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llAVIHIP'; Transl. 1156

2LSCX.TR CJ IC:..L Pi)OTEC'rION CF .;I,IP IULLS

?he existing syste;is for the paint-uid-varniqh coptings can not serve as

n reliable memns of protection from corrosion and the fouling of the ship hull

I'cr the inter-docking period. In connection with this, in the domestic (Soviet)

-nd forei,7,, shii)builling;, us- is mnde of tY, electroch' iicail protection in comb-

inition with the paint-snd-varnish cotin:o.

In the domestic shinbuilding prActice, for protactin the rgion of the

-<rn counter, most susce;tibl- owin,, to the coupling of the propeller and the

hull, the zinc protection nat.rials wore used for souiu time. However, they were

producd -vith q, apT'reciablLt aontent of '.,rinful d,:ixtures, trd during operation,

t ey soon beci.ne cuated with A dirficultly--olbl,: re.idue, in fact ceasing to

fill the role of a protecting anode. Therefore, it was first necessaryj to choose

the :;iost e fective allcy fir t} # protecting anodes. ',n alloy based on aluminum

::,a:A-nesiuti proved to be cuch an a,7ent.

In addition, a shortco, ing of the protection sy ste, of JUardri6 only the

r.- -cn of the stern counter iz the local n~ture of its effect: only a limited

re ion of thc hip's hull is -rotected. In connection with the application of the

le-:-rlloy steels diinishin6 the thickness of the hull plating, a further de-

velopmnt of the Plectroche_,Jel protection was rejuired.

The improved systen of cnthode protection utilizin6 the platinized ti-

tanium anodes (the motor ship "Svanetiya") and the nondetachable protective coat-

in - viti the jents, connected to the hull throuj7h the ballast resistance (the

tanKer "Pkhen'yan") proved to be an effective means of protecting the hull from

corrosion.

Protective Coating Over Entire Length of the Ship

Phe refrigerator ships (of the "Sevastopol" type) and the passenger ships

(of the "hirgizstan" type) wore the first ones or. ".hioh usp was mude of the pro-

tective coitin: cf the hull for the eiitire length of the ship (Fig.l); it was

achieved by 6 -,roups of protective anodes, with 5 groups on each side;each

,roup has a detachable connection (lead-in) to the hull's interior. On the pro-

totype ships (the "Sevestopol" and the "iirkizstan"), we installed the electrical
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neasuring and zontrol e-uipment for modifying the poiential of the ship's hull

by rep.ultin the resistpncs, in the electrical circuit.

The protective anodes were made from the nlloy A1T9-IO-O (Mg - i2%, n -
i Ye, 2,n - .*ry; ed the remiinder . AI).

'he protective anodes w're connected with one another successively in

-roup3 by reinfcrcing materinl, protrudiniz from their ends (Fig. 7). "'be number

of protectorp in the !rou-). ringed from 22 to 37; the size of each - 1000 X

200 X 40 mm, aeld the weight - 19 L .

As is evident from Fig. 1, the protectors (galvanic anodes are mounted in

such a way on the hull that were located below the waterline during ballast passaFe:

in the central part of the ship, they are in the bow region; in the stern part,

they are elevated somewhat as compared with the central part, since in the

ballasted passage, as a rule the ships have a trim difference toward the stern

and in addition, the perimeter of the submerged part of the frame is smaller in the

stern than amidships. The protective anodes are not installed on the ship's

bottom surface owing to the possible damige to the-bottom plating during docking.

desgn~ waterline -

ballast mterlim@7

?ig. 1. )ia6rP.w 3Lowir, L.rrangc..nt of Protective Devices on D)r-Cargo
nnd rassenger 3hips. 1 - Sroups of protectors.

ey: a) design waterline; b) 9WL (ballast waterline)

/59
For innulrting the -rctentors from the hull, we used rubber lining 10

=T in tnicness, textolite ii. s in the unit fur fastening the protector device,

an vinyl plastic hushings.

P'or :,easuring the potential of the hull, on each ship we iniitallec. three

silver-silver shloride reference electrodes, placed in the bow, center, and

stern parts of the ship.

;he experience gained in oper-tin. the indicated ships and the results of

the inspec.ioria made during decking provide evidence that the protective system

with the use of the aluminum protective anodes over the entire length of the

s.iip, in sonjunction with the vinyl syste. of paint'ng favors a reduction in
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the corrouion of the hull's widerwater section.

deinwterline

N~~M -- _ __ _

Th7~ T~ beaset WaterlineA

\Fig. 3. Diagram Sowing kzrpngot of protectors
on Tankers of the '?rogue" TY'PO.

1-group of protectors.

Fig. 4. Diagraf Showing thie Asz*199enmt Of the
protective Dwices on Ships of I'S~phia" Type

1-groupof protectors.

2Fastening of the Prote3ctive Devices and 'Their Interconnection.
reinforcement; 2 - protective device; 3 - rubber lining; 4 - outer platinj;

of the hull; 5 - disk; 6 - bushing

F'or examnple, during the docking of the motor ship '5evnutopol", it was

et-fhliqh~1 tnnt, t!7(- hull Dot mtial re.2ches the protective value Of 0.8-0.85 v;

t!e ull is in good condition and did not have a... corrosion damages. The wear

on the prottctive devices rnged from 50-6,),;.

1)urir, .he dockin:; period, it was clarified that individual groups of the

prutectiv± d'vices were clozed onto the hull, and certaLin of thenr had been

torn off. ;milnr results merp obtained during the docking of the ships "i'irgiz-

sth~n", "'>old viye' and "Simferopol", having been opernting for 2-2.5 years.

The qUCK intpection of tht referenced ships also indicated that in them,

the belt of tne v~riable waterline wa~s protected to a lesser extent than the

bottom part. Oi.i3 is expl.eined by the more per'man -nt paint-and-vnrnish coating

on the bottom, which had been painted nccordin; to the vinyl systemn.

T2he e.t'ective! range of action of the protectivfe ]evices made of the AMTS

alloy compriced 2-?.5 meters from the place of their installation. The reaining



underwaie- part of the hull, rrotected to a lesser extent, had sections which

had suffere' only a sliv'ht superficial corrosion.

Cf special significance is an effective system of protecting the oil tank-

ers from corrosion. This is occasioned by the following factorse the hulls of

the tankers are suboected to corrosion effect frum inside and outside; low-alloy

steel is utilized for the hall mnterial.

The tan :er "Rovno" ("iazbek" type) was provided with the electrochemical

protection; in it, we installed the controllable protective arrangement over the

entire ship length, with .he devices made of ?L-4 alloy. All the protective de-

vices rere divided into 3 groups (3 groups on each side). The number of protec-

tive devices per -roup ranged from 27 to 50. Each group of protectors had a

lead-in to the hull interior to the electrical measuring And regulating equip-

ment (the bow groups--in the region of the fore peak; the central and stern

groups--in the engine room area).

For measurement of the hull potential, we installed on board two chloro-

silver electrodes for comparison: one amidships (in the log and echo-

5-ounder shaft), and the other in the cofferdam (in the engine room area). Dur-

in7 docking after two years of operetion, it was established that the protec-

tive system had exerted a positive influence on the condition of the underwater

surface, having avoided in a large part of the hull the development of pitting.

At the same time, however, it appeared that we had not succeeded in preserving

the insulation of the protector groups from the hull.

The protective devices were insulated from the hull by the rubber liring,

and from the attaching pins by the textolite disks and the vinyl plastic bush-

ings; the protectors' insulation proved insufficient, and the individual protec-

tive devices as Nell as the entire group of protectors became short-circuited on

the hull. The magnesium protectors short-circuited on the hull, having a high

current output, disrupted the integrity of the adjacent paint-and-varnish coat-

ing and constituted the cause for its premature breakdown.

On the tankers of the "Prague" type, we used a similar systetu of protec-

tive coating, but in distinction from the "Rovno" tanker, the number of the groups

of protective devices was two on either sidi (Fig.3). The protectors had a lead(cable)

into the hull's interior in the engine room area. The total number of /60
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protectors (anodes) is around 300; their size is 1000 X 170 X 80 mm. The protectors are

intended for two years' onerntion. Ihe protectors were insulated from the hull

in Lhe snine nnnner as on the "Rovno" tanker. On the tar.er "Ulan-l3ator", for

the insulatior of the protectors from the mounting pins, we applied the lapron

(synthetic fiber) disks and bushings. Two silver-silver chloride reference elec-

trodes locntci in the qhaft of the lo, and the echo sounder (sonic depth finder)

;ad in the engine room area r rovided the readingls of the hull potential.

It was established by dock inspections that on these tarkers, just as on

the tanker " -vno", the protectors became short-circuited to the hull and be-

come prempturely activated, while the paint-and-varni h coating was disrupted.

7t became clear that it was necessnrm. to pay particular attention to the arrange-

ment of the protective devices in the bow of the ship, where they could be dam-

aged by the anchor chain or b. objects floating on the surface during the ship's

rurninx in bllast, since in tr.is case the bow draft is relatively slight. There-

fore, on the tankers "Prague", "Bucharest", and "Ulan-BPtor", the extent of the

bow prctective group was limited, and on these ships, we did not find mechanic-

r- d;,ma!es jr the tearing-away of the protectors. Analyzing the experience gained

in the operition of tankers (of the ".'ovno" and "Pra6ue' types), equipped with a

disengageAbie protective jsteu over the ntiro length of the ship, it should be

noted that in effect, it is qui'e difficult to provide a detachable protective

shield, since in the presence of a large number of protective devices in groups,

it is difficult to avoid their short-circuiting on the hull, as a result of

which the effect obtained from the employmse-it of the protective system is ap-

preciably reiuced.

TakinC this into account, on the "PMhen'ynn" tanker we installed the non-

disconnecting shielding with the protectors trade of ',L-4 alloy.

Such 4 prtection system differv basically from the previous ones. here

we have no protector groups. :ach protector is connected separately to the hull

through the ballast resist-rnce. he total number of protectors i! around 300

items, insulited from the ship hull by a rubber spacer, and from the mounting

pins by tspron bushings. In this way, the protective shield is made noncontrol-

lable. After . year of oper:tion, a doc1 inspection was conducted. In this con-

nection, it was established that the protective shield provides complete protec-

tion of the oull's underwater cart e .giist corrosion; the entire underwater part
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of th. hull along the ballast waterline (Bi.fL) is covered with a thin uniformly

dense layer of cathodic deposits; as a rule, the wear on the protective de-

vices amounts to 50-60,; the protectors had no mechiical damages; the design

for attnchin, the protectors is reliable and provides a nornn.l functioning of

the protectivo -ysteja.

The paint-and-varnish coating on the hull's underwater part before and af-

ter cleaning iij as follows: in the zone of the variable waterline, the paint is

lac'ing completely &nd the ship hull was coated with a continuous thin layer of

rust; below th variable wqterline, 5-1I of the antifouling paint was preserved.

Alon-, the lengtn of the ship, 13.) of the anticorrosive costing was preserved in

tho bow of the hull; amidships and in the stern, 50-60,,; was preserved. The pre-

sorved sectionz have _ood adhesion wit_, the hull. No disruptions in the varnish

and paint coatin- in the re-ion of the protectors were found. The corrosion condi-

tion of the h-ull' underwater part was good.

Fig.5. group of the Protectors.
1 - terminal; 2 - linear; 3 - hull plating; &nd 4- rubber lining.

,t few of the protective devices (around 10) proved to be short-circuited

on the hull. Their wear comprised 80-100;'. The presence of the short-circuited

protective devices indicates the necessity of a more careful perforaance of the

asse.r.bly tasks during the installtion of the protective devices.

2he wear of the mnjority of the rrotective devices bv 50-60,v during a year

of operation indicates the need for increasing the ballast resistance for provid-

ing the proper service life of the protectors during the time between dockings.

Thus, for the hiph-tonnage oil tankers, it is advantageous to accomplish

the shieldinr with the magnesium protective devices only based on the type of

shielding on the "lkhen'yan" tRnI.er, i.e. nondetachable and connected to the

hull through the ballast resistance.
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The inadequacies revenled during the process )f oferaticn wore taken

into account %id eliLinatpd on the tankers equilled with the protective shield

over the ship's entire length.

For example, in the nories-produced ships oC the "Jophin" type and on

other types of tankers presently under construction, the continuous chain of

protective devices was replaced by the separnte groups (Figs. 4 and 5). This

nqde po.sible A considerable reduction in the weight of the protectors, with-

out Himini.shing the effectivenesi of their action. : ach group of protectors

consists of two terminal and of 5-7 linear protectors. ..ach protector is con-

nected separately to the hull through the ballast resistance. For improving

or the strennlining, the protective devices have n hnlf-round section with a

rndius or 1C-1O mrm. In the contral part of the ship, the ;roups of the pro-

tectors -ire inst.illed on the lateral kepls; this criits one to avoid th- pos-

sible concentration of stresses in the Uile ,-irt lurin.- the installation of

nrotectors' fastening pins. Tn addition, the materiel in the protectors has

bepn improved.

In the repion of the strn knuckle, protectors are installed 1ade of the

Llloy A.'fSpcf.: in the rremainint sectors, the protectors made of M'L-4vch are

installei.

Impressed Current Cathodic Protection System

As compared with the protector type of shielding, the impressed current

cathodic protection system has a considerably larger radius of effect and a higher

effectiveness; it can be regulated, detachable and automatically controllable (the

motor ships Svanetiya and Osetiya). With properly chosen parameters of design and

operation, the cathodic system can function for a relatively longer time without

replacement, whereas the protector (galvonic) system is intended for the period

between layovers in dock and must be restored during each docking of the ship.

Therefore the cathodic dystem is economically more advantageous. In addition, it

has a considerably less weight than the protector-type shielding.

The indicated advantages of the impressed (!urrent cathodic protection system

permitted its broad application on the passenger and dry-cargo ships of medium and

heavy tonnage.
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fhe cathodic protectior :yster, was used i.o e.uip the refrigerator ships

cf tl,. tylpe "Arsen'yev", thr, lumber ships of the "Pavlin Vinogradov" type and

the "lirgizstan" line of passenger ships.

On the refrigerator ships and lumber ships, we used the platinized ferro-

silicon anodes, while on the passenger ships, we employed the platinized

titanium anodes.

Since all these siips ve reinforced hulls for navigating through ice,

tle anodes were installed flush with the hull in hull alnts proviied especial-

1,; for t.is purpose. The number of anole, comprised 7 - 10 per side. As a power

surce, we utilized a do gcnerntor.

For ionitorin, and re;ulntinf, the potential of the hull, we installed 3

silver-silver chloride electrodes (comparison type), in the bow, amidohips and

in the stern of the ship.

In the p;picity of thp scroenn near the .noden, we utilized additional

print-ind-vrnish l-,yrrs () lyers of - h,-4U) in a radius of 1.5-2 m from the

,'dc's center. 4q the oper-4ting experience demonstrated, initially the applica-

ti of the r'atho,lic protection ystem was associritod with the exposure of a

n'm,!-r of di vdvantaes and wit: the need to improve ,nd .:o.ke final adjust-

ments to tho system. Among the defects, we might mention: the inadequate insu-

lation of the anodes from the hull and the near-anode shielding, the erratic

readings of the reference electrodes, nnd the large number of the anodes.

Pig. . Unit for Fastpning the Improved Anode on th, Motor Ship Svanetiya.

1 - lead-in cover; ? - stuffing box; 3 - anode; 4 - fiberglass.

The elimination of the defects required the conduct of many scientific-

research and experimental-desiern activities. The improved qystem was installed

of the ships "Svaretiya", "Usetiya" and others.

The typical features of the improved Rystom of cathodic protection are:

automatic control; a new design layout of the anode unit, excluding the chance



of it~z hpcomnir, hctrifi 1- 0i huht : An1~* in. the nwpher of the

nno n. Ai Ancorlina1yen A- n~q irn fk lim-ni-n- -f* ne'~r-tru'e a1io

(for instoence, on 'he ",:t. -n I Rn irjruvPA )Pc;!,- -f tie ref-rence

electrode.

Fig. 7. View ',r w-lp wi ti, "ear-Ano~lp 'ihipld n~n ''otfur ihip 'U~etiye'".

TihP ou1t~,at~ 1 C71,t jn provirei' fnr I'; rn t'-y~ten from the shiD-

nl ly the protective j-ot-rtir ,r tj hi hull voi t1in rinrCrle nt id

-(c~uiling t~ip ronibi lit:; ,f C. i '1 -~op ty lir ni,Akr niA hul~l. Pho

senrors (1-ickup (tevicf-0 fo t)ntvl'o ~ t1~ tl, jutentirki rr the

reference electrol,?-, wkii r- -io in,, ;,t ti-. hut-tor -Pe.tion Of

t'.e ship but in the -'ide -it in ~-- Ul,, -t~i ;-%F -luub~nr1 1dring

'hie o-erqtin nf thq coin-iri. olectn-(,I() -iirid di-ltnrtinj: tin- renrdings, can be

ensily remioved.

Fromn a dnei i -i1 li r: iid ii (Fi,;.',) iu, mode qui te different

ti.r the' previoic units.

T p'atini.-ed Utir-IT-1 -in-1-, (n Vnd "W sCiu',;01 y the pl~finin-tl terium

ones), cpppble of cqrryin,- I hie),. current lond, were pressed into a fiberglass

base having excellent inaultitin- a~nd strenfrth iunlitie's. "'his base also oompri-

P'-e thp minimel c .m& ' ii ,u ttu hit th- ruI unit ij ntthed

trc thc ship's hull.



Considerable attention was paid to the selection of the material and the

design of the shield (screen) around the anode, which comprises one of the main

elements in assuring the oper'tional effectiveness of the cathodic protection

system.

On the motor ship "'setiya", the shields surrounding the anodes have a

dimension of 2.5 X 2.5 m, a thickness of 5 Mm, arid are made of fiberglass (Fig.7).

3uch sizes of the screens permitted an appreciable reduction in the number of

anodes. To avert possible dqmages to the edges, the shields around the perime-

ter were fitted with steel strips welded to the hull.

The improvement in the cathodic protection Trently enhanced its function-

ins. For instan.:c after a year's operation of the improved setup on the motor

ship "Svanetiya", during the F!ip's docking the condition of the hull and of /62

e paint-and-varnish coating was so good as compared with previous moorings

thpt it was considered feesible to paint the hull not in accordance with the

cormplete system, i.e. 4 layers of i:;?2riS-40 and 2 layers of anti-fouling paint,

but with application of only 1 layer of ElIHS-40 and 2 layers of the anti-foul-

.iJn paint.

CONCLUSIONS

The operatine experience gained with using the protector-type (galvanic)

shielding and the impressed current cathodic protection system on the transport

ships revealed a number of shortcomings in the protective systems; to eliminate

them, extensive work was undertaken. The improved systems of electrochemical

protection effectively guarded the underwater section of the hull from corrosion

ana promoted a better state of preservation of the paint-and-varnish coating,
reducing the marine on -he hull.

The positive results attained in the application of the electrochemical

protection of the hull from corrosion testify to the necessity for its broad

introduction, with a simultaneous further improvement.
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