¥ Adhesives distribute stress evenly along the bond line.
Photo courtesy of Henkel Technologies.

PDOGT GCT STUCK

WOLLCRITIG aBOUT

UPOSITES

If you have questions about joining composites and
their relationship with metal, we have answers

By Michael Bishop,
Assistant Editor

ith the price of metals in-
creasing, manufacturers
are modifying their de-
signs to offset their rising
costs. At the same time, more con-
sumers want to purchase vehicles based
on gas mileage ratings. As a result, au-
tomakers are interested in utilizing
composites more in their manufactur-
ing operations, according to Brian
Noonan, market development manager
for Henkel Technologies Industrial
Group, Rocky Hill, Conn. Composites
achieve a double benefit: They reduce
the amount of metal in the vehicle,
which reduces manufacturing costs,
and they weigh less, which increases
fuel economy.
Other industries—including aero-
space and agriculture—are using compos-
ites wherever possible too, Noonan said.

For example, the wings and fuselage on
the Boeing 787 Dreamliner are composed
of more than 50 percent composites.
Despite these advantages, compos-
ites also come with their own set of
challenges, and one of the most impor-
tant challenges is how to join the engi-
neered material to a metal correctly
using an adhesive. The FABRICATOR
presents the following questions and
answers as a resource for those metal
fabricators that might one day find
themselves working with composites.

What Characteristics
of a Composite Affect
the Choice of Adhesive?

One of the most important characteris-
tics is the types of materials that are
blended into the composite, according to
Noonan. He said adhesive choices are
limited for polyolefins and similar mate-
rials that are difficult to bond because

they have low surface energy. Alterna-
tively, a fiberglass-reinforced plastic—
commonly used in boat manufacturing—
gives manufacturers a wider choice of ad-
hesives, allowing them to choose the one
that has the best characteristics for their
specific applications; for example, choos-
ing an adhesive with a long open time to
bond large parts or selecting one with ad-
ditives like Kevlar® to increase the im-
pact and peel resistance for increased
toughness.

Mold releases are another important
consideration.

“Typically when composites are
molded and then pulled out of that
mold, there’s some type of mold release
used,” Noonan said. “That characteris-
tic could impact your bond strength,
depending on what was used for that
mold release. There are different op-
tions that would have no effect on the
adhesive bond, and others that might
have a large effect.”



Current Uses of Adhesives
in the World of Metal

Manufacturers currently use adhesives to join materials in ap-
plications such as agriculture; construction vehicles; work trucks;
recreational vehicles; trailers, from 50-foot box models to small
ATV versions; appliance; and automotive. They also have been
used in the marine industry for several years for bonding boat
hulls, as well as joining decks to hull bodies. In the aerospace in-
dustry, Boeing has been working on designing its aircraft to use
composites wherever possible to reduce weight, said Brian Noo-
nan, market development manager for Henkel Technologies In-
dustrial Group, Rocky Hill, Conn.

“We're seeing a change in how [adhesives] are viewed,” said
Steve Webb, global product integrator for LORD Corp., Cary, N.C.
“There’s growing global acceptance. Traditionally, the aerospace
and automotive industries have a lot of experience in that and
that, growing acceptance and growing expertise are moving
outward from those industries.”

A truck body producing application illustrates how adhesives
optimized a manufacturing process. Work trucks have rails on
the sides where drivers can attach cables or bungee cords to
hold down the material inside. Truck manufacturers can use
through-bolts that extend down the sides of the truck to bolt
the bracket to the wall. Over time, however, the truck might cor- '
rode where the bolts come through the body, with the corrosion
visible and dripping down the sides of the truck.

Some manufacturers have eliminated the bolts and switched
to adhesives to attach the bracket to the wall. The adhesive bond
makes the bracket stronger than the bolts do because forces are
distributed along the length of the bracket. The adhesive also
looks better.

“It made a clean finish on the outside of the trailer,” Noonan
said. “You have a flat composite wall on the outside instead of
these through-bolts, which is great for putting on graphics and
reducing the corrosion you'd see over time with the bolts.”

According to Noonan, eliminating the bolts reduced installa-
tion time by 20 percent.

A Jsed in place of through-bolts on truck bodies, adhesives help reduce
corrosion and installation time. Photo courtesy of Henkel Technologies.

How Does the Metal

Steve Webb, global product inte-
grator for LORD Corp., Cary, N.C,,
said the end use of the application af-
fects the choice of adhesive the most.
Choices include epoxies, urethanes,
acrylics, and polysulfides.

“A good example would be select-
ing an epoxy-sized resin matrix in a car-
bon fiber where you're trying to get an
extremely high-modulus composite, as
well as a high heat resistance, and then
that’s going to lead you toward an ad-
hesive that is better-suited for high
heat resistance and providing that
high-modulus application,” Webb said.

Substrate Affect the
Choice of Adhesive?

Each metal has unique characteristics,
and thus bonds better with some adhe-
sives than with others. Galvanized
steel, aluminum, copper, and easy-to-
bend metals with low tensile strengths,
for example, require close attention to
the adhesive used with them, especially
for outdoor applications. An adhesive
with an acrylic base, such as a methyl
methacrylate, works well on those
types of metals.

Epoxies can join composites with
many types of metals, Noonan added.
However, they have challenges of their
own that make them difficult to use in
some applications.

“They tend to be very stiff once
they’re cured, so if you have a joint that’s
going to see lots of flexing or impact,
epoxies might not be a great solution,”
Noonan said. “[However], heat-cure
epoxies are used a lot in the automotive
industry. Some technologies allow high
toughness of those epoxies with additives
like Kevlar and different things, which
allow them to withstand [high] impacts.”



Webb said most adhesive manufac-
turers are working to produce adhesives
that can join most metals. The goal is
to engineer adhesives that can join any
metal regardless of the alloy.

“Where you get into differences
on the metals themselves are particu-
lar metal treatments,” Webb said.
“There are surface treatments that
have been done to the metal, anodiz-
ing, chroming treatments on various
zinc-coated steels, and so forth. Those
are the surface treatments that affect
adhesion far more frequently than the
alloy or the choice of metal.”

Do the Benefits of Adhesives
Outweigh the Shortcomings?

According to Webb, the main disad-
vantages of adhesives are a lack of un-
derstanding about how to efficiently
join and fixture assemblies and move
everything together in the manufac-
turing process so that fasteners such as
screws and rivets can be replaced. The
entire application process needs to be
automated. Noonan said a benefit of
adhesives is the even distribution of
stress across the bond line. With rivets
or screws, the substrate sometimes fails
right around the area of the rivet.

Adhesives also eliminate the need for
drilling; can join complex forms; evenly
distribute stress across the entire bond
line; and bond and seal in one step.

“A key reason people move to ad-
hesives is the labor savings,” Noonan

said. “To apply 1,000 or 2,000 rivets
over the roof of a trailer takes a signif-
icant amount of time versus drawing a
single bead of adhesive around there.
A thousand rivets might be cheaper
than the amount of adhesive you put
down on the roof, but when you factor
in the time and labor savings and the
increase in throughput you can
achieve, it’s definitely a benefit.”

When Does It Make More Sense

to Join Metals and Composites With
Mechanical Fasteners Such

as Screws and Rivets Instead of
With Adhesives?

Not surprisingly, Noonan said adhe-
sives almost always make more sense
because they evenly distribute the load
and reduce labor time. However, he
added, the industry isn’t working to
eliminate fasteners, just to change the
way they are used. Potential uses in-
clude small, nonstructural applications.

“When you use an adhesive, there
has to be some inherent time that the
adhesive needs to cure,” Noonan said.
“A lot of what we see today is not fas-
tener elimination, but fastener reduc-
tion. People are going from thousands
of rivets to maybe 10 rivets that just
hold the pieces in place while the ad-
hesive cures. For that reason, I think
you might see a few of these pieces
where fasteners are made as the fixtur-
ing method but not as the ultimate
strength of the assembly.”

“[In some situations], it requires two
people to put a fastener in, and so those
labor costs are being looked at,” Webb
said. “But you'll never get away from me-
chanical fasteners in some applications.
There are always applications in designs
of joints where a mechanical fastener will
make more sense than an adhesive, but
increasingly, I think you're seeing the
cost savings afforded by adhesives being
looked at and then re-engineering the
process and/or the design of an assembly.”

What Does the Future Hold
for Composite Materials in
Product Design?

Many industries use composites exten-
sively, and others that don’t use them
yet are considering them for their future
designs, according to Noonan. In the
future, engineers might try to replace
steel frames, brackets, or skins with re-
inforced composites, he said. Trailer
manufacturers are working composites
into more of their designs to reduce
weight and increase payload capacity.
RVs also offer an area of future growth.

“There are so many things you can
do with an adhesive to make it work
with a substrate and with the manufac-
turing process,” he said. “It’s a nice fit.” B

Assistant Editor Michael Bishop can be
reached at michaelb@thefabricator.com.

LORD Corp., 111 Lord Drive, Cary, NC
27511, 877-275-5673, www.lord.com

Reprinted with permission from THE FABRICATOR, November 2008. Visit our website at www.thefabricator.com.
© FMA Communications Inc. All Rights Reserved. Foster Printing Service: 866-879-9144, www.marketingreprints.com.

LORD provides valuable expertise in adhesives and coatings, vibration and motion control, and magnetically responsive technologies. Our
people work in collaboration with our customers to help them increase the value of their products. Innovative and responsive in an ever-changing
marketplace, we are focused on providing solutions for our customers worldwide ... Ask Us How.

LORD Corporation
World Headquarters
111 Lord Drive

Cary, NC 27511-7923
USA

Customer Support Center (in United States & Canada)
+1 877 ASK LORD (275 5673)

www.lord.com

For a listing of our worldwide locations, visit LORD.com/locations.

©2008 LORD Corporation OD RE3031 (Rev.0 12/08)

1.OIRD

AskUsHow™"




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (150 dpi)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


