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Calculation and design of the heating furnace
for straightening experimental samples of ship shafts
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Abstract. During operation the shafts of responsible purpose, which have received a curvature of the longitudinal axis
and are not allowed for further operation, are subjected to correction with heating. The following heating methods are
considered: with the use of a gas burner, induction heating, as well as tubular resistance furnaces. The use of a gas
burner causes difficulties in the heating process controlling and the appearance of defects due to uneven heating af-
terwards. The diagram of the device for heating the shaft with a gas burner is illustrated. The scheme of induction
heating of the shaft section is considered. During induction heating, it is necessary to use special equipment. It is pro-
posed to use a tubular resistance furnace in an experimental study. The requirements for the material of the heating el-
ement are considered. A wire made of chromium-nickel alloy nichrome H20N80 for the heating element was selected.
The layout of the tubular resistance furnace was made and materials were selected. The design of a resistance furnace
for insulated windings is presented. Calculations of the length, diameter and number of turns of the heating element
are performed. After manufacturing, a test heating of the sample was carried out. It is concluded that the furnace pow-
er was sufficient to warm up the sample to the required temperature of 650 °C for three hours.
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AHHoTanus. B nporecce SKcIuTyaTalyy Bajibl OTBETCTBEHHOTO HAa3HAYCHHUS, NOJIYHBIINE HCKPUBIICHHUE TIPOJIOJIBHOI OCH
U He JIONYILECHHbIE K JaIbHEHIIel SKCIUTyaTaluy, TIOABEPraoT MPaBKe ¢ HarpeBoM. PaccMOTPEHbI CleIyIOIue Cloco0b!
Harpesa: ¢ NMPUMEHCHHEM Ia30BOi FOPENKH, MHIYKIHOHHBIA HarpeB, a Talkke TpyOUaThIMK Heyamu conpotusienus. [Ipu-
MEHEHHE Ta30BOi TOPENKH BBI3BIBAET CIOKHOCTH KOHTPOJIS TIpoliecca HarpeBa U MOsBIICHHE Ne(eKTOB H3-3a HepaBHOMED-
HOTO TPOrpeBa BIOCIECACTBHU. [IpomimocTpupoBaHa cxeMa yCTpONCTBa A1 HarpeBa Baja ra3oBoil ropenkoii. Pac-
CMaTpHUBaeTCs CXeMa WHIYKIIMOHHOTO HarpeBa ydJacTka Bana. [Ipy HHIyKIIMOHHOM HarpeBe He0OXOIMMO HCIIOJIb30BAHUE
crienanbHoro obopynoBanys. [IpemiokeHo B SKCIIEPIMEHTAILHOM HCCIIEI0BAaHNH HCTIONB30BaTh TPYOUaTyIo Iedb COnpo-
THBIIEHUA. PaccMOTpeHbl TpeGoBaHUs, IIPEAbABIAEMbIC K MaTCpHAIly HArPeBaTEIbHOIO d1eMeHTa. BriOpaHa mpoBosoka 13
XpOMOHHKeJeBoro crasa HuxpoM X20H80 s narpeBarensHOro 3nementa. [IponsBenena KOMIIOHOBKA TpyO4aToi nmedn
COIIPOTHBIICHHS U T000paHbl MaTepuaibl. [IpeacTaBieHa KOHCTPYKUHMS €M CONPOTUBICHHS UL U30JIMPOBAHHBIX
0OMOTOK. BBITIONHEHbBI pacyeThl JUIMHBI, JMaMeTpa U KOJIMYECTBA BUTKOB HArpeBaTesIbHOro ieMeHTa. [10cie H3roToBiIeHus
TIPOBEJICH TECTOBBII HarpeB 0Opasia. CreaHs! BEIBOIBI O TOM, YTO MOIHOCTh MEUH OKa3ajlach JIOCTATOYHOH UL IIpOrpeBa
obpasia 1o TpedyemMoii Temrepatypsl 650 °C B TeUCHHE TPEX YacoB.
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Introduction

The crankshaft is the main part of the internal
combustion engine, which largely determines the re-
source of the entire internal combustion engine. Dur-
ing the period of operation, the crankshaft acquires
various types of defects: wear of the surface layer
of the crankpins, scuffs, covering the metal liner on the
shaft journal, the formation of microcracks, deflection
of the shaft axis, etc. The deflection of all the defects
obtained by the crankshaft during the operation of the
diesel engine is the least studied. According to statisti-
cal data obtained from enterprises engaged in the re-
pair of internal combustion engines, an increase of up
to 12% of defects in the residual deformation of the
deflection of the axis of rotation of the shafts was not-
ed, which is associated with an increase in the hours
of operation of diesel engines between major repairs.

Research materials

During the operation of various shafts of responsi-
ble purpose, curvatures of their longitudinal axis ap-
pear. For various reasons, the operation of such crank-
shaft is prohibited. Therefore, crankshafts are subject-
ed to editing, that is, straightening their axes in various
ways [1]. The most widely used methods of straighten-
ing with heating are used when restoring shafts. There
are the following heating methods: gas burners, induc-
tion heating, as well as heating by electric resistance
furnaces.

It is necessary to rotate the shaft at a frequency
of 10-15 rpm, observing a constant heating mode, con-
trol the angles of inclination of the burner, as well as the
distance to the surface of the shaft during heating exper-
imental samples and shafts by a gas burner. Figure 1
shows a device for heating the shaft with a gas burner.

Heating starts from the center, the place of maxi-
mum deflection, and after the burner must move all the
time to the edges of the slot and again returns to the
center, where maximum heating is given. Using burn-
ers with different numbers, the heating duration is
specified. Melting of the heating place is not allowed.
During re-editing, heating is performed on a site locat-
ed next to the previous heating zone. The shaft must be
rotated at a frequency of 4-6 rpm all the time during
cooling

During heating and straightening the shafts with
the use of gas burners, defects may appear. As a result
of uneven heating, there is a possibility of the appear-
ance of minute, hard-to-detect surface cracks, as well
as surface hardening of the metal at the heating site.
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Fig. 1. A device for heating the shaft by a gas burner:
1 —slot; 2 — pocket; 3 — connecting strips

Induction heating of the conductor shaft is based
on the appearance of eddy currents in it when it inter-
acts with an inductor through which an alternating
current flows, exciting an electromagnetic field. The
energy of the magnetic field is converted into thermal
energy [2].

Figure 2 shows the scheme of induction heating of
the shaft section.

Heating shaft
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Fig. 2. Heating scheme of the shaft section:
1 — induction coil; 2 — transformer



Vestnik of Astrakhan State Technical University.

Series: Marine engineering and technologies. 2023. N. 4
ISSN 2073-1574 (Print), ISSN 2225-0352 (Online)
Shipbuilding, ship repair and fleet operation

The induction coil is powered by alternating cur-
rent through a special transformer or from several
welding transformers connected in parallel. The num-
ber of ampere turns of the coil is selected taking into
account the diameter of the shaft in the heated place.
The width of the coil depends on where it is installed,
the cable cross-section should be no more than
200 mm®. To be able to control the speed and tempera-
ture of heating, the coil is wound in three or four sec-
tions, which can be switched on in any sequence.

Before installing the coil on the shaft, the latter
must be insulated over the entire surface to be heated
with an asbestos cord or an asbestos cloth 20 mm
thick. The internal diameter of the inductor is deter-
mined by the diameter of the shaft, the thickness of the
insulation and the clearance for free rotation of the
shaft, equal to 10-12 mm per side.

Since the installation of the coil should not inter-
fere with the rotation of the shaft when it is heated, the
inductor is centered relative to the shaft and attached
to the stand for straightening.

For regulation and maintain the temperature on
a given level, the induction coil is connected to four
welding transformers of the CTD-24V type connected
in parallel. The circuit must include an ammeter and
a voltmeter.

Rotation of the shaft is not necessary during induc-
tion heating.

For heating experimental samples of circular cross-
section modeling shafts of various designs, in the re-
search of straightening processes, tubular resistance
furnaces with a heating element made of chromium-
nickel alloy nichrome X20H80 are the most appropriate.

According to data [3], chromium-nickel heating el-
ements using in resistance furnaces are designed for
long-term use at heating temperatures up to 1000 °C.
When operating the furnace, it is necessary to optimize
the current value using an autotransformer. The opti-
mal temperature is set changing the current value.

The heating element is the most important part in
the resistance furnace. Working with heat it determines
its operational capabilities. The following require-
ments are imposed on the material from which the
heating element is made: heat resistance (scale re-
sistance); thermal stability (with significant tempera-
ture changes, mechanical strength is maintained); high
electrical resistivity, which ensures optimal length and
cross-section of the heating element; low temperature
coefficient of resistance; immutability of electrical
properties (duration of operation does not change elec-
trical resistance); plasticity.

Figure 3 shows the design of the resistance furnace
for insulated windings.

The calculation of the resistance tube furnace for
heating experimental samples is carried out in the fol-
lowing sequence. As a material for the heating element

of the furnace, a wire made of chromium-nickel alloy
nichrome X20H80 with a diameter of d = 0.8 mm with
a specific electrical resistance of p = 1.1 Om-mm*/m
and a cross-sectional area of 0.5 mm” was selected.
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Fig. 3. Resistance heating furnace design:
1 — steel thermal cover; 2 — fire-resistant plate;
3 — ceramic pipe; 4 — spiral coating; 5 — thermal protection
(mullite silica wool); 6 — chromium-nickel heating element

Initial data:

Device with power P =1 500 W; voltage supplied
to the device U = 220 V; heating temperature 650 °C.

Let's determine the current strength:

I=P/U=1500/220=6.818 A.

Let's assume that the maximum current value is no
more than 9A, let's calculate the active resistance:

R=U/I=220/7=3140m.

Let's determine the length of the chromium-nickel
wire for the heating element:

I=R(s/p)=314-(0.5/1.1)= 1427 m.

Let us determine the length of the heating element
turn if the diameter of the ceramic pipe is 0.07 m:

C=nd=3.14-0.07=0.22 m.

Let's determine the number of turns for a wire
length of 13 m, leaving 1 m for connection to the pow-
er source:

n=14.27/022=59.

We will propose a design of two windings arranged
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in series, we will step back 20 mm from the fire-
resistant plate for the installation of a heating element,
the length of one section will be:

[,=(300-2-20)/2=130 mm.
Let's calculate the pitch of the heating coil:
l;/n=130/59=22 mm.

The inter-turn gap will be 1.4 mm. We accept the
power of a tubular resistance furnace of no more than
1,5 kW, which according to data [3] is quite enough to
warm up the sample for the entire cross-section.

With a gap of 1.4 mm between the coils, there is
a danger of their contact during operation, which will lead
to the burning out of the heating element and the interrup-
tion of the experiment. It is necessary to isolate the coils
of the spiral from each other. It is proposed to isolate it
with a heat-resistant composition consisting of betonite
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clay with chamotte crumbs (granules up to 2 mm). This
composition does not react with scale at high tempera-
tures, the spiral does not oxidize. Liquid glass can be used
as a binding solution and prevent the destruction of the
heat-resistant composition. Before assembling the re-
sistance furnace, it is necessary to dry the coating from
a heat-resistant composition well, which at a tempera-
ture of 20 °C will take up to a week and three hours
when heated to 300 °C. It is recommended to carry out
drying in natural conditions, this will prolong the ser-
vice life of the resistance furnace. The heating element
of the furnace will be connected to the power source in
parallel. With a high current value, it is necessary to
regulate it, which can be done by installing a rheostat
in the electrical circuit. Figure 4 shows a possible con-
nection diagram of a tubular resistance furnace [4].
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Fig. 4. Schematic diagram of the connection of a tubular resistance furnace: / — tubular resistance furnace;
2 — electronic potentiometer; 3 — thermocouple; 4 — rheostat

The designed furnace was manufactured and a trial
local heating of the experimental sample was carried
out. The heating time of the shaft to 650 °C was about
three hours. A thermocouple was used to control the
temperature. After the natural cooling of the experi-
mental shaft, a control check for runout is performed.

Conclusion
Several methods of heating experimental shafts are

considered. The heating of the shafts by a tubular
resistance furnace is selected. The furnace is designed
and manufactured for experiments. The uniformity
of heating of the shaft for three hours to the required
temperature of 650 °C, the availability of the materials
used, their reliability in the experiment, confirmed the
correctness of the choice of the heating method and the
design of the furnace.
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