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AbO Ut MnNDR::L ¢

Hollow parts with closed shape
require mandrel technology

Existing mandrel or bladder techniques
show disadvantages

Aqua mandrels => New class of lost core
Water soluble & Environmentally friendly

Easy processing, safety &
environmental advantages

Applications:

= Air- and Cable Ducts
= Stiffening Structures
= Pressure Vessels
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AQua Qté

Highlight Features MANDREL &

Water soluble

Lightweight 0.54 gcm3

Low CTE 5-5.6 e®
Temperature resistant 195°C
Pressure resistant 8.5 bar
Autoclave and RTM

Compatible with common processes

Smooth surface
Automated manufacturing, machinable

Fast wash-out
Environmentally friendly — no wastewater treatment B




Aqua é,

Materials MANDR S &
= Aquacore™ wet paste

= Aquapour™ powder, castable

= Aquafill™ filler for repair

= Aqua Tool Bond water soluble adhesive
mainly for blocks

9 FSLD PanT

= Aquaseal™ water soluble sealant
= Fastcore AC for automated processing
= Cavuscore blocks, mandrels (new)

= Rapidcore rapid prototypes (new formulation)
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Aquacore for Honeycomb Stabilisation

Mandrel Prese
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20200219 Aqua




AERO CONSULTANTS AG

For Aerospace Composites

Products

= AquaBlock for Prototyping
= Pressed & Sealed
= Machinable

2

= Machined surface must be sealed

with tape or sealer

" o

Aqua &,
MANDREL ¢
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o
Products AQUA P @y

= RapidCore for Prototyping

= Silica sand with water-soluble binder
= Density 1.45 gcm-3

= Temperature resistant 150°C

= Coming soon... 180°C/300°C
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RapidCore Mandrel Steering Wheel Mounting ﬂi‘,{,‘;ﬁgﬂ

Mandrels with refractory coating. Unfortunately the mandreis reacted with the material, we got
small cracks in the thicker section. No cracks at the small, complex end of the mandrel.

- 1
Prepreg layup, curing at 130°C, 6bar, total cycle time Sh, No Release Agent was used!

£ e . )
The washout of this material need more mechanical effort, pressurised water would be helpful, but
the mandrel was resistant against the pressure of 6bar!

Because of the cracks we applied an additional layer of Teflon tape in this area.
Diffic t for sealing
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RapidCore Mandrel for Carbon Rim ﬂi‘,{,‘;ﬁgﬂ

Rim size @ 10” x 7”
Weight 1.35kg
Rim profile according DIN 7817

Made of Carbon Prepreg on a Rapidcore Mandrel
with outside tool

10 © 2020 Aero Consultants AG, LA
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RapidCore for Robot Application ﬁi‘,{,‘;ﬁgLa

= RapidCore combining with Composites for highly integrated
lightweight structures

= Hydraulically actuated Quadruped robot (HyQ)|

= Developed at Istituto Italiano di Tecnologia IIT E=£% »_ )
www.iit.it Dynamic Legged Systems Lab <

&

Load oriented design

1

} e ~ g ] [ e " »‘l = . -~ "‘_'"’ RN (R
BinderJetting & Sealing - Bagging — - - : .
thelSandicors Autoclave Curing .
) - Final Part

Demolding & Core removal Y.
‘)’ o
Y
- = Tiirk et al. Combining Additive Manufacturing with Advanced Composites for Highly Integrated Robotic Structures,
P"":‘*&f:;""g = 26t CIRP Design Conference 2016, submitted

=Daniel Tirk, dtuerk@ethz.ch, www.pdz.ethz.ch
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RapidCore Mandrel for ANYmal Robot ﬁi‘,ﬁ;‘;ﬁm

= RapidCore Mandrel used for Carbon legs
=> lightweight, high stiffness and cable integration
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¢
Products ﬁiﬁn‘éft

= Manufactured Mandrels
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Applications MANDReL &

= Hollow Door Structures

= Door Hinges
= Airducts

= Stringers

ELBIT SYSTEM - CYCLONE LTD.'S
COMPOSITE PASSENGER
AIRCRAFT DOOR

PABTENER SAEE DOOM

Example: compositesworld.com 201307
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. . oge ¢
Leonardo Helicopters Horizontal Stabilizer AQUA B @,

= AW169 Longeron mandrel length approx. 3000mm
" Incl. very accurate positioning system
= Prepreg co-curing system @ 180°C

THE AGUSTAWESTLAND |
AW169 THERMOPLASTIC P bR L
COMPOSITE TAILPLANE Sl s RS

Tail plane

Winglet
Tail plane
Removable
trailing edge
attach box =
Trailing edge { beainta Winglet
tail boom

ribs (14)

Winglet -~ i
pod i

Leadi:ged?o »_‘é_ B . = Y Removable trailing edge
s (12) . ] . L . (carbon fiber/PPS)

Winglet (carbon fiber/
Removable leading edges epoxy prepreg)
(carbon fiber/PPS)
e o Central box beam (carbon fiber/
UL PPS prepreg, see photo on p. 80)

* Easily formed omega-section box * Use of a prequalified thermoplastic prepreg ¢ Thermoplastic tailplane’s removable

beam, made of carbon/PPS prepreg, reduces risk yet increases toughness and leading and trailing edges ease
resists bending and torsional loads. durability in complex rotor wash environment. maintenance and repair.

© 2020 Aero Consultants AG, LA
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AQuUA tl:

Leonardo Helicopters Canopy Frame MANDR G &

= AW169 Canopy mandrel left and right
= Mandrel in complex 3D geometry
= Carbon Fibre Prepreg autoclave system
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. . ¢
Aircraft Passenger Door Hinge AQUA B @,

= Different mandrel shapes

= Wash-out station Door assembly
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. ¢
Airducts AQUA B @,
= Different Airducts Missile Airduct
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Landing Flap pauabe®,

1.5m length

—

RTM Processing

SEIONG
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o O
Omega Stringer |  ManoneL®

Up to 7m length
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Jigsaw Joint for Omega Stringer ﬁi‘,{,‘;ﬁgLa

= No additional adhesive for joining necessary
=> saves cost and labour

’ S

el

20200219 Aqua Mandrel Presentation_ © 2020 Aero Consultants AG, LA



AERO CONSULTANTS AG For Aerospace Composites

FanCowl Door Project with Omega Stringers ﬁi‘,{,‘;ﬁgﬂ

= Mandrel length > 4000mm
= Prepreg co-curing system @ 180°C

A \
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o
Pressure Vessels Aaua b, &,

= Mandrel made from block or with mould
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Automotive Parts Mi‘,f,‘,;Rgf’a
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Aqua é, &
ManREL ¢
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= Rear Crash Structure " Front Nose Section
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AQua "bé
MANDREL

= Dimension 600x690mm = Lay-up of the SMC material = SMC Part
(24”x 27”) = Temperature 140°C / 284°F = Very accurate in wall
= Volume 8.0 litre = Pressure 40bar / 580psi thickness

= Weight reduction 51%
(16.5kg => 8.0kg)

= Better acoustic insulation

= OEM in Germany

Cycle time each part 8 — 11min
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. . ¢
Next Material Generation Cavuscore AQUA B @,

= Water soluble

= Very fast wash-out

= Density 1.5-2.0 gcm?3

= Low CTE 7.1-14.0 E® K!

= Temperature resistant >300°C
= Pressure resistant 200 bar

= HP-RTM, Thermoplastic (PEEK),
Hot Pressing, Injection Moulding

= Recyclable

= Machinable
= Prototyping — Mass Production
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Cavuscore Project Race KTM Aqua b, &

MANDREL ¢

= Complex shaped hollow part with significant increased performance
and impressive weight reduction of about 65% (765g => 265g)

= Automated high-pressure RTM process (160bar)
handling by robots

= Braiding process

= Total cycle time approx. 180 seconds

Sand core Braiding m
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[ ] [ ] [ J Q
Cavuscore Thermoplastic Applications AQUA P @y

" Hot-pressing process

= Curing temperature >250°C

" Pressure £50bar

= Curing time 60min

= Washout hole @4mm, just water!

= Even no sealing necessary!

Thermoplastic application
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Fully automated
production ready
for Cavuscore
material
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Manufacturing Prototyping & Serial Production ﬁi‘,{,‘;ﬁgﬂ
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Production Equipment Aauaby b,

= Hot Air Ovens

= Microwave Heating
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Production Equipment Aaua b, &,

= CAD/CAM Design
= CNC Milling

o
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Logistics / Serial Production ﬁi‘;‘;ﬁgﬁ
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Selection of Customers

& AIRBUS “DIEF

DIEHL A=<"JT=C
HELICOPTERS Aircabin
G GKN AEROSPACE

Aqua é,
MANDREL ¢

MT AEROSPACE

P _ =
é‘] . KONGSBERG SONACA S.A.B.C.A.
/ AleniaAeronautica
_A;:CON‘\ erospace
'~ | EONARRDO " technology TRELLEBORG
\\ HELICOPTERS
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BOEING @ 6€ Global Research
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Aero Consultants

Your Partner in the
Aerospace
Composites
Industry

Aero Consultants AG

P.0O.Box 35

Grabenstrasse 8

CH-8606 Naenikon / Switzerland
T +41 44 905 28 00 (08)

F+41 44 941 31 37
l.atz@aero-consultants.ch
www.aero-consultants.ch




