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Evaluation of Deformation in Elasto/viscoplastic Body with Crack

Hidetoshi SAKAMOTO, Isamu ODA, Takeshi DOI,
Osamu HIROSE and Mitsuharu YAMAMOTO

Some materials used to fabricate machines and structures have a strain rate dependence in their
stress strain characteristics at room temperature. In such materials, the deformation and strength
depend on the loading velocity.  We propose a noncontact evaluation technique using infrared
thermography of macroscopic plastic deformation.  To detect the heat generated during plastic
deformation, an infrared thermal video system (T'VS 2100) was emploved. The relationship between
the plastic deformation and temperature rise of the specimen surface was determined by analytical
simulation of elasto/viscoplastic FIEE analysis coupled with transient heat conduction analysis. The
experimental and numerical results are in good agreement, and the effect of the loading rate and

the applicability of this evaluation technique by infrared thermography was demonstrated.
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Table 1 Material properties
Yield stress | Tensile stress | clongation | young's modulus poisson’s rato
(MPa) (MPa) (%) (GPa)
281 728 639 205 03
heat conductivity density specific heat Joule's equivalent
A (W/m*K) p (kg/m") ¢ (kIkg'K) J (N mmical)
16.3 7.82 x 10° 0.502 4.19 x 10°
500
T EXPERIMENT
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S 400 - ANALYSS
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Strain rate
gzw'/;)@)m @ (1)0.109 10"
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Fig.1 Stress- strain curves
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Table 2 Specification of TVS- 2100

Range of measurement temperature | -40 ~ 950 C
Resolution of temperature 01T
Scanning lines 100 lines

Resolution of horizontal pixels 256 dots/line

30 frame/sec

In- Sb

Numbers of frame

Detector

Cooling of detector Argon gas cooling

system
1
I N
I f 1
1 1 |
! !
. .
! '
! 1
t 4
Loading Unit
! AGR-25 {
b o~ e o 4

Image Personal
V.=T R . Digital Time Proccesser | Computer
—‘l Base Corrector SPICCA-2 PC-9801

Fig.2 Measurement system
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Fig.3 Relation between temperature obtained
by thermography and thermocouple
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Fig.4 Geometry and dimensions of specimen

BMBGRRAEHERERGE, M7IZRT. 250K,
Fif g V=15mm/min, 50mn/minT, ALERM IR AR ZEN & 6mm
BLO2mOFFIZHE SR XK E iz Ene
FRY. K& D, M DILA 0D ITPE VIR & iR HE A
L TWBETFAROMSE. VOAANY RAE— K50 mm/
mindOP A, BMBKESLBIIONTINHEDNRTH S
ERL I N EIRIE FREATER SN, 1Smn/nind B S
ISR I L DA U8R 2ILND, E—
78 E1350mm/miniZ LXK Lo TV B DA aE NS,

(b)
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Fig.6 Distribution of temperature measured
by thermography (V=15mm/min)
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Fig.8 Distribution of strain around crack tip Fig9 Flow chart of analysis
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Fig.10 Distribution of equivalent plastic
strain (Displacement=12mm)
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Fig.11 Temperature distribution by analysis

(V=15mm/min)
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Fig.12 Temperature distribution by analysis
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