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Functional Consideration for Safety and Reliability with the aim of Establishing the Handling Support System of Liquid Cargo

by Nobuyoshi Fukuchi, Member — Takashi Tanaka, Member
Mikio Koga, Member Satoshi Murata, Member
Summary

The thinking faculty and operating ability of cargo operators tend to be affected by their mental task loads under the pressure
from liquid cargo loading/unioading environment. The suitable cargo handling support system has to be taken to cope with the
relation between tensional stress degrees and human errors of operators during cargo handling.

This paper, on the subject of mental stress and task loads of a liquid cargo control operator, consists of the quantitative analysis of
the tensional stresses by measuring the fractal nature of heart rate variability under mental work-load during cargo handling on two
domestic oil tankers that are respectively equipped with/without the automatic cargo control system. And the way of supporting
cargo handling in order to reduce the work-load and human errors is predicted for the task with high-tension under complicated
condition of cargo handling.

Furthermore, the specific method to search for almost all of the human error factors, that could be taken measures by the
automatic handling system, is proposed. And the evaluation method of the quantitative degree of the improved safety on the basis of
probability of human error in the functional system is carried out using apprehensive degree that is defined as similar to the sense
scale based on the experience of skilled ship cargo operators. The quantitative evaluation for the improvement of safety is predicted
respectively to the conventional site operation, the simple remote operation with monitoring and the operation by full automatic
system for comparison.
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Fig.2 Functional diagram of the automatic cargo handling system
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Fig.3 A result of spectrum analysis for fractal nature of heart
rate variability (SNS=18.68 PNS=0.00632)
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Fig.4 Mental stress based on heart rate variability during
unloading and loading on Ship “A”
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Fig.6 Mental stress based on heart rate variability during
loading on Ship “B”
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Fig.7 Tensional stress for each condition afier getting to the
shore (10 minutes average)
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AT LDHERERT,
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O SRR D B,

A EBEERTREENS,
KCBRHERD Y =4 F & HE ~SBERICE U THR
T 55, BRAJE LT, £REOHEHREIZO: O A=
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vk, HRENFEROY =4 MIBEBICAH S, B
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Tablel

FRWIE B35

2006 46 A

BEMLY AT AIIRBITDFRIOV =4 VRSO HE)
{LHBE~BE L7~ & D% Tablel 8LV Fig8 27T, 2 b
Nh, WEBEBLY AT AT “BREBIESR BLO ‘R
2ERY A ML OFEEORLSRERIZET S 2 DO,
“TRBTEQE” & ‘U3 2 b— g VB ORFEELE
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Functional relationship matrix of the automatic cargo handling system

Functions

i Tasks
Weight A

5}Conversation with crews

Confimm oil pressure

Adjust a circular valive

Talk by transceiver

Confirm inside of cargo tank

5
5
5
3|instruct crews A
3
8

Detach an oil hose from
shore connection

B]Deal with residual oil

S,Deriver a connecting hose

8[Previous arrangement with

©
14|Explain cargo contents ® ® 10
3|Watch connecting state of 12
loading arm O © - ©
10{Confim fime by a wr O © A Ol]0|0O]O 24
5{Investigate by a material ol o ©® 11
10{M and record tank o) &) &) (&) O ol Ke) [e R I 51
100 Total 16| 42| 101| 56| 106 53 24 2.6 33 35| 24| 25] 25| 66f 13| 155
Weight
180

Functions

Fig.8 Functional weight of the automatic cargo handling system
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5. AR AT LOREETE

5.1 (SEtEEEEE

(1) BHEMICETSFTA

TR - BEEKEA L LT, a) WEREBIEZERA
FEMRIETIT 5 REOREAT R, b) EREBME - RPER( £=
NEFREEA LM% BEUe) MEBBLI AT AL
B8 DBAIT-OW T, Fault Tree BT (FTAYE RV T Ff &4
EDEENZEEEFMEET S,

772 U BT X F OFEIC T 3 RMOEEWIT X
D BEOBKRASVHRRRB I ENHD Y BT FTA T,
Fault Tree(FD)IZEHTE ORBR-PMICEGFET 2 L 3H Y (&
BN T — 2 DBES D RVEETRIEREROAR
PR L UCHERREAVWDZ LR TERWEDI BET
— 2 ERAVBEREDEERETEND Z LITRD, > T B
TRt EEREEBROEOLDREINK Y SLOBAIT

R,

FTA TIRTELELREMATERLE L, EROERE 255
LR FERBATEARTRL LT SEASZLRMLELE
BB LHETORRESLEEL And S (GRER) & OREA

(GHER) TEHEAFEERE Fault Tree 2k V&L, ELEE
SOERHEE X, ZREEAD ANDFEA & ORFEEZ KON
RIEEIC AR L CHETS ',

xiOxj:xixj (1)

X VX, =1—(1—x,.)(1vxj)

WRIEEOREHMEERZDME. OHK . @BFEDOD
FAY =TT RTE Table2 D X H 12725, ZDORITED
20T TREA R LT i ks —REH, 2) BhT
WA E~DER, 3) BRIZLBOVERVWE, £ TA
FERONE) BCx LR “BRERER - B L2V F
R U R R IEERT ETART A LB X DNRHMEYR
B&p% BERICHEEET D Z &I %,

Table2 Expected example of typical human error factors through the operation of cargo handling system

I) Perception

1I) Judgement ]

III) Operation

1. Recognition (1) fixation: (T1)

(2) short-cut: (A1), (A2), (A3), (A4), (BI), (C1), (C20), (C22), (D2), (E1), (E2), (E3),
(E4), (F1), (F3), (F5), (F10), (C12), (H1), (L1), (L2), (L3)

(3) stereo-type takeover: (T2)

(4) overlook of repeated pattern: (13)

2. Dealing with (1) not scrutinized or
not received: (C1), (C6),

(C12), (F2)

input information

(2) misunderstand: (B6), (C4), (C8), (C10), (C13), (C14), (C15), (F5), (F10), (G1),
(G6), (G7), (G8), (L)
(3) misjudge caused by hypothesis: (T4)

3. Memory/Detection
(D3), (F4), (F7), (F8), (L4)

(C3), (C11), (D13)

(1) oblivion of isolated work or function: (T5), (B2), (BS), (DD),

(2) illegal memory selection: (C15), (C20), (D2), (I1)

(3) no acknowledge or meglect of alarms and/or guidance: (C2),

8. External circumstances

(C11), (C16), (C17), (C18), (C19)

(1) confusion caused by system or equipment: (C2), (C3), (C5), (C9), | (4) confusion caused by

(2) confusion caused by another personnel: (T11)

(3) confusion caused by external circumstances: (D19),(T12)

fluctuation of vessel: (T2)

17. Work characteristics

(A3), (A4), (B]), (C12), (D2)

expectation: (B3), (C6), (C8), (C10)

(1) continuous physical stress for operator: (Y0)
(2) judge and action according to complicated conditions:(A2), | (C21), (H1), (L2)

(3) situations with difficulty of acknowledge under-goings and/or | a) works among plural operators: (Y3)

(4) little seli-controllability and stability: (T19), (T20)
(5) Confusing signal scrutinizing and detection: (T21), (T22)

(6) work without answer-back: (C12),
(7)cooperative work
b) manual operation for

separated operation panels: (Nep3)
¢) stereo-type work sharing:(Y3)
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Apprebensive degree
Primary event Usual Remote CRT .
o Automation
system control Remo-con |
(A1) mis-confirmation of net loading oil B [¢ D D
(A2 A4) bad planning of cargo allocation C [ c
mistaken on cargo loading (T'26) mis-calculation of gross loading il C D D
1 (A3, A5) bad input of shipping destination C D E
ﬂ failare in oargo planing Sage (T25) mis-selection of cargo manifold C D D E
(€2, E4) unfinished to confirm unloading c c D E
|____schedule/sequence
mistaken on cargo unioading d:":‘ (E1, E3) unfinished to confirm gquantity of c c D E
- unloading oil
leaking oil during preparation stage % (Shown fully in Fig.10)
leakage oil I
accident — Apprehensive degree
L—Lieakjng oil during cargo handling stage % (Shown fully in Fig.11) Primary event Usual Remote CRT Automation
system control Remo-con
(C23) excessive quantity transfer due to
higher actual oil temp ¢ D D D
" (C21) failure in removing residual oil in
loading error loading arm and hose B C D E
(CZZ,}‘ B‘g)hbad closing manhole cover or air c c c c
AND-gate u_L Failure in finishing stage (12) leakage of residual oil from sea chest
{Logical product) suction at the start of line-up for COT o} C [¢] E
ballasting against rough sea
OR-gate unloading error (H1) failure in removing residual oil in
(Logical sum) Joading arm and hose
(11} suction the incorrect oil during collecting D D D
residual oil
Fig.9 Fault tree on oil leakage or mixing accident through whole cargo handling stage
Apprehensive degree
Primary event Usual Remote CRT A .
utomation
system control Remo-con
error in line up (F11) bad maintenance of flanges(deck cargo B c c
AND-gate for cargo handiing line)
@ (Logical product) failure (B2, F4) forgot to shut valves out 9 D E E
in operating valves failure (B1) bad instruction or judgement C D E E
OR-gate in operating valves (B4) failure in operation C D D E
@ (Logical sum) {deck cargo line. vent. fine) &7 unfinished to conbrm oil drainage
Joading hose B ¢ ¢ c
bad condition bad connection s (D7) eccentric tighten hose flange C [¢] [ C
of loading arm - of cargo hoses | { (X3) bad quality of connection gaskets (o] ¢} [ (¢}
bad handiing T (X4) forgot to tighten air valves C C [¢] (o]
loading hose || (X5) unfinished to confirm oil drainage in B | B B B
eaking ofl during drainage in loading hose | (@) loading hose ;
preparation stage | "L (6 poor quality of valves at shore line D D D | D
leaking oil during cargo handiing stage (. (X8) unfinished to confirm pipe condition C n n D
\ | (312) cargo valves stuck C D D D
(F9) no check of strainer cover or drain ¢ ¢ c D
" ¥ valves
-—-{ fatlure in finishing stage [ . .
2 | (F10) excessive pressure B D E E
without recirculation line

Fig.10  Fault tree on oil leakage or mixing accident during preparation stage

Apprehensive degree
Primary event Usual R“H .
system control Remo-con Automation
’__{ failure in changing of c © (():ii))lgrleﬁ falure in obsorvation of D E E
tanks \l" failure of operating - (C3, C16) failure in a operating time period D
(C1) failure in cooperation works D
(C2, C17, D12) Jeakage of valves D
——— (C19) inaccurate loading quantity D
J I'—— (C15) overloading of the final tank C
(C13) unfinished to confirm RPM and rate of
‘_' loading pump at shore

w

valves

-

[elt=lie]iwliw}

bad operation of
cargoe loading

(ol cliwlioHoN ]

=]

(C12, G1, G2) abnormal flow rate, discharge

AND-gate
(Logical product) b | tigh and suction pressure
ure n
normal Men press! ® (K3) hed 10 confirm the cam-lock of

OR-gate in cargo tank or piping r Joading arm
@ (Logical sum) (C7) vibration of cargo oil pumping line
di of pipi
(K4) corrosions and frictional wears
(K5) existence of z pin-hole on welding joint,
bad conditi J’F (D6) damage of cargo hose
of loading arm

Q
>}

e}

loosen the cam-lock ®
of loading arm

+

{eaking or mixing oil
during cargo hadling

@27 to confirm the state of
bad condition (K6) bad .quality of valve start surfaces

piping sysiem
(G15) poor quantity of pipe expansions
of vaives (K7) biting at valve seat
(X2) damage of joint coupling

leaking oil from .
piping system

damage of
machinery

U|o|copiop] o il o | B | a [moeeo
>

[=li=llelleliv](eliw]
Clood|ois| O () O
Cloojlaic|e| 9 (= o

Fig.11 Fault tree on oil leakage or mixing accident during cargo handling stage
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