
Out-of-Autoclave Tooling Gets out of the Blocks
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Although aerospace composites and

autoclave cure traditionally go hand-in-

hand, Cirrus Design Corp. (Duluth, Minn.)

does not own an autoclave. 

Founded in 1984, the general aviation

aircraft manufacturer - in common with a

number of similar companies - started

small by making kit aircraft, but

subsequently expanded, fielding several

versions of two certified, single-engine

aircraft, the SR20 and SR22. 

There’s also a very light jet (VLJ), the Cirrus

Jet, in the works. Although Cirrus now

operates five curing ovens, built by the

likes of Wisconsin Oven Corp. (E. Troy,

Wis.) and Rapid Engineering (Comstock

Park, Mich.), acquisition of an autoclave

isn’t in the business plan. Beyond the

prohibitive initial investment, says Steve

Ell, Cirrus’ associate director,

manufacturing/engineering services,

“running an autoclave costs lots of

money.”

The lack of an autoclave has made

especially difficult the production of

composite tools that can duplicate the

surface quality of a master model and

stand up under thermal cycling during

production of hundreds of parts. In the

past, Ell has outsourced autoclave cure. 

“Sometimes, this is a challenge, especially

if the closest company is hundreds of

miles away,” he notes. “So I either pay for

travel, which can cost $200 per day per

person and take 10 people on a large tool,

or have other companies build the tool,

which can double the cost of the tool

instantly.”

In search of an alternative, Cirrus and

supplier Advanced Composites Group Inc.

(ACG, Tulsa, Okla.) have collaborated for

three years on the development of out-of-

autoclave tooling. Early work was done

with ACG’s LTM®10 and LTM®12 tooling

prepregs formulated for use in autoclaved

and oven-cured tools.

Unfortunately, oven-cured tooling

prepregs have not worked as well out of

the autoclave, where consolidation

pressure (about 1bar/14.5psi) is

insufficient to produce an autoclave-

quality mould surface. Even when

autoclaved at 43 to 72psi (3 to 5bar),

prepregs require several intermediate

vacuum bag debulks during lay-up to

ensure full consolidation, yet they do not

always yield the expected surface quality.

However, recent trials with ACG’s

LTM®318U material system, designed

exclusively for oven-cured tooling, have

simplified tool production and shown

marked improvement in mould surface

quality and useful life.

Charting a new course

Among the first tools made with the new

system was the cowl mould for the Cirrus

SR22-G3 Turbo GTS (photo below right), a

glass/epoxy prepreg construction about

1.5m long x 0.6m wide x 0.75m deep (5ft x

2ft x 2.5ft). Historically oven cured at

135°C (275°F), the part was an ideal

candidate for an oven-cured tool.

Unlike the LTM10 and LTM12 materials,

the LTM318U system is not prepreg-based.

Instead, its fabrics are selectively

impregnated (semipreg) with strips of

resin film. 

The spaces between the strips provide

generous escape paths for air during

vacuum consolidation. Based on ACG’s

ZPREG®, which was originally developed

for low-pressure moulding of paint-ready

automotive body panels, these semipregs

“can be readily modified and formatted to

provide the heavy ply weights for rapid

tool construction, even in a form that does

not require the intermediate ‘debulking’

cycles,” says Dr. John Nixon, technical

marketing manager for Advanced

Composites Group Ltd., the group’s

European counterpart, based in Heanor,

Derbyshire, U.K.

Mastering a new model

To appropriate these benefits, however,

Cirrus had to redesign its toolmaking

regimen to accommodate processing

differences. That began with the master

model, previously cut from polyurethane

foam. Because chemically active

ingredients in some polyurethane and

polyester modelling materials can outgas

and interfere with the curing of LTM10

and LTM12 tools, Cirrus had protected tool

lay-ups by sealing foam masters with an

epoxy surface coating (ACG’s CS705) and

could have done the same with the

LTM318U system because its slightly

different chemistry reportedly doesn’t

exhibit the same degree of cure inhibition.

However, other concerns prompted a

change. “A foam master doesn’t transfer

heat as well as a consistent-thickness

laminate master,” explains Ell. 

Additionally, LTM318U’s higher initial cure

temperature -  65 to 82°C (150 to 180°F)

compared to 43°C (110°F) for the LTM12 -

raised concern about model integrity. “You

have to ensure the master model can

withstand the higher heat,” says Ell. For

these reasons, and to ensure that the

master would be vacuum-tight and able to

hold its shape under full vacuum, the

company CNC-machined a new master

from epoxy-based tooling block , using a 5-

axis machining center built by Haas

Automation Inc. (Oxnard, Calif.).

Designing a better laminate

Cirrus also recrafted the cowl tool’s ply

schedule. First down on the master was

ACG’s ZPREG LTF318U/GF1200 surface ply,

a 200g/sq m glass semipreg with an

attached, lightweight scrim (50g/sq m),

which was placed tool-side down. CF0300

carbon fabric would be used in the case of

a carbon-reinforced part. This layer was

extended ~12.7mm (0.5inch) beyond the

main laminate stack to bring it into

contact with breather materials, allowing

the vacuum system greater access to the

semipreg’s vacuum paths. “The air is

evacuated efficiently as the resin drops in

viscosity and flows during the cure cycle,”

says Jon Grigson, ACG technical support

manager. “It’s a very dynamic situation

that works well in practice.”

LTF318U
Cowling 
Tooling

New ACG BPS240 Clad IFR Automotive ‘Aspid’ Luxury Sports Car

ACG is pleased to announce that the long

awaited IFR Automotive ‘Aspid’ sports car,

which made its debut at the British

International Motor Show in London on

the 22nd July 2008, has made extensive

use of the Group’s distinctive BPS240 Body

Panel System and MTM®57 component

prepregs.

The Aspid is a new, technically-advanced

luxury sports car from automotive

engineering consultancy IFR Automotive.

The Aspid offers exceptional performance,

agility and style in a small, lightweight and

ultra compact package.

The Aspid is the only car in the world to

meet both FIA safety requirements and

European homologation standards.  This

means it already has the strength within

its hybrid carbon fibre and aluminium

body structure to avoid the need for an

additional roll cage; it really can be driven

from the road directly onto the race track

without the need for any special

preparation.  

A thorough review of composite material

options was undertaken in collaboration

with engineers from ACG. ACG's BPS240

carbon body panel system was selected for

the bodywork and MTM®57 was selected

for the trim applications.  The interior trim

applications were press moulded with

aluminium tools, giving excellent surface

finish and high part-to-part dimensional

tolerances with minimal trimming

operations.

ACG's carbon fibre composite BPS240 Body

Panel System has become the material of

choice for painted carbon body panels

throughout the automotive

industry, and was approved by

IFR Automotive in early 2008. 

BPS240 is a ZPREG® rapid

deposition system with a

stable, high temperature and

integrated surface film

capable of producing ‘Class

A’ surfaces for both low and

high bake paint systems, while also having

the ability to maintain this standard in

service. 

BPS240 panels can be moulded from high

quality composite or metal tooling,

reducing manufacturing times by as much

as 80% compared with traditional carbon

prepreg materials. Further significant cycle

time and cost reductions are available if

BPS240 is processed using matched die

compression moulding techniques, as IFR

have used when making interior parts

from ACG’s MTM57.

MTM57 offers one of the best solutions in

the industry for cosmetic trim

applications, giving a fully transparent

clear surface finish with excellent UV

performance.

The predominance of carbon fibre in the

vehicle has allowed IFR Automotive to

reduce vehicle mass to just 700kg

(1,550lb).  This has two effects, the first

being to reduce vehicle emissions, while

also increasing fuel economy, and the

second is to bestow it with exceptional

performance figures; a 570bhp/tonne

(1.75kg/bhp) power-to-weight ratio, 0 -

62mph (100km/h) in 2.8 seconds and

100mph (160km/h) in 5.9 seconds, with

equally impressive braking performance

from 100 to 0mph in 3 seconds.

Artist’s impression and photographs
copyright and courtesy of IFR Automotive.
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The surface ply then was debulked at

13psi (0.9bar) for five minutes, using

bagging film, a P3 release film and a 4oz

breather. Second down in the mould was a

resin-rich syntactic layer not previously

used in ACG’s tooling systems - a 380g/sq

m fabric semipregged with a 0.76mm

(0.03inch) continuous layer of epoxy

syntactic resin. 

“The syntactic layer ‘donates’ resin to the

surface ply,” Grigson points out. “The

syntactic layer is also the key to making a

tool using only vacuum,” adds Donald

Rockett, ACG regional sales manager. “It’s

like a layer of rubber, and it won’t leak.”

The addition of a syntactic layer required

an adjustment in the ply schedule. Where

ACG’s LTM10 system, for example, had

used a 1-8-1 lay-up (a surface ply, eight

bulk plies and another surface ply for

balance), LTM318U substitutes a 1-1-6-1-1

lay-up - the syntactic ply replacing the

outmost bulk ply on each side. For the bulk

plies, a 12K, 660g/sq m carbon ZPREG

fabric is used for carbon tools, but a

slightly heavier glass fabric was used for

the cowl tool. The four middle bulk plies

were oriented at ±45°, with outer bulk

plies at 0°. This lay-up produces a finished

tool of ~6.6mm  (~0.26inch) thick, but for a

smaller tool, where a thinner tool face will

suffice, a 1-1-4-1-1 lay-up about 5.3mm

(0.210 inch) thick can be used.

Ell says the tackier LTM318U materials

took some getting used to. “You have to

pay attention to the temperature of the

environment,” he explains. “We try to lay-

up our tools at 15 to 18°C (60 to 64°F)

because if the temperature gets up to

around 21°C (70°F), you have difficulty

picking it up when you have a void or a

bridge.”

The completed lay-up was vacuum bagged

as before and oven cured for 16 hours at

65°C (150°F), after a slow ramp-up of 20°C

(35°F) per hour, which allowed the Tg to

step ahead of the post-cure temperature

so that the tool shape would not deform

through self-weight. The post-cure

temperature was ramped to 200°C (392°F),

then stepped down 3°C (5.5°F) per minute

to a dwell temperature of 190°C (375°F).

This tactic optimized crosslinking of the

polymer, making it able to withstand

thermal cycling and minimizing tool

shrinkage - a particularly important result

for a 6.1m (20ft) fuselage tool. “I can take

that tool out after post-cure and set it

right back on the master model,” Ell

claims. “Our part material shrinks more

than the tool,” he quips.

Calculating the benefits

To date, Cirrus has built seven large tools

from oven-cured LTM10, twelve from the

LTM12 and nine using the LTM318U. 

While autoclaved LTM10 and LTM12 tools

yield a slightly better finish than the oven-

cured LTM318U system, Ell says the

LTM318U tool surface is superior to that

produced by oven-cured LTM10 or LTM12.

On a scale of 1 to 10, Ell rates autoclaved

LTM10/LTM12 in the range of 9 to 10, but

oven-cured LTM10/LTM12 earns only 6 to

7. The LTM318U tools are near-autoclave

quality at 8 to 9.

That said, Ell points out that “the big gain

for us has been durability.” The wet lay-up,

gel-coated tooling that Cirrus once relied

on would frequently microcrack or craze

before 200 parts could be pulled. The

cracks typically could be traced to the

mismatch between the thermal expansion

of the surface coats and the carbon or

glass in the laminate. By contrast, Ell

notes, “We built a tool for a main spar out

of ACG’s LTM318U system that had 300-

plus pulls, and still had a lot of life before

we did a redesign on the part.”

Further, the LTM318U tools can be used in

an autoclave and costs far less than Invar,

the tooling metal that offers the closest

tool/part CTE match. The cost of such

tooling for prototype or limited-run

aerospace parts can be as high as 75% of

the total airframe cost. “It takes $100,000

to build a single tool out of Invar,” says Ell.

“If you need four tools, that’s $400,000

right out of the box.” By contrast, he notes,

it cost roughly $40,000 to build the

cowling master model. Material cost for

the LTM318U system is roughly $71/sqft,

or about $1,775/tool/cowling. 

The cost of the backing structure for each

tool is about $5,000. Therefore, the

estimated total cost, before labour, for

building a single cowling tool from

LTM318U is roughly $46,775, resulting in

savings of more than 50%. For multiple

tools, the savings can be even greater

because the one-time cost of the master

model can be amortized.

According to ACG’s Rockett, the LTM300

Series OVBC materials are now available in

ready-to-use kit form, with surface plies,

syntactic plies and bulk plies in either

carbon or glass to reflect the thermal

expansion properties of the composite

part. 

ACG sees the material as an enabler for an

industry in need of more sources for

aircraft tooling.  “Lots of aerospace

companies have autoclaves, but many

tooling contractors do not,” comments

Chris Ridgard, ACG’s vice president,

technology. “This out-of-autoclave option

opens up the market for the tooling guys.

It’s a really big deal.” 

Cirrus’
LTF318U
Cowling
Tooling

Cowling as seen on the Cirrus SR22 G3 Turbo GTS 

Successful Three-Way Collaboration Leads to Success in Le Mans Series

ACG supplied Dutch company Ceemo
Engineering with its world renowned
BPS240 composite body panel system
for the production of all bodyparts on
Team Spyker Squadron’s C8 Laviolette
GT2R race car, which took fifth place in
the Le Mans Series race on the outskirts
of Barcelona on Sunday the 6th of April.

The collaboration between the Spyker
Squadron racing team and Ceemo
Engineering, who had the huge task of
finishing body parts for three race cars
within three months, made sure they
were completed in time for the Le Mans
Series. The enormity of the task was
simplified further by the application of
ACG’s remarkable BPS240, which is
ideally suited to the swift production of
high quality, high performance
bodywork components. Ceemo
Engineering commented, “special
additions make this material the
strongest in its class.”

Consequently, the first real race
performance of the Spyker C8 Laviolette
GT2R was met with raving reviews, with
professional racing car driver Ralf
Kelleners stating, “to build a car from
scratch, go straight into a 1000 km race,
and finish the race, is really great. It is
something that big manufacturers such
as Porsche dream of and we have just
done it.” Peter van Erp, Managing
Director of Team Spyker Squadron, was
equally impressed, commenting, “I could
not have dreamed of this
result during the last few
days when we were still
finalising the cars - I am very
pleased with our fifth place.”

ACG’s BPS240 is a ZPREG®
rapid deposition system -
with its stable, high
temperature and integrated
surface film, is capable of
producing ‘Class A’ surfaces

which can be maintained in service.
BPS240 offers effective processing
benefits, and presents a significant cost
saving over traditional prepreg
technologies. 

BPS240 panels can be moulded from
high quality, low cost composite tooling,
thereby reducing manufacturing times
by as much as 50 per cent compared to
traditional advanced composite
materials.  

Milestone in OOA Capability for Complex Aircraft Primary Structures

ACG reached an important milestone
when it successfully demonstrated the
capability of its MTM®44-1 Out-Of-
Autoclave (OOA) toughened, structural
prepreg resin system on the first sub-
scale wing box demonstrator produced
for the collaborative research
programme ‘ALCAS’ (Advanced Low Cost
Aircraft Structures). 

ACG is a major partner in the Business
Jet Platform of this Airbus and Dassault
Aviation led, 101m€ EU-funded
programme aimed at validating the
designs and technologies for lower cost
aircraft structures.

ACG’s main focus in the programme is
to design and manufacture the lower
cover of a structural wing box
demonstrator. This cover would then be
used by four other partners (Alenia,
Dassault Aviation, SAAB and Stork
Fokker AESP) to complete the structure
using different materials, designs and
manufacturing options. 

The four structures would subsequently
be tested to validate and compare the
embodied technologies.

The cover, composed primarily of
MTM44-1/intermediate modulus (IM)
UD prepreg, features ‘T’ shaped
stiffeners co-cured to the underlying
skin, which varies in thickness from 5 to
17mm. The structure was successfully
cured in a one-shot, oven-vacuum bag
cycle. Detailed stringer run out features
were substantiated by coupon and sub-
element level testing.

ACG’s cover was subsequently
assembled with the rest of Fokker’s
structure and the complete structural
wing box demonstrator was sent to
VZLU (Výzkumný a zkušební letecký
ústav, a.s.) in Prague, where static
loading, fatigue and impact tests were
performed to assess ultimate failure
load. The demonstrator failed at 10%
over the specified design ultimate load,
thereby proving the effectiveness of the
materials, designs and technologies
involved.

The cover panels destined for the
remaining three structural wing box
demonstrators have already been
manufactured at Advanced Composites
Engineering (ACE), ACG’s component
manufacturing facility, using the same

prepregs and OOA cure process. 
When compared with other OOA
structural systems, ACG’s MTM44-1
exhibits the highest mechanical
performances and can compete with a
wide range of high toughness, autoclave
curable epoxy systems. 

ACG first introduced OOA materials and
technology for aerospace structural
applications in the early 1990’s and has
radically developed its product portfolio
for this and many other demanding
applications.

Numerous civil and military programs
currently use ACG’s OOA materials to
manufacture structures by manual lay-
up and state-of-the-art automated
systems, including Automated Tape Lay-
Up (ATL) and Automated Fibre
Placement
(AFP).

Photograph copyright and courtesy of Spyker Cars N.V.
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