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Currently, shipyards are using ship block supports to hold various pre—erection (PE) blocks during ship construction work, The

height adjustment method of the ship block support is performed by workers hammering and driving the wedge part,

which

requires repetitive high—load work, Accordingly, there are concerns about musculoskeletal diseases and safety accidents, To
prevent safety accidents and improve work efficiency, this study developed a block support height adjustment device using a
hydraulic cylinder, It was designed considering the ease of movement of the block support height adjustment device and the
ease of adjusting the height of the block support by workers within the shipyard, Numerical analysis was conducted to confirm
the critical points of the structural members of the designed block support height adjustment device and to verify the safety of
the stress—based structure, As a result of the analysis, it was confirmed that the stress occurring at the critical point of the
structural member was lower than the design allowable stress, making it structurally safe, Afterwards, the block support height
adjustment device was redesigned for lightweight, and after verification of structural safety through numerical analysis, a

prototype was manufactured and performance evaluation was conducted,
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(a) Block support, (b) Pile driving
Fig. 2 Block support height adjustment device
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Fig. 3 Jig for adjusting the height of the LNG pump tower
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Table 1 Principal dimension of block support height adjustment

device
Dimension Jg Plate Bearing Bearin Pin
body plate 9
tendh 1 oo | 174 | 35 18 48
(mm)
Thickness | 4 | 18 | 95 175 | 75
(mm)

Table 2 Hydraulic cylinder specification

T5-520
Cylinder capacity btons
Stroke 200mm
Cylinder effective area 6.38cm
Oil capacity 140cc
Retracted height (A) 284mm
Extended height (B) 484mm
Cylinder out diameter (C) 38mm
Cylinder bore diameter (D) 28.5mm
Piston rod diameter (E) 25mm
Base to inlet port (F) 30mm
Piston rod internal thread 3/4-16
Piston rod thread length 16mm
Weight 2.2kgs
Pump 1B

Maximum pressure 700bar

Bearing plate

Hydraulic cylinder
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Fig. 4 Block support height adjustment device design
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Fig. 5 Block support & block support height adjustment
device design
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Fig. 6 Development flowchart of block support height
adjustment device
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(c) Height adjustment device & Block support

Fig. 7 3D model for structural analysis of block support : \\

height adjustment device ; ‘
1 e ]

[ shaft bolt 8] Plte ot 2
Fig. 10 Finite element method model of block support
height adjustment device
Table 3 Material property of block support height adjustment
v device
‘* Material properties SS275 SCM440
z x Young's modulus(GPa) 210 205
(a) Snaft bolt (b) Plate bolt Poisson’s ratio 03 0.29
Fig. 8 3D model for bolt analysis of block support height Tensile strength(MPa) 550 1,219
adjustment device Yeild strength(MPa) 275 1,100
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Boundary condition

(I Fixed Support

Fig. 12 Boundary condition

(B Frictional - Bolt To Hydraulic cylinder jig#Shaft1 (Contact Bodies)

[ Frictional - Bolt To Hydraulic cylinder jig#Shaft1 (Target Bodies)

[BJ Frictional - Plate To Hydraulic cylinder jig#Plate bolt L1 (Contact Bodies)
B Frictional - Plate To Hydraulic cylinder jigwPlate bolt L1 (Target Bodies)
(B Frictional - Plate To Hydraulic cylinder jig#Plate bolt R1 (Contact Bodies)
(@ Frictional - Plate To Hydraulic cylinder jig#Plate bolt R1 (Target Bodies)
. Frictional - Plate To Plate bolt R (Contact Bodies)
. Frictional - Plate To Plate bolt R (Target Bodies)
[ Frictional - Plate To Plate bolt L (Contact Bodies)
(B Frictional - Plate To Plate bolt L (Target Bodies)

Fig. 13 Contact conditions for block support height
adjustment device (bolt & plate)
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Pitch Distance 1. mm
Thread Angle leo.”

(a) Bolt M6

(B Frictional - Plate To Plate bolt R (Contact Bodies)

[ Frictional - Plate To Plzte bolt R (Target Bodies)

[ Frictional - Plate To Plate bolt L (Contact Badies)

[ Frictionsl - Plate To Plate bolt L (Target Bodiesy
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Interface Treatment Adjust to Touch
Contact Geometry Correction | Bolt Thread

Orientation Program Controlled
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Pitch Distance 125 mm
Thread Angle IEN
(b) Bolt M8

Fig. 14 Bolt thread condition
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(a) Structural analysis result of the block support height
adjustment device
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323.15

230.82
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13849

92.33
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A

(b) Structural analysis result shaft bolt
Fig. 15 Maximum von-Mises stress point

Plate Bolt
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39.328
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26219
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Stress : 58.991MPa

A

(a) Structural analysis result of the plate bolt
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(b) Structural analysis result of the pin

Stress : 113.420MPa
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(c) Structural analysis result of the plate
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Stress : 77.954MPa

(d) Structural analysis result of the hydraulic cylinder shaft
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i3 > Bearing plate
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(e) Structural analysis result of the bearing plate
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Bearing
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2.1456 Min . y
\\\ ,/// .
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(f) Structural analysis result of the bearing
Fig. 16 Structural analysis results of major members of block
support height adjustment device
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Table 4 Structural analysis results of block support height
adjustment device

Structural Yield stress Allowable Maximum
members (MPa) stress (MPa) | stress (MPa)
Shaft bolt 415.480
Plate bolt 1,100 733.333 58.991
Pin 42134
Shaft 77.954
Plate 275 183.333 113.420
Bearing 102.730
Bearing plate 55.288
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Fig. 19 Redesign of block support height adjustment device

Table 5 Information of redesign structural members

Structural Initial design Final design
members
Jig body
(thickness) 10.0mm 5.0mm
Plate
(thickness) 18.0mm 4.5mm
Bearing plate
(thickness) 9.5mm 4.5mm
Bolt M6, M8 M6
Fig. 18 Block support height adjustment performance ( Pinth) 48.0mm 38.0mm
evaluation g
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411.88 Max
366.11

32035

274.59

22882

183.06

137.29

91.528
45.764
5.0619%-5 Min

Max stress : 411. 880MPa

(b) Bearing & block support plate

[ Frictional - Shaftwshaft To Hydraulic cylinderydraulic cylinder (Contact Bodies)
I Frictional - Shaftwshaft To Hydraulic oylinder#hydraulic cylinder (Target Bodies)

(a) Structural analysis result of redesigned block support height
adjustment device

U
' 411.88 Max
;ﬁ 366.12

32036
2746

22884
183.08

| Stress: 411.880MPa

(c) Hydraulic cylinder & shaft 1722
45.801
[l Fricticnal - Multiple To Wedge1 1 {Contact Bodies) 0.041147 Min
[l Frictional - Multiple To Wedge11 (Target Bodies)

A

(b) Structural analysis result of the M6 shaft bolt

Fig. 21 The maximum von-Mises stress point of the redesigned
block support height adjustment device

Table 6 Structural analysis results of the redesigned block
support height adjustment device

: Structural Yield stress Allowable Maximum
_——— 1 g members (MPa) stress (MPa) | stress (MPa)
L Shaft bolt 1,100 733.333 411.880
B - | . Pin 42 .446
2 Shaft 160.070
(e) Block support & wedge Plate 275 183.333 143.820
Fig. 20 Contact conditions for redesigned block support Bearing 80.036
height adjustment device Bearing plate 167.050
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51,105 Max
477

38329 Displacement : 5Tmm
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4

25552
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L
(a) +X axis displacement of the block support height adjustment
device

A: Static Structural
Directional Deformation 2
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Fig. 22 Displacement of block support and block support
height adjustment device
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Fig. 23 Weight of the prototype of the redesigned block
support height adjustment device

Fig. 25 Performance evaluation of redesigned block support
height adjustment device
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Table 7 Performance comparison of block height adjustment

devices
Performance item Pile driver . Heignt )
adjustment device
Weight About 90kg About 8.7kg
Operating method Works Hydraulic cylinder
Performance 1mm/30s 1mm/2s
Manpower 2~3 workers 1 worker
Work noise 97~102dB 30dB
Mobility Forkift or Workers
workers
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xlofl vlsll M2 olHo=Z O wEH =0|& =HE = U20d, &
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Table 8 Structure analysis results of block support height
adjustment device(von—-Mises stress)

(unit : MPa)
Structural members Initial design Final design
Shaft bolt 415.480 411.880
Plate bolt 58.991 -
Pin 42.134 42.446
Shaft 77.954 160.070
Plate 113.420 143.820
Bearing 102.730 80.036
Bearing plate 55.288 167.050
F 7|
= IH(ZRE) = 20243 nsFe| MUSE Sh=oATAcH
o| X|glg ol S XIXH-THE B2{7|ut K|ofsial Ao

(EFHMYEHE  2021RIS-002).
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