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Summary

In the previous papers, the authors presented a method for evaluating the seakeeping per-
formance of ships at sea in the initial ship design stage.

They introduced ‘mission effectiveness’concept as a measure which gave the effect of seake-
eping performance on ship system and her missions, and showed it was effective for evaluat-
ing the seakeeping performance of ships. They showed too that the short-term mission effec-
tiveness gave the ship’s inherent seakeeping performance, and that the long-term mission eff-
ectiveness was important to obtain informations for cost/performance trade-off which ship
designers as well as ship owners must evaluate in the initial ship planning and design.

In the present paper, the authors present a method for estimating the long-term mission
effectiveness of ship system, which is to be operated under a mission composed of several
different duties, as a function of long-term conditional probability.
effectiveness obtained by the present method is compared with that estimated by the simula-
tion method previously. A method for cost/performance evaluation is presented, which gives
the mission effectiveness in a broad sense.
boats which were used for the numerical examples in the previous papers.

The long-term mission

The present method is applied for the same patrol
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Table 1 Seakeeping performance degradation of ship subsystems

SHORT-TERM PERFORMANCE EFFECTIVENESS
SUB-SYSTEM RESPONSE
0.8 0.6 0.4 0.2 0.0
HULL AND * DECK WETNESS (times/h) 36 42 48 54 60
STRUCTURE SLAMMING (times/h) 28 36 44 52 60
HULL AND ** DECK WETNESS (times/h) 7 9 n 13 15
STRUCTURE SLAMMING (times/h) 7 9 1 13 15
PERSONNEL PITCH (sig. amp.) (deg) 1.0 3.9 5.0 6.0 7.1 (10.0) |
{heavy work) ROLL (sig. amp.) (deg) 4.0 10.6 13.3 16.0 19.1 (25.0) |
V. ACC. (sig. amp.) (gq) 0.05 0.19 0.28 0.37 0.47 (1.0)
L. ACC. {sig. amp.) (g) 4.03 0.12 0.14 0.16 0.20 (0.5)
PERSONNEL PITCH  (sig. amp.) (deg) 2.0 4.8 6.6 8.4 10.5 {15.0)
{1ight work) ROLL (sig. amp.) (deg) 5.0 12.7 17.6 22.7 29.0 (45.0)
and V. ACC. (sig. amp.) (g) 0.1 0.3 0.5 0.7 0.9 (1.1)
COMMUNICATION L. ACC.  (sig. amp.) (g) 0.05 0.24 0.32 0.40 0.48 (0.6)
RADAR PITCH  (sig. amp.) (deg)
ROLL (sig. amp.) (deg) 20.0 21.0 22.0 23.0 24.0 25.0
HELI. *kk PITCH (sig. amp.) (deg) 3.0 3.2 3.4 3.6 3.8 4.0
TAKE-OFF/ ROLL (sig. amp.) (deg) 5.0 5.5 6.0 6.5 7.0 7.5
LANDING
PROPULSION NOMINAL SPEED LOSS

* for MONO-HULL TYPE PATROL BOAT
**  for SSC TYPE PATROL BOAT
**%  for PM-1, SSC-1 and SSC-2
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Fig. 3

Effect of Anti-Rolling Tank on human
performance and surveillance mission

(PM-1, Beauf. No.=7)
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Fig.5 An example of long-term performance effectiveness predicted
by statistical method (TRAVEL)
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Fig.6 Comparison of predicted and simulated long-term performance

effectiveness
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Fig. 7 Effect of Anti-Rolling Tank and Fin-Stabilizer on long-term

performance effectiveness
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Table 2 Long-term performance effectiveness

PH-1 PM-2 PM-3 PM-4 | SSC-1 SSC-2

TRAVEL 0.918 0.909 0.877 0.822 0.742 0.910
(0.925) (0.912) | (0.966)
SURVEILLANCE 0.924 0.920 0.893 0.854 0.771 0.945
(0.930) (0.925) | (0.971)
[0.95%]1 | [0.85 1} [0.77 1| [0.67 ]| [0.94%]| [1.00%]
RESCUE 0.961 0.951 0.862 0.810 0.846 0.974
RETURI ** 0.918 0.209 0.877 0.822 0.742 0.910
{0.925) (0.912) | (0.966)
TOTAL 0.748 0.723 0.592 0.490 0.359 0.762
(0.765) (0.651) | (0.883)

[0.35 ]| [0.30 J|[0.28 3| [0.27 1 [0.39 ]}{[0.36 ]

* Helicopter operated

**  without Towing

() with Anti-Rolling Tank or Fin Stabilizer
[] Simulated result

2 L TR Y OREXBETEDL Z LD, F
BKIRAR OB AR OXE VEEE, fin ZF]
Az LcX-T, BEZT Ch{#HEREZXE L
Mz Bz nTcEhricd (Figd 2R) Thh, EiRH
OHEDOBEFEILTONFNERL L LA THS, ET2,
BERINLIEHOBVC I ZEIXEMINEL, AHE
MEEFOBERLE . - OBEHEE, SSC-10E4E&D
X5z 3l.5m DMEDCH T fin OFIHORIERVE
BROWBBCEERTHEE O REMCHENTHELT
WhHTCHEEZ bS,

HED&ETHE T % &1 performance effective-
ness DOEEHERSY (4 RAXAVTKEAE LLERY
Table 2 R,

FEOETHCTREIND X5, #6897z performance
effectiveness {3, ¥ AMOBLSIIIKEMMERTE
by, FEAWIRBOBETIZAE TH S SSC-2 1% SSC-
1 @ 2 £l o performance effectiveness i C¢&
Bo Fio, WEEBEOMBEE LT, BRI ZIH
TAHRIEKE TR 2%, HEOAZL LT, fEHERHLT
LSRR O B % FRAK TR 05 A i3 NG THI80
%, KEMoOBETE 15% L EOTHitEsE DR Lx #]
HETEDL D LB,

vIlav—va VIZXSEEAEAER performance
B HNTE L EWEE
FroTWwaa, Chil, Yialb—vavOEE1ED
WEMTTNCOEHY WET S oD, BRRED
DRMTE I NBEERD 8D HW D Th b, KE
M OERF T OIKECHESNLED, DK
by, FRI XS5 EM performance effectiveness 23
FRE2E5E2L5HD0THD 2 EH%,

effectiveness I FHEIC X 5

4 AR AT LD cost/performance O FR{f

4.1 RTLLHEOFEME
B 58 1 #RIC B\ CJAZE mission effectiveness DYE
IR TWEY, & CTECHEREELS LTS

o BIL, MMOBEHRLEIHETZREL LT, finff
KHRELhEBYETTBOBEMER (BAE+HE
MRS M DEGERE (cost to effectiveness)
% mission effectiveness »EFET S,

RO EE B E DA « BIRCE L THAVOIDEF
AR, BRTSEEGOE, IELTHMMOE
AR rDEEHRBZ L » T2 RInd, BWRO LS
RESREEES OB E T A MM0%E, effective-
ness ¥EXEYES L L THBCREPBETE 5700,
WS X Bl T O BE1 £, BE, WXRY -
v D DESERMEE TEDL Sh B MEESA AV b
TuWb,

—7, K@meRAEREoRMoGE, EFFLod o
MERETHRDIW, effectiveness DOEAIIBIISHE S
Y, REMEECKT 2 BOBRBREGEHR, H5
WITETRO > § 2 U — v 3 v OR LIcTEER O BB D)
DEIGENE L b b, RECIE, MMOWEETE, %7
IR OFHC A5 SEEE LT, HETRITFE
X » THESE LT-EH#f performance effectiveness % {&
BEREOREL L, “hi life cycle cost & D%
VAT ALKROIEIRETH D mission effectiveness
&5,

(1) #&HY performance effectiveness

FigEE e, TiitkgeBg 3+ % performance effec-
tiveness [ OWTHR~To, L L, v AT AL{ED mis-
sion effectiveness OFRH D FodITITFK ROHREY B
Srvt-f4 iy performance effectiveness ZE15 HEDS
HbHo LichisT, HEDRLSHMAND mission effec-
tiveness ZEHi3 5 /oI FKRFOMEETH S ship
system capability DZEAZEZE LiThE7cbcvs,

MAEEC ST B MMOFMO b, £T, FHi
DRI EENDETH S, KEMOBE, —BRICHER
%, B ERD AR T A EREOERD
FEGHEHVT B, Licd - T mission effectiveness
DA FHIE O 1o D WL E « D 6y OZRATHFR O El-& % 83
LML TR LERD D,

W, ExDFEFERT 50 TEFE b,
operation profile FE L IXfTEIO v+ ) ANNEL /¢
bo Bz, BELILHHEERS, THRES S VI
GeEEwE SR BET4EE)Y operation profile X D EBIBL &
feho ThbiL, Wb MMMHIEER ST 5 EK
BERMELEL TIL, AP B VT ship system
capability & LTEZE LT3,

WA B S T, BEE IR D OFARERKE
X X O WERRIE T DT, Bit-ich
5> mission effectiveness & #E[ET 58 EC% ship
system capability OZERZZFIC AN D BHEILIR
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Table 3 An example for explaining the effect
of ship system capability on perfor-
mance effectiveness

TARGET SPEED v (kt){ 10 15 20 25
PROS. DEHSITY ps(v)] 0.25 | 0.25 | 0.25 | 0.25 | PERFORMANCE
EFFECTIVENESS
SHIP SYSTEM SCs
CAPABILITY 1
A~Ship 1.0 1.0 1.0 0 0.75
B-Ship 1.0 1.0 1.0 1.0 1.0

Uinl, EREREREORLIMMCE—FEGEZELT
ERT 5B LOELERE Uit hEinbisv, fl
ZE, PRRRAAREDORT: % #10 mission effec-
tiveness % HLIGEEM 3 5854121, ship system capa-
bility @z ® mission effectiveness IZi4 5 HELYE
ERCBEL TRrRER B0,

ship system capability ©28 ¢ mission effecti-
veness NDEELIRTH L UT, HAMRE 20 kt(AHRD,
30kt (Bfi) @ 2 €2 ENMBER OBRAER CRE
T2HEEELD, BEMOMEMN Table 3immEns
X5 THEMETS L& AMO mission effecti-
veness X BR#D 75% IET LT\ 3% & # 2 il
D7t TOXDREEND, My AT & OfFER
performance effectiveness PEpqiq; 1%

PETom:;pt'SCi' PE; (8)

DISKERTHI LN TED, 2 1, SC, PELIZ
Thxh, | FEOEGRETORMDES, ship system
capability % X' performance effectiveness ZE k3
5o .

ARRCR - TRHEE LTWBREHROBE, oK
ERWIEUT, PRPERIHES, MREREENREL->T
W%, ship system capability SC; kD BTz
HOERDATF 2 — 2 DEEFERNLBELRSBMN, TR
Yo EEREHIZBAT+ %5 operation profile DHRTEETHS
EEZZ DNDFRFPRRET Vimax B IO EEERD
JR&%FRHT AT 2 — 2 L UCHlEROFHREZ A

SCi=Viax XV R, R : range (9)
TEERT %0

(2) Life Cycle Cost

Life cycle cost %, #afiv A7 20BN Gk
20~25 ) ORKFEETHRBHE LTEHRI R 5,
RO RILEM = A F OFEZTOBE, TOMOER
DfEE D, &F - FACKT 5 2 HE L v life cycle
cost {LKECBigh = A Pl HEE /B, 22T
1Y, g A7 40 mission effectiveness D% HE
wITHZ ERELTNBME, life cycle cost [IERM =
AMOCERME R UGB ERET S, BRgE=
A+ EER CERE, Rg, AHEBRS LL8H%E

Table 4 Comparison of mission effectiveness
in a broad sense

PH-1 | PM-2 | PM-3 | $SC-1!SSC-2
Voax (kt) 22.2 1 21.2 | 20.5 | 24.0 | 18.0
RANGE (M) 5700 | 5100 | 4400 | 1000 | 4000 |
PERFORMANCE - '
EFFECTIVENESS 0.765 1 0.723 10.532 | 0.651 ! 0.883 |
SHIP SYSTEM —
CAPABILITY 1.23311.113 : 1.0 1.0 1.500 !
coST 152 1132 it 1.0 i1.84 |

H i

MISSION - . ,
LEFFECTIVENESS 1.05 [1.03 |'-0 Lo jnm |
e

(KL, BRES) TihldtELS,

(3) mission effectiveness DRE

VBB RBY % (E 4y &3 5 ¥SEAL O mission effectiveness
AE L% Table 4 1R, RIRI N BFFMIXEIFMR &
FEARRIPRCHT TERERD 5 b TAE DRV
X % mission effectiveness % PM-3 - SSC-1 %
BELLTURLE, LEA-T,
bility, cost, mission effectiveness |3 PM-3 t SSC~
TR LTENRERL.0 & LTH B performance effec-
tiveness EJ L Cix Table 2 OFHAFEIC X » THE
EXhcflR VT d, Licht-> T PM-1, SSC-1,
SSC-2 B LT~Y =7 % —¥diic X 5 performance
effectiveness ~OEBAFHRITEZBE IR TRWA, =
A PHERBNTIEA~NVERE LEHEELT> T 5,
Fio, BEEEE OFENCBEI L Tk PM-1, SSC-1, SSC-2
EBWCIL/EENRER & LT performance effectiveness
BHELTH S,

TR LIBEE RDE 0 s\ TR, FEAR
FifR & & KB O NEFI &\ 5 R BB, 20
Bk OEGEBEIMTE TR - Tw5 2 L EEL
e uEin b, i, FH 0 performance effecti-
veness %, EEREOEFMREEEXL L OTRLTFREI
nBEREAGTEY, Fo~) a7 2 —-0FERHED
EREINTWRWC LA EETILNEN DD,

4.2 YT RT 4L CGRIZEE) OFFH

BEEZEOHEHA MM OMREOMED 5 W izF EE
BTHDC LR, Linl, FiEEBEYEET
LENOHENL, T OREHELHMEEL T H 0N
BETHDH I T MBEEYER LEVBEDO2 A
bk X O EHf performance effectiveness 2% 2 1L,
FREEEMCI? 2 A M ES I ORERLOESYR
% & Table 5 O X 5 kb5, EHETHMOMEH1
UETHITRESRE L USRI EThH D L HIT
FThL Ly PM-1 5 X0 SSC-2 D4t ligKig
DIRITWRTED EH 2T I —F7, SSC-1 o4
WCIRFEH K S W ESREYF T 5, hug, /pE

ship system capa-~
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Table 5 Effect of Anti-Rolling Tank and Fin-
Stabilizer on mission effectiveness

PM-1 SSC-1 $5C-2
without
. ART,FIN 1.0 1.0 1.0
[%}
S | with
ART,FIN 1.003 1.060 1.038
LLI&
O s without
Zz ART,FIN 1.0 1.0 1.0
= >
Se ith
[ ¥ wi
S| ART,FIN 1.023 1.813 1.159
a L
ud
PERFORMANCE / COST 1.020 1.710 1.117

DHFBRKRFR OB E, BEFEEENAETBEED fin-
stabilizer OERINHDEIIEFR LA D TH S,

WIEIRR G DB CHIS BB OBy RET 2B 81X
D XS RN IR TWAEFTHELMD, 22T
IRUICHEREZYIERY 52530 THD LH¥T 5,

5 %

faAGORIIAGTE, WHIERET OB CTMi e E B L
TeRREH 1T 5 odb DL LT ‘mission effectiveness’
DEZFHEAL, hEMEErRLTEEL LT
HE -FHETAHEER L TE o AR, £ D
WE, HiRE IORBEROTHIEZEELTWARD, K
BRERNEOAL LTELRBRINTLIBR TR S
LOTIRIRVA, FHEELTIEDTHY, FHBy
MM BT ER - THE - FHEOBEZR LEILELC

il

CIBETHS,
AP BTI2HEHE L TROLICBRE Z ENTE
Do

(1) LUNBEREEZDC LI - TEREB»S
B iy DO RHA) performance effectiveness OHEE VAT
BEThb, L, B ZOERYE2 5D TH
BT ECEE LT hER S,

(2) EEMELERE LIJA3 mission effectiveness
DFHF LY R Lice 72720, KPR THS ship
system capability {245 DEZELEFALTHLHDT, HE
AMRED R B OFHcit s @ _ship system capa-

bility DIFFERIEEN R E 25,

(3) v AT 2aLEkTRiL, HaoywrFo s
AWD\WT % mission effectiveness D& % F, KER
BRI EnTES,

REWR, FHETRUCFEIWRMEEOLRSTE
CIRWEBR DM > A 7 A DYRESHEIC L BT TS
DEEZ D,

RReHKH Yy, FHFECEKOB LB >k
RIS AFEAFBRE Hf ZRECOLLOBELELL
Vo FTE, KRFEETOIRHE YD, KIAEREIE, Wk
T T KIRAFTER PRE—, WE HKEEE,
BIrEih (MO BT R BAN B L, Misfmrs
Bt MATEELCOLOORHEOEYELE T, Ik,
BUE B KR LA S5 H « v % — ACOS 700, =
FEM () IBM-3801 ¥ X O KFRAF LA T 238 8 #8
T2F} NOVAS3/12, ECLIPSE 10/SP #{& fi L= = &
MET 5,

2 £ x B
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