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Abstract : The design of offshore plants should reflect the various requirements of the owner and the classification society. For a topside module

mounted on an offshore structure, the design process is very demanding because of the large spatial constraints and the many requirements related to
marine environmental conditions and safety such as the movement of the structure. In this study, the load acting on the hydraulic power unit, which is
one of the main equipment in the topside module, was calculated according to the DNVGL rule; the structural safety was evaluated according to each
load condition and the structural reliability of the developed product was improved. For structural analysis, MSC software was used, and structural
analysis was performed under five load conditions to review structural safety for various movements. The results show that the maximum stress occurred
during pitching toward the stern (Load Case 5). The stress level was approximately 85 % of the allowable stress, and the maximum deformation was
approximately 5 % of the allowable value. The structural safety was confirmed, and no intermember interference occurred.
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Nomenclature

a, : common acceleration parameter

@, : acceleration along the ship’s longitudinal axis [m/s’]
@, : acceleration along the ship’s transverse axis [m/s’]

: combined vertical acceleration [my/s*]

a,, : longitudinal component of the pitching acceleration [my/s’]
a,, : vertical component of the pitching acceleration [my/s?]
a,, : transverse component of the rolling acceleration [m/s?]
- vertical component of the rolling acceleration [m/s’]
a, : surge acceleration [m/s*]

a, : sway acceleration [mys’]

: surge acceleration [m/s?]

B : moulded breadth [m]
D : moulded depth [m]
Cg : block coefficient
Cw : wave coefficient

fi : material factor

go : standard acceleration of gravity [m/s’]

, - acceleration distribution factor
L : Length of the ship [m]

Loa : Length overall [m]

Lep : Length between perpendiculars [m]
M : mass [ton]

T : mean moulded summer draught [m]
Tp : period of pitch [s]

Ty : period of roll [s]

¢ : roll angle [rad]

0 : pitch angle [rad]

o, : Yield stress

Ouliow - Allowable stress

; © Actual stress
o, : Equivalent stress (or von Mises stress)
01,0y : Normal stress

7T : Shear stress
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Table 1. Principle dimensions of HPU

Parameter Unit Value
Length mm 2,250
Height mm 2,500
Width mm 2,650
Working Pressure bar 200
Design Pressure bar 280
Oil Tank Weight kg 1,940
Accumulator Weight kg/ea 170
Motor Weight kg/ea 249
HPU 58 F2ES 0 448 AsH) s 34e
HS S7HA 7171 $18ke] 2709 FlangeE 7HA= “wrab @7
©] Channel& AHE-3}1 T} Channel®] 845, 22} ¥4 2wl
Eo} W ASFE Table 29 2l mdh 7bze] RS
ASTM A283 Grade A3 A7} AH&-H R15L, Al 5 54 %] = Table
39} Ztt
Table 2. Geometric properties of structural members
Moment of Section
Dimension (mm) Inertia Modulus
(cm’) (em’)
HxB t t ol I L I | z. | Z,
150x75 | 6.5 10 10 5 861 | 117 | 115 | 224

Table 3. Material properties of structural members

Elastic | Shear Density | Poisson Yield | Ultimate
Type | Modulus | Modulus (ton/m’) | Ratio Strength | Strength
(GPa) | (GPa) (MPa) | (MPa)
ASTM
A283 200 80 7.85 0.25 165 310
GradeA

@ oil tank

e Accumulator

e No.1/2 Main Motor
@) Discharge Filter

o Re-circulation Motor

e Drip Tray

Fig. 1. Geometry Model of HPU.
3. +x=0HEd HIL

3.1 FxojAM

HPU 72514 € $la) 482209 A1831913L, Preost
Processor™ MSC PatranS Solver= Nastrang AF&-3}3)
6—]—3_/\ 1:11:-11_2 2-D Q,_/\o] 4;<-1;<4 /\}71.3_ (Quad4 2

43519 Fig 29} o] WAEIAT: Rdllo] Al&E T (Node)
o] 1= 2,907700] 3L, 485 AMZFQ A 241470 0] 3L, Bt X
A TEE A3 A4 242 MPC 84 U7 AFRE S
W 3]4S Linear Static 341¥H<l Sol 1018 A&sSlt)

(MSC Software, 2013; 2019).
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Fig. 2. Analysis model of HPU.

3.2 85 =¢H
+5sEs Adstrl gt AgTEREY Fo Ade
Table 47} 7222 FPSOE A slgith.

Table 4. Principle dimensions of FPSO

Parameter Unit Value
Lep m 320.0

Loa m 3452

L m 310.4

B m 58.0

D m 31.0

T m 15.5

Cp - 0.850

ANFTF2EY EAAY A (Freeboard)©] 3L, Topside

Module T+%7} Beam HE]Z o] 219, Green Sea®} 7S 3
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Fig. 3. Acceleration distribution factor.
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Table 5. Acceleration of each direction

Parameter Unit Value
a n/s? 3.05
a /s’ 1.48
a, m/s 2.75

A (1)y~(5)°l Wl Table 63} o] F 5714 St TS T+
Eo] &S AXetga o] #s HPUJ B =
—Z[‘o‘] :F‘JZ_QH@, g —[—zsg ],0:]1;]_

Table 6. Loading condition of each load case

Load

Cases Description ~ Conditions Py Py/P,

Cone 1 By Vgﬂ;al -56,486 .

CI:;Zdz PyrtPr Ra‘i?rgg 49,545 10,314

CI:;Z% PyrtPr léo}tlﬁ‘;” 49,545 10314

Coq  Paim Iz%f 56,486 5,024

CI:;ZdS PytPy P(iz};irn)g -56,486 -5,024
3.3 A=A

Aels TESRL At olell & SlA Alell %= HPU 73 8
o] AAxAL A ES BT TS

= EA47 9’]“[‘;“[‘]5] F8edS 23t IS A W
1 38 AAEA Keka gEE =, oy e gy d4-S
d| =3} 7] 0|t} von Mises ©] 2o Wh=W, von Mises & &
(Op)S EAZE 98-S BAS wf EA do]o] HAddA 9
H] &3 of| Y A] (maximum distortion energy)S WEMN= gkolth.
o] k& N(lz)g} 7ol zF XA A 37/e FH& E‘(normal
stress)F 37H2] A vh-2-Z(shear stress)O.Z T HFTE o] AL
AN WS 7]Fo R FAE At =9, A(13)3 2ol
A2 4= A tH(von Mises, 1913).

= \/(7% +o02—0,0, +37  [Nmn'’] (11

(011 *022)2 + (022 -
U'I'77L =

033)° + (053 —0y)?

2 (12)
+ 3+ 7+ 1)
— _ 2 2 2
Oym — 0 — \/0—1 + 09 = 0109 + 37—12 (13)
g,
fi= 538 (14)
Oallow — Oc = 180f1 [N/mmz] (15)
Oact < 180/, [N/mnr’] (16)

wpebA], HPUS] -3 5-21 o] 357 %(Yield strength)7} 165
N/mm?o] 2 2)(14)e]l we} HPUS| Material factor(fl)s T
T UL T g2 07027 Ak HEA o' 51852 2(15)
off o&) Aske 4 9lal HPUL 3] 8822 126.38 N/mm’©|
o xS FalA AlRbE Al S HFk(Actual stress)S
216)e] WHAA o7 T2 S H7HSTHDNY, 2016).

3.5 3 8H
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Azt 715N (plate) ] Ha 1HA S UER Zlolth =,
T2A S F57] el skl 9 g MEo] 66.0 mm
o]a}7} ¥ ojoF g ojm| gt}
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Fig. 4. Distance between HPU supporting structure and plate.
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Fig. 5. The evaluation point of HPU supporting structure.
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A atAdshe B A ~G)elA & 5 ARl 4 shEs
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Table 7. Comparison between allowable values and maximum values

Load Cases Allowable sztresses Maximum 2stress Stress / Allowable Allovyable Mmdmm
[N/mm?] [N/mm] Ratio Deformation [mm)] Deformation [mm)]

Load Case 1 126.38 118.44 0.937 66.0 3.24

Load Case 2 126.38 102.79 0.813 66.0 2.76

Load Case 3 126.38 113.57 0.899 66.0 2.97

Load Case 4 126.38 122.92 0.973 66.0 3.37

Load Case 5 126.38 123.68 0.979 66.0 3.40
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Fig. 6. von Mmises stress results of Load Case 5.
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Fig. 7. von Mises stress of each load case of “A” position.
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Fig. 8. von Mises stress of each load case of “B” position.
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Deformation of "A" Position
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Fig. 9. Deformation of each load case of “A” position.

Deformation of "B" Position
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Fig. 9. Deformation of each load case of “B” position.
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