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High Strength Hot Rolled Sheet Steels for Automotive Wheel Use

Hajime NITTO, Taiichi SATOH, Tohru SAITOH

Masaya Mizul, Kazuhide YOSHIHIRO, and Hiroshi TAKAHASHI

Synopsis:

Overall applicability of various types of high *strength sheet steels to automotive wheels was
investigated by means of conventional production tooling as well as laboratory forming and welding
tests. Dual phase sheet steels, especially those of as hot rolled type, showed most hopeful potential in
wheel discs forming because of their high workhardenability, good elongation and uniform dispersion
of second phase. Special improvements in flash butt welding and roll forming conditions were neces—
sary to make high strength sheet steels usable for the production of wheel rims and HSLA steels which
contained Nb revealed comparatively stable quality in joints and HAZ of flash butt welds. Centrifugal
cornering fatigue tests suggested that high strength sheet steel of 60 kgf/mm? tensile strength could be
substituted for mild sheet steel in wheels with “weight saving as high as 259%. Influences of alloying
elements on various properties and performances of sheet steels for wheel were summarized and utility

of dual phase sheet steels was also discussed.
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Table 1. Chemical compositions of tested hot Disc Rim
rolled sheet steels.
I;f;;iﬁrd Coiting
Strength & c. si Mo s+ Qher 9
Characteristics (%) (%) (%) (%) (%)
TS 70kgf/mm? Flash Butt
A Onlingiam® 0.08 1.1 1.1 0.002 Cro.l Punching Welding
B IS Gkgl/mm® 905 10 15 0004 — Assembly
o Force
2
c IS kelmm® 505 08 1.3 000 — / Fitting o
- Flanging :
D 55Skslmm® 908 11 15 oo — g Forming
E ibid 0.08 0.5 1.5 0.003 —_ Spot
F ibid 0.08 <0.1 2.0 0.004 — Welding
. - vV 0.07 Expandin
G ibid 0.12 0.5 L5 0.0l olol p g
w18 ?Jg';grf/ng“;‘;cl 0.086 0.3 1.3 0.003 Nb 0.04
- . Painting
1 53 Skgl/mm? 47 <0 06 0.0 - :
Ordinary — l
J mild steel 0.04 <0.1 0.3 0.015 r-——L—-ﬁ
. (
* Steel sheets A~F and H are S shape controlled by Ca or iLife Tests;
REM b 4

Table 2. Mechanical properties of hot rolled
_sheet steels tested.

Sheet | Thick Tensile Properties Hole
Steals | €SS | YP TS El YR*™ T ﬁ Expand
(mm) |kg/mm?)|kgf/mm?)| (%) (%) (5-10%)| Ratio

A daf| 3.2 40 70 30 59 08 0.20 1.3
r*| 2.8 42 71 29 60 0.8 0.20 1.3

8 d 33 40 66 31 61 0.8 0.21 1.4
r 2.9 43 64 33 67 0.8 0.21 1.4

c d 33 36 58 33 61 0.7 0.21 1.4
r 3.0 37 - 57 34 65 0.9 0.20 1.5

D d 3.2 36 64 30 56 0.8 0.20 1.3
r 2.9 35 65 35 53 0.8 0.26 1.4

E d 3.3 41 67 30 60 0.9 0.21 14
r 2.9 29 60 35 48 0.8 0.27 1.3

F d| 33 37 60 33 63 0.8 0.19 1.3
r 2.9 36 66 31 55 0.8 0.20 1.3

G d| 3.1 37 63 31 59 0.9 0.20 1.2
r 2.7 36 66 30 56 0.9 0.23 1.2

H d 3.2 54 62 28 86 09 0.13 12
r 2.8 55 64 27 85 0.9 Q.14 1.2

1 d| 33 36 50 34 72 1.0 0.17 1.2
r 2.8 35 49 35 72 1.0 0.18 1.2

y 9] 33 24 34 48 61 0.9 0.21 1.5
r 2.9 25 35 47 70 0.9 0.21 1.4

* d for disc test, r for rim test

& JizHBH T SAPH 45 35 L8 SPHC TH 5.
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Fig. 1. An outline of automotive wheel
manufacturing process,

Table 3. Various simulation tests for wheel disc
press forming.

Tests Simulation Machines Toois
1. Conical Disc :03 o g.e ' ?gg"’
Orawing 1st Draw ydraufic unah ¢
Press
2. Conical Nut-seats aodm”‘. gie n ;54‘
Stretching forming yaraulic | unc ¢
test machine rp=rd=6
3 Cylindrical Disc center 60 ton gunt;l(\)ig/cl.
* Ironing bore burring Mechanical flangingo
Flangin, P
9ing ress 20~509%
ironing
0~20%
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B &F 5.
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@ flash butt weld
—_ specimen

10.7R

Fig. 2. Bending test apparatus for flash butt
welds.

Photo. 1. An example of wheel which consists of
high strength steel disc and mild steel rim.
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Fig. 3. Comparison of maximum strains in disc
forming and Forming Limit Diagrams between
dual phase steel sheet and Nb bearing ordinary
type high strength steel sheet.
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Fig. 4. Comparison of performances of test sheet
steels in center bore ironing flanging at wheel disc
forming process.
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Fig. 5. Comparison of formability of sheet sam-
ples using disc Ist draw model conical drawing.
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Fig. 6. Difference in ironing flangeability between
on-line type dual-phase steels and off-line type
dual-phase steels.

rolling direction
of sheet

obserbed
section

Photo. 2. Initiation of cracks at banded structure
of off line type dual-phase steel during ironing
flanging. (x10x1/2)

t% Table 3 O SGMH TR, Fig. 6 (X35
ROMBGITHBH, BABBESHESHEROL &7
5 v VBRGRA DL ¥ G A RSSO T hicig~
THBNE DTV ABRAEFFRIN TS, Z0ER
DRER% fRYT 3 21 DAT2Ic 31— 1 v 7R O FH
BEFERA%S Photo. 2 IW/RLT\V5A, HEhoFR4d s
BERDO=LT /94 b EHTH D EXPHBRED B
ha BBBESEMME I ELE&GEE, ByE: 1
CHELT=AT V44 FBIREEORE L - A e
DRTWOTLIEZ7 S Vo705 T B
LR H AV IIBUNBEG FOEEN L E TH
5.
4-3 REUBES A VICHTB Y LRE
HUDEEZEASRC L5 30 HFo0RAFEFA b &
BiTolERXHE0 % 3T o0, FORE, WThoSk
EREIH 104 CETIERBELRLBEIC LB
BOZEELABETH O, FROEEIVTHhEZ S

— 98 —



EEEBE R O BB E & A — A~ DOEA K 1225

vy Yoty VEEEOREINT CHRERICE WY ET S
L DOTENORRTLS LHE L THENOLEEX KR AR
(FESR XOHREL > E)ER T3 b 0 L BEEs
TR SN BB L 5 FRR ECKPITE B EHE
L. #tREy —&kAEFT A F CHEWRE DR D7- B
MEREZELT2ODFENDEDEIT O, H2HROK
FIBEERWEERE OB LML S > X EHIC X
DEBLEIXL 5% BOABRETIERTE /. #
BEMEREOHIIES A vIE kT A BEBINEEOBIE
{b & Bk OFEFEESR T b - BB S X OB EEE
DOBEIEFERC X 5 HEIGRE LTH S % OFRRRIER,
BEHREHLEALTHAVA I LI VE 15% B0
TREFENLEBL, RIE7T AP LTHETNEARRE
VL (2% BUF) mET A ENCER
44 259> 318y FREERTZH

BEC 7o EREBREH L EAMoMTIC X 58 ho
BRHHEHIE 2 AV TR EERERIKDO 7 5 » v a2ty b
BESMEOBERYIE L. Fig. 7 (XE#REICE
T % KB CHEMRIGE U CRERR OB IS
MBI E D A 7 < BT 2 2 BT B bR b
TEERFBLTVS. BEAMOBLEREIBILES
MEHTHE Si XU Mn O A, B, D, F
W I BIEMDED bhvicd’, EREFFMC kT 54E
NBREFER B E S OMOTEEREFRIZE LT W
U

SOREESGE» SEAHOSEYH EE® 5 Hik s
LT7 Py P2 EBBRMAHC L TEAHORRLY
PHLET IO T A EDHEEIND. LrLarb
7 7y b EBEREED T Tl BEREEIC LR
DIED ) BER O M TR RN LARE Y HE LTS
7%, Fig. 8 1325 Lc&Be ki) 5 £ &Mk OB

Sheet
Steels

A

o]
1

>~ O
T T
X O e O =
I m®mO

w
T

N
T

Sum of Crack Length (= £/30mm)(mm)

t "% |
1 2 3 4
Flashing Time (sec.)

o

Fig. 7. Influence of flashing time on interface-
quality of flush butt welds,
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Fig. 8. Local decrease of thickness in HAZ of
flash butt welds.
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Fig. 9. Relation between fatigue limit of raw sheet
materials and life in centrifugal dynamic cornering
tests of wheels which are made of various high
strength steel discs.
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