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b existing rmanufzcturing eyele for need for an additiona auteckve crele,
I complex structures is presented in The means of antomation are{ 1 ) ply cutting
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and lay-up using an antomatic tape layer, (2} laminate forming with a
hot forming system, (3) rimming with CNC machines,

{ 4)inspectisn with automatic A- or C-scan equipment, (5)
miechanical assembly with robots.

Tn the existing process, the remaining difficulties are two material-
intensive, time-consuming operations:; the antomation of laminate
placemnent m the curing mould and the vacuum bagging step, Thess
steps could be improved wsing a dosed-mould process such as RTM
adapted to prepreg technology { SQRTM ). With this process, co-
curing ks masdmized and a complex structure can be produced in a
single cure cycle. Steps such as laminate placement in the curing
moulds, part demoulding and tool cleaning aleo offer automation
opportunities { Figure 2).
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Flg. 2: Autamated manulfacturing dycle using the SRRTM process
The SQRTM process

SORTM isan RTM process adapted to prepreg technology. The
prepreg is placed in a closed mould and during the cure cycle, 2 small
amount of resin is injected into the cavity through ports positioned
around thepart o establish hydrostatic pressure on the prepreg [ 1],
The tool can either be self-clamped and self-heated or heated by a
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Fig. 3: SORTM process and equipment

press. The equipment is composed of an injecor and a vacoum
purmp (Figure 3},

The vacoum pump is connected to the mould and to the piston
during the resin degassing step, Being a key process parameter,
temperature is controlled in the piston, on the piston head, in the
injection line and inside the tool. The pressure inside the mould is
controlled by the piston. The SQRTM curingcycle, shown in Figure
3, is similar to the standard autodave curing oydle,

The advantages are the wse of qualified preprags — toughened
resins, LD reinforcements, 2 high level of integration, and tight
tolerances [ 1] = and surface fnish according to the moulding
process. Disadvantages are a higher toel price and a lower level of
flexibility to design changes.

Cost reduction

The left pie chart in Figare 4 shows an example of recurring cost
distribution for a complex structure assermbled with a standard
autoclave process, Cost drivers are materials, clean-rocm activities

{ineluding hot forming, bagging, demoulding and mould cleaning)
and final assembly.

Using the SQRTM process results in:
- reduced or, at best, eliminated assembly costs,
- reduced material costs through 1) the elimination or

reduced number of fasteners, 1} Insgaction
the redoced amount of tape with Assanbly m?m
thinmer junction parts and 3} a A
sgnificantly reduced amount i
of process materials, e f
- reduced clean-room costs due o ‘
the elimination of the Clsan futamatic
vacuum bagging step, — i1
- reduced trimming costs, -
- reduced curing costs through Mterial m
the elimination of the sutoclave ‘
Imapacion

and shorter cyele time [ 2,411, |

n the other hand, the inspection

could be more complex and time T e
consuming due to highly integrated rogm bt el

el e

The objective of the SQRTM process o oI
is bo cut recurring costs by about 20%. m
This level of cost reduction quickly '
offsets the higher tooling costs, even ey m
for small manufacturing batches. m = =
The next stage consists in introducing | inspection "0 glu
robots in the process to significantly MH:;"_,_; Guring r.
reduce lay-up, clean-room and o
mepection activities. “.mptoﬂc-ss %fﬂ?&ﬁlm B .:-.Z.i;
automation can be transferred to complex structure J
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Wore information ...
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Founded in 1920, SABCA is one of the maim aemspace companies in Belgium. The company designs, develops and produces major struchural
assemblics, both metalle and wmposite, for dvil, business and military aircraft as well as European space lzunchers, The SABCA Group

rompnses the mother company SABCA with locations in Brussels and Charlersi, and a fully owned subsidiary, SA8C4 Limburg that specalze in
compasite manufactuning. Established in 1992, SABCA Limburg specializes in the manufzcture of high-tech composite aircRft assemblies based

on prepreg technology. The company owns two lzrge automatic tape layers with beds up to 12 m, three autodlaves up 10 5.5 min diameter 2nd |
15 m kang, 2 large high-speed 5-ais router, and automatic C- and A-scans, —

SOQRTM technology. Laminate placement in the curing mould,
demonlding, mould and mandrel cleaning are potential new
challenges when robotizing the SQRTM process, The next
objective of using robots is to reduce recurring costs by about 40%,
based on constant matertal prices,

Demanstrator for the main landing gear bay of a
single-aisle aircraft

Figure 5 shows the SQRTM demonstrator, which combines the
rnain structural concepts of the rear bulkhead and pressure floor of
a main landimg gear bay. It is compesed of two beams with local
reinforcemenits and variable sections (up to 9-mm thick), a rib and

fpressnnan

m

Fixn' el

-
-
SEsEEEEREEEEREE R

srmssmEmEsE

-
e

Aviomaic soan

Pty eeas &

Fig. & SORTM demanstrator manulzchuring cycle

a stiffened panel with 7 hollow omega stringers. All the parts are
made out of prepreg UD tape {HS carbon /epoxy),

The process steps are the same as those presmted in Figure 2,
without using robots, After the flat lay-up of laminates with the
automatic tape layer and hot forming with dedicated equipment

{ single or double diaphragm), the wet laminates are transferred
into the closed mould. The curing mould is placed in the heating
press. After curing, the part is demoulded and inspected (Figure 6).
The demecnstrator was designed taking into consideration the
environmental conditions and the manufacturng sequence. Right
from the beginning of the development phase, the concept has to
consider the nse of prepreg combined with hot forming and closed-
mould technologies, This implies a geometric delinition enabling
forming of laminates and an adequate and efficient assembly
sequence of curing-mould mandrels.

A comparison with a similar stracture whose parts are cured
separately in an anteckve and fastened after individual inspection
coald give a weight reduction of arvund 108, The reasons are: no
foam for the stringers, no local reinforcements for bearing
capabilities and use of UD tape instead of fabric,

Conclusion

The astomated sequential process based on SQRTM technology
presented here reduces assembly steps and the associated costs and
results in lighter, better-performing parts. The key benefits are the
automated manufactuning of integrated structures allowing the
production of parts with higher mechanical properties due to
prepreg UD products, lighter tolerances and surface finish
according to the moulding process. Future investigations will focus
oh greater antemation in combination with fibre plicement. 0

More information: www.sabca, be
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