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ARSTRACT

The infrared technique as a new method is more useful for research
of materials science. This peper simply describes the techniques of infrared
temperature measurement and thermography end provides the experimental data
of some metals snd alloys during the deformation and the fatligue process by
use of the infrared sensing method. It is shown that the conventional tensile
data can be correlated with infrared radistionel energy change during the
tensile pulling. The temperature Field of metal during eleastlc-plasiic
deformation can be calculated by finite element analysis, and the thermcelastic
effect of metal can be shown by thermography. The infrared technique can be
used to predict the fatigue demage, monitor their propagations and give the
alarm at fracture. ¥Finally, it must be pointed out that the {rreversibility

of infrared emission of metel can be used as a basis of nondestructive testing.
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There alweys occurs infrared radiastion in materiale when they are at o
temperature sbove absolute zers, end the intensity of rediatien is

proportional to temperature,
investigation of deformaticn of metals and alloys (1), (2).

The infrared technique has been uzsed for the
However, the

development has been slow because the speclific radiation of & metsl surface is

not sufficiently high and senzitivity of the instruments 1s limited.
Institute of Metal Research sterted the applicatlon of IR technlque to the stuis

of metels sbout & decade ago. A surfece coating meterisl was developed , which ’

The

is transparent and goecd for investlgetion of the chenge of metel surface

Quring deformation.

The specific radiation is so high that 1t is near to

that of graphite, a5 shown in Fig. 1.

Two types of instruments have been used as infrared tempersiure SENLGr.s
namely a JWH-3 type of domestic construction and an AGA Thermeviszlon T80
imported fror. Sweden, The sensitivity of JWH-3 is 0.3°C and of the lutter
is 0.17C. Fig. 2 is a block diagram of AGA Thermovision TOU system.
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Appliration of infrared technique to research on tensile test

Figuve 3 18 a stress-strain curve with change of temperature during tensile test
i s low carbon steel. Table 1 shows the relationship of maximum temperature rise
) mectianical properties of steel. It is indicated that the ultimate temperature
Vine s essentially proportional to the ductility and thermal conductivity of che
saterial (&), The higher the ductility of the material, the higher will be the
Lix imom temporature rise, as shown by the two carbon steels; and the higher the thermal
comdnet ivity, the lower will be the temperature rise, asa shown by the low carbon
stec] and the apstenitie stainless steel, in which the ductility as expressed by elon-
pation  and reduction of area is different only by about 15%, while the temperature
rise is nearly doubled because the thermal conductivity of the latter is about three
Limes Bipher than that of the former at room temperature.

Temperature change of metal during elastic-plastic deformation can be calculated
hy [inite element analysis by assumptions that it obeys the Kelvin equation and Fourier
thermal  conduct ion law (5). The experimental and rcalculated results of austenitic
stainless plates with different notches are shown in Fig.4 and Fig.5.
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Fip. 3 The stresg-strain curve and the temperature rise of a low carboen

steel.

Table 1. Relatlonship between the maxipum temperature
rise and mechanlcal properties of stecl.
steel T T T a7 Tpulling T tensile <long.  reduction
spure imen [ump,(DC) speed Handness strength of area
U ¢ 1104, 5 S €110, (kg/om=) &) (%)
Low Carbon 24.5 20 174 35.8 31.3 59.0
ped. Carhon 20,3 20 215 10.5 24.2 52.2
Stainless 46,0 20 YY) _ b2.8 46.6  69.9
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The temperature distributions of thermograms

plastic zone extended to the boundary.

when the

Fig.5

Tt can be seen that

above tvno Tlgures,

The rise of temperature is

The temperature fields calculated

EEEGBEEE

EER
N

GEEEERE

finite element analysis.

by

the témperature distributions are quite similar in the

highest with circular notch due
to its large area of plastic deformation, and lowest for sharp saw-cut which it is

-gree with the rule of deformation energy is proporticnal to the radius of notch
as shown in Table 2

of the specimens

(6),

Table 2. The Radii and Measured Temperature Rise of
Different Notch Roots
Hole form Cirecular Rhombic Double saw-cuts
Radius (mm) 2.5 0.5 0.1
Rise of temp. 1.6 1.4 0.8

_.Looy

Fig.6

shewn in the figure.
tion as shown in Fig. 7

(7}

ke

1s the dynamic process of heat Field of an austenitic stainless steel
plate with double saw-cut notches,

Tt 1s worth pointing out that there is a small temperature drop before yield as
This can be confined by calculation based on gelvin

equa-—



Fig.fh  The dynamic process of heat fleld of a specimen with
double saw-cnt noteh during tensile deformation.

Fip. 7 The calculated results of temperatute drop
during tensile deformatlon

Infared sensing can be developed as a method monitoring
atigue ptocess of metals

Fatigue damage is one of the most destructive processes in the applicaticn of
metals, However, there is mno real-time, noncontact and nondestructive method
monitoring the destructive process, especially those parts under high speed revolution
are more difficult. The Institute of Metel Research in Shenyeng atterpted to apply
infrared sensing technique to monitor the initiation and propagation of fatigue
cracks 1in metals (8) (9).

The experiments were on a high speed rotating bending fatigue testing machine
(5000 rpm), with a double conical specimen of a minimum section of 7.52 mm at the
center. Materials tested were a Cr-Mn-Ni-N high strength stainless steel (924), a
Nickel-base superalloy (CH 33) and an Fe-Ni-Cr base superalloy {(GH 135). Their
mechanical propertles and experimental results are shown in Table 3 and Fig.8,
respectively. Conclusicns can be drawn that the higher the plasticity of the
material, the earlier, faster and higher will be the temperature rise, as shown

in stainless steel, For thpse materials with low plasticity, the temperature
remains unchanged for a long period, but it riges markedly sbout ten minutes
before the breakage cccurs, This is why Inrrared technique can be used as a method

to monitor fatigue cracking.

Table 3. Mechanical Properties of Alloys Used In Experiments

Tensile Reduction Thermal B
Alloy Elong.

strength Area Cond. ° Value

(kg/mm?) (%) (%) (Cal/em.s.°C)
G924 83.3 50 70 0,030 0.020
GH135 119.5 25.6 37 0.026 0.007
GH32 101.9 20 21 0.032 G.003
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If we calculated temperature (T} of the specimen with increment of stress
{45=5-85), the results are shown in Fig.%, in which 8, is endurance limit and S is
the stress at which the test bar 1s broken after a certain number of cycles, Ng.

Tt 1s shown that leg T and 4S5 obey a linear relationship, it can be expressed as
TeT eB As

where T 1is test temperature, B 15%a constant related to properties of materfal

and tes?ing conditions; B is proportial to the plasticity of the material tested.
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Fig.9 T-S curves of alloys tested.
Figure 10 fs the infrared radiation vs crack length under fatigue loading of
stainless steel, & is point of start of loading, N is polnt of fracture. The
test bar was removed from the machine for examination once in a while, No crack

was observed during AB, and a crack length 0.01 mm occurred after B, and 0.02 mm

at D. Length of cracks propagated continucusly, to about 1,0 mm at F, The
infrared radiation was kept steady until the final stage, at which radiation
encrgy increased drastically, as GH, indicating breakage being approached. The
temperature was 757°C in this particular cace.
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The Irreversibility of Infrered Emission of Metal
can be used as a basls of NDT

It has been shown that there 1s e temperature drop during a tensile test
within elastic 1imlt of stainless steel, as shown in Flge.6 and 7. This is

called the thermoelastic effect (10). This phenomencn is of theoretical interest \

in terms of microstructure of the moterial. Another phencmencn 1s the i
irreversible infrared emizsion during plastic deformation of metals, as shown §
in Fig. 11 (11). Only & drop of {emperature occcurs durlng extenslion within the '
elastic limit from 1 to 3, and the more the extension, the lower is the

temperature drop; also 1t willl be restored after load is removed, A

temperature rise will occur cnce the extension s beyond the elastic limit

as 1o 4,

Temperature will be back again when load 1s removed., I® laoud iz

epplied again, as 5, temperature drops continucusly until the previous print
of meximum deformation, and then temperature rises with further plaatio
deformation, as 6, ete. Hence, it can be concluded that a temperature rize
is alweys assoclated with plastic deformation and this is irreversible az “n
the Kalser effect of acoustic emission {12). The Kaiser effect is the
theoretical base for acoustic emission which can be used as & method of

nondestructive testing, and therefore, infrared technlgue can also be used as

2 method of NDT.
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Fig.11 The irreversible phenomencn of infrared radiation

Tigure 12
of a stainless
and the maximum

Low carbon

of stainless steel during tensile testing.

shows the full history of extension deformation ard temperature vari-o .
steel bar, 1t 1s shown that the maximum temperature drop is -0,31°0,
temperature rise at point of fracrture is 94°C.

steel and martensitic stainless steel (10rl?) are Guite similar to
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time, avelds contact and non- ~destructive, and alsp to examine the wvarlation
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