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Tower cranes are used extensively on construction projects. All lifting
operations must be carried out in a safe manner. Collapse of acrane is a
principal hazard: crane collapse incidents present significant potential for
multiple fatal injuries, both on and off-site.

Slewing motors are used on tower cranes to control their rotation. They
feature a slewing brake which prevents the crane from rotating

unintentionally during a lifting operation. When the crane is left out of

service, the slewing brake must be released so that the crane can weather
vane, or rotate and Afree slewd in the
is aligned with the prevailing wind direction. This prevents the crane jib from
being subjected to wind forces larger than it is designed to withstand.

The Health and Safety Executive has investigated a number of incidents in
recent years where the slewing brake had either not been released or was
only partially released when leaving the crane out of service, leading to
catastrophic damage of the crane structure.

This report examines the main causal factors of these incidents, the
different types of slew brakes, their operation, ease of use and maintenance.
The report aims to inform users and standards makers of the issues
identified in order to reduce the likelihood of future incidents associated
with the slew brake during extreme wind conditions acting on out of service
tower cranes.

This report and the work it describes were funded by the Health and Safety
Executive. Its contents, including any opinions and/or conclusions expressed, are
those of the authors alone and do not necessarily reflect HSE policy.
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Key Messages

Slewing motors are used on tower cranes to control their rotation. They feature a slewing

brake which prevents the crane from rotating during a lifting operation. When the crane is

left out of service, the brake must be released such that the crane can weather vane, or

rotate and Afree slewo0 in the directheon of th
prevailing wind direction. This prevents the crane jib from being subject to wind forces

larger than it is designed to withstand.

A number of incidents have occurred in recent years whereby the crane suffered structural
failure due to wind loading. In each case the crane had been unable to free slew due to the
brake being left on or partially released. Usually poor maintenance of the slewing brake
and free slew mechanism, or confusion from the crane driver about the operation of the
slewing brake and free slew mechanism, was found to be the cause of these incidents.

There are many different slewing brakes used in the crane industry, and many different

free slew mechanisms (the method by which the brake is permanently released). The aim

of this report is to critically review slewing brake systems in current use on cranes,
identifying foreseeable failure modes and key
future revisions of BS EN 14439 fACranes. Safe
tower cranes.

Seven slewing brake designs and 11 free slew mechanism designs were found during site
Visits to crane operators. Their principles of operation and maintenance procedures have
been identified and their designs have been analysed and compared against one another.

Slew brakes and free slew mechanisms examined all incorporated positive and negative
features.

Positive features included:

1 Addressing some designs to enable simpler, less complex setting, adjustment and
maintenance procedures;

1 Incorporating sealing arrangements to prevent the ingress of moisture to components
and mechanisms.

Negative features included:

1 Some designs allowed for the potential for the slew brake to be left on or in an
indeterminate position with no indication to the operator;
1 Reliance on manual techniques only to put the brake into operation and free slew.

Four out of five incidents in which slew brakes or free slew mechanisms had been a factor
involved a manual only (no electrical release) threaded rod and hand wheel free slew
mechanism to engage/release the slew brake.



Executive Summary

Background

The Health and Safety Executive (HSE) has investigated a number of incidents in recent
years where the slewing brake had either not been released or was only partially released
when leaving the crane out of service, leading to catastrophic damage of the crane
structure. Usually poor maintenance of the slewing brake and free slew mechanism, or
confusion from the crane driver about the operation of the slewing brake and free slew
mechanism, was found to be the cause of these incidents.

A tower crane consists of a fixed (stationary) vertical mast topped by a rotating structure
that includes the jib and counter jib. Rotation or slewing of the top part of the crane is
usually achieved by one or more slewing motors acting via gearboxes onto a large
horizontal bearing or slewing ring attached at the top of the mast section.

Slewing brakes are fitted to the slewing motors to prevent the unintentional rotation or

slewing of the tower crane during a lifting operation. They do this by applying friction to

resist the rotation of the slewing motor. When the crane is left out of service, the slewing
brake must be released to allow the crane to
the direction of the wind. This prevents the crane structure being subject to wind forces

greater than they are designed to withstand.

There are many different types of slewing brake used in the crane industry, and the market

is complex. Whilst tower cranes are designed to the product standard BS EN 14439
ACranes. Safety. Tower Craneso; this does not
slewing brakes. Although many types of slewing brake used in industry share a similar

principle of operation, there is also inconsistency in how they function. This includes: how

the brake is applied; method of free slew; feedback of the status of the brake to the crane

driver; and the level and ease of maintenance procedures.

Crane manufacturers generally purchase the slewing brakes from a third party, either

integral to the slewing motor or as a separate component. Brakes may not be the same

type across one manufacturerdéds model range, a
models can share the same type of brake.

Aims

The aim of this project is to critically review slewing brake systems in current use on

cranes, identifying foreseeable failure modes
input to future revisions of BS EN 14439:2006. HSE have identified the following

objectives in order to meet this aim:



1 Establish contacts with UK tower crane operators and visit a representative selection of
operators/suppliers;

Identify which slewing brake designs and systems are currently used on cranes;
Review recent accidents and incidents reported to HSE;

Critique the designs and systems, and in doing so identify foreseeable failure modes;
Comment on the maintainability of existing designs and systems (i.e. can they be easily
maintained in an efficient state);

1 Make suggestions for any improvements.
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This work covers slewing brakes for tower cranes in use within the UK. However, whilst BS
EN 14439 only covers the design of tower cranes, many of the slewing brakes used on
self-erecting cranes are similar, so this research can also be applied to self-erecting
cranes.

Method

The project began in January 2016, and this report was completed in September 2018. It
was conducted in four stages:

Stage 1 - Review of previous incidents;
Stage 2 - Tower Crane operator visits;
Stage 3 - Mechanical Assessment;
Stage 4 - Analysis.

= =4 =4 A

Outcomes

Seven slewing brakes and 11 free slew mechanisms were found during site visits to crane
operators. Their working principles and maintenance procedures have been identified,
adding to HSE®d6s knowledge pool

Slew brakes and free slew mechanisms examined all incorporated positive and negative
features.



Positive features included:

1 Addressing some designs to enable simpler, less complex setting, adjustment and
maintenance procedures;

1 Incorporating sealing arrangements to prevent the ingress of moisture to components
and mechanisms.

Negative features included:

1 Some designs allowed for the potential for the slew brake to be left on or in an
indeterminate position with no indication to the operator;
1 Reliance on manual technigues only to put the brake into operation and free slew.

Four out of five incidents in which slew brakes or free slew mechanisms had been a factor
involved the manual only (no electrical release) threaded rod and hand wheel free slew
mechanism to engage/release the slew brake.

Technical recommendations

1 Free slew mechanism designs should all feature a method of sending an electronic
signal to the drivers cab confirming that the brake has been released and therefore the
crane can free slew. More specifically, this should detect the movement of the mobile
armature away from the brake disc rather than the movement of other components in
the mechanism. This reduces the risk of error due to incorrect set up.
1 Free slew mechanisms should automatically reapply the brake as the crane is powered
on, to eliminate the risk of using the crane without a brake.
1 Free slew mechanisms should be two-position i.e. on or off and it should not be
possible to | eave them in an fAindeterminatec

Slewing brakes should feature seals covering all exposed openings to the braking surfaces
to reduce debris and moisture entering the brake and diminishing its performance.
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1 Introduction

1.1 Background

A tower crane consists of a fixed (stationary) vertical mast topped by a rotating structure
that includes the jib and counterjib. Rotation or slewing of the top part of the crane is
usually achieved by one or more slewing motors acting via gearboxes onto a large
horizontal bearing or slewing ring attached at the top of the mast section.

Slewing brakes are fitted to the slewing motors to prevent the unintentional rotation or
slewing of the tower crane during a lifting operation. They do this by applying friction to
resist the rotation of the slewing motor. When the crane is left out of service, the slewing
brake must be released to allow the crane
the direction of the wind. This prevents the crane structure being subject to wind forces
greater than they are designed to withstand.

The Health and Safety Executive (HSE) has investigated a number of incidents in recent
years where the slewing brake had either not been released or was only partially released
when leaving the crane out of service, leading to catastrophic damage of the crane
structure. Usually poor maintenance of the slewing brake, or confusion from the crane
driver about the operation of the slewing brake was found to be the cause of these
incidents.

There are many different types of slewing brake used in the crane industry, and the market
is complex. Whilst tower cranes in Europe are designed to the product standard BS EN
14439:2006+A2:2009; this does not currently include design requirements for slewing
brakes. Although many types of slewing brake used in industry share a similar principle of
operation, there is also variation in how they function. This includes: how the brake is
applied; method of free slew; feedback of the status of the brake to the crane driver; and
the level and ease of maintenance procedures.

Crane manufacturers generally purchase the slewing brakes from a third party, integral to
the slewing motor or as a separate component. Brakes may not be the same type across
one manuf act ur e althosgh diffecbiet manufactrgre and models can share
the same type of brake.
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1.2 Aim and objectives

The aim of this project is to critically review slewing brake systems in current use on
cranes, identifying foreseeable failure modes and key maintenance issues to inform HSE
and HSE have identified the following objectives for this project:

1
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Establish contacts with UK tower crane operators and visit a representative selection of
operators/suppliers;

Identify which slewing brake designs and systems are currently used on cranes;
Review recent accidents and incidents reported to HSE;

Critique the designs and systems, and in doing so identify foreseeable failure modes;
Comment on the maintainability of existing designs and systems (i.e. can they be easily
maintained in an efficient state);

Make suggestions for any improvements.

This work covers slewing brakes for tower cranes in use within the UK. However, whilst BS
EN 14439:2006 only covers the design of tower cranes, many of the slewing brakes used
on self-erecting cranes are similar, so this research can also be applied to self-erecting
cranes.

The work for the project was carried out by members of the Mechanical Engineering
section at the HSE Science Division Science and Research Centre, Buxton Derbyshire.
The project began in January 2016, and this report was completed in September 2018. It
was conducted in four stages:

= =4 =4 =

Stage 1 - Review of previous incidents;
Stage 2 - Tower Crane Operator visits;
Stage 3 - Mechanical Assessment;
Stage 4 - Analysis.
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2 Methods

2.1 Stage 1: Review of previous incidents

Previous incidents involving tower cranes were reviewed to gain more knowledge on the

nature and frequency of slewing brake failures in the UK. Accident statistics were
requested from HSEOG6s Statistics anBRepdeipgoll e mi ol
Injuries, Diseases and Dangerous Occurrences Regulations 2013) reportable incidents

involving tower and self-erecting cranes since 2009. The results were provided via a

spreadsheet, which contained free-text comments describing the event written by the

person reporting it. The events obtained by H
Craneo -bBrectinj SEFtanedc. A search was then conduct
those results, to find which of those contain

A similar analysis was perfor me€orponate dat a obt a
Operational Information System) database. This provided information on incidents that

HSE had been directly involved in. Whilst it was less extensive, the free-text comments

provided greater detail on the root cause of the incident.

Finally, reports produced by HSE SD on incidents involving cranes have been reviewed.
Those which identified slewing brakes as being attributable to the incident have been
summarised for this report.

Many sources have been used to gather information for this report, including from visits to
crane operators, and manuals/literature provided during those visits. In an effort to
anonymise this report, the sources have not been referenced.

2.2 Stage 2: Operator visits

In order to gain an understanding of the range of slewing brakes used in the UK crane
industry, a number of site visits were arranged to tower crane providers. These companies
are responsible for maintaining and sometimes operating cranes across major construction
projects. Six were chosen to give a good representation of the slewing brakes market, on
the basis of technical benefit; type and make of fleet; and ongoing involvement with HSE:

1 Northern based company with a fleet of over 200 flat-top or luffing-jib cranes from
predominantly one major European tower crane manufacturer;

1 Eastern based company with a fleet of approximately 100 flat-top, luffing-jib and
articulated cranes tower cranes;

1 Large building services provider who are the UK distributor for a major European tower
crane manufacturer;
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1 Midlands based company with a fleet of over 80 top-slewing and self-erecting cranes
from one major European tower crane manufacturer;

1 London based operator with a diverse range of luffing-jib, flat-top, and self-erecting
cranes from at least four European and International tower crane manufacturers;

1 Civil Engineering company who operate their own range of tower cranes from one
major European tower crane manufacturer.

These visits were conducted over one to two days depending on the number and range of
slewing brakes each company had. HSE SD staff met with experienced crane
maintenance engineers who demonstrated the various slewing brake systems in their fleet.

A checkilist of information, which can be seen in the Appendix 1, was prepared prior to the
visits and used as a starting pointtodrawfrome ngi neer sd knowl edge and
main points addressed during each visit were:

Make and model of cranes in the fleet, and number of each;

Type of the slewing brakes installed on these cranes and number of each;
How each type of slewing brake functions;

How each type of slewing brake is maintained;

Common faults and maintenance issues experienced.

== =4 =4 4 A

Information was recorded using a combination of note taking, photographs and video
capture throughout the visits. The companies provided slewing brake manuals and in
some cases used examples of slewing brakes to use in stage 3 of the project.

2.3 Stage 3: Mechanical assessment

In order to gain a greater understanding of the working principles of different slewing brake
mechanisms, various slewing brakeswerer ever se engineered in HSE
laboratory. In addition to two used slewing brakes obtained during the site visits, three

brand new systems were purchased through crane operators. The brakes which were

purchased for this stage of the project were chosen because they were more typical, or

their working principle was not fully understood during stage 2.

Each system was examined in detail, dismantling each component until they could not

reasonably be taken apart any further. Detailed notes were taken, observing the function

of each part. These notes were then used to reassemble the brake, and manuals obtained
during the site visits were used to set up th
instructions. Phot ography st afvites@IS)Jdeam HSEG6 s Ad
documented the process.
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2.4 Stage 4: Analysis

The information gathered during stages 1, 2, and 3 was reviewed, in order to assess the
design, construction, and foreseeable failure modes of each system. Their ease of use,
level and complexity of maintenance required was also considered (i.e. could they be
easily maintained in an efficient state?).

15



3 Slewing Brake Designs

To understand the range of slewing brake systems that are used in the UK industry, it is
best to separate between:

1 Slewing brake designs i.e. how they provide a braking moment and in-service
operation; and

1 Free slew mechanism designs i.e. how the brakes are placed out of service
(automatically or manually) to allow the crane to weathervane.

Whilst some brake designs and free slew designs are designed to only work with one
another, one brake design can be used with multiple free slew designs, and vice versa.
The matrix in Appendix 2 shows the various combinations of brakes and free slew systems
that were encountered during the site visits. Some brakes and free slew designs are
copied by various manufacturers and therefore can be produced with different materials
and levels of quality.

As manuals obtained during the site visits are generally produced by crane operators
rather than slewing brake manufacturers, they tend to apply to a single type of crane that
features a specific combination of in-service brake and free slew design. For a single type
of brake or free slew mechanism, the level of detail given in each crane manual was
inconsistent. Therefore, a combination of manuals from various sources have been used in
this report to describe a particular design of brake or free slew mechanism.

3.1 Brake designs

Seven distinct slewing brake designs were encountered during the site visits, which have
been designated SB1 i SB7 for the purpose of this report. Most of these designs have the
same fundamental components that can be described in generic terms; following this each
design will be discussed in further detail.

A generic slewing brake can be seen in Figure 1. It consists of a hub, brake disc, mobile
armature, springs, and electromagnet. The brake disc is connected to the shaft of the
slewing motor via a toothed or keyed hub and rotates as the shaft rotates. It is usually
covered on both sides with a frictional material, called a brake lining. Springs force the
mobile armature down against the brake disc, trapping it against the motor housing. This
force causes friction between the lining on the brake disc, and the opposing surfaces and
prevents the motor from rotating.

16



ELECTROMAGNET

—_ MOBILE ARMATURE

BRAKE DISC

MOTOR

Figure 1 Generic slewing brake schematic

The slewing brake is disengaged by powering the electromagnet. This attracts the

magnetic mobile armature, which moves upwards and releases the pressure on the brake

disc. This allows the motor shaft to turn freely. When the motor rotates the brake disc is

free to turn, and there is minimal friction against the motor housing. When the

electromagnet is de-energised, the brake automatically reapplies as the mobile armature
returns under the force of thendpraisngh.e Dhake
engage in the event of a power failure.

The amount of braking moment applied by the slewing brake is dependent on the force
applied to the mobile armature by the springs. This is dependent on the stiffness,
compression, and number of springs used. Most brakes feature a method of changing the
braking moment by altering the compression of the springs. This allows the same brake to
be used on different sizes of crane and variable jib lengths. Larger cranes have slewing
brakes with a greater braking moment, as they are required to resist greater wind forces
acting on the jib.

Many of these components are subject to wear during the working life of the brake and
need replacing. The electromagnet can lose its magnetic pull, meaning that it may fail to
release the brake. The springs can lose their stiffness, reducing the force they apply and
therefore the braking moment. The brake disc material wears each time the brake is
applied when the motor is moving, and needs replacing once it reaches a minimum
thickness so that braking performance is not compromised. If moisture can get inside the
brake it can cause rust and corrosion on components, which can seize the brake and
prevent it from releasing. To avoid this the brake should be cleaned regularly.

17



The -diapd is the distance
the brake is engaged, and is adjustable. As the brake disc wears and becomes thinner, the
mobile armature moves down and the air gap increases. It must be maintained at a value

specified by the manufacturer to ensure the correct operation of the brake. If the air-gap is
too large, the electromagnet may not be able to attract the mobile armature. Consequently,

b et the @dectromdyreet wimemb i | e

the brake may not fully release, and the electromagnet may undergo a reduction in
performance over time. If the air gap is too small, the brake may drag even when the
electromagnet attracts the mobile armature. The brake would not be released during a
slewing operation, and the friction lining would wear more quickly.

3.1.1 SB1

Slewing Brake SB1 featured on approximately 27% of the cranes encountered during the
site visits. Figure 2 shows a schematic of the brake, whilst Figure 3 shows it in situ on the
slewing motor, observed during the site visits.

17 22 8
0 > 16
// \\ 9
3 2) . 18
*r— 6
! 3 ' 10
19 LN 1 P 1
] 20
2 U_ 15
’ =41 : ;
M _ | ~— 12
o 14
i (& 5
13
Parts: 1  |ocking lever 9 feather key 17  ventilator
2 tension lever 10 magnet part compl. 18 wind vane position
3 locking pin 11 magnet 19 cylinder bolt
4 manual release lever 12 anchor disk M 8 x 85 DIN 912-8.8
§ fixing bolt 13 rotor 20 locking ring
6 cover 14 flange 21 O -Ring
7 screw plug 15 tooth hub 22 motor shaft
8 sealing cap 16 locking ring SW 17 mm

Figure 2 Schematic of SB1 Slewing Brake
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Manual release mechanism

Figure 3 SB1 Slewing brake in situ on slewing motor, with manual free slew mechanism
engaged. The locking pin was missing from this unit

When the slewing brake is assembled to the motor by tightening the thee cylinder bolts
(19), springs located between the mobile armature (anchor disc, 12) and electromagnet
(11) are compressed, trapping the brake disc (rotor, 13) between the mobile armature, and
motor flange (14). The motor shaft is prevented from turning as it is connected to the brake
disc via a toothed hub (15). To release the brake, the electromagnet is energised which
attracts the mobile armature against the force of the springs. This therefore releases the
pressure on the brake disc and allows the motor shaft to turn freely.

3.1.1.1 Maintenance

The manual states that the brake should be checked each time the crane is assembled or
at least once a year. This consists of checking the brake disc lining condition and
thickness, as well as the air gap. The braking moment provided by the slewing brake is
pre-adjusted by the manufacturer and cannot be modified i the manufacturer provides
different sized brakes depending on the size of the crane.

The air gap (Figure 4) is checked by removing the cover (6), exposing the brake. The
screw plug (7) is then removed, giving access to the air gap. Abrasion should then be
removed (i.e. loose brake material from brake wear) before a feeler gauge is used to
measure the air gap. The manual obtained during the site visits states that the air gap
between the mobile armature and the electromagnet should be between 0.5 and 0.8 mm.
However, it is possible that these values could differ for different sized brakes of the same
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design. If the air gap has reached its maximum value, the brake disc should be changed.
Some engineers record the size of the air gap and date checked on the side of the slewing

brake.
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Figure 4 Schematics showing location of screw plug (7) and air gap

The brake disc is changed by disassembling the cover, ventilator, tacho generator and
fixing bolts (19). The slewing brake can then be removed (Figure 5), along with the brake
disc. The tooth hub (15) and mating braking surfaces on the mobile armature and motor
flange should also be checked for wear. If wear is present on the tooth hub, it should be
replaced. If wear is present on the mobile armature or motor flange, this indicates the
electromagnet is worn and the entire slewing brake should be replaced.
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Figure 5 Removal of SB1 slewing brake showing brake disc and tooth hub

Before reassembly, the brake and motor flange should be cleaned to remove loose brake
material, as well as ensuring all surfaces are free from oil and grease. An O-ring (21) is
situated between the motor flange and electromagnet to ensure moisture and debris does
not enter the brake surfaces. The condition and placement of the O-ring should be
checked and replaced if necessary. The slewing brake should then be placed back onto
the motor and secured with the three fixing bolts to a specified torque.

Following maintenance, the brake is tested to confirm it is operating correctly. To confirm
the brake has been released, the motor shaft has a hexed section (22) accessible through
the cover. This can be used to turn the motor with a 17 mm spanner to confirm the brake is
not dragging.

A mechanical brake test can also be performed by slewing the crane at its maximum
speed, before pressing the emergency stop button. The brake should engage, stopping
the crane after a short time and also hold the crane safely at a standstill. On a luffing crane
the test should be performed with the jib at its maximum radius to give the greatest turning
moment at the slewing ring.

21



If the brake does not operate correctly during this test, it can be due to the any of the
following reasons:

Brake linings are not free from oil or grease;

Brake linings are worn;

Air gap too large meaning springs compress less, and provide a smaller braking force;
Electrical troubles meaning the electromagnet is still powered after emergency stop is
pressed.

== =4 =4 =

Alternatively, the brake may not open due to the following reasons:

1 Brake disc is frozen against motor flange due to a combination of cold weather and
moisture;

1 Air gap too small due to securing bolts (19) being over-tightened,;

1 Mobile armature is distorted causing brake drag;

1 Power supply to electromagnet is interrupted.

3.1.1.2 Design analysis

The SB1 brake has a simple design, and basic maintenance procedures. The air gap is
not adjustable, which means that the brake disc has a shorter usable life than other
systems. This would lead to increased costs for the operator. However, this eliminates
room for error when adjusting the air gap, and allows the design to fully enclose the brake
surfaces. This prevents moisture and debris from entering the brake surfaces, and the
brake would not wear as quickly.

There are many factors which could cause a reduction in braking torque:

1 The braking force applied by the springs would reduce as the brake disc wears and the
air gap increases, causing them to expand,

1 The springs may lose their stiffness over time due to creep or relaxation;

1 Moisture/grease on the braking surfaces.

There is no method of altering the braking moment to compensate for this, as the braking
torque is already set by the manufacturer. This could reduce the working life of the brake.

3.1.2 SB2

Slewing brake SB2 (Figure 6) is a predecessor to SB1 and is produced by the same
manufacturer. However, SB26s are much | ess <co
slew mechanism were reported by end users. The automatic free slew mechanism was

therefore decommissioned, and the manual mechanism is now used to activate free slew

on these models.
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Figure 6 Schematic of SB2 slewing brake

3.1.2.1 Maintenance

SB2 requires the same maintenance procedures as described for SB1. However, whilst
the air gap on SB1 is non-adjustable - simply replacing the brake disc when the air gap
became too large i the air gap on SB2 can be adjusted. Once it reaches a maximum value
specified by the manufacturer, the air gap is adjusted back to a minimum value. The air
gap can be readjusted several times until the brake disc reaches a minimum thickness, at

which point it is replaced.

The air gap adjusting mechanism can be seen in Figure 7. In order to adjust the air gap
and measure the thickness of the brake disc, this area of the mechanism is accessible on
all sides by removing the dust protection ring. To reduce the air gap, the hexagon screws
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(9) which fix the slewing brake to the motor should be loosened one turn. The adjustment

sleeves (10) should be screwed in half a turn, before the hexagon screws are re-tightened
with a torque wrench. Turning the adjustment
Figure 7 to allow the hexagon screws to be tightened further and hence close the air gap.

The air gap should then be checked in three places with a feeler gauge and re-adjusted if
necessary.
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10 - ‘]:Jl Z
813 i L

11

Figure 7 Schematic showing air gap adjustment

3.1.3 SB3

Slewing brake SB3 is shown in Figure 8. The brake resists the motor from rotating by
applying friction to the brake disc (2), which is connected to the motor shaft via a hub. The
brake ring (4) has a fixed brake lining (7) attached to it which bears against the brake disc,
under the force of a spring (6). The underside of the brake disc either bears against a
second brake lining, or the motor shaft bearing depending on the design variant. The
mobile armature (3) is fixed to the brake ring, and is positioned between the brake ring and
the electromagnet (5). Both the brake ring and mobile armature cannot rotate, but can
move axially.
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Figure 8 Schematic of SB3. (1) Brake housing, (2) brake disc, (3) mobile armature, (4)
brake ring, (5) electromagnet, (6) spring, (7) brake lining

To release the brake, the electromagnet (5) is energised, which attracts the mobile

armature and brake ring together. This removes the pressure from the brake disc, allowing

it to turn freely. When the electromagnet is de-energised the mobile armature and brake

ring return under the force of the spring, me

3.1.3.1 Maintenance

The air gap between the mobile armature and the electromagnet on a SB3 slewing brake
increases as the brake lining wears and should be maintained to a specific value. It should
be adjusted during regular preventative maintenance, or when the brake is deemed to not
be operating correctly. For example if the brake cannot be released, the air gap may have
grown too large meaning the electromagnet cannot attract the mobile armature fully.

Figure 9 shows an image of a SB3 slewing brake with the electromagnet removed. The
position of the mobile armature relative to the brake ring can be adjusted by turning the
mobile armature about its centre. Doing this causes it to move up or down on a thread
which is part of the brake ring. The mobile armature features an array of equally spaced
holes around its edge, which are used to help set the air gap of the SB3 slewing brake.
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Figure 9 SB3 slewing brake with electromagnet removed
The method of resetting the air gap is shown in Figure 10:
A

The cover is removed, giving access to the screw (2) and outer edge of the mobile
armature (3)

B

The screw is removed and the mobile armature is wound anticlockwise with a long
screwdriver until it touches the electromagnet (4)
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C

The bolt is placed back through the electromagnet to rest on the top surface of the mobile
armature. The mobile armature is then rotated clockwise with a long screwdriver. Each
time one of the holes on the mobile armature passes underneath the screw, the screw
drops down. This is repeated until the desired number of holes has passed i normally
between three and five.

D

The screw is locked in place in the last hole to prevent the mobile armature from turning
further, and the cover is replaced.

Figure 10 Schematic of SB3 slewing brake showing air gap adjustment
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The braking moment is normally pre-set by the brake manufacturer for use on a particular
crane. However, it can be adjusted so that the brake can be adapted for use on different
sizes of crane. It is done by increasing or decreasing the compression of the spring by
turning the adjusting nut (dimension A in Figure 11):

1. Correctly adjust the air gap;

2. Measure the dimension between the outer part of the brake ring and the edge of the
electromagnet with a ruler;

3. Use chart provided in motor manual to find the required value of dimension A, to
achieve the desired braking torque by using the value of dimension B;

4. Loosen locknut beneath adjusting knob (26), before turning adjusting knob to achieve
desired value of A.
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Figure 11 Schematic of SB3 showing adjustment of braking moment
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Figure 12 shows the underside of the brake ring for slewing brake SB3. The brake lining in
the image is secured with rivets T the brake disc should be replaced before the rivets are
exposed to prevent scoring on the rotor. Some other brake linings are secured with
adhesive. If the brake ring no longer provides adequate braking moment, it is often due to
the brake lining becoming too worn. None of the manuals obtained during the site visits
specify a minimum thickness for the brake lining for this type of brake.

Figure 12 Underside of brake ring for slewing brake SB3. The brake lining is secured with
rivets

3.1.3.2 Design analysis

Grime can accumulate on the adjustment plate of slewing brake SB3. This must be
cleaned during maintenance as it decreases the air gap, and consequently the brake disc
does not lift away from the rotor adequately. In addition, this adds more strain to the
electromagnet causing it to attract the mobile armature unevenly. This results in uneven
wear on the brake disc and causes the electromagnet to wear more quickly.
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During readjustment of the air gap, it is possible to miss a hole as the mobile armature is
spun. This results in too large an air gap, and the electromagnet may not be able to
release the brake completely.

The brake disc should fAfloato axially when th
due to centripetal force. When the crane is left stationary for too long (e.g. over a

weekend), the brake disc can rust to the motor shaft causing it to stick. This would resist

the crane from free slewing whilst out of service. A glue-like paste can also build up in this

area, produced from a combination of moisture & worn brake material causing further

sticking. The brake should be kept clean and dry to prevent this from happening.

One crane operator provided a used example of slewing brake SB3 to take away. The
crane driver had reported that the brake was dragging. To fix this the air gap was reset
using the pin drop method. However, this did not solve the problem and the brake began
to drag again. The brake was disassembled to find the cause of the problem. A failure was
found across the central thread attached to the brake ring (Figure 13). This allowed the
brake disc to drop when the mobile armature was attracted towards the electromagnet,
and this resulted in the brake dragging.
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Figure 13 Failure on brake ring thread of slewing brake SB3

It is possible that the failure could be due to stresses induced in the thread during the in-
service movement of the brake ring and mobile armature. If the brake disc does not run
smoothly up and down due to friction as the brake is operated, the central thread would
have to withstand large forces.

The brake ring is located by three lugs which move up and down inside channels in the
motor housing as the brake is operated (Figure 14). These channels can build up dust,
which can prevent the brake from being released, adding further strain to the
electromagnet. They must be kept clean with sandpaper or similar to ensure the brake
runs smoothly.
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Figure 14 Brake disc locating lug inside channel on the motor housing

The brake lining on the brake ring can either be secured with rivets or glue, depending on
the manufacturer. Some operators reported problems with glued brake linings, as they
separated from the brake ring and lost their braking effect. Some operators reported no
problem with glued brake linings, which suggests it is dependent on the manufacturer and
type of adhesive used. Using rivets to secure the brake linings is more reliable; however,
the useful depth of brake material is limited to the depth at which the rivets protrude. If the
brake linings are not monitored regularly then the rivets can become exposed and cause
damage to the opposing brake disc surface.

It is common for the brake disc surface to become worn through normal use, developing
ridges on its outer edge. This results in poor contact with the brake ring, and consequently
a loss in braking moment. If this occurs, the brake disc should be replaced.

To perform maintenance on the braking surfaces and check for abrasion, the
electromagnet must be removed. As a result, the cable that supplies power to the
electromagnet is subject to wear every time maintenance is carried out i it is difficult for
the engineer to perform maintenance on the brake whilst simultaneously holding the
electromagnet. The rubber perishes easily and needs to be replaced.
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The air gap adjustment for the SB3 is one of the simplest methods observed across all of
the slewing brake types. The air gap should be even at all points around the mobile
armature and electromagnet. As the mobile armature is adjusted by turning it around a
single central thread, there is no way of adjusting its inclination relative to the
electromagnet. This simplifies the adjustment for the engineer carrying out the
maintenance, who does not have to monitor whether the air gap is even around the
circumference. However, if there is play in the mobile armature thread it would be able to
move, causing an uneven air gap. Due to the design, there is no way of fixing the
inclination in place. This could potentially cause the electromagnet to wear unevenly.

3.1.4 SB4 and SB5

A SB4 slewing brake is shown in Figure 15. It is similar in design to slewing brake SB2. It
has a double-sided brake disc which is connected to the slewing motor shaft via a toothed
hub. The brake disc is squeezed between the motor flange and a mobile armature by a set
of springs. The brake is disengaged by powering an electromagnet, which attracts the
mobile armature thus allowing the brake disc to turn freely.

Electromagnet

& Fixing bolt

Manual release lever

Mobile armature

~ ——— Adjusting sleeve
Sealing ring - . /

Brake disc

Gearbox housing|f

Figure 15 SB4 slewing brake in situ within motor
3.1.4.1 Maintenance

There are a number of maintenance procedures that can be carried out to improve the
effectiveness of the brake, if it is not performing satisfactorily. The air gap must be
checked and adjusted to remain within acceptable limits defined by the manufacturer. This
is done by removing the sealing ring, loosening the three fixing bolts attaching the slewing
brake to the motor, and turning the adjusting sleeves before retightening the fixing bolts. It
is the same process as described for slewing brake SB2.
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The brake disc must be replaced when it reaches a minimum thickness defined by the
manufacturer. As the slewing brake is situated between the motor and gearbox, the motor
must be disassembled before the slewing brake can be removed in order to replace the

brake disc.

Some SB4 brakes feature a manual release lever which is part of the free slew
mechanism. It is connected to the mobile armature by two bolts either side of the
el ectromagnet. The
which is the gap between the bolt head and bottom surface of the mobile armature when
the brake is applied. The value for the manual release air gap is specified in the manual.
The correct adjustment of this gap ensures that the mobile armature fully rests on the
brake disc when the brake is applied, rather than straining the bolts connected to the
manual release lever.
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Figure 16 Schematic of SB4 slewing brake showing adjustment procedures
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The force that causes the braking moment is applied by springs compressed between the
mobile armature and the braking moment adjusting ring. Turning the adjusting ring
clockwise compresses the springs further and therefore increases the force the springs
apply to the mobile armature and brake disc. As the brake disc wears and the air gap
increases, the springs expand and therefore the braking moment reduces. The adjusting
ring is pre-set by the brake manufacturer such that the brake always provides an adequate
braking moment as the air gap increases from its minimum to its maximum value.

The braking moment must be reset when the electromagnet is replaced, as the
replacement part would be generic and not pre-set to work with a particular motor or
crane. The braking moment is set (Figure 17) by turning the adjusting ring with a hook
spanner to achieve a specified gap between the adjusting ring and electromagnet. The
gap is measured using a feeler gauge.

0BFK458040

Figure 17 Adjusting the braking moment of SB4 slewing brake. (a) Adjusting ring, (b) feeler
gauge, (c) hook spanner

Slewing brake SB5 is shown in Figure 18. It is very similar to SB4 i the only difference

being that it lacks flat sections on either side for connection of a manual release lever or
rods. Instead, a single threaded rod is attached to the centre of the mobile armature and
runs through the centre of the electromagnet. This is used to apply the free slew release.
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Figure 18 3D Schematic of slewing brake SB5
3.1.4.2 Design analysis
The following points apply to both SB4 and SB5.

The electromagnet can deteriorate during its life, losing its ability to release the brake over
time. A faulty electromagnet can be identified when the brake is failing to release
completely, and no other factors have been identified. Often, the electromagnet vibrates as
it struggles to lift the brake. Certain factors make the electromagnet deteriorate more
quickly, such as:

i The air gap is too large;

i The air gap is uneven;

1 The surfaces between the electromagnet and mobile armature have dirt/corrosion
which interfere with the magnetic field;

1 Rust and corrosion resist axial movement of the mobile armature.
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3.1.5 SB6

Figure 19 and Figure 20 show slewing brake SB6. It features a double sided brake disc
(3), which is clamped between the motor housing and the mobile armature (2). The brake
is secured to the motor by three bolts 1201 apart, which pass through the electromagnet
(1), and mobile armature before terminating in the motor housing. The brake is released by
powering the electromagnet (1) which attracts the mobile armature, and releases pressure
on the brake disc allowing it to turn freely. The brake reapplies under force of the springs
when the electromagnet is de-energised. The release rod connects the armature plate to
the free slew mechanism.
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Figure 19 Schematic of slewing brake SB6. (1) Electromagnet, (2) mobile armature, (3)
brake disc, (4) hub, (5) torque springs, (6) torque adjusting nut, (7) O-ring, (8) bolts, (9) air-
gap adjusting nut, (10) nut for locking electromagnet
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Figure 20 Slewing brake SB6
3.1.5.1 Maintenance

The braking moment arises from the force applied to the mobile armature by compressed
springs on each of the three bolts. The springs are compressed between the mobile
armature and an adjusting nut. The braking moment can be adjusted by turning these nuts
such that they are a specified distance from the mobile armature. The manufacturer
provides data which relates this distance to a desired braking torque.

Once the brake has worn enough for the air gap to reach a maximum value, it must be
adjusted back to the minimum value, which is specified by the manufacturer. The air gap is
adjusted by turning the three air-gap adjusting nuts on each bolt to raise or lower the
electromagnet, whilst simultaneously measuring the air gap using feeler gauges. Once the
brake lining has worn by 3 mm, the brake disc should be replaced. The teeth of the hub
and brake disc should also be checked to ensure they are not worn. If there is any play
between the two components, they should be replaced. Failure to do this could result in
the teeth breaking, and failure of the brake.

3.1.5.2 Design analysis

One of the disadvantages of slew brake SB6 is that there are no seals around the braking
surfaces to prevent moisture from entering and causing corrosion. This could cause the
moving components to rust more quickly, and cause the brake disc to rust to the motor
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shaft. This would make it more difficult to release the brake and cause resistance when the
crane is in free slew.

The air gap adjustment and torque adjustment are very simple when compared with other
designs. As the bolts and springs which are used to adjust the air gap and braking moment
are on the outside of the brake, the role of each component in the system is clearer and
the maintenance procedures could be well understood by an engineer without necessarily
needing a set of instructions. This could lead to fewer mistakes.

3.1.6 SB7Y

Slewing brake SB7 is shown in Figure 21. Whilst it contains many of the same
components as the other sl ewipmsg dber adkoewsn,0 timey
comparison. The electromagnet (2) is situated lowest down on the motor shaft. Springs

force the mobile armature (3) upwards against the brake disc (4) which is connected to the

motor shaft through a hub. The brake disc body features fins, so it acts as a fan when it

spins - this helps cool the motor. When the electromagnet is powered it attracts the mobile
armature down, and allows the brake disc and motor shaft to turn freely. When the

electromagnet is de-energised the mobile armature returns under the force of the springs,
reapplying the brake.
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Figure 21 Slewing brake SB7. (1) Cover, (2) electromagnet, (3) mobile armature, (4) fan
with brake disc, (5) nyloc nut, (6) encoder support
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Figure 22 shows slewing brake SB7 in the on position, i.e. with the electromagnet not
powered and springs forcing the mobile armature in the up direction against the brake
disc/fan.

T
Brake disc/fan grammed
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'

Mobile armature jeamps

Electromagnet A‘—>

Figure 22 SB7 Slewing brake on
3.1.6.1 Maintenance

The air gap must be adjusted to ensure it remains within the limits defined by the
manufacturer. The adjustment is performed during preventative maintenance, or when
braking performance is diminished due to brake lining wear. The procedure (Figure 23) is
performed as follows:

Unscrew the four fixing screws;

Remove the cover;

Remove the O-ring seal,

Checktheairrgap fneo0 using a feeler gauge;
Readjust fAed by turning the nylock nut;
Refit the O-ring;

Refit the cover,

Screw in the four fixing screws.

=4 =4 =4 4 -8 8 8 -9
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Figure 23 Procedure for adjusting air gap on slewing brake SB7

If the brake lining has worn to the extent that the air gap can no longer be adjusted, or the
braking moment is insufficient, the brake disc should be replaced. This procedure (Figure
24) is performed as follows:

1. Remove the cover, encoder, and encoder support before unscrewing the nut (5) and
removing the washer (16);

2. Screw in the three bolts (supplied with the replacement brake disc) through the current
brake disc until they touch the mobile armature. Turn each ¥ turn at a time until the
brake fan lifts off;

3. Fit the new brake fan, followed by the washed and secure with a new nylock nut.
Replace the encoder, encoder support and outer cover.
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Figure 24 Replacing the brake disc on slewing brake SB7

The braking torque is dependent on the number of springs used and their colour. The
manufacturer provides information on which springs achieve the desired value of braking
torque.

3.1.6.2 Design analysis

One of the most advantageous features of the SB7 slewing brake is that only a single

central nut is required to adjust the air gap. This means that the air gap cannot be adjusted

unevenly, something that would cause undue wear on the electromagnet. However, the air

gap can only be adjusted easily in one direction i.e. closing the gap. This is not normally

an issue, as air gap adjustment requires the gap to be closed due to a loss of brake lining

material. However, it is possible that the engineer performing the maintenance could

overshoot the adjustment 1 in which case it is not easy to open the gap again. This

requires fijackingo the brake disc against the
similar to the process of removing the brake disc.

In addition, when maintenance is carried out (e.g. an adjustment of the free slew
mechanism), it is easy to confirm the free slew has been released by spinning the motor
fan by hand which is accessible on top of the motor.

The brake disc is easier to replace as it can be removed without having to remove the
electromagnet and mobile armature first, as is the case on other systems. As it is the most
likely component to require replacing this is an advantage over other systems.

During the lab strip down of a brand new SB7 slew brake, the brake disc remained stuck
against the mobile armature when the manual release lever was operated, and the motor
was unable to turn. This was found to be due to dried paint between the mobile armature
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and brake disc surfaces (Figure 25). The paint was the same colour as the outer casing of
the motor and may have dripped into the internal mechanism whilst it was being painted.

“Sam Dried paint
W

Figure 25 Paint present on the mobile armature surface of SB7 slewing brake which stuck
to the brake disc

The seal formed by the paint could be broken with force and the brake was then able to
turn freely. It is worth noting that if a brand new motor was installed on a crane it is
important to check the motor can be released and turns freely, as this could potentially
prevent the crane from free slewing.

3.2 Free slew designs

There were 11 different free slew designs encountered during the site visits. They feature
a method of releasing their associated brake automatically and/or manually. They have
been designated FS1 1 FS11 for the purposes of this report.

3.21 FS1

Free Slew FS1 is used with slewing brakes SB1 and SB2. There are two methods of
placing the brake in free slew i one automatic, and one manual. Figure 26 shows FS1
attached to brake SB1, separated from the motor. In Figure 27 the top cover has been
removed to reveal the automatic free slew mechanism. The automatic free slew is
operated by the driver pressing a Idaticalsignal
to the slewing brake, causing the following chain of events:
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. The electromagnet is energised and lifts the mobile armature, releasing the brake;

. Screws attached to the mobile armature are exposed on the top surface of the
electromagnet as a result of this movement;

. A solenoid fixed to the cover of the free slew mechanism is energised, and pulls the
sliding plate underneath the heads of these screws;

. The sliding plate also contacts a micro-s wi t ch whi ch sends a signa
sl ewingo light in the cab;

. When the electromagnet is de-energised, the mobile armature begins to move down
but is prevented from returning fully as the sliding plate wedges underneath the screw
heads;

. The solenoid is then de-energised but the sliding plate cannot return due to friction
against the screw heads;

. The crane is powered down with the brake permanently released;

. When the crane is powered back on, the electromagnet is energised, and the screws
move upwards. This releases the sliding plate which returns to its original position
under force of the solenoid. The solenoid also features a button to manually return the
sliding plate if it becomes stuck;

. The brake is no longer in free slew and in-service operation of the brake can continue
as normal.
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Figure 27 Top side of SB1 slewing brake showing free slew mechanism FS1 with cover
removed Turned 180° from Figure 26

The manual free slew mechanism is operated as shown in Figure 28:
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1. The tension lever (2) is hooked onto the manual release lever (4);

N

The locking lever (1) attached to the cover of the slewing brake (6) is closed, which lifts
the manual release lever;

3. The manual release lever is connected to the mobile armature by two threaded rods
and nuts. When it is lifted, the mobile armature also lifts away from the brake disc;

4. The locking lever is fixed in position with the locking pin (3), permanently releasing the
brake.
manual release sealing cap
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Figure 28 Operation of manual free slew mechanism

Crane drivers are encouraged to activate the manual free slewing mechanism before they
descend the crane as a back up to the automatic method; and also in the event of a power
failure. The driver should then release the manual free slew mechanism when they wish to
operate the crane.
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3.2.1.1 Design analysis

One of the unique features of the FS1 free slew mechanism is that the manual release can
be used as a back up to the automatic release. This means that if the automatic free slew
was to fail for any reason, the slewing brake would still be released.

However, the manual free slewing mechanism was not found to be completely reliable.
The system observed on site had a missing locking pin, which is common. In addition, the
manual free slew mechanism could be placed in an indeterminate position (Figure 29).
This would be particularly easy to do if the operation was performed quickly by the driver.
This could lead to the tension lever sliding off the manual free slew release lever, and the
brake reapplying.

Figure 29 Manual free slew release mechanism FS1 on slewing brake SB1 in an
indeterminate position

It is also possible for the crane driver to not release the manual free slew when they return
to operate the crane. As the free slew signal in the cab is activated by the sliding plate in
the automatic free slew mechanism, the driver would be unaware that the manual free
slew was applied and could continue to operate the crane without a functioning brake. A
solution to this would be to have the in cab signal detect if the mobile armature was lifted,
which would better inform the driver of the status of the brake.

The screw plug which is removed to observe the air gap is known to rust easily, and
becomes difficult to reassemble due to corroded threads. This would expose the braking
surfaces and allow foreign material and moisture to enter, harming the performance of the
brake.
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3.2.2 FS2

FS2 free slew mechanism is shown in Figure 30 and Figure 31. It is used on slewing
brakes SB3 and SB6, with slightly different designs. It is a manual only method of placing
the brake in free slew. A wheel runs on the threaded rod which is attached to the centre of
the armature plate and extends through the top cover of the motor. As the wheel is
tightened down, it contacts the top cover of the motor. Tightening the wheel further causes
the threaded rod to lift the armature plate, and therefore releases the brake.

To put the crane back into service, the hand wheel must be loosened to ensure the brake
can function as normal. The locknut should be tightened against the hand wheel in this
configuration to ensure that the hand wheel cannot shake down the rod due to vibrations
when the crane is used. This could lead to the unintentional release of the brake.
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Figure 30 FS2 free slew mechanism on SB6 slewing brake. (1) Brake disc, (2) motor
housing, (3) mobile armature, (4) bolt, (5) electromagnet, (6) spring, (7) air-gap adjusting
nut, (8) air-gap locking nut, (9) torque adjusting nut, (10) hand wheel brake release, (11)
locking nut
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Figure 31 FS2 free slew mechanism on SB3 slewing brake
3.2.2.1 Design analysis

The design of the FS2 free slew mechanism is very simple, and does not require any

adjustment to ensure it can fully release the brake. However, one of the main

disadvantages is that the brake can be left in an intermediate position when leaving the

crane out of service. Rather than there being
hand wheel, the wheel could be left somewhere between where the mobile armature was

still in contact with the brake disc.

Sometimes, the threads on the hand wheel can wear and corrode. This can make them
loose, and rather than release the brake the internal thread can slip past the external
thread, causing the mobile armature to return. This results in the brake not being fully
released and could prevent the crane from free slewing.

If rust was present between the hand wheel and threaded rod, it could become stiff to turn.
This could give the illusion that the hand wheel is tightening against the body of the motor
when in fact it is not. This could result in the crane driver mistakenly leaving the brake
applied.

3.2.3 FS3 and FS4

Free slew FS3 is shown in Figure 32 and Figure 33. They are common, featuring on
approximately 20% of cranes encountered during the site visits. However, the design has
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been copied and produced by different manufacturers in various countries, and as a result
the quality of components can vary greatly. They share many of the same in service
components and function as described in Section 3, with a few small differences.

Manual release lever
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Push Button

¥

5.1

-

Figure 32 FS3 free slew mechanism in situ with slewing brake SB3
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Figure 33 Schematic of FS3 working with slewing brake SB3. (1) Brake housing, (2) rotor,
(3) mobile armature, (4) brake disc, (5) electromagnet, (6) spring, (7) free slew unit
comprising, (8) manual release lever, (9) push-button, (10) latch, (11) solenoid, (12)

The operation of the free slew mechanism FS3 is illustrated in Figure 34. The free slew is
activated automatically or manually. The automatic function of the slewing brake is as
follows:

A
1. The free slew button is pressed inside
2. The electromagnet is energised, releasing the brake;

3. The threaded rod moves upwards with the brake disc, and therefore the manual
release lever (8) also moves upwards;
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4. The solenoid (11) is energised which moves t
it s Afr eiet isol neoerngatbethe lever,

5. The latch also contacts the micro-switch (12), which signals to the drivers cab that the
crane is in free slew;

6. The electromagnet is de-energised but the lever comes to rest on top of the latch, and
the brake remains released,;

7. The solenoid is de-energised but cannot return due to friction from the lever;

8. The crane is powered down and the brake remains released. This allows the crane to
weathervane in its out of service condition;

9. When the crane is powered on again and the first slew movement is made by the
driver, the electromagnet is energised causing the lever to move upwards once more;

D
100.Latch returns tonotsesndeorkhegf popsetof a spri

11.The brake can now reapply once the electromagnet is de-energised. This is its normal
in service condition.
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Figure 34 Schematic showing the function of the free slew mechanism FS3. (8) Manual
release lever, (9) push-button, (10) latch, (11) solenoid, (12) micro-switch, (13) adjusting
nut, (14) threaded rod

The entire process can be replicated manually in the case of a power failure by lifting the
manual release lever, and simultaneously pressing the push-button to move the latch into
the free slew position. This is indicated by the hand symbols and arrows shown in Figure
34.

The free slew unit must be adjusted to ensure that it operates correctly. The adjustment
method is shown in Figure 35 and is performed as follows:

1. The cover is removed;

2. The manual release lever (8) is pushed down and the adjusting nut (13) is tightened
down against the lever;

3. The brake lever is released and the push-button (9) is pressed. The latch (10) should
pass underneath the lever;
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. The manual release lever is pressed down once more and the adjusting nut is
tightened,;

. The push-button is pressed with the lever pressed down to check it does not pass
underneath;

. The adjusting nut is then tightened by two further flats.
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Figure 35 Adjustment of free slew lever

This process ensures that when the free slew mechanism is applied, it lifts the brake disc
sufficiently so that it does not drag whilst it is out of service. If the lever is set too high, the
brake will not lift enough when the latch is underneath the lever. This can result in the
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driver receiving an incorrect free slew signal from the micro-switch when in reality the
brake is still partially or fully applied. If the lever is set too low, the latch will not be able to
pass underneath the lever even when it is raised. As a result the brake cannot be released
permanently.

Free slew design FS4 can be seen in Figure 36. The free slew design FS4 is almost
identical in design to FS3. The main differences in the design are:

1 The outer casing is larger and the lid is flat;

1 The pivot for the manual release lever is supported through the casing rather than
internal lugs;

1 The manual release lever is wider.

Manual release lever

Free slew unit

-

Slewing brake

Figure 36 FS4 in situ with slewing brake SB5 and motor
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3.2.3.1 Design analysis

In free slew mechanism FS3 and FS4, three bolts fix the free slew unit to the brake (Figure
36). It is common for these to become rusted, which makes them hard to remove. As a
result they need to be drilled out, and re-tapped with larger bolts.

Lever pin
hinge

Replacement
bolts

Figure 37 Free slew unit FS4 with replacement fixing bolts. One bolt is out of view

The pin which acts as a hinge for the manual release lever can sometimes bend. If this
occurs, the lever height would change and could cause the free slew mechanism to not
function correctly. These can be replaced by removing two bolts on each side before
sliding the pin out of the casing.

The rubber seal for the opening that the manual release lever passes through is prone to
wear (Figure 38). If these are not replaced, rainwater can enter the internal mechanism,
which causes components to rust, impairing their function.
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Figure 38 Rubber seal on manual release lever on FS4 slewing brake

Some manufacturers of free slew mechanisms FS3 and FS4 primarily produce units which
are used in countries with different climates to the UK, and experience less exposure to
rainwater. As a result, the components can wear more quickly in the UK than in other
countries. Other manufacturers produce units using materials which can stand up to
harsher climates.

The adjusting nut, which is used to set the position of the manual release lever, can vary
between manufacturers. Most FS4 units feature a large hexagon nut which fills the recess
on top of the lever (Figure 39, left). This nut can only be turned when simultaneously
pushing down on the manual release lever, to clear the groove in which it sits. The groove
then prevents the nut from turning when the lever moves in service.
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Figure 39 Different adjusting nuts on FS4 free slew mechanisms

An alternative arrangement is sometimes used (Figure 39, right). It consists of two smaller
nuts and a washer which can be turned freely without having to push down on the lever, as
the smaller nuts do not contact the edges of the recess. The second nut is used to lock the
adjustment in place. These appear to have been retrofitted, possibly to make adjusting the
units easier. However, locking the two nuts together to guarantee the adjustment would
require two spanners, while the original design would only require one.

The threaded bar which runs from the brake disc to the manual release lever is prone to

thread stripping, at the location of the adjusting nut. As a result, the adjusting nut can pull
off completely, which means the free slew mechanism cannot function. This can be fixed
by drilling out the threaded rod before replacing it with a thicker bar.

3.24 FS5

Free slew mechanism FS5 is shown in Figure 40, which is normally used on luffing cranes
with a variant of slewing brake SB5. As well as being able to release the brake, it is able to
vary the braking moment of the brake depending on the luffing angle of the crane jib.
When the jib is at shallower luffing angles (i.e. greater radius), a greater braking moment is
required to withstand any wind forces that may be acting on the jib during a lifting
operation. At steeper luffing angles (smaller radius) the braking moment can be reduced;
this gives a more gradual braking effect which reduces wear on the brake linings and
crane structure. The slewing brake can be set at 100%, 50% or 0% braking moment and
used in conjunction with a second slewing brake to give 6 different possible braking
moments.
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Manual release
motor access

Manual free slew
viewing cover

Figure 40 Free slew mechanism FS5

A schematic showing how free slew mechanism FS5 interacts with slewing brake SB5 is
shown in Figure 41. This variant of the SB5 slewing brake uses a spring compression plate
rather than a torque adjusting ring. The braking moment is varied by moving the spring
compression plate up or down, thus applying more or less spring force to the mobile
armature.

rras

2Ll A

Figure 41 Schematic of free slew mechanism FS5 in context of slewing brake SB5
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The position of the spring compression plate is controlled by a mechanical system inside
the free slew mechanism FS5 (Figure 42).

2 . Manual release
Free slew indicating do e ey TOLOr ACCESS

Figure 42 Free slew mechanism FS5 with cover removed

A small motor drives a cam i as the cam rotates, the connecting rod attached to the spring
compression plate moves up and down. A threaded rod extends from the mobile armature
through the electromagnet. A large spring around the threaded rod is compressed
between the nut and spring compression plate. As the plate compresses the torque
springs, the central spring expands. This means the connecting rod does not have to apply
the full force to the brake.

Three micro-switches are located around the edge of the cam and engage with a small
indent at certain points throughout its rotation. When each micro-switch engages with the
indent, they indicate to the crane control system that the braking moment is 0%, 50% or
100%. In order to place the brake in free slew, the cam turns to 0% braking, such that the
spring compression plate decompresses the spring and lifts the mobile armature, which it
is connected to via a threaded rod.
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The free slew mechanism FS5 can be activated manually through the following procedure:
1. Remove the manual release hex key from the outer cover (Figure 40);
2. Remove the manual release access cover and viewing cover;

3. Insert the manual release hex key and turn the motor manually whilst simultaneously
looking through the viewing hole;

4. Turn the motor until the white dot on the cam lines up with the white dot on the motor
casing (Figure 42);

5. The free slew mechanism should now be activated and the brake should now be
released.

In order for the brake to function correctly, the length of the piston rod (E, Figure 41) and
the height of the adjusting ring nut (X) must fall within the ranges specified by the
manufacturer. Otherwise, they can be adjusted through the following procedure:

1. Turn the small motor until the.itpariessn@n r od i S
tension. This occurs whenthe micro-s wi t ch si tuated atFigm®4®) nal |
is engaged;

2. The piston rod can then be removed from the output shaft of the motor and its
connection to the torque adjusting ring;

3. The piston rod length should be measured and adjusted by turning the middle portion,
until the centre to centre distance between the holes is 72 mm;

4. The piston rod should then be reconnected to the output shaft of the motor and to the
torque adjusting ring;

5. A gauge is used to ensure the height of the torque adjusting ring is between 7.5 mm
and8 mm above the electromagnet in this fAneut

6. The motor should then be turned so that the brake has 100% braking moment (the
micro-s wi t ch at nominally 3 o06clock i singmnmmgaged)
should be between 3 mm and 3.5 mm at this position;

7. The brake should then be tested with a torque meter to ensure that the braking torque
falls within parameters defined by the manufacturer.

If the piston rod length is outside of the acceptable range (70 mm to 74 mm) it could lead
to high stresses in the connecting elements which could then lead to failure. Particularly, if
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the piston rod is longer than 75 mm, the torque adjusting ring could be forced into the
electromagnet at its lowest point in travel. This could result in a complete failure of the
brake.

3.2.4.1 Design analysis

One of the main design issues with free slew mechanism FS5 is the manual release
method. A separate Allen key tool attached to the outer key cover is used to remove the
access cover to the small motor, and the viewing cover for the cam system. The same tool
is then used to turn the motor manually until the two dots on the cam system align,
showing that the brake is in free slew.

As these components are filooseo it iABenlepssi bl
tool became missing it would not be possible to place the crane in free slew in the event of

a power failure. If either of the removable covers became missing it would be possible for

rain water to enter the system and cause corrosion.

These issues could be eliminated by designing a permanent handle to turn the small
motor, which would be accessible from the outside of the slew brake without having to
remove any covers. A clear viewing panel could replace the viewing cover so that the cam
system could be viewed whilst turning the motor.

3.25 FS6

Free slew mechanism FS6 (Figure 43 and Figure 44) releases the brake by hanging a
weight from a lever which pulls the mobile armature away from the brake disc. To reapply
the brake the weight is simply hooked onto the mast of the crane, releasing the tension in
the rope.
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Figure 43 Lever and rope on free slew FS6

Figure 44 Hanging weight on free slew FS6

64












































































































