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Development of an Auto-Trim Control System
for Ro-Ro Ship Carrying Heavy Cargoes

Lee, Dae-Jeon

Department of Maritime Transportation Science
Graduate School Korea Maritime University

[Abstract]

In Ro-Ro ship carrying heavy cargoes, it is very important to maintain a
certain level of aft draft and the proper trim through the entire loading or
discharging process. Some kinds of manual ballast control system have been
generally applied so far to this practice in Ro-Ro ship. However, there is need
to develop a so-called Auto-Trim Control System using some computer
technology to improve the operation of those existing systems.

This paper ams at developing an Auto-Trim Control System especially for
Ro-Ro ship carrying such heavy cargoes including hot coils and steel plates.
The author carried out some systems analysis and design for developing the
system by examining and reflecting the practices of the entire loading and

discharging process.

Then a user-friendly Auto-Trim Control System has been built by
interfacing the Vave Remote Control system and Tank Level & Draft
Measuring system with itself. The author also provides some excellent results
on the performance of the system by reporting the records of installing the
system on board 4 Ro-Ro ships.
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2.2 Auto-Trim Control System

Auto-Trim Control System Ro-Ro
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7) (Stop Range)
Max. or Min. Operating Start

8) (Stable Range)

, Auto-Trim Control System
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2.3

Auto-Trim Control System

RS-485
<26>
Vdve < .
Auto-Trim
Remote Control the Valve Control
Control and Pump Ship’ s
—»  System »  System DB
Valve & Pump Status
Feedback
Tank Level & Draft Reading |
Tank Leve Y& Hedling ,
Draft Measuring Draft &
System Trim
Sensor
— 9 420 mA
Vave & Actuator Level Sensor
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< 3.1> 0,123

0,1,2,3

13, 14, 16,17,18
18, 16+17, 13+14 13,14,16,17

11



3.3

(Discharging)

Auto Trim Control

331

1

12

(Loading)



2)
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Auto Trim

Control System
TRANS
SET AUTO FER RUN TANK EXIT
MAN-
UAL LOAD STOP
CAN-
CEL DISCH
EACH
< 4.1 Auto-Trim Control System >
4.2
Auto-Trim Control System Auto-Trim
Control System
(System Chart) <42>
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( START )

P Ship's
Tank A DB
& Draft
Data < Display
— X \ -
Yes
Stable Range? >
Tank Selection
Select OK? No
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Valve Open& Pump Run
Stop Range ? Yes
\ 4
Display err.
Message
Need Next Tank
Search ? 4
Valve & Pump
Close

Exceed Limit ?

Exceed Limit

Need next tank search?

<4.2 >
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421
Shift Fore to Aft
Aft to Fore
Discharge | From Fore
From Aft
Load To Aft
To Fore
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422  ( Shifting)

<4.3>
Source Destination

Search Source Tank <

Choose Tank

v

Exit <

< 4.3>
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Source . Source Destination

0,1,2,3
18, 16+17, 13+14
, 0 , 1

4.2.3 (Discharging)

<4.4> Destination
Source

Search Source Tank <

< 4.4>
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424 (Loading)

Search destination Tank 14

< 4.5>

4.3
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4.3.1

11D
0 ~18
1,2 Standby 1~3
0~48
2)
. )
3)
3
48
3 (1, J,K)
I
=1
=2 ( 2
=3
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=4 2 +1
=5 2 +3

J : Tank #1 ~ #19
Auto-Trim Control System

K : No 1 ~45
Auto-Trim Control System

4.3.2
2, 1, 1~45) 2
46
1)
pump (1) tank (J)

VCONDF (I, J, K)

VCONDT (I, J, K)

2) (Sea chest)
23

Open = 1, Close =0
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Open=1, Close=0



pump (1) tank (J)

VCONLF (I, J, K)

VCONLT (I, J, K)

3

pump(l)
VCONSF (I, J, K)
Source
VCONST (1, J, K)
Destination
4.3.3
D1 (1 =0Open, 0 =Close)

#1

VCONDF (1, J, K),
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(1 =Open, 0 =Close)
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2)

FORI=1to45
Valve (1) = VCONDF (Pump Index, n, I) AND
VCONDT (Pump Index, n, 1)

NEXT |
1 2 |
FORK =110 45
Valve(K) = VCONDF (4, 1, K) and VCONDF (4, J, K)
Valve(K) = VCONDT (4, I, K) and VCONDT (4, J, K)
NEXT K
2
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4.3.4
1)

, Auto- Trim control system
/
RS-485 Half Duplex

Auto-Trim Control System

15 Bit Binary

7FFF  100%
3FFF  50%
0000 0%
8000 -100%

Tank Full Scale: 354
Received Data; 3FFF

Tank Content= Scale x 50% = 172.5 i

28



1Byte 8

Open=1 Close=0
Val. No Open/Close
1 Open
2 Close
3 Open
4 Close
5 Close
6 Close
7 Open
8 Open
10100011 > A3(HEX)
(Address of Sub Station)
Auto-Trim Control System (Bus System)
ID
Name Address
Auto Trim Control 01
Anti-Heeling System 02
Tank & Draft Measuring 03
Vave Remote Control 04



(Request Telegram Format)
Auto-Trim  Control  System

Hex
A2dasa4C ...dataunit..cal6
A2  ByteA2( )
da Byte destination address,
03
sa Byte source address, Auto-Trim Control System
01

4C Byte Command request data= 4C

data unit 8 bytes:
1 Typeof dataa Anaog (16 bit)=00
Digital (Bit stream)=01
2+3 ID of first requested value
3+4 Number of requested data
6..8 00 00 00 No meaning

cs Check sum

16 End of Telegram
30



Auto-Trim Control System 27

A203014C 00000000 1B 0000006B 16

03 Sub station Address
01 Own Address
4C Command request
0000 ID
00IB
000000 No meaning
6B Checksum MOD8
16 End of Telegram
& (Answer Telegram Format)

68 1g1g 68 dasacc ..data unit ..cs 16

68 Byte 68

lg length of telegram in byte starting with da, ending with end of
data unit

lg Repeat the last byte

68 Byte 68

da destination address

sa Source address

cc Command:

If thisis an answer of a substation, always = 08(read)
31



Data unit

16

If thisis awrite data into substation always = 44(write)

If type of datais analog values:
00 nnnn mm mm aaaabbbbcccc ....
00 Type of data
nn nn ID of first requested value
mm mm number of requested data, mas, 120 values =00
78

If type of datais bit stream:

Olnnnnmmmm! e

01 Type of data: bit stream
nn nn ID of first data bit
mm mm number of requested bits

nnnn packed data bits in Byte

check sum

end of telegram

Telegram Example :

68 3E 3E 68 01 03 08 00 00 00 00 1B 42 7B 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 7F FF 00 00 00 A4 00 00 00 00 01 26 00 00 00
0000000044 7FFF000044 7F FF 1F FO 1F FO 1F FO 1F FO ED 16

32



2)

Serial connection: serial,rs-485
Telegram sequence:  cyclic 2 sec.

8 bit, no parity
Baud rate: 4800

Telegram:

OB Vre, +X, XXX XXX, FXXX XXX, FXXX. XXX, +
1 2 3 4 5

1. Vave remote control

2. Control switch

3. Vave condition
X X X. XXX

—» Status of system
—» No of system

System name:

System Name
0: pump
1: valve, butterfly valve
2: valve, throttle valve
3. pressure gauge

33

XXX XXX, *yycrlf
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No of system: no. Of valve, pressure gauge and pump
Status of system
X X X

In case of system name = 0 (pump)
The three digits are the status of pump
000: of f
001:on
002:trouble

In case of system name = 1 (butterfly valve)
Three digits are the status of valve
000:full close
001:full open
002:moving to close
003:moving to open
004:trouble

In case of system name=2(throttle valve)
Three digits are the percentage of valve opening position.

In case of system name=3 ( pressure gauge. )
The three digits are the percentage of pressure.

OPiiVIC, HFXXX XXX, FXXX XXX, XXX XK, F e +XXX. XXX, * yycrlf
1 2 3 4 5 n m

1. Valve remote control
34



2. Vave condition

X XX XXX

> Status of system

System Name
0: pump
1: valve, butterfly valve
2. Valve, throttle valve
3. pressure gauge

No of system: no. Of valve, pressure gauge and pump

Status of system
X X X

In case of system name = 0 (pump)
The three digits are the status of pump
000: off
001:close

In case of system name = 1 (butterfly valve)
Three digits are the status of valve
000: close
001:o0pen

35



In case of system name=2(throttle valve)
Three digits are the percentage of valve opening position.

36



4.4

Visua Basic 5.0 Professional
Edition Windows 95/98/NT
Auto-Trim Control System

SET
1) Pump/ Operating Mode
SET , Cargo Handling Mode

Cargo Handling Mode

2) S.G.(Specific Gravity)

SET Windows )
S.G S.G
<Enter>
OK
3)  (Port)

37



MANUAL

Manual
Manud Manua
Manual )
Manud
AUTO
[AUTO]
<OK> ,
. Manual Auto
Auto
1)
<Control> + <F12>
<Enter> Key

2)
38

, Auto

Auto



Maximum Permitted
Max. Operation:

Atuo
Max. Stop Auto
Min. Operation:

Atuo
Min. Stop Auto

Minimum Permitted :

3) Others
Windows <Others>

Set Draft Checking Time
System Tank Level System

Range

Delay Time for 2™ Operation

Throttle
(Throttle)
Tank F/E

39



CANCEL

On/Off

Open/ On --------
Close/ Off -------

1) [RUN]

2) [STOF|

Green Color
Y elow Color

40



TANK

41



95 Auto-Trim Control
System
Double Main
51

1) Control/Monitoring Mode

Monitoring
(Mimic Panel) Manual
/
, Auto-Trim Control System
Control
Auto Control
, Auto-Trim Control System
Mimic

2) On-Line Status

Tank Measuring
Tank level Measuring System

Green Color -----------
42



Red Color -------------

Draft/Trim

Green Color -----------
Red Color -------------

Others

Gauge

Green Color -----------
Red Color -------===---

43



5.2

DISP ----

Displacement

Aft. Draft (Perpendicular Draft)
Midship Draft

Forward Draft(Perpendicular Draft
Trim (Meter)

Hedling ( Meter)



5.3

SET

1) Pump/ Operating M ode

SET

[ - . - - - .
Setting Pump and Carg tion hMode

2) S.G(Specific Gravity)

SET
S.G

, Cargo Handling Mode

Window ,
SG

<Enter>
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OK

| Setting Pump an:
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MANUAL

Auto

Manual
Manual

[AUTO]

<OK>
47

Manud

Manua

Manual



Manual Auto Auto
Auto

Autornatic Control

—Aft Draft — Irim

Macx. Permittedl 4.2 Max. Permitted i 5.42

Macx. Dperatiunl 38 Max. Operation 535

Max. Stop I 0.5 Max. Stop 5.08
Min. Stop 05 Min. Stop 5.00
Min. Operation 38 Min. Operation 480

Min. Permitted | -2 Min. Permitted 4.74

Operating Pump : #1 #2
Operating Mode : Discharging

QK [—

1)

<Control> + <F12>

48



Warning ! Please do not change without permition

Enter password ! rkkk|

(8] | Cancel |

<Enter> Key

2)

Zetting Initial Yalue

Trim /Draft | Oters | Thatle | TankFE | Fart

Port |Po-Hang j
- Trim rMt Draft (M)
e | Max. Permitted | 5.70 [2]
vungl al
Max. {}4a-San Max. Dperatiunl 560 ‘

Max.Stop | 05 [=] Max Stop | 535 &
Min. Stop m |§| Min. Stop Iﬂ %
Min. Operation m |§| Min. Operation Im %
Min. Permitted m |§| Min. Permitted IW %

[8],4 | Cancel |
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Maximum Permitted:

Max. Operation:
Auo
Max. Stop: Atuo
Min. Operation:
Atuo
Min. Stop: Atuo

Minimum Permitted :

3) Others

Windows <Others>

ing Initial Yalue




Set Draft Checking Time
Tank Level System

Range

Delay Time for 2™ Operation

4) Throttle

5) Tank F/E

51



Sefting Initial Walue

Trim / Draft T Others T Throtle T Fort

FULL EMPTY | =

F.P.T (C) 185.00 12.00{—
NO.1 WBT (C) 209.00 15.00
NO.1 TCT {C) 635.00 2000
NO.2 WBT (C) 433.00 2000
NO.3 WBT (P) 257.00 15.00
NO.3 WBT (5) 257.00 15.00
NO.4 WBT (P) 275.00 15.00

NO.4 WBT (S) 275.00 1500 =

<] [» IJ

OK Cancel |

CANCEL

TRANS

1) [TRANS]
2)

3)

3) Run
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1) Loading
2)
v
DISCH
1) Discharging
2)
EAC
1) [EACH]
2)
Open Close /
Throttle vave
Pump On/Off
Open/ On -------- Green Color
Close/ Off ------- Yellow Color

53



3) [RUN]

4) [STOP]

B I_ FA ..I_I_EII_E.;!II_ =

e ___I__I _-I_I




TANK

1) TANK

Tank Details

Tank MName Wol (=21 ol (k30 W'ght (Ti|Lewvelibd
F.E.TIC) g.oo ong 0.og
MO WET (] 50O 10963 11237 238
RO TCT (2 OO 322 FF7 33084 374
MO 2 WET (T 0O 22182 22737 2 Bh
MNO3WET (F) OO 13362 136496 345
MO 3WET (3 500 13362 136496 345
MOAYWET (F) OO 14267 14624 329
MO A YWET (S 50O 14267 14624 329
MOEYWET (F) OO 14290 14647 329
MOEYWWET (3] G 14290 14647 329
OB YWWET (F) OO 142890 14647 329
OB YWWET (3 500 14290 14647 3.29
MOL7 WWET (2] 0.0 A5 k5 36 55 ez
FRO7 WWET (F) 0.0 495 26 47 b5 329
FRO7 WWET () 0.0 495 26 47 b5 329
O WWET (C) 50.0 1564 16.03 .54
MO WET (F) 0.0 a7.7h 89 594 212
MO WET (=] 50.0 8775 a89.594 212
MCL2 TCT (12 BEE e e 461
RO FOT (2 0O 12978 12718 112
MO2 FOT (12 OO0 1297%8 12718 112
MO DOT (F) 50.0 42 94 a6.50 112
MNO.2DOT () 5.0 42 594 36 50 112
TOTAL 28E1 071 290583
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2)

TANK LEVEL INDICATOR
Volume, Level, Weight

=(ime H—"l_l AN AR

Ghchargig | Dugecenen 1 (A O M 0w (U@ [Tn 0m e 00 0wl g
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ALL CLOSE

<ALL
CLOSE> ,

9 All valves will be closed and all pumps will be stoped!
- Are ol sure 7

m
-

Exit
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1990

Ro-Ro

Auto-Trim Control System

. Auto-Trim Control System

H

RS-485
System
DongBang Glory
Ro-Ro

Auto-Trim Control

Ro-Ro
Windows 95/98/NT
Visua Basic 5.0
DongBang Challenger/
Hanjin 3007/ Hanjin 3008 4
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Ro-Ro

30
30
Auto-Trim
Control System

Auto-Ballast Control

System VLCC
(Hull Stress Monitoring
System) (Loading Computer)
(Bending Moment) (Shearing Force)
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