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Metallographical Study and Estimation of Maximum Temperatures

in Weld Heat-affected Zone for Steel SM50

Takayoshi Kasucal, Akira OKADA, and Michio INAGAKI

Synopsis :

Metallographic changes in the weld heat-affected zone (HAZ) for the ferritic and pearlitic steel such
as Steel SM50 were investigated, and a maximum temperature at any portion of the HAZ was estimated
from the relation between microstructual changes and the theoretical formula for one dimentional thermal

conduction. Results are as follows;

(1) The observation of the fusion line was facilitated through the application of an interference micro—
scope to the weld zone etched with the saturated picric acid solution containing an anion activator.

(2) The massive ferrite at the portion heated to 950°C in the synthetic HAZ with a cooling time from
A, to 500°C of about 0.8~4 sec, was not the ferrite retained in the base metal, but the ferrite grown from

the austenite due to heating.

(3) The boundary between the HAZ and the unaffected zone of the base metal was clarified by the

observation of macro— and microstructures.

(4) The maximum temperature at any portion of the HAZ was estimated by using an equation in—
troduced from the formula for one dimentional thermal condition due to the instantaneous plane heat
source and the metallographic techniques as mentioned above in (1) and (3).
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Table 1. Chemical composition and mechanical properties of base metals.
Steel Chemical composition (%) E Mechanical properties
tee - e — — i
C Si l M Y.S. T.S. Elong.
S I LS LV gy | g/t | (58
SM50A 0.17 0.34 h 1.31 0.027 | 0.027 — 33 51 30
SM508 0.14 0.32 . 1.32 0.018 | 0.007 | 0.003 36 51 30

Table 2. Welding conditions.

. Gus tungsten arc |[Low heat | Middle (High heat
[.1welding (TIG) input heat input | input
Arc voltage (V) 11 12 12
Welding current 100 280 280
Welding speed

cm/ min) . 10 5
Heat input(J /cm) 4 400 20 160 40 320
Electrode 5% Th-W, 3.2mm¢g
Arc length 3 mm
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Photo. 1. Comparison of two etching methods used to reveal fusion boundary for middle

heat input welding of Steel SM50B.
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Fig. 1. SH-CCT diagram for Steel SM50A (Max. heat. temp.: 950°C)
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Photo. 2. Microstructures of specimens cooled with various cooling time for Steel SM50A

(Max. heat. temp.: 950°C)

Photo. 3. Macrostructure of high heat input
welding for Steel SM50B.
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Photo. 4. Microstructures of HAZ and base metal for middle heat input weldingSof Steel SM50B.
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Fig. 2. Hardness at HAZ in middie heat input
welding for Steel SM50B.
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Fig. 3. Heat-affected zone heated by instantanious
plane heat source.
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Fig. 4. Maximum temperature at HAZ in high
heat input welding.
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