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Abstract 

The purpose of this document is to define the outline specification of the connection system 

for the 12 MW generic wind turbine to be used in the FLOTANT project. The connection system 

has been designed to work with the novel cable outer armour being developed by Fulgor and 

where possible has utilised solution that are TRL-5 and above to provide a reliable, fast-

coupling connector solution options have been identified as key enabling technology to lower 

the installation and maintenance cost of FOW in deeper water. Hydro Bond specializes in 

subsea connectivity solutions for the Marine Renewable Energy Industry and is at the forefront 

of developing innovative and robust fast coupling hang off solutions specifically targeted at 

floating renewable structures for both wind and wave. The development and testing of new 

subsea electrical connector/hub and emergency cable breakaway is a current priority and an 

opportunity to take existing development in particular of the Hang off Connection system to 

incorporate an emergency release mechanism that will support both emergency scenario’s and 

maintenance period. Part of the development includes the addition of a Maintenance Hub that 

allows the device to be removed from site and maintain the connection within the farm site to 

the remaining devices. The respective installation and operational procedures will also be 

developed to provide low-cost installation and removal techniques, e.g, without need of 

divers. It means not only better working and HSE conditions but also transport/installation and 

a big reduction in the operational and maintenance cost of the device during its lifecycle.  
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1 INTRODUCTION 

HydroBond Engineering is currently taking part in the European Union-funded FLOTANT 

project, within a consortium formed by 17 partners including research institutes and 

companies from 8 different European countries. The objective of FLOTANT is to improve the 

cost, the environmental sustainability and the social acceptance of deep-water wind farms (in 

the 100m-600m depth range), in order to achieve the full competitiveness of these solutions 

compared to fossil power plants and decrease the LCOE of the technology. The main target is 

the development of concepts and products to reduce the initial investment and maintenance 

costs, while improving the performance of these deep-water farms. 

The Connection system is part of the project’s Work Package 3, led by Fulgor. With the main 

goal of this work package to enable and validate innovative dynamic power cable designs and 

corresponding connection system to floaters for floating offshore wind farm (FOW) in deep 

water. 

The main principles covered in the connection system focus on the termination to the cable 

strength member and the ability to be quickly connected and disconnected efficiently. The 

installation process is potentially a high operational cost to any installation and maintenance 

operation and needs to be planned and carried out as quickly as possible but also reliable as 

possible. Cable and connection failure are the most common cause of failure for floating 

devices as they are subjected to extreme dynamic forces which result in high fatigue cycles. 

In order to maintain low costs, the physical electrical connector will be utilised from previously 

existing and offshore qualified product and the fibre optic connections will also be fulfilled 

using existing proven technology with a TRL of TRL-9. 

The report establishes the basic design being applied and is under constant review following 

the progress of the cable design moving into production of a test length and consideration of 

how a trial length for deployment will be manufactured which still has some open issues. The 

production of a sample piece for testing will be delayed until the cable production process is 

considered stable as the dimensional control of the cable has a direct impact on the load 

capabilities of the strain termination methods used on the Novel design strength member. 

Assumptions have been made on the access to the device and future analysis requirements as 

currently the base design specification does not include cable entry and exit points, the design 

approach is scalable to deal with a range of cable dimensions and should be considered when 

sizing of I tube access points is considered, the system documented within this document is 

based on the trial cable dimension only for simplicity but final specification will include scaling 

range and options for larger cross section installations. 
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2 MECHANICAL HANG OFF SYSTEM FUNCTIONAL OVERVIEW 

The Hang off system provides a physical interface between the dynamic export cable and the 

floating wind turbine. The assembly incorporates the electrical and fibre optic connections and 

the mechanical interface. 

The hang off assembly consists of a pull head, a breakout chamber, strain termination and I 

tube fitting and release mechanism.  

Figure 1. Mechanical Hang Off Overview 

 

Figure 2. Exploded View 

 

2.1 Pull head / dry chamber 

The pull head/ dry chamber consists of three sections; the prime function is to provide a dry 

chamber for the electrical and fibre optic cables and connectors during periods of wet storage. 

The pull head also provides the mechanism for installation and controlled removal of the 

termination points within the floating device. Material selection is stainless steel for long term 

corrosion resistance as the complete strain termination is electrically isolated due to the 

carbon fibre strength member design of the cable. Individual installations will need to be 

reviewed to determine any corrosion protection additions such as sacrificial anode 

attachments. The three-section approach allows removal in sections to minimize the height 

clearance and potential handling issues in a restricted space envelope where applicable. This 
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can be removed in a single stage fitting where space allows and stored within the device for 

controlled disconnection. 

2.2 Break out chamber 

Within the termination system the internal cable construction has to be broken out of the 

main cable, this section is positioned immediately above the strain termination section and 

provides a controlled section to break out the individual conductors and fibre optic cable for 

transition into the dry chamber, entry from the break out area onto the dry chamber is 

transitioned through compression seals for each individual cable. 

2.3 Strain termination 

The strain termination consists of 3 main parts: clamp, body and flange. The prime function is 

to allow the cable to be pulled into position or lowered for disconnection without damaging 

the cable at the termination point. 

Firstly, the outer jacket needs to be removed to a certain length to expose the resin infused 

layer.  The split clamp is then placed over the resin infused layer and bolted together using 10 

off M14 cap screws and shown in Figure 3.  Torque value for these bolts will be determined 

when sample is available. 

 

 

 

 

 

Figure 3. Strain Termination Clamp 
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Once cap screws have been fully tightened then the strain termination body is slid over the 

clamp from the cable side and to hold this body in place a modified 12” 150# blind flange is 

attached using 12 off M20 cap screws.  See Figure 4 below. 

 

 

Figure 4. Strain Termination Assembly 

A sectioned view of the overall strain termination assembly can be found in Figure 5 below: 

 

Figure 5. Cross Section of Strain Termination Assembly 
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3 Strain Termination Testing 

The new strength member design is a first for dynamic cables and is unproven. The prototypes 

parts have been designed to support fatigue and loading tests (figure 6) and will form part of 

the cable test activity carried out at the The Dynamic Marine Component Test facility (DMAC) 

on a purpose built test rig with the objective of replicating the forces and motions that the 

assembly will be subjected to in the offshore installation. The cable test parameters have been 

predefined and HB have taken the opportunity to incorporate the new strain termination 

assembly into this test and considered a realistic test of its designed functionality. The results 

of these mechanical tests will be reported within the document D.5.6 about mechanical power 

cable characteristics, which will be elaborated by The University of Exeter. 

On successful completion of the test the test samples will be inspected and re-submitted to 

the tensile characterisation testing which will be carried out by Fulgor (WP3 leader) in their 

facility in 2021, this will allow a full loading assessment of the strain termination system to be 

completed and determine the safety margin applicable to the installation. 

 

 

Figure 6. Test Configuration 
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3.1 I Tube Hang Off & Release Mechanism 

Once the pull head has been positioned in the I tube, it is held in place using a ring of hydraulic 

quick release nut assemblies, which are tightened and released using an external power source 

and can be locked and released manually or set up to be released remotely. The control 

mechanism for this will need to be integrated into the device control system for remote 

activation in bad weather or a breakaway scenario.  

Each of the hang of mounting bolts will be fitted in position using a hydraulic locking 

mechanism, thee offer a quick connection capability and allow a quick disconnect and the 

facility to incorporate an emergency release trigger. Any thread damage on the stud bolt does 

not impact the installation and removal of the LockNut in service. 

 

 

 

Figure 7. Lock Nut Mechanism 
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Each of the 16 bolt locking mechanisms will be position onto the locking ring (figure 8) fitted at 

the top of the I tube to enable quick alignment and fitting during installation, they will all be 

hydraulically connected in parallel allowing them to be able to provide a synchronised release 

in an emergency breakaway scenario.  

 

 

 

Figure 8. Hydraulic Mechanism in Location 

For the system to function there are some support facilities required (fig 9), the items shown is 

Purley representative and any variant of these items can provide the required operational 

results but should be considered as part of the platform facilities. 

The system offers both a reduced installation time and the benefit of an emergency release 

system in the vent the device breaks loose from its anchor lines but also the benefit of quick 

connection and disconnection. 

Basic Operations: 

• Signal is sent to solenoid valve to release pressure from accumulator. 
• Hydraulic cylinders on lockNuts are energized and pull collars to release 

threaded segments from bolts. 
• Weight of assembly below the 18” flange pulls the lower flange and bolts away 

from the top flange and assembly drops down the I tube to the ocean floor. 
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Figure 9. Release System Facility Support Equipment 

 

4 RELEASE MECHANISM TESTING 

The release mechanism has been tested to an agreed plan which demonstrates their capability 

and verifies the functionality of the solution. 

The units were tested on a pre-configured flange to replicate the installation, two test samples 

of the quick release nut were built and submitted to the testing. 

The quick release nut can be screwed onto any standard stud and tightened using any suitable 

torque wrench (or bolt tensioner), an automated hydraulic torques wrench was used during 

the test to validate the installation time proposed in table 1. 

The main purpose of the test was to validate that it is not necessary to loosen the nut for 

release in the conventional way and that instant release was possible. 

All the internal components of the Rapid Release Nut are contained within the body of the nut. 

After the cylinder has returned to zero stroke after release the test has proven that the Rapid 

Release Nut can be refitted and used again immediately without any intervention. 

The second test utilised two release nuts connected in parallel. 

Test Details  Notes 

Installation and release cycles 10 x cycles on multiple samples 

repeating of the installation 

tightening and the emergency 

release operation 

The testing will be recorded on 

Video. 

Load testing of the lockNuts The test units will be tested 

individually to represents the 20-

ton maximum load expected 

across the 16 lockNuts in the 

installation 

Testing will be recorded and 

witnessed by the HB team prior 

to acceptance. 

Table 1. Lock Nut Testing 
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Individual quick release nut test sequence. 

1. Screw quick release nut No 1 onto torque test rig bolt by hand & hand tighten. 
2. Connect hydraulic hose to cylinder. 
3. Connect hose to hand pump via high pressure ball valve and double acting hydraulic 

cylinder (the double acting cylinder will act as a high pressure reservoir). 
4. Ensure high pressure ball valve is in the closed position. 
5. Pump up the Double Acting Cylinder to 8000 psi 
6. Apply torque to the nut using open wrench clicker wrench up to torque value 1 (see 

Table 2) 
7. Observe and report any noises or other issues. 
8. Stop and report to Engineering if necessary. 
9. DO NOT release torque. 
10. Quickly open the high-pressure ball valve to allow the oil from the double acting 

cylinder to flow into the Quick release nut. This will activate the release mechanism to 
open segments. 

11. Nut will release from stud. 
12. Repeat the above up to torque values 2,3,4,5 and 6. 
13. Repeat at pressure 7. 
14. Repeat at pressure 6. 
15. Set the air Pressure of the SpinTORQ air Prep Set to give Pressure 6. 
16. Tighten the nut using the 206 SpinTORQ to pressure 6 and repeat test 2 more times. 
17. Examine parts and report any issues to engineering. 
18. Repeat with Quick Zip No. 2. 

 

Multiple Quick Release Nut test sequence. 

1. Screw Quick release nut No 1 onto one bolt in the multi stud test flange. 
2. Screw Quick release nut No 2 onto one bolt in the multi stud test flange (leave one bolt 

space between the two test nuts). 
3. Hand tighten both nuts. 
4. Connect hydraulic hose to cylinder, then connect two nuts together using jumper hose 

with a single inlet feeding both cylinders. 
5. Connect hose to hand pump via high pressure ball valve and double acting hydraulic 

cylinder (the Double acting cylinder will act as a high pressure reservoir). 
6. Ensure High pressure ball valve is in the closed position. 
7. Pump up the Double Acting Cylinder to 8000 psi. 
8. Apply torque to both quick release nuts using open wrench clicker wrench up to torque 

value 6 (see Table 2). 
9. Observe and report any noises or other issues. 
10. Stop and report to Engineering if necessary. 
11. DO NOT release torque. 
12. Quickly open the high-pressure ball valve to allow the oil from the double acting 

cylinder to flow into the Quick release nuts. This will activate the release mechanism to 
open segments. 

13. Both quick release nuts will release from the studs simultaneously. 
14. Refit quick release nuts to studs. 
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15. Apply torque to both quick release nuts using the pneumatic SpinTORQ to torque value 
6 (see Table 2). 

16. Observe and report any noises or other issues. 
17. Stop and report to Engineering if necessary. 
18. DO NOT Release torque. 
19. Quickly open the high-pressure ball valve to allow the oil from the double acting 

cylinder to flow into the Quick release nuts. This will activate the release mechanism to 
open segments. 

20. Both quick release nuts will release from the studs simultaneously. 
21. Repeat 3 more times. 

 

Conclusion 

The quick release prototype nuts have clearly demonstrated that they can be implemented on 

a standard threaded stud and are capable of maintaining the desired installation torques and 

loading requirements. 

Safety of the installation is not impacted by the use of these devices as pressure loss does not 

impact the installation and is only required for the release of the system so in the event of a 

facilities fail they function as a normal securing nut. 

During testing it was determined that the prorotype solution could be implemented electrically 

as well as hydraulically dependent on the application and available facility support. 

Installation time proposed can be achieved which will have a major reduction over a standard 

installation or disconnection operation. The hydraulic release mechanism can be controlled 

and utililised for both emergency and normal operational disconnection operations. 

 

 

Figure 10. Quick Release Nut Test Samples 1 
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Table 2. Quick Release Nuts Results 
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5 INSTALLATION PROCESS 

The design focus has been about simplicity and minimizing operational time and effort, all of 

the components are designed to be pre terminate and prepared onshore prior to deployment 

of the cable and deployment of the turbine and require minimal input during the pull in and 

the connection process. 

The pull head assembly has been designed to 

be pulled up an I tube, the overall dimension 

have assumed that the floating platform I tube 

entry has been suitable designed to 

incorporate the largest cross section of 

conductor and cable expected in any 

application. 

Figure 11 represents the pull head assembly in 

its pull in configuration. The pull head 

combines three watertight sections 

manufactured from stainless steel and bolted 

together using conventional gasket technology. 

The purpose of the three sections is to allow 

removal within the floating platform where a 

limited head clearance scenario exists and 

allows each section to be physical handled and 

reduce the storage space required when not in 

use. The configuration will also require the 

addition of a bend stiffener once the analysis 

has been completed. 
 

Figure 11. I Tube Pull in Operation 



 

Deliverable 3.2 

NOVEL CONNECTOR SPECIFICATIONS AND LAB TESTS 

 

 
 

 

 

 

FLOTANT has received funding from the European Union´s Horizon 2020 

research and innovation programme under grant agreement No.815289 

Doc.Nº: 210329-FLT-WP3 –D3.2–V4 
Date: 26/03/21 

20 

Once the pull head had been lifted to the top 

of the I tube it is secured in place using the 

Hydraulic locking nuts to secure it in place 

(Figure 12). This stage of the process only 

requires alignment and activation of the 

locking collar to secure then the pull in wire 

can be disconnected and removed. It is not yet 

known what mechanism will be used for the 

lifting activity. 

The operation is based on previous floating 

platform experience using application of 

working knowledge and an understanding of 

the operational cost normally involved with 

similar application the physical lock in period 

could be done with 1 hour of effort excluding 

any operational surveys and safety assessment 

time normally attributed to offshore working. 

The secured device will require a Hydraulic 

activation method which can either be 

operated manually for planned installation and 

removal or automatically released in an 

emergency situation where the strain 

termination and connector will drop back 

down the I tube and can be recovered at a later 

period. 

The flange interface will also be suitable for 

mating with the proposed maintenance Hub 

which is still under review and will be provided 

in a separate specification later in the project. 

 

 

Figure 12. I Tube Locking Installation Process 
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The mechanical hang off and strain termination 

are securely held in place and will withstand a 

maximum load of 20-Ton, this level will be 

controllable through the hydraulic locking 

mechanism.  

At this time, no analysis has been completed 

that included details of the cable hang off 

loading and is planned for later in the project. 

Once The pull head section has been removed 

and exposed the pre terminated electrical and 

fibre optic terminations, tail length is limited so 

mating connector positions on the device 

platform need to be positioned and aligned in 

such a way that they will allow for an 

emergency breakaway if required. Fortunately, 

the electrical and fibre joints can be easily 

mounted on a support frame and positioned 

accordingly with variable breakaway loads 

implemented the infrastructure needs to be 

capable of supporting the cable weights but no 

excessive loading requirements. 

 

Figure 13. Pull Head Removal. 

 

 

 

The assembly that remains in service after 

installation consists of the strain termination, 

the break out chamber and the hang off and 

the electrical and fibre optic cables and 

connectors, at this moment in time there is 

potential for further fibre optic sensing cable 

built into the dynamic cable to exit through the 

strain termination but at the current time 

details of these are not yet available as ongoing 

manufacturing methods are under trials with 

the cable design team and these will be added 

when available. 

 

Figure 14. Electrical and Fibre Optic Connections 
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5.1 Installation Times 

Table 3 below gives an overview of the expected installation times and should be used in 

conjunction with the cable handling and installation process D6.2 to determine the full 

operational schedule for the floating turbine connection. The table does not include testing 

time as this is dependent on the platform commissioning team and varies device to device. 

 

Description  Calculated time Note 

Installation and torqueing of 

quick release LockNuts with 

Pneumatic wrench 

9 minutes Using the Pneumatic tool, it only 

takes 34 seconds per bolt 

Connection of pneumatic lines 3 minutes Time dependent on distance and 

access 

Charging the system 1 minutes Automated process on power-up 

and self-monitoring. 

Release of Hydraulic lockNuts 

and flange connection 

 

2 Seconds This can be initiated in many 

ways either directly or remotely 

and either in emergency or as 

part of the disconnection 

process 

Removal of the pull head covers 10 Minutes Assumes access is available. This 

can be reduced further using 

impact tools. 

Connection of the 3 x MV 

electrical connections 

5 minutes per phase Assumes the electrical joints 

have been suitable positioned 

and includes time to mate and 

replace the holding screws with 

the breakaway screws for 

emergency use if required. 

Connection of the HDM Fibre 

optic Connector 

3 Minutes This includes time for cleaning 

Table 3. Installation Times. 
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6 ELECTRICAL & FIBRE OPTIC TERMINATIONS 

The electrical and fibre optic connection will be made using existing in service product as there 

would be no way to design new products within the project constraints and these would 

introduce an unknown level risk to the project without offering any benefit to the LCOE. Hydro 

Bond have extensive renewable design and installation experience in the renewable filed and 

use a conjunction of in house designed product and partner with external supplier. Within the 

renewables application we use Pfisterer products as a base and apply agreed modification to 

give us the extra functionality and performance we need to maintain reliability.  

Fibre optic connector 

The fibre optic connection system is the Hydro Bond HDM208-12FOP break away connection. 

The connector can be utilised as a standard mate de-mate mechanical coupling connector but 

has a built-in capability to allow the couple to break free and disconnect the system when the 

coupling load exceeds the applied breakaway force. The design is capable of withstanding full 

open face pressure and can be reconnected without any damage to the existing components. 

 

Figure 15. HDM 208 – 12FOP 

Electrical, Optical and Environmental: 

Optical paths: 12 

Typical Insertion Loss: 0.5db/pair 

Typical (SM) Back Reflection: < - 30 dB return 

loss 

Mated Depth Rating: 3,450 MSW 

Temperature Rating: -20 ° C to +60 ° C 

 

Standard Material Specification: 

Body: 316 Stainless Steel 

Fix Ring: Aluminium Silicon Bronze 

Optical Ferrule: Ceramic 

Optical alignment sleeve: Ceramic 

Insert Material: Peek 

Optical Tails: Simplex ruggedised X 
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Electrical connectors 

The MV electrical connector being applied to this system are standard parts provided by 

Pfisterer which will have small modification made to incorporate the ability to break free 

under load in the event of an emergency release. The release technology is taken from Hydro 

Bond existing breakaway connector technology and has been proven in service. Hydro Bond 

have a history working with the Pfisterer products modifying hand apply them to our range of 

HRC renewable connector range. The latest SEANEX product has now completed qualification 

up to 72KV and is approved for offshore use, specifically inter array applications.  

 

Figure 16. SEANEX – 72Kv Connector 

Size 3A / SEANEX up to 72,5 kV 
Type designation plug-in dry type cable termination 
Applicable standards EN 50673:2019 
IEC 60840:2011 
Environment Conditions 
Working place offshore 
Atmosphere pressure not limited 
Environment temperature -25 .. +50°C 
up to -45°C on request 
Max. humidity 90 % 
Electrical levels 
Rated voltage 66 kV 
Highest voltage 72,5 kV 
Rated design voltage to ground 36 kV 
Electrical test level of the type test (IEC 60840:2011 
and internal standards) 
Current 
Max. current rating same as cable up to 1250 A 
Max. thermal short circuit current (1s) 60 kA 
Max. thermal short circuit current (3s) 40 kA 
Max. dynamic short circuit current 150 kA 
Stress control 
Field control method geometrical 
Type pre-molded 
Material silicone rubber 
Production method injection moulding 
Termination housing 
Bell flange metal housing, touch proof 
 

Contact system 
Material Cu or Al 
Diameter over conductor RM stranded 
circular 17.5-36 mm 
Conductor size 35-800 mm² 
Diameter over conductor RE solid circular 
10.5-36 mm 
Conductor size 95-1000 mm² 
Diameter over conductor RF super flexible 
6.5-29.5 mm 
Conductor size 25-500 mm² 
Connection method compression 
Cable type 
Type polymeric cables, EPR 
Screen type wire, tape, lead alloy 
Diameter over insulation 26-55 mm 
Dimensions of the termination 
Length outside the socket (approx.) 500 mm 
Weight of the separable connector approx. 
3.5 kg 
Installation 
Site condition protected against rain and dust 
Installation work by certified fitters 
Installation temperature range 0 .. +45°C 
Storage 
Guaranteed period after shipment 1 year 
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7 PRESSURE SEALING 

Between the flanges of the pulling head, dry chambers and breakout chambers a PTFE gasket 

is used.  The 1” 7 UNC bolts and nuts are torqued to 250Nm in a standard pattern as shown in 

Appendix ‘A’. 

For the conductors and fibre optic cable exiting the breakout chamber a compression seal is 

used as stated in section 2.  An example of a compression seal set up is shown in Figure 17 

below: 

 

 

 

 

Figure 17. Compression Seal 
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8 DIMENSIONS AND WEIGHTS 

 

 
Figure 18. Pull in Configuration Dimensions 

 

 
Figure 19. Strain Termination Dimensions 
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The estimated weights of the components that make up the Hang Off system is shown in the 

table 4 below.  These weights have been generated using Inventor software. 

 

Hang Off System Weights 

Component Weight (kg) 

Pull Head 83.3 

Dry Chamber (each) 100.5 

Break Out Chamber 223.5 

Strain Term Assembly 150 

Bolt 1” 8UNC (each) 0.86 

Nut 1” 8UNC (each) 0.21 

Pfisterer Connector (each) 3.5 

HDM208-12FOPS Connector (each) 1.89 

Bolt 1 1/8” 7 UNC 0.89 

TOTAL WEIGHT 735.79 

Table 4. Hang Off System Component Weights. 

The total weight is calculated by: 

• 1 off Pulling cap. 

• 2 off Dry chambers. 

• 1 off Break out chamber. 

• 1 off Strain termination assembly. 

• 12 off 1” 8 UNC bolts per 12” flange.  4 Flange joint assemblies = 48 off 1” 8 UNC bolts. 

• 12 off 1” 8 UNC nuts per 12” flange.  4 Flange joint assemblies = 48 off 1” 8 UNC nuts. 

• 3 off Pfisterer connectors (1 per power core). 

• 1 off HDM208-FOPS for fibre optic cable. 

• 16 off 1 1/8” bolts that are used in the quick release system. 


