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Anomauin. 3acmocysants Cy4acHux memooie 8i0HOGNCHHS 3HOWMEHUX YABYHHUX
Odemaneil CYOHOBUX OU3ei6 € OOHUM 3 HeOOXIOHUX PecypCis 6 CYOHOPeMOrmI. 3 YA8YHHUX
demarell 8U2OMOGJIAIOMb CKAAOHI MANCKO HABAHMANCEHI, BUCOKOUIHHI 0A308l CKIA006i
ouzenig, 8i0 AKOCMI peMOHMY AKUX 3ANe)HCUNb POOOMO30AMHICMb Y314 MaA azpeeamy 8
yinomy. J[na 0ocniodcennss MONCAUBOCHEl GIOHOGNEHHS 3HOUEHUX YABYHHUX KPUULOK |
NOPWIHIG CYOHOBUX OU3eNi6 OYI0 O0CAIONCEHO 36APIOBAHICIb CIPUX | BUCOKOMIYHUX UAB)-
HI8 Ma NPo8eoeHO0 Memanoepagiuti 00CHiONCeH s HANIABIEHUX NoeepXonb. IIposedeni
00CTIOMHCEHHS 36aPIOBAHOCI CiP0O20 MA BUCOKOMIYHO20 YABYHI8 HA IMIMAMopax eussuiu
MOHCIUBOCHT BIOHOBNIEHHS YABYHHUX CYOHOB8UX demanetl. Qoepoicari pe3yibmamiu 0aroms
Modcaugicms nepetimu 00 eKCHePUMEHMANbHUX 00CAI0NCEHb N0 po3podyi mexHonozii
BIOHOBICHHSL HA PEANIbHUX CYOHOBUX OCMAISIX.

Ompumani pe3yromamu 00CAIONCEHH 0eMOHCMPYIONb, W0 MeXHO02li 8i0HO6-
JIeHHSl 3HOUWEHUX YABYHHUX Oemanell CYOHO8UX OU3eNi6 MAlOMb 3HAYHUL NOMeHYIan 075
NOKPAWEeHHs AKOCMI Mma Mpusaiocmi pobomu yux oemaiel.

Hannaenenns € oonum 3 Hanbinbw eghexmusuux mMemooia 6iOHOBNIEHHS, OCKLIbKU
00360715€ MOYHO GIOHOGUMU (POpMY ma posmipu demani, a maKoxc 3ade3nevumu Heoo-
XIOHY meepdicmb ma MiyHICMb.

Bucnoexu docnidocenns daromv 3m02y po3podismu OnmumMaibHi cmpameeii 6io-
HOBIEHHST 3HOWEHUX YAGYHHUX Oemanell CYOHOBUX OU3ei8, 8pAX08YI0UU GUMOU 00 KO-
cmi ma eghekmueHoCmi.

Ompumani pezyromamu MoNCymv Oymu UKOPUCMAHT O NOOATbULO20 YOOCKO-
HANIeHHsT MeXHON02ill IOHOGNEeHHs, PO3POOKU HOBUX MAMEPIALi8 ma NPoyecis, wo cnpus-
MUMymos 3POCMAHHIO NPOMUCA080CMI CYOHOOYOY8aHHs ma RIOmMpumyi cmadiibHOCmi
MOPCbKO20 MPAHCHOPIY.

Knrouoei cnoea: cyonosi ouszeni, 6i0HOGNeHH Oemanel, YA8VH, 38aPIOGANHHS,
MEXHOA02IsL BIOHOBNEHHSL.

© Craabnivenko 0.1, lamor O.B., Kozimkyprt €.M., 2023
58



BICHUK HERALD

OJIECBKOI'O HAIIOHAJIBHOI'O OF THE ODESSA NATIONAL
MOPCBKOI'O YHIBEPCUTETY MARITIME UNIVERSITY
Ne 3 (70), 2023 Ne 3 (70), 2023

UDC 621.930
DOI 10.47049/2226-1893-2023-3-58-70

TECHNOLOGICAL POSSIBILITIES OF RESTORING CAST IRON PARTS
OF MARINE DIESEL ENGINES

0. Stalnichenko
Ph.D, Professor,
Head of the Department of «Materials technology»
tmkafedra@bigmir.net
0. Shamov
Ph.D, Associate professor of the Department of «Materials technology»

al38od@i.ua

Ye. Kozishkurt

Ph.D, Senior lecturer of the Department of «Materials technology»
igonua@gmail.com

Odesa national maritime university, Odesa, Ukraine

Abstract. The use of modern methods for the restoration of worn cast iron parts
of marine diesel engines is one of the necessary resources in ship repair. Complex,
heavily loaded, high-value basic components of diesel engines are made of cast iron
parts, the quality of repair of which affects the performance of the unit and the unit as a
whole. To investigate the possibilities of restoring worn cast iron covers and pistons of
marine diesel engines, the weldability of gray and high-strength cast irons was studied
and metallographic studies of welded surfaces were performed. The weldability studies of
gray and high-strength cast iron on simulators revealed the possibility of restoring cast
iron ship parts. The results obtained make it possible to proceed to experimental studies
to develop a recovery technology for real ship parts.

The study results demonstrate that the technologies for restoring worn cast iron
parts of marine diesel engines have significant potential to improve the quality and
service life of these parts. Surfacing is one of the most effective restoration methods, as it
allows for precise restoration of the shape and dimensions of the part, as well as
providing the required hardness and strength.

The conclusions of the study make it possible to develop optimal strategies for the
restoration of worn cast iron parts of marine diesel engines, taking into account the
requirements for quality and efficiency. The results obtained can be used to further
improve recovery technologies, develop new materials and processes that will contribute
to the growth of the shipbuilding industry, and maintain the stability of maritime
transport.

Keywords: marine diesel engines, parts recovery, cast iron, welding, recovery
technology.
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Cast iron is one of the main structural materials in shipbuilding. An important
task of ship repair is the restoration of cast iron parts of ship mechanisms. Cast iron is
used to make complex, heavily loaded, high-value basic diesel engine parts, the quality of
which determines the performance of the unit and the entire assembly.

Welding processes are widely used to restore cast iron parts. The quality of the
welded joint depends on the welding method, surfacing and composition of the surfacing
materials.

The main methods of repairing cast iron parts that ensure a high-quality
connection are welding, surfacing with nickel-based electrodes, low-temperature brazing,
mechanized welding with thin copper-based self-shielded wires, plasma methods, hot
welding with electrodes, and flux-cored wire, where structural changes in the base metal
are minimal.

A large number of critical diesel engine parts are made of gray and high-strength
cast iron. Harsh operating conditions (high temperature, pressure, etc.) lead to premature
wear and destruction during operation. An analysis of some cast iron auxiliary marine
diesel engine parts suggests that the bulk of the cylinder covers have a service life of 40-
45 thousand hours. However, 40 % of the examined covers had a service life of only 10-
20 thousand hours. This is not enough. The main defect of the examined cylinder covers
is cracks between the injector holes and the exhaust channel socket. The results of the
study of cast-iron covers of marine internal combustion engines are presented in Table 1.

Table 1
Results of the study of cast iron covers of marine internal combustion engines
No Brand of internal Examined, A, amount, B, amount,

B combustion engine samples samples samples
1 8DR30/50 21 10 5
2 6CHN18/22 14 12 -
3. 6CHN 25/34 4 - 4
4. 6CHN 36/15 3 1 -
5 8VAN22 2 - 2
6. 4NVD24 1 — _
7. Total 45 23 11

A — a crack between the nozzle and the valve seat.
B — defect in the valve seat.

Other common causes of cylinder head failure include sinks and pits in the valve
seats, defects in the seat pads, crumbling, breakage, structural changes, delamination,
longitudinal cracks in the indicator hole area, and vertical cracks in the nozzle seat area.
In addition, there is burnout of the landing pad during operation, corrosion damage to the
sealing surfaces, etc. Sometimes there are cracks in the cover body on the side of the
water-cooling cavity.
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Thus, it makes sense to develop a technology for restoring cast iron covers of
auxiliary diesel engines to restore all the places named in them.

In addition to gray cast iron, which is used for the manufacture of marine engine
covers, high-strength cast iron has recently been used. For example, the main engine
cover of MANK6Z57/80F and others are made of high-strength cast iron grade 42-12.
During operation, these covers develop cracks on the side of the fire cavity, which also
need to be restored.

The analysis of the examined cast iron pistons removed from ships according to
the ship failure cards showed that the main defects for most of them are horizontal cracks
and breaks in the piston head along the groove of the upper oil skimmer ring, cracks in
the cap between the oil skimmer holes, cracks in the head between the first and second
compression rings, head gaps, etc.

The 8DR30/50 and 6CH18/22 piston heads have cap wear above the permissible
values.

The analysis of known defects in cast iron ship parts leads to the conclusion that
the destruction of piston heads in the area of bosses, oil skimmers and compression rings,
bottom burns, etc. cannot be repaired. The results of the examination of cast iron pistons
of marine internal combustion engines are presented in Table 2.

Table 2

Results of the inspection of cast iron pistons of marine internal combustion engines

No Brand Qf 1ntern§11 Examined, samples Caps wear
combustion engine

1 6CH25/34 20 1

> 8DR30/50 17 12

3 6CH18/22 9 7

4 6RPN36/45 3 1

5 SVAN22 2 2

6 Total 51 23

In addition, it should be noted that in parts with an operating time of 30-35
thousand hours, there are cases of graphitization of the material, i.e., cementite disintegra-
tion with the release of structurally free carbon. The cast iron becomes more friable,
which contributes to oxidation and changes in its structure. Therefore, it makes no sense
to restore cast iron parts that have served no more than 35 thousand hours.

Studies have shown that one of the most common defects in piston heads is cap
wear. 45% of the pistons examined had this defect. This type of wear is the most
common, so the development of a technology to restore cast iron ship pistons with worn
caps is of interest.

To investigate the possibilities of restoring worn cast iron caps and pistons of
marine diesel engines, it is necessary to study the weldability of gray and high-strength
cast irons and conduct metallographic studies of the welded surfaces.

Mechanized arc welding with PANCH-11 self-shielded wire allows the process to
be performed in the cold [2]. In addition, cold welding requires significantly less energy
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compared to hot welding and provides more favorable working conditions for the welder.
However, welding of cast iron of large thicknesses, which is exactly what happens on the
covers of marine diesel engines with PANCH-11 wire, faces a number of difficulties.
They are primarily related to the fact that welding is performed in several passes. The
multi-pass austenitic welds obtained in this way are prone to hot cracks.

Welding deformations must also be taken into account when welding [3]. The
importance of this factor increases significantly when welding (surfacing) massive parts,
such as main ship diesel engine covers and piston heads, especially when the part is not
subjected to heat treatment. Therefore, the weldability of gray and high-strength cast
irons was studied on technological plates mounted on devices that dramatically reduce the
value of angular welding deformations.

Studies were carried out to select the most technological method [4] of cold
welding of gray cast iron according to the following scheme: cladding the workpiece with
PANCH-11 self-shielded wire and filling the workpiece with aggregate (Fig. 1), which
was used as surfacing with MNCH-2; UONI 13/45 electrodes, etc.

3

b)

Fig. 1. Welding joint with the cladding
a) scheme of filling the development;
b) microstructure of the weld.
1 — base metal; 2 — cladding layer, 3 — filler.
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When studying the weldability of gray cast iron on technological plates with a
size of 500x200x28, the cladding of the development was performed by semi-automatic
welding at I, = 150-170 A, U= 16-18 V with PANCH-11 wire, 1.2 mm in diameter.

Filling of the development was performed with MNCH-2 electrodes on a copper-
nickel base @ 4 mm at a constant current of reverse polarity I, = 120 A. The weld
formation is satisfactory, without pores and cracks. There are some undercuts.

Studies of the microstructure of the welded joint showed that there are no pores
and cracks in the fusion lines of cast iron with nickel and in the fusion zone of nickel with
copper-nickel filling (Fig. 2, a, b). At the same time, there are cracks in the austenitic
cladding layer (Fig. 2, ¢).

Fig. 2. Structure of weld metal with PANCH-11 wire cladding
a) the fusion boundary of the base metal and the cladding layer,
b) the fusion boundary of the cladding layer and the aggregate;
¢) cladding layer.
1 — base metal;
2 — surfacing with PANCH-11 wire;
3 — surfacing with MNCH-2 electrodes

When filling the development with OZCH-2 electrodes (surfacing was performed
at a constant current of I, = 140 A, reverse polarity with a @ 4 mm electrode), due to the
high low-flow rate of the iron-copper alloy, the weld formation is unsatisfactory. There
are undercuts and crusting is also unsatisfactory.

It is difficult to achieve a stable process. But at the same time, metallographic
studies have shown the absence of cracks in the welded joint (Fig. 3). Along the line of
fusion of the cladding layer with the base metal, there are hardened structures with a
microhardness of 370 Nu. Fig. 4 shows the nature of changes in the microhardness of the
joint,

Difficulties associated with good weld formation make it difficult to use OZCH-2
electrodes to fill the workpiece during multi-pass welding of thick plate joints.
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Fig. 3. Microstructure of the weld metal,
where they were used as filler electrodes OZCH-2
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Filler matarial Facing layer
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Distance by normal fo the fusion line

Fig. 4. Change in microhardness along the welded joint sections when surfacing with
OZCH-2 electrodes:
» — experimental values
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The filling of the development on the cladding layer with UONI 13/45 steel
electrodes was studied. The surfacing was carried out at a constant current of reverse
polarity at I, = 140 A with a @ 4 mm electrode. The welding process proceeded stably,
the weld formation was satisfactory, and no pores, undercuts, or cracks were detected
during visual inspection. The slag crust separation is satisfactory.

At the same time, metallographic studies showed the presence of cracks in both
the cladding layer (Fig. 5, a) and the filler (Fig. 5, b). The structure of the steel weld in
the fusion line (Fig. 5, c¢) is a brittle tetragonal martensite along the grain boundaries,
which contributes to the formation of cracks in the weld due to welding stresses
accompanying the welding process.

Fig. 5. Structure of weld metal with PANCH-11 wire cladding
and UONI 13/45 electrodes filling:
a — fusion boundary of the cladding layer with the filler,
b — overlapping zone of steel rollers,
¢ — structure of the filler.
1 — steel aggregate; 2 — lining layer

The change in microhardness in the welded joint is shown in Fig. 6. The presence

of cracks in the cladding layer can be explained by the different shrinkage of the steel
roller, which «undermines» the cladding layer and creates a crack in the weld joint.
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Fig. 6. Change in microhardness along the welded joint sections when surfacing
with UONI 13/45 electrodes on PANCH-11 cladding:

» — experimental values
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To reduce the role of the steel component in the weld, a welding method with
alternating rolls made of PANCH-11 wire and UONI 13/45 electrodes was investigated.
Metallographic studies have confirmed that the mixing of austenitic and ferrite layers
eliminates the initiation of cracks in the welded joint. Along the fusion boundary between

the cladding layer and the base metal, there are always hardened structures, such as lower
bainite and martensite (Fig. 7, a).

Fig. 7. Structure of weld metal with cladding with PANCH-11 wire
and filling with UONI 13/45 electrodes and wire:
a — fusion boundary of the cladding layer with the base metal;
b — mixing zone of ferrite and austenite layers;
1 — base metal; 2 — facing layer; 3 — austenitic layer; 4 — ferrite layer
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Fig. 7, b shows the mixing zone between the ferrite and austenite layers. The
microhardness study is shown in Fig. 8.

One of the ways to increase the ferrite component in the weld is to introduce iron
powder or its mixture with carbon into the weld (it is possible to use cast iron powder-
crumbs).

Hu GPa
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Welded meral A 7he main
{PANCH-11 and UONI 13/45) metal
09

24 16 0.8 0 . mm
Normal distance from the fusion line

Fig. 8. Change in microhardness of a welded joint with PANCH-11 cladding wire and
filling with UONI 13/15 electrodes and PANCH-11 wire:
» — experimental values

The rationality of this is confirmed by research conducted at the Paton Institute of
Electricity and Technology, which shows that in welds made with steel and iron-nickel
electrodes, the solubility of graphite along the fusion boundary increases. This ensures the
high-quality fusion of the base and deposited metal.

T = .

x400 x400
Fig. 9. Microstructure of the welded joint, cut from a cast iron lid:
a - fusion limit; b - deposited layer
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In our case, the welding of cast iron samples in a workpiece lined with PANCH-
11 wire was carried out over a thin layer of iron or cast iron powder (crumbs). The weld
formation is satisfactory. Metallographic studies have confirmed the absence of cracks in
the welded joint made on the cover of the 6CH18/22 diesel engine (Fig. 10). The change
in microhardness in parts of the welded joint is shown in Fig. 10. The introduction of iron
powder into the weld pool increased the hardness of the weld, which will have a positive
effect on its strengthening qualities.
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Fig. 10. Graph of changes in the microhardness
of sections of a welded joint cut from a cast iron lid:
» — experimental values

The weldability of high-strength cast iron was studied (Fig. 11) on samples cut
from the cover of the MANG6Z57/80F diesel engine. Welding was performed by a

of the MANG6Z57/80F diesel engine
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The study of the microstructure showed that there are hardened structures in the
heat-affected zone (HAZ) (Fig. 12), but with preheating of the cover to 150° with a gas
torch (microhardness values are shown in Fig. 12, b). No cracks in the surfacing and HAZ
were found, so this welding method can be recommended for the restoration of the main
cylinder covers of the MAN6Z57/80F diesel engine from high-strength cast iron.

x 400

Fig. 12. Microstructure of a welded joint of high-strength cast iron:
a — welding without preheating; b — welding with preheating up to 150 °C

Microhardness studies are shown in Fig. 13.
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Fig. 13. Graph of microhardness measurements at sections of a high-strength cast iron
welded joint (surfacing with preheating to 150 °C):
» — experimental values
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Thus, the study of the weldability of gray and high-strength cast iron on
simulators revealed the possibility of restoring cast iron ship parts.

The results obtained make it possible to proceed to experimental studies to
develop a recovery technology for real ship parts.
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