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A Study for Structural Stability Evaluation of
Out-rigger Davit for Launching Lifeboat

Kim, Ji Sun

Department of Mechanical Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Recently, as marine accidents increase, the attention in the safety on
the sea is rising. For this reason, the design rules about ship and
offshore platform are being tightened. Especially, in case of life saving
apparatus, the design of life-saving appliance is stricter than any other
marine equipment because it is directly connected to human survival.
Out-rigger davit is one of the derricks for launching lifeboat installed
on ship and offshore platform that is largely composed of davit frame,
winch and other accessories. When emergency occurs, it helps rapid
escape for crew because it is always fixed by projecting outboard unlike
general davit. But, due to this feature, it is structurally unstable. so,
there is no research and development study domestically until now.

In this study, the evaluation method is presented for check on
structural strength for out-rigger davit. All evaluation procedures about

davit components are based on LSA(nternational Life-Saving Appliance)

- viii -
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code. and additionally other rules are applied for accurate assessment.

At first, davit frame was evaluated through the computational analysis
using finite elements method. and, the conditions of LSA code and the
acceleration according to sea state based on DOD-STD-1399/301 are
applied. Evaluation standards are based on LSA code and AISC standard.
Next, the bolt connecting part that link the davit frames is evaluated
by strength calculation that is made by applying general structural
design formula and evaluation standard is based on LSA Code.

And winch and other accessories are evaluated by applying LSA Code,
AGMA standard and general structural design formula.

The structural analysis of out-rigger davit was conducted for verifying
structural strength. The evaluation was based on LSA code, AISC
standard, AGMA standard and structural design formulas. It is concluded

that the out-rigger davit is structurally stable.

KEY WORDS : Out-rigger davit oF22]+ twjHl; Life-saving appliance T
A1), Structural strength 2 7%, Marine structure 3| ¥+=%; FEM
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Fig. 1 Occurrence of marine accidents by year in korealll

Collection @ kmou



(a) Normal davit (b) Out-rigger davit

Fig. 2 Type of davit

B AT el obxElA gule Aol spEUEe] HXHo FRAL A5
El

© ZHloltt. Fig. 20 dukgoz F2 ARSE«= A Anlet obz-gjA tiuls
Ve QT QubRel FHA w2 Adu) 9 o—"r H] 79; Aloll Arme] Aol ¢33
O7F AF Al Arme A2 o)FAA IFsts WAl A N obxelA tiHlY 7:‘—‘%

Armo] H¢] Zoz 1gH o] glo] Be Fo TEEY oF glo] ME THYL 15T
o ok A e o] e PEA SHOE Qlste] ug I WA A, A&
bl a7k Abssht QubAQl 4 Al s 2 vgd F2E AYL 9
A 4A ) e Aol net Beaolth. PR ¥ THY A5 Al FA 7
WAook Bl A F AT del BT AT AWE Fhholof AT
2 & 90k 7 Axw‘;l;m

pacs
rﬁ

i

N o
2 rd'

q=

=2
> 8
U
ﬂ.LL.

e

o A | A
N
i
oX,
tlo
Jkﬁ

2
LIS
| T
(5
2 £
> O
o m
o
fto —‘N
o,
mlo
F.: L
o4
> M
m“i o
k
Jkﬁ
ro,
—Q mlo
do
r$£
:L
mlm
oﬁ‘:
Of

B AFAA = oA tiule] 72 5 HIHE fste] dAHQA Zy e dxF
3 gt Fr7hH 2 7lES AAEE T

2, LSA Code9] A3 ZAL w93t HAE A

A= HEPo] YA o Al

) S 53
tjatel LSA Code¢}t AISC StandardE %3

o

LD
r
2 &£

]_

Collection @ kmou



FAH AEHH B} 71Ee AYSATh EF H2Ed gd Aol o]
] s #AF 729 DOD-STD-1399/301¢ 278 sAAE 2 2ls) Bdsts 714
% 5L Hedle] I APolAE of2A o] T FAAL HRT YA
gelaid o Ze el 92§ B el T2 A% AL $HL ANFAT ol B

BrVs7) 93k 712E M7 938t LSA CodeE a3ttt

W43 AR olol2LE P Fi AX
RaEel T2 ATE dUSaem, 13 U AAeE Aol v ég—a.m
ol AGMAS| A met T2 FEF HAHAL 7ol o)9)e] R&EFS) thalAE
MEHOER Tx A AESE ALHS AW Al T2 = AL PHS
B8k LSA Codeol 2AF H7} 7122 A AT,

we
o
o
2
fru
Iz
sg
2
i
%
2
;9
r
ho

o

£ EUE 433 33 g4 2d e
1/}15}1410;1th 7} W8-S Table 19 2t=F3] YeEHATE Table 1014 Ly=
<, Fie 2H 9ol oal dA yiF 7ojo] FAwao g ALdE= 3, Sy=
FEAE, S A5 I =0l

re
-
o
o
S
=
%)
o
<
Mo
i)
X
=
P
o
e
A

r
==4

Fig. 3 Model of out-rigger davit
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Table 1 Summary of out-rigger davit analysis

Component Applied load Applied standard Evaluation
- 2.2Ly
- Position : .
. Static proof | - 0.9Sy,
D Upright load test | - L/360
2) 20° inboard list
3) 20° outboard list
LSA code
- 1L1Ly .
e Operational | - Si/4.5,
— load test | - L/360
20° list + 10° trim
Davit frame
- 1IL, Operational
o LSA code, load test,
- Position : . - 0.95,
. . DOD-STD | Acceleration L/360
207 inboard fist + | _1399/391 | 1oad(Ship
10° left trim .
motion)
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Component Applied load Applied standard Evaluation
. - /4.5
Bolt connection - 2.2Ly LSA code
- Si/4.5
- Allowble
stress
Gear - F AGMA Standard based on
Winch AGMA
standard
Drum
Pendant
eye
- Ly LSA code - Si/4.5 or 6
Sheave
Others )
pin
Suspension
link
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Fig. 5 Finite element model of out-rigger davit frame
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Table 2 Number of nodes and elements

Nodes Elements

1,235 670

obzg AthEl ZH slel A-8H A FEe SS4000]w EA A= Table 33 2o

Table 3 Material properties of SS400

Material 55400

Density (kg/m?) 7,860

Young’s modulus (GPa) 210

Poisson’s ratio 0.26

Yield strength (MPa) 245

Ultimate strength (MPa) 510
-8 -
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o
ATt
Table 4 Load conditions for static proof load test
» Gravity ) ) i )
Load case Position i Lifeboat weight Winch weight
acceleration
1 Upright
. 22ton
2 +20°  List 9.81m/s? 1.53ton
(10ton % 2.2)
3 -20° List
* List + / - : Inboard / Outboard direction
T4 2149 A5, F2EY SR AAS} dAE 7] wwel dEE FEol 23
o] HEE BE AFEE FEIIAT

<& Fig. 8¢} Fig. 9o et

£ Aoz FUSA A 8D & =
9 2o 20° AN Hof At

_11_

Collection @ kmou



Gravitational acceleration

Winch weight
(1.53ton) | = S el NS e

------

N 10ton * 2.2 = 22ton
I (11ton at each position)

Fig. 9 Constraint condition for static proof load test
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Table 5 Results for static proof load test simulation

Collection @ kmou

Maximum |
. Maximum Allowable Allowable
combined ) .
Load case deformation stress deformation Result
stress (mm) (MPa) (mm)
(MPa)
1 91.05 9.84 OK
2 45.66 4.39 220.50 21.39 OK
3 141.46 14.07 OK
- 13 -




A: Static proofiUpright)
Maximum Combined Stress
Type: Maximurm Cornbined Stress
Unit: MPa
Time: 1

91045 Max
78.896
06.748
54.599
4245
30301
18.152
©.0036
-6.1452
-18.294 Min

Fig. 10 Maximum combined stress of load case 1

A: Static proofiUpright)
Total Deformation

Type: Total Deformation
Unit: mm
Time: 1

59,8445 Max
8.7507
7.6569
6.563
54692
4.3754
3.2815
21877
1.0938

0 Min

Fig. 11 Maximum deformation of load case 1

_14_
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B: Static proofiInboard listy
Maxirnurn Combined Stress
Type: Maximurn Cormnbined Stress
Unit: MPa

Tirne: 1

45.661 Max
38.742
31823
24.903
17.984
11.064
41446
-2.7748
-0.6943
-16.614 Min

Fig. 12 Maximum combined stress of load case 2

B: Static proofiInboard list)
Total Deforration

Type: Total Deformation
Unit: mrn

Tirne: 1

4.3874 Max

3.8999

34124

— 2.9249

24375

B 1.95

—1 1.4625
097498

I 048749

0 Min

Fig. 13 Maximum deformation of load case 2

_15_
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C: Static proofiOutboard list)
Maxirnurn Combined Stress
Type: Maximurn Cornbined Stress
Unit: MPa

Time: 1

14146 Max
123.65
105.85
— 88.044

70.239

. 52435

— 34.63
16.826

I -0.97862
-18.783 Min

Fig. 14 Maximum combined stress of load case 3

C: Statik proofiOutboard list)
Total Deformation

Type: Total Deforrnation

Unit: mm

Tirne: 1

14.072 Max
12.509
10.945
— 9.3814

. 7.8179
6.2543
— 4.6907
31271
I 1.5636
0 Min

Fig. 15 Maximum deformation of load case 3
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Table 6 Load conditions for operational load test

Position Gravity . . . .
Load case lerati Lifeboat weight | Winch weight
List Trim acceleration
1 +20° +10°
2 +20° -10° 11ton
9.81m/s? 1.53ton

3 -90° +10° (10tonx 1.1)
4 -20° -10°

* List + / - : Inboard / Outboard direction, Trim + / - : Left / Right

219 AS, 72EY stEUE Ao ddEo] 7] wEel dAd" FiEo] £3
52 RE AHEE

Aol 13 e Alo)ze LAl 88 T4 =3 & Fig. 163 Fg. 170 1
o umA Aelzel B A FAAe] BN 2EtAY F g HE se2
=

_18_
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Gravitational acceleration

Winch wei ght
(1.53ton)

\\\\\

10ton * 1.1 = 11ton

UL A
(5.5ton at each position)

Fig. 17 Constraint condition for operational load test
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Table 7 Results for operational load test simulation

Maximum |
. Maximum Allowable Allowable
combined ) )
Load case deformation stress deformation Result
stress (mm) (MPa) (mm)
(MPa)
1 56.46 5.20 OK
2 58.02 5.80 OK
113.33 21.39
3 73.20 9.05 OK
4 76.69 9.32 OK
- 20 -
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D: Operational(LCL)

Maxirnurn Cornbined Stress
Type: Maxirnurn Cornbined Stress
Unit: MPa

Time: 1

56457 Max
49.304
— 42.151
— 34.999

27.846

! 20693

— 13.54
6.387

I -0.76587
-7.9188 Min

Fig. 18 Maximum combined stress of load case 1

D: OperationaliLC1)
Total Deforrnation

Type: Total Deforrmation
Unit: mm

Time: 1

5.1957 Max
4.6184
— 4.0411
— 34638
2.8865
2.3092
1.7319

1.1546
l 05773
0 Min

Fig. 19 Maximum deformation of load case 1

_21_
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E: OperationaliLC2)
Maxirnurn Combined Stress

Type: Maxirnurn Combined Stress
Unit: MPa
Tirne: 1

58.017 Max
50.668
43.319
35.969
28.62
21.271
13.922
65731
-0.77601
-8.1251 Min

Fig. 20 Maximum combined stress of load case 2

E: OperationaliLC 2
Total Deforrnation
Type: Total Deforrnation
Unit: mm

Tirne: 1

5.7978 Max
5.1536

O

L 4.5094

— 3.8652
3.221

F 2.5768

= 1.9326

I 1.2884

0.64419
0 Min

Fig. 21 Maximum deformation of load case 2

_22_
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F: Operational(LC3)

Maximum Combined Stress
Type: Maxirnurm Cornbined Stress
Unit: MPa

Time: 1

73.199 Max
63.587
54.541
45212
35.883

1 26.554
17.225
7.8961
-1.4329
-10.762 Min

Fig. 22 Maximum combined stress of load case 3

F: Operational(LC3)
Total Deformation
Type: Total Deformation
Unit: mrn

Tirne: 1

9.0476 Max

8.0423

7.037

6.0317

5.0264
4.0211

4 3.0159

2.0106

1.0053

0 Min

Fig. 23 Maximum deformation of load case 3
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G: OperationaliLC4)

Maxirnurn Comnbined Stress

Type: Maximurn Combined Stress
Unit: MPa

Tirne: 1

76.69 Max
66.907
57.124
47.341
37.557
27.774
17.991
§.2082
-1.5748
-11.358 Min

Fig. 24 Maximum combined stress of load case 4

09,3226 Max
5.2868
7.2509
6.2151
5.1792
41434
3.1075
2.0717
1.0358
0 Min

Fig. 25 Maximum deformation of load case 4

G: Operational(LCH
Total Deformation

Type: Total Deforration
Unit: mm

Tirne: 1

_24_
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Table 8 Conditions of load case 4 (Operational load test)

Position Gravity . . . .
oad case i ifeboat wei inch wei
Load Lifeboat ht | Winch ht
List Trim acceleration
22ton
4 -20° -10¢ 9.81m/s’ 1.53ton
(10ton x 2.2)

* List + / - : Inboard / Outboard direction, Trim + / - : Left / Right

Table 9 Applied acceleration load by DOD-STD-1399/301

Sea state Heave acceleration (g) Surge acceleration (g)

8 0.6 0.35

Table 94 AAE k7 #Zo] DOD-STD-1399/301¢] &3t W3k 714 =(Heave

=
acceleration) @ Al<=m] W&k 7} % (Surge acceleration)o] 7FE%E k5o A|AHo )

om, B dAFdAeE AA #9938 B IAF 2FoE Ve VISR dF5(Sway
acceleration)7}A] & ste] L 2E HI7IE FY3ATh Fig. 269 A4 6 AF= 5=

R 21T
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Fig. 26 Degree of freedom for vessel
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24.1 3A =34

S

L
=)

o
do
=2
do
N
e
]
e
1o
1
Y
rlI.
off

@ 59 A&

A3 APEA F /M FAT AL des Aolxy =
NHEE ES AEeUe UE 1T W F A Ao 3F Aol zv) B of
£ Table 100 Ye AT

Table 10 Load conditions applying acceleration load

Fosition Acgeiiol Gravity Lifeboat Winch
Load case = e .
List | Trim | Heave | Surge | Sway AcgeeTesn | Welg weig
1 +20° | +10° — +
: 207100 = 3 , 11ton
9.81m/s 1.53ton
3 -20° | +10° - + (10tonx1.1)
4 -20° | -10° - -

* List + / - : Inboard / Outboard direction, Trim + / - : Left / Right

* Heave + / - : Up / Down direction, Surge-Sway + / - : Left / Right

3% Aclz 13t BE Aolxd $YsA 488 T4 =02 Fig. 2754 Fg. 2890 1
BRI el Aol ze] A% BHASE TR W D &R S5 WY Do
A AgHE SFe FAste] AT
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Winch weight
(1.53ton)

10ton * 1.1 = 11ton

*‘/ (5.5ton at each position)

Fig. 28 Constraint condition
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24.2 S|4 A3}

wale] 58 e FRGe
zow sa WrtE A,

)
Nog F
&P -
b iy
o o
O{N 1.1;1
L [
=cl){=r
X

o

i
o,
ol
e
8
0y

FUIO oflt

A o
L %
olo B
. e
flo T

M
-
B
e
:;

S8 4892 Teishel 47

0.94,
[9,101

58

Z6] et R & V&R
Al gsts Alde] 7]

=% 5

SHLe A

Aol &9 Aol

&5 sl obd W

4

S5

A3tA AISC Standard=

EED

TE2E Zol9] 1/3609] #t<

& e 23
CAA #H -
WA Aol A 7} & 583

™ Fig. 29 ~ Fig. 3691 2% 19

Table 11 Results for operational load test applying acceleration load

835k x|

7<1-

71

ol
-

HO
H

Collection @ kmou

Maximum )
. Maximum Allowable Allowable
combined p )
Load case deformation stress deformation Result
stress (mm) (MPa) (mm)
(MPa)
1 78.86 11.31 OK
2 78.92 10.58 OK
220.50 21.39
3 71.26 10.31 OK
4 86.53 11.58 OK
- 29 -



H: Operational added accelerationiLC1)
Maxirnurm Combined Stress

Type: Maxirmurn Cornbined Stress
Unit: MPa

Time: 1

78.861 Max
68.852
58.842
48.833
38.823
28.814
18.805
8.7951
-1.2144
-11.224 Min

Fig. 29 Maximum combined stress of load case 1

H: Operational added acceleration(LC1)
Total Deformation

Type: Total Deformation
Unit: mm

Time: 1

11312 Max
10.055
8.7983
7.5414
6.2845
5.0276
3.7707
25138
1.2569
0 Min

Fig. 30 Maximum deformation of load case 1
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I: Operational added acceleration(LC2)
Maxirnurn Combined Stress

Type: Maxirmurn Cornbined Stress
Unit: MPa

Tirne: 1

78.923 Max
658,54
58.158
47,776
37.393

— 27.011

— 16628
6.2461
-4.1363
-14.519 Min

Fig. 31 Maximum combined stress of load case 2

I: Operational added acceleration(LC2)
Total Deformation

Type: Total Deformation
Unit: rmrm

Tirne: 1

10.58 Max
9404
8.2285
7.053
S.8775
— 4.702
{1 3.5265
2.351
11755
0 Min

Fig. 32 Maximum deformation of load case 2
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J: Operational added acceleration(LC3)
Maximurm Comnbined Stress
Type: Maxirnurn Cornbined Stress
Unit: MPa

Tirme: 1

71257 Max
62.093
52929
43.765
34.601
25437
16.273
7.109

-2.055
-11.219 Min

Fig. 33 Maximum combined stress of load case 3

J: Operational added acceleration(LC3)
Total Deformation
Type: Total Deforrnation
unit: rrn

Tirme: 1

10.314 Max
91677
8.0218
B6.8758
5.7298
45839
34379
2.2919
1.146

0 Min

Fig. 34 Maximum deformation of load case 3
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K: Operational added acceleration(LC4)
Maxirnurn Cornbined Stress

Type: Maximum Combined Stress

Unit: hMPa

Time: 1

86.527 Max
75.222
63.917
52.613
41.308
— 30.003

1 15.698
7.3936
-3.9112
-15.216 Min

Fig. 35 Maximum combined stress of load case 4

K: Operational added acceleration(LC4)
Total Deforrmation

Type: Total Deformation

unit: mm

Time: 1

1158 Max
10.293
0.0064
7.7198
64332
5.1465
3.8599
25733
1.2866

0 Min

Fig. 36 Maximum deformation of load case 4
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25 ZTY Y EER F=AHA B}

oh2TA W F¥ =
o 3ol A g Pxy ¥ -
% A3l Basith ool weh BE A@RA AR AF 58 8 AW

Axstel BER T2 AW B}

Fig. 370l vetisitt.

Case 4

Case 3

Fig. 37 Bolt connection of out-rigger davit frame

ol Zeels F 4 Fo] BE A@RI} X5 B Fg 389 2o F4E %
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Fig. 38 Shape of bolt connection

e

ro o7 o] FojH U7] wWEo 4o BER F F 4
ERo] T

olo

p=R
= E

e WwE Aor JFEE & FE(Case 2& Ao =
o

g5 Ashy] fste &2 siA AREREY §d EERA EAstE g S =55
of Askell A&stAth 83 wke 3hS Table 12¢] UeERH AT
Table 12 Applied reaction force for calculation
Py (N) Py (N) P, (N) My Nmm) | My Nmm) | M, (Nmm)
68,578 11,363 2,949.6 1.56E+06 3.14E+05 1.72E+07
W 3hs o] &3t BEER At Aa-sHH ALY tiste] LSA Codes
THAZ AGFEAE} AAFE AAE 458 FR3T Y= A& HrPeg ey F
ST % obxgA thHle] EERo| tiglk HrE F3str] fs ALte] HeE % Al
b 22 Oe AASATHB78] AEgE A AAEH S Faty] fsted == U
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foy = P,/20A 3)
(i) HER o3 Atge 4= A4
o = M,r/6A4/[20* +2(a* + ) +2(a* + )] )
(i) Ao 2 WAst= ATge A& YA
th = atan(a/a) (6)
Fo = {Lfuy Lo SN2 (£, + £ % cos(th)] ) ™
(iv) 1839 4= 34
ft:z: = P1/20A (8)
fo,=M,/Z, ©
ftz = Mz/Zz (10)
(v) Axx o2 dAstE AA3Y A& WA 4
ft:ft:1:+fty+ftz (11)
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[ Bolt connection calculation ]

Bolt spec. M18

Bolt diameter D = 0.015 m
Bolt area A = 0.000176625 |m?
Shear strength T = 238 MPa
Tensile strength o 413 MPa
Px Py Pz 2,949.6|N
Mx My Mz N

: result from computational analysis

Direct shear stress

fvy S
fvz =

Shear stress due to torsion

Py/20A
Pz/20A

<=L

Pa

fst =

Resultant she.

Mxr/(6A)/(0.12542+0.1252)+(0.02542+0.12542)+(0.02542+0.125*2)
+(0.07542+0.12522)+(0.07542+0.12542)

ar stress

rad
MPa

atan(125/125)
((fuy-+fstesin(th)) A2+ (fuz+ fst*cos(th) A2)40.5

vl N ofw
wv~d 5.2 00| N
~ | o wul wlN

<

o

S

"OK" if (fv < 1/4.5)
* allowable stress : /4.5
"OCCUR" otherwise
Tensile stress
ftx = Px/20A 1941 MPa
fty = My/zy 1.05 MPa
ftz = Mz/Zz 66.61 MPa

Resultant Tensile stress

ft

fix+fty+ftz 87.07 MPa

"OK" if (fv < 0/4.5)
* allowable stress : o/4.5
"OCCUR" otherwise

Collection @

Fig. 39 Calculation of bolt connection
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A3 dXF R gojoz= F=HA Bt

ANE dwHoR AFFe SHo| Golo] ZLE Fop ST ol §ite] FIFE
S g FOE Tolgult JAS WM B ATMe HA W7} g ohgelA
BAE AAE oz el WX He] PHYS ArHL AYsE 4TS .

A ARAoR PHA #FE B A4 PFoln
2 olo] thste] TaHOoT PHS FuSL Yt Aol BE AL B,
AFANAE AN T2 F=E B5Ho2 Fusn gojoksis slojwst ©
of thstel A BItE FRsAT

obxEAEl dA] Gl thd oJsiE /7] flste] Fig. 400 ofxEl7 thul XA

Fig. 40 Model of out-rigger davit winch
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3.1.1 7lo]¥ F=3= A

obxelA tHle] dX= &
tooln T AES S8t AHeH :
ToAE PlE71o1F3HE ¢ AGMAY] 74 & ZAZ 3t 72 A% AlS Fdsnh
dRbF o7 7]ojo] HIAES} AULEE AT =N
A RE AGMAON A AA G W o] A5, Folz 4o
of o3t mate} 1 H A
W&ol AGMAS] &8 4+E WAL T B/ I8k thI6]

Al el FxEo Wil RS U

%I— MOTOR
|
i

L

(v
|
B
|
|

] T~ G
T [ ~—_
_ Il
l |
WIRE DRUM i WIRE DRUM
e

Fig. 41 Arrangement of gears
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JUdo HE&H AE= SCM440, 71ojeo HE8H AJs+= S45ColH =4 X|= Table
133} 2t}

Table 13 Material properties of SCM400 and S45C

Material SCM440 S545C
Young’s modulus (GPa) 210 210
Poisson’s ratio 0.3 0.3
Yield strength (MPa) 415 343
Ultimate strength (MPa) 655 569

NE BB RS B 49 Vo7t 5HL ALY 4l Zlolo] A§3E HFRE
dol met slole] shéol WASIL, 1019 e FHE e Be PR ERE
o161

D olel 3

Ho et stF A8 o2 GARke] o]t Fio] B = A
AEIT I o B A E= WSS & A4

o
@ Ade &4

B3
h= = h= =
ARG EE AETH. HdAdEs T2 BV AL 2dsts ALARS ol tisiA
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) FYFE : 71019] ol®elst Fdolt @ glol A + Y& A} Z=, lol7} &
F we u, ope] RN TS S AL

_Hi_
B FRAZE WA T A Floi7k HET w s)ofe] Ewio]

2 e AU A5, F 7o A5E o s HS oY AL

@)

AGMA Aol AAHOl 9t FIFES AUYFE, 47e] H§3He Fohe A
e} 2ok

(i) 9dd=st 5864 4= E4

1.0 KsKnL
O—bending = FtKoKu% J (12)
S.K,
O—bending,all - TI(R (13)
(ii) =9t 3859 A= ¥
Ks' KIILCf 12
Ocontact — Cp FtK)KU bd I (14)
5.0,Cy
O contact.all — - (15)
contact,all KTKR

T2E Ui 91X ZE JUAF 7]ojd tig 3=} AUAEE FIaen
Z 6 Aolx@YA 3 Aoz, 7] 3 Aol A= Fe AHESATE A4S 98t
AL9 A4 7+ Table 14 ~ Table 179 Aoy oS E3) AA

4S9 S 5188 nlw3dte] Table 189} Table 199 YERH A

3
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Table 14 Applied factors for bending strength of gear

1st 2nd 3rd
Pinion Gear Pinion Gear Pinion Gear
F. (N) 2,019 2,019 8,653 8,653 30,468 30,468
Ko 1.25 1.25 1.25 1.25 1.25 1.25
Ky 1.67 1.67 1.67 1.67 1.67 1.67
b (mm) 45 40 55 50 100 90
m (mm) 3 3 4 4 8 8
Ks 1.0 1.0 1.0 1.0 1.0 1.0
K 1.6 1.6 1.7 1.6 1.7 1.7
J 0.38 0.49 0.36 0.50 0.25 0.47

Table 15 Applied factors for allowable stress of bending strength

P

. =
i
Collection

1st 2nd 3rd
Pinion Gear Pinion Gear Pinion Gear
St (MPa) 180 151 180 151 180 151
Ky 1.9 1.4 1.9 1.4 1.9 1.4
Kr 1.0 1.0 1.0 1.0 1.0 1.0
Kr 1.0 1.0 1.0 1.0 1.0 1.0
- 42 -




Table 16 Applied factors for contact strength of gear

1st 2nd 3rd

Pinion Gear Pinion Gear Pinion Gear

Co( VMPa) 191.6 191.6 191.6 191.6 191.6 191.6
Fe (N) 2,019 2,019 8,653 8,653 30,468 30,468
Ko 1.25 1.25 1.25 1.25 1.25 1.25

Ky 1.67 1.67 1.67 1.67 1.67 1.67

Ks 1.0 1.0 1.0 1.0 1.0 1.0

b (mm) 45 40 55 50 100 90
d (mm) 81 378 88 528 150 624
K 1.6 1.6 1.7 1.6 1.7 1.7

Ce 1.0 1.0 1.0 1.0 1.0 1.0

I 0.15 0.15 0.16 0.16 0.16 0.16

Mg 4.67 4.67 6 6 5.2 5.2
My 1.0 1.0 1.0 1.0 1.0 1.0

E (GPa) 210 210 210 210 210 210
\Y 0.3 0.3 0.3 0.3 0.3 0.3

o) 20° 20° 20° 20° 20° 20°

- 43 -
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Table 17 Applied factors for

allowable stress of contact strength

1st 2nd 3rd

Pinion Gear Pinion Gear Pinion Gear

Sc (MPa) 735 647 735 647 735 647
C. 1.75 1.75 1.75 1.75 1.75 1.75
Cu 1.01 1.01 1.01 1.01 1.01 1.01
Kr 1.0 1.0 1.0 1.0 1.0 1.0
Kr 1.0 1.0 1.0 1.0 1.0 1.0

-4 -
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Table 18 Bending strength results of gear

Bending stress Allowable stress
Result
(MPa) (MPa)

Pinion 131.4 342 OK
1st

Gear 114.7 211 OK

Pinion 267.0 342 OK
2nd

Gear 199.0 211 OK

Pinion 336.7 342 OK
3rd

Gear 199.0 211 OK

Table 19 Contact strength results of gear
Contact stress Allowable stress
Result
(MPa) (MPa)

Pinion 672.8 1,299 OK
1st

Gear 340.5 1,144 OK

Pinion 1,001 1,299 OK
2nd

Gear 415.9 1,144 OK

Pinion 1,015 1,299 OK
3rd

Gear 524.4 1,144 OK

AGMA T ANE FYFES} AMFE 4F WAL
o
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Table 20 Material properties of STPG370

Material STPG370
Yield strength (MPa) 216
Ultimate strength (MPa) 373

=g 47 HhE Sste AesE TE A= AL Y6 Bad s
s} Table 216 VFERA ST

tlo

Fig 42

Ld [ ]

Ph

Fig. 42 Force diagram for drum

_46_

Collection @ kmou



Table 21 Information of drum

Dimension (mm)
Length of drum (Ld) 324
Outer diameter (DO) 405
Inner diameter (DD 363.6
Thickness () 20.7

ro] o] Ag3tel

e Aol v wepy =g

w23 SEol
o

o Pz FEE HA] Ystel FUYL HEdA Y

o]o

ge Tahs AL e

O—bending = M/Z (16)
Mb = PhX<XLd an
Z = mx(DO*— DI")/(32 X DO) (18)

LSA Codeell ZA3t A79] JAFAEE 7|E0 & A& 455
+Ho® st =59 Bt 7lEe A-skUnh]

5858 9o Ao 4E FYLY

(¢}

A Bt FstR o Byt A, 58-89 82.89MPa, AlLtA o R AbEE 23-8Y
o] 32 347MPaZ AAE =¥ LSA Codee] XA 7|2d HEFse T8 72 4=
g x5t e ALS=E AN

3 g2Ho| = 230|140 A LS BFHIEZ I
TZEY FAY AR
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3.2 glojojE2 = LRT}E A4t

obxElA thule] a4 FF] A AR olefox fojojm e Frko] $A]8}
o THEAN AR JdAHe FFO U AA Bt Basit §d REoR

pendant eye, sheave pin, suspension link7} 9.2 Fig. 43¢l o] Yej it

< Pendanteye

s
{:
;

!

< Sheave pin

b

.-7_-7 -
"1

% Suspensionlink

Fig. 43 Model of out-rigger davit
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3.2.1 Pendant eye 723 = A4t

Pendant eye= o8l ZH < Bl X5t FHA 59 FFS Be FH8LE F
H =

shutolth pendant eyeol] & 8H A TE= SS4000|™ EAI X+ Table 223 2t}

Table 22 Material properties of SS400

Material 55400
Yield strength (MPa) 245
Ultimate strength (MPa) 510

e o
3 HE=

Pendant eye®] 47 H7tE Slete] Agatsd 72 A= As 95 2o
Fig 447} Table 23| YEHATH

Fig. 44 Force diagram for pendant eye
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Table 23 Information of pendant eye

Dimension (mm)
Hole diameter (D) 40
Outer rounding radius (R) 45
Cross section thickness (B) 35
Cross section height (H) 113
Length between cross section and hole (L) 43

(i) =¢84 & ¥4y
19

O—bending = PL/ (BHg/G)

(i) 184 & W44
Otensile — P/A (20)
A = BH 21
/v\_}

(i) 2FEGEY - I A= A
(22)

O combined — O—bending + Otensile

_50_
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T=P/A, (23)
A, = B[R—(D/2)] 24)
LSA CodeE Zarste] pendant eyeo] H7F 71&Es AH3Ath 538837 U484
= 2 2FEH S B fsted ARY JIFAEE 7IFoE S 455 FE
st @S S8 HoE, AGEH S HUiey] St AAAEE VIEo® hHSE 45
£ grdts @l 058 5% @& &g ow AT
o] Astdoz AEd =FeE oL 83 8-S vusty HFHORE
pendant eye®] dA H71E FRstR e B7t A, =2FSHA AFgH it &
82 Az 85MPa, 425MPaclal  AEAo=m AtEd xdeHEH} AGSHE

<9
15.18MPa, 40MPaZ A Al¥ pendant eye2 LSA Code®] AA 7|&d ©&F3= &3
T2 455 FH e Ao = FRAFHAH

rlr

Pendant eyeoll A TAstE w{-SHG AT HS =FsH
5501749 M &S Holm AgH o 749, 5 & Y wj§-
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3.2.2 Sheave pin *+ZZ = A4t

A8 = 3dlolt). sheave pinoll Z-8% A5 SUS3040]™ EAx]+= Table 249} %
=3

Table 24 Material properties of SUS304

Material SUS304
Yield strength (MPa) 240
Ultimate strength (MPa) 520

Sheave pin| A W7hE Hstel A48FH T2 4= LS A8 WY HES
Fig 459} Table 25¢] L}EIATY.

Fig. 45 Force diagram for sheave pin
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Table 25 Information of sheave pin

Dimension (mm)

Diameter (D) 50

Length (L) 62

Sheave pine] T+ =
o ARERE Al4EA 2 T

z= 7
A

oo
ot
o
ok
N
fo
ol
£
-
BN
ol
b
D
e
1>
o
fru
oft
=(I){=r
rlI.
I
tlo
-
)
3R

Ry = V T1*+ T2% +2(T1)(T2)cosd (25)

Sheave pin& Fig. 459} o] stFo] #&stH WAy st= A S0l of
o] Hgsith AR-gH S AE3t7] 9 Ak e 2o

e
4
BN
oy
bt

(i) Aee9 4= A4y
7= R;/24 (26)

A=n(D/2) @n

LSA Codesll 2A% 318 $e8& Tob7] 9Istel AR UPEE 1FoR HaE
5% Fusts gg Fehm Wohknd she $eo

|
e 51 8-EY o= 3slo] sheave pind] W7}t 7IEES BHSHATH]

IS

il

I

)

pul

3 8-5EH 219 ALt oz JbEE HAEgH o Fhg vlusty HF A S F sheave pin
of it HA H7E FdsR o HrE A7 58-3H2 57.78MPa, A4 o g2 AtEE
AhgH o) zke 12.48MPa® AAH sheave pine LSA Codeeo] A 7]Fo] wEsle=

TE ZEE FHEA e Ao FAFHAT

¢
-

o
e
o

Sheave pinell A WA= S8 3 8&FHolE 450709 &S R

=
pinel A7 o A AASAE T2H AL HuY 4 9L Ao BoHET
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3.2.3 Suspension link F+ZZ % A4t

Suspension link+= TR AFHo2 AZAEO Qv FHLAE o] gk HA H
717y E4A ot} suspension linkell 8% A 5+= SM490Aol EXX|= Table 26}
2.

Table 26 Material properties of SM490A

Material SM490A
Yield strength (MPa) 315
Ultimate strength (MPa) 490

ot

5] Ak= 1225 mm?2

35
N

\

Wf/2=5000Kg

Fig. 46 Force diagram for suspension link
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Suspension link= Fig. 463 o] dlFo] 2gsin Tz AEE Alsr] 98t

e
A3 AAFE Relo] 43 AWSHL AFHPor ARSHS FIE AL
e 28l

= WF/Ak (28)

2 suspension

58383 919 Ao g AEd AESH | ghe nlaste HFH O
pinoll thet A H7HE FHsIA o FrE 23 58582 40.83MPa, At o= 4
9.9 A

T T—

Al¥ suspension linke LSA Coded] A 7]

e SRR T AEE FHeta e AeE FAFHAH

1l

st AY §82 518 9o wi-¢ SHAR 518 59 AA 69 =2 ¢A
=

2 72A QR4S FEI Fusly e Ao Budd,
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