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o ABSTRACT O

To minimize the risk of failures or major renewals of hull structures during the ship's
expected life span, It is imperative that the precaution must be taken with regard to an
adequate margin of safety against any one or combination of failure modes including
excessive yielding, buckling, brittle fracture, fatigue and corrosion. The most efficient
system for combating underwater corrosion is ‘cathodic protection'.

This paper focuses on the sacrificial anode use as a method of cathodic protection of ship's
hulls. The basic principle of this method is that the ship's hull structure is made cathodic,
with respect to another metal acts as anode, the anodic reactions are suppressed on the
protected structure. The sacrificial anodes are attached to the hull surface, the electrical
current passes from anode to hull due to the difference of potential between the anodes and
hull metals. Then, the ship's hull is protected by converting it to a cathode.

The sacrificial anodes are designed to protect the ship's hull against corrosion until the time
of Periodical dry docking, which is between 2 to 3 years. In this design, the required
protection is achieved by determining the total weight of sacrificial anodes and output of
total electrical current requirements.

Keywords: Corrosion, Cathodic protection systems, sacrificial anodes, Design of
Cathodic protection systems .
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0.7 Max Max Max Max Max
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Al Gagylas Ol DS candlaty dedll el 4S5 e Sl aeadl sale ol ey
Balal AlasS g eSH alsdl) Jai . aillad o smeadl mhan JS85 i o oS WS L e Gty ) ddasal
Anode Consumption aeadl $Plgiul Jaxas «Current Capacity Ll 4eu cPotential agall axadll
laglaall Jadi Jamal) Jangll Cagplal 21aY) clily (e samaall Llall (alss e Jsasll (S .Rate
tob b @5 ol o A
(brad) gleall agad Cansall aalls alaall 5yl 3 dmeadd) dga cp Gl ) S 3L5eSI) agal) -
[ Kg/A-year] <Dl Jixe o [ A-h/KQ] Slyest) Ll das -
by G JSEL AL cdlull 4508 -
ekl Sl Gl Tzl elal gygpall e Al Slel Sl il deadll 3ol )l Lady
ST dalaal slall 8 dea g3 Hlaall il ameadll (6 o cany cilpally dladall pabiall DI Lalal)
-1.00 V e Fabe ST Qi) dea 5% o) i cale IS L Apkugall Dleall Cigthadl) dleall 2¢a (0 Rl
S el agall 0 G sl e adl cle B xage 25 5SIK AGIAGCT g Lulia
S sle B aage 25 5SIS AG/AQCT J daailly -0.85 V i 3ga ) Olinitie dmaadll ¢Diginly
Ghilall amadll Qi) sga 5S of amy el dead) Gn SlpeSl seall aSate aclias sl
sl oo gl iy o camy WS L palad) Jmall sl Jal (e Alygda 538l 6ol apafil il ae yiase il
csthaall Ll el aas cdandl Al cdasad) )
e dead) sale o &S aals daiial [ A-h] lpeSh) e 2080 2l o SUIA) sanaall badall lal) des
Al ele (B Ball dnp gL (aias) Blall daps o duleall LAl a2kt L Asllaall Jail) ok
JSB Joany clas Aumidie Lo ClBlS xie (Ll 286 aLajl dax ) lall A8 ey o(Apad) gyl g
Aaleal) Ll Gas 8 pge alindl ) 505 dmaaall muly 1
e DA el aals oyliie L5 zoa dal (e ASlgua) dead) sald 4ISH 2Sl) g dreadd) oDlgiu) Jixe
}[3] Adkally Ll A8 draaall Dlgind Lagy [ KG/A-Y] asl;

ExQ= 8760 [h/y]
adl $Dlginl Jaea :E [ Kg/Ampers-year] «cua
4l dxw :Q [ Amps-hors/Kg]
aalsale P @leldl 2ae 18760

(5) Jsaall Aisse aspiinally capial¥) coliigill acliadd ddbaiSs o<l (alsal

31 $la (b pssially capiald) cs L5l a5 laal Filiasy 48l alsill(5) dsaad

Electrode Operation Closed Current Potential Practical Current Practical Anode
Type Temperature, to Ag/AgCl/ seawater Density, [A-h/Kg] | Consumption Rate,
[°C] reference Electrode, [volt] [Ka/(A-y)]
Zinc 41-77 -1.00, -1.03 760-780 11.2-11.5
Aluminum 25 -0.83,-1.09 2500 3.5-3.8
Magnesium 5-25 -1.5,-1.7 1200 7.3
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Agdaigal) dleat) LalstY dpasaatt) cliluall -3-6

Gl Ally ¢l duslalal) dalisall a5 oy cAidall a)ladl Gad) dulead 4gllaall acliadl) aae s ¢ 55 paail

:[5] Al Apuliall Al oty 5f losus )l e alen Ayl ulalall ) rdans Aalise ot L Aiud) £ 515 anny
Wetted Surface Area = Lgp(1.8xD+ Cp, xB) @

coadl 1B e e 1 Cp «ublad) :D (ouatldll o Jshall tlgp G

(6) Jsaally dibide (Slyal £y Jala Jany

151 4dlia chad (Cp)s3ad) Jale(6) Jsal

Vessel Type Block Coefficient (Cp)

Passenger Vessel 0.6
Cargo Vessel 0.75
Coasters 0.75
Trawlers 0.55

Yachts 0.4-0.5

Tankers 0.8-0.9
Dredgers 0.8
Naval Vessels 0.55
Tugs 0.6
Launches 0.4

Gl s 1N Led )l Allag Aaadll gyl i) g sie cdalpal) e daall SlieVL &Y (g
o Gllia e JL&h:YLQAglaﬁad\aﬁLaaj\eﬁaudSLi);g 2)53 S e lil) A8 clllaie pais .(&A;sﬂ
(7] & lluall oda 3 Laadivaa) ClBalla L laa

400 Al S yal) dlead o lhagl) SIS L Gy -
Protected Area(m?)xCurrent Density (mA/m?) (2)

Current (amperes) =

1000
agllall A8Na1l (g\f,b Ariaa ) 2adl salad sl QJSX\ sl ey —
Weight (Kg) _ Current (amperes)xDesign Life (years)x8760) (3)

Capacity of Material (amp.hrs/kg)
el ale W) aae 18760 s

Alaiuly sl dradl dlall gy deaal) 3ol g0 HLEA) 2ey cdygllaall deliadl 2o Qlaa S -

dosdll) el
I Weigh ired
Number of Anodes = Ll Welght Require (4)
Individual Net Weight
Total Current Required
Number of Anodes = (5)

Individual Current Output
(7) Jsaall (e psssal danils dmemall JS& sl 2 . aeloadd) sy JSE a1 any caeliaal 22 lal

19 Telsll Aully (8) Jsall (pas [ 8]
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[8] Laiaall agsial¥) solan (7 ) Jgaadl

Dist. Bet. Net Gross Insert
Anode Product L W H Hole Weight | Weight Dimensions
Shape Code mm | mm | mm Cents. (Kag) (Kg) (mm)
(mm)
AWIC1 | 300 | 150 30 - 2.80 3.70 440x40%x6 MS
AWOC2 | 300 | 150 | 50 - 4.00 4.90 440%x40%x6 MS
AW9C3 | 350 | 150 | 35 - 3.60 4.60 500x40%x6 MS
AW11A1 | 150 | 150 | 25 - - 1.40 No Insert
1.65 2.20
AW16C2 | 285 | 80| 40 - 435%25%6 MS
AW17C1 | 500 | 125 | 40 - 6.70 8.10 700%x40x6 MS
AW17C2 | 500 | 125 | 50 - 7.40 8.90 700%x40x6 MS
AW18C1 | 580 | 135 | 40 - 7.50 9080 780x40x6 MS
AW18C3 | 590 | 140 | 50 - 9.60 11.10 | 790x40x6 MS
AW18C5 | 610 | 140 | 65 - 13.10 14.60 | 790x40x6 MS
AW18C15 | 585 | 135 | 36 - 7.70 9.20 785%x40x6 MS
440x40x6 MS
Al avail. With
AW?25B 300 | 100 | 50 160 2.50 3.0 Rubber gasket

191 Liadaal) £ gl 35 Laa (8 ) Jgaad

Dist. Bet. Net Gross | Insert Dimens.
Product L w H Hole Weight | Weight (mm)
Code mm | mm | mm Cents. (Kg) (Kg)
(mm)
NW11B1 | 150 | 150 | 25 - 340 | 20.30 | 20diahole
NW11B2 | 150 75 25 - 1.40 1.50 20 dia hole
NW11C1 | 150 | 150 28 - 3.80 4.10 260x25%3 MS
NW11C3 | 150 | 75 25 - 1.80 2.10 250%25%6 MS
NW11B1 75 75 25 - 0.90 1.00 275%x25%3 MS
NW16C1 | 285 | 80 30 - 2.10 3.20 435%25%6 MS
NW16C1 | 285 | 80 40 - 4.50 5.00 | 435x25x6 MS
NW17C1 | 500 | 125 45 - 16.80 18.20 | 690x40x6 MS
NW17C2 | 500 | 125 | 55 - 20.30 21.60 | 690x40x6 MS
NW18C1 | 580 | 135 | 30 - 20.30 21.60 | 780x40x6 MS
NW18C2 | 600 | 138 50 - 22.50 24.00 | 800x40x6 MS
NW18C3 | 600 | 135 53 - 25.50 27.00 | 800x40x6 MS
NW18C4 | 600 | 140 57 - 27.50 29.00 | 800x40x6 MS
NW18C6 | 600 | 145 67 - 34.50 36.00 | 800x40x6 MS
NW18C15 | 585 | 135 36 - 16.50 18.00 | 800x40x6 MS
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:AdiBlialy gl
Ale gl (i g EOB sadd 53 aeladS oLl camial) pladiuly Jage Glea sl apea @
M bl shal 2 el clleall ehal 3 odel 58l el cuadiul LAdide CVsens
Aalal) i) il Dlagall Dleall i ) Legd il ppdeadll
AL aladtiuly Ansull o (e ehalal) eiall dalie Clua @

Area= Lpg(1.8xD+ CpxB) (m?)
Aihide alel 53 dalide CWsany Gl Gulalall ejal) Al (9) Jsandl G

[10] Aakisa slayfy Adlise cigany dale ailiay G Gubalad) gjad) dabua (9) Jgaadl

Dead length between Breadth Draught | Area= Lpg(1.8xD+ C,xB)
weight (ton) | perpendicular (m) B(m) D(m) (m?), C,=0.75
2000 75 13.1 4.8 1385
5000 99 17.0 6.4 2403
10000 123 20.7 8.1 3703
12000 130 21.8 8.6 4138
18000 147 24.4 9.8 5283
30000 171 28.7 10.5 6913

i) Caydie) g EDE aal Adagal) dleall (pelil aeliaall JISH ¢pslly osthaall S Ll s 25 LS
cllall 55 (10) Jsaadl o <12 MA/M® 18 3 Jsaall (e cbllaie e i Lall 486 (Bipa A

Lo laall LS ¢ 3glly A Ll (10) Jsaad

Total Required Weight
Dead Area= Lpg(1.8xD+ CpxB) | Total Required Current (Kg)
weight (m?), C,=0.75 (Ampere) Al Zn
(ton)
2000 1385 16.62 174.5 558.43
5000 2403 28.84 302.82 969.0
10000 3703 44,43 467.0 1497.15
12000 4138 49.66 521.43 1668.6
18000 5283 63.4 665.7 2130.42
30000 6913 82.96 871.0 2787.46

Aale adliay il o Lisilly sssald) deas (ge JSV Cagllaall KU sl e AR g 53 ¢(1) JS&N ansy
AL Gan A ((2) IS an) La @ LS el wiliad) i Jseaad) G35l ol cdilide cgea 0l
Aalal) i) il Jgend) (555l S damall Cogllal) SN LAl o

Y cassiall) aelian o Castlaall (sl e 830 3.2 Jsar ST o liigill aclian (e cogthaall gyl Gl Baadls
Laadi Wiy . /7.2 Kg/A.year s asid Ly «11.2 Kg/A.year s oAl sligll Dlgivl Jae Gl
Ll sag ailen el pelaaad) Aalioey o (3laty 4BV (pamiad) SIS 4d ga Aleall sllaall Ll s
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Total Anode Weight (Kg)

3000

2500

Zn-Anoade
2000

1500

1000

500 /

0 1 1 1 1 1 1 J
0 5000 10000 15000 20000 25000 30000 35000

Jsanall ¢y 5l g s laall qgllaall ASH &5 g1 s A8l (1) JS&I)

Al -Anode -

Dead Weight (ton)

Total Required Current (Ampere)
90
80  —

70 /
60 /

50 ~

40 p

ol

20 /

10
0 . . . . . 1 ) Dead Weight (ton)
0 5000 10000 15000 20000 25000 30000 35000
Jsaaall ¢35l 5 20 luaall o glhaall A Jl) (g AB3al) (2) JS&

Csthaall el Je haldie] seliadl e Glua &4 .8 57 Galsaadl (e debiaddl s cacbiad) s clual
suadl 5y 2y Cua 554 Gibledl aladiuly A8 selad) 4ai GAll SleS) s aclad) (e
Individual Current Output asadll AlyeSl Ll Claa g Ly 8 5 7 cudsaall e sl
A =E/R :al il aladiul;

aal) Aaglie cruaty cablea Ayl Gamally aaall G aeall 358 :E= -0.8-(1.05)=0.25(volte) :ua
R= p/2S (ohm) :Lloyds' ile alasiuls daalll seladll
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() 2L e Jsladll daslia 1 p=25 ohm.cm
Seadl Qilsa ol Jawgie 1 S = a+b/2 (cm)

ol e Ly o siaY) sanian (o JSSlyeSI) Ll 2l 5eSH dasliall a8 11 Jsaall G

Sl Sl Ayl gl) Aaglial) o 11 Jgaad)

Anode | Product | Anode | Anode | Anode | Nominal Nominal

Type Code Length | Width | Height net Gross weight R [
mm mm mm weight Kg Ohm Ampere

Kg
asid | AW18C 580 135 40 7.5 9.0 0.349 0.715
1
NPy NW17C 500 125 55 20.30 21.60 0.4 0.625
2

12 Jsaadl b Aisa (9 Jsaall) Aalall giliadl (i aglall Gl e seliadd) (o costhaall aaall Cilual) il

0N Alaal Agllaall solaall axe (12) Jgaad)

Dead Total Total Required Weight sl aelae se | elisll aclias s
weight Required (Kg)
(ton) | Current(A) Al Zn el | e slae) | sldiel | e slae)
e okl e okl
W | stk |l [ sl
2000 16.62 174.5 558.43 24 24 28 27
5000 28.84 302.82 969.0 42 42 48 47
10000 44.43 467.0 1497.15 63 63 74 72
12000 49.66 521.43 1668.6 70 70 83 80
18000 63.4 665.7 2130.42 89 89 105 102
30000 82.96 871.0 2787.46 117 117 138 133

Csllaal) aaal) Laig Sl 3sl) e S e laldie] 4l s asialV] aelae (e cagllaall 22l o sl

selas e a4 Gl lal) o adiey 3 @l e 51 8 38l Lo blae) o ligl) 30l aclas (g

costlad) il e alae oLl

Gsladll agall (58 o Lilay Al el Ll el acbiadl ass Al daludll o sebadl a5 4

Al ARl alasiuly JST (e Lgilany daaall aghy Al dabuall Casad alen ) mdadls acladll o
Maximum Area Protected= Anode Current(A)/Max. Current Demand(A/mZ)

52 MPlaylie dalise lens s L5l deeme ashy Lt ¢59.6 M aylaie dalus dleny agiy agiall aema S

Nebany acliadl o of (S Al dalual JG) Joaadl o
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Hygnal) 20laall alidial; danall daluall (13) Jgaall

Dead Leilen 31 yall 4alocall R0 Aendl Aald] AR Aendl Aald]

weight (m?) (M?)asialy) 2elias (m?)elisill aclias

(ton) Max. Area Per one Max. Area Per one
Anode= 59.6 m? Anode=52 m?

2000 1385 1430.4 1456

5000 2403 2443.6 2496

10000 3703 3754.8 3848

12000 4138 4172 4316

18000 5283 5304.4 5460

30000 6913 6973.2 7176

Okl a3 L Cun il ol dyglhad) dlead) (25 deaadll acladll G 135 12 Jslaall (e B2l

cosblal) el JalS) dlaad) (a5 i LS cdlaadl gl

tGluagilly clalitiuy)

ey Jelal) 13 aghy L cpudl Z3a) JSlie ST aals cAigad) slacl aliel aaly Sla€s5eS delss s Taall
s 5y AAISH 65 o gy ¢ Lole CalSa 43) L agmall Jaus gl pe alelis (DA (e oS IS Giasall sl
JSEH e Gl 8 ) e Ll Aglen Cany AL claall A el sl Jlagiasd o 230l 3y 0 1)

i G (o 28 .SACP 5 ICCP :ihagal) Lleal) & cyiinedl) oy plall dale daalye ani Caall 134 4 @
JalS) Aleall 23y Cam chaiaall il LaDUy 1A A3t el IS laa aslie GlsA) deaadlly dyleal)
Gl Agiay Alleall elal Sl 8 Aalually Sy WS bpreall acliaall Caulie gy Al oLl
asinly CShall Wl pand Gl) o2gl Bl Jail) 358 Jal o Lmidiall 4GS cAidll iaysal
Ggaad) aeladl)

deliadl il (s L5l aclay asialV) aclias ) Laaall scliadll e e sl dpapaaill Clluall mung &
S U< adiad Anadl) deladll aladinl fhyed) Gleall cllea G o LAk Elgeal) culd Aalal)
L sllaall L) 8BS ey anlan dhall mland) dalie e

A sthadl) Hlally seliadll s3] (S ¢l e laldie) aclaall sae luay @y dyslladl djlaal) 3ia0 &
(bl o Taall aidd AGd Al s Gt Glluall o3a Bl Sy Al 2l mlasd] 4038
Jaall Loy (3 #3aV)s Dlal) M Cua

ehay clluall o3 Aaay oSay WS daall e dpall cland) gl J€ dlead Auhall o2 sia of oS
Aodaseal) dlaall day e cllia
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