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Testing conducted on the system imcluded;

+ actuator and seal endurance lesting, which

mimics taxi, takeoll, Night, landing, and
landing taxi condiions;

Hydraulic Sealing Solutions

By Quinm Collalt, Alframa Senanad Manager, Tralabog

As awrplane designs focus on fying at higher alt-
tudes and speeds for longer periods, the many
hydraulic systems onboard must adapr. Tody's

oonditions cm include temparatures above S00°F
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and pressunes up 1o 5000 psi (345 bar)

Vioor sl rvsakors, this mneais ongliseening solu-
thans that porform as well or beoer i much
iirghor eondiitens, all whille keeplng costs
under comirol, Dalng so reguines i tharmough
understanding of ihe application requiremenis,
prrlesrmnamien boenehmiries, and servioe 1 for
el companent i Lhe systemn.

Tos superaosd i st the rigoeous specifica-
Ui Frois et pirera i destygoens and mogulaiory
agencies, vendors must spend significantly more
uplrant tme understanding the unlque chal-
liengiess of the sHustion. They must also provide
comprehenstve reommendisllons o eusioners
absut tnstallation so that testing and validation
o st hly, and reliabiling goals ane met

In this artfche, we look at three examples of
recenl challenges in acrospaos hyd rulic sysiems,
ineluding how tho salution was developed and
tested, and the benelils of each final solution.

Fuel-efficient engines: Silicone engine
seals operating at G00°F

As atrcrafl designers aim bo deslgn more
fuel-cflicient englnes, operating iemperalues
are sk, with the latest oplions operaling al up
Lo GO0EF [315.57C), well abowe thelr predecessors.

26  aucusT 1020

Althesugghy matil mesb fse sonls aro capabibe of
withsinnding these higher lemperatures, being
Taiwvbr el wath Dnpsited soadiogg absibiny, ey ane
less destrnbbe than thetr silleone countorpins,
I sk iagg il casstoriiner ocpul e menis for Roil
el e resisiancee, coampression sel, welght,
serviee life, customizabde geomedry, and price, it
B chear o Trodloborg engliseers O o now
dlemigyn wosubd be necessary, 10 would also need
foi il il po bl AN il D50 rojiilations,

The solwtion involved modifying the sili-
cone, enhancing ithe strengihening clemenis
(hgh-tempsern e fubries]), and inlrodecing
i mirw, propriciary rinforcig olement, The
prostoype was testod For 56,000 (ght oyeles
mgainst @ nacelle thrust reverser seal o diter-
mine compression sel and heal resistanee, 00
succossfully operated at Gooel (31 5.5°C) under
maximum compression loading. A separate
test showieed thee seal could withstand a 2 gooeE
(1,0937°C) kerosene ame for 15 minutes ander
1500 2605 vibration requiremenis,

The seal s manufaciumsd in o variety of geom-
elrtes, enabling it o replace exisiing scals that
Tl st elevated tem peratunes and creating new
options for deslgnens secking o cotend system lifie,

The final seal has a number of Important
barmiedits:

* ltoperates at Gocel (315.5°C) and can be modi-
fied to perform at higher lemperatiunes.

= [t meets all FAA and 150 fire seal requiremenis.

+ [ saitsfics the Intended Dfetime of 60,000 fight
cycles minlmum.
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& 00 b i ghitesr wiokighn i longies soevter s
i el mesh Gioe soals,

= I recuces the number of pars due o climina-
s ool mcladiionl thermal protoction,

Jat cold-weather kits

A Tow yoars mgo, Trollehong was asked 1o
develop o bnw-temperaione seling system io
upgried b manin and nose landing-joar siruis
on i model of Jel A extremely low tompera-
e, i Jil s exlsi g seal packagge can lodks o
dhoes, 1 Impacts cperats iy and performandcs,
fevrciig the need for unschedubed mainienanee.

Because of the stee of the seal cross see-
e wned the recuirements of the system (scal
serviceabliy 1o -G5el [-5470) with loakape
mod o exeecd 30 drops), Trellehong englneers
determined that a new material, rather than
a new desigm, would be needed. Ulimately,
they croated an ultralow lemperature niirile
material. The material's lower glass transition
temperature enahles i tobe more active (lex-
Ihle) at very low temperaiunes,

Preaged test seals wene installed on the land-
Ing-grar componens and lested using exiremae
codid snaking under lwer pressure. No hydrmulic
leaks woere observed, As a result, the Increase in
service Hie was determined o be significanthy

higher than that of previous components.
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Trelleborg, through its ServicePLUS pro-
gram, developed and now assembles kits that
have greatly reduced procurement complex-
ity. Nine parts were reduced to a single part
for the lightweight nose landing gear, and 15
prarts wene redhuced ta one for the lightweight
main landing gear.

Tests of the jet's nose landing-gear st
were conducted at Wright-Patterson Alr
Force Base in early 2008 with the equipment
becoming operatianal shorly thereafier,

Boeing 787 Dreamliner primary flight
control actuation

Two simultanesus challenges brought
nhsst significant design changes in the Baoeing
T primary Hight contrals sealing sysiem.
First, the aloeraft's design team introduced
composite materials into the body and wings,
parts that were previously 100% aluminum,
which, in combination with other design
chinngges, resulted In i lower hydsaiilic systeimn
operating temperatune from -200F («299C) to

A (B, Second, Boedng designed the
gl b msel extended-range twin-engine
opemtiona performance standands (ETOPS),
whilch required certifylng it to fly up o 5.5
hasuirs frovm o diversion alrport,

Tew et both requibrements, Trelleborg
engineers developed a tandem sealing
system, comprising an active primary seal
aid & recindant secondary seil, equipjed
with a scraper to reduce the amaount of con-
taminant entering the system,

As with provious systems, the seals am
expived 1o herae conditinns—low lemperi-
e anwl lowwr prressure—baefore belng mimed
dynamically and subjected o high pressure.
Howveever, this time the temperatune was lower,
el thee pressure was hilgher ar 5,000 psi (345 bar).

Trelleborg’s solution comprised an
ultrawear-resistant FTFE material, with a b
Elass transition temperature, spring-ener-
Eh-.ml arils in Fn'l'n:lr:r bocations, amd uliralow
temperatune elastomer energized seals in
secondary locations, The sealing system also
employed an advanced seal gesmetry that
provided active back pumping to prevent
excessive pressure buildup between iis two
sealing elements.
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* lowstemperature, low-pressure static and
dynambc seal lesting

* |low-temperature, high-pressure static and
dynamic seal testing; and

» environmaental and vibration westing.

Today, the Final system delivers a number

of major benefits, including long service Life
amnel the ability 1o perform well in harsh seal-
Ing environmenis, I successfully addresses
all needs of today’s modem alreralt, which
differ extensively in terms of materlals and
Might requirements,

Regulations

The combination of customer require-
mienis and government regulations for oday's
alrerall can be challenging for vendoes o v
Igate, The exmmiples above demonsimte (e
Impsortanee of in-degih knomvledge of i only
pivris stancarnds Tor nirerdt bt abso regulitbons
concerning ETOPS and Mutter (oscillation),

For example, on the 787, the lower hydrau-
lie system temperatures coused by the maove
to cosmpasite wing material and increase in
aperating pressine mean (hat when the wings
hydraulic systems are subjected to high loads,
the cylindern expand.

Partnering with a vendor

A complete understanding of application
regpuilremenits, perlormance benchmarks, and
serrvioe lilie Tor each compoment in the system
Is essentlal to successfully design elements
for today’s aircrafl. Sometimes, the best solu-
thisi recjiilies o comjpleie rediesign of sealing
systems andd cven the ereation of new mate-
rials. Partnering with a vendor experienced
in both parts and materials development can
help ensure project sucoess.

Just as importantly, hydraulic system
designers should insist that vendors be
willing to spend as much time as needed
upfront to fully understand the unigue
challenges of a seal's application. Compre-
hensive installation recommiendations are
also an essential step in ensuring the final
product moves swiftly throwgh the testing
and validation process. ®

For mare information, visit
www_tss.trelleborg.com.
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