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Abstract. The world statistics of fleet accidents indicate that the most dangerous type of damage to engineering struc-
tures are fragile destructions that occur suddenly and spread at high speed. The causes of brittle fractures are defects
such as corrosion-fatigue cracks, which often occur due to active corrosion processes. Seawater contains a large num-
ber of microorganisms that contribute to the acceleration of corrosion and fouling of metal structures in contact with
water. The main method of corrosion protection of systems and mechanisms of marine fishing vessels is tread protec-
tion. To increase the effectiveness of tread protection, it is necessary to improve the methods of technical diagnostics
of treads in order to use new methods at ship repair plants and marine vessels. It is proposed to use control electrodes
made of stainless steel for technical diagnostics of marine vessel protectors. Laboratory tests of a stainless steel elec-
trode and a standard silver chloride reference electrode were performed. The experiment took place at the installation
for technical diagnostics of marine protectors, which was specially developed at the Department of “Power Plants and
Electrical Equipment of Ships” of the Kamchatka State Technical University. Control measurements of the potential
of the working protector were performed for five days, while 50 single control measurements of the working potential
of the protector were performed daily using each electrode. The accuracy of the measurement results was evaluated
using a mathematical and statistical method. The results of diagnosing the potential of the tread, obtained using an
electrode made of stainless steel, comply with regulatory requirements. The proposed type of electrode can be used by
ship crews for technical diagnostics of marine vessel protectors.
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AHHOTanMs. MupoBasi CTaTUCTUKA aBAPUHHOCTH (PJIOTA CBUIETENBCTBYET O TOM, YTO HauOoJee OMacHbIM BHIOM II0-
BPEXICHUN MHKEHEPHBIX KOHCTPYKIUH SIBISIOTCA XPYNKUE Pa3pyLIeHHs, KOTOPble BO3HUKAIOT BHE3AMMHO M PacIpo-
CTpaHAIOTCS ¢ OONBIION CKOpOCThIO. IIpruMHAMU XpYNKHX pa3pyIICHUH SBISIOTCS AS(PEKTH THUIA KOPPO3UOHHO-
YCTaJOCTHBIX TPEILIHMH, YaCTO BO3HHUKAIOIIUX 110 MPUYMHE aKTHUBHBIX KOPPO3MOHHBIX NpolieccoB. B Mopckoit Bozae co-
JEPKUTCS OOJIBIIOE KOJIMYECTBO MHUKPOOPTAaHU3MOB, CIIOCOOCTBYIOIINX YCKOPEHUIO KOPPO3UH U 00PACTaHHIO COIPU-
KacaroluXxcs ¢ BOAOH MeTaluIOKOHCTpYKIUHA. OCHOBHBIM METOOM 3aLIUTHl OT KOPPO3UH CUCTEM U MEXaHU3MOB MOp-
CKHX PBIOOIIPOMBICIIOBBIX CYIOB SIBIISIETCS IIPOTEKTOpHAs 3aiuura. [t noBbinieHus 3(EeKTUBHOCTH NPOTEKTOPHON
3aIIUTH HEOOXOAUMO COBEPIICHCTBOBATH METOABI TEXHHYECKOTO JUArHOCTUPOBAHMS MPOTEKTOPOB C IETBIO UCIIOIb-
30BaHHs HOBBIX METO/IOB Ha CYyJOPEMOHTHBIX 3aBOJ[AX U MOPCKHX CyZHax. J[/is TEXHHYECKOTO AMAarHOCTHPOBAHUS MIPO-
TEKTOPOB MOPCKHX CYJOB MpearacTcs UCIOIb30BaTh KOHTPOIBHBIE IEKTPO/bI, BBIMOIHEHHbBIE U3 HEPKaBEIOIIEH
cTay. BEIOTHEHB! 1a00paTOpHbIE NCHBITAaHUS HJIEKTPOJIa U3 HeprKaBeIOIeH CTau M CTaHAAPTHOTO XJIopcepeOpsiHO-
TO 37EKTPOJa CpaBHEHUs. DKCIEPUMEHT MPOXOAUI HA YCTAHOBKE JJIsI TEXHUUECKOTO IMarHOCTUPOBAHUS MPOTEKTO-
POB MOPCKHUX CyJIOB, KOTOpasi OblIa CIICIMAIBHO pa3paboTaHa Ha Kadeape «IHEPreTUuecKrue yCTAHOBKU U JIIEKTPO-
obopynosarue cynos» ®I'BOY BO «KamuaTckuii rocyapCTBCHHBIH TeXHHYECKHH YHHBepcHTEeT». KoHTpoibHEIE
U3MEpEeHHs TIOTEHIMana pabouero MPOTEKTOPa BBIMONHSIIN B TEUSHHE MATH AHEH, IPH 3TOM €XKEAHEBHO BBINOIHSIN
1o 50 eAMHWYHBIX KOHTPOJBHBIX M3MEPEHHH padouero MOTEHIHANA IMPOTEKTOPA C MOMOIIBIO KaXKIOTO JIEKTPOJa.
TouHOCTB pe3ynbTaTOB U3MEPEHHN OLEHUBAIN C TIOMOIIBI0 MAaTEMAaTUKO-CTaTUCTUUECKOTO MeTo[a. Pe3ynpTaTel nua-
THOCTUPOBAaHUS MOTEHLUANIA IIPOTEKTOPA, IOIyYCHHBIE ¢ IIOMOLIBIO 2JIEKTPOJa, U3TOTOBICHHOIO U3 HEpXKaBerollen
CTaJIl, COOTBETCTBYIOT HOPMAaTHBHBIM TpeOoBaHMAM. [IpenaraemMplil TUII 37€KTPOJa MOXKET OBITH HCIIOIb30BaH IKH-
Ma)XXaMH Cy/I0B IPH TEXHUUECKOM AUArHOCTHPOBAHUH IMPOTEKTOPOB MOPCKHUX CYIIOB.

KiioueBble ci10Ba: 3alura Cy10B, IPOTEKTOPHAS 3all[UTa OT KOPPO3HH, pabOUHii ITOTEHIIUAT IPOTEKTOPOB, TEXHUYC-
CKOE IMarHOCTUPOBAHHUE NMPOTEKTOPOB, M3MEPEHNUs paboyero NoTeHLala MPOTEKTOpa, CTAHAAPTHBIA AIIEKTPO CpaB-
HEHMS1, HECTaH/aPTHBIH IEKTPOJ] CPAaBHEHUS
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Introduction

The corrosion studies carried out by the authors [1, 2]
on Kamchatka's sea-going vessels, have brought to
light many cases of using low-quality protectors at
these vessels. For this reason, the workers of small
ship-repair enterprises of the Kamchatka Region ap-
plied to Kamchatka State Technical University with
a request to develop a simple method for technical
diagnostics of ship protectors in order to check their
working capacity.

According to the standard requirements [3], when
technically diagnosing ship protectors it is necessary to
measure their operating potential and current output.
These tread characteristics are assessed using an ex-
pensive set of devices [3]. It should be noted that
standard methods [1, 4-10] of protector quality control
are not intended for continuous non-destructive testing
of individual marine protectors. It is also necessary to
take into account the experience of using silver-
chloride reference electrodes (CRE) on Kamchatka's
sea-going vessels to measure the operating potential
of protectors. No ship's crew of Kamchatka fleet uses
CRE in their practical work [11]. This is because
of the high cost of CRE and the complexity of its stor-
age. For this reason, it is necessary to stop using CRE
when organizing incoming quality control of marine
protectors and replace it with a non-standard control
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electrode intended for use at small ship repair enter-
prises and sea-going vessels.

The papers [12-17] present the results of tests
of non-standard control electrodes (of aluminum, cop-
per; electrodes made of ship's hull steel, etc.) used to
control the tread protection systems of sea-going ves-
sels’ hulls. This paper presents the results of technical
diagnostics of protectors using a control electrode
made of stainless steel.

The purpose of the article is to exchange experi-
ence in the quality control of marine protectors.

Experimental part

For five days (from 11.14.2022 to 11.18.2022), the
operating potential of a P-SSA-4 type protector made
of AP-1 aluminum alloy was measured in the laborato-
ry conditions. The measurements were performed us-
ing a UNI-T UT39E+ multimeter and two electrodes:

— CRE;

— a control electrode made of CR (chrome) 17 stain-
less steel in accordance with the recommendations
of the regulatory document [3].

Fifty single measurements of the tread potential
were carried out daily using each control electrode.
The total time for carrying out daily measurements is
approximately 10 minutes. A diagram of the installa-
tion for technical diagnostics of sea-going vessel pro-
tectors is shown in Fig. 1. This installation was devel-
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oped at the department “Power Plants and Electrical
Equipment of Ships” of the Federal State Budgetary
Educational Institution of Higher Education “Kam-
chatka State Technical University”. The installation
contains a steel container / filled with sea water 6. In
the center of the steel container, there is a dielectric
perforated container 3, which is attached to the steel
container / using an adhesive connection 2. At the
bottom of the perforated container 3, there is an elastic
dielectric lining 4 made from foam-rubber. The perfo-
rated dielectric container 3 contains a replaceable con-
trolled protector 5 fixed in the vertical position with
the help of a float /2 made of dielectric material.
A measuring cable 8 is connected to the steel armature /5
of the controlled protector through a spring-loaded
self-clamping contact (of crocodile type) /3. A cable
tip 7 is soldered to the free end of the measuring cable 8.
A measuring cable 9 is soldered to the control elec-
trode /0, besides the soldering point is protected with
VK-9 glue. A cable tip /1 is soldered to the free end
of the measuring cable 9 of the control electrode /0.
The control electrode /0 is attached to the perforated
container with the help of a rubber clamping ring /4.

Fig. 1. The design of an installation for technical
diagnostics of marine vessel protectors

The experiment has been performed the following
way:

— the steel container was filled with sea water to the
specified level;

— the controlled protector was placed in the perfo-
rated dielectric container in the vertical position which
was fixed with the help of a dielectric float;

— the measuring cable equipped with a cable tip
was connected to the steel armature of the protector
with the help of a self-clamping contact;

—the electrode was placed in seawater, and at-
tached to a perforated container with the help of a rub-
ber clamping ring;

— 5 minutes after placing the controlled protector in
sea water, the potential difference (AU) between the
protector and the reference electrode was measured,
50 control measurements being performed with
a pause of about 5 seconds between measurements,
according to the recommendations [18-22];

—the obtained measurement results were entered
into special forms, the experimental data were digit-
ized, and initial mathematical processing of the meas-
urement results was carried out with the help of the
Microsoft Office Excel 365 software product;

—after processing the measurement results, elec-
trode No. 1 was removed from the electrical measuring
circuit, and electrode No. 2 was attached;

—then the measurement cycle was repeated with
the help of control electrode No. 2, according to the
recommendations proposed in papers [18-22].

It is worth noting that in order to connect the elec-
trode test wire to an electrical measuring instrument
(multimeter), one can use a bolted connection, a built-up
connection, or a simple cable tip. The UNI-T UT39E+
multimeter was used in the experiment, but other elec-
trical measuring instruments can also be used.

Results of the experiment and discussion

The results of the experiment and assessment
of their metrological characteristics with the help
of mathematical and statistical methods [23], obtained
on the above installation by means of two control elec-
trodes, are given in the Table (U,, — simple average,
mV; R — variation range; d — average linear deviation;
D — dispersion; ¢ — average quadratic deviation;
Kd — linear variation coefficient, %; Kr — oscillation coef-
ficient, %; V — variation coefficient, %) and in Fig. 2, 3.
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Results of monitoring the working potential of P-KOA-4 protector from 11/14/2022 to 11/18/2022
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Results of measurements of the potential difference between the protector
and control electrodes U=, mV, obtained with the help of electrodes per day
Electrode No. 1 CRE Electrode No. 2 made from stainless steel

No. 8 8 9 9 8 g 9 9 9 9
S S S S S S S S S S
= | = | | |||z |¢g]|g/|-¢=
= = = - = = = = = =
1 939 945 941 933 947 393 390 383 375 388
2 939 946 942 933 948 393 390 383 374 388
3 939 945 942 933 948 393 390 383 375 388
4 939 946 941 932 948 393 390 382 374 388
5 939 945 942 932 947 393 390 383 375 388
6 939 946 941 932 948 393 390 382 374 387
7 939 945 942 932 948 393 390 382 375 387
8 939 946 942 932 947 393 390 383 374 387
9 939 946 942 932 948 393 390 383 375 388
10 939 946 942 932 948 394 390 383 374 388
11 939 946 942 932 947 394 390 383 375 388
12 939 946 942 932 948 394 390 383 374 388
13 939 946 942 932 948 394 390 383 375 388
14 939 946 942 932 948 394 390 383 374 388
15 939 946 942 932 948 394 390 383 375 387
16 940 946 942 932 948 394 390 383 374 387
17 939 946 942 932 948 394 390 383 375 387
18 940 946 942 932 948 394 390 383 374 388
19 939 946 942 932 948 394 390 383 375 388
20 939 946 942 932 948 394 390 383 374 388
21 940 946 942 932 948 394 391 383 375 388
22 939 946 942 932 948 394 391 383 374 388
23 939 946 942 932 948 394 391 383 375 388
24 940 946 942 932 948 394 391 383 374 388
25 939 946 942 932 948 394 391 383 375 388
26 939 946 942 932 948 394 391 383 374 388
27 939 946 942 932 948 394 391 383 375 388
28 940 946 942 932 948 394 391 383 374 388
29 939 946 942 932 948 394 391 383 375 388
30 940 946 943 932 948 394 391 383 375 388
31 940 946 942 932 948 394 391 383 374 388
32 939 946 942 932 948 394 391 383 375 388
33 940 946 942 932 948 394 391 383 374 388
34 939 946 942 932 948 394 391 383 375 388
35 940 946 942 932 948 394 391 383 374 388
36 939 946 942 932 948 394 391 383 375 388
37 940 946 942 932 948 394 391 383 374 388
38 939 946 942 932 948 394 391 383 375 388
39 940 946 942 932 948 394 391 383 374 388
40 939 946 942 932 948 394 391 383 375 388
41 940 946 942 932 948 394 391 383 374 388
42 939 946 942 932 948 394 391 383 375 388
43 940 946 942 932 948 394 391 383 374 388
44 939 946 942 932 948 394 391 383 375 388
45 940 946 942 932 948 394 391 383 374 388
46 939 946 942 932 948 394 391 383 375 388
47 940 946 942 932 948 394 391 383 374 388
48 940 946 942 932 948 394 391 383 375 388
49 940 946 942 932 948 394 391 383 374 388
50 939 946 942 932 948 394 391 383 375 388
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Ending of the table

Results of measurements of the potential difference between the protector
and control electrodes U=, mV, obtained with the help of electrodes per day

Electrode No. 1 CRE Electrode No. 2 made from stainless steel

o o o o o o o o o o
o o o o o o o o
> > > > (= > > > [—J [—J
N N N N o N N N o o
Q Q Q Q Q Q Q Q Q Q
— y— o o — o o o — —
y— y— y— y— - y— - - - -
= = = = = = = = = =

o o & o
o o o o — o o o — —

U,, mV | 939.34 945.92 941.96 932.06 947.92 393.82 390.60 382.94 374.52 387.88

R 1.00 1.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

d 0.45 0.15 0.12 0.11 0.15 0.30 0.48 0.11 0.50 0.21
D 0.22 0.07 0.08 0.06 0.07 0.15 0.24 0.06 0.25 0.11
c 0.48 0.27 0.28 0.24 0.27 0.39 0.49 0.24 0.50 0.33
Kd, % 0.05 0.02 0.01 0.01 0.02 0.07 0.12 0.03 0.13 0.05
Kr, % 0.11 0.11 0.21 0.11 0.11 0.25 0.26 0.26 0.27 0.26
V, % 0.05 0.03 0.03 0.03 0.03 0.10 0.13 0.06 0.13 0.08

Electrode No. 1

£ 1000,00
=
g E 990,00
2 980,00
S5 970,00
£8 960,00
=5 950,00
S5 o0 O
$E 940,00 -—
£ 930,00
z 920,00
910,00
900,00

14.11.2022 15.11.2022 16.11.2022 17.11.2022 18.11.2022 Control
date

Fig. 2. Dynamics of the results of the potential difference measuring in the period
from November 14, 2022 to November 18, 2022, obtained with the help of electrode No. 1 (CRE)

Electrode No. 2
—_ 450,00
=
€ 440,00
3 >
S E 430,00
[=FEPN
gl 420,00
S 410,00
= =
) 400,00
X
QE 390,00
- T
@ 380,00
< 370,00
360,00
350,00

14.11.2022 15.11.2022 16.11.2022 17.11.2022 18.11.2022 C(()introl
ate

Fig. 3. Dynamics of the results of the potential difference measuring in the period
from November 14, 2022 to November 18, 2022, obtained with the help of electrode No. 2 made of stainless steel

21

SonsouSeIp [BIIUYDI) S10309301d [9SSIA SULIBW JY) JOf SIPOIJII[S [0UOD FUISN JO ANSSI Y UQ “A 3 A “V A AOSIAYS “V 'O A0 “d " A0GaNsEX A “( uryunys



lynekun /. B., Sctpedos . I1., benos O. A., I1Isenos B. A., Epes K. B. K Borpocy HcIoyb30BaHHS KOHTPOJIBHBIX 3JIEKTPOJIOB JUIS TEXHUYECKOTO JIMar HOCTUPOBAHUS IIPOTEKTOPOB MOPCKUX CYJI0B

Becmnux Acmpaxancxozo zocydapcmeennozo MEexXHU1YeCcKo20 ynueepcumema.

Cepusn: Mopckaa mexuuka u mexuonozus. 2023. Ne 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)
Cyoocmpoerue, cyoopemMoHm u sKcniyamayusi proma

The results of the experiment given in the Table show
that each group of measurements is homogeneous, the
degree of dispersion of the measurement results is insig-
nificant, since V' < 1%. The dynamics of changes in the
results of the potential's measurements over the period
of the experiment is illustrated in Fig. 2, 3.

The results of the experiment given in Fig. 2, 3,
show the following:

— repeatability (convergence) of the control meas-
urement results corresponds to the accuracy category
of “precise measurements”, since the variation coeffi-
cient V, %, has proved to be less than 1% [23];

— intra-laboratory precisionness [24] of measurement
results meets the requirement: | X.x — Xmin| = (948 — 932| =
=16<20mV [10].

The results of measuring the protector's working po-
tential, obtained with the help of the control electrode

made of stainless steel, have shown the following:

— repeatability (convergence) of the control meas-
urement results, according to [23], corresponds to the
accuracy category of “precise measurements”, since
the variation coefficient V, %, has proved to be less
than 1%;

— intra-laboratory precisionness [24] of measure-
ment results complies with the condition: |Xjax — Xininl =
=1394 — 374/ =20 <20 mV [10].

Conclusion

1. The results of monitoring the protector's poten-
tial obtained with the help of an electrode made
of stainless steel, comply with standard requirements.

2. The results of the research can be used in train-
ing operators for technical diagnostics of sea-going
vessels and ships' protectors.
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