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NAVUHIPS 'ransl. 1156

SLieTRectS. ICLL PROTECTION OF ULIP HTULLS

The existing systeis for the painteind-varniah coetings can not serve as
a reliable neans of protection from corrosion and the fouling of the ship hull
“cr the inter-doching period, In connection with this, in the domestic (Soviet)
end foreign shipbuilding, use ia made of the elactrocheuical protection in comb-

inition with the painteand-varnish coatin:a.

In the donestic shinbuilding practice, for protecting the ragion of the
3t.rn counter, moat susce;tibl~ owins to the coupling of the propeller and the
hull, the zinc protection matcrials were uged for souwu time, llowever, they were
rroduced vith an apyreciable coatent ot herinful aduixtures, ind during operation,
they soon becnre coated with a difficultly-~oluble residue, in fact ceasing to
f1i1 the role of a protectiny &node. Therefore, it was [irst necessary to choose
tre most effective nllcy fur il protecting anodes. ‘n alloy based on gluminum

and nasmesiun proved to be such an asent.

In addition, a shortcc..ing of the protecticn system of juarding only the
ro~ien of the stern counter iz the local neture of its effect: only a limited
re ion of the ship's hull is rrotected. In connzction with the application of the
low=nlloy steels diminishing the thickneas of the hull plating, a further de-

velopment of the electrocke.ical protection was rejuired.

The improved systen of cathode protection utilizinyg the platinized ti-
tanium anodes (the motor ship "Svanetiya") and the nondetachable protective coat-
ir - witk the njents, connectxd to the hull through the ballast resistance (the
tanker "Prhen'yan") proved to be an effective means of protecting the hull from
corrosion.

Protective Coating Over Zntire Length of the Ship

The refrigerator ships (of the "Sevastopol” type) and the passenger ships
(of the "rirgizstan” type) were the first ones or. which use was mnde of the pro-
tactive coatin;: ¢f the hull for the eutire length of the ship (Fig.1l); it was
achieved by 6 ~roups of protective anodes, with 3 groups on each sidejeach
group has a detachable connection (lead~in) to the hull's interior. On the pro=-

totype ships (the "Sevastopol" and the "}irgizstan"), me installed the electrical

-la




measuring and control esuipment for modifying the rotential of the ship's hull

by resulstings the resistance in the electrical circuit.

The protective anodes were made from the alloy A'TS-10-10 (Mg = 10%, in =

= 10%, “n = 0.5 and the remainder = &l1),

“he protective anodes w-re connected with one another succeasively in
~roups by reinforcing materinl, protruding from their ends (Fig. ~)e "he number
of protectore in the grouns ranged from 22 to 373 the size of each = 1000 X

Y. 200 X A0 mm, and the weight = 19 lLg,

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

bottom surface owing to the possible damage to the bottom plating during docking.

I‘J_’—T design waterline -
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W ballast mterline

!

Mig. 1. diagrem Showing Arrangement of Protective Devices on Jry-Cargo
and Passerger Ships. 1 - groups cof protectors.
bey: a) design waterline; b) WL (ballast waterline) )
59

Tor insulating the r1rctectors from the hull, we used rubber lining 10
mr in thicaness, textolite dicis in the unit fur fastening the protector device,
and vinyl plastic bushings.

Por ueasuring the potertial of the hull, on cach ship we installec three
silver-silver shloride reference electrodes, plared in the bow, center, and

stern parts of the ship.

The experience gaired in operrtin., the indicated ships and the results of
the inspections made during docking provide evidence that the protective system
with the use of the aluminum protective anodes over the entire length of the
s:ip, in conjunction with the vinyl syster of paint‘ng favors a reduction in
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the corrosion of the hull's underwater section.

r,—-l design waterline

; A4

| sa1

J 1

vallast weterline

Fig.2. Diagrea Showing Arrengemant of Protectors
an Tenksrs of the 'Prague" Type.
legroup of protectors.

Tig. 4, Diagrao Shwowing the Arrengement of the
Protective Devices on Ships of "Sophia" Type
l-group of protectors.

Pis. 2. Mastening of the Protective Jevices and Their Interconnection.
., reinforcement; 2 - protective device; % - rubber lining; 4 - outer plating
of the hull; 5 - disk; 6 - bushing

Por example, during the docking of the motor ship "Gevoutopol", it was
#at~hliahed taat the hull potwitial reaches the protective value of 0.8-0.85 v;
t¥> hull is in good condition and did not have a:. corrosion damages. The wear

on the protective devices ranged from 50-675.

Yuring che docking period, it was clarified that individual groups of the
protective devices were cloced onto the hull, and certain of them had been
torn off. Saimilar results were obtained during the docking of the ships "tirgiz-

atan”, " oldeviye" and "Simferopol", having been operanting for 2-2.5 years.

The nock incpection of the referenced ships also indicated that in them,
tre belt of tne vrrieble waterline wns protected to a leyser extent than the
bottem part. Jiios is explained by the more permanent paint-and-varnish coating

on the bottom, which had been painted according to the vinyl system.

The .e - fective range of action of the protective levices made of the AMTS

alloy comprised 2-2.5 meters from the place of their installation. The rrgaining
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underwate» part of the hull, rrotected to a lesser extent, had sections which

had suffere’' only a slight superficial corrosion.

Cf special significance is an effective system of protecting the oil tank-
ers from corrosion. This is cccasioned by the followin. factors: the hulls of
the tankers arec sublected to corrosion effect frum inside and outside; low-alloy

steel is utilized for the hull material.

The tan:er "Rovno" ("hazbek" type) was provided with the electrochemical
rrotection; in it, we installed the controllable protective arrangement over the
entire ghip length, with .he dev.ices made of ML-4 alloy. All the protective de-
vices vere divided into 3 groups (3 groups on each side). The number of protec-
tive devices per qroup ranged from 27 to 50. Each group of protectors had a

lead-in to the hull interior to the elactrical measuring sand 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 bosrd two chloro-
silver electrodes for comparison one amidships (in the log and echo-
sounder shaft), and the other in the cofferdam (in the engine room area). Dur-
inz docking after two years of operstion, it was established that the protec-
tive system rad 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 ssme *‘iuwe, however, it apneared 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 wvell 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 »f the adjacent paint-and-varnish coat-

ing and constituted the cause for its premature breakdown.

(r. the tankers of the "Frague" type, we used a similar system of protec-
tive coating, but in distinction from the "Rovno" tanker, the number of the groups
of protective devices was two on either sids (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' overation. [he protectors were insulated from the hull
in the same\nnnner as on the "Hovno" tanker, On the tar’er '"Ulan-lator", for

the insulatinr of the nrotectors from the mounting pins, we applied the lapron
{swvnthetic fiber) disks and bushings. Two silver-silver chloride reference elec~
trodes loeatcd in the sha®t of the log and the echo sounder (sonic depth finder)

and in the engine room arca rrovided the readinss of the hull potentisl.,

It wasg egtablished by dock inspections that on trese tarkers, just as on
the tsnker "4ovno", the protectors became short-circuited to the hull and be-
came premeturely activated, while the paint-and-varnich coating was disrupted.

Tt vecame clezr that it was necessnry t0 nay 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
running in vellast, since in tris case the bow draft is relatively slight. There-
fore, on the tankers "Prague'", "3Bucharest", and "Ulan-Bator", the cxtent of the
bow pnrctective group was limited, and on these ships, we did not find mechanic-
=1 Asmasgas r the tearing-away of the protectors. Analyzing the experience geined
in the operation of tankers (of the ".iovno" and "DPrague" types), ejuipped with a
Aisengagenble nrotective cystem cver the nntire length of the ship, it should be
noted that in effect, it i3 qui‘*e difficult to provide a detachable protective
shield, since in the jpresence of a large number of protective devices in groups,
it is difficult tc avoid their short-circuiting on the hull, as a result of

which the effect obtained from the employment of the protective system is ap-

preciably reiuced.

Taking this into account, on the "PkhLen'yan'" tanker we installed the non-

disconnecting shielding with the protectors made of il-4 elloy.

Such a pratection system differs basically from the previous ones. Here
we have no ,rotector groupa. lach protector is connected separately to the hull
through the ballast resistance. ThLe total number of protectors is around 300
items, insulated from the ahip hull by a rubber spacer, and from the mounting
pins by tapron bushings. In this way, the protective shield is made noncontrol-
lable. After ~ year of operation, a doct inapection was conducted. In this con-
nection, it was established that the protective shield provides complete protsc-

tion of the -mull's underwater cart agninat corrvsion; the entire underwater part
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of the hull aloag the ballast waterline (BJL) is covered with a thin uniformly
dense layer of cathodic deposits; as a rule, the wear on the protectivas de-
vices amounts to 50-6073; the nrotectors hed no mechsiical damages; the design
for attachinz tne protectors iy relizble and providas a normnl functioning of

the protective :ystea.

The paint-and-varnish coating on the hull's underwater tart before and af-
ter cleaning iy as follows: in the zone of the variable waterline, the paint is
lacling completely snd the ship hull was coated with a continuous thin layer of
rust; below th2 variable waterline, 5-107 of the antifouling paint was preserved.
Alon;, tre lengtn of the ship, 173 of the anticorrosive coating was preserved in
the how of the hull; amidships and in the stern, 50-60,> was preserved. The pre-
scrved sections have sood adhiesion witil. the hull. No disruptions in the varnish
and paint coating in the region of the protectors were found. “he corrosion condi-

tion of the hull's underwater part was good.
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Pig.5. Zroup of the Protectors.
1 - terminal; 2 - linear; 3 - hull plating; end 4- rubber lining.
i few of the protective devices (around 105 proved to be short-circuited
on the hull. Their wear comprised 80-100;5 The presence of the short-circuited
protective devices indicates the necessity of a more careful jerforuance of the

assenbly teals during the installation of the protective devices.

’he wear >f the majority of the rrotective devices by 50-60/ 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 high-tonnage oil tankers, it is advantageous to accomplish
the shielding with the magnesium protective devices only based on the type of
shielding on the "l'khen'yan" tanler, i.e. nondetachable and connected to the
hull through the ballast resistance.
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The inadequacies reveanled during the process of operaticn were tahken
into account and elininated on the tankers equipjed with the protective shield

over the ship's entire length.

Ffor example, in the neries-produced ships of the "Jophia" type and on
other types of tankers presently under construction, the continuous chain of
protoctive devices was replaced by the separate groups (Figs. 4 and 5). This
nade possible a considerable reduction in the weight of the protectors, with-
out diminishing the effectiveness of their action. llach group of protectors
consists of two terminal and of 5-7 linear protectors. Lach protector is con-
nected separately Lo tie hull through the ballast resistance. For improving
of the stremalining, the protective devices have a half-round section with a
radius of 107°-150 mm. In the central part of the ship, the roups of the pro-
tectors ~re inatalled on the lateral keels; this permits one to avoid the pos-
sibhle concentration of streases in the Uilre ares durin: the installation of
~rotectors' fastening pines. Tn addition, the material in the protectors has

been improved.

In the rerion of the stern knuckle, protectors are installed made of the
2lioy A 3pet: in the remaining sectors, the protectors made of MNL-4vch are
inatalled.

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 current cathodic protection system
permitted its broad application on the passenger and dry-cargo ships of medium and

heavy tonnage.




Ihe cathodic protection aystem was used to equip the refrigerator ships
c¢f the type "Arsen'yev", the lumber ships of the "Pavlin Vinograduv" type and
the "hirgizstan" 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 have reinforced hulls for navigating through 1ice,
tl e anodes were installed flush with the hull in hull alats provided especial-
1y for t.is purpose. The nuaher of anodes comprised 7 - 10 per side. As a power

scurce, we utilized a dc generator.

Fer monitoring and regulating the potential of the hull, we installed 3
silver-silver chloride electrodes (comparison type), in the bow, amidchips and
in the stern of the ship.

In the e~apacity of the scrzens near the anodes, we utilized additional
print-and-veinish layers {? lovers of Sk.L3=40) in a radius of 1.5-2 m from the
ancdmts centar., 4s the opersting experience demonstrated, initially the applica-
ti-: of the ecathnlic protection =ystem was associntod with the exposure of a
amtoar of dji sadvantages and witl the naed to improve and ..ake final adjust-
ments to the 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, and the large number of the anodes.

J 4
Pig. £. Tnit for Pastening the Improved Anode on th» Motor Ship Svanetiya.

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

The eiimination of the defects required the conduct of wmany scientific-
research and experizental-desien activities. The improved aystem was installed

of the ships "3vanetiya", "Csetiya" end others.

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

automatic control; a new design layout of the anode unit, excluding the chance
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of its hecoming ehort-cirenitol *n tie hall: & redusti» in the nurber of the

anodea, sani accordingly ar incveaas inp the Jdimepejone [ the ne=r-snode shielid
. “ s N I

(for instance, on the ™ eeti' ="'y ani an improved leais~n .f the TeIPrence

electrode.

Fig., 7. View ¢f unrde wit}, Year-Anode 3hield on ''otyr ship "Usetlya".

The autcmaiic aortirol provided for jowerin. the ay~ten from the ship-
bonrd elactrical networl t oy vih epacial power snurcen~, aontrulling; automatic-
ally the protective poteptisrd of the ~hi- Yull within ,reacribed VYimite rnd
excinding the ronaibility of *e iayroper =olarity o7 the npodes and hull. The
senrora (rickup devicea' Tar £ o antomatic enntrol of the jotential rre the
reference electrolas, which 'ro no longer inatalle? v tha hottonm nection of
t'.e ship but in the nside Tart, in nrder that the e tubbles(relenned during
‘he operation of the comparieon electrode) and diatorting the readings, can be

enaily removed,

From a deai n at-ipri-t, o anode unit (Fig.”) is made quite different

thar the previona units.

Trae platinized titarinm anc len (And ~ubgequeatly, the platinic-titanium
onen), cepable of carryin. o higl current load, were pressed into a fiberglass
base having excellent insulsntines and strength qualities. ‘Thie base also compri-
arp the mininal circum-gsote shield, ~nd tircu,h {4 the ancle unit 15 attached
tc the ship's hull,



Considerable attention was paid to the selection of the material and the
design of the shield (ecreen) around the ancde, which comprises one of the main
elements in assuring the oper~tional effectiveness of the cathodic protection
system.

On the motor ship "Usetiya", the shields gurrounding the anodes have a
dimension of 2.5 X 2.5 m, a thickness of 5 am, and are made of fiberglass (Fig.7).
Such sizes of the screens permitted an appreciable reduotion in the number of
ancles. To avert poasible damages to the edges, the shields around the perime-
ter were fitted with steel strips welded to the hull.

The improvement in the cathcdic protection ¢reatly enhanced its function-
ing. For instancc, after a year's operation of the improved setup on the motor
ship "Svanetiya", during the chip's docking the condition of the hull and of /62
. e paint-and-varnish coating was so good as compared with previous moorings
trhat it was considered fessible to paint the hull not in accordance with the
counlete system, l.e. 4 layers of LkZH3-40 and 2 layers of anti-fouling paint,
but witk application of only 1 layer of EL4HS-40 and 2 layers of the anti-foul-

ing paint.
CONCLUSIONS

Tre operating 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 vhe hull,

The positive results attained in the application of the electrochemical
protection of the hull from corrosion testify to the neceacsity for its broad

introduction, with a simultancous further improvement.

=END-
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