2. Rudder

Overview

The completerudder will be madeinthischapter. Two skinsand aleading edge spar will belaid up,
and three hinges attached. A rudder horn will be fitted to the bottom leading edge of the rudder.

Step 1
Preparation

Takethe rudder core out of itsfoam jig blocks and set it aside for the moment. Y ou can discard the
loose end pieces but save the strip from along the leading edge for use later -see figure 1.

.DISCARD

/

/

RUDDER CORE

RETAIN

Fig 1. Sketch showing parts of rudder foam block.

With a hacksaw blade cut the edges off both foam jig blocks so they are about 6-7 cm (3") smaller
than the rudder core al around except for the trailing edge.

Place the port side jig block, with the trailing edge support block cut-out in it, on your bench and,

sighting alongitsleading andtrailing edgesto ensurethat it’ sflat and not twisted, bondit to thebench
with blobs of rapid epoxy, seefigure 2.
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Line up T.E. and L.E. to be perfectly straight

=

Note: The joggle at the trailing
edge, and the support block, are
provided to ensure a strong
glass-to-glassjoint at thetrailing
edge - seefigure 10 later in this
chapter. Thejogglewill befilled
later at the finishing stage.

T.E. support block Jig block cut short and
bonded to bench

Fig 2. Rudder lying port side down in itsjig block.

Next, remove all flashings of foam from the rudder core’' s leading edge to make a nicely rounded
nose. Round off the tip of the rudder core, leaving the trailing edge support block intact. Use the
supplied fin tip moulding as a pattern for the shape. The root should be formed with a complete
radius (seefigure 5) from theleading edge diminishing in sizeto thetrailing edge. Also round off the
leading edge to the tip and root.

Hint: If you temporarily attach the strip of foam fromthe leading edge back in placeit can help you
visually in forming the tip and root radii.

Now, with small dabsof rapid epoxy bond the rudder to theig block and ensurethat theleading edge
and trailing edge are perfectly straight. See figure 2.

Lay astrip of peel ply inthetrailing edge
recessand on the edge of theleading edge : 2Smm

corner, holding themin placewith double e Ay
sided tape. Seefigure 3. Thisrecessisto / ’_\\ \

enable the top and bottom skins to have

an effective joint. It will be filled with
micro at the finishing stage.

DoN'T WRAP ASuND
TiP oR RooT RAnii

Step 2

First skin layup Fig 3. Positionsfor peel ply.

Now’s time to prepare for the first skin
layup so cut pieces of ‘uni’ to the following dimensions:

1 full width x 160 cm (63")
1 full width x 140 cm (55")
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HINT: To reduce waste on thislayup you may like to place the cloth, correctly orientated, over the
corein adry run and cut the excess off first. To hold loose fibres at the cut lines together, stick
masking tape on the cloth where cutswill be first and cut down the middle of the tape. Don’t cut too
closeto the edges of the rudder corethough, you don’t want to find that you’ re short of cloth during
thelayup. Keep thetriangular off-cutsinacleanboxasyou’ |l oftenfind a piecewill comein handyto
cover acorner elsewhere. It shelpful also to mark the ply orientation angles onto the foam surface
with a felt tipped pen.

Mix up some dry micro as required, to fill any dings and dents, then micro slurry the areato be
glassed, without getting any on the pedl ply of course.

Brush the whole surface with epoxy, then using the rudder’ s leading edge as your 0° reference, lay
thefirst ply onto the core at 30° (it’snot vital which goesonfirst but be careful, the lengths of cloth
are such that the short one will only cover the rudder in one of the directions). See figure 4.

Fig4. Sdeview of rudder core.

ot P
Wrap the cloth 3/4 of the way
round thetip and root radii and
scissor trim. See figure 5. ( )

Where the support block is,
J”utfltervt\Jlr;ythe cloth down it a Shssel B Revend HAAUAY

Fig 5. View looking at leading edge.

Tem I_
Trim the cloth at the leading ——
and trailling edges to within S
about 1 cm (%2") of the foam. L
Seefigure 6.

Fig 6. Section through rudder.

Note: The cloth does not go down the vertical face at the leading edge.
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When the first ply has been properly wetted out, lay on the next ply at 30° the other way to the
rudder’ sleading edge and repeat the wetting out and trimming process as before. Put peel ply onto
cover the ends of the cloth on the tip and root and leave to cure, (remember to maintain workshop
temperature dusring cure), knife trimming the overhanging ends back to the foam at the appropriate
stage and sanding them after full hardness has been reached.

First skin layup summary

1 ply at 30° to the leading edge.
1 ply at 30° the other way to the leading edge.

Step 3

After cureremovetherudder fromthejigblock, flipit over and, using ahacksaw blade, remove most
of thetrailing edge block, then sand it down with asanding block to be flush with the rudder profile.

Renoe TE. SOABRT R
RNITH HACKSAY RAYE

LUND FoAM FLUSH
Poln REMoE Prer €

\

).

Fig 7. Removal of trailing edge support block.

Don't forget toremovethestrip of
peel ply a the trailing edge and
tips. Seefigure 7.

Scoop out a trough in the foam,
5-6 mm (1/4") wide and 5-6 mm

deep, fromthetipandroot trailing SccoP ouT FoAM
edgeforwardabout 6 or 7¢m (2%2giq g Trailing edge flox trough.
- 3"). Seefigure 8.

Asunidirectional cloth doesn’t like going around tight radii, such as at the tip and root trailing edge
areas, these will effectively become flox corners.
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Re-jigtherudder ontheother jig block making surethat thetrailing and leading edgesarestraight.

Step 4
Second skin layup
Cut two pieces of ‘uni’ to the following dimensions:

1 full width x 160 cm (63")
1 full width x 140 cm (55")

Preparethefoamwithmicroslurry asbefore, filling in any holesthat were caused by the rapid epoxy
with dry micro. Fill thetrailing edge troughswith flox then brush a coat of epoxy on the surface and
lay thefirst ply of clothon at 30° to theleading edge, wrapping it around theleading edge asinfigure
9 and overlapping the previous layup by about 2 cm (3/4") at the tip and root. Scissor trim thisply,

TR T AROX.

lem SHORT OF CornER. /——/ —_—
An L Py
ke 27 Y

Fig 9. Extent of second skin layup.

wet it out then lay on the second ply.

Note: Makesureyou know for certain that the product you useisflox and not either of the of the
two microfillers - only flox is structural.

Once properly wetted out, squeegeed and trimmed, apply strips of peel ply over thetip and root fibre
ends and all along the leading edge fibre ends then leave to cure. Knifetrim thetrailing edge at the
appropriate stage, sanding it after full cure.

n inl mm

1 ply 30° to the leading edge.
1 ply 30° the other way to the leading edge.

After curetherudder can beremoved from thejig block and prepared for theleading edgelayup. It's

agood ideato round off the trailing edge tip and root corners with a sanding block at this stage as
they’ re quite vulnerable to damage if left sharp.
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Step 5

Hinge flange

Thefoam at theleading edge must first be removed with ahacksaw blade and knife. Run the hacksaw
K ke Wmi RUANE SET
To NoT G Teo besf

Fig 10. Preparing for hinge flange.

bladeflat against the glassed | eading edge and cut into thefoam until you contact theinside surface of
the skin, making surethat 25 mm (1") of skinisexposed. Do not cut into the skin though. Seefigure
10.

Cut into the foam just under the skin with aknife to meet the first cut line and remove the triangul ar
sectioned strip of foam along the whole length of the rudder. Remove also the pedl ply.

"

12,0|@%)
' « (26 )
127 ‘(=09

TAKE DMENSIoNS (IN CMS LNESS. SaTeD)
Fom  WHele LE. UP JonS LEANNG EDGE

Fig 11. Hinge reinforcement positions.
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Mark thehingeareasasinfigure 11 soyouwill know whereto place hinge reinforcement plieswhich
will go between the two main plies of the leading edge layup.

foAm Blecks
Ann WeDGes

Fig 12. Rudder set in foam vee blocks.

Setting therudder into acouple of foam blockswith veescut intothemwill makelifealittleeasier for
the next stage - see figure 12.

Step 6
Cut piecesof ‘bid’ at +/- 45° to the following dimensions:

2 off Full length possible x 13 cm (5")
20ff 15cmx5cm (6" x 2")

20ff 13cmx5cm (5" x 2")

20ff 10cmx5cm (4" x 2")

and several strips of peel ply.

Stick astrip of masking tape onto theinside of
the rudder’ s leading edge lip, asinfig. 13, to
keep micro off it then, withdry micro, fill any
dentsin the foam and make a small radius at
the bottom of the vee between the foam and
skinjust to givethefibreglass achanceto get

around the corner without leaving an argjg 13, Section through rudder leading edge.
bubble underneath. Remove the masking

tape.

Micro slurry the foam, making sure to remove any that has strayed onto the glassfibre areas, then
brush on acoat of epoxy resinand lay thefirst full length ply onto the layup areaand adjust the cloth
width to get the fibres orientated +/- 45°. Thiswill adjust the length to fit also. Position the cloth to
overlap the glass on the sloped face of the leading edge by about 2 cm then carefully push it down
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with abrush right into the bottomof the vee, finally stippling it onto the other glassfibre skinand into
the root and tip corners.

Wet out the cloth and scissor trim to about 1 cm (¥2") beyond the edge of the flange beforelayingin
the hinge reinforcement pieces according to your reference marks. These pieces go down the glass
flange and into the vee but don’t overlap the leading edge skin as do the main plies.

Gerl flY HhelGe ARERS oNLY

/Qea_ Ry LE. Awg liole Lenaw

Fig 14. Pedl ply on leading edge layup.

Lay inthe second main ply, wet it out properly then pedl ply thefibre' sendsand also the hinge areas
on the flange. See figure 14.

After cure trim off the excess and sand back to the previous skin line.
Step 7
Hinge attachment

The hinges will be bonded to the rudder and also held with rivets. Those used on the rudder arethe
wider 20001-5 hinges and are provided in the following lengths:

1 off x 127 mm (5")
1 off x 178 mm (7")

The 178 mm (7") piece is used to make one 102 mm (4") hinge and one 76 mm (3") hinge. When
cutting hinge alwaysremovethe hingewirefirst and cut the hinge half way through alug so the ends
are well supported.

Cut HhilgeE  HALALAY
{’m@mnu LG

\\

WIRE CuT LonGER. Tianl
Hnge Tl BENT BoH
ENDS B AFETY

> i B e M

Fig 15. Hinge safety method.
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Cut the hinge wire separately to be about 13 mm (¥2") longer than the hingeitself to allow for abend
at each end to enable safetying. See figure 15.

Toend up with theappropriatelengthsof hingewireusethe 127 mm (5") length taken fromthehinge
and the extra 228 mm (9") length provided and cut them as follows:-

Cut the 228 mm (9”) length to make 1 x 140 mm (5%2" ) length for the 127 mm (5”) hingeand 1 x 88
mm(3%2") length for the 76 mm (3”) hinge. Cut the 127 mm (5”) length of wireto make 1x 115 mm
(4¥2") length for the 102 mm (4”) hinge.

A similar exercise will need to be carried out for the hinges used to attach the anti-servo tab to the

(127mm (5“) (102 ~e (4') 76 onn \3"
= o i
7 J
12 cu(4%)
| (26T
127 cen (50)

TE DIMESINS Foom Wrelle The L.E. Uf
JonNS The LEADING EMNGE

Fig 16. Hinge locations.

tailplane. The wire you removed fromthe 178 mm hinge will be required so don’t throw it away. If
you wish to make the tailolan€e’ s hinaes now. refer to the instructions in chaoter 4.

— = I

3iOM

Fig 17. Typical hinge clearance cut-out
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Mark the positions of each hinge on the leading edge lip to the dimensions in figure 16.

At eachmarked areacut thelip back 3mm, toallow for the hingepivot to locate, then sand the corners

back at about 45° to allow room for the hinge pin. See figure 17.

[ 57mm (225“)
Somn (20)

’ 20 (03)|  Borrom thaae
‘ &

T

17 (0.6S")
10 (04)

+

. 45 (1-8") ¢-

25 (14) MINNE  HingE
1So8 —
TN

17 (065"
10(o4")

L

Fig 18. Hingerivet hole positions.

Hint: To ensure that the hinge cut-outs are all in line mark the tip and root ones first then, with a

straight edge lined up with these, mark the middle one.

Fig 19. Hinges clamped to straight
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Next mark the centres for the rivets referring to figure 18 for their positions.

Y ou will now need to find astraight edge that is at least 1270 cm (50") long. Clamp the hinges, in
their relevant positions, to the straight edge making surethey are exactly inlinewith each other. See
figure 19.

Offer the hinges up to the cut-outs in the rudder lip to ensure that they all fit correctly. Make any
adjustments to the cut-outs with a sanding block.

(You may need an extrapair of handsfor thisbit.) Hold the hingesin position, with their free flaps
against the inside of the rudder lip and drill through both the flange and hinge at one of the rivet
positions of each hingewitha3.3 mmdrill. Useacleco to hold each hingeflap in placethen drill the
remaining holes.

When all the holeshave been drilled removethe cleco fastenersand roughen the hingeflapsready for

Fig 20. Section through hinge area.

bonding. Clean any swarf away from the hinge and rudder lip.

To countersink the holes in the glassfibre flange to accept the flush pop rivets TLPK424BS, lightly
spin adrill bit of at least 1/4" diameter, (or, if you have one, a 120° countersink bit) between your
fingers (not in adrill), inthe holetrying arivet in it to ensure that the correct depth is not exceeded.
See figure 20.
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Be very careful not to countersink too deep into the flange.

With everything to hand, mix some epoxy and add flox to make a paste then coat the jointing areas.
Ensure no epoxy gets on the hingejoint. Before the epoxy has gone off attach the hinges, first with
clecofastenerstolocatethem, thenrivet them up. Remove any excessepoxy and allow to cure before
unclamping the straight edge.

Step 8

RUDDER

REMOVE THIS PORTION
AT 90° TO HINGE FLANGE

Fig 21. Cutting dimension for rudder horn.

Rudder horn

Using the bottom of the lower hinge as a
reference, mark a line on the rudder 13
mm (%2") down from it and at 90° to the
hinge flange. Cut this part of the rudder
off, then scoop out the foam to a depth of

RUDDER CENTRE LINE

15mm (5/8"), leaving the foam as flat as
possible. Oneway of doing thisisto drill
several small holes to a depth of 15mm
(5/8") and then clear out the remaining
foam.

Remove the portion of flange at the
leading edge of the rudder (not the side
skinflanges) until itisflush withthefoam
and radius the corner in preparation for a

. / XTW 09

NUT PLATE
XTW 12

RUDDER HORN

HINGE . CENTRE

layup. Fig 22. View of rudder, nutplate and horn from below.
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Layup 4 pliesof ‘bid’ onto thefoam in the rudder base and lap up onto the flanges all around and up
the leading edge; cover with peel ply and allow to cure.

After cure, removethe peel ply andtria fit the nutplate X TW12 into the base of the rudder. Trimits
edgesif required until it isabletofit properly onto theglassfibrerib. Figure 22 showsthe position of
the nutplate (and the rudder horn which will be fitted later) in relation to the hinge centre - aline
between the forward hole and the hinge centre must be at right angles to the rudder centreline.

Drill through the hol es of the nutplateinto the glassfibrewith a4.8 mmdrill then, removing theplate,
enlarge the holesin the glassfibre to alow the nut part of anchor nuts, which will beriveted to it, to
enter. Other smaller holeswill be necessary to allow clearance for therivet tails. The flanges of the
anchor nutswill causethere to be agap between the glassfibre and the nut plate; thiswill betaken up
by flox.

Attach three M S21047-3 anchor nutsto the upper side of thenut plateusing TLPK429BSrivets. The
holes in the anchor nut flanges will need to be drilled out to 3.3 mm to accept therivets. Carefully
mask or block the holesfor the boltswith masking tape, plasticine or modelling clay to prevent epoxy
from entering. This will be
cleared away later when
inserting the attachment bolts.

Scuff sand both sides of the nut
plate for bonding, then flox the
plate in place to the base of the
rudder, ensuring that flox does
not squeeze into the anchor
nuts.

Next, having made a flox fillet
al around, layup 4 plies of
‘bid’ over the plate and up onto
theflanges. Attheleadingedge
of the rudder, wrap the cloth
onto the rudder close-out. Peel
ply thelayup and allow to cure.
Seefigure 23.

After cure, removethe peel ply
and drill open the bolt holes.
Be careful not to drill right
through into the thread of the
anchor nuts of course. Using
AN970-3 washers as
spacers/shims between the
rudder baseand X TW09 rudder
horn on the hole nearest the

Fig 23. Wrapping cloth at lower leading edge.
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M521047-3 (3 PLACES)

BASE OF RUDDER
NUTPLATE XTWI2

ANIE0-10L WASHER
XTWI1 SPACERS

ANG70-3 WASHER

ANZ-10A BOLT

AN3-14A BOLT 2 PLACES

XTWO9 RUDDER HORN ANG70-3 WASHERS {6 EACH}

SIDE VIEW OF RUDDER BASE

MS21047-3 ANCHOR NUT FOAM CORE

XTWI2 NUTPLATE RUDDER SKIN

XTWOZ RUDDER HORN

/ jt =
ANG70-3 WASHERS

SECTION A - A

4 PLIES BID

Fig 24. Attachment of rudder horn - monowhesd!.

MS21047-3 (3 PLACES)

BASE OF RUDDER
NUTPLATE XTWI2

AN960-10L WASHER
XTWI1 SPACER

AN3-10A BOLT
3 PLACES

XTWO09 RUDDER HORN AN970-3 WASHERS (6 EACH)

SIDE VIEW OF RUDDER BASE

Fig 25. Trigear rudder base fittings.
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hinge and the rearmost hole attach the horn to the rudder. The long horn should be orientated to
starboard. The vacant hole will be used later for cable attachment. Figure 24 overleaf shows the
attachment for the monowheel, and figure 25 for the trigear.
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