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SHigh Fligh!

Oh, T have J/ip/)eo’ the sur/y bonds r/ear/ﬁ,

And danced the skies on /auyﬁ/(’r—.u'/uerao/ wings,
Sunward T've climed and /'()1'/1(1(/ the /umé//'ny mirth
o/ Jun-spﬁl clouds — and done a hundred /ﬁ/ny.r
You have nol dreamed (/— wheelod and soared and swung
]ﬁyﬁ in the sunlil silence. ]fouw‘iny there,

Tve chased the Jﬁou/iny wind a ong ano///uny

7/7}/ eager craf/ /Arouyﬁ /oo//ess halls o/ air.

Up, up the ﬁ)ny delirious, burning blue

Jve /oppeo/ the winoﬂrwep/ Aeiyﬁ/s with easy grace
Where never lark, or even eay/e, //ew,'

And. while with silent, /1/'[/1'ny mind Jve lrod

The Az’yﬁ un/respamea/ sanclily o/ space,

JPut oul my hand, and louched /Ae/{ace o/ SGod.

Tohn Sillespic Magee. Jr.

SECTION ONE
GENERAL TABLE OF CONTENTS

CHAPTER  PAGES TITLE

COZY documentation is available in the sections shown
below. Section | consists of this book, plus an appendix of

twenty 17-1/2 x 22-1/2 in. drawings. The contents of all sec- 1 4 Description/lntroduction
tions are as follows: X .
2 5 Bill of Materials
3 19 Education
SECTION I. MANUFACTURING 4 3 Fuselage Bulkheads
MANUAL. This section covers the basic airframe. It in- 5 8 Fuselage Sides
cludes education on composite materials and construction, 6 8 Fusel A bl
plans and construction manual for the basic airframe. uselage Assembly
7 3 Fuselage Exterior
SECTION 1A. MANUFACTURING 8
MANUAL. This section covers firewall and accessories, 8 3 Roll Over/Seat Belts
control system, roll/pitch trim system, canopy and turtle 9 7 Main Gear/Landing Brake
back, electrical system, covers/fairings/consoles/NACA flush
scoop, finishing and upholstry. 10 8 Canard
SECTION II. ENGINE INSTALLATION. This sec- " 6 Elevators
tion will cover installation of the O-235 Lycoming engine, in- 12 2 Canard Installation
cluding baffling, engine controls, exhaust, carb heat muff
and box, engine instruments, prop, spinner, cowling, and in- 13 13 Nose/Nose Gear
duction. 14 11 Center Section Spar
SECTION Ill. OWNERS MANUAL. This section 15 Firewall (Section IA)
will be the flight and maintenance manual. It will include o
normal and emergency procedures, weight and balance, 16 Control System (Section 1A)
check lists, detailed flying qualities, descriptions, operating 17 Y S ot
limitations, performance charts, maiden flight test pro- Trim System (Section I1A)
cedures, pilot checkout procedures, and record keeping re- 18 - Canopy (Section 1A)  jvia0 Ree
uirements, . N T
4 19 18 Wings, Ailerons, Wing Attachment
NOTE. Sections |, 1A, I, and a subscription to the ‘Cozy —»20 6 Winglets 2 \p Ni N PiR Fonat
Newsletter’ starting with issue No. 4 (January 1984) are re- ) X glets and Rudder # RydQeAac
quired to build & Cozy. The Owners Manual is required 21 8 Strakes/ Fuel/Baggage
before flying your Cozy. 2 - Electrical (Section 1A)
23 Engine Install. (Section IA)
24 - Covers/Fairings (Section 1A)
25

WARNING. These plans are obsolete unless updated by Finishing

newsletters 4 and on. Do not fail to do this, as it is possible 26 - Upholstery
that MANDATORY flight safety improvements may occur. . . _
Appendix 21 Appendix Drawings 18 x 23in.

C2 137 VORT koS
TABLE OF CONTENTS




CHAPTER 1

DESCRIPTION/INTRODUCTION.

DESCRIPTION. The COZY is a high performance,
homebuilt aircraft. It is a side-by-side modification of the
long EZ, for more pleasureable cross-country travel.
Although roomy enough to accommodate persons as tall as 6
ft. 4in., it is restricted to 340 total Ibs. in the front seat, for
c.g. considerations. It has a large back seat, intended by the
designer for luggage. Its canard configuration was designed
not only for performance, but to provide improved flying
qualities and safety as compared to the conventional tractor
light plane design (see Owners Manual for complete details
on flying qualities and performance). The Cozy uses the
NASA - developed winglet system, and modern airfoils.

Its high-lift canard wing has full-span flaps which double as
elevator and landing flap. Its rear wing has conventional
ailerons mounted inboard for control system simplicity and
low adverse yaw. The aircraft has a drag device, called a lan-
ding brake, to dirty it up, allowing use of runways as short as
2,000 ft., with appropriate pilot skill. The glide angle at idle
power without the landing brake deployed is only 3.7
degrees. Thus, the brake is required to provide the normal
descent control of conventional and less efficient aircraft.

Yaw control and main-wheel brake systems are combined,
to (uqher result in major simplification and improved flying
qualities. The pilot has simple, one-piece rudder pedals to
control rudder and wheel-brake functions. A cable is run
from each pedal to its rudder with a spring returning the rud-
der to a sealed neutral position. The outward camber of the
winglet's rudder is such that the rudder brakeout force is in-
creased with airspeed. This allows pleasantly low rudder
forces at low speed where rudder is needed and higher initial
forces at high speed where there is no requirement for rud-
der control. The rudder pedals are narrow enough to allow
the pilot to tilt his feet and move them in front of the pedals
so he can stretch out and relax his feet forward during cruise.
The rudder cable moves a belcrank at the firewall such that
after full rudder is reached, further motion of the rudder
pedal actuates its respective wheel-brake master cylinder.
This system is less complex than the coupled rudder and
toebrake system found in conventional aircraft. Also, it
results in less brake wear since it is impossible to apply brake
in a given direction without already using full rudder power.
An adjustable bungee system provides pitch trim, adjusted
by a lever on the center console. Roll trim is via bungee ad-
justment to the aileron controls.

The main landing gear is a one-piece, molded, unidirectional
fiberglass strut extending from one axle to the other. The
one-piece design eliminates the excessive leverage loads
found in conventional two-piece gear legs. This allows a
much lighter structural attachment at the fuselage. The gear
and attachment have successfully undergone drop test to
FAR -23 criteria. The gear strut is molded in an airfoil shape.
The strut is designed to enter at the top of the wheel pant,
rather than at the side, to reduce interference drag. The
cruise penalty due to the main gear being fixed, is only 6
knots. Thus, the increase in empty weight, increased cost,
and increased maintenance of a retractable main gear is not
justified.

The nose landing gear is a fiberglass strut, molded to the out-
side contour of the fuselage. The strut fits into a groove in the
fuselage, thus a door is not required. The gear is retracted/ex-
tended by simple worm-drive mechanism. The gear is
retracted on the ground after the pilot gets out to allow the
aircraft to park with its nose down, resting on a rubber
bumper. Kneeled parking is used for several reasons. The air-
craft is not as susceptible to upset from high surface winds
when parked on its nose, the propeller is raised to a conve-
nient height for hand starting, and the nose bumper provides
a chock so that chocking the wheels is not required for hand
starting. Refer to the Owners Manual for inflight and ground
operation of the nose gear and for de

cedure.
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The fuel system consists of two, 26-gallon glass/foam/glass-
composite fuel tanks, which form wing strakes along the
sides. The wing tanks have sumps to provide fuel in all at-
titudes. Unuseable fuel is very small. Gauging is provided by
directly reading the fuel’s coloration in a translucent portion
of the tank in the back seat. See Chapter 21 for fuel system
details. See Owners Manual for its operation.

Each wing and the canard are easily removed to allow com-
pact storage or trailering. Refer to the Owners Manual for
specific procedures for disassembly. While, in some cases
trailering is the only solution to the crowded airport situa-
tion, we feel that the work required to completely disassem-
ble, tie down on a trailer, etc., defeats the high utility of the
airplane and results in the pilot not flying enough to stay pro-
ficient. We recommend the system shown in the sketch,
where only one wing is removed and the airplane is
hangared on a noninterference basis with a high wing air-
craft. Assembly/disassembly time during this method is only
about 15 minutes.

| WONDER HOW THEY DO THAT!

Tm@levin_g at road-towing width limitation of 8 feet requires a
33 in. high block under a wheel to tilt the airplane.

The composite structure of your COZY provides some im-
portant advantages over conventional metal, wood, or fabric
construction. It has been tested to loads far in excess of those
required for FAA certification. Fatigue margins are higher.
Contour is maintained under load, the structure does not
‘oil can’, buckle or distort. It provides excellent insulation
and damps noise. It has no hidden joints, no water traps, and
is far less susceptible to corrosion. It is easier to repair, It is
not susceptible to thermal stress due to l(-nmvmlur(\
changes. Properly protected from UV (see Chapter 25), it has
a very long life.




INTRODUCTION

This manufacturing manual has been specifically designed to
educate you in the construction materials, their use, and to
guide you through each step of assembly in the most efficient
manner possible. It is our intent to drastically reduce the
non-completion rate (estimated at 80 percent) common to
homebuilt aircraft. With that in mind, we have!

1. Preceded the plans with an education chapter intended
to thoroughly acquaint you with the tools and materials and
how to use them

2. Laid out the plans in a detailed, step-by-step format 1o

answer the question of ‘what do | do next?’

3. Provided all appropriate information to each step adja-
cent to the words. Due to binding requirements, the larger
drawings are grouped together in an appendix.

4. Provided full-size templates where required, to avoid the
work and confusion associated with scaling up drawings.

5. Set up distributors to provide all materials and the hard
to find tools.

6. Identified the difficult to build items, and made them
available (prefabricated and ready to install) from competent
manufacturers/distributors.

7. Setup our newsletter, The Cozy Newsletter , as a conti-
nuing plans updating/correcting system. 'The Cozy Newslet-
ter’ may occasionally have changes of a mandatory nature as
well as distributing builder tips and other useful information,
and a subscription is mandatory for all Cozy builders.

Building Sequence.

The nature of the type of Cozy structure requires that a part
be left alone to cure for a longer period of time than that re-
quired to build it. Thus, you will find that when following the
step-by-step order, you will often find yourself out of work,
waiting for a cure. In most cases you can skip to another
chapter and build another parnt while waiting. With a little
planning and familiarity with the entire manual, you should
be able to use all your time productively. An old builder
friend, who had built 8 airplanes in his lifetime, once gave
me some good advice. ‘If you are going to build an airplane’,
he said. ‘make sure you do something on it each day, if only
15 minutes.” That was good advice, and if you follow it, you
will make steady progress

Building Time.

Note that many steps include an estimate of the number of
man-hours required and the number of people required.
This information was compiled from our experience building
N2NP and 22CZ, and also a proof of plans model. We
estimate these times would total 1,000 hours for Section .
This does not include (1) studying the plans and rounding up
required tools and materials in preparation for a chapter, (2)
cleaning up your shop, (3) standing around waiting for things
to cure, (4) discussing your workmanship with friends that
stopped by to help. Many of you will find that through effi-
cient work practice, you can consistantly bheat the time
estimates on most of the steps

Others may find that they are spending as much as twice the
time estimates. If you are spending considerably more time
than that shown. g0 back and study all the details in the
education chapter. Most slow work 1s due either to over-
cautious work habits as a result of being unsure of workman-
ship, or ignorance of the correct way of doing things

Questions.

lease follow the following procedure if you do not unders-
tand something and need an answer. First of all, do not he
concerned it you do not understand everything the first time
you read through the plans. Many things that may not he ob-
vious just reading the drawings, will be obvious when you
have that portion of the airplane in front of you or have built
4 similar part in a previous chapter. Also. we will he able to
help you better it you are looking at that partion of your
airplane. So, do not ask for clarfication until you are really
warking in that chapter. We have found through our own ex
perience that the majonty of questions the homehuilder asks
are already answered somewhere in the plans, We have
made considerable ettort in the CO/ZY manual to make the
information visible. If you do not understand something,
study the words in the step, study the sketches and all related
sections/views/photos, then look through the fullsize draw
ings that show that portion of the airplane. Check the aver-
view and parts list. If its a methads-type question. re-read the
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education chapter for clarification. If the answer is still not
found, it may be that that item is covered in detail in another
chapter (there is some necessary overlap) Remember, items
related to Section Il (throttle control, oil pressure gauge, etc )
are covered only in that section. It is possible that 4 question
related to the operation of a part of the airplane or its
maintenance is answered in your Owners Manual. Also

check your back issues of ‘The Cozy Newsletter’ (N 4 on)
for plans updates or clarifications. Okay, you have ¢ hec ked
everything and you are still stumped. You can do one of
three things.

1. Ask a friend. Often a description of an item is unclear to
one individual and clear to another. Get to know other
Cozy, Long EZ, Varieze builders in your area and join your
local EAA chapter. Helping each other is a part of the system

2. Write to Co-Z Development, leaving room on the paper
under each question for our answer. Include a self-
addressed, stamped envelope and include your aircraft
serial number. We do our best to answer all such questions
within two days of receipt. We cannot answer questions
regarding the application of non-recommended materials or
regarding non-approved modifications Co-Z Development,
2182 N. Payne Ave., St. Paul, MN 55117,

3. Call Co-Z (612) 776-1145 aiter normal working hours
During working hours | will be at the office earning a living
Also, let us know if you have found a better way of doing
something. If we agree. we'll publish it in the newsletter so
that all builders can benefit. If it is not a good idea, we'll tell
you why. if you include a seli-addressed, stamped envelope




LICENSING AGREEMENT

In consideration of payment 10( the COZY annufacl_unnfg
Manual, you will be granted a license to build one anrcr;n‘t
from these plans and instructions. Upon execution of the
licensing agreement printed below, you will be ass_lgncd a
serial number, which is required by the FAA for registration
of your aircraft.

The COZY Manufacturing Manual is Cop)_'wriled, and may
not be copied or reproduced, in part or in total, except as
necessary for the manufacture of your aircraft.

Co-Z Development is a licensee of the Rutan /\nrc‘mfl Fgclory,
and holds an exclusive license for the single engine, side-by-
side modification of the Long EZ, which has been named the
COZY. In consideration of royalties paid by Co-Z Develop-

ment to Rutan Aircraft Factory, Co-2 D('V("(I[)mgn’ has be

granted permission to use Long £7 design ang tec h(r:il een
where applicable, and to republish these portions 0’“’1:1\’,
Long EZ design and manufacturing instructions which ’ '(-
also to the COZY. > which apply

The licensing agreement printed below is in agreement with
EAA policy governing the design and manyfactyre of
homebuilt aircraft. It is important for you to recognize that
no matter how good the design and how detailed (he mslvu(c-
tions, and how many inspections by the FAA, you and only
you can accept the responsibility for the manufacture of a
safe aircraft and its operation in a safe manner.

The agreement has been printed in duplicate. Please execute
both copies and send to Co-Z Development. The first copy
will be returned to you with the serial number you have
been assigned.

s eimraata. 9 AT 191 ST AT T s
He is responsible for the quality control on all parts, all con-
struction, and the conduct of his flight tests. While Co-zZ
Development is not the manufacturer of your aircraft, we do,
through these plans and services, provide you with informa-
tion about how our COZY was built and how we feel is the
best way for you to build a safe, reliable airplane. We do en-
courage you to build the airplane as shown on the plans
because we have found that our airplane provides us with
reliability and safety, and any problems that we experience
with our aircraft are documented and reported in 'The Cozy
Newsletter’. We have gone to a considerable effort in
developing the design, the structure, and the systems, and
proving their adequacy with appropriate tests.

If you modify the airplane and then ask us if your modifica-
tion will work, we cannot give you an answer without con-
ducting the appropriate tests and totally qualifying the
modification. This would obviously be quite expensive. Our
concern then, is that if your modification is not successful,
and causes an incident or accident, this would be attributed
to our design, the COZY. Because of this, we must insist that
if you modify the airplane with any major change (such as an
aerodynamic change, primary structural change, or using a
non-approved engine installation), you call your airplane a
different name, rather than a COZY. If you make a major
change, you must consider yourself involved in basic aircraft
design and development, an extremely risky business. As
such it is not fair to us to be associated with any results of
your development. We state this, not to discourage inven-
tiveness and progress, but to release any connection of your
new development efforts with our proven design.

We are particularly concerned about the trend among the
amateur builder to use high performance homebuilt
airplanes, as flying test beds for brand new, unproven engine
developments. Initial flight testing of a new powerplant, even
though it is *well proven’ in a car, snowmobile, motorcycle,
test stand, etc., is an extremely risky operation. These tests
should be done on an airplane like a Piper Cub, Aeronca
Champ, etc., for two reasons. (1) The slow flying, light wing
loading types are much more forgiving for forced landings in
the trees and (2) the accident you may have is not just
another statistic, it is a homebuilt accident, the results of
which can have an effect on the overall regulations govern-
ing the building and flying of amateur-built aircraft. The
U.S.A. has the most lenient regulations for homebuilts of any
country in the world and we can keep those regulations if
we, through caution, common sense, and self-policing, re-
tain our excellent safety record.

So, if you have a strong desire to try your idea of a turbo-
injected rotary walzit or your geared-razzle dazzle, good, do
it, but first put it in a Piper Cub (FAA will apply appropriate
restrictions during your tests), fly it 1000 hours, keep strict
maintenance/failure records, get the right attitude toward
reliability for an aircraft powerplant and then, when you're
convinced it is good, install it in a homebuilt aircraft. In this
way, maybe we can finally get a good, low-cost powerplant
without giving EAA a bad name and without forcing tighter
restrictions on the operation of homebuilt aircraft.
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ters. They are preceded by the letter ‘N’ (For example
N2NP, N22CZ, etc.) Be sure to give them your second and
third choice, in case the number you want is already taken.
Sent $10 to reserve your special number. Address: FAA Air.
craft Registry, Box 25082, Oklahoma City, OK 73125. Do not
register your aircraft yet, you don’t need to pay registratior
fees, property taxes, etc., until your airplane is ready to fly.

3. When you are ready for inspection, contact your local
FAA office. Be sure you have an airframe log book (availabje
from a distributor) so that FAA can make an inspection entry

4. To prepare for your final inspection, be sure you hav.
the ‘N’ number painted. It must be at least 3 in. high and in
block letters with contrasting colors. The ‘EXPERIMENTAL’
sign (2in. high letters) on the canopy frame, the ID plate and
passenger warning plate mounted (available from a
distributor), and have an airframe log book and an engine
log book. Before final inspection, fill out an application for
registration (FAA form No. ACB050-1), a notarized affidavit
that you built the airplane from parts that you bought
yourself, and include $5 registration fee. Send those three
things to the FAA Registry, Box 25082, Oklahoma City, OK
73125.

5. After you have made a final inspection of your aircraft,
run the engine, conducted low speed taxi tests, etc., (see
Owners Manual), contact your local FAA office and tell them
you are ready to fly. They will have you fill out an application
for airworthiness (form No. 8130-6), inspect your airplane,
and issue you an airworthiness certificate and a list of
operating limitations, that will restrict you to an unpopulated
area for your initial test period (40 hours). When you have
completed your initial test period, contact FAA to get your
operating limitations amended so you can fly outside your
test area.

Noge. FAA procedures may change. Check with them for
their current requirements.
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CHAPTER 2

BILL OF MATERIALS

This chapter is a listing of the materials and components
which are required to build a COZY. The parts are categor-
ized by type for your convenience when orl(k‘nng.l The parts
are also categorized by plans chapter to assist you in locating

them during construction.

Co-Z Development maintains a close liaison \yilh the
distributors listed to assure proper materials specification
and quality control. The distributors listed here are ll_\e gnly
approved sources for materials. Do not nm_kv <uhnl|!ul|(_)ns
for the structural materials shown. The indicated materials
were selected, developed, tested, and optimized for ease of
construction and structural integrity. Co-Z cannot provide
assistance in the application of substitute materials. Each
authorized distributor has a catalog or descriptive price list of
the materials and components that they provide. The
catalogs often cover a range of items beyond the basic re-
quirements shown in this B.O.M. and serve as a very handy
reference. Those distributors who charge for their catalogs
will refund the catalog charge with your first order.

RUTAN AIRCRAFT FACTORY INC.
Bldg. 13, Airport.

Mojave, CA 93501.

(B05) 824-2645

(1] MG-1L Main gear strut 22-Ib. S-glass ORDER
(n NG-1L Nose gear strut 2.8 Ib. S-glass / TAnL R
cz §-l

KEN BROCK MANUFACTURING, INC.
11852 Western Ave.

Stanton, CA 90680

(714) 898-4366

CUSTOM PREFAB PARTS CHAPTER
(2) LMGA assembly 5
(1 Step 8
(2) AX 5 Main gear axle 1-1/4 in.dia. 9

(with spacers and nuts)
(2) CLT Lift tab 10
(7) €S2 Formed hinge with bushing 11
9) (CS3 Bracket 1
(4) (€S9 Plug n
(2) CS10 Lead weight 1
(2) CS11 Lead weight 1
(2) €512 Belhorn with bushing 1"
(1) PTB Belcrank n
(2) CN1 Alum. bushing 12
(2) CN2 Steel bushing 12
(1 Worm/drive retract incl. crank 13
1) LST Shock strut 13
1) NG6 Casting 13
(1) NG3 Bracket 13
(1 NG4 Bracket 13
(1) NG6 Ass'y, inc.NG7 and NG23 13
(2) NGB8 Plates 13
(1) NG40TA Lower nose gear ass’y with

tire,tube, friction, bolts, et 13
(1) CZRPL1 & 2, & CZRPR1 & 2 1
(2) (CS173 Steel bushings 13
(2) CS15 Belcrank with bearing 15
(4) CS71 Brackets 15
(2) (CS72 Pulley brackets (2 pcs.ea.) 15
(2) €575 Steel bushings 15
(2) BA Brake arms 15
(12) LWAY Aluminum bushings 19
(2) A2 Brackets 19
(4) A5 Brackets 19
(2) 5301 Stl. belhorn (1 left, 1 right) 20
(2) FT-18 Fuel cap assembly 21
(1 EFP Electric Fuel Pump 21

Note: Brock also has available the individual parts for all
assemblies listed.

Friom

CSEANCH
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AIRCRAFT SPRUCE AND SPECIALTY.
P.O.Box 424.

Fullerton, CA 92632.

(714) 870-7551

OR

WICKS AIRCRAFT SUPPLY.
410 Pine Street.

Highland, IL 62249

(618) 654-7447

CUSTOM PREFAB PARTS

(1) SC Strut Cover (fiberglass)

(1 NB Nosegear Box (fiberglass)

3) Seat Belt/Harness Assembly (E6000L22-14)
(2) (2)SB Glass Sump Blisters

INSTRUMENTS

(1) Airspeed, kts or mph AS-DS-VE/LE
(8] Altitude, Sensitive ALT-1

(1) Compass C2300

(-) Engine - There are many options, order to
suit

TOOLS

(2) pcs.template plywood 1.5mm x 2 x 4 ft.

m bx 200 latex gloves & liners (0502 & 0501)
(1 jar Ply No.9 Gell Skin Protector

(1 pt Epo Cleanse, eqoxy hand cleaner
8] Organic respirator face mask & filter
(10) Disposable filter masks (06985)

(2) 6-in. long rubber squeegee

(200) 8 0z. unwaxed epoxy cups No.85SNI
(1000 4 0z. unwaxed catalyst cups (444)
(100) 1 in. bristle brushes (150WPS-1)
(100) 2 in. bristle brushes (150WPS2)

(n proscissors, Weiss model 20\W

n Wood straight edge 1 x4 x 7210

(n Decimal tape measure, Stanley
No. 61-112

n bx 400 wood mixing sticks

(1) Disston Abrader No. 401C

(n 5/8 counterbore with 1/4in. pilot & 10

in.shank

(4) rolls peel ply, 1in.x 50 yd

(4) rolls peel ply, 2 in.x 50 yd

(nH roll safety wire, .041 x 25 ft.

(n roll safety wire, .035 x 25 ft.

Note: Aircraft Spruce and Wicks catalogs list a large variety
of composite-working tools.
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THE FOLLOWING AIRFRAME KIT IS AVAILABLE FROM
EITHER OF THE TWO DISTRIBUTORS LISTED:

AIRCRAFT SPRUCE & SPECIALTY

P.O.BOX 424

FULLERTON, CA 92632
Telephone (714) 870-7551

WICKS AIRCRAFT SUPPLY
410 PINE STREET,
HIGHLAND, IL 62249
Telephone (618) 654-7447

CATALOG $4 - REFUNDED WITH FIRST ORDER

woiEs e2 €3

(5 §-3(2) Dra VALILS,
mS 2o 7= 181

c{,;-}(?/

SAF-AR €av IO o cuniid ecA g™
WUIVERSALS

BASIC AIRFRAME KIT

SCREWS, C/S:
9)
)
)
(6)
(12)
(4)
(2)
(2)
(10)
SCREWS, B/H:
(2)
(27)
(20)
(6)
NUTS:
(85)
(72)
(2)
(2)
(1
(2)
(6)
WASHERS:
(90)
(20)

ANS509-10R7 (MS24694549)
ANS509-10R8 (MS24694S50)
ANS509-10R10 (MS24694552)
ANS509-10R12 (MS24694554)
ANS509-10R14 (MS24694556)
AN509-10R28 (MS24694570)
AN509-416R14 (MS246945101)
ANS09-416R18 (MS246945105)
ANS509-8R8 (MS24694S5)

AN526-832R14
AN525-10R8
AN525-10R10
AN525-416R16

MS21042-3

MS21042-4

AN316-6

AN364-832 (MS20364-832)
AN365-524 (MS20365-524)
AN363-624

AN363-820

AN960-10L
AN960-10

(120) AN960-416L

(4)
(10
(12)
(6)
(2)
()
(2)
NUT PLATES:
(10,
(22)
9)
(2)
(4)

COTTER PINS:

(4)
RIVETS:

(65)

(50)

(12)

AN960-616
AN960-816L
AN960-816
AN960-1016
AN970-3
AN970-4
AN970-5

K1000-08 (MS21047-08)
K1000-3 (MS21047-3)
K1000-4 (MS21047-4)
MK1000-3 (MS21069-13)
MK1000-4 (MS21069-L4)

AN380-2-3 (MS24665-134)
AN426AD3-3 (MS20426AD3-3)

AN426AD3-4 (MS20426AD3-4)
AN470AD4-5 (MS20470AD4-5)

PIPING AND CONDUITS:

(4)
(1)
(2)
(1)

8}

(1)

No0.269-P 03 x 02 Brass Elbow

No. 0715-153 Polyethelyne Tee

No. 0700-153 Polyethelyne Adaptor
B44-3 Tygon Tubing .375 OD x .25 1D x 4
ft.

SK8201-3/16 Nylaflow Tuhing .187 OD x
.025 W x 60 ft.

ANB15-6D Union

(2)  ANB16-6D Nipple

(8) ANB818-6D Nut Coupling

(8)  ANB19-6D Sleeve Coupling (MS20819-6D)

(3)  ANB822-6D Elbow (MS20822-6D)

(2) ANB22-6-2 Steel Elbow (MS20822-6-2)

WHEELS/BRAKES/TIRES: 'l
CZ 17-4 (1) Set Cleveland 500 x 5 Wheels & Brakes A&32. oRAF/"
1T }ﬁﬁr/fl/’ﬂ ; (2) 500 x 5 McCreary Tires, 6-ply rated 2 5’/“/' N Z
Suty W@ (2) 500 x 5 McCreary Tubes Fram [Jro vl
HERT WS (2)  Rosenhan Master Brake Cylinders

Axd 4 MISCELLANEOUS:..} 2 10 uvivintar Towti C25)

(2)
(2)
(1
(1)
(1)
(1)
(2)
(1)
(1)
ELECTRICAL:

RE4AM6 or MM-6 with insert Rodend
AN210-2A Pulley

970-F 0.04 x 32 x 34 in Fiber Frax
MS20001-P6 Hinge 72 in. long
MS20001-P6 Hinge 12 in. long

.35 0D x .05 wire x 30 in. tension spring
MS21919-DG11 Clamps

Gascolator, all metal with drain
108HD-04 Fuel Valve

Due to various options, study Chapter 22
and order materials (aircraft grade) to suit.

Note: This list is complete only if you purchase all available
prefab parts. If you decide to build a prefab part, refer to its
drawing and order material and hardware as required. Do
obtain catalogs from all distributors. They contain photos of
available parts and a considerable amount of information on
hardware, components and use of them.

EPOXY:
(1) qt. kit N0.9935 5-min
(13) gal Safe-T-Poxy 11 (2184/2410)
(RAES & RAEF are optional, but may cause
allergic reaction for some.)
RIGID FOAM:
(2)  pcs. Urethane (2 1b.) 1 x 24 x 48 in.
(4) pcs. Urethane (2 1b.) 2 x 24 x 48 in.
(5)  pcs. Styrofoam (2 1b.) 7 x 14 x 41 in
(10) pcs. Styrofoam (2 1b.) 7 x 14 x 64 in.
(5)  pcs. Clark (18'1b.) 0.2 x 12 x 48 in.
(1) pc. Clark (6 1b.) 0.25 x 24 x 48 in.
(2)  pc. PVC H100 (6 |b.) 0.25 x 34 x 37 in.
(1) pc. PVC H100 (6 1b.) 1.0 x 6 x 10 in.
(12) pcs. PVC H45 (3 1b.) 0.35 x 34 x 47 in.
(5)  pcs. PVC H45 (3 1b.) 0.75 x 26 x 47 in.
FIBERGLASS:
(1) Roll (180 yds.) UND Tape 3 in. wide
(160) yds. UND Cloth 0.009 x 38 in. (7715)
(80) yds. BID Cloth 0.013 x 38 in. (7725)
FILLER MATERIAL: .
Ibs. Flocked cotton
(4) gal. B23, 500 glass microballons

a

WOOD:
(6) pcs. 0.25 x 1 x 105 in. Sitka Spruce
(2)  pcs. 0.4 x 0.7 x 60 in. Sitka Spruce
(2)  pcs. 0.7 x 0.7 x 105 in. Triangular Spruce
(1) pc. 0.7 x 0.7 x 48 in. Triangular Spruce
(1) pc. 0.7 x 1 x 30 in. Sitka Spruce
(1) pc. 0.7 x 2 x 24 in. Sitka Spruce
(1) pc.0.75x 1 x 10 in. Sitka Spruce
(1) pc.1x1x66in. Sitka Spruce
(1) pc. 1 x2x 14 in. Sitka Spruce
(1) pc. 0.25 x 24 x 48 in. Birch 5-ply
EXTRUSIONS:
(1) 606176 90 deg angle .25 x 2 x 2 x 24 in.
(1) 202473 90 deg angle .125 x 1 x 1 x 60 in.
(1) 202473 90 deg angle .125x 1.5x 1.5x 6
in.
SHEET METAL:
(1) 202473 90 deg angle .063 x 1.25 x 1.25 x
4in.
(1) 202473 0.125 x 2 x 60 in. alum. ext.
(1) 202473 0.25 x 2 x 30 in. alum. ext.
(1) 202473 0.016 x 34 x 36 in. alum.
(1) 6061-0 0.020 x 20 x 24 in. soft alum.
(1) 202473 0.063 x 6 x 8 in.
(1) 202473 0.125x 3 x 7 in.
METAL TUBING AND ROD:
(2) 606176 1.25 OD x 0.035 W x 62 in.
(1) 606176 1.25 OD x 0.035 W x 32 in.
(1) 606176 1.0 OD x 0.035 W x 10 in.
(1) 606176 0.75 OD x 0.058 W x 18 in.
(1) 606176 0.375 OD x 0.065 W x 6 in.
(1) 1100-0 0.375 OD x 0.035 W x 25 ft.
(1) 1100-0 0.25 OD x 0.035 W x 14 ft.
(1) 4130N steel 0.625 OD x 0.058 W x 2 ft.
(4)  CR steel rod 0.375 OD «x 3 ft.
(1) Hard steel piano wire 3/32 OD x 12 in.
AIRFRAME BOLTS:

(14) AN3-6A
(6)  AN3-7A
(Cc2-#3) gir AN3-10A
() AN3-13A
() AN3-14A
(C2-§-2)%4 AN3I5A
() AN3-20A
(4 AN4-5A
(6)  AN4-7A
(7)  AN4-10A
() AN4-T1A
() AN4-13A
(9 AN4-15A
(12) AN4-16A
(4 AN4-17A
(B AN4-22A
(4)  AN4-24A
(4)  AN4-25A
() AN4-41A
(1) ANS5.41A
() AN6-80A
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MATERIALS LIST BY CHAPTER

The materials listed here are the same as those included in
the Bill Of Material summary. They are arranged by chapter
in the manufacturing manual rather than by distributor. This
list does not include tools, filler materials, (flox,
microspheres) or jigging materials. You will find this list han-
dy to assure you have all appropriate parts before starting a
major job, and will help you keep track of hardware.

Chapter 3: Education

Chapter 9: Main Landing Gear and Landing Brake

Prefab:

(n

MG1-L'S" Glass Main Gear Strut
Set Cleveland 500 x 5 Wheels/Brakes
Cleveland Axles,Spacers & Nuts
McCreary Tires, 500 x 5, 6-ply rated
McCreary Tubes, 500 x 5

AN4-22A Bolts

AN525-10R8 Screws

AN525-10R10 Screws

AN960-4161 Washers

AN960-10L Washers

MS21042-3 Nuts

MS21042-4 Nuts

90 deg.Nyloseal No. 269P Brass Fit-
tings

yds. BID

yds. UND

gal.

sq. in. 0.063 202473 Alum.

sq.in. 1/4 in. 202473 Alum.

in. 0.063 x 1-1/4 x 1-1/4 in 202473
Alum. angle

Scraps 1/4 in. plywood from firewall
ft. 3/16 x 0.025 Nylaflow tubing

in. MS20001-P6 Alum. Hinge

Chapter 10: Canard Construction

CLT, Canard Lift Tabs
AN4-7A Bolts

AN960-416L Washers
K1000-4 Nutplates
AN426AD3-4 Rivets

yds. UND

yds. BID

gal.

Part of 7 x 14 x 41 Styrofoam
Part of 7 x 14 x 64 Styrofoam
sq. in. 1 in.thick R100 PVC
sq. in. 1/8 in. 2024T3 Alum.

CS2 Hinges with Bushings

CS3 Brackets

CS9 Plugs

CS10 Lead Weights

CS11 Lead Weights

CS12 Belcranks with Bushings
PTB Belcrank

AN525-10R10 Screws

AN3-6A Bolts

AN3-15A Bolts

AN3-14A Bolts

AN509-10R7 Screws
AN509-10R14 Screws

AN960-10L Washers

MS21042-3 Nuts

AN470AD4-5 Rivets

yds. UND

gal.

Part of 7 x 14 x 64 Blocks Styrofoam
62 in. x 1-1/4 x .035 W 6061T6 Al.
Tube

32in. x 1-1/4 x .035 W 606176 Al.
Tube

Canard Installation

CN1 Alum. Bushing
CN2 Steel Bushing
AN4-13A Bolts
AN3-20A Bolts
AN960-416L Washers
AN970-4 Washers
K1000-4 Nutplates
AN426AD3-3 Rivets
Scraps BID

gal.

Prefab: None 0
Hardware:  None
Glass: (1.1)  yd. BID (2)
(0.1)  yd. UND (2)
Epoxy: (0.1) gal. (2)
Foam: (1) board ft. Urethane (tan) Hardware:  (8)
Chapter 4: Fuselage Bulkheads cZ2 9-1 8:))
Prefab: None _
Hardware:  (6) ANS509-10R12 Screws (2 aw (Dﬁof’o A (8)
Glass: (8) yds. BID ’ (13)
(5) yds. UND (8)
Epoxy: (0.8) gal. (8)
Foam: (12) sq. ft. 3/4 in. thick H45 PVC (2)
(12) sq. ft. 0.2 in. thick 18 Ib. Clark
Wood: (m pc. 24 x 48 x 1/4 in. birch plywood Glass: (5)
Metal: (1) pc. 34 x 36 x 0.016 in. 202473 Alum. (10
Misc: (1) pc. 34 x 32 x 0.04 in.970-F Fiberfrax Epoxy: (0.8)
Chapter 5: Fuselage Sides Metal: (16)
Prefab: (2 LMCGA Assembly (5)
Hardware:  (2) AN6-80A Bolts (4)
(4) AN4-16A Bolts
(4) AN4-17A Bolts Wood:
(4) AN4-24A Bolts Misc: (12)
(4) AN4-25A Bolts (10)
(4) AN960-616 Washers
(32)  AN960-416L Washers Prefab: (2)
(16) MS21042-4 Nuts Hardware:  (6)
(2) AN363-624 Nuts (6)
Glass: 9 yd. UND (6)
(3) yd. BID (12)
Epoxy: (0.8) gal. Glass: (20)
Foam: (36)  sq. ft. 3/8 in.thick H45 PVC (4)
(12) sq. ft. 3/4 in.thick H45 PVC Epoxy: (1.1)
Wood: (6) pcs. 0.25 x 1 x 105 in. Spruce Foam: 2
(2) pcs. 0.7 x 0.7 x 105 in.Triangular (2)
(1) pc. 0.7 x 0.7 x 48 in.Triangular (60)
) pcs. 0.4 x 0.7 x 60 in. Spruce Metal: 9)
(1) pc. 0.7 x 2.0 x 24 in. Spruce Chapter 11: Elevators
(1) pc. 0.75 x 1 x 10 in. Spruce Prefab: (7)
8} pc. 1 x 1 x 60 in. Spruce 9)
m pc. 0.7 x 1 x 30 in. Spruce (4)
Metal: (24) in. 0.25 x 2 x 2 in. 6061T6 Angle 2)
Chapter 6: Fuselage Assembly (2)
Prefab: (1) NB Nosewheel Box Cover )
Hardware:  (2) MS21069-L3 Nutplates )
(4) MS20426AD3-3 Rivets Hardware: (7)
(2) MS24694-552 Screws -e-3 2)
Glass: (10) ygs, BID (W) -AN7-10A  H B
8))] yd. UND (4)
Epoxy: (0.8) gal. (9)
Foam: (30) sq.ft. 3/8 in. H45 PVC (4)
(12) sq. ft. 3/4 in. H45 PVC (22)
(8) sq. ft. 1/4 in. 4.5 |b. Clark (28)
Metal: (4) sq. in. 0.0625 in.thick 202473 Alum. (2)
(4) in. 3/8 x 0.065 in. wall 6061T6 Tube Y Glass: 3)
Wood: Scraps from firewall CV‘? IE > g749 Epoxy: o1
Misc: (1) 108HD 14 in—Fuet-Selector Valve w e iR HEA Foam: @
Chapter 7: Fuselage Exterior Metal: (2)
Class: 17) yds. UND
Epoxy: (1.1)  gal M
Chapter 8: Roll Over Structure and Seat Belts
Prefab: (1) Step Chapter 12:
3) Seat Belt/Shoulder Harness Ass'y Prefab: (2)
Hardware:  (6) AN525-416R16 Screws 2)
(2) AN509-416R18 Screws Hardware:  (2)
() ANS509-416R14 Screws 2
(4) AN4-5A Bolts (2)
(2) AN4-10A Bolts (2)
(16) AN960-416L Washers (2)
(2) AN970-4 Washers (4)
(16) MS21042-4 Nuts Glass:
(4) MS21069-L4 Nutplates Epoxy: 0.1)
(8) MS20426AD3-3 Rivets
Glass: (3.5) yds. BID
0.5 yd. UND
: 0.2 gal.
Egg;wy (7) sq. ft. 3/8 in. H45 PVC
Metal: (8) in. 1/8 x 1 x 1in. 202473 Alum.
angle
(16)  sq. in. 0.063 2024T3 Alum.
Wood: Scraps from firewall
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Chapter 13: Nose and Nose Gear

Prefab:

Hardware:

Class:
Epoxy:
Foam:

Metal:

Misc:

Chapter 14:
Hardware:

Glass:
Epoxy:
Foam:
Metal:
Wood:

Chapter 15:
Prefab:

Hardware:

Misc:

Metal:

(1)
Q)]
(1
Q)]
(M
(1)
Q)]
Q)]
Q)]
(2)
Q)]
(3)
(2)
(8)
(4)
(3)
(1)
(2)
Q)]
(2)
(2)
(2)
(2)
(2)
(21)
(6)
(1)
(2)
(16)
(2)
(%]
(2)
(4)
(10)
(10)
(20)
(10)
(.8)
(14)
(4.5)
(1)
(4)

(24)
(4)
(1
(2)
(2)

NG1-L'S" Glass Strut

SC Fiberglass Strut Cover

Worm Drive Retraction Ass'y
LST Shock Strut

NG3 Bracket

NG4 Bracket

NG6 Assembly

NGB8 Plates

NG401A Castoring Nosegear Ass'y
CS13 Bushings

ea CZRPL1 & 2, & CZRPR1 & 2
ANS525-10R10 Screws
ANS526-832R14 Screws
AN509-10R14 Screws
AN509-10R28 Screws

AN4-10A Bolts

AN4-15A Bolts

AN4-41A Bolts

AN5-41A Bolts

AN3-6A Bolts

AN3-7A Bolts

AN3-10A Bolts

K1000-3 Nutplates

AN364-832 Nuts

MS21042-3 Nuts

MS21042-4 Nuts

AN365-524 Nut

AN316-6 Nuts

AN960-10 Washers

AN970-3 Washers

AN970-4 Washers

AN970-5 Washers
AN426AD3-3 Rivets
AN509-8R8 Screws

K1000-08 Nutplates
AN426AD3-4 Rivets

yds. BID

gal.

sq. ft. 2 in. Thick Urethane

sq. ft. 0.2 in thick 18 Ib. Clark
2.5 x 3 x 1/8 in. 202473 Alum.
ft. 1/4 in. ODx.035 W 1100-0 Al.
tube

in. 5/8 in. ODx.058 W 4130 Stl. tube
ft. 3/8 in. ODx 1/4 in. ID Tygon tube
0715-153 tee

0700-153 adaptors

MM-6 rodends with bushings or
RE4M6

Centersection Spar

(8)
8)
(32)
(16)
an
(8)
(50)
(2
(10)
(10)
(36)
(30)
(12)
(14)
(6)

AN4-15A Bolts

AN4-16A Bolts

AN960-416L Washers
MS21042-4 Nuts

yds. UND

yds. BID

yds. 3 in. wide UND Tape
al.

Eq. ft. 1/4 in. thick H100 PVC
sq. ft. 1in. thick Urethane
in. 1/8 x 1 x 1in. 202473 Al. Angle
in. 1/8 x 2 in. 202473 Al. Bar
in. 1/4 x 2 in. 202473 Al. Bar
in. 1 x 2 in. Spruce

in. 1 x 1in. Spruce

Firewall and Accessories

(2)
(4)
(2)
(2)
(2)
(10)
(4)
(2)
(2)
(2)
(34)
(18)
(22)
(4)
(4)
(2)
(2)
(2)
(6)

CS15 Belcrank with bearing

CS71 Brackets

CS72 Brackets

CS75 Bushings

BA Brake Arms

AN3-6A Bolts

AN3-7A Bolts

ANS509-10R8 Screws

AN4-10A Bolts

AN4-11A Bolts

AN960-10L Washers

AN960-416L Washers

MS21042-3 Nuts

MS21042-4 Nuts

AN380-2-3 Cotter Pins
AN210-2A pulleys

Rosenhan Master Brake Cylinders
Nyloseal No. 269-P Elbows

1/8 x 1 x 1-1/2 in. 202473 extr. Al. angle

Chapter 16: Control System

See Section IA

Chapter 17: Pitch Trim and Roll Trim

See Section IA

See Section IA

Chapter 19: Wings and Ailerons

LWA9 Bushings

A2 Brackets

A5 Brackets

AN960-816 Washers

AN960-816L Washers

AN363-820 Nuts

AN525-10R8 Screws

AN960-10L Washers

K1000-3 Nutplates

AN426AD3-3 Rivets

yds. 3 in. wide UND tape

yds. UND

yds. BID

7 x 14 x 64 in. Styrofoam Blocks
7 x 14 x 41 in. Styrofoam Blocks
al.

§ x 10 x 0.016 in. 2024T3 Al.

in. 1/8 x 2 in. 2024T3 Al. Bar

in. 1/4 x 2 in. 202473 Al. Bar

in. 3/4 x .058 W 6061T6 Al. Tube

ft. MS20001-P6 Hinge

3 ft. x 3/8 in. dia. cold rolled steel

ft. 3/16 OD x .025 W Nylaflow tube

Chapter 20: Winglets and Rudder

CS301 Steel Belhorn
AN525-10R8 Screws
AN960-10L Washers
MS21042-3 Nuts

K1000-3 Nutplates
AN426AD3-3 Rivets

yds. UND

yds. BID

gal.

in. 1in. x .035 W 6061T6 Al. Tube
in. MS20001-P6 Hinge

4 x .35 x .05 steel springs

Materials:
Materials:
Chapter 18: Canopy
Materials:
Prefab: (12)
(2)
(4)
Hardware:  (12)
c2 123 e (10)
(2) MS22=T00 006 (6)
U ive (14)
(14)
(14)
(28)
Glass: (70)
(56)
9)
Foam: (10)
(4)
Epoxy: (4)
Metal: (1)
(24)
(12)
(18)
Misc: (3)
(4)
(25)
Prefab: (2)
Hardware: (10)
(6)
(4)
(6)
(12)
Glass: (10)
(6)
Epoxy: (M
Metal: (10)
(16)
(2)
(10)

cz -1l M€ pID R KBI°

in. 3/32 in. steel piano wire

Chapter 21: Strake (Fuel and Baggage) — ¢z 2-3 REQuAL

Prefab: (2)
(2)
(2)
Hardware: (2)
(2)
(2)
(2)
(8)
(8)
3)
(1
(2)
Glass: (14)
9)
Epoxy: (1.7)
Foam: (70)
Metal: (2)
(25)

(10)

Misc: (1)
(1)

SB Glass sump blisters
FT 18 Fuel Cap Assembly
3/8 OD x 3/16 ID x .7 in. spacer
AN3-13A Bolts

MS21042-3 Nuts

MS21919-DG11 Clamps
ANB16-6D Nipple

ANB818-6D Nut Coupling
ANB19-6D Sleeve Coupling
ANB22-6D Elbow

ANB15-6D Union

ANB22-6-2 Steel Elbow

yds. UND

yds. BID

gal.

sq. ft. 3/8 in. thick H45 PVC

sq. in. 1/8 in. 202473 Alum.

ft. 3/8 in. OD x .035 W 1100-0 Al.
Tube

ft. 1/4 in. OD x .035 W 1100-0 Al.
Tube

Gascolator, all metal

EFP Electric Fuel Pump

R Draw vaLAES

Chapter 22: Electrical

Note: Due to the various options,
this bill of materials does not include
electrical items. Order to suit (but
use aircraft grade materials).

Chapter 23: Engine Installation

Prefab: (1)

(1)
Glass: (3)
Epoxy: (.2)
Metal: (1)

CZCT Cowling, Top

CZCB Cowling, Bottom

yds. BID

gal.

pc. 20 x 24 x .020 6061-0 soft Al.

Chapter 24: Covers, Fairings, & Consoles

Materials:

See Section IA

Chapter 25: Finishing

Materials:

See Section |A

Chapter 26: Upholstery

Materials:

W) yepnsat

Chapter 2 Page 5
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CHAPTER 3
EDUCATION

DON'T SKIP THIS SECTION.  Every hour you spend in this
preparation section will save you five when you really start
building your aircraft.

GENERAL

In this section you won't build any part of your airplane.
What you will do is learn how to build your airplane the right
wav. This construction technique is radically different from
anything you've done before (including building boats, surf-
boards, airplanes, and gocarts), and you should assume
there is only one correct way to do it. We've discovered lots
and lots of wrong ways of doing things and have wrillgn the
plans to keep you from repeating our mismk_es. We insist ?hal
you do things our way. If you have a henef idea, suggest itto
us, we'll test, and if it really is a better idea we'll publish
details in the COZY NEWSLETTER.

This section will teach you all of the techniques required to
build your airplane, show you what special tools you need
and how to use them. The educational samples that you will
build in this section are designed to give you experience and
confidence in all of the techniques that you will use in the
construction of your airplane. The steps in construction of
each sample are arranged in sequence (as are the steps in
construction of the actual aircraft parts) and you should
follow the sequence without skipping any steps. You will
learn the basic glass layup technique used throughout the
aircraft, special corner treatments, foam shaping/cutting, and
joining methods. A summary of these techniques is provided
on a separate sheet for you to tack up on your shop wall.

TOOLS

There are certain tools which are necessary to complete the
aircraft. Three lists of tools are provided here. The first is the
absolute bare minimum required, sacrificing efficiency; the
second is a recommended list for the best compromise of
cost and work efficiency; the third is a list for the Cadillac of
shops where ease of construction is more important than
money. The non-common items are stocked by the COZY
distributors.

1. Basic Required Tools

Common household butcher knife

Coping saw

174 in. drive socket set

Small open-end wrenches

Sandpaper 36-grit and 320-grit, carborundum Aloxite
Fastcut (50 sheets), also 220-grit and 320-grit wet or dry
silicon carbide (20 sheets each)

Disston Abrader No. 401-C - Tool for carving fiberglass.
5/8 in. conterbore with 1/4 in. pilot; 10-inch long shank
12 in. long, 1/4 in. dia. drill bit.

Peel-Ply

2 in. dia. drill sander (coarse) for 1/4 in. drill
Pliers

1in. putty knife

Hacksaw

Blade & Phillips screwdriver

Box of single-edge razor blades

24 in. and 48 in. carpenter’s level
Carpenter’s square

Felt marking pens

3-ft. straightedge

200 eight-oz. paper cups (Lily 8SN1)

50 3-0z. paper cups (unwaxed)

12-ft. decimal steel tape (Stanley No. 61-112)
I/4 in. drill with No. 30, No. 3, No. 10, l/4in., No. 3,
15/64in., No. 12, and No. 21 bits

No. 10-32 and 1/4-28 taps

Roll of grey duct tape

1in. & 2 in. paint brushes (100 each)

6 in. plastic or rubber squeegees

Scissors

Wire brush

Pop rivet puller

Homemade balance for ratioing epoxy

Wall thermometer 50-100 degrees F

1/4 in. hand drill

Approximately 150 Ibs. weights in 5 or 10 Ib. pieces

2. Recommended Tools (in addition to those above)
Dremel-type miniature high-speed hand grinder with saw
and router bits

6 in. to 9 in. disc-type hand sander

Set of I/4 in., /2 in. & 1 in. chisels (wood)

Small set of X-Acto knives

1/2 in. dia. 100 degree counter sink (piloted)

6 in. machinist steel ruler

X-Acto razor saw
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Box of wood tongue depressors to mix epoxy
6-ft. straightedge

Cheap holesaw set or flycutter

3/8 in. variable-speed hand drill

12/in. long drill bits - No. 10 & I/4 in.

Hand broom/brush

Large commercial 12 in. scissors (Wiss No. 20w)
Sabersaw

Bench-mounted belt sander

Stanley surform plane

Square & half round file

Several 6 in. C-clamps

Vacuum cleaner (shop type)

10 in. 18 tooth/inch handsaw

3. For the First Class Shop (in addition to those above)

Drill press

18-inch bandsaw

Vernier Caliper

Epoxy ratio pump (Michael Engineering dispenser)
90 degree drill adapter

Air compressor with blow nozzle

Orbital sander

3/8 in. & 1/2 in. spotface

Drill sets No. 1 to No. 60 and 1/16 - 1/2 (1/64 incr,)

4. ltems Used Only Occasionally & Can Be Borrowed

Nicopress sleeve tool
1 dozen 1/8 in. Clecos
Hotwire voltage control

The following tools are ones you make:

Sanding Blocks

These are required in many areas during construction and
for finishing. You may also use a ‘soft block,” which is a
block of the blue styrofoam wrapped with sandpaper.

A lot of elbow grease is saved if you replace the sandpaper
often.

Long Straightedge

This is not absolutely required, but is quite handy when
jigging or checking the straightness of flying surfaces. [t is
merely a 6-ft. or 8-ft. 1x3 or 1x4 piece of lumber that is
hand-selected to be ‘eyeball straight.” You can get it one of
two ways: (1) Order it from Aircraft Spruce or Wicks--they
plane them perfect from dry lumber. (2) Sort through the
lumber (dry fir or redwood) at your local lumber yard until
you find one that looks straight when you eyeball it from
one end. Mark it and hang it on the wall 50 it doesn’t end
up as part of a shelf!

Epoxy Balance

Deyices which automatically ratio the correct amount of
resin ar,d hardener and dispense it with the pull of a lever
are available from _COZY distributors for approximately

$hl 30. Thesedsadve ulr)ne and epoxy. You can ratio the epoxy
the way we did in building the prototype b ildi
following simple balance: 1YPe By building the

- mrr.T—H;j : NETS

° T

Balance Dimensions

Parts Hardner for
A inch B inch 100 parts Resin

RAE System 13.7 3 22
SAF-T-Poxy 13.95 6 43

Cut out the 5-step instructions and glue to your balance--
don’t skip steps! Follow each step exactly every time you
mix epoxy:

1. Place both empty cups as shown (wet the hardener
cup).

2. Adjust ballast weight to level mark.
3. Fill resin cup with desired amount of resin--1 to 6 oz.

4. Add hardener 1o hardener cup to balance scale on
level mark.

5. Pour the hardener into the resin cup and mix.




RATIO BALANCE FOR RESIN/HARDENER

1. Place both empty cups as shown (wet the hardener cup)
2. Adjust ballast weight to level mark

3. Fill resin cup with desired amont of resin--110 6 0z

4 Add hardener to hardener cup to balance scale on level
mark.

5. Pour the hardener into the resin cup and mix

Cut the instructions out and glue them to your balance.

A quick check of your home made balance can be made by
putting an empty resin cup at the resin location, an empty
hardner cup at the hardner location, moving the sliding
weight until the arm balances between its two stops, and
then putting 100 nails in the resin cup and 22 nails (all the
came size) in the hardner cup (for the RAE System). If your
dimensions are correct, the arm should balance in the same
place. If your dimensions are slightly off, mark a new loca-
tion for the hardner cup so the arm balances correctly.

Hot Wire Cutter

You will need a hot wire cutter to carve all the foam cores for
the canard, winglets, and wings. Refer to sketch

The Variable Voltage control can be obtained from a COZY
distributor, or you can substitute any controllable power
supply to include the 14 to 20-volt range with at least 4 amp
capability. An alternative is to borrow two 12-V battery
chargers or auto batteries and lash up the following device.

AT —
0

032 STAINLESS
SAFETY WIRE

S
R —

ALLIGATOE CLIP. MoOVE
tzv LEFT To HEAT WIRE,
A _ ] RIGHT To cooL IT.

L3  To HoT WIRE
PO, SAW
+ 12V ¥
A _

The (A) blocks represent either a battery or a 12-V DC battery
charger with 4-amp capability.

The cutter should only be used on the blue or white
styrofoam. A hazardous gas is emitted if you try to cut
urethane.

You can substitute .025 nichrome wire which can be run at a
lower current (about 2 amp) but nichrome wire is difficult to
find. Adjust the current to obtain a wire temperature which
will allow the wire to cut the foam at a rate of one inch every
four to six seconds when pulled with a light load (less than
1/2 pound). This can be checked with a small scrap of foam.
If temperature is correct, foam will have a smooth hairy sur-
face. A cratered surface means too much heat. If the wire is
100 cold, the cutter will have to be forced hard, causing the
wire to lag. Lag should not exceed 1/2 inch over the top and
bottom of the wing and not over 1/8 inch around the leading
edge. If the wire is too hot, it will burn away too much foam,
making the part too small and will resultin ruts in the foam if
the wire is inadvertently stopped during cutting. The wire
should be tightened until the wire starts to yield. Check this
by tyightening the wire while plunking it listening to the
sound. The pitch will increase until the wire yields.

Jig Table

You will need a table to jig and build the wings and canard. It
should be at least 3 ft. by 11 ft. Any larger than 4 ft. by 12t
will just get in the way. Use a little care in making a flat, unt
wisted surface. The following is a sketch of the one we made
and it works fine. The box design makes it stiff in torsion. Set
it up with the top 35 to 39 inches above the floor. Don't get
carried away with surface finish, since you are going to be
gluing blocks to it with Bondo and chiseling them off several
times.
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MATERIALS

The materials, processes, and terminology used in the con-
struction of your COZY are new to homebuilding. This sec-
tion is devoted to familiarizing you with the language,
materials, and techniques used in these plans. This informa-
tion is basic to the construction of your airplane. You should
study this section and be sure that you understand all of it
before continuing.

There are five basic materials that you will be working with:
Fiberglass cloth, epoxy, microspheres, flox, and foam. Each
material, its properties, and uses will be discussed in detail.
Basic processes using these materials will also be discussed.

Glass

The most basic structural material in your COZY is glass
cloth. Glass cloth is available commercially in hundreds of
different weights, weaves, strengths, and working properties.
The use of glass in aircraft structures, particularly structural
sandwich composites, is a recent development. Very few of
the commercially available glass cloth types are compatible
with aircraft requirements for high strength and light weight.
Even fewer are suitable for the hand-layup techniques
developed by RAF for the homebuilder. The glass cloth used
in the Long-EZ and COZY has been specifically selected for
the optimum combination of workability, strength, and
weight.

The glass cloth in your Cozy carries primary loads, and its
correct application is of vital importance. Even though doing
your glass work correctly is important, this doesn’t mean that
it is difficult; in fact it's Vari€ze!

Two types of glass cloth are used, a bi-directional cloth
(RA5277BID), and a unidirectional cloth (RA5177UND).
(Use the full part number for ordering your cloth, but for
simplicity, the plans will use only the BID or UND designa-
tions.) BID cloth has half of the fibers woven parallel to the
selvage edge of the cloth and the other half at right angles to
the selvage, giving the cloth the same strength in both direc-
tions. The selvage is the woven edge of a bolt of fabric as
shown in the accompanying sketch.

UND cloth has 952 of the glass volume woven parallel to the
selvage giving exceptional strength in that direction and very
little at right angles to it.

BID is generally used as pieces which are cut at a 45-degree
angle to the selvage and laid into contours with very little ef-
fort. BID is often applied at 45-degree orientation to obtain a
desired torsional or shear stiffness. UND is used in areas
where the primary loads are in one direction, and maximum
efficiency is required, such as the wing skins and spar caps.

Multiple layers of glass cloth are laminated together to form
the aircraft structure. Each layer of cloth is called a ply and
this term will be used throughout the plans.

Marking and cutting the plies of glass cloth is a job that you
will repeat often in the construction of your COZY. Glass
cloth should be stored, marked and cut in a clean area with
clean hands and clean tools. Glass contaminated with dirt,
grease, or epoxy should not be used. A clean, smooth sur-
face is needed for marking and cutting. The area used for
storing and cutting glass cloth should be separated from the
aircraft assembly area because it will be exposed to foam
dust, epoxy, and other things which can contaminate the
cloth. You will need a good sharp pair of scissors, a felt-
tipped marker, a fairly gtraight board, and a tape measure for
marking and cutting. The small amount of ink from marking
and numbering plies has no detrimental effects on the glass
cloth.

In each step the size, type, and fiber orientation of each ply is
given. Take the list to your glass cutting table, roll out a
length of the appropriate cloth, straighten the selvage, mark
all of the plies, and cut them.

Now is a good time to stop reading long enough to go and
cut a square ply of BID and see how easy it is to change its
shape by pulling and pushing on the edges as shown in the
sketches. cut a square with the fibers running at 45 degrees
and pull on the edges to shape the piece.

It helps if you make fairly straight cuts but don’t worry if your
cut is within 1/2 inch of your mark. As you cut BID it may
change shape, just as the square ply that you are experimen-
ting with does when you pull on one edge. Plies that distort
when cut are easily put back into shape by pulling on an
edge. Rolling or folding cut plies will help keep them clean
and make it easier to maintain their shape. If several plies are
called for, it may help to number them before cutting. Save
your clean scraps and make an effort to use them for smaller
pieces. If the cloth is spotted with epoxy, throw it away.

When cutting long strips or large pieces of 45 degree BID,
always roll or fold it so it keeps its shape when handled.
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When it's applied it can be set on one end of the part and
rplled onto it. If you pick up each end, it will distort and not
fit the part properly.

The fiber orientation called for in each materials list is impor-
tant and shouldn’t be ignored. UND is characterized by the
major fiber bundles running parallel to the selvage and being
much larger than the small cross fibers which run at right
a_ngle\ 1o the selvage. In BID the cross fibers are the same
size as those running parallel to the selvage, giving BID an
even checker board appearance. BID is commonly used for
plies cut at 45 degrees to the selvage. Your tailor would call
this a bias cut. The 45 degree cut makes it easy to work
wrinkles out of a ply locally, without having to chase it to the
far ed_ge. The 45 degree cut also makes it |)0>Sibl€’l0 make a
ply slightly longer than originally cut by pulling on the end‘s
or \ylder by pulling the sides. The 45 degree orientation isn't
critical; you don't need to measure it. Your eyeball of a
rough diagonal (45 degrees *10 degrees) is adequate when
either cutting or laying up the cloth.
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Epoxy

In recent years the term epoxy has become a household
word. Unfortunately epoxy is a general term for a vast
number of specialized resin/hardener systems, the same as
aluminum is a general term for a whole family of specialized
metal alloys. Just as the aluminum in the spar of a high per-
formance aircraft is vastly different from the aluminum pots
and pants in the kitchen, the epoxy in your COZY is vastly
different from the hardware store variely.

Epoxy is the adhesive matrix that keeps the plies of load-
carrying glass cloth together. Epoxy alone is weak and heavy.
Itis important is use it properly so that the full benefits of its
adhesive capability are obtained without unnecessary
weight. A large portion of your education in composite struc-
tural work will be spent learning how to get the full strength
ot an epoxy/glass mixture with the minimum weight. This
section will discuss the terminology and techniques for work-
ing with epoxy resin and its hardener.

An epoxy system is made up of a resin and a hardener
tailored to produce a variety of physical and working proper-
ties. The mixing of resin with its hardener causes a chemical
reaction called curing, which changes the two liquids into a
solid. Different epoxy systems produce a wide variety of
solids ranging from extremely hard to very flexible. Epoxy
systems also vary greatly in their working properties, some
are very thick, slow pouring liquids and others are like water.
Some epoxy systems allow hours of working time and others
_harden allmos( as fast as they are mixed. A single type of resin
IS sometimes used with a variety of hardeners to obtain a
number of different characteristics. In short, there is no
umversgl €poxy system; each has its own specfic purpose
and while it may be the best for one application, it could be
the worst possible in another use.

The RAE-type epoxy systems used in the construction of your
COZY are tailored for the best combination of workability
and strength, as well as to protect the foam core from heat
damage and solvent attack. These systems are also low in
toxicity (SPI-2) to minimize expoxy rash. These epoxies are
not similar to the common types normally marketed for
fiberglass laminating. Three different systems are used in the
COZY for three different types of work: a slow curing system,
a fast curing system, and a 5-minute system. The very fast
curing (5-min.) system is used much like clecos are used in
sheet metal construction (or clamps in woodwork) for tem-
porary positioning. Five-minute is also used in some areas
where high strength is not required, but where a fast cure
will aid assembly.

As an epoxy system cures, it generates heat and in some
areas, the heat builup of a medium or fast curing epoxy
system is unacceptable. Where this is a potential problem, a
slow curing system is used. Slow cure epoxy is always used
with styrofoam, where heat can melt the foam away and ruin
the joint. In other areas where heat buildup isn't a problem
and a faster cure is desireable, a fast curing system is used.
Both the fast and slow cure epoxies will cure to a firm struc-
ture at room temperature within one day. Complete cure
takes 14 days.

The RAF epoxy systems are called RAES (for slow curing),

RAEF (fast curing), and 5-MIN. Both the RAES and RAEF
hardener use the same RAE resin.
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Noter If working conditions are hot
(B850 to 909F), RAES can be used where
RAEF is called out. While this practice
18 allowable, the best results are ob-
tained working between 70 and 80°F with
the specified epoxy.

The working and strength characteristics of an epoxy system
are dependent on the resin, the hardener, and on the
amount of each in a given mixture. Epoxy systems are
engineered for a specific ratio of resin and hardener. It is
quite important that the proper mixture he ohtained. An ac-
curate balance or ratio pump must he used to accomplish
this. A drawing of an inexpensive ratio balance is included in
these plans, The mix ratio accuracy is particularly important
with RAEF & RAES. The 5-MIN can be adequately ratioed by
merely pouring a blob of part A'in a cup and adding a blob of
part B that looks the same volume hefore mixing. Never
eyeball estimate RAEF or RAES, always carefully use the
balance or pump.

Epoxy resin and hardener are mixed in small batches, uclm/Hy
6 ounces or less, even in the largest layup. The reason for
small batches is that, in large hatches, as the hardening reac-
tion progresses, heat is generated which speeds the reaction,
which causes even more heat, which ends up in a fast reac-
tion called an exotherm. An exotherm will cause the cup of
epoxy to get hot and begin to thicken rapidly. If this occurs,
throw it away and mix a new batch. The small volume batch
avoids the exotherm. For a large layup, you will mix many
small batches rather than a few large ones. With this method
you can spend many hours on a large layup using epoxy that
has a working life of only a few minutes. If the epoxy is
spread thin as in a layup its curing heat will quickly dissipate
and it will remain only a few degrees above room
temperature. However, in a thick buildup or cup. [he‘ low
surface area to mass ratio will cause the epoxy to retain its
heat, increasing its temperature. This results in a faster cure
causing more heat. This unstable reaction is called an ex-
otherm. Exotherm temperatures can easily exceed the max-
imum allowable for foam (200 degrees F) and damage the
foam-to-glass bond. This is why the slow epoxy system is us-
ed in joining foam cores as exotherm is impossible as long as
epoxy joint thickness is less than 1/8 in.

Unwaxed paper cups are used for mixing and ratioing resin
and hardener. Convenient 8-0z. cups for resin are available
from COZY distributors. The hardener cups are the 3-0z. un-
waxed bathroom paper cups available at any grocery store.
Don’t use waxed cups; the wax will contaminate your
epoxy.

If you are using the homebuilt balance, follow this pro-
cedure. Place the resin (8 0z.) cup on the right cradle. The
resin cup can be either a new clean cup, one with a little un-
cured epoxy left in the bottom, or a clean cup from a
previous layup with hard epoxy in the bottom (smooth, not
lumpy). Now, take a clean 3-0z. hardener cup--pour a splash
of hardener into it then scrape the hardener back into the
container. This gives the hardener a wet surface, so its re-
maining hardener will not be counted in the balancing.
Now, place the wet hardener cup on the scale, check that it
swings freely and balance it perfectly by moving the small
weight. Epoxy is then poured into the 8 0z. cup (6 0z. or
less). Hardener is then poured into the 3-0z. cup at the other
end of the balance until the arm is level. When ready to mix
pour the hardener into the resin cup and mix completely. It
you have the ratio pump, you simply put one cup under the
spout, pump out the amount that you want and mix.

Mixing is done by stirring with a stick, being careful not to
spillany. If you spill part of an unmixed cup, the ratio of resin
and hardener may be inaccurate and it shouldn't be used.
Mix each cup for at least two minutes. You should spend 80°
of your mixing time stirring the cup and 208 scraping the
sides to assure complete mixing. Do not mix with a brush
The bistles can soak up the hardener, changing the ratio. Use
a tongue depressor or wood stick.

The working temperature has a substantial ettect on the pot
life and cure time. Very hot conditions will cause the cure to
speed up. In cold working conditions the cure will be
delayed and if it is cold enough CPOXY may not cure at all.
Working temperatures must be between 65 degrees and 95
degrees F. A range of 75 to 85 degrees Fis best. Be sure to get
a wall thermometer (approx. $1.50 at any general store) 1o
check the temperature of your work area. At 75 degrees F
S-min. must be used within four minutes, RAEF must be used

within 20 minutes and RAES must be used within 50
minutes.

Cold epoxy results in increased time required to do a layup
since it takes longer to wet and to squeegee the cloth. A
layup at 65 degrees may take almost twice the time as at 75
degrees F. On most layups (except for joining foam cores) its
best to have 70 to 80 degrees F room temperature and 80 to
90 degrees F epoxy. Resin and hardener can be kept warmer
than room temperature by keeping it in a cabinet with a
small light bulb on. DO NOT store your resin or hardener on
acold floor if you plan to use it within the next several hours.




I you let your shop get cold between working periods, keep
some resin and hardener in the warmest place of your house
for use on the next layup.

Save your mixing cups, as they can be used as a quality
check of your epoxy. After a day or two take a sharp knife
point or scribe and scratch the surface of epoxy in the cured
cup. If the epoxy is cured properly, the scribe will make a
white scratch mark. If the epoxy hasn't cured the scribe will
make a dull ridge, indicating a soft surface. If this occurs, the
epoxy is not cured either due to inadequate time or
temperature, or bad mixing or bad epoxy.

SAFE-T-POXY: THE NEW LOW-TOXICITY
EPOXY SYSTEM

In 1979 a new epoxy system was introduced that can be used
in place of the RAEF and RAES epoxy. This new system essen-
lla'lly eliminates irritation problems experienced by a few
with normal epoxies. SAFE-T-POXY has good physical
strength, less water absorbtion and slightly better resistance
to aromatic fuels. Due to its different curing characteristics,
'SAFE-T-POXY is less exothermic and can be used in place of
both RAEF and RAES, i.e., in all cases where "epoxy’ is called
out in the plans. SAFE-T-POXY uses a different mix ratio (43
pts hgrdner to 100 pts resin). If you are using Safe-T-Poxy,
consideration should be given to two areas:

(1) When mixing micro balloons with Safe-T-Poxy, only 3M
B23, 500 glass balloons (available from distributors), should
be used. IfAyou use Quartz Q-cell balloons, due to alkalinity,
the cure will be delayed, depending on temperature as much
as two or three days. Although it does ultimately cure, and is

structurally sound, this much delay, particularly in finishing,
is not acceptable.

(2’, The Safe-T-Poxy has a higher viscosity than the previous
resins, thus requiring a higher working temperature to use,
especially on the larger layups. The high viscosity was
selected for the Safe-T-Poxy to eliminate the tendency of the
previous material to bleed-out (inducing air in the layup dur-
ing cure).

If you are building in a cold garage in the winter you can still
use the new Safe-T-Poxy if you take the following precau-
tions:

(1) Warm the resin and hardner evenly to 85-90 degrees F
prior to mixing. Do not try to hurry this. We use a light bulb
under the ratio pump 3-4 hours prior to use, or keep your
resin jugs in a cabinet with a light bulb inside.

(2) It'simportant to have everything thoroughly warm prior
to starting to work. This also cannot be rushed. It takes time
to get the parts (wings, foam blocks, etc.) up to a stable
temperature throughout. If you are starting from a very cold
garage, the warming process could take 4 hours or more.
Don’t think just because the air is warm that all the material
is warm.

(3) Use an electric hair dryer to warm the area as you work,
being careful not to over heat the part or epoxy. When, due
to cool temperatures, a part is slow to wet out, a few quick
passes with a hair dryer will greatly speed the layup time. Do
not use a hair dryer to heat a cup of epoxy. This can give
local hot spots and ruin your pot life. What shop
temperature is satisfactory? That has a lot to do with the size
of the job. Small jobs can be worked as low as 65 degrees F,
but the working time will be excessive. It will also be more
difficult to remove excess epoxy, resulting in a heavier part.
On large layups like the fuselage, wings, etc., where there is
a lot of epoxy to drag around, 77 degrees F should be con-
sidered the minimum. That's epoxy prewarmed to 85-90
degrees F and all parts, glass, foam, tools, table, etc., to 77
degrees F for 4 hours, and then go to work. Those
temperatures are minimums. Add 5 to 10 degrees and your
working time will be greatly reduced and parts built will be
lighter.

For these reasons, many prefer to use the original RAES and
RAEF epoxies for most of their layups, and Safe- T-Poxy qnly
for the gas tank layups. If you experience no skin irritation,
this is perfectly O.K., and you will still have a good airplane.

Microspheres

Microspheres are a very light filler or thickening material us-
ed in a mixture with epoxy. Micro, as the mixture is called, is
used to fill voids and low areas, to glue foam l_)locks Iogelhqr,
and as a bond between foams and glass skins. Severql dif-
ferent types of microspheres and mwmballopns are available
commercially. The quartz-type supplied by COZY
distributors is lighter and cheaper lhan_mosl common types.
Microballoons must be kept dry. If moisture is present it “.”“
make them lumpy. Bake them at 250 degrees F, then sift with
a flour sifter to remove lumps. Keep the microballon con-
tainer covered.
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Micro is used in three consistencies: a “slurry’ which is a
one-to-one by volume mix of epoxy and microspheres, ‘wet
micro’ which is about two-to-four parts microspheres by
volume to one part epoxy, and ‘dry mirco’ which is a mix of
epoxy and enough microspheres to obtain a paste which will
not sag or run (about five parts-to-one by volume). In all
three, microspheres are added to completely mixed epoxy.

You do not have to accurately mix the microspheres; just
dump them in until the desired consistency is obtained.
Micro slurry is used to paint or squeegee over foams before
glass cloth is applied over them. Slurry is almost the same
viscosity as the pure epoxy and is runny enough to apply
with a brush. However, the easiest way to apply slurry is to
pour it onto the surface and spread it out evenly using a
squeegee. When skinning urethane foam use a full thick
coat of slurry. Inadequate slurry on urethane can result in a
poor skin bond. Wet micro is used to join foam blocks and,
while it is still thin enough to sag and run (like thick honey).
Dry micro is used to fill low spots and voids and is mixed so
that it is a dry paste that won't sag at all. In all three micro
types, you don’t measure, just add microspheres until the
desired consistency is obtained. Use micro only as specifical-
ly shown--never use micro between glass layers.

JOINING FOAM BLOCKS WITH MICROSPHERES/EPOXY

Always use the following method to join foam blocks. This is
extremly important. Always use RAES or SAF-T-POXY.

1. Check that the foam blocks fit closely together. If there
are voids over 1/16 inch, sand to fit, or fill the void with a
sliver of foam.

2. Paint a light coat of micro slurry on both surfaces. If join-
ing foam to fiberglass paint pure mixed epoxy (no
microspheres) on the fiberglass surface and micro slurry on
the foam surface.

3. Refer to the sketch and trowel wet or dry micro in the
center of the joint. Thus, when joined the micro is pushed
outward expelling (rather than trapping) air. If the fit is ex-
cellent use wet micro. If it is open enough and vertical such
that epoxy may run out, use dry micro.

4. Push the two pieces together, wiggling each to move the
micro toward the surfaces. Be sure the micro is not thicker
than 0.1 inch at any place, to avoid exotherm. Wipe off any
excess. Do not be concerned if the micro does not complete-
ly reach the surface. That void can be filled immediately
before skinning the part.

PAINT SLURRY
ON BOTH PIEGES
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Flox

Flox is a mixture of cotton fiber (flocked cotton) and €pOoNy.
The mixture is used in structural joints and in areas where a
very hard durable buildup is required. Flox is mixed much
the same as dry micro, but only about two parts flox to one
part epoxy is required. Mix in just enough flox to make the
mixture stand up. If ‘wet flox’ is called out, mix it so itwill
sag or run.

When using flox to bond a metal part be sure to sand the
metal dull with 220-grit sandpaper and paint pure mixed
epoxy (no flox)on the metal part.

BONDO

Throughout these plans the term *Bondo’ is used as a general
term for automotive, polyester body filler. Bondo is used for
holding jig blocks in place and other temporary fastening
jobs. We use it because it hardens in a very short time and
can be chipped or sanded off without damaging the
fiberglass. Bondo is usually a dull gray color until a colored
hardener is mixed with it. The color of the mixture is used to
judge how fast it will set. The more hardener you add, the
brighter the color of the mixture gets, and the faster it
hardens. This simple guide works up to a point where so
much hardener is added that the mixture never hardens.
Follow the general directions on the Bondo can for fast set-
ting Bondo. Mixing is done on a scrap pieces of cardboard or

MAX Thikness
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plywood (or almost anything) using a hard squeegee or putty
knife. A blob of Bondo is scooped out of the can and drop-
ped on the mixing board. A small amount of hardener is
squeezed out onto the blob and then you mix to an even col-
or. You will mix the blob for about one minute. You will then
have two to three minutes to apply it before it hardens.

Be sure to clean the board and putty knife off before the Bon
do is completely hard. MEK will clean Bondo off your putty
knife and squeegee if it isn't completely hardened

Foam

Four different types of rigid, closed-cell foam are used in
vour COZY (and several densities). A low density (2 [b./ft3),
light blue or white styrofoam is used as the foam core of the
wings, winglets, elevators and canard. The styrofoam is ex-
ceptional for smooth hotwire cutting of airfoil shapes. The
large cell type used provides better protection from
delamination than the more commonly used insulation-
grade styrofoams.

Low density 2 Ib/ft3 green (or light tan) urethane foam is us-
ed only in non-structural areas, where its ease of carving is
important (nose and canopy). Urethane foam is fantastically
easy to carve and contour. The urethane used is U-Thane
210 or equivalent

PolyVinylChloride, or PVC foam in low, medium and high
densities is used extensively. The dark blue color 3 Ib/ft3 type
R45 is used in the fuselage and fuel tanks. It has excellent
compressive strength and is completely fuel compatible.
The light red color, 6 Ib/ft3 type R100 PVC is used in the
center section spar and canard inserts. Dark red color, 16
Ib/ft3, type R250 is used in bulkheads. Quite recently an
alternate PVC has been approved. It is higher quality, and
sljghﬂy less expensive. It is called Divinycell, and is a buff or
pink color. It is available in the same thicknesses and den-
sities, and is an exact replacement for the original PVC
foams.

Clark foam is a white, polyester-urethane foam which has
some unique qualities. It has properties somewhere between
urethane and PVC. Its peel strength and toughness is better
than urethane. It is available in thin sheets of different den-
sities and compressive strength. It can be more easily bent
and formed than PVC, and it is less expensive than PVC. It is
used in some bulkheads and miscellaneous fuselage parts.

Do not substitute other foams than those called out in the
plans, or purchase foams from sources other than COZY
distributors! Other styrofoams are available, but don't have
as good a peel strength. Of course, white, expanded
polystyrene used for insulation is completely unsatisfactory.
There are other urethane foams available, but their physical
properties are not as good as U-Thane 210.

All four types of foams, PVC, urethane, polyester-urethane
and polystyrene are manufactured in a wide variety of flex-
ibilities, densities and cell sizes. Getting the wrong material
for your airplane can result in more work and/or degraded
structural integrity. Sun damages foam. Keep it covered!

HOT WIRE CUTTING

The airfoil-shaped surfaces of your COZY are formed by hot
wire cutting the blue styrofoam of 2 Ib/ft3 density. The hot
wire process gives airfoils that are true to contour, tapered,
properly twisted, and swept with a minimum of effort and
the simplest of tools. The details for making your hot wire
saw were shown earlier in this chapter.

The hot wire saw is a piece of stainless steel safety wire,
stretched tight between two pieces of tubing. The wire gets
hot when an electrical current passes through it and this thin,
hot wire burns through the foam. By making smooth steady
passes, the hot wire gives a smooth, even surface. The foam
offers little resistance to the hot wire's passage. To get a
smooth accurate cut, a template is required. Templates are
made from thin plywood, sheet metal, masonite or formica.
A variable voltage control is used to supply the electrical cur-
rent that heats the wire

The blue foam used in your flying surfaces was selected for a
combination of reasons and its hot wire cutting ability was
one of them. Other types of foams are readily hot wire cut,
but some (white expanded polystyrene) have poor physical
properties and others (urethane) give off poisonous gases
when hot wire cut. Use only the recommended materials!

Hot wire templates can be made from 1/16 to 1/8 inch
plywood, formica, or masonite or 0.032 to 0.064 sheet metal
It is important to have smooth edges on the templates. A
rough edge may cause the wire to hang up and burn into the
foam being cut. The size, shape, and orientation of the two
templates is varied to taper and twist the foam core as re-
quired. The planform (span and sweep) is set by squaring up
the foam block before the templates are used. In general, the
trailing edge of the wing is the reference; a trim line” on the
templates is lined up on the trailing edge
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Full-size template drawings are provided in the nl.ms. To
make your templates, just glue the lempl.\lv drawings to a
piece of plywood or sheet metal and trim to the contours
chown. There are a number of markings on each template
which aid in the alignment and cutting of the foam core.

—p AOTE CZ 10 -4

fach template has a waterline (W.L.) marked on it which is
used to align the twist of the foam core. Each template’s
waterline is leveled using a carpenter’s bubble level. This
Jssures that the relative twist at each template is correct. The
template is then nailed to the foam block to obtain the cor-
rect planform; a foam trim line is provided near the trailing
edge of each template which is lined up on the foam edge
before cutting

fach rib template has numbered marks running from the
trailing edge around the leading edge and back to the trailing
edge. These are called talking numbers. When the foam
cores are cut into their airfoil shape, the talking numbers are
used to assure that each end of the hot wire is co-ordinated
1o obtain the correcty, tapered airfoil. The person calling the
numbers should be at the largest template. A typical cut
would sound like this: ‘Resting on the tab 1/4 inch from the
foam, moving forward, entering foam now--one, half, two,
half, . .. .,34, half, 35, half, 36, coming out of the foam and
pausing on the tab, the wire’s out.” As the cut is made, the
person on the small rib follows the numbers, passing over
them as he hears them called out. Pause marks are indicated
in places where it is necessary to pause for a couple of
seconds and let the hot wire's center lag catch up with the
ends.

Preparing a foam block for an airfoil cut is begun by trimming
the rectangular foam block to the basic dimensions for the
correct planform. These ‘trim’ cuts are made using two
straightedged trim templates. The templates are held against
the foam by nails through the template into the foam.
Enough nails should be used to hold the template firm so that
It won't move when the hot wire is held against it.

Each template has symbols for the general location of holes
for the nails, 4D (four penny) nails are good for this use. The
holes in the templates should be a close fit for the nails. Be
careful not to angle the nails so that the hot wire can catch
on them! Some rib templates are used several times, for both
inboard and outboard, thus you may have to transfer the
talking numbers, pause marks, trim line, and waterline to the
opposite side of the template.

The use of the hot wire saw is a simple thing if your equip-
ment is set up properly. Proper wire tension and wire
temperature should be maintained for good cutting. The
wire tension should be tightened after the wire is hot by
twisting one tube with a pair of pliers. The wire should be as
tight as possible. The wire should be hot enough to cut one
inch of foam in four to six seconds without having to force
the wire. A wire that is too hot will burn the foam away ex-
cessively. To cool an over-heated wire, simply turn your
voltage control to a lower voltage setting. If you use a battery
charger, you will have to add length to the wire. To warm up
a cool wire, just increase the voltage setting or, with the
charger, shorten the wire. Although the foam offers only
mild resistance to the hot wire, a long cut will cause the mid-
dle of your wire to lag behind the ends. Wire lag can cause
problems in tight curves like the leading edge of an airfoil. To
reduce lag there, the cutting speed is reduced to about one
inch in 8 to 10 seconds. The airfoil templates have notations
in the areas where reduced speed cutting is necessary and
pause marks where it is necessary to allow the lag to catch up
completely

The most common hot wire error is wire lag which causes a
bow in the leading edge. The following method solves this
problem and thus we recommend you use it for cutting the
canard, wings and winglets. Instead of making one cut all
around, glue nails on the templates at the waterline at the
leading edge as shown. Now, cut the core in two passes: one
from the leading edge up over the top to the trailing edge,
the other from the leading edge (under the nail) down under
the bottom to the trailing eldge. The thin ‘flash’ of foam left
on the leading edge due to the thickness of the nails is easily
removed with your butcher knife. The result is a perfectly
straight leading edge. Care must be taken 1o assure that both
ends simultaneously approach the template at the leading
edge

Use the following vocal commands: ‘wire is moving toward
the nail, now resting on the nail 1/2 inch from the template,
moving up x (talking number), y (talking number) . . /.
When approaching the trailing edge overlap notch (see
sketch) slow down and pause 3 seconds in the notch to
assure a full, sharp, accurate surface for the skin overlap. See
Chapters 10, 19, and 20 for clarification of the trailing edge
overlap.
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The hot wire should be guided around the templates with
light pressures. Pushing too hard against the template may
move them or flex the foam block which results in an under
cut foam core. The correct set-up is just as important as using
the correct tools and materials. Foam is a fairly flexible
material and an improper set-up can cause deflection. The
foam block should be well supported at each end, so that it
doesn’t sag and doesn’t move around while being cut.

You need clearance for the hot wire cutter to pass by the
table and the weights used to hold the foam steady. Foam is
manufactured in sizes that are often too small to get a solid
core from a single block. It is necessary to use two foam
blocks to get the size required for the wing cores. These
blocks have to be joined using an epoxy/microsphere mix-
ture. The hot wire won't cut through the micro joint, so all of
the hot wire cutting is done with the blocks temporarily join-
ed. Nails or blobs of 5-min epoxy are used for temporary
foam joints, but the hot wire won’t cut through these either.
Thus they have to be place carefully so that the wire doesn't
have to pass through them.

Don't be overly concerned if you don’t make perfect foam
cuts! Ridges on the foam core from inadvertently lifting the
hot wire off the templates are easily faired in with a sanding
block. A less-than-perfect leading edge can be blended in by
sanding after the foam core is assembled. Gouges in the
foam can be smoothed and filled with dry micro to contour
after applying the glass skins. The foam is too expensive to
throw away because of a minor gouge.
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A finished foam core may warp out of shape after it is remov-
ed from the original block. This is due to internal stresses in
the foam from the manufacturing process, and is no cause
for concern

A warped core is simply weighted into the jig blocks and
shimmed straight. Once the skin has been installed, the foam
is held firmly in position.

URETHANE FOAM SHAPING

One of the real treats in the construction of your COZY will
be shaping and contouring urethane toam. Urethane is a
delightful material that shapes with ease using only simple
tools. A butcher knife, old wire brush, sandpaper, and
scraps of the foam itseli are the basic urethane working
tools. A vacuum cleaner is convenient to have handy since
working urethane produces a large quantity of foam dust.
The knife is used to rough cut the foam to size. The knife
needs o be kept reasonably sharp; a sander or file is an ade-
quate knife sharpener since it's a trequent task and a razor
edge isn'tnecessary, Coarse grit sandpaper (36 grit) glued to
a board s used for rough shaping outside contours.




Inside contours or 'dishing is done by using a ragged old
wire brush to rough out the bulk of the foam and following
up with a scrap foam piece to smooth the surface. The foam
scrap conforms to the shape of the surface resulting in a very
smooth contour

Outside contours are roughed out with a sanding block and
finished using a foam scrap. Dry micro and flox are used to
fill voids and pot fasteners in a number of pla_u'\ /_\ll foam
<haping should be finished before any micro !IHVI\H is done,
because the filler is much harder than the foam and this
makes smooth contouring very difficult. Your best carving
template is your eyeball; an occasional check on the depth
of a contour is about the only measurement nec essary.
Keep your shop swept reasonably well. The foam dust can
contaminate your glass cloth and your lungs. Use a dust
respirator mask while carving urethane. Try not to ag
gravate the better half by leaving a green foam dust trail into
the house

GLASS LAYUP

The glass layup techniques used in your COZY have been
specifically developed to minimize the diffic ulty that glass
workers have traditionally endured. Most of the layups that
you will do will be on a flat horizontal surface without the
molds, vacuum bags, and other special equipment that are
common in glass work. The layups that you do will all cure at
room temperature; no ovens or special heating is required. If
you have suffered through a project that requires you to
build more molds and tools than airplane components, then
you are in for a real treat.

The techniques that you will use are Varikze, but they still
need to be done correctly. 90% of the work that you will do is
covered in the next few paragraphs, so make sure that you
read and understand this section very well. If you learn
these basics, your airplane will be VariEze indeed. If you skip
over this information, you will probably end up Vari
frustrated

Step 1. Personal Preparation

Before you get started with a layup, plan ahead. Some ma-
jor layups take several hours and before getting your hands
in the epoxy, it's a good idea to make a pit stop at the
restroom.

Do not start a large layup if tired. Get some rest and do it
when fresh. It's best to have three people for any large layup,
two laminators and one person to mix epoxy. Be sure the
shop is clean before you start.

Take the recommended health precautions (discussed later
in detail) using gloves or barrier skin cream. Get your grub-
by, old clothes on or at least a shop apron. Make sure that
your tools are clean from the last layup and ready to use.
Your working area should be between 65 degrees F and 95
degrees F. Below 70 degrees F the epoxy is thicker making it
more difficult to wet the cloth. Above 85 degrees F, the
possibility of an exotherm is greater.

Step 2. Cut Fiberglass Cloth

The fine points of glass cutting have been covered earlier.
Remember that there isn’t any requirement to cut accurate
dimensions. Cloth dimensions are given well oversize. You
scissor trim them as you go, while laying the cloth up. It is a
good idea to keep two pair of scissors; one clean and in the
glass storage area, and one in the shop that gets epoxy on it
After cutting, roll or fold the material; keep it clean and han-
dy for the layup

Step 3. Prepare Surface

The only difference between layups over different materials
is in surface preparation. The layup over foam will be
covered here since you will be doing more of it, and other
surface preparations will he covered separately

The foam surface is prepared by leveling uneven areas with a
sanding block and brushing or vacuuming any dust off the
surface. Use vacuum to remove dust

Now is the time to accurately check that the foam core is
the correct size, shape and contour. Refer o the section
views of the part--be sure your core looks exactly like that on
the section view. Lay a 12-inch straightedge spanwise on all
critical areas of the flying surfaces and be sure you don't
have any high or low places or joggles. Measure any areas
that involve fiberglass buildups to check for correct depth.
Build up is 0.009 inch per ply for UND and 0.013 inch per
ply for BID.

SKIN
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Step 4. Mix Epoxy and Paint Surface

Mix epoxy only when needed, not before. Epoxy. micro and
flox may be needed at various stages, so you may need
several cups. If you are laying up over cured fiberglass, paint
a liberal coat of epoxy on the surface. When laying up over
Styrofoam, Urethane, PVC, or Clark foam, squeegee a coat
of Micro slurry on the surface, before laying on the first ply

The slurry can be poured on the foam and spread thin with a
squeegee or it can be brushed on with a brush. Then, fill any
dings or gouges in the foam core with dry micro

Step 5.

Lay On The Cloth

Lay on the cloth in the specified orientation. Pull the edges
to straighten the cloth out and to remove wrinkles. Max-
imum strength and stiffness is obtained if the fibers are not
wavy or wrinkled. If the cloth is to be applied around and in-
to a sharp corner, you will find the job easier to do if the fiber
orientation is at 45 degrees to the corner. Don't get depress-
ed if the layup looks like a hopeless mess at this point. Press
on with patience and things will work out fine. To remove
wrinkles, study the direction of fibers, follow the fibers to the
outer edge of the cloth and pull on the outside edge. Pushing
a wrinkle off the part is incorrect. Once the part is free of
wrinkles use a squeegee and make light passes from the
center outwards to smooth the cloth.

APPLING
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Step 6. Wet Out the Cloth

Wet out the cloth by brushing on a thin coat of epoxy. Do
not use micro between plies of cloth. Extra epoxy will not be
necessary if there is enough epoxy under the cloth to be
brought to the surface. This is done by “stippling,” which in-
volves a vertical stabbing motion of a paint brush over the
cloth. This brings excess epoxy up from below to wet out the
cloth, resulting in a weight savings as compared to adding
more epoxy on top. REMEMBER, epoxy adds no strength
beyond what is needed to wet out the white color of the
cloth and fill air voids; any further addition of epoxy is only
dead weight. Where multiple plies are required, the first
plies may be laid up wet and the excess resin brought up by
squeegeeing and stippling to help wet out the middle plies.
To do this, pour epoxy onto the part and move it around the
surface with a squeegee. Your work will go much faster if
you make the layup too wet, then remove excess epoxy with
many light passes with the squeegee. Do not squeegee to
hard. as this can starve the surface of micro and introduce
air. Continue to inspect for air (tiny white flecks or bubbles)
and stipple or squeegee in more epoxy to remove the air. A
handy squeegee can be cut from the flexible plastic found on
a coffee can lid. The final plies are ambitiously stippled and
additional epoxy is applied sparingly. When in doubt--
stipple it out, or squeegee.

As you wet ou_t.each ply, scissor trim to within 1/2 in. of any
overhang (trailing edge, etc.). This 1/2 in. will be knife trim-
med after the layup cures. If an overhanging ply isn’t trimm-
ed, it lifts the edge up and makes a bubble.

After scis§or trimming, restipple the edges to be sure there
are no voids. Wet the cloth beyond the trim line at least 1/4
in. to allow easy knife trimming later.

GLASS
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Step 7. Squeegeeing

Squeegee out excess epoxy. This involves drawing a plastic
or rubber squeegee over the layup as shown. Excellent rub-
ber squeegees are available from your COZY distributors.
Plastic squeegees (scrapers) are available at any paint store. If
excess epoxy exists, it will be pushed off the edge of the
piece. Remember, excess epoxy is much better on the floor
than on the airplane. It is possible to squeegee too hard and
make the layup too dry. If this occurs, the surface will appear
white, indicating the presence of air. If this occurs, wet the
cloth by painting on a little epoxy and stipplng it down onto
the layup. The best quality layup is obtained if each layer of a
multilayer layup is squeegeed. The excess epoxy which is
pushed off the edge can be recovered and returned into the
cup. This is easily done by catching the epoxy on the
squeegee and scraping it on the side of the cup.

The finished layup should appear smooth and green so that
the weave of the cloth is clearly visible, but not so dry that
any area appears white in color. If you've done an ux;ellem
job, the weight of the resin will be about 1/2 of the weight of

cloth used.

To check if there is too much epoxy in the layup, pull a
squeegee across the surface, stopping before you [e_ach ,(he
edge. Lift the squeegee up and look for_a large 'ridge’ of
epoxy where the squeegee stopped. The ridge under the top
ply indicates that the layup is too wet and you should‘spend
time with the squeegee to remove epoxy off to the sides.
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Don't hesitate to use your brush on an area after squeegee-
ing. Some places are not suited to the use of a squeegee and
the dry brush must be used to expel the excess epoxy. On a
given layup, about 1/2 of your time should be spent
squeegeeing,.

Step 8. General Inspection

After you have finished the layup, take a few minutes and
give it a good general inspection from trapped air, dry
glass, excess epoxy, and delamination. It is much easier to
correct these things while the layup is wet than to repair the
cured layup. Also, have someone else inspect it, usually a
different person can find air flecs or bubbles that are missed
by one inspector. Carry a good light around for the inspec-
tion. Glance the light off the surface at various angles to look
for airflecks. If any air is visible, stipple it out. Be sure the
overlaps on the edges are perfect. If, due to a sharp corner
elc., you have a problem eliminating an air bubble, use one
of the following two methods: (1) Lift the cloth up off the
foam, trowel some wet micro into the troublesome area, add
more epoxy as you stipple the cloth back down. (2) Add ex-
cess epoxy over the bubble, cover the surface with Saran
wrap (thin plastic wrap) then push firmly outwards to force
the air out to the sides. The Saran wrap will seal the surface
to keep air from being drawn in. This method will force the
cloth to stay down even around a sharp corner.

Step 9. Preliminary Contour Fill

Certain areas, like over the spar and along the trailing edge
(see cross-section views) require a dry micro fill. It is prefer-
red to apply this fill within 2-3 hours of finishing the fiberglass
layup. However, where the micro filler obscures the struc-
ture underneath, like over the spar cap, FAA inspection
should be completed before dry micro filling. Areas like the
trailing edge where the structure can be inspected from the
other side should be filled while the layup is still tacky (within
three hours of the layup). If you wait until the layup cures,
you will have to sand the fiberglass surface to a dull finish
before applying the micro. So, mix up a “dry’ micro mix and
trowel it into low areas while the layup is still wet, and save
the work of sanding where feasible.

Step 10. Cleanup

Brushes can be used two to four times if after each layup
they are washed with soap and water. Wipe excess epoxy
off with a paper towel. Wet the brush and work soap into all
fibers by mashing it into a bar of soap (Lava brand is best).
Rinse with hot water and repeat 3 times. Be sure they are dry
before next use. We generally use a cheap brush (approx-
imately $2.00 to $4.00 per dozen) and discard after two or
three layups. Clean squeegees the same way.

If you use skin barrier cream (Ply No. 9), the epoxy and
cream will wash off easily with soap and water. When you
get epoxy on unprotected skin, Epo-cleanse is used to
remove the epoxy. Both of these products are available
through COZY distributors and are listed in the bill of
materials. Once you are sure your skin is clean, wash again
thoroughly with soap and water, even if your hands were
protected with plastic gloves. If you get epoxy on tools or
metal parts, clean them with acetone or MEK before the
epoxy cures.

The only good way to protect your clothing is not to get
epoxy on anything that you care for. Use a shop apron and
don’t make layups in good clothing. A surplus flight suit or
other cheap coveralls are a good investment.

You may feel that layups are real messy work after your first
experience with them. However, after you've done several,
you will have learned not to wipe your hands on your
clothing (keep a roll of paper towels handy), not to scratch
your ears, eyes, etc., during the layup. If your tools and work
area are clean and organized well and you are disciplined
with the epoxy, the job can be a lot less messy than working
with other materials.

11.

Step Knife Trim

When a layup is wet, you can only scissor trim to within
about 1/4 in. without disrupting the fibers in the ply. An
easy clean trim can be obtained by waiting three to five
hours after the layup. At this time, the laminate is firm
enough to support the cloth from fraying, yet soft enough to
cut easily with a sharp knife. This ‘knife trim’ stage is the op-
tinum time for edge trimming with ease and accuracy. Take a
sharp, single-edge razor blade or X-Acto knife and trim the
edges with a motion downward toward the edge. Experience
will help you determine the correct time in the curing cycle
for optimum knife trimming.




In the plans when "knife trim’ is called for, lhils‘assumes the
three to four hour wait, even lhough not specifically stated.
Don't fall apart if you miss the kmfg‘ trim stage and I)ave to
wrim the fully cured glass. If you wait until the layup is com-
pletely set, then saw, dremel, bandsaw, saber saw, etc.
Smooth the edge with the Disston Ahrad‘er. When trimming
3 cured edge, be careful of the ‘needles’ (sharp protrusions

of glass-frayed edges supported with epoxy).

The needles can be avoided by returning three hogrs af?or
the layup to make the knife trim. Knife trim time varies with
temperature: about six hours at 60 degrees and one hour at

90 degrees.

Other Surfaces

surface preparation (step 3 of the basic glass layup) varies
with the material that you are laying up over. The layup
over foam was covered in detail in step 3. To prepare a cured
glass surface for layup, the cured surface must be sanded to a
comletely dull finish with 36 to 60-grit sandpaper. If any of
the glossy surface remains, an incomplete bo_nd results
which is weak. Better yet, use peel ply as described later.
Micro slurry should not be applied to glass surfaces being
bonded, this weakens the joint. Wood requires no special
preparation for bonding but should be free of grease, oil,
paints, and varnish. Sand wood surfaces with 36-grit sand-
paper before layup. Metal bonding is not relied upon for
strength but metal surfaces should be free of oil and grease
and, except for bolts, nuts, and other fasteners, metal sur-
faces should be dulled by sanding with 220-grit sandpaper,
and coated with epoxy before setting in place. Cured micro
surfaces should be sanded dull but be careful not to
obliterate surrounding foam surfaces while doing it. In prac-
tice, you may be glassing over several types of material in the
same layup and you will be using most of these surface
preparation techniques together.

QUALITY CONTROL CRITERIA

One of the unique features of the glass-foam-glass composite
construction technique is your ability to visually inspect the
structure from the outside. The transparency of the
glass/epoxy material enables you to see all the way through
the skins and even through the spar caps. Defects in the
layup take four basic forms: resin lean areas, delaminations,
wrinkles or bumps in the fibers, and damage due to sanding
structure away in finishing. Resin lean areas are white in ap-
pearance due to incomplete wetting of the glass cloth with
epoxy during the layup.

Dryness Criteria. Pick any 6 in. x 6 in. square in the layup in
the critical area. Assess carefully if any evidence of air in the
layup is present (white flecks, bubbles, air at the foam face).
I the dryness evidence is more than 102 of the area, the part
MUST be rejected. Reject or repair any evidence of dryness
or voids in the trailing edge or leading edge overlaps. Better
yet, do an adequate inspection with good light before cure
when it's easy to fix. If in doubt on overlaps, be sure to stip-
ple in enough epoxy.

Delaminations in a new layup may be due to small air bub-
bles trapped between plies during the layup. The areas look
like air bubbles and are distinctly visible even deep in a
cured layup. Small delaminations, or bubbles up to 2-inch
diameter, may be filled with epoxy by drilling a small hole in-
to the bubble and filling the void with epoxy.

When making a layup, do not be concerned if the brush oc-
casionally sheds a few bristles-these do not need to be
removed. If the bristle count exceeds about 10 per square
foot, change your brush and remave bristles.

Occasional sanding through the weave in the first skin ply is
not grounds for scrapping the part. Care should be exercised
in areas, such as the skin joints not to weaken the structure in
pursuit of an optimum finish. (Refer to Chapter 25 for
details). An excess of resin (wet) will make your airplane
heavy and does weaken the layup, but usually not enough to
reject the part for strength reason.

Bump/Joggle/Dip Criteria. The best way to check this is to
lay a 12-inch straightedge on the part spanwise. Move it all
over the surface in the critical areas. If you can see 1/16 in.
gap in any area, the part must be repaired. It is best to repair
or beef up lumpy areas even if they meet this criteria. Better
yet, do a good job in core preparation and use your
squeegee well in the layup to avoid the lumps in the first
place.

INSPECT For b\Psg BoMPs
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The following is a listing of the “critical areas’, the portions of
the COZY that must meet all the inspection criteria:
1. Center section spar--entire outside skin and spar caps
2. All portions of the fuselage within 10 in. of the engine
mounts and canard lift tab attachments.

3. All control surfaces.

4. All flying surfaces in the shaded areas shown plus all
overlaps at L.E. & T.E.

B6TH SIBES Top Ans RollTon

Major wrinkles or bumps along more than 2 in. of chord are
cause for rejection in the wings, canard and winglets, par-
ticularly on the top (compression side). This does not mean
you have to reject the whole wing—anything can be repaired
by following the basic rule: Remove the rejected or damaged
area and fair back the area at a slope of 1 in. per ply with a
sanding block in all directions. By watching the grain you will
be able to count the plies while sanding. Be sure the surface
is completely dull and layup the same plies as you removed,
plus one more ply of BID over the entire patch. This will
restore full strength to the removed area. Use this method to
repair any area damaged for any reason--inadvertent sanding
through plies during finishing, taxiing a wing into a hanger,

etc.
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CORNER TREATMENTS

A variety of structural corners are employed in the construc-
tion of your COZY. There are two basic types of corners:
One where the glass fibers are continuous around the cor-
ner, and the other where a structural filler is used and glass is
bonded to the filler. The corner with the glass fibers running
completely around it is used where maximum strength is re-

quired.
Inside corners can be laid up quite abrupt and only a very

slight wipe of dry micro is needed to get the glass to lay into
it. BID cut at 45 degrees is used on this type of corner.

TNSOE  CoRNT

SMAL DRY MILZO WIPE
TIN THE (ORNER-

Outside corners require a radiused edge. Where the glass
ﬁbers_ run directly around the corner a minimum radius of
3/16 inch is required. Where the fibers run at an angle to the
radius, only a 1/8 inch radius is needed.
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In some areas a sharp corner is desirable and maximum
strength isn’t required. In these areas a flox corner is used. A
simple unsupported glass corner has very poor strength. To
strengthen this corner, a triangle of flox is used to bond the
glass plies together. The flox corner is done just before one
glass surface is applied for a wet bond to one surface. The
other glass surface has to be sanded dull in preparation as
shown.
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If a specific size of flox corner is desireable, an approximate
dimension may be given as shown. Don’t make your flox
corners square. The extra flox only adds weight, not

strength.
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PEEL PLY

Peel ply is a layer of 2.7 oz. dacron fabric which is layed up
over a fiberglass layup while the fiberglass is still wet, and is
later removed by lifting an edge and 'peeling’ it off. The most
convenient form of dacron to use is ‘surface tapes’, normally
used in covering fabric aircraft. These are available in rolls.
You will need several rolls, 1in., 2in. and 4 in. wide. Peel ply
is used for two purposes:

(1) Peel ply any area that will later be structurally attached
to another fiberglass layup. Once the dacron is peeled off,
the surface is ready for another layup, without sanding. If
you do not use peel ply you will have to sand the surface
completely dull (no shiny sports). This sanding is hard, itchy
work and ruins the strength of the outer ply of fiberglass. So,
remember to peel ply the following areas: leading and trail-
ing edges of all flying surfaces, outboard 15 inches of wings
and lower 10 inches of winglet (for CHAPTER 24 layups),
canard and wing shear web surfaces (for sparcap layups) all
joining edges of bulkheads and fuselage sides, fuselage skin
at both ends, fuel tanks, and at landing brake, and all other
places where a future layup will be made. Note that to peel
ply the trailing edge overlap area, the peel ply is the first ply
made to the foam core. Lay a strip of dacron down on the
overlap notch and secure it with tacks or staples so it doesn’t
move when you layup the skin.

RACTTON
SORFACE
;TAPE | 1IN

YZOLLS:

PEEL PLY
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LEADING
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LAYOP peel Ply with
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an \g\aom\ Ply oF glass

removal.

(2) The second use for peel ply is to transition the area
where the top ply of a layup terminates on the fiberglass sur-
face. These are found at the wing/winglet junction, where
the fuel tank, cowling lip, and nose joins the fuselage, and on
all corner tapes inside the fuselage. Refer to the adjacent
sketches. If the top ply edge is laid up bare it results in a
rough edge that can delaminate if a little dry. Sanding the
rough edge is hard, itchy work and usually results in damag-
ing the adjacent surface. If the edge is overlaid with a strip of
dacron during the layup (lay on the dacron and wet out by
stippling or squeegeeing) it will make the edge lay down flat
and will form a wedge of epoxy to smoothly transition the
edge. After cure, peel off the dacron. The result is a beautiful-
ly transitioned smooth edge with no delamination tendency.
Use this method in all places where a cloth edge terminates
on the surface.
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HEALTH PRECAUTIONS

Skin Protection

If you work with epoxy on your bare skin, you can develop
an allergy to it. This ‘sensitization” to epoxy is an unpleasant
experience and is to be avoided. You generally have to get
epoxy on your unprotected skin to become sensitized. If you
use a protective barrier skin cream like Ply No. 9 (available
from COZY distributors) or disposable plastic medical ex-
amination gloves (also available from COZY distributors) the
allergy can be avoided. The barrier skin cream also allows
vou to clean up with soap and water after a layup.

The RA epoxy systems are low toxicity (SPI-2). However,
many people (about 5 to 7 percent) are sensitive to epoxy to
a great extent and thus will find it impossible to build their
anr})lane without extensive skin rash, facial swelling, etc.
These people can get some help by using doctor-prescribed
anti-allergy medicines and/or by wusing elaborate
masks/multi-gloves, etc., to reduce exposure, however, in
many cases the allergy is sufficiently strong to preclludc their
ability to make layups. Remember (o always use skin protec-
tion, never let epoxy come in contact with bare skin, even if
you have no reaction it it. Sensitivity is accumulative, such
that you may later develop an allergy unless you protect your
skin.

Dust Protection

Sanding or grinding fiberglass and foams creates dust that
can be harmful to your lungs. Use a dust respirator mask for
these operations. Disposable dust masks are available at
most paint stores.

Ventilation

Mix and work with your epoxy in a ventilated area. Some
epoxy/hardener systems may irritate your eyes (like cutting
onions) in a poorly ventilated work area. If your shop is not
ventilated, set up a small fan to move a small flow of air in or
out. Do not hotwire urethane.

DRILLING, GRINDING, & SANDING

Drilling through cured glass tends to tear the surface plies on
the back side. Backup a glass layup with a wood block for
drilling as shown and drill at medium speed.

vzl #* 7T
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Using a small hone, grind the cutting edges of your drill bit
flat as shown (not undercut). This will keep the drill from
grabbing into the glass. Don’t overdo it, just make a couple
of light passes with the hone.

HowE (EVEL To
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In several places rough cured glass surfaces occur where
overlaps or thick buildups are done. These rough edges
should be smoothed as shown using a grinder or sanding
block

rough edges from overlap or buililup
—

!

careful not to damage ajoining nl:u:s:’
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The Dremel (Moto Tool) or Home Shop (Weller) is a very
versatile tool with many uses in the construction of your
COZY. The kits usually have a nice selection of bits, cutters,
grinders, stones, and mandrels for every conceivable use.
The three types of bits shown here are the most useful for
your project. Don't throw the others out, your buddy next
door might be able to use them on his radio controlled
golfball project.
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Recognition of a Dry Layup

One of the most important things you must know is how to
inspect for the presence of air within a layup. Air leaves
somewhat crystal-like flecks of white areas, noticeabily dif-
ferent than the white color of the microballons. The
presence of air is shown in the adjacent sketches in 3 forms
(1) A bubble or large void at the foam surface or within the
laminate, (2) small bubbles of air scattered throughout an
area, or (3) inadequate filling of the outer ply. Make a layup
of 3 ply BID in a 6-inch square over a scrap piece of foam,
trying to achieve these 3 types of dryness. Let it cure with the
defects. This will be a handy sample to use to instruct others
who will help you inspect.

Some More Hints

You can generally tell the quality of a man’s workmanship
just by looking at his shop. Clean up and sweep after every
step. Keep your tools organized and clean. Dirtin or under a
layup will increase weight and decrease strength. A clean
shop will reflect on your airplane, and will make construc-
tion more pleasant.

A flour sifter is excellent for getting any lumps out of micro.
Keep micro bag closed to avoid moisture.

A key 10 a good glass layup is preparation. Copy the check
list below and post in your shop:

BEFORE ANY GLASS LAYUP

1. Tools cleaned and available: squeegee, cups & sticks,
brush, scissors, roller, ply 9 or gloves

2. Workbench clean

3. Glass cut & rolled

4. Surface to be glassed--correct shape & smooth contour,
sanded dull, dust blown or vacuumed off

5. Temperature of room and epoxy 70 to 80 degrees F



ERRORS--HOW TO FIX

The following are accepted practice to rvpni( common er-
rors. Of course, it's best to be careful and avoid the error in
the first place., Remember, most errors can be avoided by
reviewing your new sletters.

in sk : vise direction
ERROR: Depression in skin or spar cap in spanwise ¢
on wing, winglet, or canard.REPAIR: Sand sur_f.\cu (full.
Layup UND plies cut as shown to fill depression, fnbelr orien-
tation spanwise. Add one ply BID at 45 degrees lapping two

inches on cach side of depression. This repair is allowable for

depressions up to 110 inch deep.
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ERROR: Bump in skin or spar cap in wing, winglet, or
canard.

REPAIR: Using a hard block, sand bump level. Determine
number of plies in area of bump. Sand completely dull the
area around bump (o a radious in inches equal to number of
plies at bump. Layup the same plies as effected area, being
sure to observe fiber orientation. Add one ply BID at 45
degrees as shown.

Bump

or 3"5& 3-ply
SR

_Eqw PLY 'S BID |._ 3".._.|

TAPER 3 wew ples 1dentical
SR To sKiIN REMOVED

ERROR: Inadvertently sanded through plies during finishing
process.

REPAIR: Determine number of plies damaged. Repair as
shown in ‘bump’ repair above.

ERROR: Due to incomplete wetting of layup, | have several
pin holes in my wing fuel tank so it will not meet leak check.
REPAIR: Pull a mild vacuum (1500 ft) on the tank. Hold the
vacuum for 1/2 hour as you brush, stipple, or rub epoxy over
the area with pin holes. Then vent tank to equalize pressure.
Paint a coat of epoxy over effected area. Be sure tank is
vented during cure.

ERROR: Due to a poor or heavy layup, elevator or aileron
will not balance to specification.

REPAIR: Start over; sloppy workmanship cannot be patched
on these parts.

IMPORTANT WEIGHT CONSIDERATIONS

Avoid adding extra systems, night lighting, or extensive
avionics. Remember, the COZY is smaller than the average
light plane and thus is effected to a greater extent by the ad-
dition of excess weight. A light COZY is a thrill to fly and has
extensive utility. A COZY that is loaded down with extensive
systems, avionics, etc., can be so heavy as to preclude two-
place operation and destroy its exciting performance. Resist
the temptation to add anything. In an airplane this small, you
should be carefully counting grams, not just pounds of ex-
cess weight. The best test to decide whether somethng
should go in the airplane is as follows. Take the object in
your hand. Toss it up into the air--if it comes down, its too
heavy to belong in your airplane!

Starter. Electric start, while available for the COZY, does
compromise it enough so that we recommend against its in-
stallation. The engines are easily hand-propped, particularly
since you have a pusher with nose-down parking. In this
configuration most aspects of manual start are considerably
safer than for conventional aircraft--see Owner’s Manual.
The plastic airplane does not conduct. Thus, your large
heavy start cable must run to the battey and back. Electric
start adds over 25 Ib. weight, most of it aft on the engine. You
will initially want to fly your first flights at forward cg and at as
light a weight as possible (see Owner's Manual). Therefore,
even if you insist on needing electric start, leave the starter
and heavy cable out for your initial test flying. This will avoid
possible nose ballast (thus a double weight penalty).

PRACTICE LAYUPS

FLAT LAYUP

The first practice layup that you will make is a layup of six
BID plies onto a flat surface. This intended to give you ex-
perience in the techniques of glass/epoxy work and to give
you a check on your workmanship. You should be able to
complete this layup in about half an hour.

Protect your work bench by taping waxed paper over an
area about 24 in. (or, find a piece of metal and wax its sur-
face).

LAYUP O PLIES
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This will keep the epoxy from bonding to the table top. Cut
six plies of BID that are about 12-1/2 inches by 18 inches.
Laminate the six plies on top of the waxed paper. Try to do
your best job of stippling and squeegeeing so that the plies
are completely wetted but not full of excess epoxy. Let the
layup cure to knife trim, about four hours. Carefully mark a
10 inch by 16 inch rectangle and knife trim the layup to that
size using a sharp razor blade or trim knife. Allow the layup
to cure completely. If you forget the knife trim, cut the cured
piece with a coping saw or band saw.

Take the cured 10in. x 16 in. piece to your post office, or any
accurate scale, and ask them to weigh it for you. Your
laminate should weigh between 10-1/2 and 12-1/2 ounces. A
10-1/2 ounce layup is about as light as can be done without
voids (white areas). A 12-1/2 ounce layup has too much
resin, and if you make all of the layups in the airplane this
wet, your COZY may be as much as 40 pounds over weight.
An 11-ounce layup is just about perfect. Save this piece: it
will be useful material later on.

CONFIDENCE LAYUP

The second practice layup is one intended to give you con-
fidence in the strength of your work. This layup is a sample of
composite sandwich structure and is typical of the load car-
rying structures in your COZY. When this layup is finished
and completely cured, you will subject it to a simple load test
and thus demonstrate the strength of your workmanship.
First, tape a piece of waxed paper about 30 inches long to
the top of your work table. Shape a piece of green foam as
shown.
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Go to your glass cutting area and cut the glass plies shown.
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Lay up two plies of UND, two plies of BID, paint the foam

with micro slurry and press it in the center. Then lay up the
other BID and UND plies.
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Be careful to work all air bubbles out of the ¢ orners. The best
way is to stipple with the brush. The g_lms is oversized so that
it can be trimmed to exact dimensions later. Trim to the
dimensions shown after curing 24 hours, using a coping saw
or band saw.

Allow the piece to cure for four days at room temperature
before the load test

Now for the test: Lay a broom handle or piece of tubing on
the work bench and try to break the sample by putting all of
your weight on the ends. A 200-pounder will stress the sam-
ple more than any pant of your airplane is stressed 10 g's!
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BOOK END

The last practice part that you will make before starting on
your airplane is a book end. It takes three layups to make the
book end and involves most of the operations that you will
need to learn to build your airplane.

Cut the two blocks of green urethane foam (2 Ib/ft3) as
shown.

Nail them together.

30 l .
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Cut three plies of BID as shown.
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Mix 4 oz. of RAEF epoxy; using about 1 oz., make a small
batch of micro slurry and coat the foam as shown. Make dry
micro from the leftover slurry and make a small radius with it
as shown
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Lay up the first ply of BID as shown

Using plain epoxy (no micro) lay up the other two plies and
allow to cure. Note how the 45 degree fiber orientation
allows the glass to lay down completely into the small radius.

Knife trim along the foam edges.
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After the first layup has cured and the edges have been trim-
med, the thicker foam block is carved and contoured as
shown.

shown.
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Put a generous radius on the foam edges and sand the 1/4in
wide glass edges dull for glass to glass bond. Use your wire
brush to rough out a depression in the middle of the block

Finish smoothing the depression by rubbing it with a scrap of
green foam. Radius the corners of the depression. Blow or
vacuum all of the foam dust off the surfaces

DTPRLSSION
& HAASS

stcrion A-A

_—

CY(ON -




I ERRREREEEERENENNNNNNLN,)

Cut three plies of BID as shown.
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Mix RAEF, make a small batch of slurry and save the remain-
ing epoxy. Slurry the foam surface and apply two plies of BID
to the contoured surface. Start the layup in the center and
work out toward the edges. If you have trouble getting the
glass into the depression corners without bubbles, lift the
plies and wipe in a little dry micro. You will then find that it AnpILG FLOY. corPETZ
will lay smoothly in without voids (see sketch). This depres-
sion is sharper than any in your airplane and is intended to
give you a feeling of how sharply you can form the cloth.
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Before laying the third BID ply down, place your favorite
photo in the depression, and then lay the third BID ply over
it. Scissor trim the excess glass cloth. Allow to cure and knife ‘ cuT Foue LTS
trim the edges. —
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Mix RAEF, a small batch of flox, and a small batch of micro
slurry. Fill the corner with flox and slurry the foam. Lay up
the four UND plies with the orientation shown.
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The lower edge is trimmed flush with the bottom of the foam
block.

Wait until the second layup is fully cured. Remove the 1-inch
foam block with a butcher knife and sanding block. Remove
foam for a 1/4 in. flox corner and sand the glass surface dull.

Knife trim the edges. Atter 12-hour cure, sand the edges with

100-grit sandpaper as required for smoothness and good ap-
pearance

Itmay at this time seem a bit ridiculous to use three layups,
about four hours work, and two days cure, just to make a
book end! But remember, this book end was not designed
for-ease of construction; it was designed instead, to let you
getafist hand exposure o the following operations before
starting on your airplane: Glass cutting, foam preparation
(slurry), BID and UND layups (flat surfaces, corners, and
compound curves, flox corner, knife trim, concave and
convex foam carving, glass to glass surface preparation and
sanding edges. So, use this experience to your best benefit
and spend the curing time studying the plans. Even if you're
experienced in glass layups, the book end is a worthwhile
project to get familiar with the workability of the BID and
UND weave cloth.
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AIRCRAFT MEASUREMENT REFERENCE SYSTEM

To ease the engineer's task of defining where things go in
these odd-shaped gadgets called aircraft, a fairly standard
system of references has been developed. Fortunately, the
COZY is so simple that an elaborate measurement system is
not necessary. Itis, however, convenient to use the standard
terminology for reference occasionally and you should be
familiar with its meaning

The three basic references are called butt lines, fuselage sta-
tions, and waterlines. Don’t blame us for the absurd names,
we didn't set the system up. All three are given in inches
from some arbitrarily chosen reference, so fuselage station
100 is found 100 inches away from fuselage station 0, and
similarly for butt lines and waterlines. Being as lazy as
anvbody else, we abbreviate these as F.S., B.L., and W.L.
We use these abbreviations with periods, F.S., not S, so that
they aren’t confused with part numbers like CS, which do
not use periods.

£ s, T S,
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Fuselage stations (F.S.) are used to define the location fore
and aft on an airplane. To make things easy, fuselage station
0 is generally located near the nose of an airplane and
measurements are made aft. Fuselage stations are the most
commonly used of the references and later on you will make
a r'eference mark on your airplane to use as a permanent F.S,
reference point.

Waterlines (W.L.) are used to define vertical locations.
Waterline 0 is generally found near the ground and
measurements are made up from W.L.0. On your COZY the
top surface of the fuselage longerons (W.L.23) is used as the
vertical reference. Waterlines are utilized in many places to
position components or templates relative to each other by
leveling reference waterlines with a carpenters level.

B.L.O0

80 125
Butt lines define positions inboard and outhoard. Butt line
zero is the vertical centerline of the airplane and
measurements are taken to the left and right of B.L.0. Since
left and right depends on which way you are facing, it is stan-
dard practice to define left and right as the pilot would while
seated in the cockpit

¥, S FS
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Using these three references, any pointin an airplane can be
described with a fuselage station, butt line, and waterline
Fortunately, your COZY is so simple that we don't need to
locate very many things this way. When you start on your
4/5-scale replica of a C-5A, this reference system will be real
handy

ATMOSPHERIC CONDITIONS

Temperature has the greatest effect on the working proper
ties of your epoxies. Seventy-five degrees farenheit is an ideal
temperature. The range from 60 1o 90 is acceptable \«nll] l!w
precautions mentioned in the section on EPOXY. Humidity
has a lesser effect on these materials than it does on aircraft
dopes and some paints.Humidity will only create problems if
it is over 75¢. Don’'t undertake a layup if it is ;Jf)um\g down
rain outside or, if you notice a cloudy ‘blush” on the wet
epoxy surface, or any evidence of whiteness in the epoxy

due to moisture

—BLISTR
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A pneumatic riverter is not required to byild your COZY. The
hard rivets used can be set with a hammer, Using your vise 45
backup. The “pop-type’ rivets are pulled with 4 low cost
hand puller available at any hardware store. Note that
Cherry rivets can be substituted for the Avex rivets (hill of
matetials).

Due to limitations of the printing process ysef several of the
full size drawings are broken down to more than one sheet
To assemble your full size drawing, trim the edge off one
sheet as shown and glue it to the adjacent shopt lining it up
carefully at the lines shown. Be careful to keep all waterlines
perfectly straight

HEAT DEFORMATION AND CREFP

Several builders have had flying surfaces warp or bend due
to being poorly supported until fully cured. Do pot hang or
support them at each end for long periods a5 they may
‘creep’ or slowly deform. Store them eading edge down
with support in at least three places. Your surfaces can he
better protected against ‘creep’ if you post-cure them

Sailplane manufacturers do this by putting the entire 4irplane
in an oven at 160 degrees F. You can do it as follows: After
you have painted on the black primer put the wing/w nglet
or canard out in the sun. Be sure it is well supported in 4
least three places along its span. At noon a black surface can
reach 140 to 180 degrees F. giving it a relatively good post

cure. After the post-cure,the structure is more resistant to
warping or creep. If you have a wing or canard that is twisted
wrong, apply a twisting force in the opposite direction before
and during the post-cure (weights applied to boards Bon

doed or clamped to the surface can be used). Remove the
force only after the surface has cooled. A 200-ft-1b torque
(50-1b weight on a 4-ft arm) applied twice, once while the top
surface is post-cured and once for the bottom surface. can
twist your COZY wing or canard over one degree. The twist
correction will be permanent and will stay as long as the sur

face remains cool (below the post-cure temperatyre). This s
generally referred to as the heat-deformation characteristic of the
epoxy. If it is room-temperature cured only, it will soften
above 140 degrees F. But if post-cured it will not soften until
over 160 degrees F. Heat for post-curing or for intentional
deforming can be applied by other means such as heat
lamps,. hair dryers or electric radiant heaters (household
type), however this is generally not recommended. since it is
too easy for the homebuilder to get the part too hot and ruin
the part. The blue foam is damaged above 240 degrees F_If
you want to use these heat sources, do so by applying the
heat very slowly and checking the temperature orten by plac-
ing your hand on the surface. If you can hold your hand on
the surface five seconds without pain, the temperature s
okay--three seconds is too hot.

Creep is rare on the main gear since this is post-cured
However, the main gear s >ub]eL( to a continuous high stress
over long periods when the airplane is parked. Thﬂ stress
can be greatly relieved if you lift under one wing and allow
the gear legs to spring together, then set the airplane back
down when you park it. It is doubtiul if gear creep will be a
problem with the COZY. but if you do notice creep (gradual
spreading of the gear) it can be reset by pulling the wheels
tightly together with a rope (weight off the gear) heating then
cooling the strut, then removing the rope. Another handy
use of the heat deformation method s setting toe-in. It vou
need more toe-in, clamp boards on the wheels as shown
heat, then cool the strut, remove the boards and presto. toe-
in that's easier than installng shim plates!

ToR ViewW
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AMATEUR-BUILT COZY
INSPECTION CRITERIA

1.0 Scope

This document has been prepared to assist inspection per-
sonnel by providing recommended acceptance criteria and
acceptable repair practices for the COZY amateur-built com-
posite sandwich structure.

2.0 Background Information

2.1 Design Criteria

The materials, methods, and practices employed by the
amateur builder in the construction of the COZY type are
new to light aircraft construction and may be un(ami‘har to
the inspection personnel involved with the licensing of
amateur-built aircraft. Structural design criteria for the COZY
are similar to those of the Long-EZ, which exceed F.AR. part
23 requirements. Component testing of the primary flight
structure of the Long-EZ has been conducted to 200° of
design limits. Detail documentation of test data is on file at
Rutan Aircraft Factory. The COZY is considered to be a nor-
mal category aircraft. COZY builders will be supplied with a
complete owner’'s manual which specifies all placards,
operating limitations, normal and emergency operations, fly-
ing qualities, maintenance specifications, inspection pro-
cedures, and initial flight test procedures.

2.2 Structural Approach

The basic structure throughout the design is a composite
sandwich of load bearing fiberglass skins separated by a ligh-
weight foam core. While the materials and processes are
tailored to the amateur builder, the structural layout is very
similar to the honeycomb composite structures utilized in
military and transport type aircraft and fiberglass sailplanes.
Loads are carried by epoxy/'E'-type fiberglass lamina. Foams
of various types and densities are employed as a form (upon
which the load bearing material is shaped) and as local
buckling support. In no instance are foams used to transmit
primary loads, as is the case in some other amateur-built
designs.

2.3 Inspection Techniques

The transparent nature of the fiberglass/epoxy material
allows for visual inspection of primary structure from the out-
side prior to finishing. Defects in the structure, as described
in paragraph 3.0, are readily visible even in the deepest
laminate.

2.4 Inspection Sequencing

The external visual inspection capability provided by the
materials allow inspection of all primary structures at any
point before finishing. All primary structures are at the sur-
face, eliminating the requirement for ‘pre-cover’ or ‘closure’
inspections. Opaque filler materials are used throughout the
airplane in finishing, and inspection must take place before
any areas are obscured. Some areas may have opaque
materials applied to one surface where the structure is in-
spectable from the opposite side (wing trailing edge for ex-
ample).

3.0 Defects

3.1 Voids

Interlaminar voids in a new layup may be due to small air
bubbles trapped between plies during the layup. These void
areas look white and are distinctly visible even deep in a
cured layup. Interlaminary voids up to 1 inch in diameter do
not require repair, as long as they do not consist of more
than 5¢ of the surface area

Interlaminar voids (air bubbles) up to 2 inches in diameter
are acceptable when repaired as follows: A small hole is drill-
ed into the void and epoxy is injected into the void area.
Small voids such as this may occupy up to 5° of the laminate
surface area

Voids greater than 2 inc hes in diameter should be repaired as
shown in paragraph 4.

3.2 Lean Areas

Areas where the epoxyl/glass matrix is incomplete because of
inadequate wetting of the cloth with epoxy (lean area) are
speckled whitish in appearance. The fully wetted laminate
will have a consistent transparent greenish appearance.
Epoxy lean areas are acceptable, as long as the white
speckles area is less than 108 of the surface area. White to
green ratios greater than 10¢ require rejection or repair as
shown in paragraph 4

3.3 Rich Areas

Resin richness primarily adds weight to the laminate. While
some degradation of physical properties does occur, an
overly wet (rich) layup is not grounds for rejection

3.4 Inclusions

Bristle paint brushes are used throughout the layup proce

As a brush begins to deteriorate, it will shec some h!:sllesr“l
to the laminate. The bristle inclusions, Up 1o 20 bristles "-1.
square foot, are not cause for rejection. Occasional yndus-{():'
of small woodchips or other small foreign objects is .
grounds for rejection " "

3.5 Fiber Disruption

In all instances, it is good practice to have the glass fibers |
ing flat and without wrinkles. Major wr ’
more than 2 inches of chord are cause for rejection in the
wings, canard, and winglets, particularly on the upper sur-
faces (compression side) Disruptions greater than 2 inches
require repairs per paragraph 4 .

inkles or bumps along

3.6 Finishing Damage

Damage to the external structure by sanding in preparation
for surface fill and paint can occur. Occasional sandin

through the weave of the first skin ply is not grounds for ,f
jection. Sanding through areas greater than 2 inches in
diameter completely through the first ply or any ,L,,mé,, to
interior plies must be repaired in accordance with paragraph
4. A damp rag passed over the sanded surface wil| make the
plies show up to determine how many plies have been sand

ed away.

3.7 Service Damage

Damage to the glass structure will be evidenced by cracked
paint, or ‘brooming’ of glass fibers. Both of these indicators
are clearly visible. If either type of indication is present the
paint and filler should be sanded away, bare laminate in-
spected, and repairs made per paragraph 4 as required
Where surface damage has occurred, it is also likely that
local foam crushing has be inflicted.

3.8 Delaminations

Delamination of glass/epoxy lap joints is evidenced by
physical separation of plies. These defects are easily visible
and easily repaired. The leading and trailing edges of flying
surfaces (wing, canard, winglets) should be free of delamina.
tions.

3.9 Multiple Defects

Where multiple types of small defects occur in a laminate
(voids, fiber dislocations, and lean areas for example). They
should not exceed a total of 10° of the surface area of the
laminate, or 20° of the wing chord at any one spanwise pOsi-
tion.
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4.0 Repairs

There are seldom single defects so massive that a major com-
ponent must be scrapped. The repair procedures described
here may be applied throughout the COZY composite sand-
wich structures.

4.1 Small Void Repairs

Voids up to 2 inches in diameter may be repaired by drilling
a small hole into the void and injecting the void full of epoxy.
A vent hole opposite the injection point is required to allow
air to escape.

4.2 Large Defects

Excessively large voids, lean areas, finishing damage, fiber
disruptions, major fiber wrinkles, or service damage may be
repaired using this procedure. Remove the rejected or
damaged area by sanding or grinding and taper the glass
laminate on a slope of approximately 1 inch per ply in all
directions. The plies are visible as the sanding is done. The
tapered glass edges and surrounding two inches of glass sur-
face must be sanded completely dull. Damaged underlying
foam should be removed and the void filled with a dry
microsphere/epoxy mixture or a replacement foam piece.
The damaged area is then laminated over using the same
type and orientation of glass plies removed, each ply lapping
onto the undamaged glass at least one inch. The whole
repair area is covered with an additional bi-directional glass

ply

4.3 Delaminations

A delaminated joint should be spread, the mating surfaces
sanded dull, gap filled with flox (epoxy/flocked cotton mix-
ture), then clamped shut while it cures

5.0 Materials

Since a wide range of similar appearing materials exists
which exhibit substantial differences in physical (structural)
properties, Co-Z Development Corp. has established a
distribution system to provide the amateur builder with pro-
ven acceptable materials. Co-Z strongly discourages the
substitution of materials. Homebuilder substitutions for the
basic structural materials constitutes major structural
modification to the COZY design, and could adversely effect
flight safety

6.0 Applicability

These acceptance criteria are different from and in some
cases, much looser than for similar structures found in
sailplanes and other contemporary composite structures.
These criteria apply to the COZY and are the same as those
applying to the Long-EZ and VariViggen structures. Design
safety factors in excess of three enable somewhat relaxed ac
ceptability critena compared to other similar structures.
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.
Education Supplement BASIC LAYUP PROCEDURE
Rip this page out of your plane and staple
it to the wall of your shop While it is a Pnghﬁgl\tempé“zﬁe%gss}%sa on hande,
handy reference, it's still a good idea to 2. CLOTH CUTTING: You can get by with just
read all the words in the education chapter o atan - &

a standard palr of good fabric scissors
::ze.rz :ﬂu};'orgzﬁ;t skip the detaile - but the fob 18 much easler with the luée
v P ' palr of Industrial sclesors (Welss
model 20W). They're $20 (gulp!) but

ﬁ \/) p worth 1t in the long run.
Ve . SURF PREPARATION .
\@,@oj (S URFACE_PREPARA

Foam - lot-wire-cut ourface needs no
= preparation, Sand ledgen or bumpe i
@0 1 1{ even, fi11 holes or gouges with dry MOS:%O: PLL .
Ve ///‘ micro immediately before the lay- \
L\/,,;//j up. Brush or blow away dust, ND
= ‘EK// Glase - Always eand comple ( dull U
. -\‘-\ - any oured glasn aurface h’y-grh A
3 or 60-grit sandpaper). Resand if it (@]
~ Mix_EPOXY hae been touched with frouy fingers. -
« Metal - Dull with 220-grit sandpaper,

4, MIX EPOXY: Follow ali mixing steps shown
on your efoxy balance. Mix two minutes,
80% stirring and 20% ecraping the sides k773 é{/
and bottom. Don't mix with a brush. ,“;’J{;M
*Micro Slurry - Approx equal volumes
of mixed epoxy and microspheres
*Wet Micro - Enough microspheres for
a "thick honey" mix
*Dry Micro - Enough MICRO
8o 1t won't run
‘Wet Flox - Thick, butpourable mix-
ture of epoxy and flocked cotton

APPLY TO SURFACE;
Layup Over Foam - Brush or Bqueegee
on a thin micro slurry luyer(?hgd(mmha
Layup Over Glaes - Brush on a coat of

epoxy.

5. LAY ON CLOTH: Pull edges to straighten [EPP———
wrinkles. If working alone on a long UoT Cup:
plece, roll the cloth, then unroll it T CUP
onto the surface. Ay §

6. WET OUT: Don't slop on excess resin; M MTEE -

bring epoxy up from below with a verti-
cal "stadb" of the brush ("stippling”).
Start in center and work out to sides.
Most of the time of a layup is spent
stippling. Stipple resin up from below
or if required, down from above. "NOT
WET, NOT WHITE."

7. SQUEEGEE: If you have excess
resin, squeegee it off to the
side. Use squeegee with many
light passes to move epoxy from
wet areas to dry areas.

8, PRELIMINARY CONTOUR FPILL: Save sanding
by troweling dry micro over low areas
while the glass layup is still tacky.
This is done at trailing edges, spar
caps, or over any low areas. The low

places are overfilled with micro
then sanded smoth after full cure. Cc2
_9, KNIFE TRIM: Save work of sawing and sand-
ing edges by razor trimming the edges &
at the "knife trim stage,” which is
about 3-4 hours after the layup. f
10, GENERAL INSPECTION: Take a good look for ~ D
dry glass, excess resin, bubbles, and -
delaminatin before walking away from [

your wet layup.

11, CLEANUPs; If you've used Ply 9 skin barri-
er, you can get all epoxy off your hands
with soap and water. Epocleanse is
also excellent for removing epoxy and
it returns natural skin oils. Brushes -
rinse twice in MEK and wash with soap

URETHANE FOAM SHAPING and water. Throw away after two to

four uses.

BASIC TOOLS: Sharp butcher knife, sanding
block, surfoam file, wire brush and blocks/
scraps of urethane. Use a dust mask.

Hack away, have fun.

HOT WIRE CUTTING STYROFOAM

Hot wire tool has two lengths: 62" for wings
and 43" for winglets, canard and elevators.
Wire must be tight. The ad justable voltage
control is best, but the job can be done with
2 12-volt, 6-amp battery chargersor 12-
volt car batterys, Foam block must be well
supported and weighted. Templates must be
nailed on tight. First cut the basic block
to size; this determines the planform size
and shape. Level the template level lines;
this determines c arect twist. Set hot wire
temperature for about 1" travel through the

TW SITC AWD SARPE OF THE FoRm
BLocy DETEEMIVES The
i) FORM

foam in about 4 to € seconds with light pres- Dot Pt Foam
sure. Do the actual cutting at about 1" ev- OF €FoXy 1A
ery 6-7 sec. (8-10 sec. around the leading The SUA, Kex)
edge). Practice on scraps first, hm\l'“_\‘_l"\'lﬁll-l\)kr Eoot S’tw&un ool ot ,
-
FoAm WM LINES T\ESUA uit\l 3
LEVEL TWE WATERLINE To ST Twiale PNT&TA with
The uttra Volst
DA Rarvier.
ANZ 3/16" dia bolt AN509 AN525
ANL 1/4" dia bolt flush head screw washer head screw

O @)m @ (w

all metal lock nut plain washer wide washer
MSs21042 AN960 AN970

@ @ ﬂ Fibers at 900 - 3/16n radius Fivers at 45Y - 1/8" radjius
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CHAPTER 4
FUSELAGE BULKHEADS

OVERVIEW. In this chapter you will manufacture the six
bulkheads which go into your COZY fuselage. Two of the
bulkheads are your front and rear seat backs. Another is the
instrument panel, and still another is the firewall. The re-
maining two bulkheads are forward and mount the canard.
0.2 in. thick, white, high density, Clark foam is used for the
instrument panel and the two forward bulkheads. 0.75 in.
thick, pink, low density, Divinycell foam is used for the seat
backs, and birch plywood is used for the firewall. You will
find that there are many short jobs in this chapter with cure
cycles in between, so you may want to work on several of
the bulkheads simultaneously to maximize your progress.
Approximately 20 man hours are required for bulkheads.

STEP 1. FRONT SEAT BULKHEAD

Refer to Chapter 5 to see how the bulkhead fits in the
fuselage. Because it is inclined at approx. 50 deg., both the
top and the bottom edges are angled, as well as the notches
for the longerons, and the holes passing through the
bulkhead. Cut a rectangular piece of low density, pink,
Divinycell foam 28.7 in. x 40 in. (Fig.1). Save the scraps, you
can use them later. Now taper and round one edge as shown
(Fig.2). Mi_x up some micro, stiff enough so it just flows, and
squeegee it over the side to be glassed. Don't leave any ex-

cess. Now cut 2 plies of UND and glass over the front side

and tapered end (the side you just microed, | hope!) (Fig.3). ‘_\r

After partial cure, knife trim flush with the foam edges all I'sT PLy UND
around.

Now cut the template (better yet, trace it) from drawing < 2n0 Puy Mg
A-5 , which describes the correct shape of the right and left (243

edges for a snug fit against the fuselage sides. Align the

template with the bottom and side edges of the foam, trace, M

and trim the bulkhead (Fig.4). Visualize how the bulkhead

will be inclined at 50 deg., and cut at this angle--at least the

longeron notches. Repeat for both edges. Now flip the seat
back front down, and taper the bottom edge (Fig.5). Round
the corners to be glassed around, and make flox corners
everywhere the glass surfaces will meet. Squeegee micro all
over the remaining bare foam, and glass with one layer of (( FRONT sIDE

BID with fibers at 45 deg. Scissor trim excess glass, and prop 2 PLIES UND) KNIFE TRM
bulkhead up so glass edges can hang down unobstructed.

Peel ply around edges and trim after cure. Cut holes where ,_,%

shown (Fig.6), angled so they will be horizontal when seat . 135

back is installed. Note that the map pocket hole should be FI6.3 L WORK BENCH I

cut undersize and trimmed to size after the pocket is install-
ed in Chapter 6.

FLOX BACKSIDE - 1 PLY BID
CoeNER .
A TAPER
T E—
PO A AR T I T -
24— ta O] Lox

l WOoORK BENCH

{ BACK -1 PLY BID®U5*

£16.5
| ¢ Top
— ;
) "
CUT UNDERSILE { FRONT
¢TRIM IN y"
CHAP. 6 IZ"'“‘AL
) 6/
,"I‘/D - _}Jt ?I/‘,
(:H )
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ELECTRICAL _t_
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STEP 2. THE REAR SEAT BULKHEAD

This bulkhead closes the rear of the cabin compartment and
provides structural support for the main gear attach structure
(See drawing A-12). A large hole in the center provides ac-
cess to the enclosed space. It looks complicated, but if you
follow the steps, it will turn our O.K. It is (must be )
symetrical about its longitudinal axis.

Cut a 0.75 in. thick piece of pink Divinycell foam to the
dimensions shown (Fig.7). Spread and squeegee micro on
the front face and glass with 2 plies of UND at 45 deg. Se-
cond layer crossing the first. Knife trim all around after partial
cure. After full cure, taper the top and bottom edges as
shown (Fig.8), so the bulkhead will fit flush with the center
section spar at the top, and with the floor at the bottom. See
also Chapter 5 and drawing A-12. Now use a l)_ulcher knife
and sanding block to remove the foam at the side edges as
shown (Fig.9). This provides a strong edge and allows the
bulkhead to set back in the correct position in the fuselage.

Use your knife to remove foam from the rear down '(o the
front glass surface in a 8in. dia. circle centered in the
bulkhead (Fig.10). Round all foam edges, sand bare glass sur-
faces dull, micro the bare foam, and glass with 2 plies of BID
at 45 deg. Use a saber saw to cut the 7 in. dia. hole (access to
enclosed compartment). See (Fig.11). Then cut the notches
for the lower longerons and holes for controls, gear removal,
etc.

STEP 3. THE INSTRUMENT PANEL AND TWO
FORWARD BULKHEADS

Full size patterns for the instrument panel, F-22, and F-28
are shown on drawings A-1, and A-3. These are made
from 0.2 in. thick, white, high density Clark foam. The
sheets are not large enough to cut out the complete
bulkheads from one piece, so cut out pieces and glue
together with 5-min. epoxy as indicated by the dashed lines
(Fig.12). After cure, remove any bumps of epoxy, and before
proceding, check bulkheads to make sure the shape agrees
with the drawings. If not, trim or add foam as required.

Now, squeegee micro on the aft faces of the bulkheads, and
layup 2 plies of BID at 45 deg. orientation over the instru-
ment panel, F-22 & F-28, and a third ply of BID to the instru-
ment panel above the leg cut outs. Now layup one horizon-
tal ply of UND on F-28, and above the leg cutouts of the in-
strument panel. While F-22 is still wet, press the doubler in
place, micro the aft face and glass with 2 plies of BID at 45
deg. and one ply of UND horizontal, lapping 1 in. onto the
previously glassed area. Peel ply the instrument panel for «
smooth finish, and weight the bulkheads down flat for cure.
Use peel ply and wax paper so the weights won't bond to
your layups.

Now, flip bulkheads over, micro, and glass the forward faces.
F-28 gets 2 layers BID at 45 deg. and 1 layer UND horizontal
(Fig.13). The instrument panel gets 2 plies BID overall and
one UND horizontal above the leg holes. F-22 gets 2 plies
BID overall, one UND horizontal above the leg holes and
then extra local build ups of 5 UND and 4 BID as shown
(Fig.14). After part cure, knife trim, or saw trim after full cure.
Cut all holes except instrument and avionics holes you are
uncertain about. You can do those later.
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For added stiffness, two horuzongal and two vertical ribs are
added to the forward face of the instrument panel. Sm‘ draw-
ing A-1, and (Fig.15). Sand with 36 grit and 5-min. epoxy
lare—ddrin. strips of foam where shown on A-1. Glass per
detail (Fig.15). The ribs also serve as channels for electrical

wires.

STEP 4. FIREWALL

A full size layout of the firewall is shown on drawing A-4. The
firewall is made of Yain birch plywood, ro\‘ered on both
sides with 1 ply of BID and, after per‘mnncn( msmHalmW is
covered on the aft face with 970-F Fiberfrax Q.04 in. thick,
and then with 0.016 in. 2024 aluminum. It is |_nsla||ed tem-
porarily during fuselage assembly (or a mock firewall made
from Y in. fir plywood may be usgd), but not installed per-
manently until after the centerspar is installed in Ch‘.]me' 19
Note that there are 3 cutouts, which are replaced with Y4 in.
Jow density foam, to save weight in n0n~s§ructura| areas, and
3 4th, circular one, cut at 45 deg. for oil filter clearan(g. The
latter is left open until after the firewall is permanently install-
ed.

The firewall is wider than 24 in., so it will be necessary to
splice a small strip on either side with 5-min. epoxy (Fig.16),
but it is better to do this after all the cutting is completed.
You will get plenty of practice with your saber saw cutting all
the curves. | like to use a piece of narrow fine-toothed band
saw blade in my saber saw. It's cheap, and cuts curves much
more easily. For the cutouts, drill a pilot hole first for the saw
blade.

After all the cutting is completed, glue the side strips on
(Fig.16). After cure, trace the 3 cutouts onto % in. low densi-
ty white foam, cut them out and tack them in place with
5-min. epoxy, flush with the plywood. Now cover the aft
face with 1 ply of BID. Scissor trim to ' in.. If the plywood is
at all bowed, cover with peel ply, wax paper, and weight (or
nail) it down to your workbench flat.

After cure, trim off the excess glass and trace the outline of
the firewall onto your Fiberfrax and 0.016 in. aluminum, and
then cut them to shape. Do not cut lightning holes or
longeron holes thru the Fiberfrax and aluminum. Do cut
holes for the engine mount extrusions (see drawing A-4), the
torque tubes, the rudder cables, the electrical wires, and the
oil filter recess. Cut the hole for the oil filter recess % in.
undersize, so the edges of the aluminum can be bent into the
hole. Cut the aluminum Y in. oversize at the centerspar
sides, so the aluminum can be bent around the plywood
edges.

Now clamp the firewall down on your workbench
(fiberglassed side down) on top of the Fiberfrax and
aluminum and drill the six No. 10 holes for the blind screws
and countersink them on the forward face (should still be on
top). Now put the aluminum and Fiberfrax away in a safe
place until Chapter 19.

Now take your six AN 509-10R12 screws, grind a couple of
flats on the side of each head (so they won't turn), flox them
in place thru the forward face, and glass the forward face
with 1 ply of BID. Fill the screw heads with epoxy so they
bond to the glass. Knife trim and cure. Now you are ready to
take on the fuselage sides. Exciting, isnt it?

AFT FACE OF

INSTRUMENT
PANEL

FIG. |§
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Foam inserted in cutouta and ready for
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CHAPTER 5

THE FUSELAGE SIDES

OVERVIEW. In this chapter you will manufacture the
sides of your fuselage. You will start by making jigs to provide
the correct fore to aft curvature of the fuselage sides. The up-
per longeron jigs will first be laid IL\F on your work table so
that the upper longerons may be laminated together \s‘nlh the
correct curvature. The jigs will then be mounted upright on
the worktable and covered with 1/8 in. masonite to provide .
a form for the fuselage side layup. Then 3/8 in. thick, pink, —— e s
low density Divinycell foam is laid in the form and cut to the + —— RIGHT L

correct profile. Spacers of 3/4 in. low density Dwmyw“ foam pr S‘DE :

are glued to the top and bottom edges, landing gear-center ‘—1 ‘ _
spar cut out area, etc. The inside surfaces are contoured, that
is, the spacers are beveled, fuel sight gage areas ‘mno(l,
depressions carved for stick clearance, etc. The inside sur- e _

face receives a 2-ply UND skin and, while the layup is wet,

the upper longerons are floxed in position. After cure, some L L_ LC

local beef up is added to the upper longerons, the lower
triangular longeron is installed, and local beef up to the lan-
ding gear and center spar attachment areas added. The area
where the center spar mates to the fuselage is opened and
the main gear attachment fittings are installed (Fig.1). The
outside foam surfaces are left bare until after assembly of the
fuselage is completed in CHAPTER 6.

STEP 1. CUTTING THE JIGS AND
LAMINATING THE TOP LONGERONS

C2=7-2 Tyu 257X EST
For this step, you will need either a piece of 3/4 in. x 2 & x
8 ft. plywood or 2 pcs. of 1in. x 12in. x 8 ft. pine board.
Layout and accurately cut the fuselage jigs shown on page
5-2. Jigs FJA, FJB, and FJC will be used to laminate the top
longerons to the required curvature. Lay two sets of these jigs
flat, back-to-back along the centerline of your worktable,
checking to see that they measure 103-1/8 in. total length,
and spread the FJAs 1/2 in. at the forward end only and the
FJCs 1/2in. at the aft end only (Fig.3). Fasten securely in
place with several nails. Apply duct tape on the table along
the edge of the jigs (so you don’t epoxy the longerons to the
table). Take 6 pieces of 1/4 in. x 1in. x 105 in. spruce from
your kit (Fig.2), mix up some epoxy, paint the mating sur-
faces with epoxy, and clamp them (3 strips per side) in place
tight against the jigs (Don’t epoxy them to the jigs!). Nails
driven into the table can also be used to hold the longerons
in place (Fig.3). Allow a smooth transition curve where FJB
meets FJC, and let the excess extend aft. After cure, take the
60 in. x 0.4 in. x 0.7 in. wood stiffners (Fig.2), taper the ends
as shown, saw cut 0.45in. deep at 3/4in. intervals for
8-1/2 in. starting 19 in. from the forward end so they can be
bent to conform to the same curvature as the longerons.
Make sure you make one right and one left. Epoxy them in
place, using flox, on top of each longeron as shown, fasten-
ing them until after cure with 2 in. long finishing nails (Fig.3
and section A-A). Don’t try to drive the nails into the wood,
rather, predrill holes. After cure, remove the nails with pliers.
Let cure for 24 hrs. minimum.
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STEP 2. BUILDING THE FORMS FOR THE
FUSELAGE SIDES AND PREPARING THE SIDES
FOR CONTOURING

You will need one sheet of 1/8in. x 4 ft. x 8 ft. masonite
(hardboard). The two sides are mirror images o_f_ one .\p()lhor,
5o they will be built simultaneously. Erect the jigs which you
made in STEP 1 on the table as shown (Fig.4). Bondo lh(‘mm
place. Now cut two pieces of 1/8 in. masonite and 1/B.m‘
thick Divinycell foam to the dimensions of the fuselage side
shown (Fig.5). You will have to piece together both the
1/8 in. masonite and the 3/8 in. foam to meet the 104-1/4 in
length. 5-min. epoxy works well for this purpose. Note the
1/2 in. taper along the top edge. This is necessary hemlusv
the sides have a slight twist, and this edge will form a straight
line when the sides are pressed down against the jigs. C.on-
nect the points along the bottom with a smooth curvedllme.
Now lay the masonite pieces on top of the jigs, leaving a
7/8 in. gap between the top edges (Fig.6). Scraps from the
1in. x 12 in. pine board work fine for spacers. Check that
the top edges are straight and parallel with a u‘nlform gap and
nail the masonite to the jigs. Now lay the 3/8 in. foam on the
forms using a few dabs of 5-min. epoxy at the ends and at the
bend to hold them down and in place. Use weights, or you
won’'t have enough hands!

Now cut spacers from 3/4 in. Divinycell foam as indicated
(Fig.7). These are needed to give the inside a hollowed-out
shape and at the aft end, to support the landing gear attach
structure. You can cut them at 45 deg. on your band saw and
then sand them to the angles shown in the cross sections.
The spacers along the bottom can be cut straight and then
bent to conform when installed. Micro the spacers in place,
holding them in place with small finishing nails (angled) until
cured.

STEP 3. CONTOURING THE INSIDES

Layout the depressions for the control sticks (both sides,
Fig.7 and section D-D). These allow extra hand room around
the sticks. Dish 1/4 in. deep with 36 grit sandpaper. Refer to
the dimensions for the fuel sight gage depressions (Fig. 7,
section F-F). Also refer to Chapter 7 and 21 to see the func-
tion of these. Note how the depression is tilted to face the
pilot. All foam is later removed in this area so the fuel may be
viewed through the translucent skins. After carving, apply a
2-+2-m. strip of shiny surface grey duct tape to this area so
the layup does not bond to the foam. 5-min. a strip of
0.016 in. aluminum over the electrical wiring channel after
rough sanding the aluminum surface, to support the layup
(Fig.7, section G-G). Round all foam edges so the glass cloth
will conform. Trial fit the previously laminated upper
longerons to the sides to make sure the fit will be good after
glassing. If everything was done correctly, no adjustment
should be necessary. Everything should now be ready for the
inside layup.
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STEP 4. INSIDE LAYUP AND INSTALLING
THE UPPER LONGERONS

This step should take you about 3 to 4 hours. An assistant is
handy in helping to place the glass cloth. Check over the
foam once more to be sure the 3/4 in. spacers are tapered
correctly (a slight dish is preferred), the depressions for the
aticks are correct, fuel gauge sight glass taped, sharp edges
radiused, etc. Vacuum the top surface of the foam to remove
all sanding debris and dirt. Now mix a slurry of micro and.np-
ply over the entire surface to be glassed (except the fuel sight
gauge). Remove excess with a squeegee. Now l»ay dowr_\ the
first layer of UND cloth at a 30 deg. angle, keeping the fibers
straight, and use butt seams (Fig.8). Wet out \'vilh epoxy.
Now lay down the 2nd layer at 30 deg. clrlossmg lhe first
aver. Wet out with epoxy and squeegee well, removing any )
|01\)CL“\ Scissor trim ({;a\L a ly’qu. s%uplus along the lower __2_/!9 RL_Y« Jo
edge) and peel ply along lower edge, where bqlkheads join,
and in the landing gear attach area. Scissor trim flush with

the foam at the top of each side (Fig.9). Do NoT T=iMm SELVAEE ! BuTT Engts.
Now put 7/8 in. spacers between the tops of the two fuselage Do NoT OverLAP UND EDGES.

sides (to position the longerons), first covering Fhem wit‘h Fl6.8

wax paper so they won't become glued in place (Fig.10). Mix

up some wet flox and apply to the mating surface of the two, TRIM FLUSH

previously laminated upper longerons. Put the upper
longerons in place on the layup (with the 0.4 in. x 0.7 in.
wood stiffners toward the bottom edge of the fuselage side)
and clamp them against the 7/8 in. wood spacers, and clamp
or weight them down against the fuselage sides. Make them
flush at the forward end and let the excess extend at the aft
end. There should be no gaps between the longerons and
the fuselage sides. Remove any excess flox, and apply peel
ply on the glass alongside the longerons. Check the layup to
make sure there are no air bubbles or dry areas and allow to
cure for 24 hours.

WAX PAPER

After cure, remove peel ply, sand and apply 3 layers of UND

with fibers oriented in the fore and aft direction, the entire

length of the upper longeron, lapping 1/2in. onto the / '/‘ LONGE&ON

fuselage side, and cover with 1 ply of BID at 45 deg. (Fig.11). ‘ REMOVE EYCESS
) FLOX

STEP 5. INSTALLATION OF LOWER __Z
TRIANGULAR CROSS SECTION LONGERONS Ry

This step should take about 1-1/2 hrs. Remove peel ply along

the bottom edges of the fuselage sides and landing gear at- FlG.10

tach area and sand lightly with 36 grit sandpaper. Recheck m—

dimensions and trim any surplus side lower edges. The

trianguiar longerons (Fig.12) will have to be notched with

saw cuts to the fuselage curvature in two different directions. 3 PLT_ UND é I PLY BID
FULL LENGTH ?

The saw cuts should always be on the inside of the curve,
through the thin edge of the wood toward the flat side.
Where the curvature is sharp, every two inches. Where the
curvature is mild, every four inches should do. Cuts should
be no deeper than 0.45 in., leaving 0.25 in. uncut. Before at-
tempting to flox the longerons in, trial fit, starting at the for-
ward end, holding in place with nails (Fig.13) at an angle, to
hold them down as well. Notice that the triangular longerons
extend thru the firewall at least 1/2 in. (Fig.14). Don’t try to
drive the nails with a hammer. Drill holes for the nails so they
can be inserted by hand. When the fit is perfect, remove all
the nails, flox the mating surfaces, (longerons and fiberglass) STEP
and reinstall. There should be no gaps. Weight or clamp as TE
required. Remove excess flox and allow to cure.

STIFFNER

ot R RONEECE

UPPER LONGERONS

V. Woap Parts - Sitka SPRucE

Now flox in place the wooden stringers LWX and LWY
(Figs.12 & 14). Notice that LWY extends through the firewall
at least 1/2in. Hold them in place with nails through
predrilled holes. Apply 1 ply BID tape corners where shown
(Fig.14). Weight down stringers and allow to cure.
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T
4ié FLUSH
7ol WITH Foam

INSTALL A 20" DOUBLER
(see DeTAIL PAGE A-12) FlG.13
FlG.1 %
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STEP. 6 COMPLETION OF THE FUSELAGE
SIDES

This step involves a number of separate operations, some of
which must be done in sequence with cure time allowed in

between.

At the bottom rear of the fuselage sides, the lower lr.ianguhr
longeron is doubled to form a square cross section (see
drawing A-12). The 48 in. length 0.7 in. x 0.7 in. triangular
spruce in the kit is for this purpose. No nold_\l_ng is necessary.
A few clamps and nails can be used to position the doubler
while the flox cures. Notice that the lower _longeron, upper
longeron, and stringer LWY extend 1/2in. through the

firewall.

After the doubler on the lower longeron has c_ured,_remqve
the clamps and nails. Cut out a piece of 3/4 in. thick pink
Divinycell foam to exactly fit the area bouqded by the lower
longeron, LWX, and LWY. Micro this foam in place, weight it
down, and allow to cure.

W The landing gear attach area will now be built up with
C?'IM wedge-shaped pieces to bring lhe surf_aces closer _to
w?,n parallelism. The 3 pieces shown (Flg.lS). in top ar_\d side
6P views are for the right fuselage side. The pieces requtred for

the left fuselage side are mirror images of the right. The
tapers may be sawn (carefully) on a band saw. Flox the
tapered pieces in place (Fig.16), position with nails, weight
down, and allow to cure.

After cure, remove the nails and excess flox. Then drill a
3/8 in. hole through LWX (not Iwx), at the location shown
(Fig.16) parallel to the upper longeron, and 1/2 in. above the
fuselage side, for the rudder cable conduit. This passes
underneath the attach fittings and misses the fitting bolts.
Now cut a 3/8 in. wide groove in the top surface of the foam,
lined up with the hole and parallel with the upper longeron.
Tape 2 soda straws together (make sure the 3/16 in. rudder
conduit will slide through), and place them in the groove and
through the hole. Cover the last 2 inches of the slot with
tape, so the last 2 inches (at the firewall) will remain loose.
Now cut some Divinycell foam to fill in the space bounded
by Iwx, lwy, and lwz, micro in place, weight down, and cure.
After cure, sand the foam down until it is level with Iwx, lwy,
and lwz (Fig.16).

Vacuum foam surface, fill any voids with dry micro, fill pores
with wet micro, and layup 6 plies of BID with a 45 deg. orien-
tation over the entire foam and stringer area, and then an ad-
ditional 15 plies of 45 deg. BID in the local areas shown
(Fig.17), under the attach fittings, which will absorb the main
landing gear loads. Lay a final layer of UND, fibers horizon-
tal, over the entire area to hold down the edges, then a layer
of peel ply, wax paper, and then place a flat board on top of
the reinforced area and weight it down to make sure the
layup cures flat. CAUTION: The board will have a tendency
to slide on the wax paper and disturb your layup. Tape it in
place before adding weights. After cure, trim flush all around
with a hacksaw blade.

-
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STEP 7. PREPARATION FOR FUSELAGE
ASSEMBLY

This preparation will take about two hours. Remove the
foam and glass from the area where the center section spar
passes through the fuselage sides (Fig.18). Check upper and
lower longerons that the glass has been trimmed flush and
excess flox removed. Check dimensions to make sure that
both sides are the same length.

Fabricate the landing gear attach fittings from the 1/4in.
aluminum extrusions, from the drawings on this page. Refer
also to drawing A-12. Be sure to make one left and one right
set. Fabricate, or purchase from a distributor, the LMGA
assembly (Fig.19). This is two LMGAB bushings pressed into
2 6-3/4 in. length of 5/8 in. x 0.049 in. wall 4130 tube. Using
the AN 6-80A bolt, assemble the sets of 2 extrusions and the
LMGA tube as shown (Fig.20); this holds the extrusions in the

exact relationship to each other.

tion the assembly on the

Referring to drawing A-12, posi
he sides (add a bolt each

fuselage side and drill through t
time) at the eight locations each side with a 1/4 in. drill. Turn

the side over and remove the foam down to the fiberglass
with a 5/8 in. spot facer. Wash the extrusions with solvent,
rough with 220 gri
Install the 16 each A
AN 960-416 washers, andt
ly mount the 4 extrusions.
chapter is done?

t, and coat them with wet flox to bond.
N 4 bolts (see drawing for length), the
he MS21042-4 nuts to permanent-
Whew! Aren’t you glad this
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Saw cutas in doubler

Jige bondoed to table 1/8 in. masonite nailed to jigs

e sides. 3
Fueelag Sidea contoured ready for glaasing

Spacers held in place with naila.
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Another view. Note spacera between longeronsa.

VT e

Lower longerons in place. Landing gear attach stringers in place.

Foam insert and rudder pedal conduit in place. Ready for glaasaing.
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CHAPTER 6
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FUSELAGE ASSEMBLYR,
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Overview. In this chapter you will assemble the fuselage
cides, install all of the bulkheads, taping all the joints, build
and install the center keel, and install the fuselage bottom. It
will be exceedingly important to double check dimensions
and make sure everything is square, because after this
chapter the fuselage will be rigid, and adjustment will not be
possible. 1f your work to this point has been accurate,
assembly should be a breeze.

Step 1. ASSEMBLY OF THE FUSELAGE SIDES

While the fuselage sides are still laying in the jigs on your
work table, trial fit all of the bulkheads. Hold F-22 bulkhead
in place vertically at the forward end of each fuselage side
(Fig. 1). You may have to trim some foam to get a good fit,
but be careful because the distance between the aft face of
F-22 and the ferard-face of the firewall, when both are ver-
tical, must b&exactly 103 in.. Both F-22 and the firewall
must also fit square (90 deg.) with the top of the top
longerons (Fig.2). Trim foam or add shims as required. When
the 103 in. dimension has been confirmed, with good fits at
the fore and aft ends of each side, accurately mark the posi-
tion of the instrument panel and front seat bulkhead (Fig.3).
Note that dimensions are horizontal (parallel to the
longitudinal axis), not along the longerons. If you measure
along the longerons, you will be about Y in. short. Hold
each bulkhead in place against the fuselage sides and trim off
any high spots until a snug fit is obtained. Sand the fuselage
sides for a good bond, and re-mark the positions with double
lines which can be seen on either side of the bulkhead when
in position. Now drill holes through the fuselage sides along
the bulkhead centerlines for nails which will hold the
bulkheads in place during cure.

Now hold the rear seat bulkhead in place and trim for a
good fit (Fig.4). This bulkhead must be symetrical so the
fuselage will be too. With the bulkhead held in place, drill

Fabout 5 holes through into the stringer for wood screws to

fv
fuldHEAD

fLnd6i

hold it in place for assembly. Check the holes for the rudder
conduits. Sand all mating surfaces and overlap areas for
tapes. You should now be ready to start assembly. If the
assembled fuselage will not clear doorways to the outside,
consider assembly in your garage. Assembly on the floor is
easier than on a table.
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Laya 10 ft. x 2 in. x 12 in. board on the floor and shim so it is
level fore and aft, and side to side (Fig.5). Draw an accurate
centerline fore and aft. Nail a 1in. x 4 in. board at one end,
on edge, perpendicular to the centerline, and level. Now
naila2in.x4in. 103 in. fromthe 1 in. x 4 in. perpendicular
to the centerline and level. Clamp the firewall to the inside
of the 1in. x 4 in., making sure it is centered and level.

Now, make a trial assembly. Fit both sides into the firewall
(Fig.6). Fasten the rear seat bulkhead in place with a couple
of screws. Hold the front seat bulkhead and instrument
panel in place accurately and drill through the previously
drilled pilot holes in the fuselage sides into the bulkheads.
Hold F-22 in place at the forward end. Check tabs once
more to be sure they are equal in height. Align top of tab and
top of longeron, and side of F-22 with side of fuselage
(Fig.1), and drill pilot hole for finishing nail through tab and
into longeron, and insert nail. Now check alignment with
fuselage side and bottom longeron. The tip of the triangle
should be showing (Fig.1), because it will be trimmed off
later. Carefully drill another pilot hole through F-22 and into
the bottom longeron and insert nail. Repeat for the other
side.

The bottom edge of F-22 should now be resting on the 2 in.
x 4 in. Check that it is level (if not, add shims), vertical, and
the correct distance from the firewall. When everything is
perfect, bondo the forms down and any shims in place. Since
the sides are pre-curved and exactly symetrical, all the
bulkheads should be exactly centered. Now is the time to
check everything and correct anything which isn't right,
before gluing everything in place.

When you are satisfied everything is perfect, disassemble,
prepare all mating surfaces (sand with 36 grit), mix up a
bunch of flox, and start reassembly. Do not install firewall
with flox now; it must be removed to install centerspar.
Assembly goes best with least smearing of flox if you put both
sides through firewall but spread them apart slightly. Then
carefully install the bulkheads along one side first, and then
bring the sides together, working forward from the aft end
and installing F-22 last. Always butter both mating surfaces
with just enough flox so a little will be squeezed out when
the surfaces are pressed together.

After everything is in place, even with good fits, the sides
should be squeezed together for cure (Fig. 7). This is best
done with two boards, on the outside of the fuselage, held
tightly together with shock cords, filament tape, rope, or
whatever. Remove excess flox from corners. If you don’t
mind, wiping with a finger works pretty good. Nails inserted
into pilot holes into the longerons and stringers extending
through the firewall will hold it snuggly in place. Make sure
F-22 is snug against the foam and longerons. Hold snug with
filament tape wrapped around instrument panel, F-22, and
nails holding instrument panel in place. Now, recheck
everything. Longerons level fore and aft, firewall level,
centered, and vertical, F-22 level and vertical, bulkheads
centered on centerline, and joints tight. Don’t accept
anything less than perfection! Bondo firewall, shims, and
forms so they can’t move, lock the door, and don't go near it
for 24 hours. Don’t even let the dog in!

After cure, sand and tape all corners at joints with 2 plies of
BID cut at 45 deg. See cross sections, Figs. 8 and 9. Instru-
ment panel and F-22 are similar. The backside of the front
and hack seat backs are taped more easily by turning
fuselage upside down. Taping is easier if you cut two 8 in.
wide strips of BID at 45 deg. and lay them down over each
other on a long sheet of waxed paper. Tape paper down so it
won't slide. Mix epoxy and pour several bands lengthwise on
the top layer. Let soak in a bit, and then lightly squeegee.
Add extra epoxy where needed with a brush. Now paint a
light film of epoxy on the surfaces to be taped. Cut the 8 in.
wide strip into 4 strips 2 in. wide, wax paper and all. Measure
the length needed and cut to length. Press into place and rub
down. Then peel the wax paper away carefully and cover
with peel ply. Your corners will look neat, and you will im-
press people (and inspectors) with your workmanship.

Don't forget to remove all nails (you will need to use your
pliers) and the wood screws through the rear bulkhead. The
tapes are going to make the assembly more rigid, so be cer-
tain your fuselage is perfectly aligned again while the tapes
are curing.
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There is a very important reinforcement to be added for the

canard attach hard points (Fig.10). Thisis a 4-ply BID corner
layup both sides (right and left) on F-22.. Fibers are at 45 deg. SECTION h-A

and edges peel plied.

Now F-28 can be installed. Carefully measure the 5.9 in.
dimension shown and fit the F-28 bulkhead and two 1 in. x
75in. x 3.5 in. wood doublers (Fig.11). When good fit has

been obtained, install with flox, and hold in place for cure Mar POCKET
with clamps and small finishing nails (holes pre-drilled).
Glass over with 2 plies lapping top longeron and 1 in. onto
fuselage side and F-28. After cure, you should be ready to
build and install the center keel and the front seat brace.

FueL VALVE

STEP 2. CENTER KEEL AND SEAT BRACE

The center keel provides strength for the fuselage and con-
tains the hot air duct. It forms the base of the center control
console and contains a hard point for mounting the safety
belts. The seat back brace contains hard points for moun-
ting the landing brake actuating mechanism and the fuel
selector valve. It contains a pocket for storage of sectionals,
and the control cables pass through it. It is adviseable to
have the fuel valve in hand for this step to make sure it fits
as intended. Refer to Fig.12 and full size drawings A-8, A-9,
and A-10.
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Layout the parts shown in Fig.13 on a sheet of 1/4 in. thick AR DucT
white, low density, Clark foam. Group for most efficient use

of foam. Where 2 identical parts are required, lay out op-

posites. One side of all the parts will be covered with glass

before they are cut out. After assembly, the outsides will be

covered.

Now, while still in sheet form, squeegee micro on one side
of the foam. Cover the triangular pieces (make sure they are
opposites) with 2 plies of BID, any orientation. Cover the
long narrow pieces with 2 plies UND, lengthwise orienta-
tion. After cure, cut out.

Now make 2 identical triangular pieces out of 1/4 in. birch Fia. 13
plywood, according to the full size plan in Fig.14. To make
sure they are identical, fasten the pieces together with dou-
ble coated tape or several small nails, holes pre-drilled. Cut
accurately on a band saw and accurately drill the 3/8 in.
hole through both pieces. Make a pilot hole first with a
small drill. et
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Now make the fuel valve mounting bracket (Fig.15) from
1/16 in. 2024 aluminum. Trial fit the fuel valve to this
bracket and the bracket to the two plywood triangles. You
will have to radius the plywood where the bracket mounts
to match the bend radius of the bracket, and also remove
any interference with the nut plates. When you have a
good fit, you are ready to flox the plywood pieces to the
foam triangles. They fit in the angle included between the

. 245787 in. and 16-5/8 in. sides (Fig.16). Mark where the

plywood fits, and carefully remove the foam from the
fiberglass in that area with a wood chisel. Flox the plywood
inserts in place on the fiberglass. Make the rounded edges
(for the fuel bracket) are on the outside (foam side). Cure.

Now on the glassed side of one of the triangular braces,
mark where the map pocket spacers go and trial fit, bevel-
ing ends of spacers as required for good fit (Fig.17). You can
5 min. epoxy them together where they meet, for ease in
handling during assembly. Now stack the triangular braces
together, foam to foam, and drill holes for nails to hold the
spacers in place for cure. Sand the glass surfaces where the
spacers go, and flox the spacers in place against the
fiberglass on one side, inserting nails to hold them in place.
Now apply a 1 ply BID tape to the unglassed side of the
map pocket spacers, apply flox to the edges, and put the
other triangular brace in place. Line it up squarely with the
other side, and put in nails to hold it in place. Now fasten
the fuel valve to the bracket, and flox the bracket in place
(Fig. 14). Use small pieces of saran around the fuel valve to
avoid also floxing the fuel valve in place, because it should
be removable. Flox the 3/8 in. x 2 in. aluminum tube (Fig.
18) in place in the plywood inserts. Make sure everything is
square and allow to cure.

Assemble the 3 pieces which make up the hot air duct
(glassed surfaces inside) with flox and allow to cure (Figs. 12
& 13). Use temporary spacers inside, if necessary, to main-
tain squareness. After cure, remove foam (Fig. 19) for the 2
in. safety belt tube, and flox in place. Also remove foam for
the fuel line clearance (don’t go through the glass). Radius
the edges of the foam in preparation for glassing. At this
point it would be wise to check the fit of the air duct and
seat brace in the fuselage before glassing the outsides. Make
any adjustments necessary by either removing or adding
foam, but maintain accurate location of the fuel valve and
landing brake pivot with respect to the seat back.

The hot air duct has a 7-ply UND reinforcement over the
safety belt mounting hard point, with ends tapered. Cut out
a piece of UND as shown (Fig. 20). Lay the 24 in. edge on
wax paper and wet out a strip about 2-1/4 in. wide. Fold
over 2 in. and cut at fold with a razor. Continue similarly
until you have 7 layers. Now transfer the layup to the top of
the duct, centering it over the aluminum tube (Fig.21), and
strip off the wax paper (you microed the foam surface first,
didn’t you?). Carefully scissor trim any ragged edges.
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Now make the fuel valve mounting bracket (Fig.15) from
1/16 in. 2024 aluminum. Trial fit the fuel valve to this
bracket and the bracket to the two plywood triangles. You
will have to radius the plywood where the bracket mounts
to match the bend radius of the bracket, and also remove
any interference with the nut plates. When you have a
good fit, you are ready to flox the plywood pieces to the
foam triangles. They fit in the angle included between the
247 24578"in. and 16-5/8 in. sides (Fig.16). Mark where the Flo. IT
plywood fits, and carefully remove the foam from the -
fiberglass in that area with a wood chisel. Flox the plywood
inserts in place on the fiberglass. Make the rounded edges
(for the fuel bracket) are on the outside (foam side). Cure.

Now on the glassed side of one of the triangular braces, —
mark where the map pocket spacers go and trial fit, bevel- @ TTTT T o s ]

ing ends of spacers as required for good fit (Fig.17). You can
5 min. epoxy them together where they meet, for ease in
handling during assembly. Now stack the triangular braces

together, foam to foam, and drill holes for nails to hold the 2 I

spacers in place for cure. Sand the glass surfaces where the 3/3 DIA.- 065 WALL 2024 AL (Z)

spacers go, and flox the spacers in place against the
fiberglass on one side, inserting nails to hold them in place F 18
Now apply a 1 ply BID tape to the unglassed side of the L
map pocket spacers, apply flox to the edges, and put the
other triangular brace in place. Line it up squarely with the
other side, and put in nails to hold it in place. Now fasten

the fuel valve to the bracket, and flox the bracket in place REMOVE FORM * SAFETY BELT - FUEL’LI;)

(Fig. 14). Use small pieces of saran around the fuel valve to )
avoid also floxing the fuel valve in place, because it should
be removable. Flox the 3/8 in. x 2 in. aluminum tube (Fig.
18) in place in the plywood inserts. Make sure everything is
square and allow to cure.

I ¢ l/ - I - 7
Assemble the 3 pieces which make up the hot air duct 16 4 " 4 I"- 9/2—"]

(glassed surfaces inside) with flox and allow to cure (Figs. 12
& 13). Use temporary spacers inside, if necessary, to main-

tain squareness. After cure, remove foam (Fig. 19) for the 2
in. safety belt tube, and flox in place. Also remove foam for
the fuel line clearance (don’t go through the glass). Radius

the edges of the foam in preparation for glassing. At this
point it would be wise to check the fit of the air duct and
seat brace in the fuselage before glassing the outsides. Make
any adjustments necessary by either removing or adding
foam, but maintain accurate location of the fuel valve and
landing brake pivot with respect to the seat back. T

The hot air duct has a 7-ply UND reinforcement over the 5 UND 24"
safety belt mounting hard point, with ends tapered. Cut out
a piece of UND as shown (Fig. 20). Lay the 24 in. edge on L

wax paper and wet out a strip about 2-1/4 in. wide. Fold
over 2 in. and cut at fold with a razor. Continue similarly
until you have 7 layers. Now transfer the layup to the top of
the duct, centering it over the aluminum tube (Fig.21), and

strip off the wax paper (you microed the foam surface first,
didn’t you?). Carefully scissor trim any ragged edges.
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Now cover the outside of the duct with 2 plies of BID at 45
deg., top and sides (Fig. 22). Support on blocks and scissor
trim. Glass the seat brace on the outside with 2 plies of BID
at 45 deg. Scissor trim and flox in place on top of air duct
and tape joint with 2 plies of BID at 45 deg., lapping each
side of joint 1 in.. Support in place for cure (Fig. 23).

Now set fuselage upside down on two saw horses; shim so
top longerons are level side to side, both fore and aft, and
bondo saw horses to floor. Sand instrument panel and seat
back where air duct and brace butt, and adjacent areas for
taping. Flox in place with bottom edges flush with instru-
ment panel and seat back, and aligned with lower,
triangular longerons (Fig. 24). Use nails at strategic locations
to hold everything in place. Tape joints with 2 plies of BID
lapping 1 in. each side and peel ply for neat joints. After
cure, you are finally ready to install the fuselage bottom!

STEP 3 CONTOURING AND INSTALLING
THE FUSELAGE BOTTOM

The fuselage should
already be upside down on saw horses (Fig.24). The top
longerons (now underneath) must be level from side to side
(no fuselage twist) because after the bottom is installed, the
fuselage will be rigid, and no adjustment will be possible.
Make sure all surfaces the bottom will mate against are
smooth, with no bumps, epoxy blobs, or whatever.

Take 3 pieces of H 45 3/8 in. x 34 in. x 47 in. pink PVC

foam, lay them on the fuselage bottom, the first sheet but-
ted against the forward bulkhead (F-22), the second against
the first, etc. Weight them in place, crawl underneath, and
mark the inside edge of the bottom longerons, the forward
edge of the back seat bulkhead, both sides of the other
bulkheads, heat duct, etc.(Fig. 25). Now carry the pieces
back to your work table and cut the sheets 3/4 in. wider
than the lines marking the inside of the longerons, and 3/4
in. longer than the forward edge of the rear seat bulkhead
(Fig. 26).

Glue the three pieces together with 5 min. epoxy (wax
paper underneath, hold butt edges together with small
finishing nails). Now locate the foam sheet back on the
fuselage, weight down again, make sure the lines previously
drawn are in place (Fig. 27). Now position three 1in. x 2 in.
wood strips fore and aft on the foam (Fig. 28), with
crosswise shims at the fore and aft ends to keep them from
rocking on the curved foam. Use Bondo dabs to hold the 1
x 2 s in place on the foam. Don’t use huge blobs, but plenty
of small ones, to hold the framework to the foam, so the
bottom can be transferred to your work table for further
work, with the correct curvature maintained.

Fia. 28
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/ / ble. Mark the cut out
Transfer the assembly to your work ta

forr the landing brake, using the forward edge of lhg front
seatback and the fuselage centerline as references (Fig. 29).

Cut out the landing brake at a 45 deg. angle on all fogr
sides (Fig. 29), and leave in place. The fuselage bottom is
given depth and contour by gluing on tapered spacers
made from 3/4 in. thick H 45 PVC foam, the same as with

the sides.(Refer to page 6- ).

The spacers are all tapered at 30 deg. They can be made
most easily by cutting oversize at 45 deg. on a bandsaw,
and then removing the excess material with a hand-held
hacksaw blade and finish sanded with 36-grit paper.

Note that the floor immediately behind the front seat back
is continuously 1-1/8 in. thick (3/8 in.+ 3/4 in.), to allow
space for the landing brake to retract inside the fuselage
bottom (Ref.A-9 & A10).

Cut all of the spacers and trial fit them in place on the
fuselage bottom. When everything fits, vacuum the foam
surfaces, squeegee micro slurry on all mating surfaces (but
not on the landing brake), and fasten in place for cure with
small finishing nails pushed through both layers at alter-
nating angles. Allow to cure.

After cure, remove nails and locate foam bottom and frame
in place on fuselage. Check all spacers for smooth transition
to longerons, bulkheads, seatbacks, heat duct, etc. (see sec-
tions page 66). Mark any areas needing additional sanding,
put assembly back on work table and make any necessary
corrections. The top edges should be radiused, so the glass
cloth will conform. Also radius the forward edge, where the
bottom butts against F-22, so the glass can be continued
around the end (Fig. 30).

In preparation for glassing, remove any epoxy high spots,
and vacuum the foam surface. Mix some dry (stiff) micro
and make a generous radius in all corners to help glass lay-
down. Then squeegee micro slurry over the entire surface.

The contoured surface gets 2 plies of BID at 45 deg. fiber
orientation. Lay up the first ply in one direction, and the se-
cond ply in the crossing direction. Overlap the joints 1 in.
and be sure to remove the selvage. The glass runs down the
forward end, and overhangs the aft end 2 in.(Fig. 30). Do
not wet out the 2 in. overhang. Make sure you eliminate all
air bubbles by pressing the cloth into the contour starting in
the center of the layup, and working your way toward both
sides, holding the cloth down with one hand while pressing
it down with the other. Add a 3rd ply of BID ahead of the
back seat where the weight will be concentrated when
climbing in. Scissor trim flush with the foam edges on the
sides. Let this layup "tack’ for two to four hours. This will
allow the epoxy to cure enough so the glass doesn't fall off
when you turn it upside down onto the fuselage. Don't take
a chance-it would ruin your whole day.
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While waiting for the layup to "tack’, it would be a good idea
to sand all of the areas adjacent to the fuselage bottom, so
the joints can be taped before the bottom is fully cured.
When the layup is ready, mix a bunch of medium stiff flox
and spread a liberal bead on all the mating surfaces of the
longerons, seatbacks, heat duct, F-22, etc. Now pick up the
glassed bottom, turn it over, and carefully set it in place on
the fuselage. Weight it into position again, being sure to get
good contact along the sides and on the bulkheads. Clean off
the excess flox inside and outside. Refer to Fig. 30 to see
what to do with the 2 in. of excess cloth overhanging the aft
end of the bottom; it provides an excellent joint for the bot-
tom of the rear seat. Before the bottom has fully cured (up to
12hrs.), the joints can be taped without further sanding.
Crawl underneath and tape them just like you did the sides
to the bulkheads earlier (Fig. 30 ).

After a full cure, you can remove the boards, Bondo blobs,
and weights, and flip the fuselage right side up. Do not sit or
stand in your fuselage yet. It does not attain its stiffness and
strength until the outside is glassed in the next chapter.
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CHAPTER 7

FUSELAGE EXTERIOR

Vfﬂj C2 “'?
RiTencTABL STEP

OYERVIEW. In this chapter you will carve the fuselage ex-
terior to shape, rounding the sharp corners for an esthetically
pleasing airplane and preparing the fuel tank area. The out-
s_lde foam surface then receives its two-ply skin. Up to this
time your fuselage was a fragile, flexible, weak box. After it
gets glassed, it will then be an extremely stiff, strong, com-
posite sandwich structure.

STEP 1.

(Bu (LOER
Be!le_ve it or not, this step should only take about 3 hours.
This is where the ease of rigid foam carving really pays off.
Your fuselage cross section, before carving, looks like (Fig.1)
A-A. Wh}en you've finished carving, it will look like Fig.1 B-B.
To do this contouring smoothly, you will need a long sanding
block (30 in. is about right), your butcher knife (good and
sharp), and a soft sanding block. A block of flexible foam
vyr!h 36 grit sandpaper is an excellent carving tool for the
finish smoothing. Start on the bottom first. A full size
template for the bottom corners is shown on drawing A-4.
Rough' cut t_he corners with your butcher knife. Finish the
rounding with your sanding block. Use the sanding block
with the long dimension parallel with the longerons, and
sand grad_ually along the full length, rather than finishing one
area at a time. Gradually working the full length, will result in
asmooth, even fuselage. Change sandpaper often. Leave the
corner contour high at the aft end where the gear extrusion
attach bolts would otherwise be ground off. Do not change
the shape of the firewall, or your cowling won't fit.

The next job is to turn the fuselage right side up and cut out
and contour the area in the forward top of the fuselage
where the canard and elevator tubes pass through. This is
done by making a template according to the full size pattern
on drawing A-5and locating it inside your fuselage (Fig.2),
butted against the bottom side of the upper longeron. Since
the inside of your fuselage is contoured, you can trace the
cutout more accurately if you fasten a % in. foam spacer
behind the template, cut to the same outline as the template,
so you have a surface to trace against. Repeat similarly for
the other side. Make the cut with a coping saw, removing the
entire corner shown (Fig.2). This includes removing the
longeron forward of F-28 and removing the tab of F-22 that
sticks up above W.L.18.9. Refer to chapter 12 (canard in-
stallation) for additional clarification. Now, contour the top
longeron and foam side behind the canard cutout as shown
in the sections (Fig.2). Templates are found on drawing A-5.
Do not sand into the longerons from the instrument panel on
aft, except to radius the edge so the glass will conform.

Refer to Fig.3 and mark the outline of the fuel sight gauge on
both sides of the fuselage. Sand the foam away from the fuel
gauge as shown. Remove the 2 M in. width of grey tape in-
stalled back in chapter 5.Do not contaminate this area. It
must be clean to allow good fuel level visibility.

Micro some foam chips into the holes around the bolt heads
at the landing gear fittings. Sand a slight depression, 1/16 in.
deep and 1 in. wide in the foam (and bulkhead, if necessary)
at F-22,sides, and bottom, so the skin on the nose can
overlap later on without causing an unsightly bump in the
contour. Remove the foam above and below the centerspar
cutout, for later attachment of engine mount extrusions, and
v, in. forward of the centerspar cutout for a good glass-to-
glass bond, and taper the foam for a smooth transition from
outside to inside skin (Fig.4).
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Now turn the fuselage over again, and sand a 1/16 in. deep
depression 1in. wide forward of the l‘.\ndlng bmkg and 2in.
wide alongside and aft of the landing brake (Fig.5). This
allows an overlap later on without causing a bump. Now
build up the area 1 in. wide alongside and aft of the landing
brake with 1 in. wide duct tape until it is flush with the lan-
ding brake (Fig.6). The reason for doing this will become ob-
vious in chapter 9.

Refer to Fig. 7 showing a small wood insert in the lower cor-
ner of the fuselage. Remove the bottom foam and micro this
insert in place. This provides additional strength needed to
support the external step installed in chapter 8. This is only
on the LEFT side (when the fuselage is right side up).

STEP 2. GLASSING THE OUTSIDE SKIN

This step should take about 4 hours with 2 people, not coun-
ting cure, after everything is ready for glassing.

It is not practical to attempt to glass all around in a single
layup. The glass will fall off when the fuselage is turned. Plan
to do it in 2 layups, overlapping 2in. at the bottom
centerline, with a 2 to 4 hour (depending on temperature
and epoxy) cure in between.

Make provision for supporting the fuselage firmly in a right
45 deg. bank for the first layup and a left 45 deg. bank for the
second layup. ‘A-frame’ legs clamped to the firewall and F-22
work well (Fig.8). Also, the landing brake cutout should be
tacked in place with several small dabs of 5-min. so it is firm
for glassing.

The foam surface should be smooth, even, and dust and dirt
free. Squeegeeing micro onto the surface is recommended
as the lightest filler and strongest bond.

The skin layup schedule is two plies UND, crossing at 30 deg.
to the longerons. A third ply of UND is added forward of the
front seat bulkhead only. This third ply has a fiber orientation
parallel to the longerons. Also, a 3-ply layup of UND is added
on both sides to stiffen the upper longerons, starting 15 in.
forward of the firewall and terminating at the canard cutout.
The plies should be tapered at the aft end and along the side
so they don’t create a sharp bump; i.e., not all the same
length and 3 in., 4in., , and 5 in. wide, respectively (Fig.9).

As shown in Fig. 9 details, the skin extends from the inside
top corner of the longerons and around the fuselage. It ter-
minates at the firewall, which must be removed for
centerspar installation. It is knife trimmed flush at the bottom
foam block aft end, near the bottom of the aft seat bulkhead.
It is knife trimmed flush at the F-22 bulkhead forward edges,
the canard cutout, and the spar cutout. Lap the skin onto the
lower longerons at the lower aft edges.

The 2-4 hour tacking period should assure the glass will not
peel loose. A close scissor-trim at the bulkheads and
longerons will also prevent the glass from peeling.

Peel-ply the area where the wing strake will bond (chapter
21), a2 in. strip around the spar cutout and a 1 in. strip at the
firewall and F-22 bulkhead. You now have bare foam only at
the aft edge of the bottom block, and around the canard
cutouts. Leave these bare now. After cure, the fuselage
should be strong enough, but sitting in it isn’t reccommended
until after it is mounted on the gear, to avoid damaging the
<kin. Fit and comfort is not representative until the side con-
soles, thigh support, floor ahead of the instrument panel,
nose section, and cushions are installed. From this point on,
support the fuselage on large foam blocks to avoid skin

damage.
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CHAPTER 8

ROLL OVER STRUCTURE &

SEAT BELTS ,

x4 2
¢RI

/0T Ki
‘ ?

OVERVIEW. In this chapter you will install the
headrest/rollover structure which mounts on the front seat-
back. This structure is fabricated from low density PVC foam
sheets which are glassed inside and out with local inserts and
buildups for the shoulder harness mount points. Holes may
be cut in the sides of the headrests for map storage, or in one
headrest for an RST intercom (itisn't really needed), or in the
front of the headrests for speakers (they aren’t necessary
either). Local reinforcements are also added for the installa-
tion of seat belts, front and back.

STEP 1. CARVING THE FOAM PIECES

Cut the pieces shown in Fig.1 from 3/8 in. thick, pink, low
density Divinycell foam. Notice that the headrests are ver-
tical in the front, but sloped in the back. Although all 4 sides
are cut identically, make sure you do 2 rights and 2 lefts
when glassing the insides. Bevel the edges of the shoulder
brace as shown, so there will be a good juncture with the
sloping seat back. Trial fit all the pieces together (use nails)
and trim (or add foam) as necessary for good fits (see also
Fig.3).

Now disassemble the foam pieces (mark the inside surfaces)
and cut the 4 birch plywood inserts (Fig.1). Center them on
the shoulder brace top per the centering dimensions shown
in Fig.2, trace the outlines and remove foam with a razor.
5-min. epoxy the inserts in place per detail Fig.2 Fiberglass
buildups will be added later to level the top.

Before starting Step 2, turn to Chapter 18, Canopy, and in-
stall the canopy hinges. This will avoid having to cut into the
roll over structure later on to install nuts on the hinge bolts
going through the longerons.

STEP 2. GLASSING THE INSIDE SURFACES
FOR WET LAYUP

Glass the inside surfaces of the headrest with 1 ply of BID
(micro the surfaces first). Let the layup cure to knife trim, trim
the foam pieces, mix wet micro and reassemble the
headrests with nails to hold the pieces together (Fig.3). Now
5-min. epoxy the front and top shoulder brace pieces
together (hold in place with nails for cure, Fig.5). Cuta 1in.
dia. hole (Fig.5) in the left-hand (pilot side) corner for the
canopy lock push rod. Micro the inside surface and then
glass with 1 ply BID. Make a couple of foam jigs to hold the
assembly for glassing and “tack’ cure (Fig.4). Allow the glass
to overhang 1 in. at each beveled edge, but don’t wet the ex-
cess glass with epoxy (Fig.4). Let tack for 2 to 3 hours (heat
from a hair dryer will speed things up). In the meantime,
sand the front seat back mating surfaces. After the layup is
tacky (so the glass won't fall off), install with flox, wet down
the overhanging BID with fresh epoxy (Fig.5) and peel ply.
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STEP 3. GLASSING THE OUTSIDE OF THE
SHOULDER BRACE AND INSTALLING THE

HEAD RESTS

Z PLY BIp

Radius the forward corner of the ShOl.lldl’f l)m(_'v, and Inl*vvl | Pt BID
the foam edges around the plywood inserts (F ig.6). Put ina

12 ply BID build up over the plywood inserts (r!g.m. .1 his is
done most easily by wetting out three 5in. x "\' in. plies, on
top of each other, on wax paper, and then cutting the layup
into 16 squares 1.25 in. x 1.25in., and stacking 4 each over
each plywood insert (remove the wax paper)

Remove the peel ply installed previously and sand .!N areas Fia.7
adjacent to the foam. Vacuum the sanding dust, micro the

foam (shoulder brace), and lay up 2 plies BID overall (Fig.7),

lapping 1in. on all adjoining surfaces, or add tapes in the

corners if more convenient. Peel ply edges.

Now install the head rests with flox on the wet layup The
front face must be vertical and the aft face sloping. They
must be in-line, and centered between the shoulder harness
inserts. The peaks should be 17 in. apart. Hold in place for
cure with nails, and peel ply all of the shoulder brace area
which remains exposed (Fig.8). Allow to cure.

STEP 4. GLASSING THE HEAD RESTS

Remove the nails. Sand a generous radius on both peaks of
the headrests and all edges. Remove peel ply and rough up
adjoining fiberglass surfaces. Micro the foam. Apply 2 plies of
BID overall including the top of the shoulder brace and
overlapping the front 1 in. This is done most easily using long
strips of BID cut 5 in. or 6 in. wide at 45 deg. doing all of the
top surfaces first, that is, from one longeron over both peaks
to the other longeron, lapping 1 in. around corners on the
fore and aft faces(Fig.9). Then cover the fore and aft faces of
the headrests with 2 plies, and add 3 plies of local reinforce-
ment over the peaks (Fig.9). Peel ply everything for cosmetic
purposes and allow to cure.

STEP 5. CUTTING THE ACCESS HOLES

Access holes shown in Fig.10 are cut in one side of each
headrest, after cure, for stowing of sectionals. These holes
may face each other in the center, for best accessibility by
either pilot or passenger, or, if you wish to install an intercom
or headset receptacles on the left side of the right hand
headrest, then cut the access holes on the right side of both
headrests. If you wish to install speakers (not really
necessary), cut outs may be made in the forward face of the
headrests and shoulder brace below the headrest seat
cushions. This is optional.

STEP 6. INSTALLING THE SHOULDER
HARNESS ATTACHMENTS

COZY and complete with all adjustments is available from

distributors and included in your kit. Locate the position of

the holes to be drilled through the reinforcements, and 8"
check your harness attach fittings to make sure they will clear

the headrests. Then drill a % in. hole through the center S CASE - ONE
(hopefully) of the inserts, and attach the harnesses. If you are L SIDE ONLY
installing speakers, you can reach through underneath to in-

stall wide-area washers and AN4 nuts. If you don’t have ac-

cess, then cut slots underneath each bolt in the forward face F1G.10
for a % in. wide x 1/16 in. thick aluminum tab with a nut s
plate attached (Fig.11). Flox it in placed at first installation of

the harness. After cure, remove the excess tab and glass over

slot with 1 ply BID (Fig.11). The nut plate should allow

repeated removal and reinstallation.

The seat belt/shoulder harness assembly made to fit the T—
T

SLOT FOR Mae

SIDE ViEw

A shoulder harness may be installed in the rear seat by drill-
ing % in. holes through the wood inserts provided in the
centerspar for that purpose, after it’s installation in Chapter ANY - 10A
19. BoLT
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STEP 7. INSTALLING THE SEAT BELT AT-
TACHMENTS AND THE EXTERNAL STEP

Seat belts in the rear seat and the outsides of the front seat
:\re attached through the lower lnngqnm (Fig.12) after ap
propriate reinforcements are added (Fig.13&14). The left side
front seat safety belt attachment goes through (‘Iw '","‘"',"
step (Fig.13). This step can be fabricated from 1/8 in. 2024 T3
aluminum (Fig.15), or purchased from a distributor. The lat-

ter is recommended.

Fabricate four Y in. birch plywood inserts which fit [.jirly
well against the longerons (Fig.13 & 14) at ll\g |m'.||.mn<
shown (Fig.12), and four angle brackets from 1/8 in. x 1in. x
1in. 2024 T3 aluminum angle. Sand the areas whprc they
will be installed with 36-grit, and install with sufficient wet
flox to fill any voids, and immediately glass with 7 plies BID.
The BID should lap adjacent areas 1 in. except where the
step will be installed, lap 1&2 in. After cure, hpld the extru-
sion angles in place and drill through the reinforced area
with a % in. bit. Use a counterbore on the outside to recess
the bolt heads flush except on the left, forward location
where the step attaches. Install three of the angle brackets
with wet flox and AN525 bolts (clean and rough the angle
surface first). At the left forward position, install the step first
with flox and the two AN509 flat head bolts which do not go
through the angle brackets; then drill the two remaining
holes through, and install the bracket with flox and AN509
bolts.

STEP 8. REINFORCING CENTER CONSOLE
FOR CENTER SEAT BELT ATTACHMENTS

Sand area to be glassed with 36 grit. Lay up 7 plies (4 BID and
3 UND, alternating) approx. 4 in. wide, centered over the
seat belt tube installed in Chapter 6, and extending down on-
to the seat bottoms approx. 6 in. each side (Fig.16). Vary
widths and lengths for feathered edges (no bumps), and peel
ply edges. After cure, open up % in. hole through the tube.
Bon't install the harness until fuselage construction is com-
plete and painting done.
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MAIN LANDING GEAR
AND LANDING BRAKE

02 13-y a1
(L GR
NOTE: This chapter covers the preparation of the landing
gear for installation, its installation, and construction of the
Janding brake. The gear installation is referenced to the center
X his part of the chapter must be postponed /{/0’4/[,

To | W khGI
GFAR

ok uR

spar, however, so't
until after centerspar installation The landing brake actuating
mochanism is installed in CHAPTER 16, CONTROL SYSTEM. R

217 o6y J—
OVERVIEW: In thisc hapter you will mate the main I.\n»c"‘/ o 4 0;":::,::":;:;:‘:.:""‘_‘ \\
ding gear to the fuselage and to the wheels, brakes, and ax- LI n A KX X
NAILS (3 PLAcES)

les. You will sand the entire gear dull, and layup 8 plies of I” i
UND at 35 deg. over the strut for torsional stiffness. You will v
install a conduit for the brake lines from soda straws and
feather the trailing edge for minimum drag. You will jig the
gear strut into position on the fuselage, make the attachment
glass tab layups and assemble the gear onto the fuselage.
With the gear installed, the axles are mounted, drilled in,
and installed. Brake lines are installed and routed through
the baggage compartment and firewall. The main gear strut is
the same as used on the Long EZ. It is a one-piece, airfoil
shaped S-glass molded part, available through your COZY
distributor. Do not use a Varikze gear (16 Ibs). A Long EZ
gear weighs 22 Ibs. and is much stronger. The gear and its
structure have been successfully drop-tested to the stringent
requirements of FAR part 23 for certified aircraft. The
Cleveland 500 x 5 wheel and brake assembly and axles are
available from COZY distributors.

MAIN GEMR STRUT

O WOLLBENCH
%%

OSSOSO
\’?‘0:0:.::0 X

UND LAYur
ALTERNATING 35°

In this chapter you will also cut out the landing brake, install
plywood inserts in the fuselage and landing brake, install the
hinge, glass the recess in the fuselage and the top of the lan- 4

dlqg brake, and permanently install the brake. The hard Fiag.1 /6 STRIPS. KD
point for the operating mechanism was installed in CHAPTER -
6, and the mechanism will be installed in CHAPTER 16.

STEP 1. TORTIONAL STIFFNESS LAYUP AND
BRAKELINE CONDUIT INSTALLATION TRAILING EDGE
This step will take at least 4 hours. Remove any flash from the MAIN GEAR

strut with a grinder (36 grit). Then, using new, 36 grit paper,
thoroughly sand the entire gear surface dull, and fill any

ALUM. TAPE

SODA sTRAW
5-MIN N PLACE

depressions with flox. Drive 3 nails into the top of your work

bench so that the gear strut can sit on the heads of the nails IsT LAYUP
(Fig.1). Rough the heads of the nails with a coarse file, and

glue the gear strut, trailing edge up, to the nail heads with a qPLConsSSJZGD

dab of 5-min. epoxy mixed with a little flox. This will hold the
gear in position in order to make the layup. After the epoxy is
cured, make a layup using UND strips, cut 9 in. wide and 30
deg. to the selvage edge. You will need 16 strips (Fig.2).

Now, paint a coat of pure epoxy (not 5-min.) all over the
strut and layup the first ply of UND so that the major fibers
cross the face of the strut at about 35 deg. on each face. It
should take 2 strips of UND to layup one ply from end to
end. Do not lap the UND, but rather butt them together at
the center. Up to 1/4 in. gap between each piece is accep-
table and better than a lap joint. The second ply is layed up
with the major fibers crossing the first ply of UND (opposite
angle). Thus, you will have a cross hatched effect (Fig.1).
Similarly, the third and fourth plies of UND are layed up, giv-
ing you a tortionally very stiff 4-ply layup (Fig.3). In all cases
the major fibers must be straight without wrinkles. Allow this F16.3
layup to cure completely. A sharp blow will crack the gear - F I
strut free from the nail heads. Now you must trim the excess I
glass at the leading edge. Use a hard block and 36 grit, and j__
sand the edges to a smooth transition to the molded S-glass, 5
and sand the rest of the layup dull. Set the gear back on the :
nail heads (or bench) trailing edge up, and take some soda T
straws large enough so your 3/16in. O.D. brake line will
slide through, tape them together, and 5-min. epoxy them in
place, centered on the trailing edge, starting 8 in. from the
end of each leg and ending 11 in. from the center. Make sure
the 3/16 in. tubing will slide through (or you can leave it in)
Take some stiff tape, like aluminum tape or several layers of
duct tape, and build a trailing edge support (Fig.4). Fill the
gap between the soda straw and the gear with micro, lay up

2 PLIES BID

COVER WITH
PEEL PLY

2ND H-PLY
UND LAYUP
(ONLY 2 SHOWN)
CROSSING PLIES

2 plies of BID, and peel ply (Fig.5). Make sure you have at
least 1/2 in. of glass extending beyond the straw after trimm- ALTERNATING
ing, for a glass to glass bond. Let cure, remove the aluminum T0 TRAILING
tape and peel ply, and sand both sides of the BID tape EDGE
Now the strut is reversed, and remounted on the nail heads
trailing edge down. Fill gaps along soda straws with micro,
and lay up 4 plies of UND, crossing each other exactly as 2ND PLY
you did the first 4 plies, except each ply should have one
edge extending to the trailing edge of the strut, first on one
side and then on the other (Fig.6). After this layup cures, I sT PLY
remove the strut from the nail heads, trim the excess glass,
and sand it smooth. Do net cut into the previous layup.
FlG. 6
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STEP 2. POSITIONING THE MAIN GEAR ON
THE FUSELAGE AND INSTALLING JIG BLOCKS

Correct installation of the landing gear requires that it be
centered in the fuselage, with both legs of equal length, and
both legs swept forward correctly with the ends at the same
fuselage station. References are the fuselage centerline, the
upper longerons and the centerspar, which has been install-
ed perfectly square (correct?). You will need a 4 ft. level, a
2 ft. level, a short level (but accurate) which can be bondoed
in place, 2 carpenter’s squares, 2 plumb bobs (strings with
weights on the ends), and plenty of 1in. x 2 in. wood strips
and bondo to build bracing to hold everything steady while
the tab jig blocks are installed.If you follow this sequence, it
will turn out okay, but you will need an assistant.

D Cut four 1/4in. thick jig blocks (Fig.7) from 1/4 in.
plywood. Bevel the blocks as shown 0.8 in. to a sharp edge.
Orill 5/8 in. dia. holes through all 4 pieces to fit nicely on the
steel tube. Slip 2 jig blocks on each tube, bevels to the out-
side, and bolt the tubes into place between the aluminum
angles on the fuselage.

2) Turn the fuselage upside down on a pair of saw horses.
Level the fuselage fore and aft, and side to side using the top
longerons as a reference (Fig.8).

3) Make sure the ends of each leg are trimmed identically;

that is, level, fore and aft when the gear is in its swept for-
ward position (Fig.9).

4) Mark lhe position of the axle centerline on the outside of
bogh _Iegs, v_denncally. Drill a small hole and insert a small
finishing nail to fasten a plumb line.

5) Mark the centerline of the gear and place it in position
on the four jig blocks. Use small foam wedges as required to
support the weight of the gear and hold it off the steel tube
the required distance.

6) Bondo a straight board across the gear legs (Fig.10) and
bondo your small level in the center. This will allow you to
set both legs to the same length.

7) Drop plumb lines for each axle centerline (Fig.8 & 10).
Bondo carpenter squares to the centerspar, next to the
plumb lines on each side, equidistant from the fuselage
centerline. The carpenter squares must be against the aft
face of the centerspar and level.

8) Adjust the foam wedges until the gear is centered, the
correct height above the steel tubes, the jig blocks are
centered on the steel tubes with about 0.65 in. of tube show-
ing each side of the jig blocks, the legs are equal in length,
and sweep (read on the carpenter square) 15-1/2 in. on both
sides (Fig.8).

9) Build a supporting framework with 1 x 2’s and bondo to
hold the gear in this correct position, hands off. Do not be
concerned if the tabs are not exactly square with the leading
and trailing edges; just do the best you can.

10) Now trowel a generous blob of bondo between the
plywood and the gear leg. This must be strong enough to
support the plywood blocks while you layup the outer glass
tabs (Fig.11). Also, bondo the steel tube to the plywood
block, using only a tiny dab (Fig.11).

11) After the bondo has cured, carefully remove the AN6-
80A through bolts and lift the gear leg off the fuselage. Set it
down on its axle ends and support it well.

12) Now bondo a small wood reference pointer (Fig.11) to
the gear leg under each steel tube. When these have cured,
scribe a mark on each steel tube to coincide with the
reference pointer (Fig.11). This will enable you to replace the
steel tubes in exactly the same position after glassing the
tabs.

13) Now carefully scrape the small bondo dabs off the steel
tubes, and withdraw the tubes from the jig hlocks. Be sure
not to displace the jig blocks or the reference points.

14) Now turn the gear leg upside down and support it well
on two foam blocks, 3 feet apart (Fig.12). Thoroughly sand
the main gear leg using 36 grit where the gluss.luhs will go,
and sand (hard block) a good smooth transition from the
plywood jig blocks to the glass gear leg. Stick grey duct tape
on the plywood jig blocks for good release (Fig.13)(make
sure the holes are covered). You are now ready to layup the
glass tabs.
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MAIN GEAR STRUT

FOAM
BLOCKS
(2-Req'd)

F16.11

STEP 3. GEAR ATTACHMENT TAB LAYUP

This step will take about 3 hrs., with cure time in between.
You will need two 5/8 in. x 1/4 in. bushings and your 5/8 in.
spot facing tool.

Cut 72 plies of UND 2-1/2iin. x 12in. (fibers running
lengthwise), 72 plies of BID 2-1/2 in. x 3-1/2 in., and 72 plies
of BID 2- 1/2in. x 2-1/2 in. Wet out 18 plies of the UND
2-1/2in. x 12in. on a piece of paper (not wax paper) with
RAEF or SAFE-T-POX and make a thick UND glass pad.
Squeegee out excess epoxy and check for dryness. Paint a
coat of epoxy over the gear leg and fore and aft plywood
blocks. Now peel the wet 18 plies of UND off the paper and
lay it across the gear and down the grey tape face of each iig
block. This should overlap the plywood pieces all around
(Fig.14). Squeegee out excess epoxy. Now, layup 18 plies of
BID 2-1/2in. x 3-1/2in. on a piece of paper, peel the wet
layup off the paper and place it on the aft face of the
plywood block over the 18 plies of UND, and lapped up
over the trailing edge of the gear (Fig.15). Now make a
similar 18 ply BID layup using 2-1/2in. x 3-1/2 in. pieces and
place it on the face of the leading edge plywood block over
the 18 plies of UND and lapping up over the leading edge
(Fig.15). With the UND wrap and BID pads in place, cover
with Saran wrap. Using 2-1/2 in. x 2-1/2 in. square blocks of
1/4 in. plywood, on either side of the jig block, and a small
c-clamp, hold everything in place until cured (Fig.16). The
Saran wrap keeps the plywood blocks from bonding to the
glass tabs. The clamp should be snugged down to keep the
blocks firmly in place, but not tightened hard.

Allow the layup to cure fully, then remove the clamps and
clamping blocks and trim the glass tabs down flush with the
plywood jig blocks (2 in. wide) with a coping saw. The layup
is much too thick to knife trim. Use your dremel to smooth
out any rough edges.

Using a 3/8 in. drill bit, drill a hole as nearly in the center of
the 5/8 in. hole in the jig block as possible. This is a clearance
hole and is not critical. Now, put a 5/8in. x 1/4 in. bushing in
the 5/8 in. hole of the first jig block, thread the 1/4 in. shaft of
your spot facer through it, fasten the tool on the end, and
drill a 5/8 in. dia. hole through the far glass layup, using the
5/8 in. hole through the plywood for centering (Fig.17). Drill
slowly to avoid heat. Backup the fiberglass with wood to get
a smooth exit cut. Now reverse the procedure for the other
tab, and drill holes similarly for the other set of tabs.

Before going further, reinsert the 5/8 in. steel tubes through
the glass tabs so that the scribed mark lines up with the
reference point (Fig.18). You do still have the reference
pointer bondoed on, don’t you? With the marks aligned,
scribe a mark on the steel tube, flush with the outside of each
glass tab.

When you have 5/8 in. dia. holes bored through both sets of
gear attach tabs, you can carefully chisel the bondo blobs
from between the plywood jig blocks and the gear leg, and
the jig blocks should then be easy to remove due to the grey
tape release.
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Then knock off the reference pointer and sand the
strut and inside of the tabs dull with 36 grit. Trowel a small
amount of flox into the corner between the glass tab and the
gear strut (Fig.19). Make a generous radius in the flox and,
using the same methods, layup 18 plies of UND from tab to
tab, carefully stippling the UND down into the corners fore
and aft (Fig.19) against the flox. Now, same as before, layup
18 plies of BID pads 2-1/2 in. x 2-1/2 in., and lay the pads on-
to the glass tabs per Fig.19. Now use the same 2in. x 2 in.
blocks of 1/4 in. plywood and with Saran wrap for a release,
clamp the tabs with moderate pressure until fully cured
(Fig.20).

After curing, trim the inside tab layups down flush with the
outside tabs (2 in. wide), drill 3/8 in. clearance holes in the
approximate center of the new layups, install bushings in the
previously drilled 5/8 in. holes through the first layups, insert
the 1/4 in. shaft of the spot facer through the first bushing
and tab, install the tool, and drill the 5/8 in. hole through the
far tab (Fig.21). Reverse this procedure for the opposite tab,
and then drill out the other set of tabs similarly. If you follow
this procedure, you will have perfectly aligned holes and be
the envy of Long EZ builders who don't do it this way.
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Drill about ten No. 30 holes into each 5/8in. dia. tube
(Fig.22) between the glass tabs. These holes will provide a
mechanical bond for a 2 ply BID wrap. Using wet flox, slide
the tubes into the tabs and align the scribe marks previously
checked. Get a scrap of foam and carve it to fit under the
steel tube, and a reasonably good fit on the top of the gear
leg (Fig.23). Now lay up 2 plies of BID at 45 deg. wrapping
around the 5/8 in. steel tubes, over the small carved piece of
foam, and down onto the inside face of each glass tab

(Fig.24).

Flox an AN960-1016 steel washer onto the outside face of
each glass tab (Fig.24) and lay up 2 plies of BID over the
washers and lapping onto the glass tabs. Cure, then trim.
Press the machined steel plugs (Fig.24) into the ends of each
steel tube. Your gear attachment fittings are now complete.

STEP 4. INSTALLING AXLES, BRAKES, AND
BRAKELINES

The critical operation in this step is setting wheel alignment.
You must have toe-in to prevent the gear from spreading dur-
ing taxi, take off and landing. You also want the wheels to he
aligned with the fuselage centerline. You don’t want too
much toe-in or you will have rapid tire wear and extended
take off distance; 1/4 degree of toe-in is ideal

The Long £EZ method uses carpenter squares 1o set toe-in, A
much more precise, bore sighting method has  been
developed for the COZY and is recommended here. This
step should take about 3 hours

Cut two squares of 0.063in. 202413 aluminum plate,
2-1/2in. x 2-1/2 in.

Be sure the flats on the ends of the gear legs are not toed out
About 1/4 degrees of toe-in is desired. To check this, study
the alignment procedure which follows later on. It is a lot
easier to do a good alignment job if the mounting surfaces
are correct 1o begin with. A hard sanding block and elbow
grease is all that is needed to true these surfaces
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I_E\ Long BUsNING INSIDE
] ToRQUE PLATE

L AXLE
HR

\ Two SPACERS

Slip lln.' Cleveland brake torque plate on the axle (Fig.25). It
must fit flush on the axle flange. You will probably have to
radius the edge of the hole with a half-round file. Slip the
brake caliper on the torque plate and then, using this
assembly as a pattern, carve the leading edge ()f‘lh(; edge of
the gear strut to fit, with 1/16 in. clearance (Fig.26) Also, trim
the 0.063 aluminum plates to avoid mlorf(‘wm\'- wnlv\ the
caliper. Note that the caliper will move 0.1 in as the brakes
wear. Be sure to allow for this with l‘|(‘<lh\l|k(". '

4



90° FITTING
NYLOSEAL 269~ P

Y Nriarcow
BRAKELINE

TeAiInG
EbGE

ANY 21A
4 PLACES

FITrING FIG. 27

Long EZ Method.  When the mounting surfaces are correct,
lay up 3 plies of BID on the inside and outside faces of the
lower gear leg, where the axles mount. While this layup is
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side) onto the gear legs (Fig.27). Using a 2 fi. carpenters

'
still wet, clamp the square plates (inside) and the axles (out- I ﬂ

’

square on each axle (Fig.28), measure the distance between AP e, !
the tips A and the bases B of each square. Now B minus A por — — Saquates .

shoyld equal between 0.2 in. and 0.45 in. (172 to 1/4 deg. " T
toe-in). Adjust clamping pressure as required to get this 21

dimension.

COZY Method. Check fuselage. Should be upside down,
longerons level fore and aft and side to side. Drop plumb

Ffaste a sheet of white paper on the far wall of your shop, in
line with the two plumb lines and the same height above the

Itmo

lines from ceiling at firewall ¢ i i
Z enterline and nose centerline. —_ — g
- — s
iy - 5
|

floor as the axles will be. Mark the extension of the fuselage LL ‘7
cgntv_erllne on the paper with a big X (Fig.29). On either side

of this mark (centerline), accurately measure 1/2 the distance S

of the gear spread (outside face to outside face)(Fig.30). Take FI16.28

a straight piece of 1/4in. I.D. tubing about 3 in. long and
hold it against each outside face. The 2 marks you have just

made will appear in your view (thru the tube) if you have 0 ¥

degrees of toe-in. To obtain 1/4 degree, you must calculate
where the 1/4 degree target should be. For every 24 in. the

gear legs are away from the far wall, the target should be

0.1in. closer to the centerline, each side of center. If the /'

distance is 20 ft., the target should be moved 1 in. toward the X" “f ;‘“
centerline, each side. Use this method first for the gear leg

surfaces, and then check (and adjust if necessary) the axles TARGET

after they are clamped in position. Use the outside end of the
axle as the reference surface for sighting, but remember to
set up new targets, one axle length farther apart, each side of
center (Fig.30). Tolerance on toe-in is plus or minus 1/8
degree.

Itis helpful to make up a couple of jig blocks to clamp on the eZ/§ (
gear legs which will support the axle flange in the right orien- /- "
tation while adjusting clamping pressure for toe-in (ﬁg.]l).(—:—,_—-pl) Q‘N/
After cure, use a long 1/4 in. drill bit to extend the mounting RE o,,f/ F16.29
2 holes in the axle flanges through the gear legs and the 0.063 WER RR _—
1 aluminum squares, and bolt the axles to the gear leg using
- 4o four, AN4-22A bolts, each axle.
Now install the wheels, tires, and brake calipers and plumb
the brake lines. Cut two pieces of 3/16 in. O.D. x 0.025 in.
M wall high-pressure Nylaflow nylon tubing about 72 in. long.
74 Slide it thru the soda straw conduit, and connect one end to

4

7 v the top of each brake caliper (Fig.26). Use a short (1/2 in.
s long) piece of brass tubing such as that found in hobby stores
W of (or from a ball-point pen) 1/8 in. 1.D. x 0.015 in. wall to slip
aid into each end of the Nylaflow tubing to reinforce it where

A the ferrule compresses it to form a seal (Fig.32). The brake

S g line curves gently from the 90 deg. 269-P Nylaflow fitting to

the trailing edge of the strut, passing between the brake disc
and the strut (Fig.26). To avoid heat damage, the tubing must
= lay flat on the strut, as far from the brake disc as possible.
/ Make sure the other end of the tubing clears the attach tabs
without kinking, and cannot rub against a sharp edge. Coil
the extra length to protect it and keep it out of the way while
preparing the hole through the firewall and until you are
ready o attach it 1o the master cylinders. Now, drill two
No. 10 holes through the firewall (drawing A-4).

Route the brake lines through these holes and connect to the
master cylinders, using inserts as before. Pot the nylon tubing
with KTV (silicone rubber) where it passes through the
firewall to avoid abrasion. Now you can flip your COZY right
side up on its own feet (if you have already completed the
next step)!
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STEP 5. CONSTRUCTION OF THE LANDING
BRAKE

You prepared for this step in CHAPTER 7. Review this
chapter and study fuselage drawings A-9 & 10.You will first
nee:_:i to cut through the bottom skin to remove the piece of
3/8 in. PVC foam and the 1 in. glass overlap at the side and
aft edges which will be used to construct the brake. This can
be done with a razor saw or a hand-held hack saw blade,
held very flat so it doesn’t saw into the foam. With a felt tip-
ped pen and straight edge, mark where you will make the
cut (Fig.33). The cuts should be at the inside edge of the
1/16in. x 1 in. depressions you provided in CHAPTER 7.
These edges will govern the exact dimensions of the brake.
After cutting through the skin, slip a knife under the edge
and gently pry the landing brake loose, remove the 1 in.
wide duct tape build ups, and set it aside temporarilly.

Now " fabricate parts LB-19 & LB-23 from 1/4in. birch
plywood (Fig.34). Note that one edge of each is beveled at
45 degrees, and a recess is cut into LB-19 1/16 in. x 3/4 in.
along the same edge for mounting the hinge.

Now, you need to prepare the location of LB-23, imbedded
in the fuselage at a 45 degree angle, such that LB-24, piano
hinge MS20001P§, 10 in. long, mounting on LB-23, will be
exactly 2-1/4 in. aft of the bottom, forward edge of the front
seat-back. To accomplish this, drill two 1/8 in. holes through
the fuselage bottom, centered and about 12 in. apart, at the
bottom, forward edge of the seat-back (Fig.35). Put a nail
through each hole (temporarily), and measure aft 2-1/4 in.
from each and mark the hinge line. Now rout out the foam
with a 1/4 in. drill at a 45 degree angle such that LB-23 slips
in with the beveled edge flush with the fuselage bottom and
the aft face lines up about 1/8 in. forward of the hinge line
you just marked. Do not cut through the inside skin of the

fuselage bottom.
L7 4

Now cut four aluminum slugs #2-m. square from 1/4in.
thick aluminum. Rough up the surface and 5-min. them in
place on the forward face of LB-23, centered at the dimen-
sions shown (Fig.36). Remove just enough foam locally from
the fuselage where the slugs will be when LB-23 is reinstall-

Now clean and rough (220 grit) the surface of hinge LB-24,
lay it on a flat surface flat side down, and 5-min. LB-19 to it in
the location shown (Fig.37). Cover the center of the hinge
with tape, so you don’t get any epoxy in the moving part.
Now cut three 1 in. square shims from 0.025 aluminum and
tack them to the aft face of LB-23 with 5-min. epoxy. Now
tack the hinge to the shims with 5-min. epoxy, while holding
everything in line as shown in Fig.38.

Trial fit this assembly in the fuselage, using shims if
necessary, so that LB-19 lays 1/32in. to 1/16 in. below the
level of the fuselage bottom. Hold the landing brake over it

" and mark the foam to removed from the brake so it will fit in

place. If necessary, trim the glass so it does not cover the
hinge pin. When you have a good fit, scrape and sand the
glass surfaces smooth where the foam waslremoved, careful-
ly mark where the brake mates with the hinge, apply flox to
the mating surfaces, lay the brake down on your work bench
glassed side down, cover the center of the hinge with tape to
keep epoxy out, and weight the hinge and LB-19 in position
on the brake until cured.(Fig.39).

Now LB-23 can be installed in the fuselage permanently. To
prepare for this, bondo the landing brake to a couple of
straight 1in. x 2 in. boards about 25 in. long (Fig.40).
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set the brake, with LB-23 still attached, in position in the FIG. 42

fuselage. Add whatever shims necessary to get the brake to
line up perfectly over the cutout and its glassed surface level
with the fuselage bottom (Fig.41). Then spread micro on
LB-23 and the mating foam surfaces, cover the other parts
with Saran wrap so they don’t get bonded too by any excess
micro, and set everything back in place on the fuselage,
perfectly aligned, and allow to cure.

After cure, pop loose the hinge and shims from LB-23, and
set the brake, boards still attached, foam side up on your
bench. Now remove 1/8 in. of foam all over the unglassed
recess in the fuselage, to allow clearance for glass layups in
both the fuselage recess and the top of the brake. The best
way to do this is to cut a number or 1/8 in. grooves all over,
which can be accurately gauged, and then sand down the
areas in between until the grooves disappear. Sand the 1 in.
wide glass area around the recess for good bond and radius
the edges for good glass laydown (Fig. 42).

- — — — — — =

BOTTOM FORWARD EDGE
OF FRONT SEAT-BAck

HINGE CENTERLINE

07~ You now will cut the slot for the brake actuating arm. This Fl_Gi]_
‘H 'y ‘;EJ:éstisg;eIS(:‘:rcﬂlLr; ff\r::re‘l‘alhf'"g'h‘hﬂd'e of the front seat- VIEW OF FUSELAGE
e ge is right-side up), or approx-
Vi imately 1-3/4 in. left of the fuselage centerline when the Botrrom LOOKING
fuselage is upside down (confusing, isn't it?). Hint: LB-19 is DOWN WITH FUSELAGE™X
offset to the same side of center. If it isn’t, stop right now and .
do the preceding steps over. The slot starts 3-1/2 in. aft of the UPSIDE DOWN

hinge line (5-3/4 in. aft of the nail holes) and is 4 in. long.
Drill 1/8 in. holes at these two points and check inside that
they are 5/8 in. from the side of the seat-back brace. If not,
adjust accordingly. Now, carve away the foam to bare a glass
area 2in. x 6 in., centered around these two points and cut
the slot shown in Fig. 43 through the inside glass skin. Taper
the foam surrounding this bare glass area less than 30
degrees for good glass conformation, and sand the glass for a
good bond. When you are certain you have 1/8 in. clearance
all around, edges radiused, etc., vacuum the foam, fill any
sharp corners with dry micro, and squeegee micro all over
the exposed foam. Then layup 2 plies of BID overall, cut at
45 degrees, starting by pushing the glass down in the center
recess and working it to conform all around, and extending
outto overlap the 1 in. wide recessed borders. Add a 3rd pl
of 45 deg. BID around the slot and over LB-23, ex(enti,;; 3RD PLY 61D

1/2 in. beyond the side (Fig.44). Peel ply edges of layup if cut 2 PLIES BID
to exact size, otherwise knife trim after partial cure.

Trial fit landing brake after the preceding layup (leave boards
on) to make sure there is still clearance left for 3 plies of BID
on the top of the brake. If not, remove foam accordingly.
Make sure there is at least 3/4 in. of bare glass all around the
edges (except for the hinge), the glass sanded, good transi-
tion foam to glass, edges radiused, foam vacuumed and
microed, center of hinge taped, and then lay up 3 plies of
BID all over (Fig.45). After about 4 hours of cure, knife trim,
coat the hinge (cover center) and LB-23 mating surface with
flox, slide Saran between any other possible contact points,
and put brake in place with hinge tight against LB-23. Weight
down or shim as required for perfect alignment, because
after a 48 hour cure, no adjustment will be possible.

DO DR

After cure, remove bondoed boards, open brake, and drill
and tap 4 holes through hinge and LB-23 into aluminum
slugs for AN525-10R10 screws (Fig.46). Reference location
dimensions in Fig. 36. Now close the brake and drill five
No. 10 holes through the hinge and landing brake (Fig.47),
1/2 in. aft of the hinge pin. Install 2 AN525-10R10 and 3
AN525-10R8 bolts and 5 MS21042-3 nuts.

Make two LB-18 brackets from 0.063 202473 formed angle
(Fig.48). Bolt them together with a 3/8 in. spacer in between,
and bondo them in place on the landing brake (LB-19) so
they are centered in the wide part of the actuating arm slot.
After cure, drill four No. 10 mounting holes through LB-19,
and install four AN525-10R10 bolts and four MS21042-3
nuts. Your brake is now complete; the actuating mechanism
is installed in CHAPTER 16. Fasten the brake closed until that
chapter. f .

LB-23
AN 525-10R10 4 pacEs

L8-19
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{ANSZS—IORIO (2) Fle 47 FlG. 48
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CHAPTER 10

CANARD CONSTRUC-
TION

OVERVIEW.  This chapter involves the construction of
the canard wing, including the lift tabs that will attach to the
fuselage, but not including the elevator attachment brackets
The canard s the most important and most critical airfoil in
vour airplane, o construct it carefully. The procedure which
tollows i highv refined to avoid difficultios encountered by
(‘.lr)’vw Varieze and Long-EZ builders, and we hope you will
find it Vari easy. The canard consists of five foam cores: two
outboard, two inboard, and one center core(Fig.1). A trough
(section BB) is cut in the top and bottom of the inboard and
center cores to accommodate an efficient, tapered thickness
spar cap. This trough is tapered from 1/32 inch deep at the
outboard ends of the inboard cores to 1/4 inch deep in the
fﬁ::’(: Zeﬁfl(;n, Tohlhe spar cap will‘ l)v!cnd into the airfoil
" N crtical shear web (Fig. 2) is installed after slicing

€ inboard and center cores at the leading edge of the
trough. This shear web is strengthened locally where the lift
tabs are m_stalled (Fig. 3). The canard must be built up
without twist, so the cores are jigged and the incidence
checked before installing the skins. The tapered bottom spar
cap and bottom skin can be installed in one layup, or you
can peel ply the spar cap and lay up the skin after the spar
cap has cured.

The canard is then turned over and rechecked for the
absepcg of any twist. After installing 1 inch blocks of high
density foam (Fig. 4) where the elevator brackets will be later
attached (CHAPTER 11), the top spar cap and skin are install-
ed. The bottom skin is 3 ply: 2 UND and 1 BID. The top skin
is 4 ply: 3 UND and 1 BID.

STEP 1. TRIMMING THE FOAM BLOCKS AND
CUTTING THE CORES

This step should take about 2 hours. You will need an assis-
tant for the hot wire cuts. Make the five hot wire cutting
templates shown on page A-2 by glueing them to a piece of
1/16 inck thick plywood, and trimming and smoothing (very
smooth) the edges. Make a duplicate of the ‘inboard end of
inboard core’ template because two will be needed for the
center section. Avoid water based glues which shrink the
paper. RAE epoxies work well, and you can squeegee the
paper template in place. Your cores will only be as good as
the templates, so be accurate! Since some of these templates
must be used on both ends of the blocks, transfer the "talking
numbers’ and the level lines to the other side of those
templates.

You will use two styrofoam blocks 7 in. x 14in. x 64 in. and
one7in.x 14in.x41in., saving the unused portions for later
chapters. Review Hot wire cutting in CHAPTER 3. Take the
two 7 in. x 14 in. x 64 in. blocks and, using your straight trim
templates, page A-2, cut them up as shown in Fig.5. This will
give you two tapered foam blocks 3.4 in. x 9.3 in. x 58 in.,
from which you will cut the canard inboard and outboard
cores. The 1.9 in. x 4.7 in. x 64 in. pieces must be saved to
make your elevators (CHAPTER 11), and the tapered block
5.110n.x 14in. x 64 in. must be saved to cut the center trailing
edge cores for the wings (CHAPTER 19). Take one 7 in. x 14
in. x 41 in. foam block and cut as shown in Fig. 6. This will
give you a tapered foam block 3.4/in. x 9.3 in. x 34 in. from
which to cut the canard center core, and leave a tapered 5.1
in.x 14in. x 41 in. block to cut your winglets (CHAPTER 20).

Review CHAPTER 3 again. Important: You will have much
hetter airfoils if you cut all core sections using the canard out-
board templates (no spar troughs) first. Then put the 58 in
Jong sections hack inside the trimmed off material and nail
together to reform the block, and using your straight trim
templates, cut off the 18 in. outboard sections (Fig. 7). Now,
take the appropriate templates, and fasten them to the ends of
the already cut cores, making sure you get perlect A/A;,‘Il/m'm
all the way around, and cut the spar cap troughs with the hot
wire savy, going straight down from above, across, and then
straight up and out (Fig. 81 This will give you nice, straght
troughs with square corners uoT Wikl SAW
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Remember, the center section
has a 1/4 in. deep trough top and bottom all the way across
and the inboard cores have troughs tapered in depth from
1/32 in. at the outer end to 1/4 in. where they meet the
center section. Be sure to make one right and one left! Mark
all your cores now with a felt-tipped pen, fore and aft, 1op
and bottom, so you don't get them mixed up

Before cutting the leading edge off the two inboard and
center cores, obtain 9 pieces of wood dowel 1/4in. dia. and
6-1/2/in. long, sharpen one end to a point just as you would a
pencil (Fig. 9). Insert these dowels equally spaced into the
trailing edge of the 3 cores as shown (Fig. 10). Push them into
the foam. twisting them with your fingers. They should pro-
trude bevond the shear web cut line by about 1-1/2 in. Now
pull the dowels out and hot wire cut these three cores into
two pieces each at the fonward edge of the spar cap trough
(Fig. 11). using your straight trim templates. Lay the dowels
aside temporarily. They will be used later on, after the shear
web layup, to align the sections for a perfect airfoil.

Use a coping saw or knife to round the tips of the outboard
cores (Fig. 12), making one right and one left. You should
now have 8 foam pieces (Fig. 13). Do not reject a foam core
due to minor imperfections caused by lifting or stopping the
hot wire. High spots can be sanded level and low spots filled
during the skinning step. A warped core can be held straight
in the jig for glassing.

This would be a good time to lightly sand the bottom surface
of the spar cap troughs with a hard block to make them level
and smooth. You need a full 1/4 in depth on the bottom of
the canard at the center and inboard ends of the inboard
cores to accommodate all the layups without distorting the
airfoil, and a little more than 1/4 in depth on the topside of
the canard, because there are several extra plies on the top
side.

STEP 2. MAKING LIFT TABS AND INSERTS,
JIGGING CORES, LAYING UP THE SHEAR WEB
AND INSTALLING LIFT TABS

This step should take about 4 hours. Make two aluminum in-
serts as shown (Fig. 14). Bondo a pair of 8 ft. 2x4's 10 your
table as shown (Fig. 15). They don’t have to be perfectly
straight or perfectly aligned. Grab the two aft inboard foam
cores and the aft center core and mark centerlines on the
shear web faces (W.L.19.4) with a felt-tipped pen (Fig. 16).
Sand a 0.2 inch radius on the corners (Fig. 16). Push large
nails into these foam cores behind the spar cap trough spac-
ed about 12 in. apart. Rest the nails on the 2x4's with the
core trailing edges down (Fig. 17). Butt the center foam faces
of the 3 cores together and check the alignment by holding a
tight string or straightedge spanwise and lining up the foam
centerlines to a straight line.

With the 3 cores aligned (which may require shimming or
relocating some nails), bondo the nails of the center core to
the 2x4's. A small dab of bondo where each nail touches a
2x4 is enough to securely position the core. Now, carefully
check that the shear web centerlines of the 3 foam cores are
aligned without any dihedral or sweep using a string. Also
hold a tight string along the trailing edges to make sure that
the trailing edges are straight and not twisted in different
ways. Shim nails as required for good alignment (eyeball
straight). Ship the loose cores away enough to spread dry
micro on the mating surfaces, and push them back into posi-
tion. Double check alignment (centerline straight, trailing
edges straight) and bondo the remaining nails and shims to
the 2x4’s (Fig. 18). Clean the excess micro from around the
foam joints. After cure, the cores should be secure for in
stallation of the shear web.

Recess the foam for the aluminum inserts (Fig. 19). This can
be done with a Dremel or a razor knife. Do not glue the in-
serts in with dry micro yet; they need to be positioned with
jigs so the holes can be located exactly, after they are
covered with the shear web. Refer to Fig. 20 and make two
lift tabs out of 1/8 in. thick 2024T3 aluminum. Stack the lift
tab, the aluminum insert (1.2:in. x 3 in. x 1/8in.) and a strip
of scrap metal (up to 1/8 in. thick) together and clamp in a
vise (Fig. 21). Drill the three holes through all three pieces
Mount three K1000-4 nutplates on the aft side of the
aluminum inserts. Bolt the strips to the inserts. Bond the in-
serts into the face of the shear web with dry micro. The metal
strips extend to boards bondoed to the table. After cure
remove the bolts and strip of scrap metal. Fill the holes in the
insert with silicone to keep the epoxy out of the nut plate

threads.
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The shear web layup extends full span over the forward face
of the aft pieces of the inboard and center canard sections,
and down the spar cap faces, full span (Fig. 22). Cut 9 pieces
of 10 in. wide 45 degree UND (Fig. 23). Roll them up to pre-
vent distortion (elongation along the long dimension). Cut 1
piece of 45 degree BID 10 in. x 34 in. Cut 2 plies of 45 degree
BID 4 in. x 8in., and 18 plies of 45 degree BID 1-1/2 in. x 4
in.(Fig. 24). Check the edges for radius. Be sure all foam faces
are smooth without bumps or joggles. Vacuum foam and put
strips of masking tape along the aft edge of the spar cap to
protect the foam below from excess epoxy drips and slops
(Fig. 25). Be neat! It will save heartache later on.

CZ /e~
FiG. 14

Mix micro slurry and squeegee a light coat over the shear
web face and spar cap faces. Layup the first ply full span
diagonally across the shear web face at 45 degrees. Wet out
onto the three faces and then trim just short of the joggle
(which | hope you have covered with tape). It's better to be
1/4 in. shon of the joggle, than to bunch up against it,
because there is just enough space in the spar cap troughs
for the specified number of layups. Do not allow a build up
there. Splice where necessary. Butt joints. Do not lap UND
joints (ever)! The second ply i1s the same except crossed
diagonally the other direction, also full span. Check the ap
proximate 45 degree fiber orientation of the shear web and
spar cap faces. Squeegee all plies well, from the center along
the fiber direction, out toward the joggle. Do not leave ex-
cess epoxy or overlaps that build up this area inc --ectly!
The thickness of this layup must be correct!

The third and fourth plies are done similarly, except they do
not extend full span. They are crossed and extend from
B.L.37R to B.L.37L (total length of 74 in.). The fifth and sixth
plies are similar, except extending from B.L.27R to B.1.271
(54 in.). The seventh ply is 45 degree BID, extending from
B.L.17R to B.L.17L.

Now, lay up 9 plies of the 1-1/21in.x 4in BID centered over
each aluminum insert (Fig. 25) Apply a little dry micro in the
corner at the edges of the 9 plies to allow a smooth, void free
layup of one ply of BID 4in. x 8 in. over the stack of plies as
shown. This thick glass pad will later ;')mvuh* the bearing
strength for the lift tab bolts. Check for vaids or excess
epoxy. Peel ply shear web and spar caps; then remove mask
ing tape, and allow everything to cure.
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After the shear web layup has cured, reinstall the metal strips EDGE OF TABLE

used in locating the inserts, and use them as a drill guide to il | B - - = . N B .

accurately drill the fiberglass pad  (Fig. 21). Caution: JI6

Fiberglass grabs a drill bit; use a drill stop to avoid going into | BLOCK

the nutplates and ruining the threads. Use a 1/4 in. drill @ 1vr

Sand the lift tabs dull with 220 grit (don’t you dare use Lﬁ p-15 IS+ A’J

anything coarser!), coat the tab and pad surfaces with wet 58 37 — ) = 31 e

flox, and install the lift tabs using ANA-7A holts and 72 pont - ——e — 12

AN960-416 washers. See page 10- 8, F16. 26

STEP 3. JIGGING AND BONDING THI - o

CANARD SECTIONS TOGETHER [ o LavaL
u~r5,‘\“" SEE Pgq A-1Y

Refer to page A-2 and make 8 ‘A" jig blocks (only one is o' Boz tow. TEALPMT?-

<hown). Position the 8 jig blocks on your table, aligned along Noten T LLtaL “"T”-\ =4 ""'O

the edge so that the leading edge of the canard will overhang AND BOLY HEAPS -

the edge of the table (Fig. 26). Use a string straightedge s g rasLe i

eyeball, and level to line them up in a straight line on an
even plane and in perfect alignment with each other. Shim as FI1G.27 F16.29
required to correct for an uneven table. This is important! —— e————
Once they are perfect, bondo them in place. Now grab your
leading edge inboard and center foam cores and notch them . o
(Fig. 27) to clear the lift tabs, pads, and bolts, and sand away AN S N
a little foam if necessary to compensate for the shear web T
build up toward the center (careful, not too much!). Now j_
remember those 9 dowels you laid away earlier? Get them ' Jlﬁ@ ' * ”5@ * ' J"@ * g A

out, because you will need them shortly. Shine a flashlight J16(A)
through the dowel holes in the aft shearweb assembly, and FIG.28

drill @ 1/4 in. hole through the shear web to open up all 9 —_—

holes. Use these dowels to trial fit the leading edge to the

shear web, and then the entire canard, upside down in the

jigs (Fig. 28). With the dowels in place, you shouldn’t have to t Vﬁ&&%% ?‘—!"s..‘lzge T‘.T‘mﬂ'!‘
shim under the spar cap, to get the correct alignment of e ‘ Co' . / .q;rz,g’ei,e
cores, but it might be a good idea anyway, just to make sure o

the spar cap trough is the correct depth, top and bottom (Fig
29). Use 3 in. long nails to hold all the cores in position, and
weights, while you check for a straight leading edge, and use
the incidence block 'C' (page A-2) and a level to make sure
there is no twist anywhere. Shim as required.

/A

TRoweL A Yy Hich Aipoe Pusy ToGeTHEL
When you are sure everything is perfect, glue the aft inboard OF DRY MicRo AtonG ;:‘r:v:,‘fjl;:‘:z’
and center sections (the shear web assembly) to the jig LEADINC £DPGE CoRE ay E y

blocks with small dabs of 5-min. (bondo dissolves FI6.30 REEES-
styrofoam). After cure, withdraw the 9 dowels, and remove

the leading edge sections and the outboard sections from the

jigs. Mix up some dry micro and coat the leading edge cores L “

with micro (Fig. 30) where they mate with each other and [ 14 >

with the shear web. Put the leading edge cores back in the
jigs, coat the 9 dowels with micro, and push them all the way
in, until they are flush with the aft face of the canard. Now
coat the mating surfaces on the outboard sections and put
them in position on the jigs. Use nails and weights to hold
everything tightly in place while you check for straight SPAR (AP
leading and trailing edges, and correct mating of all surfaces MADE FROM
and correct incidence everywhere with no twist anywhere. 2 PCS. BUTT

Then secure everything in place with 5-min. epoxy. Remove fe——50 ———
excess squeezed out micro. It is very helpful later on to have TOGETHER ¥
nice, radiused and troweled micro corners in the spar cap ALONG SELVASE '7>\ UND > / 6
trough to cut against when laying up the spar caps. Allow the v

assembly to cure in the jigs. s
FIG. 3l R=92"—~

]
UND T
-— SELVAGE
& 38

!

Now cut the following glass pieces: One piece of UND 114

in. long, tapering equally at both ends to 50 in., and one

piece of UND 50 in. long, 6 in. wide and tapering to 42 in. | 160"

(Fig. 31). These will be used to layup the bottom spar cap t &
Now cut two pieces of UND 12in. x 160 in., which are need- Py 15T SKin P‘-Y

ed for the first and third skin plies (Fig. 32), and three pieces ¥ +

of 45 degree BID 13 in. wide for the second skin ply (Fig. 33). Py 3% SKiN prY

STEP 4. 'FLAGGING’ THE SPAR CAP

A
\

UNY.
Stop now unless you and your helper can work the next two
(or s0) hours straight through. Visit the bathroom. Inspect the F1G.32
spar cap trough. Sand it lightly with 36 grit, and remove any —
bumps or joggles (there aren’t any, are there?). The spar cap TRy SILV&}
must be ahsolutely straight. Mask off the foam surface on { Born SipEs.

either side of the trough with newspaper and masking tape
(like a surgeon doing an operation). Epoxy should be mixed
in 51to 6 oz. batches for this layup. A plastic squeegee (or
rubber) 2-1/2 or 3 inches wide is necessary for this layup
Don't start without a supply of sharp razors.

THesE TolE pleces of BiD @ 45°
FIG.33 ARE FoR YHE i_l:: SKIN Ly
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Apply a brush coat of epoxy to the spar cap trough. Lay the
long edge of the spar cap ply straight along the forward edge
of the spar trough. Wet out the cloth over the trough (Fig.
34). Fold the cloth over and wet out the cloth over the trough N
again (Fig. 35). Now, use a new, sharp, single-edge razor to

slice through the fine cross fibers at the fold so that the cloth —

lays flat (Fig. 36). Don't gouge the blade in deep. A light pass

right at the surface is all that's required. Keep folding, wet-  F16.34

Uing, squeegeeing, and slicing until the spar cap is thirteen

(13) full-with plies at the center, using as much of the second

piece of UND as is necessary. Trim any excess and discard

(Fig. 37).

Make sure that you keep the major unidirectional fiber
bundles straight (Fig. 38). Do this by pulling the cloth from
the ends and using the squeegee only in strokes from the \

center outward. You can now peel ply the spar cap, and !

allow this layup to cure, or you can continue with the layup e \

of the 3-ply skin. In either event, use airfoil template ’C’ to \

make sure the spar cap doesn’t form a hump which will : | \
destroy your airfoil shape. Use a hairdryer and squeegee to . : .
femove any excess epoxy and to compress or redistribute X -

the plies as necessary. The center 34 inches aren't critical )
because that part of the canard gets covered by a fairing. FoLb AT Arr:DG_G_J
w o UND eldTh IS oF TRouGH.

hen ready for skinning, remove the peel ply, masking tape DRAPED OVER

and newspaper. Lightly spline-sand the foam surface to get
rid of any wire cutting hairs. Level any jogs or bumps (Fig.
39). Mix some dry micro and fill any gaps at the sides of the
spar cap _(Flg..40) 0 no large voids are trapped under the
skn_n. Avoid micro on the spar cap itself, and fill any dings or
nail ho_les. Apply masking tape to protect the foam on the
underside of the leading edge from epoxy (Fig. 41), and
spread a thin coat of micro slurry over the foam core. Wet
th‘e spar cap with plain epoxy, not slurry, and fasten a 1/2 in.
wide strip of peel ply along the trailing edge (Fig. 41).

LIFT TAB.

Drape the first skin ply (UND) over the full length. Let the
cloth hang over the leading and trailing edges. Slice the cloth

locally for the lift tabs. Pull from both ends to straighten the F16.37 TRim HERE ) DISCARD EvCESS —
fibers and remove any wrinkles (Fig. 42). Wet out the skin us-

. L 4 —
ing a 2 inch brush and a squeegee. Scissor trim the trailing e e e e e %
edge and wing tips to about 1/4 in overhang (Fig. 43). — = jl*;f _/
‘_'_/Sw My SuRrAce Bump To Fl6.38 \_-\-ms — NOT THIS- E::. 0;:'::: :-*E
A Smoorw TRANSrren ’
SRR Like ™ > L‘SP’R'—” Mcgp B SLury At sedn,s

- LDiNE or WAL WOLE FILED. -
o WITH DRY MICRO ¢ -7 " "-

Fi6. 42

The BID ply (2nd skin ply) is next. First use the scissors to lr_im
off the selvage from each edge of the BID pieces; otherwise ™
the selvage would cause a bump in the top skin. Drape the FlG. 43 ro AV
pieces as shown (Fig. 44). Do not overlap the BID joints (Fig. —
45), because this would also cause a bump in the top gkln,
Wet out each piece before laying on the next. Each‘ piece
should laydown with the fibers straight and without wrlnklgs,
The 3rd skin ply (UND) is laminated exactly like the Tst skin
ply. Since it’s the final ply, care should be taken to sllpple
and squeegee as much excess epoxy up from the prece_edmg — -
plies as possible before adding more. After the last ply is wet

IM_CloTM AT EDGE of TP
01D WRINKLES.

‘ Pull FABRIC UNTIL THIS EDGE IS
out, go over the canard and double check for air bubbles. FIRST PIECE Cl. ATOUT 10 THE CEA‘IYR Ok THE STBO CORE
Peel bLy Kave
TRim L
HerE

THESE Flrom 32 piEcE

TRIM T T\ ——==-=
HERE — | -— \
f | A
4 1/
Peec puv . ~ - \ T '
THo®> 7o [ - FIG 45 DO NoT OVERLAP THE BID PLIES. TH\S WOULD CAUSE A BunP iy
FIG.UT  For tersee 7 * THE TOP SKIN bLY.
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e SouE DRY Micro NERE wNILE
/’}u‘?’sm LAYUP 1S STILL TACKY. THS

AFTER STEP 5,Smb THIS AREA TO
THE CON TOU

TemrLaTe €),

peel ply from the leading edge back 2 in.(Fig. 46). In three to
four hours, go back and knife trim leading and lrmlm,ipdm.y
Trim the trailing edge flush with the foam edge (Fig. 47). Trim
the leading edge as shown (Fig. 46). The wing tips are trimm-
ed similar to the leading edge. Trowel some dry micro along
edge (Fig. 48) while the skin layup is still tacky

the trailing | |
This save a sanding job later on to get the micro 1o stic k. You
<hould try for a contour as per template 'C" (Fig. 49).
STEP 5. INSTALLING HARD FOAM BLOCKS

FOR ELEVATOR HINGES, THE UPPER SPAR
CAP, AND THE UPPER SKIN

This step will take about 4 hours with 2 people (longer if
alone). A 3rd person is handy to mix epoxy and pour coffee
Remove the peel ply and masking tape from the leading
edge. Using a sanding block, taper the initial 1/2in. of skin as
shown (Fig. 50). Round up some 1x2’s and refer to Figure 51.
What you're doing here is stiffening and holding the trailing
edge straight until the top skin is installed. You are also in-
stalling a very simple jig to hold the canard level and straight
when you flip it over so you can install the upper skin. Let the
bondo harden and then remove the canard from the jigs.
Clean your work table off and set the canard right side up
with the leading edge extending over the edge of the table,
to simplify the leading edge overlap (Fig. 52).

Carve the trailing edge foam block off as shown (Fig. 53) and
remove peel ply to provide a 1/2 in. wide glass-to-glass bond
(see section A-A, page 108). Use the upper surface incidence

R SHOWN IN secT A4
PABE 10~ ¢HECK conToule witH

SAVES You FRoM HAVING To SAMD 1T
LATER FOR ADNESION TO THE MICRO.

2 13-v

block to recheck incidence spanwise and shim-as-nacessary. I~ 72/ o4/

ETE,

Amwe cauls

Check dihedral and shim-as-necessary. When you are certain DA,D CORAEET .

the canard is not twisted, and everthing is straight, bondo the wewclETER Y2
ce

boards and shims to the table. This is it! No more adjustment
will be possible. Now remove peel ply from the top spar
trough (if it's still there).

cul HERE wird SAND SMadTH
WTH A SANDING
A Nlcxinm BlADE /- ( ae(ty.

ToP

CoNTouR CHECKING TEmpLAre (©) BE SURE To Cweck Your
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F16.49
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FIG 50
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SKIN- I
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Before glassing the top, install the 1 in. wide high density
foam blocks at the positions you will later install the elevator
hing brackets (Fig. 54). These provide the support required
for the brackets. Dig the foam out of the areas shown with a
knife or rout out with a drill (Fig. 55). Carve the high density
blocks to fit and install with wet micro (Fig. 56). The digging
doesn’t have to be accurate and smooth, any roughness or
oversized gouges will be filled with micro. If the blocks are
installed immediately before the top skin, no sanding will be
necessary, just level the surface with dry micro and glass
over.

I

53

34 15.5 ' s 3¢ 53 b
NUMBERS ARE DISTANCE Feom &
IN INCHES

FI16.54
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The glass cloth for the top spar cap and top skin is.cut as
shown in Figure 57.

Don’t start glassing unless you and your assistant can stay
with it for the next several hours. You are ready to glass the
top spar and top skins. This operation is done exactly like
step 4, with two exceptions: (1) The top cap is thicker, requir-
ing more folds until there are 19 thicknesses in the center,
rather than 13. This requires two pieces of UND. (2) An extra
skin ply of UND goes over the top. Everything else is the
same. A careful scissor trim is made along the leading edge
50 that the four top skin plies overlap the bottom skin 2 in-
ches (Fig. 58). The overlap will be faired in by sanding after it
is fully cured (Fig. 59). Be sure to use micro slurry on the bare
foam and plain epoxy on the leading and trailing edges and
the spar cap before the first skin ply.

The trailing edge is knife trimmed even with the bottom skin
edge (Fig. 60). Your treatment of the wing tips isn't critical.
All foam surfaces should have at least two plies of glass for
surface durability, but there isn't any further strength
requirements at the canard tip.

A small cosmetic fairing is installed on both ends of the
canard to fill the 1 inch void outboard of the elevators. This
cannot be done until after the elevators are installed in
CHAPTER 11, because they line up with the elevators. Make
sure there is a 0.1 inch clearance after finishing.

f— "4 >—]
A f
qi._ SELVAGE 1g"
SPAR CAP {
REQUIRES P
2pCs. BUTT  F+———70" ——— ¥
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ALONG SELVAGE uno 21"
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L2
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\35 o 45°
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CHAPTER 11
ELEVATORS

OVERVIEW. In this chapter you will manufacture qnd
mount your primary pitch control surfaces. The elevator is a
simple, hinged, slotted flap that attaches to the ('mmrd.. The
elevators move up and down together as the control stick is

moved fore and aft.

To build the elevators, you will hot wire the foam cores,
bond them to long aluminum tubes and glass over both sur-

faces. You will then install the hinge brackets, the ac
arms and the mass balance weights. You will also ass
the elevators to the canard.

tuator
emble

The critical requirements in this chapter are: (1) The elevator
contour must be exact to insure pitch stability, and (2) The

elevator weight must be as light as possible and balan
avoid flutter.

The following parts are available from your
distributor:

CS2 Bracket with bushing (7)
CcS3 Bracket (9)
Ccs9 Plug (4)
cs10 Lead weight (2)
csti Lead weight (2)
CS12 Belcrank with bushing (2)
PTB Pitch trim belcrank (1)

ced o

cozy

STEP 1. CUTTING FOAM CORES AND BON-

DING TO TORQUE TUBES

This step will take about 2 hours (or so), and you wil

| need

someone to help with the hot wire saw. The rest you can do

alone. You will need the elevator templates from page
you have already cut these, proceed. Find the foam

A-2.If
blocks

left from CHAPTER 10. Hint: They are 1.9 x 4.7 x 64 inches.
Your elevators will be about 57 inches long when complete

(you will trim them to fit your airplane) So cut the 6
length down to 57 inches, and then cut this piece in h

4 inch
alf. 57

inches is too long a piece to hot wire cut to the accuracy
needed in these small elevator cores. So you will now have
four blocks of foam; two for each elevator. Weight the foam
blocks down onto your work table (Fig. 1), nail the templates

on each end level to each other, heat up the saw, an

d start

2 1o cutting. First cut the tube notch, then the top (curved sur-
face) of the elevator, and last, the bottom (flat surface).

C2 10

Now you need two pieces of aluminum tubing 1-1/4 in
x .035 in. wall x 62 inches long (6061-T6). They m

.0.D.
ust be

straight. Bent or curved is not acceptable. Use MEK to clean

off all oil film and sand lightly with 220 grit sandpaper.

Check

your table and remove any epoxy globs to make it perfectly
flat where laying up your elevators. Then cover this area with
Saran wrap and clamp (or weight) the tube to hold both ends
down (and the entire length in between)(Fig.2). Mix up some

micro and apply an even coat to the foam cores wher

e they

will join the tube and each other. Push the foam cores into

position on the tubes (top side up) and wipe off excess

micro

(Fig. 2). Weight the cores to be sure they sit flat on the table

and allow to cure (Fig. 3).

_o STEP 2. INSTALLATION OF THE TOP SKIN

This step should take 2 hours and you can do it alon
the following glass: 8 pieces of UND cut at 30 degrees
selvage edge 7 in. wide and 64 in. long (Fig. 4). Roll th

e. Cut
to the
em up

to avoid distortion, and save four of them for the bottom

skin. The top side is concave; use template ‘E', page
check the foam contour. If it isn’t right, stop right
When the foam surface is prepared (hairs sande:

A-2to
here.
d off,

vacuumed, etc.) apply a light coat of slurry to the foam cores

and lay up crossing plies of UND (Fig. 5) on each el
top surface. Do not leave excess epoxy in this layup. It

evator
is bet-

ter to be as dry as possible here. Your elevators must not be
overweight. Scissor trim the leading edge (Fig. 6) so that the
plies lap over the tube less than half-way. Allow to cure and

knife trim the trailing edge oversize (Fig. 7) to about 4.

75in.,

so you can get 1/4 in. minimum glass to glass bond with as it-

tle removal of foam as possible.

]
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STEP 3. INSTALLATION OF THE BOTTOM
SKIN

This step should take 2 hours and again, you can do italone

Turn the cured elevators over and clamp the tubes to your
table again. Be sure that the tubes are straight. You may need
to shim the tubes under the clamps to avoid bending the
tubes. Clean up any excess epoxy of plass ravels on the
aluminum tubes with 100 grit sandpaper. Taper the top skin
edge (Fig. 8). Remove foam (only if necessaty, and then the
minimum amount) from the trailing edge 1o expose the last
14 in. of glass for a good glass to glass bond. Sand dull

Locate the 4 remaining plies of UND. Like the top skin, the
bottom is also 2 plies thick. Apply a light coat of slurry to the
foam core, and pure epoxy to the tube and area of top skin
that the bottom skin will lap onto Fiber orientation is the
<ame as the skin at the leading edge (Fig. 9). This lap must be
above the centerline so that the bump doesn’t interfere with
the €S2 hinge brackets. The slight bump is faired smooth
with peel ply or by sanding after it cures. Remember to keep
the layup as light as possible

After both skin plies are wet out, wipe dry micro into the
trailing edge (Fig. 9), only as necessary to fill any depression
Allow to cure and knife trim the trailing edge and ends.

/= s €S2 NESTS AGAINST
* N VBortom SKiN.

f

BUMP, Due To KNIFE v&im

SKin NERLAp.

FiG.9

STEP 4. INSTALLING THE OUTBOARD
BALLAST WEIGHTS

This step should take about one hour. Refer to the scale
drawing on page 11-6, for the final dimensions of each
elevator. Trim the tube flush with the outboard foam edge.
Trim the inboard end of the tube as required to the final
length. Locate the counterweight jig (shown on page A-2)
spanwise and glue it to the top elevator skin with a dab of
bondo (Fig. 10). Flip the elevator upside down and locate the
CS10 lead weight (Fig. 11) and spacer in the jig. The spacer is
carved from a scrap of 1 in. thick 6 Ib/ft3 (light red) core
foam. See page A-2.

Bond the spacer (foam) and CS10 lead weight to the elevator
skin with 5-min. epoxy. When the 5-min. is cured, knock the
jig block off and sand the top and bottom glass skin dull
behind the mass balance. Lay up 2 strips of UND 0.8 in. x 11
in. around the spacer weight and elevator (Fig. 12). The sides
of the mass balance are painted with epoxy. While you still
have a little fresh epoxy and some scraps of UND left, take
the 32 in. piece of 1-1/4 in. O.D. tubing from your kit, cut it
to 31-3/8 in. long (page 11-6), clean and sand the center, and
lay up a 1-1/2 in. wide double thickness wrap of UND
around the exact center (no overlap), and peel ply. This will
insure that all of your hinge brackets are spaced the same
height off the torque tube.
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CS3's and CS12's are made from 1/8 in. thick 202473
aluminum. Use the full size pattern. Homebuilding the C52's
is not recommended since they must be formed from 0.063
2024-0, and then heat treated o T3. The pivot must be 0.1 in
forward of the tube centerline with elevator bottom level
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c=2 105 RirNd
o=y STEP 5. INSTALLATION OF BELCRANKS AND "
HINGE BRACKETS ALIGN THESE DRILL 12 Two PLACES

EDGRS
CoNCENTRIC.

-~ cs9.

" e

This step should take about 2 hours. You \\_‘lll have to drill
two No. 12 holes through two €S9 plugs (Fig. 13) and one
€512 belcrank (Fig. 14), keeping the holes straight apd_ all
three parts concentric (Fig. 15). You will have to do thisin a
drill press. With a center punch, mark the hole centers on
one of the €S9 plugs. Then stack two CS9 plu'g< ina short
piece of the 1-1/4 in. 0.D. tubing you have just trimmed
from your elevators. Drill one hole all of the way through
both plugs, insert a bolt to hold the holes in alignment, and
drill the 2nd hole. Now ctack the plugs and the 1-1/41in tub-
ing over the €512 belcrank, making sure lh(’» hulp alignment
is as shown in Fig. 15 and plugg alro rnnc_ml\l.nc \rnll\ helclrg:(l;
rill the 1st hole. Insert a bolt to maintain a ignmen

:‘i’v‘l(:' (:ho 2nd hole. Repeat for the 2nd belcrank and other 2 Fia 5
plugs. Mark each set of 3 parts so you keep them matched.
Now bolt each set together with AN3-14A bolts and
MS21042-3 nuts. Do not overtorque these b_ohs! No. 10
bolts should not be torqued over 25 inch-lbs. With the upper
elevator surface leveled on the table, insert the l?elcmul'\k
assembly into the tube and level the vertical level line (Fig.
16). Drill the No. 12 hole through the tube and €S9 plug.
This hole is roughly parallel to the bottom surface of the
elevator as shown. )

Don't finally install these bolts until the elevator €S2 hinge
brackets have been installed, but mark which elevator each

Y

BE SuRE LerT+
RIGHT CSias AKE

goes on- PoSITIONED 1 PENTICALY,
Refer to page 11-6 for a full size pattern for PTB, the pitch

trim arm (CHAPTER 17). It is available prefab. Rivet it to a

€52 a5 shown. Use two AN470 AD4-5 rivets. Then trim ex- LEVEL ALOWG

cess €S2 at the aft end. Refer to page 11-6 for positioning the VEVEL WING

PTB-CS2assembly on the centerline of elevator torque tube
spool piece. Be sure to attach the PTB to the CS-2 hinge

bracket before attaching this trimmed CS2 to the spool o3 V1A

piece.

Now mark the positions of the six CS2 hinge brackets on the d
elevators as shown on page 11-6. The hinge bracket is DRILLTY
located fore and aft, by nesting the fitting against the tube CZ 1672 For -
radius with the fitting flat against the bottom skin. Care f16.16 SQ‘Lé. ISA

should be taken to sand off any bumps or discontinuities that

may keep the CS2 bracket from fitting correctly. With all the

CS2 hinge brackets sitting on the elevator, sight through the LEVEL

bushings to assure that they line up. It is helpful to put a

white piece of paper a few inches behind the last bracket of \\\ —\BENLR \ \.

each elevator to deflect the light. When the bushings are lin-
ed up, and you sight through, you will see 3 concentric
holes. With the brackets located properly, drill the No. 30
holes (3 per bracket). One of these holes is into the bottom
glass skin only (Fig. 17). It serves only to locate the hinge
bracket, not for strength. Apply wet flox to the CS2 flange.
Position it over the previously-drilled holes and install the
bracket with two pop rivets. Wipe off any excess flox.
Recheck alignment of bushings. If not correct, remedy now.
Drill the center hole out to No. 12 drill size and countersink
it (100 deg.countersink) for an AN509-10R7 flush screw.
Installing the MS21042-3 nuts on the flush screws requires a
long 1/4 in. box end wrench. This is easy to make using a
cheap ignition wrench and a four-foot long stick or dowel of
wood (Fig. 18). When the 5 min. cures you can bend the
wrench so it is even with the edge.

DRI #'2
4 COUVTERSIWK

It will take two people to install the locknuts, one to
maneuver the nut into position inside the tube with the long
wrench, and one to install and tighten the screw. After the
lock nuts are installed on the hinge brackets, you can finally
install the €S12 belcrank assembly. Make a small foam plug
for the outboard end of the elevator tube and 5 min. it in
place (Fig. 19). Lay up one ply of BID over the outboard end
to seal and protect the foam and tube. Leave the inboard end
of the elevator bare foam until CHAPTER 12.

STEP 6. MATING THE ELEVATORS TO THE
CANARD

This should take about 2 hours. You will be working with
both elevators and the canard in this step. Lay the canard

bottom side up and mark its centerline (B.L.0). Insert the L e S—
elevator torque tube spool piece between the elevators, slip-
ped over the €59 plugs at each end. Center the elevators and
mark the position of the outboard balance weights on the |
canard and cut a slot to accomodate it. Cut the slot oversize

for clearance (approximately 1 in. wide)(Fig. 20), and then

lay up 1 ply of BID to protect the exposed foam. .

/

BoToM | REMOVE SKIN € FoAM
VrEw To CLEAR €510 BAL.
WT. PLUS 0.I"CLEARANCE
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Make 4 elevator jig blocks "B’ from 1/4in. |)|ywnnﬂ or 1x12
in. lumber (page A-2). Bondo one elevator to the jig blocks
with the jig blocks spaced about 1/3 and 2/3 of the elevator
span. When the bondo is hard, position the elevator and jig
blocks on the canard (Fig. 21) Check to see that the canard
(railing edge lip is at least 0.1 in. from the top of the elevator.
If no(‘ shim the elevator up or down as required (Fig. 22).
Bondo the jig blocks to the canard to hold the elevator
cecurely in place. Mount the other elevator on the canard
cimilarly, with the spool piece in place in between. Now
cight through all of the bushings in both elevators. You
<hould be able to see all the way through. If not, see if slightly
;ioﬂmnng the canard (such as weighting the tips down to
qmulate the air loads) will line them up. You can also shift
one or more jig blocks aft slightly to line them up. Do not
move any part of the elevator closer to the canard. That will
prevent you from getting the required up and down travel
Also make sure both trailing edges are in line. When all is
perfect, drill holes through the spool piece and CS9 plugs
(Fig. 16) and insert AN3-15A bolts.

Now position the 7th €S2 bracket (with PTB attached) in
place on the spool piece (page 11-6), over the 2 wraps of
UND at B.L.0. Check that its bushing is in line (it should be).
Then flox and rivet it in place. At next disassembly, drill out
one of the rivets and bolt it in place as with the other 6
brackets. Now you are ready to install the CS3 hinges

USE DRILL TO "
RouT THESLT (1/4)
Do THIS 1IN NIVE PLACES

her DEwSITY
Fig.24 TNSERT
~A
AnSoB -oRT

Two Flusn \/8"
Pop RweTS

SAND (£S3's DurL
BEFORE PUSHING INTD
FLOX FILLED HOLE

Bolt the €S3 hinge brackets to the C82’s and mark the area
where they strike the canard (page 11-6). Note that CS3
nests inside CS2 (Fig. 25, section AA). The marks should be
at the center of the canard’s high density inserts. Don't set
your brackets off-center more than 0.3 in. Use a drill with a
1/4 in. bit and rout a slot in the canard’s high density foam in-
serts along the marks (Fig. 23). Don’t drill through the top
skin, but do remove foam down to the top skin (Fig. 24). Un-
bolt the CS3’s and drop them down in the slots for a trial fit.
They should bolt to the CS2's and butt down against the
canard’s top skin as shown in Fig. 25, without being forced. If
they stick out too far you may have to trim them slightly.

This paragraph is optional for those who wish to check their
elevator travel before floxing the CS3's in place. Clamp a
small board to each €53 bracket and bondo the board to the
canard. Now you can remove the 4 jig blocks and check
freedom and distance of elevator travel. Elevator travel
template is on page A-2, but a quick check is 1-1/2in. travel
in each direction from neutral. If elevators do not move free-
ly, either your bushings are out of alignment or they are too
tight around the bolts. In either case, correct, and then bon-
do the jigs back in place and remove the clamps and bon
doed boards at the CS3's
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You can now remove the CS3's and fill the slots with flox just
thin enough that you can pour it into the slots, and reinstall
the CS3's. Wipe off the excess flox when you drop the CS3's
into the holes and allow to cure at least 24 hours without
moving anything.

Knock the

jig blocks off after the flox has cured. Check for

freedom of movement and slot clearance.. Now remove the
elevators (this is the time to bolt the 7th CS2 in place on the
spool piece) and install the CS11 inboard balance weights

(Fig. 26)
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They bolt on the inboard sides of the CS12 :

belcranks (Fig. 27). Now hang the elevators upside down by
the pivot holes. Suspend them on fine wire, such as safety
wire. The should hang 12 to 25 degrees leading edge down
(Fig. 28). Recheck this after finishing and painting. Your
elevators should weigh 3.3 to 3.6 Ibs. Do not add more than
0.3 Ib. of lead to balance an overweight elevator. If some ex-
tra lead is needed, add all of it to the outboard balance. An
effective way to do this is to stick lead tape (3M) to the for-
ward end of the mass balance and then cover it with one ply
of UND. WARNING: If your elevators are overweight or
shaped wrong, strip them down to the bare aluminum tube
and rebuild them. This is the most important work you can
do on your aircraft.

WARNING

It your elevators are overweight or shaped wrong,
strip them down to the bare aluminuatube and rebuild
Them. This is the most important work you can do on
your aircraft.

You can now add the cosmetic pieces outbhoard of .lhc
elevators at the tips of the canard, as shown on the plan view
of the canard at the end of CHAPTER 10. Use medium densi-
ty PVC (6 Ib/ft3). Shape it to correspond to the contour of the
elevator in its neutral position, allow 0.1 in. clearance with
the elevator, and cover with 2 plies of BID.
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CHAPTER 12
CANARD INSTALLATION

OVERVIEW. In\hischapwryou\\lllalignan_dlempomri-
ly install the canard on the fuselage. The canard is a|i?,ned for
zero sweep, zero dihedral, and zero incidence. Alignment
pins are installed in the F28 bulkhead and alignment tabs in-
stalled on the canard to match. The canard tabs (aluminum
tabs installed on the canard in CHAPTER 10) are anAled in
place and nut plates are installed to facilitate removal in ser-
vice. The following prefab parts used in this chapter are
3'3 available from aCOZY distributor:
27 cun CNT Canard attach bushing (2)
CN2 3/16in. flanged bushing (2)

STEP 1. INSTALLING THE ALIGNMENT PINS ANS3 - 204 10000 G

This should only take 1/2 hour. Cut N;T heads r()jff of two 2,, _ CUT THE HEAD OFF AND
AN3-20 or AN3-20A bolts and sand or file a round nose on FIG.|
the unthreaded ends (Fig. 1). Drill two holes in the F288 — GRIND A ROUNDED NOSE oN i1

bulkhead and wood doublers (Fig. 2) about 1-1/2 in. deep.
Make sure the holes are straight fore and aft and horizontal.

Check that the pins will slip into the holes and stick out only T2y LONGREA
about 1/2 in. (Fig. 3). Do not bond the pins in yet. &~ o

[ s — «
STEP 2. ALIGNING THE CANARD 20 -~ DRiLL *]0
This step may crowd your shop slightly, but only takes about LCDENNJEEI{(OE: N
an hour (or so), and you need an assistant occasionally to
help measure things. FUsLuAeE, DOUBLERS ON
Fa 22 £\P BOTH SIDES
PIN 8 SEE PAGE A-7
~~ / SECTION A-A
V)
0 Y FiG.2 ¢
Fed 2
.
Fez LI
Fia.3
Check the top of F22, that it is straight and level with the THIS DIMESION
MUST BE THE

longerons. Fasten 0.016 in. thick shims (to allow for 1 layer of
BID and paint later on) on the top of F22 at the tab position. SAME BOTH SIDES
Now get your canard out of storage and position it (without

the elevators) on the fuselage as shown on page A-7. Mark

the centerline of the canard, and make sure it coincides with

the centerline of the fuselage. Use a pair of 'C’ clamps to

hold the Lift tabs against the bulkhead (be careful not to

bend or scratch them). Check for zero sweep-back by

measuring from the canard tips to the centerline of the

firewall. Both sides should measure the same. Use shims bet- EIG. 4

ween the canard Lift tabs and the forward bulkhead to ad- —_—

just the sweep if necessary.
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Next, level across the top fuselage longerons and the canard
spar cap (Fig. 5). Lastly (and most important), use your
canard incidence blocks to accurately set the incidence at LEVEL o0 cAUMD
zero with respect to the top longerons (Fig. 6). The patterns - SPAR_
for the incidence blocks are found on page A-2. If your —)
canard has a slight twist, set the average incidence equal to s L AMPS
the longerons. Recheck sweep, dihedral, and incidence and S frey ROLDING  CANALD
clamp firmly in position. Use the No. 10 pilot holes in the Z{Q)\m Fo TRE]S AehNST E22.
canard tabs and drill No. 10 holes}hrough F22 bulkhead. Go R LEVEL CANMD
and cut two tabs of high density foam as shown (Fig. 7). F 6. 5 FRONT VIDW
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Trim the foam tabs so that they fit against the top of the
c“m‘_lrd and against a 1/16 in. shim on the bulkhead with the
pin in the hole as shown (Fig. 8). With everything trimmed to
fit, 5-min. the tabs to the canard. When hard, carefully
remove the canard without knocking the tabs loose.
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CHAPTER 12
CANARD INSTALLATION

OVERVIEW. ' In this chapter you will align and temporari-

ly install the canard on the fuselage. The canard is aligned for

zero sweep, zero dihedral, and zero incidence. Alignment

pins are installed in the F28 bulkhead and alignment tabs in-

stalled on the canard to match. The canard tabs (aluminum

tabs installed on the canard in CHAPTER 10) are drilled in

place and nut plates are installed to facilitate removal in ser-

3 vice. The following prefab parts used in this chapter are

2 §72 available from aCOZY distributor:

CNKL CNT Canard attach bushing (2)
CN2 316in. flanged bushing (2)

STEP 1. INSTALLING THE ALIGNMENT PINS AN3 -204 i — s

This should only take 1/2 hour. Cut the heads off of two '4* 2" ——b‘ CuT THE HEAD OFF AND
AN3-20 or AN3-20A bolts and sand or file a round nose on ~ FIG. | GRIND A ROUNDED NOSE ON IT
the unthreaded ends (Fig. 1). Drill two holes in the F28

bulkhead and wood doublers (Fig. 2) about 1-1/2 in. deep.
Make sure the holes are straight fore and aft and horizontal.

Check tha{ the pins will slip into the holes and stick out only /t?.a LoweEE
about 1/2 in. (Fig. 3). Do not bond the pins in yet.
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Check the top of F22, that it is straight and level with the THISr D;?_Er:'gu
longerons. Fasten 0.016 in. thick shims (to allow for 1 layer of Must

BID and paint later on) on the top of F22 at the tab position. SAME BOTH SIDES
Now get your canard out of storage and position it (without

the elevators) on the fuselage as shown on page A-7. Mark

the centerline of the canard, and make sure it coincides with

the centerline of the fuselage. Use a pair of ‘C’ clamps to

hold the Lift tabs against the bulkhead (be careful not to

bend or scratch them). Check for zero sweep-back by

measuring from the canard tips to the centerline of the

firewall. Both sides should measure the same. Use shims bet- FIG. 4

ween the canard Lift tabs and the forward bulkhead to ad- e

just the sweep if necessary.
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Next, level across the top fuselage longerons and the canard Lon
spar cap (Fig. 5). Lastly (and most important), use your J
canard incidence blocks to accurately set the incidence at %’“— TL o0 WD
zero with respect to the top longerons (Fig. 6). The patterns - S¥ &D
for the incidence blocks are found on page A-2. If your )
canard has a slight twist, set the average incidence equal to " sh [N %Lmvsmub
the longerons. Recheck sweep, dihedral, and incidence and "m ThES [
clamp firmly in position. Use the No. 10 pilot holes in the XD Fo AGRNST F22.
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24—
RN - MUsT BLLONG
MA®E 2
TARS FROM A TA0UGH YO ToUCK (‘LEVEL
- ' = ] COaRD with PIN -
SN DENSE <O Fr W THL WolE B
oV FORM - \ FROM INCIDENCE ~ BLock
Vil PR (SWM)

ML o P
A2 CANARD
Lm
[ =
Fia.e LEVEL

Trim the foam tabs so that they fit against the top of the
cgngrd and against a 1/16 in. shim on the bulkhead with the
pin in the hole as shown (Fig. 8). With everything trimmed to
fit, 5-min. the tabs to the canard. When hard, carefully
remove the canard without knocking the tabs loose.
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Measure the thickness of any shim that was used to correct
the sweep of the canard (any shim between F22 and the lift
tabs). Remove the shim and dull the forward surface of the
F22 bulkhead where the lift tabs rest, and lay up additional
BID pads to the same thickness of the shim (BID is about
0.013 in. per ply). After cure, back drill No. 10 through the
bulkhead and new glass. Thus, you have replaced the shim
with additional glass pad. The tabs on the canard are glassed
as shown (Fig. 9). Reopen the No. 10 holes with a drill (you
can see the hole through the glass layup). Drill these holes
out to accomodate CN2 3/16 in. 1.D. flanged bushings
(available from a COZY distributor)(Fig. 10). 5-min. the
bushings in position. Reinstall the canard using AN3 (3/16 in.
dia)) bolts to locate the aluminum lift tabs. Recheck your
sweep and incidence.

Now, mount the elevators on the canard, trimming their in-
board Ien_glh to obtain about 1/16 in. clearance with the
fuselage sides (Fig. 11). Check that you have 0.1 in. clearance
around the elevator torque tubes where they pass through
the fuselage when the elevators are moved through their full
travel of 20 degrees trailing edge up and 22 degrees trailing
edge down. Check also that you have enough clearance
(0.016 in.) under the canard for | layer of BID which will be
installed later. The elevator angle template pattern is found
on page 11-6.
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Remove the AN3 bolts and drill the aluminum lift tabs and
F22 bulkhead up to 1/4 in. dia. Remove the canard.

Using your 5/8 in. counterbore tool, drill the two 1/4 in.

holes in the F22 bulkhead up to 5/8 in. for the EN¥5/8 in.E Mk

O.D. x 1/4 in 1.D. bushings (Fig. 12) available from your
COZY distributor. They are supplied long, so you can trim to
the exact thickness of your bulkhead (Fig. 12). Do not trim
nor bond the bushings in yet, because during CHAPTER 13
you will be installing additional glass plies on the foreward
face of F22 to tie it into the nose sides. This will move your
canard forward from where it now sits.

Now, remove the 3/16 in. pins from the F28 bulkhead and
apply one ply of BID to the entire area shown, using 1/4 in.
flox corners at the edges of the bare foam (Fig. 13). When
cured, drill out the No. 10 holes and permanently install the
3/16 in. alignment pins with wet flox. It is a good idea to
reinstall the canard so the canard tabs hold the pins in the
correct alignment. A small piece of Saran wrap between the
bulkhead and the tab will prevent the flox from bonding to

the tab.

Note: The hardware required to permanently fasten the lift
tabs to the bulkhead is shown on page A-7. These are install-
ed in CHAPTER 13.

Note: Incidence templates ‘B’ and “C’ have been adjusted
to provide 1. 0degrees more incidence to the canard on the
COZY than on the Long EZ. This is necessary to compensate
for the slightly lower aspect ratio. Do not use incidence
templates from the Long EZ (or the Varieze) on your COzZY!
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CHAPTER 13
NOSE AND NOSE GEAR

OVERVIEW. Inthis chapter you will assemble a box con-
sisting of two slabs of glass/foam/glass sandwich and nose
gear hardware (worm drive system). The nose gear strut is
mounted in this box, then the assembly and the nose
bulkhead are installed on the fuselage. The nose floor foam
pieces and side pieces are installed and glassed inside. The
nose wheel and pivot assembly is then installed. The pitot-
ctatic plumbing and rudder pedals are installed. The top
foam piece is then installed. The outside is carved to shape
and then glassed. A door is laid up onto the top of the nose.
The top piece is then removed to fabricate the door flanges.
The SC strut cover and NB nose gear box is also installed.
The following prefab parts used in this chapter are available
from your COZY distributor:

NG-1 Nosegear fiber glass strut

SC Nosegear fiber glass strut cover

NB Nosegear wheel cover

NG-6 Nosegear strut pivot assembly

NG-3 Nosegear strut bracket (outside)

NG-4 Nosegear strut bracket (inside)

NG-15A Castoring nose wheel assembly (complete)
LST Nosegear shock strut

VENGR  Nosegear worm drive assembly

NC-14 Worm drive spacers

NGA-64 Crank welded assembly

NG-67 Crank bearing block

NG-61 Crank torque tube

NG-63 Crank torque tube sleeve

CZRP Rudder pedals
The LST nosegear spring shock strut is optional on the Long
EZ (in place of NG-10A push rod), but, because of higher
front seat loads is mandatory for the COZY.
Caution: Do not use the NG-1 fiberglass strut manufac-
tured for Varieze aircraft. It is 1 in. too short and only about
2/3 the strength of NG1-L.
Operation of the worm-drive nosegear. Figure 1 shows the
operation of this system. The NG50 arms travel 156 degrees,
striking the NG14 spacers at each end of travel. It is over-
center in the down position, thus, landing loads are not ap-
plied to the worm gear. The pilot's crank uses 10.8 turns for
full travel, taking five to seven seconds. The gear can be ex-
tended up to 140 mph, however, the crank is hard to turn
above 130 mph. This mechanism is designed only for air
loads, and is not intended to be used on the ground to either
raise or lower the nose of the airplane, and such operation is
not recommended.

STEP 1. FABRICATING METAL PARTS AND
REINFORCING FIBERGLASS STRUT

The specialized prefabricated parts listed above are beyond
the capability of most homebuilders to manufacture, and it is
recommended they be purchased from a COZY distributor.
Drawings of these prefabricated assemblies are shown at the
end of this chapter for reference. Metal parts which can be
fabricated by most homebuilders are:

NG5 Nosegear pivot casting cover plate (1)
NG8 Nosegear pivot plates (2)
NGFD Nosegear front door (m
NGRD Nosegear rear door [R)]

NG5 is made from 1/8 in. 2024T3 aluminum (Fig. 2). Counter
<unk holes for four AN509-10R28 are not drilled until in-
stallation in Step 2. NG8's (2 required) are also made from
1/8 in. 202473 aluminum (Fig. 3). They may be predrilled for
installation in Step 2. A full size pattern for NGFD nosegear
front door and NGRD nosegear rear door (Fig. 3) is shown at
end of this chapter and installed in Step 3.

NG1-L is a high pressure laminate of S-glass rovings and can
be split, as supplied, by extreme bending loads. It is
therefore required to make a 2-ply layup around this strut
(Fig. 4) for protection against splitting. Before glassing, check
the fit of the strut in NG6, nosegear casting, NG15A, nose
gear pivot casting, and NG3, nosegear shock strut bracket.
Trim strut, if needed, to fit the castings and bracket plus
enough clearance for your 2 ply layup. Then round the cor-
ners of the strut and lay up 1 ply of BID at 45 degree orienta-
tion around 3 sides for the entire length. Peel ply. After cure,
remove peel ply and lay up 1 ply of BID at 45 degrees from
the other side as shown.

STEP 2. FABRICATION AND ASSEMBLY OF
THE HIGH DENSITY FOAM PLATES

This step should take about 4 hours, not counting cure time.
Use the full scale drawing on pages A-6 and A-7 as a pattern
to cut out the outline of the plates and to accurately mark
five holes (one at the gear forward pivot and four at the
NG13 guide). Follow the double tick marks (!!) on the full-
size drawing to obtain the correct outline of NG30 (Fig. 5).
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Lay the NG30 pieces on your table with the inside surface up
and lay up four plies BID (fiber orientation optional). Knife
trim around all edges. When cured, place both NG30 plates
together and drill pilot holes (in a drill press) at the five loca-
tions previously identified (Fig. 6). Lay the plates on the table
with the fiberglas sides down. Remove all foam down to the
fiberglass and round the edges in the areas shown (Fig. 7). A
knife, dremel and coarse sandpaper are required. Cut the
BID pads shown and lay them up in the depressions and
then lay a four ply BID skin over the entire outboard surface
of NG30. Clamp or weight a wood block over the pad areas
tob remove excess epoxy and force the pads to the correct
thickness. Remember to use Saran under the blocks so they
don’t bond.

NG 30

CuT Two
FROM MIGH
DENSITY

0.2* THILK
CLARK FOAM

After cure, open the front pivot hole to 5/16 in. and the other
four holes to 1/4 in. Use light drill pressure and a hard wood
block as back up to cut clean holes. Use NG51 as a drill
guide. For the second side, clamp both sides together in
perfect register, inside to inside, and use the first side as a
guide for drilling the holes in the second side. A drill press is
recommended for perpendicular holes. While the two sides
are still clamped together, locate the rudder pedal extension
holes (see drawing A-7) and drill two 1/2 in. diam. holes
through both sides in the location specified.

Check the worm drive assembly for freedom from binding
before installation. It does not (nor should not) spin freely,
just be sure it does not bind up enough to make the crank
hard to turn. If it binds, loosen the NG57 blocks and shim as
required. The NG53 and NG58 gears must be accurately
positioned to avoid binding. Use a gear lubricant on NG53
and NG58. Note that four NA960-816 washers are used to

pocsjilion NG58. One at the roll pin end and three at the other
end.
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Now round up the following parts and hardware:
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(2) NG30 plates
m NG6 casting, NG23 bushings, and NG7 spacer ViEw FRoWM \YFT
(2) NGB8 discs —a—FouOARYD
(1) ANS5-41A bolt
(2) AN970-5 wide area washers
(M AN365-524 nut
8) AN509-10R14 screws \
(8) AN960-10 washers ~
®  MS1042-3 nuts F:\:}o
(2) NG51 plates NE 1A
(2) NG14 spacers
(2) AN4-41A bolts SPAETS
(3) AN4-10A bolts Bo AERE
(8) AN970-4 wide area washers
(6) MS1042-4 nuts
Now bolt everything together (Fig. 8), using wet flox on NG8
where it mates the fiberglass. Check that the assembly is
square all around. Now bolt the NG1 fiberglass strut and
NGS5 plate to NG6 with four AN509-10R28 screws. The strut A —l
is installed wet with flox. Check to be sure it is aligned Top VIEW B—l B]
straight (centered between NG30 plates when retracted). —= ; . L a__
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SIDE CLAMP

Refer to the full size drawing on page A-6 for strut position.
Refer to this drawing and Figures 9, 10, and 11 for the in-
stallation of brackets NG4 and NG3 on the strut. The
brackets are manufactured to a loose fit on the strut. Wrap
the strut with dry BID until NG3 fits snug (2 to 3 plies).
Remove NG3, sand the strut, lay up the BID wet, and coat
the inside of NG3 with wet flox. Install NG4 and NG3.
Remove excess flox. Clamp as shown until cured, then
remove the clamps, drill the hole up to 1/4 in. diameter and
install the AN4 bolt, spacer washers, and RE4M6 rod end.
Note that the spacer washers can be shifted from one side to
the other to correct for any strut misalignment, but there
should be none.

STEP 3.
FUSELAGE

This step should take only about an hour or two. Cut out the
NGS.I disc from pink, 6 Ib./ft3 (H100) 1/4 in. PVC foam, per
full-size pattern in Fig. 12. Micro and glass the aft face with
one ply of BID. While it is still wet (or tacky), install it at the
forward end of the NG30 plates with flox and lay up glass
tapes as shown in Figures 13 and 14. This job is easier if the
lapes are wet out on a piece of paper and then put in posi-
tion, pressed down, and the paper then removed. Now, cut
out F6 (Fig. 15) from white, 18 Ib./ft3 0.2 in. thick Clark
foam, glass the forward face with 2 plies of BID, scissor trim
flush, and flox in place on the NG30 (Fig. 13 and 14). Hold in
place for cure with nails (holes pre-drilled). Then mount the
entire assembly on F22 with flox and BID tapes as shown in
Figures 13 and 14. Make sure the NG30 plates are leveled
vertically (assuming your fuselage has been leveled horizon-
tally), or else your nosewheel will not extend vertically. Also
make sure the assembly is parallel with the longitudinal axis
of the airplane (use a carpenter’s square against F22) or else
your (the airplane’s) nose will be crooked. The assembly can

INSTALLATION AND ASSEMBLY ON

be held in place during cure with nails (holes pre-drilled).

This will go better if you have removed as much weight from
the assembly as possible first and perhaps clamp a couple of
legs to the assembly to relieve stress from the nails. When
you are sure everything is perfectly aligned, let cure. After
cure, radius the edges of F6 and cover the aft face with 2
plies of BID at 45 degrees orientation, lapping 1 in. onto the
NG30 plates (Fig. 16).
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STEP 4. NOSE FLOOR AND SIDES

This step involves about 7 hours of work. Don’t try to sup-
port the fuselage on the nose gear now. It doesn't attain full
strength and stiffness until Step 9 is completed.

Now, round up some 2 in. thick green urethane foam, and a
hack saw blade and carve the 2 foam floor blocks (one right
and one left) shown in Fig. 17. Best to start oversize and work
down to a good fit. Note that both ends are cut at a 5 degree
angle, for snug fits against F22 and NG31 (Fig. 18). Note also
that the floor blocks extend beyond the lower corners of
NG31 (study Fig. 12) to align with the widest part of this
bulkhead and similarly at F22. This is on purpose to assist in
aligning the side blocks, and will be carved away later.

Now, dish out the inboard top surfaces of the floor plates as
shown in Figures 17 and 18, to a maximum depth of 0.9 in. in
the center of the dished out area, but no foam removal at the
forward, outboard, and aft edges. Make sure that enough
foam is removed inboard along NG30 to allow access to the
screws at the nose gear pivot.

You may now install the floor blocks with wet micro where
they butt against NG31, NG30, and F22. The floor blocks
should butt 1.1 inches against NG31 at the forward end (Fig.
12) and the top surface should be level with F22 on the aft
end. If there is a joggle in the floor aft of F22, carve a
urethane block to fit the joggle for a smooth transition in the
floor across F22. There should be excess foam hanging
below NG31 and F22 (Fig. 18) for later carving to contour.
After the micro has cured, squeegee wet micro on the top F'G-'5
surface and glass with 2 plies of BID, lapping 1 in. up onto
NG31, NG30, and across F22 and lap 1 in. onto the glass
floor aft of F22. Lay up an additional ply of BID over F22 and
3in. forward to protect it from damage from the pilot’s (and
passenger’s) heels. Do not micro and glass all the way to the
outboard edge (Fig. 19) at NG31 and F22, to make carving
the outside easier later on. Peel ply along the outer edge of

HotE FOR BATTERY syrap

INSPENOM /ACCESS MoLes

MAKE §Roms, 0.2 THick
DARK RED TYPE 250 PV Ceke

FG6 FuLL Size

209~ —

AT g

the glass for bonding the sides. i—A—
Now, before starting the sides, make nose templates from .
pink, 1/4in. H100 Divinycel foam. The vertical template (Fig. T

20) is shown full size on drawing A-6 (you have to piece it

together at the match line). Cut a 1/4 in. wide slot for the 3%
pitot tube in the center, curving gently upward starting about
1in. aft, and exiting the foam about 3 in. aft.

Now cut out two horizontal templates per Fig.21. 5-min. the
templates in place on NG31 using nails to hold them in place
until cured (Fig. 22). The templates are left in place per-
manently and become part of the nose structure.
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Now is the time to make templates to assist in carving the
sides to the correct curvature later on. Have your assistant
hold a piece of corrugated cardboard or hardboard that is
just long enough to fit between NG31 and F22 while you
take a flexible aluminum yardstick and bend it in a smooth
transition curve from the fuselage side to the nose templates
(Fig. 23). Adjust the yardstick till you have a continuous,
pleasing curve, and with your third hand, trace this curve on
the cardboard. Mark the forward end. Cutting along your
line will give you a pattern for carving both the inside
(template A) and the outside (template B) of the sides.

The sides have too much curvature to carve out from a single
2 in. slab of urethane foam, so you will have to add addi-
tional material on the inside at both ends (Fig. 24). Block A is
cutfrom 2 in. thick urethane to the dimensions shown in Fig.
25. Blocks B and C can be made most easily by starting with a
rectangular block of 2 in. urethane measuring 11in. x 18in.,
and making a 60 degree cut lengthwise as shown in Fig. 26 in
your bandsaw (or by hand). Fasten block A temporarily in
place against the side of the fuselage (Fig. 24) with nails or a
few dabs of 5-min. The bottom edge should line up with the
t}onom surface of the floor. Now fit blocks B and C, so they
fit snugly against the top surface of the floor, NG31, and F22,
and against block A. Now bond blocks B and C to A with
5-min. or micro. Mark the outside contour of the fuselage on
both ends of block A, and the inside contour of F22 on the
end of block C. Now remove the block assembly from the
fuselage and set it on your work bench.

Trim blocks B and C as shown (Fig. 27). Now, looking at the
forward end of blocks A and B (Fig. 28), measure in 1 inch
from the outline of NG31 that you marked on the end of the
block, draw a curved line for a 1 inch wall thickness, and
trim block B down to this line.

Looking at the aft end of blocks A and C, measure in 1/2 in.
from the outline of the outside edge of F22, and mark a line
for a 1/2 inch wall thickness where the wall is straight, and
thickening toward the bottom edge, with no foam removal at
the bottom edge where the rudder pedal brackets will be at-
tached (Fig. 29). Trim block B down to the line you have
marked. Now grab template B, which describes the inside
curvature, and dish out the inboard surface of the block
assembly, as shown in Fig. 30 and sections AA, BB, and CC.
There should be no foam removal along the top or bottom
edges of blocks A, B, and C. Remove foam until the template
rests on the 1/2 in. thickness line at the aft end and the 1 in.
thickness at the forward end with a smooth curve from fore
to aft and top to bottom

Trial fit the side to the fuselage. At F22 (Fig. 31), the top inside
edge should line up with the top inside edge aft of F22 so
there will be sufficient clearance for the canard lift tabs. You
may have to remove a slight amount of foam (locally only) to
provide this clearance. Also, carve a small urethane block for
the lower bottom corner to bring the side in so it lines up
with F22, straight, fore and aft, where the rudder pedal
bracket attaches. 5-min. this block in place (to the side only)
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Now carry the side back to your work bench, micro the in-
side surface and glass with 2 plies of BID at 45 degree fiber
orientation. Scissor trim the top edge, but leave 1 in. of ex-
cess cloth, unwet out, along the aft, bottom and forward
edges. Allow to tack cure for a couple of hours. In the mean
time, sand F22, NG31, and the floor where the side butts.
Then install the side with wet micro on the fuselage. Wet out
the glass cloth overlaps onto F22, the bottom and NG31.
While the layup is still wet, apply 3 plies of BID into the cor-
ner at the top of F 22, as additional reinforcement for the
canard lift tab attach area (Fig. 32). Peel ply and let cure.
Repeat this entire sequence for the other side.

Fia.32

After cure, open the canard lift tab holes to 5/8 in. dia. Trial
fit the CNL bushings in these holes and the canard in place
with 2 0.016 in. shim between the canard and F22, and AN4
bolts through the lift tabs and bushings. Recheck canard in-
cidence. If everything is OK, install the bushings permanent-
ly in F22 with flox. Leave the canard in place with bolts
through tabs and bushings to make sure it cures in align-
ment. After cure, remove canard, and trim bushings flush
with F-22 (see drawing A-7). Now rivet K1000-4 nutplates to
two 3/4 in. x 1-1/4 in. pieces of 0.063 2024T3 aluminum,
samj the aft face of F22 and the forward faces of the nut plate
retainers, apply flox to both, and bolt the nut plate retainers
to F22»with greasy AN4 bolts and enough washers to hold
them tight. Apply 1 ply of BID over the nut plate retainers,

lapping onto F22, to hold them securely in place. Allow to
cure.

Fe.33

i
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STEP 5. INSTALLING THE RUDDER PEDALS
The rudder pedals are installed as shown in Fig.33. Each set is /

composed of 3 parts, i.e., 2 weldments and one extension

plecec.z”;he] weldments are available prefab: RUDDER
PL Left master pedal (1) PIVOT F-22
CZRPL2 Left extension pedal m BLOCKS .
CZRPR1 Right master pedal (1 T
CZRPR2 Right extension pedal m F16.34

In addition to the prefab parts, you will need the following

hardware: Now cut two pieces of .063 in. 202473 aluminum 1in. x 1.5

in, drill a 1/4 in. hole through the center, and rivet K-1000-3

K-1000-3  Nutplates ] nutplates to the back. Trial fit the rudder pedals (Fig. 33) and
AN426AD3-3Rivets (4) locate the pivot position on the high density blocks, where
AN970-3 Washers (2) the pedals will move freely without binding. Drill 3/8 in.
AN960-10  Washers (6) holes 1/2 in. deep at those locations. Screw AN3 bolts into
MS21042-3  Nuts (4) the nutplates to keep epoxy out of the threads, and 5-min.
AN3-6A Bolts (2) the nut plates in place on the high density blocks. When
AN3-7A Bolts (2) cured, remove the bolts. Put a little soap or wax into the
AN3-8A Bolts (2) nutplates, sand adjacent areas, radius edges, and glass over
CS13 Spacers (2) pivot blocks with 4 plies of BID, lapping 1 in. on all surroun-
24 inches  5/8in.x.058 wall 4130 tubing ca ¢ ding glass, including the aft face of F22.

S

Carve rudder pedal pivot blocks from 2%a#"thick, high den-

sity Clark foam (Fig. 34) to fit snugly in the lower outside cor-
ners of the fuselage, from the aft face of F22 forward, smooth
transitioning to the fuselage side. They should be parallel
fore and aft, and vertical up and down. Flox them in place.

After cure, open up the holes in the nut plates and install the
rudder pedals permanently as shown (Fig. 35). The CS13
spacers are clamped tight by the bolts inserted through
CZRPL1 and CZRPR1 into the pivot nut plates. The rudder

pedals should pivot freely on the spacers.

RUDDER PEDAL ASSEMBLY :
LEFT SHOWN
RIGHT MIRROR IMAGE

4130 TUBE ¢ N e 4130 TUBE
~5'/1"0.0. x 44 WALL o ,5 12"0.0. X .049 WALL
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s o] ——-
4 PLY BID (
EANEE b I
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; '{ 5/6"0.0.x.058 WALL o By
21, L
— 2
%, -
o= 7,
1/
S a3 N3-74BoLT
TPLATE 3-6A AN3 - 8A BOLT A
“ ( :Anlmso-lo AN460 -10 WASHER  ANA60-I0 WASHER ¢S 13 spacer
CS-I13 SPACER  MS 21042 -3NUT  MS2I042-3 NUT
PIVOT ==
AN470-3 Y
BLOCK ) -
2 (Fla.35) ==
= Ole 'zs OD
4130 STEEL 183 1D
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Mount a small tab on the lower through bolt (through N(;;(;
plates)(Fig. 36) and hook a light spring to the ”_”M“f peda ERY LILHT SPRG
tab as shown. This should m)lvlw a strong *I""‘R«‘“‘ “{“V v

function is to overcome the weight of the pedal. This spring
plus the rudder cable installed later will hold the pedals

erect.

) PLETION OF THE NOSE GEAR
D o Tuis BRACKET 15
This step involves mounting the lower nose gear assembly, -
I'n;::u; lh'(‘ strut to the bottom of the fuselage, fitting the nose FROM A PICCE oF
gear box and strut cover, and rigging the retraction/exten 2" " Z" X.06D ALUM-
sion system. If all goes well, it should take you only about ANGLE
three hours (MRI(E Two) )1

Put the stiut assembly on your work bench. Trim the

nosewheel end of the NG1LU strut <o that it nests into NG15A /
nosewheel assembly at the correct distance from the NG6 .*

pivot block as shown (Fig. 37). See also section AA on page oA

13:12. Remove the assembly, sand the mating surfaces, and ﬁ? o
reinstall wet with flox. The four AN525-10R24 screws also L 2 —,1 :
mount the forward gear door. The aft gear door should not ViEew A-Q

be mounted at this time. 2 <0 —?L —‘f:\'(ﬂu

Now grab your NB fiber glass nose gear box, make a pattern
of the opening in the bottom, place this pattern with the _':‘_63_6 SPRING

large end 1-1/4 inch forward of the instrument panel, Ful  sizg,
centered on the fuselage centerline, trace the outline, and
cut out this part of the fuselage floor. Now, flip the fuselage
upside down, take your dremel or razor saw and remove the

bottom fuselage skin below the strut, from F22 aft to the nose RouND END OF NGIL To FiT NG I5a /\
O,

BoiTs Aean
uIorm Dwwye
ASY.

wheel cutout (Fig. 38). Remove enough foam so that the strut

will retract to the flush position shown on the full size draw- / NB1L NG54
ing page A-7. The forward door should fit up against the skin;
bend it, if necessary. Now, find your SC fiberglass strut ’f‘
cover. This is a prefab part that seals the voids between the
nose gear forward pivot and F22. Note the cutout in the top - 255 > ﬁ

of SC (Fig. 39). This area needs to be removed (dremel or

cop‘ing saw) to allow the spring strut to pass through. Fit in SEE Aé é A
position as shown (Fig. 40) and trim the outer edges as re- Fie. 37

quired. Check its fit to the strut. Sand bonding surfaces and
bond in place with wet flox. Use two plies of BID to glass
over all the bare foam in the wheel well/strut notch area aft
of SC. Use a small flox corner at the bottom skin edge.

k

ST SC.FoR 3 —
I_A \y X SHOCK CLEARANCE I:m,v-'zz. QAL
/\ STRUT A ! . NI ROMOVE GLASS Sy |
. — AUD ENOUGH Forkn T Auses
J-.Z__ FIG 38 N STRUT TO 0 Feuxy
SC_NESTS _
L L INTO TWE
ﬂ .
o
i f’f}-*_

* e 39

NB

IDE U T

Fic. 40 SECTIon A-A

Now flip the fuselage right side up, retract the strut with
wheel attached, so the strut is flush with the fuselage bottom,
and measure how far the nosewheel protrudes into the
fuselage, above the floor level. You will probably need a
spacer between NB and the fuselage floor to give you 1/2 in.
clearance for the tire in the well (Fig. 41). Make this spacer 2

and flox it and NB to the floor over 311: wheel. Allow a 1-1/4 FAUNG N
inch space between NB and the instrument panel forward
face for cabin air to exit from the duct. Apply a 1 ply BID tape
over the NB flange, spacer, and lap 1 inch on the floor. Carve
a wedge-shaped piece of foam to fit between NB and the in-
strument panel to close off the aft end of NB and divert air
from the heat duct to both sides. Cover it with | ply of BID
and install it with flox, and lap the glass onto NB (Fig. 42). In

‘\éz
6;‘

a similar fashion, put a solid block above the wedge-shaped PLEXIGLASS WINDOW
block between NB and the instrument panel. Now cut a 1/2 (ROTH SIDES) .
in. x 1-1/2 in slot in each side of NB, near the top, and ce- b
ment in a piece of plexiglas (canopy scrap) with silicone |
which will allow pilot and passenger each to see the position SOLID BLOCK _
of the nose gear (Fig. 42). | PLY HERE
81D Fs—/
Now, mount the aft nose gear door, using three AN525-
T0R10 screws (tap holes into the NG16 casting). Note that HEAT

the nose wheel well is not completely covered by doors. The
drag of the open hole can be reduced by rounding the aft
edge of the hole. This is done by installing a rounded [len
block to the sharp edge as shown (Fig. 41). At the same time,
trim out the wheel well and cover any bare foam with | ply
BID. The rounded aft corner assures that any air flow

DucT

through the wheel well comes out smooth and attached, Fia. 4?2 TRIANGULAR RLOCK

rather than turbulent. With lh(‘jufl edge rounded, the open HERE To AlLLow AIR FlLow
> 25 |e . I ag.

hole causes less than 1/2 mph drag BOTH SIDES AND cLoss
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Rigging the nose gear. Refer to page 13-10for hardware used
on the retraction mechanism, Install the universal, NG61 tor-
que tube and crank on the instrument panel. Crank the
mechanism to the fully retracted position. This is when the
NG5S0 arms strike the upper NG14 spacer. Drill the No. 12
hole in the universal and NG61 for the AN3-6A bolt, with the
crank in the best position to not block an instrument or hit
the pilot’s leg. Hold the nose gear in the retracted position.
Then adjust one or both of the rod ends on the spring strut to
fit between NG3 and NG50. Then shorten the spring strut by
one turn of a rod end. This provides a good snub of the gear
in the up position. Extend the gear and check for the correct
down position (see page 13-1); i.e lower pivot vertical or
canted bottom-fonward up to 5 degrees

To install a gear-up warning, mount the micro switch so it is
activated by NG50 or NG9 in its last 1/10 inch motion to the
down stop. See Chapter 22 for electrical wiring, and switch
mounting.

The gear is not designed to raise or lower the gear on the
ground with weight on the nose. Refer to Owners Manual for
normal operation of the gear.

STEP 7. PIPING THE PITOT AND STATIC

SYSTEM

If this step takes you more than an hour, you must have
bought the project from someone else!

Round up vyour soft aluminum (5052-0) 1/4 in. dia. tubing
and cut one piece 6 in. long and one piece 38 in. long. Refer
to the full size drawing A-6. Drill a 1/4 in. hole through NG31
bulkhead along the left inside wall (to keep the line away
from the battery). Route the 38 in. tubing through the hole in
the nose center, through NG31 aft, along the fuselage side,
through F22 about 8 inches under the canard (Fig. 43). If you
really want to get fancy, you can use AN tubing fittings and
bury an AN910-1D fitting in the nose so you can use an
ANB40-4D hose nipple for a pitot (which makes it
removable!).

Stack some oversize blocks of urethane in the nose and bond
to NG31 and the nose templates with 5-min. or micro. Keep
the epoxy below the final contour to make carving easier.
Save the carving till a little later. Put a plug in the pitot tube to
protect it from contamination. If you are doing it the fancy
way, remove the hose nipple (it has a way of jabbing you in
the wrong place anyway) and insert a 1/8 in. pipe plug.

The static port is located in the left fuselage side, 8 in. for-
ward of the instrument panel and 10 in. below the top of the
top !ongerons (W.L.13). Mark that position on the inside of
the fuselage side panel. Now, refer to Fig. 44 for installation
of the static line.

After installing the airspeed indicator and altimeter, hook up
the pitot/static system using the hardware shown (Fig. 45).
Add one adapter and one tee to the static line if using a rate-
of-climb indicator.

YroT TUBL

STEP 8. TOP FOAM BLOCK

Refer to drawings A-6 and A-7. Cut the top block from 2 in
thick green urethane foam (Fig.46). This is temporarily install
ed now. Make sure that the tops of the sides are squared off
from side to side so the top makes good contact all around
Weight it in place and bond to the side pieces and NG
with a few dabs of 5 min. epoxy

STEP 9. CARVING AND GLASSING THE OUT
SIDE OF THE NOSE

Due to the excellent carvability of urethane foam, your box
ylugly nose section will look sleek and smooth and have a
tough fiberglass skin in only about five hours work. You will
need some help in turning the fuselage. Retract the gear for
this step. The best tools for carving are the butcher knife
(sharp), the surfoam file, the long sanding block and chunks
of urethane, in that order.
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The nose gear strut can be used as a reference in determining
!he bottom curvature, and it is suggested that you start carv-
ing there first. You have made templates for the side cur-
vature. Although you could eyeball the top curvature, the
top is the most critical from a beauty standpoint, so it is sug-
gested that you make a template for the top curvature from
drawings A-6 and A-7. Reference the top of F22 and NG31
on your template (Fig.47).

Fair the bottom and sides in tangent to the glassed fuselage
and the SC cover. Carve down to the NG31 bulkhead all
around. This is a good reference for symetry. Turn the
fuselage upside down when carving the bottom. Believe it or
not, you will find that it is Varieze to carve it to a pleasing
shape using templates and eyeball. Note: The radius on the
bottom corners of the fuselage decreases toward the nose,
\\"hereas on the top it should remain constant. Note also:
You will later be adding 1 ply of BID tape across the top of
NG31 and over the seam between the top and side blocks

(Step 10), so make sure you don’t have high spots in those
areas.

Fit a few small urethane blocks around the gaps at the front
of the nose strut and bond with 5 min. (Drawing A-6). Now,
glass the nose with two plies of BID lapping about 1 in. onto
SC, the fuselage sides, and bottom. This glassing job is easy if
)_'o_u use several small pieces and overlap them. Turn the
rusel_age upside down or on its side as needed during the
glassing operation. Fiber orientation is optional. Be careful
not to have all of your overlaps at the same place, causing an
unsightly bump and problems in finishing.

Knife trim around the canard cutout in the top. This leaves
thg ed%/e: of lfflme cutout. Glass these areas
using in. flox corners. i

and to the full size side view on drawing ;_g{?(f)err‘;gt;:lgs. :g
the nose bumper. The bumper is made by cutting a hockey
puck in half and fairing the trailing edge. Sell the other half to
another builder, or save it for your first wheels up landing.

Secure the bumper to the fuselage with a flan f i
K g ge of 4 plies of
BID at 45 degree fiber orientation (Fig.48)

STEP 10. NOSE DOOR

In this step you will install the large battery access door in the
nose top. This door also allows canard removal and landing
gear inspection. Lay out the door outline on the top with a
felt-tipped pen as shown (Fig.49). Tape a piece of Saran wrap
over this area for a release and then lay up 4 plies of BID lap-
ping over the door marks. This is your door. When cured,
remove it and trim it to size. Now, measure in 0.7 in. all
around the door outline, and cut this hole in the top of the
nose (make sure you follow the inner mark). Now, using a
razor saw, cut off the entire top nose piece (yes, the block
you temporarily installed in Step 8). Turn the piece upside
down and mark where it touches the NG30 top edges and
the top of F6. Referring to Fig. 50, remove foam to make a
bare-glass 0.7 in. flange around the door cutout and a
smooth taper of the foam with rounded edges. Now, lay up 1
ply BID over the entire inside of the block and 2 more plies
locally on the flanges to stiffen them. While it is still wet,
stack flox on the sides, NG30, F6, and NG31, then weight or
tape the top block back into place (Fig.51). Reach in from the
canard cutout and wipe off excess flox.

After cure, lay up a 1 in. strip of 1 ply BID over the edges
where the top block was cut from NG31 and the sides
(Fig.51). Install ten equally-spaced screws (with nutplates in-
side) along the door edges. Use AN609-8R8 screws (flush
No. 8) and K1000-08 nutplates (Fig.49).

For torsional rigidity, add a brace between the top of F22 and
the top of the fuselage, with cut outs for the canard lift tabs
(Fig.52). Take the dimensions from your airplane. Taper the
forward edges so it fits flush under the nose top (refer.to
drawing A-7 for the angle). Carve this piece from 3/& in. thick
Divinycel PVC. Trial fit and prepare for its installauqn, flush
with the top of F22, with a few judiciously placed nail holes.
Glass the underside with 1 ply of BID and allow to tack cure
(so the glass won’t fall off). While still tacky, inslal'l with flox,
and put in nails to hold it in place (you can also intersperse
the flox with a few dabs of 5 min. applied just before installa-
tion. Tape the underside joints with 1 ply BID tape. You can
use wax paper for these and leave it on till after cure, Th_(:n
glass the topside with 1 ply BID lapping onto all surrounding
areas.
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CHAPTER 14 z,6 B T
CENTERSECTION SPAR

OVERVIEW. In this chapter you will build the center
box spar which joins the wings to the fuselage. You first
build an accurate jig from particle-board, then you assem-
ble a box from 1/4 in. PVC foam and 1 in. urethane foam
dlab. It is glassed on the inside, and bulkheads are installed.
The center section box is removed from the jig, the outside
is contoured and carved to accept the spar caps, metal in-
certs are installed at wing attach points, a bi-directional glass
shearweb is layed up, the uni-directional spar caps are
layed up, then the external bi-directional shear web is layed
up. Additional metal and glass is installed at the wing attach
areas, and an oval-shaped panel is removed for access to
the baggage area inside.

The center-section spar is the heart of your wing structure
and in order to have a straight and true wing, follow all
steps carefully and have patience. Before going on to Step
1, study page 14-5 very closely until you really have a good
understanding of what the centersection spar looks like.
Note that the top of the spar is flat; that it sweeps aft and
that the bottom has positive dihedral in order that fuel will
run inboard. If in doubt about exactly how things fit
together, study the fullsize section drawings (Section A-A,
B-8, C-C, D-D, and E-E).

STEP 1. CENTER SECTION JIG

In this step you will make the particle-board jig in which
you will assemble your centersection spar (See page 14-6).
Accuracy here is very important so don’t rush! Particle-
board is available at your local lumber yard. Bondo is han-
dy to bond the pieces together, since it provides adequate
strength and 5 minute cure. You will cut a strip of 3/4 in.
thick particle-board 12-1/2 in. wide. This needs to be
112.92 in.long. You can join it in the center or anywhere
you like. Now carefully and as accurately as you can, layout
the top view outline of the spar on this 12-1/2 in. x 112.92
in. strip of particle-board (part D) as shown on page 14-6.
To do this, determine the centerline, layout the 56.46 in.
and 23 in. dimensions, measure down the 5.04 in. dimen-
sion, mark a point and draw the diagonal. Then layout the
90 degree angle to the diagonal and measure the 6.05 in. to
the shelf line full span. Cut the diagonal top edge down to
the shape shown., Now draw a straight line on the top of
your work bench at least 112.92 in. long and stand part ‘D’
up at 90 degrees to your table top and carefully aligned
along the straight line. Bondo it firmly to the table top. If it
warps, support it straight with more lumber. Cut out parts,
A, B, and C, together with parts £, F, and G. Bondo parts E,
F, and G into position against part D, such that when you
bondo the shelf parts A, B, and C, to the upright part D,
they fit exactly on the shelf line. Carefully check that the
angle between shelf and upright is 90 degrees. Caution! The
spar is mounted aft face down in jig, but all statements like
‘top’, ‘forward’, etc., relate to how it is mounted in your
completed aircraft.

STEP 2. ASSEMBLY OF FOAM PARTS

Cut out all foam parts for the center section spar, page 14-7.
Micro joints are ok if your pieces are too small. Carve or
sand the local clearance depressions in the urethane pieces
at the outboard wing attach points as shown (Fig.1). Lay the
6mm PVC foam aft face (part CSI) down on shelf "ABC’
(Fig.2). Use grey tape or Saran wrap on the jig for a release
where applicable to keep the spar from bonding to the jig.
Glue the three pieces together with micro (butt joints). Note
that the 6 in. wide urethane parts are too wide. Set them up
against the jig as shown (Fig.2) on top of CSI and sand to
flush with the jig; do this for all six urethane pieces. This
assures correct spar width. Now micro the urethane foam
(spar top, part CS2) to part CSI against the jig upright (part
D). Hold in place with grey tape (Fig.3). Part CS2 will also
have two microed butt joints. Next, micro urethane foam
(spar bottom, part CS3) into position along the edge of part
CS1 (Fig.3). Hold it in position with a few nails, and bon-
do several 1in. x 1in. pine sticks to the fixture and up the
face of part CS3 as shown. Use as many pine sticks and
nails as it takes to hold €S3 aligned on the edge of CS1. The
urethane will easily bend at the small angle change at B.L.9
Fit and bond with micro the end bulkheads CS5 & CS8
(Fig.4). They must fit flush with your jig all around and stick
up 1/4 in. above the edge of the jig top. Nail to urethane
pieces.
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STEP 3. FORWARD FACE

Lay the three pieces of 6 mm PVC foam that make up part
€54 (spar forward face), down on your table with the spar
inside face up. Lay up one ply of BID at 45 degrees to the
longest edge on each piece (layup 1). Peel ply 1 in. along all
edges and allow to cure. Knife trim at the appropriate time.

Chapter 14 Page 1



STEP 4. INTERIOR LAYUPS

Fabricate all LWA metal pieces. Remove any grease or dint
and sand dull with 100-gnt. They must be clean and {iull on
installation. Pull all nails out of the spar box interior. Fit
(don't bond) interior bulkheads CS6 & CS§7, trim il
necessary to allow for 1 ply of BID (Fig.5) H_u‘y fit flush
with edges of top and bottom pieces. The remaining layups
of this entire step should be done in one layup without cur-
ing in between. Prepare all the foam surfaces inside the spar
box with slurry and apply layup 2, which is ono‘ply of BID
at 45 degree orientation to all three faces, including the end
bulkheads. Overlap where needed Bulkheads €S6 & CS7
are now installed, using wet micro (Fig.5). These are
perpendicular to aft face, 27 in. from center line. Nails
through the urethane blocks will hold them. Be careful not
1o disturb the ply of BID already in place. Now, apply the
local reinforcements (layup 3) at the inboard wing attach
hard point areas (Fig.5, see also section B-B and H-H). The
first ply of BID is laid up over the interior bulkheads (both
<ides) and lapped onto the top, bottom and aft faces of the
spar box 1 in. except where the attach points will be, where
it laps 5 in. Now lay up three plies of UND 4 in. wide over
the inboard wing attach hard point areas as shown (lapping
onto top and aft face). The first is 10 in. long, second 8 in.,
third 6 in., fibers run along long dimension. Flox two LWA1
aluminum plates into position centered over the attach
points B.L.25 (25 in. from center), transition the metal edges
with flox and lay up 1 ply of BID lapping over LWAT1’s ap-
proximately 1 in. all around (Fig.5). Place Saran wrap over
the metal LWA-1 and weight in position with about 5 Ib.
weight. This removes excess epoxy and makes a strong rein-
forcement. To keep the plates from sliding, use two 3/8 in.
brads along the edge. Now, while layup 2 is still tacky, app-
ly the following reinforcements (layup 4) in the outboard
wing attach hard point area. Refer to section C-C, E-E, F-F,
and G-G, and Fig.6. As in the inboard reinforcement (layup
3) lay up the 1-ply BID over the bulkhead lapping 5 in. in-
board, then 3 UND plies 4 in. wide as shown, then the
metal LWA-1 plates, then a final BID over the metal parts
that laps onto the bulkhead. Weight in place fore cure,
about 5 Ib. on each piece. The UND pieces are 4 in. wide
and 15, 13 and 11 in. long with fibers oriented along long
dimension. Layup 4 is now complete. Note: Be sure the
radius on the LWA-2 is in the corner as shown on the sec-
tion views.

STEP 5. INSTALL FORWARD FACE

Now bond the three forward face pieces in place with wet
micro to complete the box. Butt together. It is not required to
lap glass across this internal joint. After a complete cure (2-3
days), remove your spar from the jig and place it forward
face down on your work table. Layout the points shown
(Fig.7) as dimensioned on the aft face (.50, .40, .55, .16 and
.391in.) and connect with straight lines. Using a razor saw or
rigid sharp knife, cut along the lines through the aft face
(CS1) and into the urethane (Fig.8). Break off the sliver of
foam and discard. Refer to sections A-A, B-B, C-C,. D-D to
familiarize yourself with the size and shape of the spar cap
troughs.

Cutout and mount on template board, the eight spar cap
trough templates shown on page A-17. Using these and a
36-grit hard-block sanding block, carve the top and bottom
troughs and contour the topside to size. These troughs must
be straight and at the correct depth. Note that the three inch
wide troughs follow the aft face and make a turn at B.L.23.
Note that the top of the spar box is flat out to B.L.25, and
tapers down to the aft, starting at B.L.25. The bottom is flat
from fore to aft full span.

Using a saw, file and or hard block, cut the 1/2/in. x 1 in.
angle on both top and bottom edges full span along the for-
ward face (see section views A-A, B-8B, C-C, and D-D).

STEP 6. OUTSIDE HARD POINTS

See Fig. 9 and section views to locate positions for the 1/4 in.
thick aluminum blocks. Use your dremel to remove the CS1
foam from the aft face to enable you to insert the 1/4 in. thick
aluminum blocks (LWAA4, four pieces and LWAS, two
pieces). Thoroughly sand the aluminum blocks and flox
them into the appropriate places so that they are flush with
the aft foam face (CS1) with the radius on the outside corner
Allow to cure, then radius the foam corners with a hard san-
ding block. Now use duct tape and newspaper to protect the
foam which will not be covered by the shear web (Fig.10).
Lay up a two ply UND shear web at 45 degrees fiber orienta-
tion, alternate directions (layup 5). This shear web goes
under both top and bottom spar caps, and across the aft face
of the spar, full span. Be sure orientation is 45 degrees! Butt
UND joints, Do not overlap. Peel ply this entire sheer web
layup

tavor (3)°
Position INSIAE
Bax. 5

Lway.
Rapius 1 Colne R,

IMPORTANT | LwAL's
CENTER MUST BE AT
BL.25.0

BKHUDS. CSs5+g

Fia.b
&
.s5° Top 40" 50"
r S5 { 4 N
L { il
T b1
| [up AFT FACE |
Spar TRouaNS— LEFT SHowa- RiGur
Fig. 1 IS ofpposire.
"“-"‘f Cur Ywky' ¢SI 4r -So- *SS
- CcS4
Kni#€ ok
- { hz’:t SAW
FIGS P'S;LP Cur mvau csi Ar 16 - -39

PAPER

rRﬂDlus

Fi6. 10

\z PLY UND SHEAR WEB
(LAYUP #5)

Chapter 14 Page 2



STEP 7. LAYING UP THE SPAR CAPS

These are cut from a roll of uni-directional glass that is 3 in.
wide and either .025 or .035 in. thick. You will need to deter-
mine which you have. To do this, make a trough 3 in. wide
and 12 in. long from scrap foam and line it with duct lape.
Now make a 5 ply layup in this trough, and after cure,
measure the thickness. If you have .025 in. thick material
(the most common), then your layup will measure slightly
over 1/8 in. thick. If you have .035 in. thick material, your
layup will measure just over 3/16 in. thick. The layup
schedules which follow assume 025 in. thick material. If you
have 035 in. thick material, omit the layers marked (*). Do
not use UND cloth!

Top Cap Bottom Cap

Number Number
Strips Length Strips Length

4 1n3 3 13
1* 13 1* 13
1 100 1 96
1° 94 1* 90
1 90 1 82
1 80 1 68
1* 74 1 60
1 70 1 54
1 60 1 40
1 54 12 30
1 50 1 26
1 40
1* 34
1 30
1 24

mald a dam along the aft face of the center section spar as

Show!

n (Fig.11). Use a firring strip, or a 2 in. wide strip of 1/4
in. plywood. Grey tape will assure an easy release and glue
the dam to the shear web with small dabs of bondo every 6-8
in. Now cut the umi-directional glass tape pieces as shown in
the above table for the top and bottom spars. Remove the
peel ply in the top spar ‘trough’ and layup the spar cap.
There are 18 plies in the top cap (if you have the .025
material), the first five plies are full span (a little excess has
been allowed), then they taper inboard 3 in. or 2 in. per ply
per side, and the last ply is centered between B.L.12s. Mark
the B.L.s on the urethane foam ahead of the trough to assist
in positioning the layup. This is an easy layup. Keep fibers as
straight as possible and squeegee from the center to the out-
board on each ply. A hair dryer can be used to warm the
layup of these thick spar caps. This speeds the wetting of the
heavy strands of glass. Allow to cure, then round the trailing
edge to approximately 3/16 in. radius with a hard 36-grit san-
ding block (see sectional views). Flip the spar box and lay up
the bottom cap, which is similar, but with only 13 plies and
with only the first 4 plies full span; each ply is centered so
that the spar cap thickness tapers an equal amount on each
side. Allow to cure and round the trailing edge. Measure the
depth of the spar. If the layup is oversize, sand (maximum of
.04 in.) to size. Sand smooth the “steps’ at the end of each 3
in. tape.
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STEP 8. MOUNTING BLOCKS

Cut two pieces of spruce 1in. x Tin. x 3 in. at a 90 degree
angle (Fig.12) and install these as shown (Fig.13) by removing
the urethane foam at B.L.7.5 left and right (top only). Now
cut four pieces of 1in. x 2in. x 3 in. spruce at an 80 deg‘ree
angle (Fig.12) and install these as shown (Fig.13) by removing
the urethane foam at B.L.11 (center) to B.L.11.5 (forward) left
and right, top and bottom. Micro the spruce blocks into the
spar hox flush with the foam. Do not cut into the spar cap.
These blocks will later let you bolt the engine mount extru-
sions and also shoulder or luggage straps to the center spar,
Now set the centersection spar hox aft face up and make a 4
ply UND layup (at 45 degrees, alternating direction) from top
leading edge to bottom leading edge around the three sides
(Fig.14). This is layup number 6 (see sections). Now flox
LWA2 (two pieces) and LWA3 (two pieces) into position and
weight these parts down until cured. These must be Iom_lc(}
directly over the other metal parts. See sections B-B, C-C,
G-G and H-H. Peel ply the entire layup.

¢
l

B.LO

SEE SECTION I-T PG. 14 -4
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STEP

9. HARDPOINT REINFORCEMENT

File the corners of the aluminum parts LWA2 and LWA3 to a
1/8 in. radius and lay up (layup 7) three plies of UND 3 in.
wide centered over LWA2 and LWA3 as shown (Fig.15), lap-
ping onto the top and bottom at the outboard hard point,
and onto the top at the inboard. Now add one ply of BID 5
in. wide at 45 degree orientation, centered over the UND
strips, only on the aft face. Do not lap BID onto the top or
bottom of spar box. Peel ply edges for a good transition.
Allow to cure.
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STEP 10. ACCESS PANEL

Layout and cut out a baggage access panel in the forward
face of the spar centered up vertically and laterally 5-n:high
and-H-inHengsee page 14-5). Sand the foam edges down
as shown in Section A-A, to allow a glass-to-glass edge. This is
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a baggage hole and allows installation of inboard wing attach
bolts. Jig the spar box aft face down and layup 2 plies of
UND at 45 degrees, alternating directions, full span, lapping
1in. onto the top and bottom as shown (Fig. 10, layup 8).
Safe-t-poxy is preferred because part of this layup will be ex-
posed to fuel. These two plies are glass to glass all around
baggage access hole (see section A-A).

STEP 11. END LAYUP

Using your dremel, make a small flox corner all around the
two out-board bulkheads, CS5 and CS8, trowel in flox and
make a 1-ply BID at 45 degree layup over each outboard
bulkhead, see section E-E (Layup 9).

STEP 12, ACCESS FOR WING ATTACH

Cut a 2-1/4 in. diameter hole through the bottom (not the
top) of the spar box at B.L.53.5 as shown (section C-C). This
IS your access for wing attach nuts. After cutting the hole,
remove a small amount of foam around the edges of the hole
and trowel in dry micro to protect the bare foam.

STEP 13. MOUNTING TO FUSELAGE

Note: Installation of the centerspar in the fuselage should be
deferred until after Chapter 19, Wings and Ailerons. It is
m»uch easier and more precise to mate the centerspar to the
wings (one at a time) while the wings are jigged level on your
bench, than to mate the wings to the centerspar after it is in-

stalled in the fuselage. Proceed with this step after finishing
Chapter 19.

Your spar is now complete and can be mounted in the
fuselage. Remove the firewall (it should have been installed
only temporarily all this time) and slide the spar in from the
rear (with the sweep aft). Accurately mark its centerline and

the centerline of the firewall, and replace the firewall. Make *

sure the centerspar is absolutely centered, and then check
for skew by measuring from tip to fuselage nose (equal, both
sides). Incidence is most important. The level boards you
bondoed to the centerspar at the end of Chapter 19 should
be level with the longerons. This will insure that your wing
incidence will be correct. Level across the longerons and the
spar to check roll. Remove foam or wood as required and/or
install wedges as needed. When satisfied with fit, slide the
spar out, coat all surfaces with epoxy, trowel in flox and then
slide it back into place. Lay up two plies of 45 degree BID,
two inches wide all around the outside of the spar at the
fuselage skin. You can now install the firewall permanently.
Trowel all mating surfaces (firewall, centerspar, and
longerons) with flox, and slide the firewall in place. Check
that it is square with the fuselage centerline. Use a 1-ply BID
tape to glass the spar to the firewall on the inside, top and
bottom. After cure, trim off the ends of the longerons flush
with the firewall and cut holes through the firewall outside of
the longerons, above and below the centerspar to just clear
the engine mount extrusions (allowing for a 10 ply pad of
BID underneath). Make four EM12 engine mount extrusions
(Fig.17) from 1 in. x 1 in. 2024T3 aluminum angle. The
dynafocal mount for the 0-235 Lycoming is a very rigid struc-
ture which will not adjust to the engine mount extrusions,
should they be slightly out of line due to manufacturing
tolerances. It is a wise precaution, therefore, to check the fit
before epoxying the extrusions in place permanently. To do
this, cut 40 pieces of BID at 45 degrees about 2-1/2 in. x 7 in.
and divide them up into 4 pads of 10 plies each. Place one
pad under each engine mount extrusion, between the extru-
sion, centerspar and longeron, both sides, top and bottom,
and extend each extrusion 1.6 in. through the firewall
(Fig.18). Now clamp the engine mount to the extrusions with
a 0.1 in. clearance between the mount and the firewall.
Check the fit of all the extrusions, adding extra layers of BID
if necessary. When a good fit has been obtained, wet out the
pads on the top, clean the extrusions and sand them dull
with 220 grit, and weight the two top extrusions in place on
the pads, extending 1.6 in. aft, and clamp the engine mount
to them, and to the lower two as well for positioning. After
cure, flip the fuselage over and repeat the same procedure
for the lower two pads and extrusions. This should give you a
perfect fit between the extrusions and engine mount. After
cure, drill the four 1/4 in. holes per corner as shown (Fig.19),
2 into the longerons and 2 into the spar (Fig.19), and install
the 16 bolts. Note that none of these holes go through the
centerspar,
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