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Table 1 Chemical composition of steel tube
% (B4 80
B4 C Si Mn  Nb  Ti Al S P
o 0.15 134 144 0.029 0.024 0.04 0.004 0.009
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Fig.1 Thermal expansion curves of steel tube
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Fig.2 Two-stage heat treatment technology
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Table 2 Two-stage heat treatment process for steel tube

i 1A IBT
1 800 Cx10 min 410 °CX2 min
2 800 Cx10 min 380 °Cx4 min
3 800 Cx10 min 410 °Cx4 min
4 800 °Cx10 min 440 °Cx4 min
5 800 Cx10 min 470 °Cx4 min
6 800 °Cx10 min 410 °Cx10 min
7 800 °Cx10 min 410 Cx30 min
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Fig.3 Diagrammatic sketch of equipment of continuous heat treatment process
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Table 3 Measured process parameters

T2 A0 B PR ER £ E3i7)
45 REEC Bl WREE/C IREE/SC WA/

A 806 11 452 420 18
B 795 11 413 420 18
@ 813 11 429 420 18
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Fig.4 Effect of isothermal bainitic holding time on the microstructure of steel tube
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Fig.5 TEM micrographs and selected area electron diffraction patterns of heat treated steel tube
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Table 4 Circumferential mechanical properties of heat treated steel tubes

- Bk TR o0- AEff% IR RASHEIL R ALK BiAHEAE
/MPa /MPa 5 1% /(MPa - %) /MPa $8in
1 635 325 26.7 16 955 13152 0.34
2 698 340 25.0 14 944 1260.5 0.34
3 608 320 31.2 18 941 1423.0 0.39
4 600 320 31.1 18 660 1253.4 0.37
5 610 325 30.2 18 091 1319.6 0.35
6 655 363 29.8 19 502 1 469.0 0.36
7 614 313 28.1 17 262 13133 0.34
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Fig.6 Micrographs of heat treated samples
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Fig.7 TEM micrographs and selected area electron diffraction patterns of heat treated samples
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Fig.8 Cold rolled forming examples (a) and optical

micrograph (b) of deformed tube at p position
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Development and formability analysis
of TRIP seamless steel tube

Zhang Zicheng'?, Zhu Fuxian’

(1.Modern Design and Analysis Institute, Northeastern University, Shenyang 110819, China; 2. School of
Mechanical Engineering and Automation, Northeastern University, Shenyang 100819, China; 3. State Key
Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China)

[Abstract]

In the present study, the production technology of transformation induced plastici-

ty (TRIP) steel was firstly introduced in the steel tube manufacture field. The TRIP steel tubes

with a microstructure of ferrite, bainite, retained austenite and a little martensite were success-

fully fabricated with both of the two-stage heat treatment technique and continuous heat treat-

ment technique using a cold drawn steel tube. The ring tensile test and cold bending process

were carried out to study the formability of the newly developed TRIP seamless steel tube. The

results showed that the TRIP seamless steel tubes have a good cold formability, and they are

available to be used in the tube hydroforming process. In addition, the equipment of continuous

heat treatment developed in the current study can be used to produce TRIP steel tube and it may

serve as an important reference for the industrial production of TRIP steel tube.
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