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Synopsis :

Aiming at weight reduction, the improvement of collision safety and manufacturing cost
reduction in the automobile industry, the amount of steel tubes used for automotive
parts has been increasing in recent years. The increase of strength and formability of
ERW steel tubes is essential for further weight reduction and wider application.
However it was difficult to concurrently realize high strength and formability in a
conventional ERW steel tube. The formability of ERW steel tubes is not sufficient
because the sheet material is subjected to work-hardening in the cold roll forming and
the welded portion is subjected to weld-hardening during the electric resistance welding.
In order to overcome these incompatible circumstances, Kawasaki Steel has developed a
new steel tube manufacturing method termed the HISTORY (high speed tube welding
and optimum reducing technology), which consists of a newly developed
thermo-mechanical control process based on new metallurgy by means of the world's
first warm stretch reducing. The HISTORY tube with high strength and excellent

formability has been successfully manufactured in a production line which was built in



October 2000 at Chita Works.
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for Producing Innovative High Frequency Welded Steel Tube
with Excellent Properties
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Synopsis:

Aiming at weight reduction, the improvement of collision safety and manufacturing cost reduction in the automobile
industry, the amount of steel tubes used for automotive parts has been increasing in recent years. The increase of
strength and formability of ERW steel tubes is essential for further weight reduction and wider application. However it
was difficult to concurrently realize high strength and formability in a conventional ERW steel tube. The formability of
ERW steel tubes is not sufficient because the sheet material is subjected to work-hardening in the cold roll forming and
the welded portion is subjected to weld-hardening during the electric resistance welding. In order to overcome these
incompatible circumstances, Kawasaki Steel has developed a new steel tube manufacturing method termed the HISTORY
{high speed tube welding and optimum reducing technology), which consists of a newly developed thermo-mechanical
control process based on new metallurgy by means of the world's first warm stretch reducing. The HISTORY tube with
high strength and excellent formability has been successfully manufactured in a production line which was built in Octo-
ber 2000 at Chita Works.
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Fig. 1 Schematic illustration of bead cutting in electric resis-
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Fig. 2 Manufacturing process of the HISTORY tube
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Fig. 4 Concept of warm reducing for high strength and excellent
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Fig. 5 Mechanical properties of the HISTORY steel tube and
ERW steel tube

N, THEBEEA G ARS L - FERRE LD BRI 2T —
BT VA RSB, MTTH, ZHhodRC 20T 5.

4 HISTORY B NER

4] BREEFOBRANEEORHE

HISTORY fi% & MR ERMNTOEEIEEOWE X & Fig. 6 {56
Fon, BRRTOBESE, ERERTHEZAIERL LY
IHEC , MIfEIZE Lo, EROBEBERE T, BRBoms: s
STz, 754 TOREBRAMALTEL LT, —F,
HISTORY & OEET, BREMEEEIC &5 T, #E AhHle
HEMERIC 7 74 ERESREI AT S0, WA LR
HMEREEEE T, MIEARALETS,

42 #HEEREEL

HISTORY #8% & EHERE O 3 2 ofli4 Photo 1 /I3, HIS
TORY §AE T, BEMOSRETEIZL D, Bk H77 14

260
| ® The HISTORY steel tube
240 & ERW steel tube

Hardness (Hv)
(5]
=]

140 1 I L ] ! I
-2.0 -190 0 1.0 2.0

Distance from seam (mm}

Fig. 6 Hardness distribution of welded portion

YEEE) A 1-2um EEICHELLT, BRENMELNE, T
ORRIL, 72 74 POBBEAEREVIFLOANZTLTHD,
B{EThHhh Tird STX21 2 — 28— 4 F L CTORITERET T,
LHYHPRRLAZLOTH529, ERNOMMLIZLDERELS
574, HISTORY #8183, Cu, Cr, Mo, V, Ti kE OBELE
ERLLZRERLE UL 7 ABIZEBRTHEEELONS,
L L, MTHEAEER S 5 QEp3EEE FHEAEHT ikl o
METHATAZLIEETS S, Jhid, S EMELTs e,
EREMBLERAEND, MIWABL UK FTL L5 EENS
BRHTH5, BREBEEETE, SSRosdtizma<<, BT
B &S &, F OB S R R O RS HEO
FEICLAE PO T, MItkEm L&, SREE L EINTIE LW
SXBATEMNTES, HISTORY %12, il Aax 59 -5/
WAIEICED, RIILVLEBEE, SMIEL I HETARE
FHRTHHTERL-MWETH 5.

4.3 FBiAREIE
(Ex2a14 bDF 51 TFRE)

042%C O HEKEFE HISTORY @M% L BREATO I 7 vl
Photo 2 2789, HISTORY 8E 3, HMEEEEEET, £ A
Va4 kAR, BEIAR L TVS, SRESEEETIE, SR
WIS— 54 bDE AV E L P FATEAHTE SN, BEEE
SR T BN A S E AR M A 7 e &<, B TIRR
fbA2ET 243 Z AT TH D, BARICHESHR I ~TH L%
FMEXHEEIENTES,

44 @& rfEit

HISTORY SEO % &8+ Fig. 7 WE§., FETIE, F0O%EH
FEBICTS LS EEEAMEARETD. 04, MITLL
Tid, Fig. 8 o7t &2, ETHFAOMHBAHEIEARTL, ¥+
by, BEAGE vl (=3EE0 R B 5 HIE T RETT
ME) OEVEHESESES EOND, -, AROKEEETIE,

HISTORY HISTORY

Photo 1 Microstructure of the HISTORY steel tube and ERW
steel tube

ERW HIST dRY
Steel; 0.42%C-0.2%5i-1.4%Mn, Eiching: Nital
Phote 2 SEM of the HISTORY steel tube and ERW steel tube

NI g8 Vol. 32 No. 4 2001



148 FipeEA WA TR L L A AR E RS 7 a4 2 [HISTORY| ORI%

12 um

Fig. 7 Texture of the HISTORY stee! tube, EBSD

Deformation in tensile test

[ Deformation in rolling |

650 0.22
'_______f—*_‘—-—g
600 ~—TS -0.20
£ 0.18
550 -0.18 w
= —YS 2
g -
500 Jo16 =
4
450 | H0.14
400 . . 0.12
700 750 800 850

Reducing temperature (°C)

Fig. 10 Effect of reducing temperature on mechanical properties

Table 1 Mechanical properties of the HISTORY steel tube
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Fig. 8 Comparison of deformation between in reducing and
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Fig. 9 Lankford value of the HISTORY steel tube
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Table 2 Mechanical properties of tested tubes, JIS11

YS (MPa) TS (MPa) El (%)
HISTORY 530 575 32
ERW 480 509 18

ERW HISTORY

Specimen size: 15 mmg X 1.8 mm¢
Bending radius: 30 mm

Phote 3 Appearance of bent tubes
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Tabie 3 Mechanical properties of tested tubes, JIS11

YS (MPa) TS (MPa) El (94)
HISTORY 519 556 47
ERW 360 404 41
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Fig. 11 Variation of wall thickness of the HISTORY steel tube
and ERW steel tube

450

400 | ® HISTORY
& ERW

o~ 350 ¢
=
=
S 300 ¢
g 250 |
@ 200 t
150 [ Fatigue limit: 175 MPa A
1 L i ] 1
109,3 1 10
Nf (%107

230 MPa

-

Fig. 12 SN diagram by bending fatigue test

52 BEEBRG~OHEBH

HISTORY #% L, TOERLRFEIZLD, Fig 13 137743
LAEEEERE L TEBNEA TS, TITR, FOLOME
DT, EEOEARERNTT S,

Fig. 14 URT L5423 EI4 4 —, YMRA K -4, OF7F
— L EOHBEEESROBIRG, BT 3 MET Bk
- T—RBEMC A BEMIH O, NEZRT LV S Em I
OERAEE - T B, —H, BRLoAHICE, FAENCER
EHERACRZILPABEL2 S, GEFELEMIE»ELT S
HISTORY #i%id, ZOLSLERIBELAAETH D, Fig. 15
CRERODT 7 - AQBETRAEAWIRYT. thifnIEoR
¥4 HISTORY S84 HWAI LT, @B, b0 77— A% BET
BIENERETHD, MEROT T 7 — A3FANROEETH 572
Oz, EEEov 77 - HEBLT, MRATERM P RERTE,
f130% OEELEERTES,

FI4A7y v 7 b RVORBESICnTE, ERLEOSHIZ,
#MELROThE T2 LB ST S, BElsE, bR
CBVLEYRESASETHLBIC, BREKERMNE HEE AR,
BMERLCHEEZNE, 20L& HHROEREERNT L, 8%
BEOMLA, © — A8BO8EE AR AE L, MLFHZENE
BBETHSL, LLl, HELT- T, BREMD I 2 oilifa
SN=F4 PBEL, BT LETAEMIMEREshLL, 0l
MIMAmE X501, WIETHEeERE O RER LR Lk
AT ZEEEZLNEY, BET ALY -HARELLE-TTR
P AES TE S 4 5. HISTORY ##% i, Photo 2 I L7k 31z,

_Sf

Steering shaft
{upper, lower)

Fig. 13 Steel tubes applied to automobile parts

ot Twist beam
Lower arm
Stabilizer
After ULSAS electronic report

Fig. 14 Automotive parts examples

Steel sheet Press
drilling
barring

o

i ) Prilling
Steeitube  Pressbending Flattening barring

IRelale

Fig. 15 Forming process of lower arm

Three-piece type
Rod Friction welding  Tube

One-piece type

Fig. 16 One-piece type and three-piece type drive shafts

FEIEFERI-EN A a4 PEF T4 THIRMT S Z - 5im8E
TH D, BEEMERE A EUIGERT A2 s THRESERERE S
BVEEETHETES, JOSHEK HISTORY EF+HVWAZ &
T, Fig. 16 {233 &%, —#BOMREF 74 7+ 7 FORGE
AUEEE LD, EROBEBODE IS Ty v 7 P EKART, H
20% DBRMLEEXRTES, £, ACHBIRETH T, X
DBBEHELO CEFE{TET, BEELLTRTSH S,

53 IATFYTNLELTOHE

— YO EEEO-BITE, HEREORHETL T EN S
7<% Cu, Cr, Mo, Ti, Nb, V & ORBEIELFEMT IS, 2
RODTEE, VH4 2 LB THECA8488H5, L0,
HISTORY $#%4, #SROMML LI BRB+85428 . BRK
BICEORMA R NRICMX 230 L XA TH S, 74, —Mi

[T REEIE 4 Vol. 33 No. 4 2001



150 AR A TTHE L L 2R RERSEHE 7o ¢ 2 [HISTORY| DR%

el AT 2L, EREAFLMLE00, MIMAET S
A4, HISTORY @E ¢/, SRtz <, S2HOmM
Mol s SIS T OESMEOREILL D r{BLT, T
HAmEsdE SMELENIHEHELEEEI2MTES, IO
oy O BTG LS KRR IF AR50 EE 2
VOTHRBRIZCET M AL —OHIAEIRETSHD, &5,
Ti, Nb, VALXORBEREELRAOILENbE LR Y1 20
HiZgBhs, 3500, BOMTREOBBLETH, T3 LF—-
Mz EFlEETH B, B Eo k1T, HISTORY %3, Mtk
BEICRELnIawF ) T LE LTCORARNEEIRE,

6 & §

BEMEOHBMEREE LT [HISTORY Yo+ 2] #HEL, &
B Y SN E W X 27 SleE [HISTORY 8 | ORuE4 0
HEE L /-, HISTORY S8, Hrivvd ¥ 9 4 v I TEMEEH T
b5 RMEHEITEIC L 2 EAEIZ L > TR EK SR, &
HOEAICAKZ DRSNS oA TS, FERIZL - TRGAL
RRELTIZEEDA,

(1) WRMOBMGEELEID L 5058, FEESHR
OFFEFHOLE r bk FLOASFV-OBRALARE
el

(2) HISTORY @& C¢id, RMROEBEFEEEIZL D, Bak
(#7714 &8 M 1~2pm BEIZHELLLT, GHE
FEORE, TOBHRE, 72371 FOEFEHBASETRT
WAL I TLTH D,

(3) HISTORY #%!3, OB CMA T, E _HOR

SGEATREEL, kAL E P DAY T4 LHRIRLETTEEE &
b, 754 TORRIEFEMAERTES,

(4} HISTORY @& T, REIBOSHBIEELEIZL, FRFH
FUITHE SR REL, & r ELDTRLE L5, 610,
TR S A M PR 5 R TIE ML RIERE IF @
OIERER, SRFW, ZHELEHE, 27 L 2§88, &<
OETE rELATETS 0, BIERIROH 24 FOED T
ShrEXFSNRE,

(5) HISTORY #% 73, #SHOREELIZMA T, £ HOM
HATEL S BRI R O EEESHBOREIC LD F r B
T, MIttdmb&d, SRECENTHEmMEES T &
TE 5,

(6) HISTORY #{% T3, MEFEEBELEYI- @I LT,
T34 e TF U4, A4 b, BEA—-2TFFA
PREO B ENERICAS D LT, EMEEMm
TH&EHTE 3,

(7) HISTORY #R% 1, # LW TEMBHEHITTH 5 EMEEE
HIZk Y, fEROMBEREICLVWIRELE L, BEESSH
M LT 20~30% DIERIZEBETE 3,

(8) HISTORY §% . HHIXELEFETIIAMEL, SMIHE
(bR TERRBDAZSyTOVHA I NELRIFTHED, 2
TFUTFALLLTOMBEMEING,

Febniz, xBRO—FME, AEL T A ¥ —HHEE{LHE
FEREA LRSS R L CEfrEhi T - a el L &
T, KAEEEDBICH AN, THTOALAWEEFRLEOEHIC
BHEBOBLERLET,

£ xXx W

) HE=E:TEHEERETCEE], F 171 - 172 B LGDEHHEE,
(1999), 44

2) BEHEME, BT, RES - NIGEetEE, 32(200001, 53

3y HRWEE, B B, BaNEk, tARIE . CAMPISIT, 7
(1994), 1834

4 BOEE, MR, pREEE, ARBL B LmMI, 24
(1983)271, 873

5 EEFEF, Silgik, LBk, Lk LM, 67(19581)4,
307

6 M B, OWIE 5, BEWE, DR, BERE RF 4
CAMPISI, 11(1998), 1031

7 OEREM, BHEs, £ 8 AfEE, HEEEE, EHEE,
EIHEE, BEERE, BRI, FRETA L CAMPISI, 11(1998),
1021

Nk 5EERTE# Vol. 33 No. 4 2001

8) T Toyooka, Y. Hashimoto, Y. Kusakabe, and J. H. Lobelle: Proc. 10th
World Tube Cong., Chicago (USA), (1994} Oct.

9) BREERE. \FH_, MIEE, R E, HH B EREEX:
JI0EBERTEH, 22(1990)4, 18

100 BE&EM, &KE &, WG, AHREE, SRR CAMP IST,
12{1999)2, 302

1) BE&EE, kg =, RETH. BRHES, HHREE. MRRA,
AhmheHE, MRS D R L FEENTEERTES, (1999), 189

12y =& A, 1998 8 A6 H ORIEEKM, CEmEm, DR
#R¥rHE

13} MNew Steel, (1999) Mar,, 66

14) BE&SH, Waitd, R =, REEED, EHELEE, TR,
AEEREE, M UEER 2000 FAEEREGNE FiNAESAIRE,
{2000) No. 1100, &



