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INTRODUCTION

This book is aimed at airplane homebuilders andyewe who enjoys working on airplanes. Installimgemgine on an
airplane can be a challenging task, especiallpif lyave never done this before, and have only iptete instructions
or drawings. Many decisions have to be made, wimdhaffect the safety and efficiency of the ainpawhen you fly
it. In the following chapters you can find basidommation and a lot of hopefully helpful hints farstalling your

engine. Everything is based on the experiencethef® who have already installed their engines.

One emphasis of this book is on improving the permce you will get from your powerplant instalbati One of the
main areas is engine cooling, because this pafteés left up to the builder or installer and mahings can go wrong.
This book explains how to achieve a well-cooledieagvith a minimum of cooling drag. Included aréusions for

several different configurations like tractor, pesshair cooled and liquid cooled engines. Manystitations will help
the reader to visualize installations and problesas. Not necessarily arranged in chronologicaliesece of how to
install an engine, each chapter is dedicated mgonent or system.

Another emphasis is on safety. What you don’t kiwaw still hurt you. So educate yourself about wioat are doing,
and this book will give you a lot of help. You dhe one who has to trust the installation, andasesne who knows
that you life may depend on it, you will hopefullg very thorough in your work.

Because this book only gives an incomplete overviéwccepted techniques and practices requireddore of the
fabrication and installation of parts, it is strjngecommended that you have a copy of the Advigoirgular AC
43.13-1A “Aircraft Repair and Inspection Manual’aglable (it is available for free in electronic fioat on the FAA
website).

Do not attempt restart if engine stopped
hecause of obvious mechanical failure.
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2. FIREWALL

2.1 Firewall Materials

Let’'s assume that you are looking at your airframleich may be almost complete except for that erspgce where
the engine needs to go. Because a running engaeasy hot chunk of metal and gets in close cantétb flammable

fluids (fuel, ail), it is a good idea to have sohiag in between the engine and yourself that witt@ct you from high

temperatures and smoke in case the fuel decidiisd@ different place to burn except inside thénders. Carbon
monoxide from the exhaust is another consideraftomust be prevented from entering the cabin. Safest way to
keep fire on the engine side of the firewall isise a steel barrier. Stainless steel is the masabthisolution, although
mild steel can be used. Just make sure rust wiltabholes into it. The following materials ar@silered fireproof by
the FAA and should be used as guidance for hontsbuil

+ Mild steel, thickness 0.018 in (0.5 mm)
+ Stainless steel, thickness 0.015 in (0.4 mm)
+ Titanium 0.016 (0.4 mm)

Aluminum has a much lower melting point than theterials listed above. It would not offer protectifrom a fire
because it would rapidly melt. Steel is heavy asteal firewall adds several pounds to an airpl&oetunately there is
no need to use thicker material than what is listhdve. Structurally such a thin sheet of steguite flexible and
insufficient if you want to attach things to it.tHe airplane has a structural bulkhead, wood orpasite, the steel is
added to it and carries no load. In a metal aimgl#me steel firewall is reinforced with stiffeners

The firewall will also act as a noise barrier. Ardmnation of steel sheet with some backing mateaal make a lot of
difference in cockpit noise level.

Some materials sold as “flexible firewalls” are aléyinot suitable for fire protection by itself;,ghemperature they can
withstand may be much lower than the 2000°F acfire generate. If you are not sure, request a saohihe material
you would like to use and hold a torch to it. lbald withstand it for 15 minutes before flames mioke penetrates it. If
your engine is installed in front of the cockpigving an effective firewall is even more import#mn if the engine is
installed behind the cabin, as in pushers. Théoairfends to blow flames aft, so it is less likéat heat and smoke
would enter the cabin in the latter case.

Depending on how the airframe is made, the fireadeaning the steel sheet) can be attached inrefiffevays.
Normally there are enough components attachedetdirgawvall, which will hold it in place if it is aeparate sheet on a
composite bulkhead. The picture below shows typateangements for firewall and cowling flange omposite and
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metal airframes. First of all, the firewall will beeld in place by the engine mount bolts. Anythétge attached to the
firewall will secure it further.

Cowling Fastener

/

=l Cowling
===
Firewall
Frant Bulkhead |Composite Aiframe]
— FWWD
riveted Cowling Fastener

Skin | Cawling

Cowling Flange

hetal Airframe

Firewall

Picture 1 Firewall Flange Arrangements

When you design your firewall and want to use fiinsulation or a thermal blanket on the engide,amake sure it
is sealed so that it can not soak up oil. This waunkate a fire hazard and would add the weighte&oaked up fluid.
You can use high temperature silicone (RTV) asasgalong the edges and at penetrations.

It is also recommended not to have anything whcledsily flammable on the cabin side in close aintath the

firewall. Fuselage fuel tanks and other items whught be flammable or have temperature limits lfastic lines
should be spaced at least one half inch (12 mmy &we the firewall, further is better.

Another material which can withstand the 2000°Falwlgan be expected in the case of a fire are cerfipers, sold for
example ag-iberfrax. It has no coating and does not seal againsofimoke by itself. It is mainly used as thermal
insulation on the back side of a steel firewallisTinay be a good idea in any case, just to keefiréveall from heating
the cabin even under normal operating conditiorig(6/4nm) thick ceramic fiber blanket has proverb®adequate in
tests for certified airplanes.

The space between the steel and the compositéwsgunust be sealed to the cabin. Composite naatsiil burn if
the temperature is high enough. A thin steel sheetiucts heat very well and will be glowing redeafonly a few
seconds of exposure to flames. A fire in the engiompartment must be prevented from heating upnaposite
bulkhead behind it, as not to release smoke irda#bin. The smoke from composites is extremeiwiing and toxic
and may cause more damage to the persons in the thian the actual fire.

Do not locate any cabin air openings, fuel draingemts, directly behind cowling openings. Flamesy/rhe blown out
through the cooling air outlets onto the fuseldfgour fuselage structure is wood or composite) ghould protect the
firewall bulkhead and the surface immediately (adduinches aft of the opening).

You can use a metal shield or fire resistant (irgsicent) paint. This paint, when subjected to flampe#s up to a foam
like bread rising, which provides thermal insulatim keep the material underneath from reachingngperature at
which it will burn (at least for a while). This pdaiis more commonly used to protect wooden buildiagd can be
painted over with normal exterior paint. This paianh also be used on the inside of the cowlingdbept it and help
contain a fire inside the engine compartment.

It is available from a number of places, b#@://www.contegointernational.corof http://www.firefree.combr
http://www.fireretardantsinc.com/fire _retardantsiiml.

2.2 Firewall Penetrations

To make the firewall effective, do not cut any Isoleto it. Okay, but now you say what about thasales, cabin heat
opening and fuel lines? There are exceptions afssolSome things have to penetrate the firewak. dening for the
cabin heat for example, must have a shutoff vallech is as fireproof as the firewall itself (mum steel). It must seal
well enough not to let any fumes through when ttlesed. Engine control cables should be routeoltiir fittings, to

10
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prevent them from chafing on the firewall. Theitigt may also allow them to slide back and fortlgtdly, if engine
movement requires that.

Picture 2 Firewall Penetration Cover Example

A simple way to seal a hole in the firewall for @te which does not require
chafing protection is shown here. The two plates made from the same
material as the firewall. They are mounted on tbpazh other and can cover a
larger hole which may be needed to insert a coenectend fitting. They are
attached with screws and sealed with high temperailicone sealant.
Bulkhead fittings can be used in many cases. Acafmpplication is a fuel line.
Standard fittings are available from many supplidrthey are made from steel,
they can be considered fireproof and require nth@rprotection. If they are
made from any other material and are smaller thaizea-8 fitting (1/2” line),
they will need to be protected. A piece of firegkeéwoven glass fiber sleeve impregnated with@ileeon the outside)
will provide thermal insulation and prevent thdirfity from melting. The firesleeve should be attachéth metal
clamps or safety wire.

Instead of having many smaller penetrations, cansiting one large, well protected penetrationceithe highest
chance for actually experiencing a fire is where éikhaust is, and in most installations this ihatbottom half of the
firewall, consider making all other penetrationsotigh the top half of the firewall where possilifer the location of
the fuel line penetration another consideration imayqually important. If it is located at the battof the firewall, it
is very likely to get damaged in a crash, brealaoffl leak fuel onto a hot engine. If you have thaice, find a location
which is more protected.

i — =

Firesleeve clamped
around wire penetration

FIREWALL

Tie-Wraps secure wires, not
ire resistant (not required)

Picture 3 Examples of Firewall Penetrations, Busich€itting (left), Wire Penetration (Right)

Cables and electrical wires have to be protected griommets to keep the firewall from cutting oafihg them. All
holes must be well sealed to prevent carbon moedxain entering the cabin. For the layout of timeviiall, start with
a list that includes everything, which will be meenh to or routed through the firewall. Come up véithlan where each
one needs to be. Before you drill any holes, tal@ok at the engine or installation drawings arglife out where all
the levers are, which will require a cable for atiton. Draw up a sketch and mark the approximatations of the
levers. Then draw up the locations of where thdesabome from in the cabin. The hole in the firdvglould be
somewhere in between those two locations.

11
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THROTTLE “wALYVE

FIREWALL: PROP
GOWERNOR

HOLES M
FIREWWALL

ENEINE POSSIBLE
ROUTING QOF
ENGIME CABLES
COMTROLS [N
CABIN

Picture 4 Locating Holes in Firewall, Bulkhead Centors, Eyeball Fitting for Control Cable Penetmati

Repeat the same thing with all other hoses, limesveires which need to penetrate the firewall. Digwthose items,
which need to be mounted on the firewall bulkhé2tteck where you may have items on the cabin sidleeofirewall
and mark those areas as not available for holes.

It requires planning ahead to drill at least sofmeot all of the necessary holes before you instedlengine. Once the
engine is in place, there might not be enough rtedrill from the engine side. That may not be ssué if you can get
easily to the firewall from the cabin side, butnrany planes that access is restricted. In any ¢agds and measure
twice before you drill, a hole in the wrong plasene hole too much.

To drill stainless steel, use a small sharp doilpte-drill, then open up the hole to the requseg with a large drill.
Use slow speed and a lot of pressure. To reducehtfuece of the drill bit grabbing the material bimtsheets, special
drill bits are available which prevent that. Yowaacognize them by their pointy tip in the cenfidre cutting starts at
the outer edges. A step drill is also helpful foe targer holes.

2.3 Sealant Materials

Dan Horton performed a burn test on several seafattrials and documented the results:

Cotronics Resbond 907GF (single compound, notiskystifficult to apply, hard when cured)
Rectorseal Biotherm 100 (single compound, silicatieks well, rubbery when cured)
Flamemaster CS1900 (two compounds, does not setklike soft rubber when cured)

3M FireBarrier 2000 (single compound, siliconeglssiwell, rubbery when cured)

Permatex Ultra Copper (single compound, silicotieks well, rubbery when cured)

12
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Picture 5 Sealant Burn Test Setup

The different sealants were applies to a stairdess sheet both on the surface
and around wire penetrations. The one in the carges a plastic bushing. A
steel pass-through fitting is used with FireBar@esr sealant on the left side.
This sheet was bolted to a frame with a burnercticeat the one side of the
sheet. The burn rig was calibrated to approxima28@0°F. The right picture
shows the setup with a different firewall insulatimaterial burning.

Picture 6 Sealant Burn Test, Backside of the Panel

About 30 seconds into the burn, the CS1900 hag inis flame. All three
silicones are also outgassing flammable materialnbt as bad as the CS1900.
The burn exhibited by these four samples is naadgthing, as the purpose is
to form an insulating char. The Resbond appeabg toert. The Biotherm and
FireBarrier samples are exhibiting some degreatoimescence, swelling and
expanding. At the 6-gauge wires; so far all thdasgasamples are holding up
but the wire insulation (Tefzel) is burning away.about 45 seconds the Ultra
Copper strip sample has burst into flame. The RBiothsample had flamed slightly and then fallen aleaying some
adhered residue. The CS1900 has peeled and fallpn deanly, not even leaving a mark. Resbond areBE&rrier are
doing fine. At the steel pass-through, intumeséareaBarrier is squeezing out of the gaps in thetjobame is true at
the plastic bushing (center). So far all the ptalstishings are holding up ok, which means all #adagits are doing a
decent job of slowing heat transfer; in thick smtsi they are serving as insulators. At the frothefpanel after about 1
minute, all the pass-through samples have remairtiact and formed an insulating char. Of the stamples, only the
FireBarrier and Resbond remain adhered. The difterés mechanical; the 6-gauge wire is keeping#meple in place
over each of the bushings. At the back of the pah@bout 1-1/2 minutes, the snap bushings aremelting. The
copper wire cores are very hot, so the Tefzel aigrt is beginning to soften and swell. All theistsamples have
peeled away, except for the Resbond.

Conclusions: None of the tested sealants shouappbked to theabin side of the firewall, only to the engine side. The
outgassing will be a hazard to the occupants. Thia tvenefit of the sealants is to slow the heatstiex during a fire to
give you a chance to get the airplane on the grotindprovide this protection, the sealant must feead thickly
around the firewall penetrations. Close-fittinge$tfittings are more durable and effective as alsrand fire barrier
than plastic bushings.

During normal operation, silicone is suitable tcefreout moisture, but it has limited fuel, oil ordngulic fluid
resistance. Use it only in areas which are unlikellge in permanent contact with those fluids

13
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2.4 Items on Firewall

One of the items that usually ends up on the fitleiwahe brake fluid reservoir. It must be installhigh, well above the
rudder pedals with the brake assemblies. Havimgthie engine compartment allows easier accesshasng it in the
cabin. It is recommended to use a fireproof coetafateel). The one in the picture below the fijteéxtends through the
firewall so that no brake lines are in the engiompartment. It is attached with two bolts.

;4
- * i
gy
o i
/ S 5 :
.'- " 1
: !
o :
s .
gl &
p i

r’ _"
IGascolator B b

Picture 7 Fuel Pump and Gascolator (left), Coowerflow Bottle (center), Brake Fluid Reservoiriglt)

The voltage regulator is another candidate for fitrewall. It can be installed in a convenient laoat near the
alternator, as long as the heat radiated from #hauest does not get to it. Provide a heat shielietfessary. Heat
shields are best made from a reflective materimimdnum works well; stainless steel is good butviea

Fuel pump and gascolator may be installed in tlggnencompartment, but | would only do this as a tasort. Both
contain fuel and are not easy to fireproof. In tpisture, a steel line was used between the twopooents. The
advantage of having the gascolator in the engingestment is that it can be drained through an iogein the bottom
of the cowling.

The coolant overflow bottle (aluminum) of a liguidoled engine was attached to the firewall in éxiample. It is held
in place with a clamp through two brackets. Obvigus does not need to be fireproof.

Some engines (dry sump) require a remote oil regefthe oil bottle in the following example isathed to the
firewall with two brackets and clamps. The bottiewd be mounted as low as possible to keep the dike bottle
when the engine is not running and not let it di@ink into the engine. If the items you attachraavy, you may need
to reinforce the firewall structure locally. Thisespecially important if your firewall is just atal sheet. Bolting or
riveting a doubler or angle profile to the cabidesivill help.

Picture 8 Remote Oil Reservoir and Attachment BegdRotax

14
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3. ENGINE MOUNT

ENGINE

FIRE

Engine CG

Front view
Dynafocal Mount

Picture 9 Rear Engine Mount for Lycoming Engindt)JeBedmount Style (right), Concept Dynafocal Mbun

An engine mount is the most important part betwibenengine and the airplane. It provides suppartife engine and
makes sure the prop stays pointed in the righttme. It also provides convenient support fortadise little items that
can be clamped to it. What type of engine moumteisded is determined by the engine. Engine mouatbasically
divided into bed mounts, where all the attach oot the engine are underneath the engine andwmeants, with
attach points behind the engine. Both types of n®ahown here are dynafocal mounts. Note thatttheranent bolts
(mount to engine) are not parallel. The angle eféhgine attach points is such that with torsienaine movement the
rubber shock mounts are stressed in shear. Thidlveashock mount’s vibration damping is maximizddfortunately
this makes bolting the engine to the mount muclddratompared to a version where the bolts arelphral

Bed mounts allow the engine more fore and aft m@&wdrthan firewall mounts. If you are using a beduntpplan on
having no less than 1/2 inch clearance (3/4” isebpbetween anything attached to the engine mandthe cowling or
components mounted to the airframe. Most of theemmnt is in the direction of flight (fore and aftyt when starting
and stopping, the engine typically rotates arotredongitudinal axis more than you would expecte Vartical motion
by comparison is fairly small.

Most engine mounts use rubber shock mounts. Thezse 0 dampen the vibration caused by the englobber ages
and cracks especially fast in a hot environmerdgteting the rubber from the exhaust heat radidtioreases its life.
Use heat shields if necessary. A thin piece of alum will reflect much of the heat radiated by #haust. Silicone
rubber mounts (made by Barry for example) havesbéttat resistance and will last longer than rubber
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Picture 10 Lycoming Engine with Firewall Mount, Giorental Engine with Bed Mount

Not all engine mounts use dynafocal mounts becteseare expensive to fabricate. A lot of the seradhgines (<100
hp) just use straight mounts with some rubber dmcsibration damping, which is less effective.

2 Washer

; Heat Shield

@9/ Washer

Top Rubber \Q Engine

Maount Mount
Spacer
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Rubber Mnunt/®@

Heat Shield
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Picture 11 Dynafocal Shock Mount Assembly, ComttakStyle (left), Lycoming Style (right)

The dynafocal style top rubber mount may be diffefeom the bottom one (or front and back as inrtblet view in the

previous picture), do not swap them. One is loadezbmpression, the other one primarily in shedre Bolt takes up
all of the tensional loads. The following pictuteos/s a comparison between a new mount and an agded mount.
Ask the supplier or look at the spinner - cowlimgig-)alignment to find out what the limit is. Onnse types of shock
mount the bolt is threaded into the engine casthitncase the bolt needs to be secured with sefegy(with a special
washer if bolt head is not drilled for safety wire)

Most airplanes use engine mounts which are sepsiratetures that are bolted to the firewall (Mogneiper, Cirrus).

This has the advantage that the engine is wellsatde from all sides when the cowlings are remo@ others the
engine mount is part of the aircraft structure S&@& 210, Skymaster front engine, Pulsar XP).

16



	0715-Sample
	Pages from 0715-SE-E-EngineInstallationD_eBook-122920-2



