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Evaluation of Hot Press Forming
Parts for Euro NCAPS in P3-21A

ROTON's first global car project, the P3-21A is required to meet the Euro NCAP 5
stars requirements and maintain the Body In White (BIW) light weight target of under
300kg. Current models use the Ultra High Strength Steel (UHSS) to meet the targeted
safety requirements. However there are limitations of stamping UHSS which involves part
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accuracy problems.

Alterncatively, the thickness of High Strength Steel
(HSS) can be increased, but it would also add
unnecessary BIW weight, Our objective here is
to discuss the process of Hot Press Forming (HPR)
and its impact on meeting the Euro NCAP 5 stars
requirements in terms of weldability and crash
worthiness as well as maintaining BMW weight
target of individual pars. The implementation of
HPF is based on the study of the HPF process and
lab tests such as weldability and crash tests. The
results of these tests prove that the P3-21A model
can meet the Euro NCAP 5 stars requirements and
the BIW weighs less than the target (298.8kg) with
the adoption of HPF process. Further study should
be conducted on the full ufilisation of HPF process
for all BMW parts without jeopardising the Built of
Marterial (BOM) cost.

Key words: Euro NCAP, Body in White, Hot Press
Forming, light weight.

The conventional stamping process uses the HSS or
UHSS sheet metal and produces pars which may
meet the required Tensie Strength but does not
gudrantes > 90% part accuracy. The main problem
often encountered in stamping is spring back, caused
mainly by high thickness or high Tensile Strength of the
produced part.

Thus, HPF process is infroduced fo P3-21A project
to increase the Tensile Strength of Manganese-Boron
steel material (e.g. Usibor1500P) up to 1500MPa and still
meet the required part accuracy percentage as well
as maintain the light weight target, The HPF process
is done by heating the sheet metal in the furnace,
performing the part drawing and quenching it af the
same fime by using a hydraulic press machine. ™
The advantages of adopting the HPF process in BIW
pars are as follows:

INTRODUCTION

The P3-21A model is
Proton's first global car
project which  aims
to be marketable in
Europe, Middle East
& Australia. In order
to do so, the P3-21A
model must meet the
regulations of these
regions, including
fulfilling the Euro NCAP
H stars requirements,
As an additional
challenge, the model
should alse maintain
its BW light weight
target of < 300kg. The
light weight target is
mainly fo check off
high fuel consumpption
of the car caused

by excessive body
weight.

Figure 1: P3-21A Final release of HPF paris
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1. Wery high formability with very low built-n strain, good energy

absorption gualities and low tooling force required (400-

1200MPa)

Increase opporfunities of complex designs

High Tensile Strength (up to 1500MPa)

Good repeatabllity without spring back

Good weldability - mild steel with low carban

Well suited with crash requirements - good energy absorption

with Ultra High Strength (UHS) mechanical properties

Figure 1 shows 12 BIW parts of P3-21A which adopts HPF process.
Legend:

NO. PART NAME

5 Reinforcement Center Pillar
Inner LH/RH

Reinforcement Side Sill LH/RH

Panel Fraont RPillar Inner Upper
LH/RH

Reinforcement Cross-mermber
Dash Lower RH

BACKGROUND

S s e N

THICKNESS (MM)

da. HPF process

The process of HPF begins with heatfing the sheet metal (.e.
Usiborl 800P; Tenglle Strength 00 MPQ) in the furnace of a
fermperature range of Q000C to 950 OC for & minutes. The heated
sheet metal (Tensile Strength <100 MPa) is pressed (single stage)
and quenched af the same time for of least 30 0C /s Descaling is
only needed for non-coafed steel sheet, which is cone right affer
the pressing and quenching process. There are two types of HPF
process, which Is the drect process and indirect process. The
indrect process adck o pressing die before the heatfing process To
form the complex profie of the part, The part is pressed again affer
the heating process to produce o perfect profile part, Agure 2(c)
and 2{b) shows the drect and indirect HPF process layout,

The cold press forming produces large sfrain and rough shape
to the part, whereas tThe hot press forming in the later stage of the
process procduces small strain part with accurate shape. The HPE
product cools down quickly thus retain the shape accuracy of the
part,

The formed product has an increased Tensle Strength of
+1500 MPa with Martensite sfructure. Figure 3 and Figure 4 shows
the before and affer quenching microstructure of the metal, Al-Si
coated product can clso be used as corrosion resistance 1o the
sheet metal.@
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Figure 2(a): Direct HPF Process Layout{7]
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Figure 2(b): Indirect HPF Process Layout 7]

Figure 4: Metal microstructure after quenching martensite

b. Sample test of HPF Sieel (Boron Alloyed Steel)

A sample daota was tfaken from Nippon Steel Corporation (NSCH
showing the Tenslle Strength of the sample materdal (NHPB-1500)
affer quenching. Two sample pieces were tested andthe results are
shown In Agure 5(a) and Figure 5(b).

Sample 1 gives o maximum Tensile Strength of 1590 MPa and
Sample 2 gives a maximum Tensile Strength of 1651 MPa. The
Chemical Composition and Mechanical Properties of the sample
materal (NHPB-1200) can beseenin Table 1 andTable 2,
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Figure 5{a): Strain curve data for sample 1 after quenching™
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Figure 5¢h): Strain curve data for sample 2 after quenching &

Table 1. Chemical Composition of NHPB-1500 4
Cc Si Mn P S
0.20 0.20 1.10 = =
0.25 0.35 1.30 | 0.025

min
Max

Tabie 2: Mechanical properties of NHPB-1500 1%

Mechanical Properties

YP 15
(M) (M)
Before guenching 374 513 32
1286 1802 &

(JIS No. & fensile test plece, 1.6mm thick)

C. HPF material properties

The change in the metal microstructure of the HPF steel (.e. boron
dlloyed stesl) s affected by the heaf rransforrnation throughout the
HPF process, Refer to Figure & for the heat transformation chart,

The inifial maferial structure of the HPF stedl is Ferite + Peatite,
The heating effect of the steel changes the mareral structure into
AlUstenite which makes it easy fo form in the pressing die, Then the
quenching process cools tThe steel and hardens it The hardening
process changes the materdal structure to Martensite with maximum
Tenslle Strength of = 1500 MPa,
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Figure §: Changing in material property throughout the HPF process &

THEORY

There are three main factors taken into account and studly before
the HPF process is implemented and utilised in the P3-21A project,
The HPFF stesl must meer the procucron workability (.e. sfesl
weldabllity), meet the crash effectiveness (in requirement of Euro-
MNCAP & stars) and, rmost importantly, maintain the BW light weight
target of < 300 kg,

a) Weldability

Weldibllity 5 cefined by the Amenlcan Welding Scciety as “the
capacity of a metal to be welded under the fabrication condfions
imposedinto o specific sutability designed structure and fo perform
safisfactonly in serice” One of the factors affecting the quality
of stegl welding is the carbon content, Carbon is a sfrengthening
elernent in iron. which increases the metal Tensile Strength but
recluces the ductility, High carbon content promotes the formnation
of hard, bifttle microstructures upon cooling. For HPF process, high
carbon contentis not necessary since the process itself issufficient fo
increcse the Tensile Strength of the steel, The chemical compaosition
of the boron alloy steel used for HPF (refer Figure &) shows low
carbon content makes it favourable forweldng.

b) Crashworthiness

Crashworthiness is defined os the ability of a structure o protect
Its oocupants duing an impact and this s rated through wadous
vehicle assessments such as the Euro-NCAP, As the P3-21A project
dirs to achieve the Euro-NCAP 5 stars rafing in terms of safety,
vehicle crashworthiness status is a high prcity, The implementation
of HPF process is believed to be the ultimate option to pass the Euro-
NCAP 5 stars rating requirernent, consicering the guarantes of high
Tenslle Strength of the product material. With theimplementation of
HPF process to the selected pars (refer Figure 1), the P3-21A model
5 helieved fosustain high impact crash,

c) BIW Light Weight Target
The rmotoring Industry has adopted Green Technology andis rmoving
towarck the mass reduction of CO2 gas emission. Therefore, the fuel
consurnption of a unitwvehicleshould be minirnised by first eliminating
unnecessary weight on the car body atf the development stage. In
previous projects, the sfiffness of the fronfal and side impact areas
i5 increased by adding patches of steal metal or by increasing the
thickness of the steel metal,

However such conventional methocs add unnecessary weight
to the car body. The metal patches and exfra thickness are now



replaced by adopting the HPF process, where similar stiffness of
the frontal and side impact areas is achievable with a single piece
metal.

METHODOLOGY
The main evaluations of HPF parts for P3-21A project are implemented
through several in-house and outsourced testings as the following:

a) Weldability Test

The weldability test was conducted by the Proton Homologation
and Testing Department o analyse spot welding condifion of HPF
parts combination. The facilities used for this activity are the Medium
Frequency Direct Current (MFDC) with adaptive control welding gun
and the Universal Instron Tensile Strength machine. Figure 7 shows
the layout of the test specimen®.,
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Figure 7: Weldability test layout

The width and length of the test pieces vary with thickness. Table
3 shows the width and length of the fest pieces according fo the
specified metal thickness to be tested.

Table 3: Test piece dimensions

\TURE

The load application direction is indicated in Figure 8.

HLOGU

Figure 8: Weldability test load direction

Test speed: 200 mm/min.

b) Frontal crash & side impact test

The F-Proto Crash Program was conducted in Idiada, Spain on the 21
February to @ March 2011. The main objective was to assess whether
the body structure of P3-21 A met the Euro-NCAP 5 stars requirements.
The test set-ups are shown in Table 5.

Table 5: Frontal crash & side impact test set-ups

Sample Piece Setups

Frontal Crash (64 kph)

Nominal Thickness, t Width, w Length, L Side Impact
<0.8 20 75 Mobile Deformable
Barrier , MDB (50 kph)
0.8-1.3 30 100
1.3-25 40 125
25-35 50 150

There were 6 samples tested for weldability using the Tensile
Strength Machine, with specified welding pressure variables (320 kgf,
400 kgf, 450 kgf, 500 kgf). The test was basically done for 2 and 3
metal pieces with different thicknesses. Refer Table 4 for the sample
pieces combinations.

Table 4: Test Piece Dimensions

Sample Piece V\I{s;flei?sg Clr;%?:ceafiin
(mm)

A 2 15x1.75
B 2 1.75%x1.75
C 2 1.5x2.0
D 3 1.6x20x15
E 3 07x1.75%x1.75
F 2 1.6x1.6

Side Impact Pole
(29 kph)

The main parts measure for the Frontal Crash offset is shown in
Figure 9.

Figure 9: Main Parts measured for 64 km/h Euro-NCAP Frontal Offset &
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c) BIW Light Weight Assessment From the frontal impact fest, the passenger cabin structure shows

Astudy wosconductedin the early stage where 4 tyvpes of matericls goodintegrity. The durmmy injuries status is 11 .5 (geverity rafing scale),

were benchmarked for use to meet the requirements of Euro-  less than the fargeted value (13). The displacement in the cross-

MCAP 5 stars. The BIW weight and kerb weight were measured by member (HPF part) is caused mainly by the assemibly connection.

conceptually designing the BW with the selection of materials in The results of the side impact fests (WDB and Pole) are shown in

requirements of the Euro-NCAP 5 stars requirement. The fixed Blw  Table 8(c) and Table 8(a) respectively.

welght farget for P3-214 Is under 300 kg, Table 8(a); Resuli of 50 krvh Euro-NCAP sge irmpact mobite deformable barrier
(MDB)

RESULTS & DISCUSSION Intrusion Target .

a) Weldability Test (B Pillar - HPF)

The minimur target Tensile Shear Strength is 23 KN and the minimmum Doar Lower

target for the welding nugget diameteris 6.3 mm. Table éshows the = Point - 145
fest results based on the minimum targets of the T55 and Nugget Door Medium <145
Ciometer resoectively. Belfline <145

Table 6 Weldahility test results ¥

Table 8rh): Resulf of 29 kvl side impadt pole B

Sample Welding Pressure (kgf)

Piece

Infrusion Target
{mm)

Test llem Test (B Pillar - HPF)

155 (k1) Door Lower
A Mugget dia. [ Point < 380
() Door Medium <380
55 (k17 Belline = 350
B MNugget dia.
(rmm) The results of the side impaoct tests show that the possenger cabin
T5S (k1) structureisin very good condition. The B-pillar (HPF part) shows minirnal
C Mugget dia. displacement during the craosh tesf, compared fo previous model tesf.
) Figure 10 shows the difference of side impact results between P3-21A
TSS (k1) (HPF Bpillar) and Exora Qwithout HPF B-oillar).
D] MNugget dia.
(rom)
T35 (k1)
E MNugget dia.
(rom)
T35 (k1) 26,54 2218
F Mugget dia. 516 601
(rom)
tegend: [l o acceptavie [ e
b) Frontal Crash & Side Impact Test

Theintrusion results of the Frontal Crash Test s shown in Table 7. P3.21A: Maxirmurn B-pillar intrusion 42rrm P6-204 Maximum B-pillar infrusion

Table 7: Resulf of 64 kel Euro-NCAR frontal crash test ¥ T68mm
Figure 10: Maxirnum B-pillar infrusion cormpanson between HPF and Non-HPF Part ¥

Infrusion Target

F-PROTO (mm})

{mm)

c) BIW Light Weight Target Assessment

Toe pan <80 The result of the BIW weight assessment based on selected materials
#-direction is shown in Table 2.

STe,emg, R <100 Tahie 8 Results of BIVW material benchroarking™

x-clirection

Brake booster Variant 1 2 3 4
x-cirection ot Steel UTS (VPa) 50 780 080 1450
Brake pedal ) TRIP&O, TRIPY &0, TRIPRE0,

ograle <100 MWaterial DP&O DpaD DPOS0 (HPF Part)
Acc pedal BIW Weight (kg 382 (4563 | 323 (424 | 219 (+20 2094100
T =100 Kero Weight (k@) | 1269 1340 123 1326
AB pilar shortening <15 The results clearly show the HPF is the best processto be implermented
Cro%member (HPP) <& inthe P3-21A project fo meet the Euro-NCAP 5 stars requirernents. This
Acgelero‘non (Feak) <50g is because the HPF material gives the highest possible Tensile Strength,
{BligrupperRid with maximumn of 10kg additional weight (for optimum BIWY stiffness

20 JURUTERA_ cose) and the minimurm kero weight of 1326kg.
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CONCLUSION & RECOMMENDATICNS Table 11: BIW weight during the PO-1 phase

The implementation of HPF technology in P3-21A model has been BIW Condition Weight (kg)
proven o improve the body structure stiffness towards meesting the BIW with melting sheet, sealant, hinges
requirements of Euro-NCAP 5 stars. This is shown by various test results BIW with melfting sheet, sealant
conducted on the P3-21A CBU throughout the project development BIW with sealant only

phase. The BW weight target is also met with the actual figure of
298.8kg (BIW & sealant) for PO-1 phase. 4. Head of Dept, Body Design - En. Azrifin Bin Amin, Head of

ili Dept, Body Design. il
a) Weldability ept, Body Desigh

The weldability test results show that it is possible to weld HPF parts ‘ REFERENCES
in the normal production conditions, with up fo 3 layers of welding. B e

; [1]1 Kamarul Effendy B. Khalid, “Feasibility Study of Hot Press Forming Hot
Table 10 shows the recommended welding pressure for the HPF parts Press Forming (HPF) line,” Perusahaan Otamobil Nasional Sdn. Bhd.,
at the assembly line. 2011,
[2] Thomas Vietoris, ‘Hot stamping with USIBOR1500P®," ArcelorMittar,

Table 10: Recommended welding pressure

2011.
Thickness Recommended 3] Nippon Steel Corporation, “Hot Stamping Material," Japan, 2009.
Combination Combindtion Welding Pressure [4] Homologation & Testing Dept, “P321A HPF Round 3 TSS & Macro
(mm) (ko) Analysis,” Perusahaan Otomobil Nasional Sdn. Bhd, 2011.

A 15x1.75 [5] Ekman Zashua Zahari, "P3-21A F-Proto Crash Program,”. Perusahaan
B 1.75x1.75 Otomobil Nasional Sdn. Bhd, 2011.

C 15x2.0 _EB] Hiéham .Rszu{ia& Ahmad | 2, “Decision Matrix for Structural tDi.'r'a&:tiia}'i
D 1.6x20x 15 for P321A Towards NCAP,” Perusahaan Otomobil Nasional Sdn. Bhd,
E 0.7x1.75x1.75 o . - -

F 1.6x1.6 [7] Fan Dongwei, “Literature Review of Hot Press Forming,” Pchang

University of Science and Technalogy (POSTECH), Korea, 2008.

b) Crashworthiness
The stiffness of the HPF part is proven by the retained shape of the Editor's Note: The P3-21 A was launched in 2012 with model name as Preve and
the same architecture is also used for Suprima model. Both models receive the 5

cross-member after the crash. This is clearly shown in Figure 11. star ANCAP and ASEAN NCAP safely ratings.

Figure 11: Main Parts measured for 64 km/h Euro-NCAP Frontal Offset

The results of the side impact tests highly recommend the optimisation
of the B-pillar as a major part of the restrain system. Hence, the
adoption of high-end restrain system such as side air-bag can be
minimised.

c) BIW Light Weight Target

During the PO-1 phase, the BW weight is measured in different finish
conditions {(additional weight variakles) and the results (refer Table 11)
prove that the light weight target is achievable.
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