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ABSTRACT

A study was made to characterize the microstructures and mechanical properties of the base metal
and the heat-affected zone(HAZ) in Cu-bearing HSL.A —100 steel. The Gleeble thermal/mechanical simu-
lator was used to simulated the weld HAZ. The relationship between microstructure and toughness of HAZ
was studied by impact test, O. M, SEM, TEM, and DSC. The toughness requirement of military specifica-
tion value was met in all test temperatures for the base metal. The decrease of HAZ toughness comparing
to base plate is ascribed to the coarsed—grain and the formation of bainite. Obliquely sectioned Charpy spec-
imens show that secondary crack propagate easily along bainite lath. Improved toughness(240J) at HAZ of
Tp,=950°C is due to the fine grain, and reasonable toughness(160~200J) in the intercritical reheated
HZA is achieved by the addition of small amount of carbon which affects the formation of “M—A”. Cu
precipitated during ageing for increasing the strength of base metal is dissolved during single thermal cycle
to 1,350°C and is precipitated little on cooling and heating during subsequent weld thermal cycle. Thus, the
decrease of toughness does not occur owing to the precipitation of Cu.
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Table 1. Chemical composition of HSLA—100
steel.(wt% )

C | Si |Mn|Cu {Sol-Al| Ni | Cr | Mo | Nb

HSLA
—100

0.035{0.395{0.89 | 1.52 | 0.027 |3.44 [0.597)0.356(0.042
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Table 2. Weld thermal cycle of simulated HAZ.

Heat Input | At so-seec] Tp: | Tp2 | Tps Remarks
(KJ/cm) (sec) | (CY| ()| (T)
20 10 |1.350 i‘;‘jf
20 10 |1,350]1,350
1,150
950
850 Double
800 cycle
750
550
350
20 10 |1,350| 800 500} z;‘cplf
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Table 3. Mechanical properties of HSLA—100
steel used in this experiment and speci-
fied in MIL —S —24645(A)SH.

TS | YS |EL |RA CVN E(J)

(MPa)|(MPa)|(%)|(%)| —18C | —85TC

T T |T|T|LT|LT|LT|TL

Mil-5-24 690
18 | 45 110 82
645A | — | ~ | T T
min. |min. min. min.
(SH) 860

HSLA-100| 814 | 786 |24.8|77.6[278.1|251.1{253.7|240.4
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Fig. 1 Optical (a) and TEM (b) micrographs of
HSLA —100 steel aged at 650C.
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Fig. 2 Optical micrographs of simulated coarse
grained HAZ(Tp,=1,350C).
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Table 4. Hardness and impact energy of base
metal and simulated single cycle heat
affected zone.

CVNE
Hv .
—50C(J)
Base metal 282 264.1
Simulated single
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Fig. 3 SEM fractographs of HSLLA—100 steel
single thermal cycled(Tp,=1,350C).

Fig. 4 Optical micrographs showing the crack
morphology in obliquely sectioned Char-
py specimen single thermal cycled(Tp,=
1,350C).
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Table 5. Changes of transformation tempera-
tures with heating rate in DTA.

Heating

rate TS(OAO) Tp Tp(oAca)

(°C /min) §0)) ) (G o))

10 653 763 824

20 658 766 828
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60 696 782 873
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Fig. 5 Optical micrographs with reheating temperature(Tp;) of HSLA —100 steel.
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Fig. 6 Variation of impact energy tested at-50°C
with reheating temperature(Tp,) of HS-
LA —100steel.
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Fig. 8 SEM fractographs with reheating temperatures(Tp,) of HSLA —100 steel.
(a) ,350C  (b) L,150°C  (c) 950C  (d) 550°C

(b)

Fig. 9 Optical micrographs of HSLA —100 steel.
(a) Double thermal cycle(Tp,=1,350C, Tp,=8007TC)
(b) Triple thermal cycle(Tp,=1,350C, Tp,=800C, Tp,=500C)
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Fig. 10 Impact energy tested at-50°C of HSLA
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Fig. 11 DSC curves with thermal cycles.
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Fig. 12 Optical micrographs showing the crack
morphology in obliquely sectioned Char-
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