STEEL RED-HOT FOR
WEIGHT REDUCTION

The steel industry’s focus to remain
a top material choice has not ‘
diminished, especially with
automakers and suppliers looking
for ways to light-weight passenger
vehicles to meet the U.S.
government’s 54.5-mpg fleet

average requirement in 2025.
by Kami Buchholz

or safety, performance, and

weight reduction, steel remains

the top performer among light-

weight materials, but the chase
for better fuel economy is putting in-
creased pressure on this perennially
popular metal.

The steel industry debuted various
lightweight demonstration concepts be-
ginning in the late 1990s when aluminum
and other lightweight materials chal-
lenged steel’s longtime dominance as
the top vehicle material by mass.

“This is an exciting time for the steel
industry. With tougher fuel economy and
emissions regulations already in play, the

materials competition

is at an all-time high,” said Ronald
Krupitzer, Vice President of
Automotive Market for the Steel
Market Development Institute, a
business unit of the American Iron

and Steel Institute.

Helping automakers take weight out of
vehicles, while maintaining performance
and safety considerations, is “priority num-
ber one,” Krupitzer stressed during his
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TWB Company’s diagram shows an array of current and future BIW tailored products.
Gray-colored parts represent tailored blanks; green-colored parts represent tailor welded
coil components; and pink-colored parts represent hot formed tailored blank products.
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opening remarks at the 2014
Great Designs In Steel (GDIS)
conference in Livonia, MI.

Expansion of tailored
products

TWB Company LLC, the leading
manufacturer of tailor welded
products in North America, has
benefited from a steady uptick
in body-in-white (BIW) applica-
tions made from tailored prod-
ucts. According to Mark
Eisenmenger, TWB’s Director of
Sales & Product Development,
the increase from 2008 to 2014
is tied to “the need for cost-ef-
fective weight savings. Nearly
40% of the Corporate Average
Fuel Economy (CAFE) improve-
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SrEmm e e The 2015 Ford
o (; \ 3 ~ Mustang convertible
Lo i o \3 *t and coupe employ
: B . advanced high-
- strength steel.

ment that is required by 2025 will come from vehicle
weight savings.”

In addition to traditional tailored blanks, tailored
products for steel now include hot formed tailored
blanks (HFTB) and tailor welded coils (TWCQC).

“These products expand the material choices and
combinations of materials that can be tailored,”
Eisenmenger, a manufacturing engineer, told
Automotive Engineering.

Standard tailored blank applications in 2008 included
door inner panels, B-pillars, body side inner panels, as
well as front and rear rails.

“In 2008, the typical tailored blank used the same
grade of steel and only varied the thickness between
the components of the tailored blank,” said
Eisenmenger. “In 2014, we have a much greater material
mix where each component of the tailored product has
a specific grade and gauge of steel.”

Tailored blank parts now include tie bars, seat kick-up
panels, moon roofs, wheelhouse panels, as well as chas-
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This BIW diagram of the 2015 Mustang coupe shows steel grades. The largest percentage is high-strength
low-alloy (green); followed by mild (gray); martensitic and boron (magenta red); dual phase 800 (light
blue); dual phase 1000 (orange); bake hardened (dark blue); and dual phase 500/600 (pink).

sis and frame components. There are currently more
than 50 tailored-blank vehicle applications, compared
to 18 examples in 2008.

“Our TWC product has opened the door to applica-
tions that were not considered in the past, such as parts
that are typically stamped in a progressive stamping
operation or roll formed. These products include BIW
and chassis parts, such as roof crossmembers, headers,
tie bars, rail closure panels, rocker sills, and frame rails,”
Eisenmenger said.

Mustang moves to hydroforming, AHSS
Hydroforming is another production method gaining
vehicle applications. The process uses pressurized wa-
ter to shape a ductile metal into a stiff, lightweight
structure. Ford has hydroformed various chassis and
body parts on its vehicles in recent years. The 2015
Mustang sports car is new territory for the hydroform-
ing process, according to Shawn Morgans, Ford Motor
Co.’s Technical Leader for Body Structures and
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Manager of the North American
Applications Group for Front-
end and Underbody.

“A dual phase 1000 hydro-
formed tube for the convert-
ible’s A-pillar is a Ford-first. Our
typical approach is two stamp-
ings for the A-pillar, so you end
up with two very long weld
joints between those stamp-
ings,” Morgans explained to
Automotive Engineering.

On the Mustang coupe, a hy-
droformed tube runs from the
A-pillar all the way through to
the back of the B-pillar in one
continuous member, meaning
no joints, no weld flanges, and
no discrete loading points from
spot welds, Morgans noted.
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Nearly two-thirds of the 2014 Chevrolet Silverado’s cab structure is made from HSS. The cab structure uses
HSS in the A-pillars, B-pillars, roof rails, and rocker panels. The updated frame’s main rails and major
crossmembers are HSS, with major elements hydroformed for reduced mass and improved strength.

Mustang’s amount of boron
and martensite represents “the
highest percentage that we’'ve
done on a vehicle at Ford to
date,” Morgans said. Among the
atypical locations for these ad-
vanced high-strength steels
(AHSSs) are in the crossmember
where it meets the B-pillar to
help transfer load as well as the
front rail where it transitions un-
der the car to the torque box.

“The difference between a se-
dan and a coupe is that span
between the A-pillar and the
B-pillar. That area makes it
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much more difficult to meet certain performance re-
quirements as well as the styling details,” said Morgans.
“We went higher strength with steel, and boron does it
with less weight. You could do it with lower-grade ma-
terials and just add more thickness or more parts. But
with boron, we got much higher strength, and we don’t
need to add the extra parts, and we don’t have to go
quite as thick.”

Weight reduction is just one of the reasons Ford engi-
neers choose a particular material. “It’s a holistic ap-
proach, so weight, safety, cost, and durability all factor
into the final equation,” said Morgans. “But we want to
achieve our targets with the least amount of mass as
possible. Mass affects many things, ranging from the ve-
hicle’s 0-to-60 time to fuel economy.”

While the 2015 Ford F-150’s fully-boxed ladder frame
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is using more high-strength steels than in prior model
years, the full-size pickup truck employs aluminum alloy
throughout the body to help drop the overall vehicle
weight by 700 Ib (318 kg). (Read more on the F-150 at

http://articles.sae.org/12724/.)

The Chevrolet Silverado and GMC Sierra pickup trucks

also tap lightweight metals.

Lightweighting returns as focus for
October webcast

As a major pathway for the world’s automakers to
meet new, ultra-stringent U.S. and European fuel-effi-
ciency regulations, vehicle weight reduction via prod-
uct redesign and more extensive use of advanced
lightweight materials—including advanced high-
strength steels, aluminum, and composites—is receiv-
ing a great deal of attention throughout the industry.
Design engineers and other stakeholders are working
diligently not only to maximize the benefits of light-
weighting opportunities, but also to overcome some
of the not-so-insignificant challenges posed by these
new materials and designs.

Following on the success of SAE’s May webcast,
“Lightweighting with Multi-Material Vehicles” (go to
https://event.webcasts.com/starthere.jsp?ei=1031713
to register for free and view this webcast on-de-
mand), Automotive Engineering will host another
special technical webcast on “Vehicle Lightweighting’
on October 9, 2014. In this free 60-minute webcast,
participants will hear Dave Leone, one of General
Motors’ top product development leaders on the en-
gineering team, discuss the company’s lightweighting
strategy in the face of stricter fuel-efficiency regula-
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3rd-gen grades come
aboard

Both the 2013 and 2014 model
year GM light-duty pickup
trucks use steel extensively in
the body and chassis frame,
noted Hesham A. Ezzat, PhD,

tions, along with the key enablers necessary to fully
implement the strategy; the cost-benefit equation for
moving to lighter-weight, higher-cost materials; and
the manufacturing, safety, and other challenges en-
countered by moving toward lighter-weight vehicles.

Composite materials are steadily advancing to gain
more widespread adoption, and an expert from BASF
will discuss some of these new developments and the
role composites-intensive vehicles will play in helping
automakers meet upcoming requirements. And
Danielle Hunter, Market Manager, Adhesives &
Sealants, Bayer MaterialScience LLC, will share the
latest in adhesives technology, its significance as a
lightweight-vehicle enabler, and the challenges in-
volved with bonding dissimilar materials.

Webcast attendees will be invited to interact with
the experts during a Q&A segment.

Visit www.sae.org/webcasts for more information
and to register.

Ryan Gehm
Sponsors:
) Celanese @
The chemistry inside innovation
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Technical Fellow, Body
Lightweighting at General
Motors. “However, the 2014
model year pickups leveraged
more high-strength, advanced
high-strength, and press-hard-
ened steels to deliver the re-
quired performance at reduced
material thickness and part
mass,” Ezzat said.

Steel still has a vital role in ve-
hicle weight reduction, but
there are material challengers.

According to John Catterall,
GM’s Global Engineering Team
Leader, Body Lower Structure
and Pickup Box, “In general, all
vehicle segments will continue
to leverage steel extensively in
the body and chassis construc-
tion. This is true for both the
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The 2014 Infiniti Q50
uses 1.2-GPa advanced
high-strength steel for
the center pillar inner
and other BIW parts.

near and long term. However, the overall percentage
of steel by mass may actually reduce due to continued
vehicle reduction and some substitution by other
materials.”

Aluminum, composites (namely thermoplastics and
carbon fiber), as well as magnesium are cited by
Catterall as the materials that will replace steel in cer-
tain applications.

A light-duty passenger vehicle’s typical subsystem
mass distribution breaks down as body (37%), chassis
(30%), powertrain (14%), interior (12%), electrical (4%),
HVAC and powertrain cooling (3%). Ezzat noted that
body and chassis structures “are good candidates for
the application of all grades of steel, including future
third-generation grades.”

John Ferriola, Chairman, CEO, and President of Nucor
Corp., said that the Charlotte, NC-headquartered steel
producer has invested billions of dollars to expand its
specialized product offerings.

“We continue to work with our automotive customers
to understand and satisfy their future needs as we de-
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sign even higher-strength, yet formable, third-generation
advanced high-strength products,” Ferriola remarked
during his keynote address at the 2014 GDIS conference.

The development of 1.2-GPa AHSS by Nippon Steel &
Sumitomo Metal Corp., Kobe Steel Ltd., and Nissan
Motor Co. is an example of using a high tensile steel for
application locales that were previously deemed too
difficult because of formability constraints.

This third-generation AHSS is used on the 2014 model
year Infiniti Q50 luxury sports sedan’s center pillar in-
ner; front pillar inner; reinforced center pillar; reinforced
roof front, side, and sill center. The Q50’s 1.2-GPa parts
are stamped via a conventional cold process. The 1.2
GPa replaces some 590-MPa dual phase steel as well as
replacing 780-MPa and 980-MPa dual phase materials,
saving 24.25 Ib (11 kg), according to Paul Villemonte, en-
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gineer in the materials engi-
neering department at the
Nissan Technical Center North
America.

“The revolutionary 1.2-GPa
high-strength material can be
applied to complex part shapes
that require high biaxial form-
ability,” said Villemonte, adding
that this steel’s high formability
can replace lower tensile
strength materials and reduce
part thickness.

According to Villemonte, fu-
ture North American applica-
tions for the 1.2 GPa include

WITH ADVANCED SIMULATION
Thursday, August 21, 2014, 10 a.m. U.S. EDT

ACCELERATING EV BATTERY DEVELOPMENT

Register today for this FREE live, interactive 60-minute webcast!
Major strides have been made under a program sponsored by the U.S. Department of
Energy named Computer-Aided Engineering for Electric Drive Vehicle Batteries
(CAEBAT) to improve engineering software in order to shorten design cycles and
optimize batteries.

This 60-minute webcast will discuss:

* How new tools that simulate battery electrochemical, thermal, fluid,
structural, and control-system effects are helping General Motors engineers
drive the development of energy-efficient vehicles and vehicle electrification

* How the adoption of hybrid and all-electric vehicles will increase as lithium-
ion batteries become more affordable, energy-dense, and durable.

* How thermal management of the battery pack is a key challenge and how a
new suite of multi-scale, multi-disciplinary simulation software is
accelerating innovation

Webcast attendees are also invited to interact with the experts during the
program’s LIVE Q&A segment.

Industry Expert Participants:

Taeyoung Han,

GM Technical
Fellow, Global GM
R&D Center Motors

Mary Fortier Lewis Collins
Battery Systems Director of
Engineering Group Software
Manager, General Development,
ANSYS Inc.

Registration:
www.sae.org/webcasts /

Hosted by: ﬁ

INTERNATIONAL..

AUTOMOTIVE ENGINEERING

August 5, 2014 21



STEEL RED-HOT FOR
WEIGHT REDUCTION

-1.5 kg PLR-CTR INR

ROOF FR

-1.8 kg REINF-CTR
PLR

-0.4 kg PLR-FR

INR UPR -0.4 kg REINF-ROOF

SIDE OTR, A

This diagram of the 2014 Infiniti @50°s BIW shows the various parts made from 1.2-GPa AHSS.

Nissan’s Maxima and Altima se- meet current mass reduction targets,” he said.

dans and the Murano crossover
utility. Those vehicles will use The mpg price tag

the material for various body Mike Robinet, Managing Director of the strategy, plan-
structure parts. ning, and analysis firm IHS Automotive, cited a 2008
Nissan’s current in-vehicle us- Massachusetts Institute of Technology study that put

age of AHSS (590 MPa or great-  the cost for each 1% gain in fuel economy at $130 for
er) represents approximately 9%  diesel technology, $110-$220 for hybrid powertrain tech-

of all BIW materials. But after nologies, and $80-$180 for vehicle weight reduction.

2017, the goal is 25% AHSS us- “Emerging regulations and process efficiencies have

age with 1.2 GPa being part of altered these cost trade-offs since last decade,” Robinet

that material mix, noted told Automotive Engineering. The actual trade-offs dif-

Villemonte. fer by OEM, program, application, depending on a num-
“AHSS applications are the ber of factors.

most cost-effective method to “Every OEM has mass-reduction goals averaging 3 to
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5% per year,” Robinet noted, adding those objectives
are influenced by CAFE credits, current vehicle mass,
supplier affiliations, and capital infrastructure.

Meeting the U.S. government’s 2025-mpg fleet mandate
leaves less than two vehicle cycles to reach the targets.

“Technologies required to meet the fuel-economy
gains due for the 2025 period are required to be tested,
cost-proven, and design-integrated by the 2017-2019
time frame,” said Robinet.

Nucor’s Ferriola said steel’s value is one of its
strengths.

“The automotive production infrastructure is designed
for and suited to steel. Retooling has tremendous costs
associated with it, namely increased equipment and pro-
duction costs. Aluminum is two to four times the cost of
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steel, which will be reflected in
the [vehicle’s] purchase price, re-
pair costs, and insurance premi-
ums,” said Ferriola.

Steel’s production capacity is
another factor.

“Other materials must in-
crease capacity around the
world to provide access to a suf-
ficient amount of product,” said
Ferriola. “Steel’s low cost and
superior performance are the
reasons why it has, and will, re-
main the dominant material
used in vehicles.” ®

~REE 2014 CONTINUOUS

ENGINEERING VIRTUAL SYMPOSIUM:
CUTTING-EDGE APPROACH TO SYSTEMS ENGINEERING

Thursday, September 4, 2014 « 8 a.m. to 5 p.m. U.S. EDT
www.sae.org/events/cevirt/

A free online summit for mobility professionals worldwide to explore the major trends impacting
today’s systems engineering teams - all from the comfort of your office or home.

day in the virtual theater. Submit questions during the live Q&A.

Attend three thought-provoking hour-long theater presentations with leading industry experts throughout the

* The Exciting Road Ahead for Intelligent Vehicles (9:30 a.m. - 10:30 a.m. U.S. EDT)
» Aerospace Experts on Cyber Attacks and Security (Noon - 1p.m. U.S. EDT)
* Simplifying Interoperability Across Systems & Software Lifecycle with OSLC (2:30 - 3:30 p.m. U.S. EDT)

Virtual Symposium Attendee Experience:

* Explore two Exhibit Halls: Technology Exhibit and Career Advancement Exhibit

* Participate in three Theater Presentations with live Q&A
* Tune into various 20-minute Speaker Sessions
* Download an array of valuable documents at the Resource Center

SAE International Contact: Martha Tress, e: mtress@sae.org
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