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Abstract

This paper concerns with a safe and efficient transportation method of hot-coils on cargo
ship. An automatic loading and unloading system of hot-coils by cassettes, which secure the
geometrically unstable cargo, hot-coil, by supporting with wedges on both sides, is considered
efficient and profitable. Safety of hot-coil on cassette and subsequently safety of total cargo
ship are directly affected by the wedge angle of cassette. For optimal design of the cassette
wedge angle, a dynamic model of hot-coil/cassette cargo is developed with constraint of no
relative motions between the coil and the cassette. Force equilibnium conditions between
resultant altermating inertia forces on hot-coil due to motions of cargo ship in waves and
reactions forces from cassette wedge surfaces are derived and consequently a numerical
simulation code is implemented. Cassette wedge angle of 37 degree is taken as optimal by
considering dynamic stability of hot-coil and strength of cassette structure. Performance of the
designed cassette wedge angle is investigated by scaled bench test.
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Fig. 2 Coordinates systems

(E\,E;,E;) = T - (el,eg,eg)r (1)
oA71M, T+ FFEEPHo|o2].

(2)

ol M.t smYe A g FTEIETO]

9, 75, 7 < 22 AAQ) roll, pitch, yaw 3
Hz}olt}.

L}, ZRIMEG o)d #AY
gaYe] Agsls BAEe e g

2 4, MY B, gezx, ydsh dan

—
Fi= -MAay, ay, as.) 3
o, ay, ay, a5, S HF2Y FAFHY FH

TE7HEE AdEelth2, 3]

o HETeIA Y el
Fig. 3904 A9® Savas gv
& FRHEANA thest o] HHTTE

oX
N

o
=2
L
i)

R; = R;(0, sina, cosa) (4a)
7?),9 = Ry(0, —sine, cosa) (4b)
FL = *+uR; (0, cosa,— sina) (4c)
Fr = +uRz(0, cosa, sina) (4d)

Fxl = i/1,1I(RL"}'RR)(]-.O,O) (4@)
oluf, o YIE BAZE 4 (xy,x5) BoA
o HAWERAF, gy x - FAPRASE
Ly, (PR3 FRrkEre] vkl 3

o}

v

Fig. 3 Reaction forces

(3) 1o} FRzAA
A@~A@o] o1% $RU-FANE G
We) HYzAAL e 2ok

M Aay,—gsinncosy;) + Ry (sina pcosa) ()
+ Ry{—sina T ucosa)=0

M.(ay.—gcospcosny) + Ry (cosa ¥ psing ) 6)
+ Rp(cosa + using)=0

B, xR WAZAAL olzls 2,

M a . +gsing) + Fyp = 0 (7)
Fx,res < /lxl (RL+RR) (8)
2B ~2A(NE Foiale HIPZ2AAL HAE

F&Hol skl v]idgoelr.

Journal of SNAK, Vol. 34, No. 3. August 1997



gAY JHE 98 288 R AR FAG A

3. FIHNIE M2 43

(1) &y JIE

AT 26) 0 BRE] Aol of(+)e] A
Rp)& AdeEs 745 E3to], 9(&H)
-9 e tIYH FMETY FdEF
2 3 B s o ]ffh:k olg] &k uh
L stIYF FHES} 22l o)
Zol Al 1 veg Fi1 }iu} sk A
(7) #e] A wixjglo] 2(@)e] $HFET} A
& x-WEoE vneAA g

st &SRS S(net local acceleration) ]
e;-3%ol (-9 g etk xselA

SAEgel HAE Sade] HuE dEE

/\
v

‘ %am:osa' + a3 =20 (9

9} zt} olml DE dEYe &7Hejn BE 1
FEAlolch 2(9)& FolH gy o diste D/BS #
ZiA FEHE ARG

a7t AE&TE

(2) AIZ2d014 2773, DYNACOIL
Gk Eaau el 94?5}] “01213 %%%%?}
& 7t

5 AG-ADZEY FHE a2gs) xj71e3
Mg Falgtomy HAL W]
W aag AFeis tmy B3 by 4
2% “DYNACOIL™ & 7Nttt

Y
-
=

B m 18 oh

(3) BARY MH

A% 110m, A% 0me) 9008w &aY d&
Sude giaer dAY-FMHE DdFZE] 60
£l HAse 7070 H¢et dAFH 689 A
A AT F 7R AAEC st
Froude 4= 0, 0.1, 029 A<&3t H= HHEL] YAt
oek el folma 1.0, 15, 30, 35me] &3
&4 el 4] Roll#} Pitchell dist wiahdssfa
(312l Z37} Table 1ol dlASAch o|=e] ALt
of Zeg 47p4] dnYd 299 AUE Table 29

KELENEEEHRE & 34 £ £ 3 0N 197F 3H

%4“‘}3 Hy; =3.5molxe #58de=z?

29 gwkdel £EE ARSI o, g:Y
gurie] BAZHORYY 7bY A Hals
= JMES e Table 29 §zY 2o

og
ofs) AHE HE7
dolae +asrdch

HES »4’“ BAzte stmgel ergAst
HAHE Fzel QHiHe FAHA 71FAA AR
Gcgmdel FURHE Aoz AHE 2}
Bloliie] Fxure gkol FRatolop s,
s S el se e pAuEl 3
gto] 7bed Holof gtk o) ¥ kA xA
FAlo] S Wl H17 Mol MLk
olul, AT RAFE T ohrs] e} 4
AspRAS 4=0.0% £=0.159 F7H4 298
AgAA R

Apel A s W Al

B 0
O
_“'O
BN
br

ml

B Auae Aaas 2 el 7
7l
et e Zazte] wale] et Hag

- AugAE e AolAAre] wet Ak
| FRbolA Hagrg e
AZE 9] 33 ~ 45" oA

o 4y ¢
-~

ot

2¢] Coll@ell gt FHHE 7AAde] maAsrs
aEA B Ao AA 3T & HAgeR
A AP ACHFig. 4 & 5 #E).



74

Coil (2) . Hw=6.51m, Heading=90deg, Fn=0.2
{XC.YC.ZC) = (35.586, 7.875, 3.55)

264

. MMIN [ton-m]

RMAX fton]

RMIN fton] . FXRES {ton}

ANGLE [deg]

Fig. 4 Results of dynamic
simulations of hot-coil type (2) in
table 2 w/o coulomb friction

Coil {2) . Hw=8 51m, Heading=90deg, Fn=0.2
{XC ¥C.2C) = (35.586, 7.875, 3.55)

RMAX {ton]

RMIN {ton] , FXRES [ton] . MMIN [ton-m}

0
ANGLE {deg)

Fig. 5 Results of Dynamic
Simulations of Hot-coil Type (2)
in Table 2 with Coulomb Friction
=0.15
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Table 1 Ship mtion response for
cassette design

Loading cond.. head |Froude Lw(my% Mation

{draft=5.3m} | (deg) | No. i(deg) | (sec) |mode
90 0.0 121 {71 86 | roll
90 0.1 121 | 721 86 | roll
90ea*46tonjea) 90 0.2 121 | 72 1 86 | roll
135 | 041 154 | 256 1 7.2 |pitch

135 | 02 | 187 | 25 | 66 |pitch

Table 2 Hot-coil prototypes

Diameter Breadth Weight
Type (mm) (mm) (tog)
Cail(1) 2,117 1,007 23.590
Coail(2) 1,876 1,221 24,396
Coil(3) 1,874 712 14.060
Coil(4) 1,097 914 5.578

Table 3 Bench test conditions

Frequecy (Hz) Height (deg) | Motion
0.52 40 roll
0.67 10 pitch
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KOMAC BENCH TEST(MODEL #1 & 2, 0.52Hz)
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Fig. 7 An example of bench tests
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