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Thermal Stress Measurement of Explosive Austenitic
Stainless Clad Steel with X-ray

Masakazu KAWANO, Tuyoshi IsHIDA, and Kazuyoshi KAMACHI

Synopsis:

Since the method of X-ray stress measurement can be done by non-contact and non-destructive
state, we can easily perform the measurement even if the temperature is high such as a few hundreds

degree.

In this paper the thermal stress on heated clad steel by X-ray was measured. The result was that
we could perform good stress measurement and could find a clear thermal stress cycle at even such a

high temperature as 560°C.
Experimental results are as follows:

1) The clad steel hearted up to a temperature of 560°C showed a fine X-ray profile and gave a
good correlation on 26-sin2¢ diagrams, so we could perform thermal stress measurement by the usual

method.

2) In the heating process the thermal stress explained by thermal-expansion coefficient showed ther-
mal stress explained by thermal-expansion coefficient showed thermal stress cycles, giving a terperature

loop.

3) The stress value varied by removal of oxide film.
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Fig. 1. Shape of specimen and direction of stress
measurement.

Table 1. Demention of specimen.

One side heating Wholly heating

L 75.0 mm 64.0 mm
B 52.0 28.0
H 14.0 14.0
Hs 3.5 3.5
Hm 10.5 10.5

Photo. 1. As bounded micrograph of stainless
clad steel (x100).
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Fig. 2. Equipment for heating and method of
stress measurement.

Table 2. X-ray condition.

X-ray target CrK,CrK,
Tube voltage (kV) 30(kV)
Tube current(maA) 10 (mA)
Gonio speed 2(deg/ min)
Chart speed 20( mm/ min)
Slit mask 4%x4( mm?)
Filter —
Scale factor 2, 4, 8
Multpuer 0.6, 0.8, 1.0
Time constant 8, 16
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Fig. 3 (1). Profile of carbon steel at 560°C in
y-direction.
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Fig. 3 (2). Profile of stainless steel at 560°C in
y-direction.
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(3) Profile of bonded zone at 560°C in
y~direction
Fig. 3. Profiles of stress measurement at 560°C.
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20-sin2¢) diagrams by the least squares
method.
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Fig. 7. Shematic diagram of thermal stress cycles.
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(1) At R.T

(2) At 560°C with 2nd heating
(3) At 560°C with 4th heating
(4) At R.T after 4th heating

Fig. 8. Stress distribution of cross-section with
wholly heating in x-direction.
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Fig. 9. Stress distribution of cross-section with
wholly heating in y-direction.
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Fig. 11. Thermal stress cycles at R.T~300°C with
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Fig. 12. Thermal stress cycles at heating temper-
ature of clad steel with one side heating
in x-direction.
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Table 3. Calculation of thermal stress by one side heating.

Side of stress
o measurement 89 134 | 180 | 234 | 275 | 340 | 389 | 436 | 486 | 550
Temp. (°C)
Heating side 166 | 221 | 277 | 340 | 382 | 453 | 506 | 546 | 600 | 692
Thermal expansion | Stainless steel 15.8 | 16.1 | 16.3 | 16.4 | 16.6 | 16.8 | 17.0 | 17.3 | 17.4 | 17.8
coeflicient
(x10-¢) Mild steel 11.8 | 12.1 | 12.4 | 12.8 | 13.2 | 13.6 | 14.0 | 14.2 | 14.5 | 14.8
Stress os ~8.8 |—-7.8|-7.5|-7.71-7.21-6.7|-7.1|-3.2 |—3.7 |—6.8
2
(kg/mm?) oc 2.8| 2.7| 25| 2.6 2.4| 22| 2.4| 1.1 1.2] 2.3
Jor | Ocarbons. 3) WG INBGRRE CRMR R R T % Bt
| o stainless s. o O
NuEFREL, BDBEN—TERURHLBUGEHYA 2 1%
10 #<. £ LT 560°C ¥ TcomBESHAYHEL ViR LK
BOBIETIV A 72 V3B HEFEREBLEE DL 2L L5 TH
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E o MBAH D < D E U XD TRIEINC X % B e s
é 7 FToEbEZLMS.
“ —10r I 1) FE» D 300°C FTol HELOHEDOEYLT
0 VA 7 AEFED A— 7 IR PR IR E LT
0 20t ' 5.
| 5) FENEGC X 55\ 550°C kit B AT v
301 | v AR DIEIINE, REM BRI X o THRE o

(a) , (b)
(3) with oxide film
(b) after electro-polishing

Fig. 13. Change of residual stress to delete oxide
film for electro-polishing.
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