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THERMOVISUAL ANALYSIS OF STAINLESS
STEEL SHEET HEATING

The purpose of warm forming is to reduce the deétion resistance, and there-
fore the formation of products at reduced pressuxé®y problem associated with
warm sheet metal forming is uniform heating of th@erial to a required tempera-
ture. This task is carried out mostly by usings&sice heating plates. The article
presents the results of the analysis of the thestasd of a heating plate for induc-
tion heating of an AMS 5604 stainless steel shBetdetermine the temperature
distribution on the sheet surface an FLIR P 640ntlaéimaging camera was used.
It was found that the temperature difference ondhter surface of sheets pre-
heated to the temperature of 900°C was about 300°arge difference in the
temperature on the outer surface of the sheet nteahthe analysed device cannot
be successfully used in the heating process ofleta steel sheets. After the appli-
cation of a layer of graphite on the sheet surfadacrease the emissivity, areas of
low emissivity as a result of graphite detachmeoinfthe sheet surface were ob-
served.

Keywords: emissivity, heating plate, thermovision, stainlsteel sheet

1. Introduction

AMS alloys find numerous applications, especiailfhe aerospace indus-
try and in the electronics and automotive indugtmgnks to their excellent cor-
rosion resistance, good mechanical propertiesggt teimperature and good sur-
face appearance. Sheets made of this type of edloybe formed with an appli-
cation of metal forming methods. Because of the &@angation capacity the
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plastic working of such sheets is not an easy taskthe same time the devel-
opment of techniques using advanced sheet-formiogegses of stainless steel
[1-4] is still ongoing as the plasticity of staigtesteel in various process condi-
tions has not been thoroughly investigated yethéncase of cold forming of this
type of sheet it is impossible to get enough higairss to produce components
with complex shapes but the proper softening treatmof such alloys can
greatly improve it. The temperature of plastic wiegkcan change as above a
certain temperature when the process of intengpeing of the supersaturated
alloy takes place, leading at the same time toangtdecrease in plasticity and
strength of the supersaturated alloy [5-6]. Thewefd is important to determine
the parameters of the treatment at higher temperatuas to avoid ageing of the
material during the process and to obtain low streglastic forming. To form
plastic parts from difficult deformable material@anm working is increasingly
used. The literature covering the development afmfrming relates primarily
to aluminium and magnesium alloys, and there anefalata on alloys of tita-
nium and steel.

The behaviour and formability of sheet steel in fiiening processes are
the subject of few studies. Takuda et al. [2] cateld experiments on warm
forming of drawpieces of austenitic stainless steel determined the distribu-
tion of martensite in the samples. Iguchi and Uj#pstudied the influence of
temperature gradients on the plasticity of ferstiginless steel. Stachowicz et al.
[1] examined the impact of temperature on the meichaa properties (such as
yield point) and on springing in the V-bend test ¢orrosion-resistant steel. Yi
et al. [7] conducted a study on warm forming ofvefseeces of AZ31 and ZE10
magnesium alloys. Similar studies were conductedMiekonen et al. [8] for
AZ31 and ZE10 alloys and a constitutive relatiopstiescribing the behaviour
of the material was developed. Palumbo et al.R@y et al. [10] and Lee et al.
[11] studied the effects of punch velocity and ttmvhperature on pressing depth
for AZ31 magnesium alloy. Zhang et al. [12] studieder alia, the impact of
grease and the clearance between the punch aibtbdieon the press formabil-
ity of AZ31 alloy. Chang et al. [13] conducted siations using the finite ele-
ment method for warm forming process of AZ31 allivgwpieces and obtained
compliance with the results of experimental studi&milar studies were con-
ducted by Lee et al. [14]. The formability of Al-Mgheet can be greatly im-
proved by warm forming [15]. The potential procéss mass production of
magnesium alloy components was investigated by Vaaig[16]. Bagheriasl et
al. [17] studied the effect of tool temperaturetioa press formability of alumin-
ium alloys. Laurent et al. [18] invesigated the madeep drawing of circular
AA5754-0O aluminium alloy blanks using specially dggd equipment. Tem-
perature-dependent anisotropic model for the nataras implemented in the
ABAQUS/Standard program. Extensive experimental ameherical studies on
drawpieces formation at different tool temperatuedate mainly to magnesium
and aluminium alloys [14, 19-22].
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In spite of research on various process paramatetsheir influence on the
behaviour of different metals and alloys thererazeexact data related to corro-
sion-resistant alloys. Therefore, in order to abtaiore detailed information
about the behaviour of stainless steel in the m®oé shaping, especially at high
temperatures, there is a need for experimentatiathis area. The article pre-
sents the analysis of the thermal state of a hpalste for induction heating of
an AMS 5604 stainless steel sheet. To determinéethperature distribution on
the sheet surface a thermal imaging camera was used

2. Methods

In order to prove the applicability of the inductidieating process of
stainless steel sheets for sheet metal formingribxéisual investigations were
carried out. We analysed the thermal state of éifgealate which was part of
an industrial device (fig. 1) for induction heatiofj sheet metals. The ther-
movisual analysis of the plate state was carrigddoung heating of an AMS
5604 stainless steel sheet (chemical compositiont85, Ni 4.0, Cu 4.0, Mn
1.0, Mo 0.5, Si 1.0, Nb 0.3, C 0.07 wt. pct.), wattthickness of 1.6 mm. AMS
5604 alloy is a martensitic stainless steel thatigdes an outstanding combina-
tion of good corrosion resistance and high strengtiad is used extensively in
the aerospace industry for various aircraft comptme

Fig. 1. Device for induction heating of sheet nmetal
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A steel plate was preheated to 900°C for a she#dlrf@ming operation.
Distributions of temperature on the sheet surfaeeewletermined using an FLIR
P 640 thermal imaging camera with sensitivity spagithe 8 to 14um wave-
length range. Thermographic measurements wererpetbin stationary state
in a conditioned room. The measurement conditioasevas follows: ambient
temperature 16°C, apparent temperature 17°C, veldtumidity 60%, plate
emissivity 0.98.

3. Results and discussion

The temperature gradient on the outer sheet sudie® Arl (fig. 2) was
about 300°C (fig. 3). A large difference in the pmrature on the outer surface
of the sheet means that the analysed device cdmensticcessfully used in the
heating process of stainless steel sheets. Thestaamperature was observed in
the corners of the analysed area Arl. This areaneady equal to the operating
area of the heating plate. In the middle part ehakrl the temperature distribu-
tion was quite uniform, so it is suggested thagnsure uniform distribution of
temperature in the heating plate area should lredased.

To increase the emissivity of the sheet the outeetssurface was covered
by a graphite layer. The areas of low emissivity. (#) were a result of graphite
detachment from the sheet surface. The distribudfaine temperature reflected
from the surfaces surrounding the analysed obgeshown in the fig. 4. To ob-
tain a true temperature field the thermovisual meaBents at near-ambient
conditions must take into account the radiatiorswfroundings. The radiation
measured by an infrared camera not only dependseotemperature of the ob-
ject, but is also a function of its emissivity. Tetistribution of temperature along
the x- and y-direction (fig. 4) was not satisfagtofhe temperature gradient
along both directions was close to 100°C (figsné &).
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Fig. 2. Thermogram of heating plate
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Although atmospheric infrared radiation can be eetgld at short distances
from the target surface, infrared temperature measents are perturbed by the
surrounding radiation [23, 24]. The heating effimig of the induction plate de-
pends on the geometry of the inductor and the ipasitf the magnetic field
relative to the workpiece. Furthermore the distabegveen inductor and pre-
heated sheet also influences the efficiency ohteing device.
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Fig. 4. Thermogram of sheet after the applicatiba graphite layer on
the sheet surface
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Fig. 5. Temperature distribution in outer sheefag@ along the x-direction
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4. Conclusions

The thermovisual technique can be successfully usstead of standard
sensors for measuring both the sheet surface aatthgelate temperature. The
distribution of temperature can be recorded atr&icepoint on a chosen line on
the sheet profile or area.

The temperature difference on the outer surfacehekts preheated to a
temperature of 900°C was about 300°C. After theliegion of a layer of
graphite on the sheet surface to increase the isitysshe temperature gradient
was smaller and was close to 100°C. Observed afdasv emissivity of sheet
metal were a result of graphite detachment fromstieet surface. A large dif-
ference in the temperature on the outer surfadheotheet means that the ana-
lysed device cannot be successfully used in thérgeprocess of stainless steel
sheets.
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ANALIZA TERMOWIZYJNA PODGRZEWANIA BLACHY STALOWEJ
NIERDZEWNEJ

Streszczenie

Celem obrobki plastycznej na potgoo jest obnienie oporu plastycznego, a zatem ksztat-
towanie wyrobow przy obmonych naciskach. Kluczowym problemem gzéinym z ksztaltowa-
niem blach na pétgaco jest rownomierne podgrzanie materialu do wymeptmperatury. Za-
danie to jest realizowane nagéziej za pomog oporowych ptyt grzewczych. W pracy przedsta-
wiono wyniki analizy stanu termicznego ptyty grzgjmo indukcyjnego podgrzewania blach ze
stali nierdzewnej AMS 5604. Do okienia rozkladu temperatury na powierzchni blachykaevy
rzystano kamer termowizyjry FLIR P 640. Stwierdzonase gradient temperatury w materiale
podgrzewanym do temperatury 900°C wynosi okoto 3004k dwa r&znica w temperaturze na
powierzchni ptyty powodujeze analizowane ugelzenie nie mee by z powodzeniem wykorzy-
stane w procesie podgrzewania blach stalowych réevdych. Po naniesieniu na powierzehni
blachy warstwy grafitu w celu zgkszenia emisyjnii zaobserwowano obszary o niskiej emisyj-
nosci powstate w wyniku odklejenia grafitu od powienng blachy.

Stowa kluczowe emisyjn@¢, plyta grzejna, termowizja, blacha stalowa nievdzz
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