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Effect of heat treatment conditions on the tube hydroformability

K.S Park, B.H. Kang, D.K Kim, Y.H Moon
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Abstract

Tube hydroforming provides a number of advantages over conventional stamping process, including
fewer secondary operation, weight reduction, assembly simplification, adaptability to forming of complex
structural components and improved structural strength and stiffness. In this study, the effect of the
heat treatment on the hydro-formability has been investigated. By using the mild steel tube bulging test
is performed at various heat treatment conditions to evaluate the hydro-formability.
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Fig. 1 Schematic drawing of tube hydroforming

machine.
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Fig. 2 Schematic drawing of the circular
bulging(a) and T-fitting forming die(b).
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Fig. 3 The punch sealing mechanism(step type)
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Fig. 4 Heat-treatment conditions of the tubes.
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Fig. 5 Deformation sequence of the tube for the
circular bulging test
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Fig. 6 The loading curves a SAPH 400 As
welded.
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Fig. 7 The loading curves at SAPH 400 PSA.
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Fig. 8 The loading curves at SAPH 400 BA.
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Table 1 Hardness test(Hv)

SAPH 400 As welded
POSITION CHECKING POINT
BM|BM |HAZ [HAZ|W.S |HAZ|HAZ|BM | B.M
TOP  |167.1|17LA| 2100|2115 |06 1 2102 211.4] 175.59( 1678
CENTER |174.5| 1768|2114 | 21006 | 2065 | 2100| 2135] 1 TR.A| 1650
END |IT22|ITG7F| 2135|2004 | 005 | ZILE | ZI06] 1TAT| 1678
SAPH 400 PSA
POSITION CHECKING POINT
B.M |BM |HAZ |HAZ | W.S |HAZ |HAZ|BM | B.M
TOP  |175.2 1740|1917 1527 | 1843|1921 | 1768 171.5] 1686
CENTER | 1725 1748 a1 Nierslma e 1t imr| 175
END  |172.2| 167.0 1952 | 1945|1551 | 1953|1707 167.8| 1651
SAPH 400 BA
POSITION CHECKING POINT
BM|BM |HAZ [HAZ|W.S |HAZ|HAZ|B.M | B.M
TOP  |126.7| 1265 1181|1170 1LLA|[ 165 1200 | 127.1| 1277
CENTER |124.2| 12605 1200|1207 | 1R 6| 125.7| 124.8] 1283|1220
END  |1286| 1325 1206 122011 22| 12L5| 1176|1225 1262
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Table 2 The material properties of the tubes.
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weld|47.3 | 420 |27.06] B4 |D.034 i | | .
SHFH | haee A0 | 332 | 342 | 146 | 0166 A L N
370 HA weld |376 | 290 | 386 | 23.0 | 0235 thaning
base | 370 | 274 | 40.7 | 24.1 | D244 [ufbur foeming]

weld| 502 | 42.1 | 27.0 |11.53 | 0.108

o || D2ze | 484 | 41012867/ TAE0|0.192
:'"f;l"'_H poa :‘9'-': E;'.E :‘j?;:: ﬁ":' ]l*?-aﬁ E{;E Fig. 14 The thinning position of the tube under
400 aze | 47 5.0 [30,70] 17.2 ] )

A |weid|40.2 | 29.4 [32.6520.58 | 0.208 the hydroforming

base [42.1 | 311 [35.85|20.60 | 0213
e weld | B5.4 | 4600 |25.22| B.BD | DAO33
e e | 612 | 40.1 |28.15]14.43 | 0.132

SAFHIC | Tweld B8 | d15 | 251 1166|0033
qa0 | = [baze [E0G | 399 [ 201 [1421[0.132
mp [eid[d29 ] 904 | 542 [20.50 0204
= [base (457911 [ 336 [20.35] 0209 : Table 1
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260 L —0— SAPH 440 BA
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