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Pr eface

The data presented in this manual is intended to help pilots formulate safe |eaning techniques and to
perform engine diagnostics. The data presented is based on published experiments by leading researchers,
professors, PhD’s, scientists and engineersin the field of internal-combustion engines. When material is
referenced, it will be shown asfollows:

Example: (Ref. Taylor, 23)

“ Ref.” - Indicates areferenceis cited.

“Taylor” - Author’sname. The bibliography at the back of this
manual will list the works cited, by author’s name.

‘23" - Seepage 23inthework cited.

As everyone knows, appearances can be deceiving. It isafact that an engine can be operatedin a
particular manner which may not appear to cause damage. This can be misleading. Most engine damage
does not occur al at once. If apilot operates an enginein away that causes excessive heat, stress or wear,
it may take months before damage to the engine is severe enough to be detected by the pilot. In order to
formulate safe operating procedures, it’s important to use sound engineering data.

Who holds the engineering data? It seemslogical that Lycoming and Continental would. After all, most
of us are flying with the engines designed by these companies. Both companies do produce agood
amount of information on how to operate an engine safely, but they actually offer little in the way of
supporting engineering data. Without technical data from the engine manufacturers and because of new
operating procedures available from other sourcesin the industry, many pilots have questions about how
to safely operate their engines. Fortunately, there are many excellent engineering studies, technical papers
and engineering books that can provide the data necessary to formul ate sound operating procedures.

Thismanual is divided into seven sections:
The Four Strokes of an Engine: This section describes the four operating strokes of an aircraft
engine (Intake, Compression, Power and Exhaust). Technical datais provided for each of the
operating cycles.
Maintenance Shop Survey: This section answers the question, “ Are there engine maintenance
problems that may affect the way an aircraft engine is operated? We learn that exhaust valve

problems are one of the main reasons for atop overhaul.

Exhaust Valves: In this section, some issues surrounding exhaust valve failures are described, as
well as some operating procedures to help prevent them.

Detonation: This section describes detonation, its detrimental effects on an engine, its causes, the
likelihood of it occurring, and how to help prevent it.
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Leaning M ethods: Thissection coversanumber of leaning methods during the climb, cruiseand
descent operation of an aircraft.

A Great EngineAnalyzer: Thissection describesfeaturesthat separate agood engineanalyzer froma
great engineanalyzer. It also describeshow agreat engine analyzer can be one of the most effective
toolsfor avoiding engine problemsand adding asignificant level of safety to any flight.

Engine Diagnostics. This section sets forth information helpful in diagnosing most “Top End”
engine problems. Also provided are engine tests to help finding problems and an “Engine
Diagnostic Reference Guide.”

The Four Srokesof an Engine

This section helps explain from atechnical point of view how an engine works. If you'd like a better
understanding of terms frequently used in discussions about engines, you' I probably find this section
interesting. If you find technical terminology boring or more than you care to know about, just skip this
section. Thefollowing discussion istargeted for aircraft engines operating at 65% to 100% power. We
will review the four operating strokes (cycles) of an engine and discuss the processes and issues
associated with each cycle.

| ntake Sroke:

The objective of the intake stroke is to ingest as much charge (fuel/air mixture) into the combustion
chamber as possible (or asthe throttle will allow). Also, it isdesirable for the intake stroke to produce
some turbulence to help mix the fuel with air to deter detonation.

The intake valve starts to open during the last portion of the exhaust stroke. Asthe exhaust gasses exit the
exhaust port, they’ re accelerated and have inertia (aforce that keeps the gasses flowing in the same
direction). Astheintake valve opens (approximately 35 degrees
before the piston reaches top-dead-center “TDC”), the exiting
exhaust gasses continue to flow out the exhaust port. This helps
to keep the pressure in the combustion chamber low so the intake
charge can be drawn into the cylinder as the exhaust gasses
continue to vacate (see Fig. 1).

Intake Charge Exhaust

Any exhaust gasses left in the cylinder after the exhaust valve
closes will dilute the next incoming charge, rob the engine of
power and increase cycle-to-cycle variations (Ref. Stone 181,
295). Increasing the cycle-to-cycle variationsin the combustion
process limits the leaning range and the engine’s ability to deter
detonation for a given mixture and throttle setting (see Fig. 2).

Cycle-to-cycle variations are greater when operating on the lean
Fig. 1: Shows the exhaust exiting side of peak EGT.
the cylinder at the end of
the exhaust stroke and
during the start of the

intake stroke. Page 2 of 31 Copyright, Electronics I nternational Inc.
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Fig. 2: Typical cycle-to-cycle variation when operating on
the lean side of peak EGT (LOP).

Asthe piston movesdownward and the exhaust val ve closes, theintake chargewill accelerateto maximum
velocity of lessthan 0.6 Mach Index (for most aircraft engines) asit passesthrough theintake port. Thevelocity
of theincoming charge hasthe predominate effect on the volumetric efficiency of an engine (Ref. Stone, 288;
Lumley, 23). It'sinteresting to note that the RPM that producesthe maximum volumetric efficiency also
producesthe maximum torque (i.e., the more chargein the cylinder, the moretorque produced). Also, theintake
chargehelpskeep theintakevavecool.

Some aircraft engines use shrouded port intake geometry. This produces swirl as the intake charge enters
the combustion chamber (see Fig. 3). Swirl helps mix the fuel and air to produce a homogeneous charge,
which causes the burn rate to increase, thereby reducing cycle-

to-cycle variations and detonation (Ref. Stone, 154, 345; Taylor2,
31; Lumley, 140, 148+). ke Chargs

Exhaust

{ N
Definition of terms:

Cycle-to-cycle variations - Variation in the peak preasure
from one engine cycleto the next. Cycle-to-cycle
variations can account for a 10% decrease in power
output for alean mixture.

Mach Index - Theratio of the calculated vel ocity of theintake

TDC

BDC

charge at the smallest cross section to the speed of sound. O
\Volumetric Efficiency - Thevolume of theintake chargedeliv-

ered to the engine compared to the theoretica volumethe

enginecouldtake.

Swirl - The circular action of the charge during the intake
stroke.
\ / Fig. 3: Shows the swirling pattern
of the fuel/air charge during
the intake stroke.
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Compression Sroke:

The objective of the compression stroke isto compress the intake charge, ignite the charge at the proper
time to produce the maximum power (for the given throttle) and to provide some mixing of the fuel to
deter detonation.

Asthe piston travels upward from bottom-dead-center (BDC), the intake valve closes approximately 60
degrees after BDC. At this point the piston has traveled 23% of itstotal stroke. The cam is designed so
the intake valve will shut before the pressure in the cylinder exceeds the pressure in the intake manifold.

At approximately 20 degrees before TDC the spark

plug will ignite the charge (see Fig. 4). Aircraft

engines have fixed ignition timing (the timing does

not change as in automotive engines). The

exceptions to this are the LASAR and the FADEC

{nion (20 Befors T0C) systems. The optimum ignition timing is called
“Maximum Brake Torque” timing or MBT timing
(Ref. Stone, 73; Heywood, 374).

Intake Charge Exhaust

BDC (4" Below TDC)

O
Interesting data presented by Heywood (page 445)
T shows that increasing the discharge current and
duration of the spark has no significant affect on
engine operating characteristics, unless operating at
Bore 5° the richest or leanest settings. Once the charge
(fuel/air mixture) isignited, it will burn at arate
(flame speed) influenced by the following factors:

Fig. 4: Shows the position of the piston
(20i before TDC) when the spark
plug is ignited.

RPM - Asengine RPM increases, the flame speed

increasesproportionaly. Approximately 2 degrees
gpark advanceisneeded to maintain optimum ignitiontiming (MBT) from curiseto highengine RPM.
Thefact that the flame speed increases proportionally asthe engine RPM increasesisone of the most
important characteristicsthat alowshigh RPM spark ignition enginesto run (Ref. Heywood, 828).

Altitude- At higher altitudes, theflame speed increasesdightly (Ref. Taylor2, 20). Optimumtimingis
dightly advanced asdtitudeincreases.

Mixture- Leaning hasthemost effect on optimumtiming (MBT). Thefastest flame speedisat the best
power setting. Atafull rich mixturetheflame speed dowsby approximately 5% from best power. At
approximately 75°F lean of peak EGT, the flame speed s owsby approximately 12 degreesfrom best
power (Ref. Taylor2, 23). Thisisoneof thereasonsthereisanoticeable drop in power when operating
lean of peak. Thisdropinpower can belessened by advancing the spark timing 8-12 degreeswhen
operating LOP, whichiswheretheaviationindustry isheading.

Figure5 showsthe pressure curvefor the compression and power stroke with the spark timing at optimum
(MBT). Peak pressurewill occur approximately 17 degreespast TDC. If the spark timing isadvanced from
optimum (MBT), ahigher peak pressurewill occur closer to TDC, lesstorquewill be produced, cylinder head
temperatures(CHTS) will increase, exhaust gastemperatures (EGTSs) will dightly decrease and the chance of
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Fig. 5: Shows the calculated pressure curve for a 0470 engine.

detonation will increase. If thespark timingisretarded from optimum, alower peak pressurewill occur further
fromTDC, lesstorquewill be produced, CHTswill decrease, EGTswill increase and the chance of detonation
will bereduced.

Most aircraft enginetimingisset for optimum (approximately 20 degreesbefore TDC) at best power mixture.

Therefore, LOP and ROP operation have adlightly retarded timing from optimum. This has atendency to
reduce the chance of detonation at L OP and ROP operation.

Power Sroke:

The objective of the power stroke isto convert the temperature and pressure from combustion into torque.

Theintake chargeisignited approximately 20 degreesbeforethe pistonreachesTDC. Astheintake charge
burns, pressureinthe cylinder isproduced dowly. Just before TDC thereislittle additional pressureinthe
cylinder dueto combustion. Thisiscalled thedelay period (Ref. Stone, 72). Themost significant risein
pressureisproduced after TDC. Peak pressure occursapproximately 17 degreespast TDC (seeFig. 5).
Flametravel acrossthe cylinder isover 90% complete when peak pressure occurs (Ref. Taylor2, 24; Lumley,
8+). The peak pressureisthe predominant force producing torque. We can calculate a260hp O470 engine
with an 8.5:1 compression ratio ashaving a1120 ps peak pressure. That equatesto 11 tonsof forceonthe
combustion chamber, top of the piston, connecting rod and crankshaft when peak pressure occurs.

A smpler way to represent the pressurein an engineisby using the engineering term BM EP (brake mean
effective pressure). BMEP isthe constant pressure on the cylinder during the power stroke required to
produce the same torque as the engine produces when running. BMEP can be used to compare engines
and correlatetechnical data. We can calculate a260hp O470 enginewitha5" boreand 4" stroke (using the
formulaBMEP = HP x 793000/ Displacement * RPM) ashaving a168 ps BMEP and atorque of 525 ft-1bs.

Copyright, Electronics I nternational Inc. Page 5 of 31



One of themost effectivewaysadesigner canincreasean engine'spower isto increasethe engine'scompression
ratio. Most aircraft engineshaveacompressionratiofrom7.0:1t0 9.0:1 (Ref. Avco Lycoming, 1+). As
compression ratiosincrease so do horsepower, efficiency and the chance of detonation. Detonationwill be
coveredinalater section.

Another way of looking at the power stroke is from a thermodynamic point of view. Thisview offers
advantages when dealing with EGTs and CHTs, which we will cover in alater section. During the intake
stroke afuel/air mixture charge isingested into the cylinder. This charge has a given amount of energy.
Asthe intake charge burns, the fuel/air mixture is converted to heat energy. The combustion chamber will
reach a peak temperature of around 4000°F. Asthe piston is pushed downward and torque is produced,
heat energy is converted to mechanical work causing the combustion temperatures to drop dramatically.
The unused heat energy is exhausted and can be measured with an EGT instrument. Through convection
and radiation some of the heat from combustion is transferred to the combustion chamber, increasing the
CHTs and oil temperature.

The amount of fuel required to produce a given amount of power is approximately the same for most
aircraft engines. Specific fuel consumption is a measurement of an engine's efficiency (fuel required to
produce power) and isdisplayed in Lbs/Hr.- H.P. or Gal/Hr - H.P. (see Fig. 6). Most aircraft engines
require .11 Gal/Hr. - H.P. at full rich mixture. In other words, a 260 H.P. engine requires approximately
(.11 x 260) 28.6 Gal/Hr fuel flow for a sealevel takeoff. At 75% power and full rich mixture, this same
enginerequires (.11 x .75 x 260) 21.4 Gal/Hr (Ref. Taylor2, 184).

75%

Power /
65% V4
110
/
Specific Fuel ** P
Consumption .or7 —
Gal/Hr - H.P.
al/Hr 080 \‘ /
-100 ] -100 -200 -300
Peak | P.
(——LOP——) g7 ¢ RGP }

Fig. 6: Typical power curve and specific fuel
consumption for most aircraft en-
gines.

At best economy mixture, the same 260 H.P. aircraft engine burns approximately .06 Gal/Hr - H.P, or 45% less
fud than at full richmixture. In other words, when operated at 75% power and with abest economy mixturethis
engineburns (.06 x .75x 260) 11.7 Gal/Hr. If anengine sfuel/air distribution from cylinder to cylinder isnot
perfect, itsactua fuel burnwill be higher than cal culated above.
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Exhaust Sroke:

After combustion, the objective of the exhaust strokeisto vacate asmuch of theleftover gassesaspossiblein
preparation for the next intake stroke.

Approximately 75 degreesbefore BDC on the power strokethe exhaust valve startsto open (seeFig. 7). This
early opening of the exhaust valveisneeded to expel gasses|eft after combustion. Exhaust residuesand
incompletemixing of thefuel/air chargeisasignificant contributor to cycle-to-cyclevariations, which lower the
maximum power, decrease efficiency and narrow theleaning range of an engine. (Ref. Stone, 295; Taylor2, 29+).

/ Valve Overlap +25'
Exhaust V. Closes
Toc —— Closed Valve

-35'
Intake V. Opens 0 Val
— pen vaive

111
Lo

I

e
oe(!‘ \ml l
@
&

=
£

Exhaust V. Opens

Exhaust sy, %
3

5)

BDC

Fig. 7: Typical valve timing diagram.

Shortly after the exhaust valve opensthe exhaust gasflow ratewill beat itshighest level. Astheexhaust valve
opensthe exhaust gastemperature at the exhaust port will increase from approximately 900°F to 1400°F and will
remainfairly constant for the entiretimethe exhaust valveisopen. Anexhaust valve getshot fromthe high

vel ocity and temperature of the exhaust gassesand from the length of timethevalveisopen.

To measure exhaust gastemperatures, an ElectronicsInternational’sEGT probeisnormally placed 142’ down
fromthe exhaust port. Because of the high flow rate of the exhaust gasses, the temperature of the EGT probe
takeson the peak temperature of the exhaust gasseswithin seconds. The harsh environment of the high vel ocity
EGT gassesmay causereliability problemsfor some competitors EGT probes. E.I.'SEGT probesare
manufactured from high temperature proprietary stainless/incond material and will not burn out! Electronics

I nternational manufacturesEGT probeswith two different sized tipsfor aircraft engines, and very small exposed

tip EGT probesfor race dynos.

Copyright, Electronics I nternational Inc. Page 7 of 31



M aintenance Smp S.Jrvey

Before discussing any leaning techniques, itisimportant to get afeel for the kind of engine problems
mai ntenance shopsroutinely deal with. Becauseaircraft engineshave problemsassociated with theway they are
operated, thisneedsto betaken into cons deration when discussing leaning techniques.

Our survey targeted maintenance shops that performed engine maintenance on aregular basis and
performed top overhauls. We called most shops advertising in trade magazines or flyers. 1n some cases
shops sent cylinders out to facilities that specialized in cylinder head repairs. These facilitiesrepair
hundreds of cylinders every year for maintenance shops all over the country. We also surveyed these
facilities.

The survey was conducted as an open forum. We started by asking two questions. “When you were called
upon to perform unscheduled maintenance on an aircraft engine, what was the problem, and what do you
think caused it?” These questions resulted in alengthy conversation that covered everything from
manufacturing defects to problems caused by pilot operation. We limited the results of this survey to
engine problems which a pilot caused or contributed to.

The maintenance shop owners’' level of knowledge and years of experiencein their professionis
impressive. Many have atrue passion for what they do. All of the shop owners we talked to see many
engine problems and they were very aware of the current lean-of-peak operating procedures. We felt their
experience and advice should be presented here.

Results of the Survey:

One hundred percent of the shops reported that excessive EGTs and/or CHTSs cause engine damage on a
regular basis. Followingisalist of some of the problems they reported:

* Sticky valves due to excessive heat, causing oil to bake onto the valve stems.
* Burnt exhaust valves caused by excessive heat and/or sticky valves.

* Extensive exhaust valve guide wear due to heat. Also, guide wear allows the hot exhaust gasses
to leak up between the valve stems and the valve guides, causing the valves to stick.

* Excessive ring wear caused by detonation and/or excessive heat. Ring wear can cause the rings
toleak. Thiscan foul the plugs due to excessive oil in the cylinders. Also, compression can
drop and the oil may turn black quicker than normal.

* Cracks and heat damage to the ring lands caused by detonation.

* Cracksin the cylinder heads around the exhaust ports, injector ports and spark plugs caused by
excessive heat and/or detonation.

* Every year some shops see holes burned in thetop of the pistons, bent or broken valves, broken rings,
and damageto the piston pins, main bearings or connecting rods.

Copyright, Electronics I nternational Inc. Page 8 of 31



Onehundred percent of the shopsreported apilot’sleaning technique asthe main contributor (if not thesingle
cause) of excessve EGTsand/or CHTsinanengine. Interestingly, when the shopswere asked what leaning
techniquethey recommend, they al had the sameanswer: for aContinental or Lycoming engine, at cruise power
or less, lean 100°F rich of peak EGT. Their combined reasoning goes something likethis:

An aircraft engineis air-cooled and therefore runs hot. It does not have the advantages of a
water jacket to control the heat at strategic spots around the cylinder heads. Also, an aircraft
engine does not have a detonation detector, oxygen sensor or a computer to control timing or fuel/
air mixture based on throttle position, temperatures, detectors or sensor inputs. If a pilot chooses,
an aircraft engine can be run at temperatures that will significantly reduce the life of some of its
parts and there is no automatic system or computer to prevent or limit engine damage.

If long engine life is to be achieved, engine power and mixture must be controlled. By leaning to
best power (100°F rich of peak EGT) at cruise power or less, you will obtain a higher airspeed
and reduce your timein flight. Thishasvalue. In addition, by leaning to best power you will be
placing your EGTs and CHTSs at acceptable levels that are easy to maintain and you will achieve
good engine life. Thisalso hasvalue. It'ssimple, it'seasy and it works. The additional expense
in fuel isworth the value gained.

Whether or not you agreewith their |eaning recommendations, it’sobviousthat controlling the power and
temperaturein an aircraft engine should be acons deration when establishing aleaning technique.

Exhaust Valves

M any mechanicsreport that the most common reason for unscheduled enginework isexhaust valve problems
dueto excessiveheat. It'snecessary to addresstheissue of overheated exhaust val ves before good leaning
techniques can be established.

During the power stroke the high temperatures of combustion (approximately 4000°F) cause the exhaust
valves to absorb heat through convection and radiation. The amount of heat absorbed during the power
stroke is not as significant as the heat absorbed during the exhaust stroke.

During the exhaust stroke the high velocity of the exhaust gasses and the large surface area of the exhaust
valve head cause the exhaust valve to absorb a significant amount of heat. The temperature of the hot
exhaust gasses (EGTS) flowing over the valve has a direct affect on the temperature of the exhaust valve.
The exhaust valve is heated during two of the four strokes of the engine (power and exhaust strokes).
During the exhaust stroke, the valve loses its mgjor cooling path (valve seat face to the seat insert).

Seventy-five percent of the cooling of the exhaust valve is done through the valve seat face to the seat
insert (Ref. Taylor2, 531), which is cooled by the cylinder head. Asthe cylinder head temperature
increases, the temperature difference between the exhaust valve seat face and the seat insert is reduced.
This reduces the cooling capability of the seat insert on the exhaust valve, increasing the exhaust valve
temperature. Cylinder head temperatures (CHTS) have a direct affect on the temperature of the exhaust
valves.

Copyright, Electronics I nternational Inc. Page 9 of 31



Twenty-five percent of the cooling of theexhaust vaveis
through thevalve stem (Ref. Taylor2, 531). Thestemis

long and relatively small compared to theexhaust valve

head. Thesefeatures makethe exhaust valve stem apoor —

heat Snk. Most of Lycoming'sexhaust valvesare sodium

filled. Sodiumturnstoaliquidat 208°F andisagood

conductor of heat. For thisreason Lycoming'ssodium-

filled valvesrun cooler than Continental’ ssolid-stem valves. v : Cylinder
alve Guide Head

Exhaust valve stemsare cooled by thetransfer of heat

Valve Seat Face / Seat Inserts

through thevalve guidesto the cylinder heads. Cylinder
head temperatures (CHTS) have adirect effect onthe
temperature of thevalvestems. Oil isdeliveredtothetop Fig. 8: Shows an exhaust valve,
of thevalvestemtolubricatethevalveguides. seat and guide.

Excessive heat from high EGTsand CHTscan accel erate

exhaust valveguidewear. Asthevalveguidewears, the heat transfer from the valve stem to the guideisreduced,
causing higher valvetemperatures. Thiscausesadditiona valveguidewear and canleadto astuck valve, a
burnedvave, or valvefailure.

Lycoming and Continental useamethod called valve pinch to reduce carbon deposits on the exhaust val ve seat
facesand seat inserts. Theexhaust valve seat faceisground fromY2to 1 degreelessthan theface of the seat
insert. Thisincreasesthevave pressureat the outside of the valve seat face when the exhaust valveisclosed.
Thisincreased pressure helpsto cut through depositsforming asthe exhaust gasses pass by thevaveand insert
faces.

If for any reason the exhaust valve leaks during combustion, super hot combustion gasses will leak by the

exhaust valve causing it to overheat and burn in avery short time. Proper seating of the exhaust valveis
critical to valvelife.

Life Expectancy of an Exhaust Valve:

Both EGT and CHT have adirect affect on the exhaust valve temperature. If the life expectancy of an
exhaust valve for every EGT and CHT combination and for every engine was known, it would be easy to
determine an engine operating parameter that would help achieve the desired exhaust valve life. Since we
do not have thisinformation, it's necessary to rely on experience in formulating acceptable engine
operating parameters.

Heat isthe main concern when it comes to the life of an exhaust valve. Even asmall reduction in the
exhaust valve temperature results in amarked improvement in valve life and reliability (Ref. Taylor2,
531). It doesn’'t matter whether the EGT and CHT heat was produced by running an engine on the lean
side of peak EGT (LOP) or on therich side of peak EGT (ROP).

Copyright, Electronics I nternational Inc. Page 10 of 31



Therelationship between the exhaust valvelifeand the sumof the EGT and CHT isshowninfigure9. Boththe
EGT and the CHT hasadirect affect on the exhaust valve temperature, aspointed out in thetext above. If the
EGT goesup, the CHT must come down to keep the exhaust valve a the sametemperature. Itisuncertain what
theEGT+CHT sumisat any given point on thegraph. The datacan be bracketed by getting somewhat close at
thetwo endsof thegraph asshowninfigure9.

2200 (1750 + 450) T

EGT + CHT

1
|
|
|
|
|
|
Sum I

1600 (1300 + 300)

100 500 1000 2000
Exhaust Valve Life (Hours)

Fig. 9: Shows the affects of heat on the life of an exhaust valve.

When establishing aleaning techniquewe must takeinto consideration the effectsof EGTsand CHTsonthe
exhaust valves. We do know that the higher the EGT+CHT sum, the shorter thelife of thevalve.

Detonation

Detonati on can cause serious engine damage and therefore
isthesinglelargest factor inlimiting enginepower. More
research hasbeen devoted to the study of detonation than any
other aspect of the spark combustion engine (Ref. Taylor2, 20 N areaof
34). All aircraft enginesare capable of detonation. Detonation L ~
and power gohandinhand. If anarcreftengineistomakea  gyep 210
reasonable amount of power (foritsgivensize), it must be psi
designed at or near itsdetonation margin. The FAA setsthe —
minimum detonationmarginfor al aircraft engines.

Detonation

/ /\\\

2" 3“ 4|I 5|I
Bore Size, inches

Operation
140 [~

Oneof theinherent featuresof an aircraft enginewhich makes
it susceptibleto detonation isitslarge bore size (Ref. Taylor2, 70 -
78). Figure 10 showstherelationship between boresizeand
detonation. For example, the Continental O470 enginehasa
5" boreand alawnmower enginehasaboresizeinthe2"

Fig. 10: Affects of cylinder size on detonation.
Study by Taylor at MIT. Compression
Ratio = 8:1 This graph is only spe-
Copyright, Electronics I nternational Inc. Page 11 of 31 cific to the engines used in the study.



range. Asfigure10 showsa5” boreenginewill detonate at approximately half the cylinder pressureasa2” bore
enginewill. Also, thecylinder-surfacetemperaturesincrease asthebore size of theengineincreases. Thisalso
contributesto detonationinlargebore engines. Thisisonereasonalarge boreenginerequiresmorecareinits
operationinorder to lengthenitslife.

Unfortunately it iseasy to operatean aircraft enginein amanner that will produce detonation and engine damage.
Itisuptothepilot to operate the enginein amanner which will prevent detonation. Let’'stakealook at
detonation and what apilot can doto help avoidit.

What isDetonation?

Oncethefud/air mixture (charge) isignited inthe combustion chamber thechargewill burnat auniformrate. The
last portion of the chargeto burn (called “ end gas’) iswhere detonation will occur (seefigure 11). When cylinder
pressureishigh (produced by power) and surface temperature at thelocation of theend gasishigh, theend gas
will auto-igniteand burn at arapid rate (Ref.
Heywood, 375). Thiscausesthe peak pressureinthe
cylinder to occur early and spiketo alevel which can
be 10-50% higher thannormal. Detonation can
causethe pressurein an O470 engineto go from 11
tonsto over 15tons.

End Gas Cycle-to-cyclevariationin combustion can movean

Détr::agg ] engi ne’_sop_erati oninand out of d_etonati on. As _
detonation increasesthe peak cylinder pressure, it also
increasesthe surfacetemperaturesintheareainwhich
detonationisoccurring. Thisincreased pressureand
heat causes detonation to get worse. Over timethis
may result in arun-away condition and enginedamage.
If left unchecked, thisrunaway condition canleadto
pre-ignition. Pre-ignitionisself-ignition of thecharge

Fig. 11: Burn pattern for a Continental before the spark plug hasachancetoignitethe charge.

0470 combustion chamber. Pre-ignition causesextreme heat and pressureina
cylinder, which aso contributesto detonationand a

runaway condition (Ref. Stone, 75).

Duringlight (incipient) to medium (limiting) detonationthe EGT will decreasedightly andthe CHT will increase
dightly. Althoughthissituation most likely will go unnoticed, itisan indication that heet energy isbeing transferred
to susceptible partsin the combustion chamber. Detonation can cause engine damage through two mechanisms:

Excessive Cylinder Head Pressur e- Excessive pressurein acylinder produced by detonation can

cause cracksat the spark plug hole, injector port and exhaust valve port, broken ringsand brokenring
lands. Thesekindsof serious problemsare not uncommon.
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ExcessiveHeat Transfer - When detonation occursthe
end gaswill burn approximately 5to 25 timesfaster than
normal (Ref. Heywood, 375). Thisrapid burn produces
apressurewave (around 5,000 Hz.) that bounces off the
wallsof thecylinder and can be heard asaknocking
sound in an automobile engine but cannot beheardinan
aircraft engine (Ref. Taylor2, 40+).

Top of the Piston

Thishigh energy pressurewaveincreasesthetransfer of
heat of combustion (approximately 4000°F) to the top of
the piston and thetop of the exhaust valve. Heat damage
can occur anywherein the combustion chamber but early
damageisusually localized to the area of detonation (see
figure12). Excessive heat causesloca melting or
softening of themetal and showsup aserosionor
dimpling onthe edge of thepiston. Also, thisexcessve
heat can warp or burn an exhaust valve or causethevalve
tostick. Inextreme cases, when pre-ignitionispresent, a
hole can be melted through thetop of the piston. Fig. 12: Heat damage due to detonation.

Heat damage due to detonation may cause more problemsthan somepilotsreaize. Any sign of erosionor
dimpling onthe edge of apiston or exhaust valveisaserious matter which may requiring achangeinleaning and/
or operating methods. Trace detonation may not have asignificant effect on an engine (Ref. Heywood, 456), but
left unchecked it can lead to heavy detonation and engine damage. Again, apilot should alwaysoperatean
aircraft enginein amanner to avoid detonation.

TheAffectsof Engine Par ameter son Detonation and Pre-ignition:

Thefollowingisalist of engine parametersand the affectsthey have on detonation and pre-ignition:

MixtureControl and Throttle: FAR 33.47 states* each engine must betested to establish that the
engine can function without detonati on throughout itsrange of intended conditionsof operation.” AC
33.47-1 outlinesthe detonation testsrequired by the FAA to T.C. anenginein an aircraft. Thesetests
require an engineto operate without detonation with a12% leaner mixturefrom full rich, at 100% power,
maximum CHT and an OAT set for an FAA “ Standard Hot Day.”

A study at MIT by Taylor and astudy by Fordin 1982 show thefuel/air ratio (mixture) of an enginehasa
sgnificant influence on detonation for agiven throttle setting (Ref. Taylor2, 69; Stone, 152). Figure13is
adapted from Taylor, Stoneand A C 33.47-1 and showsthe percent of power that will produce
detonation for thefull leaning range of atheoretical engine.

Asfigure 13 shows, an engineis most susceptibleto detonation when operated at peak EGT. The FAA

requiresa12% detonation margin when operating at 100% power. Thisrepresentsamixture setting of
approximately 100°F leaner than afull rich mixtureonthe EGT instrument.
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Theareanear thelean operating 120
limit showninfigure13isasmall

operating rangethat may beable 110
to support high power settings
without detonation. Thewidth of 100 Area of EAA Required

: ) ) ) L equire
thislean operating window |_sset % / Detonation — Deton atign Margin
by theamount of turbulenceinthe H.P.

combustion chamber during the (Basedon 90
compressionstroke. Turbulence  RPM & M.P.)
increasesthedetonation marginin 80 +

///\\

anengine. (Ref. Stone, 152). = Safe
TurbuleqcelsprO(_juced by a_lhlgh- ok - Operating Area
domed piston, which most aircraft <

enginesdo not have. Also, -

moderat(?turbu_l enceisproduced 60 700 PK 100 -200 <300

by ahemispherical-shaped EGT

combustion chamber, which most —LOP—|————RoP

aircraft enginesdo have. Fuel/Air Mixture

Thee>§act V\/_idth of thisle_an Fig. 13: Operating envelope for an aircraft engine set to the
operating window for agiven FAA required detonation margin with normal
engineisinformationthat isnot cylinder turbulence.

available. TestingtoAC 33.47-1
with detonati on detection equipment woul d berequired to determineif asafelean operating window
exists(at high power settings) and what the detonation margin would befor any given engine.

Figure 13isfor an aircraft engine based on research datafromtest engines. After reviewing thisdata,
Lycoming’srecommendation of leaning at 75% power or lessand Continental’ srecommendation of
leaning at 65% power or lessappear valid. Thereareaircraft engines damaged by detonation every year,
which seemsto further support Lycoming’sand Continental’ srecommendations. To avoid detonation we
recommend every pilot follow Lycoming's, Continental’sor an STC holderspower requirementsfor

leaning.

Depositsin the Combustion Chamber: Detonation is caused by the end gas auto-igniting near
the surface of hot components in the combustion chamber. An overheated exhaust valveisthe
most frequent contributor to detonation. Also, as the exhaust gases flow over the exhaust valve,
carbon deposits can form on the valve and top of the piston. These deposits take on heat from
compression much faster than the cylinder walls and piston. Hot carbon deposits on a hot exhaust
valve can be particularly troublesome.

Hot carbon deposits or overheated spark plug electrodes can produce pre-ignition (Ref. Taylorl, 300;

Stone, 74, Heywood, 375, Taylor2, 84). Changingtheoil frequently and leaningtheengineduringidle,
taxi and cruisewill reduce carbon deposits.

Copyright, Electronics I nternational Inc. Page 14 of 31



CHT: High CHTswill increase surfacetemperaturesin the combustion chamber, including the
temperature of theexhaust valve. Also, high CHTsincrease the end gastemperature and the chance of
detonation.

Inlet Air Temperature: Increasedinlet air temperaturewill increasethetemperature of theend gasand
can beasignificant contributor to detonation in turbocharged aircraft at high atitude. On the other hand,
anormally aspirated carbureted engine may benefit from some carburetor heat. Fuel evaporation and
distribution arevery sengitivetoinlet temperature. Adding carburetor heat may improvethefuel/air
distribution between cylindersand reduce the chance of detonation by richening theleaner cylinders (Ref.
Taylor2, 63). It may be helpful to operate with acarburetor temperature that isno more than 10°F
above" Standard Day” or 70°F, whichever isless.

Timing: Advancing thetiming will increase peak cylinder pressure and the chance of detonation.
Detonation is produced by pressurizing and heating of the end gas.

RPM: Increasing the engine RPM reduces the burn time, which will slightly reduce the chance of
detonation (Ref. Taylor2, 64).

Humidity: Increased humidity has atendency to reduce detonation.

Fuel: The amount of literature covering the affects of fuel on detonation is enormous. The major
development of fuel istargeted around reducing its ability to detonate. The octane rating of fuel is
one of the most significant factors that determine an engine’s ability to detour detonation. The
higher the octane rating of the fuel, the less chance there is of detonation. Since only 100LL fuel
isavailablein Genera Aviation, it is not necessary to go into the many properties of fuel that
detour detonation.

Compression Ratio: Increasing the compression ratio of an engineisaDesign Engineers
primary method of increasing an engine’'s power output for agiven engine size. Higher
compression ratios increase an engine's efficiency, horsepower, peak pressure and combustion
temperature. Also, high compression ratios significantly increase the chance of detonation.

Leaning M ethods

I ftheairframe, STC holder and/or enginemanufacturer’sleaning recommendationsfor your air cr aft
enginediffer from those presented here, you must use the airframe and/or engine manufacturer’s
recommendations. It isyour responsibility to acquire and use the proper leaning method approved
for your engine.

When leaning an aircraft engine the following maintenance and performance issues should be considered:

Detonation (maintenanceissue) - Detonation isone of the most destructive operating conditionsfor an
engine. Light (incipient) to moderate (limiting) detonation can lead to heavy detonation witch can cause
damage over aperiod of time, with littleindication by the engineinstrumentsthat aproblemexists. A high
power setting with too lean amixtureisthemajor cause of detonation. By leaning to theengine
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manufacturer’s (or STC holder’s) recommended power requirements, there’ sagood chance of avoiding
any excessive hesat or pressure damage dueto detonation at any mixture setting.

A pilot can inadvertently operate a turbocharged engine at high power settings when flying at high
atitudes. At high atitude, backpressure in the exhaust system is reduced, allowing more charge to
be packed into the cylinder during the intake stroke. Thisincreases engine power for agiven
manifold pressure and RPM. Also, running an engine on the boost at high altitudes can
significantly increaseinlet air temperature. If an engineisleaned with high inlet air temperature
and a high power setting, detonation and subsequent engine damage can occur.

Exhaust Valve Temper ature (maintenance issue) - High exhaust valve temperature can
significantly reduce the life of an exhaust valve. The combination of the EGTs and CHTs affect
the temperature of the exhaust valve and itslongevity. By keeping the sum of the EGT + CHT
below 1825°F for each cylinder, you may extend the life of the exhaust valves.

Cylinder Head Temper ature (maintenanceissue) - High CHTSs can stress an engine, reduce
detonation margin and reduce the life of many engine parts. By keeping the CHTs below 400°F
for each cylinder, you may reduce the affects of heat.

Carbon Deposits (maintenance issue) - Some carbureted engines (0470, 0520, etc.) have awide
fuel/air distribution between cylinders. Therichest cylinders can foul plugs and accumulate an
excessive amount of carbon deposits. Some pilots of these engines operate the leanest cylinders
LOPin order to keep the richest cylinders from fouling plugs. We have not found any roughness
in operation when running a carbureted engine's leanest cylinders LOP.

Airspeed and Fuel Economy (perfor mance issues) - The leaner operating methods will save fuel
but you may see a significant reduction in airspeed. If airspeed isworth the additional cost of fuel,
your may want to consider using the “Best Power” leaning method. What is the cost of speed
modifications or abigger engine to gain airspeed verses the cost of fuel to run at best power?

The engine can help dictate aleaning method. Reading the plugs to determine an engine’s proper
operating temperature and mixtureis an old tried and true method still used by many race mechanics. If
an engine has cylinders operating with black plugs and carbon build up in cylinder chambers, one of the
leaner operating methods should be considered. If an engine has cylinders operating with chalky white or
small black and gray spots on the insulator of the spark plugs, aricher operating method should be
considered.

Following are a number of leaning methods for the different operations of an aircraft.

Idle and Taxi:

If an engine is consistently operated with black carbon on the plugs, leaning the engine during idle and
taxi operation should be considered. Some pilots consistently lean their engines during idle and taxi
operation before takeoff and after landing to keep their engine’s combustion chambers clean. Some

enginesrunvery rich at low RPM and canfoul plugsinashort period of time. Leaninganengineat taxi andidle
cansgnificantly reduce carbon depositsand plug fouling.
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At low power settings, exhaust valvetemperatures, CHTsand detonation are not aproblem. Therefore, you
cannot damage an engineby leaning at idleor taxi. Whenleaning at low RPM, the mixture control will needto be
considerably pulled out beforethe EGTs start to rise. Remember you can't hurt the engine by leaning, sodon’t
beafraid to be aggressive with the mixture control.

At low RPM, combustion efficiencies (ASE) are low. Asyou lean your engineit will be difficult to find
peak EGT. Oncethe EGTs make aninitial increase they flatten out and do not change much with
additional leaning. Any mixture setting after the EGTs reach thisflat peak is sufficient to reduce carbon
deposits.

An important thing to remember isthat during taxi onto the runway for takeoff, the mixture must be at

full rich. A takeoff with too lean a mixture can cause severe engine damage. Run-up isagood time to
insure that the mixture control is set for full rich.

Takeoff and Climb:

The research data clearly indicates that a rich mixture is mandatory to detour detonation. The EGT
leaning range for an engine is approximately 300°F from full rich to peak EGT. The changein EGT is
fairly linear with achange in the mixture. For most non-turbocharged aircraft engines, EGT readings at
takeoff (100% power at sealevel) will be 1100°F to 1250°F. Turbocharged engines will run 1200°F to
1350°F. For both turbocharged and non-turbocharged aircraft engines the EGT reading should not go over
1350°F on takeoff.

Takeoffsand Climbswith L ean-of-Peak (L OP) Oper ation - Unlessadetonation survey toAC 33.47-1 has
been performed on each cylinder and satisfactory resultshave been obtained, afull throttletakeoff or climbwith
L OP operation isnot recommended.

High Altitude Takeoffs and Climbsfor Non-Turbocharged Engines - As atitude increases air density
will decrease causing engine power to decrease and its mixture to become excessively richer. An
excessively richer mixture will cause an additional 1oss of engine power and possibly arough running
engine. To compensate for thislossin power it would be appropriate to lean an engine during climb and
for takeoffs at airports with elevations above sea level.

The following changes in the mixture were calculated to correct for an excessively rich mixture during
climb. If an engine’s CHTs approach their maximum limit, it may be necessary to operate with an
excessively rich mixture or reduced power to keep the CHTs in areasonable operating range.

Lean at Takeoff and Climb for an EGT Reading of:

SealL evel EGT Reading + 25°F/1000'
(or 1350°F, whichever isless).
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If thefull throttle sealevel EGT readingsare unknown, the approximate val ues can be derived using thefollowing
formula

Sea Level EGT at Full Throttle = Peak EGT reading at 70% power - 300°F.

Cruise:
There are many leaning methods available. Below are a number of them for your consideration.

The"Best Power” Leaning Method:

Set the mixture so the leanest cylinder operates 100°F rich of peak EGT (seefigure 14). This
method hel ps ensure the exhaust valves stay reasonably cool. The engine will produce maximum
power for agiven throttle setting. Of all the leaning methods presented, this method will produce
the highest airspeed, fuel consumption and CHT's.

For engines that have awide fuel/air distribution between cylinders (such as carbureted engines
and some injected engines), this method may result in some of the cylinders running very rich.
Theserich cylinders can produce carbon depositsand fouled plugs. If thisisthe casefor your engine,
you may want to consider aleaner operating method.

Lean to Peak EGT
Lean to 50 'F LOP Lean to 100 'F ROP
0 \. .
20 :/‘lf : \\
CHT Lo |
Change | 0 ;
] e e e
75% T T [—T
I | | [~
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Fig. 14: Shows the CHT, Power and Specific
Fuel Consumption verses the EGT
reading for a typical aircraft engine.
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The"Peak EGT” L eaning M ethod:

Set the mixture so the leanest cylinder operates at peak EGT. At this mixture setting the EGTs
will be 100°F hotter than the “Best Power” leaning method” (see figure 14). This method results
in the highest temperature on the exhaust valves and heat damage could become an issue. The
engine will produce approximately 4% less power and the fuel consumption will be approximately
14% lower than with the “ 100°F Rich-of-Peak (ROP) Leaning Method.” The CHTswill be near
there highest.

The" L ean-of-Peak (LOP)” L eaning Method:

Set the mixture so the richest cylinder operates at 30-80°F |ean of peak EGT. At this mixture
setting the CHTs will be the coolest and the EGT will be 20-70°F hotter than the “ 100°F Rich-of -
Peak (ROP) Leaning Method” (see figure 14). This method results in reasonably cool exhaust
valve temperatures. The engine will produce approximately 7+% less power and the fuel
consumption will be 20+% lower than with the “ Best Power” |eaning method.”

The“L OP with Power Recovery” L eaning M ethod:

Thismethod isnot recommended unlessadetonation survey to AC 33.47-1 has been performed, the
result show asafe operating areaexits|ean of peak for the power levelsyou plan on using and FAA
approval hasbeen obtained.

Set the mixture so therichest cylinder operatesat 30-80°F |ean of peak EGT. Increasethe manifold
pressureby 1.25" Hg to recover 5% of the power loss (.25" Hg per %H.P). Itisimportant therichest
cylinder isnot allowed to drift within 30°F of peak EGT (refer to the detonation survey for your engine).
It must remain at LOPoperation. E.l.’sUBG-16 hassome uniquefeaturesto help with thisprocess.
Thelean mixtureisrequired for all cylindersto ensurethat detonation does not occur. Thehigher the
power recovery, the higher the chance of detonation.

The fuel consumption and power achieved for an engine by using one of the leaning methods outlined
above may vary depending on the fuel/air distribution between cylinders of that engine. For example: A
carbureted engine power may not change much asit isleaned past the best power mixture. Asthe engine
isleaned, the leaner cylinders will lose power as the richer cylinders gain power. Also, the specific fuel
consumption for some cylinders may be at best economy while the other cylinders will be at best power or
richer. Therefore, the specific fuel consumption for the engine will be more than that shown in figure 14.

Descent:

During descent maintain the same leaning method as used during cruise (other than the power recovery
method). The manifold pressure will need to be reduced during descent to maintain proper power levels
for alean mixture. When entering a pattern for landing, richen the mixture for a possible full throttle go
around.

Shock cooling (cylinder heat temperatures dropping more than 30°F per minute) can beaproblemfor afew
aircraft. Most aircraft cannot be shock cooled even during high-speed descents. Although, thereareafew
aircraft that will shock cool assoon asthenoseislowered. Theseaircraft seemto have ahigher incidence of
warped valvesand cylinder head cracking problems. To hel p prevent shock cooling, maintain normal power, a
lean mixtureand amoderate descent rate.
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Matrix of L eaning Methods

Followingisalist of advantages (+) and disadvantages(-) of thedifferent leaning methodsfor the maintenance
and performanceissuescited.

Leaning Method

M aintenance Issues | Best Power |Peak EGT |Lean-of-Peak |LOPwW Power Recovery (6)

Detonation ++ (1) + (1) ++ (1) ---(6,7)
Exhaust Valve Temp. + - (4 +- (4) +
Cylinder Head Termp - (2 -2 + (5) +
Carbon Deposits - (3 + ++ ++

Performance | ssues

Airspeed + - -- 4
Fuel Economy - + ++ ++

(1) Whenleaning to the engine manufacturer’ srecommended power requirements, the chance of detonationis
low.

(2) If your CHT's are below 400°F, this leaning method isNOT a disadvantage.

(3) If your engine does not have atendency to develop cabon deposits, thisleaning method isNOT a
disadvantage.

(4) If your engine has awide fuel/air distribution between cylinders, some cylinders may be operating
near peak EGT. If the EGT + CHT isunder 1825°F, thisleaning method isNOT a disadvantage.

(5) If your engine has awide fuel/air distribution between cylinders, some cylinders may be operating
near peak CHT. If the CHT isbelow 400°F, thisleaning method isNOT a disadvantage.

(6) Thismethodisnot recommended unlessadetonation survey to AC 33.47-1 hasbeen performed, theresult
show asafe operating areaexitslean of peak for the power level syou plan on using and FAA approval has
been obtained. Thefollowing dataisfor anenginewithawell balanced fuel/air distribution between
cylinders.

(7) Itisimportant the richest cylinder is not alowed to drift toward peak EGT. It must remain at LOP
operation. The lean mixture isrequired for al cylindersto ensure that detonation does not occur.
The higher the power recovery, the higher the chance of detonation.
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A Great EngineAnaJyzer

A great engine anayzer can be the most effectivetool for avoiding engine problemsand adding asignificant
level of safety toany flight. If ananayzer only displaysengine dataand requiresthe pilot to do the mgority of the
analysis, that pilot may be sadly disappointed in the engine analyzer when an unexpected problem arises. A great
engineanalyzer should automatically find engine problemsfor the pilot and assist inthe pr oper operation of the
engineto help avoid engine problemsinthefirst place! Following are some of thefeaturesthat make an engine
analyzer great.

Automatically collects and analyzes engine data and displays a war ning the second a problem
occurs- An engine analyzer that isonly “good” comes from thefirst level of technology. It hasa
bar graph display to show current EGTs and CHTs. Also, it collects engine data and provides a
method of downloading the datato a computer for later review of graphs, charts and numbers to
detect problems that may be developing. The second level of technology in engine diagnosticsis
to let a computer program pour over the engine datain order to automatically find any problems.
The third level of technology isto provide programmable parameters so the computer program can
be customized for each of the engine’s cylinders. This alows for amuch more accurate analysis.
The fourth level of technology isto put the computer in an aircraft and analyze the datain “real”
time asit is collected from the engine analyzer. Finding problems early can significantly reduce
engine damage. Thefifth level of technology isto put the entire computer program into the engine
analyzer and get rid of the computer.

Only Electronics International’s UBG-16 is afifth level technology engine analyzer, with three on-
board microprocessors to analyze engine data asiit is collected. The UBG-16 analyzes engine data
in the same manner as an engineer does. it looks for trends and deviations from normal operating
levels. The UBG-16 has 34 pilot-programmable parameters to allow automatic engine analysis to
be customized for each individual cylinder of an engine. The UBG-16 will automatically detect
and alert the pilot of any devel oping engine problem in seconds, rather than the weeks or even
months it might take to download and analyze data from other bar graph units on the market. For
those that like to keep detailed records, the UBG-16 provides an RS-232 output port so data may
be collected in E.I.’'s MUX-8A Black Box Data Recorder for later review.

A graphisprovided to display long-term trends - An engine analyzer which is merely “good”
provides a bar graph display of an engine's EGTsand CHTs. But because the exact height of
every column of barsfor each cylinder is not easily remembered, it will be difficult to spot trends.
A great engine analyzer can store offset data for each cylinder in long-term memory. This offset
data can be used to display a“normalized” graph of the engine’s current operating temperatures.

If al of the engine’s cylinders are healthy, the bar graph will display columns with the same height
(seefigure 15). If acylinder develops a problem, that cylinder’s column of bars will be higher or
lower than the others. (see figure 16).

It'seasy to enter the UBG-16'snormalized mode any timeduring aflight. If acylinder’sEGTsgart to
drift, that drift can be spotted on the normalized display in seconds. Thisisthesametrend informationa
pilot would belooking for in down-loaded enginedata. No other engine analyzer hasthe ability to
store offset data in long term memory (100+ years) and use this data to display “ real” time trends
onitsbar graph display. A major design criterion of the UBG-16 wasfor it to be ableto collect,
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processand anayze engine dataand alert the pil ot of an engine problem as soon as possible, which other
bar graph instrumentson themarket can’t doaswell or at al!

NORMALIZED

Fig. 15: Shows Normalized Mode with Fig. 16: Shows Normalized Mode with a
the engine operating normally. problem on cylinder #2.

Thebar graph display can be scaled to match theoper ating range of an engine—An engineanalyzer
whichisonly “good” keegpsthe bar height near themiddle of thedisplay rangefor normal engineoperation. A
great engineanalyzer (UBG-16) allowsyou to set thelower and upper operating range of the barsto match
your engine' sspecific operating range. When anengineisrunningrich, thebarswill below inthedisplay (see
figure 17) and when an engineisrunning lean, thebarswill behhighinthedisplay (seefigure 18). It will beeasy
to seeat aglancehow rich or leantheengineisrunning. Thisisabig safety featurewhen taking off, climbing,
cruisng and descending.

Fig. 17: Shows Normal mode with the Fig. 18: Shows Normal mode with the
engine operating at full rich. engine running lean.

Copyright, Electronics I nternational Inc. Page 22 of 31



Superior leaningfeaturestoassist in rich-of-peak (ROP) and lean-of-peak (L OP) engine
operation - An engine analyzer which isonly “good” indicates the first cylinder to reach peak
EGT during the leaning process. It also indicates how many degrees below peak EGT the leanest
cylinder is operating. A great engine analyzer (UBG-16) indicates each cylinder asit reaches
peak EGT. Also, it will indicate how many degrees ROP or LOP each cylinder is operating.

Another feature of the UBG-16 isits fuel/air mixture profile mode. In this mode the bar graph
display shows how close al of the cylinders are to reaching peak EGT at the same mixture setting.

The UBG-16 was designed to be one of the most valuable tools that can be purchased for an aircraft. The
UBG-16 has some advanced features every pilot should consider. These features can provide some real
safety and money savings benefits.

Engine Diagnostics

Engi ne problems can be separated into two categories. “Top End” and “ Bottom End.” Bottom-end problems
arethoseassociate with thelower half of theengine, e.g., worn bearings, cracksin the crankshaft, connecting
rodsor case, etc. Problemsin the bottom end of an engine are most often caused by sudden engine stoppage or
improperly assembled parts. Problemsin the bottom end occur infrequently.

Top-end problems are those associated with the upper half of the engine, e.g., stuck valves, burned
exhaust valves, worn valve guides, broken valve springs or retainers, cracked valve rockers, defective
valve lifters, bent or broken push rods, rusted or worn cam lobes, worn or burned valve seats, cracked
cylinders, heat-damaged pistons, broken ring lands, broken or worn rings, out-of-round cylinders, fouled
plugs, defective mag wires or mags, plugged injectors, cracks in the injector tubes or flow divider,
defective or misadjusted fuel servo, defective fuel pump, leaksin the fuel lines, leaks in the upper deck
pressure lines, efficiency problems with the turbo, carburetor problems, plugged return fuel lines, etc, etc,
efc.

Top end problems account for the overwhelming majority of problemsin an engine. A great engine
analyzer can easily spot most top-end engine problems. Without an engine analyzer most of these top-end
problems will go undetected. Over time, an undetected problem can cause significant engine damage
resulting in an expensive repair hill.

Diagnosing Problems from the EGT Readings:

Understanding the following simple concept and EGT formula can help agreat deal in diagnosing engine
problems from EGT readings. This concept and EGT formula are taken from differential thermodynamic
equationsand show therelationship between the energy inthe combustion temperature, the energy usedto
produce horsepower and the exhausted energy.
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Concept: Heat = Energy

Think of heat, energy and power asthe samething. Temperatureisameasurement of heat energy and
horsepower isameasure of energy used. If heat and energy arerelated, it followsthat temperature and
horsepower arerelated.

EGT Formula: EGT =T T

(Fuel/air) ~ ' (HP)

T cueniny = The temperature or energy of combustion produced by the burning of the fuel/air
charge. The more charge (measured by fuel flow) delivered to acylinder, the more
potential energy thereis available to produce horsepower. During normal operations
the temperature of combustion (T (FusiAir) ) is approximately 4000°F.

T e = Temperature or energy used to produce work or horsepower. Also, T (HP includesthe
energy used to heat the cylinder heads. Aswork isdone T HP) draws energy from the
temperature of combustion (T (Fuel Air)), reducing it from 4000°F to approximately 1300°F
(the EGT reading).

EGT = Temperature or energy of the exhaust gases. Asthe EGT formula shows, the EGTs are the
result of fuel/air charge delivered to the engine, less the horsepower the engine produces.

If we keep the fuel flow and mixture the same, anything that reduces engine horsepower
will result in higher EGTSs.

Thissimple EGT formula can be used to diagnose any top-end problem. All problemswill fall under one
of the following four categories.

Mixture - The following examples show how the EGT Formula applies to the different areas of
leaning:

1. Leaning from Full Rich to Best Power (100°F rich of peak EGT):

*T

(Fuel/Air) ~ (HP)

tecT=1T

Asthe engineisleaned from full rich to best power (100°F rich of peak EGT), T Fuaiain
and T HP) will increase due to additional heat energy released in the fuel. Since the
engineis not 100% efficient, T Foamin will increase morethan T ., resultinginan
increasein EGT. The EGT will increase approximately 200°F from full rich to best
power mixture.

2. Leaning from Best Power to Peak EGT:

YEGT=T v T

(Fuel/Air) ~ (HP)

Astheengineisleaned from Best Power to Peak EGT T uerain will stay about the same, Tp
will decrease dueto thedow burn of thefuel air mixture and the reduction of the peak cylinder
pressureand asaresult theEGT will increase approximatly 100" F.
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3. Leaningfrom Peak EGT to Lean Midfire:

T

(Fuel/Air) ~ (HP)

YEGT :lT

Asthe engineisleaned from Peak EGT to Lean Misfire T Foaiain and T e will decrease
dueto less energy inthefuel. Asaresultthe EGT will decrease approximately 100’ F at
which point the engine will start to misfire.

Some engine problems that fall under the “Mixture” category are:

Plugged injectors.

Worn or defective injectors.

Leaksin thefuel linesand flow divider.
Misadjusted or defective fuel controller.
Misadjusted or defective carburetor.
Fuel distribution problems.

Intake |eak.

Defective fuel pump.

Leaks in upper deck lines.

Intake or exhaust restriction.

Compression - The higher the compression ratio of an engine the more horsepower (T " P)) it will
produce for a given amount of fuel/air charge. Anything that reduces the effective compression
ratio (such asleaks around the valves or rings) will reduce horsepower (T ) and increase the
EGT (*EGT= T - ¥ ). Aleak in an exhaust valve can result in a 20-200°F risein

(Fuéel/Air)

that cylinder’seGT.
Some engine problems that fall under the “Compression” category are:

Burned valve.

Broken or worn ring.

Worn or burned valve seats.

Out-of-round cylinder.

Rings that will not seat.

Defectsin the rocker arm, push rod, valve lifter, valve spring or any other component that
holds the exhaust or intake valve open during the combustion stroke.

Timing - Asthe spark timing is retarded from optimum, peak pressure of combustion occurs later
than normal, which reduces horsepower (T (HP)). Asthe EGT formula shows

( PEGT = T ewernin = ¥ am) ), the EGTswill increase. Some engine problems such asafouled
plug can also produce aretarded timing for asingle cylinder. Any problem that causes one of the
plugsto misfireincreasesthetimerequired to burnthefuel/air chargein acylinder, which effectively

retardsthetiming.

If the spark timing isadvanced from optimum, peak pressure of combustion will increase and occur

earlier than normal. Thiscausesthe combustion energy toincrease(T ), horsepower to drop
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dightly and the heat transfer to the cylinder headstoincrease (T
EGT readings.

(HP)). Thenet resultislittiechangeinthe

Some engine problems that fall under the “Timing” category are:

Fouled plugs.

Defective mag wires.

Mag failure.

Misadjusted spark time on one or both mags.

Detonation. Detonation advances the timing due to the last portion of the charge being
burned all at once.

Lean mixture. Although not a problem, alean mixture does take longer to burn.

Charge - Increasing the throttle increases fuel/air charge delivered to theengine T . ;) and
increases engine horsepower (T " F,)). E.l.’sfuel flow instrument provides a good measurement of
the energy delivered to the engine. Since the engineis not 100% efficient, T (FusiAir) will increase

morethan T HP) resulting in the EGT increasing approximately 1 to 1.5 °F per horsepower

(assuming the mixture staysthe same) (* EGT =4T T

(Fuel/Air) ~ (HP) ).

Some engine problems that fall under the “Charge” category are:

RPM gauge reads low (commonly seen in analog gauges).
Manifold pressure gauge reads |ow.

Efficiency problems with the turbo.

Worn cam lobes.

Intake or exhaust restriction.

At the back of this manual is an “Engine Diagnostic Reference Guide.” This guide describes a number of
engine problems and their associated symptoms.

Diagnosing Problems from the CHT Readings:

Thefollowing CHT formulawill help in diagnosing problems using the CHT readings.

CHT Formula: CHT = T(HP) - T(Coolmg)
T 1 = Temperature or energy to produce horsepower.
T = Temperature or energy used to cool the cylinder head.

(Cooling)

CHT = Temperature of the cylinder head.

When it comesto diagnosing most engine problemsthat haveamajor affect onthe EGTSs, the CHT readingsare
agood backup but used alonethey are not agood troubleshooting aid. Becausethe amount of cooling energy
(T (Coo”ng)) availableisaffected by airspeed, OAT, cowl flap setting, dtitude, humidity, barometric pressure and
adjacent cylinder head temperatures, the CHT readingsfrom flight to flight can vary significantly. Also, if a
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cylinder devel opsaproblem and produceslesspower (T HP) reduces), then theairspeed may alsoreduce. This
reductioninairspeed reduces T (Codling) causngasmall net changeinthe CHT reading, which may go unnoticed.
CHT readings easily can display problems related to engine cooling, while EGT readings will not show
these problems at all. Some engine problemsthat fall under the “Cooling” category are:

Deterioration of the baffle seals.

Broken stiffening tabs.

Problems with the inner cylinder baffles.

Defective or misadjusted cow! flap linkage.

Air restriction under the cowl (shop rag, shop tools, bird nest, rat nest, etc.)

Some engine problems that fall under the “Horsepower” category are:

High horsepower settings.
Detonation.
Pre-ignition.

At the back of this manual is an “Engine Diagnostic Reference Guide.” This guide describes a number of
engine problems and their associated symptoms.

Engine Tests.

At the back of this manual are some tests that can be very helpful in diagnosing engine problems.
Following isalist of those tests:

Base Line Comparison Test - Every engine and every cylinder has its own unigue operating
temperatures. If you have recorded the normal operating temperature for each cylinder of your
engine for a specific flight condition at an earlier date, you can compare current temperatures with
your base line temperatures to help spot engine problems. Establishing abaselineisthesingle
most important thing you can do toward diagnosing engine problems from trend data. The UBG-
16'slong term normalized mode can establish a base line automatically.

Lean Range Test - Thistest checks the EGT range from full rich to peak EGT. A 200-300°F
rangeisnormal. If acylinder isrunning with an EGT reading higher than normal, thistest will tell
you if the problem is due to aleaner than normal mixture. A partially plugged injector or an intake
leak could cause aleaner than normal mixture on asingle cylinder.

Mag Test - Thistest checksthe EGT reading when operating on theleft mag and when operating on the
right mag. A largedifferenceinthe EGT reading between theleft and right mag operation could indicatea
mag timing or spark problem.

IntakeL eak Test - Thistest checksfor anintakeleak. Anintakeleak can causeacylinder torunlean
at lower throttle settings. At highthrottle settingsan intakeleak will havelittle affect on the mixturedueto
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thelow pressure difference between high atmospheric pressure and the high manifold pressure. Atlow
throttle settingsan intake leak can cause acylinder or bank of cylindersto runlean duetothe
combination of high atmospheric pressure and low manifold pressure causing additiond air to beinjected
through thelesk into theintake system.

Leak Down Compression Test - Thistest checks acylinder for aleak around the exhaust valve,
intake valve or piston ring. A Leak Down Compression Test is performed at every annual and is
not listed at the back of this manual.

Fuel Flow / Hor sepower Test - This test calcul ates the horsepower from fuel flow. If the mixture
isset full rich, an engine should produce .1 to .11 Gal/HP. If the fuel flow and mixture is correct
but the engine is not making horsepower, the EGTs will read high ® EGT = Truarain =¥ Tup ).
This test can help spot some engine problems that could otherwise be very difficult to find.

Enagine Problems:

Over the last 24 years E.1. has hel ped thousands of customer troubleshoot engine problems. Following is
alist of some of the more interesting engine problems experienced by E.I. customers, aswell asthe
troubleshooting methods used to find the problems. Not all customers use the best troubleshooting
method but they are useful to learn from.

Problem#1: *EGT=TT . -*T.,

Problem Categories. Mixture, Compression, Timing and Charge.

Symptom:
The#3 EGT reading on the customer’s UBG- 16 was approximately 150°F hotter than the other
cylindersat cruisepower. TheUBG-16 wasdisplaying adifferential EGT warning. Theaircraft
enginewasrunningfine.

Diagnostics:
1. The“Lean Range Test” was performed. The results showed that cylinder # 3 was
running too lean. Thisisa“ Mixture” problem. Takeoffs with a lean cylinder can
destroy an engine.

2. The #3 injector was checked for an obstruction. Nothing was found.

3. The“Intake Leak Test” wasperformed. Nothingwasfound. Pressurewas put onthe pilot by
hismechanicto fly theairplane becausethe mechanic believed therewas probably nothing
wrong withtheengine. E.l.’sposition was*“ Do Not fly thisaircraft with power settings
above 75%. Alean running cylinder during take off can detonate and destroy the
engine.”

4. Onremovingtheinjector for thethird timeasplit on the undernesath side of thehard fuel line
from the spider to theinjector wasfound. Fuel was spraying on the engine during normal
operation. When the aircraft was on the ground and the cowl was open, thefuel had
evaporated |eaving no sign of aproblem.
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Problem #2: *EGT =TT coum” *Toun

Problem Categories. Mixture, Compression, Timing and Charge.

Symptom:
Cylinder #1 required atop overhaul every 12 months for aburned exhaust valve. The pilot
was properly leaning the engine to the TIT (100°F rich of peak TIT). The CHTs were
operating around 400°F.

Diagnostics:
1. AUBG-16 wasinstalled in the aircraft.

2. The pilot found the typical EGT spread between the cylinders to be the problem. Since
the TIT isan average of all the EGTs (plus an increase in temperature for compression at
theinlet of the turbo), some of the cylinders were operating richer and some were
operating leaner than 100°F rich of peak EGT. When the mixture was set 100°F on the
rich side of peak TIT, Cylinder #1 was operating at 1650°F (peak EGT). At this
temperature the exhaust valve life for cylinder #1 was being exceeded every 12 months.
Thiswas a “ Mixture” problem.

Problem#3. 4 CHT = Tem ™ ¥ T coiing
Problem Categories: Cooling and Horsepower.

Symptom:
Anoverhauled enginewasingaledintheaircraft. Cylinder #5indicated aCHT reading 75°F
higher than the next highest CHT.

Diagnostics:
1. The EGTs appeared normal.

2. The Lean Range Test showed no “Mixture” problem. E.I. suspected a Cooling”
problem.

3. After adetailed inspection of the baffle sealsafour-inch tab over cylinder #5 wasfound to be
bent up. Initsproper position, thetab diverted theincoming air down through theinner cylinder
bafflesof cylinder #5. Thetab wasbent back down and the CHT readingsfor cylinder #5
dropped downto thelevel of theother cylinders. The US-8A nolonger displayedaCHT
differentia warning.

Problem#4: *EGT =T - ¥Twp
Problem Categor ies. Mixture, Compression, Timing and Charge.

Symptom:

The UBG-16 was displaying an intermittent warning for cylinder #3. The EGT reading for
cylinder #3 read high intermittently.
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Diagnostics:
1. The Lean Range Test indicated the peak EGT for cylinder # 3was 1510°F. Cylinder #3's
EGT jumped above 1510°F (up to 1580°F+) when the problem occurred. The problem could
not be a “ Mixture” problem. A* Compression” problem was suspected.

2. The Leak Down Compression Test indicated no problem. A sticky exhaust valve was
suspected. A sticky intake valve would cause audible backfiring, as E.I. has seen before.

3. Ingpection of the exhaust valve and components found no problems. The intermittent
high EGT readings for cylinder # 3 persisted.

4. All of the exhaust valve components were replaced. The problem was fixed. Further
inspection of the components showed the exhaust valve lifter was misassembled, causing
oil to be trapped in the lifter. Thistrapped oil would not allow the lifter to compress
properly and would hold the exhaust valve slightly open, causing the intermittent high
EGT readings.

Problem#5: EGT =4 T -V T e

(Fuel/Air) .
Problem Categories. Mixture, Compression, Timing and Charge.

Symptom:
A zero time engine was installed in the aircraft. The climb rate seemed lower than normal
and cruise airspeed seemed alittle slow.

Diagnostics:
1. The EGTswerein anormal operating range for climb and cruise. The Lean Range Test
showed the mixture for all cylinders was running too rich but the engine could still be
leaned properly.
2. With the mixture leaned properly the engine still seemed to be low on power.

3. Engine timing was checked and a Mag Test was performed. Timing was not the
problem.

4. A Leak Down Compression Test was performed. No problem was found.

5. In cruise, with the engine leaned to 250°F rich of peak EGT, the fuel flow at 75% power
was 16.3 gal/hr. The fuel flow should have been (260 HPx .75 x .1 gal/HP) 19.5 gal/hr.
Thiswasa*“ Charge” (low power) problemwith all cylinders.

6. The intake and exhaust system were inspected for restrictions. No problem was found.
7. Theexhaust and intake val ve and componentswereingpected. No problem wasfound.

8. A wrong cam or cam timing problem was suspected. Thiswould cause the engine to
intake less fuel/air charge and produce less power. Thiswould be the same as flying with

reduced throttle, with the manifold pressure indicating normal.
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9. Theenginewasremoved from theaircraft and returned to the buil der.

10. Twenty days later the engine was returned to the customer. A defective cam was sited
as the problem.

11. Theengine wasreinstalled in the aircraft. The engine produced 100% power and
operated normally.

Problem#6: 4 EGT = TT(FuellAir) - T(HP)

Problem Categories. Mixture, Compression, Timing and Charge.

Symptom:
A new engine and aUBG-16 were installed in the aircraft. The pilot took off and climbed
out over the ocean (as required). On the climb out the pilot did not notice the very high
EGT readings. The engine was running lean and the leanest cylinders were detonating. At
3,000 ft acylinder exceeded the EGT limit on the UBG-16 and the red warning light came
on. One of the leanest cylinderswas pre-igniting. At this point the pilot turned the aircraft
back towards the airport and continued a full throttle climb. Thirty seconds later the
engine started violently shaking the aircraft. A hole was burned through the top of one of
the cylinders. The pilot reduced throttle and called an emergency. The pilot was cleared
for adirect approach to the departing airport. The pilot was capable of safely flying the
aircraft at reduced power. Two miles from the airport, over water, the engine seized. All of
the engine oil was blown out of the top of the piston. The pilot glided the aircraft the last
two miles and made a safe landing.

Diagnostics:
Threeof thecylindershad partialy plugged injectorswith rubber particlesfrom the new fuel
hoses.

Warning

Enginediagnosticinformation isintended to assist in finding engineproblemsonly. It isnot tobeused
toidentify aproblem and then alter the operation of theair craft or engine. Consult your POH and
contact your aircraft manufacture, enginemanufacture, local FAA, flight instructor or any other
approved organization for inflight inter pr etation of engine problemsand for proper engineand air cr aft
operation for aparticular problem.
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Engine Diagnostic Reference Guide

EGT =T
CHT =T, -
p = primary measurement

(Fuel/Air) ~ T(HP)

Page 1 of 2

(Problem Categories: Mixture, Compression, Timing and Charge)
T(Coolmg) (Problem Categories: Cooling and Hor sepower)

Problem Problem EGT CHT Tests Performed and Results
Category
T(Fueiain T p T 4 Failed "Lean Range Test."
_ Failed "Base Line Comparison Test"
Mixture

Partially Plugged Injector.

(1Cy)

Note: If the cylinder is leaned past peak EGT, the EGT and CHT readings may
drop back down to near normal.

THP) l p T * Failed "Base Line Comparison Test"
Burned Bxhaust Valve. ) ¥ | Failed "Lesk Down Compression
Defective Exhaust Valve Commmpresion | (1 cyj) Test."
Componerts.
Broken or Worn Ring. * CHT readings may be only dlightly lower than normal.
Ring not seated.
Out of Round Cylinder.
TeHP) l P T * Failed "Mag Test"
Fouled Plug. Timing ¥+ | Failed "Base Line Comparison Test"
Defective Mag Wires. (1 Cyl)
Defective Mag. * CHT readings may be only slightly lower than normal.
THP) l p T No
) Change
Sticky Exhaust Valve Commpresion | (1 cy))
The EGT reading may jump intermittently jump to a high level.
T(Fueliain p l No
Change
Char
Sticky intake Valve ® (1Cyl)

The engine may make a loud popping sound as the charge in the intake manifold

is ignited.
TFuerain p Failed "Lean Range Test."
Leak in the Fud Lines. Mist T T + Failed "Base Line Comparison Test"
ixture

Leak in the Flow Divider.
Defective Fuel Pump.
Restriction in the Fud Line.
Misadjusted Fuel Servo or
Carburetor.

(All Cyls)

Note: If the cylinders are leaned past peak EGT, the EGT and CHT readings
for each cylinder will drop back down to near normal.
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EGT =T

Engine Diagnostic Reference Guide

Page 2 of 2

(Fuel/Air) ~ T(H

CHT _:T(HP) ~ ' (Cooling)
p = primary measurement

5 (Problem Categories: Mixture, Compression, Timing and Char ge)
(Problem Categories: Cooling and Hor sepower)

Retarded Spark Timing on One
Mag.

(All Cyl9)

Problem Problem EGT CHT Tests Performed and Results
Category
LG l P T * Failed "Mag Test"
. v Failed "Base Line Comparison Test"
Timing

* CHT readings may be only dlightly lower than normal.

Air Restriction Under the Cowl.

T(Fusair) T p T Failed "Lean Range Test."
_ (1 Cyl) * | Failed "Intake Leak Test."
Mixture or Bark Failed "Base Line Comparison Test"
Intake Leak of Cy|s
Note: If the cylinder is leaned past peak EGT, the EGT and CHT readings may
drop back down to near normal.
T(Fueliain + " .
THP)
Detonation Timing (1 Cyl)
This problem is difficult to spot even when heat damege is occurring in the
combustion chamber. Damage is usually confined to a small area.
T(FueAir) T P ¢ p T You may only have seconds to spot
Beginning Pre-ignition this problem before it moves to
Timing (1 Cyh damaging pre-ignition.
Trerni T p T p T |A sindestroke of pre-ignition may
Damaging Pre-ignition _ destroy the engine.
mng (1 o)
T(cooling) l p T Failed "Base Line Comparison Test"
Deterioration of the baffie sedls. | o4ing No
Defective Inner Cylinder Baffles. Change | (All Cyls)
Defective Cowl Flap Linkage.

Since these problems do not affect T(rueiain or T(Hp), the EGT readings may not

(Carbureted Engine)

be affected.
T(Fueiair) ¥ ¥ 2 Failed "Base Line Comparison Test"
Failed "Fuel Flow / H.P. Test"
Worn Cam Lobe Charge

Small changes in horsepower will be dificuit to detect. On a fuel-injected engine
aworn cam lobe may cause the cylinder to run rich (low EGT readings).
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4 Base Line Comparison Test )
Page 1 of 2
Aircraft N#: Engine: Date:
Aircraft Type: Engine H.P: Tach Time:

Purpose: Every engine and every cylinder hasits own unique operating temperatures. 1f you have
recorded the normal operating temperature for each cylinder of your engine for a specific flight condition
at an earlier date, you can compare current temperatures with base line temperatures to spot engine

problems. Establishing a base line is the single most important thing you can do toward diagnosing
engine problems.

Rule-of-Thumb: If you have not established a base line, you can compare the data collected on your
engine with the following “ Rule-of-Thumb” parameters.

* Most enginesidle with an EGT reading around 900 to 1000 °F.

* Most engines operate at full throttle and full rich around 1200 °F (+/- 100 °F).

* Most engines have a peak EGT at cruise around 1500 °F (+/- 50 'F).

* Most turbocharged engines have a peak EGT at high altitude 75% power cruise around 1600 °F.

* Most fuel injected engines have an EGT spread between hottest and coldest cylinders around
80°F except asfollows: 10520 and 10470 have EGT spreads around 110 °F.

* Most carbureted engines have an EGT spread between hottest and coldest cylinders around
150°F except as follows: 0520 and 0470 have EGT spreads around 200 °F or more.

* Most engines have a CHT spread between hottest and coldest cylinders around 65 °F.

1st Test: Record the engine parameters at full throttle, full rich and level flight.

Date OAT Alt. RPM MP Fuel Flow H.P.

Setup from Chart

Current

Base Line

Cylinder Cylinder Cylinder Cylinder Cylinder Cylinder
Test #1 #2 #3 #4 #5 #6
EGT EGT EGT EGT EGT EGT

Current

Base Line

Differnece
(Current - Base
Line)

— AN

(- AR
| )
& vy

SNV
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4 Base Line Comparison Test )
Page 2 of 2

2nd Test: Record the engine parameters at cruise power, level flight and with the leanest cylinder leaned
to peak EGT.

Setu Date OAT Alt. RPM MP Fuel Flow H.P.
p from Chart
Current
Base Line
Cylinder Cylinder Cylinder Cylinder Cylinder Cylinder
EGT Tests #1 #2 #3 #4 #5 #6
EGT EGT EGT EGT EGT EGT
Current
Base Line
Difference
(Current - Base
Line)
Cylinder Cylinder Cylinder Cylinder Cylinder Cylinder
CHT Tests #1 #2 #3 #4 #5 #6
CHT CHT CHT CHT CHT CHT
Current
Base Line
Difference
(Current - Base
Line)

Diagnostic Information: In addition to the above tests we recommend you perform the “Lean Range
Test,” “Mag Test,” and the “Fuel Flow / Horsepower Test” and keep these tests as additional base line
information. When comparing “Current” readings to the “Base Line” readings ook for any differences.
If al the” Current” cylinder temperatures are higher or lower than the “Base Line” temperatures, this may
be due to the differences in the engine operating parameters between the tests. If asingle cylinder is
higher or lower than the “Base Line,” you may have a problem. Seethe “Engine Diagnostic Reference
Guide” for more information.
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Aircraft N#
Aircraft Type:

L ean Range Test

Date:
Tach Time:

Engine:
Engine H.P:

Purpose: Thistest checksthe EGT leaning range of each cylinder from full rich to peak EGT. If a
cylinder isrunning with an EGT reading hotter than normal, this test can help in determining if the prob-

lem is due to aleaner than normal mixture.

Test Setup: Cruise, Level Flight, 65% to 75% Power, Full Rich.

Altitude:

OAT:

RPM:

H.P. from Chart:

M.P:

Test: Asyou lean the engine from full rich to peak EGT, record the EGT readings as each cylinder

reaches peak EGT.
Fuel | Cylinder | Cylinder | Cylinder | Cylinder | Cylinder | Cylinder
Mixture Flow #1 #2 #3 #4 #5 #6
EGT EGT EGT EGT EGT EGT
Full Rich:

1st Cyl to Reach Peak:
(Leanest Cylinder)

2" Cyl to Reach Peak:

3 Cyl to Reach Peak:

4™ Cyl to Reach Peak:

5t Cyl to Reach Peak:

6" Cyl to Reach Peak:
(Richest Cylinder)

Lean Range
(Peak - Full Rich):

Diagnostic Information: A “Lean Range’ of 250-300 °F is normal. Some carburetors will automatically
lean the engine when the throttle isless than full. If thisisthe case with your engine, the leaning range
will be less than 250 °F (usually around 100 to 200 °F). If acylinder has a significantly less leaning range
than the other cylinders, it may have aproblem. A partially plugged injector, leak in the tube from the
flow divider to the injector or an intake leak could cause a leaner than normal mixture on asingle cylin-
der. If theleaning range for al the cylindersislow, you could have a defective fuel pump, fuel leak, mis-
adjusted fuel servo or carburetor.

.
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4 Mag Test )

Aircraft N# Engine: Date:
Aircraft Type: Engine H.P: Tach Time:

Purpose: Thistest checksthe EGT readings when operating on the left mag and on the right mag. A
large difference in the EGT reading between the left and right mag operation may indicate a mag timing or
gpark problem.

Test Setup: Runup, 1750 RPM, Full Rich.

RPM:
M.P:

Test: Record the EGT readings for each cylinder when operating on both mags, the left mag and then the
right mag.

Cylinder Cylinder Cylinder Cylinder Cylinder Cylinder
Mag #1 #2 #3 #4 #5 #6
EGT EGT EGT EGT EGT EGT
Both
Left
Right
Difference
(Left - Right)

Diagnostic I nformation: When operating on the left or right mag the EGT reading for each cylinder
should rise approximately 50 to 100 °F. If any cylinder’s EGT drops, that cylinder may have afouled
plug, defective mag wire, or faulty mag.

Normally the maximum “Difference” between the EGT readings when operating on the left mag and right
mag isaround 25 °F. If the “Difference” is significantly more than thisfor a set of EGT readings on one
mag, you may have atiming problem with one of the mags. The higher the EGT readings on one mag, the
more retarded the timing may be on that mag.
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4 |ntake L eak Test )

Aircraft N# Engine: Date:
Aircraft Type: Engine H.P: Tach Time:

Purpose: Thistest was designed to check for an intake leak. The suspected problem cylinder (or bank of
cylinders) would have failed the “Lean Range Test.” An intake leak may cause asingle cylinder (or a
bank of cylinders) to run lean at low throttle settings. At low throttle settings there is a significant differ-
ence between the high atmospheric pressure and the low manifold pressure. This pressure difference will
cause air to leak into the intake manifold causing the affected cylinder to run lean. At high throttle set-
tings an intake leak will have little affect on the mixture due to the low pressure difference between the
high atmospheric pressure and the high intake manifold pressure.

Test: Record the EGT readings for each cylinder at full throttle, full rich, level flight and then again at
55% power, full rich, level flight.

Cylinder Cylinder Cylinder Cylinder Cylinder Cylinder
Test #1 #2 #3 #4 #5 #6
EGT EGT EGT EGT EGT EGT

Full Throttle

55% Power

Difference
(Full - 55%)

Diagnostic Information: The “Difference (Full - 55%)” should be similar between all cylinders. If there
isalarge “Difference” in one cylinder, you may have an intake leak. The cylinder with the intake leak
may fail the “Lean Range Test” and may run hotter than normal at 55% power. At full throttle this cylin-
der may operate with nearly normal EGT readings.
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4 Fuel Flow / Hor sepower Test )

Aircraft N# Engine: Date:
Aircraft Type: Engine H.P: Tach Time:

Purpose: Thistest calculates the horsepower from fuel flow. If the mixtureis set correctly, an engine
should produce .1 to .11 Gal/HP.

Test Setup: Level Flight, Full Throttle, Full Rich.

Altitude: RPM:
OAT: M.P:

Test: Record the fuel flow and EGT readings for each cylinder at full throttle, full rich and level flight.

Cylinder Cylinder Cylinder Cylinder Cylinder Cylinder
Test #1 #2 #3 #4 #5 #6
EGT EGT EGT EGT EGT EGT
Full Throttle
Fuel Flow: Calculated H.P. (Fuel Flow / .1) =

H.P. from Engine Chart --------- =

Diagnostic I nformation: If the “Calculated H.P.” is significantly lower than the “H.P. from Engine
Chart,” you could have aworn intake or exhaust cam lobe. An intake or exhaust cam lobe would have to
be significantly worn to affect engine horsepower. A worn cam lobeisnot a common problem. Ona
fuel injected engine aworn cam lobe may show up as arich running cylinder with low EGT readings. On
a carbureted engine aworn cam lobe may show up with normal EGT readings.
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