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Abstract - The recovery system, which is the subject of this study, is installed in ships or offshore structures. This system is equipment
that launches or recovers equipment and cargo. The load generated in the centrifuge recovery system causes damage to the parts and
supports of the centrifuge recovery system. This can lead to serious problems when recovering. Therefore, it is necessary to examine the
stability of the structure against the applied load. Verification is essential for the design phase.
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1. Introduction

The PTC recovery system is installed on a ship or an offshore structure to launch or recovery equipment and cargo. Due
to the nature of the product, the ship runs up and down under sea conditions (Sea state 6: more than + 4 meters) under sea
conditions due to the influence of wave during underwater operation because it is driven from deep and deep sea. Therefore,
the acceleration of the heave and the surge which have a great influence on the ship is calculated by the load combination
based on the data of "Ship Motion and Attitude, DOD- STD- 1399 (NAVY) SECTION 301A" was evaluated

2. Structural analysis

2.1. Geometric and finite element models
The winch of the true recovery system is the main winch and guide winch. These are the main devices of the PTC

system. The geometric model and the finite element model of the main winch of the PTC recovery system are shown in Fig.

1 respectively. The finite element model was created as a 3-D 8-node structural solid type using the commercial program

ANSYS.
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Fig. 3: F.E. model of ICT system (Main winch & guide winch).

Table 1: Material properties.

Densit oung's modulus . , . Yield stress
Component (kg /m33)/ y %MPa) Poisson’s ratio (MPa)
DRUM SHELL 7850 200,000 0.3 353
PINS, GEAR, PINION 7850 200,000 0.3 833
DRUM SHAFT 7850 200,000 0.3 215

2.2. Sea state

"Ship Motion and Attitude, DOD- STD- 1399 (NAVY) SECTION 301A"[1] shows different application acceleration
depending on the sea condition. This shows the roughness of sea level waves divided into 10 grades. It is divided into
classes in the World Meteorological Organization sea state code (WMO). In this study, the harshest conditions, the wave
height above 14 meters, were applied.
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State of the sea Swed
'(l;:):e H:‘{:’ Description :"\J:; Description

0 0 | Calmglassy) 0 l No swel

| 0 —Vl).l | Calm (nﬁlM) ‘ Very bow (short and low wave)
2 | 01-05 | Smooth {waselets) 2| Low (fong and low wve) —
1 05-125 | Shght | Light (shoet and moderate wave) /?’
4 | 125-25 | Moderate 4 | Moderate (merage snd moderate wave) (,‘T;" yaw
5 25-40 | Rough 5 Moderate rough (long and moderate wave) Z
& 40-60 | Very rough 6 i Rough (short and heavy wave)
7 6.0-90 | High 7 High (average and heavy wave)

& | 90-140 | veryngn T & [ Very high fong and hemy wave)

] Over 140 | Phenomenal 9 Confused (wave length and hexght iIndefinablle)

Fig. 4: The type of ship motion.

2.3. Boundary Condition

The boundary conditions of the true recovery system are fixed when the lower fixed part comes into contact with the
vessel. Therefore, all the degrees of freedom were constrained in the lower fixed part of the analysis. The maritime state is a
harsh condition, Sea State 8. At LBP 46-76 m, the Heave motion is 0.6 G (G = 9.8 m/s) and the Surge motion is 0.3. Therefore,
three load conditions were combined to form and apply the same load case as Table 2. All degrees of freedom are restrained
in the fixing area of the bottom of the winch.
Load C is applied by defining the weight and gravity density structure of each structure. Load D is the acceleration data of
the vessel motion according to "Ship Motion and Attitude, DOD- STD-1399 (NAVY) SECTION 301A"[1]. This is shown
in Table 3.

Table 2: Heave and surge motion parameters for calculation.

Sea state LBP meters Heave acceleration (g) Surge acceleration (g)
less than 46 0.4 0.25
46-76 0.4 0.20
7 76-107 0.4 0.20
107-152 0.3 0.15
107-152 0.2 0.15
Greater than 213 0.2 0.10
less than 46 0.6 0.35
46-76 0.6 0.30
3 76-107 0.6 0.30
107-152 0.5 0.25
107-152 0.4 0.25
Greater than 213 0.2 0.10
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Table 3: Load combination.

Load Main winch: Force(160,776N) Main winch: Gravity(12,196kg) Acceleration
Case Guide winch: Force(112,461N) Guide winch: Gravity(17,000kg) Vertical Horizontal
1 o o
2 o o +
3 o o -
4 o o + +
5 (@) o) - +
6 o o + N
7 o o -

2.3. Analysis result
The results of the structural analysis for ICT system winch shows the maximum stress though the all load cases.
The maximum stress of the pins are 299.04MPa in load case5. This show the structure is satisfied the stress criteria.
The analysis results of the main winch are shown in Fig. 5 ~ Fig. 11

0 St Droct el € Copy of Stk Seravurs) |
Squasire Syw Fin it 54w
TGy (m MRS Sw 70 T (On VR S

2900 Ve
.

)

1n
ﬁ‘ L
LT

Fig. 5: Result of Equivalent Stress (LC1).  Fig. 6: Result of Equivalent Stress (LC2). Fig. 7: Result of Equivalent Stress (LC3).
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Fig. 8: Result of Equivalent Stress (LC4). Fig. 9: Result of Equivalent Stress (LC5).
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Fig. 10: Result of Equivalent Stress (LC6). ~Fig. 11: Result of Equivalent Stress (LC7).

Table 4: Result of PTC system main winch.

Load Case Max. (ﬁl\:’/a)s tress Y|el(dN? ;;e)ngth Safety factor Evaluation
LC1 260.11 833 3.20 O.K.
LC2 257.01 833 3.24 O.K.
LC3 278.71 833 2.99 O.K.
LC4 277.44 833 3.00 O.K.
LC5 299.04 833 2.79 O.K.
LC6 237.35 833 3.51 O.K.
LC7 259.11 833 3.21 O.K.

The analysis results of the guide winch are shown in Fig. 12 ~ Fig. 18
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Fig. 12: Result of Equivalent Stress (LC1). Fig. 13: Result of Equivalent Stress (LC2). Fig. 14: Result of Equivalent Stress (LC3).
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Fig. 15: Result of Equivalent Stress (LC4). Fig. 16: Result of Equivalent Stress (LC5).
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Fig. 17: Result of Equivalent Stress (LC6). Fig. 18: Result of Equivalent Stress (LC7).

Table 5: Result of PTC system guide winch.

Load Case Max. (ﬁ;a)s tress Y|el(dN? I;[);e)ngth Safety factor Evaluation
LC1 180.50 833 4.61 O.K.
LC2 178.26 833 4.67 O.K.
LC3 194.09 833 4.29 O.K.
LC4 200.81 833 4.15 O.K.
LC5 215.98 833 3.86 O.K.
LC6 156.94 833 5.31 O.K.
LC7 173.49 833 4.80 O.K.

4. Conclusion
In this study, the structural stability of sea conditions was reviewed. As a result of the analysis of a given load, the
maximum stress within the yield strength. Therefore, it is judged that the structural stability has been secured.
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