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Section 0 – Introduction
Scope 0.0

This document is intended as a guide to maintaining the systems of N52BL.  It provides the format to maintain information associated with adjustment, maintenance and replacement of components on the aircraft.  It should be considered as a gathering place for the information used to properly ready N52BL for flight.  It is intended to become the manufacturers documentation for maintenance of the aircraft as built and modified over time.

Standards 0.1

In order to make use of this document easy it is constructed with standard sections to facilitate use by maintenance personnel.  Each section should begin with a “Theory Of Operation” section that describes the objective of the particular aircraft system and the methods used to achieve those objectives.  The next section is “Removal Replacement” which describes the techniques used to replace major components of the particular system.  The next section is “Adjustment” which outlines the methods used to bring the particular system into tolerance for operation.  The final section is “Test” that describes the procedures used to verify system performance of that aircraft system. 

Autopilot 2.1

Theory Of Operation 2.1.1

This autopilot is designed as an integrated component of the aircraft trim system.  N52BL has a three axis trim system using ¼ scale radio control servos to position trim tabs in each axis.  The servos are driven by a pulse timer circuits that controls the pulse width based on an analog input.  These inputs are managed by op amps that control their gain and range.  There is a trim control provided for each axis to set the desired flight path.  The trim function is available with our without the autopilot function by selecting the appropriate switches on the Autopilot Control Panel.  In addition the coupled mode is selectable in autopilot mode by switches on the Autopilot Control Panel. 

The main stabilization for the system controls the roll axis and is produced by an EGC autopilot rate gyro Part Number 1394T100. This controls the roll servo to provide a null signal when level flight is attained. The Roll Trim control is used to set the roll servo and maintain the desired rate of turn (typically zero).  Additional inputs for course deviation are interfaced to the King Omni CDI and King Loran CDI signals.  These inputs are of significantly less gain than the stabilization gyro and are used to control the flight path.

Pitch stabilization for the system is controlled by an angle of attack sensor.  This sensor provides an analog signal proportional to angle of attack.  The Pitch Trim control is used to set the pitch servo and maintain the desired angle of attack.  Additional inputs for course deviation are interfaced to the King Glide Slope CDI signal.  At this time an altitude hold module is under development using an altitude encoder to establish constant altitude.  This module is also being designed to maintain preset climb and descent rates.   These inputs are of significantly less gain than the angle of attack sensor and are used to control the flight path.

Yaw stabilization for the system is controlled by a yaw angle sensor.  This sensor provides an analog signal proportional to yaw angle.  The Yaw Trim control is used to set the yaw servo and maintain the desired angle of yaw (typically zero).

There are six components that make up the autopilot system.  The Autopilot Control Panel is located on the left lower section of the instrument panel and provide the pilot with the capability to control all of the autopilot  functions.  The trim controls for the three axis are located above the Autopilot Control Panel and provide the capability to set trim for all three axis with or without autopilot functionality being engaged.

There is also an autopilot module located behind the instrument panel that contains four modules.  There is a motherboard that provides connectivity to the aircraft through a db50 connector.  This mother board also has three connectors to install there single axis autopilot circuit boards.  The autopilot circuit boards are identical for each axis.  These circuit boards contain the trim pots required to set the gain and null for all inputs.

Removal Replacement 2.1.2

The following components of the autopilot system can be removed and replaced to facilitate repair:

Autopilot module 2.1.2.1

This assembly is located behind the instrument panel on the top rear of the radio stack.  It can be removed by disconnecting the db50 connector and the mounting screws.

Autopilot Turn Rate Gyro 2.1.2.2

See Flight Instrument section of this manual

Autopilot Angle Of Attack Sensor 2.1.2.3

This section to be completed at a later date

Autopilot Yaw Angle Sensor 2.1.2.3

This section to be completed at a later date

Roll Trim Servo 2.1.2.4

This section to be completed at a later date

Pitch Trim Servo 2.1.2.5

This section to be completed at a later date

Yaw Trim Servo 2.1.2.6

This section to be completed at a later date

Adjustments 2.1.3

Roll System 2.1.3.1

This section to be completed at a later date

Pitch System 2.1.3.2

This section to be completed at a later date

Yaw System 2.1.3.3

This section to be completed at a later date

System Testing 2.1.4


Ground Testing 2.1.4.1


This section to be completed at a later date


Flight Testing 2.1.4.2


This section to be completed at a later date

Section 3 – Electrical

Battery 3.1

Alternator 3.2

Theory Of Operation 3.2.1

Testing 3.2.2

The alternator used inside the Diehl Accessory Case has a rotating magnet ring attached to the flywheel that rotates around a stationary stator mounted to the accessory case. The alternator's output is directly related to the rpm the magnet ring is spinning. At low or idle rpm, you will see a reading of 12V or less on your volt meter, depending upon what electric loads you have turned on. If you suspect you have an alternator problem do the following checks. 

Using your Volt/Ohm Meter, check for continuity between the 2 white wires that come out of the alternator and the accessory case. If continuity is there, the internal windings of the stator are grounded. The usual culprit is one of the magneto hold down clamp bolts. 

Check between the regulator/rectifier's body and the engine case with your Volt/Ohm Meter. You should have continuity here. If not, you may need to run a wire from the body of the regulator/rectifier to the engine case. If this solves the problem, your firewall may not be grounded to the engine. The Lycoming bushings may insulate the engine, from the engine mount and thus, the firewall. 

The last check involves checking the output of the alternator. Turn your Voltmeter to the AC scale (60VAC). Hook up the red and black test leads from your meter, to the white wires from the alternator. With the engine running at 2500 rpm, you should be reading between 25 and 40 VAC. If this checks out OK, but you still are discharging, check your wiring, especially the switches. 

Hook up your volt meter directly to the output of the B+ terminal on the regulator/rectifier and check for voltage. If the regulator rectifier is bad, it is usually a result of excessive heat. The alternator has a maximum operational temperature of 190F.
Section 6 – Engine 

Engine Theory Of Operation 6.0

Engine Removal/Replacement 6.1
Ignition 6.2

Ignition Theory Of Operation 6.2.0

Ignition Removal/Replacement 6.2.1

Ignition Timing Adjustment 6.2.2

Set up procedure to set timing dynamically, using a timing light as indicated in following KRnet article by Jim Faughn.

Date: Fri, 17 May 2002 16:48:09 -0500

To: "KR Net Response" <krnet@mailinglists.org>

From: "Jim Faughn" <jfaughn@mvp.net>

Subject: VW Timing

Message-ID: <AKEIKNAPKNELHLDIOCJCOEKPCHAA.jfaughn@mvp.net>

As several people know, I have been frustrated with my plane over the past

few years because I have not been able to get the engine temperatures where

they should be and I haven't gotten the performance the plane should

deliver. This problem has been an engine issue and either I haven't

understood the instructions or I didn't listen to what I've been told.

Either way, the problem existed for too long.

After going through a stage of thinking about giving my plane to a museum, I

decided that would be giving up and there had to be a better way. I talked

to Steve Bennett several times and with his help found that the root cause

of the problem had to be timing. I changed out an old ignition system and

installed the Compufire ignition. I then timed the system statically and

still had the problem. After we determined the problem had to still be

timing, it was suggested that I stop relying on static timing and go to

timing the system with a timing light. I have to deviate here and say that

prior to this point I was hearing a banging that was not good on takeoff and

had to reduce power to stop it or I thought something would come apart. What

I found with the timing light was the ignition system was set at 52 degrees

before top dead center. No that wasn't a typo. After setting the timing to

28 degrees before top dead center at about 2500 rpm, I found the engine ran

much smoother and of course on take off I could get full power without the

"banging" I had experienced previously.

My frustrations are gone, the engine temperatures are back to normal and I

have more power than I have ever had.

Thanks Steve.

Bottom line is that distributors are not all made the same, magnets seem to

react differently when firing a hall-effect sensor when set statically

verses at RPM and you MUST time your engine with a timing light. Don't just

do it statically. Personally, I believe this is probably true with any

ignition system you use from a magneto, 009 with points or an electronic

ignition system. You just can't trust that everything is manufactured the

same and you have to correct for their issues in the final adjustment with a

timing light.

I have not seen this information previously on the list serve and thought

everyone might be interested in the findings.

See you at Oshkosh.

Happy VW flyer again.

Carburetion 6.3

Carburetion Theory Of Operation 6.3.0

Carburetor Removal / Replacement 6.3.1

Carburetor Adjustment 6.3.2

Prop 6.3

Prop Theory Of Operation 6.3.0

N52BL is equipped with a two blade in flight adjustable prop.  The theory of operation is described in the following IVO Corp OEM documentation.
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Ivoprop Pitch-Change Design And How It Works

The IVOPROP opertes on a COMPLETELY UNIQUE adjustable pitch system that allows for substantially
Jess hardware and rotating mass than any other ground pitch adjustable prop. The unique pitch adjustment

1 aperatcs on the principle of twisting the blades through the chrom-moly alloy steel torsional rod cast
inside the blade. The outer end of the forsional rod is irmly anchored inside the outer blade section. The
~ound torsional rod s capable of rotating inside the blade, except for the outer end. The hub ends formed into
square shape.

Soth models udlize the same carbon / graphite fiber blades with sainless stcel eading edges. The blades are
capable of pitch change 3 to 17 degrees on the tips orinches of helix advancement from 18" to 52

The In Flight Adjustable Pitch Ivoprop

The abiliy to change the pitch in lightis s significant for the airplane pilotas for the driver
ars in the transmission
ese results in substantial savings in fuel, engines wear and noise.

+ Pilot contrals the pitch trough the togle switch mounted in the cockpit. Pressing the foggle switch one way
sends electic current trough the graphite brushes o the slip rings and finaly to the electric motor

+ Depressing the toggle switch the other way reverses the polarity of curtent and the rofation of cleciric mofor.
The pitch changes operation is imilar o the power windows in an automabile. As long as you hold the switc
i e direction- the pitch changes in that direction and you observe the result on your RPM meter

« Torque from the electric motor is multplied in & tworstage planctary gear drive, which tuen the lead screv

= Lead screw is supported by a thrust bearing and converts i’s roary motion into axial movement of the spocl.

« The spool i linked 1o the supercams, which tu the torsional rods. Torsional rods transmit the movernet

om the center of the prop to the ouside section of the blade, This causes the blade to twist therefore
changing the pitch in the same manner as the ground adjustable pitch system.

+ Total time requited for full ange of adjustment is about 5 seconds.

 Movement of the spool can be restrcted cach way by inserting washers on the lead serew. This imits
maximum and minimum pith and prevers engine over-revving.

'« Mouns directly to any rotax gearbor, “B, “C” models. Can be adapted to VW, Subaru, Hirth, Arrow; and
smaller Lycoming and continental engines.

« Older models Ivoprop ground adjustable props can be convert to In-Flight Adjustable System by means of
fetrofit kit Torsional rod must be offse toward the leading edge of the prop. Early model props vith the:
trsional rod located in direct center of the blade can not be converted.

« In-Fligh adjustable hub comes assembled with instructions on how to use it

« Total weight of 3-blades 72" diameter In-Flight Adjustable IVOPROP including wire hamess,spiner, contr
switeh, mounting hardware, and the circuit breakeris 101bs.

acarto shift
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Prop Removal / Replacement 6.3.1

[image: image3.png]Ivoprop In-Flight Adjustable
Assembly

« sertthe mouning bolt wit the washer iough e motor plae i one of the bolholes clsest 0 the two
motorwires.

« Insertone blade on the mouniing bolt. Fataifolside owards he eleciic motor for pusher. Curved.
ainoilside toward elecric motor for ractor.

Rotate th ble 50 thatthe super cam goes intothe groove i the spool.

nsetsecond bol throughthe motor plat and blade.

Inserelectical plate (the one without nylon bushinis) on e bols

Inser small isolator.

Inse lip ring on he bolts Do not push out the nylon bushings:

Bend one motar wire in right angle radialy outvard on thesip ring.

Insetsecond sl iolaor.

Bend second motor vire the same vy like the frstone on he isolaor

Insert second i ring;

s large solaor.

Bolt prop loosely on te flange

Inset remainig bl (5 between plates ard torque mounting bols to 200 inch X Lbs.

Rota redueton 5" eplace one of the S s o the gearbor closest o he prop ais with a coupling

1t forque 130ineh X Lhs)

Sern the st nto the conpling nut dep envgh t clear he iades,and loc i with jam rut

« Rotas reduction “C"replace 6m bolson the gearbo withstud and countertorgue ome of he ja s
against the searbor 100inch X Lbs

+ Other han Rota - Mountthe stud “somelow” nest o the flange so that brushes wil contact lp rings

+ S the jam nut on the st nset the brush housing and s he astam nut on he stud

. Psition and orque thejan ratsagainst brush housing 50 that rush on th blade sde s in contact with
brush late gt next  the slator. That way thereis  maiun clearance betveen brsh hotsing and.
e bades.

« ntal switch and circuitbreaker i the cockpit i a lace where you can easy reach b not aceidentally

o tach /16" comectors o the brush housing roming the wire under the st

“ itach batery connectors to the batey. Circuit beaker wire belongs tothe posive poe.

Wit next o the switchdirecion o he pic change. By iterchanging brish conneciors you can change
e direcion of she pich change.

Pitch up Pitch down
RPM down | RPM up
Crauise Climb,

Example:

* Caution : Brushes are brittle. Do not brake them.
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Setting Your Own Pitch Limits

The pitch change operation in fight can be greatly simpiiied by restricting movement of the spool therefore
imiting the pitch change from your best clim pitch to your best eruise pitch,

Land with the prop in your best climb pitch.

Take prap of he flange. Do not take the mounting bolts out of the prop.

Measure (with a caliper) the distance from the spool and the end of the lead screw and write it down.
Mount he prop back on the flange.

Go lying and find your almost best cruise pitch. Remember “almost” stands for the pitch which wil il

give voua e bif of clim

Land the prop in your “almost” best ruise pitch

Take the prop of the flange and measure the distance between the spool and the end of the lead screw and

write down.

Mot the prop back on the flange and bring it 0 neutral (you can hear it~no load on the electric moor.)

Take prop a part

Insert linit washers on the lead screw so that spool can not travel beyond your measurements

Do o forget to insert plastic washers on each side of the spool. Failure o do so will immediately lead 10

the desiruction of the gears in the planctary drive.

Note: the thickness of the plastic washer under load is abot % of is original thickess

How To Fly With It.

Do the first flight in still air.
Rurt the prop W.O.T. on the ground and adjust pitch of few hundred R..P M. bellow your
maxinum HP RP.M. (W.O.P. means wide open throttle.)

Climb W.O.T. and adjust the pitch o maxinum climb rate. (Do not exceed maximum
allowable R P.M for your power plant,)

Remember your R P.M. at your best climb pitch.

After reaching cruising altitude hold W.O.T. and start increasing pitch by short impulses
wntil your climb rate is about 200fY/min.

Remember your W.O.T. R.P.M. at this your aluost best cruise pitch.

Throttle back until your R.P.M.start dropping or until your climb is zero.

Before landing go for a moment into W.O.T. and start decreasing the pitch by short pulses
wntil you reach your best climb R.PM. which you remember from the take-off.

Do not change the pitch afier landing. Run the prop W.O.T. on the ground and remémber
your best climb R.PM. which you remenber from the take off

Before next take-off run prop W.O.T. and read your best climb ground R P.M. 1o make sure
that your pitch is in climb seting.

Next time you want to cruise even in a turbulent air just use your almost best cruise R.P M.
which you remember from your last flight in order o put prop in your almost best cruise

pitch.
o~
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Important:  ~

Assume that inflight pitch adjustment can quit on you any time in which case the pitch stays where it is
Therefore do ot pitch prop up for cruise mare than you ned 1o slightly climb, So you can bring your
plane back where you came from.

Do not use pitch adjustment more than you need and alvways allow some time for electrical components
10 cool down between cycles.

Do ot run ihe prop withou the circuit breaker, which is supplied with it

fyou hold the switch for fow seconds afer reaching the pitch limit therefore stalling the motor the
circuit breaker pops out and you have t0 wait several seconds 10 reset i

The system will ot run safely on regulated DC current from regular there you need a battery.

Before disassembling the prop abways bring the pitch to the neural

Never engage pitch adjustment only on one biade or on two blades spaced 120 degrees

Do not remove carbon deposit from brushes on slip rings.

Do not rely on spring, which returns the switch lever to the neural posion.

Ifvou can ot change the pitch in-flight ry it in idle RP.M. or try 1o move the switch lever back and
Jorth.

Do not copy terren in cruise pitch.

Even ifyou ly withoutsetting your pitch limits you still need one limit washer the castle nut and the
plastic washer

Do not shorten the 12" wires or circuit breaker wil pop aut sooner.

Keep the grease away from plastic and limil washers.

Brushes wear much fuster when wet. Therefore ifyou really have to ly in @ rain pitch the prop for
clib, loosen the jani nut, which s against coupling rut, turn brush housing away from brush plates
and retorgue the jam mt.

Make sure that there is no clectric continuity between brush and plates and the engine frame-othervise
o could destroy your regulator-reciifier when changing the pitch while engine is running.

After you are done witlh setting the limits and the final installation seal the gaps beween the blades

it silicon and install the spirmer 10 keep the water and dst from getting into the mechanism.

Tie down or pu the tape over the brush connecors so they wil rot come foose in ligh.

Apply blue foctite on the spinner bolt and bolt and iorque to 35 inch X Lbs. othersise your spinner will
Jall off

Ifyouwish 1o secure mounting bolts- use Smm nylon fock nuts (not supplied) on the other sde of the
fange.

Use only the hardware supplied with the prop, never dill or madfy the boltholes n the blade (5.

Mainiain the 200-incl X Lis. torgue on the bols.

Make sure at there i at leas 5” of clearance between the blade ips and iraling edge of the wing, radiator
rudder, or whatever, because the blades are design t flex back and forth more than wooden blades.

Do ot side your fingers alon the irailng or leading edge of he blade, fibers may pierce your sin.

Ifyou wish o increase top speed or decrease cruise R.P.M., switch to a 2-blade prop or cut the 3-blade prop to
smaller diacter using a hack saw, as long s you cut the same lengil pice from each blade, the prop wil
remain in balance. Do not cut the prop to lesshan 48" diameter,

When switching from 3-blade t0 a 2-blade conjigaration, increase e pitch about d degrees.

Rotax engines develop maximun horsepower around 6500 RPM o pitch the prop accordingly.

Ifvou are going to use other than skul cap tpe spinner make sur that there is at least " clearance betveen
blades and cutouts i the spinner.

1f your aircraji holds ws. experimental airworthiness certificate you are supposed 10 contactthe FAA, FSDO
o fying ihe aircrafi. Wien notified the F.A.A. inspector can determine if procedure was major change
(a5 defined per ur 21.93 and listed in append a o par 43) and if any additonal inspecions or operating
Llimitations are needed prior the flight. e




Prop Adjustment 6.3.2
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Ivoprop Corp.

POPULAR WAYS HOW TO MOUNT PROP LOOSE

Not torquing the bolis
Do not rely on fecl. Get torque wrench and calibrat it by yourself. Torque on
mounting bolts is 200 inch x lbs. ( not 2008t x lbs.)

Bottorming the thread of the mounting boits into the flange o lock nuts,
Use extra washers if the bolis are too long.

Inserting spinner composite baking plate anywhere betwveen what bolts is supposed to
compress together

‘These fiberglass or composite backing plates compress with heat and pressure
resulting in torque loss on the bolts

Using wrong hardware,
Rotax engines are supplied with prop crush plate which has stamped oversized holes.

Donotuseit,

Important
Do not modify the prop in any way.

Do not weld super cams on torsional rod.

Dircct drive engine adaptors need ANS bolts not Smum bolts.

|





DRAFT

3/3/2003 9:18:46 AM

Version A.01


