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This Companion Guide is written to accompanydightho f Pet e Bower s6 FI
construction articles in EAA SPORT AVIATION magazin€he article covered the
construction of the f1l i ght erpedaldandcbngol wmasdt e ms et
the elevator and tailwheel controls. Earlier articles addressed the construction of the control
surfacesthis article addresses the pilmperated mechanisms and how they connect to the
surfaces.

You will need to downloathese articles from the EAA Archives. This Companion
Guide merely supplies additional background information and some helpful hints on the actual
construction. A full Table of Contents is included on the next page.

There are two kinds of figure refnces in this Companion Guide. If the reference is
AFi duoe (with a hyphen), itdés a figure in the
hyphen are contained in this document and should closely follow the text which refers to them.

For specific asistance in building the components described, se&/¢hkemanshipand
Hardwarearticles on the PB100 Web Page.

Many thanks to Matt Wise, Jim Katz, Jim HarWjlliam BeauvaisOlan HanleyHarry
Fenton,Bill Hills, Drew Fidoe Hans TeijgelerCharlie Gayand the others of the Fly Baby
community for providing some great pictures to illustrate the points in this Guide.


http://www.bowersflybaby.com/PB100/workmanship.pdf
http://www.bowersflybaby.com/PB100/nuts_bolts.pdf
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1 OVERVIEW

The primary emphasis in Article 8 is the construction of the control stick, and the various
mechanisms that connect it to the control surfadéuss includeghe joystick itself Figurel) as
well as the pushrods and additional control horns.

- TR -5 "
Figure 1. Fly Baby Joysticland Torque Tube

Figure 61 on Page 10 of Article i8 a great overall view onow the caotrol system
works.Let 6s take a closer | ook at the individual

1.1 Elevator

Figure2 illustrates how the elevator control goes together. A short section of tubing (the
ATor que Tub e3)sinsgaded befween thewer seetion of the Station 3 bulkhead
and the upper portion of the (short) Station 4 bulkhead. The torque tube is held loosely, so it can
rotate left and right to accommodate the aileron controls.
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h e

The actual joystick has a set of steel plates atthetbo m t hat fAsaddl eo t
bolt goes through these plates and the torque tube so the stick and pivot fore and aft for elevator
control . A pushrod attaches from the bottom

of the Station 5 blthead (behind the pilot). Cables attach to the walking beam to connect to the
elevator horns way in the back of the fuselage.

=

Instrument

Cables to
Elevator
Horn

Belly
Stringers

The bend in the pushrod allows it to go under the Station 4 bulkhdaslisactually
under the nominal fuselage structure, but, if you remember from Companion Guide #4, there are
actually a pair of stringers that will attach to the bottom of the fuselage to smooth the belly.
These stringers also allow the elevator pushogaass between the bottom of the Station 4
bulkhead and the lower covering of the fuselage.

The ends of the pushrod have rod end bearings attached. These eliminate friction with
the crossholts that hold the structure together, as well as give somstability.

Pushrod Walking
Beam and

Support

Figure 2: Elevator Controls

1.2 Ailerons

1.2.1 Cockpit Connections

The ailerons are worked, of course, by diokside motion of joystick. The stick
assembly pivots on the torque tube, and a pair of steel yokes are welded to it, as sfigune in
3.
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Joystick

Swing Link STA3
(Aft Plate Bulkhead
Rod End not Shown)
Be_anng Aileron
(Horizontal) Pushrod

Tube Welded Aileron Push
to Bottom of Bearing Aileron Link Rod Yoke

Pushrod (Vertical)

Figure 3: Aileron Controli Rear View

Each wing has long pushrod installed inside it. Both ends of the aileron pushrod have a
rod end bearing at the end.

The ail eron pushr od dootefdshewing. Itscdmeasko afsteort o0 u t
section of tube (the Aileron Link) which then connects to the aileron yoke.

Why not make the aileron push rod long enough and eliminate the Wrdduple of
reasons. Primarily, it gives you some adjustability. Without the link,ik®@a push rod
would have to fiexactlyfrom the middle of the wing to the center of the fuselage. The Link,
being hinged at both ends, gbsou some leewaylf you accidentally make the wing pushrod
slightly too long or too short, just4sze the Ik to match.

1.2.2 Inthe Wing

Figure4 shows the wing hardware associated with aileron control. A mounting bracket
was installed during the wing construction. The dowldek aileron bellcrank bolts into this
bracket. The long aileropushrod runs from the forward tab of the bellcrank to the joystick, and
the short aileron pushrod goes to the aileron horn.

Curve in _Swing
Long Aileron Link (Rod
Pushrod Support)

Mounting
Bracket
on Spar

Bellcrank
Pivot Bolt Short Aileron
Pushrod

Aileron

Horn /\/

Figure4: Overhead View of Aileron Control Structure

The long aileron pushrod includasit of a cave at the end. ABigure5 shows, his
gives the bellcrank a little more clearance when the ipoetting arm rotates toward the
pushrod
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If you recall the wing construction details, the
ribs have holes in them to pass the padhubes. Pushrod gives ,
Obviously, if a hole interferes with the movement of more Pushrod Motion
the long pushrod, the hole should be enlarged so the dediyes | Dacto gutlichMovmg
tube moves cleaning. The swing link is mounted in t
first rib bay; it provides support for that long tube.
Without it, therod mayteh t o bend wherl
Note that it may be necessary adjust/add shims to the short aileron
swing link to get it to work right. pushrod

l'tos stildl a |long way fr&8m the swing | ink
bellcrank. Some builders have added a bushing insi?~
the hole in one of the ribs t@lp support the tube.
Obviously, if you do this, make sure itos not

1.2.3 Aileron Travel

Bend in

O SpenBatStse 9 -

Figure5: Bend in Long Pushrod

| occasionally get worried emails from f ol
travel . AThey go up hocely, but they barely
Fear not, thatodés the way itds supposed to

each aileron goes up much further than it goes down. You can see the measurement on my own
airplane inFigure6. Measured at the root the aileron (the
closest end to the fuselage), each aileron will go up nine
inches or more, but down only two inches or so. Aileron  yp
Weird? Not really. Most airplanes do this, especially ~ Travel
the more modern onesThe problem is adverse yaw. A
downgoing aileromproduces more drag than when it goes up,
which means that the airplane tends to want to turn in the
direction of the downgoing aileron (that wing now having Measured at INBOARD
more drag). End of Aileron
B u t tBe.airplane TURNS in the direction of the
upgoing aileron! So adverseyawwillant t o sen

~9.5’

nose to the Il eft while youo turn
learned on modern aircraft, you might be shocked if you ever
take controls of an antique. Adverse yaw is often significart _. .
move the stick to the left, and theapk starts to turn right. Figure6: Alleron Travel
You | earn to |l ead each turn with the rudderéo
different from a modern Cessna or Piper.

Youdbre probably familiar with the horror s

World War I. It had a fatality rate in traimg four times higher than its contemporary, the SE
5A. The Camel had its ailerons hinged at the bottom (vs. the top, like the Fly Baby). This meant
that when the aileron wentdown, giap opened upéand adverse yaw
Camel, in fact, wathe LAST Sopwith built with the ailerons hinged in this fashion. All
subsequent designs hinged them at the top.

So Pete buitn aileron differential to minimize adverseyalw.t 6 s handl ed by t
invertedVee aileron yoke on the control stick.hasbetter leverage pulling the aileron pushrods
(which raises the aileron) than when it pushes.

'!"More Moder no i s n 6 atedaithFlgBabies,bot it applieslingthis aases o ¢ i
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Note that the travel shown Figure6 happens to be the travel that my own airplane
haséitds certainly notvermpored slighttytessordslghtly mo@t her o
travel. Use of full travel of the ailerons in flight is almost unheard of.

1.3 Rudder Control

Compared to the aileron and elevator system, the rudder system is fairly simple.
Figure7 showsits componentsThe main ingredients are a pair of rudder pedals, a pair of
turnbuckles, the rudder cables themselves,aacauple of horns bolted to the rudder.

Fairleads

9 Through =
o Bukheads 1]

Exit Hole Tailwheel

Horn
g

The rudder pedals attachtothe froatc k pi t f | oor éwhi ch doesnoét
described i n t he alektketnecé&ssady bita thisi Guitleevhen théNfadddr |
system comes up.

Thereds an unusual feature dagwhichdcamlepd t he F
to some commda.

The rudder pedals on Fly Babies are connected to cables, and are independent of each
ot her . I n one way, they work |Iike any other
forward, the right cable pulls the right rudder pedal back.

But what happns to the right rudder pedal if you hook your foot on the left pedal and
pull it back? Nothing, because the cable can only pull, not push.

FI'y Babies have springs on the rudder pe
convenience only (to keepthedpal from fl opping aft onto the
you fly, since youbll have your feet on the

Figure 7. Rudder Control

d
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But when the airplane is sitting on the ground with no one in it, the spring is the only
thing keeping tension on the rudder pedals. Whielans the rudder cables attached to the
rudder horn might sag a bit! This can | ead t
systeméwhen, | rigre8ics ,atpmprRrottoi eahomy ai rttlel ane;

Awi ggleo in the rudder cabl e.
= "'d

J

]

el

s

L4

N

Figure 8: Slack in Rudder Cable

Stronger springs would reduce this issue,
on a pedal every time you pressed the other one down.
S o, d o nifahe rudderrcablgs look a bit slack.

1.4 Note about lllustrations

To make things clearer, | have drawn up a lot of sketches to illustrate some of the aspects
of the assembly. Peripheral details on these sketches are just there to complete th drawing
theymay not, exactly, match the original Pete Bowers figures. My sketches always are in color;
Petebds are black and white.

Where there is a difference between my sketches and those from the Pete Bowes;s article
assume the original article sketches areetrr

If two pieces in my sketches are supposed to be the same size but look different, just
assume that was an error.

1.5 Workmanship

L e tre¥isw theBasic Workmanshipules for building iy Babies. Key notes:

Do not varnish any areas which will subsequently be glued

Varnish any closed areé&soubleplywooded forward section, etc.) before they are closed
up.

Drill holes in wood directly to size, using a brpdint drill bit

Varnish all boltholes

Varnish all areas where metal parts will be in contact with the wood

All metal components should be painted or otherwise protected.

= =4

= =4 =4 =4
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2 ERRATA
2.1 Figure 4-27
Wel |l éat |l east it was corrected prior to pr

When they drevihe view of the aileron bellcrank, they had the bellcrank turned the
wrong way. Rather than-draw the whole diagram, Pete just added a prominent note about the

error. Figure9 shows the drawing corrected.
SEE €., 4-14
10 AT HOLES

Experimental Aircraft Association
Figure 9: Figure 427 Corrected

Note, also, the dimension in red | abeled 7
is the separation of the plates in the bellcrank, NOT the gap in the mounting plates bolted to the
spar.

Thi s s h o udsuwk atdhis ponk as Eeate specified the bolt pattern for the brackets
back in Figure 414 in Article 2.

2.2 Figure 4-28

This was addressed in the second Companion Guide, but the tubes that support the
aileron push rods are supposed to be welded to tHerB™ of the push rods, not the top as
Pete shows ifrigure 428 in the plans.
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horn backup block per Fig. 4-30, then varnish entire

TOP_§ BOTTOM

This dimension s 1
inch, not 1 2 inch

Weld short tube to the

bottom of the push rod,

not the top as shown in ’ SEE SECTION
original drawing 2 . © FOR PUSH

ROD _DETAIL

Figure 10: Aileron Linkage Changes in Figure28
Figurell provides a side view of the aileron linkages, which hopefwill be a bit
clearer.

Hole for Swing
Link Bracket

Swing Link Bracket
17 vs. 172" in /
Figure 4-28 i
o
=" < il
Wide Washer
. ~ Swing Link
Aileron
Pushrod

Front Spar i
N[E

Short Tube Welded
to Aileron Pushrod

Figure11: CrossSectional View of Aileron Pushrod and Swing Link
2.3 Elevator Cable Interference

Several builders have reported some minor interference with the fuselage Station 8
diagonal and the elevatoables. This is addressed in SecdoB.2
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3 SAFETY ISSUES

Your primary issue? This is the control system, for goshsakes. This is all critical to your
safety. Hereb6s a warning Pete added to the p

If you have any. doubts at all about your. skill as a welder, have a professional do this
job. There are relatively few welds in FLY BABY, but your life will be dependent on the
quality of the work in these.

In other words, the control system is not the place to be toghgncertain skills in welding.
This is a place where it might be a good i dea

3.1 Lock Nuts

The AN365 seHocking nut is commonly used on aircraft. However, it should never be
used in situations where the bolliss ed as a pi vot él i k edriliechboltsh e ¢ on
andAN310 castle ng andcotter pirs, instead.

Figure 12 Lock Nuts and Related Hardware

The drilled bolts have the samendEemamdl at u
AN3-16 bolt vs. an AN3LGA.

3.2 Rod Ends

Rod Ends allow two components to be bolted
enclosed thatan tilt a little a bolt through the bearing can rotate a bit in all directions without
makingaloosecanect i on bet ween the two joined parts.
in a threaded rod |Ii ke a bolt) or AFemal eo (i


















































































































