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A DVANCES IN
LIGHTWEIGHTING
Utilizing advanced materials
and new assembly methods,
Ford Motor Co. slims down its
toughest truck

L

osing weight requires
commitment – a longterm, often challenging
and sometimes difficult
commitment. But sometimes losing
weight is the only choice. When a
much-heralded, long-established
automaker faced government
mandates to improve fuel efficiency,
it embarked on the challenge and
determined that reducing the weight
of its best selling vehicle was the top
way to meet this mandate.
Focusing on its most popular vehicle,
the Ford F-150 truck and its related
iterations, Ford Motor Co. committed
to a nearly $1 billion weight-reduction
effort. This led to a massive upgrade
of its Dearborn, Mich., truck plant to
convert it from steel to aluminum
vehicle production.
Through a multi-prong approach
involving new materials and assembly
techniques, the company reduced the
weight of its iconic truck by more than
700 lbs. while keeping the rugged
intangibles that make the F-150 the
most popular truck on the market.

The Ford F-150 truck
produced at the
famous Ford Rouge
factory is made mostly
of aluminum alloys.

Along the way, this belt-tightening
campaign caused a tectonic shift
in the supply chain, and it fostered
massive research efforts in factories
and facilities around the world.

high-strength steel frame, and a
high-strength, military-grade
aluminum-alloy body and cargo
box. It has aluminum doors, hoods,
fenders, floors, side panels and more.

In 2015, Ford rolled out the first of
its aluminum-intense F-150 vehicles.
The truck features an all-new,

The switch to aluminum required
a massive plant retooling effort.
Traditional spot welding equipment

was replaced with state-of-the-art
joining technology used to assemble
the trucks with self-piercing rivets,
structural adhesives and other joining
methods and to do so at a rate of
about one truck per minute. This
change is seen in the numbers: in
2014, a typical F-150 truck underwent
5,000 spot welds. A year later, most of
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those spot welds were gone, replaced
by 2,000 rivets.

course of five years, their efforts led to
some of Ford’s newest innovations.

Matthew Zaluzec, senior researcher at
Ford’s Research and Innovation Center
in Dearborn, says the timing was right
for overhauling production.

“We are a very forward-thinking
group,” Zaluzec says. “We are very
strategic in our research and think
about future product development in
a tactical way. Our strategy is about
what’s the right material to use on a
product. It could be steel, it could be
aluminum, it could be composites,
it could be magnesium. It could
be some unique form of glass or a
substitute for glass.”

“When we were researching the
F-150 upgrades, production was due
for a major infrastructure change,”
he explains. “We were preparing to
change out our robots and welding
cells that had reached their useful life.
Instead, we substituted rivet guns for
welding robots.”

Diversity in R&D
The innovation center is staffed by
researchers who bring diverse and
specialized skills to the product
development community. These
include enterprising men and women
with knowledge of the body structure,
powertrain and chassis; experts in
sheet metal and casting, extrusion
and hydroforming; and researchers
exploring new alloys and metal
pretreatment, riveting, adhesives and
resistance spot welding. Over the

In essence, whatever works best for
the job. When the researchers began
to consider how best to lightweight
the F-150, they didn’t come out and
say, “we’re going to make it out of
aluminum.” First, they developed
performance targets – developing
performance parameters for towing,
hauling, fuel economy and more –
and then ferreted out the best
solution.
“In the case of the F-150, we could
only come up with one way to take
out between 700 lbs. to 800 lbs. and

—
Robotic Laser Processing
Superior quality, greater
flexibility, lower capital costs.
ABB six-axis robotic laser welding and cutting solutions provide state-of-the-art
functionality and greater flexibility at lower capital costs and smaller footprints
than traditional laser automation. ABB robots for laser welding and cutting are the
most advanced in the industry, delivering superior path performance, fast, precise
motion, and unmatched quality control. Supported by proprietary software and
automatic tuning and calibration tools, the robots allow the flexibility to easily
and quickly change the product mix in response to evolving market demand.
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keep our ruggedness,” Zaluzec says.
“Aluminum was the solution.”
The researchers chose 5000-series
and 6000-series aluminum. The
magnesium-alloy 5000 series is easily
stamped, making it ideal for complex
body panels. The 6000 series, alloyed
with magnesium and silicon, was
selected for outer body panels and
cargo bed areas because it offers

higher tensile and yield strengths that
can hold up to the daily rigors of its
users and Mother Nature.
The company had some in-house
knowledge from which to draw. Ford
had produced aluminum vehicles
before.
“Going back in history,” Zaluzec says,
“we’ve produced Aston Martins and

Jaguars. We did a Ford GT ‘supercar.’
We also did a lot of prototype vehicles,
so we knew how to stamp and rivet
and join the aluminum. So, when it
came to the F-150, the real challenge
was the economy of scale and sheer
manufacturing scale-up.”
Economy of scale is perhaps an
understatement as the F-Series is the
leader in truck sales, having sold more
than 40 million trucks since it first
appeared circa 1948.

An aluminum shakeup
Challenges ran from supply to
assembly. On the supply side, how do
you obtain enough aluminum with
which to build one of the world’s best
selling vehicles? On the assembly side,
how do you join aluminum-based
parts when your current assembly
technology – spot welding – is not
suited for the new material?

The Ford F-150 truck produced at Ford’s Kentucky truck plant is
made mostly of aluminum alloys.

The F-150 ramp-up was felt all along
the supply chain. To put it in to
perspective, a product that sold more
than 800,000 vehicles last year was
converted from mostly steel to mostly

aluminum construction. How does a
company obtain enough aluminum
sheet to make all of those trucks?
“We’re not talking about a few hundred
thousand pounds, we’re talking about
billions of pounds of aluminum to
support our product development,”
Zaluzec says.
Ford’s primary source of aluminum
comes from Alcoa’s facility in
Davenport, Iowa. A smaller company,
Novelis, also supplies Ford from its
facility in Oswego, N.Y.
A key aspect of the supply agreement
is a closed-loop recycling program
developed jointly by Ford, Alcoa
and Novelis. Novelis relies on scrap
material for producing 50 percent of
the automotive aluminum sheet that it
sells. The company invested $48 million
in a new recycling plant in Oswego
that includes an 81,000-sq.-ft. facility
for processing, sorting and storing
automotive scrap aluminum.
Much of this scrap comes from the
Dearborn Truck Plant, which generates
March 2017

12

come back to them and say ‘no, we
need 5 billion rivets.’ Are you ready to
step up and support those kinds of
volumes?”
Rivets are the primary source of joining
components. Ford uses self-piercing
rivets that don’t require a predrilled
or punched hole, unlike conventional
riveting. The rivet makes its own hole as
it is inserted. The fastener pierces and
fastens in one operation, simplifying
assembly and reducing costs while
providing a strong, reliable joint.

An operator helps build
a Ford F-150 at Ford’s
Rouge factory.

thousands of pounds every day.
Only 60 percent of the 6-ft.-wide
rolls of aluminum supplied to Ford
is actually used to make body parts
for the F-150. To aid in the recycling
effort, Ford invested $60 million in
equipment to separate and shred
the scrap before shipping it back
to its suppliers.

Riveting topic
Other suppliers, such as rivet
manufacturers, also soon felt the
avalanche of F-150 demand.
“The riveting company asked, ‘You
need how many millions of rivets?’”
Zaluzec recalls. “They didn’t even
make that many, and we needed to

Self-piercing rivets achieve the results
and quality of spot welding without
many of the risks, such as toxic fumes,
sparks and noise. And, the hardware
boasts the same tensile and peel
strength as spot welds, but with twice
the fatigue life.
Unlike spot welding, rivets do not
generate heat, which eliminates
problems associated with spot
welding of pure aluminum and
aluminum alloys that melt below 600
degrees C. Although rivet assembly
is slower than using an automated
spot welding system, Zaluzec says the
difference is negligible.

“Rivets are a little bit slower, but we
wouldn’t be using them on the F-150
if we couldn’t meet production
schedules,” he says. “We’re talking
almost 55 to 58 jobs [trucks] per
hour. That’s almost a truck every
minute.”
The F-150 uses a combination of
self-piercing rivets and structural
adhesives in a significant percentage
of the cab. Applying the adhesive
along a flange’s larger surface
area provides for additional
stiffness, which is good for the
body structure and reduces NVH
(noise, vibration and harshness) that
improves the passenger’s riding
experience.
Structural adhesives are often used
in architectural applications, but
in those uses, the structure rarely
travels down a highway at 65 mph.
“That’s why we’ve invested in
research to understand aluminum,
pretreatments and adhesives,
welding and joining,” Zaluzec says.
“Research is our insurance policy for
the future.”
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Future is in site
While the revamping of the F-150 appears
to be a success – the truck continues to win
national awards and outsell its competitors –
the Research and Innovation Center continues
to focus on future endeavors, as does its various
supply chain partners. Unsurprisingly, Ford’s
future lightweighting efforts will focus on more
areas than body structure.
“You will see the power train becoming lighter
weight in the future,” Zaluzec notes. “You will see
some mixed materials, and you might see some
composites creep in for things like oil pans and
engine covers. We will look at every component
and ask, ‘where can we take out some weight
and still deliver the functional performance that
we hold very near and dear to our hearts?’”

Ford recycles as much as
20 million lbs. of aluminum
stamping scrap per month
using the closed-loop
system at the Dearborn
Truck Plant, which builds
the F-150.

One such effort is to look beyond the 5000- to
6000-series aluminum alloys to stronger
yet lighter variants. For example, Alcoa
developed a milling process called Micromill
that changes the metal’s micro-structure to
create an aluminum alloy with 40 percent
greater formability and 30 percent greater
strength than traditional aluminum.
The easier-to-shape material could be used for
the inside panels of doors and external fenders.
The downside? Alcoa is currently only able
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to make this material in small
volumes.
Similarly, carbon fiber materials show
great promise and might indeed be
the next big material in automotive.
But for now the strand-like material,
woven and combined with other
materials to turn it into a composite,
is not ready for the high-volume
world of the F-150 and its ilk.
“When Ford went to the aluminum
industry, just the F-150 alone really
shook them up and they had to
substantially increase capacity,”
Zaluzec says. “That was an established

industry. Now jump to the other
extreme, carbon fiber. That industry
is really in its infancy and it has a long
way to grow before we can get to
high-volume vehicles.”
Ford is working with Dow Chemical
and DowAksa to develop carbon
fiber. The two companies signed a
development agreement to research
high-volume manufacturing of
automotive-grade carbon fiber
that can be applied to random
fiber formats while maintaining
compatibility with thermoset and
thermoplastic matrices.

—
YuMi® - You and me.
Creating an automated
future together.
ABB has developed a collaborative, dual-arm, small parts assembly and material
handling robot that includes flexible hands, parts feeding systems, camera-based
part location and state-of-the-art robot control. YuMi can operate in very close
collaboration with humans due to its inherently safe design. It has a lightweight,
yet rigid magnesium skeleton covered with a floating plastic casing, wrapped in
soft padding to absorb impacts. No barriers, no cages, no zones - the world’s
first truly collaborative dual-arm industrial robot! www.abb.com/yumi

Ford’s F-150 truck is aluminum intensive, as this animation depicts.
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temperatures will it face and what
kind of exposure will it undergo?
Will these different metals require
different coatings and pretreatment
processes and can they be used in
tandem for corrosion control and
other issues?
“When you start mixing materials, you
have to be worried about assembly
issues,” Zaluzec says. “When you do
mixed metal joining, you cannot
spot weld or fusion weld. It’s like
MIG welding steel to aluminum; you

can’t do it. Instead, you’re going to
consider rivets with adhesives to
join those materials.”
The same issues apply, he says,
when introducing a structural
composite reinforcement. In that
case, a mechanical joint is most
likely required, but using a rivet
to join a metal to a composite will
give a weak joint, and production
might have to predrill a hole and
use a mechanical fastener with an
adhesive.

Watch these two Ford-produced videos to see the truck maker’s innovation in action.

In a production environment, carbon
fiber can be a challenge because
of its multiple fiber strands, their
orientations and the complex matrix
combined with epoxy or resins to
keep it all together. One of the ways
Ford is working to overcome this
challenge is through computer-aided
analysis, often called computational
material engineering.
“With carbon fiber [material], you
have to be able to predict the fiber
location, the fiber density and the

orientation,” Zaluzec says. “For a
stamped steel component, for
example, you can do it on paper first
and then review prototypes and get
it to production sooner.”

Assembly issues
To get these lightweight materials
into production, a number of
assembly scenarios are considered.
Where will the component be
used and to what environmental
conditions will it be exposed? What
variations in external and internal
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An assembly line at Ford’s Kentucky truck plant featuring self-piercing
riveting and adhesive application robotic equipment.

No matter the challenge, if it is the
best solution, chances are, eventually,
that a manufacturing or assembly
concept will find its way to a Ford
production operation.
“If you go to one of our assembly
plants, you will see we are state of
the art,” Zaluzec says. “We’re using
advanced materials and advanced

manufacturing techniques. At Ford,
we’re putting science back into
manufacturing. I think that’s really
exciting, and we are extremely proud
of that.”

FORD MOTOR CO.
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Looking for a Servo or Mechanical Press?
Straight side presses from 200 m.ton to 4800 m.ton

Looking for Fine Plasma or Laser?
Fine Plasma

5-Axis Laser

MORE POWER
MORE FLEXIBILITY
MORE OUTPUT

Mon.

Titanium (0.030 in.)

Tues./Wed.
Mild Steel
(0.050 in.)

First of three new 4 Point Servo Tandem mechanical press
lines installed at Chrysler Stamping Plant in Michigan.

New 4 Point 3000 m.Ton Servo Press with Komatsu
3-Axis Linear Motor Drive at Tier 1 Supplier in Ohio.

Thurs.

Galvanneal
(0.039 in.)

TLM Series of 5-axis,
3-dimensional laser systems
ideal for cutting complex
contours and shapes.

TLV Series 3-axis hybrid
machines for large and
wide workpieces.

TLX Series high-power
3-axis in cantilever and
gantry configurations.

The new Komatsu TFP does
all this and more.
300 Amps of Fine Plasma Power to cut 40mm (1.6˝) mild steel at 45 IPM
and the finesse for 1.6mm (16ga.) at 200 IPM. PLUS switch to Oxy cutting 2˝
thick plate in less than 30 seconds by a simple nozzle change. And with only
1-cutting head there is no “dead zone” on the table so you can nest plates
using the full table size.

New 4 Point 2000 m.Ton Mechanical Transfer Press
at Tier 1 Supplier in Indiana.

Komatsu is your single source for all your press needs

Aluminized Steel
(0.046 in.)

TLH Fiber Laser 5-axis,
3-dimensional laser cutting
systems for ultra high speed
and versatility.

IF THIS IS A TYPICAL WEEK AT YOUR SHOP...
WE SHOULD TALK.

• Automatic Gas Change
• Auto setting of cutting parameters
• Push-Pull “zoned” exhaust
• Full 2 year control warranty
• Laser Marker targets exact position
• Automatic anti-spatter system
• Automatic Argon Marking system

When you’re 5-axis laser cutting, it’s all about ﬂexibility and speed.
The ﬂexibility to cut thick plate one day; exotic alloys the next and parts with intricate
shapes the next. Our laser systems are in a word, ﬂexible. Flexible to adapt to your
ever-changing processing needs. Flexible to perform the simplest to most demanding
cutting jobs.
Our 5-axis laser cutting systems also give you speed. With rapid feed rates to 1,575 in/
min and cutting feed rate to 1,181 in/min and accuracies of ± 0.0012 in. per 12 inches
of travel, Komatsu Laser sets the standard for 5-axis laser cutting.
So whether you’re cutting titanium on Monday, mild steel on Tuesday or galvanneal or
Wednesday, think of Komatsu Laser as your laser cutting resource.

www.komatsuplasma.com
978-658-1650

www.ntclaser.com
248-859-4373

Standard Features of Twister:

E2 Series Mechanical Presses 200 to 1200
tons. World class performance for optimum
reliability, performance and expandability
to suit your automation needs.

Fri./Sat.

Komatsu is your single source for all your cutting needs

