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MAINTENANCE TIPS

The Proper Care
And Feeding of
the Rotax Motor

by Mike Stratman ﬁiﬁ::‘;‘ﬁ?gsl;fﬂr'sgﬁgﬂdLIcﬂr FLYING!

Lis entirely possible that a lol of people who put their faith in the Rotax motor actual- .
l ly know very little about what makes It tick. It Is vitally important that the owner e
of a 2-cycle motor knows something about what he needs to do Lo keep It running. An
informed operator malntenance program Is not only wiss, it'ls an absolute necessity.
The following is complled from the Rotax operator's manual and the collective ex:
perlence of both the Rotax factory representalives and the CPS engine shop person:
nel, First I'll explain what you need to do to keep your Rotax healthy, then what to do
first in the event of an engine failure, b
Preventative malntenance starts with the new englne break-in program outlined In 7N\
the Rotax operater's manual Included with every engine. Follow this program to the
letter, Don't try to "baby" your motor by deviating from the chart shown in Figure 1.

When the spark plug fires the force of the explasion s ciught by the special.
ly destgned ring forcing a tight seal into the cylinder walls,

Be prepared for a full 60 minutes of operation, This means no dogs, kids, or sleeping ’ e
neighbors in the area to distract you or complain about the nolse or dust storm you ‘:I
create. f

Dykes Or Semi-Trapezoid Ring Design

Flgure 2: The Rotax dykes ring design s the key to its efficiency. Proper selec-
tion of 2-cycle oil is critical on this type of ring design.

the break-in always warm up a cold engine gradually. If you remember nothing else

Engine s e e ::: L, from this article, never gun or rac-. a cold engine. The pistons are made of alurminum.
:Dlanm. _________ I T et "1 7 The eylinder walls are made of gieel. Aluminum and steel have extremely different rates
Full .‘a ‘Ij of expansion when subjected lo radical changes in operaling temperatures, The
) ) clearances between these parts are exacting and must nol be violated by an impatient
& / / pilot. Following the 60-minute break-in chart carefully, al least a | 1o 2minuteidle speed
' ’ warm-up on every cold start should save the operator untold amounts of grief.
o
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Flgure 3. Belt Tensian. Apply normal finger pressire, approximately 10
Figure 1: Rotax 60-minute break-In charl. pounds. Deflection must be between 8:9mm,

The - ner 2-cycle ol Is also Important to assure good piston wear. While the cholce

Do this only with a properly loaded engine, installed on an alrcraft, and secure for  of oil is a scparate subject in itself, it s critical to the dykes, or semi-trapezoid rings
full power run-up. During this break-In program rings are “seating” or wearing a tight  used In Rotax engines. [See "Understanding 2-Cycle Lubricants, " March 1986.) When
seal Into the surrounding cylinder walls. The important word here is wear, Thisis e the spark plug fires, the force of the explosion Is "caught” by the specially designed

carefully controlled necessary process directed by the 60-minute break-in chart, After  top ring. See Figure 2.
CALIFORNIA POWER SYSTEMS (415)357-2403
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Overheated
(light grey) (black)

(brownish)

Figure 4: Reading the spark plugs is the best way to determine how the engine
is running

Scheduled Maintenance

There is a list of scheduled maintenance items that must be checked afler break-in.
Check the operatar's manual for a complete list of checks. Here are a few of the more
impartant items that must be checked:

ﬁ Cylinder Head Nuts: Cylinder head nuts must be reterqued to 160-210 Inch/
pounds na later than 2 hours engine time alter break-in. This usually requires

removal of the upper cooling cowling.

D Fan Belt Tenslon; Fan belt lenslon must be checked between 15 and 20 hours
of operation. The tension is controlled by shims installed or remaved an the coal:

Ing fan suppart shaft, A loose fan belt can eastly overheat an engine, A too:tight fan

belt will wear quickly and rob a tremendous amount of power, See Figure 3 for proper

adjustments.
E Plugs: Spark plugs need 1o be checked on a régular basis ar ot least every
10 hours of operation. Check the gap {015 inch) andlar replace when needed.
Always replace both at the same time. I both plugs have "white” electrodes with “melt”
droplets, first suspect a lean mixture. If calibration fs cofrect and there is no evidence
3l manifold leaks or lack of fuel change the plugs to a colder range; Heavy ol deposits
an the electrodes and insulators cause engine troubles and have to be replaced every
10 hours. See Figure 4 for examples

277(A) 277(B) 377(A) 377(B) 447(A}) 447(B) 503(A)

Main Jet. 148 140 165 165 155 180
Idler Jet 45 45 45 45 45 45
Needle Jet| 2.72 272 2.70 : 2.70 270 274
Jet Needle| 8L2 8L2 802 A 16K2  15K2  8G2,
Position 2 2 2 2 2 3
Idler Screw] 1 1 5 ; 13 5 5
(turns out)

(A) (8) (B) (A)
503(B) 503DC 503DC 532DC 532DC 532SC

Main Jet 158 158 148 165 155 205
Idier Jet 45 45 45 55 55 55
Needle Jet| 2.74 2.74 2.74 272 2.72 294
Jel Needle| 6H2 8L2 aL2 11G2 11G2 11G2
Position 3 1 1 3 3 3
Idler Screw| .5 5 5 1 1 1
(turns out)

All above with window in bottom of piston 23038 engine side, (4.4 mm wide x 3. 8§ mm
high)

(A) With KEN air cleaner (RC1200/sp2100), without Rolax air intake silencer, with or
without Rotax after muffler kit.

(B) With Rotax air intake sllencer, with K&EN CM0300 air cleaner. with or
without Rotax after muffler kit.

Figure 6: Recommended factory jelting for Bing carburetors.

Using the Rotax faclory pullers make flywheel
removal quick and easy.

Figure 5: Rotax Timing Tools,

D Decarboning: Décarboning engines is a practice same operatots feel Is neces-

sary. There s an easy way to see if this is even needed. Periodically remove the
exhaust manifold to expose the pistons as viewed through the ports, Rotate the engine
until the rings are exposed in the middle of the purt. Rock the prap sharply in such a
manner to get the pistons to jiggle up and down. Laok very closely for the movement
of the rings in their grooves. If a slighl movement of the rings can be seen everything
is likely akay. If no movement is seen it Is probable that the rings could be "stuck” In
their gi by carbon deposits, Decarboning is not just remoying the beads and scrap-
Ing the stull off the pistons. This will likely just make things warse by supplying the
top ring with more depasits. The cylinders need to be removed and everything cleaned
carefully, making sure everything goes back anly as it was—rings on the same piston
and pistons on the same cylinder, Head bolls need to be retorqued after 2 hours as
per new engine procedures.

Main jet correction chart for different altitudes and temperatures

1 Alr denstly decreases with decreasing pressure and increasing
temperature. if an engine is operating of higher than sea level, the welght of
the aspitated air decreases, whereas theasplrated fuel quantity rermains prac:
tically the samis. This results in riches fuelair imixiure than at lower sea fovel

2. If the engine is operaled at high altitude for a longer period. it is useful
to adjust the carburetor calibration to re-establish the original coinpasition
of Ihe fugliale mixture, With increasing sea leve! flower air pressurs) the ox-
yaen quantity sucked in by the engine decriuses. The consequent loss in per
formance cannot be compensated by a dilferent carbutetor selting.

3. To adjust the carburetor, in general a different main jet size is sufficient
Only in very particular cases a different needle jet and/or different idle jet has

be i b
to be instalied Example: 160 x .89 = 142 Main Jet

Altitude-Meters | 0 500 (1000 [1500 (2000 (2500 |3 3500 | 4000
Feet 1500’ | 3000 | 4500' | 6000' | 7500' | 5040’ | 10500" | 12000’

Temperature
°F c

- 22° -30°

1.03

. ____A__
$88888288%

123°

NOTE: Baforn opeeating th eagine again al low altitude, reinstallation of the original je! is necessary. Engine damage
Ity oilwbien accull

Figure 7: Rotax-Bing main jet correction chart.

El Ignition Timing: lanition Liming myst be set after the first 20 hours. This s not &

request. The rubbing black that rides on the cam will wear in during this period,
Carréct liming Is absolutely critical to continued engine survival, It is ama zing how few
pilots know how to set, or know how execting the lgnition timing is. If you like a reliable
matar and plan on staying in the air a lot, the proper 1ools and knowledge to set and
check your own timing can be your best insurance, Our engine shop has seen countless
motars with bumt and bored pistons all directly traced to incorrect timing. some with
aslittle as a .010inch difference in timing between cylinders, If you replace points, reset
ting the timing s a must at 20 hours. [See "Timing The Rotax Moter,” Septermber 1986.]
See Figure 5 for the tools needed (o check and sel the timing in Rotax moters.

CALIFORNIA POWER SYSTEMS

Carburetion: All new aircralt ususlly come with an engine package that has been

sl up and Lested by highly skllied Rolax representatives, The carburetor Is set
with jetting to accommaodate the specific engine and prop load. Generally their setup
Is highly accurate and should nat be fooled with, The only operator related change that
should be sitempted Is maln Jet correction, Operating altitudes and temperatures may
vary greatly from place to place. Figure & is the recommended factary jetting for all
Rotax englnes. Figure 7 is the main jet correction chart for density altitude compen.
satlon for Bing carburetors used an Rotax engines, These two charts, when used in con-
Junction with each othet, can take mast of the guesswark oul of carburetion

Armed with the information and mainenance pragram listad here it Is reasonably

safe Lo say that your Rotax motor should prove extremely reliable. While this infarma:
tion Is only part of the scheduled malntenance listed in detail in the Rotax operator's
manual, It is steangly suggested that the owrier read and understand this manual com-
pletely, Mext time we'll get inlo mare preventative measures like engine menitaring
gauges, chuice of fuel and what to do first when your motor either stops P
or simplyacts up. \\\\\3

(415)357-2403




MAINTENANCE TIPS

The Proper Care And
Feeding of the Rotax Motor

bY Mike Stratman gﬁ%ﬁflﬁ?ﬁ?ﬂ@; .

MARCH 1987 ISSUE

Part 2 — What To Do When It Quits

I n January | discussed the periodic preventatlve maintenance of a Rotax
moter. While assuming the owner follows the tips listed, there is an out-
side chance an engine can still fail. But before It quits there are still a few more
extremely important functions an operator can monitor.

Gauges: An engine without a few hasic gauges is a time bomib, If you never
check the oil or watch the oil pressure and water temperature gauges In your
car then you probably can't relate to the Importance of a few simple gauges.
Many cars today are equipped with “Indicator Lamps” (also referred to as “idiot
lights"), which tell the operator a problem exists. This means that by the time
the light goes an you have gither neglected to perform standard maintenance
andlor your engine Is about to fry. A few basic gauges can do a lot to warn
a pilot of a problem long before it's too late.

Tachometer: A good tach that reads to at least 8 grand is possibly the first
priarity. This will tell you if your engine is either running wild, overloaded, ar
not turning ull power before you reach the trees at the end of your runway.
A real good investment. Also If you have a problem it Is useful to note at which
rpm the trouble persists. Relating this to an experienced mechanic can help
him unqerstand your problem better.

Cylinder Head Temperature: A cylinder head temperature gauge (CHT) will
tell the operator if the cooling fan or the Ignition timing is working up o par.
A slipping fan belt or blocked air cooling system will show up only ona CHT
gauge, The CHT should run between 325 degrees F to 375 degrees F.
Meltdown happens around 480 dearees F. A CHT will also show a lack of
\ubrication. high friction, or poor piston-to-wall clearances, 2.cycle engines
have a tendency to selze when power Is being reduced after a full power run.
At full power the engine may be able to overcome Lhe Increasing friction of
expanding plstons or péor lubrication against evlinder walls. When power is
reduced the engine may no longer be able lo overcome the [riction and the
ergine will seize. A CHT gauge will show this condition where an exhaust gas
temperature gauge (EGT) will not.

Exhaust Gas Temperature: An exhaust gas temperature gauge (EGT)
shows quickly the fuel-air mixture in the combustion chamber. This Is a great
tool in tuning the carb to the operating conditions. Temperature, altitude, and
humidity can change the EGT of an engine radically. [See “The Proper Care
And Feeding of a Rotax Motor," January 1987 for the altitude and temperature
correction chart for Bing carburetors.]

An EGT will nearly always show a change (lower) when the choke is applied.
EGT probes are supposed to be located 4 inches or 100 mm from the piston
itself. Many times this is impossible, Exhaust manufacturers generally don't
worry about your EGT probe placement. If you want to read both cylinders
(single EGT reading both cylinders supplied by one carb), place the probe im-
mediately after the *Y." If you want to read each cylinder separately place each
prabe from a dual EGT before the “Y" on each side. This will show a separate
condition for each side of a twin cylinder engine. This is especially useful on
a dual carb motor. A difference in temps and an impending problem should
immediately grab the attention of a watchful pilot. A single occurrence should
prove ecoriomical for the expense of either a CHT or EGT gauge in costly
engine repairs and hair-raising experiences.

An EGT gauge should read around 7000 degrees F to 1200 degrees F.
EGT readings are subject to probe placements. A lot of pilots get real paranoid
with high EGT readings. Read the plugs, If the plugs are sooty and the engine
bogs when you apply the choke, relax. This s your constant from which you
will judge a pending engine problem, A praperly manitored 2-cycle should
be nearly “Ironclad” from a major disaster. Some of us are more meticulous
than bold and vice versa. You decide how informed you can afford or care
to be.

The Choke Circult: | recently had the pleasure of a strictly business visit
from the most well-known, vivacious, and experienced female pilot in the
business.-[ felt a little strange explaining and demonstrating the fine-tuning
and troubleshooting uses of the “choke circuit” to an experienced veteran. It
seems many pilots are unfamiliar with the real potential or operation of this
“enrichener circuit." Quite simply applying the choke at any throttle setting
supplies the engine with a blast of very rich, nearly raw fuel. The key here [s,
this is a bypass circuit that works at any point in the throttle opening, If you
experience a problem during flight, apply the choke. If the problem gets worse
it is prabably a fuel-rich engine. If the engine responds favorably or ‘speeds
up, the engine wants the fuel, indicating a too lean condition at this rpm. If
applying the choke does nothing it s likely an electrical problem. Please guys,
no more phone calls without first performing this test, The choke has to be
able to be applied by the pilot quickly at any time in flight. If you do not have
this capability it would be wise to get it. Consult your favorite parts dealer for
the stuff to do it It's not that expensive.

What To Do When It Qults: There are two major mistakes most pilots
fake when an engine fallure is experienced. First, it quit for a good reason
Find out why before trying to start it, otherwise you will likely destroy the
evidence. Secondly, don't automatically blame the engine for the trouble.
There are two essentials to make the engine run—spark and fuel. The ma-
jority of the problems quite often are a lack of one or the other.

Fuel Supply: If an engine failure occurs first check the fuel supply. Remove
the float bowl, On the Bing carb this Is easy—Ilip the bail and carefully lower
the bowl. Remove both floats if they are not already attached to the carb body.
With both floats removed a reservoir of fuel will remain. Measure down 1/2
inch to 9/16 inch from the top of the bowl, The remaining fusl should be at
this point. Check and confirm this level wheri the engine is running strong.
A smart thing to do Is to mark this level ahead of time so in case of a pro-
blem in the field you are ready to check this at a glance. A carefully scribed
line will do nicely. {See Figure 1 for example.|

Measure down 13" 1o %"
for correct fue! level

What To Do If You Have A Fuel Supply Problem: First don't start messing
with the floal level. Fuel pumps are simple devices and are often called on
by the designer to work miracles. The rise or draw from the tank, location
of the purmnp, Tuel filter. and piimer bulb location, if not carefully designed
can just be too much for an impulse operated pump. Test the fuel pressure
output at the carb. It should be between 2.9 psi and 7.2 psi. Below 2.9 psi
the float bow| will starve. Above 7.2 psi the float valve will be overpowered
and fuel will start to flow out the vent tubes. Braided fuel line with the rein.
forcing webbed layer inside is a common failure item. The inner lining can
separate and collapse. This will stop an engine cold and is nearly impossible
to spot on Inspection of the |ine. A one plece transparent urethance line is
plenty tough to do the job, will not be affected by the fuel, and is sasy to in-
spect even on a quick preflight.

Primer Bulbs: Often a pllot wants a "heavy-duty marine” primer bulb. This
is not a bad idea except many times thase bulbs have heavyweight check
vaives. The fuel pump rmay have & hard time lifting it to allow fuel to pass.
Use the standard lightweight primer bulbs or route a bypass to relleve this
possibility, [See Figure 2 for circuit)] This setup will allow the fuel to bypass
any kind of primer bulb. Meat! One less thing to worry about,

PINCH HERE f TO PRIME

Figure #2—The Primer Buib Safety Bypess System

CALIFORNIA POWER SYSTEMS  (415)357-2403
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The Fioat Bowl Screen: The screen that surrounds the mixing tube in the
lower float bowl is designed to only stabilize fuel as it enters the main jet cir-
cuit, This is not a fuel filter. It is common for an operator to reinstall this part
in such a way as to break a small piece off this delicate screen. This piece will
be drawn up into the main jet where it will cause blockage. The effect is an
extremely lean main circuit and massive heat damage to the combustion
chambes. Please be careful with this part. This screen is illustrated as part 10
In Figure 1.

Testing For Spark: If fuel supply seems not to be the problem, next check
for sparu. First pull both spark plugs and look for equality in color. If a single
plug is a'silver flake color and the other is sooty, direct your attention toward
that cylinder. If both plugs look equal, test for spark by grounding against the
engine and pull the starter briskly. Spark should be obvious and equal in each
side. If both plugs spark boldly then check for a mechanical problem.

Compression Testing: First, with both plugs removed, stick your finger
tightly into each cylinder and pull the starter briskly. If you feel vastly unequal
compression, the party is over! Remove the heads and/or cylinders and check
out the damage first hand. If uncertain, use a compression tester and test for
compression. 110 pounds to 140 pounds each side is about right on a Rotax
twin, If you suspect a stuck ring, remove the exhaust manifold and view the
rings through the exhaust ports. Movernent should be seen by the rings between
the pistons when subject to up-and-down rocking movement of the prop.

Teardown And Inspection: On close inspection of the remaved piston the
reason for the fallure should become apparent, [See phato in Figure 3.| Each
piston shown here is a heat-related fallure, The center piston shows best the
scoring caused by excessive heat, Heat seizures work from the piston top and
progress downward. Lubrication failures will extend from the bottom of the
piston shirt upward not favoring the top ring area of greatest exhaust heat.
The aren of least clearance between the piston and wall should be at the bot-
tom or shirt of the piston, thus the area most likely to show the effects of poor
lubrication, Seeing this happen to an engine has a way of convincing people
that Brand X for $1.50 a quart at the auto parts store s no bargain. “You can
pay me now or pay me later,”

The piston on the right in Figure 3 is a graphic display of a massive heat
selzure. The single ring on this Sachs piston was fragmented and then weld-
ed to the piston top In large chunks at the exhaust port. This was a personal
creation when a 220 main jet was mistaken for a 320. Total operating time—23
minutes, Impressive

Fligure #3—Examples of Heat and Lubrication Fallures.

Detonation: The photo in Figure 4 shows thiee pisions experiencing
detonation in several stages of failure, The piston dome is being bored by the
intense and concentrated heat caused by a spark plug firing oo far advanced
{BTDC). The piston on the right shows a complete penetration of the piston
dome by detonation. This is.a common result when a pilot "atlernpts to set”

his timingrarmed with just a gap gauge. |See “Timing the Kotax Motor,”

September 1986.)

Figure #4—The Effects of Detonation or Preignition on Pistons.

The Electrical “Miss": Engines experiencing an electrical miss can be the
most baffling and difficult to dlagnose. First, make sute the miss is actually
electrical by applying the choke during the event. I the miss does not respond
to the choke it is likely an electrical prablem. First check the plugs or replace
both gapped at .015 Inch. Try again to get the engine to miss, If the miss per:
sists check the dampening box (Rotax part no. 866.572). Reverse the polari-
ty of the two leads. There should be o spark at all. If any spark can be seén.
replace the dampening box.

CALIFORNIA POWER SYSTEMS

Dampening Box: This box has a very important function. It is simply a
resistor and a diode in series connected to an engine ground. If a fouled plug
or similar malfunction occurs the 20,000 volts produced by the ignition to fire
a plug has to go somewhere! This dampening box takes this voltage and
transfers it harmlessly to ground. Without this function the voitage can either
transfer to the secondary coils or the plug will fire at the wrong time. At this
point detonation, backfiring, and general destruction of expensive engine-parts
can occur. If you disconnect the dampening box and the miss is eliminated
this means the spark finds it easier to pass the resistance of the dampening,
box rather than to fire the plugs at the exact moment needed. This box is not
to be remaved for obvious reasons. Fouled plugs, incorrectly gapped plugs,
broken or bad plug wires, 6r more cammonly, excessive use of "radio noise
suppression parts” are the cause of the miss. [See Figure 5 for the wiring
diagram of the Rotax engine illustrating the dampening box and its function
in the circuit.]

. Ignition coils

. genurafor coll (bottorn)
lighting coil 30W (top)

. lighting coll 110W

. condenser

. contact broaker fever

. breaker contacls

. fixing screw , '

H. adjusting groove

J. generator cables

K. shorting cables

L. lighting cables

M. mass cables

N. ignition cables

O. apark plug protectors
P. ignition damping box

Flgure #5—The Schematic Wiring of a Rotax TMn Cylinder Engine with Dampening Box,

i

Flooded Engine: | hate to be controversial or knock any aircraft design but
an inverted or upside-down engine installation sucks! The plugs are at the bot-
tom (gravity) of the corribustion chamber. As soon as an operator puts too
much fuel to an engine on starting, the plugs are hard pressed to fire submerged
in fuel. The lubrication of the crankcase parts on an inverted engine is also
marginal at best. Failuresin the crankcase run at a 4-to-1 ratio in my engine
shop. Many times an operator will continue to flood an engine even more by
not recognizing the problem when starting becomes difficult. A badly flood-
ed engine usually has a crankcase (not cambustion chamber) full of fuel. This
amount of fuel depends on how many times you pulled the starter without
getting a spark. Change or clean the plugs. If this does not work your
crankcase is likely flooded. You have three choices. First, wait for evapora-
tioh of the fuel to clear the crankcase. Second, remove the float bowl and
spark plugs and stroke the starter to force the crankcase to clear mechanically
by passing the fuel out the exhaust without making the flood worse. Thirdly,
and | say this only as a last resort, remove the prop. Just about anylhing will
run wilhout a load if it's going to run at all. A low idle should purge Lhe engine
back to a normal chance of starting in a short time, | suggest this procedure
only if you are stuck on a cross-country, you're late for a date, it's getting dark
or you are real desperate.

Only try a no-load operation on a fan-cooled, liquid-cooled or an engine with
at least a little load of some kind. Why? | once owned a free-air Sachs engine
that was acting up. | started the engine without a prop (no load). The warm
engine at a low throttle setting went immediately to full rpm, running wild!
Hitting the kill switch did nothing. Removing the spark plug wire did nothing.
Honest! | finally removed the fuel line. Deciding there was nothing left to do,
| sought refuge across the street and waited for the parts to fly. A lack of fuel
finally defused the bomb. Few pecple ever believed my story, but be careful,
it is possible.

Non-Fouling Plugs: Gold palladium:-tipped plugs or NGK B8EV rather than
BBES plugs can help prevent fouling especially in an inverted engine setup.
They are expensive {(about $3.50 each) but are supposed to fire when stan-
dard plugs will foul. Give them a try if flooding or fouling is common on your
design.

Professional Help: If none of this helps prevent a failure or if you can't
isolate the trouble, contact an authorized Rotax service center for assistance.
All Rotax englnes are guaranteed for one year from the date of delivery to
the manufacturer for the replacement of parts only. No labor. While this may
seem slim next to Chrysler's 5/50 protection plan, it is the best in the business.
This is compared to other brands that provide the basic 20 feet or 20
seconds—whichever-comes:first guarantee:

Most important is Rotax's commitment to up-to-date engineering and pro-
ducts supplied especially for the light aircraft market. The quality of the pro-
duct and the professional research and development peopie backed by Rotax
are your assurancés that your Rotax powerplant is the best avail-
able. Rotax appears to be around for the lang term, supplying %g
4 wide range of power to a urique and growing marketplace.

(415)357-2403








































































































































































































































































































































































































































