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■  Integrated, RTM’d aero door for A350
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Automotive CFRP: Repair or Replace? 

as more carbon composites are used for structural car components,  
how will crash damage be assessed and repairs be made?

Feature / automotive composites

source: airbus

he amount of carbon fiber-re-
forced plastics (CFRP) used in the 
global automotive industry is still 
small, confined mostly to racecars, 
supercars and high-end luxury 

vehicles. However, recent strategic alli-
ances between automakers and carbon 
fiber suppliers in response to increas-
ingly tough fuel-economy and carbon-
emissions standards make it a good bet 
that ultralightweight carbon composites 
will soon grace production passenger 

cars. And as processing speeds go up 
and raw material costs come down, car-
bon fiber-intensive volume-production 
cars will take to the roads in greater num-
bers. The inevitable accidents, however, 
will pose two challenging questions for 
OEMs, dealerships and body shops: How 
do they determine the extent of damage to CFRP 
structures? How do they decide whether to repair 
or replace those damaged structures?

On the small number of high-end autos 
on which carbon fiber composites already 

are used for body panels, those damaged 
hoods, deck lids/trunk lids, roofs, fenders 
and door panels are generally removed 
and replaced. Despite their cost, there is 
little economic incentive to attempt re-
pairs on such parts, and this is unlikely 
to change in high-volume applications. 
However, as CFRP moves into more criti-
cal structural components on the chassis, it 
may not make sense to replace major sec-
tions of the vehicle structure. But, what 
then? Is there a way to repair/rebuild criti-

cal structures economically? In dire dam-
age scenarios, will the entire vehicle be 
junked — an undesirable option for both 
owner and insurer? HPC recently sought 
out automakers whose cars already have 
significant structural CFRP content to get 
a glimpse of what repair strategies might 
emerge as CFRP goes mainstream.

cues from motorsports
Ian Thomson, technical director of start-
up CFRP parts producer Moldex Com-

posites Pvt. Ltd. (Surat, India), has more 
than 25 years’ experience with advanced 
composites for Formula 1 (F1) and en-
durance sports-car racing. A specialist 
in crash/energy-absorbing structures, he 
has patched a lot of damaged CFRP in 
his time. “Now, people seem a bit ner-
vous about doing this, and the trend is to 
just bin a damaged part,” he says. “But in 
the old days, in the 1980s and early 1990s 
with Williams, Ferrari and Sauber, we’d 
sit around and work out how to make a 
repair and then just go do it. Of course, 
we didn’t tell the drivers,” he laughs.

Thomson describes seeing a lot of 
heavy curbing damage in nonstructurally 
critical areas, such as cases of wheels be-
ing pushed into the chassis after a “slight 
brush” with a wall. The team would start 
with a visual inspection and follow it 
with a coin tap test. “Sometimes we’d 

also use ultrasound to check for disbond,” 
he says. “Then we’d go around and liter-
ally patch the area. We’d bag it and use 
heat lamps or silicone heater blankets to 
cure the patch. In Formula 1, we already 
had all the tools to do that in-house, and 
it always impressed the boss when we 
could repair something.”

Thomson referred to a favorite book on 
repairing aircraft composite structures 
and kept an eye on what the aerospace 
industry was doing, then he adapted its 

techniques to race cars. Since carbon fi-
ber composites on vehicles at that time 
were predominately unidirectional lami-
nates, for nonstructurally critical areas, 
they would use patches approximately 
1-mm/0.04-inch thick and extend the 
patch 25 mm/1 inch beyond the dam-
aged area. But for structural areas that 
were more critical to suspension or driver 
safety, they would use huge overlap joints 
for extra security and then conduct a 
proof load test (using either a simple tor-
sion test or a push/pull test for suspen-
sion joints) and compare measurements 
against those recorded throughout the 
season for each chassis that was built. 
“This helped remove the ‘myth’ among 
race engineers and drivers of a chassis go-
ing ‘soft’ — something that used to hap-
pen with a riveted aluminum chassis, but 
not with carbon composites,” he adds.

“We’d take the outer skin off, pare 
it back, and then take out the core and 
bond in a nice patch by creating a scarf 

joint, with a gradient whose ratio was 7 
mm [0.28-inches] long for every 1 mm 
[0.039 inches] in thickness.” They would 
use the same kind of prepreg featured on 
the original part, but one with a more flex-
ible curing window that would crosslink 
at a lower temperature (~80°C/~176°F). 
“We carried around a 3M prepreg with 
a 12-month ambient temp outlife that 
was originally developed for the military 
for patching bullet holes, and we’d use 
a 3M film adhesive to bond prepreg 

CFRP repair:     
The need for knowledge grows

mcLaren automotive Ltd.’s MP4-12C supercar 
features an all-cfrp “monocell” monocoque/
passenger cell/chassis (center in exploded 
view). rtm’d in one piece, the 75-kg/165-lb 
“tub” not only provides the vehicle with rigidity 
and lightweight strength (dry weight is only 
1,301 kg/2,868 lb) but also ensures superior 
occupant protection, similar to that found on 
f1 cars, in the event of a crash. the car also 
features extensive cfrp in sill panels, steering 
wheel, seats, interior trim panels, rear diffuser 
(red-orange, in exploded view), front splitter, 
and exterior turning vanes. 
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Well-protected passenger cell

mcLaren went to great lengths to ensure its monocell is very well protected by front crash 
cans, the rear engine frame and door structures. here, a photo from one of several multiple 
high-speed test crashes shows the monocell is undamaged. in fact, after sustaining three 
collisions with a concrete wall, this tub still remained unscathed.  

into the damaged part,” he recalls. “If 
the damage was really bad and we had 
to make another precured part to bond 
in, then we’d use a paste adhesive for at-
tachment.” The default solution was an-

other 3M product called 9323 adhesive, 
a versatile material that adhered well 
to most substrates. “We kept patching 
these cars and running them — some-
times as much as 10,000 miles [16,093 

km] — until it was no longer worthwhile 
doing so, weight-wise.”

He acknowledges that repair strate-
gies for road cars could differ based on 
the damage location. “There are a lot of 
body shops in Europe that can do repair 
work on composites, but if the damage 
involves the chassis, you really want it 
to go back to someone who knows what 
they’re looking at,” he recommends, re-
calling a recent case where there was a 
problem with a CFRP sports-car chassis 
racing at the Twelve Hours of Sebring 
event in the U.S. As it happened, there 
was a quality composites company near-
by. Thomson and a structural engineer-
ing colleague in Europe talked the U.S. 
composites company through the repair. 
“It came down to the courage of the tech-
nical director, who appointed someone 
locally to deal with this problem, and 
his faith in me and my colleague. The 
composites company was asking the 
right questions, so we all felt comfort-
able. They made a very good repair on 
that chassis. Although it was in a critical 
area, it was a flat spot, so the repair was 
relatively easy to make.”

mcLaren and the monocell
As McLaren Automotive Ltd. (Woking, 
U.K.) readied its new CFRP-intensive 
MP4-12C supercar for launch in 2011, 
the automaker committed to making the 
ownership experience as positive and af-
fordable as possible with regard to main-
tenance, repair and parts availability 
(see “Learn More,” p. 53). That’s a good 
thing, since this midengine two-seater 
features a one-piece, all-CFRP MonoCell, 
a monocoque passenger cell that would 
be beyond the capabilities of most body 
shops to even evaluate, let alone repair 
(see photo, p. 46).

Although the MonoCell is a predict-
able form onto which key components 
are mounted, and provides a stronger 
and simpler solution to chassis con-
struction vs. metals, it’s also expensive. 
So McLaren’s first line of defense for 
postcrash cell repairs is to avoid them. 
The vehicle features aluminum crash 
structures, front and rear, that mimic the 
chassis structure of race cars. “We put a 
lot of effort into making sure the Mono-
Cell is very well protected and that there 
is always a sacrificial element that will 
fail first,” says Claudio Santoni, func-
tion group manager, Body Structures, at 
McLaren Automotive. The company says 

these “bolt-on/bolt-off” structures not 
only absorb significant energy in a crash 
but they also are easy and relatively inex-
pensive to repair or replace. “This vehicle 
was designed with a very high level of 
modularity,” says Santoni.

He claims that multiple high-speed 
crashes into a concrete wall with the 
same MonoCell has proven their strat-
egy: The cell remained undamaged even 
after three hits, with all damage limited 
to metal structures around the Mono-
Cell (see top photo. p. 48). “If we had 
done that with an aluminum cockpit, 
it would have been bent and cracked,” 
he says. “While you could have pulled 
such a car straight again, the welds are 
so fragile that it would have been very 
dangerous. What we’ve done here is a 
different concept, and we believe it has 
a clear advantage over aluminium and 
steel vehicle structures, which are more 
often repaired but run the risk of retain-
ing undetected weaknesses.”

Santoni adds that incidents on the 
road during the car’s development pro-
gram also indicated that the McLaren 
strategy is sound. After sacrificial ele-
ments were replaced, the vehicles were 
back on the road in no time. Based on 
more than 20 years’ experience in build-
ing carbon fiber supercar and sports car 
chassis, the McLaren team reports that 
the most common forms of chassis dam-
age are caused by rocks striking the un-
derfloor and well-intentioned but unin-
formed mechanics outside the McLaren 
network who position a car jack in the 
wrong place and damage the floor.

In such cases, after a careful visual 
and, if necessary, ultrasound inspec-
tion, McLaren leaves it to trained me-
chanics in its service network to execute 
simple repairs, which are done via infu-
sion techniques at room temperature. 
More complicated fixes are dealt with 
by the engineering team that designed 
the MonoCell. In an extreme case, where 
damage is sufficient to affect the chassis, 
the vehicle would probably have had a 
severe crash, sustaining other damage. In 
such situations, Santoni says his team at 
the McLaren Technology Centre has lots 
of experience rebuilding individual sec-
tions of the MonoCell (and fixing other 
CFRP vehicle structures), so repairs are 
possible on sections that aren’t critical to 
crash performance — but if there was any 
doubt, the company would replace the 
MonoCell rather than risk a repair. Adds 

Santoni, “One of the commercial oppor-
tunities that industrialization of carbon 
chassis production gives us is exactly 
this: the ability to take this ‘no-risk’ deci-
sion-making to our quality control.”

Doctors without borders
As Automobili Lamborghini SpA 
(Sant’Agata Bolognese, Italy) made 

Composite roll-cage for F1 safety off the track

automobili Lamborghini’s new Aventador LP700-4 sports a one-piece, all-cfrp monocoque 
coupled, front and rear, to rigid aluminum subframes (top photo). the unibody design forms 
a full roll cage for formula 1-type occupant protection. recognizing early on that such 
extensive use of carbon composites would render the vehicle challenging to repair in the 
field, Lamborghini — in collaboration with Boeing and University of Washington’s automobili 
Lamborghini advanced composite structures Laboratory — developed a strategy for 
assessing damage sustained by the car’s cfrp elements and then providing field repairs. 

Formula 1 fabric fixes

a much-repaired chassis component from a 
ferrari formula 1 car (circa. 1990) showing 
repair strips and round patches made with 
carbon fabric prepreg after the vehicle took 
a ride up over a curb. (other circles on 
the chassis are machined high spots for 
accurate fitting of the floor.)  
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S I D E  S T O R Y

How to patch a racecar

The current state of the art in automotive CFRP repair borrows heavily from experiences gained in 
the aerospace/aviation and racing fields. This repair was made to a car owned by the Swiss Formula 
1 race team, Sauber (circa. July 1997). 

Step 1

Damage (white scars/scuffs) sustained 
by formula 1 car when wheel was 
pushed into the cfrp chassis during 
brush with a wall during a race.

Step 2

outer skin and core removed from 
damaged area. outer skin is chamfered 
with a 30-mm/1.2-inch wide beveled edge 
prior to being joined to patch.

Step 3

repair patch is a precured outer skin 
with honeycomb that will be bonded in 
with a paste adhesive.

Step 4

Damaged area now fixed with patch, 
which fits flush to skin of racecar.
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Fender supports: Bonded but removable

repairing carbon composite elements attached to the body-in-
white of street cars isn’t new. on earlier versions of the Dodge 
Viper supercar, carbon fiber-reinforced smc fender supports were 
joined to the car’s steel space frame yet could be removed and then 
serviced or replaced. the three-piece assembly was adhesively 
bonded and riveted together, then bonded to the vehicle’s steel 
spaceframe. chrysler dealership mechanics would heat the part, 
remove it, clean the area, and bond a new fender support in place.

preparations for the 2011 launch of its newest two-seater, 
midengine rocket, the Aventador LP700-4, the company went 
to great lengths to improve on previous weight and structural 
rigidity benchmarks. The keys to reaching these goals was 
greater use of carbon fiber composites than on its predeces-
sor, the Murciélago, and development assistance from The Boe-
ing Co. and the University of Washington’s Automobili Lam-
borghini Advanced Composite Structures Laboratory (ACSL), 
both located in Seattle, Wash.

Like the MP4-12C, the Aventador features a one-piece, all-
CFRP monocoque coupled, front and rear, to rigid alumi-
num subframes, but Lamborghini has used very different 
design and construction methods than its U.K. competitor. 
This unibody design encompasses a complete passenger 
cell, including the A- and B-pillars, the roof and the rear 
bulkhead that form a full roll cage for F1-type occupant pro-
tection (see bottom photos, p. 48). Despite its performance, 
the entire chassis weighs only 147 kg/324 lb. The car also 
makes extensive use of CFRP on vertical body panels, the 
rear engine decklid and the rear air scoops.

Recognizing early on that such extensive use of carbon fi-
ber composites would make field repairs a challenge, Lam-
borghini collaborated with Boeing and the ACSL to develop 
a strategy for assessing the level of damage sustained by 
Aventador CFRP elements and then provide specialized field 
support to customers. Casper Steenbergen, head of repair at 
Lamborghini’s Advanced Composite Research Center (ACRC), 
says, “We set up a complete strategy in order to determine 
whether to repair or replace pieces of a car if it becomes dam-
aged. Of course, we made a lot of analyses with FEA and, from 
there, identified a few zones that are more critical than others 
to the safe operation of the car.”
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Step 1

the body shop where the damaged vehicle is taken 
strips the car down so that bare carbon components 
will be exposed and ready for inspection and repair by 
Lamborghini’s “flying doctor” upon arrival.  

Step 2

a clear plastic film is placed 
over the damaged area (here, 
a rocker panel) and the “flying 
doctor” draws concentric 
ovals onto the film outside 
the damaged area. these 
markings will be used to make 
a template to cut pieces of 
prepreg. next the damaged 
area is cut from the part, 
the remaining margins are 
roughened with sandpaper to 
increase adhesion, a backing 
piece is bonded in to support 
the patch, and more prepreg 
(cut from the template) is 
layed up, bagged, and cured. 

Step 3

once the  repa i r 
is  complete,  the 
technician scans the 
repair with a portable 
ultrasound unit to 
ensure patch integrity, 
e.g., that trapped air 
hasn’t left any voids.  
With that assured, the 
automaker says the 
repaired section is as 
strong as the original.

CFRP repair:     
Lamborghini’s Aventador 

Automobili Lamborghini SpA (Sant’Agata Bolognese, Italy) uses 
several types of carbon fiber composites on its new Aventador 
LP700-4 supercar, but one type of repair that might be performed 
on a prepreg part would go as follows:

S I D E  S T O R Y
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Read this article online at http://short.
compositesworld.com/VjUIEmJO

Read more about McLaren’s customer 
support concept online at http://short.
compositesworld.com/YgPnUalH.

Read more about one type of repair performed 
by Lamborghini’s “flying doctors” online at
http://short.compositesworld.com/tCfAaxNi.

Learn More
 @

www.compositesworld.com

perform complex repairs on carbon fiber 
composites. In turn, the ACSL used this 
knowledge to support Lamborghini’s 
own ACRC in Sant’Agata, developing a 
repair strategy and establishing a global 
repair network for these vehicles. ACSL 
continues to support Lamborghini’s ef-
forts to develop new ways to make re-
pairs faster using leaner processes.

A customer with a damaged Aventador 
would first have it towed to the near-
est Lamborghini dealership or repair 

shop, where the car would be examined. 
Next, a damage report (containing writ-
ten and photographic documentation) 
would be prepared and submitted, along 
with a quick claim, via Lamborghini’s 
Web-based portal. Experts from several 
departments at Lamborghini’s ACRC 
would examine the information and 
try to determine the extent of the dam-
age. If they suspect more serious dam-
age, they would send a technician from 
an external company that specializes in 
nondestructive inspection (NDI) to take 
a closer look. The tech would bring field-
portable ultrasound and thermography 
units and examine the vehicle for hidden 
damage in critical zones of the car.

A second report, including the 
tests results, would be sent back to 
Sant’Agata, where it would be exam-
ined alongside the original report. If 
the ACRC’s multidisciplinary team de-
termines that damage has occurred to 
a critical chassis component, one of 
its specially trained technicians, who 
understands both carbon composites 
and the vehicle’s engineering, would 
be dispatched to fix the car. The auto-
maker calls this elite group its “flying 
doctors” — there are only four of them, 
worldwide, at the moment — and says 
they are on call 24/7/365 to travel to any 
location where an Aventador’s composite 
structure has been damaged.

Equipped with everything necessary 
to make an advanced-composite repair 
in the field, the technician is prepared to 
make a relatively straightforward patch 
or a more elaborate co-plate (cut from 
a large piece of carbon composite) that 
would be used to strengthen the dam-
aged zone. Because the vehicle com-
bines a number of CFRP forms — includ-
ing prepreg and RTM/braid on both Class 
A and non-Class A parts — the techni-
cian comes prepared with all the materi-
als that might be needed to fix whatever 
is damaged (see “Learn More”). Notably, 
Steenbergen says each flying doctor’s 
tool kit contains a hot bonder connected 
to two different heater blankets, each 
with its own controls, so two different 
materials with two different curing cycles 
can be repaired at the same time.

Depending on the extent of damage, 
the repair might take between 1 and 14 
days. Steenbergen says that, thus far, 
only one accident was severe enough to 
require this level of support. Of course, a 
repair strategy like this is far less costly 

than replacing a major chassis compo-
nent or scrapping a car.

repairing bonded substructures
Because carbon fiber composite elements 
frequently consolidate multiple metal 
parts, and because adhesive bonding is an 
economical and load-capable method for 
attaching composite parts to the body in 
white, repairs could be problematic. But 
according to Mike Shinedling, Viper pro-
gram manager, SRT Engineering, Chrys-
ler Group LLC (Auburn Hills, Mich.), that 
need not be the case. Three-piece carbon-
reinforced SMC fender supports on earlier 
versions of the Dodge Viper, for example, 
were bonded using a Pliogrip structural 
adhesive from Ashland Inc. (Covington, 
Ky.), then riveted together (mechanical 
fasteners fix the part while the adhesive 
cures) and bonded to the vehicle’s steel 
spaceframe. But when a Viper sustained 
damage to this structural part, mechan-
ics at Chrysler dealerships would heat the 
part, remove it, clean the area and attach 
a new fender support assembly, using an-
other grade of Pliogrip adhesive.

“With modern adhesives, it’s not 
a big deal to heat and separate bond 
joints so the parts are serviceable,” 
Shinedling says. “For us, bonding is a 
more efficient way to join structures 
by spreading loads out with the func-
tion of the part. And since it provides 
a barrier, it eliminates galvanic corro-
sion issues too.” He does acknowledge 
that for a mechanic in the field, it’s not 
always easy to judge whether a carbon 
fiber composite part is best repaired or 
replaced, but he adds, “Just like with 
metal parts, replacing the part will be 
the best solution every time.”

challenge & opportunity
Of course, the big question, right now, is 
how BMW AG (Munich, Germany) in-

The strategy for composites repair 
is based largely on the experience and 
knowledge gained from the collabora-
tive research effort, begun in 2008, says 
Paolo Feraboli, Ph.D., assistant profes-
sor of aircraft materials and structures 
and ACSL director. Previously a contract 
engineer/scientist at Boeing and an engi-
neering intern at Lamborghini, Feraboli 
says Boeing held workshops in Seattle 
a couple of years ago to train Lambo-
rghini engineers and ACSL members to 

tends to deal with repair of CFRP chassis 
components for its forthcoming i3 and i8 
electric vehicles, due to launch in 2013. 
BMW declined to participate in this story, 
but with target production volumes of 
100,000 under discussion for these plat-
forms — orders of magnitude greater 
than the supercars mentioned here and, 
presumably, produced at an order-of-
magnitude less cost — they will need to 
be repaired more cost-effectively in more 
places if BMW is to keep its customers 

happy. Once again, the composites indus-
try is faced with the challenge and oppor-
tunity to step up and work in league with 
auto manufacturers to make composites-
intensive (particularly carbon fiber compos-
ites-intensive) vehicles a reality by help-
ing them develop easy, inexpensive 
methods to assess damage to structural 
components in the field and then repair 
them. One thing is sure: Proponents of 
automotive aluminum and steel will be 
watching.


