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As diverse as the Walbro diaphragm carburctor
line has become, producing a manual to detail the
repair of each specific Walbro carburetor would be
a monumental task, and the manual would be
obsolete as soon as it was printed. Instead, what
we hope 1o do here is to show you the individual
components that are found in various combina-
tions within our carburetors and show you how to
troubleshoot and service them.

We hope this manual becomes a useful and
profitable tool in your shop. As we develop new
carburetor technologies, we will try to keep you up
to date on further service techniques. If you have
any suggestions or additions to the next printing,
please send us a note.

Sincerely,

W2 s

Luis ]. Salas

Field Service Supervisor
Aftermarket Division

Walbro Engine Management Corp.
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The Air

Air taken into an engine is what actually creates the
power within the engine. Of course, the air is useless
without fuel. Fuel burning causes the air 1o heat and
expand creating the power of the engine. The amount
of power created is a function of the amount of air
taken into the cylinder. If a small amount of air is
drawn into the cylinder, the air density is low and a
small amount of power is produced. Since the engine
is under a certain amount of internal and external
drag, the power produced slightly overcomes the drag
and the engine runs slowly. As more air is admitted
into the cylinder the air density becomes higher and
more power is praduced. The engine runs faster, or
can carry a bigger load.

The air is not sucked into the cylinder, it is pushed
in by atmospheric pressure. At sea level atmospheric
pressure exerts 14.7 PSI upon everything around it
Of course, as you come up from the sea atmospheric
pressure drops - enough so that for every 1,000 feet
above sea level an engine looses about 3.5% of it’s
power,

Anything that allows more air (o be pushed into the
enging on the intake stroke will increase the engine's
power. A turbo or super charger increases air density
by packing the air in tighter than atmospheric pres-
sure can. Similarly, decreasing the air temperature
increases air density, so colder air produces more
power than hot air.

The Fuels

For any fuel 10 burn most efficiently it must be
combined with a specific amount of air. This specific
airffuel ratio is called the stoichiometric. (Impress
your friends with that one!) For gasoline, the best
ratio is 14.6 1bs. of air for each pound of gasoline. At
this ratio all the available air is combined with all the
available gasoline to get the most power and least
emissions outof the engine. Unfortunately, an engine
will not survive running at this 14 .6:1 ratio; it would
quickly overheat. Foran engine to survive, it mustrun
an air:fuel ratio that is a bit nicher.

A rich mixture contains more fuel than the “ideal™.
Most engines run at a ratio of 10.5:1 to 12:1, provid-
ing them with a bit of excess fuel. The extra fuel is
used to cool the cylinder components as the engine
runs. Since some fuel is being wasted at arich setting,
emissions are higher and power is slightly less; we
want the engine to run just rich enough 1o keep cool.
This is the mixture at which the carburetor is gener-
ally set

Oppaosite of a rich mixture is a lean mixture - oo
much air and not enough fuel. Again, running lean
will overheat the engine. Hot engines lose their oper-
ating tolerances and scize. Hol engines are also prone
to detonation, an explosive uneven buming of the fuel
within the cylinder. Detonation puts extreme loads on
engine parts causing them to fail.

13Nd ANV IV
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Alternative Fuels

The other two fuels that are sometimes used
(generally as high performance alternatives to gaso-
line) are the alcohols: methanol and ethanol. Both of
these fuels require a much richer mixture than gaso-
line. Methanol needs an air:fuel ratio of 6.4:1, or
about 2 25 times more fuel-to-air than gasoline. Etha-
nol requires an air:fuel ratio of 9:1, or about 1.6 times
the fuel-to-air of gasoline.

Soif it takes so much more alcohol to get the same
power as gasoline, why is it used as a high perform-
ance fuel?

First, alcohols have a much higher octane than
gasoline, and an engine can be built w run at higher
compression ratios without detonation, so the engine
can produce more power. NOTE: This offers no
benefit for a standard gasoline engine,

Second, alcohols have a higher latent heat of evapo-
ration. In other words, it takes more heat to evaporate
alcohol than gasoline. Motice how cool a running
carburetor gets; it takes heat to vaporize any liquid.
Alcohol takes the heat from the intake air (the cooled
air is denser) and the dense air packs the cylinder
tighter, resulting in more power. An engine running
on 100% methanol will produce about 15% more
power than when running on gasoline. Of course, it
will also burn over twice as much fuel 1o get thatextra
15%.

Third, alcohol fueled engines run cooler than gaso-
line engines. But keep in mind that if an engine is run
on alcohol while the carburetor is set for gasoline, the
engine will be running leaner and hotter.

Walbro carburetors can tolerate the legal limits of
alcohols present in todays fuels: 10% ethanol, 5%
methanol, and 11% of the octane enhancer MTBE
{Methyl Tertiary Butyl Ether). Careless blending can
sometimes resultin percentages exceeding these levels
on a local basis. You may have noticed that the
material at the tip of the inlet needles is now a red
colored viton, and that several fuel pump diaphragms
are now made from a brown colored woven fiber-
glass. These new components were developed 1o
increase the alcohol resistance of our carburetors, No
carburetor will currently handle 100% alcohol fuels
for an extended period. If you wish to use alcohol in
a high performance application, we recommend you
contact a local race shop for advice on carburetor
modifications.

You can see from this short discussion on air and
fuel that the carburetor has an important job, Notonly
does it maintain a constant proper air:fuel ratio, it
must do so throughout all the various speeds, loads,
and running conditions that the engine faces. We are
now ready to continue on and learn how it accom-
plishes this.




Air Induction on the Two-Cycle
Engine

There are three basic forms of induction on the 2-
cycle engine: rotary valve, reed valve and piston
ported. We'll discuss reed valve and piston port here
since these are the most common in the small engine
industry. Rotary valves are generally found only on
motorcycles and snowmaobiles.

The low pressure needed to draw air through the
carburetor is created by the motion of the piston, but
in the 2-cycle engine the air is drawn in below the
piston into the crankcase. This is known as crankcase
pumping. Crankcase pumping is created by the pis-
tons and the rings, and is maintained by the crankshaft
seals and gaskets, and the cylinder gasket, On the reed
valve style engine a thin metal or plastic reed is used
to ensure that the air only flows in through the carbu-
retor, and doesn’t flow back out on the downward
stroke of the piston. The piston ported engine allows
the piston skirt to provide this function of the one-way
valve,

One big advantage of the 2-cycle engine, since it
doesn’t rely on an oil sump for lubrication, 15 its
ability to operate in any position. To make use of this
feature, we must also have a carburetor which can
operate in any position. In order to operate in any
position, the systems normally depending on gravity
(namely the float and inlet needle, and the gravity
flow fuel system)) need to be replaced with mechani-
cal devices. The diaphragm carburetor replaces the
float with a metering diaphragm and uses a fuel pump
in place of gravity feed.

The Fuel Pump System

The power to operate the fuel pump comes from the
crankcase impulse. The pressure and vacuum pulses
travel through either a drilled passage or an impulse
line. The pump is made up of the diaphragm bubble
and a series of check valves. The fuel pump provides
pressure which the rest of the carburetor depends on.
As the piston moves up into the cylinder it creates a
low pressure arca in the crankcase, This vacuum
pulse travels through the impulse passage and draws
up on the pump diaphragm creating a vacuum within
the fuel chamber, Atmospheric air pressure is al-
lowed into the fuel tank and pushes the fuel through
the fuel filter, the fuel line, and opens the inlet check
valve to fill the vacuum. The vacuum closes the fuel
pump’s discharge check valve.

REED YALVE INDUCTION

As the piston moves up, almos-
pharic air (blua) travels through the
carburator and picks up gasolina. it
opans the reed valve and enters the

low pressure of the crankcasa.

Asz the piston movas down,
pressurizing the crankcasae, the air
and fual are pushed through the
transfer ports 1o the combustion
chamber, and the pressure in tha
crankcasa closes the reed valva.

PISTON PORT INDUCTION

As the piston moves up, almos-
pharic air travals through tha
carburelor and picks up gasoline
once the piston skirt passes the

As the piston moves down,
pressurizing the crankcasa, the air
and fuel are pushed through tha
transfar ports to the combustion

intake porl. | chambar once the piston skirt seals
the intake port and the piston top
opans the transfer port.
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As the piston moves down into the crankcase it
pressurizes theair. The pressurized air travels through
the impulse passage into the carburetor fuel pumps; it
then presses down on the diaphragm pressurizing the
fuel. The pressurized fuel then closes the inlet valve
and opens the discharge valve in the fuel pump.

From the pump, the fuel travels o the fuel inlet
screen. The screen has an important job as the final
protection against dirt in the inlet needle and the scat.
The inlet screen is sized in conjunction with the fuel
filter selected by the engine manufacturer,

The inlet needle and seat control fuel flow through
the carburetor. It is essential that they be in good
condition for the carburetor to function properly. The
actual seating area needs to be quite small to seal back
the pressure from the fuel pump. Because of the small
seat area, the inlet needle and seat are susceptible 1o
leaking caused by dirt and debris. Walbro carburetors
will either have a machined-in aluminum seat or a
pressed-in brass seat. The pressed-in seat is used only
forease of manufacturing; it should not be pressed out
for service.

The Fuel Metering System

There are four components to the fuel metering
system: 1) the Metering Diaphragm; 2) the Metering
Lever; 3) the Metering Spring; and 4) the Inlet Needle,
The metering diaphragm is a very sensitive device. It
must respond instantly to slight changes in the fuel
vacuum within the metering chamber. The diaphragm
is made of a nitrile rubber compound over woven silk,
with the convolution molded in to allow for greater
movement. A stiffener plate and button are attached
atthe center. Because the diaphragm must respond to
each intake stroke of the engine, it must be of the
proper weight and resiliency. If it is 100 stff or too
heavy, it will not respond fast enough and the engine
will starve for fuel at high speeds.

The metering lever transfers the pressure of the
spring to the inlet needle, holding the needle closed
and preventing fuel from flowing from the pump.
When the engine is running, the metering lever does
not lift the needle off the seat; since the needle tip is
under pressure from the fuel pump, it lifts off the seat
as soon as the metering diaphragm travels far enough
down o override the spring force. Metering lever
height is very important in controlling when and how
far the inlet needle opens. If the lever is set too high,
the engine may runrich; if it is too low the engine will
run lean.




The metering spring does more than simply close
the inlet needle, It also helps determine the accelera-
tion and deceleration characteristics of the engine.
The spring must allow the valve to open at just the
right moment on acceleration or the engine will
stumble, and it must close at the right time when the
throttle is closed or the engine will flood. Therefore,
itis important to maintain the proper metering spring
in the carburetor. We'll look at the metering system as
it functions with the entire carburetor,

Start Up

The engine at start up has a number of requirements
that differ from usual operation. The engine is often
times cold; a cold engine is not as efficient at vapor-
izing fuel because heat is required to vaporize liquid.
Cranking speeds are much lower than running speeds,
so air flow through the carburelor is not strong enough
to make fuel flow into the air sream. Fortunately
these two problems can be overcome by creating a
rich fuel/air mixture. This is done with either a primer
- which injects extra gasoline into the carburetor
throat - or a choke which greatly increases the vac-
uum in the carb throat allowing an unusually high
amount of gasoline to enter the intake air. With the
choke closed, the intake vacuum of the engine is
maintained within the carburetor throat. This high
vacuum causes all the carburetor’s fuel nozzles to
deliver the fuel into the intake air stream.,

Idie

Once the engine stants, the choke is opened and the
engine is idling. At idle, the throttle plate is nearly
closed. There is low pressure on the engine side of the
plate and high pressure (atmospheric pressure) on the
other side. The high pressure air flows into the re-
maining transition holes and mixes with the fuel in the
idle pocket. Fuel is drawn out of the idle pocket into
the low pressure on the engine side of the throttle
plate. As the fuel is drawn out of the idle pocket it
creates a low pressure throughout the metering sys-
tem. Atmospheric air enters through the vent and
presses on the metering diaphragm. The diaphragm
presses on the metering level, releasing the spring
pressure off the inlet needle allowing enough fuel to
come in to replace the fuel drawn out on that swroke.

400 - 606 Spring
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Part Throttle

At moderate throttle settings, the throttle plate has
opened farther to allow increased air into the combus-
tion chamber. In order to maintain the proper air/fuel
mixture, additional fuel must be mixed in, This fuel
comes from the idle progression holes. On most
diaphragm carburetors no air comes out of the pro-
gression holes at part throttle. There are some dia-
phragm carburetors that do have an air bleed for the
idle circuit. These usually appear as a small hole
leading from the cutside of the carb body into the idle
pocket. The air bleed helps to atomize the fuel and
helps prevent intake manifold puddling. Puddling is
the buildup of gasoline in a pool, which then gets
sucked into the engine and causes the engine 10 go
rich. At part throttle the main nozzle begins to con-
tribute fuel.

Wide-Open Throttle Operation

As the throtile plate is opened farther, it has less
effect on the location of the high and low pressure
areas within the carburctor throat. At wide-open
throtile, air quickly rushes through the carburetor to
fill the cylinder. Since air refills the cylinder soon
after the intake vacuum 1s created, there 15 not much
low pressure air (vacuum) within the carburetor throat.
A low pressure arca must be created within the throat
to draw fuel into the air stream. This low pressure is
created with a venturi. NOTE: Depending on the
carburetor design, the idle circuit may or may not
deliver fuel at wide-open throttle.

Operation of a Venturi

We attempt to force the same amount of air through
the restriction of the venturi as is “naturally” flowing
throngh the larger front and back of the carburetor
throat. To get the same amount of air through a
smaller hole, the air must speed up. As it speeds up,
its pressure drops. This low pressure created at the
venturi draws fuel out of the main nozzle.

8 Walbro Corporation




The high speed nozzle is positioned so the venturi
vacuumn draws fuel into the carburetor throat.

Main Nozzle Check Valve
The main nozzle is under atmospheric pressure

when the engine is at idle and low throttle, and it's
under a vacuum when the engine isat mediumand full
throttle. To prevent the high pressure air at idle from
bleeding back into the fuel passages (which would
disrupt the idle mixture), we must place a check valve
in the high speed fuel passage {usually right at the
main nozzle). The check valve allows the fuel to leave
the main nozzle, but does not allow air to come in,

We have looked at what happens within the carbu-
retor as it runs from start up to wide-open throtile,
now we'll look at roubleshooting carburetor prob-
lems and components.

Troubleshooting Carburetor
Problems

Since the carburetor is so dependent on the opera-
tion of the engine to do its job, your first step in
troubleshooting is to determine if you have a carbu-
retor or an engine-caused problem. We will assume
you have already performed the needed tests on the
ignition and compression systems, as problems within
these systems can be mistaken for carburetor prob-
lems. It is helpful w be able to test the intake sysiems
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TROUBLESHOOTING

Pressure testing the fuel system.

10 Walbro Corporation

for proper operation. On a four-stroke engine, per-
forming a leak-down test is quite helpful. On a two-
stroke engine, performing a vacuum test on the crank-
case is necessary. In the absence of these tests you
cannot be sure whether you are dealing with a carbu-
retor or an engine induction problem. In the absence
of a leak-down gauge or a crankcase vacuum pump,
the following tests can help pinpoint carburetor or
intake problems:

= A good first test is 1o spray some fuel into
the spark plug hole, reinstall the plug, and
try to start the engine. If the engine fires,
you can assume that ignition and compres-
sion are operational.

= Next, spray some fuel into the carb throat.
If the engine fires again, you can be pretty
sure that the problem isin the carburetor, or
at least the fucl system. If the engine still
doesn’t fire, you will need to inspect the
intake system and the other components of
the engine.

« If the spark plug is wet even though the
ignition is good, the engine is getting too
much fuel to run, or the plug is wet with
something other than fuel,

Sonow if you're sure that the carburetor is causing the
problem, you can begin to troubleshoot the carbure-

tor.

= Proper thorough troubleshooting can only
be dong in a systematic way, starting with
the easiest things to check and moving on
to the more difficult. On a carburetor, the
check list from easiest to more difficult
may look like this:

1. Mixture screw settings

2. Fuel level and quality (drain tank)
3. Fuel tank venting

4. Fuel filter (replace)

5. Throttle and choke linkages

6. Air cleaner

L —



Pressure Testing

Pressurize the entire fuel system with the 57-11
pump and gauge. You should get a pop-off and a re-
seat pressure. This checks the following things: fuel
line for leaks and soflt spots; fuel pumps for sticking
valves and plugged inlet screen; inlet needle for
proper pop-off and re-seat.

As you have the pressure tester hooked up to the
fuel line, crank the engine over, On each intake
stroke, the needle on the 57-11 gauge should drop.
This indicates that the metering diaphragm is allow-
ing the needle to open and air is passing through the
carburetor fuel passages into the throat. You may
have 1o choke the carburetor to perform this test.

Pop-off and re-seat pressures arc not critical com-
ponents of carburetor troubleshooting. You are plac-
ing the carburetor in a very unnatural situation by
pressurizing it with 30 pounds of air. Pop-off and re-
seal pressures may vary by 10 or more PSI from
carburetor to carburetor. The important thing is that
the needle does pop off at some point, and the re-seat
pressures bel0PSTorabove. This will ensure that the
fuel pump pressure does not override the needle since
the pump produces 5-7 PSL

Reler to the troubleshooting chart in the back of
this manual to help vou determine the possible cause
of a problem. Detailed below are some fuel systems
problems that are not specifically listed on the chart.

Hard Starting Hot

Hot restart problems can often times be traced to
vapor lock in the carb or fuel line. Vapor lock occurs
when the fuel lines or the carburetor are heated above
normal temperatures after the engine is shut off, and
the liquid fuel turns to vapor. Inspect the exhaust
system and air shields for damage. Make certain the
insulator blocks and gaskets are the proper ones for
your enging. This problem can be compounded by the
wrong season blend of fuel. A cold weather fuel will
vaporize too easily in the heat. Another heat-related
problem can result in the fuel in the tank pressurizing
the carburetor to the point of the needle coming
unseated, causing carburetor leakageand engine flood-
ing. This problem can occur more rapidly with an
alcohol fuel blend. A rich adjusted carburetor will
compound a hot start problem by delivering even
more fuel into an already rich engine. Different en-
ginesrequire various amounts of choke to startup hot.
Some will flood wo easily when hot; others may
require choking to draw a vapor lock through the
carburetor. Unfortunately, these insights into what
the engine “likes™ can only come through experience
with that engine,

No Idle

An engine that fails o idle could be caused by
several problems. Is the idle speed too low? Is there
excess drag on the engine? Poor crank seals or poor
compression will ruin the idle. Carburetor problems

Whan pressure testing the fuel system, you nead not wait for the inlat
neadle to pop off. You can open the inlet needle by cranking the angine or
by tickling the metering diaphragm through the atmospharic vent hole. If
tha inlet neadle re-seats below 10 psi, or does not re-seat, follow tha

procedures on p. 17 & 18.
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List the causes you have found which contribute
to the following problems:

TROUBLESHOOTING
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that will ruin the idle are: clogged idle circuits and
progression holes; misadjusted idle mixture screws;
air leaks at the carburctor mounting gaskets; and
leaking main nozzle check valves. A metering lever
sct too high will cause the main nozzle to drip and
produce an erratic, rich idle, as will the wrong meter-
ing spring.

Poor Idle

A lot of poor idle problems can be traced to fuel
puddling. Fuel puddling occurs when fuel vapor
comes out of suspension and forms pools of liquid
gasoline in the crankcase of a two-stroke engine, or
the intake tract. Some puddling is mevitable, as some
fuel will be knocked out of suspension by the crank-
shaft and connecting rod. The swirling of the fucl
within the crankcase can also lead 1o puddling. Pud-
dling causes problems when the engine is moved or
turned and the raw fuel is ingested into the combus-
tion chamber. A rich idle mixture can aggravate fuel
puddling, as will a high metering lever, pressurized
fuel tank, or a dirty air cleaner. Usually a fuel pud-
dling problem needs to be corrected by a better
internal engine design, but the problem is aggravated
by poor carburation,

Poor Acceleration

If the carburetor has an accelerator pump, you will
need to determine that it is working properly. Referto
the Accelerator Systems section of this manual. Most
engines accelerate off a slightly rich idle mixuwre, If
the idle mixture is adjustied for the perfect idle, that's
probably too lean for good acceleration. If the meter-
ing lever is too low, or the metering spring is oo stff,
the mixture will be too lean for acceleration.

Poor High Speed

The increased demand for fuel at high speed opera-
tion can overload the capacity of a dirty fuel system
or inlet screen. Soft fuel lines have a tendency o
collapse under the increased draw at high speed. A
poorly ventilated tank will cause high speed fuel
starvation. A sticky main nozzle valve or one swollen
from siale fuels will not allow gasoline through the
high speed system. A governor on the carburetor or
ignition will give the effect of poor high speed per-
formance when the engine overruns.

Carburetor Disassembly

Ninety percent of all carburetor problems come
from dirt and fuel gums. Before disassembling a
carburetor, wash it thoroughly in clean solvent, A
clean, well-lighted working surface is essential 1o
good carburetor repair. The following tools will be
most useful at the carburetor repair bench:




Soft-JTawed Vise Pen light

Needle-nose pliers ~ Magnifying glass

Asst. Screwdrivers ~ Compressed air

Spray carburetor Small Ballpeen hammer
cleaner 57-11 Pressure Tester

500-500 Tool kit

Totally disassemble the carburetor. Use the illus-
tration in your catalog as a guide to ensure you've
removed everything. Not every part shown on the
breakdown will be included in your particular carbu-
retor. The best cleaner for Walbro carburetors is a
spray type carburctor cleaner, The pressure in the can
works to dislodge dirt, and the chemicals aren’t as
caustic as the dip tank cleaners. If a dip cleaner is
used, all plastic and rubber must be removed from the
carburetor, and the carburetor should not be soaked
for longer than 15 minutes.
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Mixture Screws

Inspect the tips of the mixture needles; they should
be free of grooves. A ring you can see is ok, but you
shouldn’t be able o feel it with your fingemail. Be
aware that if the needles are grooved, their seats will
be ruined also. A damaged screw or seat results in a
very sensitive needle. If the carburetor seems hard 1o
adjust, always toorich or too lean, the needles and the
seats are probably ruined,

Walbro Corporation 13
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Fuel Pump

The fuel pump is generally trouble free. But here
are some problems that can arise. 1. The diaphragm
check valves can get stuck down by fuel gums and
varnish, preventing fuel flow through the carburctor,
2. The crush ribs in the cover that seal around each
chamber can get damaged by rough treatment, allow-
ing the fuel pump to leak or reducing its capacity. 3.
The machined surface where the check valves seal
can get scratched or nicked; if this happens the valves
may not hold and pump capacity may be reduced or
the pump may empty of fuel during storage requiring
excess cranking time to re-prime.

Welch Plug Removal

Removing the welch plugs is essential for a thor-
ough carburetor service job.

Removing the welch plugs is best done with the
Walbro 500-16 tool. Hold the punch at a shallow
angle to the welch plug and drive it through, If the
punch is not held at a shallow angle it could damage
the calibrated passages undemcath the plug. Spray
carburetor cleaner through the idle passages under the
plug or plate. DO NOT use a drill or other wols 1o
clean the passages. These holes are precisely sized
and changing them - even a thousandth - will effect
the engine idle, When you are satisfied that all the
passagesare clean, rinse the carburetor in solvent and
blow it dry.

Circuit Plate Removal
The circuit plate will be held in by one or two

screws. Underneath the circuit plate will be a gasket
and possibly a diaphragm. Take your time and follow
the passages underneath the plate and gasket. Make
sure you know where the fuel is coming from and
where it is going to. Some carburetor kits have more
than one circuit plate gasket in them. Make sure you
use the proper gasket for your carburetor when reas-
sembling it. If you use the wrong gasket, it will result
in the loss of fuel flow 0 one or both circuits.If your
carburetor had a circuit plate diaphragm, make cer-
tain that it gets put back in. The circuit plate dia-
phragm acts as a main nozzle check valve.

If the circuit plates or welch plugs are leaking, fuel
will bypass the mixture screws and the carburctor will
run rich.




