Technology Spotlight

formable, weldable
Substitute cuts weight
by a third

By Kate Bachman

aterial Sciences Corp. has put
Minto production a new material
to support automotive light-
weighting efforts. MSC Smart Steel® is a
lightweight laminate that is a formable,
weldable, and paintable substitute for
ew engineered lami- monolithic, low-carbon steel at up to
nate material Comprising 359, weight savings at the same thick-
Stelel g minum ar(}d a ness. It is produced as a coil.
Bgr}[lr\?vgirgﬁrgycgqgﬁ dfme The lightweight laminate materi-
al was a natural extension of MSCs
portfolio of acoustic laminated metals
for quieting vehicles manufactured for
years. R&D began in 2012 and produc-
tion began in spring 2019.

One of the manufacturers legacy
products, developed in the 1990s, is
called Quiet Steel®,
which is a laminate
for acoustic applica-
tions. Its typical uses
are for vehicle body
panels, such as dash-
board panels and
floor pans, as well as
engine components
such as oil pans,
valve covers, and
timing covers. More

When used to form a truck’s bumper shell rec_emly’ the comipa-
instead of monolithic steel, MSC Smart ny introduced Quiet
’ Steel can cut its weight by 15 pounds. Aluminum®,  which

offers all of the weight

u o savings associated with aluminum but
n m I m I n t also the dampening characteristics
needed for aluminum body structures
and under-hood applications.
! ! MSC specializes in laminating metals,
a smart alternative material s s o
nology officer for Material Sciences. “As
" CAFE [corporate average fuel econo-
fo r Ve h IC I e my]| standards drove the automakers
to improve fuel economy, materials
that offer lightweight solutions without

| i g h twe i g h ti n g compromising  performance  become
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attractive. Our expertise in laminating
acoustic laminates served as a great
starting point for the development of
MSC Smart Steel.”

Composition

The material is a three-layer laminate.
The outer skins are steel and the inner
layer is a low-density, conductive, rein-
forced polymer core. The density of the
polymer core is less than aluminum.

Typical thicknesses evaluated for
automotive applications range from
0.68 mm to 2.5 mm. The ratio of the
outer steel skins to the inner core is a
function of many factors, including
weldability, formability, and part bend-
ing rigidity.

A recent example under develop-
ment is an automotive interior part
stamped from 1.0-mm steel that weighs
3 pounds. MSC Smart Steel was engi-
neered to meet all of the same vehicle
requirements with a total thickness of
1.08 but results in a total weight of 2
lbs., Murphy relayed.

Customized for the Part,
Application

The material is engineered to meet per-
formance requirements of each appli-
cation, and the stackup of each layer
is customized. The steel thickness and
grade and polymer core thickness vary
from product to product. “We want to
maximize weight savings, so we engi-
neer each product for the application,”
Murphy said.

Because the polymer is low density,
the less steel and more polymer in the
laminate structure, the more weight can
be saved, Murphy said. “But the calcu-
lation to determine how thick the metal
should be and how thick the polymer
should be is a function of the part per-
formance requirements.”

Stiff. The structure of the laminate
enables it to reduce mass while main-
taining bending stiffness—an attribute
that is critical in many areas of the vehi-
cle. The company engineers the ratio of
the metal skins to the core to maintain
the stiffness or bending rigidity of that
part as well as to save weight.
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How It’s Processed

MSC Smart Steel is compatible with
existing manufacturing and painting
processes, the company states. It can
be stamped in typical dies without
modifications, spot-welded with exist-
ing equipment, and processed through
standard electrocoat and paint systems
with seamless integration with existing
manufacturing systems, according to
the company.

Weldable. “The polymer core is engi-
neered to be conductive. As a result,
when placed between the two skins of
steel, the product can be spot-welded to
almost any grade of steel with welding
equipment found in any body shop,”
Murphy said.

The OEM dictates the design and

performance requirements of each
component in the vehicle. As a result,
MSC engineers work closely with OEM
design teams for material selection,
joint design, fatigue and strength crite-
ria, as well as weight targets, Murphy
said.

A conductive particle inside the poly-
mer is what makes the material weld-
able. This is the first spot-weldable
low-density steel composite laminate to
be used in a body application, the com-
pany claims.

Differences, Similarities

Naturally, questions arise about the dif-
ferences between MSC Smart Steel and

monolithic steel

Tooling. In terms of the stamping
dies, it is important to maintain sharp
trim dies and tight clearances on the
trim to cut through all three layers of
the laminate, Murphy said.

Forming Simulation. Murphy said
that in the past, tool designers based
many of their decisions on experience
and trial and error to anticipate items
such as springback and formability.
However, modern tool designers rely
heavily on forming simulation software
to design the entire die. “Today, there’s
a big reliance in our industry on pre-
dictive capability. Automotive stamp-
ers use tools such as PAMSTAMP® or
AutoForm® for their die designs. Very

This automotive package shelf
is stamped from MSC Smart Steel
using a regular die and assembled
via resistance spot welding.

often, die build shops will construct the
tooling 100% based on the software
prediction,” he said.

Because a laminate is a multilayered
material and each layer has distinctly
different properties, it is critical that
the properties of each layer are mod-
eled separately and correctly with the
forming simulation program. Key attri-
butes such as springback and formabil-
ity exhibit a higher correlation between
what the software predicts and what
is actually stamped when Smart Steel
is modeled in layers. “MSC is work-
ing closely with AutoForm engineers
as well as several tool and die shops
to fine-tune that correlation between
the software prediction and the actual
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stamped part,” he said, adding that the
primary focus now is the draw process
and springback.

Finite Flement Modeling. Meet-
ing panel-bending rigidity is critical to
many stamped vehicular parts. Similar
to modeling Smart Steel for forming
simulation, the laminate is also mod-
eled with three discrete layers for finite
element. While the input properties
are different for finite element analysis
(FEA), the core layer, which is typical-
ly 40% of the cross-section thickness of
the material, is significant. Therefore, it
requires that both properties of the steel
and the core are included in the data
cards. MSC often performs FEA on all
target applications but also provides this
data to customers for their internal anal-
ysis, he said.

As a rule, automakers have a mixed mate-

rials strategy for each vehicle component.

MSC Smart Steel or MSC Smart Aluminum
can be part of that strategy.

The same property-testing procedures
for stress-strain curve and forming limit
curve that are used to evaluate mono-
lithic steel and aluminum are used to
evaluate MSC Smart Steel and Smart
Aluminum, Murphy said. “For our pre-
dictive stamping correlation effort, we're
stamping parts, scanning them as a 3D
image, and then comparing the scan
with the forming prediction. We have
made great progress through the evalu-
ation of different modeling procedures
and material properties.”

Recyclable. Although its a mixed
material, the entire laminate can be
recycled because its polymer inner layer
consists of conductive particles and car-
bon-based polymers, Murphy said. To
prove its recyclability in a test, the lam-
inate was melted to a molten state and
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The material is a three-layer laminate. The outer skins
are steel and the inner layer is a low-density,
conductive, reinforced polymer core.

The density of the polymer core is less than aluminum.

the residual was sent to a lab for chem-
ical analysis. The chemical composition
was then compared to a monolithic steel
test sample.

“We were looking for anything in the
recycled Smart Steel that would not be
found in monolithic steel. The results
showed that the samples were similar in
both chemical composition and quanti-
ty. Some are fractionally higher or lower,
but the results are very consistent,”
Murphy said.

Weight Objective,
Lightweighting Strategy

The automotive industry has focused
intensely on the need to reduce weight,
but every vehicle has different weight
targets, Murphy said. “What it comes
down to is, what is their threshold for
mass? Depending on the size of the gap
from actual weight to target weight,
automakers may take more extreme
measures to save weight. For example,
converting the Ford F-150 body from
steel to aluminum was a fairly bold
strategy to save weight in that segment.”

Ford’s adoption of aluminum in the
Ford F-150 prompted a lot of specula-
tion throughout the industry, he added.
“Were General Motors and Dodge going
to make the ‘all-in’ move to aluminum
on the forthcoming redesign of their
trucks? They did not,” Murphy said.
“While they did use aluminum selec-
tively, they each adopted mixed metals
strategies. They used aluminum in cer-
tain parts of the car, such as doors, fend-
ers, the tailgate, and the hood, while the
truck bed itself remains in steel.”

There are many material choices for
the design of each subsystem of a vehi-
cle. “For example, plastic, aluminum,
advanced high-strength steel [AHSS], or
magnesium all could possibly be used
for the same application. However, there

are trade-offs in selecting one over the
other. While one material may have the
lowest cost, it may add the most mass,
need the most expensive tooling, or
have the longest cycle time. OEMs con-
sider all of these when selecting materi-
als for vehicles,” Murphy said.

Another important determining fac-
tor is material compatibility. Although
aluminum and steel are very common
vehicle materials, joining them requires
extreme attention, he said. As a result of
the difference between aluminum and
steel in electrode potential, galvanic cor-
rosion will result. To resolve this prob-
lem, typically one or both of the materi-
als is coated before assembly to prevent
corrosion.

“All of these materials cannot be used
everywhere,” Murphy continued. “For
example, you would not typically use
ultrahigh-strength steel for a hood. It
is difficult to form and the surface isn’t
going to meet appearance requirements.
So there are criteria other than weight
dictating where all these different mate-
rials can be used.”

Best Applications:
Roofs and Bumpers
The material is designed primarily for
applications that require stiffness, rath-
er than those requiring high strength,
Murphy said. “There are many places
on a vehicle where Smart Steel will have
equal or greater stiffness at a 35% mass
reduction. We are not targeting the A
pillar, B pillar, and structural compo-
nents made of AHSS,” Murphy said.

“The parts we've been replacing are
already as thin as they can go, and we
can actually save more weight with this
material.”

Designed with a high stiffness-to-
weight ratio, the laminate is a viable
option for stamped parts needing stiff-
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ness, such as roof bows, stamped bum-
pers, and body-in-white stampings that
typically are produced from cold-rolled
steel, according to Murphy.

The Smart Steels first foray in pro-
duction was anti-flutter roof bows for
roof panels. “The roof panels on SUVs
are massive and they're very thin. At
highway speeds, the roof actually flut-
ters at a micro level and passengers feel
an annoying pressure drop in their ears
called booming,” Murphy said. “So these
bows basically stiffen up the roof and
prevent it from fluttering. A stiff roof
bow is critical to solving this problem,
and MSC Smart Steel provides that.”

A recent application for the material
is a steel bumper for a full-sized truck
such as an F-150 or a Silverado. “Gen-
erally, the full-sized truck market in the
U.S. is still using a steel bumper shell
that weighs 35 to 45 lbs. They've been
made like that for 100 years. Imagine a
30% weight savings in that application.
So instead of saving half a pound on a
roof bow, you're saving up to 10 lbs. on
a front bumper. A significant amount
of development is going into this right
now,” Murphy said.

The customized bumper shell has an
asymmetric construction. The visible
surface, or outer skin, is made of HSLA
340 MPa and is thicker than the back-
side skin. This grade and thickness were
selected because the bumper’s surface is
cosmetic and has to meet dent require-
ments. The polymer core is similar to
the roof bow core with a backside skin.
The resulting weight savings is 30% to
35%. “Youre looking at 8 to 9 Ibs. off

AN FMA PUBLICATION e STAMPING JOURNAL

just the front and probably another 6
Ibs. off the rear, so about a 15-1b. weight
cut on a full-size truck,” Murphy said.

2019, and the Altair Enlighten Award
in 2019. @

) Editor Kate Bachman can be reached at
Award Winner kateb@thefabricator.com.
MSC Smart Steel has been recognized
for its material innovation with three
awards: The Award for Steel Excellence
in 2014 by the American Metal Market,

the PACE Award by Automotive News in

Images courtesy of Material Sciences Corp.,
6855 Commerce Blvd., Canton, MI 48187,
734-207-4444, smartinfo@materialscienc
escorp.com, www.materialsciencescorp.com.
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Pressing for the best solution
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For over 135 years, Greenerd Press '_
& Machine Company has set the

standard for innovative, reliable, quality
hydraulic press design and manufacture.

e Unlimited Size and Tonnage
Hydraulic Press Builds in Newly
Redesigned/ Expanded Greenerd
Manufacturing Facility

e Turnkey, State-of-the-Art Automation
Solutions and Controls

e Greenerd is a FANUC Tier 1 Industrial
Authorized Robot System Integrator

e Wide Range of Industries and
Applications — Metalforming,
Compression Molding and much more

e Hydraulic & Electrical Circuit Design
e Comprehensive Safety Features

« Innovative Custom Press Designs * Made in U.S.A. with Domestic

e Unparalleled application engineering GOIPUITNS
and dedicated service
Send us your application challenges. www.greenerd.com

We will design, build and back the best
hydraulic solution for your needs.

800-877-9110
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