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Abstract : This study presents a quantitative analysis of how biofouling accumulated during the quay outfitting
stage affects engine load characteristics in a Combined Diesel And Diesel (CODAD) propulsion system of a
newly built naval vessel. Severe biofouling developed during summer months when seawater temperatures
reached approximately 26~28C, as the marine growth prevention system (MGPS) could not be continuously
operated due to shipbuilding schedule constraints. Engine overload and pitch slowdown events encountered
during subsequent sea trials necessitated emergency re-docking and propeller cleaning. Comparative sea trials
conducted before and after cleaning revealed shaft power reductions of approximately 703 kW (17.8%) at
cruising speed and 350 kW (3.6%) at maximum speed, with engine performance curve analysis further
quantifying the operating margin relative to the engine load limit boundary. Based on these findings,
quantitative criteria for mandatory pre-trial propeller inspection are proposed for naval shipbuilding programs.
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Table 1 Operation mode of the surface ship

Mode Power (kW) x rpm Engine Load Ratio (%) Remark
1| 2DE 18,000 x 183.6 86.5 4 engines operated
2| 1DE 6,700 x 148.0 64.4 2 engines operated
3| 2DE trail shaft 13,600 x 169.0 65.4 4 engines 1 shaft trailed
4| 1DE trail shaft 5,194 x 140.0 49.9 2 engines 1 shaft trailed
5| 2DE locked shaft 6,170 x 129.0 59.3 4 engines 1 shaft locked
6| 1DE locked shaft 5,554 x 132.0 534 2 engines 1 shaft locked
7| 2DE towing 11,546 x 173 55.5 4 engines operated
2. ZXIHA N o] $8 BEL Table 10]49} Zo] & 77}
Az GHdEn, 2t med J4 FEah 2o A4S
oA g @A gA-gA B3 23 =31 she A3 FeE(EARDe A e T
AAL Fig 13 2 209 9AAAE 14 7 obe] B AT Alute AT By 34
&7]olo] A4zt dAsto] F 2709 FAVES F+ XAAY F8 252 Table 29 Lt}
Bake JAA FAMAoR, AL A4 2,
AN AA 4o B S B 9R B 3 MAIRAME MY SM W 2TM8S
4% &5 de HAS Thettd FR F4 X5t HFHLIS
@ ol e E
Thrust Bearing 3.1 'A—-li-"_l?_i'l-g% gé} %g
4 R O-0 B AARAY S 5 F2E 1 FAsh=
I yEers  eszom,  u ol uoloug
| -+ _ (microfouling)ol| 4] A]Z5}o] u}7l v (barnacle), -3+
R/G _
¥ crp & shafting Hoo pox (mussel),  FHH@|(wbeworm) 59| P B
_ _ Thrust Bearing - (macrofouling) 2 WolElE wAA 24 §4 73
Fig. 1 Propulsion system for CODAD o ALY HF A W MEeEo Soo] 7o
EDIN-S _ 32 2
Table 2 Specification of the CODAD system LS 2o, 15-25C FabelA A4 H=7t
Vo Aol DECEY 20259 FARATEY AL
component Specification TS Amo w2 AA §Y 25 22
Main Type: 16V1163M84 (four-stroke) 899 = oF 2228Co] <alch w3l ok 712
eneine Rated power: 5,200 kW x 1,180 rpm Tuol = Lol o A mho A B o
T = g = = o
g Idle speed: 500 rpm A z7] vt lian(‘j] = = JA4 & =
Type: ASL 2 x 154/173 AIZE Yol §43] F4=Y, Ad a2 FAb
Pover por shafl: 5200 10V WA AR EA W RHEEE ALY 9
Reducti nput speed: 1, rpm o o wmols
Zo0 = P 20 W oodx 27 b
on gear | Shaft speed: 183.6 rpm Ea)%“ AL —'—“_ = 8= 24 JEIJ__
Shaft rake: 3.3 bt B HoMk= 4 = ool Al&sHAl H2t
Gear ratio: 6.972 (Initial Adhesion)dl= EAS dt}? uwlela st
T}_Ipe: 5 blades controlled pitch 7] 1Y o]AFe] obd ARL 2x7] EHo| o
I Diameter: 4,300 mm . ~ o o
Propeller 0 ial: Ni-Al-Bronze omt wed S5 FAsHO TR 24
Hub diameter: 1,100 mm Al&3kch
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2(1DE, Pitch 85%) %719
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10,050

agol §9

1630C 2, AR LAY 28 4 170152 R
SCYS 23ste I A3hE 47 A3sts 249 =& S04 vy Fae(17.8%)°0] o &
gtk 4@o] 25CE 2WsHE A9olE o A @ 2G.6%el HE BAI 2 olf, A% A
A5t 27] whgele 27 4% L 24 HRe A A 2N mW AWy as ez o
SEE o gA gl gt o]l AA FHEHU, ol AL AHWA AHAE &
sue) wy Aol folud WakE fusly]  dol= FHz 2 §A9 FAF(boundary
o S&3 2A0UE AT 5 AUk layer) F7A7} AiAoz FAYA7] wzolth
wepa] A AFo] AFA vals & A Al
Table 3 Comparison of speed and shaft power
. Before - _ After - ~ . .
Mode P(})t/:)h Power/shaft E%egfiﬁree rpm Power/shaft Erl?gfltrelé rpm S(ifse)d Re&(u\;};on Re(?)l/j)tlon
(kW) (kW)
IDE 85 3,950 1,040 3,247 1,040 16.01 703 17.8
2DE 95 - - 8,053 1,280 20.28 - -
2DE 96 - - 8,588 - 20.47 - -
2DE 97 - - 8,696 - 20.72 - -
2DE 98 - - 8,960 - 20.84 - -
2DE 99 - - 9,086 1,280 21.58 - -
2DE 100 10,400 1,240 10,050 1,280 21.84 350 3.6

Table 4 Engine load ratio for propeller cleaning

Mode P(})t/:)h Load before(%) Load after(%) Margin recovery(%)
1DE 85 759 62.4 13.5
2DE 100 100.0% 96.6 3.4

¥ 47 7 2DE 100% W2 2AA A7 Hahge FA 52(5200 kWishafyol] =g
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24 24 Foli 624%% A4 Reg $EOR
of SAE, okl Eolshe & TrE A Belo] 135%9 &8 mhxle] BAnglch
A7) &3 94 o] £ 249 dule] 2AZ Zo]  HEQDE, Pich 100%) 2ANHE A4 A H2

LB WA P T %A 25 54 5] 100%e] Edshe] Az HIAEere] o §
MR F4 AZS B9 mebuolok T wAlolth  sb AMA AWE HHGom, A4 F 96.6%E

gk, Table 3914 44| # Zulglo] IDE Pitch  34%p2|ullo] 3259}
85%%} 2DE Pitch 100% 7 Z Aot AAE A2,

24 A ASH F AW pEste] 2 WX L2 55 WX As TM 2A
o

ol
o] AZ=L gEalA] R, o]F Al U performance curve)S Fig. 31} 7ol
AF S 7k R A 2o By o). 24 A 1DE HE=(Pitch 85%) 43 Z
dozrE oF 703 kW(13.5%p) HZo] ¢

S IA e A F AP AT ASE 15}
of A A& vzt YA FoB R, Table 3 1 lg& & 4 en, dxl Fsb A 34
o] did oA A A EHupEy ZATHRW o A GA7A] 2 AHE LHg uet
2 %)yE W2 ®7|sHT U2 SRk dAbo] WSt
ol s =4 W, 2R ¥ 5 AT R
54 2& ZEE Al B5kE 24 of WEo] AT Afolx HE AXgo] %74
aA A F8 28 248 dA Feked 4 AST 5 e 94 2d0dES Ytk &
2 55,200 kW/shaft) 7|Eo= A Aaks Al Folle Y 28F] A FAHezRH F
Table 4o A AISHAT =3 %2 £Z(IDE, Pitch &3 vpE R Jooz o|Fhozi b
85%)0ll Al A4l A AW RakEe 759%=, AA A 280] Jted FHE HdHh o &

8300 2DE Pitch 100%

{Betore cleaning) Block, Leistung

Fuel stop power
5200 kW

1280 rpm
#L N\ MCR-Kurve
= MCR-Curve
b

4 2DE Pltch 99%
s} (After cleaning)

4500

4000

3500

P =1(n%)
3000

1DE Plich 85% /
{After cleaning) ﬁv v,

AT 2] 1
| 12DE Pltch 95%
(After cleaning)

2500

2000

Engine Power / Motorleistung [kW]

1500

1000

500

300 400 500 600 700 800 800 1000 1100 1200 1300
Engine Speed / Motordrehzahl [1/min]

Fig. 3 Engine performance curve
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