
approval for a Boeing aircraft is on the 
C-17 cargo ramp, said Max Runyan 
of Advanced Metallic Materials in 
Huntington Beach. Calif. The process 
will provide a “significant cost and 
weight saving” for the C-17 program, 
he added. Next use: the 747 freighter 
barrier beam. 

“Boeing does lead the aerospace 
industry in friction-stir welding,” 
asserted Boeing Technical Fellow 
Doug Waldron. He’s been exploring 
the possibility of extending the process 
to additional industries as well, such as 
the automotive, maritime and railroad 
industries.

The future is bright for aerospace 
and friction. They are past their dif-
ferences and working together. It’s a 
match made at Boeing.  

walter.j.polt@boeing.com
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A little friction at Boeing
BY WALTER POLT

Friction—frequently foe of aero-
space and friendships—has had a 
makeover.

Boeing Phantom Works turned a 
process called friction-stir welding into 
a friendly force—for stronger, lighter 
and more efficient joining at Boeing.

The Delta II Heavy rocket that 
launched NASA’s MESSENGER 
toward Mars last month is called 
“heavy” because it lifts heavy pay-
loads. Friction-stir welding makes its 
seams and joints lighter—yet strong, 
to withstand tremendous stresses dur-
ing flight. 

In friction-stir welding, a rotating 
tool unites metals by softening their 
adjacent surfaces with friction heat 
while a probe, or pin, on the tool’s 
underside mixes their molecules 
together (see box below).

Rivets and the filler materials in 
conventional welding add weight to air 
and space vehicles. Boeing uses mil-
lions of rivets. At one time it drilled and 
filled 1.1 million rivet holes a day—at 
$5 to $10 each, if you count the engi-
neering, drilling, filling and inspect-
ing those holes require. That’s one 
reason Phantom Works began in 1995 
to explore friction-stir welding as a 
replacement: It uses no filler materials.

It also improves strength and ease 
of use (see box above).

“The sky is not the limit to friction-
stir joining,” said Raj Talwar, Boeing 
manager of Metallic Processes in 
Phantom Works, St. Louis. Even space 
is no limit: Friction-stir welding cut 
joining costs on the Delta II and IV 
rockets in half, said John Tracy, vice 
president of Engineering for Integrated 
Defense Systems.

The most recent friction-stir weld 

Friction-stir welding starts with a rotating cylindrical steel tool 
attached to the end of a drill-like machine. The single-piece tool 
consists of a short probe with a wider shoulder at the top. 

First you clamp together the two pieces of metal you intend to 
join. Then you literally push the probe into the metal pieces at the 
join line, until the shoulder at the top rubs on the metal surfaces, 

its rotations creating friction heat. As the metals soften, they begin 
to turn with the probe, forming a sheath of plasticized metal spin-
ning around it. 

The tool’s forward movement along the join line forces this 
“stir” of softened metals to squeeze around and fill in behind the 
probe, while the continued pressure from the shoulder presses the 
softened metal down—leaving a smooth path. The hardened mix 
holds the metal pieces together as one.

How it works 

As this friction-stir-welding tool rotates, 
its five-eighths-inch shoulder softens 
two metal pieces with friction heat—
while beneath the surface the tool’s 
quarter-inch probe stirs the metals 
together.
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Advantages of 
friction-stir welding
Lighter. No filler materials needed
Faster
Stronger. Finer weld grain of joints 
allows lighter structures.
Temperatures lower than melting 
point of metals. Held in solid state, 
they don’t crack or become porous.
No fumes or spatter
Uniform look. Flat, good appearance 
Low distortion and residual stresses
Can join a variety of metals, such 
as aluminum, titanium, steel, copper, 
and magnesium alloys—even metals 
considered “unweldable”
Can join two different metals
Highly repeatable. Welding skills not 
required
Can weld from any position
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This ad, from the Boeing portfolio of community ads, underscores Boeing’s ongoing commitment to education by
encouraging those who recognize and nurture the potential in our children.The ad is published 

in support of appropriate special events and community programs. 

It’s often just waiting to be discovered. 

By a teacher. By a parent. By a friend. 

To all those who search for the hidden 

treasures in our children, our thanks.

www.boeing.com
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