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£5 . Laser welding is capable of highly efficient and high-quality welding and is being widely used
in the field of automobiles in recent years. It is well known, however, that the laser welding of
high strength steel sheets often results in weld cracking. High strength steel sheets play a sig-
nificant role in improving fuel efficiency and collision safety. Hence, it is crucial to elucidate the
weld-cracking phenomenon in detail. In order to clarify the behavior of weld cracking, Kobe
Steel has established a new technique for observing the cracking during laser welding in-situ
using an X-ray transmission imaging system. The weld cracking occurring during laser weld-
ing was clearly observed, and these cracks were revealed to be delayed cracks initiated from
weld end craters. The delayed cracking behavior varied depending on the carbon content in
the steel and welding length. A crater treatment method has been newly developed and found
to effectively prevent delayed cracking from occurring.

IF : Laser welding enables high-efficiency and high-quality welding and has been widely used in the
automotive industry in recent years. However, it is well known that weld cracking may occur
in the laser welds of high-strength steel sheets. The application of high-strength steel sheets is
important for improving the fuel efficiency and collision safety of automobiles. Therefore, it is
extremely important to elucidate this weld cracking phenomenon in detail. It was found that
delayed cracking in laser welds of high-strength steel sheets was initiated from the solidifica-
tion cracks at the weld end. The delayed cracking was found to occur when four factors coex-
ist: namely, solidification cracking, diffusible hydrogen, brittle microstructure and residual
stress, and eliminating at least one of these factors prevented the delayed cracking. Hence,
Kobe Steel established a new laser welding method to prevent solidification cracking at the
weld end. By applying this method, no solidification cracking occurred in high-strength steel
sheets, and as a result, delayed cracking was successfully prevented.
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Overseas Expansion of Wire Rod and Sheet Business

FIAERE" BB
Takaaki MINAMIDA ~ Kuniyasu ARAGA

Japanese automotive makers and parts manufacturers are expanding their overseas production,
increasing the need for local procurement. To respond to this need, Kobe Steel's wire rod and sheet
business has established production plants for steel and intermediate products overseas to enable
the supplying of products of a quality equivalent to that of products supplied in Japan. This paper
describes Kobe Steel's approach to expanding its overseas business focusing on special-steel wire rods

and high-tensile sheet products.
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Table 1 Overseas steel production mills and their outline

Company Kobelco Milleon Kobelco Angang Pro-Tec Coating
name Steel Co., Ltd. Auto Steel Co., Ltd. Company
. Cold-rolled, Galvanized
Main Product Wire rod Cold mgffj{:ﬁ‘:i“mgth and Galvannealed
o High Strength Steel Sheet
Rayong, Liaoning, Leipsic,
Place Thailand China USA
Tie-up year 2016 2014 1990
Equity participation 50% 19% 50%
Main facilities Wire rod rolling CAL CGL, CAL

7ToHBYH A — A OFERIIIS 2 5L, 20174E 9 ISR
BLOBMIE - HBERE & i 2 72 3 2 H © CGL 0 5%
53 U720 20194 7 H O A FEBR IR IV CREERASHEA C
BY, B, BAERE200H5 Y a— by ED
MR T e 2%,
2.2 HEk
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TIEHRMEOMB SR Lz O X 221 TYHL
b, AFTaPREFIAETZ 7T F 7 7 MHSHM O
RIS T3 % Kobelco CH Wire Mexicana, S.A.
de CV.##&V. L, 20I64E25CH7A Y 28 E L Tw
%o
2.3 R
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Table 2 Secondary processing companies for wire rod in USA, Mexico and Thailand

Compan Grand Blanc Kobelco CH Wire Kobe CH Wire Mahajak Kyodo
nalljne ¥ Processing L.L.C. Mexicana, S.A DE. C.V. | (Thailand) Co., Ltd. Co., Ltd.
GBP KCHM KCH MKCL
Place Michigan, Guanajuato, Bangkok, Bangkok,
USA Mexico Thailand Thailand
Production CH & Bearing wire CH wire CH wire Cold drawn bar
Establishment 1995 2014 1997 1996
Equity 20% 10% 30% 27.5%
participation
53 HEIOMBT Z U TR
Table 3 Secondary processing companies for wire rod in China
C Kobelco Spring Wire Kobe Special Steel Wire | Jiangyin Sugita Fasten | Kobe Wire Products
ompany (Foshan) Co., Ltd. | Products (Pinghu)Co., Ltd.| Spring Wire Co.,Ltd. | (Foshan) Co., Ltd.
name KSW KSP JYSF KWPF
Pl Foshan, Pinghu, Jiangyin, Jiangyin,
ace Thailand Thailand China China
. . . . . . . . Cold drawn bar
Production Valve spring wire CH & Bearing wire Suspension spring wire & CH wire
Establishment 2012 2007 2005 2004
Fquity 50% 47% 60% 60%
participation
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Global Marketing Strategies for Automotive Aluminum Sheet, Extrusion

and Forged Suspension Businesses
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Dr. Yasuo TAKAKI Shogo SAKAMOTO Takashi OKA

BAR—"°
Narikazu HASHIMOTO

The need to reduce the weight of automobiles has been increasing year by year due to fuel efficiency
regulations responding to environmental issues. Since the 1980s, there has been a gradual increase in the
use of aluminum sheets for automotive body panels, aluminum extrusions for bumper reinforcements
and door beams, and aluminum forgings for suspension parts. Aluminum has now become indispensable
as an automotive material. Kobe Steel has been developing overseas business by utilizing the material
technology, production technology, and application technology for automotive parts; these technologies
have been cultivated in response to the requirements of Japanese automobile manufacturers. This article
outlines the technological developments in each type of business, the development of overseas production
plants, and the company's efforts to globally supply products of the same quality as those in Japan.
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Fig. 3 Supply scheme of automotive aluminum sheet to China by Kobe steel group
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Fig. 6 History of technology development and overseas expansion of forged suspension of aluminum alloy in Kobe Stee
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Table 1 Annual production capacity of each plant

Plant Annual production capacity
(pesiy)
Daian (Japan) 4,000,000
KAAP (USA) 7,000,000
KAAP-C (China) 2,000,000
Ttotal 13,000,000
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Global Business Expansion of Copper Rolled Products for Automotive

Terminal and Connectors

Yosuke MIWA

It has been 40 years since Kobe Steel's copper rolling business specialized in copper rolled products
for electrical and electronics applications, and a quarter century has passed since the company started
actively developing business outside Japan. Five years ago, it established three bases for supplying copper
rolled products: one in Asia, another in North America and the yet another in Europe. This paper reviews
the history of the company's overseas business development up to date, analyzes the current issues based
on comparison with competing overseas manufacturers of copper rolled products, and describes the global
business strategies, demand, and technical trends for the future. In developing copper rolled products for
electrical and electronics products, including copper alloys for automotive terminals, it is believed to be
important to follow the trends in automobiles, which are being designed with new mobility, and to acquire
a high level of ability in responding quickly to rapidly changing user needs.
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FEATURE : Automotive weight reduction
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Technical Trends in Aluminum Alloy Sheets for Automotive Body Panels

KHEBEN™ EHREM™ dt o)

AR
Yosuke OTA Dr. Tetsuya MASUDA Shinpei KIMURA

Aluminum alloy sheets are increasingly being used for automotive bodies to reduce their weights
and are required to have excellent mechanical properties, joining surface and corrosion resistance.
For outer panels, Kobe Steel has been working to improve the performance of 6000 series (Al-Mg-Si)
alloys in bake hardenability, stamping formability, and post-forming surface quality. For inner panels
and structural members, the application of Ti/Zr surface treatment is being promoted to meet the
requirements for the durability of adhesive bonding, which are mainly used by overseas manufacturers.
This paper introduces developments in the application of aluminum alloy sheets to automotive bodies

and developments in overcoming technological issues.
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Table 1 Chemical compositions of aluminum alloys for automotive body panel

(mass)
Alloy Si Fe Cu Mn Mg Cr Al
AABO14 0.30-0. 6 <0.35 <0.25 0.05-0. 20 0.40-0.8 <0. 20 Bal.
AAGO16 1.0-1.5 <0.50 <0.20 <0.20 0.25-0. 60 <0. 10 Bal.
AABO22 0.8-1.5 0. 05-0. 20 0.01-0. 11 0.02-0. 10 0.45-0. 70 <0.10 Bal.
AAGL11 0.6-1.1 <0.40 0.50-0.9 0. 10-0. 45 0.50-1.0 <0. 10 Bal.
AA5022 <0.25 <0.40 0. 20-0. 50 <0.20 3.5-4.9 <0.10 Bal.
AA5052 <0.25 <0.40 <0.10 €0.10 2.2-2.8 0.15-0. 35 Bal.
AASTH4 <0. 40 <0. 40 <0.10 <0. 50 2.6-3.6 <0. 30 Bal.
AA5182 <0. 20 <0. 35 <0.15 0.20-0. 50 4,0-5.0 <0. 10 Bal.
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Table 2 Properties required as automotive aluminum body panel

Applications Properties

Outer Yield strength after paint bake
Surface qualities after stamping (Roping/S—S mark free)
Formability
Hemming property
Anti-filiform corrosion property

Inner Deep drawing performance
Joining property
Adhesion property
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Fig. 2 Roping test samples with 15% pre-strain and spray paint
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Technical Trends in Copper Alloys and Plating for Automobile Terminals

= k.
WA E
Hiroshi SAKAMOTO

Copper alloys and tin-plated strips are widely used for automobile terminals. These terminals are
being downsized, requiring their copper alloy materials to have higher strength and improved stress
relaxation characteristics. The tin plating is now required to have high fretting corrosion resistance,
in addition to a low friction coefficient and low contact resistance. This paper describes the technical
trends in automobile terminals and the properties of newly developed copper alloys and plating, as well

as future trends in technical development.

FANFE=HBFEICBOTULLE, LVELVOHE)
SIS 2 R L - BB, SRRl Ay b —2 &
Wzt 45322774 v FA—I2Mz <, LR¥im
POBHHBEOL RSB HICEATNE, TDLIH) 7%
P& 22, HEHIZHERS N BB o
L, BREREEN2ERT L3427 5 BHINO—&
Bl oTwh, T2, ZhUfEo TREARMBITHBIL
L, 347 % 2N T 5mT I3/ HE L7z, i
SNBMEHTHE LS I, BEEE LR S5 TE 72,

T2 TUVUNV—LA G EOBRBEETICERINS
BTEHMB IR, BTG E AR BN A
EIRDOLNTE 72,

—fRIZ, T T O XL EORMUEAR LR INTWSHE
Woom 1, AU X o THAMB B Z R T 5 2 LAt
HEL 22 0, REIRIFR L LI X BMIET (Lw ) £9)
BEREBIRANDOMIGATKE RIRELE o T2,

WrkiL, X9 BRI T MR OBAR Y 72 2RI
SIS %7280, B RMGE L RN ORF % D
T&7zo T TARTIE, Bfom G4, KmLs

Female terminal

Male
terminal

23RO 5N DL EAN & T DOFFIRI, S SITRRIKD 5
NBPERIZO VTR T %,

1. EfmFRARAGE

B 1 AR 2 R T o Wi mi A X B £ O R
DBREEEZR R T o W3O T T & B30T Ol X
Nb, T ORdEELEIIE OTH 252135
OHMUES) (BLF, #EE W) 2RI bH - THE
FL, BRoBEmMENzLE L TRAHERT22 LT
5o

ZOROMEEIIHLTIE, WFERES (DPAZH)
L72& ZIZIBREAKREL EDATEHVIENZZITTY
SRS 2 2 R VRIS RO b5, T72, Bl
B0, TORERRPLETHL, IHIL, TV
VN — A% EOFBMBEE NIZBWTY, (EREREDH
bbb i, BTy T2MUAT 2HIE L HERHT
5 72O XIS RS EECH 5, SHITMA
T, WTF2HEET 5 720 FER T TS
Hefis L 2 T & v,

tab

Cantilever

Required characteristics for material

« Yield strength

» Electrical conductivity

« Stress relaxation resistance
+ Bendability

|

Wire

B O IR & EF o SR

Fig. 1 Cross section of terminal and required characteristics for material

LTV SRR RAFRGERT ST

R=D ity 844435 /Vol. 69 No. 1 (Jul. 2019) 19



B 2 1 4o iR A Eom T LERD
MR RT. —fIC, i EERI ML — P70l
RICH D, SISIRMICEZMA T, WE (W) 2 kg
B EMERIIME b KELSHETHE, HEREE
HWLEMEEEIRELBRABET LV vy va v
Ty (JB) HEDST—REMICHEH S b, 7z,
B2 BR LA/ NS T TS ST
w5,

MERHI0BIACS KO MG ETH 2R Y
TS BERMERR IS Ul M ST B,

1.1 EH/NRigFHRHEe:

2= 1 I HLIR/NEL I T 60 4 4 0 BRI T & SR R
ET. INSOMEEDI60CIC BT 2B
R 3ITRT o — I/ S5 BRIV

100

90 d(FC® Large current component
CAC™18
& 80
7]
7] o
< %
ca|  ooE
z .
% 5 JB bus-bar CAGHED Small terminal
= { -
i o CAC®75
Q
o 40 (») O
KLF&:5 :

= [e) CAC®5
£ 30
b o
o
2 20 Brass

10 Terminal

Phosphor bronze
0

350 400 450 500 550 600 650 700 750
Yield strength (MPa)
2 WA SO ) — EEEO MR
Fig.2 Relationship between yield strength and electrical
conductivity of copper alloys for terminal

1 /NG HER A 4 O B e & B AR o E
Table 1 Typical mechanical properties and electrical conductivity
of copper alloys for small terminal

: 0.2% Yield Electrical
Nominal composition Elongation -
Alloy Temper strength conductivity
(mass%) (MPa) (%' (%IACS)
KLF®5 Cu-0.1Fe-0.03P-2Sn H 530 12 35
CAC®5 Cu-0.8Ni-0.07P-1.28n EHISP 570 12 40
CAC®60 Cu-1.8Ni-0.4Si-1.1Zn-0.15n-0.01Mg H 580 16 44
CAC®75 Cu-2.5Ni-0.555i-0.25n-1.0Zn H 730 10 40
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Fig. 3 Change of stress relaxation ratio at 160C heating
(initial load: 0.2%yield strength X 80%)
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Table 2 Typical mechanical properties and electrical conductivity
of copper alloys for power line

N . 0.2% yield . Electrical
Nominal composition Elongation
Allo) Temper strength ‘conductivi
Y (mass%) pe iy (%) PGS
KFC® Cu-0.1Fe-0.03P H 390 7 0
CAC®16 Cu-0.1Fe-0.03P-0.4Zn-0.2Mg-0.2Sn H 430 10 81
CAC®™18 Cu-0.3Cr-0.05Ti-0.02Si H 550 12 80

I 2) KLF I3 840 B85 TH %,
W 3) KFCIZ Lt DB TH 5.0
W 4) CACIZUHLDEHMEETH 2.
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Fig. 4 Change of stress relaxation ratio at 180C heating
(initial load: 0.2%yield strength X 80%)
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Measuring conditions

-Dimple: Reflowed tin plating
-Flat: Specimen

*Load: 3N

- Sliding distance: 5 mm

- Sliding velocity: 80 mm/min

Dimple (Curvature radius: 1.5 mm)

]

Moving direction

<

Load cell Flat

)
-

6 VIR KN 2 B E O BN Y
Fig. 6 Schematic diagram of apparatus for measuring friction
coefficient
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Fig.7 Comparison of friction coefficient
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with Ni undercoat
—#—New-reflowed 3 layer tin plating

with Ni undercoat Measuring conditions

=Probe:Au (curvature radius: 1.0 mm)
-Sliding distance: 1 mm

~8liding velocity: 1 mm/min

*Load: 3N

~Direct current: 10 mA

-Open voltage: 20 mV
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Fig. 8 Change of contact resistance and heating time at 160TC
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Table 3 Electrical resistivity
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Load
Emboss

Flat Micro motion

4 terminal sensing

CONDITIONS

Flat: Reflow tin plating, Emboss: Specimen
Curvature radius: 1.8 mm, Current: 10 mA
Sliding distance: 50 um, Sliding frequency: 1Hz

10 s AR o i 1

Fig.10 Schematic diagram of fretting corrosion test
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Fig.11 Relationship between contact resistance and number of times
of sliding movement at 3N of load
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Hot-dip Galvannealed Steel Sheet of 980MPa Grade Having Excellent

Deformability in Axial Crush
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Shinjiro KANETADA  Michitaka TSUNEZAWA

Automotive parts that play the roles of energy absorbers must not fracture upon collision. It has been
reported that the cracking behavior of a hat-shaped column during an axial crush test correlates with
the bending properties of its material and that the conventional hot-dip galvannealed (GA) dual-phase
(DP) steel sheets of 980MPa grade have insufficient performance. The newly developed GA 980MPa
grade steel sheet with a homogeneous microstructure shows no cracking at a bending angle that would
have caused cracking in conventional DP steel sheets, preventing crack propagation in the thickness
direction. In order to evaluate the axial crash performance of a part made of the newly developed steel
sheet, hat-shaped columns with two different cross-sectional geometries were examined by drop weight
impact testing. For both geometries, the newly developed steel exhibited cracks with smaller lengths
and higher energy absorption compared with conventional steel.
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Table 1 Mechanical properties of sample steels

Sample Thickness | YP/YS TS EL A
(mm) (MPa) (MPa) (%) (%)
A 1.6 659 1,059 15 17
B 1.6 882 1,004 14 86

: Sehgal Sum SRR S5um
B 1 fENMMEEE  A) Dual phasedfl, B) P54

Fig. 1 Typical microstructures of A) Dual phase steel B) Developed
steel
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Fig. 2 Set-up for VDA bending test
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Fig. 5 Appearance of ridge surface after V-bending test
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Table 2 Results of bending test

VDA bending angle i Post uniform slope R/t
) (MPa)
Sample A 107 138 1.56
Sample B 60 34 0

10

Bending load (kN)
[<2]

Sample A

0 50 100
Bending angle (°)

150

4 VDA HNFHUERIC X 2875 T A BRI 3 X OVREIToR L7 M BRI B U 2 3R o Wi 42

Fig. 4 Bending load -angle curve and cross-sectional observations of samples in bending angles pointed by arrows
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Effects of Retained Austenite Conditions on Ductility of Advanced High

Strength Steels for Automobiles

F_EBE Gt ()
Dr. Toshio MURAKAMI

The effects of the condition of retained austenite (y) on the elongation of advanced high-strength steel
for automobiles were investigated. The condition of y; was controlled by varying the austempering
heat-treatment conditions of 0.4%C steel. It has been confirmed that there are conditions which result in
different elongations even when the matrix structure, volume fraction, and carbon content of retained
austenite are almost the same. The state of y; and work hardening behavior were investigated in
detail. The results show that leaving a region with high C concentration and high stability in some part
of the yg, and thus promoting processing-induced transformation at the high strain region, increase the

elongation.
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A study was conducted on a simple method for calculating the ultimate moment capacity of a
rectangular tube assuming a body frame part of a car, while taking into account the effect of work
hardening. The calculation, based on full plastic moment and yield moment, is simple and easy to
handle; however, there is the problem that the effect of work hardening cannot be considered because
the derivation assumes an elastic-perfectly plastic material. The present authors have found that the
strain intensity at the time of ultimate load has a linear correlation with the width-to-thickness ratio
parameter of a general steel sheet regardless of its work hardening characteristics and have created
a simple formula for calculating the ultimate load capacity by expressing the flow stress as the
function of width-to-thickness ratio parameter. It has been verified that this formula allows an accurate
calculation of the ultimate moment even for the area affected by work hardening.
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R 1 FROBEMAY AL & Swift 38T A —%
Table 1 Mechanical properties and Swift parameters of each
steel plates

vs TS UEL Swift paramc:er
Type | Coating o=Flegtey)
(MPa) | (MPa) (%) F & n
Material _A DP CR 418 653 14.1 1,052.7 | 0.00153 0.167
Material B | HSLA CR 450 642 10.5 939.6 | 0.00049 | 0.120
Material_C DP CR 663 1,048 9.9 1,612.6 | 0.00042 0.141
Material_D | TRIP CR 670 1,025 16.7 1,539.9 | 0.00152 0.144
Material_E DpP CR 672 1,012 8.4 1,586.7 | 0.00013 | 0.136
Material_F DP CR 756 1,007 8.0 1,464.4 | 0.00028 0.111
Material G| TRIP CR 815 980 8.4 1,291.6 | 000043 | 0,078
Material_H DP CR 885 1,222 6.4 1,840.3 | 0.00040 0.117
Material_I DP GA 924 1,194 4.6 1,566.7 | 000001 | 0,082
Material J | TRIP CR 929 1,221 10.4 1,616.9 | 0.00008 0.081
Material_K DP GA 987 1,248 5.1 1,807.1 | 0.00020 0.103
Material_L DP CR 1,139 1314 38 1,702.9 | 0.00022 [ 0.065
Material M DP CR 1,219 1,393 3.8 2,059.5 | 0.00012 0.096
Material N MS CR 1,290 1,544 4.0 2,253.3 | 0.00024 0.095

DP: Dual Phase  HSLA: High Strength Low Alloy steel TRIP: Transformation Induced Plasticity MS: Martensite Steel
CR: Cold Rolled uncoated  GA: Galvannealed
YS: Yield Strength TS ile Strength  UEL: Uniform Elongation
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High Durability Surface Treatment of Dies for Forming High Tensile
Strength Steels
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The high tensile strength steel sheets used in automotive parts are being made even stronger in
tensile strength to reduce automotive weight and to improve collision safety, but this has brought on
the issue of a shortened die-forming life span. Conventional dies for cold press forming are coated with
carbide films to better their sliding property; however, they have difficulties in dealing with the harsh
sliding environment associated with the increasing strength of high tensile strength steel. Hence, a
new nitride based coating for dies has been developed with high oxidation resistance and excellent
adhesion properties. The newly developed coating consists of a TiAIN based film and has the feature
of an increased thickness of approximately 10 x m. Evaluations such as a simulated sliding and press
test have demonstrated that it is more durable than the carbide films. The new coating has so far been
applied to the forming dies for steel sheets with high tensile strength up to 1,180 MPa.
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Table 1 Characteristics of surface treatments for forming die

i Coating Process Typical
Method Principle material temperature (°C) | thickness (um)
N diffusion into Iron nitride
Nitriding the substrate at nitrogen diffusion 400~550 ~100
Diffusion high temperature layer
treatment Forming carbide Ve
TD compound at high 850~1,000 ~20
NbC
temperature
Decomposition and
precipitation of Tic
Coating high T CVD | compound from we 850~1,000 ~10
CVvD low T CVD | metal containing 300~400
. DLC
gas at high
temperature
. TiN
Coating AIP Evapor ?.1th1’1 or CrN
HCD sputtering from - 400~500 ~10
PVD ttori lid tareot TiAIN
sputtering | solid targe AICEN, ete.
forming film by
Other coating ‘Thern.lal m_]ect‘mg hlgh metal. RT~500 several
spraying velocity solid ceramic hundred
particles
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Fig. 3 Cross-sectional SEM image of developed coating
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Table 2 Characteristics of developed coating

Developed coating VvC TiC
high temperature | . 3
Coating method PVD(AIP) diffusion high temperatura
(TD process)

Process 400—500 900-1,000 900-1,000
temperature (°C)
Hardness (GPa) 35 35 30
Oxidation starting
temperature (°C) more than 1,000 500 500
Load bearing . .
capacity excellent good inferior
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Fig. 4 Results of Rockwell indentation test

Condition of sliding test
- Load 1 400 N length : 500 m - Pin : 590 MPa AHSS R10 mm
- Velocity : 0.1 m/s + Disk : JIS-SKD11 + various coating
- Temperature * 370 C
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Fig. 5 Results of high temperature wear test

(a) Optical micrograph of sliding
track of VC coating
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Fig. 6 Optical micrograph and TEM analysis results of worn area after wear test
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Condition of sliding test
+ Load : 100 to 1000 N

,} + Velocity : 0.03 m/s

+ Temperature : R.T.

W
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(a) Schematic drawings of test rig
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(b) Contact pressure to galling of each coating
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Fig. 8 Results of high contact pressure galling test

Forming test condition

+ Lower die width: 60 mm

- Lower die shoulder radius: 5 mm
+ Upper die shoulder radius 10 mm
+ die clearance: -12%

+ forming cycle: 55 spm

TD-VC
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Number of shots
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Fig. 9 Temperature change of formed product during simulated stamping test
(a) schematic drawing of press test (before forming),
(b) schematic drawing of press test (after forming), (c) relative temperature change of pressed product during test
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Cutting Condition Designing Technique Based on Cutting Simulation for

Wires and Rods

N 14

Z A 4
A ™ FRBE—*1 ()

PAT 85"
Yuya YAMAMOTO  Dr. Koichi AKAZAWA Akihiro MATSUGASAKO

In machining, the improvement of cutting conditions and cutting tool shapes is required for the efficient
achievement of high precision finishing. To this end, it is necessary to elucidate the cutting mechanism
and to establish a designing technique for the proper cutting conditions based on the mechanism.
Focusing on hobbing, this study has compared a simulation with a 3D-FEM analysis to clarify the
wear mechanism of the tool during machining. A prediction model combining diffusion wear and
abrasive wear has been developed to predict the tool life for turning and has enabled highly accurate
tool life prediction. Furthermore, a chip breaking model has been proposed taking into account the
breaking mechanism involved. This chip breaking model has been used along with a chip-shape
prediction technique to develop a technique for predicting chip breakage. This paper introduces these

machinability prediction techniques.
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Table 2 Cutting condition for developping technology of tool
wear prediction

Cutting speed Feed speed Depth of cut
(m/min) (mm/tooth) (mm)
50, 100, 150,
200, 250 0.25 1.5
Abrasive
pa{tlcle
‘ ‘ work material

i i Cutting force
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Fig.9 Mechanism of abrasive wear
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Fig.10 Relationship between measured wear rates (dW/dL) and
cutting temperature
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Table 3 Cutting condition for developping technology of chip
breaking prediction

Cutting speed Feed speed Depth of cut
(m/min) (mm/tooth) (mm)
200 0.08,0.12, 0.2, 0.3] 0.1, 0.25. 0.5,
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Fig.11 Chip breaking mechanism
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Solution Technology for Applying Aluminum Alloy Sheet to Automobile

Bodies
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Keisuke AKASAKI

There is a growing need for the weight reduction of automobiles, not only to improve their fuel
efficiency and driving stability, but also to cope with the increasing weight of devices associated with
the automatic operation and electrification of vehicles. Accordingly, progress is being made in the
strengthening of steel and the utilization of lightweight materials such as aluminum alloy. This paper
introduces Kobe Steel's efforts at weight reduction, including the technologies of materials, forming,

structural design, joining, and evaluation.
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FEATURE : Automotive weight reduction

BB AR ORITEEZET RS ICRE T 22 E

Study on Rigidity Design Guideline for Automotive Parts

¢

4

mHFEE 2SI I
Hiroaki HOSOI Koki SUGINO

An eccentric load that gives bending moment and torque moment was applied to the tip of a cantilever
beam, assuming a suspension member with a rectangular cross-section. The lightest shape satisfying
the given rigidity was determined on the basis of the parameters consisting of the cross-sectional
height and width of each region. Then, the volume and strain energy of each region were evaluated.
In the regions not affected by the dimensional constraints, overall proportional relationships were
found between the two. Even in the regions affected by dimensional constraints, both were distributed
linearly. As a result of the study, it has been found that a proportional or linear relationship is
maintained between the two if the relationship between the volume and strain energy in each region
does not change significantly in the longitudinal direction, The evaluation of volume and strain energy
in each region has been found to be effective also in designing the rigidity of actual product members.
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Table 1 Load condition and dimensional constraint

Loading condition
Case | F, F, F. Size constraint
N [N | N
1 1000 | 1000 10 No constraint
2 10 1000 | 1000 No constraint
3 1000 10 1000 No constraint
4 1000 | 1000 | 1000 No constraint
5 | 1000 | 1000 | 10 H; =50mm
6 10 | 1000 | 1000 H,; =50mm
7 1000 10 1000 H; =50mm
8 1000 | 1000 | 1000 H; =50mm
9 1000 | 1000 | 10 W, =50mm
10 10 [ 1000 | 1000 W, =50mm
11 | 1000 | 10 | 1000 W, = 50mm
12 | 1000 | 1000 | 1000 W, =50mm

E=68,600MPa, 2 =0.33
H =W p=50mm, L=400mm, ¢ =200mm
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i Wr Hr Vi U.‘amﬁ.l
(mm) (mm) (mm’) | (Nmm)
1 57.733 37.492 3290 35.712
2 57467 | 37.885 43543 35.772
3 56.981 38.502 43878 36.123
4 56.285 39.424 44380 36.574
5 55.430 40.606 45016 37.114
6 54.500 41.991 45770 37.706
7 53.518 | 43.539 46603 38.349
8 52.512 45.214 47485 39.040
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Multi-materialization of Automotive Body and Dissimilar Joining Technology

to Realize the use of Multi-material

i
PIBESRG ™" qut (1) SAARED—*2 (et (1)
Dr. Junya NAITO Dr. Reiichi SUZUKI

This paper introduces a multi-material car body design using ultra-high strength steel and aluminum
alloy to realize an estimated weight reduction of 12 to 33% from a base body composed of conventional
steel. Also included is an explanation of the dissimilar joining necessary for realizing a multi-material
car body as well as a unique dissimilar joining technology developed in-house.
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Dimension & Weight
SUV (E segment)

Length 4,826 mm
Width 1,885 mm
Wheelbase 2,785 mm
Height 1,710 mm
Curb Weight 2,150 kg
Weight of BIW 456.4 kg
Number of Parts 243

% excluding doors and hood

EXI T B TV

< TS590 MPa steel | 41.4
= TS590 MPa steel == 40.7
= TS780 MPa steel  — 12.5
hot stamping steel ) 4.5
Aluminum Extrusion — 0.8

1 N—AFROBIEM, TEHC, BLO, R

Fig. 1 Body in white, main specifications, and material constitution of base vehicle
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Fig. 2 Deformation of vehicle under typical cases of crash simulation
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Case 2 Case 3
500 Base model Weight of BIW 350.3 kg Weight of BIW 348.9 kg
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= 400 f /’
= Case 1 Case 4
Ua Weight of BIW 402.9 kg Weight of BIW 313.6 kg
4+ 350 | Number of parts 231 [ ] & Number of parts 178
=
2
g A ’
300 NS T D /
"
an -
250 -
Low < Rough cost — High
3 ARG
Fig. 3 Results of light weight design
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Steel - E Steel - 'E‘
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(Self Piece Riveting)

[
RaG 1
clinching clinching clinching fitting
Double sides Double sides Double sides Single side Double sides access
el IRAC L,

F\uw Drill Screw)

WA §

4 e

i
Mechamsm screw nailing
Single side Single side

4 FLS N T B FE A SE T RS S %A

(Resistant Element Welding)

(Friction Element Welding)

e s
;J # Single side access
Bl
fitting fitting
Double sides Double sides

S

Fig. 4 Practically applied methods of joining dissimilar metals for car body structure
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Fig. 5 Basic mechanism of EASW?’
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Fig. 6 Joining strength of EASW
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Fig. 7 Prototype robot system for EASW (right) and appearance of
joining (left)
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Multi-objective Optimization Design of Multi-material (MM) Vehicle Beam

under Bending Load
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A numerical simulation was conducted on the impact characteristics of a multi-material (MM) beam
consisting of aluminum extrusion and high strength steel sheet and receiving a bending load simulating
a pole collision. A comparison was made on the double hat beams of similar materials (high strength
steel sheets) and dissimilar materials (aluminum sheet/high strength steel sheet), both beams having
the same weight so as to clarify the advantage of the MM beam. In order to obtain a structure with
even better performance, the non-dominated sorting genetic algorithm II (NSGA-II), which uses the
shapes and thicknesses of three beams as the design variables and has the radial basis function
(RBF) model, was adapted to carry out a multi-objective optimization design to improve the specific
energy absorption (SEA) and reduce the maximum load. Design guidelines have been clarified for the
weight reduction and collision safety of the three types of beams. The MM beam has been found to be
superior to the double-hat beam in terms of collision performance and design freedom.
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Fig. 1 Simulation result of automobile side pole crash
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Table 1 Mechanical properties of materials of MM beam

Material Density | Young's modulus Poisson's ratio Yield stress | Tensile strength
(glem’y (GPa) e (MPa) (MPa)
7000 series Al alloy 2.7 70.0 0.33 | 341 415
DP1180 7.8 205.8 0.30 950 1.230

Crash load

v g 4 s
h o
S, E4
’ . .

Displacement Omax

4 LRI 2 B 22 A1 O FHIREE O #k & 1X
Fig. 4 Concept of basic crashworthiness indicators
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Table 2 Crashworthiness criteria of each beam

Four Beams SEA (kVkg) | Fmax (kN) Favg (kN) CLE
steel hat-steel hat 0.720 52.516 37.203 0.708
Al hat-steel hat 0.795 54.126 41.055 0.759
Al extrusion-steel hat] 1.284 82.635 66.258 0.802
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Table 3 Relative error and determination coefficient of metamodels
for each beam

SEA F max
Beam RE%) | R® |RE@®)| R?
Steel hat-Steel hat 0.997 0.996 0.705 0.999
Al hat-Steel hat 0.580 0.997 0.863 1.000
Al extrusion-Steel hat 1.980 0.986 2.910 0.990
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Fig. 9 Comparison of Pareto frontier of each beam by RBF meta

model
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Table 4 Optimal design of MM beam with F, . of less than or equal 90 kN

MM beam Design variables Crashworthiness criteria
. ‘ ‘ SEA (kJ/kg) F max(KN)
Odptlrlnum fot(mm) | fow(mm) | fob(mm) | fi(mm) | ko(mm) REF FEM RE (%) REF FEM RE (%)
SN ™66 2.18 1.60 120 | 5066 | 1.754 | 1.713 | 2393 | 89.623 | 88300 | 1.498
%5 SEAH20 k]/kg DL LOZi6 D MM ¥ — 2 Ok
Table 5 Optimal design of MM beam with SE4 of more than or equal 2.0 k]/kg
MM beam Design variables Crashworthiness criteria
) SEA (KI7kg) T max(KN)
Og:sTl:]m for(mm) | fow(mm) | fob(mm) | fi(mm) | ho(mm) REF FEM RE (%) RBF FEM RE (%)
& 1.64 2.45 1.60 1.30 43.51 2.015 1.979 1.819 112.487 | 111.597 0.798
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FEATURE : Automotive weight reduction
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In-situ Observation of Weld Cracks Occurring in Ultra-high Tensile Strength

Steel Sheet and Preventative Measures

BIEZEE* SAARED—*" qut: (T
Kyohei MAEDA Dr. Reiichi SUZUKI

Laser welding is capable of highly efficient and high-quality welding and is being widely used in
the field of automobiles in recent years. It is well known, however, that the laser welding of high-
strength steel sheets often results in weld cracking. High strength steel sheets play a significant role
in improving fuel efficiency and collision safety. Hence, it is crucial to elucidate the weld-cracking
phenomenon in detail. In order to clarify the behavior of weld cracking, Kobe Steel has established a
new technique for observing the cracking during laser welding in-situ using an X-ray transmission
imaging system. The weld cracking occurring during laser welding was clearly observed, and these
cracks were revealed to be delayed cracks initiated from weld end craters. The delayed cracking
behavior varied depending on the carbon content in the steel and welding length. A crater treatment
method has been newly developed and found to effectively prevent delayed cracking from occurring.
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Table 1 Laser welding conditions

Laser source Fiber
Laser power (kW) 3-4.5
Welding speed (m/min) 2

Beam spot diameter (mm) 0.54
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Shielding gas No shielding gas
Welding length (mm) 10-40
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Table 2 Laser welding conditions

Straight bead line
Laser source Fiber
Laser power (kW) 3.75
Welding speed (m/min) 2
Beam spot diameter (mm) 0.3
Defocus length (mm) 10
Incident angle (degree) 10 (forward)
Weld Iength (mm) 20

Spin bead 1% spin |2 spin

Laser power (kW) 2 1
Welding speed (m/min) 2 2
Spin diameter (mm) 1 2
Number of welding rotations 5 5

Without spin bead

With spin bead

Cross
section

Surface
appearance

Cross section
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Fig.13 Surface appearance and cross section images
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Application of "Rubber Bulge Joining Method" to Bumper System
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Rubber bulge joining is a technique comprising inserting rubber into a hollow member and compressing the
rubber to expand the hollow member, thereby mechanically fastening yet another member located outside
the hollow member. The technique enables the joining of materials regardless of whether they are dissimilar
or similar. Moreover, since it is mechanical fastening, there are neither welding defects nor any associated
material changes. This paper relates to a bumper system, which is progressively adopting aluminum, and
reports on the results of a study on the structure suitable for rubber bulge joining and excellent in energy
absorption characteristics. The collision performance of a prototype bumper system was evaluated by a
40% offset collision test. As a result, excellent energy absorption characteristics were obtained with minimal
vertical movement of the load. The bonding process was analyzed by FEM. An accurate modeling of the
joint showed that the analysis results agree well with those of the 40% offset impact test.
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Table 1 Results of axial compression test
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<hape (mm?) (kN) load (k) efficiency
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% 755 219.0 106.3 8.5 11.3
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Fig. 7 Load-displacement curve by pull-out test
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Fig.14 Deformation behavior of crash box in 40% offset crash (cross
section A-A)
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Recent environmental regulations require the further weight reduction of automotive bodies, and the
use of multi-materials is an effective means to achieve this. In multi-material constructions, adhesive
bonding is essential to prevent corrosion in dissimilar metal joining and is, moreover, expected to
improve rigidity and energy absorption. Exploiting these effects for automotive body design requires the
computer aided engineering (CAE) modeling of the adhesive bonds. In this study, various evaluations
were made on the physical properties to model the adhesive bonds; and torsion and axial collapse tests
using HAT-shaped specimens were conducted to verify the accuracy of the analysis. The test results
agree well with the analysis results, showing the applicability of the method to vehicle design.
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Fig. 2 Shapes and dimensions of specimens for adhesive joint tests
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Resistance Spot Welding of Aluminum Alloy Sheets for Automotive

Structural Members
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For weld joining in the application of aluminum panels to automotive structural members, there are
high expectations that resistance spot welding will be adopted, since it has been widely used for
steel and requires no secondary materials. This paper introduces a servo-electrical robot welding gun
system, recently released in the market, which has been adopted to the resistance spot welding of
aluminum alloy sheets with a thickness of 2 mm, examines the conditions of its application, and reports
the evaluation results for the joints. For a sheet of KS6K21-T4 with a thickness of 2 mm and a sheet
of JIS A5182-O with a thickness of 2.3 mm, 300-spot electrode tip life was verified by a tensile shear
test and cross tension test, which confirmed that the strength was stably maintained, especially after
100 spots. As for fatigue strength, the fatigue limit strength was evaluated to establish a guideline for

application to structural members.
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Table 1 Chemical compositions and mechanical properties of KS6K21-T4 and JIS A5182-O alloy sheets

Alloy

Chemical compositions (mass%) TS YS El

Si Fe Cu

Mn Mg (MPa) | (MPa)| (MPa)

KS6K21-T4 | 0.8~1.5 | 0.056~0.20 | 0.01~0.11

0.02~0.10| 0.45~0.7 | 275 155 31

JIS A5182-O =0.2 =0.35 =0.15

0.20~0.50 | 4.0~5.0 290 145 21

LTV - SRR B
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Electrode force : 4.0 kN
36 kA

Welding current

167 ms

(a) KS6K21-T48ft
(a) KS6K21-T4 sheet

Electrode force : 5.0 kN
30 kA

Welding current

250 ms

(b)JTS A5182-Ofikf
(b) JIS A5182-0 alloy sheet

1 KS6K21-T48h B X OV JIS A5182-O b o iiHE 4
Fig. 1 Welding conditions of KS6K21-T4 and JIS A5182-O alloy
sheets
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Fig. 2 Cross Section of KS6K21 alloy
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Fig. 3 Influence of number of spot welding points on tensile shear
strength of KS6K21-T4 alloy weld joint“
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Fig. 4 Influence of number of spot welding points on cross tension
strength of KS6K21-T4 alloy weld joint ¥
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Fig.5 Fatigue test results of KS6K21-T4 and JIS A5182-O alloy
weld joint

1.2.3 EHEHR

57 ARBAE R A B 5 1R MR LEK1.0x107 [H 2L
THEWT ISR S 70\ fif F 80 P AE % i 57 BRALIREE & L 7285
&, FOMIZ00NTH A Z sz, T2, &
BUBDSETA 7 VT, BH%F57 Y b &R R A
S TIICEHSERELTEBY, BEF7 Y MRIZIE
EHUMEBL TR Lol 2O EDE, JEIRMEIC
MLT, EERTFoREmEIVREN,

2. 5000%ARM DIEH AR b iEiEt T

2.1 #EHEMBLIUERRSE

D XIZ, WE23 mm? JIS A5182-0#ik (LLF, 5182
HEwva) ZEGERM L LT Z25- iR R 120w Ty
T %, 5182 DB L ORI ERE 2 2 1 1R F .
FENB L OEERRIE, HEACH LTS5Vt oy
v MEPE SRS ML Lz, WS ZK1L (b) 12
KT o DI DERESMIZKS6K21H O FF- 4l & [T
Hbo B, 5000%METIEFF Y FHIZTE—F—)
AR LR T v, T, MR O MgZE5t & Z DA
DOEFEBETOFR LARDBEKNTH 5. TOHiH D72
W, WHM T4 2SI LT 2 b b L EZHENT
WEHOD, TEEEINTVRV, WolE) THEHD
7eTiE, +% Y MO 7T —F—VHSREICE 2 55
BIELAERZVY EAWESNATVEI LR, &
Il BB - BN S T2 1T - 720
2.2 ERBERHLIUEE
2.2.1 EFIT SR

51 R A B SR 30047 A7 38 foe s B A & B 6 12K
To 1~ 34 M H, 100~150FT Sz O #iPHIZBR b #kF
MDA L, TRAEIZHK66KN &7 o Tz, 2B,
C O TFRRAEIXJIS Z3410D /Mg 2 e LT b, #E
TR L2 & LT, KS6K214 Kk, TEAR
HEECLIEREEDOBATHILEEZONSL, KT T
755, EHBFITOIPER»SEL VWL EEZD
NAB2D5, 100~1504T BB A CRBIHFEICR X 24
L EL7-b DL INE, F72, 150~30047 Hikt
BBV TR FIRE DL E LTy, ThiZonT
b KS6K2144 [ B, 15047 #1300 45 T8 g 0 il B AEL
FALL72bDEEZ NG, B, WHEEE L Tidw
T FEEBEWT & 2o Tz,

o Interface failure

TSS (kN)
W GTOY 1 W OO

(=0 )

0 100 200 300
Number of spot welding points
6 JIS ASI82-O MM #kT i[5 A B E L2 BT 3 IEH4T 1L
DR
Fig. 6 Influence of number of spot welding points on tensile shear
strength of JIS A5182-O alloy weld joint
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Fig. 7 Influence of number of spot welding points on cross tension
strength of JIS A5182-O alloy weld joint
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Wire-feed controlled arc welding is a welding method in which droplet transfer is controlled by the
precise synchronization of current waveform and push-pull feeding of wire to greatly reduce spattering.
Although this welding method is mainly used for the thin steel sheets in automobiles and automotive
parts, the wear resistance of contact tips has been posing a major issue. The surface condition of the
newly developed wire has been controlled so as to achieve excellent wear resistance. In addition, this
technology has provided the basis for (1) a new welding wire, which reduces welding slag causing
paint defects in automobile underbody parts, and (2) another new welding wire, which reduces the pore
defects generated when welding galvanized steel sheets.
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Table 1 Chemical compositions of welding wire

7S Chemical composition of welding wire (%)
312 c si Mn P s Other
[FAMLIART~
MG-IT(F) | YGWI2 | 005 | 089 | 1.40 | 0.006 | 0.012
"MG1s(F) | G43a0Cc16 | 004 | 060 | 112 | 0.010 | 0.016

EAMLIARC
MG-1Z(F) | G43A2C0 0.04 0.75 1.23 | 0.007 | 0.004 | Cradd.

F 2 A TEROT RIS X OB
Table 2 Tensile and impact properties of deposited metal

Tensile test of weld metal Impact test
Shielding | 02% | ronite | ofweld metal
gas proof’ Elongation Char
strength x Py
SUESS | %\ fPa) (%) absorbed energy
(MPa) 0°C ()
FAMILIARC™ 111
MG-1T(F) 420 529 29 (121,96, 116)
Fam - 134
MG-TS(F) | 100%CO, | 414 | 500 31 (122, 199, 134)
s 170
MG-1Z(F) 400 | 504 32 (168, 165, 178)
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A new welding process, called the Hi-Ar process, has been developed with the aim of reducing the
weight of automotive underbody parts. This process regards not only the welding wire composition,
but also the shielding gas composition, shielding gas nozzle diameter, and welding mode as constituent
elements in the process, thereby enabling the simultaneous achievement of slag reduction and porosity
defect suppression, which has conventionally been impossible. As a result, the defects originating
from slag in the electro deposition coating are suppressed, and the corrosion resistance of the parts is
greatly improved. The resulting weld bead has a wide and smooth shape, an advantage that improves
fatigue resistance. Furthermore, the application of this concept is expected to improve the corrosion
resistance of ultra-high strength steel plates with increased amounts of slag formed thereon.
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Table 1 Components of welding process for reducing slag and porosity defects

Process J-Solution Zn High S con?ent MX-MIG
welding wire
r:sgg::ge Excellent Worse Worse
Characteristics T | ! o oant
ow s'ag anc pain Worse Excellent Excellent
performance
Shielding gas Ar70%-C0,30% | Ar80%-C0,20% Ar100%
Components S content of )
. . High Low
welding wire

2. Hi-Ar7OE ZANEE

2.1 KR 7T EMRFLMEDMIL

BTz B0, Rl FmoER{bz BT 5
72 DITIIEHAL O B BAGIK & i S ALE s ] &
ho ZIT, TNHEMLIELEHETTLAD
MRENCIY A, fidee LT, HEHERICBW A
CHHSN TS, VY y FIAYEZRdRITHREZED
720
2.1.1 #HEM EXBRTE

AT FEEMEIEEE RIZTTIuHROSTHINE L, 2T
THERPOBICHEST DY — NV R ADOMEZ /85 X —%
ELTHEAQBEZ IR Lz, 71 Y oLk xR
212”7,

LGB IARE2.0 mm D440MPa #% & 4L 7 ml i $5 6
o EHHC (HSH HAHE45 g/m®) & L7zo b —F s
FEIZAE T2, 5557, Ri#EHREMIZ0° & L, BHRE
13180 mm, 7 A Y EMEIE S5 m/min, BHEIL#EIEMEIC
A, BEEEE1Z60 cm/min & L, 29V A MAG#H#H: %
Fehti L 720
21.2 BRAZTHICRIETY—IVFHRERET 1V

hSENHE
2MEALIC LY 7 L=y B Z B2 e — Fi2hn b

25 ORI E KT A VIZOVWTEKD, X T 7HfER
LK LTz AT ZHIEEL ¥ — )V A AHCOED
BRZRI 1 ISR T STINEA600 ppm Td % Wiredid,
Ar80%-C0,20% T dH AT 7 % f&im i ICBETTHETH -
720 F 72, SRR %200 ppm & L 72 Wire2i&, Ar80%-
CO20%TIZ AT FEEIZE S Do 725, Ar95%-
CO,5%FTCOMFEAMTSIELILIZLD AT IR
BEBAL, ATTEELER L. wWolTF), STHIM
mAR D7V Wirel T, Ar95%-CO, 5% £ TCO, kb
REET X TORIMHEND R T FBEIIIES o
725
2.1.3 MWRAMICRIFT—IVNHRHERE T A Y b
SENHE

S*ZwmIlE&EHT 5 Wiredld, BHETHERAZLHICH
§ird o ZHR OB HRFICEAILRBAFEAE LT v, ¥ —
W IETAHDCOHEEZMINSEL I EIZLY, Tu—
A=V EHH LoD AT FEEL MR CTE 20 REID
0%, ANy FOMINEHL L) MENH L, D7
O, BEMEoOBLSE ALY T, SIINEO#HIE(LE CO,
WEAIRIC X VKR 7 7 &L oMy 2 M5 2 &
L L7

&2 T A Y OALEHK

Table 2 Chemical composition of test wires (mass%)

C Si Mn P S
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Fig. 1 Relationship between slag area ratio and CO, content of
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Fig. 2 Relationship between porosity area ratio and CO, content of
shielding gas
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