


-----FOCUS ON DESIGN 

SIXTH ELEMENT: LAMBORGHINI 
The automaker's R&D centers implement aerospace-inspired design to e 

A !though Automobili Lamborghini 
SpA (Sant'Agata Bolognese, Italy) 
has used carbon fiber-reinforced 
polymer (CFRP) in all of its pro
duction sports cars since 1990, 

the automaker has radically changed its 
design and production in the past five 
years, evolving from autoclave-cured pre
preg parts attached to a metal spaceframe 
to an out-of-autoclave CFRP monocoque 
(integrated chassis/structural body) 

Lamborghini's new approach was pro
pelled by a new emphasis on accelera
tion and handling vs. top speed The tra
ditional approach to the latter has been 
to add horsepower, but that increases 
emissions and does not necessarily im
prove acceleration, which depends on 
the power-to-weight ratio. Acknowledg
ing that the average weight of its mod
els had increased 500 kg! I, 102 lb due to 
improvements that increase safety and 

comfort and reduce emissions, Lambo
rghini focused on CFRP As CEO Stephan 
Winkelman explains, "Every new Lambo
rghini will make the best use of carbon fi
ber to reduce weight" But how would that 
"best use" be determined? 

The Automobili Lamborghini Ad
vanced Composite Structures Labora
tory (ACSL) was established for that 
purpose in 2007 at the University of 
Washington (Seattle, Wash.). It works 

AUTOMOBILI LAMBORGHINI's 
SESTO ELEMENTO CFRP CHASSIS 

CFRP passenger 
"tub," a monocoque 
structure made 

CFRP exhaust exit port 
(seen from back of car) 

in one piece, using 
discontinuous {1 to 

2-inch/25.4 to 50.8-mm) 
fibers and cured 

out of the autoclave 

DESIGN RESULTS 

• Replaced a design that fea
tures prepreg parts attached 
to a metal spaceframe 
with a CFRP monocoque. 

• Increased monocoque 
production rate from 1 00 
units per year to 1 ,000 units 
per year. 

• Reduced car weight and 
tailpipe emissions by 40 
percent, and improved 
power-to-weight ratio from 
2.6 kg/hp to 1.7 kg/hp 
(5. 7 lb/hp to 3.8 lb/hp). 

CFRP suspension frame 
members {first use of 
composite suspension arm 
components in a sports car) 

70 I HIGH-PERFORMANCE COMPOSITES 

via FORGED 
COMPOSITES 
technology 

High-temperature 
capable CFRP
and-ceramic 
exhaust system 

structures in a high
performance sports car 

. ~ 

Suspension control arms (four per 
each front wheel) are 30 percent 
lighter than same components in 
aluminum 
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ACCELERATES CFRP 
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closely with Lamborghini's Advanced 
Composites Research Center (ACRC) in 
Sant'Agata Bolognese, and is funded in 
part by The Boeing Co. (Chicago, IlL), for 
which ACSL director Dr. Paolo Feraboli 
previously worked, and the U.S. Federal 
Aviation Admin. (Washington, D.C.). 
"There is a lot of opportunity for exchange 
between the aviation and automotive in
dustries in these areas," Feraboli explains 
So when Lamborghini's sen ior VP and 
chief technical offi cer, Maurizio Reggian i, 
challenged the ACSL and ACRC to dra
matically reduce the weight and cost 
of new models, yet preserve their 
performance and safety, Feraboli 
and his team, based on lessons 
learned on Boeing's 787, sug
gested moving away from prepreg 
and adopting aerospace-derived 
design methodologies to achieve 
very high-performance CFRP struc
tures out of the autoclave. 

Next-generation design 
The first fruit was the Aventador, unveiled 
in March 20 II . When its development be
gan in October 2007, Lamborghini 's goa l 
was to follow the successful V-12 Murcie
lago with a lighter, better-performing ve
hicle that could be produced in greater 
numbers - at least I ,000 Aventadors per 
year, compared to 500 Murcielagos per 
year. "These volumes simply aren't practi 
cal using a trad it ional prepreg approach," 
explains Feraboli. 

Inspired by Formula I race car design, 
ACSL and ACRC first proved out a CFRP 
monocoque, which integrates the ve
hicle's load-bearing structure and occu
pant ceiL It functions like a roll cage and 
reduces weight by cutting the number of 
parts. The monocoque was refined as t he 
now-patented resin t ransfer molding pro
cess, RTM-Lambo, was developed. Based 
on RTM Lite, its low injection pressure 
enables the use of less-expensive equip
ment and composite tooling in place of 
cost ly matched metal molds. ARALDITE 
epoxy RTM resin, from Huntsman Ad
vanced Materials (Basel, Switzerland) , 
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Carbon fiber-full Source: Lamborghini ACSL 

Fully 80 percent of Automobili Lamborghini 's Sesto Elemento concept car is CFRP, including its 
monocoque, front subframe, t ransmission shaft , exhaust (photo, upper right), suspension 
components and crash boxes- the last two are "firsts" for a sports car. 

is reinforced with dry stitched fabric. 
Braided fabric adds torsional stiffness in 
tubular components, such as structural 
roof pillars and door sills. Epoxy foam be
tween the CFRP layers increases stiffness 
and damps noise and vibration at stra
tegic points Aluminum inserts were de
signed into the laminate at front and rear 
aluminum subframe attachment po ints. 

"Because we used higher performance 
materials, we did not need ribs to st iff
en the tub structure, making it simpler 
to produce," Ferabo l i po ints out "We 
achieved an RTM cycle time of several 
hours, with the total monocoque com
pleted in 10 to 20 hours." Atti lio Masini, 
ACRC's head of materials and manufac
turing processes, says t he OOA process 
has increased monocoque production 

from two per week to more t han five per 
day, reducing cost by a factor o f I 0. 

The Aventador's monocoque weighs only 
147.5 kg/325 lb and helps it attain a top 
speed of 350 kmh/218 mph. The car ac
celerates from 0 to 100 kmh (62 mph) in 
2.9 seconds (Mu rcielago reached 330 kmh, 
and 0 to 100 kmh in 3.6 seconds) yet t he 
fuel consumption and C02 emissions are 
down by about 20 percent The car also 
set a new record for Lamborghini : 1.400 
were sold the first month after its release. 

The Sixth Element 
Lamborghini's next step was the Sesto El
emento (Italian for "sixth element," named 
for the placement of carbon on the pe
riod ic chart) Unveiled in October 20 I 0, 
before the Aventador, the Sesto Elemento :J 
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was a later project. but it required less 
time because it is a technology demon
strator Feraboli recalls, "Mr Reggiani's 
idea with the Sesto Elemento was to take 
the same powertra in as in the Gallardo Su
perleggera and reduce the [overa ll [ weight 
from 1,340 kg to 999 kg [ 2,954 lb to 2,202 
lb[, realizing 650 kg [ 1.433 lb[ of that is in 
the V- 1 0 engine alone." The lightest pro
duction Lamborgh ini ever made, the Su
perleggera can go from 0 to 100 kmh in 3.4 
seconds. So how do you improve on that? 
"Eighty percent of the Sesto Elemento is car
bon fiber," answers Feraboli. (By contrast. 
the Mu rcielago's CFRP content by weight is 
30 percent , and the Aventador's is 50 per
cent Lamborghin i forecasts that its annu
al CFRP use will trip le, ris ing to 300 metric 
tonnes - nearly 661.390 lb- by 20 13 ) 

The car uses CFRP not only in its 
monocoque, but' also in its suspens ion 
(the control arms are 30 percent lighter 
than in aluminum), transm iss ion shaft 
(the central joint was el iminated). front 
subframe and crash boxes. Fu rther, its 
entire exhaust system is made of high
temperatu re CFRP and ceramic materi 
als. The Sesto Elemento's CFRP suspen
sion and an ai i-CFRP front crash box are 
"firsts": "CFRP has never been used in 
sports car suspensions before, and man
ufacturers have always used aluminum 
and/or steel in the crash boxes, even i f 
they did use some CFRP," says Feraboli. 

Featuring a skin one-th ird the thi ck
ness of previous CFRP sports car body 
panels, the Sesto Elemento's monocoque 
ach ieves the required rigid ity via Boeing 
787-inspired integrated stiffeners. It also 
uses one-shot FORGED COMPOSITES 
technology, developed in collaboration 

Read this article online at http://short. 
compositesworld.com/HDThDA8g. 

Read more about the Automobili Lamborghini 
ACSL's beginnings at http://short. 
compositesworld.com/aiFiOwBO. 

Read about CFRP repair strategies for the 
Lamborghini Aventador LP-700-4 coupe 
in "Automotive CFRP: Repair or Replace?" 
HPC May 2012 (p. 46) or visit http://short. 
compositesworld.comNjUIEmJO. 

Read more about the Lamborghini Aventador 
J in "Sitting Pretty: CFRP seats and interior," 
in HPC July 2012 (p. 30) or visit http://short. 
compositesworld.com/hD15toVZ. 

ACSl's chief with a chief accomplishment 

ACSL director Dr. Paolo Feraboli stands beside the Boeing 787-tribute Aventador, Lamborghini 's 
latest production-model supercar. Its CFRP monocoque helps cut car weight by 40 percent. 

with Ca llaway Golf Co. (Carlsbad, Ca 
l if.) and proven out at ACSL. Instead of 
continuous woven fibe rs, FORGED COM
POSITES uses 1- to 2-inch (25- to 51-
mm) long cut fibers, quickly molded out 
of autoclave. Lamborghini's take on this 
technology, patented as RADICARBON, 
cla ims more than 50,000 intertwined fi 
bers per square inch and greater strength 
and stiffness by weight than aluminum. 
Ferabol i says the technology's matched 
meta l molds, heated presses and pres
sure (>I ,000 ps i ) mint composites that 
replace aluminum forg ings, one to one. 
"It enables a complex structure not 
possib le with trad it ional unitape" 

Quantum Composites' (Bay City, 
Mich ) AMC 8500 family of products is 
used, featuring vinyl ester resin and 
chopped 12K carbon fiber "Because it 
is lower performance than UD tape," 
explains Ferabol i , "you must re-engi
neer the structure to get the necessary 
stiffness- and strength-to-weight rat io 
to replace alum inum. You can do this 
somewhat with shape - section modu
lus - but also by us ing UD selectively in 
combination with discontinuous fiber" 

Ferabol i's goal is not only to com
pletely eliminate the autoclave (the 
Aventador still requ i res an autoclave cycle 
for exterior prepreg su rfaces) but also to 
reduce press cycle t imes to four minutes 
for vinyl ester and I 0 minutes for epoxy. 
Th is will be necessary in a future produc
tion model that replaces the Gallardo se
ries, production of wh ich reached almost 
2,000 cars in 2008. Ferabol i contends 
that FORGED COMPOSITES can mint 
I 0,000 parts per year 

The Sesto Elemento has achieved its 
designers' objectives "We reduced the 

weight and emiss ions by 40 percent 
weight and emissions are directly pro
portional- and cut acceleration from 0 
to 100 kmh down to 2.5 seconds, wit(wut 
a new powertrain," says ACRC di rector 
Luciano DeOto. By comparison , the de
signers of the Bugatti Veyron added I ,000 
hp to do the same. 

"We have increased the power-to
weight ratio, and the customer's ex
perience of the car's handl ing and per
formance has improved dramatica lly," 
Ferabol i adds. Although Lamborghini 
says RADICARBON isn't ready for se
rial production, Feraboli notes, "We have 
been working with Boeing for six years 
to develop suitable ana lysis methods 
for modeling th is material's behavior in 
structures, which is very different from 
traditional composites. Combined with 
the ACRC's work, we are very close to 
production capability now. " 

Driving into the future 
Lamborghin i , in fact, cla ims it is the only 
automaker to have mastered the com
plete CFRP design-to-production pro
cess in-house. Based on aerospace best 
practices, its monocoques are made to 
tolerances of ±0. 1 mm/±0.004 inch. Boe
ing's "bui lding-block" approach to test
ing and design allowables development 
reported ly enabled the Aventador to pass 
its crash test certification on its first 
try "Each crash test costs over $1 mil 
lion, so it is very good to get it right the 
first time," qu ips Feraboli. "This enables 
us to perform virtual tests on Lambo
rghin is we develop in the future." 

So what is the impact? According to 
Ferabol i , higher performance and less 
expensive, more optim ized R&D. • 
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