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Diving &~ 27V Specinlists

2 5212 moo 3 tambon Tarpo 65000 Phitsanulock - Thailand Tel: +66 857277123 & + 66 900514 565

E mail: documents@diving-rov-specialists.com

Important note

This handbook is written to inform people interested in diving and ROV
activities of the elements to take into account to prepare for successful
lifting operations. However, implementing the procedures discussed is
the reader's sole responsibility.

Christian CADIEUX - Document Author

This document has been generated by CCO lItd - 52/2 moo 3 tambon Tarpo 65000 Phitsanulok - THAILAND
The contents of this document are protected by a copyright and remains the property of CCO Ltd.

This handbook exists for the sole and explicit purpose to present guidelines, which have been published by
competent bodies, and which we consider as being relevant to commercial diving.

CCO Ltd is responsible for the administration and publication of this document. Please note that whilst every
effort has been made to ensure the accuracy of its contents, neither the authors, nor CCO Ltd will assume
liability for any use thereof.
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Purpose

This document aims to promote the essential principles for organizing the lifting of various loads to diving &
ROV teams for the operations they may undertake during the construction projects they are involved in. It is based
on national and international standards and guidelines.

As the function of diving and ROV teams is to work underwater, the difficulties of organizing lifting operations
that consist of transferring a load stored on the dive support’s deck into the water or the opposite are to be
considered with those where the crane or winch operator has no visibility on the load. Based on this fact, these
operations are more complex than those performed only at the surface with direct visibility on the load. Therefore
such lifting conditions must result in the implementation of reinforced management methods with personnel
having adequate competencies. For this reason, most standards and guidelines recommend a process similar to the
following:

Evaluate the task

Consider the key competencies necessary for the operation (competent persons & engineers).

Evaluate the load

Evaluate the necessary equipment and evaluate the necessary complementary personnel.

Write the lift plan.

Carry on an evaluation meeting.

Review the lift plan according to the risk assessment findings.

Submit the lift plan for approval.

9. Control the the lifting equipment and ensure that the team is ready to operate

® N v AW~

10. Carry on a toolbox talk. In case of a problem is detected, the procedure is reviewed.
11. Last preparation (Rigging installation, lifting device inspection, pre dive checks, etc.)
12. Perform the lifting operation

13. Debriefing

4

Review the entire project plan
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The process described above will be inefficient if the people in charge of the lifting project have insufficient knowledge
of the devices they can use and how to select them. For this reason, in support of the guidelines for writing and
implementing the lifting procedures, descriptions of the main lifting and rigging devices used for such operations are
provided in this handbook. These descriptions include the systems specific to ROVs and are mainly based on ISO, EN,
ASME, ASTM, OSHA, and HSE standards, listed in the "bibliography" at the end of this handbook. Nevertheless, other
norms are also used occasionally.

Note that the reference documents and their authors are indicated in the texts where they are used. Also, some
descriptions are based on several standards used together. The reason is that, contrary to what some who do not know
such documents believe, standards from different organizations usually do not conflict. Their difference is that some are
more stringent on some points, and some highlight some elements better than others. It must be considered that many
manufacturers proceed this way to ensure that the equipment they produce can be sold in a maximum of countries
without modifications.

Because standards are official documents with the status of laws according to which lifting devices are built, they are also
the references to follow by people using these tools. In addition, they can be used to determine whether a suspicious
device is genuine. Regarding this point, we must highlight that dishonest manufacturers and resellers sell copies that look
very similar to the originals with false manufacturing certificates. However, these often have slight differences in their
dimensions to those provided in the standards, which can allow people aware of the official measurements to detect them.
All these elements are grouped in “Part #1”

“Part #2” groups the development of the management procedures described on the previous page.

In addition to the step-by-step description of the elements to consider, elements for evaluating the weather conditions and
protecting the divers from dropped objects, already published in the diving documents, are included to avoid the reader
looking for them in the said handbooks. Note that topics regarding the effect of the wind, temperatures, and lightning
strikes on cranes have been added to reinforce them. Also, the specific requirements for personnel transfer are provided.

However, even though efforts have been made to include the maximum elements allowing diving and ROV teams to
organize safe and efficient lifting operations, This document does not include details for the design of lifting devices such
as cranes and winches, and also for the calculation processes to transfer exceptional loads, which require complex
engineering calculations by competent and experienced engineers and must be part of the quality assurance process of the
company and its client. Thus, these engineering studies are not the responsibility of divers and ROV pilots, whose
function is to proceed to install such complex pieces safely and efficiently but without taking responsibility for these
designs and calculations.
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Part #1 - Devices used for lifting operations

Table of contents

A - Powered lifting devices

1 - Cranes (page 15)
1.1 - Main parts & Identification (page 15)
1.1.1 - Main parts (page 15)
1.1.2 - Identification (page 16)
1.2 - Design and safety requirements (page 19)
1.2.1 - Structure and stability (page 19)

1.2.2 - Slewing system (page 20) ,\
1.2.3 - Luffing cylinders (page 20) (‘\

1.2.4 - Hydraulic Power Unit (HPU) & direction control valve (page 21) m»
1.2.5 - Winches (page 23) M
1.2.6 - Lifting wire rope and hook (page 26)

1.2.7 - Protection systems against entanglement, load bouncing, and overloading (page 27)
1.2.8 - Emergency Operation System (EOS) (page 28)

1.2.9 - Heave Compensation (page 29)

1.2.10 - 3D motion and Ship to ship compensation systems (page 29)

1.2.11 - Design for the lifting of personnel (page 30)

1.2.12 - Control station (page 30)

1.2.13 - Maintenance and inspection (page 32)

1.2.14 - Operational check lists (page 36)
2 - Deck winches and A-frames (page 38)
2.1 - Description (page 38)
2.2 - Safety requirements (page 40)
3 - Powered chain hoists and A-frames used underwater (page 42)

3.1 - Powered chain hoists (page 42)
3.1.1 - Description (page 42)
3.1.2 - General safety requirements (page 43)
3.2.2 - Specific requirements for pneumatic systems (page 43)
3.2.3 - Specific requirements for hydraulic systems (page 44)
3.2.4 - Specific requirements for chain hoists designed for ROV use (page 44)
3.2.5 - Maintenance (page 45)
3.2.6 - Chain hoist testing (page 47)

3.2 - Underwater A-frames (page 47)

3.2.1 - Description (page 47)
3.2.2 - Safety requirements (page 47)

B - Wire ropes and end sockets

1 - Description (page 49)
1.1 - Components and design (page 49)
1.1.1 - Core (page 49)
1.1.2 - Strands (page 49)
1.1.3 - Lays (page 50)
1.1.4 - Inserts and rope lubrication and protection (page 51)
1.2 - Common types of wire ropes (page 51)
1.2.1 - Stranded ropes (Non rotation resistant) (page 51)
1.2.2 - Spiral ropes (EN 12385-2) (page 52)
1.2.3 - Polymer covered and filled ropes (EN 12385-2) (page 52)
1.2.4 - Rotation Resistant ropes (RR) (page 52)
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1.3 - Elements of identification (page 53)

1.3.1 - Identification system of ropes and cores construction (EN 12385-2) (page 53)
1.3.2 - Identification of surface finish, and types of lay (EN 12385-2) (page 54)

1.3.3 - Elements for the calculation of the dimensions and weight of wire ropes (page 54)
1.3.4 - Rope breaking force, and grade (page 55)

1.3.5 - Rope class (page 55) p
1.3.6 - Coating and protection against corrosion (page 58) 6
Q0

1.3.8 - Storing (page 59)

1.3.7 - Marking and inspecting the rope and documents (page 58) Mu
!m

1.4 - Elements for selection (page 59)
1.4.1 - Stresses affecting the wire ropes life (page 59)
1.4.2 - Lay type, direction of coiling, and diameter of the rope (page 60)
1.4.3 - Rotation resistant wire ropes (page 61)
1.4.4 - Fleet angle (page 61)
1.4.5 - To summarize the elements above (page 61)

1.4.6 - Comparison between metric and imperial rope sizes - ISO 2408 (page 62)

2 - Wire rope handling, installation, and maintenance (page 63)
2.1 - Preparing and installing the wire rope (page 63)

2.1.1 - Checking the condition of the lifting or pulling gear and the wire rope and transferring it to

the work site (page 63)

2.1.2 - Preparation and transfer of a wire rope to the lifting or pulling gear (page 63)

2.1.3 - Cutting wire ropes (page 64)
2.1.4 - Commissioning (page 65)
2.2 - Maintain the wire rope during the operations (page 65)
2.2.1 - Lubrification and cleaning (page 65)
2.2.2 - Daily wire rope examinations (page 66)
2.2.3 - Periodic examinations (page 66)
2.2.4 - Visible improper spooling of the wire rope (page 67)
2.2.5 - Wire rope defects that can be found visually (page 68)
2.2.6 - Non-destructive testing (page 72)

3 - Wire rope end sockets (page 75)

3.1 - Scope (page 75)

3.2 - Asymmetric wedge sockets (page 75)
3.2.1 - Operating mechanism (page 75)
3.2.2 - Geometry and security of the pin (page 75)
3.2.3 - Mechanical properties (page 75)
3.2.4 - Design and sizes from EN 13411-6 (page 75)
3.2.5 - Marking (page 77)
3.2.6 - Certificate (page 77)

3.2.7 - Recommendations for safe usage and inspection of wedge socket terminations (page 77)

3.3 - Metal and resin sockets (Also called spelter sockets) (page 78)
3.3.1 - Description (page 78)
3.3.2 - Socketing process (page 78)
3.3.3 - Reusing the rope socket (page 82)
3.3.4 - Common sizes of spelter sockets (page 82)
3.4 - Socket testing after reinstallation (page 83)

4 - U bolt wire grips (page 84)
4.1 - Scope (page 84)
4.2 - Wire grip design 1 (page 84)
4.2.1 - Material (page 84)

4.2.2 - Dimensions (page 84)
4.2.3 - Fitting instructions (page 85)

4.3 - Wire grip design 2 (page 86)
4.3.1 - Dimensions (page 86)
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4.3.2 - Material (page 86)
4.3.3 - Fitting instructions (page 87)

C - Hooks, shackles, horizontal beams, and mattress installation frames
1 - Hooks (page 90) SN (>

1.1 - Norms and standards applied (page 90) é@@»
1.2 - Design (page 90) M
1.2.1 - Design hook grade 8 (page 90)
1.2.2 - Design hook grade 4 (page 91)
1.2.3 - Quality of materials (page 92)
1.2.4 - Manufacture (page 92)
1.2.5 - Characteristics of the Latch (page 92)
1.2.6 - Marking (page 93)
1.2.7 - Manufacturer's certificate (page 93)
1.3 - Inspection of hooks in service (page 93)
1.3.1 - Before first use of the sling (page 93)
1.3.2 - When in use (page 93)

1.4 - Hooks designed for ROVs (page 94)
2 - Shackles (page 95)

2.1 - Norms and standards applied (page 95)

2.2 - Design (page 95)
2.2.1 - Materials (page 95)
2.2.2 - Manufacturing (page 95)
2.2.3 - Manufacturer's certificate (page 95)
2.2.4 - Dimensions of “D* Shackle (page 96)
2.2.5 - Dimensions of bow Shackle (page 97)
2.2.6 - Pins of shackles (page 98)
2.2.7 - Marking (page 98)

2.3 - Inspection of shackles in service (page 99)
2.3.1 - Before first use (page 99)
2.3.2 - When in use (page 99)

2.4 - Selection and use of shackles (page 99)

2.5 - Shackles designed to be operated by ROVs (page 101)

3 - Horizontal lifting beams & mattress installation frames (page 102)
3.1 - General description (page 102)

3.2 - Horizontal lifting beams (page 103)
3.2.1 - Mechanical strength (page 103)
3.2.2 - Procedures for use and marking (page 103)
3.2.3 - Maintenance and inspection frequencies (page 103)

3.3 - Mattress installation frames (page 104)

D - Hand-powered lifting devices

1 - Lever hoists (page 106)
1.1 - General description (page 106)

1.2 - Design and construction requirements (page 107)
1.2.1 - Lever operated chain hoists (page 107)
1.2.2 - Lever operated wire rope hoists and lever operated rope or webbing hoists (page 109)
1.2.3 - Lever hoists designed to work underwater (page 111)

1.3 - Operational practices (page 112)
1.3.1 - Lever operated chain hoists (page 112)
1.3.2 - Lever operated wire rope hoists and lever operated rope or webbing hoists (page 113)
1.3.3 - Operational considerations (page 113)

Diving & ROV Specialists - Basic lifting and Rigging handbook - Page 8 of 283



1.4 - Maintenance (page 114)
1.4.1 - Competent personnel (page 114)

1.4.2 - Troubleshooting (page 114) p
1.4.3 - Preventive inspection and maintenance (page 115) ﬁ
Q

1.4.4 - Additional precautions for lever hoist used underwater (page 116) m»

1.4.5 - Lever hoist testing (page 117) %

1.4.6 - Elements to take into consideration (page 117)
2 - Hand chain hoists (page 119)
2.1 - General description (page 119)
2.2 - Design and construction requirements (page 119)
2.3 - Hand chain hoists designed to work underwater (page 120)
2.4 - Operational practices (page 121)

2.5 - Maintenance (page 122)
2.5.1 - Competent personnel (page 122)
2.5.2 - Troubleshooting (page 122)
2.5.3 - Preventive inspection and maintenance (page 122)
2.5.4 - Additional precautions for chain hoists used underwater (page 123)
2.5.5 - Change the chains (page 125)
2.5.6 - Chain hoist testing (page 125)

3 - Jaw winches (page 126)
3.1 - General description (page 126)

3.2 - Design requirements (page 120)
3.2.1 - Mechanical strength and securing of the load (page 126)
3.2.2 - Ease of use and protection of the mechanism (page 127)
3.2.3 - About jaw winches used underwater (page 127)

3.3 - Operational practices (page 127)
3.3.1 - Increasing the capacity of jaw winches (page 127)
3.3.2 - Installing the wire rope (page 128)
3.3.3 - Anchoring the device (page 128)
3.3.4 - Standard precautions when using jaw winches (page 129)
3.3.5 - Precautions when using jaw winches underwater (page 129)

3.4 - Maintenance (page 130)
3.4.1 - Competent personnel (page 130)
3.4.2 - Troubleshooting (page 130)
3.4.3 - Preventive inspection and maintenance (page 130)
3.4.4 - Cleaning and inspection (page 131)
3.4.5 - Additional precautions for jaw winches used underwater (page 131)
3.4.6 - Jaw winch testing (page 132)

4 - Manual drum winches (page 133)
4.1 - General description (page 133)

4.2 - Design requirements (page 134)
4.2.1 - Mechanical strength and safety design (page 134)
4.2.2 - Ease of use and protection of the mechanism (page 135)
4.2.3 - Labelling (page 135)
4.2.4 - Manufacturer’s certificate (page 135)
4.2.5 - About manual drum winches used underwater (page 136)
4.3 - Operational practices (page 136)
4.3.1 - Rigging the load (page 136)
4.3.2 - Fleet angle (page 136)
4.4 - Maintenance (page 137)
4.4.1 - Competent personnel (page 137)
4.4.2 - Troubleshooting (page 137)
4.4.3 - Preventive inspection and maintenance (page 137)
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2.5.4 - Additional precautions for manual drum winches used underwater (page 139)
2.5.5 - Manual drum winch testing (page 139)

5 - Deflection pulleys and pulley blocks (page 140)

5.1 - General description (page 140) p
5.2 - Design requirements (page 141) C\ﬁ

5.2.1 - Mechanical strength and security (page 140) m»
5.2.2 - Labelling and certificate (page 140) :%
5.3 - Operational practices (page 142)

5.3.1 - Applications (page 142)

5.3.2 - Pre installation (page 143)

5.3.3 - Underwater use (page 143)

5.3.4 - Pre use checks (page 143)

5.4 - Maintenance (page 144)
5.4.1 - Preventive inspection and maintenance (page 144)
5.4.2 - Repairs and Modifications (page 145)
5.4.3 - Immersion Policy (page 145)

E - Lifting slings, ropes and sailor knots, and cargo nets

1 - Textile slings (page 147)
1.1 - Norms and standards applied (page 147)

1.2 - Identification (page 147)
1.2.1 - Label (page 147)
1.2.2 - Colour coding (page 148)

1.3 - Fabrication requirements (page 148)
1.3.1 - Materials (page 148)
1.3.2 - Fabrication requirements for Flat slings (page 148)
1.3.3 - Fabrication requirements for round slings (page 149)
1.3.4 - Manufacturer’s certificate (page 150)

1.4 - Common models (page 150)

1.4.1 - Flat eye slings (page 150)

1.4.2 - Reversed eye slings (page 150)

1.4.3 - Metal Dee (page 151)

1.4.4 - Flat Loop slings (page 151)

1.4.5 - Wide load loop slings (page 151)

1.4.6 - Reduced eye slings (page 151)

1.4.7 - Parallel construction slings (page 151)

1.4.8 - Working load limits and colour codes flat webbing slings (page 151)

1.4.9 - Round-slings (page 152)

1.4.10 - Working load limits and colour codes Round webbing slings (page 152)
1.5 - Inspection of textile slings in service (page 152)

1.5.1 - Before first use (page 152)

1.5.2 - When in use (page 152)

1.6 - Selection and use of textile slings (page 153)
1.6.1 - Prepare the lift (page 153)
1.6.2 - During the lifting operation (page 155)
1.6.3 - After the lift (page 155)

2 - Rope slings (page 156)
2.1 - History and considerations (page 156)
2.2 - Norms and standards applied (page 156)
2.3 - Fabrication materials (page 156)

2.4 - Type of rope slings (page 157)
2.4.1 - Single leg sling (page 157)
2.4.2 - Endless sling (page 157)
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2.4.3 - Two leg sling (page 158) ,\
2.4.4 - Three and four leg slings (page 158) ('\

2.5 - Sling constructions (page 159) m :

2.5.1 - Eyes (page 159)

2.5.2 - Splicing (page 159)

2.5.3 - Fittings (page 160)

2.5.4 - Calculation of working load limit (WLL) (page 161)

2.5.5 - Modes of assembly for single, multi-leg and endless fibre rope slings (page 161)

2.6 - Verification after construction (page 161)

2.6.1 - General (page 161)

2.6.2 - Qualification of personnel (page 162)

2.6.3 - Type test to verify sling legs (page 162)

2.6.4 - Type test to verify the interaction of endless slings with fittings (page 162)

2.7 - Marking & Manufacturer certificate (page 162)

2.7.1 - General (page 162)
2.7.2 - Labelling (page 162)
2.7.3 - Manufacturer’s certificate (page 163)

2.8 - Rope slings Working Load Limits (page 163)

2.8.1 - Working load limits for fibre rope slings made of polyamide ropes according to EN 696,
Form A (3-strand hawser laid) and Form L (8-strand plaited) constructions for single slings.
2.8.2 - Working load limits for fibre rope slings made of polyamide ropes according to EN 696,
Form A (3-strand hawser laid) and Form L (8-strand plaited) constructions for endless
slings. (page 164)
2.8.3 - Working load limits for fibre rope slings made of polyester ropes according to EN 697,
Form A (3-strand hawser laid) and Form L (8-strand plaited) constructions for single slings.
2.8.4 - Working load limits for fibre rope slings made of polyester ropes according to EN 697,
Form A (3-strand hawser laid) and Form L (8-strand plaited) constructions for endless
slings. (page 165)
2.8.5 - Working load limits for fibre rope slings made of polypropylene ropes according to EN
699, Form A (3-strand hawser laid) and Form L (8-strand plaited) constructions for single
slings. (page 165)
2.8.6 - Working load limits for fibre rope slings made of polypropylene ropes according to EN
699, Form A (3-strand hawser laid) and Form L (8-strand plaited) constructions for endless
slings. (page 166)
2.8.7 - Working load limits for slings made of manila ropes according to EN 698, Form A (3-
strand hawser laid) construction for single slings. (page 166)
2.8.8 - Working load limits for slings made of manila ropes according to EN 698, Form A (3-
strand hawser laid) construction for endless slings. (page 167)
2.8.9 - Working load limits for slings made of sisal ropes according to EN 698, Form A (3-strand
hawser laid) construction for single slings. (page 167)
2.8.10 - Working load limits for slings made of sisal ropes according to EN 698, Form A (3-strand
hawser laid) construction for endless slings. (page 168)
2.8.11 - Working load limits for fibre rope slings made of hemp ropes according to EN 1261, Form
A (3-strand hawser laid) construction for single slings. (page 168)
2.8.12 - Working load limits for fibre rope slings made of hemp ropes according to EN 1261, Form
A (3-strand hawser laid) construction for endless slings. (page 169)

2.9 - Inspection of rope slings in service (page 169)

2.9.1 - Before first use (page 169)
2.9.2 - When in use (page 169)

2.10 - Selection and use of rope slings (page 170)

2.10.1 - Prepare the lift (page 170)
2.10.2 - During the lift (page 171)
2.10.3 - After the lift (page 171)

3 - Wire rope slings (page 172)
3.1 - Norms and standards applied (page 172)

3.2 - Fabrication requirements (page 172)
3.2.1 - Wire rope (page 172)
3.2.2 - Ferrule (page 172)
3.2.3 - Spliced eye slings (page 172)
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3.2.4 - Hard eyes (page 172) p
3.2.5 - Soft eyes (page 173) (‘\6

3.2.6 - Terminal fittings (page 173) m»
=

3.3 - Common models (page 173)
3.3.1 - Single legs (page 173)
3.3.2 - Ferrule-secured and spliced endless slings (page 173)
3.3.3 - Multi-leg sling (page 174)

3.3.4 - Working load limits for slings using fibre cored rope of classes 6 x 19 and 6 x 36 in grade
1770 and having ferrule-secured eye terminations ai (page 174)

3.3.5 - Working load limits for slings using steel cored rope of classes 6 x 19, 6 x 36 and 8 x3 6 in
grade 1770 and having ferrule-secured eye terminations CI (page 175)
3.4 - Marking (page 175)
3.4.1 - Single-leg sling (single part or endless) (page 175)
3.4.2 - Multi-leg sling (page 175)
3.5 - Certification (page 176)

3.6 - Inspection of wire slings in service (page 176)
3.6.1 - Before first use (page 176)
3.6.2 - When in use (page 176)

3.7 - Selection and use of wire slings (page 176)
3.7.1 - Prepare the lifting (page 176)
3.7.2 - During the lift (page 177)
3.7.3 - After the lift (page 177)

4 - Chain slings (page 178)
4.1 - Norms and standards applied (page 178)

4.2 - Terminologies used (page 178)
4.2.1 - Minimum breaking force (page 178)
4.2.2 - Grade (source NACM) (page 178)
4.2.3 - Nominal size (also called trade or commercial size) (page 178)

4.3 - Fabrication requirements (page 179)
4.3.1 - Articulation and movements (page 179)
4.3.2 - Quality of materials (page 179)
4.3.3 - Manufacture (page 179)
4.3.4 - Marking (page 179)
4.3.5 - Manufacturer's certificate (page 179)

4.4 - Inspection of wire slings in service (page 180)
4.4.1 - Before first use (page 180)
4.4.2 - When in use (page 180)

4.5 - Selection and use of chain slings (page 181)
4.5.1 - Prepare the lift (page 181)
4.5.2 - During the lift (page 184)
4.5.3 - After the lift (page 184)
4.5.4 - Working load limits chain slings grade 8 (page 185)
4.5.5 - Working load limits chain slings grade 4 (page 185)

4.6 - Adjustable chain slings (page 186)
5 - Ropes and common marine knots (page 187)

5.1 - Ropes (page 187)
5.1.1 - Description (page 187)
5.1.2 - References (page 187)
5.1.3 - ISO classification according to construction and structure (page 188)
5.1.4 - ISO recommendations regarding particular treatment of construction materials (page 188)
5.1.5 - Comparison of average breaking force and other characteristics (page 189)
5.1.6 - Rope testing and labelling (page 190)
5.1.7 - Optimize the ropes’ lifespan (page 190)
5.1.8 - Rope inspection and discard criteria (page 192)
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5.2 - Knots (page 192)

5.2.1 - Simple knots (page 192) p
5.2.2 - Ties and hitches (page 194) “
®0

5.2.3 - Loops and mooring knots (page 195) mp
5.2.4 - Shortenings (page 196) %
5.2.5 - Splices (page 196)
6 - Cargo lifting nets (page 198)
6.1 - Purpose and technical references (page 198)
6.2 - Description and construction requirements (page 198)
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In the handbook “Powered lifting devices” consist of cranes, winches, A-frames, and other systems motioned by
electric motors or thermal engines.

A - Powered lifting devices

1 - Cranes

European standards define cranes as machines for cyclic lifting or cyclic lifting and handling of loads suspended on
hooks or other load-handling devices, whether manufactured to an individual design, in series, or from prefabricated
components.

Manufacturers provide many crane models adapted for the various construction jobs undertaken at sea and inland. This
article limits only to models frequently encountered in diving and ROV operations for simplicity and clarity. Thus lifting
devices commonly used during the mobilization and demobilization phases and load transfer or personnel transfer
during operations at sea, in ports, rivers, and lakes.

1.1 - Main parts & Identification

1.1.1 - Main parts

Cranes can be fixed on a pedestal, a mobile unit installed on a wheeled or crawler vehicle, or a specific structure guided
by rails. Depending on the model, they are powered electrically or by thermal engines.
They are composed of the following main elements:

@ Q Courtesy Divetech Group - Singapore

1. Slewing bearing:
They are the rings on which the crane rotates. They are composed of an inner ring and an outer ring, one of
which usually incorporates a gear that enables power transmission to turn the crane in the desired direction.
They are designed to withstand loads acting in any directions.

2. Machinery house & counterweight:
As the name suggests, the machinery house is where the engines, motors, winches, hydraulic devices, and other
systems are grouped and protected from environmental conditions. The counterweight function is to balance
the weight of the lifted object and prevent the crane from tipping over. It is at the extremity of the machinery
house.

3. Operator’s cabin:
It is the place from where the crane is operated. It should be adequately designed to protect the operator from
falling objects, the environmental conditions and give him a general view of the lifting site.

4. Boom:
The boom is the arm that is used to move the loads. Its length determines a crane’s maximum reach.
Manufacturers provide a variety of designs adapted to the function of each crane.

5. Luffing winch & rope:
They are used to adjust the angle of the boom. They are replaced by hydraulic cylinders on many modern
cranes.
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7. A-frame

The A-frame holds the pulleys of the luffing ropes. So it is of a calculated height and oriented to the back of the
machinery house to allow for a sufficient angle to erect the boom to its maximum vertical angle. On some
models of cranes, the A-frame is replaced by a vertical mast. Also, it is unnecessary on models that use
hydraulic cylinders to replace the luffing winches and their pulley system.

8. Hooks:

Depending on their side, cranes can have a main hook for heavy loads and a secondary hook for lighter loads.
9. Jib:

A jib is a secondary arm extending off a boom's end to allow the crane an extra reach. Such a system, which is
not in the photo on the previous page, usually extends only the secondary hook. It can be mounted on a pivot
and oriented by hydraulic cylinders on modern cranes.

1.1.2 - Identification

As already said, depending on the operations, the cranes used for underwater activities can be mobile units or fixed units
mounted on pedestals.
Mobile units can be used during mobilization alongside a jetty, and diving and ROV activities launched from a quay, a
bank, or a pontoon in calm waters. They should not be used for projects at sea as they have not been designed for this
purpose. It is true that mobile cranes are commonly used on lay barges. However, their function is not to transfer loads in
the water but to be used to access the parts of the deck difficultly accessible by the main crane and activities such as
moving pipeline sections to the welding tunnel.
In addition to the fact they can be fixed pedestal offshore or mobile units, the cranes used for underwater activities can be
identified by the models of boom used.

» Lattice boom:

Lattice booms are made up of multiple steel bars welded together in a "W" or "V" pattern. This design, which
has been used since the middle of the 19™ century, allows for minimizing the boom's weight without affecting its
strength. This technology is used for heavy-load cranes. However, lattice booms' length cannot be varied. For
this reason, the distance of the load from the crane is adjusted by pulling or slacking the luffing winches.

« Single box boom:
These booms are made of welded thick metal sheets forming a hollow caisson. This design offers good stiffness
and easy maintenance. For this reason, they are commonly used on offshore platforms and vessels. Their
inconvenience is that they have a fixed length. Thus, similarly to lattice booms, the operator must adjust their

angle to adjust the distance of the load from the crane. Note that most cranes using this boom type are equipped
with hydraulic cylinders instead of Luffing winches and cables.
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« Telescopic boom:
Telescopic booms are composed of elements arranged in the same manner as Russian dolls that can extend to
different lengths and retract for transport. This system works with hydraulic cylinders that push or pull the
sections out or in, allowing the boom to extend or retract. The obvious advantages of such systems are their
compacity and the fact that the boom can be adjusted in length. The crane below allows lifting to 100 tonnes.
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Lifting cable
1 - Main boom )
2 - Intermediate boom
3 - Final boom

Extension cylinder

Boom pivot point

« Knuckle boom

A knuckle boom is a "single box boom" at the end of which an articulated jib motioned by hydraulic cylinders is
mounted. This relatively new design allows for more flexibility than traditional lattice booms regarding the
control of the distance of the load from the crane. This concept is commonly used for cranes designed to lift to
300 T, which is why many companies working offshore use these cranes.

« Foldable boom

These booms combine telescopic and knuckle boom technologies. Their advantage is their compacity when
folded, which is the reason they are used on boats and delivery trucks. However most models are limited to light
loads (< 15 T). The model below is the AK-30-LH designed by HS-Marine ( Website: https://hsmarine.net/ ).
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1.2 - Design and safety requirements

1.2.1 - Structure and stability

The standards EN 13000, EN 13001, and EN 13853 say that the crane must be sufficiently robust and stable not to be
damaged or displaced by the action of loads acting on its supporting sections, including dead weights, additional loads,
test loads, and special loads during erection or dismantling of mobile units. Note that the European standards classify the
loads as follows:
« Regular loads are those that occur frequently under normal operations:
Hoisting and gravity effects acting on the mass of the crane.

Inertial and gravity effects acting vertically on the hoist load.
Loads caused by travelling on uneven surfaces.
Loads caused by acceleration of all crane drives.
- Loads induced by displacements.
« Occasional loads are mostly those resulting from the environmental conditions:
Loads due to the in-service wind.
Snow and ice loads.
Loads due to temperature variation.
Loads caused by skewing.
« Exceptional loads are those resulting from circumstances such as:
Damaging winds.
Use of test loads.
Buffer forces.
Tilting forces.
Emergency cut-out.
Mechanism or components.
Crane foundation instability.
Erection and dismantling.

In addition, the crane, including all its safety systems, must be designed for safe operation within its in-service
operational limitations.

« For systems operating at sea The operational limitations in terms of wave induced motions of the load must be
included in the load charts for a realistic set of environmental conditions.

« The boom must be capable of being lowered from minimum radius. against the in-service design mean wind
velocity increased by 5% and acting in the most unfavourable direction. In addition, a rope luffed boom must
not stall when the crane is operated within its operational limits. To prevent it, an active push-out device can be
installed. It is also considered acceptable to provide an alarm/warning on danger of stalling as long as this is
sufficient to enable the operator to avoid the danger.

« Cranes installed on floating units should be designed to take into account the effects of the unit's static and
dynamic motions. That includes establishing the unit's motions at different wave heights for the crane in and out
of service by testing or analysis considering the effects of the mooring system.

The crane, in its stowed position and the stowage arrangements, must be designed to withstand the combination
of motions and wind forces.

Rolling

Rolling
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Wire ropes and electric cabling may be subject to heat from flares, turbine exhaust, extreme weather, etc.
EN 13853 says that precautions should be taken to minimize these thermal effects. The maximum heat
exposure limits for safe operations and stowage of the crane should be stated in the Information for use.

« In addition to the wind and waves, thermal effects should be also considered:

The additional load resulting from the accumulation of ice should be included in the load calculations.
Also, wind loads should be determined on the basis of the increased area of the structural members, due to
ice. In-service, no ice on the crane is allowed.

« European standards say that steel should be used for structural members of cranes. Specific requirements for
structural members subjected to compressive or tensile stresses may be considered. These structural components
must be protected from corrosion. In addition, the bolts must be galvanized or made of corrosion-resistant steel
for those equal to or smaller than 10 mm. The European standards say that special corrosion protection measures
should be provided in case other steel qualities are used.

1.2.2 - Slewing system

The slewing system consists of a ring with internal gear and slewing gearboxes with integrated fail-safe multi-disc
brakes. The slew gearbox pinions mesh with the geared inner ring of the slew bearing, allowing the boom to rotate 360°.
On modern cranes, the angle and the speed of rotation is monitored by absolute encoders, which are feedback devices
providing information by outputting a digital data stream or an analogue signal.

Hydraulic motors usually drive these gearboxes. Pilot valves are provided on their ports to stop the slewing motion in
case of hydraulic pressure drop. Also, a slewing-overload-protection system is integrated into the hydraulic slewing
circuit to prevent severe damage to the crane if an external force, such as mighty winds, forces the crane to slew. The
the protection system is triggered to allow the crane to slew before it is seriously damaged.

roumt

Slew Ring Slew ring gear & absolute encoder Slew gearbox & motor

Regarding slewing systems, standards EN 13853 and EN 1300 say the following:

« The manufacturer must specify the properties of the slewing bearing, its fasteners (chemical composition,
mechanical properties, heat treatment, etc.), and their installation procedures. These elements should be greased
and sealed against corrosion.

« The slewing drive system must be designed to hold at least 1,3 times the static design slewing torque resulting
from the wind, the crane base inclination, and the side load effects. If the holding capacity is less than this, the
crane must be equipped with a slew torque indicating device giving continuous information of the actual slew
moment to the crane operator.

« In case of a restricted slewing range, due to the vessel or the platform layout, the crane should be equipped with
a slewing limiter, which automatically stops the slewing motion when the limit is reached.

1.3.2 - Luffing cylinders

A lot of models of cranes described above have their boom luffed and adjusted in height by double acting hydraulic
cylinders. They are composed of a piston that moves out and retracts in a cylinder as a result of the injection of oil in one
side or the other, which creates motion in a straight line.

ﬁ Cylinderj / Piston f‘
= ' a

O = O

Retract flow port Extend flow port

« European standards say that the hydraulic cylinders used for lufling, folding, or telescoping, must be fitted with
a device that holds the boom in position in the event of loss of hydraulics pressure to the cylinder or hose/pipe
burst. This device must be directly connected to the cylinder (see the red circles in the drawing below) and not

on intermediate piping or hoses in between.
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« Hydraulic cylinder designs must be based on the maximum pressures and dynamic forces acting in-service and
out-of-service. Also, they must be designed to withstand the environmental conditions of the crane.

1.2.4 - Hydraulic Power Unit (HPU) & direction control valve

Hydraulic cylinders and motors cannot be operated if there is no pressure in the circuit that feed them with oil. It is the
function of the Hydraulic Power Unit, also called Hydraulic Power Pack.

The Hydraulic Power Unit is composed of a hydraulic pump that is driven by an electric motor, an oil reservoir, pipework
with pressure relief valves and a filter.

Relief valve

Electric motor Oil outlet Oil return

Air inlet (equalization)

Oil filling

Drive shaft ___|

Oil level indicator

T~

Oil reservoir

—

| Baffle plate

The pumps usually used are positive displacement pumps that are sufficiently powerful to power the tools they supply.
Three types of pumps are commonly found:

o Gear pumps produce a flow of oil by using the teeth of two meshing gears to move the fluid. They are reputed
robust and can transmit high amounts of hydraulic fluid.

« Piston pumps are also used for this purpose. They contain one or more pistons that convert the rotary shaft
motion into an axial reciprocating motion. They are composed of a tilted plate that rotates, causing the pistons to
move up and down, and thus, take the fluid and expel it each shaft rotation (See the scheme below).

« Vane pumps are also found. They consist of a rotor rotating inside a circular cavity where its centre of rotation is
eccentric. Several vanes are in place at the periphery of this rotor, creating chambers that vary in volume as the
rotor turns. The intake of the pump is where the chambers are the largest. The outlet is where the size of the
chambers is smaller.

Gears driven by the
Chamber electric motor

Rotor Inlet
Cylinder block
Inlet Piston
Vane Tilted plate / Drive shaft Inlet

Vane pump Piston pump Gear pump

The the oil reservoir is designed to:

« Hold enough fluid to adequately supply the hydraulic system: For this reason, it must have a sufficient volume
to supply the elements connected to it and collect the returning fluid from these elements. Note that fluids
expand when they are hot, and this phenomenon must be taken into account when the volume of the tank is
calculated.
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« Provide communication to the external atmosphere, and sufficient space above the fluid to let the air compressed
when it is hot to escape to the atmosphere and vice versa.

« Provide a surface that is large enough to transfer the heat from the fluid to the ambient environment by radiation
and convection.

« Avoid fluid turbulence at the pump inlet: It is the function of the “baffle plate” that forces the fluid from the
return line to take an indirect path to the pump inlet. The baffle plate also limits the movements of the stored
hydraulic oil linked to the sea conditions encountered by the boat.

« Provide a gauge to check the volume of oil and means of access to top-up if necessary, and change it when it is
too old or dirty.

Many modern cranes have HPU equipped with oil heaters to reach a suitable operating temperature faster. The system
has an onscreen warning and a thermostat that deactivates it when the recommended temperature is reached.
A relief valve is usually installed at the pump outlet. Other relief valves may be provided in the hydraulic circuit.
A filter is usually installed at the pump inlet. However, many manufacturers also provide filters to clean the oil returning
to the tank and the communication of the tank with air. Clogging indicators indicating when a filter change is necessary
are provided to ensure the optimum quality of the oil.

Oil circuit

—

clogging indicator clogging indicator

Inline return filters

Inline pressure filter

Hydraulic power unit

The hydraulic circuits of cranes are provided with accumulators that provide a reserve of oil under pressure that regulate
the delivered pressure and allow for an immediate response of the system to requests. They consist of a container where
the oil is separated from pressurized neutral gas by a flexible membrane or a piston, so the pressure of the neutral gas
applies to the liquid.

Linear hydraulic directional control valves are usually employed to operate the double-acting cylinders and motors of
small cranes because they combine ergonomic and ease of maintenance. They are made of a rod with lands and grooves
which slides inside a cylinder with the help of a lever acting as a directional command. Lands (large diameters sections)
close inlets and outlets, that are opened by the grooves (small diameter areas). The distribution of the ports according to
the diameters of the rod allows obtaining various open and closed combinations, as in the example below:

Tank Standby position:

The inlet from the pump and the outlet to
the tank are closed as well as the ports to
Port A Port B the hydraulic cylinder. As a result, the
| ) ! I hydraulic cylinder is not activated. Note

Pump

i that the overpressure valve of the oil
WW ‘ ‘ M inlet (not figured) is activated, so the oil
| returns to the tank. The springs are of
) | 3 the same force and maintain the
arrangement in this neutral position.

Pump Tank Luffing the boom:
When the lever is pushed, the inlet flux
Port B from the pump goes to port A, and port B
@ communicates with the tank. As a result,
| pressured oil is injected into the cylinder
through port A, so the piston is pushe
hrough port A he pi. s pushed

from A to B and expels the oil from the

‘ other side of the cylinder through port B.
The cylinder rod extends, and thus the

‘ boom is luffed.

‘

Pump Tank Lowering the boom:

When the lever is pulled, the inlet flux
Port 4 Port B from the pump goes to port B, and port A
@ communicates with the tank. As a result,

SR o R pressured oil is injected into the cylinder

) B [ through port B, so the piston is pushed
from B to A and expels the oil from the
other side of the cylinder through port A.
The rod of the cylinder retracts, and thus
the boom lowers.
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Note that a single valve controls both hydraulic cylinders

Hydraulic directional control valves are arranged alone or in blocks depending on the number of elements to control.
They should be installed such that they are protected from shocks and undesired maneuvering and that the lever returns to
the neutral position when not maneuvered. Also, highlighted labels indicating to the operator the effects of the
commands' positions should be in place so that the operator knows it before operating them.

Important:

On big modern units, the luffing and orientation of the crane are controlled via a joystick. This joystick acts through
solenoid valves activated by electric signals that replace the traditional manual-acting valves.

Block 3 valves Block 2 valves Solenoid valve
(https://www.comeo-france.fr) (https://www.ubuy.co.th/en/) (https://www.directindustry.com/)

1.2.5 - Winches

Electrical or hydraulic winches are used to lift and lower the load and luff the boom of some cranes. They are composed
of a motor, gears providing reduction, a drum, brakes to stop and secure the drum, and a clutch system.
« Hydraulic motors are designed like the hydraulic pumps discussed in point 1.1.6, except they receive the
hydraulic flux instead of producing it.
Radial pistons motors convert the reciprocating motion of pistons arranged radially into the rotary shaft motion:
The liquid is fed to the top of the cylinders, pushing the pistons one by one, which produces the rotation of the
shaft, which incorporates an offset from the centre of rotation. This turning motion creates the mechanical power
which drives the winch. As suggested above, vane motors receive a hydraulic flux that rotates its stator, and gear
motors, not represented below, are based on the previously described gear pumps' principle working opposite.
Note that vane and radial pistons motors are also used with pneumatic winches.

Shaft (moving
eccentrically)

Cylinder

Vane motor Radial pistons motor

« Electric winches with heave compensation have become usual with some model offshore cranes. These winches
are usually powered with 440 volts Alternative Current (AC), and brushed or brushless electric motors are used.
As a reminder, the difference between brushed and brushless motors is that the current passes through coils
mounted on the rotor with brushed motors. This assembly rotates because each coil generates a magnetic field
that is pushed away from the pole of the stator of the same polarity and is pulled toward the one of opposite
polarity. The power to these coils is supplied through fixed conductive brushes that make contact with a rotating
commutator. With brushless motors, the coils are located on the stator instead of the rotor that is made of two

separate polarities permanent magnets. As a result, the coils do not rotate, and there is no need for brushes and a
commutator.

Coil

Commutator Rotor

Stator
Coil

Brushed Motor Brushless motor
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« Gears are used to transmit the motion of the motor to the drum. Among the numerous arrangements available,
the solutions below are frequently used:

"Planetary gears transmission", also called "epicyclic system", is the most commonly used system with
winches installed on surface supplied diving LARS.

An advantage of this system, which is also used in automatic gearboxes of cars, is that it allows for
numerous combinations and, according to manufacturers, transmits approximately 95% of the motor's
energy. In addition to its excellent efficiency, this technical solution is reputed to be strong, smooth to

operate, and compact. However, this type of transmission does not immobilize the drum when the motor is
stopped; therefore, a braking mechanism that automatically does is to be added.

Ring gear
Sun gear (input)

Planetary gear

A derivation of planetary transmission consists of several transmission gears (Input gears) installed in
place of the planetary gears. This system is often used with big cranes.

Ring gear

Spur gear systems are transmission systems used in various industries for a very long time. They are more
simple, but less compact as planetary gear systems, and have an efficiency that, again, according to
manufacturers, is comparable. However, it is said that a planetary gear system is more effective to transmit
high speed and high torque. Like planetary gears systems, this type of transmission does not immobilize the
drum when the motor is stopped; Therefore, an automatic brake is to be added.
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Worm gear transmissions consist of a spiraled shaft that drives a toothed wheel. They offer high reduction,
good reliability, and a built-in braking mechanism associated with their design, as the gear cannot move if

the worm does not rotate. However, it is said that they transmit less energy than the planetary and spur gear
solutions and provide a slower winching speed.

Toothed wheel

Spiraled shaft

« Many braking systems can be used. Their work principle is based on friction, which slows down or stops the
winch and converts kinetic energy into heat energy. Thus, the effectiveness of a brake depends on the surface of
friction and the force applied to this surface. Three types of brakes are commonly found on crane winches:

“Band or drum brakes” consist of friction material that tightens concentrically around a large cylindrical
piece. The system can be operated through a lever, a clamping screw, or a pneumatic or hydraulic cylinder.
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Band brake designed by Dellner Bubenzer
https://www.dellnerbubenzer.com/

. Simple disk brakes use one or several calipers to squeeze pads against a disc, creating friction that slows
the rotation. This disc is sometimes the edge of the drum. Specialists say that disc brakes provide a more
predictable response at high temperatures and wet conditions than drum brakes.

Caliper with friction pads

Disc brake designed by Kor Pak Corporation
https://kor-pak.com/product/thruster-disc-brakes/

. Multi-Disc Brakes are fully enclosed units that use coil springs and multiple friction discs to slow down or
stop the winch's drum. The pressure on the discs is applied by the coil springs and released using hydraulic
pressure, with a maximum braking torque when hydraulic release pressure is zero. As a result, the brake is
automatically activated when the winch is not supplied with fluid. For this reason, these brakes are often
associated with planetary and spur gear transmission systems. Note that the surface of friction can be
increased by multiplying the number of discs.

Multi-discs brake designed by Altra Motion
https://www.altramotion.com/

Depending on their function, winch brakes are typically positioned near the motor and the reduction gears.
Emergency brakes are also placed on the shaft or the cheeks of the winch drum.

https://antec-group.com/ Y, —

https://www.offshore-

technology.com/ w:lm

Reduction

Disc brake
Clutch system
Drum brake w:lm

Emergency brake solution #1: Emergency brake solution #2: j
Multi-disc system on the shaft Disc system on the drum cheek

Winch’s drum :|

» Most regulations regarding winches and their braking systems are similar. For this reason, we can refer to the
requirements of EN 13852-1 regarding the minimum safety requirements:
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Brakes activation systems:

Crane brakes must automatically be activated without undue delay when the motion control lever is
returned to the neutral position, at power failure, control failure, or at an emergency stop. An exception
may be made for the hoist winch and sewing system during off-board lifts when the hook is near the supply
vessel. Also, operational brakes must be designed to retard, stop and hold the crane and the load at all
standard operating speeds, configurations, and situations, regardless of any braking effect from the drive
system. In addition, brakes of the self-locking type must only be used as parking brakes, and particular
attention must be paid to the effect of the moment of inertia from the motors for electrical driven
mechanisms. Note that lowering the load and/or boom by use of friction brakes only, is not allowed.

Brakes installation:
Mechanical brakes must preferably be placed directly on the winch drum. If a geared transmission is placed
between the brake and the drum, the transmission components must be considered brake components. The
number of load-carrying components should be kept at a minimum.
Ease of inspection:
Brake mechanisms must be easy to inspect.
Mechanical design:
Brake springs must be of the compression type. Reduction of braking capacity due to foreseeable wear in
between maintenance intervals must be taken into account.
The lowest expected coefficient of friction is to be applied in the design calculations of the braking
capacity, but this coefficient of friction is not to be taken higher than 0,3. Note that brake linings must be
made of asbestos-free material.
All brake components, except those for slewing brakes, snail be designed for a load of at least 1,6 times the
maximum actual loads.
Brake components for slewing motions must be designed for a torque of at least 1,3 times the maximum
actual load torque from operational wind, side load, and crane base inclination. The components must be
designed so that moisture, oil, and other contamination cannot reduce the braking capacity below the
design value. The brake system must not prevent the operation of the overload protection systems.
The braking system must be designed not to cause dynamic effects that may damage the crane or its
components and shall not cause overheating. Also, brakes based on hydraulic restrictions, such as shutoff
valves or similar must be capable of withstanding the pressure shocks due to brake impacts. For this reason
the following components should be in place:
The hydraulic motor must have a closing valve directly at the high~pressure (load) connection. This
closing valve is not on the pipe or hose connection in between.
The closing valve must be designed to close in case of pressure loss at the low-pressure connection
(inlet connection during lowering). This is done by direct bore or piping between the closing valve
and the low-pressure connection.
The hydraulic motor must be supplied sufficient working fluid, also in the event of power failure.

Fail safe brakes:

All hoisting machinery, luffing, folding, telescoping, and slewing must be provided with fail-safe brakes.
The purpose of this system is that a failure of the brake's control system automatically leads to the
application of the brake. These brakes must be based on mechanical principles or hydraulic restrictions.

Additional requirements for personnel transfer:

In addition to the standard working brake, hoisting winches must be equipped with a mechanically and
operationally independent backup brake with separate control circuits. This backup brake must preferably
act directly on the winch drum, but a fully independent load path will be considered acceptable. The
backup brake must be designed such that independent testing can be performed.

1.2.6 - Lifting wire rope and hook

Construction requirements of hooks and wire ropes and their maintenance have been described in points #C- 5 & #D. For
this reason, this point focus only on safety requirements from EN and OSHA standards

« Wire rope termination:
EN -13852-1 says that wire rope termination of cranes should be a wedge socket, a poured socket (metal or
resin), or ferrule-secured eyes (with thimble only).

o)
7
)

1

Wedge socket Poured socket Ferrule-secured eyes
As they are usually exposed to motions or impacts, these terminations must have double means of locking to
avoid accidental loosening and detachment during operation. Also, attachments such as wire rope terminations,
shackles, swivels, hooks, and similar components should be designed and equipped to minimize the risk of
unintended entanglement.
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« Rope fastening to the drum:

The wire rope anchorage must be designed for a minimum breaking out force equal to the minimum breaking
load of the rope minus the amount of the friction effect from remaining wire rope.
EN -13852-1 says that there must be a minimum of 3 turns of wire rope left on the winch drum with the hook
and the boom at their most adverse positions.
The distance between the top of the outer layer of the wire rope on the drum and the outer edge of the drum
flanges shall be at least 2,5 times the diameter of the wire rope, except in cases where guards are fitted to
prevent over spilling of the wire rope.

« Wire rope safety factor
The safety factor of wire ropes must be calculated by the crane manufacturer and approved by the certification
body for each particular crane reeving configuration and based on the maximum rated capacity for each
configuration.
OSHA says that the wire rope and the replacement wire rope must be of the same size, same or better grade, and
same construction as originally furnished by the equipment manufacturer or contemplated in the design, unless
otherwise recommended by the equipment or the wire rope manufacturer due to actual working condition
requirements. In the absence of specific requirements as noted, wire rope shall be of a size and construction
suitable for the purpose, and a safety factor of 4 shall be adhered to, and verified by wire rope test certificate.

« Hooks
The crane must be designed so as to prevent structural damages from hook blocks impacts. Also, a hook block
impact must not lead to a possible dropped object. For this reason, safety latches shall be provided on all hooks.
Regarding this last point, the safety latches which have a spring loaded closing mechanism only, must have
additional means to prevent accidental opening.

Connection to hook pulley assembly

Swivel bearing
(Minimizes the risk of unintended entanglement)

Double secured safety latch

Hook 140 tonnes SWL designed for TTS cranes
(today MacGregor - hiips://www.macgregor.com/)

1.2.7 - Protection systems against entanglement, load bouncing, and overloading

Offshore cranes must be equipped with an “Automatic Overload Protection System (AOPS)” and a “Manual Overload
Protection System (MOPS)” to overcome entanglement situations during off-board lifts in case the hook is tangled as a
result of vertical and horizontal motions of the vessel. Constant Tension (CT) systems are complement of AOPS.

Risk of entanglement of the lifting line

—

Vessel’s horizontal
& vertical motions

Crane’s horizontal

& vertical motions

o The “Automatic Overload Protection System (AOPS)” is designed to monitor the loads and load moments of the
crane continuously. It must be operational in all normal conditions and for all reeving configurations. It is
automatically activated when the hook is entangled with any moving object. In this case, the hold-back force is
at least equal to the allowed safe working load (SWL), meaning low enough to ensure the integrity of all
structural components and yet high enough to prevent an accidental load release at any operating radius. Note
that this system, mandatory with offshore cranes under EN standards, is not imposed by all regulations.

o A “Constant Tension (CT)” system allows the operator to set a fixed setting to obtain a certain wire tension to
help him to lift loads mainly from other ships. This function, which can be activated or deactivated by the crane
operator, can be seen as a complement of the Automatic Overload Protection System to avoid uncontrollable
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bouncing of the load during its lifting or landing. It can also be used to set the rope tension for lifting objects on
the seabed or lift partially embedded loads that are difficult to recover due to suction.

o The “Manual Overload Protection System (MOPS) " protects offshore cranes from loads higher than those they
have been designed for when an overload occurs gradually enough for the operator to react.
The MOPS is designed to be operational in all configurations and be activated anytime, including after an
emergency stop and power failure.
After activation, the MOPS disengages the hoisting brakes, and maintains a retaining force between 10 % to 20
% of the maximum rated capacity for onboard lifting, allowing the crane to pay out wire with low tension, and
the wire rope to be spooled completely off the drum, without causing significant damage to the crane.
This means that the load may be dropped once activated in the wrong situation. For this reason, the system must
include an activation button to protect against unintended use, operation during personnel lifting, and its use in
places other than the sea. The activation switch or handle must be readily accessible in the control station,
protected against accidental use, and be able to be deactivated by the crane operator. For this reason, it should be
marked with yellow colour against a contrasting background and preferentially located on the left-hand side of
the crane operator.

« Cranes should be equipped with an automatic protection system to prevent lateral overload of the boom or
overload on the slewing mechanism if sideload loads occur outside the design limits.
Overload protective devices work by sensing the force of the load. When the load exceeds a preset percentage of
rated capacity (usually 100 to 125%), this device temporarily inhibits the hoist so that the crane can only lower
the load. The system can be mechanical, electrical, electronic, or a mix of several solutions.

1.2.8 - Emergency Operation System (EOS)

General-purpose cranes should also be equipped with an Emergency Operation System (EOS). This system allows the
operation of the crane with reduced speeds in case of a single-point failure or interruption of the main power supply, main
power unit, or control system:
« Backup power supply:
To cover any single point failure or interruption of the main power supply, the crane shall be equipped with or
have means of connection to an independent emergency power supply. The emergency power supply may be a
redundant main power supply or an emergency power supply from the installation, or a “stand-alone” emergency
power supply in the crane, e.g. a diesel driven generator.
« Backup power unit:
A backup power unit should be provided in case of a single point failure in the main power unit put the crane out
of operation. The backup power unit might be a separated power unit or a system that uses the redundancy of the
main power unit, providing that any single point failure in the main power unit do not compromise the EOS. If a
single point failure in the main power unit will not put the crane out of operation, an emergency power unit is
not required.
« Emergency control system:
An emergency control system must be provided to control the main functions of the crane (hoisting, luffing,
slewing, knuckling and telescoping), if a single point failure in the main control system can put the crane out of
operation. The emergency control system might be a fully separated control system or it might be a system that
makes use of the redundancy in the main control system, providing that any single point failure in the main
control system shall not compromise the EOS. If there is no risk that a single point failure in the main control
system put the crane out of operation, this emergency control system is not required.
The Emergency Operation System should be capable of moving the crane from any position with any hook load
to a safe position.

Main power | Main power .| Main control
Y . Y S yy Actuators
supply : unit : system '
Emergency | ; e Emergency | ; e Emergency |
power supply power unit control system

« Cranes must be equipped with an emergency stop system, which activation causes all the motions and motors to
stop and all the brakes to be applied.
An emergency stop actuator (button) should be readily accessible by the crane operator, preferably located on
his right-hand side. Additional emergency stop actuators, connected in series, should be installed in places such
as on the starter cabinet, near the winches, at the entrance of the machinery house, on the pedestal, etc.

« A fire alarm system in combination with a manual discharge extinguishing system should, as a minimum, be
provided. The fire alarm includes a siren and visual alarms in visible areas of the crane.
Smoke and heat detectors should be installed in critical parts of big cranes and designed to trigger extinguishers.
In addition to the active firefighting systems, the units should be built with noncombustible, fireproof, or
reduced flammability materials.
Of course, small units do not have integrated firefighting systems. In this case, portable extinguishers should be
provided near the crane.
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Heave compensation systems counteract the heave motion of the ship on the crane and the load. They consist of passive
and active systems described in point #7.5.2 of chapter #7 “Evaluate and manage the Weather conditions and currents”.
This chapter includes them because such systems allow lifting operations during adverse weather conditions for cranes
not equipped with them.

« Passive Heave Compensation (PHC) systems accumulate kinetic energy from the ship's movements and use this
energy to compensate for the position variation between the vessel and the load. They are reactive devices, not
consuming external power, to be inserted between the hook of the crane and the load, and thus are not part of the
crane. These systems limit the dynamic loads due to heave motion and avoid crane overloading due to extra
weight caused by the sudden change in lifting speed. Thus they are not maintaining the load at a set distance
from the seabed.

« Active Heave Compensation (AHC) systems utilize a Motion Reference Unit (MRU), which is an inertial
measurement unit with multi-axis motion sensors that actively measures all the movements of the vessel. Based
on the data collected, a computer calculates the necessary counter motion of the system and controls it in real
time. As a result, the length of the cable is permanently adjusted to counteract the vertical movements of the
vessel, and there is no variation in the distance of the load from the bottom; thus, its depth is kept constant.

The systems that adjust the length of the cable can be based on hydraulic cylinders and also rotary hydraulic
motors or electric motors that directly move the winch.

1.2.9 - Heave Compensation

N

4 B A=B=C ¢
Sea floor Sea floor

Animations from manufacturers explaining Active Heave Compensation are available on or website through the
following links:
Videos & animations Lifting systems and winches Diving and ROV Specialists.com website:
https://diving-rov-specialists.com/vise0s%20&amp;%20animations%20-%20page%201.htm

Hydac system:

https://diving-rov-specialists.com/index_htm_files/Is7 hydac-heave-compensation-systems.webm

TTS Systems:
https://diving-rov-specialists.com/index htm files/Is8 tts-active-heave-compensation.mp4
https://diving-rov-specialists.com/index_htm_files/Is9_tts-subsea-crane-active-heave-compensation.mp4

1.2.10 - 3D motion and Ship to ship compensation systems

The “3D motion compensation system” is a new system, developed by MacGregor, that compensates for a vessel’s
movements in the horizontal axes (pitch and roll) as well as along the vertical axis, in addition to standard AHC systems
that use the crane’s winch to compensate for vertical movements

This new technology that consists of an additional jib that can be added to any telescopic or knuckle boom, can securely
keep a suspended load in a fixed position regardless of sea conditions.

The “Ship to Ship” compensation system, also designed by MacGregor, employs a motion reference unit on the deck of
the second vessel that transmits motion data to the crane on the primary ship via a high-speed, redundant wireless link.
Combining motion data from both vessels, the system calculates and applies the winch compensation necessary to
minimize hook movement at the load-handling zone on the secondary vessel.

This system, which can be seen as an improvement of the “Control Tension”, and “Automatic Overload Protection”
systems, allows for precise tension and position control for accurate load hook-on, pick-up landing, and hook-off. As a
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result, the safety of the deck crew is improved, and the load pick-up and landing are more precise, fast, and smooth. It
allows handling the load in any given sea state more safely.

3D motion compensation system “Ship to Ship” compensation system
Animations about “3D motion” and “Ship to Ship” are available in the same section of Diving and ROV specialists
website through the following links:
3D motion compensation system:
https://diving-rov-specialists.com/index_htm _files/Is3_mac-gregor-3d-motion-ompensatorl.webm

Ship to ship compensation system
https://diving-rov-specialists.com/index_htm_files/Is2_macgregor-ship-to-ship-compensation-

system.webm

1.2.11 - Design for the lifting of personnel

« Winch design for the lifting of personnel is already indicated in point 1.1.7:
Hoisting winches must be equipped with a mechanically and operationally independent backup brake with
separate control circuits. This backup brake must preferably act directly on the winch drum, but a fully
independent load path will be considered acceptable. The backup brake must be designed such that independent
testing can be performed.
Also, the brakes must be designed such that they are automatically activated when the controls are in the neutral
position.

« Cylinders used for luffing, folding or telescoping, must have two independent cylinders, and each cylinder must
be independently capable of holding the rated capacity for personnel lifting. Alternatively a single cylinder can
be used, provided that no single point failure can lead to uncontrolled motion.

« The capacity of the crane should be lowered to 50%. Also, the crane must be designed to prevent the activation
of the Automatic Overload Protection System (AOPS), the Manual Overload Protection System (MOPS), and
the Active Heave Compensation (AHC) during such operations.

« Note that cranes used for personnel transfer must have a certificate delivered by the manufacturer and the
certification body.

1.2.12 - Control station

The control station is the place from where the crane operator controls it. It is usually situated near the connection of the
boom with the slewing bearing at a sufficient height to allow a panoramic view of the lifting site to the operator.

« The control station of small cranes is in the open air. In this case, the control board is usually limited to linear
hydraulic directional valves and a minimum of gauges. The operator is not protected from weather conditions
and operates standing or seated. Note that some new models are provided with a portable remote control
allowing the operator to monitor the load at its direct proximity. These remote panels can be wired or wireless.
In both cases, the operated valves are solenoid valves.

Small cranes are usually not used for underwater lifting operations offshore. However, they are often used for
such operations in harbours and inland. They are also employed during the mobilization phases.

During underwater operations, the operator must communicate directly with the diving supervisor. That is
usually done through wired communications and a headset. A VHF radio is also provided as a backup.

The control station of medium size and big cranes is located in a cabin that must be waterproof and provided
with means for heating, cooling, and fresh air supply. This cabin must be equipped with windows that give a
vision of the load, the boom, and the operation area of the crane. EN-13852-1 says that the minimum view
angles from the operator position should be 100°.

Means of defrosting and demisting the windows should be provided. In addition, the front, roof, and floor (if
any) windows must be equipped with wipers and washing systems, suitable for the environmental conditions
and providing sufficient coverage, not impairing the operator's position. Access to clean the windows and the
maintenance of the wipers should be provided.

Also, the cabin and its windows should be protected from dropped objects and shocks.

Also, adequate lighting should be provided.

The control cabin should have a fully adjustable operator seat with arm supports that are used to accommodate
the joysticks, essential commands and emergency stops on modern units.
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A board should provide at least the following essential functions that should be readable by night:
Rated capacity indicator.
. Motion limit indicators.
. Machinery status indicators.
. Crane position indicators.
. Power system failure.
. Wind speed indicator.
. Alarm system with clear text.
. Control system failure indicator.
The following typical additional instrumentation can be included:
Drum motion indicator.
Hydraulic tank level gauge.
Hydraulic fluid low level alarm.
- Hydraulic fluid temperature gauge.
Fuel tank level gauge.
Air start receiver pressure indicator.
Tachometer, lube oil pressure, jackets-water temperature, fuel oil pressure.
Dynamic shock absorber cylinder pressure.
Fire and gas status.
Platform status indicator.
Annunciation panel for shut down logic and alarms with “First up” features.

Note that most last-generation cranes have information provided on digital touch screens, which advantage is
that more information than mentioned above can be displayed through screen buttons. As an example, the screen
below from a crane model GPOKa 5000-140-36 - 140T AHC Subsea Crane, fabricated by TTS, today
MacGregor (https://www.macgregor.com/) , provide the following information:

Load chart for the selected winch (aux or main).

Safe Working Load (SWL) for the selected winch according to the selected load chart.

Load: The sum of the load in the hook and the weight of the paid-out wire rope for the selected winch.
Radius: The distance between the hook and the centre of the pedestal.

Wire Out: Length between the hook of the selected winch and crane boom-tip.

Counter: Relative wire paid out, configurable trip meter.

Safety System Control Systems Conditions
TwA Low Speed,

TS e
DISABLED

12:42:57 A

Cdyn=1.30
40 Load:
e Radius: ook Saond
ook Speed:

Wire out: m i

Counter: mm =
a

Tugger Winches:
Left Right

Standby
Speed Set Speed Set
%

GED ]

Hook load: ton

‘ CT VAR ‘

Additional information, such as the crane mode, Safety system online, control systems, and Hydraulic Power Unit (HPU),
are provided at the top of the page.

The combo of the crane mentioned previously allows you to open other pages providing menus and information related to
the following topics through the touch screen buttons:

. The Active Heave Compensation (AHC) system page (see #2 in the picture on the previous page).
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The Hydraulic Power Unit (HPU) page (See #3).
The setup page (See #4).

The service (maintenance) pages (see #5).

The alarm page (see #6).

e _ i ( A
e SRR,

Control station in the open air Control station in a cabin

27 | ot o7

1.2.15 - Maintenance and inspection

Maintaining the crane is the responsibility of the people in charge. It is also the responsibility of company managers to
ensure that the people they employ are protected from an accident that may arise from the devices they use. EN-13852-1
says that the following operations, but not limited to, should be considered and performed by competent persons:

Lubrication, oil, and filter change.

Replacement of wire ropes and rope sheaves.

Change of reeving arrangements.

Replacement of boom or change of boom configuration.
Replacement of prime mover/gearboxes.

Replacement of winch/winch drum.

Replacement and/or adjustment of brake linings/pads.

Inspection intervals, methods, and acceptance criteria of the systems should be laid down in the instruction and
maintenance manual. Regarding this point, note that load tests must be carried out to verify the integrity of the crane’s
structure and components, as well as the supporting structure. The Test load applied must exceed the Safe Working Load
in accordance with class, country regulations, and also the convention ILO 152.

EN-13852 provides a list of methods that can be used to verify conformity with the safety requirements and protective
Measures. This list can be used as a guideline by teams in charge of cranes and company managers.

Ref. Safety requirements Method of verification

1 General

2 Strength and stability Testing Calculation | Engineering
2.1 Selection of classification parameters Testing Calculation | Engineering
22 In-service loads Testing Calculation | Engineering
2.3 Out of service loads Testing Calculation | Engineering
24 Failure mode analysis Calculation | Engineering
2.5 Seismic loads Calculation | Engineering
2.6 Load combinations Calculation | Engineering
2.7 Load chart Calculation | Engineering
2.8 Materials Visual Calculation Engineering
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Safety requirements Method of verification

3 Equipment and components Visual Testing Engineering
3.1 Electrotechnical equipment Visual Measurement Testing Engineering
3.2 Non-Electrotechnical equipment Visual Testing Calculation Engineering
3.3 Power requirements Measurement Testing Calculation | Engineering
34 Slewing drives Visual Testing Calculation | Engineering
3.5 Slewing bearings Visual Testing Calculation | Engineering
3.6 Slewing bearing fasteners Visual Measurement Testing Calculation | Engineering
3.7 Winches and brakes Visual Testing Calculation | Engineering
3.8 Wire rope termination Visual Testing Calculation | Engineering
39 Wire rope fastening to the drum Visual Testing Calculation | Engineering
3.10 Wire ropes Visual Measurement Testing Calculation | Engineering
3.11 Blocks and hooks Visual Testing Calculation | Engineering
312 Hydraulic cylinders Visual Testing Calculation | Engineering
3.13 Cg:,;f:,;fgj;f? ;;;jéi{”;sbéz;z}?: Measurement Testing Calculation Engineering

4 Drive systems
4.1 Electromagnetic compatibility Measurement Testing Engineering
4.2 Pneumatic systems Visual Measurement Testing Engineering
4.3 Hydraulic systems Visual Measurement Testing Calculation | Engineering
44 Electrical systems Visual Measurement Testing Calculation | Engineering

5 Control station Visual Engineering
5.1 General Visual Engineering
5.2 Control cabin Visual Engineering
5.3 Windows Visual Engineering
54 Crane operator's seat Visual Testing Engineering
55 Cabin interior Visual Engineering
5.6 Cabin instrumentation Visual Measurement Testing Engineering
5.7 Communications Visual Testing Engineering
58 i\;[ilzﬁﬁ;'nery house and other enclosed Visual Engineering
59 Lighting Visual Testing Engineering

6 Noise reduction Visual Measurement Engineering
6.1 Noise reduction at source by design Visual Measurement Engineering
6.2 Noise reduction by information Visual Measurement Engineering
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7 Access. guards etc. Visual Measurement Engineering
7.1 Access Visual Engineering
7.2 Guards Visual Engineering
7.3 Hazardous substances Visual Engineering
7.4 Dropped objects Visual Testing Engineering
7.5 Lifting arrangements for maintenance Visual Calculation | Engineering
P ‘g’eo::.?;osls, indicators and limiting Visual Testing Engineering
8.1 General Visual Testing Engineering
82 Controls Visual Testing Engineering
8.3 Indicators Visual Testing Engineering
8.3.1 General Visual Testing Engineering
832 Hated capacity indicator Visual Testing Engineering
833 Slack wire rope indicator Visual Testing Engineering
834 Drum motion indicator Visual Testing Engineering
83.5 gj:ecimrf or failures in the power Visual Testing Engineering
836 Wind speed indicator Visual Measurement Engineering
8.3.7 Crane inclinometer Visual Measurement Engineering
838 Slewing torque indicator Visual Measurement Engineering
839 Mechanical radius indicator Visual Testing Engineering
8.4 Limiting devices Visual Testing Engineering
8.4.1 General Visual Testing Engineering
84.2 Motion limiters Visual Measurement Testing Engineering
8.4.3 Slack wire rope preventer Visual Testing Engineering
844 Slewing limiter Visual Testing Engineering
845 Rated capacity limiter Visual Measurement Testing Engineering
84.6 Boom backstop Visual Testing Engineering
9 Protection system Visual Testing Calculation | Engineering
9.1 ;‘;Zlcot?jnand over -moment Visual Testing Calculation | Engineering
912 Automatic overload protection system Visual Testing Calculation | Engineering
9.1.3 Lateral boom protection system Visual Testing Calculation | Engineering
9.14 Manual overload protection system Visual Testing Calculation Engineering
9.2 Emergency operation system Visual Testing Calculation | Engineering
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Safety requirements Method of verification

9.3 Emergency stop Visual Testing Calculation | Engineering
9.4 Fire protection Visual Testing Engineering
9.5 Protective earthing Visual Measurement Engineering
10 Lifting of personnel Visual Testing Calculation Engineering
10.1 General Visual Testing Calculation Engineering
10.2 Rated capacity Visual Testing Calculation | Engineering
10.3 Back-up brakes Visual Testing Calculation | Engineering
10.4 Cylinders Visual Testing Calculation Engineering
10.5 Mode selection for personnel lifting Visual Testing Engineering

ILO “ Register of ships’ lifting appliances and cargo handling gear”:
This document is the international standard recommended by the International Labour Organization conventions No. 152
& 160. These conventions are intended to ensure that ships’ lifting appliances are initially certified by a competent person
and to establish periodically that they continue to be in safe working order to the satisfaction of a competent person
acceptable to the competent authority. As this document is an international standard, it is applicable offshore and by all
signatory states.
A Register of Lifting appliances and items of loose gear must be kept in a form prescribed by the competent authority,
account being taken of this model recommended by the International Labour Office. This Register and related certificates
must be kept and be available to any person authorised by the competent authority. The Register and certificates for gear
currently aboard the ship shall be preserved for at least five years after the date of the last entry.

« Initial examination and certification:

Every lifting appliance must be certified by a competent person before being taken into use for the first
time to ensure that it is of good design and construction and of adequate strength for the purpose of which
it is intended.

Every item of loose gear shall, before being taken into use for the first time be tested, thoroughly examined
and certified by a competent person in accordance with national law or regulations.

Upon satisfactory completion of the procedures indicated above the competent person shall complete and
issue the Register of Lifting Appliances and attach the appropriate certificates.

A rigging plan showing the arrangement of lifting appliances is to be provided.

« Periodic examinations and re-testing:

All lifting appliances and every item of loose gear must be thoroughly examined by a competent person at
least once every 12 months. The particulars of these thorough examinations must be entered in the
Register.

Re-testing and thorough examination of all lifting appliances and every item of loose gear is to be carried
out after any substantial alteration or renewal, or after repair of any stress-bearing part, and in the case of
lifting appliances at least once every five years.

The re-testing referred to in the paragraph above may be omitted provided the part which has been renewed
or repaired is subjected by separate test to the same stress as would have been imposed on it if it had been
tested in situ during testing of the lifting appliance.

The thorough examinations and tests referred to in the paragraph above are to be entered in the Register.
No new item of loose gear shall be manufactured of wrought iron. Heat treatment of any existing wrought
iron components should be carried out to the satisfaction of the competent person. No heat treatment
should be applied to any item of loose gear unless the treatment is in accordance with the manufacturer’s
instruction; to the satisfaction of the competent person. Any heat treatment and the associated examination
are to be recorded by the competent person in the Register.

« Regular visual inspections of every item of loose gear shall be carried out by a responsible person before use. A
record of these regular inspections is to be entered in the register, but entries need only be made when the
inspection has indicated a defect in the item.

Every lifting appliance should be tested with a test load which should exceed the safe working load (SWL)
as follows:

Up to 20 tonnes Safe Working Load: 25 per cent in excess

20 to 50 tonnes Safe Working Load: 5 tonnes in excess

Over 50 tonnes Safe Working Load: 10 per cent in excess
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« The test load of cranes is to be hoisted, slewed and luffed at slow speed. Gantry and travelling cranes together
with their trolleys, where appropriate, are to be traversed and travelled over the full length of their track.

In the case of variable load-radius cranes, the tests are generally to be carried out with the appropriate test
load at maximum, minimum and at an intermediate radius.

In the case of hydraulic cranes where limitations of pressure make it impossible to lift a test load 25 per
cent in excess of the safe working load, it will be sufficient to lift the greatest possible load, but in general
this should not be less than 10 per cent in excess of the safe working load.

« As a general rule, tests should be carried out using test loads, and no exception should be allowed in the case of
initial tests. In the case of repairs, replacement or when the periodic examination calls for re-test, consideration
may be given to the use of spring or hydraulic balances provided the SWL of the lifting appliance does not
exceed 15 tonnes. Where a spring or hydraulic balance is used it shall be calibrated and accurate to within & 2
per cent and the indicator should remain constant for five minutes.

Every item of loose gear is to be tested and thoroughly examined before being put into use for the first time
and after any substantial alternation or repair to any part liable to affect its safety. The test loads to be
applied should be in accordance with the following table (In this table, 1 tonne = 1000 kg):

Items Test load (Tonnes)
Single sheave blocks (see note #1) 4x SWL
Multi sheave blocks SWL < 25 tonnes (See note #2) 2x SWL
Multi sheave blocks SWL < 160 tonnes (0.933 x SWL) + 27
Multi sheave blocks SWL < 160 tonnes 1.1xSWL
Chains, hooks, rings, shackles, swivels, etc.: SWL < 25 tonnes 2xSWL
Chains, hooks, rings, shackles, swivels, etc.: SWL > 25 tonnes (1.22x SWL) + 20
gzlgangS bic(z)n:;;l;iiis’eaders, frames and similar devices: 2 ¢ SWIL
Lt bams v s andsimilr doses: | 1015
g;{;‘zni l}eglonii,nh;pe};eaders, frames and similar devices: 1.1 x SWL
Notes:

- #1: The SWL for a single sheave block, including single sheave blocks with beckets, is to be
taken as one half of the resultant load on the head fitting.
- #2: The SWL of a multi-sheave block is to be taken as the resultant load on the head fitting.
. Wire rope must be tested by sample, a piece being tested to destruction. The test procedure should be in
accordance with an international or recognised national standard.
The SWL of the rope is to be determined by dividing the load at which the sample broke, by a coefficient
of utilisation, determined as follows:

Items Coefficient

Wire rope forming part of a sling: SWL < 10 tonnes 5

Wire rope forming part of a sling: 10t < SWL < 160 tonnes 100/ (8.85x SWL) + 1 910

Wire rope forming part of a sling: SWL > 160 tonnes 3

Wire rope as integral part of a lifting appliance: SWL < 160t | 107/ (8.85x SWL) + 1 910

Wire rope forming part of a sling: SWL > 160 tonnes 3

1.2.14 - Operational check lists

The operational checklists should recapitulate the duties of the crane operator and the elements to verify before, during,
and after the lifting operations. EN standards say that the following elements should be verified.
« Before starting the operations:

The environmental conditions.
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The hoisting ropes, winches, sheaves, and hooks.

The condition of the indicators (e.g., loading condition, fluid level, engine operation, hydraulic pressure,
electric power supply, wear limits, wind speed).

The view of the load and the working area, in addition to the communications with the signalman. Also, the
communication system between the supervisor and the crane operator must be checked for underwater
operations and those without visibility.

The required capacity of the crane (load chart)

The correct function of the controls, indicators and limiting devices

The correct function of the protection systems, AOPS, MOPS, etc.

ng the operations:

The evaluation of the loading condition before lifting a load.

The correct use of slings (rope or chain), hook vertical over centre of gravity of load.
The requirements for starting and stopping movements, including in emergency

The management of combined movements, and limiting conditions.

The precautions to avoid contact between the load or the load lifting accessories and the structure.
ping the crane:

The out of service position of the crane and lifting accessories.

Stop the engine, cut off the power supply.

Locking the cabin (if fitted) or securing the control equipment.

Maintenance, sea transit and storm conditions.

Lifting of objects weighing more than 25 kg to and from the crane.
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2 - Deck winches and A-frames

2.1 - Description

Equipment and objects to install are often transferred to the divers or ROVs using lifting A-frames. These devices, which
have been employed in construction since antiquity, and perhaps before, are similar to those used to deploy diving bells,
baskets, or ROVs. Thus, they consist of an A-frame and a winch mounted on a chassis. The deployment angle of the A-
frame is being performed by cables on old models or, more often today, by a pair of hydraulic cylinders. They are usually
installed in the most favourable area of the deck for the planned underwater operation.

Isolation barrier

Hydraulic cylinder

Pivot point A-frame

Chassis

T I L Il

As for cranes, the winches used to energize lifting A-frame devices can be electrical or hydraulic. However, pneumatic
winches are also frequently used.

Pneumatic motors use the same working principles as hydraulic ones described in point #1.1.7, except they receive an air
flux instead of a hydraulic one:

« Radial pistons motors convert the reciprocating motion of pistons arranged radially into the rotary shaft
motion: The liquid is fed to the top of the cylinders, pushing the pistons one by one, which produces the
rotation of the shaft, which incorporates an offset from the centre of rotation. This turning motion creates
the mechanical power which drives the winch.

» Vane motors receive a hydraulic flux that rotates their stator, and gears, in a similar manner to water mils.

Shaft (moving

Connecting rod
eccentrically)

Cylinder

Vane motor Radial pistons motor

Similarly to the other winch systems, pneumatic winches are equipped with gears providing reduction, a drum, brakes to

Diving & ROV Specialists - Basic lifting and Rigging handbook - Page 38 of 283



,[ H%%er inl;i\\:f:' Table of contents

stop and secure the drum, and a clutch system. Note that vane and radial piston motors can be easily differentiated as the
cylinder heads of radial piston motors are visible on their periphery. See the pictures below from “Tecnologie Speciali
Applicate Srl (https://tsabologna.com/)”, a hydraulic and pneumatic motor manufacturer based in Italy.

Cylinder head

Vane motor Radial piston motor
A significant difference of pneumatic winches compared with hydraulic winches is the size of the canalizations, that are
wider with pneumatic winches. This is due to the fact that depending on the size and the model of the motor a certain flux
of air is necessary. That can be observed on the two models below

Hydraulic
distributor

= ME oy
HYDRALL iy

\. B

Pneumatic
distributor

Pneumatic radial
piston motor

Automatic brake

Online lubricator Radial piston

motor
Pneumatic winch 5 tonnes designed by Hydraulic winch 10 tonnes designed by
ITETON, a company based in China ACE, a company based in Scotland
(https.//www.iteton-machinery.com/) (https://www.ace-winches.com/)

Screw industrial air compressors are used to energize pneumatic winches. They can be integrated in the ship, or be a
portable unit when the systems in place on the vessel are insufficient and for inland projects. These machines are
designed to provide air at average pressures between 8 - 14 bar for the majority of the models in service. The volumes of
air delivered vary from 1 m?®/ min to 23 - 25 m? /min. Most built-in machines are driven electrically, and the majority of
mobile industrial compressors are powered by diesel engines. Such compressors cannot deliver elevated pressures, but
have been adopted by most industries because they can deliver a large volume of air at the pressures mentioned above,
that are the pressures used by the tools they are designed to energize.

These compressors consist of two screw male and female rotors that give a continuous pulsating-free discharge. Two
shafts usually activate the rotors: One is the driving shaft which is part of the male rotor, and the other is the driven shaft
which is part of the female rotor. The driving shaft is connected to the driven shaft via timing gears, so both rotors rotate
at the same speed. The driving shaft is powered by an electric motor or a thermal engine. The two rotors are enclosed in
an airtight casing. They rotate at high speed and, for this reason, provide high output.

Female rotor

Suction port

Discharge port

/

Drive shaft

Male rotor

Similarly to hydraulic systems, the lines supplying pneumatic winches must be provided with filters, condensation
discharge, and lubricators. Many manufacturers recommend to use a regulator.

Regulator _— ® Distributor
& Cotay
) - “
Condensation discharge Lubricator %
Screw compressor (Model from Wilkerson) Winch (m‘odel from Ingersoll Rand)
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2.2 - Safety requirements

The construction and safety requirements of winches operated on deck with A-frames or to pull objects are those of
cranes. It is also the same for construction of the A-frames and the chassis, whose conception and inspection
requirements are those applied to cranes. Thus, the requirements of the ILO conventions No 152 & No 160 apply.

However, note the following:
« Guards should be provided to winches to prevent limbs or other parts of the operator's body and people working

near the winch from being swallowed by its mobile features (see on the previous page).
Barriers should be erected to prevent unauthorized people from crossing the operating area.

Winches used for pulling horizontally and not equipped with a remote station must be provided with a frame
and grilles sufficiently robust to protect the operator from the spring effect of the rope in case of a snapping.
Note that the same arrangement must be installed to protect the remote control station if it is on the way of a
possible spring effect of the broken cable.
The system must be designed and constructed so that components and controls are located where they are easily
accessible for use, adjustment and maintenance without causing hazard. Also, it should be designed to facilitate
positive isolation from energy sources. That can be done by:
Isolating the supply with a suitable shut-off device, which should be lockable, and shall be accessible
without causing a hazard, or isolating and dissipating pressure from the system with a suitable shut-off
device(s) having a pressure-release feature, which can need to be lockable;
Releasing or supporting mechanical loads when the system is depressurized.
Protection from electricity: The precautions indicated for the electrical generators should apply to
electrically powered compressors.

It is recommended that components and piping that supply the air winch are made in accordance with recognized
international standards should be used. These components should be selected or specified so that the users are safe when
the compressor and winches are used. They should operate within their rated limits. Designers and installers should focus
on their reliability, and the hazards they can create in case of failure or malfunction should be considered.

If used, rigid piping should be mounted to minimize stresses; they should be protected against foreseeable
damage and should not restrict access for adjustment, repairs, or replacement of components. The piping should
not be used to support features that can impose undue loads. These excessive loads can arise from component
mass, shock, vibration, and pressure surges.

The flexible air supply hoses should conform to EN ISO 2398 “Rubber hoses, textile-reinforced for compressed
air. specification”. They must be regularly checked and changed if necessary.

Ropes should be installed along the air hoses, and be secured to them at least every 20 cm. The aim of this
system is to keep the hoses in one piece and prevent whipping in case of rupture of the hose under pressure.
“Hose arresters” should be installed at each coupling to prevent whipping in R
case of a connection failure (see the picture on the side).

The coupling used should conform to a recognized standard and to the
maximum pressure delivered by the compressor.

The flow rate through piping should not create hazards due to temperature change or pressure drop. Variations
in the flow rate should be minimized by avoiding sudden changes in internal diameters of piping.
The length of the piping/hose between actuators and their directional control valves should be kept to a
minimum to optimise the response time. Also, the number of connections should be kept to a minimum.
Installation of flexible hose assemblies should:
Have the minimum length necessary to avoid sharp flexing and straining of the hose during the component
operation. Flexible hoses should not be bent with a radius smaller than the recommended minimum
bending radius.
Minimize torsional deflection of the hose during the installation and use, e.g. as the result of a rotating
connector jamming.
Be located or protected to minimize abrasive rubbing of the hose cover.
. Be supported, if the weight of the hose assembly could cause undue strain.
Piping/hoses should be identified or located in such a manner that it is not possible to make an incorrect
connection that can cause a hazard or malfunction.
The manifolds should be rigidly and securely mounted, and should not malfunction due to distortion when
operated within the intended range of operating pressures and temperatures. Mechanically and manually
operated valves should be installed so that they cannot be damaged by foreseeable operating forces.
Rigid pipes and/or rubber hoses across access ways should not interfere with the normal use of the access way.
They should be located either below or well above the floor level and in accordance with site conditions. The
hoses/pipes should be readily accessible, rigidly supported, and where necessary, protected from damage.
Exposed openings in pneumatic systems and components, in particular tubes and hoses, should be protected
during transportation either by being sealed or by being stored in an appropriately clean and closed container.
Male threads should be protected. Any protective device used should be of the type that prevents reassembly
until it is removed.
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The installation of A-frame and winches on deck can be done during the construction of the vessel, or during the
mobilization of the project.

« Devices installed during the construction of the vessel are considered part of the vessel and have been normally
verified during the classification process of the vessel. For this reason, they are verified by the technicians and
engineers in charge during each inspection linked the the certification process associated with the classification
of the vessel.

« In addition to conform with what has been previously said, the devices installed for the needs of a project must
be checked by a recognized certification body agreed by the administration of the country where the
mobilization is carried out, and also where the work is undertaken. It is the reason most companies use the
services of certification bodies recognized internationally. This process of certification is similar to those in
force for the launch and recovery systems (LARS) of diving systems, and should include engineering studies of
the fastenings, non destructive techniques (NDT) inspection of the welds, and dynamic and static load tests
performed according to the requirements of the Labour Organization conventions No. 152 & 160:

Up to 20 tonnes Safe Working Load: 25 per cent in excess
20 to 50 tonnes Safe Working Load: 5 tonnes in excess
Over 50 tonnes Safe Working Load: 10 per cent in excess
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3 - Powered chain hoists and A-frames used underwater

3.1 - Powered chain hoists

3.1.1 - Description

Powered chain blocks are hand chain hoists, such as those described in the chapter “Hand powered lifting equipment” of
this handbook, equipped with a hydraulic or a pneumatic motor instead of the hand chain wheel. These devices are
covered by many standards, among which the following should be considered:

o ASME B30.16 “Overhead Underhung and Stationary Hoists - Safety Standard for Cableways, Cranes,
Derricks, Hoists, Hooks, Jacks, and Slings”. Note that this standard does not discusses hydraulically powered
chain hoists

o EN 14492-2 “Cranes - Power driven winches and hoists - Part 2: Power driven hoists”.

Note that the standard EN 13157 “Cranes - Safety - Hand powered cranes” should be considered for the internal parts
and the load chain of chain hoists. Also, powered chain hoists intended for use by ROVs in the offshore industry should
be built according to the following standards:

o ISO 13628-1 “Petroleum and natural gas industries - Design and operation of subsea production systems - Part
1: General requirements and recommendations”.

o ISO 13628-8 “Petroleum and natural gas industries - Design and operation of subsea production systems - Part
8: Remotely Operated Vehicle (ROV) interfaces on subsea production systems”.

Two main designs are applied regarding the protection from the effects of salt water: The 1st one consists of protecting
the hoist mechanism and the motor from water ingress, and the 2nd one consists of treating the mechanism against
degradation due to the salt water and isolating only the motor.

Three examples of existing machines can be taken as references to illustrate the solutions mentioned above:

« The air hoists Profi 3 TI & 6 TI are air-powered lever hoists designed to carry 3.2 or A
6.3 tonnes at up to 70 metres of water depth, fabricated by J.D. Neuhaus, a company .
based in Germany (Website: https://www.jdngroup.com/)

The manufacturer says these machines can be used diagonally and horizontally, and
their lifting and lowering speeds can be controlled.

Their working air pressure is approximately 6 bar for flows between 4 and 5,5 m?/
minute.

Their weights vary between 150 kg (3 TI) and 161.5 kg (6 TI), and they are delivered
with a 3 m lifting chain.

We can see that they are provided with a manifold with an inlet and outlet hose for
each direction.

« Ingersoll Rand, a well-known producer of winches headquartered in the USA \
(Website: https://www.ingersollrand.com/en), sells a series of hydraulic subsea lever \
hoists designed to lift loads of 6, 12, 25, and 50 tonnes at depths up to 30 metres.
The particularity of these machines is that all their moving parts are protected from
water ingress. Also, as they are designed to stay a long time underwater, they are &
provided with zinc anodes. w
The working supply pressures of their motors vary from 120 to 135 bar, depending on
the model, and they need a flow between 40 and 50 1/min. i
Their lifting and lowering speed can be controlled by the diver
Their weights with a 3 m chain vary from 185 kg (6 tonnes model) to 940 kg (50
tonnes model). The manufacturer provides lifting chains allowing lifting 49 m height
for the models up and 25 tonnes and 24 m for the 50 tonnes device. ‘j{!%

« Tiger Lifting (website: https://tigerlifting.com/), a company based in the United
Kingdom known for its hand lever and chain hoists designed for underwater
operations, sells a series of subsea chain hoists specifically studied for ROVs. e
The range proposed to clients comprise machines designed to lift 3, 6, 8, 10, 15, 20,
and 30 tonnes.
They are powered by hydraulic motors supplied at a pressure of 210 bars and a flow ~
rate of 4 to 8 litres per minute. These hydraulic motors are connected to mechanisms
designed to withstand the effects of prolonged exposure to deep salt water, which are
also used with manual chain hoists. These machines are equipped with chassis
allowing their handling by ROV manipulators. They are also equipped with
connecting and control panels designed for ROV manipulators.
Note that the lifting chain is housed in a specific tray to prevent it from entangling
during lowering and installation. The chains' lengths are comparable to those of the
equipment above and are adjusted according to the customer's wishes.
The manufacturer does not indicate the maximum depth in the brochure and user
manuals. However, this tool is already used on projects at deep depths.
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3.1.2 - General safety requirements

These safety requirements are those required by certification bodies to all manufacturers, whether the device is planned to
be used underwater or at the surface. Note that there is currently no safety requirements specific to underwater powered
chain hoists. However, as with the other tools described in this manual, the tool's fabrication and safety elements should
be documented so the certification body can analyze them. The following elements must be in place:

EN 14492 requires that manual starting and stopping controls of hoists are fitted with hold-to-run control
elements so that the drive energy supply is interrupted when the actuating elements are released.

Actuating elements of control devices shall incorporate features that prevent unintentional operation or
unwanted movements of the load. The actuating elements of control devices must incorporate features and be
arranged and marked so that their assignments, their direction of operation, and their switching state are
unmistakably recognizable, using symbols where appropriate.

ASME B30.16 says that drive or welded chains can be used. However, units designed for underwater operations
use only welded chains as drive chains require continuous lubrification. The load sprockets must have pockets or
teeth to allow for the engagement of the load chain. In addition, the components of the chain drive must match
each other in terms of dimensions and materials and should also be guarded against jamming of the load chain
within the hoisting mechanism under standard operating conditions. In addition the load chain must be proof
tested by the chain or hoist manufacturer with a load at least equivalent to 11/5 times the hoist's rated load
divided by the number of chain parts supporting the load.

EN 14492 adds that the chain anchorage must withstand four times the static chain tensile force at the hoist's
rated capacity without rupture. It must be locked to prevent the chain from running off the hoist.

ASME B30.16 also requires that the hooks are equipped with latches unless the use of the latch crates a
hazardous condition. When required, a latch shall be provided to bridge the throat opening of the hook, and
retain,under slack conditions,such items as,but not limited to, slings and chains. Note that hooks of swivelling
type, should rotate freely.

EN 14492 says that the gears and reducers should be supported and connected to the driving and driven
mechanisms in such a way that no impermissible and uncontrolled stresses or deformations are produced in the
gears or bearings. In addition,l hoists with a rated capacity of 1 000 kg or more must be fitted with a limiter
designed to prevent overloading. It must also limit the forces transmitted to the supporting structure. This limiter
must be triggered by loads greater than 1,1 times the rated capacity.

Powered hoists must also be provided with an emergency stop function available and operational at all times,
regardless of the operating mode.

In addition, hoists must be designed with brakes designed such that movements of the load can be decelerated,
and the load can be held with unintended movements avoided. These brakes should engage automatically when:

The control device returns to its neutral position.

The emergency stop function is activated.

The external power supply to the brake is interrupted.

The power supply of the motor is interrupted or switched off.

EN 14492 also says that if the braking force is supplied by pre-stressed springs, the failure of any spring in the
braking system must not reduce the available braking torque by more than 20 %. EN 14492 suggest to fulfill this
point by using at least five springs, or if less than five helical springs are used, their size must such that the wire
diameter is greater than the distance between the windings in the working condition to prevent screwing in the
two spring parts in the event of a wire break. It should be possible to check, adjust and replace the brake or the
brake linings.

3.2.2 - Specific requirements for pneumatic systems

The component of the pneumatic system must be compatible and suitable for the anticipated ambient conditions. EN
14492 says that due to the pneumatic drive characteristics, significant lowering and lifting speed differences may exist.
Also, the following design requirements should be fulfilled:

The pneumatic motor must not create hazards by heating up or by icing up.

Pneumatic-powered hoists should be provided with brakes, as indicated in the previous point. If they are used,
pneumatically released brakes should be designed to prevent unexpected load lowering. EN 14492 suggests that
the brake releases only when the motor provides a sufficient moment for holding the load or controlling the load
movement.

The control devices should be designed such that the actuator-displacement increases or decreases the speed of
the load. They also must be designed such that no pressure and flow disturbances can occur and their level of
performance is kept, and their design should prevent unintended movements.

Also, in the case of a power failure, the controls must be brought into a neutral position. For direct-controlled
hoists, this requirement applies only when the actuators are released. Note that the reaction times must be
reduced to a minimum.

EN 14492 also says that triggering machine movements by venting control lines is not permissible.

The control device should be provided with an emergency stop system that interrupt the main air circuit.

The disconnection of the machine from the air supply must not result in load dropping
The movable parts must be arranged or covered to avoid hazards to the operator.
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It must be noted that hydraulic pumps and motors are commonly used for various applications on ROVs designed to
descend to depths deeper than 2000 m. Thus, they are an obvious choice for powering chain hoists designed for depths
greater than 50 metres.

3.2.3 - Specific requirements for hydraulic systems

o EN 14492 says that hydraulic systems must be built with components that are compatible with each other and
ensure correct functioning under the anticipated environmental conditions:
The materials used must be compatible with each other. For example, the materials used for seals, flexible
and semi-rigid lines, and for coating several components must be compatible with the other materials of
components and systems and withstand the system pressures.

If greases that can come into contact with the pressure liquid after, for example, the rupture of a seal, are
used, they must be compatible with the pressure liquid.

The pressure liquids must be selected to minimize the effects of leakages, and not be hazardous to the
operators.
« A device must be fitted to ensure that the load does not move as a result of internal leakage of the motor. EN
14492 suggests using mechanical spring loaded brakes or self-locking gears to fulfill this requirement. Also,
note that the pressure to the motor must never be less than 1 bar to avoid vacuum.

« The piping must be designed to ensure that additional impermissible loads due to pressure, bending,
temperature, and other reasons do not occur during the operations and that wear and corrosion are avoided. Note
that the connection to energy converters should also be designed to minimize vibration and noise.

The hose fittings must be designed to avoid torsional strain during assembling, and their bending radius and
installation requirements must follow the specifications provided by the manufacturer to prevent excessive
fatigue and wear.

o The reservoir of the Hydraulic Power Unit (HPU) must be designed not to overflow and be equipped with a
level gauge. It must be located so that the necessary inflow to the pump is ensured and be of sufficient size to
ensure proper liquid flow within the permissible temperature. An air inlet should be provided to avoid
depression or overpressure.

o EN 14492 requires a cooler to be fitted to the hydraulic circuits if the operating temperature is above the
permissible one for the type of oil used. Also, the manufacturer must provide a heating system if the device is to
be used at ambient temperatures lower than the suitable temperature of the oil. Nevertheless, EN 14492
authorizes warming up the system without load.

Filters must be provided to avoid contamination of the oil. They must be equipped with a bypass with a specific
opening pressure to keep the installation working in the case of clogging. A warning system must be provided to
indicate that the bypass is open.

« The control devices should be designed such that the operating speeds of the motors are proportional to the
controlling range of the control. They also must be designed such that no pressure and flow disturbances can
occur and their level of performance is kept. Also, their design should prevent unintended movements.

In the case of a power failure, the switching positions must be reached automatically, and the installation
stopped. In addition, there must be a protection against overpressure of the fluid and over speed of the load.
They must act on the hydraulic circuits and elements so that the flow rate and pressure are limited to permissible
values. Note that the hydraulic connections between the load-holding valves and the motor must consist of steel
tubing; flexible hoses must not be used.

As every machine, an emergency stop system must be provided that interrupts directly the primary hydraulic
circuit or the actuating elements.

« The moveable parts of the system must arranged or covered so that hazards for persons or objects are excluded.
Also, the system must be designed such that fluid leaks cannot cause a fire. Devices reaching high temperatures
when operated must be thermally separated from devices carrying oil by suitable enclosures to avoid ignition.
EN 14492 says that if thermal separation is not possible, a flame-retardant hydraulic liquid must be used.

In addition, to prevent explosion risks, EN 14492 requires that hydraulic systems with chambers or hollows are
equipped with aeration equipment. Note that only flame-retardant hydraulic liquids must be used if hydraulic
systems are used in an environment with an explosion hazard.

3.2.4 - Specific requirements for chain hoists designed for ROV use

Chain hoists used with ROVs at deep depths are expensive and long to transfer and install, resulting in difficulties in
organizing regular replacements as organized for hand-powered hoists. As a result, these tools may be at depth for some
time. For this reason, chain hoists designed to be installed and used by ROVs must comply with ISO 13628-1 & 13628-8
requirements regarding corrosion, handling, and interface operationality. Note that these standards discuss the
construction of subsea facilities, not specifically the construction of chain hoists designed to work on them. However,
among the numerous requirements provided, the following guidelines should be taken into account:

« According to ISO 13628-8, when developing the design philosophy for the intervention interfaces, the designer
should consider the type of tasks involved. In general, for component replacement or where lifting operations are
required, vertical access should be provided. For valve operation and other types of light work, horizontal access
is preferred where possible. Tools designed specifically for the processes involved should be used, where the
ROV can dock onto the interface and be held firmly in place while the task is being performed. In designing the
interface, care should be taken to avoid the necessity for rigid design requiring complicated tooling.
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Any ROV manipulator or tooling operation that requires the pilot to control the ROV during the performance of
the task actively should be avoided.

« The factors to be considered when selecting a material for the construction of the interface assembly should
include the following:

The interface mounted on the subsea production system should exhibit greater inherent strength than the
interface carried by the ROV/ROT, such that in the event of a mishap during operations, the interface
cannot be damaged or made inoperable.

The interface should be designed to operate correctly throughout the entire period of submersion and
should broadly equate to the design life of the equipment to which it is attached.

Corrosion-resistant materials, suitable coatings, and cathodic protection systems to prevent corrosion
should be used. Intervention equipment, used only a limited number of times throughout the life of the
subsea production system, may be designed to use materials suitable only for intermittent immersion in
seawater.

» Quick-connect fittings requiring the pulling back of the retaining ring at the same time as pushing the fitting
onto the connector should be avoided. The reason is that a single manipulator does not have the dexterity to
perform both operations at the same time. However, there are several connectors that do not require the retaining
ring to be pulled back to make the connection.

» Remote interface operation often requires supplementation by a visual means to the ROV operator. This visual
indication can be achieved by several means, but it the indication system should conform to the following. All
valve, connector elevation and position indicators on individual modules or components involving ROV
interfaces should have visual indicators. The visual indicators should be designed such that they are:

Self-explanatory, giving the operator a clear indisputable indication of the equipment status.

Visible from the location where the work is to be performed during the operations.

Easily read from different angles with standard ROV camera systems.

Easily read from at least 0,5 m (1,64 ft) in normal visibility.

Substantial and robust enough to last for the design life of the subsea component/equipment.
. Protected from mechanical damage, and, where appropriate, capable of counting functions.

« An interface should be provided to allow ROV stabilization during operations based upon grasping. Grasping
intervention interfaces shall be designed to withstand a minimum force of 2,2 kN (500 1bf) applied from any
direction and a gripping force of 2,2 kN (500 1bf) applied from any direction. The method of attachment is
optional. The handles can also be designed as bumper bars to provide protection to the interface panel.

« Designers should take into consideration the potential difficulties involved with sliding operational tasks (e.g.
pushing a lever up, down or along). Because of the orientation of the mechanical linkage of the manipulators
and their control systems it is at present difficult for ROVs to operate sliding lever handles where the operation
is in a vertical (up/down) or horizontal (push/pull) orientation. Operation of the slide/lever type from the side
(Ieft/right) is possible, providing there is room for the manipulator to be inserted to the left or right of the
handle.

3.2.5 - Maintenance

The maintenance of powered chain hoists depends on the frequency of use and the conditions of use. ASME B30.16
provides guidelines regarding this point on which many manufacturers have built their recommendations. However, these
guidelines apply to chain hoists not used underwater. Considering that underwater works are performed in an
environment aggressive for mechanical parts, it will be necessary to reinforce the frequency of inspection and preventive
maintenance of the devices submitted to such working conditions. The procedures provided by manufacturers can be used
for this purpose.

The maintenance of chain hoists involves troubleshooting, periodic inspections, preventive maintenance, and
commissioning procedures before returning the device to service. It is therefore essential that the technician in charge
has the technical level for these tasks. ASME provides the following examples of source of training material:

« Information outlined in the manual provided with the equipment. Note that this documentation is mandatory.
« Information from trade associations

« Government training resources such as labour and educational ministries

« Organized labour groups

« Courses, seminars, and literature offered by manufacturers of lever hoists, consultants, trade schools, continuing
education schools, and employers.

« Requirements and recommendations found in national consensus standards.
« Note that a technician competent for diving or ROV systems has normally the required level for such inspections
and maintenance tasks.
As mentioned for other lifting tools, it is recommended to organize a preventive maintenance based on:
o The recommendations from standardization bodies
o The recommendations outlined in the hoist manufacturer’s manual.
« The recommendations from specialists.
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» Reports regarding defect or weaknesses of the equipment
« Safety flashes

ASME classifies the inspections to be organized as follows:
« Initial inspection:
It is the examination to be performed before committing to service new, altered, or modified hoists.

« Pre-operation Inspection:
It is performed before the first use of each shift with records not required. It consists of visually examining the
following:

The operating mechanisms function test, proper adjustment, and unusual sounds.

Hoist limit devices of hoists without a load on the hook. The load block shall be inched into its limit device
or run at a slow speed on multi speed or variable speed hoists. When travel-limiting clutches are used as
limit devices, following the methods for inspecting the travel-limiting clutch in the manual provided with
the hoist.

The hooks, including the latches.

The damage and correct reeving of the load line.

The over-travel restraint attachment.

Whether deformations, cracks, and other damages are visible.

« Frequent Inspection:
They are visual inspections not required to be documented, that should be scheduled as follows:

Normal service: monthly
Heavy service: weekly to monthly
Severe service: daily to week

They consist of examining the following:
The operating mechanisms function test, proper adjustment, and unusual sounds.
Hoist limit devices of hoists without a load on the hook. The load block shall be inched into its limit device
or run at a slow speed on multi speed or variable speed hoists. When travel-limiting clutches are used as
limit devices, following the methods for inspecting the travel-limiting clutch in the manual provided with
the hoist.
The hoist braking system for proper operation.
Lines, valves, and other parts of air or hydraulic systems for leakage.
The hooks, including the latches.
The chain must be function tested under load, and closely inspected for damages, wear, and elongation.
The over-travel restraint attachment.

. Whether deformations, cracks, and other damages are visible.
« Periodic Inspection:

It is a documented visual inspection. It can be indicated by a coded mark on the device, and should be organized

as follows:
Normal service - yearly:
Visual inspection by a designated person making records of conditions to provide the basis for a
continuing evaluation.
Heavy service - semiannually:
As above unless conditions as determined by a qualified person indicate that disassembly should be done
to permit detailed inspection.
Severe service - quarterly:
As above unless conditions as determined by a qualified person indicate that disassembly should be done
to permit detailed inspection.

The following elements should be inspected:
The operating mechanisms function test, proper adjustment, and unusual sounds.
Hoist limit devices of hoists without a load on the hook. The load block shall be inched into its limit device
or run at a slow speed on multi speed or variable speed hoists. When travel-limiting clutches are used as
limit devices, following the methods for inspecting the travel-limiting clutch in the manual provided with
the hoist.
The hoist braking system for proper operation.
Evidence of loose bolts, nuts, or rivets
Evidence of worn, corroded, cracked, or distorted parts such as load blocks, suspension housing, chain
attachments, clevises, yokes, suspension bolts, shafts, gears, bearings, pins, rollers, and locking and
clamping devices.
Evidence of damage to hook retaining nuts or collars, and pins and welds or rivets used to secure the
retaining members.
Evidence of damage or excessive wear of load sprockets or idler sprockets
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Evidence of worn, glazed, or oil contaminated friction disks; worn pawls, cams, or ratchets; corroded,
stretched, or broken pawl springs in brake mechanism.

The presence of the required labels and marks.
End connections of load chain, including over-travel restraints, rope, or web strap.

« Devices not in regular service:
A device not used for a period of 1 month or more and less than 1 year should be inspected according to the
requirements of frequent inspections (see above).
A device not used for a period of 1 year or more should be inspected according to the requirements of periodic
inspections (see above)

Post dive maintenance guidelines from manufacturers

The powered chain hoists discussed in this section are specific for underwater operations. For this reason, the following
guidelines, based on those of the manufacturers, have to be rigorously applied.

When the immersed chain hoist is back on deck, it must be rinsed with fresh water (not using HP jets) and immediately
dismantled for a throughout cleaning and inspection. The reason is that the salted water and foreign objects may be
present in sensitive internal parts, and corrosion or exaggerated wear may be present. Note that in the presence of air, the
conditions for accelerated corrosion may be fulfilled to result in the device being out of order quickly.

When the internal parts of the chain hoist have been rinsed and filly dried, they must be adequately lubricated using the
lubricants recommended by the manufacturer, and the device must be reassembled.

Consider that because the chain hoist has been dismantled, it must be load tested before being returned to operations, as
recommended by ASME standards. This procedure applies to all hoists (used underwater or not) and is explained in the
next point.

If after being considered good to service, the chain hoist is not used, it must be inspected according the the “ASME rules
for devices not in regular service” or a similar process.

3.2.6 - Chain hoist testing

ASME B30.16 says that the hoist manufacturer must test all new hoists with a load test of at least 125% of the rated load.

ASME B30.16 also says that all altered or repaired hoists or hoists placed in service that have not been used within the
preceding 12 months must be tested by, or under the direction of, a designated person to ensure compliance with the
manufacturing standards. These tests can be static or dynamic, and a written report should be issued and classified on file.

A. A qualified person must approve the anchorages or suspensions for the tests before starting the operation.

B. The functions of the hoist must be checked with the hoist suspended in the unloaded state, taking into account
that some hoists may require a nominal load or pull on the load hook to test the lowering motion.

C. A qualified person must determine the need to load test the hoist.

D. The test must not be less than 100% of the rated load of the hoist or more than 125% of the rated load of the
hoist unless otherwise recommended by the hoist manufacturer or a qualified person.

The replacement of the chain is excluded from the load test. However, an operational test of the hoist should be made in
accordance with step “B” before placing the hoist back in service.

3.2 - Underwater A-frames

3.2.1 - Description

These A-frames are often used by divers to lift and adjust the flange of
pipelines and spools. They are designed for using manual lifting gears
such as hand chain blocks. Also, because they are often used on soft
sea beds, they are provided with large skates whose function is to
prevent them from being sucked in the mud.

They are also provided with lifting pad eyes that allow connecting the
crane to transfer them to and from the bottom of the sea.

3.2.2 - Safety requirements

The construction and safety requirements of A-frames designed to lift
objects underwater are those of cranes and A-frames installed on the
deck. Thus, the provisions of the ILO conventions No 152 & No 160
apply.

It is preferable to build them using I-profiles or similar, like the model
in the photo, instead of hollow pipes and square profiles where water
ingress is possible and may result in invisible internal corrosion.

In addition, the transferring and removing from the seabed, where they
can be sucked due to the weight of the pipeline and the softness of
some soil, result in more stress than calculated and may be applied to
the various part of the frame, particularly the lifting pad eyes. For this
reason, their structure is to be reinforced and closely inspected before
starting the operations and after the recovery to the deck.
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B - Wire ropes and end sockets

1 - Description
1.1 - Components and design

Wire rope, or cable, is a type of rope which consists of several strands of metal wire laid (or 'twisted') into a helix.
Initially wrought iron wires were used, but today steel is the main material used for wire ropes.

Wire rope consists of three essential components. These, while few in number, vary in both complexity and configuration
so as to produce ropes for specific purposes or characteristics. Basically, these three components of a standard wire rope
design are:

« Wires that form the strand. Strand e Wi
e
« The core. tran \;,_3\\ —
 The multi-wire strands laid helically around the core. X
Core == - ,/

Wire rope

1.1.1 - Core

The “ core ” is made of materials that will provide proper support for the strands under normal bending and loading
conditions. Core materials include fibres (natural or synthetic) or steel. The steel core consists either of stranded wires or
of another independent wire rope. EN 12385-2 provides the following classifications:

« Fibre cores (FC), are made of natural fibres (NFC) or synthetic fibres (SFC)
« Steel cores (WC) are arranged as a wire strand (WSC) or are independent wire rope cores (IWRC)

« Solid polymer cores (SPC) consist of polymer materials having a round shape or a round shape with grooves.
They may also contain an internal element of wires or fibres.

Catalogue descriptions of the various available ropes include these abbreviations to identify the type of core.

1.1.2 - Strands

"Strands" are made up of two or more wires, laid in one of many specific geometric arrangements, or a combination of
steel wires with other materials such as natural or synthetic fibres. They are laid in spiral around the core. The standard
EN 12385-2 indicates the following strands construction and lay characteristics:

« Round strand:

This type of strand shows a perpendicular cross-section which is approximately
the shape of a circle.

« Single lay strand
Strand which contains only one layer of wires
« Seale - Parallel lay strand

Parallel lay strands have at least two layers of wires all of which are laid in one operation (in the
same direction). The “seale construction” is a parallel lay strand construction characterized by

the same number of wires in both layers

« Warrington - Parallel lay strand

parallel lay strand construction having an outer layer containing alternately large and small wires
and twice the number of wires as the inner layer
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« Filler - Parallel lay strand

parallel lay strand construction having an outer layer containing twice the number of wires than
the inner layer, with filler wires laid in the interstices between the layers.

parallel lay strand construction having three or more layers laid in one operation and formed from
a combination of Filler & Seale strands

A compacted strand has been subjected to a process such as drawing, rolling or
swaging whereby the metallic cross-sectional area of the wires remains unaltered
whereas the shape of the wires and the dimensions of the strand are modified.
#1: Before compacting - #2: After compacting

« Multiple operation lay, cross lay, compound lay strands
A Multiple operation lay strand contains at least two layers of wires in which successive layers are laid in more
than one operation.

A Cross-lay strand contains more than one layer of wires, all laid in the same direction. The wires of
superimposed wire layers cross one another and make point contact.

A Compound lay strand contains a minimum of three layers of wires, the outer layer of which is laid in a
separate operation, but in the same direction as the others, over a parallel lay forming the inner layers.

1.1.3 - Lays

The term lay refers to the direction of the twist of the wires in a strand and to the direction that the strands are laid in the
rope. In some instances, both the wires in the strand and the strands in the rope are laid in the same direction; and in other
instances, depending on the intended use of the rope, the wires are laid in one direction and the strands are laid in the
opposite direction.

- The following types of lays are commonly used in wire rope:

« Right Regular Lay: In right regular lay rope, the wires in the strands are laid to the left,
while the strands are laid to the right to form the wire rope.

o Left Regular Lay: In left regular lay rope, the wires in the strands are laid to the right,
while the strands are laid to the left to form the wire rope. In this lay, each step of
fabrication is exactly opposite from the right regular lay.

« Right Lang Lay: In right lang lay rope, the wires in the strands and the strands in the
rope are laid in the same direction; in this instance, the lay is to the right.

o Left Lang Lay: In left lang lay rope, the wires in the strands and the strands in the rope
are also laid in the same direction; in this instance, the lay is to the left (rather than to
the right as in the right lang lay).

« Reverse Lay: In reverse lay rope, the wires in one strand are laid to the right, the wires
in the nearby strand are laid to the left, the wires in the next strand are to the right, and
so forth, with alternate directions from one strand to the other. Then all strands are laid
to the right.

- Lay length
The “length of a rope lay” is the distance measured parallel to Strand . 1 cable lay length
the centre line of a wire rope in which a strand makes one \-
complete spiral or turn around the rope. .

- Right versus left lay.
Right lay rope is standard. If lay direction is not designated, right lay drum. If the correct lay is not used in this case, the
rope will not wind smoothly against its previous wrap.

- Regular lay versus Lang lay.
The wires in regular lay wire rope appear to line up with the axis of the rope. In contrast, the wires in Lang lay wire
rope appear to form an angle with the axis of the rope.
Regular lay wire rope is used for the widest range of applications. It has a somewhat better resistance to crushing than
Lang lay wire rope and does not rotate as severely under load when used in an application where either end of the rope
is not fixed.
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Lang lay wire rope has better resistance to both fatigue and abrasive wear. Lang lay rope has a longer exposed length of
exterior wires. Bending of Lang lay rope results in less axial bending of the outer wire, but greater torsional flexure.
Overall, Lang lay wire rope displays a 15 to 20 percent superiority in service life over Regular lay when bending is the
principal factor affecting service life. Also, because of the longer exposed length of the exterior wires, the ropes are
exposed to less pressure which decreases the rate of abrasive wear on wires, drums, and sheaves.

There is no difference in breaking strength between Lang and Regular lay rope.

- Reverse lay wire rope (Also called “Alternate Lay Wire”)
Reverse lay wire rope has the extra flexibility of lang lay in combination with the structural stability of regular lay. It
unites the best features of both types of wire rope. Alternate lay is made with relatively large outer wires to provide
increase of abrasion resistance to scrubbing against sheaves and drums. Finer inside wires and flexibility enable
alternate lay ropes to absorb severe bending stresses. It is well suited to winding applications where abrasion and
crushing can occur. Alternate lay wire rope applications include boom hoists and numerous types of excavating
equipment like clamshells, shovels, cranes, winches and scrapers.

1.1.4 - Inserts and rope lubrication and protection

The European standard EN 12385-2 explains that inserts made of fibre or solid polymers can be positioned to separate
adjacent strands or wires in the same or overlying layers or fill the interstices of the rope.

The rope must be lubricated to reduce internal friction and protect against corrosion. For this reason, a lubricant is applied
during the fabrication of the core and strands, in addition to impregnating agents that are used for inhibiting the rotting
and decay of natural fibre cores. Blocking compounds are also applied during and after the manufacture of the rope to
protect it against corrosion.

1.2 - Common types of wire ropes

The wire arrangement in the strands and how the strands are laid determines the rope's functional characteristics, so its
capacity to meet the operating conditions to which it will be subjected. There are many basic design constructions around
which standard wire ropes are built. They are identified by a nomenclature that references:

« The number of strands in the rope and their orientation.
« The number (nominal or exact) and arrangement of wires in each strand.
« The design of the core.

1.2.1 - Stranded ropes (Non rotation resistant)

According to EN 12385-2, Stranded ropes are composed of several strands laid helically in one or more layers around a
core (single-layer ropes) or centre (parallel-closed ropes).

« Single-layer ropes:

Single-layer ropes are made of one layer of strands laid helically around a core

« Parallel-closed ropes:

They are stranded ropes consisting of at least two layers of strands laid helically in one closing
operation around a strand or fibre centre.

« Cable-laid ropes:

According to EN 12385-2, these ropes are assemblies of several round stranded ropes closed
helically around a core.

« Compacted strand ropes & Swaged ropes:
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These ropes have been subjected to a compacting process to reduce their diameter.

Compacted stand ropes are composed of strands subjected to a compacting process such as drawing, rolling or
swaging. Thus, the compacting process is done prior to closing the rope.
The compacting process of Swaged ropes consist of compacting them (usually by swaging) after closing them.

« Braided ropes:

These ropes are assemblies of several round strands braided in
pairs.

« Electro-mechanical ropes:

They are ropes containing electrical conductors or optic fibres

1.2.2 - Spiral ropes (EN 12385-2)

Spiral wire ropes are made of one or several layers of wires which are wound helically around a core wire. Remember
that, opposite to this design, the stranded ropes described above are made of one or several layers of strands.

« Spiral strand ropes:

These ropes are composed of only round wires

1.2.3 - Polymer covered and filled ropes (EN 12385-2)
These ropes are coated or/and filled with polymers

« Solid polymer filled ropes & Solid polymer covered and filled ropes

The free internal spaces of these ropes are filled with a solid polymer that extends to, or slightly
beyond the outer circumference of the rope, or cover the outer circumference of the rope.

« Cushioned core rope

These ropes have their core coated, or filled and coated with a solid polymer

1.2.4 - Rotation Resistant ropes (RR)

In a conventional rope, a load creates a force that tries to untwist the rope, resulting in a rotation.

A “ Rotation Resistant wire rope ” has an independent internal rope, sometimes with two layers, with
strands in the opposite direction to the outer strands. Under load, the internal rope tries to twist the rope
in one direction, the outer strands try to twist it in the opposite direction. This geometrical design
results that the forces in the core and the outer strands compensate each other over a wide load
spectrum so that even with great lifting heights, no rope twist occurs.

Organizations such as ASME classify these wire ropes into three categories: Category 1 has little or no
rotation; Category 2 has significant resistance to rotation; Category 3 has limited resistance to rotation.
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Standardization bodies say that the wire rope must be selected by the equipment manufacturer, the rope manufacturer, or
a recognized qualified person. Thus, it is not the function of the diving and ROV teams to decide which type of wire
ropes are to be installed on lifting gears. However, having a notion of how wire ropes are classified allows the team to
understand better the identification systems of the wire ropes installed on winches or proposed by the reseller.

Note that the identification systems of wire rope may vary from one country to another, which, even though these
systems are similar, may oblige to refer to the system used by the manufacturer to find a wire rope with equivalent
characteristics when changing it.

The systems of identification implemented by standardization bodies are based on the following:

1.3 - Elements of identification

« The rope construction

« The surface finish

« The lay type and direction

« The dimensions

« The breaking force and grade
« The rope class

1.3.1 - Identification system of ropes and cores construction (EN 12385-2)

Standardization bodies identify the design of wire ropes by sequences of symbols and numbers. As an example, the
European standards use the following system:

Cross-sectional shape of wire, strand and rope
Symbol
Cross sectional shape
Wire Strand Rope
Round No symbol No symbol No symbol
Triangular Vv vV -
Built-up centre (a) - B (1) -
Rectangular R - -
Trapezoidal T - -
Oval (0] (0] -
Z-shaped zZ - -
H-shaped H - -
Flat or ribbon - P -
Compacted (b) - K (2) K (2)
Braided - - BR
(a): The symbol B indicates that the strand centre is built-up from a number of wires and succeeds the symbol for
strand shape, e.g. a triangular strand of 25 wires with a built-up centre is designated as V25B.
(b): The symbol K indicates an additional compacting process and precedes the symbol for strand or rope shape, e.g.
a compacted round strand or rope is designated as K and a compacted oval strand is designated as KQ.

Symbols for cores, centres of parallel-closed ropes and

m mmon n . ,
Symbols of common types of stands centres of rotation-resistant ropes

Construction type Symbol Construction type Symbol
Single lay No symbol Single layer rope fibre core: FC
o Natural fibre core NFC
o Synthetic fibre core SFC
Parallel lay - Seale S  Solid polymer core SPC
Parallel lay - Warrington w -
Parallel lay - Filer F Single laye.‘r steel fibre core: wcC
o Wire strand core wSsC
o Independent wire rope core IWRC
Combined parallel lay o o Independent wire rope core with IWRC(K)
compacted strands
o Independent wire rope core EPIWRC
- - covered with a polymer
Multl'p le op eratl.on lay - cross lay M o Parallel wire rope centre PWRC
Multiple operation lay - compound lay (1) N o Parallel wire rope centre with PWRC(K)
compacted strands

- — - Rotation-resistant rope:
(1): N is additional and precedes the basic type symbol, e.g.

Compound Seale is NS and Compound Warrington is » Fibre centre Fc
NW o Wire strand centre wsC
o Compacted wire strand centre KWwSsC
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The construction of stranded ropes is designated in the following sequences.
« Single layer rope:
the number of outer strands
multiplication sign (X)
the number of wires in each of the outer strands and the corresponding strand designation
connecting symbol dash (-)
the core designation,
Example: 6 x 36WS - IWRC = 6 outer strands x 36 cables in combined “parallel lay” stands - Steel fibre
independent wire rope core
« Parallel-closed rope:
the number of outer strands
multiplication sign (%)
the number of wires in each of the outer strands and the corresponding strand designation;
connecting symbol dash (-), and
the designation of the rope centre indicating that it is laid parallel to the outer strands in one closing
operation,
. Example: 8 x 195 - PWRC
« Rotation-resistant rope 10 or more outer strands (ASME category 1 > 15 stands; ASME category 2 >10 strands).
either, the total number of strands in the rope excluding the central element; or, if the construction of the
central element is the same as that of the outer strands, the total number of strands in the rope
in brackets (') the designation corresponding to how the inner strands are laid up where there are more than
two layers of strands
multiplication sign (x)
the number of wires in each of the outer strands and the corresponding strand designation
connecting symbol dash (-), and
the designation of the central element,
. Example: 18 x 7- WSCor 19 x 7
« Rotation-resistant rope 8 or 9 outer strands (ASME category 3)
the number of outer strands;
multiplication sign (x);
the number of wires in each of the outer strands and the corresponding strand designation;
. connecting symbol colon ( : ) signifying a contra-lay core; and
IWRC,
Example: 8 x 25F: IWRC

The construction of spiral strands is indicated as follows:

[T3 1)

1 x number of wires in the strand, where “x” is the multiplication sign. Example: 1 x 61

1.3.2 - Identification of surface finish, and types of lay (EN 12385-2)

The European standards symbols for the surface finish of the outer wires and types of lay are the following:

Surface finish of wire Type of lay and direction
Designation Symbol Designation Symbol

Uncoated (or bright) U Spiral ropes:

Zinc coated class A A e Right lay Z

Zinc coated class B B o Leftlay S

Zinc coated class A A(Zn/Al) Stranded ropes:

Zinc alloy coated class B B(Zn/Al) * Ordinary lay, right sZ
o Ordinary lay, left FAY
o Lang lay, right zZ
o Lang lay, left sS
o Alternate lay, right aZ
o Alternate lay, left aS

The first letter of the ordinary and Lang types denotes the
direction of the wires in the strands and the second letter
denotes the direction of the strands in the rope.

The second letter of the alternate types denotes the direction
of the strands in the rope.

1.3.3 - Elements for the calculation of the dimensions and weight of wire ropes

Knowing the diameter and mass of the wire rope is essential.

The diameter of a wire rope is necessary to calculate its strength and whether it can be installed on the winch’s drum. The
diameter () is the largest distance of the perpendicular cross-section of the wire. Thus, it is calculated according to the
rope wire’s outer circumference (see the drawing on the next page).
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Incorrect measurement

(X

Correct measurement

™ Circumference of the wire rope

Note the following common formula to calculate the winch’s drum capacity under normal tension and uniform winding:

— —

L=(A+B)xAxC
K
L = Length of rope (metres)
B A = Desired depth of winding (mm)
ASME B30.30 says that the drum flange should extend a minimum of 1.5 the

diameter of the rope over the rope’s top layer, but not less than 13 mm.
Other organizations recommend 2.5 the rope diameter instead of 1.5.

— — B = Diameter of the barrel (mm) C = Width between flanges (mm)
C K = A constant developed according to the diameter of the rope (see below).
Constant K values according to rope diameters in millimetres

Rope O K Rope O K Rope O K Rope O K
2 1274 9 25700 18 103100 26 215200
4 5093 11 38520 19 114900 28 249600
6 11470 13 53800 20 127400 32 326000
7 15600 14 62400 22 154100 35 389900
8 20370 16 81490 24 183300 38 459700

The following elements of calculation are also necessary for the description of the ropes:
« Fill factor (f) & Nominal metallic cross-sectional area factor (C):

The fill factor is the ratio between the sum of the nominal metallic cross-sectional areas of all the wires in the
rope (A) and the circumscribed area (Au ) of the rope based on its nominal diameter (d). It is expressed as
follows: f= A/Au

The Nominal metallic cross-sectional area factor is derived from fill factor and used in the calculation to
determine the nominal metallic cross-sectional area of a rope. It can be expressed as follows: C = f x (n/4)

Rope length mass factor (W) & Nominal rope length mass:
The rope length mass factor takes into account the mass of core and lubricant as well as the metallic elements.

The nominal rope length mass is a value derived from the product of the length mass factor and the square of
the nominal diameter. It is expressed as follows: M = W x d?

Rope length mass factor (W)

The rope length mass factor (W) takes into account the mass of core and lubricant as well as the metallic
elements.

Measured rope length mass (Mm)

It is the mass of 1 m of rope determined by weighing.

1.3.4 - Rope breaking force, and grade

Elements for the calculation of the minimum breaking force:

Minimum breaking force factor:

It is an empirical factor used in the determination of minimum breaking force of a rope and obtained from the
product of fill factor (f) for the rope class or construction, spinning loss factor (k) for the rope class or
construction and the constant ©/4. It is expressed as follows: K=nfx k /4

Minimum breaking force (Fmin):

It is a specified value in kN, below which the measured breaking force (F m ) is not allowed to fall in a
prescribed breaking force test and is normally obtained by calculation from the product of the square of the
nominal diameter (d), the rope grade (Rr ) and the breaking force factor (K). Thus: Fmin = (d?x Rr x K)/ 1000

EN 12385-2 says that the rope grade (R r) is the level of requirement of breaking force which is designated by a
number.

Definition of the rope grade:

EN 12385-4 says that for rope sizes up to and including 60 mm diameter, the rope grade is to be 1770, 1960, or 2160 or
an intermediate grade as specified by the manufacturer, but not exceeding 2160. This document also says that ropes

larger than 60 mm may not have a rope grade.
Note that other standardization bodies also use the values above It is for example the case of ASTM.
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Wire tensile strength grades (N/mm?)
Rope grade
Minimum Maximum
1770 1570 1960
1960 1770 2160
2160 1960 2160

The permitted variati

ons of tensile strength grades are specified in EN 10264-1. These values are the lower limits for
tensile strength of each wire grade.

Nominal dimension wire diameter: d

or profile: h

Permitted plus tolerance over the
numerical value of tensile strength grade

(mm) (Mpa)*
02<dorh<05 390
05<dorh<1,0 350
1,0<dorh<1l5 320
1L5<dorh<20 290
20<dorh<3)5 260
35<dorh<380 250

Note * 1 Mpa = 1 N/mm?

1.3.5 - Rope class

A rope class is a group of ropes of similar mechanical properties and physical characteristics.

The manufacturer identifies the related rope class by referring to the elements of construction discussed above, and
summarized by the organizations in standardization that publish reference tables, such as the one below of the “Class 6 x
7” as published in the Standard ISO 2408 (the ISO system is similar to the EN one).

Typical construction
6x7-FC 6x 7-IWRC Rope . Strand construction No of outer layer wires
construction Total Per strand
Typical cross section 6x7 -6 36 6
y - e Rope grade
i roximate wei
ZZZZ;Z; 100 m) 1570 N 1770 | 1960
(Mm) Minimum breaking force (Kn)
FC IWRC FC IWRC FC IWRC FC IWRC

2 1.38 1.54 2.08 2.25 2.35 2.54 2.6 2.81
3 3.11 3.46 4.69 5.07 5.29 572 5.86 6.33
4 552 6.14 8.34 9.02 9.40 10.2 10.4 11.3
6 12.4 13.8 18.8 20.3 21.2 22.9 234 25.3
7 16.4 18.8 25.5 27.6 28.8 31.1 319 34.5
8 22.1 24.6 334 36.1 37.6 40.7 41.6 45
9 27.9 31.1 42.2 45.7 47.6 51.5 52.7 57
10 34.5 384 25.1 56.4 58.8 63.5 65.1 70.4
11 41.7 46.5 63.1 68.2 71.1 76.9 78.7 85.1
12 49.7 55.3 75.1 81.2 84.6 91.5 93.7 101
13 58.3 64.9 88.1 95.3 99.3 107 110 119
14 67.6 75.3 102 110 115 125 128 138
16 88.3 98.3 133 144 150 163 167 180
18 112 124 169 183 190 206 211 228
20 138 154 208 225 235 254 260 281
22 167 186 252 273 284 308 315 341
24 199 221 300 325 338 366 375 405
26 233 260 352 381 397 430 440 476
28 270 301 409 442 461 498 510 552
32 353 393 534 577 602 651 666 721
36 447 498 676 730 762 824 843 912
40 552 614 834 902 940 1020 1040 1130
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By comparison, note the "Class 6 x 7" published in the standard EN 12385-4, and which values are identical to those
provided by ISO, despite a few differences in the presentation.
Note the breaking, mass, and cross-sectional factors that ISO does not indicate. However, note that the "Grade 1570"
values are not shown. Also, the fibre core FC (Single layer fibre core) is labeled "Fibre core", and the Single layer steel
fibre core WC is labeled "Steel core" (labeled "TWRC - Independent wire rope core" in the ISO table). The WC cross-
section is also not displayed.

Construction cross section
example

Construction of core Construction of strand

Item Quantity Item Quantity
Strands 6 Wire 5t09
Outer strands 6 Outer wires 4108
Layer of strands 1 Layer of wires 1
Wires in rope (excluding 30 to 54
metallic core)

Typical example No of outer wires Outer wire

Rope Strand Total Per strand Jactor

6x7 1-6 36 6 0.166
Minimum Breaking force factor: Ki1=10.332 K2=10.359 K3=10.388
Nominal mass factor: Wi =0.354 W2 =0.384
Nominal metallic cross-sectional area factor: C1=10.369 C2=10.432

Approximate nominal length

Minimum breaking force (Kn)

Nominal rope diameter mass (Kg/100 m) Rope grade 1770 Rope grade 1960
Fibre core Steel core Fibre core Steel core Fibre core Steel core

2 1.38 1.54 2.35 2.54 2.6 2.81
3 3.11 3.46 5.29 5.72 5.86 6.33
4 5.52 6.14 9.40 10.2 10.4 11.3
6 12.4 13.8 21.2 22.9 23.4 25.3
7 16.4 18.8 28.8 31.1 31.9 34.5
8 22.1 24.6 37.6 40.7 41.6 45

9 27.9 31.1 47.6 51.5 52.7 57

10 34.5 38.4 58.8 63.5 65.1 70.4
11 41.7 46.5 71.1 76.9 78.7 85.1
12 49.7 55.3 84.6 91.5 93.7 101

Be continued up to 40 mm nominal rope diameter

Another presentation of the "Class 6 x 7" is published in the standard ASTM A1023/A1023M, and which metric values
displayed are identical to those provided by ISO and EN standards, despite differences in the presentation and the use of
the imperial system in parallel of the metric system.

Construction of rope Construction of strand
Cross section
example Item Quantity Item Quantity
Strands 6 Wire 5t09
Outer strands 6 Outer wires 4t08
Layer of strands 1 Layer of wires 1
Wires in rope (excluding metallic core) 30 to 54
Typical example No of outer wires
Rope Strand Total Diameter range
6x7 1-6 36 0.166
Diameter Approximate mass Minimum breaking force Diameter range
in Mm Lb/ft Kg/m IPS (Tons 1770 (kN) | EIP (Tons) | 1960 (kN) in in
6 0.08 0.124 21.2 23.4 0.236 0.248
Y 0.09 0.139 2.64 2.90 0.250 0.263
7 0.11 0.169 28.8 31.9 0.276 0.289
5/16 0.15 0.217 4.10 4.51 0.313 0.328
8 0.15 0.221 37.6 41.6 0.315 0.331
9 0.19 0.279 47.6 52.7 0.354 0.372
3/8 0.21 0.313 5.86 6.45 0.375 0.394
10 0.23 0.345 58.8 65.1 0.394 0413
11 0.28 0417 71.1 78.7 0.433 0.455
7/16 0.29 0.426 7.93 8.72 0.438 0.459

Be continued up to 14 inches & 36 mm rope diameters
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The table below summarises the factors explained in points 1.3.3 & 1.3.4, and used in calculating the minimum breaking
force of the ropes covered by the class tables provided by the standardization bodies mentioned above.

Ropes with fibre core or fibre centre

Ropes with steel core or wire stand centre

Nominal | Nominal g
length metallic Mmtm‘u " . . 5 2.9 q
Type of Class mass Cross- breaking | Nominal length mass Nomt.nal metallic cross | Minimum Breathing
rope Jr sectional force factor sectional area factor force factor
(approx.) | area factor Jactor
w1 C1 K1 w2 w3 C2 C3 K2 K3
6x7 0.345 0.369 0.332 0.384 0.384 0.432 0.432 0.359 0.388
8x7 0.327 0.335 0.291 0.391 - 0.439 - 0.259 -
6x19 0.359 0.384 0.330 0.400 - 0.449 - 0.356 -
Single 8x 19 0.340 0.349 0.293 0.407 - 0.457 - 0.356 -
’fz fl; 6x 36 0.367 0.393 0.330 0.409 - 0.460 - 0.356 -
strand 8x 36 0.348 0.357 0.293 0.417 - 0.468 - 0.356 -
6x 35N 0.352 0.377 0.317 0.392 - 0.441 - 0.345 -
6x I9M 0.346 0.357 0.307 - 0.381 - 0.418 0.332 0.362
6 X37M 0.346 0.357 0.295 0.381 0.381 0.418 0.418 0.319 0.346
18x7 0.382 - 0.328 - 0.401 - 0.433 - 0.328
Rotation | 34(M) x7 0.390 - 0.318 - 0.401 - 0.428 - 0.318
resistant | 35(W) x7 - - - - 0.454 - 0.480 - 0.360*
0.350%**

* Up to and including rope grade 1960

** Greater than rope grade 1960 up to and including rope grade 2160

1.3.6 - Coating and protection against corrosion

Depending on the technical design of the lifting gear it is designed for, the wire rope can be bright or coated. The
coatings generally used are zinc and zinc alloy. It must be noted that zinc is the material used for sacrificial anodes
installed to protect underwater structures against corrosion. Hence, the zinc layer of the wire rope acts as sacrificial
protection against corrosion. Also, it provides additional protection against wear and provides a lubricant effect.

The coating should have a minimum mass per unit of surface area, usually expressed in g/m2. The standard EN 10264-1
recommends referring classes A & B of EN 10244-2 below.

Mass of coating in g.m? - classes A & B - Standard EN 10244-2

g (mm) A B g (mm) A B 9 (mm) A B 9 (mm) A B
0.15<0.20 - 15 0.60 <0.70 115 60 1.40 < 1.65 195 100 3.20 < 3.80 265 135
0.20<0.25 30 20 0.70 < 0.80 130 60 1.65<1.85 205 100 3.80<4.40 275 135
0.25<0.32 45 30 0.80 < 0.90 145 70 1.85<2.15 215 115 4.40 <5.20 280 150
0.32<0.40 60 30 0.90 < 1.00 155 70 2.15<2.50 230 125 5.20<8.20 290 -
0.40 < 0.50 85 40 1.00<1.20 165 80 2.50<2.80 245 125 8.20<10.00 300 -
0.50 < 0.60 100 50 1.20 < 1.40 180 90 2.80<3.20 255 135 - -

If another class of coating is requested or if other metallic coatings are required, these must be the subject of agreement at
the time of ordering.
The standard EN 10264-1 says that when protection against rust is requested, the two parties should define the
appropriate anti-corrosive protection to be used.

1.3.7 - Marking and inspecting the rope and documents

The marking of the wire rope should indicate the elements previously described. Regarding this point, the standard EN
1285-4 says that, at least, the following information should be supplied with an enquiry or order. This information should
also be available with the lifting gear:

« Standard of reference
o Quantity and length;

« Nominal diameter;

« Minimum breaking force required.

« Rope class or construction (see point 1.3.5);

« Core type;

« Rope grade;
« Wire finish;
 Lay direction and type;
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« Preformation (The outer strands of single layer and parallel-closed ropes are normally preformed during
manufacture).;

« Lubrification (At least the strands are lubricated during manufacture);
« Coating & anticorrosion protection;

o Any particular marking requirements;

« Any particular packaging requirements

« Type of inspection document

Document EN 12385-3 says that the wire rope should be unwrapped and examined immediately after delivery to check
its identity and condition and to ensure that it is compatible with the model requested on order.

The Certificate of conformity should be provided and kept safe until the wire rope is installed. When installed, it will be
available with the crane's or lifting gear's handbook as long as it is in service.

Note that the rope should not be used without the user having the certificate of conformity in his possession.

Damages to the rope or its package may be present. They should be recorded on the delivery note and may result that the
wire rope is to be rejected.

1.3.8 - Storing

Wire ropes are commonly stored in the prevention of an unplanned change or a sufficient time before a planned change
not to be in trouble due to unavailability problems. Incorrect storage may result in the wire rope being damaged or
contaminated. We can refer to the guidelines from EN 12385-3 and the manufacturers' recommendations to avoid that.

o The wire rope should be stored in a clean, well-ventilated, dry, dust-free, and undercover place. It should be
covered with waterproof material if it cannot be stored inside. However, tightly sealed protections should be
avoided as condensation between rope strands may occur and cause corrosion problems when the rope is stored
in an unheated area.

« The place of storage should not be likely to be affected by chemical fumes, steam or any other corrosive agents.
Places where elevated temperatures are likely should also be avoided as that may affect its future performance.

o The wire rope should be protected from accidental damage during the storage period or when handling it. Also,
it should not be in direct contact with the floor, and the reel should be so positioned that there is a flow of air
under it. The reel should preferably be supported in an A-frame or cradle standing on the ground, which can
safely support the total mass of the rope and reel.

« Ifthe wire rope is on a reel, this device should be rotated periodically during the long storage periods,
particularly in warm environments, to prevent lubricant migration from the wire rope. In addition, it should be
inspected regularly, and when necessary, a suitable rope dressing, compatible with the manufacturing lubricant,
should be applied. Most companies organize it at least every 6 months.

1.4 - Elements for selection

As previously said, in the introduction of point 1.3, it is not the function of the diving and ROV teams to decide which
type of wire ropes are to be installed on lifting gears. These calculations are to be done by the lifting gear manufacturer,
the wire rope manufacturer, a specialized technician, or an engineer. Thus, for companies members of IMCA, they should
be competent persons categories 3, and 4. Except for winches to be adapted for a new application, the recommendation is
to keep the wire rope model selected by the device’s manufacturer. Also, remember that a winch used for another
application than the original must be certified for this new application by a classification society, which results that only
the wire rope model approved by the certification body is to be installed. For this reason, in addition to understanding the
elements of identification previously discussed, it is also essential to understand the factors for the rope selection, so the
reasons a wire rope must not be replaced by another model without a certification process.

1.4.1 - Stresses affecting the wire ropes life

Lifting gears' manufacturers select the wire ropes to minimize the effects of the various stresses they will be submitted
during the operations. These stresses vary according to the working conditions and the design of the equipment and may
result in premature wear and fatigue of a wire rope not adequately selected.
« Tensile stress:
When under load, the wire rope tends to stretch due to the mass of the load and the forces exerted on it. It is the
reason the “tensile strength”, which is the maximum stress that wire rope can bear before breaking when it is
stretched and is expressed in Newton/mm?, is calculated and used to calculate the breaking force and grade of
the wire rope. An inadequate selection of the grade may result in a failure of the wire rope.
« Bending
Each time the wire rope passes in a sheave, it passes from a straight state to a bent state and then returns to its
initial state. That creates external and internal wire fatigues, which are not visible outside. Studies show that
wire breakage starts in the outer wires and progresses to the second layer, eventually leading the strands to
rupture. For this reason, the construction of the wire ropes plays a vital role in bending fatigue control. Also, it is
said that a well-lubricated wire rope allows for more bending cycles than a poorly lubricated similar rope.

« Torsion fatigue:
Wire ropes are assemblies of wires helically laid around their core that combine tensile stiffness with bending

Diving & ROV Specialists - Basic lifting and Rigging handbook - Page 59 of 283



% Table of contents

flexibility. However, this design offers a low torsional rigidity that may result in the load rotating and wire rope
damages, such as wires and strands exhibiting looseness so that they are no longer closely laid around the core
and thus result in weakness and an over-thickness. Non-rotating ropes are a common solution to this problem.

« Abrasion and wear:
In annex B of EN 12385-3, it is said that the wire rope will become progressively weakened due to contact with
other materials when it passes through sheaves, rollers, and coils onto a drum or is dragged through or along
abrasive material. In addition, although expected to take place mainly on the crowns of the wires, wear may also
occur at the strand-core and strand interfaces within the rope.
Where abrasion is known to be the primary mode of deterioration, selecting a rope with outer wires as large as
possible is recommended. However, additional needs, such as bending fatigue requirements, may have to be
considered. EN 12385 also says that Lang lay ropes (subject to both ends of the rope being fixed and prevented
from rotating) and compacted strand ropes can be advantageous under abrasive conditions.

o Crushing:
EN 12385 says that crushing can occur for several reasons but is more likely when the rope is subject to multi-
layer coiling at the drum. Also, greater radial pressure will be experienced between the rope and a smooth or
plain-faced drum than with a grooved drum.
EN 12385-3 also recommends not to use stranded ropes containing fibre when coiling extends into multi-layers.
On the opposite, ropes with steel cores and compacted strand ropes are more resistant to crushing and distortion.

« Corrosion:
Corrosion is a significant source of damage when the wire rope is stored and in service.
Sacrificial protection against corrosion, such as zinc coating, is previously explained in point 1.3.6, and
precautions to implement to protect the wire ropes during their storage periods are discussed in point 1.3.8.
EN 12385-3 says that when corrosion is expected or known to be a primary mode of deterioration, it is
preferable to use a rope containing zinc (or zinc alloy Zn95/Al15) coated wires. For this reason, lifting cables of
diving bells and baskets are often coated with Zinc or Zinc alloy. Another well known method to fight corrosion
is frequent lubrification.
In addition to the above, EN 12385-3 says that a rope with a large number of small wires is more susceptible to
corrosion than a rope with a small number of large wires. For this reason, it is recommended to select ropes with
as large wires as possible, considering whether there is any additional need to fulfill any bending fatigue
requirements.

1.4.2 - Lay type, direction of coiling, and diameter of the rope

The correct direction of lay is essential for adequately functioning a reeving system. A wrong direction of lay results in
torque build-up, resulting in the first layer of rope not winding evenly or tightly, causing the second layer to pinch down
between the wraps of the first layer. This problem will increase with each additional layer, so the rope is piling up,
causing abnormal wear and other structural damages.

The “hand rule” is a convenient method to check the correct lay for an installation that most organizations have adopted.
The extended thumb points to the flange to which the rope is terminated, while the extended forefinger represents the
rope leaving the drum. A palm up hand represents underwind and palm down overwind. That results in the following:

1. For aright lay rope installed "overwind", start the installation at the left-hand side of the flange.
2. For aright lay rope installed "underwind", start the installation at the right-hand side of the flange.
3. For a left lay rope installed "overwind", start the installation at the right-hand side of the flange.
4. For aleft lay rope installed "underwind", start the installation at the left-hand side of the flange.

Left lay wire rope

1 - Overwind: 2 - Underwind: 3 - Overwind: 4 - Underwind:
Right hand palm down Right hand palm up Left hand palm down Left hand palm up

Note that EN 12385-5 says that the rope diameter should never be greater than the drum's pitch. In addition, the
relationship between the actual rope diameter and the pitch should be assessed in the case of multi-layer coiling. Note that
the method for calculating the length of rope in the drum is discussed in point #1.3.3.

Also, many winch manufacturers have moved from smooth winch drums to ones with grooving. The grooves' purpose is
to help the rope to wind smoothly and sit on the previous wrap rather than alongside it to avoid untidy wire rope spooling
and, thus, damage. However, the direction of the wire rope cannot be modified and must be the one of the groovings.
Also, the wire rope size should conform to the grooves. Regarding this point, ASME B30.30 says that the grooves of a
new drum must be 6 to 10% larger than the nominal rope diameter. In addition, EN 12385-3 says that the effective
groove diameter should be at least 5 % above the nominal rope for ropes working on cranes, and ISO 16625 says that this
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diameter should be between 5 and 10% with an optimum value or 7.5%.

Similar values are applicable to the sheaves. Regarding this point, note that a too small diameter of the sheaves will result
in structural defects of the wire rope due to the increased pressure on the parts of the rope in contact with the edges of the
sheave and that the bottom of the rope is not sustained. A too large groove will result in an increased and abnormal
pressure to part of the wire rope in contact as the contact with the edges is missing. That will also result in structural
deformations reducing the life of the wire rope.

1.4.3 - Rotation resistant wire ropes
The document ASME B30.30 provides the following recommendations regarding the selection of rotation resistant wire
ropes:
« For remembering, ASME classifies these ropes into 3 categories:
Category 1 displays little or no tendency to rotate and has at least 15 outer strands.
Category 2 has significant resistance to rotation and has at least ten outer strands.
Category 3 has limited resistance to rotation and has no more than nine outer strands.
« Wire rope with fibre core should not be used for boom hoist or luffing attachment reeving (This does not
preclude using hybrid rope).
» Category 2 and 3 rotation-resistant rope should not be used on single-layer drums unless approved by the lifting
equipment's manufacturer or a qualified person.
« Rotation-resistant rope and fibre core rope must not be used for the following:
Boom support, boom hoist, or boom extension system rope, except for the configurations in the note below.
Boom support or boom hoist rope during erection, except for the configurations in the note below.
Standing rope that is used as live rope during.

Note: Rotation-resistant rope may be used as a boom hoist reeving when load hoists are used as boom hoists for
attachments, such as luffing attachments or boom and mast attachment systems under specific conditions.

Like the other standardization bodies, ASME says that the wire rope should be selected by the equipment manufacturer,
the rope manufacturer, or a qualified person.

1.4.4 - Fleet angle

What is called "fleet angle" is the largest angle of the rope between the first sheave and the drum flange relative to the centre line of the
drum. This angle depends on the distance of the sides of the drum to the centre line and the distance from the drum to the 1st sheave.

1%t sheave

Centre line

------------------------------------------ L Wire rope

, i Vaximum fleet angle

Excessive fleet angles can result in considerable abrasive damage to both sheave flanges and rope and considerably reduce the life of
the rope and the equipment. Also, Excessively high fleet angles can return the rope across the drum prematurely, creating gaps
between rope wraps close to the drum flanges and increasing the pressure on the rope at the cross-over positions. As a result, structural
damage to the wire rope such as a “birdcage” or “core protrusion” may be visible. As the fleet angle increases, so does the problem.

In summary, a maximum fleet angle improperly calculated may result in damages that may be confused with those linked to the rope's
quality or design.

The maximum wire rope float angle is calculated by the manufacturer of lifting devices such as cranes and A-frames. However, the
dive team may be more involved when implementing temporary installations composed of portable winches and snatch blocks to lift
or pull various loads in various parts of underwater facilities that are not reachable using cranes or lifting bags.

The values for the maximum fleet angles vary slightly from one organization to another. EN 12385-3 says that the angle should be no
greater than 2° for rotation-resistant ropes and no greater than 4° for single-layer ropes.

EN 12385-3 also says that when spooling onto a drum, the fleet angle is generally recommended to be limited between 0,5° and 2,5°.
If the angle is too small, so less than 0,5°, the rope tends to pile up at the flange of the drum and fails to return across the drum in the
opposite direction. In this situation, the problem may be alleviated by increasing the fleet angle by introducing a sheave or spooling
mechanism. Also, even where the drum is provided with helical grooving, large fleet angles inevitably result in localised areas of
mechanical damage as the wires "pluck" against each other. This is often referred to as "rope interference", which can be reduced by
selecting a Lang lay rope, if the reeving allows, or a compacted strand rope.

1.4.5 - To summarize the elements above

The selection of a wire rope is a complex process that takes into account the stresses the wire rope will have to withstand
and the design of the lifting or pulling gear. Thus, as already said, it is not a wise idea to change the wire rope model
selected for another one without consulting the lifting device and rope manufacturers. For this reason, and in addition to
the fact that such a change will be rejected by the certification body in charge of the inspection of the lifting or pulling
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device without proper supporting documentation, the only acceptable policy for users is to comply with the
recommendations provided by the manufacturer strictly, and of course, to use the device within the conditions it is
designed for.

A condition that may trigger the change of the wire rope model is when excessive abrasion, wear, and other damages are
visible. However, as suggested in the previous points, these damages may not be the fact of the wire rope itself but a
misconception of the lifting device or a combination of the two. For this reason, such problems must be investigated by
specialists before being corrected by the manufacturers implicated, which highlights that regular inspections are essential.
Because the construction of wire ropes and lifting devices are based on complex technologies, hasty conclusions are
unsuitable for solving problems.

1.4.6 - Comparison between metric and imperial rope sizes - ISO 2408

ISO 2408 displays a table similar to the one below that compares the differences between metric and imperial
nominal rope diameters and their respective diameter tolerances to assist in rope size selection.
Note that the minimum tolerances are equal to the nominal diameters.

Diameter tolerances Diameter tolerances
Nominal diameter Nominal diameter
Minimum Maximum Minimum Maximum
Metric (mm) | Imperial (in) mm mm Metric (mm) | Imperial (in) mm mm
6* - 6 6.36 26 * 1 26 27.3
6.35 1/4 6.35 6.73 28 * - 28 29.4
7 - 7 7.42 28.6 1-1/8 28.6 30
7.94 5/16 7.94 8.42 31.8 1-1/4 31.8 333
8 * - 8 8.4 32% - 32 33.6
9* - 9 9.45 349 1-3/8 349 36.7
9.53 3/8 9.53 10 35 - 35 36.8
10 * - 10 10.5 36 * - 36 37.8
11* - 11 11.6 38* - 38 39.9
11.1 7/16 11.1 11.7 38.1 1-1/2 38.1 40
12 * - 12 12.6 40 * - 40 42
12.7 172 12.7 13.3 413 1-5/8 413 433
13 * - 13 13.7 44 * - 44 46.2
14 * - 14 14.7 445 1-3/4 44.5 46.7
14.3 9/16 14.3 15 45 * - 45 473
159 5/8 15.9 16.7 47.6 1-7/8 47.6 50
16 * - 16 16.8 48 * - 48 50.4
18 * - 18 18.9 50.8 2 50.8 53.3
19 * - 19 20 51 - 51 53.6
19.1 3/4 19.1 20 52°% - 52 54.6
20 * - 20 21 54 2-1/8 54 56.7
22°% - 22 23.1 56 * - 56 58.8
222 7/8 222 233 57.2 2-1/4 57.2 60
24 * - 24 25.2 60 * - 60 63
254 1 254 267 * Preferred size
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2 - Wire rope handling, installation, and maintenance

2.1 - Preparing and installing the wire rope

2.1.1 - Checking the condition of the lifting or pulling gear and the wire rope and transferring it to the work site
The following elements should be taken into consideration:

o EN 12385-3 says that before installing the new rope, the condition and dimensions of rope-related parts (drums,
sheaves, rope guards, etc.) should be checked and be within the operating limits specified by the equipment
manufacturer. Shear grooves should have circular and smooth profiles. The common rule is that their depth
should at least be 1.5 times the rope's inner diameter, and their opening angle between 45° and 60°. Groove
gauges should be used for their inspection.

\ 45 to 60°

pex 1.5

>0ro

............................... ot — Wire rope

« Note that parts with abnormal wear should be reported and closely documented because they indicate design
problems that must be corrected.

« ASME B30.30 says that before installing wire rope, the documents that accompany the reel or the rope should
be checked to ensure the wire rope being installed on the equipment is correct.

o The rope should be checked to verify that it is not damaged when unloaded and when transported to storage
compound or site. During these operations, the rope should not come into contact with any part of the lifting
device, such as the hook of a crane or a fork of a fork lift truck. EN 12385-3 says that webbing slings may be

used. In addition to textile slings manufacturers say that steel rods can be used when the wire rope is coiled on a
reel.

2.1.2 - Preparation and transfer of a wire rope to the lifting or pulling gear

Wire ropes delivered in coils should not be removed from the side, as that creates a torsion for each winding in the rope
that can result in loops that can cause irreparable kinks if this rope is then pulled tight. For this reason, the rope should be
rolled out like a tire on a clean floor so that it does not become contaminated with dust, grit, moisture, or other harmful
material. However, large coils can be difficult to handle. In this case, it is advisable to install it on a turntable which can
allow the rope to be paid out as the end of the rope is pulled out.

L7
(X @ v

Incorrect procedure Correct Procedure Correct procedure

Wire ropes delivered in reels should also not be removed from reels laid on their side on the floor, as similar damages to
those resulting when removing the wire ropes from coils laid on their side may happen (see above). Standardization
bodies recommend using a frame or winding block to unwind the wire ropes from large reels. Such systems consist of a
shaft of suitable strength passed through the reel bore, which is installed on the frame or the winding block to easily
rotate on this axle and be braked to control the unwinding during the transfer to the drum of the lifting or pulling gear.

Also, according to many manufacturers, a turntable similar to the one described above can be used for removing the wire
ropes from small reels.

Consider installing
a braking system

Incorrect procedure Correct procedure
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Also, EN 123385-3 gives the following recommendations:

« Where multi-layer coiling is involved, the rope should be placed in equipment capable of providing back tension
in the wire rope as it is transferred from the supply reel to the drum. This ensures that the underlying laps of
wire rope, particularly in the bottom layer, are wound tightly on the drum.

« The supply reel should be positioned so that the fleet angle during installation is minimal (see in point #1.4.4
“Fleet angle “).

« If aloop forms in the rope, it should not be allowed to tighten to form a kink.
« The correct direction of lay is to be considered (see in point #1.4.2).

« Releasing the outboard end of the rope from the supply reel or coil should be controlled to avoid the wire rope
suddenly straightening and causing injury.

. Ifinstalling the new rope with the aid of the old rope, one method is to fit a wire rope sock to each of the rope
ends to be attached. The open end of the sock should be securely attached to the rope by a serving or a suitable
clip. The two ends should be connected via. a length of fibre rope of adequate strength to avoid turns being
transmitted from the old rope into the new rope. If a wire rope is used, it should be a rotation-resistant type or
have the same lay type and direction as the new rope. Alternatively, a fibre or steel rope of adequate strength
may be reeved into the system for use as a pilot/messenger line. Swivels should not be used for the installation
of the rope. Also, in addition to what EN 12385-3 says, welding the ropes’ ends to each other is forbidden.

« The rope should be carefully monitored as it is being pulled into the system that must not be obstructed by any
part of the structure or mechanism that may damage the rope and result in a loss of control.

In addition, all competent bodies say that the preferred winding of the wire rope should be considered when transferring
the new wire rope from the reel to the winch’s drum. The reason is that wire ropes have a preferred bending direction
resulting from their manufacturing process. For this reason, the wire rope must have the same position during the transfer
from the reel to the drum. Thus, from the bottom to the bottom or the top to the top. If the rope is transferred in the
opposite direction to its preferred bending direction, so diagonally, there is a risk that twists happen between the reel and
the drum and that the wire rope tends to regain its preferred position during lifting or pulling operations, resulting in
structural damages.

RONGERONS

Incorrect procedure Correct procedure

2.1.3 - Cutting wire ropes

It may happen that, for operational reasons, a wire rope has to be cut.

In this case, it is necessary to tie up the strands of the wire rope on both sides and at direct proximity of the place where
the cut is planned to prevent the strands from unwinding and core slippage, thus, damaging the rope on substantial
lengths, which can result that these lengths or the entire wire rope will have to be discarded.

The standard rule, also recommended by EN 12385-3, is that each seizing length should equal two rope diameters for a
stranded rope. Standardization bodies and manufacturers recommend using steel wire for this purpose. Note that adhesive
tape, does not withstand heat and is not strong enough to prevent the unwinding of the strands and should be banished for
these reasons. In addition, it must be taken into account that for non-preformed ropes, rotation-resistant ropes, and
parallel-closed ropes, EN 12385-3 recommends a minimum of two ties up each side of the cut.

The standard seizing procedure indicated by rope manufacturers and standardization bodies is based on the traditional
“whipping knot” that sailors have used to seize rope ends for generations. It consists of taking a small string and rolling it
on the rope at a distance from its end between two and five centimetres to maintain its integrity and secure the string's
extremities by a knot hidden under the whipping. The process is similar when using the steel wire, except its extremities
are stranded using pliers to secure the assembly.

@ﬁ@ﬁm&
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Depending on the equipment and competencies available, the wire rope can be cut using a high-speed abrasive disc cutter
or a cutting torch. This last procedure, called "fusing", consists of melting the wires so that the metal in fusion welds the
wire and strand extremities to each other. It requires training to be perfectly controlled.

After the cut, the extremity of the cable can be left seized, or seized with the ends fused, or tapered and welded, or
provided with a cap or a fitting.

2.1.4 - Commissioning

Wire rope manufacturers and standardization bodies recommend performing several cycles with a reduced load (ISO
4309 recommends 10% of the maximum Safe Working Load), and at a slow speed to adjust the new wire rope to its
working conditions gradually. During this period, the team must ensure that the wire rope is spooling and running
through the various sheaves correctly.

In the handbook “Care, installation and maintenance of wire ropes”, K. P. Shah says that, depending on rope type and
construction, some rope stretch and a slight reduction in rope diameter will occur as the strands and core are compacted.
The initial stretch (constructional stretch) is a permanent elongation due to slight lengthening of the rope lay and
associated slight decrease in rope diameter. Constructional stretch generally occurs during the first 10-20 lifts, increasing
the rope length by approximately %2 % for fiber core rope, % % for 6-strand steel core rope, and approaching zero % for
compacted wire ropes.

EN 12385-3 recommends never running such initial operations with the maximum working load of the lifting/pulling
device or above to avoid creating permanent structural damages. That means load tests should not be performed
immediately after changing the wire rope.

2.2 - Maintain the wire rope during the operations

2.2.1 - Lubrification and cleaning

The purpose of lubrication is explained in point 1.1.4. Although the wire rope is lubricated during the manufacturing
process, most documents from standardization bodies such as ISO 4309 recommend that the wire rope is coated with
grease or oil at the time of installation.

The rope should be cleaned and re-lubricated at regular intervals when it is in service to keep its characteristics intact and
protect it against corrosion. The frequency for such operation depends on the conditions the lifting or pulling gear is used
and may vary according to the state of the wire rope. Note that diving organizations, such as, for example, IMCA,
recommend such an operation every six months for the bells and baskets launch and recovery systems. However, this is a
very minimum that may not be sufficient during intensive operations and operations in aggressive weather conditions. So,
more frequent schedules are to be considered.

The properties of the lubricant used for maintenance must conform with those recommended by the wire rope
manufacturer:

« Similar penetrating characteristics
« Similar lubrification performances
« Similar protection against corrosion

Regarding this point, ISO 4309 says that the user should seek advice from the rope manufacturer if the lubricant is not
identified in the lifting/pulling device manual.

Lubricants are commonly applied using paint brushes or swabs. Other methods can be pulverization, continuous dripping,
or bathing. However, none of these methods is considered able to provide maximum penetration. For this reason,
pressurized lubrification is recommended to guarantee the lubrification of all parts of the rope. Pressure lubricators
consist of a sleeve composed of two halves with rubber sealings clamped around the wire rope, capable of withstanding a
pressure of approximately 30 bar without leaks and supplied in lubricant by a rubber hose connected to a pump. The
system is pressurized while the wire rope passes into it (See the drawing below).

@ Lubricant inlet @

Guiding roll

bJ Pressurized chamber/ @ Rubber seal

In addition to the above, it must be taken into account that applying too much lubricant is not recommended. EN 12385-3
says that it may lead to an accumulation of foreign debris on the wire rope's surface, which can result in abrasive damage
to the rope, the sheaves, and the drum. It may also make it difficult to determine the rope's condition for evaluation
against discard criteria. EN 12385-3 also says that a wrong lubricant can result in the same problems.

Wire ropes should be cleaned regularly and according to their condition, as accumulated dirt results in the problems
abovementioned. Doing this manually takes considerable time and often results in limited efficiency. To avoid losing
time and clean the wire ropes efficiently without too much effort, wire ropes and lubricant manufacturers provide tools
specifically designed for this purpose. They usually consist of sleeves equipped with brushes and scrappers into which
the wire rope passes and are often installed before the pressure lubricators.
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OSHA 1926.1413 says that a competent person must begin a visual inspection prior to each shift the equipment is used,

which must be completed before or during that shift.

As many organizations OSHA does not provide a precise description of the required technical level of the competent
person in charge of these checks. However, ISO 4309 says that the driver/operator of the crane (or another lifting /
pulling device) can be appointed to carry out daily checks to the extent that he is sufficiently trained and considered

competent to carry out this action.

This inspection consists of only observing the wire ropes (running and standing) likely to be used during the shift for
apparent deficiencies, so untwisting (opening) the wire rope is not required. ISO 4309 says that the wire rope should be
checked to ensure it is sitting correctly on the drum and over the sheave(s) and has not been displaced from its normal
operating position. ISO highlights the sensitive areas using a scheme similar to the one below (The parts of the rope

where the stress is the most significant are figured in addition).

Section where the rope enters the
sheave when the load is lifted. /

O

Wire rope maximum stress
(Parts in red)

Sections entering bottom
block sheaves at the point

of the load being lifted \

Sections near
terminations

.

Wire rope maximum stress
(Parts in red)

2.2.3 - Periodic examinations

Wire rope maximum stress
(Parts in red)

‘ Cross-over zones and sections

| suffering significant interference
(usually coinciding with

maximum fleet angle).

Periodic detailed inspections should be carried out by a competent person with a technical level above those of crane
operators. It is usually a technician specialized in wire ropes and appointed by a recognized organization or an engineer

who is also competent in wire ropes.

ISO 4309 says that the information gained from a periodic inspection is used to assist in deciding whether a crane rope
can safely remain in service and by which latest time it shall undergo its next periodic inspection, or needs to be

withdrawn immediately or within a specified timeframe.
ISO 4903 also says that the severity of deterioration must be assessed through
percentage of the particular individual discard criteria or in words.

an appropriate method, and expressed as a

Any damage that might have occurred to the rope before it was run in and entered service must be assessed by a

competent person, and observations must be recorded.

The table below lists the more common modes of assessment of deteriorations as agreed by ISO. This table does not
consider Non Destructive Examination procedures despite ISO 4309 considers that electro magnetic means can be used
as an aid to visual inspection. These techniques are more discussed in point 2.2.6.

the termination)

Mode of deterioration Assessment method
Number of visible broken wires (including those which are randomly distributed,
localized groupings, valley wire breaks and those that are at, or in the vicinity of, | By counting

Decrease in rope diameter (resulting from external wear/abrasion, internal
wear and core deterioration)

By measurement

Fracture of strand(s) Visual
Corrosion (external, internal and fretting) Visual
Deformation Visual and by measurement (wave only)
Mechanical damage Visual
Heat damage (including electric arcing) Visual

OSHA 1926.1413 recommends that these periodic thorough examinations of the wire rope are organized monthly and
annually. For information, the UK Lifting Operations and Lifting Equipment Regulations 1998 (LOLER) recommends to
thoroughly examine every lifting device every year and those used to transfer personnel every six months.
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ISO does not give a precise schedule regarding the inspection frequency and says it should conform with the statutory
requirements covering the application in the country of use. Thus, even though ISO 4309 considers that dates scheduled
by law are to be taken into account, it promotes a frequency determined by the competent person according to:

« The type of lifting device and the environmental conditions in which it operates.
« The classification group of the mechanism.

« The results of previous inspections.

« Experience gained from inspecting ropes on comparable cranes.

« The time the rope has been put in service.

« The frequency of use of the lifting device.

Based on the above, ISO 4309 considers that the competent person can find it prudent to initiate or recommend more
frequent periodic inspections than those required by legislation. This decision can also be influenced by circumstances,
such as an incident or a change in operating conditions.

Note that ISO rules state that the wire rope of a crane that has been out of service for more than three months must be
thoroughly examined before being returned to service. Also, the wire rope must be thoroughly examined following an
incident that may have damaged it and its terminations.

A rope inspection record that states the condition of the wire rope and the maximum time interval before the next
periodic inspection is to be issued by the competent person when the wire rope examination is completed.

Standardization bodies all recommend that the wire rope is inspected along its entire length. However, it may happen that
due to particular conditions and a very long wire rope not used at its entire length, this inspection is challenging to
organize. In this case, ISO 4309 says that the competent person can decide to limit the wire rope examination to the
working length plus at least five wraps on the drum. However, ISO says that in such a case, and where a greater working
length is subsequently foreseen, the non-examined length should be inspected before it is used and prior to the subsequent
scheduled examination.

As mentioned previously for daily inspections, ISO recommends focusing on the following parts:
o The anchorage on the drum
« Wire rope sections at and in the vicinity of rope terminations.
« Wire rope sections traveling through one or more sheaves.
« Wire rope sections traveling through safe load indicators that incorporate sheaves.
« Parts of the wire rope that are traveling through the hook block.

« In the case of cranes performing repetitive operations, the parts of the rope that lie over a sheave while the crane
is in a loaded condition. Also, the parts of the rope that lie over a compensating sheave.

« Wire rope sections traveling through spooling devices, particularly cross-over zones associated with multi-layer
spooling.

« Sections that are subjected to abrasion by external features and any part of rope that is exposed to heat.

« It is said that the competent person can open the rope to check internal parts, however ISO recommends doing it
with extreme care.

« The parts of the wire rope near terminations must also be inspected as these areas are vulnerable to the onset of
wire breaks due to vibrations and other dynamic effects, in addition to corrosion. Probing with a spike may be
done to establish whether loosenesses are present in the wires, so the existence of broken wires within the
termination.

The termination should also be inspected for excessive distortion and wear. In addition, the ferrules used to
secure eyes or loops must be visually inspected for cracks and evidence of slippage between the ferrule and the
rope. Detachable terminations, such as symmetrical wedge sockets and eye splices, must also be checked.

2.2.4 - Visible improper spooling of the wire rope

An improper spooling is easily visible and indicates a technical problem, such as an inadequate wire rope model, an
incorrect installation procedure, or a structural defect if the wire rope is in place for some time. Taking it into account
prevents a new wire rope from damages such as those described in the next point and protects the team from incidents or
accidents. It also avoids discarding a brand-new wire rope in case of a new installation.
« Inclined pattern:

what is defined as an "inclined pattern" in a multi layer spooling consists of a wire

rope spooled on the winch's drum with an angle instead of being parallel to the

drum's edge. It usually indicates an incorrect wire rope diameter.

A wire rope with such an abnormality should be removed from the winch and

replaced by a proper model. If needed, a study is undertaken to select it.

« Spooling with crossover zones
Crossover zones are areas where one layer of rope climbs on and crosses over the
previous layer of a wire rope spooled on a drum. It occurs when the wire rope is
spooled onto the drum, reaches the flange, and begins to wrap back in the opposite
direction. It can be caused by improperly tightening the first layer or an
inappropriate wire rope. The rope should be properly reinstalled. If the problem
persists, it should be removed, and a more suitable rope is to be installed.

Diving & ROV Specialists - Basic lifting and Rigging handbook - Page 67 of 283



}I{i’%@ - Table of contents

2.2.5 - Wire rope defects that can be found visually

Even though their systems show slight differences, standardization bodies classify the visible damages of wire ropes
similarly. These distortions usually result from uneven stress distribution in the wire rope in the deformation area.
Depending on the damages and their localization, some parts of the wire rope or the entire item may have to be discarded.
Also, correction should be undertaken to ensure that the problem does not happen again.

The distortions below are mainly those listed in OSHA 1926 1413 and ISO 4309.

Kinks (also called Tightened loops):

A kink is a deformation created by a loop, bend, or twist resulting from improper
handling. Kinks can also appear during service if a heavy load is released suddenly
or the wire rope bends around a too tight sheave.

These defects result in an imbalance, causing excessive wear and loss of strength.
EN 4309 recommends discarding wire ropes with such deformation.

Crushing (also called Flattening):

Crushings/Flattenings usually result from improper installation of the wire rope on
the winch's drum, cross winding, an inappropriate diameter, or a too-long rope.
Flattened rope portions deteriorate more quickly when running through the sheaves
and show broken wires. In such cases, but depending on the extent of the flattening,
consideration may be given to discarding the rope.

Birdcage (also called basket or lantern deformation)

A birdcage is a distortion resulting from a difference in length between the rope core
and the outer layer of strands. A mismatch between the rope diameter and the drum
and the sheave grooves, incorrect installation or cutting, or a manufacturing default
can produce this defect. Ropes with such deformation must be discarded or have the
affected section removed, provided the remaining length is serviceable.

Core or strand protrusion:

Core or strand protrusion is a type of birdcage from rope imbalance, resulting in core
protrusion between the outer strands or protrusion of strands that occur on the side
opposite to which makes contact with the sheave groove. As mentioned above, ropes
with such deformation must be discarded or have the affected section removed,
provided the remaining length is serviceable.

Waviness

Waviness is a periodic deviation of the wire rope in the shape of a helix from its axis.

It can be due to a manufacturing defect or an unsuitable design of the lifting device, -
such as the wrong diameter of the rope or an incorrect arrangement of the sheaves. It m
not necessarily results in a loss of strength but can promote the onset of abnormal

stresses, resulting in premature wear and broken wires.

Wear

Wire rope wear results from its contact with metal sheaves, drums, and other guiding
components. It depends on the size of the drum and sheaves, the number of sheaves,
The fleet angle, the condition of the crane, the lifting speed during operations. ISO
4309 gives the following discard criteria: 6 & 8 strands / Fibre core ropes =10%; 6 &
8 strands/steel core ropes = 7.5%; Rotation resistant ropes = 5%.

Wire breaks

Wire breaks are caused by fatigue due to improper installation, lack of lubrication,
exposure to heat and moisture for extended periods, constant bending, wear with
sheaves and drums, freezing working conditions, overloading, etc. They typically
occur on the crowns of the strands, or on the spaces between the strands (valleys).
Tables #1, #2, #3, & #4, displayed on the next page, allow evaluating discarding.

Increase in rope diameter

This defect usually results from shock loading or moisture absorption in the case of
fibre main core ropes. It creates an imbalance in the outer strands, which become
incorrectly oriented on a relatively long length. ISO recommends investigating the
reasons for the defect, and considering discarding when the diameter is > 5% with a
steel core and if the diameter is > 10% with a fibre core.

Corrosion:

Corrosion reduces the rope's strength by diminishing its metallic cross-sectional area,
making its surface irregular, causing stress cracking, and decreasing the materials'
elasticity. Internal corrosion is more difficult to detect than external corrosion,
although this might not always be obvious from a visual inspection of the rope.
Discard criteria are given in table #5 on the next page.

Reduction in rope diameter:

The wire rope diameter is expected to decrease slightly during its commissioning, resulting from its adjustment
to the elements of the lifting gear. Also, there is a typical continuous slight decrease in diameter throughout the
rope’s service life. However, significant local reduction indicates core or centre failure. In this case, the affected
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lengths should be discarded. Also, wire ropes may present an abnormal uniform decrease resulting from
excessive abrasion, core/inner wires failure, corrosion, and abrasion. Table #6 for discarding criteria is

published on the next page.
« Electric arc or heat damage:

Heat damage happens in wire ropes used in temperatures they have not been designed for. They can be

identified by the change of colour of the metal, and result in a loss of lubricant.

An electric arcing results from an incorrectly grounded welding device, or arcing made by mistake during
welding operations. A change of colour and crevices at the point of contact with the welding rod can identify it.
Wire rope lengths damaged by heat or arcing should be discarded.

Tables #1, #2, #3, and #4 for “Wire breaks” discard criteria (see above) are based on the system proposed by ISO 4309:
Table #1 provides general criteria; Table #2 offers references to discarding a wire rope according to the number of wire
breaks reached or exceeded on a specified distance of single-layer and parallel-closed ropes; Table #3 explains the ISO
hoisting mechanisms classes mentioned in Table #2; Table #4 provides the references for discarding rotation resistant

ropes. These tables can be used with every existing system of classification.

Table 1 - Discard criteria for visible broken wires (Based on ISO 4309)

Nature of visible broken wire

Discard criteria

Wire breaks occurring randomly in sections of rope which
run through one or more steel sheaves and spool on and off
the drum when single-layer spooling or occurring at sections
of rope which are coincident with cross-over zones when
multi-layer spooling.

See Table #2 for single-layer and parallel-closed ropes and
Table #3 for rotation-resistant ropes.

Localized grouping of wire breaks in sections of rope
which do not spool on and off the drum.

If grouping is concentrated in one or two neighbouring
strands it might be necessary to discard the rope, even if the
number is lower than the values over a length of 6 d, which
are given in Tables #2 and #3.

Valley wire breaks.

Two or more wire breaks in a rope lay length
(approximately equivalent to a length of 6 d)

Wire breaks at a termination

Two or more wire breaks

Table 2 - Number of wire breaks, reached or exceeded, of visible broken wires
occurring in single-layer and parallel-closed ropes, signalling discard of rope

Number of visible broken outer wires **
Sections of rope workm:g in steel sheaves S el T
and/or spooling on a single-layer drum on a multi-laver drum ***
Total number of (wire breaks randomly distributed) 4
e L IS0 hoisting mechanism classes M1 to M4 or class unknown **** All classes
outer layer of
strands in the rope* (n) Ordinary lay Lang lay Ordinary and Lang lay
Over a Over a Over a Over a Over a Over a
length length length length length length
of 6d ¢ of 30d ¢ of 6d ¢ of 30d ¢ of 6d ¢ of 30d ¢
N<50 2 4 1 2 4 8
51<n<7;5 3 6 2 3 6 12
76 <n <100 4 8 2 4 8 16
101 <n<120 5 10 2 5 10 20
121 <n <140 6 11 3 6 12 22
141 <n <160 6 13 3 6 12 26
161 <n<180 7 14 4 7 14 28
181 <n <200 8 16 4 8 16 32
201 <n <220 9 18 4 9 18 36
221 <n <240 10 19 5 10 20 38
24 <n<260 10 21 5 10 20 42
261 <n <280 11 22 6 11 22 44
281 <n <300 12 14 6 12 24 48
n <300 0.04xn 0.08xn 0.02xn 0.04xn 0.08xn 0.16 xn
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Table #2 continuation - ISO 4309 says:

Ropes having outer strands of Seale construction where the number of wires in each strand is 19 or less (e.g. 6 x 19 Seale) are
placed in this table two rows above that row in which the construction would normally be placed based on the number of load
bearing wires in the outer layer of strands.

*: 1SO 4309 says that filler wires are not regarded as load-bearing wires and are not included in the values of n.
** : A broken wire has two ends (counted as one wire).

**% - The values apply to deterioration that occurs at the cross-over zones and interference between wraps due to fleet angle effects
(and not to those sections of rope which only work in sheaves and do not spool on the drum).

**%% - Twice the number of broken wires may be applied to ropes on mechanisms whose classification is M5 to M8 (see below).

¢ : Nominal diameter of rope.

Table #3 - ISO hoisting mechanisms classification system mentioned in table #2

Average daily < 0.25 to 0.5 to 1to 2to 4t 8to 16 to
operating time in hours 0.25 h 0.5h 1h 2h 4h 8h 16 h 24 h
Gy e 200 400 800 1600 3200 6300 12500 25000
Total operating time in
hours to to to to to to to to
400 h 800 h 1600 h 3200 h 6300 h 12500 h 25000 h 50000 h
Light
13 WLL & M1 M1 M2 M3 M4 M5 M6 M7
rarely WLL
8 Medium
8 1/3 10 2/3 WLL & M1 M2 M3 M4 M5 Mé6 M7 M8
a0 sometimes WLL
S
S Heavy
S 2/3WLL & M2 M3 M4 M5 M6 M7 M8 M8
often WLL
Very Heavy
Usually at WLL or M3 M4 M5 M6 M7 M8 M8 M8
near WLL

ISO classifies the "hoisting mechanisms" according to the load spectrum of the lifiing gear and the total operating time in hours or
the average daily working time. For example, a system often used at its WLL between 8 and 16 hours per day is classified as "M8 ".

Table 4 - Number of wire breaks, reached or exceeded, of visible broken wires
occurring in rotation-resistant ropes, signalling the discard of a rope

Number of visible broken outer wires **

Sections of rope working in steel sheaves
and/or spooling on a single-layer drum
(wire breaks randomly distributed)

Sections of rope spooling
on a multi-layer drum ***

Number of outer strands and
total number of load-bearing

wires in the outer layer of

strands in the Rope (n) * Over a Over a Over a Over a
length length length length
of 6d ¢ of 30d ¢ of 6d ¢ of 30d ¢
4 strands n < 100 2 4 2 4
3 or4strands n < 100 2 4 4 8
At least 11 outer strands
71 < n<100 2 4 4 8
101 < n<120 3 5 5 10
121 < n<140 3 5 6 11
141 < n<160 3 6 6 13
161 < n<180 4 7 7 14
181 < n<200 4 8 8 16
201 < n<220 4 9 9 18
221 < n<240 5 10 10 19
241 < n <260 5 10 10 21
261 < n<280 6 11 11 22
281 < n<300 6 12 12 24
n <300 6 12 12 24
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Table #3 continuation - ISO 4309 says:

Ropes having outer strands of seale construction where the number of wires in each strand is 19 or less (e.g. 6 x 19 Seale) are
placed in this table two rows above that row in which the construction would normally be placed based on the number of load
bearing wires in the outer layer of strands.

*: For the purposes of this International Standard, filler wires are not regarded as load-bearing wires and are not
included in the values of n.

** - A broken wire has two ends.

**% . The values apply to deterioration that occurs at the cross-over zones and interference between wraps due to fleet angle effects
(and not to those sections of rope that only work in sheaves and do not spool on the drum).

¢ : Nominal diameter of rope.

Table #5 for evaluating the discard of a corroded wire rope is based on the visual aspect of the corrosion and its nature
(external, internal, and fretting), expressed in a percentage where 100% means discarding.

Table 5 - Discard criteria for corrosion and intermediate severity ratings (Based on 1SO 4309)

Type of corrosion Condition Severity rating

Signs of surface oxidation but can be wiped clean Superficial - 0 %

External corrosion Wire surface rough to touch High - 60 % **
Wire surface heavily pitted and slack wires * Discard - 100 %
Obvious visible signs of internal corrosion Discard -100 %

Internal corrosion (corrosion debris exuding from the valleys between the outer or internal examination if deemed
strands **%*) practicable by the competent person
Fretting involves the removal of fine particles of steel from the | Evidence of such a characteristic

, . wires due to dry wires and strands constantly rubbing together | should be further investigated and if

Fretting corrosion T L . h ; . .
and then oxidizing and creating internal corrosion debris, there is any doubt about its severity,
which manifests itself as a dry powder, similar to a red rouge. the rope should be discarded (100 %).

*: For any other intermediate condition, an assessment should be made as to its severity rating (i.e. contribution towards

the combined effect).

** . The oxidation of zinc-coated wires can result in a wire surface which is also rough to the touch, but the overall condition might
not be as serious as wires which are not coated. In such cases, the inspector may consider applying a lower
contribution towards the combined effect to that given above in this table.

**% . Assessment of internal corrosion is subjective; however, if there is any doubt about the seriousness of any internal corrosion,

the rope should be discarded.

Table #6 shows the equivalent uniform decreases in diameter, expressed in percentage of the nominal diameter of the
wire rope (see "reduction in rope diameter" in the point above). The severity ratings are expressed in 20 % increments (
20 %, 40 %, 60 %, 80 %, and 100%). Other severity ratings expressed in increments of 25 % (25 %, 50 %, 75 %, and
100 %) may also be selected.

Table 6 (based on ISO 4309) - Uniform decrease in diameter signalling discard of rope
- Rope spooling on a single-layer drum and/or running through a steel sheave

e Uniform decrease in. diam’eter Severity rating
(expressed as % of nominal diameter) o
Description Percentage

Less than 6 % — 0

6 % and over but less than 7 % Slight 20

Single-layer rope 7 % and over but less than 8 % Medium 40
with fibre core 8 % and over but less than 9 % High 60
9 % and over but less than 10 % Very high 80
10 % and over Discard 100

Less than 3,5 % — 0

) 3,5 % and over but less than 4,5 % Slight 20
S lxligtile;ltg ?’;;Z) ¢ 4,5 % and over but less than 5,5 % Medium 40
or parallel-closed rope 5,5 % and over but less than 6,5 % High 60
6,5 % and over but less than 7,5 % Very high 80
7.5 % and over Discard 100

Less than 1 % — 0

1 % and over but less than 2 % Slight 20

Rotation-resistant rope 2 % and over but less than 3 % Medium 40
3 % and over but less than 4 % High 60

4 % and over but less than 5 % Very high 80
5 % and over Discard 100
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The formula for calculating the percentage is: (Reference diameter - Measured diameter) / Nominal diameter x 100%.

The reference diameter is the value indicated in the wire rope specifications provided by the manufacturer.

The nominal diameter is the diameter of the rope after the 1st commissioning (so the normal diameter
diminution after installation).

The measured diameter is the actual diameter measured by the competent person during the inspection.

2.2.6 - Non-destructive testing

ISO 4309 says that Non-Destructive Testing (NDT) by electromagnetic means may be used as an aid to visual inspection
to determine the location of those sections of rope which could be suffering deterioration. ISO 4309 also says that if such
a technique is planned to be used, it should be implemented at the earliest of the rope's lifetime, which might be at rope
manufacture, during the installation of the wire rope, or, preferably, after the wire rope has been installed. This 1st NDT
inspection is considered the datum point for future comparison and is called "rope signature".

It must be noted that ISO 4309 considers only magnetic non-destructive testing methods and indicates that they are
limited to ferromagnetic steel ropes. However, other non-destructive testing techniques are documented and commonly
used by specialists and should not be ignored. This is the reason they are added to the list below:

Magnetic Flux Leakage (MFL):

Magnetic flux leakage systems utilize permanent magnets or electromagnets to magnetize the part of the wire
rope to inspect. This magnetic field will have distortions if defects are present in the wire rope. An induction
coil or an integrated sensor then detects the signal. The extent of damages can be determined via additional
processing and analysis of the signal.

This method can detect anomalies such as broken wires and stands, wear, and corrosion.
Advantages: Inexpensive, easy to implement, and reliable. A competent operator can quantify the defects.
Inconveniences: The defects inside the wire rope are difficult to distinguish.

Magnet —_|

Magnetic field

Wire rope

« Eddy current (ECT):

Eddy currents, also called "Foucault currents", are based on Faraday's law of induction: When an alternating
electric current (AC) is passed through a conductor, a circular magnetic field is generated around the conductor
that vectors into a longitudinal flux if the conductor is twisted into a coil. When this coil is brought near a
conducting material, this magnetic field, called the "primary field", passes through the material, and induces
another magnetic field with an opposite orientation, called the secondary field, that interacts with it. This
reaction results in variations in the impedance of the current, which can be measured through a voltmeter and
read on a screen.

When the probe moves across anomalies of the tested material, such as, for example, cracks or pits, the
secondary magnetic field becomes disrupted, changing the impedance, which can be measured.

The penetration of the eddy currents through materials depends on their conductivity, permeability, and
frequency of the alternating field. High frequencies of eddy currents concentrate at the surface, while lower
frequencies penetrate deeper within the tested sample.

Based on the above, this method is mainly used for surface defects.
Advantages: Sensitive to metal and allow for fast detection.

Inconveniences: Its limited to surface inspection. Also, it detects the defects but cannot give more
information regarding their nature and size.

Electric supply -

Primary field

Anomaly (defect)

Secondary field

« Acoustic emission (AE):

The principle of acoustic emission is based on the fact that an external stimulus on a structure, such as a shock,
triggers a release of energy, in the form of elastic stress waves, which propagate to the surface of the structure
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due to the redistribution of the stress in the material. These stress waves can be read by sensors, then filtered,
amplified, and changed in electronic signals. If a discontinuity is present in the material, the propagation of the
stress wave differs and is detected by the sensor. However, these systems can only gauge whether damages are
present, but cannot provide more information.

This system is used to detect broken wires and strands, stressed areas, and corrosion
Advantages: It can work with composite materials, and can detect defects at their early stage
Inconveniences: The system is reputed slow. Also, it does not provide precise measurement of the defects.

-

Amplifier Filter Preamplifier

Sensor

« Ultrasonic Guided Wave (UGW)
“Ultrasonic-guided waves (UGW)”, also called "long-range ultrasonic testing (LRUT)", is a technique that is
commonly used to check long structures such as pipelines from one place.
This system is based on the propagation of ultrasonic acoustic waves through structures whose sides act as
guides and thus prevent dispersion of the ultrasonic signal and, thus, allow the ultrasonic signal to travel long
distances. The frequency used depends on the thickness of the structure. However, the higher the frequency, the
lower the range.
This system is used to detect broken wires and strands, and also corrosion

Advantages: Defects inside the rope are detected, and the system allows to inspect long distances from one
place.

Inconveniences: The system does not provide precise measurement of the defects detected.

Transducer Reflection echo Defect

Emission wave Transmitted wave

« Radiography
Radiographic testing uses the properties of X-rays or gamma rays. Such systems are commonly used to
examine industrial components' internal structures and identify their defects, in addition to well-known medical
applications. The system, which is based on the penetration of X-rays through materials, consists of providing
black-and-white images that are then interpreted.
The item to check is placed between the radiation source and the reception photo film or an electronic receptor.
During the process of emission of the X-rays, the penetration of the radiation is attenuated by the density and
thickness differences of the elements tested through interaction processes involving scattering and absorption.
The differences in absorption are then recorded on the photo film or the electronic imaging system. A trained
technician then interprets the images.
This system is used to detect broken wires and strands.

Advantages: This system provides precise information and is considered reliable.

Inconveniences: Radiography system are expensive, voluminous, and require trained technicians. In
addition, they emit radioactive rays, which require specific precautions to be in place.

photo film or

X-ray emissions electronic receptor

\

Wire rope

=

X-ray source

o Thermography:
Thermography consists of monitoring the surface temperature variation of the object examined during its
cooling phase after thermal stimulation. Infrared cameras that detect and measure temperature differences are
used for this purpose. Colour or black-and-white pictures showing these thermal variations are then processed
on a computer. As with radiography, a trained technician interprets the images to evaluate the anomalies.
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Two methods of thermography are used:

Passive thermography uses only an infrared camera that provides thermal images of the piece inspected.
Active thermography also uses an infrared camera to record the variation of temperatures in the piece to
inspect. However, it involves additional thermal stimulation of the object by using heaters that quickly heat
the sample's surface to measure.

These systems are used to find broken wires and stands, and also corrosion.
Advantages: This system has high efficiency, is not expensive compared to others, and easy to implement.
Inconveniences: The system is limited to near surface defects. Also, these surfaces must be cleaned and
good lighting is necessary. A trained technician is required for the interpretation of the pictures.

Passive thermography Acttve thermography '
Wire rope Wzre rope ; ,. '
= — Control unit [J\E
= N | \ | i
Computer Control unit Infira red Computer
camera Heat pulse or halogen light

« Optical Detection:
Many systems classified in this category are experimental. However, they prove to be already efficient and must
not be ignored.
In a paper titled "A review of non-destructive damage detection methods for steel wire ropes" Ping Zhou,
Gongbo Zhou, Zhencai Zhu, Zhenzhi He, Xin Ding, and Chaoquan Tang explain that the optical detection
method can efficiently grasp surface damage of a wire rope.
These systems generally consist of digital image acquisition and then the diagnosis of damages.
The image acquisition is usually made by a high-speed camera that collects images of the surface of the
wire rope.
The damage diagnosis includes image preprocessing and pattern recognition: The collected images are first
processed by pretreatment methods like cutting or filtering. Then, extraction methods (such as local binary
pattern and grey level co-occurrence matrix) extract features. Next, dimensionality reduction is carried out
on the established data. Finally, machine learning classifiers (such as support vector machines, artificial
neural networks, etc.) are used to obtain robust classifiers for recognizing unknown images.
Many other papers, some of them have been used by these authors discuss these procedures that can be found on
the “Diving and ROV Specialists.com” website.
Advantages: Intuitive, and high accuracy of detection.
Inconveniences: Influenced by environmental factors, data size, and machine learning algorithm
performance.

High speed camera Image treatment by computer

Image acquisition

Final diagnosis

»»{Image processing}-[ Extraction H Size reduction ]—[ Classification ]—>

To conclude this presentation, it is essential to consider that it is not usually the function of the diving or ROV team and
the person in charge of the daily checks to perform investigations with Non-Destructive Testing (NDT) procedures.
However, at minimum, these people should understand the technique proposed by the competent person in charge of the
periodic examination of the wire ropes.

Also, although most standardization bodies do not make NDT techniques mandatory, many classification bodies require
their use to support the classical visual examination. Thus, we must consider that the two techniques are complementary
and that NDT techniques provide additional information on defects that may not be seen during a visual examination. We
must also consider that offshore cranes have very long wire ropes, and complex reeving, which makes visual inspection
challenging.

Note that the competent person examining the wire rope may use several NDT techniques to investigate problems.

We can also see that new promising techniques arrive on the market that must be taken into account.
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3 - Wire rope end sockets

3.1 - Scope

The end fitting connections must be able to transfer great static and dynamic forces and must also be compact and light.
There are a lot of models of efficient end connections on the market, and the purpose of this chapter is to describe only
the “asymmetric wedge sockets”, and the “metal and resin sockets” (Also called Spelter sockets), which are the two main
end connections used in the diving industry.

The description of the “asymmetric wedge socket” is based on the European standard EN 13411- 6, and the description
the “Metal and resin sockets” is based on the standard EN 13411-4.

3.2 - Asymmetric wedge sockets

The asymmetrical wedge sockets are highly popular because they can easily be fitted on site S0

which is a great advantage. There is a wide variety of design which can be slightly different LI~ Traction force
than those indicated in the document EN 13411-6 on the market. Nevertheless the operating
mechanism is the same for all the models.

3.2.1 - Operating mechanism

By means of a wedge, the rope end is jammed into a tapered socket. With increasing load,
the wedge is pulled deeper and deeper into the socket and exercises normal clamping force
on the rope.

The traction force in the wire rope is transferred by the friction between the rope and the
wedge and by the friction between the rope and the socket. (See fig. 1)

3.2.2 - Geometry and security of the pin
Asymmetric wedge socket termination's for ropes should conform to
the following geometrical criteria:

« The longitudinal axis of the live portion of the rope should be
perpendicular to the longitudinal axis of the pin. C 5

« The difference between the wedge angle (a) and the socket
angle (B) should be not greater than 2°.

« The internal side surfaces of the socket body and the wedge in
contact with the rope should be straight.

« The clamping length between socket body and the wedge in
contact with the live portion of the rope should be a minimum
length (P) equal to 4.3 times the nominal rope diameter.

« The rope groove in the socket body and the wedge should not
exhibit protrusions, marks, or casting joints that would affect
the intimate contact with the rope.

The pin should be provided with a means for securing it in position — —
when in operation.

3.2.3 - Mechanical properties
The socket body and pin should be designed to have an efficiency of at least 80% of the minimum breaking force of the
rope used.

The socket body and pin should be designed to withstand a test with a minimum of 75000 load cycles from 15% to 30%
of the minimum breaking force without any indication of cracks and deformation.

The socket body and the pin must be designed to ensure that there will be no movement between the rope and the
termination, monitored either as movement of the tail of the rope, or as relative movement between the rope and the
wedge after a short period of settlement.

3.2.4 - Design and sizes from EN 13411-6
En 13411-6 indicates two designs
- Design 1:
« The material for the socket bodies should be spheroidal graphite cast iron having mechanical properties

conforming to EN 1563. The material for wedges should be malleable cast iron conforming to EN 1562. The
material for the pins should be quenched and tempered steel conforming to EN 10083.

« The rope groove in both the wedge and the socket body should not exhibit marks or joints in the clamping area.
« Dimensions, in millimetres, should be in accordance with Figure 3 and Table 1 next page:

The socket angle in the body (R) should be (14 + 0.5)°.

The wedge groove angle (a) should be (14 £2)° .

Diving & ROV Specialists - Basic lifting and Rigging handbook - Page 75 of 283



The pin should have its limits conforming to EN 20286
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Table 1: Dimensions in millimetres for asymmetric socket with cast socket body
Nominal size Socket body Wedge Pin
of the wedge
socket (mm) a b: b: bs di g k I 1 r1 r2 r3 s l d
6to7 14 6 26 14 14 25 75 130 | 150 | 185 | 9.5 12 40 13
8 14 6 26 14 14 25 75 130 | 150 | 185 | 10.5 6 13 40 13
91010 14 6 26 14 14 31 75 130 | 150 | 185 13 7.5 13 40 13
11 17 7 31 16 17 35 75 140 | 164.5| 22 145 | 75 13 45 16
12 17 7 31 16 17 42 75 140 | 164.5| 22 16 7.5 13 45 16
13t015 20 10 40 17 20 43 115 | 190 | 220 27 | 195 16 50 19
16t0 17 23 14 51 23 | 255 | 60 146 | 237 | 275 38 | 225 21 68 25
18 23 14 51 23 | 255 | 60 146 | 237 | 275 38 | 235 | 10 22 68 25
19 to 20 29 | 165 | 62 29 | 255 | 60 146 | 237 | 275 38 26 10 26 78 25
21 30 18 66 30 | 335 | & 200 | 325 | 370 42 29 13 26 88 33
22t0 25 30 18 66 30 | 335 | & 200 | 325 | 370 42 | 325 | 13 26 88 33
26 to 32 38 27 92 38 | 485 | 95 224 | 425 | 486 56 42 16 32 119 48
Note: The nominal wedge socket sizes are equivalent to the nominal rope diameters for which the wedge sockets are designed.

- Design 2:

« The material for socket bodies should conform to ASTM A-148 90/60 and ASTM A-220, 60004 alternatively
ASTM A-27, grade 65-35 for the wedges.

o The material for the pin should conform to SAE 1035.

« The inner edges of the basket should be rounded at the bottom to prevent damaging the rope.
« Dimensions, in millimetres, should be in accordance with Figure 4 and Table 2 below. The socket angle in the

body 03 should be (15 + 1)°. The wedge groove angle (a) should be (15 £ 1)°.

Figure 4
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Table 2 - Dimensions in millimetres for asymmetric socket with cast socket body

Nominal size of the ,
B Socket body Wedge Pin
Mm Inch a b c d e f g p t r v d i
9-10 3/8” 206 | 11.2 | 39.6 | 22.6 | 57.2 | 121 14.2 15° | 11.2 | 159 35 20.6 54
11-13 127 254 | 12.7 | 493 | 274 | 76.2 | 146 | 17.5 152 | 135 | 22.3 48 254 61
14-16 5/8” 31.8 | 142 | 57.2 | 325 | 937 | 176 | 224 | 15° | 17.5 | 255 | 555 | 30.2 76
18-19 3/4” 381 | 168 | 66.5 | 37.3 | 111 212 | 254 | 15° | 19.8 | 29.5 65 35 87
20-22 7/8” 44.5 | 191 | 795 | 48.7 | 127 | 241 | 284 | 15° | 224 | 34.2 | 745 | 41.3 | 103
24-26 1”7 508 | 224 | 953 | 53.6 | 146 | 273 | 333 152 | 26.2 | 36.5 | 835 | 508 | 116
28 11/8” 57.2 | 254 | 108 | 60.5 | 165 | 308 | 38.1 15° | 30.2 | 39.8 | 90.5 | 57.2 | 127
30-32 1% 63.5 | 287 | 121 | 668 | 184 | 343 | 414 | 15° | 333 43 97 63.5 | 143
Notes: The nominal wedge socket sizes are equivalent to the nominal rope diameters for which the wedge sockets are designed.
For intermediate wire rope sizes, it is recommended to use next larger size socket.

3.2.5 - Marking

The following indications should be visible on each asymmetric wedge socket :
o The manufacturer’s name, symbol, trade mark or other unambiguous identification.
« The traceability code.
« The standard applied.
« The reference of the model allowing to find the rope grade, class and type for which the termination is suitable.

3.2.6 - Certificate

The certificate should include at least the following information:

« The name and address of the manufacturer or authorized representative, including the date of issue of the
certificate and authentication.

« The standard applied.

 Traceability code.

« The manufacturing tolerances.

o The reference of the termination.

« Details of the rope grade, class and type for which the termination is suitable.

3.2.7 - Recommendations for safe usage and inspection of wedge socket terminations. (EN 13411-6)

In addition to guidelines regarding the conception of wedge sockets, EN 13411-6 provides valuable recommendations
for installing and inspecting wedge socket terminations by onsite technicians that have been used to establish the
processing list below.

« Close examination of the socket before starting the assembly:
This phase is essential as incorrect socket selection can result in the rope pulling through the fitting, or in the
failure of the wire rope and the termination. The elements provided in point 3.2.4 should be used in support.

The socket body and the pin should be free from any defect from manufacturing or previous use.

The wedge and a socket body must be the correct dimensions and strength for the steel wire rope to
terminate, and the manufacturer's marks and the fit of the wedge (with the rope) in the socket body should
always be checked: An oversize wedge, or a wedge of incorrect taper, will not enter the socket body
sufficiently to give a secure termination; too small a wedge will protrude too far through the socket body
and the high localised loading may cause the socket body to crack and open out, allowing the wedge to pull
through.

The socket body or wedge should never be modified, and components of different designs should not be
mixed.

Socket bodies and wedges from different manufacturers should not be assembled together, even though
they may be designed for the same size of rope.

To reduce the risk of confusion of a body and wedge of different sizes or manufacture, the socket body, pin,
and wedge should be secured together during storage and transport of the termination.

« Wire rope installation:
Incorrect fitting may result in premature failure of the wire rope or the termination disconnecting.

In case of a re-termination, no part of any previous flattening or damaged rope should be on the rope's
standing part or within the clamping area between either side of the socket body and the wedge. The strict
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rule is that the parts previously in the socket must be discarded. Thus, the wire rope must be shortened
before re-terminating it.

The rope should pull directly in line with the point of attachment of the socket. So the standing part should
not be kinked where it leaves the socket body. Also, the tail-end of the rope left protruding should be long
enough for whatever securing method is used.

Rotation-resistant ropes tend to be distorted when bent around small radii, which may require temporary
serving, such as tape, while fitting the socket body. As much as possible, the serving should be removed to
allow for rope inspection.

The technicians must ensure that the rope is properly seated in the socket body before the equipment is put
into service to avoid it pulling through the fitting or having the wedge sprung out of the body.

EN 13411-6 recommends tension be applied to the two parts of the rope to pull the rope and wedge into the
socket body, and the wedge is hammered home using a wooden packer to protect the fitting and rope
against damage. A load of at least equivalent to 10 % of the minimum breaking force of the rope should be
applied and maintained, but not left unattended, to seat the wedge and rope firmly into the socket body.
Special care is necessary when the tension of the rope is released, as there is a possibility that the wedge
may become loosened when a load is set down.

EN 13411-6 recommends two methods to deal with the tail-end length of rope protruding from the socket
depending on the use circumstances. The purpose is to prevent the wire rope from being pulled through
when making the rope termination or in the event of accidental loosening of the wedge during operation.

1. The tail-end is looped back on itself and secured by a U-bolt wire rope grip. The loop should then be
lashed to the standing part of the rope by suitable means, such as soft binding wire, to prevent
flexing of the rope in service.

2. Where the looped back tail-end described above interferes with an obstruction which might cause
the wedge to loosen and the rope runs free, the tail-end length of the rope should not be looped back
but should be laid parallel to the standing part of the rope. A distance piece or short length of rope
of the same diameter and a U-bolt wire rope grip will be necessary to ensure that the tail-end is
adequately secured. If necessary, the tail-end may be attached to the standing part with soft binding
(serving) wire. The wire rope grip is used to ensure that the rope cannot slip through the socket body
before the wedge has had a chance to seat adequately. The clamp or wire rope grip should not be
allowed to encroach on the fused end of the rope. The distance X of the grip from the nearest part
of the socket body should be no more than 75% of the overall length of the wedge to avoid
deforming the rope.

Soft binding wire
Short length of rope
Looped tail-end _—" \ 6
U-bolt wire rope grip 1
Figure 5

Some other designs than those above are proposed by manufacturers that are similar, but not limited to the
examples below:

This design proposes
to attach the ‘dead’

rope line to the boV >
of the rope socket.

This design proposes :
an extended wedge to S

which the ‘deadV o |
end is attached.

The pin should be secured in such a way that it cannot move from its position during operation.
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3.3 - Metal and resin sockets (4lso called spelter sockets)

3.3.1 - Description

The metallic spelter sockets are rope end connections that can withstand the full breaking strength of
the wire ropes and are reputed to achieve the highest number of tension cycles of all rope end con-
nections regarding tension fatigue tests. Note that many manufacturers make them according to the
standard BS 463. Also, the Standard EN 13411-4 “Terminations for steel wire ropes - metal and resin
socketing” provide guidelines to take in reference for their installation, which requires trained
personnel and specific material. However, other criteria such as standard ISO 17558

or national standards exist.

These systems consist of a conical socket into which the wire rope is inserted, and the end is fanned
out as a brush with a conic shape. A metallic or synthetic resin is then cast to mix with the wires and
blocks them, so that, when the chemical reaction is completed, a rigid block in the form of a cone that

perfectly fits the socket's edge is in place.

When the cone is in place, increasing pulling force in the line results in the metallic cone being drawn
deeper and deeper into the socket, generating increasing transverse clamping forces so that the system
can withstand 100% of the wire rope capacity if well realized.

1. Length of tapered basket plus any parallel

portion(s) including any radius at rope entry.

Small end of tapered basket.
Large end of tapered basket.
Included angle of tapered basket.
Internal diameter at rope entry..
Pin hole

Length of tapered basket

Length of parallel portion including any
radius at rope entry

9. Protruding wires
10.  Length of brush
11.  Root of brush & permanent serving

N S RN

12.  Tempoerary serving

3.3.2 - Socketing process

Cable fanned out like a brush

Poured synthetic resin

% Table of contents

Figure 7

Figure 8

It often happens that socketing has to be carried out should be carried out on the worksite due to various reasons. EN
13411-4, which recommendations and those of manufacturers are listed below says that such an operation should be
performed by a competent person. On board vessels, it is often the chief engineer or the diving or ROV systems lead
technician. For onshore projects it could be a competent person from the company, or an external technician.

« 1t preparation of the rope and the socket:

The part of the wire rope not involved in the socketing should not be touched during the operation and,

thus, protected against damages.

Hot cutting systems such as oxyacetylene torches or similar should not be used due to the risk of heat

damage to the wires.

The technician measures and marks the wire rope to the required length, taking into account:

The size of the socket basket;

The length of the brush and any additional brush length for the hooking of wires;
If used, the depth of any centralizing clamp.

The permanent seizing that should be made at a distance from the end equal to the length of the

socket‘s basket.

The length of the sizing that should be the diameter of the wire rope x 2

The technician uses a tinned or galvanized soft steel wire or strand to make the permanent serving.
However, this seizing must allow for the penetration of the metallic or synthetic resin between the served

rope and the socket bore.
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Before the next step, the technician should ensure that the inside of the socket basket is clean and not
contaminated. EN 13411-4 says that does not preclude using a releasing agent when socketing with resin.

« Preparing the “brush”

When the sizing is completed and checked to fulfill the above requirements, the wire rope is inserted in the
socket and then unlaid to form an open brush. Where appropriate, that may include steel core. Note that it is
highly recommended to avoid excessive bending of the wire, particularly at the root of the brush (see #11

in Figure #8 above).

If the wire rope has a fibre core it must be removed on the entire length of the brush. In addition, it
recommended to protect the residual part of the fibre core from the effects of heat if the socketing is
planned with molten metal

Hooking is a procedure consisting of bending backward the extremities of the wires of the brush to form
little hooks. EN 13411-4 says that it may happen that type testing may show that this procedure is
necessary. If it is used, the following precautions should be in place:

The dimensions of the hooked portion should not obstruct the flow of the molten metal or resin

during the pouring phase

The embedded length of the brush in the socketing medium should not be reduced
Note that in a report called “Resin Socketing of steel wire rope” , published by Millfield Enterprises, it is
said that it is not necessary to hook wires when resin socketing except in the case of coarse construction
wire rope such as 6 x 7.

When the brush is completed, it should be degreased to remove all traces of contaminants. EN 13411-4
recommends doing by using either by liquid or vapour methods. However, the technician should ensure
that this operation is limited to only the brush. Waiting until the brush is dry before pouring the resin or
metal is also recommended.

In addition, lead-based alloys may require that bright rope wires be pre-treated with a zinc chloride solution
to improve the adhesion. Dipping the two third of the brush length in such a solution for approximately 1
minute is recommended.

When the brush is degreased and, if required, treated for lead alloy pouring, the socket is positioned over
the broom until it reaches the seizing on the wire rope. Note that the distance between the end of the brush
and the large end of the socket basket should be no greater than 5 % of the length of the socket basket. EN
13411-4 also says that if the ends of the wires at the top of the brush do not protrude beyond the large end
of the socket basket, the actual position of the wire ends in relation to the large end of the basket should be
measured and documented. When the socket is adjusted, the technician should also ensure the wires are
evenly distributed within it.

The wire rope should be aligned with the socket for a minimum length. Some manufacturers recommend a
distance of 30 diameters.

To complete the socket preparation, the technician must seal the rope entry. Clay or putty can be used with
resins, and clay or another heat-resistant sealant should be used when metal pouring is planned. It is
essential to prevent leaks that, in addition to the loss of resin or metal, can result in the creation of voids in
the neck area of the socket and, thus, diminished assembly performances that will have to be redone.

« Resin socketing
The resin socketing process is more straightforward to implement than the molten metal procedure, which
explains why offshore teams often prefer it. Other reasons are explained in the report called “Resin Socketing of
steel wire rope”, previously mentioned, where the author, J. M. Dodd says: “In use, the resin socketed assembly
offers a higher achievable tensile strength and a better fatigue performance of the assembly. In general, this
can be attributed to two factors; the excellent penetration of resin, ensuring a complete cone, and the fact that
there is no annealing of the wires due to heat from molten metal. A further benefit that is derived from the lack
of heat, is that the lubricant in the rope remains intact and is not burned off It is an easy matter to replace the
lubricant on the outside of the rope but very difficult to replace the lubricant in the centre of the rope. It is, as it
does not require any heat, acid etching or neutralising, an inherently safe method, for the rigger to use both in
the shop and on site.
Finally, the quality and reliability of this method is, without question, superior to other methods of socketing. It
also avoids the damage caused to ropes by other mechanical methods of attachment of end fittings, which may
affect both their tensile and fatigue potential.”

Only the type of resin is to be used. Thus, mixing resins of different kinds or from several manufacturers is
unacceptable. Usually, the manufacturers provide tables that indicate the volume of resin to plan for each
socket model. If not, the formula below can be used to calculate the necessary volume:

D
(D +d/4)?>x HxII = Necessary volume d = Small end of tapered basket.
H D= Large end of tapered basket.
Note: I1=3.14159 H= Length of tapered basket.
d

The manufacturer usually provides the procedure for mixing the resin components and pouring the mix
obtained into the socket, with the time necessary for the mixture to cure after gelling. These procedures
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must be scrupulously applied. If such information is missing, it should be requested from the manufacturer.

The technician should watch for leaks from the early time to the end of the pouring process; if some, they
should be stopped immediately for the reasons mentioned before.

When the resin is confirmed cured, the sealing is removed, and the wire rope is ready for commissioning.
EN 13411-4 says that where necessary, and following inspection, a suitable corrosion protection compound
can be applied to the rope and the socket.
« Molten metal socketing (' Lead based alloy; Zinc based alloy, Pure Zinc)
As suggested in the resin socketing explanations, metal socketing requires more equipment, precautions, and
skills. Even though these operations are rarely done by diving and ROV teams, people organizing lifting
operations or in charge of lifting devices should not ignore the complexity of this task as they may have to
manage it.
Competent bodies and manufacturers say that new metal should be used for this purpose. Three alloys are
recommended: Lead-based alloys, zinc-based alloys, and zinc. The manufacturers usually provide
instructions for pouring them and information on the volume necessary. If such information is missing, it
should be required. Also, the equation previously provided for resin socketing can be used to calculate the
volume needed. It is commonly recommended that the pouring ladle holds at least 20% more metal than
required to fill the socket basket.

It is recommended that the metal of the containers used for melting and pouring the socketing metal should
not influence the molten metal. EN 13411 says:

Galvanized containers should not be used with lead-based metals.

Containers previously used for melting one family of metals should not be used for other metals.

The heating of the crucible should be even, and the pouring the temperature should be within limits set by
the specifications provided by the supplier of the metal.

The socket should also be pre-heated according to the instructions of the metal provider. This ensures that
the metal will fill the socket without solidifying prematurely. The heating of the crucible should be even,
and the pouring temperature should be within the limits set by the metal supplier.

The socket should also be pre-heated according to the instructions of the metal provider. This ensures that
the metal will fill the socket without solidifying prematurely. EN 13411 says that without manufacturer
specifications, the socket temperature should be at least 50% of the metal. As for the crucible, the heating
of the socket should be even. without manufacturer specifications, the socket temperature should be at least
50% of the metal. As for the crucible, the heating of the socket should be even.

The socket and brush should be completely dry to avoid the explosive generation of steam. It is also the
case for the pouring ladle that should be preheated by immersing it in the pot. EN 13411 also says that The
brush wires can be fluxed by introducing a suitable fluxing compound to the socket basket before pouring
in the molten metal.

Immediately before pouring, the molten metal should be stirred to prevent the separation of the
constituents and to ensure that an accurate temperature measurement can be obtained. The temperature
should be checked. For information, the melting point of the pouring alloys is approximately 240 °C for
Lead-based alloys, 380 °C for Zinc-based alloys, and 419 °C for pure zinc.

The dross should be removed from the surface of the molten metal before pouring. The molten metal
should be poured slowly and into one side of the socket basket to permit the escape of gases. The pouring
must be continuous until the basket is full. Also, it is said that tapping the socket while the metal is still
molten may help to prevent the entrapment of gases within the basket.

Gas bubbles may be entrapped, and shrinkage holes may form if the metal solidifies too quickly. For this
reason, it is advisable to slow down the cooling phase by heating the device for some time after pouring
when filling large sockets. Also, although such a situation must be avoided, It may happen that even due to
miscalculation or other reasons, there is insufficient socketing metal in one container. EN 13411 says that
changing the container or re-filling the ladle should not influence the metal's natural solidification and
cooling process.
Shrinkage sometimes occurs in the metal at the top of the basket. In these cases, sufficient additional metal
should be poured to fill the depression. This should be carried out as the metal solidifies, and where
necessary, the surface metal should be re-liquefied before pouring commences.
The socket must not be cooled with water during the cooling cycle; the socketing metal should be
undisturbed until it reaches ambient temperature in the air so that it solidifies naturally. A suitable
corrosion preventive compound should be applied to the "cleaned" length of the rope after ensuring the
exposed wires are protected, and the socket's mouth is sealed.
The seizing must be removed when the cooling and protection against corrosion are completed.

« Whatever the pouring medium, the socket must be visually inspected when the pouring phase is completed to

ensure that:

The socket is fully filled without visual defects such as cracks, gaps, etc.
The wire rope is perfectly centralized at the socket entry, and the gap is filled with the socketing medium
unless the socket manufacturer requires another process.
The socket is aligned with the wire rope
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3.3.3 - Reusing the rope socket

Crosby manual indicated the following procedure for spelter sockets filled with resin:
« Cut the rope close to the base of the socket (approximately at 1/2” - 1 cm), and press the rope and cone out of
the socket
« If the procedure above does not work, heat the surface of the socket to 177°C (350°F), leave for 5-10 minutes,
and force out the rope and cone with a drift pin and hammer.

Spelter sockets filled with metal can be reheated until the metal flows out of the socket.
Before reusing a socket, the technician must ensure that no trace of the previous pouring medium is present.

3.3.4 - Common sizes of spelter sockets

Two models of spelter sockets are currently sold, which allow for different applications.
« Closed sockets are rounded with a hole for a pin or a bolt. They are mostly used with mooring systems.
« Open sockets are closed by a pin so that they can be attached to another type of fitting, and are the most used
with lifting systems.
The dimensions below are average and can slightly vary from one manufacturer to another
F G

!

alln

S =

1
Dimensions open end spelter socket - Metric system (Note: MBL=minimum Breaking Load)
MBL | Wire rope | Structural | Approx. Dimension (mm) Weight

tonnes | O (mm) strand O | resin vol. A B C D E F G H I K (Kg)
8 6-7 - 10 105 46 40 19 34 9 18 10 20 17.5 0.4
12 §-10 - 20 122 54 45 23 40 11.2 | 20.6 | 13.5 26 20.6 0.8
20 11-13 - 35 142 64 51 27 48 12.7 | 25.6 15 30 254 1.1
25 14-16 12-13 50 171 76 63 32 56 14.5 32 185 | 385 30 1.9
40 18-19 14-16 80 205 89 76 40 68 16.5 38 22.5 46 35 3.2
55 20-22 18-19 125 238 101 89 48 80 20.5 45 26.8 55 41 5.3
80 23-26 20- 22 160 273 114 101 58 98 22.5 51 29.5 62 51 8.4
100 27- 30 24-26 210 306 127 114 65 110 25 57 34 70 57 11.3
130 31-36 27-28 350 338 139 127 72 124 28 63 40 83 63 16
160 37-39 30-32 425 394 152 162 80 140 30 76 44.5 90 70 23
200 40- 42 33-35 500 415 165 165 85 148 33.5 76 48 97 76 29
250 48 -48 36 - 40 700 467 191 178 98 1700 39 89 53 112 89 43
300 49 - 54 42-45 1250 552 216 228 108 186 46 101 58.5 125 95 64
375 55-60 46 - 48 1425 603 229 254 120 210 53 113 68.5 135 108 85
450 6l - 68 50 - 54 1850 654 248 273 133 230 60 127 77.5 150 121 119
500 69-75 56-62 2300 696 279 279 138 240 73 133 83 160 127 158
600 76 - 80 64 - 67 3400 736 305 286 145 250 76 146 89 170 133 186
650 81-86 70-73 4100 790 330 300 160 275 79 159 95 180 140 227
750 87-93 76 - 80 5200 849 356 318 175 300 82 172 99 200 152 280
900 94-102 88 -96 7700 922 381 343 198 336 89 191 110 215 178 375
1000 103 - 108 98-102 9000 995 406 381 208 356 95 203 118 240 185 435
1200 108-115 | 104-111 10500 1110 | 440 450 220 370 100 205 128 250 195 525
1400 120-128 | 112-121 1400 1185 | 490 440 255 430 113 225 143 270 220 680
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Dimensions open end spelter socket - Imperial system (Note: MBL=minimum Breaking Load)

MBL | Wirerope @ | Structural | Resin vol. Dimension (inch) Weight
tonnes (inch) strand O (Co) A B C D E F G H I K (Ibs)
8 1/4 - 10 413 | 1.81 | 1.6 | 0.75 | 1.34 | 0.35 | 0.71 | 0.39 | 0.78 | 0.69 0.9
12 5/16 - 3/8 - 20 4.8 | 216 | 1.8 09 | 1.57 | 044 | 0.81 | 0.53 | 1.02 | 0.81 1.8
20 7/6 - 172 35 56 | 2.52 2 1.1 | 1.89 | 05 1 0.6 | 1.18 1 24
25 9/16 - 5/8 1/2 50 6.7 3 2.5 1.3 22 1057 | 126 | 0.73 | 1.52 | 1.19 4.2
40 3/4 9/16 - 5/8 80 8.1 35 3 1.6 | 276 | 0.65 | 1.5 | 0.89 | 1.81 | 1.38 7
55 7/8 11/16 - 3/4 125 9.4 4 35 1.9 | 3151081 | 1.75 | 1.05 | 2.17 | 1.63 11.7
80 1 13/16 - 7/8 160 10.7 | 4.5 4 2.3 4 0.89 2 1.16 | 2.44 2 18
100 113 15/16 - 1 210 12 5 4.5 2.6 | 433 1 225 | 1.39 | 276 | 2.25 25
130 1%-138 1uis-118 350 13.3 | 5.5 5 2.8 4.8 1.1 25 | 1.57 | 327 | 2.5 35
160 1% 1316-1 14 425 15.5 6 6.4 | 315 | 552 | 118 3 1.75 | 35 | 275 51
200 158 15/16-138 500 16.3 | 6.5 6.5 | 335 5.9 1.3 3 1.9 3.8 3 64
250 1%-17ms 1716-158 700 184 | 7.5 7 386 | 6.7 | 1.53 | 3.5 2.1 4.4 3.5 95
300 2-218 11116-1 31 1250 21.7 | 85 9 425 | 7.3 | 1.81 4 2.3 49 | 3.75 141

375 2% -238 | 11316-178 1425 23.7 9 10 | 472 | 827 | 2.1 4.5 2.7 53 | 425 190
450 2%-258 | 11516-218 1850 257 | 9.7 | 10.7 | 523 | 9.1 | 2.36 5 305 | 59 | 475 260

500 2%-278 | 23/16-2 716 2300 274 | 11 11 543 | 945 | 29 | 525 | 325 | 63 5 348
600 3-31s 2% -25s 3400 29 12 | 11.3 | 5.7 | 9.84 3 575 | 35 6.7 | 5.25 410
650 3%-338 2%-27s 4100 31.1 13 11.8 | 6.3 1084 3.12 | 625 | 3.75 | 7.1 5.5 500
750 3%-35 3-318 5200 334 | 14 1251 69 | 11.8 | 3.25 | 6.75 | 3.9 7.9 6 615
900 3%-4 3%-33m4 7700 36.3 15 | 135 | 7.8 | 132 | 35 75 | 433 | 85 7 825
1000 4-47% 3s-4 9000 392 | 16 15 8.2 14 | 3.75 8 4.65 | 95 | 7.28 960
1200 4% -4% 418-438 10500 43.7 | 17.3 | 17.7 | 87 | 14.6 4 8.1 5 9.8 7.7 1150
1400 4%-5 4 716-4 34 14000 46.7 | 19.3 | 17.3 10 17 4.4 89 86 | 106 | 87 1500

3.4 - Socket testing after reinstallation

A common procedure applied by teams and applicable to the two models of sockets is given in the standard EN 12385-1:
« A force equal to 80% of the breaking force of the wire rope assembly is 1st applied.
« Then the applied force is increased at a rate of not more than 0,5 % per second of the minimum breaking force.
« The test is terminated when the minimum breaking force value is achieved or exceeded without breaking the
rope.

Another procedure provided in the study “Resin Socketing of Steel Wire Rope” , published by Millfield enterprises, is to
apply two times the working load limit of the rope (WLL x 2).
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4 - U bolt wire grips (EN 13411-5)

4.1 - Scope

A “U-bolt wire rope grip” assembly consists of a U-bolt, bridge, and nuts that allow two rope parts to be pressed together
when the nuts are tightened.

“U-bolt wire grips” (also commonly called “bulldogs™) are widely used to secure wire rope terminations (see 3.2
Asymmetric wedge sockets), and as for all the lifting devices, this point must be covered by standards.

The European Standard EN 13411-5 specifies the minimum requirements for U-bolt wire rope grips manufactured from
ferrous materials and the safe behaviour of eye terminations secured by U-bolt wire rope grips for use as intended by the
manufacturer.

Suitable uses include suspending static loads and single use lifting operations which have been assessed by a competent
person taking into account appropriate safety factors.

Warning:
« U-bolt wire rope grips are not suitable for use with spiral ropes.

« The standard selected does not cover U-bolt wire rope grips as the primary securing devices on crane hoists or
eye terminations for slings for general lifting service.

4.2 - Wire grip design 1

4.2.1 - Material
The material of the U-bolt should be “property class 5.8 EN ISO 898-1. The finish should be as in EN ISO 4042
"Fasteners - electroplated coatings". They are tested according to EN ISO 898-1.

The bridge's material and finish should be "malleable" cast iron grade W40-05 or B35-10, and conform with the standard
EN 1562. The finish should be as said in EN ISO 4042 "Fasteners - electroplated coatings". The testing phase should be
in accordance with EN 1562.

The material, finish, and testing of the nut should be “property class 5” in accordance with EN 20898-2, and product
grade “A” should conform with EN ISO 4759-1. The finish should conform with EN ISO 4042 "Fasteners -
electroplated coatings". The testing phase should be in accordance with EN 20898-2.

4.2.2 - Dimensions

Wire rope grip .
assembly Bridge
U-bolt Collar bolt
ri=a/2

ds
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Table 1: Dimension wire grips design 1

Grip U-Bolt (mm) Bridge (mm) Collar nut (mm)
nominal
size a* b d: hi** a d> h: hs I r2 171 r3 t [ di ds h S

5 12 13 | M5 | 25 12 | 5.8 | 13 5 25 | 2.5 6.5 | 13 1 M5 | 10 5 8

6.5 14 | 17 | M6 | 32 | 14 7 14 6 30 | 35 8 16 | 1.6 | M6 | 12.5| 6 10

8 18 | 20 | M8 | 41 18 | 10 | 18 | 85 | 39 10 | 20 | 1.6 | M8 | 17 8 13

10 20 | 24 | M8 | 46 | 20 10 | 21 9 40 10 | 20 | 1.6 | M8 | 17 8 13

12 | 24 | 1.9 |MI0| 20 | 10.5| 16

14 28 | 31 |[MI2| 66 | 28 | 15 | 30 | 13 | 59 14 | 28 | 25 | MI2| 24 | 125 I8

4
5
12 24 28 |MI10| 56 | 24 12 25 11 50 6
7
8

16 32 | 35 | MI4| 76 | 32 | 17 | 35 | 16 | 64 16 | 32 | 25 |Mi4| 28 | 135 | 21

19 36 | 36 |MI4| 83 | 36 | 17 | 40 | 17 | 68 | 95 16 | 32 | 25 | MI4| 28 | 135 | 21

22 40 | 40 | Ml6| 96 | 40 19 | 44 | 20 74 11 17 | 34 Mi6| 30 16 | 24

26 46 | 50 | M20| 118 | 46 | 24 | 51 | 22 | 84 | 12 19 | 38 M20| 37 | 24 | 30

30 54 | 55 | M20| 131 | 54 | 14 | 59 | 27 | 95 | 15

34 60 | 60 |M22| 150 | 60 | 26 | 67 | 30 | 105 | 17 225 45 M22| 45 | 30 | 34

Ll | [ N AN AN AN W W | w NN

3
5
20.5 | 41 5 | M20) 37 | 24 | 30
7
7

40 68 | 65 |M24 | 167 | 68 | 28 77 | 33 | 117 | 20 24.5 | 49 M24 | 45 | 30 | 34

a : Equates with the maximum nominal diameter of rope, For intermediate nominal diameters, use the next larger grip size. Nominal
size 5 applies only to nominal rope 5 mm

* : Tolerances in accordance with EN 22768 - grade C
**: Tolerances in accordance with I1SO 8062 - grade CT10

4.2.3 - Fitting instructions

The distance “D” between grips should be at least 1.5, and not more 3 times the width of
the bridge.

When using a thimble in the eye assembly, the first wire rope grip should be placed
immediately against the thimble. The bridge should always be placed on the load
bearing part of the rope.

When making the assembly and before bringing into service, the collar nuts should be
tightened to the torque given in Table 2 below.

The recommended tightening torques are for grips with greased bearing surfaces and nut
threads. After load is applied for the first time, the torque should be checked again and,
if necessary, corrected. The wire rope end termination should be inspected by a
competent person.

Table 2: Recommended number of grips and torque to be used relative to rope size.

Grip nominal size * Tightening torque (Nm) Number of grips

5 2 3
6.5 3.5 3

8 6 4

10 9 4

12 20 4

14 33 4

16 49 4

19 68 4

22 107 5

26 147 5

30 212 6

34 296 6

40 363 6

* : Equates with the maximum nominal diameter of rope, For intermediate nominal diameters,
use the next larger grip size. Nominal size 5 applies only to nominal rope 5 mm
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4.3 - Wire grip design 2

4.3.1 - Dimensions

Wire rope grip
assembly

B
U-bolt D Bridge
C
B
A
Table 3: Dimension wire grips design 2
Grip | Nominal Bridge (mm) U-Bolt (mm) Collar nut (mm)
nominal | rope size

size (mm) A B C D E F a A B C D A B (o
1/8 3-4 25 | 431 94| 12 | 72 1205 12°| 12 12-24UNC | 11 | 23 | 94 | 12-24 UNC | 4.7
3/16 5 30 | 56 | 127 15 | 83 | 24 | 12°| 15 | 1/4-20UNC | 14 | 30 | 11 | 1/4-20UNC | 5.6
1/4 6-7 |365| 71 168 19 | 99 | 30 | 12| 19 | 5/16-18UNC | 12.5 | 31 |14.1|5/16-18UNC| 7.5
5/16 8 42 | 7.9 | 185|225|11.6|33.5| 12°|225| 3/8-16UNC | 19 | 43 |17.2| 3/8-16 UNC | 9.1
3/8 9-10 49 | 95 | 23 | 255|133 415 | 12°|255| 7/16-14/UNC | 19 | 47.5|18.8 |7/16-14/UNC | 10.7
7/16 11 58 | 11 | 285 30 | 152|485 | 11°| 30 | 1/2-13UNC | 255|585 |21.9| 1/2-13UNC | 12.3

12 12-13 | 58 | 11 285 | 30 | 152|485 | 11°| 30 | 1/2-13UNC | 255|585 |21.9| 1/2-13UNC | 12.3
9/16 14-15 | 635 | 12 | 34 | 335|168 525 | 10°|33.5| 9/16-12UNC | 32 | 69.5|23.4|9/16-12UNC | 13.9

5/8 16 63.5| 12 | 34 | 335|168 |52.5| 10°|33.5|9/16-12UNC | 32 | 695|234 |9/16-12UNC| 13.9
3/4 18-20 | 72 | 12 |355| 38 |18.7| 57 | 10° | 38 | 5/8-11 UNC | 36.5| 84 |26.6 | 5/8-11 UNC | 15.5
7/8 22 80.5| 13 | 40 |445| 22 | 62 | 10° | 44.5| 3/4-I10UNC | 41 | 96 |31.3| 3/4-10 UNC | 18.6

1 24-26 | 88 | 142 45 | 48 | 22 | 66.5| 10° | 48 | 3/4-10UNC | 46 | 106 | 31.3 | 3/4-10 UNC | 18.6

11 28-30 | 91 | 142|485 51 | 22 |71.5| 10° | 51 | 3/4-10UNC | 51 | 115 |31.3| 3/4-10 UNC | 18.6
1% 32-34 | 105 | 17.5| 55 |585 (255|795 | 10°| 59 7/8-9 UNC 56 | 133 | 36 | 7/8-9UNC |21.8

138 36 106 | 17.5| 59 |60.5|255|79.5| 10°| 59 7/8-9 UNC 56 | 133 | 36 | 7/8-9UNC | 21.8
112 38-40 | 113 | 19 | 62 |65.5 255|865 | 10°|655| 7/8-9UNC |60.5| 145 | 36 | 7/8-9UNC |21.8

158 41-42 | 121 | 19 | 675 | 70 | 285 92 | 10°| 70 1-8 UNC 66.5| 160 | 40.6 | 1-8 UNC 25
V7 44-46 | 135 | 22.5| 74 775|325 97 | 10° | 77.5| 1us-7 UNC 70 | 174 | 45.3 | 1is-7 UNC | 28.5

2 48-52 | 149 | 24 | 83 | 86 | 36 | 113 | 10° | 86 114-7 UNC 76 | 195 | 50 | 1i+-7 UNC | 31
2 Y 56-58 | 162 | 28.5| 81 99 | 36 | 116 | 9° | 985 | 1is-7UNC 81 | 213 | 50 | 1i+-7 UNC | 31

2% 62-65 | 168 | 28.5| 94 | 105 | 36 | 119 | 9° | 105 | 1is-7UNC |87.5| 227 | 50 | 1iu-7UNC | 31
2% 68-72 | 175 | 33 | 124 | 111 | 36 | 127 | 9° | 111 | 1i#-7UNC |90.5| 243 | 50 | 1is-7 UNC | 31

3 75-78 | 194 | 40 | 113 | 121 | 41.5| 135 | 9° | 121 | 1i2-6 UNC | 99 | 272 | 59.5| 112-6 UNC | 37.5

Note: 12-24 UNC number size tread indicates a nominal diameter of 0.2078 / 0.22150 inches with a pitch of 24 threads per inch

4.3.2 - Material

The material of the U-bolt should be carbon steel the properties of which are to withstand without distortion the
recommended torque load. The finish should be: Plate in accordance with EN 12329, and mechanical in accordance with
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ASTM B-695 or hot dip galvanized in accordance with ASTM A-153. Magnetic particle inspection in accordance with
EN 1677-1 is the recommended process of testing.

The material of the bridge should be forged from carbon steel, the properties of which are to withstand without distortion
the recommended torque load. The Finish should be: Plate in accordance with EN 12329; mechanical in accordance with
ASTM B-695, or hot dip galvanized in accordance with ASTM A-153. The markings should be: Manufacturers
identification and size are to be legible. Distinctive roddles are to be present.

The material, finish and testing of the nut should be ASTM A563 G-a or better. The finish should be galvanized in
accordance with ASTM A-153.

4.3.3 - Fitting instructions

The example below is with a grip for use with six stranded right-hand lay ropes in 6

x 19 and 6 x 36 classes. Refer to Table 4 below regarding the grips' size and number, First grip installation
and the amount of wire rope to turn back from the thimble or loop, according to the

wire rope's diameter.

Apply first grip one bridge width from the dead end of the rope. Apply the U-bolt
over the dead end of the wire rope. The saddle rests over the live end. Tighten nuts Second grip installation
evenly. Alternate from one nut to the other until reaching the recommended torque. A ;3@

f

When two grips are required, apply the second grip as near the loop or thimble as

possible. Tighten nuts evenly, alternating until reaching the recommended torque.

When more than two grips are required, apply the second grip as near the loop or Third grip installation

thimble as possible; turn the nuts on the second grip firmly, but do not tighten. & & *’3@
Proceed to the next step. i

When three or more grips are required, space the additional grips equally between
the first two - take up rope slack - tighten the nuts on each U-bolt evenly, alternating
from one nut to the other until reaching the recommended torque.

Turn back

Table 4: Recommended number of grips and torque to be used relative to rope size.

Grip nominal size Nominal diameter Minimum no of grips * Amom;flzi ’;’Z’;)m furn Torque (Nm) **
1/8 3-4 2 85 6.1
3/16 5 2 95 10.2
1/4 6 2 120 20.3
5/16 8 3 133 40.7
3/8 9-10 3 165 61
7/16 11-12 3 178 88
1/2 13 3 292 88
9/16 14-15 3 305 129
5/8 16 3 305 129
3/4 18-20 4 460 176
7/8 22 4 480 305
1 24-25 5 660 305
1-1/8 28-30 6 860 305
1-1/4 32-34 7 1120 488
1-3/8 36 7 1120 488
1-1/2 38-40 8 1370 488
1-5/8 41-42 8 1470 583
1-3/4 44 - 46 8 1550 800
2 48-52 8 1800 1017
2-1/4 56-58 8 1850 1017
2-172 62 - 65 9 2130 1017
2-3/ 68-72 10 2540 1017
3 75-78 10 2690 1627
* : If a greater number of grips are used than shown in the table, the amount of turn back should be increased proportionately
** . The tightening torque values shown are based upon the threads being dry and free of lubrification.
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The number of clips is based upon using RRL or RLL wire rope, 6 x 19 or 6 x 37 Class, FC or IPS, IWRC, or
XIP.

If Seale construction or similar large outer wire type construction in the 6 x 19 Class is to be used for sizes 1
inch and larger, add one additional clip.

The number of clips shown also applies to rotation-resistant RRL wire rope, 8 x 19 Class, IPS, XIP, sizes one
and a half inch and smaller, and to rotation-resistant RRL wire rope, 19 x 7 Class, IPS, XIP, sizes 1 - 3/4 inch
and smaller.

Apply the first load to test the assembly. This load should be of equal or greater weight than loads expected in
use. Next, check and retighten the nuts to recommended torque.

Periodically retightening of the nuts can occur at 10 000 cycles (heavy usage), 20 000 cycles (moderate usage),
or 50 000 cycles (light usage). If the number of cycles is unknown, a period could be used: For example, every
three months, six months, or annually.

The wire rope end termination should be inspected periodically for wear, abuse, and general adequacy.
Warning regarding the orientation of the grips:

It is common to discover grips incorrectly positioned when inspecting wire connections, and this, despite the
recommendation of EN 13411-5 and other documents, says that “the U-bolt should be over the dead end of the
wire rope”.

It must be remembered that incorrect orientation of the grips can result in the rope sliding or being damaged, so
a connection failure. For this reason, the diving team must be aware of and focus on the following:

& B
— = = — O

Correct assembly: The u-bolts are all as recommended in EN 13411-5

— ) o

Incorrect assembly: The saddles are over the dead end of the wire rope

{5 — ‘
= = J @

Incorrect assembly: One saddle is over the dead end of the wire rope
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C - Hooks, shackles, horizontal beams, and mattress installation frames

1 - Hooks

1.1 - Norms and standards applied (EN 1677)

This part is based on the European Standard EN 1677 which specifies the requirements related to safety of forged steel
lifting hooks with latch of grade 8 having eye or clevis and pin up to 63 t WLL, mainly for use in:

« Chain slings according to EN 818-4;
« Steel wire rope slings according to EN 13414-1:1999;
« Textile slings according to EN 1492-1:2000, EN 1492-2:2000;

This part also specifies the requirements related to safety for forged steel lifting hooks of grade 4 having latch and eye up
to 31.51 t WLL, mainly for use in:

« Chain slings according to EN 818-5;
« Steel wire rope slings according to EN 13414-1:1998;
« Textile slings according to EN 1492-1 EN 1492-2;

- This part does not apply to hand forged hooks.

1.2 - Design

1.2.1 - Design hook grade 8
Each hook must have a spring loaded latch to ensure that the load cannot become accidentally unhooked.

The form of the upper end should be either of the eye type or the clevis type as designated in the table and the figure
below.

RN ONER

Secured bolt or locking pin

-

-~

\ Spring loaded latch Spring loaded latch

No | Connection type Connected to

\_/ @

Mechanically assembled

1 Clevis type chain sling

Chain slings, wire rope

2 Eye type slings & textile slings

The following requirements should be met:

« The actual point height “B” must be equal to or greater than the full throat opening O.
« The full throat opening O must not exceed 95 % of the actual seat diameter D.

« The hook latch must be capable of closing over the maximum diameter of bar A, as indicated in figure 1, that
can be admitted through the actual throat opening O1.
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The dimensions should be as in the table below:

Code number Wor{cing Load | D minimum O minimum O1 minimum F minimum H maximum L maximum
Limit (tonnes) (mm) (mm) (mm) (mm) (mm) (mm)
3 0.25 11 8 8 6 12 8
4 0.5 15 11 11 8 17 11
5 0.8 19 14 14 10 21 14
6 1.12 22 17 16 12 25 17
7 1.5 26 20 18 14 29 20
8 2 30 23 21 16 34 23
9 2.5 34 26 24 18 38 26
10 3.15 38 29 27 20 43 29
11 4 42 32 30 23 48 32
13 5.3 49 37 35 26 55 37
14 6 52 40 37 28 59 40
16 8 60 46 43 32 68 46
18 10 67 51 48 36 76 51
19 11.2 71 54 51 38 80 54
20 12.5 75 57 53 40 85 57
22 15 82 63 58 44 93 63
23 16 85 65 60 46 96 65
25 20 95 72 68 51 107 72
26 21.2 98 75 70 52 111 75
28 25 106 81 76 57 120 81
32 315 119 91 85 64 135 91
36 40 134 102 96 72 152 102
40 50 150 115 107 81 170 115
45 63 168 129 120 90 190 129

NOTES:
« With an eye type hook, connecting devices may be required between the hook and the rest of the sling.

« For direct use in wire rope slings and textile slings, the dimension of the eye (“F” in the figure previous page)
should be larger than the minimum value given in the table

1.2.2 - Design hook grade 4

The design of a hook grade 4 is identical to a hook grade 8.
The dimensions should be as in the table below:

Code number W‘ar{cing Load | D minimum O minimum OI minimum F minimum H maximum L maximum
Limit (tonnes) (mm) (mm) (mm) (mm) (mm) (mm)
5 0.56 22 17 16 12 25 17
7 0.75 26 20 18 14 29 20
8 1 30 23 21 16 35 23
9 1.25 34 26 24 18 38 26
10 1.6 38 29 27 20 43 29
11 2 42 32 30 23 48 32
13 2.65 49 37 35 26 55 37
14 3 52 40 37 28 59 40
16 4 60 46 43 32 68 46
18 5 67 51 48 36 76 51
19 5.6 71 54 51 38 80 54
20 6.3 75 57 53 40 85 57
22 7.5 82 63 58 44 93 63
23 8 85 65 60 46 96 65
25 10 95 72 68 51 107 72
26 10.6 98 75 70 52 111 75
28 12.5 106 81 76 57 120 81
32 16 119 91 85 64 135 91
36 20 134 102 96 72 152 102
40 25 150 115 107 80 170 115
45 315 168 129 120 90 190 129
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1.2.3 - Quality of materials

The steel shall be produced by an electric process or by an oxygen blown process.

The steel shall be stabilized against strain age embrittlement, and have an austenitic grain size of 5 or finer when tested in
accordance with EN ISO 643:2003 “Steels -Micrographic determination of the apparent grain size”. This should be
accomplished by ensuring that the steel contains sufficient aluminium (minimum 0,025 %) to permit the manufacture of
components stabilized against strain age embrittlement during service.

The steel should contain alloying elements in sufficient quantities so that the finished component possesses adequate
ductility in order to work satisfactorily in the temperature range -40 °C to 400 °C.

1.2.4 - Manufacture
Each hook body should be forged hot in one piece. Excess metal from the forging operation should be removed cleanly

leaving the surface free from sharp edges. After heat-treatment, furnace scale should be removed, and the hook body
should be free from harmful surface defects, including cracks.

Edges of machined surfaces shall be rounded to eliminate cutting edges and to ensure attainment of mechanical
properties of the component.
Welding should not be used during the manufacture of components unless:
« None of the parts to be welded are load bearing.
« The area affected by the weld is not to be subjected to load under normal operating conditions or under any
foreseeable misuse of the component, and the welding is completed before heat treatment.
« Care should be taken during welding to ensure that the mechanical properties of any load bearing parts of the
finished component are not affected.
« All welds shall be smoothly finished.

The finished condition of components should include any surface finish. Note: Components are supplied in various
surface finishes, e.g. descaled, electroplated or painted.

1.2.5 - Characteristics of the Latch

The latch should engage in the point of the hook to form a complete closure of mating surfaces. With the hook in any
orientation the spring should ensure that the latch is held positively in the closed position. Latches operated solely by
gravity should not be used.

The spring should be constructed from corrosion protected material and shall be able to withstand at least 10 000
complete openings of the latch without fracture.

The force required to fully open the latch should not exceed that which can be applied manually (see table below).
Note:

« The latch should be able to withstand
force f1, applied across the width of the
latch, equidistant between the point of
the hook and the centre of rotation of the
latch, and force f2 which shall be applied
across the thickness of the latch laterally
to f1.

« Both fi and 2 should be equivalent to
300 kg or 10 % of the working load limit
of the hook, whichever is the greater, but
2 should not exceed 20 kN.

Code number Minimum initial torque (Nm) Minimum initial torque (Nm)
From 3 up to and including 5 0.05 0.1
From 6 up to and including 7 0.1 0.2
From 8 up to and including 10 0.2 04
From 11 up to and including 14 0.3 0.6
From 16 up to and including 18 0.75 1.5
From 19 up to and including 23 1 2
From 25 up to and including 28 2
From 32 up to and including 45 3.5 7
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1.2.6 - Marking

Each component should be legibly and indelibly marked in a place where the marking will not be removed by use and in
a manner that will not impair the mechanical properties. The marking should include the following Information:

« Code number which identifies the Working Load Limit of the hook.
« The grade number.

« The manufacturer's name, symbol or mark.

o The traceability code.

1.2.7 - Manufacturer's certificate
The certificate should include at least the following information:

o The name and address of the manufacturer or authorized representative, including the date of issue of the
certificate and authentication.

o The number and relevant part of the Standard applied.

« Code number.

« The quantity and description of the hook.

« The grade number.

« The working load limit, in tonnes.

« The manufacturing proof force, In kilonewtons.

« Confirmation that the specified minimum breaking force was met or exceeded.

« An identification of the quality system to EN ISO 9002 when in place and operating.

The manufacturer should keep a record, for at least 10 years after the last certificate has been issued, of the material
specification, heat treatment, dimensions, test results, quality system in use, and all relevant data concerning the
components that have satisfied the type tests, including records of sampling. This record should also include the
manufacturing specifications that should apply to subsequent production.

1.3 - Inspection of hooks in service

1.3.1 - Before first use of the sling

The hook corresponds precisely to that specified on the order;

The manufacturer's certificate is on hand.

The identification and Working Load Limit marked on the hook correspond with the information on the certificate.
Full details of the hook are recorded.

1.3.2 - When in use

1.3.2.1 - Examination should be similar to what is practiced for chain slings:

A thorough examination should be carried out by a competent person at intervals not exceeding twelve months. This
interval should be less where deemed necessary in the light of service conditions. Records of such examinations should
be maintained.

Hooks should be thoroughly cleaned so as to be free from oil, dirt and rust prior to examination. Any cleaning method
which does not damage the parent metal is acceptable. Methods to avoid are those using acids, overheating, removal of
metal or movement of metal which may cover cracks or surface defects.

Adequate lighting should be provided and the hook should be examined to detect any evidence of wear, cracks or other
visible damage. The latch must conform to the guidance of the point 5.2.5.

The hook should be withdrawn from service and referred to a competent person for examination if any of the following
are observed:

« The identification marks are not visible (code number indicating the WLL , Traceability code...).
« Any visible damage such cracks, gouges, damaged latch, excessive corrosion, heat discoloration...
« Dimensions not corresponding to those agreed by the standard applied (see points 5.22 & 5.23).

1.3.2.2 - Maintenance should be similar to what is practiced for chain slings:

When not installed (on a sling or a lifting gear), the hook should be stored in clean, dry and well ventilated conditions, at
ambient temperature, away from any heat sources, contact with chemicals, fumes or corrodible surfaces. They should
not be left on the ground where they may be damaged.

Hooks which have become wet in use, or as a result of cleaning, should be hung up and allowed to dry naturally.

Prior to placing in storage, hooks should be inspected for any damage which may have occurred during use. Damaged
hooks should be withdrawn from service.

Where hooks have come into contact with acids or alkalis, dilution with water or neutralization with suitable media is
recommended prior to storage. Contact with acids or acidic fumes causes hydrogen embrittlement to grade 8 materials.

For hooks delivered painted, the protective paint has to be renewed periodically, or the chain may be painted in another
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colour for identification purpose. Because the paints designed for metal use harmful and extremely flammable solvents,
this operation has to be performed in a well ventilated area. The hook can be returned to storage only when the paint is
fully dry with no noticeable emission of solvents.
Hooks without paint or galvanization: Some hooks can be delivered with oil lubrication as protection against corrosion.
This protective film has to be renewed periodically, or after exposure in aggressive medium (salt water). The oil to use
for this purpose should have similar characteristics than the one used for metal slings:
« It should be free from acids and alkalis.
« It should have sufficient adhesive strength to remain on the chains.
« It should not be soluble in the medium surrounding it under the actual operating conditions.
« It should have a high film strength.
« It should resist oxidation.
Improper use of diesel: Some teams commonly use diesel to lubricate their lifting devices.
If used, this practice must be stopped:
« Diesel is a hydrocarbon designed to run engines and is very volatile and flammable. There is a high risk of
fire in the store in addition to the fact that hydrocarbons are dangerous for health.
« Diesel dissolves the oil protection and has poor adhesive strength, particularly when exposed to seawater. As
a result, it will not remain on the chain that is no longer protected.

1.4 - Hooks designed for ROVs

Some models of hooks are adapted to be used by Remote Operated Vehicles. These items are built according to
the same norms as “classical” hooks, but their systems of opening and installation have been designed to be
handled using ROV manipulators. Of course, these hooks can also be used by divers.

Many models exist that use various designs, which mechanisms can be classified as described below. In addition,
they are often provided, but not consistently, with a stem between the connecting eye and the hook, providing
more space to grab and orient them using one of the manipulators of the ROV.

« Some models can be operated through a small cable connected to the latch, like the example #1 below,
designed by Green Pin (https://www.greenpin.com/). A rope terminated by a ball knot is usually
connected to the cable to allow for handling by the manipulator.

« Other systems are designed with the part forming hook mounted on a pivot, thus being the mobile part,
resulting in the latch being the fixed part connected to the crane. Such hooks are called "Latchlock
hooks". The locking mechanism is often integrated into the hook's body, such as the example #2 below,
designed by Nautilus Rigging (https://www.nautilusrigging.com/).

« RUD (https://www.rud.com/) provides a system with a double locking mechanism. It unlocks only when
the two unlocking systems, located on the stem between the eye to the hook, are pressed simultaneously.

(\

——.——-—-__,._
N
& |
)3 |
' 2 ; |
Example #1 Example #2 Example #3
https://www.greenpin.com/ https://www.nautilusrigging.com/ https://www.rud.com/
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2 - Shackles (1SO 16857)

2.1 - Norms and standards applied

This part is based on the Standards ISO 16857:2013 which specifies requirements for forged steel Dee and bow shackles
for general lifting purposes on ships. The standard EN 13889:20W “forged steel shackles for general lifting purpose” is
not applicable for the construction of shackles designed for boats. Some of its recommendations regarding the safe use of
shackles are introduced in this document.

2.2 - Design

2.2.1 - Materials

Shackle materials should use solid steel manufactured by Martin furnaces, electric furnaces, or oxygen top blown
converters; it is recommended to use the electroslag remelting process. The mechanical properties of a shackle should be
as indicated below:

Mechanical properties
Tensile strength . , , 0 Energy impact
) Rm (MPA) Yield point ReH (MPA) Elongation A (%) Ak (Joules)
Materials
Diameter or thickness of steel
<100 <16 >16-40 >40-60 <50 <100 <60
Carbon steel 402 - 490 255 245 235 - 22 48
Carbon- 510- 608 353 343 333 22 - 41
manganese steel
Note #1: The values listed in the table refer to mechanical properties at normal temperature
Note #2: For diameters or thicknesses > 60 mm, the impact energy and yield point under strain aging conditions are determined by
the supplier and purchaser based on demand.
Note #3: If materials have no obvious yield points, the yield point Reh shall be the yield strength Rpo,2.

2.2.2 - Manufacturing
Shackle bodies need to be forged with seamless solid blanks, and two pinholes should be coaxial and concentric with two
outsides of eyes; pins shall be cut from bars, and machined after forging.

Heat treatment should be made after shackle forging to achieve the properties specified for materials with no more than
three times of heat treatment.

The surface of shackles should be smooth and clean without any defect such as burrs, cracks, folding, and burning.
Defects in shackles cannot be re-welded.
Shoulders or heads of pins after assembly should fit into the bodies. When thread pins are screwed up, visible residual

threads between dimensions of shackles (/) should not be more than 1 pitch. After the correct assembly of pins, the inner
width (W) of the bodies should never be obviously reduced.

2.2.3 - Manufacturer's certificate

The certificate should include at least the following information:

« The name and address of the manufacturer or authorized representative, including the date of issue of the
certificate and authentication;

« The number of the Standard applied

« Traceability code

« The quantity and description of the shackle

« The grade number (Should be 6)

« The working load limit, in tonnes

« The manufacturing proof force, In kilonewtons;

« Confirmation that the specified minimum breaking force was met or exceeded;

« An identification of the quality system to EN ISO 9001 when In place and operating.

The manufacturer should keep a record, for at least 10 years after the last certificate has been issued, of the material
specification, heat treatment, dimensions, test results, quality system In use, and all relevant data concerning the
components that have satisfied the type tests, including records of sampling.

This record should also include the manufacturing specifications that should apply to subsequent production
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2.2.4 - Dimensions of “D*“ Shackle

Crown — /—\
agd Crown ‘ |
Body
//— Body —\\
S
L N TN
Type W pin
Y oD
\/ ~—_
w De
/-/ /-/
N N
/_ Type X pin (or round)
v v
Safe Working Load D - maximum D - maximum e - maximum S - minimum W - minimum
(tonnes) (mm) (mm) (mm) (Mm) (Mm)
1 14 16 35.5 315 16
2 20 224 49.28 45 224
3.2 25 28 61.8 56 28
5 315 355 78.1 71 355
8 40 45 99 90 45
10 45 50 110 100 50
12.5 50 56 123.32 112 56
16 56 63 138.6 125 63
20 63 71 156.2 140 71
25 71 80 178 160 80
32 80 90 198 180 90
40 90 100 220 200 100
50 100 112 246.4 224 112
63 112 125 275 250 125
80 125 140 308 280 140
100 140 160 352 315 160
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2.2.5 - Dimensions of bow Shackle

Crown — /\
agd /_ Crown ! ’
\
S
Body _\
Body
/—
Type W pin
TN TN
Nadl]
~N_
/4
] _——]
Type X pin (or round)
~—_ ~—_
Safe Working d - maximum D - maximum e - maximum 2r - minimum S - minimum W - minimum
Load (tonnes) (Mm) (mm) (mm) (mm) (mm) (mm)
1 16 18 38.6 28 40 18
2 224 25 55 40 56 25
3.2 28 3105 69.3 50 71 315
5 355 40 88 63 90 40
8 45 50 110 80 112 50
10 50 56 123.2 90 125 56
12.5 56 63 138.6 100 140 63
16 63 71 156.2 112 160 71
20 71 80 176 125 180 80
25 80 90 198 140 200 90
32 90 100 220 160 224 100
40 100 112 246.4 180 250 112
50 112 140 275 200 280 125
63 125 160 308 224 315 140
80 140 180 352 224 355 160
100 160 396 280 400 180
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2.2.6 - Pins of shackles

- 1 - Type W: screwed with eye and collar.

W+ 2d
W+d

> (W =2d +h)
W+ 2d L h
- 2 - Type X: bolt with hexagon or round head, —
hexagon nut, and split cotter pin. oD o
L
W+ 2d
W+d
- 3 - Type Y: countersunk and slotted head. A
90° gD (i )

- The diameters of pinholes of shackles should not exceed the following values:
« For D < 20 mm, the hole diameter is (D + 1) mm.
o For20 mm < D <_45 mm, the hole diameter is (D + 1,5) mm.

For D > 45 mm, the hole diameter is (D + 2) mm.

2.2.7 - Marking

- Each shackle should be legibly and indelibly marked in a place where the marking will not be removed by use and in a
manner that will not impair the mechanical properties. The marking should include the following information:

Working Load Limit in tonnes (if not metric tonne, it should be indicated whether it is long or short Ton).
The grade number (Should be “6”) and standard (CE).

The manufacturer's name, symbol or code.

The traceability code.

Pin above 13 mm should be marked with grade number, traceability code and manufacturer symbol.

Pin below 13 mm should be marked with at least the grade number and traceability code

Grade + logo manufacturer

Identification code & standard

Work Load Limit (WLL) [ —

ol
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2.3 - Inspection of shackles in service

2.3.1 - Before first use
The shackle corresponds precisely to that specified on the order.

The manufacturer's certificate is on hand.
The identification and Working Load Limit marked on the shackle correspond with the information on the certificate.
Full details of the shackle are recorded.

2.3.2 - When in use

A thorough examination should be carried out by a competent person at intervals not exceeding twelve months. This
interval should be less where deemed necessary in the light of service conditions.

Records of such examinations should be maintained.

Shackles should be thoroughly cleaned so as to be free from oil, dirt, and rust prior to examination. Any cleaning method
which does not damage the parent metal is acceptable. Methods to avoid are those using acids, overheating, removal of
metal or movement of metal which may cover cracks or surface defects.

Adequate lighting should be provided and the shackle should be examined to detect any evidence of defects. The shackle
should be withdrawn from service and referred to a competent person for examination if any defect is observed:

« The body and the pin of the shackle should be both identifiable as being of the same size, type and make;
« All markings should be readable.

« The threads of the pin and the body should be undamaged.

« The body and pin should not be distorted.

« The body and pin should not be unduly worn.

« The body and pin must be free from nicks, gouges, cracks and corrosion.

« The pin should be of the correct length so that it should penetrate the full depth of the screwed eye and should
allow the collar of the pin to bed on the surface of the drilled eye. In all cases, when the pin is correctly fitted in
the body of the shackle, the jaw width W should not be significantly reduced.

« Incorrect seating of the pin may be due to a bent pin, the thread fitting too tightly, or misalignment of pin holes.

Never replace a shackle pin except with one of the same size type and make as it may not be suitable for the loads
imposed.

2.4 - Selection and use of shackles

It is essential that the mass of the load to be lifted is known. If the mass is not marked, the information should be obtained
from the consignment notes, manuals, plans etc. If such information is not available, the mass should be assessed by
calculation.

Select the correct type of shackle for a particular application from the information given in points 6.1 & 6.2.

Shackles should not be used in a manner that imposes a side loading unless specifically permitted by the manufacturer. In
general this means that the shackle body should take the load along the axis of its centreline. (See fig. 1 below)

Fig. 1

Correct procedure Incorrect procedure

Vv @

When using shackles in conjunction with multi-leg slings, due consideration should be given to the effect of the angle
between the legs of the sling. As the angle increases, so does the load in the sling leg and consequently in any shackle
attached to the leg.

When a shackle is used to connect two slings to the hook of a lifting machine, it should be a Bow type shackle assembled
with the slings in the shackle body and the hook engaged with the shackle pin. The angle between the slings should not
exceed 120°.

To avoid eccentric loading of the shackle a loose spacer may be used on either end of the shackle pin (see Figure 2 below).
Do not reduce the width between the shackle jaws by welding washers or spacers to the inside faces of the eyes or by
closing the jaws, as this will have an adverse effect on the properties of the shackle.
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Fig. 2

Correct procedure Incorrect procedure

Ui

When a shackle is used to secure the top block of a set of rope blocks, the load on this shackle is increased by the value
of the hoisting effect.

Avoid applications where due to movement, the shackle pin can roll and possibly unscrew (see fig. 3 underneath).

Fig. 3
The shackle pin bearing on the
running line can work loose.
Correct procedure Incorrect procedure

Correct procedure

@

Incorrect procedure

Important:

Type X pin should be used in priority for the following applications:
« Where the shackle is to be left in place for a prolonged period
« Where maximum pin security is required.
« For underwater lifting operations

Shackles should not be modified, heat treated, galvanised, or subject to any plating process without the
approval of the manufacturer.

Shackles should not be immersed in acidic solutions or exposed to acid fumes or other chemicals without
the approval of the manufacturer.
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Specific shackles have been developed for ROVs that can be opened using classical manipulators so that the pin is not
designed to be screwed and is secured by one or more split pins or similar systems. Some models are provided with a
handle allowing easy grabbing by the ROV manipulator and have their pin with a tapered end to allow for easy
underwater assembly. It is the case of Example #1 below, designed by Green Pin (https://www.greenpin.com/en), and
Example #2, designed by Crosby (https://www.thecrosbygroup.com/)

Other models, designed for release only, are provided with a compressed spring that ejects the pin when the split pin is
removed, such as the model in Example #3 below, also sold by Green Pin.

2.5 - Shackles designed to be operated by ROVs

—A4

Example #1 Example #2 Example #3

Tapered pin ROV shackle D Release & retrieve shackle Spring release ROV shackle
https://www.greenpin.com/ https://www.thecrosbygroup.com/ https://'www.greenpin.com/
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3 - Horizontal lifting beams & mattress installation frames

3.1 - General description

“Horizontal lifting beams”, also called “spreader bars”, are devices consisting of one or more members equipped with
attachment points to facilitate the handling of loads that require support at several points. Depending on their function,
they may comprise one or several beams handled by the centre or their sides with connecting points that can be fixed, as
in the drawing below, or adjustable on some models. They are a wide variety of models. Some are specifically built for a
particular type of application, and some are designed for a single operation.

/Liﬁing slings connected to the crane’s hook

- @\ Load connecting point o oJ

Mattress installation frames are a category of lifting beams specifically designed to install protection mattresses on
sensitive parts of an underwater installation that must be protected from dropping loads and all sorts of physical
aggressions.

= H\ \4.\ \', Y \\.\ \\.‘ \\; \»\.‘ {‘
W % W /I_/r sl

Lifting beams and mattress installation frames are covered by the European standard EN 13155 “Cranes - Safety - Non-
fixed load lifting attachments” and ASME B30.20 “Below-the-Hook Lifting Devices”
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3.2 - Horizontal lifting beams

3.2.1 - Mechanical strength

“Lifting beams” cannot be built on the worksite to adapt to a situation at the last minute. They must be made according to
safety norms from a recognized standardization body, and a certificate of conformity, which summary and references are
indicated on an identification plate, must be issued by a certification body. They must be designed according to the
following requirements:

« The components of the lifting beam to add or remove should be designed to be locked before lifting. These
components must de designed to prevent dangerous conditions during the coupling or uncoupling phases.

« The attachment points should be designed to withstand the forces resulting from the load and the load + the
frame for those connected to the crane. For this reason, they should withstand a static load of two times the
working load limit without permanent deformation. Also, when the limit above is passed, and a permanent
deformation occurs, they must be able to withstand a static load of three times the working load limit without
releasing it. The mechanical strength of the ensemble should be comparable to the attachments and verified by
calculation or a load test.

Specific attachments systems should be designed such that they cannot move or fall and their state of locking or
unlocking is visible.

« The lifting beam should be designed with tolerances of use that should be indicated by the manufacturer. EN
13155 says that lifting beams intended for horizontal use should tolerate a tilt of up to 6° from the horizontal.

3.2.2 - Procedures for use and marking
EN 13155 requires that the lifting beam’s manufacturer provides an instruction handbook regarding the methods for
attaching the load, so the user is ensured that the combined lifting beam and load are stable when lifted. The information
provided should identify the centre of rotation of the lifting beam to the crane, the centre of rotation of the suspension
points to the load, and the vertical distance between them.
All lifting beams should bear, in a clearly visible place, a durable identification with the following information:

« The business name and full address of the manufacturer, and where applicable, his authorised representative.

« Designation;

« Serial number;

« The year of construction, that is the year in which the manufacturing process is completed.

« Working load limit in tonnes or kg. When the attachment is used in several configurations, the resulting working

load limits shall also be indicated.

The certificate should indicate the references indicated above plus :

« The test references;

« The identity of the person authorized to sign the certificate on behalf of the manufacturer and date of signature.

3.2.3 - Maintenance and inspection frequencies

The manufacturer should indicate the inspections and verifications that are necessary before commissioning, after repair
, and during the equipment’s service life. He should also provide sufficient information to ensure the proper maintenance of the
attachment, that should include:

« Instructions for periodic maintenance.

« Instructions for repair.

« Precautions to implement during repairs.

« Recommendations regarding spare parts.

« The list of parts requiring particular operation and checking.
« The use of special lubricants.

« The maintenance records.

ASME B30.20 classifies the inspections to be organized as follows:

« Initial inspection:
It is the examination to be performed before committing to service new, altered, or modified hoists.

« Pre-operation Inspection:
The device should be inspected by the operator before and during every lift for any indication of damage.
« Frequent Inspection:
They are visual inspections not required to be documented, that should be scheduled as follows:
Normal service: monthly
Heavy service: weekly to monthly
Severe service: daily to week
They consist of examining the following:
Structural members for deformation, cracks, or excessive wear on any part of the lifter.
Loose or missing guards, fasteners, covers, or nameplates.
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Misadjustments interfering with operations
missing or illegible operating control markings.
« Periodic Inspection:
It is a documented visual inspection. It can be indicated by a coded mark on the device, and should be organized
as follows:

Normal service - yearly:
Visual inspection by a designated person making records of conditions to provide the basis for a
continuing evaluation.
Heavy service - semiannually:
As above unless conditions as determined by a qualified person indicate that disassembly should be done
to permit detailed inspection.
Severe service - quarterly:
As above unless conditions as determined by a qualified person indicate that disassembly should be done
to permit detailed inspection.
The following elements should be inspected:
. Evidence of loose bolts, nuts, or fasteners
. Evidence of excessive wear.
Evidence of excessive wear at hoist hooking points and load support clevises or pins.
Missing or illegible product safety labels required.
« Devices not in regular service:
A device not used for a period of 1 month or more and less than 1 year should be inspected according to the
requirements of frequent inspections (see above).
A device not used for a period of 1 year or more should be inspected according to the requirements of periodic
inspections (see above)

3.3 - Mattress installation frames

Mattress installation frames are used by divers and ROVs. As mentioned in the presentation, they are lifting frames
specifically designed to install concrete mattresses on the seabed. These mattresses consist of square blocks of concrete
linked to each other by ropes, resulting in a protection that follows the elements' shapes to protect and the bottom when
laid. They should be built according to the same standards as spreader bars.

Their most common mechanism consists of slings passing through the ropes holding the mattress with one end secured to
a fixed point of the frame and the other end's loop secured by sliding pins. These sliding pins are welded to a main sliding
bar installed on the top of the frame. The divers or the ROV trigger the opening of these locks by pulling on a lever
attached to the main sliding bar to open all the sliding pins simultaneously. As a result, the extremities of the slings
previously secured by the sliding pins are freed. The crane operator then slowly lifts the frame to release the slings from
the mattress ropes before recovering the frame to the surface on the instruction of the diving or ROV supervisor.

1 - Fixed point sling 3 - Mattress 5 - Sliding pin 7 - Rope ball grip 9 - Beacon
2 - Rope mattress 4 - Sliding bar 6 - Lever 8 - Lifting sling 10 - Tag line

The maintenance process of these devices is similar to spreader bars. The sliding bar and pins must be lubricated before
each mattress installation. It is recommended to use motor oil, or better, a specific oil or grease instead of regular motor
grease that will become stiff and sticky in the water, disturbing the movement of the sliding bar by the divers or the ROV.

Diving & ROV Specialists - Basic lifting and Rigging handbook - Page 104 of 283



% Table of contents

Page left Blank intentionally

Diving & ROV Specialists - Basic lifting and Rigging handbook - Page 105 of 283



ﬁ% Table of contents

D - Hand-powered lifting devices

This part specifies requirements for the following hand powered lifting equipments

1. Lever hoists

2. Hand chain blocks

3. Jaw winches

4. Drum winches

5. Pulley blocks and deflection pulley

1 - Lever hoists

1.1 - General description

Lever hoists are devices designed for lifting and lowering a load suspended using human effort applied to a lever and
holding it using a braking device. These lifting devices, also commonly called “come along”, are usually built according
to the standards “EN 13157 ” and “ASME B30.21,” which also provide guidelines regarding their maintenance. Lever
hoists using chains, wire ropes, ropes, and webbing are described in these two standards, which recommendations should
be considered as references.

The same guidelines and standards cover their use above the surface as those of cranes, as they are considered lifting
devices. However, their use underwater requires additional working and maintenance precautions to be implemented.

The working principle of these devices consists of a lever acting on a load sheave or a drum through gears. A ratchet
maintains the load in position between two lever movements, which is the reason these devices are called “Ratchet lever
hoists” by some manufacturers. Depending on the system, friction brakes keep the load in place, in addition to the ratchet.

Upper hook P Upper hook 7~
W N
@ ' ( Swivel
Swivel 4 . —
; wive, g
) / dr—*
2 Frame/housin e
g T @ ) /Direction selector
P Drum + ratchet L
rotector —__ e‘\/ S X
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Handle

< \ =
Frame_/ )
Handle
Wire rope —" \ ‘

Lower hook /

Lever operated wire rope hoist

Ratchet

Ratchet

Based on the above, we can see that the mechanisms of lever hoists using chains differ from those using wire ropes, also
used for ropes and webbing. Thus we must consider that even though they can be used for similar tasks, their design
difference results in their being employed differently. Both systems have their advantages and inconvenience, and for this
reason, they complement instead of competing.
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Choosing the right equipment and implementing associated safety procedures implies knowing how they are designed
and the construction requirements from standardization bodies. For this reason, this part is based on EN 13157 & ASME
B30.21 standards, in addition to manufacturers' brochures. Note that these standards do not conflict.

1.2 - Design and construction requirements

1.2.1 - Lever operated chain hoists

The lever-operated chain hoists models commonly sold are capable of lifting from 500 kg to 10 tonnes, using drive
chains or classical welded-link chains.

These lever hoist systems are designed to transmit the muscular energy of the operator to the lifting chain through a lever
(see #4) that action a shaft (see #23), gears, and the load sheave (#20). The number of gears depends on the weight the
device can lift. Bearings (see #22) are in place for the smooth rotation of the shaft and gears. A ratchet (#13 + #15) allows
moving the shaft in the selected direction (lifting or lowering) and keeps it static when the operator does not act the lever.
A selector (#5), positioned on the handle, allows the operator to select the direction of the move or be neutral to run the
chain through freely and thus adjust it in length quickly. Braking disks (#12) are pressed to the disk hub (#14) to control
the load's lowering and keep it static when the lever is not operated.

This scheme shows the typical
mechanism of a 1 tonne SWL
lever chain hoist.

This model is single
reeving: Consider that
other models are
multiple reeving.

Additional gears are
usually necessary to
lift heavier loads.
Note that the more
gear assemblies, the
slower the system.

1 - Securing nut 10 - Ratchet 19 - Hook’s pin

2 - Check Washer 11 - Spring 20 - Gear + sheave

3 - Hand wheel 12 - Braking disk 21 - Washer

4 - Lever 13 - Ratchet disk 22 - Bearing

5 - Selector 14 - Disk hub 23 - Drive gear

6 - Rod 15 - Brake pawl 24 - Spacer

7 - Spring 16 - Spring 25 - Snap ring 28 - Chain 31 - Chain stopper
8 - Housing cover 17 - Housing 26 - Housing cover 29 - Bottom hook 32 - Roll pin

9 - Securing ring 18 - Top hook 27 - Chain stripper 30 - Latch kit 33 - Screw
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The selection of the chain depends on the area the device is planned to be used.
« Drive chains are typically utilized to transfer mechanical energy from an
engine or an electrical motor. They are commonly found on bicycles, N
motorbikes, engines, and many industrial applications where energy
transfer is required without loss. They usually consist of several short
cylindrical rollers connected by side links and driven by a toothed wheel
known as a sprocket.
« The welded chains described by ISO and ASME are also called “oval
welded chains® by manufacturers. They are the classical chains used for
mooring applications or to fabricate slings. They are made of round steel
bars cut at the necessary lengths, heated to be processed into chain links,
bent, assembled to form the chain, welded, aligned, and heat treated.
They are driven by a load sheave.
There is no difference regarding the maximum load that models equipped with welded or drive chains can withstand on
manufacturers' catalogs selling lever hoists that can be used with the two types of chains. The difference is that drive
chains are initially designed to transmit energy (99% of the energy transferred) and are, of course, more efficient than
classical welded chains regarding this point. However, these chains have no lateral flexibility and, thus, must be perfectly

aligned. Also, they require lubrification, and are more expensive than classical welded chains. These inconveniences
explain why lever hoists with welded chains are more common on diving worksites.

ASME B30.21 & EN 13157 give the following construction requirements:
« Mechanical strength:
The device must be designed to withstand all stresses imposed under normal operating conditions while
handling loads within the rated load.
EN 13157 requires that they can be operated within an ambient temperature range of - 10°C to + 50°C.
ASME B30.21 says that the load suspension parts of lever hoists must be designed so that the calculated
static stress for the rated load shall not exceed 25% of the minimum ultimate tensile strength, which
corresponds to the minimum safety factor of 4:1 required by EN 13157, and applied by most
manufacturers.
In addition, EN 13157 requires that the lever hoist is designed to withstand 1 500 cycles with 110% of the
rated capacity with no failure, replacement of parts, and no resting time, except for lubrication.
ASME B30.21 also says that visible warnings of severe overload by permanent deformation while
operating the hoist should be designed to show obvious deformation before other load suspension parts fail.
» Braking & load controlling mechanism:
The hoist must be equipped with a mechanism allowing a full control of the load.
EN 13157 requires that the lever hoists have an automatic braking function that operates when the
operating force ceases, whether the motion is lifting or lowering. The braking device must allow for a
regular descent automatically controlled whatever the position of the load, which also conforms with
ASME requirements. In addition, EN 13157 says that the fracture of a spring must not lead to a failure of
the braking system. ASME adds that the brake mechanism must be adjustable.
Free spooling must be possible only when the lever hoist is not loaded. EN 13157 requires that the brake
system automatically applies when the load is greater than 30 kg for capacities up to 1 000 kg and greater
than 3% of the rated load above 1 000 kg. The brake system must be designed not to allow the load to
descend more than 300 mm before acting, and it must not be possible to declutch or disengage the chain
wheel, the drive shaft, and other components.
To comply with environmental and health requirements, EN 13157 says that the brake systems must not
contain asbestos.
« Operating efforts:
The lever hoist should be designed not to require too much effort from the operator. For this reason, EN 13157
requires that the operating effort on the lever should be less than 55 daN at the end of the lever. However, the
system must be designed for a minimum effort, not less than 20 daN. If it is the case, a protection system against
overloading caused by excessive operating effort on the lever must be provided. (Note that 1 daN = 1.02 kgf)
« Protection:
The gears of the lever hoist are to be protected. It is usually done by closed housings.
EN 13157 also says that there should not be sharp ends that can injury the operator.
« Loading chains:
The chains must comply with recognised standards. Also it must be installed such to prevent disfunction.
ASME B30.21 requires that welded chains are specifically designed. Also, that roller load chains comply with
ASME B29.24 “Roller load chains for overhead hoists”. EN 13157 requires to refer to EN 818-7 “Fine tolerance
short link chains (grade T)”, and ISO 606, “Short pitch transmission precision roller chains and chain wheels”.
In addition, ASME B30.21, requires that the chains provided by the manufacturers are proof tested with a load at
least equivalent to 1 %2 times the hoist's rated load divided by the number of chain parts supporting the load.
The load chain must be provided with an over-travel restrain to prevent it from running out of the hoist. ASME
says that it must be able to withstand an operating lever force of twice the force required to lift the rated load.
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The chain must be guided to prevent the load chain from jumping off. EN 13157 requires chain guides to
be in place for this purpose. They should be made in one piece.
ASME B30.21 requires that the load chain links that pass over the hoist load sprocket on edge (alternate to
those that lie flat in the pockets) shall be installed with the welds away from the centre of the sprocket
unless otherwise recommended by the hoist manufacturer. This precaution is not required in idler sprockets
that change the direction but not the tension in the chain.
« Hooks
Hooks must comply with recognized standards and, thus, be fitted with safety latches to prevent unintentional
detachment. Regarding this point, refer to the dedicated chapter about hooks in this document.
EN 13157 requires top hook must be capable of swivelling. ASME B30.21 add that swivelling hooks should
rotate freely.
« Marking
The hoist must be marked with at least the following information

The name and address of the manufacturer, the model, serial number, & year of manufacture.
The safe working load, direction of movement, and if applicable, the direction of winding of the rope.
Basic safety requirements regarding the correct use of the tool

1.2.2 - Lever operated wire rope hoists and lever operated rope or webbing hoists

As suggested in point 1.1, ”General description”, lever-operated wire rope hoists use a similar mechanism to lever hoists
operating with webbing or ropes. Thus, many models use wire ropes, webbing, or synthetic fibre ropes with only minor
modifications. The models commonly sold are limited to 3 tonnes for the more powerful.

These systems' mechanisms are more straightforward than those of the lever chain hoists and consist of a drum (see # 2)
into which the wire rope (or webbing or synthetic fibre rope) is spooled. This drum is provided with one or two ratchets
and is operated by the handle (see #4). A dogging system (see #7) prevents the ratchet from moving back while the
device is under load. There is no friction brake system on such devices. So, to lower the load, the operator pushes the
handle to operate the driving dog (see #5), which opens the dogging only tooth by tooth. As a result, lowering a charge is
done safely but is quite long. It is the reason these tools are mainly used to pull. The operator's force is multiplied by the
length of the handle, the small diameter of the ratchet the handle acts, and the pulley above the bottom hook, as there is
usually no gear with such systems. Note that the pulley above the hook can be removed to use a longer cable length. In
this case, the multiplication of the force it provides is lost. Free spooling can be obtained when the system is not under
load by operating the dog assembly handle (see #8).

I - Frame 9 - Frame spacer sleeve
2 - Drum + Ratchet 10 - Frame's hook connector
3 - Drum guard 11 - Bottom hook tie in ®-
4 - Handle 12 - Hook assembly's pulley ®- ‘
5 - Driving dog 13 - Pulley's cheeks
6 - Rope guide 14 - Bottom hook
7 - Dogging system 15 - Topside hook
@
8 - Dog assembly's handle 16 - Hook's swivel connector /"‘3
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The selection of the lifting rope of the lever hoist depends on the application for which the lifting/pulling device will be
selected. Wire ropes are reputed to offer good wear and temperature resistance. In addition, they are less easily cut by
sharp surfaces than textiles ropes and are easy to store on the drum. They remain the most employed with these types of
lever hoists. However, they are sensitive to corrosion that may not be visible from the external, and surface damages may
result in wires constituting the strands being cut and becoming sources of injuries if the device is handled without
reinforced gloves. Synthetic ropes and webbing do not have this inconvenience and are not sensitive to corrosion despite
the fact they are more susceptible to wear and can be more easily cut by sharp objects.

As for lever chain hoists, ASME B30.21 & EN 13157 require that these tools offer a minimum safety to the operator. For
this reason, they must be built according to the same guidelines, the only difference being the specifications resulting
from their mechanisms:
« Mechanical strength requirements are exactly the same as lever chain hoist:
The device must be designed to withstand all stresses imposed under normal operating conditions while
handling loads within the rated load.

EN 13157 says that they must be designed to be operated within an ambient temperature range of - 10°C to
+ 50°C, and also designed to withstand 1500 cycles with 110% of the rated capacity with no failure,
replacement of parts, and no resting time, except for lubrication.

They must be designed with a minimum safety factor of 4:1

ASME B30.21 also says that visible warnings of severe overload by permanent deformation while
operating the hoist should be designed to show obvious deformation before other load suspension parts fail.
« Braking system and load control:

As mentioned above, these systems are not fitted with friction brakes. Thus the braking is provided by the dog
of the ratchet that must operate automatically when the operator cease acting the lever and whether the motion is
lifting or lowering.

The braking device must also allow a regular and controlled descent, whatever the position of the load,

and the failure of a spring must not lead to the failure of the brake.

Free spooling must be possible only when the lever hoist is loaded. EN 13157 requires that the brake
system automatically applies when the load is greater than 30 kg for capacities up to 1 000 kg and greater
than 3% of the rated load above 1 000 kg. The brake system must be designed not to allow the load to
descend more than 300 mm before acting, and it must not be possible to declutch or disengage the chain
wheel, the drive shaft, and other components.

« Operating efforts:
As mentioned previously these devices usually have no gears, so the multiplication of the force result from the
size of the lever and the ratchet it operated. However, similarly to lever chain hoists, these models should be
designed not to require too much effort from the operator and, thus, comply with the requirement of EN 13157
that requires that the operating effort on the lever should not be above 55 daN, and not less than 20 daN. If it is
below the minimum required, a protection system against overloading caused by excessive operating effort on
the lever must be provided. (Note that 1 daN = 1.02 kgf)

« Protection:
As for lever chain hoists, the mechanism must be protected, and there should not be sharp ends that can injury
the operator.

e Drum:
ASME B30.21 does not provide specific information regarding the drum. This point is more covered by EN
13157 that request the following:

For lever hoists with wire rope, the D/d ratio for the drum must be at least equal to 10.

The pitch circle diameter of the sheave groove (D) must be at least 12 times the nominal diameter of the
wire rope (d).

The angle of the sheave groove for wire rope must be between 45 ° and 55 °.

The radius of the sheave groove for wire rope must be between d/2 + 5 % and d/2 + 10 %.

The depth of the sheave groove for wire rope must be at least 1,5 times the nominal diameter of the rope.

The ratio of the belt sheave and the drum diameter to the rated webbing thickness must not be less than 15
(D/s > 15, where “s” is the thickness of the webbing) .
The groove of the sheave for fibre rope must be rounded, with a radius at least equal to half of the fibre
rope diameter.
A rope guide system must be fitted to ensure that the rope stays in the sheave's groove, whatever the
conditions.
The projection of the drum flanges, when the maximum design length of rope or webbing has been fully
wound onto the drum, must be at least 1,5 times the rope diameter or webbing thickness.

« Wire ropes and synthetic fiber ropes:

Note that ASME B30.21 groups the two types of ropes where EN 13157 separates them.

ASME B30.21 does not provide specific requirements regarding standards, and says that they must be
selected by a competent person. At the opposite, EN 13157 says that wire ropes must conform to EN
12385-1, and EN 12385-4. EN 13157 also requires that the minimum breaking strength must be at least
equal to 3 for wire ropes, and equal to 7 for synthetic fibre ropes.
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Wire ropes supplied in single lengths with splices or connections only at the ends. Regarding rope end
terminations, EN 13157 says that they should withstand at least 85 % of the minimum breaking force of the
rope. Wire rope grips are forbidden for this purpose, and only the following systems can be used:

Asymmetric wedge socket (EN 13411-6),

Symmetric wedge socket (EN 13411-7) for ropes up to 8 mm diameter,

Metal and resin socketing (EN 13411-4)

Ferruled secured eyes using thimbles (EN 13411-3 & EN 13411-1)

In addition, ASME B30.21 says that the rope ends must be attached to the hoist, so disengagement is
impossible. Also, at least two wraps on the drum must remain when the rope is fully extended. Regarding
this point, EN 13157 adds that the rope anchor on the drum must withstand at least 2,5 times the rope's
nominal forces and not be kinked. The friction coefficient must be taken into account. For wire ropes, it
should not be more than 0.1.
« Webbing:
The anchoring of webbing to the drum must be done similarly to ropes. Also, the coefficient of utilization for
load-bearing webbing must be at least 7
A system should prevent the webbing from being wound onto the drum in the wrong direction.
ASME B30.21 says that a means shall be provided to equalize the tension on all parts if a load is supported by
more than one part of web strap.
« Hooks
Hooks are of similar models as those of lever chain hoist. Thus, they must comply with recognized standards,
and be fitted with safety latches to prevent unintentional detachment. Again, refer to the dedicated chapter about
hooks in this document.
EN 13157 requires top hook must be capable of swivelling. ASME B30.21 add that swivelling hooks should
rotate freely.
« Marking:
Similarly to lever chain hoists, the marking must provide at least:
The name and address of the manufacturer, the model, serial number, & year of manufacture.
The safe working load, direction of movement, and if applicable, the direction of winding of the rope.
Safety requirements regarding the correct use of the tool

1.2.3 - Lever hoists designed to work underwater

Lever hoists have been used within maritime environments and underwater for a long time. However, most models are
not initially designed for operations in such surroundings, which results that they can be affected by the corrosion of their
internal parts, and the decomposition of the braking disks that are not designed for prolonged exposure to water.

It must be noted that these problems are mostly reported with chain hoists. This is mainly due to the complexity of their
mechanisms that involve multiple gears, bearings, springs, snap rings, breaking disks, pins, etc., not initially treated for
such exposure. It is also due to the fact that these devices are more used than other types of lever hoists. That has resulted
in multiple failures that gave rise to incidents involving load falling while divers were working to install them.

For these reasons, in addition to specific operational precautions, explained in the following sections, regarding the
maintenance of such devices when used underwater, it has become evident that specific lever hoists for underwater
applications had to be studied.

Two main strategies have been proposed by the manufacturers regarding lever chain hoists:

« Protect the mechanism of the lever chain hoist in a sealed housing so its sensitive parts are not exposed to water.
This system has the disavantage that water intrusion may happen if the tool is used at deeper depths than the one
it is designed for.

« Treat all the components of the lever chain hoist against corrosion, install friction disks that are designed for
prolonged exposure to water, and use water resistant lubricants. This procedure removes the limitation in depth.
However, the lever hoist’s mechanism can be exposed to the intrusion of mud and sand, which may happen if
the tool is left on the sea bottom or used in muddy water.

These lever hoists are submitted to the same tests as standard lever hoists not designed for underwater operations
regarding their regular use, such as lifting and pulling (if designed for being used horizontally).

However, during the certification phases, manufacturers are required to test their lever hoists according to ASTM B117
“Standard practice for operating salt spray (fog) apparatus”. As suggested by the title, the purpose of this standard is to
provide a controlled corrosive environment that is used to produce relative corrosion resistance information for
specimens of metals and coated metals exposed in a given test chamber.

The fog chamber consists of a specific room, a salt solution reservoir, a supply of suitably conditioned compressed air,
one or more atomising nozzles, specimen supports, provision for heating the chamber, and necessary means of control.
The standard describes the preparation of the test specimens, salted solutions, air supply pressure (from 0.83 bar to 1.24
bar), and temperature (from 46 to 49°C). The competent person in charge of the device's certification decides the
exposure time so that he can obtain the desired corrosive surrounding, which is expected to be close to the conditions the
specimen will be exposed to. After this test, the device is considered suitable for use in a salty environment.

Additional tests include exposure at depth for extended periods to ensure the equipment can withstand a minimum time
under such conditions. These tests are usually performed by classification bodies that deliver the certificate and the
maximum duration of exposure of the device to underwater conditions.
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This section describes only lever hoists specific practices. Therefore, this section does not describe general operational
practices applicable to all lifting operations. These rigging practices depend on whether the lever hoist is a lever operated
chain hoist or a lever operated wire rope hoist. It also depends on the surrounding, as diving and ROV teams use them in
marine environments and underwater, which implies saltwater and sometimes mud intrusion within the mechanisms.

1.3 - Operational practices

1.3.1 - Lever operated chain hoists

The operational procedures of these lever hoists may depend on whether they can be used horizontally.

It must be noted that most classical lever chain hoists are not designed to be used horizontally. In this case, the chain
tends to jam and may block the system. That was a well-known problem of divers using them for tasks like flange
matching, where it is common to use such devices horizontally to approach the flanges gradually. However, apart from
these specific operations where such lever chain hoists were not used in the recommended position, because of the
absence of more adapted tools, using lever hoists for horizontal and angled operations is not recommended if the device
is not designed for this purpose.

It must be noted that many new models designed for underwater operations can work horizontally, as their designers have
taken into account the fact that divers often need to use them in such positions and reinforced the roller guides so that
jamming is not possible and that the tool can be used in any orientation.

To summarize, if the lifting operations involve using such tools angled or horizontally, ensure that the manufacturer of
your device has designed it for this purpose.

Another critical point is that these devices are designed to be connected to proper connectors and slings, with the latches
closed and secured. Also, these tools are designed to work in line. Using them to work sideways can damage the hooks,
the housing, and sometimes the mechanism. Also, the chain is not intended to be used as a sling. Thus, choking loads
with the chain may also damage it and the hook.
The drawings below show examples of incorrect practices encountered on worksites:
« Example #1 shows hooks that are incorrectly connected, with the latches not closed and the system not working
in line. That may result in damage to the hooks and the housing.

« Example #2 also shows incorrectly connected hooks, with the latches not closed and
the system not working in line. In addition, the chain has an improper angle and works
against its guides. That results in difficult or impossible pulling and damage to the
chain, the guides, the sheave, and the housing.

« Example #3 shows the chain of the lever hoist used as a sling and choked around a
beam with sharp edges. That may result in damage to the chain and the hook.

Example #1 Example #2 Example #3

Some teams often use lever hoists as adjustable slings to ensure that large pieces, such as connecting spools, are
transferred flat. Such practices are dangerous as, according to EN 13157, the lever hoists are designed with a safety factor
of 4:1 which is too weak to withstand the dynamic forces created during the transfer, and the manufacturers strictly
recommend not using them for this purpose. Adjustable slings can be used to replace them advantageously.

@ Incorrect procedure O Correct procedure
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Lever chain hoists must be used as they are designed:

« The lever is designed for an effort of the operator not above 55 daN and not less than 20 daN. This effort is
sufficient to lift the maximum load the lever hoist is designed for. For this reason, it must not be extended and
be operated by only one person. An extension would multiply the operator's force, resulting in the temptation to
use the tool for loads it is not designed for. The maximum capacity of the equipment must never be exceeded.

« Linked to above, some lever hoists are also designed for minimum weights below which they should not be used
(remember the rule of “not less than 20 daN”). For this reason, clarifications should be obtained from the
manufacturer regarding this point. In addition, consider it not advisable to use a device designed for 5 tonnes to
lift a weight of 100 kg. The range of the working load limits of the devices sold by the manufacturer, so its range
of lever hoists (for example, 1t,2t,3t,5t...)is also an indicator.

« Lever hoists are usually not designed for personnel transfer.

« A load must not be shared between several lever hoists unless approved engineering calculation requests it.

ASME B30.21 says that the supporting structure or anchoring means must be able to support the load imposed by the
hoist. It is also recommended to add an adjustable static rigging as a backup when the tool is used in conditions where its
failure can result in injuries or damages.

ASME B30.21 & HST 3 recommend not to leave a loaded hoist unattended at the end of a work shift or for extended
periods during the work shift.

Lever chain hoists must not be left on the sea floor where sand and mud can enter and damage them. This point is valid
for all types, including the models designed to work underwater.

In the answers to questions at the end of ASME B30.21, it is said that a brand new lever hoist should be load tested
before being put into service.

1.3.2 - Lever operated wire rope hoists and lever operated rope or webbing hoists

The problem with selecting these devices is similar to lever chain hoists for opposite reasons: Some lever wire rope hoists
(synthetic rope or webbing hoists) models are not designed for lifting tasks and are often sold under the name "Ratchet
puller". However, some manufacturers use this terminology instead of "Lever hoist" for equipment also designed to lift,
which is often confusing, as the device description on their catalogs is sometimes unclear. For this reason, before starting
lifting operations, it is advisable to ensure that the model available can be used for the intended task.

These lever hoists are also designed to work aligned with the load. Thus the requirements regarding hooks' connection
and the load line angle are the same as those of lever chain hoists. However, the models with frames made of plied steel
(as in the photo) are more sensitive to deformation than those made of moulted or welded steel or the housings of lever
chain hoists. A lever wire rope hoist, with a deformed frame should be removed from service.

As mentioned before, synthetic ropes and webbing can be damaged by sharp objects, so precautions have to be
implemented to preserve them.

The precautions regarding the length of the handle, that must not be modified, and operated by only one person are the
same.

The load line must be of the model recommended by the manufacturer. As for chain lever hoists, manufacturers
recommend not using them as slings.

It is also recommended not to use these lever hoists as adjustable slings to ensure that large pieces, such as connecting
spools, are transferred flat. The procedure of substitution described for lever chain hoists applies to lever wire rope hoists.
Similarly to lever chain hoists, the supporting structure or anchoring means must be able to support the load imposed by
the hoist.

Despite they have simpler mechanisms than lever chain hoists, these devices must not be left on the sea floor where sand
and mud can enter and damage them.

They should be load tested before being put into service.

1.3.3 - Operational considerations

It must be noted that lever hoists usually have limited load line length. Lever chain hoists are generally limited to 3 m,
and lever wire ropes can be used up to 6 m if used with single reeving, which divides their lifting/pulling performance by
two. Thus, we can consider them suitable for short-distance lifting or pulling. Nevertheless, Jaw or drum winches should
be preferred for long-distance lifting or pulling.

Some diving contractor organizations say that their affiliates complained that lever hoists designed for underwater
activities had presented signs of failure. Although these tools are perfectible due to the fact that this generation of lever
hoists has been created recently, they should be preferred to “classical” models for underwater operations as they are
reinforced against the effects of corrosion and overloads. Also, most are studied to work in any orientation, which is an
advantage. However, they should not be considered magical tools, and their utilization and maintenance procedures
should be identical to classical units.

Despite their simpler mechanisms, lever rope & saddle hoists are underestimated by diving and ROV teams. Even
though they are not as smoother as lever chain hoists for lifting and lowering tasks, they are more efficient for horizontal
and angled pulling tasks as they do not have problems with jammed chains. Also, their mechanism accepts to work in
rough conditions and can be easily cleaned and checked underwater as most parts are visible from the external. Their only
problem is their limitation to two tonnes for most models and three tonnes for the most efficient ones.
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Lever hoists with drive chains perform smoother lifting and lowering than those using welded chains. However, as
mentioned previously, these chains require regular lubrification, so these devices should not be used at sea and
underwater.

Select quality tools is also essential for marine and underwater operations. In addition to the risks of an accident linked to
failures, unreliable tools may result in loss of time and, thus, money. For example, consider the daily cost of a dynamic
positioning vessel and how ridiculous it would be to be stuck by a tool 10000 times cheaper.

Linked to above, it is advisable to have several new lever hoists in the store.

Standardizing the models used to ensure that the personnel is familiar with them is also advisable. Using the same models
avoids losing time explaining how they work to the team. That also has the advantage of minimizing the number of spare
parts stored for maintenance.

1.4 - Maintenance

The maintenance of lever hoists depends on the frequency of use and the conditions of use. ASME B30.21 provides
guidelines regarding this point on which many manufacturers have built their recommendations. However, these
guidelines apply to lever hoists not used underwater. Considering that underwater works are performed in an environment
aggressive for mechanical parts, it will be necessary to reinforce the frequency of inspection and preventive maintenance
of the devices submitted to such working conditions.

1.4.1 - Competent personnel

The maintenance of lever hoists involves troubleshooting, periodic inspections, preventive maintenance, and
commissioning procedures before returning the device to service. It is therefore essential that the technician in charge
has the technical level for these tasks. ASME provides the following examples of source of training material:

« Information outlined in the manual provided with the equipment. Note that this documentation is mandatory.

« Information from trade associations

« Government training resources such as labour and educational ministries

« Organized labour groups

« Courses, seminars, and literature offered by manufacturers of lever hoists, consultants, trade schools, continuing
education schools, and employers.

« Requirements and recommendations found in national consensus standards.

Note that a technician competent for diving or ROV systems has normally the required level for such inspections and
maintenance tasks.

1.4.2 - Troubleshooting

Troubleshooting consist of detecting the source of a breakdown and solving the problem. It also consists of logging the
problem and reporting it adequately to ensure that solutions will be found to prevent it happening again.

Note that too many interventions may indicate design problems or maintenance problems.

The table below takes into account common problems reported by manufacturers.

Problem Common cause Lever hoist affected
Pawl partially or not engaging in the ratchet disc due to lack of
Lever inefficient lubrification, dirt, or foreign object.
o . All types
(not clicking) Pawl spring damaged (to be replaced).
Selector switch spring loose or damaged (to be tightened or replaced).
Load slipping during the Braking system dirty or corroded (to be cleaned and lubricated).

lowering phase

Breaking disk damaged or worn ( to be replaced).

Lever chain hoists

Load not lowering

Brake caught, corroded, or damaged. (Brake system to be reset, lubricated,
or changed.

Lever chain hoists

Hand wheel not moving

Disk hub damaged (to be replaced)

Lever chain hoists

Chain free willing
impossible

Brake caught or damaged (Reset the brake of replace the damaged parts)

Lever chain hoists

Drum rotation difficult

Drum axle corroded or damaged, or foreign objects and dirt between the
drum and the frame (Clean, lubricate, and replace the damaged part)

Hoists using wires
ropes, synthetic
ropes, and webbing

The cable cannot be fully
recovered

Cable damaged, foreign object in the drum, cable not suitably wended.

Hoists using wires
ropes, synthetic
ropes, and webbing

Note: Manufacturers say that disk brakes caught can be can be reset by selecting the function “down” and pushing hard the lever.
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1.4.3 - Preventive inspection and maintenance

It is recommended to organize a preventive maintenance based on:

The recommendations from standardization bodies

The recommendations outlined in the hoist manufacturer’s manual.
The recommendations from specialists.

Reports regarding defect or weaknesses of the equipment

Safety flashes

ASME B30.21 classifies the inspections to be organized as follows:

Initial inspection:
It is the examination to be performed before committing to service new, altered, or modified hoists.

Pre-operation Inspection:
It is performed before the first use of each shift with records not required. It consist of visually examining the

following:
The operating mechanisms function test, proper adjustment, and unusual sounds.
The hooks, including the latches.
The damage and correct reeving of the load line.
The over-travel restraint attachment.
Whether deformations, cracks, and other damages are visible on the body and lever.

Frequent Inspection:
They are visual inspections not required to be documented, that should be scheduled as follows:

Normal service: monthly

Heavy service: weekly to monthly

Severe service: daily to week

They consist of examining the following:

The operating mechanisms function test, proper adjustment, and unusual sounds.

The hooks, including the latches.

The load line:
The chain, if equipped with, must be function tested under load, and closely inspected for damages,
wear, and elongation.
The wire rope, if equipped with must be verified for external damages, corrosion, evidence of heat
damages, reduction of diameter.
Synthetic ropes and webbing should be inspected for melting or charring, acid or caustic burns, weld
spatter, broken stitching (webbing), cuts or tears, damaged eyes or fittings, abrasive wear, knots,
discolouration, brittle fibres, and hard or stiff areas.

The over-travel restraint attachment.

Whether deformations, cracks, and other damages are visible on the body and lever.

« Periodic Inspection:

It is a documented visual inspection. It can be indicated by a coded mark on the device, and should be
organized as follows:
Normal service - yearly:
Visual inspection by a designated person making records of conditions to provide the basis for a continuing
evaluation.
Heavy service - semiannually:
As above unless conditions as determined by a qualified person indicate that disassembly should be done
to permit detailed inspection.
Severe service - quarterly:
As above unless conditions as determined by a qualified person indicate that disassembly should be done
to permit detailed inspection.
The following elements should be inspected:
Evidence of loose bolts, nuts, or rivets
Evidence of worn, corroded, cracked, or distorted parts such as load blocks, suspension housing, levers,
chain attachments, clevises, yokes, suspension bolts, shafts, gears, bearings, pins, rollers, and locking and
clamping devices.
Evidence of damage to hook retaining nuts or collars, and pins and welds or rivets used to secure the
retaining members.
Evidence of damage or excessive wear of load sprockets or idler sprockets
Evidence of worn, glazed, or oil contaminated friction disks; worn pawls, cams, or ratchets; corroded,
stretched, or broken pawl springs in brake mechanism.
The presence of the required labels and marks.
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End connections of load chain, including over-travel restraints, rope, or web strap.

« Devices not in regular service:
A device not used for a period of 1 month or more and less than 1 year should be inspected according to the
requirements of frequent inspections (see above).
A device not used for a period of 1 year or more should be inspected according to the requirements of periodic
inspections (see above)

1.4.4 - Additional precautions for lever hoist used underwater

During diving operations, the water enters into the components of the lever hoist and gradually washes out the lubricants.
As a result, unless the device is specifically designed for underwater operation, its efficiency will be progressively
diminished as the effects of de-lubrification and corrosion will occur.

For these reasons, lever hoists not specifically designed for underwater operations should not be immersed for more than
one week - 1 week ', and a turnover must be organized using additional devices. Note that similar turnovers will have to
be arranged with lever hoists designed for underwater operation, but on a more extended basis, as manufacturers claim
that their products can be immersed for more than three weeks.

When the “standard” immersed lever hoist is back on deck, it must be rinsed with fresh water (not using HP jets) and
immediately dismantled for a throughout cleaning and inspection. The reason is that the salted water is present in
sensitive internal parts such as bearings, gears, springs, washers, circlips, etc., that are not treated against corrosion (see
the schemes in point 1.2). In the presence of air, the conditions for accelerated corrosion are fulfilled to result in the
device being out of order and, thus, dangerous within only a few days.

Note that the water quickly invades the sensitive parts of the tool. Therefore, the rule should be that immersed hoists must
be thoroughly cleaned, decontaminated, and inspected, whatever the duration of immersion.

A particular focus is to be made on components that may look in perfect condition and, in fact, may not be:

« Bearings are made of assemblies of small rollers, needles, or balls in a sealed cage (see the
photo) and may look in perfect condition from the external. However, this seal is not
designed to withstand pressure, resulting in water often penetrating the cage when the tool
is exposed to underwater pressure. For this reason, bearings have to be removed, cleaned,
dried, and examined before being reinstalled with a proper lubricant. If that is impossible
or damages are noticed, they must be replaced.

« Another sensitive point to focus on is the friction discs of the braking system of lever
chain hoists. Incidents resulting in dropping loads have been attributed to the materials
composing these discs, which are also used for vehicle braking systems, being
contaminated by the salt water and therefore decomposing. It must be noted that many of
these reported incidents happened during the period these parts were made of compressed
asbestos, which is now strictly forbidden due to the fact this material is considered to
promote cancer. New materials based on mixes of metal, resins, carbon fibres, and other
components that are more resistant to water intrusion than compressed asbestos are now
used in replacement. However, these materials have not been initially designed for
prolonged exposure to water. For this reason, these essential parts must be closely
examined and replaced if there is suspicion of decomposition.

« Springs, particularly pawl springs, are often made of carbon steel not treated against
corrosion. They are thin and can break easily if corroded. In addition, depending on their
quality, they can lose flexibility and not suitably engage the pawl into the ratchet, which
may result in an accident. For these reasons, they must be closely examined, tested, and
changed if necessary. The rule should be that when the lever hoist is reassembled, all the
springs in place should be like brand new.

Note that all the replacement parts must conform to the originals.

When the internal parts of the lever hoist have been rinsed and fully dried, they must be adequately lubricated using
hydrophobic lubricants of at least similar properties to those used by the manufacturer for normal use at the surface. That
should be done in collaboration with the manufacturer, and/or a specialist in lubricants.

Note that many manufacturers of lever hoists not designed for underwater operations lubricate their products with motor
grease, which is sufficient for surface works but not adapted for underwater operations for the following reasons:

« When such greases are immersed, water mix with their components, and they quickly become white colour,
stiff, and sticky. Thus their adhesive, lubricant, and anti corrosion properties are lost, and motion parts are no
longer protected.

« In addition, if the tool is left on a sandy or muddy seabed, sand or mud can enter the housing, mix with the
grease and create a highly abrasive compound that quickly destroys the internal parts of the hoist.

For these reasons, standard motor greases must be replaced by lubricants suitable for immersion.

Consider that because the lever hoist has been dismantled, it must be load tested before being returned to operations, as
recommended by ASME standards. This procedure applies for all lever hoist (used underwater or not) and is explained in
the next point.

If after being considered good to service, the lever hoist is not used, it must be inspected according the the “ASME rules
for devices not in regular service”.

Maintenance procedures of lever hoists designed to work underwater:
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Maintenance procedures of lever hoists designed to work underwater:

The frequency of detailed inspections should be indicated by the manufacturer in the maintenance manual of the device.
Without precise indications, the maintenance of these tools should be organized as for "standard" lever hoists. Also, some
contractors' organizations report that some devices are not corrosion-resistant as the manufacturer's brochure lets it
suppose. For this reason, inspecting them as "standard" lever hoists at the beginning they are in service and gradually
validating what is said in the brochure is advisable.

About the use of diesel:
Some people think that the procedures described above regarding the cleaning and treatment against corrosion of lever
hoists used underwater are too time-consuming, so that it is more advantageous to replace them by plunging the lever
hoist in a bucket filled with diesel to repeal water and lubricate its internal parts. These practices are dangerous and must
be strictly banished for the following reasons:
« Even in the open air, having a bucket filled with diesel, thus, a noticeable volume of fuel, is a vector for an
uncontrolled fire and thus against all safety practices regarding firefighting.

« Diesel is a fuel used in thermal engines specifically designed to ignite it by compression. Even though it has
more lubricant properties than benzene, it remains a fuel, and it has the capacity to dissolve motor oils and
greases. Thus, it has poor lubricant properties compared to motor oils and quickly evaporates. As a result, the
components are no more protected by an adhesive oil film.

« As with most fuels, diesel contaminates or dissolves plastics and rubbers not designed to withstand their
corrosive effects, which is the case for most plastic and rubber components used to build lever hoists.

« Diesel fuel does not have a high capacity for repelling water. Thus, plunging the tool into the diesel will not
remove the water from parts such as bearings.

« Diesel fuel makes the surface of tools that have been plunged in it slippery, which is against the principles of
safety that consider that an instrument must have an optimal grip. Also, it contaminates the gloves and, by
cascade effects, the hands of the divers handling these tools.

» To summarize what is said above, diesel fuel is not efficiently removing water and is eliminating lubricants.
Thus, it leaves the lever hoist's internal parts unprotected, in addition to the gripping problems indicated above.
As a result, instead of lowering the effects of corrosion, this procedure speeds them up, making tools that, in
addition, have not been inspected in detail, extremely dangerous for those using them.

1.4.5 - Lever hoist testing

ASME B30.21 says that the hoist manufacturer must test all new hoists with a load test of at least 125% of the rated load.
ASME B30.21 also says that all altered or repaired hoists or hoists placed in service that have not been used within the
preceding 12 months must be tested by, or under the direction of, a designated person to ensure compliance with the
manufacturing standards. These tests can be static or dynamic, and a written report should be issued and classified on file.

A. A qualified person must approve the anchorages or suspensions for the tests before starting the operation.

B. The functions of the hoist must be checked with the hoist suspended in the unloaded state, taking into account
that some hoists may require a nominal load or pull on the load hook to test the lowering motion. Then, a load of
at least 100 Ib (46 kg) times the number of load-supporting parts of the chain, rope, or web strap is applied to the
hoist to check the load control.

C. A qualified person must determine the need to load test the hoist.

D. The test must not be less than 100% of the rated load of the hoist or more than 125% of the rated load of the
hoist unless otherwise recommended by the hoist manufacturer or a qualified person.

E. The replacement of chain, rope, or web strap is specifically excluded from the load test. However, an operational
test of the hoist should be made in accordance with step “B” before placing the hoist back in service.

1.4.6 - Elements to take into consideration

The maintenance of lever hoists used underwater requires organization and commitment to ensure that no failure will
happen during the operations. Some standard practices can help the technicians avoid losing too much time when
implementing the maintenance procedures and avoid having devices not in service due to missing spare parts:

« Many companies have put in place standardization policies to minimize the number of spare parts in the store
and ensure that the operators and the technicians preparing these tools are thoroughly familiar with them. On the
other hand, that makes the process of selection crucial.

« The selection of the models should be done by the people who use and maintain them on-site.

« Models with simple mechanisms, so easy to repair should be preferred.

« It must be ensured that the manufacturer can supply the complete spare parts set and that these parts will be
available for a long time. It must be considered that manufacturers often modifying their products may cease
producing spares of those of the previous generation. Thus, manufacturers selling devices with unchanged
designs and provided with large stores of spare parts should be preferred.

« Incident and maintenance reports regarding models' weaknesses have to be considered.

« Even though devices sold at low prices can be attractive, that should not be the 1st criterion for selecting tools
used in an unfavorable environment. The price should be considered for selecting two pieces of equipment of the
same quality and ease of use and repair. In this case, also consider the price of spare parts, as some
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manufacturers try to make extra margins on them.

« The store should always be provided with more than the necessary spare parts. The maintenance reports should
be considered for this purpose. However an exceptional break down may happen and should be considered.

« Extra lever hoists should be stored in case of tool loss, not reparable damages or underestimation regarding the
number to use.
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2 - Hand chain hoists

2.1 - General description

Chain hoists are devices designed for lifting and lowering loads from 500 kg to 100 tonnes using human effort. Their
mechanisms are similar to those of lever chain hoists using welded chains, except the energy deployed by the operator is
transmitted through a chain instead of a lever: Pulling the hand chain to the right raises the load, and pulling it to the
opposite direction lowers the load. They are usually built according to the standards EN 13157 “Hand powered cranes”,
also regulating lever hoists, ASME B30.16, ”Overhead underhung and stationary hoists”, ASME HST-2 “Performance
standard for hand chain manually operated chain hoists”, and the Indian standard IS 3832 “Hand-operated chain pulley
block”. These devices are designed for lifting only, and divers often use them with A-frames for matching spool flanges
or similar underwater operations. They are also often used for organizing static riggings to which loads are transferred
from cranes and then safely lowered in places not accessible to cranes. They are also used for many lifting operations in
workshops. Opposite to lever chain hoists, their hand chain allows the operator to operate them from the soil, thus, close
to the load he lifts or lowers.

2.2 - Design and construction requirements

As suggested above, the mechanisms of chain hoists consist of the load sheave (see # 11 below) and gears (see #9)
activated by the “hand wheel” (see #18), driven by the operator using the “hand chain” (see #19) and multiplying his
force. A ratchet and braking disks (see # 14, 15, 16) assembly is in place to automatically secure the load.

Top hook \Ugg; \ﬁ

Cover hand chain wheel

Cover gears "

Load chain anchorage/

™~ Hand chain

Load hook

10 - Roller guide 16 - Ratchet disk
11 - Load sheave 17 - Brake cover
12 - Top hook 18 - Hand-wheel
1 - Housing cover 4 - Stripper 7 - Driving shaft 13 - Spring + pawl 19 - Hand-chain
2 - Anchor chain 5 - Bottom hook 8 - Splined gear 14 - Brake seat 20 - Cover
3 - Chain 6 - Side plates 9 - Gear 15 - Brake disk 21 - Castle nut
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ASME B30.16 & EN 13157 give the following construction requirements that are similar to those of lever chain hoists:

Mechanical strength:
The device must be designed to withstand all stresses imposed under normal operating conditions while
handling loads within the rated load.

EN 13157 requires that they can be operated within an ambient temperature range of - 10°C to + 50°C and
have a safety factor of 4:1. In addition, the lever hoist should be designed to withstand 1 500 cycles with
110% of the rated capacity with no failure, replacement of parts, and no resting time, except for lubrication.

Linked to the above, ASME HST-2 requires that chain hoists can withstand 5000 operating cycles.

ASME B30.16 says that visible warnings of severe overload by permanent deformation while operating the
hoist should be designed to show obvious deformation before other load suspension parts fail.

ASME B30.16 also says that load suspension parts of hand-chain-operated hoists must be designed so that
the static stress calculated for the rated load does not exceed 25% of the minimum tensile strength.
Braking system:
The hoist must be equipped with a mechanism allowing a full control of the load.

EN 13157 requires that the hand chain hoists have an automatic braking function that operates when the
operating force ceases, whether the motion is lifting or lowering. The braking device must allow for a
regular descent automatically controlled whatever the position of the load. In addition, EN 13157 says that
the fracture of a spring must not lead to a failure of the braking system.
ASME adds that under normal operating conditions with rated load and test conditions with test loads up to
125% of rated load, the braking system must limit the speed of load during lowering to a maximum speed
of 120% of the lowering speed for the load being handled, have the thermal capacity for the frequency of
operation, have provision for adjustments where necessary to compensate for wear.
Operating efforts:
The lever hoist should be designed not to require too much effort from the operator. For this reason, EN 13157
requires that the operating effort on the lever should be less than 55 daN at the end of the lever. However, the
system must be designed for a minimum effort, not less than 20 daN. If it is the case, a protection system
against overloading caused by excessive operating effort on the lever must be provided. (1 daN = 1.02 kgf).
Protection:
The gears of the lever hoist are to be protected. It is usually done by closed housings. EN 13157 also says that
there should not be sharp ends that can injury the operator.
Hand chain and chain wheel:
EN 13157 says that a chain guide must be provided to prevent the hand and load chains from jumping off the
chain wheels. In addition, ASME B30.16 says that the hand chain shape and pitch fit the hand chain wheel
without binding or jamming and should withstand a force of three times the pull required to lift the rated load
without permanent distortion.
Loading chains:
EN 13157 requires to refer to EN 818-7, "Fine tolerance short link chains (grade T)", and ISO 606, "Short pitch
transmission precision roller chains and chain wheels". In addition, ASME B30.16 requires that the chains
provided by the manufacturers are proof tested with a load at least equivalent to 1 4 times the hoist's rated load
divided by the number of chain parts supporting the load.
Both standards say that the chain must be restrained not to run out of the sheave entirely. According to ASME
B30.16, the restraint must withstand a lowering hand chain force equivalent to twice the pull required to lift the
rated load or, with a rated load on the hoist, a hand chain force equal to the power needed to raise the rated load.
According to EN 13157, the end stop should withstand 2,5 times the static chain tensile force at rated capacity.
Hooks
Hooks must comply with recognized standards and, thus, be fitted with safety latches to prevent unintentional
detachment. Regarding this point, refer to the dedicated chapter about hooks in this document.
EN 13157 requires top hook must be capable of swivelling. ASME B30.21 add that swivelling hooks should
rotate freely.
Marking
The hoist must be marked with at least the following information
The name and address of the manufacturer, the model, serial number, & year of manufacture.
The safe working load, direction of movement, and if applicable, the direction of winding of the rope.
Basic safety requirements regarding the correct use of the tool

2.3 - Hand chain hoists designed to work underwater

Like lever hoists, hand chain hoists have been used within maritime environments and underwater for a long time and
suffer the same problems of corrosion of their internal parts due to the complexity of their mechanisms that involve
multiple gears, bearings, springs, snap rings, breaking disks, pins, etc., not initially treated for such exposure, and the
decomposition of the braking disks that are not designed for prolonged exposure to water. That may results in multiple
failures that may result in incidents involving load falling while divers were working to install them.

For these reasons, in addition to specific operational precautions, explained in the following sections, regarding the
maintenance of such devices when used underwater, it has become evident that specific lever hoists for underwater
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applications had to be studied.
Two main strategies have been proposed by the manufacturers regarding lever chain hoists:

« Protect the mechanism of the hand chain hoist in a sealed housing so its sensitive parts are not exposed to water.
This system has the inconvenience that water intrusion may happen if the tool is used at deeper depths than the
one it is designed for.

« Treat all the components of the lever chain hoist against corrosion, install friction disks that are designed for
prolonged exposure to water, and use water resistant lubricants. This procedure removes the limitation in depth.
However, the lever hoist’s mechanism can be exposed to the intrusion of mud and sand, which may happen if
the tool is left on the sea bottom or used in muddy water.

These hand chain hoists are submitted to the same tests as standard hoists not designed for underwater operations
regarding their regular use. However, during the certification phases, manufacturers are required to test their lever hoists
according to ASTM B117 “Standard practice for operating salt spray (fog) apparatus”. As suggested by the title, the
purpose of this standard is to provide a controlled corrosive environment that is used to produce relative corrosion
resistance information for specimens of metals and coated metals exposed in a given test chamber.

The fog chamber consists of a specific room, a salt solution reservoir, a supply of suitably conditioned compressed air,
one or more atomising nozzles, specimen supports, provision for heating the chamber, and necessary means of control.
The standard describes the preparation of the test specimens, salted solutions, air supply pressure (from 0.83 bar to 1.24
bar), and temperature (from 46 to 49°C). The competent person in charge of the device's certification decides the
exposure time so that he can obtain the desired corrosive surrounding, which is expected to be close to the conditions the
specimen will be exposed to. After this test, the device is considered suitable for use in a salty environment.

Other tests include exposure at depth for extended periods to ensure the equipment can withstand at least several weeks
of exposure. These tests are usually performed by classification societies that deliver the certificate and the maximum
duration of exposure of the device to underwater conditions.

2.4 - Operational practices

This section describes only lever hoists specific practices. Therefore, this section does not describe general operational
practices applicable to all lifting operations. These rigging practices depend on whether the lever hoist is a lever operated
chain hoist or a lever operated wire rope hoist. It also depends on the surrounding, as diving and ROV teams use them in
marine environments and underwater, which implies saltwater and sometimes mud intrusion within the mechanisms.

In addition to the normal safe use criteria, special precautions should be taken as follows:

« Only a block suspended by a hook or equivalent fitting should be used. Also, a brand new lever hoist should be
load tested before being put into service.

« The suspension point must be suitable for the line of force and of adequate strength. Remember that ASME
recommends at least 125% of the WLL.

« The block must be free to align between the top suspension and the bottom hook.

o The hand chain lever hoist must be at the required angle(s).

« The hand chain lever hoist is designed to lift vertically, without side pull, except when specifically authorized by
a qualified person

o The maximum force on the block must be calculated by someone competent for the purpose taking account of
the angle(s) and must not exceed the WLL.

« The operator must ensure that multiple-part chains are not twisting around each other when the lift is made.
Also, he must lift the load a few inches to check the hoist operation, and verify that the load is secured,
balanced, and positioned on the hook and in the sling or lifting device.

« Suspended load must not be left unattended unless provisions have been made to provide auxiliary supporting
means under the suspended load, or guards or barriers are used on the floor to prevent people from entering the
area affected by the suspended load. It is also recommended to add an adjustable static rigging as a backup
when the tool is used in conditions where its failure can result in injuries or damages.

« Hand chain hoists must not be left on the sea floor where sand and mud can enter and damage them. This point
is valid for all types, including the models designed to work underwater.

Hand chain hoists must be used as they are designed:

« The hand chain is designed for an effort of the operator not above 55 daN and not less than 20 daN. For this
reason, it must be operated by only one person. Also, the maximum capacity of the equipment must never be
exceeded. Also, some hand chain hoists are designed for minimum weights below which they should not be
used (remember the rule of “not less than 20 daN”). For this reason, clarifications should be obtained from the
manufacturer regarding this point. In addition, consider it not advisable to use a device designed to lift 5 tonnes
to lift a weight of 100 kg. The range of the working load limits of the devices sold by the manufacturer (for
example, 1t,2t,3t,5t...)1is also an indicator.

« Some teams use hand chain hoists as adjustable slings to ensure that large pieces, such as connecting spools, are
transferred flat. Such practices are dangerous as, according to EN 13157 and ASME B30.16, these hoists are
designed to work vertically, even though their design is similar to Lever hoists. Also, they have a safety factor of
4:1 which is too weak to withstand the dynamic forces created during the transfer, and the manufacturers strictly
recommend not using them for this purpose. Adjustable slings can be used to replace them advantageously.

« Hand chain hoists are usually not designed for personnel transfer.
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« A load must not be shared between several hoists unless approved engineering calculation requests it.

2.5 - Maintenance

The maintenance of hand chain hoists depends on the frequency of use and the conditions of use. ASME B30.16 provides
guidelines regarding this point on which many manufacturers have built their recommendations. However, these
guidelines apply to chain hoists not used underwater. Considering that underwater works are performed in an
environment aggressive for mechanical parts, it will be necessary to reinforce the frequency of inspection and preventive
maintenance of the devices submitted to such working conditions.

2.5.1 - Competent personnel

The maintenance of chain hoists involves troubleshooting, periodic inspections, preventive maintenance, and
commissioning procedures before returning the device to service. It is therefore essential that the technician in charge
has the technical level for these tasks. ASME provides the following examples of source of training material:

« Information outlined in the manual provided with the equipment. Note that this documentation is mandatory.
« Information from trade associations

» Government training resources such as labour and educational ministries

« Organized labour groups

« Courses, seminars, and literature offered by manufacturers of lever hoists, consultants, trade schools, continuing
education schools, and employers.

« Requirements and recommendations found in national consensus standards.

« Note that a technician competent for diving or ROV systems has normally the required level for such inspections
and maintenance tasks.

2.5.2 - Troubleshooting

Troubleshooting consist of detecting the source of a breakdown and solving the problem. It also consists of logging the
problem and reporting it adequately to ensure that solutions will be found to prevent it happening again.
Note that too many interventions may indicate design problems or maintenance problems.

The table below takes into account common problems reported by manufacturers.

Problem Common cause

Hoist not . Hand chain wheel jammed, worn, or damaged.
OISt not moving Gears and/or bearings damaged.

Hand chain slipping over the wheel. - Chain wheel damaged or worn cogs.

Load too heavy.

Some models are equipped with overload protection and may have it triggered
following lifting a too heavy load (The chain wheel must be opened and the
Load difficult to lift protection reset).

Load sheave jammed (Check for foreign objects, dirt, or excessive worn).
Ratchet assembly damaged or corroded.

Gears and/or bearings or corroded

Load chain stuck due to obstruction, damage, or wear.

Load difficult to lower Brake or ratchet assembly damaged or obstructed

The load is beyond the capacity of the hoist.
Load falling or lowering - Brake and/or ratchet assembly worn, corroded, or damaged.
Brake discs dirty or corroded.

Chain dirty, corroded, and/or insufficiently lubricated.
Load chain jumping or noisy . Chain twisted.
Load chain damaged or worn.

2.5.3 - Preventive inspection and maintenance

As mentioned for other lifting tools, it is recommended to organize a preventive maintenance based on:
o The recommendations from standardization bodies
« The recommendations outlined in the hoist manufacturer’s manual.
« The recommendations from specialists.
« Reports regarding defect or weaknesses of the equipment
« Safety flashes

ASME classifies the inspections to be organized as follows:
« Initial inspection:
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It is the examination to be performed before committing to service new, altered, or modified hoists.
« Pre-operation Inspection:

It is performed before the first use of each shift with records not required. It consist of visually examining the
following:

The operating mechanisms function test, proper adjustment, and unusual sounds.
The hooks, including the latches.
The damage and correct reeving of the load line.
The over-travel restraint attachment.
. Whether deformations, cracks, and other damages are visible.
« Frequent Inspection:
They are visual inspections not required to be documented, that should be scheduled as follows:
Normal service: monthly
Heavy service: weekly to monthly
Severe service: daily to week
They consist of examining the following:
The operating mechanisms function test, proper adjustment, and unusual sounds.
The hooks, including the latches.
The chain must be function tested under load, and closely inspected for damages, wear, and elongation.
The over-travel restraint attachment.
. Whether deformations, cracks, and other damages are visible.
« Periodic Inspection:
It is a documented visual inspection. It can be indicated by a coded mark on the device, and should be organized
as follows:
Normal service - yearly:
Visual inspection by a designated person making records of conditions to provide the basis for a
continuing evaluation.
Heavy service - semiannually:
As above unless conditions as determined by a qualified person indicate that disassembly should be done
to permit detailed inspection.
Severe service - quarterly:
As above unless conditions as determined by a qualified person indicate that disassembly should be done
to permit detailed inspection.
The following elements should be inspected:
Evidence of loose bolts, nuts, or rivets
Evidence of worn, corroded, cracked, or distorted parts such as load blocks, suspension housing, chain
attachments, clevises, yokes, suspension bolts, shafts, gears, bearings, pins, rollers, and locking and
clamping devices.
Evidence of damage to hook retaining nuts or collars, and pins and welds or rivets used to secure the
retaining members.
Evidence of damage or excessive wear of load sprockets or idler sprockets
Evidence of worn, glazed, or oil contaminated friction disks; worn pawls, cams, or ratchets; corroded,
stretched, or broken pawl springs in brake mechanism.
The presence of the required labels and marks.
End connections of load chain, including over-travel restraints, rope, or web strap.
« Devices not in regular service:
A device not used for a period of 1 month or more and less than 1 year should be inspected according to the
requirements of frequent inspections (see above).

A device not used for a period of 1 year or more should be inspected according to the requirements of periodic
inspections (see above)

2.5.4 - Additional precautions for chain hoists used underwater

These precautions are exactly the same as those of lever hoists remembered below:

During diving operations, the water enters into the components of the chain hoist and gradually washes out the lubricants.
As a result, unless the device is specifically designed for underwater operation, its efficiency will be progressively
diminished as the effects of de-lubrification and corrosion will occur.

For these reasons, chain hoists not specifically designed for underwater operations should not be immersed for more than
one week - 1 week %, and a turnover must be organized using additional devices. Note that similar turnovers will have to
be arranged with chain hoists designed for underwater operation, but on a more extended basis, as manufacturers claim
that their products can be immersed for more than three weeks.

When the “standard” immersed chain hoist is back on deck, it must be rinsed with fresh water (not using HP jets) and
immediately dismantled for a throughout cleaning and inspection. The reason is that the salty water is present in
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sensitive internal parts such as bearings, gears, springs, washers, circlips, etc., that are not treated against corrosion (see
the schemes in point 2.2). In the presence of air, the conditions for accelerated corrosion are fulfilled to result in the
device being out of order and, thus, dangerous within only a few days.

Note that the water quickly invades the sensitive parts of the tool. Therefore, the rule should be that immersed hoists must
be thoroughly cleaned, decontaminated, and inspected, whatever the duration of immersion

A particular focus is to be made on components that may look in perfect condition and, in fact, may not be:

« Bearings are made of assemblies of small balls, rolls, or nails in a sealed cage (see the
photo) and may look in perfect condition from the external. However, this seal is not
designed to withstand hydrostatic pressure, resulting in water often penetrating the cage
when the tool is is used at depth For this reason, bearings have to be removed, cleaned,
dried, and examined before being reinstalled with a proper lubricant. If that is impossible
or damages are noticed, they must be replaced.

« Another sensitive point to focus on is the friction discs of the braking system of chain
hoists. Incidents resulting in dropping loads have been attributed to the materials
composing these discs, which are also used for vehicle braking systems, being
contaminated by the salt water and therefore decomposing. It must be noted that many of
these reported incidents happened during the period these parts were made of compressed
asbestos, which is now strictly forbidden due to the fact this material is considered to
promote cancer. New materials based on mixes of metal, resins, carbon fibres, and other
components that are more resistant to water intrusion than compressed asbestos are now
used in replacement. However, these materials have not been initially designed for
prolonged exposure to water. For this reason, these essential parts must be closely
examined and replaced if there is suspicion of decomposition.

« Springs, particularly pawl springs, are often made of carbon steel not treated against
corrosion. They are thin and can break easily if corroded. In addition, depending on their
quality, they can lose flexibility and not suitably engage the pawl into the ratchet, which
may result in an accident. For these reasons, they must be closely examined, tested, and
changed if necessary. The rule should be that when the chain hoist is reassembled, all the
springs in place should be like brand new.

Note that all the replacement parts must conform to the originals.

When the internal parts of the chain hoist have been rinsed and filly dried, they must be adequately lubricated using
hydrophobic lubricants of at least similar properties to those used by the manufacturer for normal use at the surface. That
should be done in collaboration with the manufacturer, and/or a specialist in lubricants.

Note that many manufacturers of chain hoists not designed for underwater operations lubricate their products with motor
grease, which is sufficient for surface work but not adapted for underwater operations for the following reasons:

« When such greases are immersed, water mix with their components, and they quickly become white colour,
stiff, and sticky. Thus their adhesive, lubricant, and anti corrosion properties are lost, and motion parts are no
longer protected.

« In addition, if the tool is left on a sandy or muddy seabed, sand or mud can enter the housing, mix with the
grease and create a highly abrasive compound that quickly destroys the internal parts of the hoist.

For these reasons, standard motor greases must be replaced by lubricants suitable for immersion.

Consider that because the chain hoist has been dismantled, it must be load tested before being returned to operations, as
recommended by ASME standards. This procedure applies for all hoists (used underwater or not) and is explained in the
next point.

If after being considered good to service, the chain hoist is not used, it must be inspected according the the “ASME rules
for devices not in regular service” or a similar process.

Maintenance procedures of chain hoists designed to work underwater:

The frequency of detailed inspections should be indicated by the manufacturer in the maintenance manual of the device.
Without precise indications, the maintenance of these tools should be organized as for "standard" chain hoists. Also,
some contractors' organizations report that some devices are not corrosion-resistant as the manufacturer's brochure lets it
suppose. For this reason, inspecting them as "standard" chain hoists at the beginning they are in service and gradually
validating what is said in the brochure is advisable.

About the use of diesel:

Some people think that the procedures described above regarding the cleaning and treatment against corrosion of chain
hoists used underwater are too time-consuming, so that it is more advantageous to replace them by plunging the chain
hoist in a bucket filled with diesel to repeal water and lubricate its internal parts. These practices are dangerous and must
be strictly banished for the following reasons:

« Even in the open air, having a bucket filled with diesel, thus, a noticeable volume of fuel, is a vector for an
uncontrolled fire and thus against all safety practices regarding firefighting.

« Diesel is a fuel used in thermal engines specifically designed to ignite it by compression. Even though it has
more lubricant properties than benzene, it remains a fuel, and it has the capacity to dissolve motor oils and
greases. Thus, it has poor lubricant properties compared to motor oils and quickly evaporates. As a result, the
components are no more protected by an adhesive oil film.
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o As with most fuels, diesel contaminates or dissolves plastics and rubbers not designed to withstand their
corrosive effects, which is the case for most plastic and rubber components used to build chain hoists.

« Diesel fuel does not have a high capacity for repelling water. Thus, plunging the tool into the diesel will not
remove the water from parts such as bearings.

« Diesel fuel makes the surface of tools that have been plunged in it slippery, which is against the principles of
safety that consider that an instrument must have an optimal grip. Also, it contaminates the gloves and, by
cascade effects, the hands of the divers handling these tools.

To summarize what is said above, diesel fuel is not efficiently removing water and is eliminating lubricants. Thus, it
leaves the lever hoist's internal parts unprotected, in addition to the gripping problems indicated above. As a result,
instead of lowering the effects of corrosion, this procedure speeds them up, making tools that, in addition, have not been
inspected in detail, extremely dangerous for those using them.

2.5.5 - Change the chains

The load and hand chains of chain hoists can be changed. That can be done to adapt the tool to the working conditions or
when the chain is worn. Manufacturers provide load chains fro 1.5 m to 12 m. Hand chains can also be adapted to the
distance from which the chain host is operated by adding a length or shortening it.

o The new load chain should be of the same type of the chain selected by the manufacturer. Note that if the chain
in place is too short, it cannot be lengthen to the desired distance with another chain, but must be replaced by a
new chain of the desired length. IF the chain is worn and thus, need to be replaced, it may be necessary to
replace the load sheave as well. For this reason, a close inspection of this spare part is to be performed. Note that
many people change is by precaution at the same time of the chain.

« Manufacturers authorize that the hand chain is opened to be shortened or lengthen with another piece of chain of
the same model. As an example, JET (https://jettools.com/), a well known manufacturer indicates the following
procedure:

The link to cut is inserted lengthwise into a vise with the side opposite the weld lying completely below the
surface of the vise’s jaw (about 1/3 of a link) to prevent damaging it.

Then the link is cut at the weld using a hacksaw, and the link is repositioned vertically in the wise with the
level of the cut above the wise’s jaw.

The link is then twisted to opened it using an adjustable wrench.
The same operation is done with another link. It is selected in function the chain is shortened or lengthen.
When the chain is shortened or lengthen, the links are closed using the opposite procedure.

2.5.6 - Chain hoist testing

ASME B30.16 says that the hoist manufacturer must test all new hoists with a load test of at least 125% of the rated load.

ASME B30.16 also says that all altered or repaired hoists or hoists placed in service that have not been used within the
preceding 12 months must be tested by, or under the direction of, a designated person to ensure compliance with the
manufacturing standards. These tests can be static or dynamic, and a written report should be issued and classified on file.

A. A qualified person must approve the anchorages or suspensions for the tests before starting the operation.

B. The functions of the hoist must be checked with the hoist suspended in the unloaded state, taking into account
that some hoists may require a nominal load or pull on the load hook to test the lowering motion.

C. A qualified person must determine the need to load test the hoist.

D. The test must not be less than 100% of the rated load of the hoist or more than 125% of the rated load of the
hoist unless otherwise recommended by the hoist manufacturer or a qualified person.

E. The replacement of the chain is excluded from the load test. However, an operational test of the hoist should be
made in accordance with step “B” before placing the hoist back in service.
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3 - Jaw winches

3.1 - General description

“Jaw winches”, also called “Tirfors”, “cable grip hoists”, or “cable grip pullers”, are devices designed for pulling, lifting,
lowering, and holding loads using a wire rope where the rope is gripped and moved by jaws using human effort on a lever
or levers. Their construction and recommendations of use are described by the ASME B30.21 and EN 13157 standards.
However, ASME B30.21 refers to wire rope lever hoists requirements without making a noticeable difference between
the two tools, while EN 13157 provides more specific requirements regarding such devices.

Their work principle consists of a wire rope passing through
two clamping jaws that open and close alternately. Thus, when
one jaw assembly is closed, the second jaw remains open,
allowing the cable to move through it. These two jaw
assemblies are mounted on pivots allowing the operator to
move them forward and backward using a dedicated lever. A
removable extension connected to the lever allows the operator
to deploy the requested force to move the wire rope.

The jaw moving the wire rope is closed on it using two
eccentrics and remains closed as long as the lever is activated.
When the jaw arrives at the end of its course, it triggers a
command that closes the 2nd jaw before it opens by means of a
spring. The operator just needs to move the lever backward to
restart the pulling operation.

Note: Declutching lever /

The model in the picture is a
Tractel - Tirfor T 500 Series Hook
“Tirfor” is a brand of Tractel
https://www.tractel.com/

Operating lever extension

Reverse operating lever

Forward operating lever

Wire rope \

Anchorage

1 - Housing

2 - Wire rope 6 - Push lever right
3 - Wire rope guide 7 - Jaw assembly #1
4 - Backward lever 8 - Forward lever 10 - Fastening pin

5 - Declutching syst 9 - Jaw assembly #2 11 - Action lever

3.2 - Design requirements

3.2.1 - Mechanical strength and securing of the load

The requirements for jaw winches mechanical strength are similar to those of wire rope lever hoists.

o EN 13157 says that Jaw winches should have a safety coefficient of at least 4:1 and should be able to withstand 400
continuous cycles at full capacity without failure and need for replacing parts. Also, they must be fitted with a device
which limits the lifting force to not more than 2 times the rated capacity. The wire ropes used should have a safety
coefficient of at least 5:1, and should also be capable of withstanding at least 400 operational cycles. Some models
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can use fibre ropes. In this case, their safety coefficient should be at least 7:1. Also, wire ropes should be supplied
in single lengths with splices or connections only at the ends. Note that EN 13157 requires that rope
terminations conform with EN 13411 “Terminations for steel wire ropes”.

« ASME B30.21 says that the device must be designed to withstand the stresses imposed under normal operating
conditions. Also, the load suspension parts must be designed so that the calculated static stress for the rated load
should not exceed 25% of the minimum ultimate tensile strength. In addition, the device must be designed to
give a visible warning of severe overload by showing permanent deformation before the failure of other load
suspension parts.

« EN 13157 also says that jaw winches, and their components, should be capable of operating within an ambient
temperature range of - 10°C to + 50°C unless another temperature range is agreed between the manufacturer and
the purchaser.

« EN 13157 emits stringent requirements regarding the capacity of jaw winches to secure and control the load:

As mentioned in the general description, jaw winches must be designed so that one jaw block is gripping
the rope during lifting and lowering. Also, the wire rope clamping mechanism must be designed to ensure
minimum variation in the tightening coefficient with the wear of the jaws or rope. As a result, the clamping
system must be able to hold a load equal to at least 1.1 times the rated load despite a reduction of 10 % of
the nominal wire rope diameter caused by wear.

An automatic braking system must be provided to control the load during the lifting and lowering. It should
allow a controlled descent, whatever the position of the load. As mentioned above, this braking function is
ensured if one jaw assembly is gripping the rope throughout the pulling, lifting, or lowering sequence.
However, once the action on one of the levers has stopped, both jaw assemblies should automatically close
like two independent brakes. If one of the two jaw assemblies fails, the alternating motion should cease,
and the second jaw assembly should hold the rated capacity. Also, as with all other hoist systems, EN
13157 says that the fracture of a spring must not lead to a failure of the braking system. The manufacturer
can fulfill this requirement with a single guided spring or several springs. The guided pressure springs
should have a distance between the coils of less than or equal to the wire diameter.

In addition, a system must be provided to prevent the load from falling due to a human mistake. For this
reason, the disengagement of the jaws should only be possible when there is no or a low load. Thus, a
system that prevents the declutching lever from opening the jaws simultaneously as long as the system is
under tension must be provided.

« Hooks and anchorage should be fitted with safety latches or locking devices to prevent unintentional
detachment. They should be manufactured according to a recognized standard, and EN 13157 requires that they
are designed not to have permanent deformation at a static load of 2 times the rated capacity. Also, EN 13157
allows the hook to bend at four times the rated capacity, provided that it continues to hold the load safely.

3.2.2 - Ease of use and protection of the mechanism

o En 13157 requires that the maximum force the operator applies on the lever to lift the rated capacity must not
exceed 55 daN, which is usually obtained with the help of a removable extension. This extension should be
designed to be secured against unintentional disconnection.

Note that the mechanical advantage achieved by the association of the gear and the lever should not allow lifting
a load exceeding 2.5 times the rated capacity when 100 daN force is applied to the lever.

« As with all hoist systems, jaw winches must be designed such that their accessible parts have no sharp edges, no
sharp angles, and no rough surfaces likely to cause injury.
Also, the jaws and their actuating mechanism should be guarded to prevent accidental ingress.

3.2.3 - About jaw winches used underwater

Jaw winches have been used within maritime environments and underwater for a long time. Similarly, to other hoists and
pullers not designed to resist such an environment, they can be affected by the corrosion of their internal parts, which
results in their mechanisms not responding adequately, even though they are more straightforward than those of lever
hoists and chain hoists. Thus, water usually replaces the original lubricant and triggers the corrosion of bearings, springs,
snap rings, pins, etc. In addition, mud and matter in suspension or adhering to the rope can enter the mechanism and nest
into the abovementioned elements.

There is currently no model of a Jaw winch specifically designed for underwater applications. For this reason, these tools'
maintenance process should be the same as lever hoists, not initially created for underwater work.

3.3 - Operational practices

Similar to other hand lifting and pulling tools described in this chapter, this section describes only jaw winch specific
practices. Therefore, this section does not describe general operational practices applicable to all lifting operations, but
only those that are specific to jaw winches.

3.3.1 - Increasing the capacity of jaw winches

The capacity of the jaw winch can be considerably increased without affecting the effort provided by the operator by
using multiple sheave blocks. In such devices are used, the diameter of their pulleys should be equal to at least 18 times

Diving & ROV Specialists - Basic lifting and Rigging handbook - Page 127 of 283



ﬁ% - Table of contents

the diameter of the wire rope. In addition, rigging arrangement which requires the calculation of the forces applied should
be checked by a competent engineer with special attention to the appropriate strength of fixed point used.

3.3.2 - Installing the wire rope

Installing wire ropes in jaw winches is not tricky. However, it is often a source of problems for many people not trained
to do it. For divers underwater, that results in a loss of time that may compromise the operations planned for a dive. For
this reason, it is essential to ensure that divers can do it easily on deck and underwater. Pre-installing the wire rope is a
wise procedure allowing to save time many operators apply. However, having divers able to adjust the device quickly and
solve installation problems will save precious time. The classical procedure for activating such tools is as follows:

« As for handling any type of wire rope it is recommended to protect the hands by using thick work gloves.

« If the wire rope is to be anchored to a high anchor point, the wire rope should be anchored before fitting the wire
rope in the machine.

« The wire rope should be uncoiled in a straight line to prevent loops or kinks.

« The internal mechanism should be released, so that both jaw assemblies are open. This is usually done by
activating the declutching system.

« Insert the wire rope through the rope guide at the end opposite to the anchor point (hook or anchor pin).

\ Declutching handle

-

CSSNSSSSYYY
Wire rope

@ (®\ /e

« The wire rope should be pushed through the machine, helping it by operating the forward operating lever if
necessary.

Forward operating lever

@fj ’ m

e @\ 0

« When the wire rope appears through the anchor point, the operator pulls the slack wire rope through the device
to the point required.
Then, he engages the jaws by releasing the declutching mechanism so that the jaws assemblies can close and
open normally.

N
"“—___ Declutching handle
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3.3.3 - Anchoring the device

The user must always ensure before operation that the anchor point(s) for the machine and wire-rope are of sufficient
strength to hold the load.

« It is recommended to anchor the jaw winch

to a fixed point or the load using an | Anchoring point

appropriate capacity sling.

« As for other hoists and pulling devices, Sling
. . Py . \—>

using the machine’s load rope as a sling by Device’s load rope

passing it around the load or the anchoring e

point is forbidden. '1 Device’s load rope ———1 _

|
9
@ Incorrect procedure O Correct procedure
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When anchoring the jaw winch, the safety latch of the anchor hook should be closed. This advice for the
machine anchor hook also applies to the hook fitted to the wire rope.

Some jaw winches are anchored by means of a removable anchor pin fitted across the two ends of the side cases
and locked in position by a spring clip. This anchor pin allows for connecting a hook or a sling. It is the case of
the Tirfor model TU 32 below. Some other jaw winches are provided with an anchor hook mounted on a pivot .
It is the case of the Tirfor model TU 16 below.

-
Tirfor model TU 16 - https://www.tractel.com/ Tirfor model TU 32 - https://www.tractel.com/

The operator must ensure that there are no obstructions near the Jaw winch that could prevent the wire rope from
moving out the jaw winch freely. Thus, there must be a minimum distance is to be between the jaw winch and
the anchoring point. Therefore, a sling of an appropriate capacity is recommended between the anchor point and
the jaw winch.

el | e

RO @\ 0]

In addition, when organizing lifting or pulling operations through a hole, it is highly not recommended to use the
body of the jaw winch as a fulcrum point as it is not strong enough for this. Instead, the jaw winch must always
be fastened to an anchoring point through the anchor hook or pin.

Anchoring point

@ Incorrect procedure @ Correct procedure

3.3.4 - Standard precautions when using jaw winches

Jaw winch manufacturers, notably “Tractel”, provide the following recommendations for using jaw winches:

Jaw winches must not be used for lifting people.

Jaw winches must not be used beyond their maximum working load.

Jaw winches must not be used for applications other than those for which they are intended.
The rope release mechanism must never be operated whilst the machine is under load.
Never obstruct the operating levers or the rope release lever.

Never operate the forward and reverse operating levers at the same time.

Never subject the controls to sharp knocks.

Never attempt to reverse the rope completely through the machine whilst under load.

Do not operate the Jaw winch when the rope ferrule gets to within 10 cm of the machine. Otherwise the ferrule
is likely to foul the casing and push the rope guide inside the machine.

3.3.5 - Precautions when using jaw winches underwater

In addition to the corrosion problems, jaw winches can be affected by debris, mud, and sand entering their casing, which
may destroy their mechanisms. For these reasons, divers should avoid leaving jaw winches on the sea floor, particularly
sandy or muddy bottoms.
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3.4 - Maintenance

The maintenance of jaw winches is based on the same principle and procedures as other hoists and pulling systems and,
thus, depends on the frequency and conditions of use. As a result, many procedures are exactly the same, as the only
differences depend on the mechanisms. As for other hoists and pullers, the guidelines provided by the manufacturers
apply to devices not used underwater. Considering that underwater operations are performed in an environment
aggressive for mechanical parts, it will be necessary to reinforce the frequency of inspection and preventive maintenance
of the devices submitted to such working conditions.

3.4.1 - Competent personnel

The maintenance of jaw winches involves troubleshooting, periodic inspections, preventive maintenance, and
commissioning procedures before returning the device to service. It is therefore essential that the technician in charge
has the technical level for these tasks. ASME provides the following examples of source of training material:

« Information outlined in the manual provided with the equipment. Note that this documentation is mandatory.
« Information from trade associations

« Government training resources such as labour and educational ministries

« Organized labour groups

« Courses, seminars, and literature offered by manufacturers of lever hoists, consultants, trade schools, continuing
education schools, and employers.

« Requirements and recommendations found in national consensus standards.

« Note that a technician competent for diving or ROV systems has normally the required level for such inspections
and maintenance tasks.

3.4.2 - Troubleshooting

Troubleshooting consist of detecting the source of a breakdown and solving the problem. It also consists of logging the
problem and reporting it adequately to ensure that solutions will be found to prevent it happening again.
Note that too many interventions may indicate design problems or maintenance problems.

The table below takes into account common problems reported by Tractel .

Problem Common cause
Operating lever moving freely and not - The winch has been overloaded, and the shear pins are sheared. Replacing the
operating the mechanism shear pins usually solves the problem.

This problem is due to a lack of lubrication and results in the jaw assembly
gripping the rope becoming locked onto it, preventing the other jaw assembly from

Pumping taking over the load. Manufacturers say that such a problem, which does not
trigger a dangerous condition, can be solved by thoroughly lubricating the device.
Jerkiness - This is also a symptom of lack of lubrication.

1t usually happens when a damaged section of wire rope is stuck within the jaws.
Pumping backward sometimes allows for disengaging the damaged part. However,
the operation with the jaw winch affected cannot continue. That results that the
Blockage load is to be transferred to another device to be able to disconnect the tool and
change the damaged wire rope. The jaw winch may have to be opened to remove
the stuck wire rope if it cannot be pulled backward. Such an operation is to be
performed by a competent person.

3.4.3 - Preventive inspection and maintenance

As for the hoists and pullers previously described it is recommended to organize a preventive maintenance based on:
« The recommendations from standardization bodies
« The recommendations outlined in the hoist manufacturer’s manual.
o The recommendations from specialists.
« Reports regarding defect or weaknesses of the equipment
« Safety flashes

ASME B30.21 classifies the inspections to be organized as follows:
« Initial inspection:
It is the examination to be performed before committing to service new, altered, or modified hoists.
« Pre-operation Inspection:

It is performed before the first use of each shift with records not required. It consist of visually examining the
following:

The operating mechanisms function test, proper adjustment, and unusual sounds.
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The hooks, including the latches.
The condition of the load line.
Whether deformations, cracks, and other damages are visible on the body and lever.
« Frequent Inspection:
They are visual inspections not required to be documented, that should be scheduled as follows:
Normal service: monthly
Heavy service: weekly to monthly
Severe service: daily to week
They consist of examining the following:
The operating mechanisms function test, proper adjustment, and unusual sounds.
The hooks, including the latches.
The wire rope must be verified for external damages, corrosion, evidence of heat damages, reduction of
diameter.
- Whether deformations, cracks, and other damages are visible on the body and lever.
« Periodic Inspection:
It is a documented visual inspection. It can be indicated by a coded mark on the device, and should be
organized as follows:

Normal service - yearly:
Visual inspection by a designated person making records of conditions to provide the basis for a continuing

evaluation.

Heavy service - semiannually:
As above unless conditions as determined by a qualified person indicate that disassembly should be done

to permit detailed inspection.

Severe service - quarterly:
As above unless conditions as determined by a qualified person indicate that disassembly should be done

to permit detailed inspection.
The following elements should be inspected:
Evidence of loose bolts, nuts, or rivets
Evidence of worn, corroded, cracked, or distorted parts such as suspension housing, levers, bearings, pins,
jaw assemblies, and locking and clamping devices.
Evidence of damage to hook retaining nuts or collars, and pins and welds or rivets used to secure the
retaining members.
The presence of the required labels and marks.

« Devices not in regular service:
A device not used for a period of 1 month or more and less than 1 year should be inspected according to the

requirements of frequent inspections (see above).
A device not used for a period of 1 year or more should be inspected according to the requirements of periodic

inspections (see above)

3.4.4 - Cleaning and inspection

The following guidelines are those provided by Tractel (https://www.tractel.com/) and other manufacturers for devices
used for normal operations at the surface, so not involving immersion.
Note that Tractel says that grease or oil containing graphite additives or molybdenum disulphide should not be used to
lubricate jaw winches.

« Cleaning the jaw winch should be performed as follows:

Tractel says that the device should be soaked in a bath of proprietary cleansing fluid but not acetone and
derivatives or ethylene trichloride and derivatives. In addition, and as explained for other hoists and pulling
devices, diesel must not be used. Note that many fluids are sold that are designed for this purpose.

The jaw winch should then be vigorously shaken and turned upside down to loosen foreign matters and
allow the dirt to come out through the openings for the operating levers.
When the cleaning is completed, the technician allows the mechanism to drain and become dry.

When confirmed dry, the device should be lubricated using oil (type SAE 90 120). This is done through the
openings for the operating levers and specific lubrication holes for some models. The technician should
operates the operating levers to allow the lubricant to penetrate all parts of the mechanism.

According to Tractel, excess lubrication cannot cause the wire rope to slip.

A visual inspection should be carried out, and devices where the side cases show signs of dents or damage,
or of which the hook is damaged, should not be used and be returned to an approved repairer.

3.4.5 - Additional precautions for jaw winches used underwater

The procedures above show that jaw winches are usually more robust than lever hoists and chain hoists. This is due to
their mechanisms that are quite more simple, and involve a reduced number of pieces that can be affected by corrosion.
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However, similarly to the mentioned devices water entering into the mechanism gradually washes out the lubricants. As a
result, its efficiency will be progressively diminished as the effects of de-lubrification and corrosion will occur.

For these reasons, Jaw winches should not be immersed for more than one week - 1 week %, and a turnover must be
organized using additional devices.

When the immersed lever hoist is back on deck, it must be rinsed with fresh water (not using HP jets) and immediately
dismantled for a throughout cleaning and inspection. The reason is that the salt water is present in sensitive internal parts
such as bearings, articulations, springs, washers, circlips, etc., that are not treated against corrosion (see the schemes ). In
the presence of air, the conditions for accelerated corrosion are fulfilled to result in the device being out of order and,
thus, dangerous within only a few days. As it is not proven that the cleansing agent mentioned in the previous point will
be efficient in removing salt water from enclosed parts, this procedure should be preferred to the manufacturer’s one,
initially designed for devices that are not immersed.

Note that the water quickly invades the sensitive parts of the tool. Therefore, the rule should be that immersed jaw
winches must be thoroughly cleaned, decontaminated, and inspected, whatever the duration of immersion.

When the internal parts of the jaw winch have been rinsed and fully dried, they must be adequately lubricated using
hydrophobic lubricants of at least similar properties to those used by the manufacturer for normal use at the surface. That
should be done in collaboration with the manufacturer, and/or a specialist in lubricants.

Note that manufacturers of jaw winches usually lubricate their products with motor oil, which removes the problem
posed by motor grease. In case motor grease is used, it should be removed for a more adequate lubricant as explained for
lever hoists and chain hoists.

Wire ropes should also be rinsed and dried. They should be closely inspected for corrosion, wear, and damage. Note that
they are usually galvanized and should be changed when this protection has disappeared, or a loss of flexibility is noted.
Consider that because the jaw winch has been dismantled, it must be load tested before being returned to operations, as
recommended by ASME standards. This procedure applies for all jaw winch (used underwater or not) and is explained in
the next point.

If after being considered good to service, the jaw winch is not used, it must be inspected according the the “ASME rules
for devices not in regular service”.

3.4.6 - Jaw winch testing

ASME B30.21 says that the hoist manufacturer must test all new hoists with a load test of at least 125% of the rated load.
ASME B30.21 also says that all altered or repaired hoists or hoists placed in service that have not been used within the
preceding 12 months must be tested by, or under the direction of, a designated person to ensure compliance with the
manufacturing standards. These tests can be static or dynamic, and a written report should be issued and classified on file.

A. A qualified person must approve the anchorages or suspensions for the tests before starting the operation.

B. The functions of the hoist must be checked with the hoist suspended in the unloaded state, taking into account
that some hoists may require a nominal load or pull on the load hook to test the lowering motion. Then, a load of
at least 100 Ib (46 kg) times the number of load-supporting parts of the chain, rope, or web strap is applied to the
hoist to check the load control.

C. A qualified person must determine the need to load test the hoist.

D. The test must not be less than 100% of the rated load of the hoist or more than 125% of the rated load of the
hoist unless otherwise recommended by the hoist manufacturer or a qualified person.

E. The replacement of the wire rope is excluded from the load test. However, an operational test of the hoist should
be made in accordance with step “B” before placing the hoist back in service.
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4 - Manual drum winches

4.1 - General description

“Manual drum winches”, also called “hand drum winches”, are devices designed for lifting, lowering and pulling loads
connected to a rope or webbing wound onto a drum using a handle activated by human effort.

Manual drum winches are often used on davits, “A” frames and on all sorts of static installations. Their advantage is that
many models are rated “man riding”, which is not the case of jaw winches and the hoists previously described. For this
reason, they are present in bells and diver recovery davits. They are not often used underwater where the jaw winches are
preferred because their better polyvalence, and are covered by the standards EN 13157 and ASME B30.7.

Manual drum winches are of two types: “Spur gear winches” and “Worm gear winches”. The difference is that as
indicated by their name, worm gear winches are activated by an endless screw and do not have ratchets and pawls. They
can be visually differentiated by the fact that the crank of gear winches are on the side and parallel to the gears’ shafts.
Opposite, worm gear winches have their crank oriented at 90 degrees to the gear shaft, thus usually at the back or the top
of the winch instead of the side. That can be seen on the photos below of the “CaRol TR & TS series” designed by
Tractel, which proposes the two options to its clients (https://www.tractel.com/).

Spur gear winch CaRol TR Worm gear winch CaRol TS

\ Crank on the side \ Crank at 90° of the drum’s shaft
About spur gear winches:

The mechanism of spur gear winches consists of an assembly of gears arranged in cascade (see #3 & #2 below) that
provide the multiplication of the force applied through a crank, usually mounted on one side of the apparatus. A pawl (see
#4) secures the load when the crank is not activated, and manual and automatic brakes are added on potent units.

The drum and the mechanism are often protected from shocks in the housing that also has the function of a frame.
However, a protector is provided on large models.

These types of hand powered winches were used for handling heavy loads during the 19t and the 1st part of the 20t
century. However, they have been gradually replaced by powered models using the same mechanisms to which motors
have been fitted. As a result, hand-powered models are limited to reduced loads today, with the most potent models
apparently limited to 30 tonnes.

1 - Housing / frame 4 - Ratchet pawl 7 - Handle shaft 10 - Shaft drum bolt
2 - Drum + gear 5 - Spring 8 - Bearing handle 11 - Spacer - shaft
3 - Gear 6 - Handle assembly 9 - Bearing drum 12 - Spacer

About worm gear winches:
Worm gear transmissions consist of a spiraled shaft that drives a toothed wheel. They offer high reduction, good
reliability, and a built-in braking mechanism associated with their design, as the gear cannot move if the worm does not
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rotate (see #2 & #3 below), so ratchets are unnecessary with such transmission systems. However, it is said that they
transmit less energy than spur gear solutions and provide a slower winching speed. Worm transmissions are often
composed of a worm made of steel and gears made of copper alloys. The reason is that this solution allows for lower
friction forces than steel-to-steel. Note that these mechanisms are usually in a housing filled with oil.

2 - Worm Assembly 6 - Drum bearing 10 - Gear shaft

3 - Worm gear 7 - Worm bushing 11 - Handle

%
-\ Q 1 - Gears' housing 5 - Frame 9 - Bearing adapter
@/

4 - Drum 8 - Worm bearing 12 - Pin

4.2 - Design requirements

4.2.1 - Mechanical strength and safety design
The mechanical strength and safety design requirements are similar to those of the previously described hoists.

o EN 13157 says that this category of winches should have a minimum safety coefficient of 4:1. Their drum should be
able to withstand 1500 continuous cycles at full capacity without failure and parts replacement, and they should be
designed to at least operate at temperatures from - 10°C to + 50°C.

» As with every powered winch, manual drum winches should have a braking system that automatically operates
when the operating force ceases. ASME B30.7 says that this braking system must be able to hold at least 125%
of the rated load and should be adjustable to compensate for wear. On small units used to transfer reduced loads,
such as those drawn above, this function is often fulfilled by the ratchet assembly or worm gears. However,
similarly to powered units used for cranes and davits, an additional brake is provided on units designed for
heavy loads. This additional brake is also mandatory for units dedicated to personnel transfer. Regarding this
point, ASME B30.7 adds that winches holding loads while unattended must be equipped with a mechanical
holding device other than a brake, such as a pawl.

EN 13157 says that the braking system should allow for controlled descent, whatever the position of the load.
Also, the brake system should automatically apply when the load on the lifting medium is greater than 30 kg for
capacities up to 1000 kg and greater than 3% of the rated load above 1000 kg. In addition, the load should not
descend more than 300 mm before the brake acts to stop it from falling. Note that brake pads should not contain
asbestos, as this material is considered to trigger cancers.

As mentioned previously for other hoist systems, EN 13157 also says that the fracture of a spring should not
lead to a failure of the braking system. The guideline recommends that single-guided pressure springs or several
springs be used to fulfill this requirement. In addition, many manufacturers design the pawl to automatically
close by gravity if its spring breaks.
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o Declutching or disengaging the drive shaft or other components should not be possible as long as the system is
under load. Also, the crank or operating wheel (used with potent units) should also be secured against
unintentional disconnection.

EN 13157 adds that cranks and operating wheels should have a return travel distance not exceeding 150 mm and
that the pawl or another load-retaining device should engage after a movement of not more than 150 mm.

« Like wire ropes used with powered winches and cranes, the ropes used on manual winches should conform to
the requirements previously provided in the dedicated chapter and should be designed as follows:

They should be supplied in single lengths with splices or connections only at the ends. These connections
can be sockets or ferrules. Wire ropes minimum breaking strength should equal 3. This coefficient should
be at least 7 for synthetic fiber ropes and webbings.

They should be anchored on the drum without being kinked and withstand not less than 2.5 times the
nominal forces. For wire ropes, the coefficient of friction for calculations should not be greater than 0.1.
Also, the D/d ratio for the drum should be at least equal to 10. (D/d ratio= Ratio of the pitch circle
diameter of the first rope or webbing layer on the drum or sheave to the rope's diameter or the webbing's
thickness.). The belt sheave and drum diameter ratio to the rated webbing thickness should not be less than
15 (D/s > 15), where “s” is the thickness of the webbing.

A minimum of two windings should always remain on the drum and should be marked. Also, the distance
of the end of drum flanges beyond the final wound layer of rope or webbing should be at least 1.5 times the
rope diameter or the webbing thickness when the maximum length of rope or webbing has been fully
wound onto the drum. However, remember that this distance is 2.5 times instead of 1.5 for winches
installed on diver launch and recovery systems.

The design of the drum should be such that the rope or webbing cannot be wound in the wrong direction.
EN 13157 says that these two requirements can be fulfilled if no braking function is provided when the
rope or webbing is installed in the wrong direction.

« Hooks should be fitted with safety latches or locking devices to prevent unintentional detachment. They should
be manufactured according to a recognized standard, and EN 13157 requires that they are designed not to have
permanent deformation at a static load of 2 times the rated capacity. Also, EN 13157 allows the hook to bend at
four times the rated capacity, provided that it continues to hold the load safely.

4.2.2 - Ease of use and protection of the mechanism

Unlike the hoists systems previously described, manual drum winches are designed to be permanently fixed to a support
which can be an “-frame”, a davit, the side of the diving bell, the deck, etc. Thus these tools cannot be considered
portable and are usually devoted to pre-determined tasks.

« As with all hoist systems, manual drum winches must be designed such that their accessible parts have no sharp
edges, no sharp angles, and no rough surfaces likely to cause injury, and their actuating mechanism should be
guarded to prevent accidental ingress. Note that the elements to consider are those that could be accessible when
the apparatus is mounted on its support. Many small winches have frames with square shapes that are usually no
more accessible to the operator when installed on their support. However, an additional support, such as a
connection plate, may be needed if the planned support is not large enough. In this case, the installer of the
winch should consider this point and ensure that this support and the winch's housing do not become a potential
source of injuries.

« EN 13157 says that manual drum winches must be designed such that the the effort made by the operator does
not exceed 25 daN on the crank or the operating wheel.

4.2.3 - Labelling

Drum winches should be provided with a visible labelling providing the information listed below. Note that a winch
without appropriate labelling should not be used.

1. Model
™
2. Working load limit @C arol " TR (9)
3. Number of winding layers and maximum length ©)
of the wire rope 300 kg c €

. . @4.3mm 7x O 16 kN
4. Tensile strength of wire rope 18x7 40 m max = sy
5. @ and structure of wire rope @ b
6. Production year A T
7. Production month @ %g;‘! . ag& @
8. Serial No. (Traceability code) A g
9. Norms applied EI:!.AQE'FSIE @ %

RD 619 Saint-Hilaire-sous-Romilly F-10102 ROMILLY-SUR-SEINE

10. Logo + name + address manufacturer

4.2.4 - Manufacturer’s certificate

After all testing and examination, the manufacturer should issue a certificate which should include at least the following
information:
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« The manufacturer's name and address, symbol or mark

« Model

« Working load limit

« Tensile strength of wire rope

« Serial No. + Traceability code)

« Date of production

« O and structure of wire rope

o The number of the Standards (EN 13157 + additional standards , or equivalent standards)

o Test references

« Identity of the person authorized to sign the certificate on behalf of the manufacturer and date of signature.

4.2.5 - About manual drum winches used underwater

Manual drum winches have been used on boats for a long time. They are, in fact, the 1st models implemented in this
industry. For this reason, even though the models made of carbon steel can be affected by corrosion if they are not
regularly maintained, they are sufficiently robust and protected to work for a long time on deck. Also, many small units
are made of stainless steel and are initially designed for such an environment. Such units usually have straightforward
mechanisms and can be used underwater. However, note that units using worm gears have a part of their mechanism in
an oil housing not designed to withstand underwater pressure and, thus, cannot be immersed.

It often happens that small manual drum winches not initially designed for the maritime environment are used. These
models are as sensitive to corrosion as other hoists previously described and should be maintained similarly.

4.3 - Operational practices

Similar to other hand lifting and pulling tools described in this chapter, this section describes only manual drum winches
specific practices. Therefore, this section does not describe general operational practices applicable to all lifting
operations, but only those that are specific to these devices.

4.3.1 - Rigging the load

The load must be rigged using the hook of the wire rope, equipped with its safety latch. It should be rigged using a sling
of appropriate capacity, dimensions, and type for the object to be handled. It is strictly prohibited to use the wire rope as a
sling by running it around an object with the hook fastened to the wire rope.

Lifting wire rope

—

@ Incorrect procedure O Correct procedure

4.3.2 - Fleet angle

"Feet angle", previously explained in the chapter “Wire ropes”, is the largest angle of the rope between the first sheave and the drum
flange relative to the centre line of the drum. This angle depends on the distance of the sides of the drum to the centre line and the
distance from the drum to the 1st sheave.

Centre line

; sz Maximum fleet angle

It must be taken into account while using snatch blocks to lift or pulling objects. As already said, excessive fleet angles can result in
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considerable abrasive damage to both sheave flanges and rope and considerably reduce the life of the rope and the equipment. Also,
Excessively high fleet angles can return the rope across the drum prematurely, creating gaps between rope wraps close to the drum
flanges and increasing the pressure on the rope at the cross-over positions. As a result, structural damage to the wire rope such as a
“birdcage” or “core protrusion” may be visible. As the fleet angle increases, so does the problem.

In summary, a maximum fleet angle improperly calculated may result in damages that may be confused with those linked to the rope's
quality or design.

The values for the maximum fleet angles vary slightly from one organization to another. EN 12385-3 says that the angle should be no
greater than 2° for rotation-resistant ropes and no greater than 4° for single-layer ropes.

EN 12385-3 also says that when spooling onto a drum, the fleet angle is generally recommended to be limited between 0,5° and 2,5°.
If the angle is too small, so less than 0,5°, the rope tends to pile up at the flange of the drum and fails to return across the drum in the
opposite direction. In this situation, the problem may be alleviated by increasing the fleet angle by introducing a sheave or spooling
mechanism. Also, even where the drum is provided with helical grooving, large fleet angles inevitably result in localised areas of
mechanical damage as the wires "pluck" against each other. This is often referred to as "rope interference", which can be reduced by
selecting a Lang lay rope, if the reeving allows, or a compacted strand rope.

4.4 - Maintenance

The maintenance of manual drum winches is based on the same principle and procedures as other hoists and pulling
systems and, thus, depends on the frequency and conditions of use. As a result, many procedures are exactly the same, as
the only differences depend on the mechanisms. As for other hoists, the guidelines provided by the manufacturers apply
to devices not used underwater. Manual drum winches are currently not often used underwater. However, considering
that some models are designed to resist salt water egress, the possibility to use systems with straightforward mechanism
should be taken into account.

4.4.1 - Competent personnel

The maintenance of manual drum winches involves troubleshooting, periodic inspections, preventive maintenance, and
commissioning procedures before returning the device to service. It is therefore essential that the technician in charge
has the technical level for these tasks. ASME provides the following examples of source of training material:

« Information outlined in the manual provided with the equipment. Note that this documentation is mandatory.
« Information from trade associations

« Government training resources such as labour and educational ministries

« Organized labour groups

« Courses, seminars, and literature offered by manufacturers of lever hoists, consultants, trade schools, continuing
education schools, and employers.

« Requirements and recommendations found in national consensus standards.

« Note that a technician competent for diving or ROV systems has normally the required level for such inspections
and maintenance tasks.

4.4.2 - Troubleshooting

Troubleshooting consist of detecting the source of a breakdown and solving the problem. It also consists of logging the
problem and reporting it adequately to ensure that solutions will be found to prevent it happening again.
Note that too many interventions may indicate design problems or maintenance problems.

The table below takes into account common problems reported by manufacturers

Problem Common cause

Load coming down when the crank is

turned in the “up” direction, and vice- . Wire rope stuck in the drum or wire rope coiled in the wrong direction

versa.

Cable blocked - Load snagged
No ratchet sound (Spur gear winches) - Ratchet broken or seized on the rotation shaft
Brake system not operating . Brake system seized or broken
Effort on crank is abnormally high - Gear system seizure or drum seized on rotation shaft
Load not moving - Gear/drum link pin seized in its housing, or gear/drum link pin spring is damaged
Control crank not locking - Return spring broken or pin seized

4.4.3 - Preventive inspection and maintenance

As for the hoists and pullers previously described it is recommended to organize a preventive maintenance based on:
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The recommendations from standardization bodies
The recommendations outlined in the hoist manufacturer’s manual.
The recommendations from specialists.

Reports regarding defect or weaknesses of the equipment
Safety flashes

ASME classifies the inspections to be organized as follows:

« Initial inspection:

It is the examination to be performed before committing to service new, altered, or modified hoists.

Pre-operation Inspection:
It is performed before the first use of each shift with records not required. It consist of visually examining the
following:

The operating mechanisms function test, proper adjustment, unusual sounds, and drum rotation.
The hooks, including the latches.

The damage and correct reeving of the load line.

The limiting devices and all other aids

Whether deformations, cracks, and other damages are visible.

Frequent Inspection:
They are visual inspections not required to be documented, that should be scheduled as follows:

Normal service: monthly
Heavy service: weekly to monthly
Severe service: daily to week

They consist of examining the following:

The operating mechanisms function test, proper adjustment, unusual sounds, and drum rotation.
The hooks, including the latches.

The load line:
The wire rope, if equipped with, must be verified for external damages, corrosion, evidence of heat
damages, reduction of diameter.
Synthetic ropes and webbing should be inspected for melting or charring, acid or caustic burns,
weld spatter, broken stitching (webbing), cuts or tears, damaged eyes or fittings, abrasive wear,
knots, discolouration, brittle fibres, and hard or stiff areas.

The limiting devices and all other aids.

Whether deformations, cracks, and other damages are visible.

« Periodic Inspection:

It is a documented visual inspection. It can be indicated by a coded mark on the device, and should be organized
as follows:

Normal service - yearly:
Visual inspection by a designated person making records of conditions to provide the basis for a
continuing evaluation.

Heavy service - semiannually:
As above unless conditions as determined by a qualified person indicate that disassembly should be done
to permit detailed inspection.

Severe service - quarterly:
As above unless conditions as determined by a qualified person indicate that disassembly should be done
to permit detailed inspection.

The following elements should be inspected:
Evidence of loose bolts, nuts, or rivets

Evidence of worn, corroded, cracked, or distorted parts such as shafts, gears, bearings, pins, rollers, and
locking and clamping devices.

Evidence of damage to hook retaining nuts or collars, and pins and welds or rivets used to secure the
retaining members.

Evidence of damage or excessive wear of load sprockets or idler sprockets

Evidence of worn pawls, cams, or ratchets corroded, stretched, or broken pawl springs in brake
mechanism.

The presence of the required labels and marks.
End connections of the load rope, or web strap.

« Devices not in regular service:

A device not used for a period of 1 month or more and less than 1 year should be inspected according to the
requirements of frequent inspections (see above).

A device not used for a period of 1 year or more should be inspected according to the requirements of periodic
inspections (see above)
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2.5.4 - Additional precautions for manual drum winches used underwater

These precautions are similar to those of hoists previously mentioned:

During diving operations, the water enters the winch's components and gradually washes out the lubricants.

As aresult, its efficiency will be progressively diminished as the effects of de-lubrification and corrosion will occur.

As mentioned before, some models of manual drum winches are designed for use at sea and made of stainless steel.
However, even though their bearings are waterproof on deck, they are not designed to resist the hydrostatic pressure at
depth, and their rollers are usually not made with corrosion-resistant materials. As a result, the salt water can invade and
corrode them, in addition to being the source of seizure and accelerated wear. In addition, the salt water will mix with the
grease usually used to lubricate them, which will become white colour, stiff, and sticky. Thus its adhesive, lubricant, and
anti-corrosion properties will be lost, and motioned parts are no longer protected.

Of course that will be worst with winches not initially designed for operations at sea. For these reasons, and because the
manual drum winches are not specifically designed for underwater operations, they should not be immersed for more
than one week - 1 week ', and a turnover must be organized using additional devices.

When the immersed winch is back on deck, it must be rinsed with fresh water (not using HP jets) and immediately
dismantled for a throughout cleaning and inspection.

When the internal parts of the winch have been rinsed and fully dried, they must be adequately lubricated using
hydrophobic lubricants of at least similar properties to those used by the manufacturer for normal use at the surface. That
should be done in collaboration with the manufacturer, and/or a specialist in lubricants.

Referring to what is said above, motor greases should not be used, and be replaced by the specific oils or greases
mentioned above.

Also, as previously explained for other hoist systems, diesel should never be used for cleaning or lubricating the device.
Consider that because the winch has been dismantled, it must be load tested before being returned to operations, as
recommended by ASME standards. This procedure applies for all hoists (used underwater or not) and is explained in the
next point.

If after being considered good to service, the chain hoist is not used, it should be inspected according the the “ASME
rules for devices not in regular service”.

2.5.5 - Manual drum winch testing

ASME B30.7 also says that all altered or repaired winches or winches placed in service that have not been used within

the preceding 12 months must be tested by, or under the direction of, a designated person to ensure compliance with the

manufacturing standards. These tests can be static or dynamic, and a written report should be issued and classified on file.
A. A qualified person must approve the anchorages or suspensions for the tests before starting the operation.

B. The functions of the hoist must be checked with the hoist suspended in the unloaded state, taking into account
that some hoists may require a nominal load or pull on the load hook to test the lowering motion.

C. A qualified person must determine the need to load test the hoist.

D. The test must not be less than 100% of the rated load of the hoist or more than 125% of the rated load of the
hoist unless otherwise recommended by the hoist manufacturer or a qualified person.

The replacement of the chain is excluded from the load test. However, an operational test of the winch should be made in
accordance with step “B” before placing the hoist back in service.

Diving & ROV Specialists - Basic lifting and Rigging handbook - Page 139 of 283



% Table of contents

5 - Deflection pulleys and pulley blocks

5.1 - General description

“Deflection pulleys” consist of a sheave freely rotating on an axle to be used with drum winches and jaw winches to
change the direction of a rope. They can also be used to multiplicate the force of the winch. In this case, they are provided
with a bottom anchorage called “becket” at the opposite end of the hook, which is not figured in the drawing below. Also,
note that the hook figured in the drawing is replaced by a shackle on some models.

“Pulley blocs” usually consist of assemblies of two or three sheaves grouped on the same block. Nevertheless, more than
three sheaves can be assembled for specific units. They are used to multiplicate the hand power of a person or the force of
a winch. They can also be used to modify the direction of the force applied. These systems of multiplication of force have
been used since antiquity. Pulleys are covered by the European standard EN 13157 and the ASME standard B30.26.

1 - Anchoring hook

&

2 - Sheave

7=

7

3 - Side plate 'Q@
'(

4 - Hook axle @/ .

5 - Axle sheave

¢
6 - Sheave bearing %
7 - Block bolt /@i D

8 - Block spacer

Opening sheaves, also called "snatch blocks", consist of deflection pulleys designed so that one side plate can be opened,
allowing the operator to install the rope or remove it without disconnecting the pulley from its support. This design also
allows installing them on lines already deployed. For this reason, they are commonly used to correct inadequate
directions and install temporary lines on the deck and in the water.

1 - Anchoring hook 4 - Fixed side plate 7 - Sheave
2 - Swivel hook 5 - Mobile side plate 8 - Sheave bearing
3 - Hook axle 6 - Welded nut 9 - Axle sheave

Similarly to classical deflection pulleys, many models of snatch blocks are provided with a shackle or a connecting ring
in place of the hook. This arrangement is also usually mounted on a swivel.

Also, the axles of many pulleys’ sheaves rotate on bronze bushings instead of bearings for the following reasons:

« It is already mentioned in the description of winches using worm gears that bronze gears assembled with a steel
worm result in less friction than steel to steel. Using bronze is also common for connecting rod bearing shells of
the majority of engines, proving the efficiency of such a solution.
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« Pulleys designed with bronze bushings give the
following advantages: _
. Resistance to contamination and corrosive Bronze bushing
environments L
. . . Lubrication hole
. Resistance to shock stress and vibrations

Easy maintenance and lubrication.
Measurable wear not resulting in immediate
failure. Greaser _/

Sheave

S

5.2 - Design requirements

5.2.1 - Mechanical strength and security

Pulleys are simple tools with fewer moving parts than hoists and winches. However, they must be designed according to
established standards to ensure they will not break during the operations. It must be noted that many registered lifting
accidents are linked to the use of inappropriate pulleys.

o EN 13157 and ASME B30.26 require that pulley blocks and sheaves elements have a safety coefficient of at
least 4. EN 13157 also says that they should be designed to work at an ambient temperature range of -10°C to +
50°C unless another temperature range is agreed. Regarding this point, note that ASME requires temperatures
between -18 °C and + 66°C.

« ASME B30.26 says that the pulley block must have sufficient ductility to deform permanently before losing the
ability to support the load at the temperatures specified for use. In addition, EN 13157 says that the load hooks
should be manufactured according to a recognized standard or not show permanent deformation at a static load
of 2 times the rated capacity. It is accepted that it bends at a static load of 4 times its rated capacity. However, it
must continue to hold the load safely. Note that these requirements apply to the beckets when pulleys are
equipped with.

« The shell or side plates can be made of metal, wood, or synthetic materials. The sheaves can be made of metal or
synthetic materials, and the load bearings should be made of metal only.

« The sheave should be designed not to damage the rope:

The pulley blocks and sheaves must be fitted with a rope guide system that ensures that the rope stays in
the groove of the sheave in case of slack rope. That is usually fulfilled by minimizing the space between
the side plates and the edge of the sheave so that the rope automatically sits in the sheave's groove.
Partition plates are also added with multiple sheave blocks, so each sheave is separated from the others.
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