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Abstract. In accordance with the requirements of regulatory and technical documents on ships, it is necessary to apply
protective protection to prevent contact corrosion of ship systems, apparatuses and equipment when using dissimilar
materials, as well as selective and pitting corrosion. It is recommended to make protectors from the following materi-
als: zinc Zn, aluminum Al and steel grade ST-3 or South. On many ships of the Kamchatka Fleet, factory-made zinc
and steel protectors are used to protect ship structures (steel hulls and elements of the ship's power plant) from corro-
sion, as well as steel protectors of their own design and manufacture by the shipowner's mechanical service or at the
ship repair plant, which are approved and approved for use on ships by classification societies. At the same time,
many ship mechanics of the Kamchatka Fleet face the problem of conducting input technical control of the operability
of steel treads supplied for replacement, since there is a lack of appropriate monitoring equipment, methods and com-
petencies. The manual control procedure is time-consuming, complex and has a high risk of obtaining unreliable re-
sults due to the influence of errors and human factors. The necessity of developing an affordable and reliable method
of technical control of shipboard steel protectors of factory and non-factory manufacture, which can be used by the
ship's mechanical service, is substantiated. The description of the developed author's technical method of non-
destructive testing of the technical condition of steel treads, which can be implemented on ships by ship crews, is giv-
en. To monitor the projector protection, an automated measuring system has been developed, the structure and princi-
ple of operation of which are discussed in other articles by the authors. The technical condition of three steel protec-
tors (one factory-made, two manufactured by the shipowner's mechanical service) used on the RS-70 vessel to protect
the vessel from corrosion was monitored. It has been established that factory-made protectors and protectors manufac-
tured by marine mechanical services can be used on ships, but to increase reliability, it is recommended to use addi-
tional input control according to the developed author's methodology.
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measurement of protector protective current, cell for non-destructive testing of marine protectors
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AnHoTamms. B cooTBercTBUM ¢ TpeOOBaHMSIMU HOPMAaTHBHO-TEXHUYECKUX JTOKYMEHTOB Ha MOPCKHX CylIax HeoOXo-
MO TIPUMEHSTH MPOTEKTOPHYIO 3aLIUTY AV MPEIOTBPAIEHHsT KOHTAKTHOM KOPPO3UH CYHOBBIX CHCTEM, aIllapaToB
¥ 000py/ZI0BaHUS NPH UCIIOIB30BaHUN Pa3HOPOIHBIX MaTEPHAIIOB, a TAKKE N30UPATEIbHONW M MMTTHHTOBOI KOPPO3HH.
PexoMeHyeTcsl M3roTaBIMBaTh MPOTEKTOPBI M3 CIEAYIOIIMX MaTepUajIoB: IMHK Zn, amoMUHUHA Al W craiab Mapku
CT-3 wu 103. Ha mHOTMX MOpckux cynmax Kamuarckoro ¢morta s 3alIUTBl OT KOPPO3HH CYHOBBIX KOHCTPYKIHHA
(KopIyca M3 CTaly M SJIEMEHTOB CYJOBOH SHEPreTHYECKOIl YCTAHOBKH) HCIOJB3YIOT IIMHKOBBIC H CTAJIBHBIC IPOTEK-
TOPBI 3aBOJICKOTO M3TOTOBJICHHS, a TAKKE CTAJIbHBIC IIPOTEKTOPEI COOCTBEHHOH pa3pabOTKH 1 M3TOTOBIICHUS CyOMe-
XaHH4eCcKOH ciyk00i cynoBianenblia WK Ha CyIOPEMOHTHOM 3aBOJIE, IOIYCKAEeMbIX M COITIACOBAHHBIX K IPUMEHE-
HHIO Ha CyZaX CO CTOPOHBI KJIAacCU(PHKAINOHHEIX obmiecTB. [Ipn 3TOM y MHOTHX CyIOBBIX MeXxaHHKoB Kamuarckoro
(i0Ta BO3HUKAET NpobiieMa NPOBEIEHUS BXOJHOTO TEXHMYECKOI0 KOHTPOIIS pabOTOCIIOCOOHOCTH TTOCTABIISIEMBIX IS
3aMEHbl CTAJIbHBIX IPOTEKTOPOB, IOCKOJIBKY OTCYTCTBYIOT COOTBETCTBYIOIIAs AammapaTypa KOHTPOJS, METOJHKa
U KoMmreTeHImu. [Iporenypa pydHOro KOHTPOJIS TPYAOEMKa, CI0KHA ¥ UMEET BBICOKHMI PHCK IONYYEHHUsS HEIOCTO-
BEPHBIX PE3yJIbTAaTOB M3-32 BIMSIHUS MOTPEIIHOCTEH U YenoBedeckoro (akropa. O60CHOBaHa HEOOXOIMMOCTE pa3pa-
GOTKH JOCTYITHOTO U HaJISKHOTO B SKCIUTyaTallii METOJla TEXHUYECKOTO KOHTPOJIS CYIOBBIX CTAIBHBIX MPOTEKTOPOB
3aBOJICKOTO U HE3aBOJCKOTO M3TOTOBIICHHS, KOTOPBIH MOXKET HCIIOJIb30BaTh CyJOMeXaHu4eckas ciayxba cynHa. [Ipu-
BEJICHO OIMCaHHE Pa3pabOTaHHOTO aBTOPCKOIO TEXHHUYECKOTO CIoco0a Hepa3pyIIAoNIero KOHTPOIS TEXHUYECKOTO
COCTOSIHUSI CTIBHBIX MPOTEKTOPOB, KOTOPBIH MOXKET OBITh BHEAPEH SKUIakKaMH Ha MOPCKUX cynax. /s npoBeneHus
KOHTPOJIS TPOEKTOPHOM 3alUThl pa3paboTaHa aBTOMaTU3UPOBAHHAsI H3MEPHUTEIIbHAS CUCTEMA, KOHCTPYKLHS U MPUH-
LM IeHCTBHS KOTOPOil paccMaTpuBaeTcsi B IPYTUX CTaThsiX aBTOPOB. [IpOBEIEH KOHTPOIIb TEXHUYECKOTO COCTOSHUS
TPeX CTaJbHBIX IPOTEKTOPOB (OAMH — 3aBOJICKOTO HCIOJIHEHHS, B — U3TOTOBJICHHBIX CYJIOMEXaHMYECKON CIyK00i
CyIIOBJIaJIeNbIIa), HCTIONB3yeMbIX Ha cynHe PC-70 st 3aliuThl OT KOPPO3UH CyAHA. Y CTAHOBIECHO, YTO MPOTEKTOPHI
3aBOJICKOTO HCIIONHEHHMS ¥ MIPOTEKTOPBI, H3TOTOBJICHHBIE CYAOMEXaHHYECKUMH CIy>KOaMH, MOTYT OBITh HCIIOJNB30Ba-
HBI Ha CyJiax, HO /IS IOBBILICHHS HA/ISKHOCTH PEKOMEHIYETCS MCIOJIB30BaTh JOIOIHUTEIbHBII BXOJHOH KOHTPOIb
0 pa3pabOTaHHON aBTOPCKOW METOJHKE.

KunroueBbie ciioBa: cragbHBIE IPOTEKTOPHI MOPCKUX CYJIOB, XJIOPCEPEOPSIHBIN IEKTPOJ CPaBHEHHS, H3MEPEHHE I10-
TEHLUAJIOB IPOTEKTOPa, U3MEPEHHUE 3aIlUTHOTO TOKa MPOTEKTOpa, sueika U Hepa3pyIIaIoIlero KOHTPOIs IpOTeK-
TOPOB MOPCKHUX CYZOB

s uutupoBanus: [ opbaues M. M., Acmpebog /. I1., Pozoscnukos A. O., [lleeyos B. A. K Borpocy BHeqpeHHs Ha
MOPCKHX CyJaX METOZa Hepa3pyLIAIONIero KOHTPOJISI TEXHHYECKOTO COCTOSIHHUS CTANIbHBIX MPOTEKTOpoB // BecTHHK
ACTpaxaHCKOTO TOCY/IapCTBEHHOTO TEXHHUYECKOTo yHuBepcuTeTa. Cepusi: Mopckas TexHuka u TexHomorms. 2025. Ne 4.
C. 7-13. https://doi.org/10.24143/2073-1574-2025-4-7-13. EDN TOKIGU.

Introduction

In accordance with regulatory requirements [1-5],
sea-going vessels must employ protector systems to
prevent: a) contact corrosion of ship systems, appa-
ratus, and equipment when dissimilar materials are
used, and b) selective and pitting corrosion. Protectors
are manufactured from the following materials [1]:
a) Zn, b) Al, c) steel (grades ST-3 or YuZ).

On many vessels of the Kamchatka fleet, zinc and
steel protectors [1] are used to protect ship structures
(steel hulls and marine propulsion plant (MPP) com-
ponents). These include factory-made products as well
as steel protectors produced by shipowners’ marine
engineering services or by specialists at ship-repair
yards. For many ship mechanics in the Kamchatka
fleet, the use of self-made steel protectors raises ques-
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tions. As a result, the mechanics of the auxiliary vessel
RS-70 approached the Department of “Power Plants
and Electrical Equipment of Ships” at Kamchatka
State Technical University with a request to implement
on their vessel an automated method for incoming
non-destructive testing of the technical condition
of ship steel protectors, which has been patented [6].

The purpose of this article is to investigate the neces-
sity and feasibility of implementing on sea-going vessels
a non-destructive method for assessing the technical con-
dition of steel protectors used for corrosion protection.

To achieve this goal, the authors carried out a se-

ries of experimental studies, the essence of which is
presented below.

Experimental part

To obtain a sample of results sufficient for analy-
sis, the technical condition of three steel protectors
used on the RS-70 vessel to protect MPP components
from corrosion was monitored. Three protectors were
tested (No. 1 — factory-made; No. 2 and 3 — manufac-
tured by the ship’s mechanical service), the general
view of which is shown in Fig. 1.

1 2

3

Fig. 1. General view of the steel protectors under study: 1 — factory-made steel protector (No. 1);
2 — self-made steel protector (No. 2); 3 — self-made steel protector (No. 3)

At the first stage, the operating potentials of the
steel protectors (1-3) were measured using a standard
silver chloride reference (SCR) electrode [7]. A sec-

o~

ond-class reference electrode with a ShP 4-2 plug
manufactured in GOMEL was used as the standard
SCR. This SCR is shown in Fig. 2.

Fig. 2. Second-class reference electrode with ShP 4-2 plug manufactured by GOMEL (general view)

Control measurements were carried out using the
authors’ cell for non-destructive testing of the electro-

chemical properties of marine protectors [6], whose
design is shown in Fig. 3.
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Fig. 3. Cell design for non-destructive testing of the electrochemical properties of marine protectors:
1 — steel tank; 2 — adhesive joint; 3 — perforated dielectric container; 4 — resilient dielectric gasket;
5 —replaceable test protector; 6 — seawater; 7, 11, 19 — measuring cable lug; 8, 9, 20 — measuring cable;
10 — reference electrode; 12 — dielectric float; 13 — spring-loaded self-clamping “crocodile” contact;
14 — rubber clamping ring; 15 — steel handles; 16 — wheels; 17 — bolted joint; 18 — steel fittings

The device was operated and the non-destructive
inspection of individual ship protectors was performed
as follows:

— an uncoated steel tank is filled with natural or ar-
tificial seawater to the specified mark;

— the test protector is placed vertically in the perfo-
rated dielectric container and fixed in position using
the dielectric float;

— a measuring cable with a crimp lug is connected
to the steel fitting of the protector using the clamping
contact;

— 15 minutes after immersing the test protector in

seawater, the potential difference (AU) between the
protector and the reference electrode is measured with
a millivoltmeter;

— after measuring the potential difference between
the test protector and the reference electrode, the cur-
rent in the measuring circuit formed by the protector
under test, the ammeter, the uncoated steel tank and
seawater is measured with an ammeter.

Figure 4 shows a general view of an automated de-
vice for non-destructive testing of the electrochemical
properties of marine vessel protectors.

Fig. 4. Automated device for non-destructive testing of the technical condition of marine protectors (general view)

For each of the three protectors in the device
shown in Fig. 4, 50 individual control measurements
(a representative sample) of the potential of each steel

10

protector (U, U, Uz, mV) were taken at 1-minute
intervals. The results were processed in MS Excel us-
ing standard methods of mathematical statistics. The
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following were calculated for statistical processing: a stainless-steel cathode [6], and the measuring device.
a) mathematical expectation (arithmetic mean); b) co-  For each circuit, 50 individual current measurements
efficient of variation; c) variance of the measurement (I, mA) were taken at 1-minute intervals.
results to assess the quality of the sample.

At the second stage, the protective current (I, I, Results and discussion
I;, mA) was measured in the electrical circuits formed The results of the control measurements and their
by the individual steel protector (anode), seawater, statistical processing are presented in the Table below.

Results of non-destructive testing of the technical condition of steel protectors

Ne U, mV U, mV U, mV 1, mA l1,, mMA I3, MA
1 644 621 672 14 16 18
2 644 620 672 14 13 13
3 644 620 672 11 10 12
4 644 620 671 10 8 11
5 643 621 671 10 10 11
6 643 621 672 10 9 10
7 643 621 673 10 8 10
8 643 621 672 7 7 11
9 644 623 672 8 8 9
10 644 623 684 8 8 10
11 646 626 679 7 8 10
12 645 629 678 9 7 9
13 645 628 676 7 7 9
14 645 630 675 8 7 11
15 644 630 678 7 7 10
16 644 630 674 8 8 11
17 646 629 671 7 7 9
18 647 629 668 8 7 9
19 642 628 674 9 8 11
20 646 629 676 8 7 11
21 646 629 680 9 9 8
22 645 630 689 9 10 9
23 645 630 662 8 8 8
24 645 631 669 7 7 9
25 645 632 675 8 7 8
26 642 632 676 7 7 10
27 642 633 678 7 6 8
28 642 633 679 8 7 10
29 642 634 679 7 7 8
30 642 633 680 6 7 10
31 642 636 680 11 7 12
32 642 635 681 10 10 10
33 643 636 683 9 9 10
34 643 636 683 8 9 8
35 647 636 682 10 7 9
36 647 637 682 8 9 9
37 649 637 682 8 8 9
38 649 636 680 9 7 7
39 649 636 681 9 7 9
40 649 637 681 10 7 9
41 649 637 682 10 8 8
42 650 637 683 9 7 7
43 650 637 684 8 8 10
44 647 638 683 8 7 8
45 647 637 683 8 8 10
46 646 637 688 7 8 8
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Ending of table

Ne U;, mV U, mV Us;, mV 1, mA l,, mMA I3, mMA
47 645 637 689 9 9 8
48 644 638 685 8 7 10
49 642 638 682 7 7 8
50 647 638 684 8 8 9
Mean 644.98 631.04 678.10 8.60 8.04 9.62
Range 8.00 18.00 27.00 8.00 10.00 11.00
Standard deviation 1.90 5.04 4.77 1.22 1.06 1.24
Variance 5.46 35.36 32.73 2.56 2.76 3.12
Standard deviation 2.36 6.01 5.78 1.62 1.68 1.78
Coefficient of variation 0.37 0.95 0.85 18.79 20.87 18.53
From the results shown in the Tables, the following Conclusion

can be concluded:

— the control measurements of protector potentials
for all specimens are classified as precise based on the
coefficient of variation Kq 1.3 < 1% [8];

— the expected higher quality of the factory-made
protector No. 1 is confirmed by its lower standard de-
viation for both U and | parameters. The standard de-
viation for specimen No. 1 is 2.5x lower for U pa-
rameter (relative to specimen No. 2) and 1.1x lower
for I (relative to specimen No. 3);

— steel protectors manufactured by a ship’s me-
chanical service can be used on sea-going vessels after
control tests, since their inspection results satisfy the
requirements of the normative document [1].

The mean potential parameters of steel protectors
No. 2 and 3 (workshop-made) lie within the same in-
tervals as those of the factory protector No. 1:

| Uravg— Usag | = 13.94 < 50 mV;
| Ulavg_ U3avg | =33.14 <50 mV
atR;.3 <30 mV.

The following conclusions can be drawn from the
completed study:

1. Sea-going vessels should implement incoming
non-destructive testing of the technical condition of steel
protectors, both for products manufactured at specialized
facilities and for protectors made by shipowners’ me-
chanical services or by ship-repair specialists.

2. Implementing the incoming testing method will
allow for an objective justification for the use of steel
protectors, including those manufactured in-house.

3. The manufacturing quality of the factory-made
steel protector is higher than that of the workshop-
made items; however, for all specimens the coefficient
of variation over 50 measurements is below 25%: the
maximum values are 0.95% for U and 20.87% for |
(specimen No. 2).

4. The use of incoming testing of steel protectors
requires the development of automated measuring sys-
tems to minimize measurement errors and reduce the
impact of the human factor on the part of ship crews.
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