4.1.24 Counterwei ght. The counterweight is installed at the extrene rear end of
the rotating machi nery deck to counteract the forward noment of the boom suspended
hook |l oad. On older cranes it is in the formof a steel box filled with concrete.
Honogeneous scrap netal, often in the formof punchings from machi ne shop
operations, may be included in the concrete aggregate for increased density. The
counterweight is a permanent installation — it cannot be renoved nor easily

al tered.

On newer cranes, the counterweight is in the formof several steel plates
or castings. The individual sections are suspended beneath the main beans of the
machi nery deck with provisions for easy renoval or repl acenent.

4.1.25 Ball ast. Ballast is material which is enplaced in the portal base,
gantry, or barge to increase the weight of the main portion of the crane and
t hereby reduces the novenent of the center of gravity of the entire crane due to

the various | oading conditions. It is always required on floating cranes and
sonmetines on portal, gantry, and contai ner cranes that operate on relatively
narrow rail gauges. It is normally in the formof concrete or steel sl abs,

installed in the lower portion of the structure.

4.1.26 Ladders, Wl kways, Platforns, and Stairs. Al inspection and nmai nt enance
poi nts nust have a safe means of access. Cab operated cranes require safe access
fromground level to the cab. Al boonms and A-franes mnust include wal kways and

ot her access provisions to all sheaves, bearings, lighting fixtures, and limt
switches. Portal cranes must be provided with circular wal kway around the roller
path or rotate bearing. Mjor closed-section structural conponents, sufficiently
large for interior access, must include internal |adders and pl atforns.
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Particular care is required in the arrangenment of the transit point between
rotating and stationary structures to preclude any possibility of injuring of
mai nt enance personnel. In general, design details of the |adders, wal kways,
pl atforns are governed by OSHA 29 CFR 1910 criteria.

4.1.27 Structural Pins. Structural pins are defined as those in
connections/joints where no notion is intended to take place on their surface
during normal crane operation. Exanples of such pins are A-frame connections
between its nenbers and the nachi nery deck, and contai ner crane main beam (but not
boom stay-to-gantry connections. (Container crane boom stay hinge pins and
gantry connections, which are stationary during nornmal crane operation, but are
subj ected to a substantial arc of rotation whenever the boomis elevated, are
seated in lubricated bushings and are considered to be mechani cal conponents.)

Al'l structural pins should be solid forgings; hollow pins (heavy wal |
tubes) may be used only with NCC approval. Pinned joints nust be designed to put
the pin into double shear. These pinned joints do not require provisions for
[ ubrication.

The pins are normally installed directly into the bored hol es (wthout
bushi ngs) of the connected conmponents and are retai ned on one end or both ends.
The smaller pins are usually machined with a head (shoul der) on one end and a
straight slot or circunferential groove, for a keeper bar, on the other end. The
| arger pins are usually straight, with chanfered ends, and a keeper bar slot on
one or both ends. |If only one end is retained with the keeper bar, then the pin
| ength should be sufficient to allow the straight section (excluding the chanfer)
of the free end to protrude beyond the face of the structure by at |east 1/8 of
the bore diameter. Large pins may have a tapped hole on one or both ends for
tenporary installation of an eye-bolt for handling and extraction of the pin.

Wl ded bars on the end of pins, intended to function as both head and keeper bar
are prohibited because of the tendency of the weld to crack

4.1.28 Mai nt enance Support Itens. Two of the nbst comon itens for maintenance
support of portal cranes are the boom stand and the upperworks lifting fixture.

The boom stand is a sinple portable structure, usually a tubul ar
section with a wi de base and an upper bracket to match the boom | ower main chords.
The height is selected to support the boomin a horizontal position. The boom
stand is equipped with lifting eyes. Normally no provisions for accessibility
fromground | evel are provided.

Fl oati ng cranes always include a boomrest as an integral conponent of
the deck structure. The boomrest is a nore el aborate structure than the portable
boom stand — often incorporating within its structure a pil othouse and sone crew
accommodat i ons.

Portal and floating cranes which utilize a rotate bearing nmay be provided
with a specially designed lifting fixture for “undecking” — either for
assenbl y/ di sassenbly or for bearing replacenent. The lifting fixtures are
designed to maintain the lifted upperworks in a horizontal position, and include a
hook eye at the top and pendants for connection to the upperworks. The lifting
fixture is nost useful when the original upperworks design includes the lifting
connections. Depending on the weight of the upperworks, the boom and
count erwei ght may have to be renmpved prior to undecking the crane by neans of the
lifting fixture.
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4.1.29 Pai nting and Corrosion Protection. Steel surfaces exposed to the

at nosphere, whet her indoors or outdoors, require painting for protection agai nst
corrosion. (Interior surfaces of seal ed spaces/voids may be |eft unpainted.) Al
pai nt systens fail eventually due to the “weathering” effects of the atnosphere.
Premature failures, however, are caused by the | oss of adhesion or damage to the
paint filmby rusting of the steel surface underneath. Crane paint systens are
conpri sed of several coatings of primers and topcoats. To obtain the full life of
any paint system the steel surface nust be properly prepared and the priners
shoul d contain zinc (in the formof dust of organic or inorganic zinc conmpounds)
for rust inhibition by the gal vanic process. There are several |evels of surface
preparation (blast cleaning) and a wide variety of acceptable paint systens
avai l abl e for use on cranes. The topcoats, normally epoxies or vinyls, serve to
reduce the demand on the zinc to retard the prinmer coating breakdown.

Maj or Navy activities have their own preferred paint systens, which
should be followed if their performance has been satisfactory. Oher activities
shoul d consult with NCC for the | evel of surface preparation and sel ection of the
pai nt system The paragraphs that follow provide background information and
identify the inportant points that should be considered. The selections should be
made on the basis of conparison of coatings properties with the crane operating
environnent. The colors and col or schenmes are normally chosen by the crane owni ng
organi zati ons.

Bolts, nuts, and washers in exterior structural connections should be
cl eaned, prined, and top coated after installation. The primer used should be
conpatible with the surface preparation

4.1.29.1 Surface Preparation. Steel Structures Painting Council has devel oped a
series of standards for preparation of structural steel surfaces for proper paint
adhesion in the expected service environnent. The description of these standards,
both verbal and as photographic representations, and the process of achieving them
are detailed in ANSI A159.1. Those applicable to cranes include:

SSPC- SP- 5; VWite Metal Blast d eaning
SSPC- SP- 6; Commer ci al Bl ast d eani ng
SSPC- SP-7; Brush-Of Bl ast C eaning
SSPC- SP- 10; Near - Whi t e Bl ast C eani ng

(Wel d spatter is to be renoved by hand or power tools prior to blast cleaning.)

a) Brush-Of Blast Cleaning is adequate for the preparation of faying
surfaces of structural connections which are only prined prior to bolting.

b) Commercial Blast Cleaning is relatively inexpensive and provides
sati sfactory surface preparation for many service conditions. Small areas of
tightly adhering mll scale may remain

c) Near - White Bl ast C eaning renoves practically all rust, mll scale,

and other detrinmental matter fromthe surface. This |evel of surface preparation
is satisfactory for all but the nost severe service conditions.
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d) VWite Metal Blast O eaning renoves all traces of rust, mll scale,
and all other detrinental matter and defects fromthe surface. This standard is
the nobst expensive and is justified only for the nost corrosive atnosphere or when
speci al precautions are required to ensure positive paint adhesion

Conpl eted structural components and wel dnents bl ast cleaned to
commercial, near-white, or white netal standards, should be prinmed in the shop
Those that require field welding nmust have their wel ded areas bl ast cl eaned during
the erection. 1In either case, these blast cleaned areas nmust be prined before any
rusting can occur. The normal practice is to blast clean only as much surface as
can be primed the sane day.

4.1.29.2 Paints and Application. The conmmon paint systemfor crane structures are
one or two coats of primer and two or three coats of topcoat. Normal dry film

t hi ckness of each coat is 2 to 5 mls. The dry filmthickness of a priner coat
intended to protect a freshly blast cleaned surface against rusting is usually
less than 2 mils. Primers on faying surfaces of structural bolted connections

must neet the requirements of the Manual of Steel Construction (Specification for
Structural Joints Using ASTM A325 or A490 Bolts). Such paint protection is
appropriate for all service environnents, but are intended mainly for use in
conditions of high humdity or marine atnosphere.

Primers with inorganic zinc offer excellent resistance to weathering and
abrasion; primers with organic zinc are tolerant of variations in surface
preparation quality, have better conpatibility with topcoats, and are nore
flexible than the inorganic types. To avoid any doubts about the quality of
bondi ng between them the primers and topcoats should be the products of the sane
manuf acturer. Furthernore, the manufacturer’s application (and curing)

i nstructions should be followed to obtain the expected performance and service
life of the paint system (In sone paint systens tie coats may be required
between zinc-rich prinmers and certain special topcoats.) Many zinc-rich priner
formul ations exhibit high reactivity initially, but develop a layer of zinc
corrosion products that retards further zinc sacrifice until damage to the coating
exposes the surface. However, the greater the gal vanic demand on the zinc, the
faster the priner coating breaks down, unless protected by the zinc corrosion
products or by the topcoats. Water ballast tanks of floating crane barges require
special paints formul ated for that purpose, which nay be inorganic zinc, urethane,
epoxy, or coat tar epoxy. The acceptability of these paints for the intended
service nust be denonstrated by their manufacturers’ |aboratory testing.

Primers and topcoats are best applied by spraying, but brushing-on may be
preferred for snaller areas, touch-ups, and to force theminto surface
irregularities.

4.1.29.3 Cathodic Protection. The imrersed portions of floating crane barges
require cathodic protection to retard corrosion. A cathodic protection system
with an automatic inpressed current, is used for this purpose. It consists of

pl ati numtantal um anodes and silver/silver chloride reference cells, permanently
installed on the barge exterior at |east 5-feet below the waterline (lightship
condition), and a saturable reactor power supply with an automatic controller

The system nust have sufficient capacity to supply a m nimum current density of 2
mllianperes per square foot to the i mersed barge area. The m ni mum di st ance
bet ween any anode and reference cell should be 40 feet.
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4.2 Structural - Mechani cal. These conponents include structural menbers which
pivot, rotate, or slide with respect to each other; and nmechani cal assenblies that
function as joints between structural menbers where relative novenent is intended.
The structural menbers are designed according to structural criteria; the joints
bet ween them are designed to conply with the applicable nmechanical criteria or

ot her uni que requirenents. The rotate (turntable) bearings are standard

commer ci al products; all other structural - mechani cal conponents are custom

desi gned.

4.2.1 Equal i zer Bars. Reeving system equalizer bars, used to equalize the wire
rope pulls of double reeved systens, are short plates or weldnments with a pivot
pinin the center and wire rope fitting pin connections at the ends. Except for
standard conmerci al cranes, the pivot pin bore requires a bronze bushing with
flanges or thrust washers. The pins and the bronze bushings are sized per the
mechani cal design criteria. The bronze bushings include provisions for grease

[ ubrication of the bore, normally through drilled passages in the pin. On smaller
pins, oil inpregnated sintered bushings may be used and grease | ubrication
omtted. Pin seats in the support structure, where there is no relative notion
between the surfaces in contact, are not lubricated and the structural criteria
applies.

The equalizer bars may be installed directly into the adjacent support
structure (usually the trolley) or a pivoting frame on the boom
A-franme, or trolley. NCC approval is required for installation of an equalizer
bar in the hook bl ock

4.2.2 Sheave and Equalizer Bar Franes. Franes that function as pivoting sheave
nests or equalizer bar frames are designed according to the structura

requirenents. As in the case of equalizer bars, all their pivot joints are sized
per the mechanical design criteria with provisions for grease |ubrication through
drilled passages in the pin. Equalizer franes are normally installed on boons, A-
franes, or trolley structures.

4.2.3 Boom Hi nges. Boom hi nge pins are designed according to the structura
design criteria. Normally hinge assenblies utilize bronze bushings with grease
lubrication. Alternatively, conmercial bearings, specifically designed for such
applications, may be used in place of the bushings. The bushings or the bearings
may be installed either in the boomor the base supports. Lubrication passages
must be arranged to deliver injected grease to the proper |ocations with the boom
at any angle, and to ensure this, the pins nmay have to be | ocked against rotation
with respect to the boomor the base supports.

4.2.4 Fl eeti ng Sheave Pins. These are |long stationary pins nounted in the |egs
of the A-frane. They support sheaves which rotate and slide on bronze bushi ngs
along the pin. The sliding forces are due to wire rope |ateral novenent caused by
the characteristics of the reeving system The ends of the pins are considered as
structural connections; the pins thensel ves nust be designed to unique criteria to
limt deflections and ensure snmooth sliding of the sheaves. The pins nust be
plated with nickel and hard chrome, or be of stainless steel. Since the sheave
slides along the pin, grease lubrication is provided through passages in the
sheave hub and bushi ngs.

4.2.5 Center Steadinments. These assenblies, commonly used on the ol der porta
and floating cranes, are conprised of an upper and | ower tubular section (usually
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castings) which are rigidly built into the full depth of the machinery deck and
the gantry cap. The two facing ends which overlap and turn on each other, are
separated by a bronze bushing. The bushing and each center steadi nent section are

sized for radial |oads due to rotate drive gear forces, wind, list/trim and
accel eration. The bushing fit maintains the concentric alignnent between the
roller path rails. The bushing requires grease or oil lubrication. Figure 15

shows a cross section of a typical arrangenent.

The relative tilting between the crane upperworks and the portal base cap
or barge tub may inpose severe bending nonents on the center steadi nent sections.
The overall design of the assenbly should minimze this condition. An effective
means of avoi di ng such bending nonents is to nmount one of the steadi nent sections
on a trunnion with its axis parallel with the boomhinges. (Trunnion ends in the
base plates do not require bushings or lubrication.) There is no restriction of
t he axial novenent at the bushing; during nornmal operation the separation of the
two steadi nent sections is prevented only by the inherent bal ance of the
upperworks on the roller path (with no contact with the |ocking nut),and in case
of unantici pated excessive overturni ng novenent, by the king pin and its | ocking
nut .

The steadi nent sections, trunnion, and trunnion base plates are desi gned
according to the structural criteria; the bushings according to the mechanica
criteria.

4.2.5.1 King Pins. King pins are installed through the open center of the

steadi nent sections as an integral part of the assenbly. The king pins are heavy-
wal | ed tubes, with a nut or a shoulder at the top and a | ocking nut at the bottom
The shoul der and nut cl anping faces have thrust washers installed between them and
the ends of the steadi nent sections. The hollow king pin is used to route the

el ectrical conductors between the machinery deck and the portal base or barge. In
normal operation, the clanping faces are not subjected to any axial (separating)
forces fromthe steadi nent sections, and sonme clearance is maintai ned between
them However, the clanping capacity of the king pin is designed to withstand a
theoretical separating (lift-off) force due to 150 percent of rated capacity.
Mechani cal design criteria apply only to the bushings and thrust washers.

4.2.6 Roll er Paths. Roller path assenblies include the upper and | ower rai
circles, bull gear, rollers, and the roller cage. The rail circles may be in the
formof standard rails bent to the desired curvature or a number of cast segnents
with a machi ned running surface for the rollers. The lower rail circle is always
a full 360-degree circle; the upper circle may be full or just two circle
guadrants — one under the front (boom end) and the other under the back

(count erwei ght end) of the machinery deck. The rail circles are separated by a
full complenent of rollers, nmounted on fixed axles in a circular roller cage,
which carry all vertical conpressive | oads.

Al rollers rotate on grease |lubricated bushings. The roller cage serves
to keep the rollers in proper alignnent, but is free to foll ow their novenent
around the rail circle. The standard di aneter of a portal or floating crane
roller circle is 26 to 30 feet.

The bull gear may be inside or outside the lower rail circle and the gear
teeth may be external or internal. The space between the bull gear and the rai
circle is drained at many | ocations to avoid accunul ation of water. Roller path
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assenblies and all their conponents are designed in accordance with the nechani ca
design criteria and other unique criteria as they apply.

4.2.6.1 Bent Rail Roller Paths. The bent rail segnents are spliced at the webs
with two or three bolts per side and have their bottomflanges secured to the
support structure either with standard rail clips or with through bolts. The rai
flanges must be held tightly against the support structure because they have a
tendency to warp out of the horizontal plane. The bull gear is a separate
assenbly of cast segnents with machined gear teeth or plate steel segnents with
flame cut gear teeth. The bull gear segnents are accurately arranged in a circle
centered on the center steadinent. The roller cage is completely freely-rotating,
wi t hout any provisions for centering on the center steadinent. The rollers have
straight cylindrical treads and are double-flanged. |If the upper rail path is a
full circle, a short, easily renovable rail section nust be included in the | ower
rail circle for the extraction of individual rollers.

4.2.6.2 Cast Rail Roller Paths. Wth cast rail roller paths, the bull gear may
be separate or integral with the rail segnents. The gear teeth and the running
surfaces are machined. The running surfaces may be machined flat (for straight
cylindrical, double-flanged rollers) or conical (for tapered, flangeless rollers).
The corners of the flat surfaced segnents are chanfered and the sides are machi ned
to match the profile of the double-flanged rollers. As in the case of bent rai
roller paths, the rollers are mounted in a conpletely free-floating roller cage.
Segnments with conical surfaces need to be machined only on top, but the cone angle
must match exactly the taper of the rollers. The angles of the conical running
surfaces are selected to elimnate any slippage along the roller-roller path Iine
of contact.

The coni cal running surfaces inpose an outward radical force on the
rollers, which is taken up by a spider assenbly of radial spokes inside the roller
cage. The inner ends of the spokes are secured to a hub, which is centered by,
and rotates on, either section of the center steadinent. The spokes and the
roller cage are designed to pernmt accurate adjustment of axial position (for |oad
sharing) of individual rollers within their pockets. The hub has a bushing with
provi sions for grease |ubrication.

4.2.6.3 Rollers. Rollers are sized for the maxi mum|load that nmay be applied to
any roller within the rated operating range of the crane. The maxi numroller | oad
is calculated by the nethod described in paragraph 5.2.6.1. The di aneters of
rollers with straight cylindrical treads nust be uniformw thin close tol erances
to ensure proper | oad sharing anong the rollers. The tapered rollers nmust be
machi ned with tight tolerances on the taper to ensure full contact with the roller
path runni ng surfaces, and other tol erances adequate to provide the required
adjustment range in the roller cage pockets. Tapered rollers nust be equi pped

wi th thrust washers designed to carry the outward radial force inposed on them

Al rollers are required to turn on grease |ubricated bushings, and tapered roller
t hrust washers are required to have i ndependent grease |ubrication

4.2.6.4 Roller Path Muwunting. The mounting surfaces for the lower rail circle
and the front and back quadrants of the upper rail circles require uniform rigid
structural support. The interface with the rail segment webs nust acconmodate

cl osely spaced, tack wel ded shinms for accurate alignment of the running surfaces.
Alternatively, rail segnment webs may be set in a poured bed of epoxy resin
conmpound fornul ated for such applications. Al details of the conmpound

48



M L- HDBK- 1038

manuf acturer’s recommendati ons nust be followed. The final installation

i ncluding tensioning of the nounting bolts, is required to provide an accurate
assenbly, permanently secured against all vertical, radial, and tangential design
| oads.

4.2.7 Rot ate Bearings. Rotate bearings are precision assenblies of rings
(races), rolling elenents (balls or rollers), and separators. There are severa
standard desi gns available - one-row or two-row ball, crossed roller, three-row
roller, and a variety of raceway profiles. The mounting provisions include

t hrough bolts or studs, tapped holes for threaded fasteners, or weld bands. (The
wel d bands are welded to the bearing races by the bearing manufacturer, and to the
crane structure by the crane manufacturer.) The three-row roller rotate bearing
design is the nost robust, and NCC policy is to specify it for all new cranes.

The three-row roll er bearing uses three sets of independent cylindrical rollers,
each sized for the particular load that is to be inmposed on it — downward, upward
(due to the overturning nmonent), and radial. |In the three-row bearing design
shown in Figure 16, one of the rings is split into two circular sections so that
it can be assenbl ed over the rollers and the other, one-piece ring. The two
sections are held in place with assenbly screws, whose contribution to the | oad
carrying capacity is insignificant, and may be renoved or left in place after the
bearing is mounted. The split ring nust be nounted using through bolts or studs;
t he one-piece ring may use tapped holes for nmounting, but through bolts or studs
are preferred. |In crane applications, a ring gear is required for rotating the
upperworks. As depicted in Figure 16, the one-piece inner ring, with gear teeth
machi ned on its inside dianeter, functions as the gear ring. The |ower section of
t he two-piece ring incorporates a back-up restraining feature agai nst bearing
separation in the formof an extended flange that overlaps the shoul der of the
gear ring belowits [ ower raceway.

4.2.7.1 Rotate Bearing Munting. Being precision assenblies, the nounting
details of rotate bearings are of critical inmportance. The rings nust be nounted
on accurately machi ned surfaces supported by substantial circular webs aligned as
closely as practical with the upper and |lower rollers. The conplete bearing
support structure, both upper and | ower, must be rigid and of uniformstiffness.
The | ower support structure is normally a circular colum rising fromthe porta
base or barge. The nmachining tol erances of the nounting surfaces —
circunferential waviness and radial tilt — nust be within the linmts prescribed by
t he bearing manufacturer. (Shimm ng or grouting of the nounting surfaces is
prohi bited.) The surface finish roughness hei ght ratings should be between 125
and 250 m cro-inches.

Rot at e beari ngs have a sl ender cross section conpared to their dianeter.
Consequently, the rings invariably are slightly oval, or out-of-round. The
beari ng manufacturers customarily mark the location of the |long axis on each ring.
In nounting and permanently securing the rings to their support structures, it is
i nperative to take steps to mnimze this inherent ovality. O herwi se, the
m smat ch between the I ong axis of one ring with respect to the short axis of the
other ring may cause excessive tightness at sone | ocations during rotation. Each
ring is also marked with the | ocation of the hardness gap (soft spot) of its
raceway surface. The nmounting procedure requires that the rings be oriented with
respect to each other such that the long axis of one is aligned with the short
axis of the other ring. Then, the lower ring is positioned with its hardness gap
(soft spot) in the location that is expected to be subjected to the | owest | oads,
and the upper ring with the soft spot 90 degrees fromthe boom counterwei ght axis.
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FIGURE 16
THREE-ROW ROTATE BEARING
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After conpletion of these alignnents, the rotate bearing rings are secured by
means of their fasteners, tensioned to the prescribed val ues and sequence. The
mounti ng fasteners of the outer ring, as shown in Figure 16, also serve to clanp
together the two sections of the ring. (The use of machined pil ot shoul ders or
seats for obtaining ring circularity is not reconmended.) The design of the
support structure nust provide the space and clearances required for the

enpl oyment of fastener tensioning equipnent.

Rot ate bearing assenblies include a |lip seal between the bearing rings,
whi ch seal s out external contam nation and retains the grease lubricant. This
feature and the choice of internal gear teeth on a bearing ring place the entire
rotate bearing and its drive inside the clean interior of the crane structure.
The entire internal dianmeter is open; there is no center steadinment. The opening
is sufficiently large to accommpdate an access | adder fromthe portal base or
barge tub. Access to the rotate bearing is provided by circular platforns on the
support colum, one outside and one inside.

4.2.8 Travel Truck Equalizers. The function of the equalizers is to distribute
the corner | oads of OET, portal, or container cranes equally anmong the trave
wheel s. These conponents are box beans with pivot points in the mddle and at

each end. On cranes that travel on straight rails, all pivot points mate with

hori zontal rocker pins. On cranes that travel on rails with curves, the pivot
point may mate with horizontal or vertical pins of gudgeon assenblies. (Gudgeons
assenblies are internedi ate nenbers between different | evels of equalizers or

bet ween equal i zers and travel trucks to allow themto swivel and foll ow the
curvature of the rails.)

Pi vot points are heavy-walled structural steel tubes, blocks, or castings
wel ded into the structure of the equalizer. Their bores and faces are machined to
recei ve pressed-in bushings or for direct contact with pins, bearings, or thrust
washers. Bushings are required for the gudgeons and are recomended for the
gudgeon pi ns.

Normal |y there are two | evels of equalizers. Depending on the nunber of
wheel s per corner, they may be symetrical (end pivot points equidistant fromthe
m ddl e pivot point) or non-symretrical (one end pivot point tw ce as distant as
the other pivot point). The equalizer box beans are conpletely seal ed wel dments.
Equal i zers have built-in jacking points to support the crane when travel trucks
are renoved

4.2.9 @Qudgeon Assenblies. (Qudgeon assenblies are installed between the porta
base, equalizers, and travel trucks to allow themto pivot about the horizonta
axes to conmpensate for rail unevenness and to sw vel about the vertical axes to
steer on rail curves. (The vertical stemis the “gudgeon”; the horizontal pinis
t he “gudgeon pin”.) The gudgeon assenbly configuration may be in the formof an
inverted “T” or a saddle with the vertical stemon top

The gudgeon pin of the inverted “T" type, shown in Figure 17, has a | oose
fit with the gudgeon and is |ocked to the webs of the equalizer. The gudgeon
penetrates the top flange of the equalizer through an opening that allows for
unrestricted rocking nmotion. The saddle type, shown in Figure 18, does not
penetrate the equalizer flange; instead, its side nmenbers extend down the sides of
the equalizer. The ends of the gudgeon pin are |ocked to the saddl e side nenbers.
The rocker notion takes place at the |oose fit of the gudgeon pin and equalizer
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FIGURE 17
GUDGEON ASSEMBLY (INVERTED T TYPE)

52




MIL-HDBK-1038

L&BV

53

FIGURE 18
GUDGEON ASSEMBLY (SADDLE TYPE) .
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The saddl e types of gudgeon assenblies are preferred because they preserve the
structural integrity of the equalizer and shield the joint against the weather.
The | ateral movenent between the gudgeon assenbly and the equalizer is controlled
by the insertion of thrust washers between these conponents. Gudgeon pins do not
requi re bushings but they nmust be grease lubricated at the contact surfaces where
t he rocker notion takes pl ace.

The gudgeons seat in pockets at the ends of the mating equalizers. The
vertical |oads are supported by thrust bearings or thrust washers; the bendi ng
nmonents are distributed into bronze bushings installed inside the top and bottom
flanges of the equalizers. Portal base construction of the ol der cranes has
i nherent flexibility that allows themto deformsufficiently to maintain whee
contact on rails with some unevenness. The all-welded portal base construction of
t he newer cranes, however, is too rigid to conpensate for rail irregularities.
Consequently, their gudgeons in the upper |level of equalizers nmust be free to
slide (drop down) in their bushings to allow the wheels of an unl oaded corner to
mai ntain contact with the rails. Wen thrust bearings are used, the bearing
installation nmust include provisions to maintain the races and the rolling
el ements in contact during lift-off conditions.

4.2.9.1 Float Pins. The gudgeon pins of the travel trucks that operate on curved
tracks, in addition to acconmodati ng rocker notion, nmust also provide for the
|ateral sliding (float) of the travel truck. The required anmount of float is a
function of the rail gauge, rail radius of curvature, and the portal base
proportions; it must be calculated for each specific installation. Transition

bet ween travel on curves and straight track changes the effective rail gauge and
causes the travel trucks to float and inpose |ateral squeezing or spreading forces
on the portal base and torsion on the equalizers. The magnitude of these forces
is the product of the wheel |oads and the friction between the float pins and
their bushings. Figure 19 shows a typical design used on ol der cranes, and
Figures 20 and 21 show those preferred on newer cranes.

The sizing, material properties, and |lubrication provisions for these
conponents are prescribed in detail in Section 5.2. Use these design requirenents
to avoid binding at the float pin and the resulting heavy rail head/ wheel flange
wear and cracked welds in the portal base.

O her float pin and gudgeon assenbly configurations and materials may be
considered only in consultation with, and approval of, NCC

4.2.9.2 Rocker Pins. Cranes that travel on straight tracks do not require
gudgeons. The rocker notion is provided in the formof rocker pins and reinforced
ext ensi ons of the webs or saddles, either upward or downward, at the pivot points.

4.2.10 Travel Trucks. Travel trucks are short box beam wel dnents that provide
mounting for the travel wheels, travel drive, and a rocker or float pin. The four
outernost travel trucks also have rail sweeps or bunpers on their outer faces.
VWeel axle bearing seats are designed so that wheel/axl e bearing assenbly can be
renoved with no nore that 3 inches of jacking.

The ol der cranes have a conbi nati on of powered and unpowered travel
trucks in each corner conplement. The powered trucks have both travel wheels
driven through an idler gear that mates with the wheel gears. These powered
trucks normally include other open gears nmounted between the webs. The unpowered
trucks have only two free-wheeling travel wheels.
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FIGURE 19
FLOAT PIN
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The newer cranes have identical (or mrror inmge) powered trucks with one
driven and one idler wheel. Al gearing is enclosed (inside gear reducers) wth
t he output shaft connected directly to the wheel axle. Except for the whee
pockets at the ends, these travel trucks are seal ed box wel dnments.

4.2.11 Fast eners and Connections. Keeper bars on various components — pivot

pi ns, rocker pins, boom hinge pins, roller path fixed axles — not being subjected
to any cal cul able or significant | oads, are secured with two screws torqued to the
mechani cal design criteria. Screws and bolts hol ding caps and

retai ners over bearings and bushings in nost cases are |ikew se out of any direct

| oad path, and are torqued to the nechani cal design criteria. Fastener sizes are
selected to nomnally match the di mensions of the surrounding structure and the
installation torque is often governed by the strength of the tapped threads in the
base material. (Fasteners which are in direct [oad path nust be individually

anal yzed and sized according to the applicable design criteria.) Al these
fasteners, are required to be | ocked agai nst | oosening, either by neans of |ock
washers or lock wiring of their heads to each other or the adjacent structure.

Bolts and studs holding the roller path rail segnments are required to
comply with the structural design criteria. When the rail segnents are enbedded
in an epoxy resin conpound, their installation nust foll ow the reconendati ons of
the resin manufacturer. The bolts or studs securing the rotate bearing to the
crane structure nust be selected and installed according to the bearing
manuf acturer’s requirenments.

Bushi ngs and t hrust washers that have grease grooves that require
alignment with grease injection holes nust be fastened to their support structures
with threaded fasteners. Flangel ess bushings nmay be [ ocked in their housings with
setscrews installed in tapped pockets at the press fit bore. Flanged bushi ngs and
t hrust washers may be secured with counterbored or countersunk screws. These
fasteners shoul d be | ocked agai nst backi ng out by staking.

4.2.12 Wre Rope Pendants. Stationary wire rope assenblies, such as pendants,
shoul d use 6x37 or 6x19 classification bright or gal vanized wire rope with poured
(zinc or resin) sockets or swaged fittings.

4.2.13 Pai nting and Corrosion Protection. Structural -nechani cal conponents

shoul d be painted for corrosion protection in the same manner as the structura
conmponents and wel dnments, described in paragraph 4.1.29 and subparagraphs — but
with the foll ow ng exception:

a) Wbr ki ng surfaces — those subjected to rolling, sliding, or pivoting
motion — rmust be left unpainted. (The relative notion with mating surfaces, and
periodically applied lubrication, prevent corrosion on them Various pins, roller
treads, rail and roller path running surfaces are in this category.)

b) Corrosion resistant netals and plating should be I eft unpainted.
(Stainless steel, copper alloys, alum num galvanized wire rope pendants, and
chrone plated steel pins are in this category.)

c) Lubrication fittings nust be left unpainted.
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d) Rot ate bearing bolts, studs, and nuts nust be |eft unpainted.
(These itens require periodic inspections and checks of their tension.)

e) Non-structural fasteners, such as those retaining keeper bars, etc.
shoul d be painted w thout blast cleaning.

4.3 Mechani cal . The vast majority of mechani cal conponents are standard
commercial itens, usually designed and built to existing industry standards. They
range fromthe conplete hoist assenblies to | oad hooks. The standard comerci al
items are described in catal ogs and advertising literature; however, such
descriptions nmust be reviewed and understood to ensure that the desired ratings
and design factors are being provided.

4.3.1 Hoi sts. The hoists are the nost critical assenblies of any

crane - they raise, lower, hold, and stop noving | oads — and warrant the nost
attention to their design and quality of workmanship. Depending on the
application, the hoists may be built-up to the precise specification requirenents
or they may be standard commercial units designed to a particular service or duty
class. The built-up hoists are always electric notor driven and with wire rope
reeving. The standard comercial hoists may be electrically, hydraulically, or
manual |y driven and may use either wire rope or chain reeving.

4.3.1.1 Built-Up Hoists. In the typical arrangement, the electric nmotor is
connected to the gear reducer input (high speed) shaft by a full-flexible coupling
wi th one shoe brake installed on the opposite end of the input shaft and anot her
brake installed either on the outboard (tail) end of the notor or on the coupling
hub on the gear reducer input shaft. There are several options for connecting the
gear reducer output shaft to the wire rope drum

a) The out put shaft may be connected directly to one stub shaft of the
wire rope drumby a full-flexible coupling, in which case the drum nust be
supported i ndependently on two stub shafts, each nounted in a bearing.

b) The out put shaft may be pressed directly into the drum hub, in which
case the inboard drum stub shaft and support bearing may be omitted if the
adj acent gear reducer bearing has adequate capacity. Alternatively, a bearing of
adequate capacity may be installed to support the inboard drum stub shaft and the

adj acent gear reducer bearing removed. In both of these arrangenents, the three
beari ngs must be mounted on solid foundations, aligned/shimed very accurately to
preclude built-in stresses. It should be noted that although self-aligning

bearings are conmonly used in these applications, they take up the angul ar, but
not the parallel, msalignnments.

c) To avoid the stringent alignment requirenents of (b) above, the
i nboard stub shaft may be replaced by a barrel type coupling to provide the radi al
support and to transmt the drive torque. Barrel couplings are designed for
angul ar m salignments of up to 2.0 degrees (sinmlar to sem -flexible couplings)
and have nuch greater radial |oad capacity than the shaft-to-shaft couplings. The
barrel couplings are flange nounted by a ring of bolts to the drumend plate. The
adj acent gear reducer bearing nust have adequate capacity for the inposed radial
| oads.

d) The out put shaft may terminate with a gear pinion, which engages a
ring gear on the drum In this arrangenent the drumis supported i ndependently by
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stub shafts mounted in bearings. The mating ring gear and pinion nust be
accurately aligned and positively secured to ensure proper gear tooth contact. |If
requi red, the outboard end of the output shaft may be supported by a third
bearing, in which case precise alignnent of the three bearings is critical

e) For the npbst severe duty, the preferred arrangenent is to install an
i ntervening pinion on a shaft, independently supported by two bearings, between
the output shaft and the drumring gear. The pinion shaft is connected to the
out put shaft of the gear reducer by a full-flexible coupling and the pinion is
aligned with the ring gear as in (d) above.

Arrangenents (d) and (e) above, are sonetines nodified by replacing the
stub shafts with hubs and bushi ngs or bearings which are supported by and rotate
on a stationary through shaft. The pinion and ring gears should be spur type to
avoid axial forces on the bearings and the support structure (pedestals).

Luffing (boom hoists, being under the constant |oad of the boom require
a ratchet-and-paw nmechanismto positively |ock the drum agai nst any possible
drift. The ratchet is located either in the center of the drumor at one end
(opposite the ring gear, if present). The pawl is controlled fromthe operator’s
cab by an electric or a pneumatic actuator. The operating system should be
designed so that application of power is not required to maintain the pawl in the
position in which it is placed by the actuator. Over-the-center counterwei ghing
is a conmon nethod of providing that feature. Wen engaged, the paw is noved
into the space between the ratchet teeth, but it need not be in contact with the
face of the ratchet tooth.

Al'l hoist assenblies are required to be equipped with two [imt swtches
to bl ock the hoist notion beyond the intended operating range. One of the limt
swi tches shoul d be bl ock actuated and the other geared type. Normally geared
[imt switches are coupled directly to the exposed end of the drumshaft. On
hoi sts with druns nounted on stationary shafts, the [imt sw tches are connected
to the drunms by neans of roller chains and sprockets.

4.3.1.2 Commercial Base/Deck Munted Electric Hoists. Electric hoists with wire
rope reeving and suitable for installation on twin girder bridge, traveling wall,
gantry, and sem -gantry cranes are designed and constructed according to the
commer ci al standards of ASME HST-4M  These hoists are mass produced by

est abl i shed manufacturers of the crane industry. They are conpact designs

i ntended for base nounting on trolley franes, and have many optional features.
They range in capacities up to 35 tons and should be selected for all genera

pur pose applications.

4.3.1.3 Comercial Hydraulic Hoists. Hydraulic hoists utilize either a high-
torque/l ow speed (HT/LS) hydraulic notor flange nounted directly to the end plate
of a wire rope drumor a |owtorque/high-speed hydraulic nmotor coupled to a

pl anetary gear reducer inside the drum Both designs are standard comerci al
units and are exceptionally conpact. Normally the wire rope drumis the only
conponent that is custom designed for the specific application. The HI/LS hoists
i ncl ude one or two band brakes acting on the outer circunference of the notor
housi ng. The HI/LS design is the nore robust of the two and is well suited for
the nobst severe service and, with conpletely sealed and oil - subnerged wor ki ng
parts, for environnents which cause corrosion problens for relatively exposed

el ectric and mechani cal conmponents associated with built-up electric hoists.
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4.3.1.4 Commercial Underhung Hoists. Underhung hoists may be integral with the
trolleys (hoist/trolley units) or separate — hook, clevis, or lug suspended. (For
fixed installations, hoist designs are available for ceiling, wall, or base/deck
mounting.) Al underhung hoists and hoist/trolley units are standard comerci al
items which are mass produced by established manufacturers of the crane industry.
For many applications these hoists and hoist/trolley units are the only practica
choice; therefore, the specified features and options nust be limted to those

of fered by the manufacturers. The only feasible nodifications are the repl acenment
of the wire rope, hook bl ock, and the suspension hardware. The hoists may be
electrically powered or manually operated by nmeans of a hangi ng hand chain. The
integral trolleys may be electrically powered, manually operated through a hand
chain and gears, or plain (hand pulled on the | oad hook or suspended |oad). The
reeving may utilize wire rope or welded |link | oad chain.

Al'l under hung hoists are equi pped with an el ectro-nechani cal disc brake
and optionally, a mechanical |oad brake. The nechanical | oad brake is a device
whi ch prevents the Ioad fromlowering unless the drive notor is energized to turn
inthe lowering direction. Wen the nmechanical |oad brake is not provided, the
entire hoist assenbly is arranged in the shape of a long cylinder — with the wire
rope drumin the center, notor on one end, and the planetary gear reducer with the
di sc brake on the other. Wen the nechanical |oad brake is provided, it is
installed on the wire rope drum shaft and the ot her hoi st conponents are arranged
inline on a parallel axis. The hoists may be single or double reeved. Wth
single part reeving, the hoist nust be suspended with the wire rope drumin line
with its supporting girder because the hook block shifts its position horizontally
during vertical travel. Wth double reeving, its parts being mrror inmages of
each other and thus providing balance and true vertical travel of the hook bl ock
t he hoi st can be suspended in line or crosswi se under its support girder. Chain
hoi sts, although “single reeved”, are arranged so that the hook bl ock does not
shift horizontally during hoisting and can be suspended in either orientation

Under hung hoi sts and their trolleys are intended for operation on flanged
beanms (structural shapes or patented track) and can negotiate curves. ASTM HST-1M
is the industry standard for electric chain hoists and hoist/trolley units, and
ASTM HST-2M is the industry standard for hand operated chain hoists and
hoist/trolley units. ASTMHST-4Mis the industry standard for electric wire rope
hoi sts and hoist/trolley units. ASTM HST-5M and HST-6M are the industry standards
for pneumatic chain hoists and hoist/trolley units, and pneumatic wire rope hoists
and hoist/trolley units, respectively. These itens are usually specified for
hazar dous (expl osive) environments and require special features to protect against
sparki ng; they should al ways be procured, or have the procurenent specifications
approved, by the NCC

4.3.2 Travel Drives. Travel drives on all cranes (except nobile, which are of
the autonotive type) are either of the center drive type (with outward extending
drive shafts to wheels on both rails) or individual type (driving the wheel or
wheels on one rail directly or through a short drive shaft). The center drive
types are nmechanically interlocked; the individual types require electrica
synchroni zati on of their drive notor speeds when the cranes operate on straight
rails; and electrical de-coupling to permt themto adjust their speeds as

requi red when they travel through curves.
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4.3.2.1 Bridge Travel Drives (On WAl kways). On cranes with twin overrunni ng
bridge girders, the bridge travel drive is located on the full-1ength wal kway of
the drive girder. The drive may be any of several arrangenents, but the nost
common are those identified in CVMAA #70 as types A-1, A4, and A-5. Al bridge
drives are designed to accomobdate any rel ative/rocki ng notion between the wal kway
and the end trucks.

The A-1 drive has a parallel shaft gear reducer positioned at the center
of the drive girder, with the output shaft coupled to a squaring shaft at both
ends. The squaring shafts are coupled directly to the axles of the drive wheels
mounted in the travel trucks. The input shaft of the gear reducer is coupled to
the electric drive motor. A shoe brake is installed either on the outboard end of
the drive notor or of the gear reducer, or on a brake wheel coupling between the
motor and the gear reducer. On snall capacity cranes, the drive notor may include
an integral disc brake.

The A-5 drive is identical to the A-1 drive, except that intermnedi ate
gear reducers are added between the center gear reducer and the drive wheel. A-5
drives are appropriate for cranes with | ong bridge spans when the single center
drive is desired but where the Ilength of [arge dianmeter shafts becones a
significant cost consideration

The A-4 drive is conprised of two nechanically independent drives — one
at each end of the drive girder. Each independent drive has an arrangenent
simlar to the A-1 drive, except that the gear reducer output shaft is coupled to
only one short drive shaft. Since there is no nmechanical connection between their
two halves, the A-4 drives require electrical synchronization of the drive notor
speeds. These drives are frequently used on cranes with |long bridge spans when
there is no requirenent for the center drive.

4.3.2.2 Bridge Travel Drives (Suspended). On cranes w th underrunning bridge
designs (that have no wal kways) the bridge travel drive may be a built-up center
drive type, simlar to the A-1 drive, or a set of standard commercial drive heads.

The center drive is nmounted on the drive girder of a twin girder
underrunni ng bridge or the outrigger beamof a single girder underrunning bridge.
The center drive differs fromthe A-1 drive only in its drive wheels, which may be
in the formof spring |oaded elastonmeric traction tires pressing on the underside
of the runway beans or flanged steel wheels running on the runway beam fl anges.
The flanges of the steel wheels have gear teeth cut into their circunference which
mate with the drive pinions. The drive pinions are configured to engage both
geared wheel flanges (on both sides of the runway beam web). The bridge end
trucks for these drives are often built-up custom designs.

Drive heads are standard commercial units, each equipped with its own
electric notor, a speed reducing gear set, and a pair of wheels (on opposite sides
of the runway beam web) driven in the sane nmanner as for the center drive.

For some applications, it is also practical to use drive heads of the
tractor type. Tractor drive heads do not carry any crane wei ght and nust depend
on a spring applied load to develop the drive traction. These drives are arranged
simlar
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to the type described above, but use a driven elastoneric traction tire pressing
on the underside of the runway beans.

4.3.2.3 Portal and Gantry Travel Drives. Travel drives on portal cranes,

contai ner cranes, gantry cranes are nounted directly on the travel truck
structural franmes. Each drive is self-contained — with an electric notor, brake,
and speed reduci ng geari ng.

The ol der portal and gantry cranes use a conbination of a gear reducer
and a nunber of open gear sets for speed reduction. Their final drive is conprised
of an idler gear driving two wheel gears which are either bolted directly to the
wheel or pressed and keyed on the wheel axle. Wth this arrangenent, the crane
travel s on a conpl enent of powered trucks (in which both wheels are driven) and
idler trucks (in which neither wheel is driven). The interlocked set of idler
gear, two wheel gears and their wheels, and the rail present design (conmponent
si zing) and machi ning (accuracy) conplications. Since both wheels are forced to
rotate at identical speeds, their tread dianmeters must be perfectly matched to
precl ude | ocked-in torque and stress frombuilding up. |In practical terns, the
two driven wheels can never have identical tread dianmeters, and will attenpt to
travel slightly different distances along the rail for the sane anount of
rotation. The only neans of conpensating for this difference is for one or both
wheel treads to slip on the rail surface. The inposed wheel slippage torque due
to high wheel loads and friction coefficients dictates the design paraneters for
many of the nechanical, structural, and electrical conmponents of the travel
trucks. The open gear sets present difficulties in shielding themfromthe
weat her and wear-causi ng contam nati on. Hand application of grease provides poor
[ ubrication.

Newer cranes avoid the wheel slippage condition by driving only one whee
per travel truck, and thus making all travel trucks identical in this sense
Furthernore, all speed reduction is achieved within gear reducers (which are
seal ed and oil-bath lubricated). The entire drive assenbly is nornmally a flange
connected set of electric notor, gear reducer, and disc brake. The gear reducer
has a hol |l ow shaft which drives the wheel axle through a spline, press fit and
key, or a conpression sleeve. The drive assenbly may be bolted to a structura
foundation on the truck franme or supported by the wheel axle and a torque arm
Wth either nmounting, the drive assenbly is renovable as a unit for naintenance or
repl acenent. The preferred gear reducers are parallel shaft helical and right
angl e spiral bevel types with all gears arranged horizontal ly; other speed
reduction units and vertical gear arrangenents may be used with the approval of
NCC.

4.3.2.4 Wall and Sem -Gantry Cranes. Travel drives are conbinations and
nodi fications of A-1, A-4, or the newer designs of the portal and gantry cranes.

4.3.3 Trolley Drives. Trolley drive wheels are mounted on a common axl e,
extendi ng across the width of the trolley frame, which is driven through a gear
reducer mounted anywhere between the wheels or outboard of one of them The gear
reducers may be parallel shaft or right angle type with spiral bevel or worm
gearing. It is desirable to avoid vertical gear trains to preclude the
possibility of oil |eakage around the shaft seals.

Trolley drives which are integral with the hoist/trolley units are
standard conmerci al designs simlar to those described in paragraph 4.3.2.2 above.
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On container cranes there are several trolley drives available. The
trolley may be driven by nmeans of an axle with two wheels, individual drives (as
on newer cranes described in paragraph 4.3.2.3 above) on two wheels, or by a wire
rope hoist reeved to pull the trolley in either direction along the boomand main
beanms. There is no clear advantage with any of these drive options; however, the
hoi st type may produce sone degree of jerking as the slack of the | oose wire ropes
is taken up at the start of the notion

4.3.4 Portal and Floating Crane Rotate Drives. Rotate drives are normally
installed on the machi nery deck of the rotating upperworks and are unique in that
their gear reducers must have vertical (downward projecting) output shafts. These
gear reducers include an internal drywell around the output shaft to avoid
subnergi ng the shaft bearing seal under oil, which m ght necessitate periodic sea
repl acenents invol ving maj or di sassenbly. However, the presence of the drywell
requires that the | ower output shaft bearing be lubricated separately with grease.
The | ast gear set, which in nost cases is |ocated above the lubricating oil |evel,
nmust be | ubricated by means of an electrically driven oil punp discharging oi
directly on the gear teeth. The output shaft is normally coupled to an

i nternedi ate shaft with a pinion which engages the bull gear teeth. The gear
reducer input shaft, when horizontal, allows the normal installation of a shoe
brake. When the gear reducer input shaft is vertical, the standard shoe brakes
must be nodified to prevent their |inkage from saggi ng and appl yi ng the brake
shoes unevenly to the brake drum Electric notors should al so be ordered for
vertical operating orientation

Pl anetary gear reducers and cycl oi dal speed reducers (both with vertica
i nput shafts) driven by electric or hydraulic notors, have been used successfully
on portal cranes of 25-ton capacity. These units include disc brakes designed for
nmounting on vertical shafts.

Good contact pattern between the pinion and bull gear teeth is critical
to the proper and long-termoperation of the rotate drive. Therefore, the rotate
drive installation nmust include provisions for accurate adjustnent of the gear
tooth nesh. The intermedi ate pinion shaft, connected through a full-flexible
coupling, provides the nmeans for such adjustment. The pinion end, which is
supported by a self-aligning bearing, can be brought into accurate gear tooth
engagenent by nounting the bearing housing on the structural extension of the
machi nery deck. The bearing housing can then be pernmanently secured in that
position. Alternatively, the output shaft may be supported by a rigid tubul ar
extension fromthe base of the gear reducer and the entire rotate drive assenbly
is then positioned and permanently secured in the desired position. Wth either
arrangenent, the pinion should have its teeth crowned to conpensate for |ikely
non-parallel condition of the two gear axes due to rocking of the upperworks under
varying loading conditions. Lack of crowning in this situation will cause severe
edge | oading of the gear teeth and premature failure.

4.3.4.1 Special Considerations. Wnd |load on the boomis a major, often the
dom nant, force on the rotate drive. On floating cranes, the conpound list/trim
angl e determ nes the sl ope against which the rotate drive nust advance the
upperworks — with rated | oad at maxi num radi us or no | oad and boom at m ni mum
radius. It is also inportant to consider the overhauling (backdriving) condition
whi ch can be inposed on the rotate drive by the wind | oad on the boom A
dangerous “runaway” situation, where the rotation starts when the brake is

rel eased or is faster than intended by the operator, may be created if the rotate
drive train is easily backdriven.
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O der cranes with roller path and king pin rotate nmechani sns are normally
equi pped with a single rotate drive. |Its pinion-bull gear forces affect the
sizing of the king pin bushing. Newer cranes with the rotate bearing have two
rotate drives, one on each side of the machi nery deck. Depending on their
relative positions, the pinion-rotate gear separating forces can be neutralized to
a large extent. The additional advantage of two independent drives is the
capability of limted rotate operation with the |oss of one drive.

4.3.5 M cro-Drives. Sustained slow speed operation of a hoist or travel notion
can be provided by a mcro-drive. This drive is conprised of an electric notor,
gear reducer, brake (on the notor shaft), and a clutching nmechanismto the notor
shaft of the main drive. The clutching nechanismis either a toothed coupling
(two opposed discs with interlocking radial teeth) or a friction clutch. The
clutching mechanismis electrically operated and sized for continuous energization
in the disengaged position. The toothed coupling additionally requires a sensor
to confirmits engagenment (via axial position) prior to release of the main drive
brake. Wen engaged, the nmicro-drive delivers the same torque to the main drive
train as would the main notor (which at this tinme acts nerely as a connecting
shaft to the main drive gear reducer) but at nuch sl ower speed

On main drives with a single brake, the mcro-drive brake substitutes for
the main drive brake, which is deactivated when the
mcro-drive is engaged. On nain drives equipped with two brakes (usually on a
hoi st), the mcro-drive brake substitutes for the primary (instantaneous) brake;
the tine del ayed brake is not deactivated when the mcro-drive is engaged, and its
function is not changed.

Mcro-drives are usually built-up and added-on assenblies. They
conplicate the electrical control systemand expand the drive train. They should
be used only when normal production process includes prol onged sl ow speed
operation or precise positioning. Mcro-drives are also called inching or pony
drives.

4.3.6 Assenbl i es and Conponents. Mechanical assenblies and individual
components include those which are always standard comerci al off-the-shelf itens,
t hose which are always custom nmade, and those which may be either

4.3.6.1 Definition of Standard Commercial Assenblies and Itens. Standard
commerci al assenblies and itens are defined as products which are advertised for
sale in current commercial literature and are being sold in substantial quantities
on the open market in the course of normal business operations. (Nom na
quantities, as normally associated with nodels, sanples, prototypes, or
experinmental units are not within the imts of this definition.)

The choi ce of standard commerci al assenblies and itens shoul d be based on
the particul ar manufacturer’s published ratings, selection nmethod, or prorating
(if required for the specific application). Industry standards that
govern the design or quality of commercial assenblies and itens should al ways be
i nvoked as the acceptance criteria.

4.3.6.2 GCear Reducers. Gear reducers (also called enclosed gearing) are sets of
mati ng gears w thin housings which totally enclose them provide rigid structura
support, and bathe themw th lubricating oil. The input (high speed) gear set
shoul d al ways be sone form of angled gear tooth form— helical (including double
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hel i cal and herringbone), spiral bevel, or worm The output (low speed) gear set
may be of the straight gear tooth form— spur or plain bevel. Gear shafts may be
arranged in any orientation with respect to each other and either horizontally or
vertically. There is a wide variety of options for shaft connecti ons and housi ng
mountings in any position. The input and output shaft |engths and other details
can be custom zed by the gear reducer nmanufacturer per the crane designer’s
request. In such situations it is inportant to ensure that the magnitude of the
“over hung” nmoment on the output shaft and the associated bearing capacity/life are
satisfactory. For vertical shaft designs, oil punps are available to ensure
adequate lubrication of the | ast gear set above the drywell. Since such designs
are nost common on rotate drives, which have relatively little notion but heavy
starting | oads, electric punps are used to discharge oil on the | ast gear set as
soon as the rotate drive is energized.

Base/ f oot nounted housings normally have four or six feet with holes for
t hrough bolts. The foot-foundation interface requires a close fit, which is
obt ai ned by accurate shimmng. (The shimrmng also serves to align the shafts with
t he adj oi ni ng conponents.) Base/flange nounted gear reducers mate with a machi ned
surface which ensures a solid seating on the foundation or an adaptor. Flange
connections on the output end of gear reducers should be made with through bolts.
A commonly avail abl e option on gear reducers is an input shaft and flange design
for connection to standard industry flanges of electric notors and di sc brakes.
The flange connections are normally made with screws and threaded hol es in one of
the flanges. Shaft mounted gear reducers are often used on the travel drives of
various cranes. They have a holl ow output shaft for mating with the driven axle
or squaring shaft. The shaft-to-shaft connection is made with a light press fit
and key, a spline with a sliding fit, or a conpression sleeve. Wth the last two
connections, the gear reducers (and all other attached drive conponents) are
easily renovabl e for servicing. The housing is nounted by neans of a torque arm
which is subjected to the full torque of the drive. Since the torque armreaction
is reversed whenever the drive direction is changed, the torque arm should be a
sturdy structural -type of a link. The torque arm connection to the foundation
shoul d be made with the pin in double shear. (Threaded rods are prohibited for
this purpose.) In lieu of the torque arm these gear reducers nmay be base
nmount ed; however, such nounting nust be done very accurately to preclude the
i ntroduction of any built-in stresses due to m salignment.

Cear reducer housings are of intricate shapes, with nunerous stiffeners
and provisions for nmounting and disassenbly. The snaller the size, the nore
likely that the housing will be a casting (iron or alum num; and the |arger the
size, the nore likely that it will be a steel casting or weldnent. For built-up
hoi sts and rotate drives of portal and floating cranes, the housings nmust be stee
or ductile cast iron. On other drives, the housings nmust be gray cast iron or
cast aluminum Some of the smaller size gear reducers have blind tapped nounting
holes in their walls. This nounting nmethod does not provide a visual confirmation
of adequate thread engagenent and should not be used without approval of NCC

4.3.6.3 Planetary Gear and Cycl oi dal Speed Reducers. These speed reducing
devices are nore conpact than the gear reducers for conparable reduction ratios.
Their internal conponents are totally enclosed and otherwi se simlar to gear
reducers. Planetary gear speed reducers are normally used on packaged under hung
hoi sts. The cycl oi dal speed reducers have been used successfully on rotate
drives. These devices may be used only with the approval of NCC.
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4.3.6.4 Punp Drives. As the nane inplies, these units were devel oped
specifically for driving multiple hydraulic punps froma single power source.
However, they have been nodified for other applications. Punp drives have the
gears arranged so that a single input shaft, usually froman electric nmotor or a
di esel engine, can drive several hydraulic punps or electric generators. The
power source connection may be in the formof a spline, key, clutch, or a manually
engaged/ di sengaged cutout coupling. Unlike the speed reducers, punp drives are
intended to function primarily as power splitters; the speed reduction is a
secondary function and is limted to a single stage (gear nesh).

4.3.6.5 (Open CGearing. Open gearing is often used as the |ast gear set to obtain
the desired output froma drive. The npobst conmon applications are the built-up
hoi st drives, rotate drives, and travel drives of older portal cranes. It is the
sl owest and the nost heavily | oaded set of gear train. Accordingly, spur
(straight) gearing, which does not produce any axial |oads on the support
structure, is recommended. The pinion should have its teeth crowned to avoid
damagi ng edge | oadi ng of the teeth, which can be expected due to the high | oads
and uncertain structural support. The design of open gearing of all types is
governed by AGVA standards. Open gear sets are nornally grease |ubricated.
VWhenever feasible, they should be protected by a netal cover with spring | oaded
lids for inspection of the gear teeth, tooth contact at the mesh, and |ubrication

Travel drives of the older portal cranes typically drive the two wheels
of the powered travel truck through an idler gear. The teeth of the idler gear
are subjected to constant |oad reversals due to their engagenment with the drive
pi ni on and the wheel gears — regardless of the direction of rotation. |In order to
account for this severe operating conditioning, the bending strength rating of the
idler gear is reduced to 70 percent of its normal rating.

4.3.6.6 Shafts, Axles, and Pins. Al gears and travel wheels, with the exception
of those in the rotate assenbly and carrier yokes, should be pressed on and turn
with their shafts or axles. All gears and driven wheels should al so be keyed to
their axles. Additionally, helical gears should be seated agai nst a shoul der

machi ned on their shafts to absorb the axial force due to the helix angle.

Di aneter differences at the shoulders should be minimzed and the radius of the
fillet should be as |large as the design pernmits so as to mtigate the stress
concentration factors. Squaring and floating shafts, which normally have coupling
hubs pressed on their ends, should not have their end dianeters reduced bel ow 90
percent of the shaft diameter. Mechanical pins are stationary nmenbers which
support pivoting conponents of operating nmechani sns (such as ratchet pawl s or spud
| ocks) or sheaves. It is common practice to drill numerous hol es through these
pins to serve as lubrication passages to the bushings or sheave bearings nounted
on them The |loss of strength due to these holes nmust be considered in the design
of the pins. The |ocation and geonetry of the keyseat nust be evaluated for its
effect on the fatigue strength of the shaft or axle.

Squaring shafts and floating shafts are usually obtai ned as standard
conmmer ci al turned-ground-polished steel shafting. Fleeting sheave pins, which are
exposed to the weather and carry bushings that turn and slide on them nust be
either corrosion resistant steel or plated with nickel and hard chronme to nake
them corrosion resistant. These shafts are not drilled for lubrication. The
fleeting sheave bushings are |ubricated through grease passages in the sheave hub
and the bushi ng.
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NCC policy is to require both ends of pins to be |ocked — this may be in
the formof a keeper bar on each end or a head on one end and a keeper bar on the
other end. The only exception to this practice is to permt only one end to be
secured with a keeper bar if the other end protrudes by at | east
hal f the pin diameter, not including the chanfer. Keeper bars shoul d never be
wel ded to the pins.

Wre rope druns of built-up hoists typically have wel ded stub shafts on
their end plates. These stub shafts are integral parts of the drum wel dnment.
Alternatively, a rotating through-shaft may be pressed and keyed into hubs of drum
end pl ates and supported by pill ow bl ocks. Sone cranes have end plates wi th hubs
and bronze bushings or bearings in place of stub shafts. Wth this arrangenent,
the drumrotates on a stationary shaft passing through the Iength of the drum

4.3.6.7 Couplings. Couplings are standard commercial assenblies of established
manuf acturers. All torque carrying conmponents of couplings, with a few exceptions
di scussed bel ow, nust be steel. Couplings are designed to be full-flexible, sem -
flexible, or rigid. The first two types have provisions for grease |ubrication
The hubs have concentrically machi ned bore and outside dianeters which pernmt the
installation of specialized equipnent for precise shaft alignnment. Coupling hubs
may be bored and slotted for the keys to the exact requirenments of the customer or
may be purchased unfi ni shed.

Ful | -fl exi bl e couplings have two hubs, which are pressed and keyed on the
shaft or axle ends, and a two piece flange connected sleeve fitted over the hubs.
The hubs have external gear teeth cut on their circunference and the sl eeve has
internal gear teeth which mate with those on the hubs. Each sleeve flange has a
lubrication plug in its periphery and an Oring seal on the hub seat. The torque
is transmtted through the two sets of gear teeth. This coupling design can
acconmodat e angul ar mi salignnent and parallel offset between the two ends. A
variation of the above design has the sleeve replaced with a steel spring grid
bet ween the hub gear teeth. The torque is transmitted as a shear |oad across the
grid. A non-load bearing cover is installed over the hubs and the grid to keep
t hem engaged and contain the |lubrication grease. Full-flexible couplings should
be limted to these two designs. (For lubrication, a plug in one sleeve flange is
tenporarily replaced with a standard lubrication fitting, the plug in the other
flange is removed, fresh grease is injected and old grease is purged through the
open plug hole, and the plugs reinstalled.) Full-flexible couplings are mandatory
for connecting shafts and axles wi th adjacent bearing supports. When installed on
vertical shafts, the couplings nust include a disc clanped between the sleeve
flanges to keep the sleeve fromsagging out of its intended position on the hubs.

In gear type sem -flexible couplings, one of the hubs and its half-piece
of the sleeve are made into a single component. The deletion of one of the gear
tooth neshes limts the coupling to conpensating only for angul ar m salignnent.
Alternatively, a coupling with a steel grid installed over external teeth of two
coupling hubs, also functions as a sem -flexible coupling. Sem-flexible couplings
are mandatory for floating shafts and shaft arrangenents where the bearing support
of one shaft is adjacent, and the other is distant, fromthe coupling.
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Ri gid couplings are conprised of two flanged hubs bolted together. Less
common but found nost frequently on ol der bridge crane travel drives are the clam
shell types of rigid couplings. There are single piece or matched pairs of stee
or ductile castings in the formof heavy-walled tubes. The single piece design is
cut | engthwi se on one side and slotted on the opposite side so that it can be
clanped with a row of bolts along the cut side. The two piece coupling has a row
of clanmping bolts on both sides of the coupling. Machined key slots are usually
provi ded on both ends of these coupling shells. Rigid couplings are permtted
only on long shafts (with distant bearing supports) where shaft deflection easily
conpensates for any m salignnent.

4.3.6.8 Special Couplings. Couplings between the diesel engine and the electric
generator include elastoneric el enents between the flange and hub. The flange
that mates with the diesel engine flywheel is face nmounted with a ring of bolts;
the hub is pressed onto the shaft of the electric generator and secured with a key
on the shaft.

Rotate drives on ol der cranes have unique “built-up” couplings, generally
known as “d hani or jaw type. They rotate slowy but carry the maxi mum torque of
the drive. The nost commopn designs feature two slots at right angles to each
other and a sliding key in each slot. This arrangenent conpensates for
substantial parallel offset and limted angul ar m salignnent.

Limt switches are connected to the shafts by small, |ight duty couplings
designed especially for that purpose. One end of the coupling is face nounted on
the end of the wire rope drumshaft. Functionally they are
full-flexible.

4.3.6.9 Bearings. Antifriction bearings are precision assenblies of hardened and
polished rolling elenents and concentric races (rings). There is a large variety
of bearing designs to fit every crane application. Sone bearings are avail able as
seal ed, permanently | ubricated assenblies; other types are open, requiring
installation of separate seals and provisions for lubrication. Bearings which
require periodic grease |lubrication have their races grooved and drilled for the
distribution of injected grease. Installations of grease |ubricated bearings mnust
i ncl ude provisions for the purging of old grease — either past the seal lips or
through relief fittings. The press fits of inner races on the shafts and axl es,
the fits of the outer races in the housings, and cl anping of the races nust foll ow
t he bearing manufacturer’s installation criteria to obtain satisfactory bearing
performance. Ball bearings, having nuch | esser |oad carrying capacity than the
roller types, are used primarily within standard comerci al assenblies such as
electric notors and di sc brakes.

Doubl e-row spherical roller bearings have two barrel - shaped
side-by-side rings of rollers which roll on the internal spherical surface of the
outer race. This arrangenent nakes theminherently self-conpensating for any
angul ar m sal i gnnment between the shaft and housing. They are recomended for
support of shafts and axles w thout heavy axial |oads. Travel wheel axles, open
gearing shafts, and hoi st druns are nost often mounted on these bearings.
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VWhen heavy axial |oads are present, tapered roller bearings are required.
They can be selected with the tapered rollers at any desired angle to obtain the
proper bal ance between their radial and axial |oad capacities. They are normally
used in gear reducers where the helix angles of gear sets cause |arge axial | oads.
The bearing races nust be accurately shinmed on their faces to obtain the proper
contact between their conical surfaces and the rollers. Since the interna
arrangenent of the tapered roller bearings allows themto carry an axial load in
only one direction, they nust often be used in pairs with opposite taper angles.
The bearing manufacturers also offer bearing assenblies where the individua
bearing pairs are conbined into a single unit. Tapered roller bearings, whether
in single rowor in pairs, are not self-aligning; they maintain a fixed
orientation between the bearing races. Because of this characteristic, tapered
roller bearings are recommended for sheaves to stabilize themagainst tilting on
their pins. Alternatively, for light duty applications, a single row cylindrica
(straight) roller bearing may be used for sheave nounti ng.

Thrust bearings are designed primarily for axial |oads. They may be in
the formof cylindrical roller bearings; tapered roller bearings; or, if
self-aligning is desired, spherical roller bearings. Al thrust bearings have the
rollers arranged with their axes on radial lines. The cylindrical and
tapered roller bearings always maintain their races in parallel alignnment. The
self-aligning spherical roller bearings, because they allow their races to tilt
with respect to each other, are used on portal crane gudgeons. All three types of
t hrust bearings are used on | oad hooks.

4.3.6.10 Munted Bearings. Bearings of all types are available in housings
designed for bolting to support structures. The npbst conmon type is the pillow
bl ock. The base of the pillow bl ock, depending on size, nmay have two or four
mounting bolts. The snaller housings are single piece. The |larger housings are
split along the shaft centerline, with the upper half (cap) secured with two or
four bolts. Housings are available with provisions for grease or oil lubrication
of the bearing. Pillow blocks subjected to heavy | oads have the bearing inner
races pressed directly onto the shaft or locked to it by a tapered sleeve that is
pul l ed by a | ocknut and wedged between the bearing race and the shaft. The
tapered sl eeve and | ocknut are provided as integral conmponents of the bearing
assenbly. The housings of these pillow blocks are required to be made of steel —
ei ther as castings or machined fromrolled plate as a custom nade conponent.

Wel dnents are prohibited for pillow block housings in these applications.

For light duty applications, such as support of squaring shafts, the
i nner race may be locked to the shaft by a setscrew in a protrudi ng extension of
the race. The housings of these pillow bl ocks may be steel or any class of cast
i ron.

Piloted flanged cartridge bearings have accurately machi ned cylindrica
housi ngs which are intended for a close fit in the support structure. The flanges
have four bolt holes for nmounting. These units are often used as axle bearings on
the smaller, light duty bridge cranes. Flanged housings that are subjected to
significant | oads nmust be ductile iron or steel castings; those supporting only
t he wei ght of nechani cal conponents may be cast iron of any class.

4.3.6.11 Bushings. Bushings, also called plain bearings, are copper alloy
(bronze) sleeves which are pressed into bores of nechanical conponents. Their
function is to
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allow slow oscillating rotation, or “dithering notion”, of steel shafts or pins.
The copper alloy contains substantial amounts of lead and tin to mnimze the
friction coefficient with the steel surfaces; however, lubrication is stil

requi red. The bushing material nust always be substantially softer (at |east 100
BHN poi nts) than the steel shaft or pin and all grease grooves should be cut in

t he bushing. The grease groove pattern should be carefully laid out to ensure
delivery of grease to |ocations of high contact stress.

Equal i zer sheaves, fleeting sheaves, equalizer bars, travel truck
gudgeons and equal i zers, and various pivoting and sliding nmechani cal elenents
requi re bushings. Lubrication grooves should be of adequate size to permt easy
passage of grease or oil, and their edges nust be chanfered or rounded to ensure
proper distribution of the lubricant without scraping it off the contacting
surface. (@Qudgeon bushi ngs have specific design requirenents, which are described
in detail in paragraph 5.2.11

Bushi ngs shoul d have integral flanges or separate thrust washers of the
same material. The outside dianmeter of the flange or thrust washer should be
sized to provide a | ow bearing stress with the adjacent structure.

4.3.6.12 Keys. Keys should be of the parallel type, made from

cold-finished | ow carbon steel conmercial keystock or heat-treated all oy steel

The keys nust have the corners chanfered to clear the fillet radii in the keyseats
or keyways. The keys should be installed so that it is inpossible for themto
shift out of position. Normally the keys are square in cross section, but flat
keys, sonetines two per hub, may be used where required by the | oading conditions.

It is inmportant that the keys be properly fitted in their keyseats or
keyways. ANSI B17.1, Keys and Keyseats, prescribes the fit-up criteria for
various sizes of shaft dianeters and key sizes, and classes of fit.

4.3.6.13 Sheaves. Sheaves are commercially available in standard sizes as stee
castings or roll forgings. Cast iron (gray or ductile) sheaves may be permitted
only on commerci al packaged hoists in light duty applications. O herw se, when

t he packaged hoi st design makes it practical, cast iron sheaves shoul d be repl aced
with steel sheaves.

Sheave groove depth, side angle, and bottomradius foll ow comerci al
practice and are often intended for two wire rope sizes. For heavy duty
applications, the sheave grooves should be hardened by a controlled process. Hard
grooves extend the service life of the sheave and the w re rope.

Runni ng sheaves turn on roller bearings which my be permanently
| ubricated (sealed) or relubricatable through grease fittings in the hub
Fl eeting and equal i zer sheaves turn on bronze bushi ngs, as descri bed above. On
packaged hoi sts, equalizer sheaves may turn on sintered bronze bushings
i npregnated with oil.

4.3.6.14 Travel Wheels. Al wheels that run on crane rails are double flanged.
The tread width is governed by the size of the rail head, with total clearance of
1/4 to 1-1/2 inches, depending on wheel size and crane conponent. Roll forged and
cast steel wheels are available in tread dianmeters 8 to 36 inches and of various
tread
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hardnesses up to 615 BHN. Snaller wheels are nmachi ned fromround bar stock

Fl ange heights are approximately 1 inch and if the wheels are required to cross
rail head gaps at frogs or track switches, the flanges nmust be designed to carry
the full wheel |load. The flange interior angle (of approximately 12 degrees) is
slightly wider than the rail head angle and the fillet radius between the tread
and the flange is slightly less than the corner radius of the rail head. O her
details of the wheel tread are adjusted to accommpdate the site conditions. Idler
wheel s are pressed onto the rotating axles; the drive wheels are additionally
keyed to the axles. Paired drive wheels, such as those on A-1 and A-5 bridge
drives, and those driven by an idler gear in portal crane travel trucks, nust have
their tread dianmeters matched to 0.001 inch per inch of diameter but not to exceed
0. 010 i nch.

Idler wheels of roller path assenblies are relatively small and are
usual Iy machi ned fromsteel bar stock. They rotate on bushings and fixed axl es.
Since these wheels are closely spaced and are intended to share the | oad inposed
on either quadrant of the roller path, their tread dianeters nust be held to 0.001
i nch per inch of dianeter.

VWeel s that operate on patented track are part of the standard comerci al
carrier yokes and drive heads. They are single flanged or, if their carrier yokes
or drive heads are equipped with side guide rollers, flangeless. The driven
wheel s of the drive heads have extended flanges with gear teeth cut into their
circunference. Cast or forged steel wheels are preferred, but cast iron wheels
and wheel s stanped out of steel sheet nmay be used when approved by NCC. These
wheel s rotate on stationary cantilevered pins and bearings. The bearings are
ei ther permanently lubricated and seal ed, or the pins have provisions for grease
[ ubrication of the bearings.

4.3.6.15 Wre Rope Druns. Wre rope druns of built-up hoists are always custom
designed. Druns on older cranes are usually cast, together with the end pl ates
and reinforcing gussets. On newer cranes, the druns are welded either entirely
fromsteel plate or a conbination of steel plate, steel pipe, and steel castings.
The drums are subjected to the highest torque of the hoist assenbly, and the

| arger the hoist capacity, the nore likely that it will have a drum gear as the

| ast connection to its drive train. Wth the exception of whip hoists, all custom
designed druns are grooved with two opposite-hand helixes; and with rare
exceptions, the drunms are sized to spool all wire rope in one layer. Single-
reeved standard conmerci al packaged hoi sts may have single-helix grooved or snooth
drunms and may spool their wire ropes in nultiple layers. On single-reeved
packaged hoists, with one part of the wire rope w ndi ng/ unwi nding fromthe drum
and going directly to the hook block, the hook is forced to shift its position
hori zontally during vertical travel. On nobile cranes and whip hoists, the hook
positions do not shift because the wire rope w nding/unwi nding fromthe drumis
routed to a fixed (non-shifting) sheave before it goes to the hook block. In the
case of nobile cranes, the druns are snooth (ungrooved) and, because of space
restrictions, spool the wire rope in many layers. The spooling, even with various
proprietary guiding devices, is often disordered — causing accel erated wear and
sonmewhat erratic hook travel.

VWhen spooling of wire rope in multiple |ayers cannot be avoi ded on custom
desi gned druns, the spooling can be kept uniformand orderly by installing
paral | el grooved half-shells (Lebus |agging) on a smooth drum The half-shells
are steel castings, which are welded or bolted to the drum and include hal f-pitch
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groove offsets and end ranps/steps to establish orderly spooling. The wire rope
spools in parallel waps for nearly half a circunference, shifts laterally half a
pitch, again spools parallel for nearly half a circunference, and again shifts
laterally half a pitch next to the start of its wap. The wire rope builds up

hi gher and wears nore rapidly at the offsets (cross-overs) than on the parall el
spool ed sections. It is also normal to see some sparking or snmoking at the

of fsets because of the wire to wire rubbing as the spooling wap is forced to
shift and cross over an offset of a previous |ayer.

On custom desi gned druns, tapped holes for installation of wire rope
clanps are normally provided at the ends of the drumbarrel. Alternatively,
rei nforced pockets are provided in the drumbarrel or the end plates for anchoring
wire rope fittings. Design details of end plates with integral stub shafts nust
be anal yzed to ensure that the heavy | oads do not cause buckling of the end
pl ates. On standard conmercial hoists it is not practical to change anchoring
features on drum

4.3.6.16 Wre Ropes. Federal Specification RR-W410 and Wre Rope Users Manua
are accepted by the wire rope manufacturing industry as its standards. These two
standards prescri be acceptance criteria for all types of wire rope used on cranes,
i ncluding stationary applications.

Wre ropes are available with either right-hand or |eft-hand heli x,
regular lay or lang lay, and spin-resistant construction. Right-hand regular |ay
is the nost prevalent and nost readily available construction. It is used on al
doubl e reeved systens, except when the hook bl ock rmust have absolutely no tendency
to rotate under |oad. Wen hook block rotation is unacceptable, the double reeved
systens shoul d have opposite-hand wire ropes installed and equalized at an
equal i zer bar. (A one-piece double reeved system even with spin-resistant wire
rope, cannot ensure agai nst some bl ock rotation under a heavy | oad.)

Wre ropes are assenbled fromstrands, which in turn are assenbled from
i ndi vidual wires. The strands are tw sted around a central core of either an
i ndependent fiber, wire strand, or wire rope. Both the strands and the wires are
pre-forned to elimnate their tendency to untwist if the ends are not cl anped.
Right regular lay wire rope has the strands twisted in a right-hand helix, and the
wires within the strands in a left-hand helix. Left regular lay wire rope has the
hel i xes twisted in the opposite directions. Wen assenbled in this fashion, the
Wi res exposed on the wire rope exterior are aligned parallel with the wire rope
axis. Lang lay wire ropes, whether right or left, have the strand and wire
helixes in the same direction. Lang lay wire ropes are nore flexible but subject
to nore rotation under |load than their regular |lay counterparts.

Spin-resistant wire ropes (also called rotation — resistant and non-
rotating) are characterized by an outer ring of strands twisted in one direction
and an inner ring of stands twisted in the opposite direction. There are also
proprietary constructions with additional refinenments to better equalize the
opposi te torques devel oped by the outer and inner groups of strands. This class
of ropes is used on whip hoists (with single line hook block and long lifts) to
m ni mze the tendency of the hook block to rotate under load. As a further
precauti on agai nst rotation, higher design factors (usually 8:1) are prescribed
for these wire ropes. (Sonme nobile crane manufacturers use spin-resistant wire
ropes with multiple-reeved hoists. In such cases, a design factor of 5:1 is
used.)
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4.3.6.17 Wre Rope End Fittings. For wire ropes with ends anchored on the drum
and with two or nore intervening dead waps, only a portion of the wire rope pul
is applied to the fittings. Wth that reduced | oading, two-bolt clanps are
adequate to anchor the wire rope dead ends. On term nal connections, where the
full wire rope pull is inposed on the fitting, the fittings should be swaged or
poured type. Swaged fittings should be selected and installed per the fitting
manuf acturer’s recommendati ons. The swagi ng process uses high pressures on the
outer surface of the fitting sleeve to deformit and force the material on its

i nner surface to flow in between the external wires of the wire rope. This
connection is considered to develop the full breaking strength of the wire ropes
with a wire rope core. (Wre ropes with a fiber core nust have the end section of
the fiber core replaced with a piece of wire rope or a steel rod.) Poured
(speltered) fittings are made with zinc, follow ng precise cleaning and heating
procedures which are normally established by the | ocal crane engi neering

organi zation. The speltering process requires the nolten zinc to fuse with the
wires of the broomed (opened) end of the wire rope. The external shape of the
zinc lunp takes the formof, and seats in, the conical cavity of the fitting.

Swaged and speltered fittings are available in the forns of a ferrule (a
straight cylinder) for insertion into an anchor pocket, closed sockets (with a bow
for a loose-fitting pin connection), and open sockets (with two cheek pl ates bored
for a close-fitting pin connection). The closed type sockets, because of their
conpl ex shape, are always cast. The open type sockets may be cast or forged in
the smaller sizes and cast in the |arger sizes.

In recent years resin socketing conpounds have becone avail able for
poured fittings. The resin socketing process involves the mxing of two
subst ances at anbient tenperature and pouring the m x over the broomed end of the
wire rope in the socket cavity. The process is sinpler and nore controllable than
zinc speltering and may be used in all crane applications. The producers of resin
socketing conmpounds provide details of the socketing process for their particular
products. Wre Rope Users Manual contains a conprehensive description of wire
rope end fittings and their installation. Navy activities that do not have
standard internal procedures for installing speltered fittings, should follow the
recommended procedure of the manual

4.3.6.18 Hook Blocks. The typical arrangenent of hook bl ocks on doubl e reeved
systens has two symmetrical sets of sheaves nounted on a common pin. The hook is
positioned in the center on a separate pin (trunnion) for capacities over 15 tons
or, for lesser capacities, the sheaves may be nounted on the ends of the hook
trunnion. Each sheave rotates on its own bearings, while the trunnion pivots in
the cheek plates. Al sheaves are conpletely covered except for wire rope
openings. |If the sheave bearings require lubrication, the sheave pin (or
trunnion) is drilled fromboth ends for lubrication passages and fitted with
recessed grease fittings. The hook is supported by and rotates on a thrust
beari ng mounted on the trunnion. The hook is installed so that it cannot

i nadvertently come | oose fromits nut but can be easily renoved for inspection
The wei ght of the hook bl ock nust be adequate to overhaul the reeving system and
keep the wire ropes tight. Al hook bl ock conmponents in the |oad path are steel
Single part (whip hoist) hook bl ocks have an overhaul ball or cylinder connected
directly to the end of the wire rope with provisions for nmounting the hook
underneath. Normally an internmediate swivel fitting is installed above the hook
to permit it to be turned without twisting the wire rope. Wen the overhaul bal
or cylinder is a separate, non-Iload-bearing conponent, it may be made of cast

i ron.

74



M L- HDBK- 1038

Cont ai ner cranes, instead of a hook block, have a |arge rectangul ar frane
with a sheave in each corner. The reeving systemis intentionally not equalized
between the four corners, so that the lifted container does not tilt even when it
i s unbal anced. The frane has a head block for a rigid connection to the spreader
or a cargo beam

4.3.6.19 Hooks. Load hooks of any capacity are avail able from comercial sources.
In the smaller capacities, the hooks are the manufacturers’ standard stee

forgings of the single-barb design. Large capacity hooks (50 tons and higher) are
of t en doubl e-barbed and specially fabricated to the custonmer’s specifications.
Hooks must be forged by a process that ensures material ductility of at |east 18
percent elongation in two inches. Carbon steel and alloy steel are the nost
common materials for forged hooks. Except for the whip hoist hooks and hooks on
smal | packaged hoi sts, the hook shanks are always threaded for engagenent with a
mat ched nut. The whi p hoi st hook shanks may be threaded or drilled for a pinned
connection; packaged hoi st hook shanks may terminate with a ring for pinning, or
with a |l arge groove for |oose clanping between the hal ves of the hook bl ock
casting. Hooks with the pinned ring nounting have no provisions for sw veling.

Hooks may be fabricated frombronze or corrosion resistant steel for use
i n hazardous (explosive) or highly corrosive environnents. These hooks are
usual |y cast and their nechanical properties are significantly different from
forged steel

Hooks often have sonme means of securing the slings or other attachnents
being lifted. Spring |oaded devices are available fromthe hook manufacturers to
bri dge the hook opening. Alternatively, the hook tip may be drilled and a ring
installed for tying a |lanyard across the hook openi ng.

4.3.6.20 Shaft Seals. Seals on shafts of commercial oil lubricated assenblies,
such as gear reducers or wet clutches, should be of the spring-loaded synthetic
dual lip type whenever this option is available. The selection of oil |ubricated
assenbl i es should give preference to those in which the shaft oil seals are not
subnerged in oil. Gl seals should weep oil slightly to ensure lubrication of the
seal lip. If a seal is too tight to weep, its dry Ilip will damage the sealing

surfaces and begin to leak oil prematurely.

Grease seals are used for bearing lubrication on conmercial pillow bl ocks
and built-up assenblies, such as travel trucks. These seals usually have a single
lip and are intended to allow the old grease to be easily purged outward through
them In certain clean environnments, the seals are installed with the |ips turned
inward (so that grease cannot pass under then) and a separate grease outlet path
is provided. (The outlet path should be relatively short so that the purging
pressure is not so high that it mght blow out the seal lips.) Purged grease
shoul d never be permitted to mx with the adjacent lubricating oil.

For sealing shafts between pressed on conponents or in |ocations where
seal replacement is difficult, a split type of lip seal or a packing gland should
be considered. Split lip seals are seal strips that are accurately pre-cut by the
manuf acturer and may include a garter spring for sealing pressure or nmay be press
fitted into their seats. The size selection of split seals is limted, and if
their use is expected, then the original seal size should be nmade to match an
avai |l abl e
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repl acenent split seal. Slowy rotating shafts may be sealed with stacked rings
cut fromcomercial packing material pressed into the gland cavity. The sealing
pressure is applied by a screw advanced gl and foll ower which can be tightened
periodi cally as required.

4.3.6.21 Bunpers. Bunpers are required on all crane structures or conponents that
conme into contact with end stops. The sinplest and nost w dely used bunpers are
the coil spring and el astoneric types. The elastoneric bunpers are standard
commercial itens and are available in sizes and designs for every crane
application. Coil spring bunpers were commonly used on ol der cranes, but are used
infrequently on the newer cranes. Wth either type, the bunper nust be sized so
that the perm ssible deceleration rate is not exceeded and the total kinetic
energy can be absorbed.

Hydraul i c bunpers are used only for particularly sensitive applications.
Their deceleration rate can be set and readjusted very accurately. They are
preci sion assenblies with hydraulic fluid and seals, which require nore attention
and mai nt enance than the other types.

4.3.6.22 End Stops. Each crane bunper should have a matching end stop, sized to
absorb the maxi mum ki netic energy that may be devel oped by the striking bunper.
Overrunni ng crane bridge end stops should be installed on the runway girders;
overrunning trolley end stops on the bridge girder; and portal and container crane
end stops on the rail support structure. End stops for underrunning crane
bridges, trolleys, and hoist/trolley units should be bolted to the girder web.
VWhen two crane conponents or structures are on the same bridge, runway, or track
and are expected to contact each other during normal operations, one of them
shoul d have solid stops in |ieu of matching bunpers.

End stops which are used as integral “forks” or safety devices of track
i nterlocks (usually on underrunning cranes) normally are designed to contact the
wheel tread rather than the bunper. The forks are pivoted to the
bl ocki ng position when its nonorail track is not interlocked with another and
pivoted to the open position when the tracks are interlocked to permit the bridge
or trolley to transfer fromone track to the other

