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[bookmark: _Hlk205566991]Abstract. This paper evaluates the feasibility of using an In-Line Tensioner (ILT) as an alternative to conventional topside tensioning systems for FPSO mooring lines. The ILT is installed directly on the mooring line and eliminates the need for topside winches and chain stoppers, reducing CAPEX and minimizing deck space usage. Numerical simulations are conducted to assess the ILT's performance in different positions along the mooring line, focusing on tension behavior, fatigue life, and overall system viability. Results show that placing the ILT closer to the seabed reduces operational risks and dynamic loads, though challenges remain regarding maintenance and long-term durability.

Keywords: mooring line tension, in line tensioner, FEM, offshore installation.
Introduction
After the mooring system is connected to the FPSO, it must be tensioned. This paper focuses on the tensioning system, proposing a variation from the traditional setup and analyzing its feasibility. The topside mooring system consists of the equipment installed on the FPSO itself. These components are responsible for holding, tensioning, storing slack mooring lines, and reducing fatigue on the mooring lines during both installation and operation.
In Brazil’s offshore industry, the installation and maintenance history of topside systems has highlighted some key challenges: high installation costs, the need for personnel onboard (POB) during both installation and maintenance, high maintenance costs, equipment failures due to lack of maintenance, and delays in FPSO deployment caused by these issues.
The use of an in-line tensioner (ILT) aims to solve these problems. Being external, the ILT does not occupy deck space and eliminates the need for topside equipment. Its construction also reduces project risks related to FPSO construction schedules.
This study aims to analyze the characteristics and feasibility of the ILT in different positions along the mooring line, focusing on tension distribution, fatigue life, and technical viability. Numerical simulation tools are used to assess the impact of this alternative tensioning system on the structural behavior of the mooring line.

In-Line Tensioner
In-line tensioning systems are installed using vessels equipped with winches. The ILT is not a topside device; rather, it is a permanent component installed directly onto the mooring line. The ILT acts as a single-sheave pulley, with the anchor serving as the fixed point [1].
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Figure 1: Comparison between conventional system and in-line tensioner [1].
Equipament Description
The device essentially consists of a chain stopper installed along the mooring line, with tension adjusted using a support vessel. Figure 2 shows details of the ILT proposed in patents [2] and [3], where the mooring chain passes through the equipment.
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Figure 2: Subsea tensioning system comparison from two patents [2] left, [3] right.

Figure 3 illustrates a sequence of activities for mooring hook-up using an ILT and ROV, as proposed in [2].
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Figure 3: Installation and tensioning sequence for mooring system [2].
Tensioner Models 
This type of mooring system has been studied and applied by several companies in offshore installations.
SBM, in collaboration with Shell, developed a disconnectable turret buoy for the FPSO Turritella in the Stones Field, Gulf of Mexico (2016) [4].
Scana developed a tensioner for the HyWind Tampen offshore wind farm project in Norway, to be installed at mid-depth using a support vessel and ROV [5].
Flintstone/MacGregor Norway developed a subsea tensioner mooring system for the Vito project, a semi-submersible platform moored with 12 lines [6].
Economic Feasibility Analysis
Some advantages are expected when using the In-Line Tensioner (ILT), as it is a less complex piece of equipment and does not occupy space on the platform deck.
Below is a qualitative comparison of relevant characteristics for a mooring project:
· Positive: CAPEX, maintenance, POB, impact on vessel positioning, tensioner maintenance;
· Neutral: Technology readiness, OPEX, impact on construction and assembly, supply history;
· Negative: Tension adjustment and top chain maintenance.
Simulation Scenarios 
From the available environmental conditions, the following were selected:
Database: Campos-revB
· Region: ShallowNorth
· Return periods: 10 and 100 years
The platform was modeled as an FPSO-type vessel. As a reference, Petrobras' P-78 platform (Búzios 6 project) was considered, including its location data and 24 mooring lines.
To reduce computational cost, simulations were run only for the most critical environmental cases: C4 (E10), C5 (SE10), C7 (SW10), and C8 (W10).
Table 1. Load Cases chosen for simulation.
	Load Case
	
	
	Coord. S
	Depth

	C4
	E10
	E_10
	E_100
	E_100

	C5
	SE10
	SE_10
	SE_100
	SE_100

	C7
	SW10
	SW_10
	SW_100
	SW_100

	C8
	W10
	W_10
	W_100
	W_100

	C4
	E10
	E_10
	E_100
	E_100



To identify critical cases, the model was simulated using the Config_Prosim file, allowing critical cases for each line to be determined without generating full results. This approach reduces processing time and storage requirements by focusing only on critical cases for full simulations.
Mooring System Description with ILT 
The external tensioner (ILT) was modeled as a short chain segment with concentrated mass (4.0 m), to represent dimensions and weight similar to commercially available units.
Like other accessories, the ILT must not be the weakest point in the mooring line, and must withstand extreme loads, fatigue, and corrosion throughout its service life. Once installed, it should remain deep enough to minimize corrosion and marine growth.
This study evaluates the feasible conditions for ILT application, particularly its position along the mooring line. Four positions were simulated: right below the top chain, two locations along the polyester rope, and above the bottom chain.
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Figure 4: Simulated ILT positions along the mooring line.

The added weight of the ILT imposes extra loads, especially under harsh environmental conditions. The hanging tensioner can cause dynamic motion, potentially affecting top tensions as well.
Table 2: Configurations simulated by ILT position.
Table 2. Configurations simulated by ILT position 
	Configuration
	Coord. S
	Depth

	0
	-
	-

	1
	170
	135

	2
	1170
	830

	3
	2170
	1490

	4
	2870
	1930
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Figure 5: Mooring line forces for each simulated configuration.
These curves (Figure 5) represent envelopes, showing the maximum force (kN) reached at each point along the mooring line. They do not reflect a specific simulation time step. Generally, the curves behave similarly, with abrupt changes where materials shift: chain to polyester near the top and polyester to chain near the bottom. At the bottom chain, force variation becomes non-linear due to seabed contact.

Consideration on Positioning
Configuration 1 most affects the catenary, reducing the top angle. It also requires the support vessel (e.g., AHTS) to be closest to the FPSO (approximately 110 m) for installation and maintenance operations.
Configurations 3 and 4 allow the support vessel to remain farther from the FPSO, making operations safer. The increased spacing between tensioners also enhances safety during interventions (installation and maintenance) and in the event of line failure. These positions also have a lower impact on the top angle of the mooring lines connected to the FPSO.
To examine this further, the behavior of mooring line #22 (with the highest tensions) was analyzed, showing peak load variation for different configurations.
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Figure 6: Variation in forces according to simulated configurations.
Across all critical cases and mooring lines, it was observed that the configuration where the ILT is closest to the seabed (S = 2870 m) produces loads most similar to Configuration 0 (no ILT).

Use of Tensioner Chains
Since the seabed is the most favorable location for the ILT, simulations included this configuration with an additional tensioner chain to assess its effect on the mooring line.
[image: Diagrama

O conteúdo gerado por IA pode estar incorreto.]
Figure 7: Tensioner chain during installation and FPSO lifetime.
A 150 m chain was added to Configuration 4, as a longer length is necessary for hook-up and tensioning during installation. Note that this tensioner chain is not part of the operational mooring line and should not carry load during the platform's lifetime. If feasible, it may be removed after installation.
A comparison was made between configurations using the ILT between the lower polyester rope and bottom chain, with and without the 150 m tensioner chain.
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Figure 8: Load comparison between Configurations 4 and 5.
The tensioner chain significantly impacts system loads, increasing them by approximately 25%. These values may be decisive for mooring system design. Cutting the tensioner chain post-installation may be a viable solution. 
Fatigue Simulation
For each ILT position, the four most critical load cases were simulated with equal probability (25%). As with tension analysis, Configurations 1 and 5 had the most adverse impact on fatigue life. Configuration 4 was the most favorable.
In all scenarios, the fairlead region showed the greatest fatigue damage—consistent with its known susceptibility to failure in conventional systems.
Conclusion 
The curves demonstrate tension along the length of the mooring lines. In all cases, significant tension drops occur after the top chain segment and at the ILT or tensioner chain location.
To mitigate failure risks in the top chain, it is recommended to use chains with diameters between 138 and 142 mm.
In designing each mooring line, it is preferable to place the ILT near the KS hook in deeper regions. This increases distance between the AHTS and FPSO during operations and allows use of smaller, lighter ILTs due to reduced chain diameter at depth. Deeper placement also reduces corrosion and marine growth effects.
External tensioning systems offer significant benefits, including lower CAPEX, elimination of topside winch maintenance, and replacement with fully submerged components (lower corrosion risk). However, such systems have lower technology readiness, requiring further investigation into maintenance, durability, and operability.
Technology Risk
Operational times are currently uncertain. Hook-up and tensioning speeds depend on available vessel resources and environmental conditions. A clearer understanding may be obtained by installing an ILT on an existing production unit's mooring line—e.g., where the chain stopper is operational but the winch is not—allowing for objective timing assessments.
In Brazil, where torpedo piles are commonly used as anchor points, vertical loads during installation or repair must be carefully analyzed.
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IGURE 10.13  Conventional system versus in-line tensioning system |[2].





image14.png
XLVI CILAMCE

XLVI IBERO-LATIN AMERICAN CONGRESS ON COMPUTIONAL METHODS IN ENGENEERING




