ELECTRICAL PROBLEMS

In this month’s column | am covering some common
electrical problems that ABS members have asked
me about over the years.

Troubleshooting fuel gauge(s)

& associated components.

Warning: First, an important caution is in order. The electri-
cal system has changed so many times over the years, often
within model years, that any specific advice must be based on
the serial number of the aircraft. There are different theories
of circuit operation as well as wiring interconnection that must
be understood to troubleshoot a problem. I found 19 different
fuel gauge circuits just for the V-tails, with a slightly lower
number for other models.

Documentation: Beech has documented the wiring diagrams
in the shop manuals for the early models, and in separate
wiring diagram manuals after 1975. All the wires that came
from the factory have identifying numbers in the following
format: ENNWZZS where F is a letter identifying the circuit
function area, NN is the circuit number, W is the wire segment,
ZZ is the wire size and S is the suffix.

An example of a wire in the fuel gauge circuit for my
1968 V35A D8663 is Q8A18. Q is the designator for fuel and
oil circuits, the circuit number is 8, the wire segment is A and
the wire size is 18. There is no suffix.

With the proper wiring diagram handy, one can locate the
wire, even if it is in a bundle, and know exactly what it should
attach to if you refer to the wiring diagram. So if you discon-
nect a wire and don’t mark it, all is not lost.

Fuel gauge circuits: There are three types of fuel gauge cir-
cuits found in the Bonanza, Baron and Travel Air, But not all
variations are covered in these descriptions. I have discussed
the most common systems, so you need to verify the specific
wiring diagram for your aircraft before you jump into trou-
bleshooting the system.

Common to all systems, good connections—especially to
ground—is important and should always be checked.

Early systems: The early systems are based on a resistive
potentiometer-like transmitter that is wired to a gauge that
reads current through the transmitter—the higher the current,
the lower the indication. Most of the transmitters are of the 30-
ohm variety. When the tank is full, the transmitter will read 30
ohms to ground. When the tank is empty, the transmitter will
read close to zero ohms,

On aircraft with aux tanks, there is usually a switch to
select the tank indicating on the gauge and some of the earli-
est aircraft share a single gauge with the left and right tanks.
Some of the aux tanks have two transmitters that are wired in
series. For dual transmitters, each is about 15 ohms, adding to
30 ohms when full and zero ohms when empty.

To troubleshoot the system, remove the inspection panel
above the fuel transmitter. Remove the wire from the trans-
mitter that goes to the gauge. The gauge should read over full.
If you short the wire to ground, it should read empty.

The fuel transmitter should read 30 ohms when full and
zero when empty. You can purchase a 30- to 50-ohm wire-
wound potentiometer and connect it to the wire going to the
gauge and vary the resistance between 0 and 30 ohms to check
gauge calibration. At 15 ohms the
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are connected in series, with
the high end of the inboard
transmitter connected to +12
volts as a reference. One
gauge movement coil pulls the
needle toward the full position
and the other pulls it toward
the empty position.

The gauge-full position
coil is attached to 12 volts
through a circuit breaker. The
empty position coil is attached
to ground. The two position
coils are connected together
and are attached to the trans-
mitter variable voltage output.
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Refer to Figures 1 and 2 for
the following description.

When the voltage output
from the transmitter is at zero
volts (ground), all of the cur-
rent flows thru the full position
coil and the empty position
coil doesn’t have current flow-
ing through it because the volt-
age on both sides of the coil is
zero. Therefore the gauge indi-
cates full.

When the voltage output
from the transmitter is at 12
volts, all of the current flows
through the empty position
coil and the full position coil
doesn’t have current flowing
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Figure 4-3, Wiring Diagram (Inboard and Outboard Transmitters)

through it because the voltage
on both sides of the coil is the
same, 12 volts. Therefore the gauge indicates empty.

When the voltage output from the transmitter is at 6 volts,
the current is the same in both the full position coil and the
empty position coil because they both have 6 volts across
them. Therefore the needle indicates half full (or half empty if
you are a pessimist).

There are two vintages of transmitters and they can be
intermixed. The original transmitters have four studs
(inboard) and two studs (outboard). The replacement transmit-
ters have two studs (inboard) and one stud (outboard).

To troubleshoot the system, remove the inspection panel
above the inboard fuel transmitter. With the master switch on,
verify that you have +12 volts on stud #2 of the transmitter.

Figure 2 - Replacement transmitters 1962 thru 1969

Stud #1 has the wire that goes to the gauge. If you remove
the wire from stud #1 (open), the gauge should read half-scale.
If you ground the wire terminal lug, the gauge should read full.
If you touch the terminal lug to the #2 stud (+12 volts), the
gauge should read empty. Turn off the master switch. If your
gauge doesn't read properly, have it overhauled.

The inboard fuel transmitter case should be isolated from
ground by a felt washer (Figure 3). If it is not, the gauge will
read full until the actual fuel level is close to 2/3 and then will
move the rest of the way faster than the change in the fuel
level, although it will read correctly when the tank is empty.

Remove the wire attached to the case and that connects to
the outbound fuel transmitter. Verify that the case is not ground-
ed. If the case is grounded, reseat or replace the felt washer.
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With the wire from #1 stud and the case still removed, the
resistance between the #2 stud and the case should be around
76 ohms. The transmitter wiper (stud #1) should vary between
the full resistance value (when empty) and zero, reaching zero
well before being topped off (around 2/3).

The outbound fuel transmitter measured between post #4
and the case should be about 43 ohms when empty and zero
when full.

1970-and-affer models

The later 40-gallon systems use dual transmitters in series
with one another. There is only a single post for the wiper and
the case is the other terminal. The inboard transmitter is 76 ohms
and the outboard transmitter is 43 ohms. The transmitters read
119 ohms added together when full and zero when empty.
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Figure 3 - InBoard fuel transmitter - replacement style 19562 thru 1969

Each side's transmitters are attached to a printed circuit
module mounted above the fuel gauges under the angle mount
for the glareshield support (Figure 4). On the rear lefthand side
of each module is a slotted adjustment that allows the full indi-
cation to be adjusted on the indicator.

If the gauge becomes flaky and bounces around or is com-
pletely dead, it is often the printed circuit module. It is rela-
tively easy to swap the connectors on the back of the left and
right modules to help isolate the problem module. If the fault
goes with the module, it is time to send it out for repair. Birks
Aviation Products (309-686-0614) rebuilds and exchanges
these modules for a flat $430. Birks advertises in the classi-
fied-ad section of the ABS Magazine.

The fuel gauge should read the following values +/- 2 mv
across the gauge terminals for the respective fuel load of 1/4,
1/2, 3/4 and full: 36 mv, 60 mv, 86 mv and 103 mv. For empty,
the gauge should read 6 mv +/- 1 mv.

The inboard fuel transmitter has one post that connects to
the printed circuit module (Figure 5). The case is the other ter-
minal and is attached to the outboard transmitter. The circuit is
completed by the outboard transmitter, which is grounded to the
airframe.

The inboard fuel transmitter has a felt washer under the
case to isolate it from ground. If this is missing, the case will be
grounded and the tank will never read above 2/3. If the outboard
transmitter is shorted internally, it will cause the same symptom.

You can troubleshoot the transmitters by removing the
inspection panels. Remove the wires attached to both the
transmitter posts and make sure the outboard wire is not
grounded to the airframe or you will get a false ground read-
ing on the case of the inboard transmitter. With the wire
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removed from the inboard fuel transmitter, the gauge should
read above full. With the wire shorted to ground, the gauge
should read empty.

When the tanks are full, measure the resistance of the
inboard transmitter from the post to the case and verify it is close
to 76 ohms. Verify the case is not shorted to ground; if it is, ver-
ify the felt washer is installed and isolating the case from ground.

Verify the outboard transmitter is close to 43 ohms, post
to ground. If you remove the transmitters, they should
smoothly vary in resistance between zero and the maximum
value as they are moved through the float arm range.

If one or both of the fuel transmitters or a gauge needs to
be overhauled, Airparts of Lock Haven (1-800-443-3117 -
http://airpartsoflockhaven.com/) is one company that can per-
form the overhaul. There are other companies that provide the
same service.

In future columns, I will offer troubleshooting tips for electrolu-
minous panels (EL panels) and false alternator-out indications.

John Coellins, Charlotte, North Carolina, owns a 1968 V35A, He is
a commercial pilot with more than 4,000 hours, has a BS in elec-
trical engineering and has worked as an engineer and software
developer for IBM and for his own tfechnical business. John
owned and operated an FBO, with avionics shop, for six years.
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ABS MEMBERS SEEK ANSWERS FROM JOHN COLLINS TO THEIR AVIONICS QUESTIONS

JAMES DEVANY, Joyce, WA, is
installing a KLN-94 with an NSD 360
for IFR operations in his G35. He
‘explains that he has had a VFR KLN-89
prior to this. His question:

Do you know of an STC I can use
as a reference on the POH supplement?
Or is a better plan to get a Field
Approval for POH and FAA Form 337
purposes?

COLLINS: All the information you
need is available free on the Honeywell
Bendix-King website, but you need to
have your dealer download it. My deal-
er will do it free when the documents
are on their website and are available for
free download, as is the case for you.
Your local dealer should also be able to
get it for you free. Ask for a copy of the
latest install manual that has an appen-
dix with the Sample AFMS and it refer-
ences an STC on a Mooney.

Follow any of the relevant instruc-
tions in the install manual for an IFR
installation. Then your avionics shop or
TA can approve the installation and
return the aircraft to service with a log-
book entry, a placard stating the GPS is
VFR only and an appropriate 337 for
the installation.

You will need to modify the AFMS
from the install manual to match your
. installation and submit it with a separate
337 to your FSDO requesting a field
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approval. Once it is returned, you can
remove the VFR-only placard and replace
it with one called out in the manual.

The shop or the IA returns the air-
craft to service for IFR by signing the
field-approved 337.

MICHAEL LEBLANC, Orangeville,
CA, noticed on the May 2008 ABS
Magazine cover that Jim Greene had tip
tanks installed on his Bonanza and men-
tioned he had an S-Tec 30 autopilot
installed. He says:

I was told by my avionics people
that S-Tec would not allow their autopi-
lots to be installed in a Bonanza
equipped with tip tanks. Could you shed
some light on this? [ would really like to
upgrade my 1952 C35 with this newer
autopilot.

COLLINS: My understanding is that
the S-Tec's STC hasn’t been tested with
tip tanks. Often the autopilot is installed
before tips are added. It is up to the IA
who signs off the tip tank installation to
verify there are no conflicts.

Not all avionics shops will care or
check if there is an issue installing an
autopilot if there are tip tanks. I person-
ally am aware of numerous aircraft with
both tips and S-Tec autopilpts. I haven’t
checked into it, but my guess is the
same would be true for Bendix-King,
Century and Garmin.
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JEFFREY QUIN, Camarillo, CA,
installed a new JPI EDM 760 last year
in his 1977 95-B55 and reports that he is
still having problems with the Garmin
400 interface. He says:

Using takeoff power, the RS-232
interface between the EDM 760 and
GPS 400 goes down. The JPI unit has
the memory stick download. I assume
the higher fuel flow causes the issue.
When power is reduced to a cruise set-
ting, the interface starts working again.

I used a loaner unit with the stan-
dard download interface (not a USB)
and this unit worked without a problem.
The avionics shop checked the Garmin
unit and reported that all was well.

Have you heard of anyone report-
ing this problem with a Baron? JPI tells
my shop (Cruiseair in Ramona) that no
one else has reported the problem,
although the users with the memory-
stick interface seem to be mainly
Bonanzas.

COLLINS: I have not heard of this
before, but based on the fact that the
serial interface worked as advertised
with the loaner unit, I would request a
warranty replacement from JPL If the
problem continued, then JPI has a
design issue. But I suspect a replace-
ment unit will solve the problem.
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