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Foreword of 3»d is 5 1une

Grewing experience and enlarging of the plastic planes, also develop-
ment of the "basic materials required since long time a new-

forming of the Ppatch Primer. Qr, really radical: is this thing

still necessary?

‘Wot only that we knew in the meantime other fibers, from what the
glander birds are made. the marnufacturers are pressed by the LBA

t0 deliver maintenance and repszir handbooks for each ftype of them.
ind these are responsible before all other pzpers because the manu-
facturer carries the respomsibility, against you and the LBA.

Only if there is nothing to have from him, because he iz no more
present, f.i., jump into his part the LBA, his control organizations,
or an LTB (there are available a lot, also some with good gquality).
The necessary to explain a complicate repair method will be xeplace
also by the lot of FRP -~ workshops which are arranged on many places.

the villages in possession of an FRP expert grev more numerous!

But what we miss in spite of this: a general introduction for uew-
comers in this territery. For instance: vwhat T have to observe if

T would like to buy -mmech a plane? what I can do for to conserve it

for a possible long time ? How I can help myséelf in case of little
failures? -

The new Patch Primer for this will have its (¢.G. more to this subjects.
Brt it affords +the luxe to transmit without change the introduction

of the first issue from 38 years ago - a lot of this is no more utepic
Jtoday.

When T wrote in 1967 the first issue of the booklet, I was nearly
aa a prophet in the desert.

moday we are in the position t0o k¥ n o w , not by speculation hut
by experience,to =say how is 4the behaviocur of a plane with 30 yezrs
in action. :

The new Patch Primer also will have the size and the arrangement
which will allow you to insert thiz gensral basis into your advises
of the manufacturer. The system of numbering the pages allows fo
insert them together with special tips for your plane odthe correct

place. 3

gtrodehne, spring 1997 | (\*w“@twq/ﬁoﬂ?
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Forewozrd 2nd iss ue:

Many owners of gz plastic plane which had the wish to learn
more about the inner life of their bird bave looked out for

a PPPP without success in the last time.

I thought that another person would write a replacement for it
with much more knowledgment, science and make-up.

However- this person was not found, sorry. And because under
blind persons the one-eyed is king, so T was sitting down and
writing all the informations from 10 years working and learnin,
on fiberglass sailplanes in this second issue.

. Please would you connect during reading your pleasure to be
able to help yourself in much cases with a moment of +thanks

to my husband, Mr. Eugen Hinle, because most of this recogniza-
tions were coming from him. :

May 78 . U.H.

Copyright by Ursula Hinle. All rights reserved.
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(Foreword to the first issue - 1967! )

Treoumdste

Pilots, especially glider pilots, have recently lived through a small
revolution. It came from Germany, and it was happy and constructive:

AV An airer:ft whose load-bearing elementsA7

are compoged of reinforced plastic.

As it was 50 years ago, when gliding was born, it was young people seeking
the stars, who, w1thout regard for finance or authority, opened a new way
to aireraft construction.

Yes, very clearly: Aircraft construction. BEven theun nco one kunew the number
and extent of the ciecles which the new construction method would have the
power to influence. Today the method is handicapped, in the mense of

a large-scale indusiry, by the large amount of hand labor - but sc were
other branches of industry in their beglnnlngs. It may be that in 50 years
one will laughingly consider putting today's egquipment of a fiperglass
workshop in the Deutches Museum; it may be .that one then will have no. more
the sticky fingers and the ccllar of glass dust - the beglnulng was here,
today, with us.

The relnforced plastic aircraft has it roots in demanda whlch are quite
special for the sailplane pilot: Higher strength and stiffness with lower
welght - one seeks the ultimate of meteriazls ~ and higher aeroiynamic
performance.

The strength/weight ratio of fiberglass used in asircraft today is higher
than that of good steel. The weights of pllots are more or less fixed,

but cockpits can be fitted with lighter wings than with more conventlonal
construction, Or, as the advanitage is usually tslken, the airecraff can have
higher strength for comparable weight. C e :

The conventional construction methods normally begin with partially
fahricated material of limited deformability and are accordingly & compro
mise between the form demanded by aercdynamica and its realization by means
of a material which has easentially the form of sheets.

The reinforced plastic aircrarft does not embodysuch a cnmpromise. To be
sure, scome gheel-1ike materlal ig used, but its fabrication is suited. to
itself from the begioning; it surmounts any limitaticons of surfazce - 1t
can in practise take on almost any shape in the greatest detail, formed
with so—-called "lost" wmolds, or even without fthem. The builder lS com-

pletely free to follow the laws of the streaming air.

Thege two distinctions: The unbounded formability, and the variability
of the material, zve &7t whe same time itg chief problems, because they re-
quire an entirelr new swproach in craftsmanship end desiga.
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There 1s s%ill a big item which both the builder and the pilot care about:
The damping effect.

Oue means by this the capability of a materizl to absorb an impulse at
its working condifions even though it is not permanently deformed. This
damping effect for load-bearing fiberglass slements in an aircraff is
very high, about 20 times as high as steel, if one takes into account
the higher density of stael.

It follows that a fiberglases fuselage can endure much more than one

of wood or metal before its contents are effected, This already appliss
to so-called fiberglass— sandwich shells; it applies even more sirongly
to solid fiberglass shells. And ultimately one is led to springs of
fiberglass; we already find such springs under helicopters and aircrarflt,
and also in the landig gear of the Libelle (E.g., the tail skid).

A further interesting point for the high— perfeormance pilot is the

guality =znd permanence of the wing surfaces. A fiberglass reinforced
plastic oBject, once it is hardened, is, as we shall later clarify,

fixed indefinitely to its original form., It changes uno more, even if
soaked in water. It does not chip, spall, or swell, Remedies, such as
coatings, specially total paint~ remocvings, should be spared on fiberglass
aireraft - no well-eguipped bird needs this either. One who caanot live
without polishing something can use ordinary cloth and mutomobile polish,

Plexiglass polish, ete.

Ko wonder then, that the love of fiberglass airvcraft spreads like an
epidemic. High performance pllots, and those who aspire fto be such,
cleave ever more %o the swilft, slender white birds. But a dizguieting
thought lurks in the background: .

"Really now, what if the thiog gets damaged, or goes kaputt? What then?"

The repair possibilities sre basically about the zame as for wood. How-
ever, the facts that almogt any village holds a cabinstmalker, while must
leok a lang way for a fiberglass expert, makes the’outlook ‘somewhat
delicate... But as fiberglass aircraft become more widespread, fiberglas
glass specialists will — must! - appear in flyinvg ngb%dgnﬂ.mprkshops.

Small holes in the gkin, or = nick in an edge —“thege ‘oan be fixed from
the directions in the repair kits. And for perchance a damaged spar,

- as with a wooden ship — one would use goed meunse, and take it only

to someons with knowledge and experience. One should not overleok the
fact that thig miafortune is rarer with fiberglass, on account of its
greater durabllity. :

If any doubts arise during a repair, please ask your constructor, instezd
of taking the risk upon yourself. In order to be complete, this manual
must at least contain a fairly complete drawing. And in spite of this
there would be the possibilits of added guestions. Otherwise there will
he something which you can't repair, either because specizl teols are
neceassary for it, or it would not be advantageous fo do the repair work
yourself.

For apecigl questions, &s when one perhsps needs to remove the ailerons

or where is the best place to put the oxygen equipment, it is again '
advanfageous to have the answers ino the standard format, so that you

can make‘easy work to add this into the booklet. Then you will have repair
lnstructions for your ship with the minimum trouble and in a Smooth
continuous fashion, ’ ,

The gystem of Dage numbering permits you to arrange things in the right
plzce and provides spare also for gpecial notices and sketches from
your own practice in workshop. ' o
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A/ LITTLE S5CHOOL ABOUT PTLAS T IC s.

Plastics in aircraft are not new!

The most of the modern glues for wood or metal are plastic- based. Plastics
In spite.of thls, you find in the operating manual for your aireraft .

a table whiech you have never seen for other birds., This does not imply

that other alrcraft do not follow the same lawa. The guestlon is only

whether such a peculiary ought to be emphasized here. '

Althouﬂh ‘one knows, for example, ‘that some glues, upon being beated tq
50°C, suffer a losa of strength wich is not recovered ou subsequent
cooling, there are no exact studies of the subject. And although it is
generally kuowu that all wooods "work", i.s., parts respond %o changes in
climate and thereby swell and shrink (metal parta, ﬁpo‘), the normal
instruction manual contents itself with the brief remark "Guard against
excessive hot sunlight™. : o

The flhergla5§ plane also could use the game term. But rathér Gom-

plate studies ‘have been made on fiberglass materials dnd ebjects made
from them. Accordingly, one can glve guite accurate limita-for safety.
Thus one knows, for example, from dtudies made on complete Zabricated
articles, how: wing will behave after 9000 hours under Jdpad like in
fllght or a fuselage in winch laugeh at 54°9C (1299F), R T

The fiberglaas sailplane, when flrst offered to. the publlc, met with
other suppositiona, In the good old days when wooden aireraft mdde their
appearance;. ove dida'f know very much about flying and ita aﬂsgciated
stressks. ‘One!rattled the wings, and if nnthiug fall .off,s the pirot could
gtert. The fiberglase geilplane made its debut urnder ‘the'gurtvelllance of -
a. testing buraau, many whom of were sclentlfically treidedy. ;end additlo-.
nally, as theiresult of an sccident, were inelined to be Ekeptical '
Thisg was -lu no way 8 disadvantage, for one approached the tests of air-.
worthinees with foresight and an enormous amount of researuh results —
for your beneflt'

{And not only you and the fiberglags aircrarft manufacturer' -other
faculties alsg profited from these studies: for example, i% was found that
the value' of cumpressive strength 1n the fiber direction, according ta
correct assumptions, was aimost equal to the .-tewnsile-strength, not cnly
for Ilberglass but. glaso for fir., For years a smaller,value had been
taken.

Even so0, the studies showed that the strensth of fiberglass articles

did mot fall, .but instead rose, if oue held it at a higher itemperature

and then tested it again after cooling. How does this come z=bout?
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Plastics are built by stimulate their molecules +6 Ymot nets or chains.
They go together wifh regular repeated pattern, (the word "Poly" means
vmany-fold"). It is not uncommen for & molecular chain in a polvmer to bHe
fhermoplasts made of several thousand links. For some nets it is possible te "de-knot"
them. When such & polymer is warmed, the chains or nets vibrate more and
hecome more free to move past each other. The plastic becomes soft and
can be molded; when cooled, it hardens in this form. This can be repeated
over and over. Such pulymers are called "thermoplastic" because they beconme
saoft - plastic - when heated.

Expensive machinerv is needed to heat and mold such materials, and they
are also not suitable for aircraft for other reasons. One exception is
* Plexiglass, used for the c=nopy.

duroplasts Other polymers are mede of nets which 'are tied together at a desired time
by chemical reacilons sc that the entire cpllection form a rigid network.
When warmed, the net remains firmly hound together, and mey even form some
new bonds. Such polymers, when they are fully hardened or eured {(have many -
inter— chair bonds), do not dlssolve easily in solvents, can not be molded
again, and so are formed only omnce — hopefully in the right shape. -
Phis polymers are called "duro-plastics" or "thermosetting", because theiT L]
shape endures, despite moderate heating or exposure to many sclvents ’

Epoxy The duroplastics are usually employed in alreraft coustruction and the prin-
cipal type used goes by the name of "epoxy". There- are. sllght variations
in .the kinds of epoxies available, but most of them .have outatandlng strength
and tenacity, as plasitics go. They are made by mixing liguid resin with har-
dener; these begin to reart 2t once to build nets and tie them together, and
before long one has the rigid ariticle. Thé chemical reactions liberzte heat,
and the hotter the mixture, the faster the reactions go. (Never work with
more than 2 pounds or 1 kilogram, in one poi, because the pot can get hot
enough to £ill 2 whole factory with fumes!)

To make articles with +%he resin, one needs alag a pold, "but one can make

cthe mold himself. Repairs to such articles can unsually be made more or less
freehand. .... one does uot need presses or expengive mechinery, steam, elec-—
tric power, ete. If neceassary, one can get: 'by with 2 measuriug cupa and some
pieces of wood. £

And on toy of all +this, this simple mixture yeﬁ remaina the beat compromlse
for all'plastics to be usged with flberglass‘, g

Thus it becomes possible for you -to repair yaur fibargiass aailplane qulte
gimply. 2

Cleanliness It is clear that the chemical reactions to produce the desired flulshed
duroplastic will run properly only when one uses the right materials and
mixes them in the rlght proportions. As with regular glues, one must no%

"have foreign matter in the glue or on the surfaces %o be- joined. Esp301ally
deadly to sfrength are separating agents and gubstances which can act in
this way: Fats, oils, greases, waxes, ailicones - vevén g alightly olly
finger which one abgsent-mindedly ran across big*forehead”s momént before.
And also a drop of acetone in the wrong place can ruin everythlng for you.

L
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We have ito measure the com

. / nonents of the plastic precisa {
the directions. Thig ig on p . onr phien who el e

111 . ) & of the very few points about which plastics ar
-senSLtlve.”Just +hagine a party to which more women than men w;ie invited c-
ypat long faces, when oune girl must sit aloune! Each molecule must :
find its paytnen( otherwise it remains ou% of the building procesgs -

to the detr%mgnt of %the product. Thus it follows that your mixture ias not
cgmpletely Joingd ftogether inside, .or may uot even hardeu, if you have

mixed +the wrong proportions. ’ ’

- Chemica
reactio

For to avoid bigger letdowns you should test the hzrding conditione
of each charge, Prepare a paper sheet as follows; )

NY 1 aael bime || . sailplane |54 1-y7.44
Y ] day| time place resin g hardener, test

el . a
quJl‘Q)EE ruselage top ATD 74 l

pos. 3300

{5 | left wing, top T
A 9= pos. 4500 mose 501 A9

S M| 4p & 5o A9

cp _\_h

LD

0of®

From esach charge you pick a little drop in the mentionmed field of list.
If you put the sheet on the ceatral heating or a plate warmer, you will
note very easy if the charge is o.k. (page 114: gquality test)
You may insert after hardening into the life act of the plane.

Consider very carefully during preparing the mix how long you will open
have to work. Thin layers of resin, especially if they are Ffilled with time
fibers, will harden slowlier than the big pot in your hand. But in

one time they will come the ;pdint that the resin will harden, equal

if your worlk is ready or not! '

Tor thi#ycu need & carefully work preparation. Play in your head
the whole running of the work or, for a longer action,make notices.
The last point is: »ezin mixture.

In a2 bigger work it may helpful that you prepare, perhaps on 2 tables,
in order all necessrry things: on the one all psrts which are pre-
_pared for gluing, Vcol:, brushes, - all what has to be exact cleaned;
on the other all teocl: and auxiliary parts, which are prepared with
separating fluid. It iz nct allowed to idle away any time during the
work - the resin does not waitii ’
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Heating

1Empering

You can use the mixiure aa long as it can thouroushlv wet and penetrate the
glass fibers, smo that they become almost invisible; tough, stringy reain is
uselaess; one cap still smear it on unimportant places, like a nick in the

garage; the toughness indicates. that the molecular net~-building process :is

well along, and. the nets are torn apart by stirring and smearing, ) -

Az you know.from other glues, it ig ot good to disrupt a chemical-reac@iun
by stirriog, kmeading, or premature removal of clampes znd fixtures; the’ -
nétworks are therehy broken apart and don't join tozether too well agaiq.

It is not possible to say exactly how loug a resin mixture can be used.;
Large mésses react more quickly than small on=s; the reaction goes Taster

in warm}ruoms;than in cold ones (and not linearly with temperature, but:in

a curve :which goes up more steeply, the warmer the rooms. In summer you:had
better hurry!).and new, Ifreah materials hardeun more rapidly than thoss which
have been stored for a time. . ;

As a place to hang your hat, you can take it that 100 g, or 4 ounces of:

" mixturelin a coffee—cup in a room at 18¢ § op 659 F will begin %o harden

in about 20 - 30 minutes. IT you bold +the cup inyour’ (warm) hand, it will
harden pooner. /When you place this rTesin on glass fabric or on your saii-
plane ih thin tayers, 4 tp 6 hours may go befo;e‘iﬁ'bgginsnﬁoiharden at: 650F,

. 4 LI
‘Cur epokxy theniforms its molecular network at .mormal reom temperatures, at

least 159C or 6O°F.(Some industrial types require.much higher temperatures).
Lower temperatures lesd to blocking of the hardénina;vthey.prad&qe;alsq a
thick pasie which is hard to work, so that you:get too much”resin:in'tQE .
article that you are making, ’ T o

Oue can accelerate the bardening by warming. One musgt be careful with infre -
red lanps or' sp, because they way produce extrem local Hesting and damage nay
result. Hot air is the best; for gmall plecea, & botpad will do.' When the
area la large,’ so that a hot air blower won't suffice one ‘can wmake & hTempo-—
rary tent from plastic sheets, screp material, wood, foam plastic, ect;, @0
as to maintain a2 uniform temperature over ihe part%, One can put a therynmg-
terg into an aversge part'or the tent to observe the temperaturs. -

+

ITf it is difficult to lead the warmth o the wet resin zrea, ome can warm
the part after it has hardened at room temperature. The plastic may seem
guite ready to you after a few days at room temperature, but it really is
not. Its strength and hardness increase with time. This may take a month at
normal temperature. Probably most of the active euds of the molecules are
then bound, so that they can no longer find their partners so eagily. Bu%
we can help them by warming. This is also done during congtruction; ali
parts are held at 50°C for 12 hours. fhe full atrength of the plastie,
which'previously was guaranted to 40°C, falls somewhat during the warming;
the wetworks become very slightly looser, and so the articles ahould not he
subjected to stress during’ this warming. After thig treatment, almost all

"0f the last reactive moleculeshave become & part of the network, the networlk

is sironger than before, and now we can Tully load our article up to 5490 or
1299F without fear,

For this reason you will find the tables in the handbooks.

Nearly all "clasgie® fiberglass sailplanes are made from a Tesin
type like this: the good old "Epikote- Laromin® combination.

(Iibelle, SALTQ, BS 1, ASW 15, Cirrus, IS 1 ete. eto.)



Note well:These sailplanes are mede z0 that their outer surfaces are whiie.
Other light colours also remain coel in the sun, but blzck or dark colours
(e.g., numbers, decorations) can very easily reach temperatures of 700 C
and more. AT such spovs the usual high safety factor of strength will not
be available. ‘

Because the manufacture*e were angry aboui this low temperature
strength(in spite of the feeling of the pilot if his cockpit has
only a tempsrature of 40 ¢ - have you tried? Sa it may be diffi-
"euit to bring a sailplane under full load in flight conditions with
a structure temperature of 54° c)

- so they have used in neweziplanes resin systems which are ad-
judtable in open time and temperature strength by using different
hardeners.

Hereby you can chserve that, in general, a hardener which cure a
resin slow has also a lower temperasture strength then a hardener
which works faster. In some systems you can even mix the hardeners
and so obtain a sliding border between the asked requirements.

Sorry in normal case the fast working hardeners are more thixotrop
then the slower omnes.

' fn the new generation of gliders we have the so-called
rinterim - hardenedresins. This means: the resin cures in
room temperature so that you can it put out of the mold
with care, but it is not really harden for carry a strength.
Then the part will be tempered,ifn-temperatures up to 120 ¢,
but in the most cases in such which can be rezched with
normal eguipment ( perhaps 80 - 9 0). This resins have a
strength in temperaiures up to B0 (¢ which may allow nesrly
coloured gliders...

In no case you can harden any resin with any hardener. The
iystems react only in their borders and im the prescribed

kind and gquantity.

AQ¢

higher
strength

ad justabl,

interim

" changeable
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In your manufacturer advise you will find from what kind of resin your

temﬁer .
proof plane is made, and with what kind of resin it may be repaired. One
- can think that you can rspair certainly a plane from the good old Epi-
kote ‘Taromin type with a vesin system of higher strength, but not
vice versza! : . :
Certainly you have to fulfil this demanded tempering proecedures also for
each repair work. And it is imporiant that this is documented.
Do not be afraid if any government office reguire the use of sinful
gxXperienced aid tools as a temperaturs writer. Because our work is
instglled for the use of hot zir blowers so that ig necessary to observe
the area all time, it is possible to notice the teperature allhours
and to inset them in a list as this-:
LSA "D ~ 4344
" .
w——ﬂ . !. [+
measure’ Tempering tent
Ypoint L - , <:)~
o S S P e T T
tempering report from 30, A BE .
time. M. 1. M2 M3 M-y
; 2 :
09 cg? c3e | 62 60° i
A0~ bo’ 60" | b4° | 6
oo
AL~ .. etc.
I
(With a lot of things it is similar; Rither you can replace them with
fantasy through others, or you search in your neighbourship to lean
the expensive toal)
field Some fast-curing systems can be used for "field- repainsh.
repair They harden ir minute- times. Because their properties in
regard of the conditions of these field— repairs are not
definitable exactly, you should avoid to uge them for main
gtructures.
.- The cowmpounents of the plastic, resin_and‘hardener, are nbt as inflammable
fire A8, sayya laquer. The hardened resin does oot burn easily and the fire goes
hazard out when the flame is removed. But it makes much .moot when it burna. The

white laguer is also essentially a resin {polyester); and falls into the
same ¢lasas. -But ita solvents are eazlly inflammable liguids such as ace-—
tone, laquer thinnera, etc. The working with the chemicals from a fiber-
glass ship will need ftherefore a&s much or as little cautlon aa with ordi-
nary aircraft. (Cigarettes also should be put out beflore entering
such a workshop!) T el LuE ’ .
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Az for a room for working with resin, the szme recommendatious hold aa you

already kuoow for glueing work: dry, moderzte, constant temperature, grease- lesh
free working surfaces. The overall smell is uegligible. Facilities should WwoTrxsaop
be provided for washing the hands with warm water. It therefore occurs to

one that there should be no thoughts agalnst using the rooms of one's awn

home for fibkerglass repair, although, to be sure, .one must, on accounti of

the -shameless stubbornmess of hardened resin spots ‘on kitchen tables, ete.,

be prepared to reckon with political difficulties:..

Some parts of tools are attacked by the liguid resin or -especially dy- the Tools -

solvents, for example, the beantiful red laguer on paint-brushes an potiy-
knives. Obtainunpaintened, rather cheap brushes for the worlk, raw. atlcks
for stirring, dnd not colored rags but instead whlte goods.,

The resin mixing can be done in vessels of glass or porcﬁlain or tin-caps -
— they must be ‘unguestionadly clean. If one often works with the resin,!

it may be advantageous to use small paper cups. They must be unwaxed!

One can use them again when the previous batech of- re51n has hardened in.
them. ' . L

1f while stlrrlng, you loosen the remnents of an ear11er batch of resin, Dilution
From the Vessel walls, that's annoying. But &lssolv1ng is mot popssiblie for '
hardened resino,; not at all. This hard reallzatlon way ‘cccur to' you when
you have let flecks of resin harden, unnntlced ‘on your aunﬁay ault

Ag long a3 the resln mixture appears soft 1t can be dlssolved in acetone,
MEK, laguer thlnners, etc.

The rESin can be stored in clean tin— cans. The hardener must “be’ kept in - Bvorage
well— galvaulzed cans, but even better in glass,and well— ﬂealed becausp )

it reacts with the oxygen in- the alr and crystalllzes. After that it

. reacts only pocrly with the resin.

If hardener Ln-a well-ssaled container nevertheless becomes lToaded with
crystals, like ‘old honey, that's a.sign that it'e-too cold. Put it in a -
WaT plﬁce or in warm water, and at B59 T it snould ‘Hecome * all liguid.

You must nntq well that the resxn, and esp501ally the hardener ia leBDnDuS. . !}
Take care that-it is kept away from food. Worst’ of‘aIl id" ta get it in 4he ‘ E?Fég
eye. Wash it af once with running water and go td “the dbctor, ‘Bvep 1T if .
doesn't’ seem EG bad. A chemical descriptioun of- the” hzrdeder: iy given ouhenJ
Epuks ;- the dcqtor will ¥know from that what he can du.

Poison!

..Any persons ‘are allergle, or very sansitive “fo.cErtiin subatahues. The Allergies

famous hay fever is nothing but an allergy to the pollens of pliefits. Some
people will. also be allergic fto the resin. The aymtomﬂ fade Avay, -Bs goohn -as
one no longer comea in cocitact with the ilrritatiig ‘Bubstanoe. In eny cdee!
avold unnecessary coniact of* the slcin with the chemicel, wash the hands often
with! aoap {youlfll do that enyway becansge thay gat.ﬂtiuky),\andniﬂ uecaasary
work with ruhber ar plestic gloves. . » ] Gt .

RemembeT that hardened resin is chemically abaolutely neutral. Ti you climb
out ‘of the ship aftar an eight-hour flight with a runny Hose,: -or you dqn't

feel well, it's sure1y for svme other reasaon. P P
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Glage Now we've discoursed a loug time about resin. But in & way, 1t's of secondery

: lmportance; it iz a necessary evil which we must employ in crder %o hold the
glass fibers in their places so as to direct their strength in the best ways.
The fibers’ themselves have tensile strengths about twice that of gocd stesl
and about 20 times that of the resin. .

The glass fiber is the rezl strong man!

Strength This extraordinary strength of a materizl, which we tsed to regard ag being
brittle, springs from the surface tension of a very tiny Tfiber, about 9
microns or Q.36 thousandths of an inch in diameter. The tensile strength of .
such 2 fiber lies around 14,000 kg/sq cm, or about 200,000 psi; its compres-

" give strength is almost exactly the same. Pregumably, in order %o put the

fibers to the utmest use, ooe must orient them in the direction of the lines .
of force and anchor them under all circumstances in this position, specially
when compressive forces are working and the fibers would like %o prefer the

way of bending or buckiing.
Fiber- To this now we need the Plastic matrix. This combination we name "glass
glass fiber reiunforced plagtic", “GFKY" or "FRP", or Fiberglass". It is clear that
the strength of the combination depends on -two. factors: The ratio by volume
of the strong glass fibers to the weaker plastic matrix, and the lay or di-
rection taken by the Ffibers. .

4 laminate made of parallel strands - "roving" - and -plastic can possess a
tensile strenzth up to about BOOO kg/sq.cm, or. 110,000 psi. The approach to
the maximum depends. on how closely one comes to the optimal fiber volume
fraction of 60%, and the line—up of the £fibers parallel with the impomed
streas. o

Laminates made of woven fiberglass cloth are somewhet weaker on account of
the weaving of the fibers and run from 2000 to 6000 Xg/sq.cm.or 30,000 to
90,090 psi - in_the fiber directiona, naturally! Consider once 2. plece of
fabric in the diagonal direction ang you'll mee why alignment is gmo important

Laminates made from random short fibers - "mat" - “reach strengths of only
about 1000 kg/mq.cm.or 15,000 pei. .. -

}

We see that one can buy glass fibers in difﬁaréﬁﬁ'fopﬁsj{":

Mats Mats of unorientated ghort fibers — not too auitabiezfoﬁ usé aailblanea
’ becauge fibers can't follow the lines of stress too well, And they use -
up & 1ot of resin in making the article.

Cloth Woven fabrics, including those with a great preponderance of fibers in
one direction and oculy a few at right angles, are available in many types,
weaves, finishes, weights, ete., for siwmple or highly curved shapes,

1 for strongly directional or more equally divided stresas patterns,

Frefabs Pre- impregnated woven Tabrics are made which carry resin in a goft state.
When such material is shaped to- the desired form and then heated, the
resin hardens. However, such material ie not very suitable for our hand
work because ths Pressing and heating is difficult. : .

The threads should be in evéry cage not or nof hard twisted.



ROVING
MAT
Unorientated fibers v

held together with
a plastic binder

CLOTH

Plain weave:
over one,

under one.

Warp and weflt
have abont

the sam= number
af fibers and
gtreangth. .
Ugsed for mosat
flat surfaces.

L] I .
Unidirectional weave.

A special kind of plain weave. [TChere

. are many fibers in one direction,
but oaly enough to hold things to-
gether in the other direction. Such
cloth is used in the outer wing skin
.of the ILibella, and in place of the
rovings in the wing spars of =some
aireraft. :

Twili weave.

This weave commonly has equal fiber
content in warp and weft, but its
special weave: over one, under two,
.makes it conferm well toc rounded
places and compound coTves.
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Rovings

Fiber
coatiing

tiberglass
iwaportion

carbon
fibers

Rovings - long, lgng oufidles of parallsl fibers id various numbers per
bundle, are aboutithe hardest to handle, but suce they are well placedf

one can best aatisfy the demands of following the lines of stregs .with.
fibers. With them’one.éan span most directly between twa points.”One cgn
reinforce edges with them or fasten down fittings. And it's no} necessary .
to boré holes in.fHe main spars; instead, using rovings ome canidttach, :
the necessary agsembly-pins and sockets aa firmlv as a bough is ‘fastengd
to’a tree. The fiberg.are not cut off; there is po loss of atrength. °

A1l glass Fibers used for reinforcing are coatéd with a substange during .
their manufacture whichl results in a better bond between glass and resin.
Furthermore, the glass would break easier without this protective coating.
Do not-permif .the fibers to get welt or come in contact with-thinners of
cleaning materials., Do not heat it either. One should take care 4o keeDd the
glass flat or smoothly rolled, so that it does not become. wealkened by |
kinking. It can be protected from dust by plastie shee?s. .

Because we bulld aircraft as lightly as we possibly can, we are concerped
to develop the grip on:the fibers with the least passible resin, exactly
enough: that the product doesn't show white spota from uunwetted fibers, but
not so much that there are "puddles" of resin. For the most part- wk are
unable to reach the optimum standard of 60% glass to 40% resin:in dur hand-
crafting methdds. He who lays up spars, ribs, and skin with 60% fiber
attains the highest strength with the leasth weight and space. to

We find this optimum ratio in the BS and .the Libelle in for exgmple the

wing spars. .

In the most main spars are used rovings. In some cases they are madd: from
mnidirectional layers, but these spars are softer than they from rovings

(Lower amplitude).

" Who gains a little more experience in the FRP technigue will note that

in the older fiberglass planes this gystem of following the stress lines
is fulfilled more consequently than in younger ones. Tn this time the
pressure of sconomic was still unknown,.., -

Sometimes we will find after remove the gelcoat black main spars or
completely black interiesurs of the planes! '

We have to do with carbon Ffibers. They will be manufact from graphit

or plastic material which will be carbonized.

The material has a higher strength than glass fibers. But their extension
is not So high. Spares from carbon are very stiff. for this one can
make very thin wings not from other material.

Carbon fibers have a different crash behaviour than fiberglass.

The long period of -extend. which we know from glass, or the long phasgis
of grewing white is not available in carbon., If they failure, they do
it apruptly. (Watchers of a carbon crash are speaking about a "black

explosionn.
The high damping effect which we know from fiberglass is inappliecable.

Repairs of carbon fiber parts ars in the system nearly the
same than FRP paris. Caution: i{ is difficult %o observe the
througout wetting of 2ll fibers! ‘

Carbon fibers are in this time more expensive than fibers from

glaze. But all is relative: if you are so clever to go apart
from a sandwich by using carbon - you have made a good business.
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Also during working and repair we have to observe gomething:

basically are available the Same kinds and clothes as from glass, also
the same wedving sizes. But we zre dependent of.the statement of glider
menufacturer what kind of carbon cloth is to find in what part of plane
because this is nearly impossible to constate by eye-look. '

Also there are mix clothes: chain from glass, shut from carbon,

carbon fibers are no more inflammable than glassfibers. But they conduct
electric stream! It may happen that your elect#ic handtool may have a
nghort" and works no more. For this you should use air-pressure tools.

Tf under the white surface during remove it comes not greeqbr black but Kevlar
vellow, than we have to do with Kevlar fibers. (Aramid). Here we have

also the same cloth types, but no rovings. This type of fibers has

also a high tension strength, but a low strength for pressure. It will

nsed on places who the material ghould be very light, and in con-

structions where the high tenaion gtrength came in play.

Aprvamid fibers are noi resistent against UV~ light. For this they must be
protect against sun. Alsc you should remark that they do not like to

be worked after curing, they fringe. Tt is nearly impossible to cut

them with normal scissors,

T seemg logical that it iz impossible to repalr one type of fibers with
an other. Because we meet someiimes & combination material - f£.:. 1 layex
glass., ,1 layer carbon or similar - it ie indispensable to ask the manu-
facturexr.

she development of fibsrz is not resting on one spot. There were tests new
with bor fibers. also thermoplast fibers are in the development. fibers
concerning resin, also here ws have tests with new polyester develop-

ments, or materials we lmow in the past as thermoplasts. For to he sure

from surprises, it is necessary to oontact the manufacturer. Pach of them

must record all materials umed in the plans in its maintenance beoks.

vxample: the stiffness of the carbon fibers provokes to use them in air-
craft parts we had nevex think on its: there are pushrods or drivingshafts
of them, for instance. )

The fiberglass aircrait constructor. fhiérefore makes his owm materisl ap he™
gaoesg along; he creates his aircraft from an embryo, out of the badic 1AW -
materials,. so to speak. No one has 1poked into a metal spar. nor ilunto’-the’
laminations of a wood gtructure. (Withi;fiberglass the counstruction is. gut in
the open from the begioning; there arg 'mcarecely any casting flaws or.mesino .
Tumps whieh ican't be nobed. And ‘mésty iparts can be thoroughly inepected
after curing by sinply illuminating:them from benind with a atrong lagp. -
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sandwich:

halsa

conticell

tubus

Hexcel

Rohacell

Material
list

The first FRP gsailplanes had balsawood as core inside befwean
the FRP layers. Tn this time we had no other,

v

The balsawood has a really good strength for tension znd pression;
for this it takes part in this direction on fhe structure.

Planes with balsawood cores have for this a bit higher wing
oszillation.

But the balsa supporis not so good against buckling. Also it
is the first which breaks when the wing is strongly bended,

caused by its low ‘extension.

If a balsa- sandwich is broken, you must slope it as normal

wood.

The most used sandwich material is "Conticell™, a PVC foam.

Ite elasticity is good, but against buckling it's also not

80 very well. And in temperature gtrength it is not an optimum.
But because it is mammfactured in large plates, it iz not

50 expensive to manufact the pPieces for wing sandwich layexrs.
If you are not very atbentive the Conticell soaks a lot of
rerin, and your sailplane part gets very heavy.

If you have only a litile repair spot, it is not neces=aTy o
glope it exactly. You place only the little spot with a mix-
ture of resin and miercballoon (see page 301}

Breaks in Conticell layers should he investigated with care.
I% is possible that you find under a little crack of a few
cms nearly bhalf z meter loosed inner IRP layer!

dJome sailplanes have sandwich layers from so-called "+tubus®
plates. They are made frqm a thermoplast materisl (polystyral
etc). We bave learned that These materials may contact not so
very good to fiberglass. This may be the reason that this
construction method ig not widely used. On the other hand
these tubus znd honeycomb- sandwich layers have a very good
reaistence against buckling.

For this f.i. the "Airbus" -iy using in many parts a sandwich
layer from honeycomb made of nylon paper which effects a
really good connection ta the FRP caused by a rough cutting
of their thickness, but with some resin types you need
Miricks"., The materizl is cailed "Nomex" or "Hexcellm. It

is very light and 4o fit very easy in rapair spots; but its
price is really high.

For to obtain 2. good connechion between Hexcel and FRP * ayer vou should
try to get little "feetn on the walls of the honeycomb. That means *o txy
that the rasin runs alittle upward of them. Fither you can use o specinl
resin for this, or you can help yoursgelf on o mechanical way: 0 wet the
walls by using 2 brush, or a piece of carpet. Fﬂﬂuﬂi,

Under some FRP layers you will find a white sandwich mzterial. This is

a derivate from the Plexiglass of our canopies. ("Rohacelln) Tt is very
homogsne. light and not =o resin-greedy. than fonticell, but more brittle.
Tt is ueed in some tail faces,

Por newer FRP gliders you will find a register of all uged
materials of the plane in the maintenance book. If you cannci
find such, please look for the so called "type attendantr.
The IBA wilkl help you to find out him.

Each manufacturer delivers +the materisls used in his planes.
But if you have a good reputable LTB in your area the buying
there may be more cheaper because everybody knows what to buy
minimum charges will cost today.

Thess ILTRs are responsible also to a quality control,
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QUALITY TES TS

. Mistakes in a FRP part may have naturally iwo sources: glass oT resin.

Phe glass portion has to fulfil the following regquirements:

it must hazve the predetermined amount and kind of glass in the right
directjun; the finished plece must be a tramsliucent gray-sgreen; hence it
must not have white spots nor obviously wvisible glass struciture., IL thése
are seen,the glass was moist or had the wrong finish, so that the resin
did not stick on it. '

The piece is stronger, %the higher the glass content and the more appropriate
the lay of the glass fibers. Snarls, crooked or displaced fibers in the
weave reduce the strength. . !

Imperféctinns in the resin component are more fregiently as those in the.
glass. The parts must be clean, thoroughly saturated and cannot show any
.. . ~ . f

white spots. .

The resin must be harden completely. Poorly hardened resin doean't givé
enough support to prevent kinking of any fibers. One can check the harpening
of the resin by the following tests: :

Any little peints siicking out of the pisce .must be as sharp asg needleg and
break off in a briftile way.' If you can merely bend-them,’ the hardening’.is.io-
complete. : ) ' ' ; . - )

Phe left—over resin in the mixing pot should not be imgrasaed by a.figger-
nail by the next day (say after 12 hours)at 18°C. or 65°F minimum temperature.
After ghout 2 hours, a hammer blow should spiit the massg. of resin into .
splinters; thé splinters should be brittle, yellowish, and clear like glass.

One can aliso deiect inadequate hardening.whén.he'works on the piece:

such parts,.when filed, sanded, ar drilled, are somewhat smeary. 'The loose
particles cut: off are like bread crumds and not like -powder. As one works
in this soft material, the glass fibers may try to atang up or even tear loose.
The sound ¢f these parts i= not hright and hard but dull. They do not% resist
againgt bendihg and don't -break suddenly, with’'craecking.and spliﬁting, but

- . nd !

more like soff plastic, e.g. polyetwbhylene. . .

ot

Often the..trouble with z soft piece is simply that the resin hasu't: had time
to havden yet. - perhaps 1t was kept too cool - and one can gure this By
warmidg it up for a while. R

]

We can establish whether thia is the trouble by,keeging_tﬁe.leftoﬁér reain
in 2 warm place (baking oven!) and yo¥icing latest after:an’hour whethax 1t -
lhas gotted herder or not. Naturelly we test Lt after it's cooled off., .

If we have mgde aug error in the preparation of thg resiu, ar .we.used p brush
wet with acetone in the mixture, then nothing can-be-done aboub it, exapt fo-
startover. But it is better to have that sinking feeling on the ground than
in the afr...
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' ' for FRP planes

You know that a plane is not able to fly without a minimum of paper.
The system of these papers are different in the countries and con-
tinents. Here you find the system of Germany (Luftfahrt- Bundesamt =

ILBA).

During its manufacturing, every plane will be observed by a licensad
improvement person. He controls during the work of the plane if it s i
accordance with its drawings, manufacturing advises and other paperym,
which are important for its identicy. Without this procedure the Pl
will not get its piece improvement certificate, and without this you
will not get +the C of A.

piece

Ivery year - the dzte is caused by the date of piece improvement - the
yearly plane needs 2 yearly inspection. It is to be attested that the plane

is airworthy by following the manufacturing documents valid in this
moment.

‘We tell not a secret that the gquality of this improvements is very

" different. For this it would be good for every ownmer of a plane if

he would be able himself to check his plane. Undispensable will be
this in case of a hard landing or other heppenings.

The different manufacturers have in stock improvement lists of their

designs. On the base of them you can check your plane. In doubt

¥you should order a check list for +the "Long Service Check"which is

obligatory for every fiberglass plane after 3000 hours. This list

will guide you through the whole plane. Also the little drawing on

page 217 will help you. o
[

Some seguences before you have read an important set: decuments valio
in this moment, :

The world is turning, and also manufactuvers of sailplanes grew
wiser (sometimes). If such a manufacturer notes that the part x
should be replaced by the part y because this is easier to control,
without a necessary of Security, he amend his [,BA for = "Technical
Bulletin® (TM). This TM can be followed by the sailplane owner but
must not. Both, the old and the new solution, are wvalid.

. P8

If the manufacfurer has the opinion that the security is in play,
because any part of the Plane may have a shadow to be not so surs
as planned in design, he amends by the ILBA an "pAirworthiness Di-
rective” (AD in English, LTA in German). Also the LBA can order

an AD if doubte insecurity of the Plane are shown.

An AD must be followed inside of the term decided in the AD, other-
wise the plane is out of law. An AD of the LBA will be send to

all Governments where the type of plane ig filying, for the propo-
sal that these officials will send the AD to all owners of the

type and also to all licensed workshops.

Without a fulfilled AD you will not get a yearly Goal!
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If you have +the wish to change any little thing in your plane, self
you should be sure thai this may not be a so-called "big change". designs
mhiz must be amended by the Government!

For to clear this guestion you should ask the next improvement
inspector or licensed workshop.

If an inspector will find such a change not identical with
the plane's dpcuments, he can refuse the CoAl

Herewith be spoken a word in favor of the improvement persons:
certzinly in the world we have bad peoples, perhaps also under
ug, but in the normal case you can be sure that the inspector
is willing %o protect you and other¢from harm. For this you
shonld ask your inspector better one time morethan less. (In
onr country we can say that inspectors and LBA are the best
information =sources you can find}.

Wwhat is to do if it has "bamped"? Adaﬁagea
Hvery damage which injures the siTworthiness eliminates the ) . .
CO‘A." . 1

.My experience is that the staie of alrworthiness will be
afdapted very different by the owners of the pianes.

Certainly the plane .is no more airworthy if the tube of the
AST has removed from the instrument. But this will not bring

in action an inspector, certainly. .
Tn other cases an owner found his plane airwerthy in apite of
" the gaps and crashes in the FRP surface.

That means: nobody until now was able to definate exactly
what is a big damage of the pléne, or in following = "big repair'.

Here you see that there is a wide room of play for the respon-.
gibility of the owner. Principally you can say that every damage
touching the siructure or the controls of the plane ghonld be

~discussed with the inspector.

To decide this you have the help of the check lisgt of your
manufacturer. -
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21y psoplez have toy to sliminate this dilemma by setting up rules whieh
separates the damages in clazses (20 callad "Rosenheimer Regels", so named
from a plastic instituse at Hosenheim, Bavariz).

class 1: big areasz of distructionwhich demands a partial replacement

of the airoraft pars or a big repair. mhis means demeges which intsrrupt
m2in strength lines, specially if in primary or secondary parts sirength
connections are interrupt. Pramples; tail broken away, Wing main connec—
tion damaged, main 8par damaged or broken, cockpit frame broken, control
surface oub of place (2ileron. ruddex, elevator). :

class 2: holes and brakes in g laminate up to ca 200 mm in each direc-

tion: damsges which have broken all sandwich layers top and bottom, Ff.i,
transport damage, dropped wing.

class 3: little holes or damages in the surface without destructions
of inner layer, Example: crashes or chamfers which cutted the outer
laminate layer.

class 4 edeed.SpotS, crashes and dents in the surface which have not

damaged the FRP layer. Typical: crashed from placing in hangar.

Primary structures. this are such concerning main organs of the plane
(wing, fuselage, tail) :

Mein secundary structures are f.i. control surfaces, flaps, airbrakes.
Auxiliary secundary structures are f.i., gear closing plates, canopy,
inspection hole covers, baldachinparts. '

In theory this seems very well, but in practice the border between little
and big repair will he anywhere between class 3 and 4 - that means thersfore:
fluidable. why this is so important? Following the most government Tules

the 1little repair can do in botrder of maintenance of the plane, perhaps

by such a vexpert person", this may be the owner or a person which knows

the plane since many years of maintenance. The big repalr, contlrary,

must be done by a licensed firm (German: LT = licensed repair shop).
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For to avoid disagreable discussions, one should in principle all cases
which touch in any kind the carrying structure or the control system - -
of the glider, in advance clear with an inspector.

The following two pages are borrowed from the Tong Time Inepection check
Program of the SALTO. Each who like to buy a FRP sailplane should metho
be armed’ with this. They are helping also for each who will check

such -z plane by other reasons.

After this followsd pages of a check list, which allows to note after
each questien the reason of critism and later the restoration of them.
1f you have worked through thims list, you can look for the visit of
your yearly inspection with calmness. : ‘

If it hae crashed, the list may help for checking: may I able o
maintain the damage myself? What parfs are necessary to order, and
which material?y

What means, properly, "Long Time Inspection Program? long +tir
When the TRP planes are just coming from their egg-shells, nobody checlk

knows how long thiz new material would beware its full strength, and
if, perhaps during the {ime,may shown some objectiions.

For this the first typegs of the new material are design%& and inspec-
ted for 3000 hours service time.

But, in most cases, it happen very fast that the 3000 hours are ful-
filled. What now?

Manufacturer and IBA agreed that the white birds were subjected to

a check through their whole structurs all 3000 hours. If there were -
notfound any mistakes on the FRP, they may work further {000 hours.
How the check will have its program is decided by the manufacturer.
You may find notices around this temporary tests in the papers of
the plane (one reason more for the axiom: the ¢heck of a plane T
would like teo buy begina at the papers!)

I regret that the most programs of this have their most weight on
the plastic and less to other import parts of the bird. But we have
the experience that there iv still no case the time has nibbled
on the plastic, but more that other materials of the bird are con-
founded. The catastrophic cases of pushrods which are rusted from
inside belongs in this rubric! And such cases are not depending of
‘the service time but of the life timel

(For this the TLong Time Inspection Program of the SALTO demands
a througout- inspsction of the bird, "all partc egual what material,
and each 1000 hours or 10 years, what may Loppen easier).
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Lrloktor Fiberglas- check lis%t J;:_ ,g:g
. - oo, .
Drawing ~ R .
SALTO t :
No SALIU= paxrt | : ok, 0k, no, statement:
AIRPLANE ASSEMBZED:’
All main connecting parts should be clean and green, i.e., without
paint. All parts ef the alrplane are to be washed and cleaned, the
connecting parts are te be elean and lubricptecl, ™ ’
R Spherical ball bearings =znd junc?ioq jays .are positionried seocordingly.
air brake handlever is in closed, but notm locked position
HING: )
Left and right are movable without problems
{the use of an aluminum bar is allowed),
middie | Left and right are movable by hand without
attachment| problems (use of a small aluminum hammer is
dllowed) .
bolts Remove again. | S
Left and right can be scrawed without problems.
There is no slackness, . )
The screw-down bolts cannot he moved in the

axial direction and-are-not and cannot be {turned

connection| The cannection bolts have no slackness. in

pin& the ball and socket joinh

The distance between the junction pin and

the ball and socket joint is not more than
1.5 mm. '

aileron and | fhe econnection balts of the ailerons and
eirbraie the air brakes have a distance of ahout
connecticn

2 mm to the end of jaw gap

Actuation shafts are not movable gxially in the
fuselage . Strong shake (neithar tangen-
tial nor vertical)} does naot pProduce any
noise.

TATLPLANE :

The tailplane bushing and cones move
together without problems (with only a
slight pugh forward},

The connecting screw can be screwed at
least 3 threads before it is tightened.
The U-plate is almost parallel ta the
safety stirrup, The safety mechanism
can be inserted into the U-plate and
removed without problems.

The tailplane ig tight in the bushings,
thera is neither tanaential nor vertical
slacknass. The tail control mechanism.
has no slackness in the rudder cavity. The
rudder has no axial slackness in the tailplane

Control Suxface Slacknpess Allowed:

With the contzel stick and one aileron
fastenpfMaximum 2 mm at the outer end edge ’

of the free aileron. ’
With the control stiek and paedal fastened:
Maximum 3 mm a2t ths tail rudder at the
trailing edge at the fuselage (individual
check of elevator anpd rudder) ,

Hot leocked -maximum 5 mm to one another.
Axial maximum .5 mm. -

aileron

airbrake
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no, statement:

ok

SALTO- part }Ok

Airplana steadily mounted on an even surface.
Main connecting bolts and tail plane connsc-

tiocn bolts fastened.

ailerans and rudders at zero.
Air breakes closed, tire preasure 2,0 haw

geometry

Connecting lines between wing tips
and tall tips are parallel.
Distances hetween wing tips and
tall £ipg are equal.

hasic
adjustment

Control stick in middle position—
allerona are at zero.

Control stick in middle position-
both tail rudders are at zero.

In doing this, the square har of
the stick is nearly in the centdr
of the rectangular opening of the
knee board and the trim adjustment
is neutral. - :

If you move the sktick forward and
back, both tail rudders work
nearly equal.

passage
freedom

All rudders are movable in each

handling combination and each

position of airbrake lever and

drag parachute connections,

No excessive chaff marks in the

cockpit side tunnels.

No minimum gap of less than 3 mm
between two handling pazts

exeption: full pulled stick, full rudder
against half pulled brake chute laver.

suspicious places: {check all handiing ceombinations)\

zileron contrel lever vertical under
atick ageinst rudder yole;

two leg rocker amm under the wing
bridge right agdinst zileron pushrod;
teil control pushrod left against -
airbrake bell cranlk

tmi1l guide lever againet tail chute lever;
airbrake lever in tunnsal

pgainst tail pushrod in the tunnel

Control deflection declared in the-
inspection list can be realized.

alrhrake

—

The locked alrbrakes need ahouk

f-0 kg to be opensd pevie plibte |

use & spring scale, posigioned with a
proteciion plywood pisce at the treiling
edge of brake )

canapy

The canopy rocker arm does not
touch the right wing root.

vihration

The natural frequency is ok
at ___ cyclas/minute

irs found are faultless
and are in the Logbook.

All subsegquent changes are
standazd.

All inspecticn data are recoxded.
Weight and balance was done.




Noe PRUFLIGSTRE Ghecik Llsvt

Reason;:

i_t

Date Regno

deft * e -Gt to do

{411 state

hinges

gluing

end ribg .

balance pl.

surface

iir
wrakes atate L

end. ribs

drive bear.

fit i

play, fasten

aurface

ail
lates state

regin work

fittings

bearings

surface

~udder sirte . R

slevator

bearings

inside

balance

aurface

)
kh

+ . in order - not correct © ngt a
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found

to do

canopy glass

frame

fittings

seal

fumel. state

resin work

gluing

hook nose

1t 0.G.

pitot

feet contr

rops conn, '
|

hand coﬁtr

tail contr

ail, control

airbrake c.

main conn. -

bagg. comp.

COonim. COMmp.

main gear

tail whesel

tail conn,

canopy conn.

trim equ,

electric

\l.' -



found

to do

OK.

Flg nain comm.”

mont tail conn.

control conn.

ail., worlk

= deflect.

o

tail worlk

-~ deflect.

airbrake work

in sense

mstr. state

panel
airspeed

'altitude

Vario 1

2

Compaas

radio

- gtatic press,

-

auipm. harness

pocket

stick sack

govers

gecuries

plac, pari

w date

I metal

r operate
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Sometimes it is not so simple %o find damages.

rut the parts so that daylight or sun may come

in an angle to them. Certainly the part should

be good cleaned from dust etc. Only then you will
note little cracks or gaps - under which they

may concealed reasonnable big crashes. FRP springs
back in its starting position!

Self
inspection

Added %o this you should inspect the sandwich
layers by wpick-pick" with the end of & pencil
or so.

fuselage: try to insext a 1iitle stick lamp Into Tthe
fuselage in a dark surrounding. You will see exactly
each repalr spot, sach crasgh.

yearly Preparing of a yea:%y ingpection:
inepection

Por every inspection you need not only a prepared plane.

The plane's papers should be chronological in order,

all ordered AD's should be done,

all time llmltSfof equipment should he observed,

the installel eqhipment should be in accordance with the
equipment List

the Welght and balanceé repdrt should be valid for this
eguipment

the log book should be completed and mettled up.

Time is money - this is gpecially an inspector's set!

buy =

FRP plane If you wish o buy such a plane for yourself oxr your club,
Please avoid the mistake which may cost you perhaps the life.
to sit into the plane afier a short explication by the owner
and to take offt
The check of an unknewn sailplane beging at the planset!s papers.
Without -fe know. the weight of the plane, its present ¢.C.
position, how hig is the possible payload - without this the
test flight will be a punishable carelessnessl

You should overthink that a bird w1th high performance in
each case has zlso a high wing aspect ratio. This means a
small area of possible (¢, & range. And a plane moving behind
the allowed back C.G. may have an un-controlled behaviour.

Added to this, each plane will have its good or bad hroper-
ties. Not only by type; each bird is manufactured by hand
and a human hand is not an electronic controli

For thisg the first action of check is the study of the
papers and the Flight and Service Manual.

Conscientious holders of a plane may demand you before
a flight in their plane to confirm in writing that you
have read the P.%.M and also understand it.
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[ENTIRE SHP

Chec¥ for proper pozition
and fitting of wings, slewator
and rudder.

w.$ommww the mummwmnww% of the

axis (elevator ang rudder).

Wing vibration must be the,
same a3 of the manufacturerits
report. T ¢ ) .
For the annusl checks, the Lo T
datum points &and other -re—. oo T
quiremernts are obtained from. -

the' flight and servicé mannal.

o
Frare

MAIN WING CONNECTORS
Cheel for hairline eracks

N . along the front pertion of

DIVE BRAKES:
Full travel? Close well?

anid the main Pin.
Flay iu joints?

.

. T OWING:

oW ~ "~ Main apa¥ area faultless?

.zo:nwmQWm_Mmemmw
{ i | o .

. o
ATLERONS, FLAPS:

“i.  Tull travel? No mHaﬂmmw4m.%ﬂw%@ﬂ
5 Rips or niecks in mﬂﬂﬁanﬂwmx

’ 3

<) - st

Fiverglass didn .
D OBalas C

Taner skin
fIIIJIIIIIILZQmm joint

=

. ..,.._._‘.. .. . .n . . ....1-..
”:. ;..;..;:mn.;.“un:‘t.e-
3

o HATRLINE CRACKS mﬁwﬁrm.stmuwooe EDGES where they butt
- -Bgaingt the fiuselage are usually not important if they .~

ogour in the filler material used here for a good areo~
dynamic fif, This resin-filler is net- very elastic and
often develops cracks from the.normal working of  the
wings. The cracks do not grow when %he Wwings bend, and
the main spar ie not affected. If a hard landing makés
the oracks looking mare doubtful, remove the putty. and
inspect the spar. :

HAIRLINE CRACKS at ?m....EEEm EDGE mﬁmmnmﬂom point;

_.there ;is” the-same.problem with the Dutty layer. The top

and “Bottbm shelks-of - the Libelle widg are joinsd -to-

w-gathep.at fhe.leading. eige u%:ﬁin layers of mHmmmDHOﬁ:

lnside, and the exterimr gap 1% Filled'witn putty,
The leading edge - sege figure - -lias as many layers of
glass as the rest of the wing, but the reduced thick.
nese (no belsa sandwich) makes the Yeading edge more
elastic, and the putty is not able to Tollow,

o the spar Tagts, condition
0f the pins,"ball joints

-

B I G
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BASIC TECHNIOUES

when it has happened...

Keegp calm - evep light & cigarette if you must. Your case is prohéhly ugt
as bed as many Fhat came out Line. )

Go through:tﬁe ?ﬁecklist of the ship and establiish exacily.whet is ruinad.

Then you must determine from the debris what sart of glass material -
weight, wesave, and direction - went Inte these parts. o

In most cases, you can do a 1ittle grinding to find this out; the layers
are built up, like plywoods. . "o
If. you are in dpubt, you can: !

3

" a) Ask your mapufactuer of the ship,

b) For all caées, add another layer of glass'reinfnrcemenﬁ whern rebuilding

this 'area, ° i
c) Burn a piece of the debris. After the resin is burned out, the glass:

fibers remain ( if you didn't heat them too hot and melt the whole wprka
into'a lump), and then it's easy to tell fiber count and direction ot

layers ..

The golden rule says to always use one extra layer of glass than used béfore.

Then yoy will have enough reserve Tor grinding and finishing, .without

fear offdamaging critiecal fibers. ’
T . . : .

Lets look at t@e similarities to and the ﬂiffenenqeghg%waenpwprking with

fiberglass and With wood: " L '

In gene;a%,'bﬁé doean't need to work 80 precisaiy!witﬁ fibeﬁglass Pecause

the fiberglaas ‘layera will sgueess together to g amali degree. Usually no

T pressurs clamping is needed, which makes things: eagier, Thereby one can

often accomplish things in one sesaion with. fibergless which. would: have
talen sbvenal sessions with wood and glhe. R L
But Fiberglass 1s more exactlug in correct. dosing -of. the:components.

) s e U B SR T o

Both me'thods, sfe equally aeﬁéi%ive“fo_érgﬁ@%éaﬁuqu“ﬁgiﬁing areas.,
: A SR E e SLus | EFF FRE JE T T 88
Fiberglass, perhaps moTe.than any ‘other Hatertsty, Bilove: one: Lo veibulld
stronger and run closer to the original, Use this:property, and don't build
yourself a bunpgh of stepg-and sharp coOrNerd.. -4 R :

- 3

oy . L0 L N .
Feo o I

B HREH

‘popr

Lo : T .
. ) ' = - ‘good .

If you hayatuct only hnlés, but also rips in the skin, firat fix the rips;
then thesg reppired perts will guide you in.re-creating the Tight 'diiape
for the rest of the area. T

Recall thit earlier we noted fThet the stroagest bonds are formed when the
dlolecules ¢f the wet; unhardensd layers can join togsther, So we like to
work "wet'upon wet" wherever posgible. Also. by .this we spare ourseilves a
Yot of grinding., If you can't work "wet upon wetb, then the next best =
course is - %wai undn dry", i.s., laying fresh resin end gless on sowe whioh
nas already hardensd. Good clean saznded surfaces are uscessary then.
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"Dry upon &ry" is hardly ever doune, for it places great demands on the

exact fitting of the parts, as in wood glueing., Mpst of the time, we can

get by with one layer of wet material between two hardened parts, which .
equalizes or levels any irregularities in the surface. If this im impossible,
due itc a2 precision fit, +then we must consider: the higheat sirength is .
-obtained by glueing two hardened fiberglass parts togetber with pure resin.
But ‘only with a very good 7it!.Pockets of the very brittle resin will
gisturb the strength of the connection. Where the exact glued surfaces are
‘dubious, we can ume a resin mixture "filled" with various kind of small
particles. : ' )

TMiller . Tf one must £i1l in uneven spots or thick layers with resiun, one must

material thicken the resin go that it doesn't drip or rum. Usuzlly one uszea
.powdery f£illers, to make the mixture thick, lilke putty, and also because
our resin tends to be brittle. For our purposes ithe beat are:

Aerosil - makes the resin stiff, so it won't drip. But the hardened
mixture is brittle like pure resin,

Cotton fiibers - the mixture is not too kard and is easy to grind.

We use a mixture of aercsil and cotton fibers when we want a filled
resin which should suatain a lot of pressure but must remain _
flexible as wsll, : i

Glass dust yields a- very hard, sirong mixture, which one should
-not use on top of webt-resin-fiberglass. Also this mixture is rela—
tlvely dense, e -

Microballoons is excellent for making a .-very light putty for thiclk
layerse. It grinds well, but it is forbidden a8 aun-adhesive for
joints. Ita stresgth is not the besnt,

The normal microballoon materizl is brown (Fhenol resin).

it has alsoe-such in white, but this is very hard to obtain,

if you wish' such from plastic. There is alsc white material
made from littel glase balls, but the mixture of them is very
heavy, and hard io abrasive.

Separating Suppese that you had made 2 fiberglgss part in.a speciazl mgld, or
meterial you had used {the origin surface of your gsaiiplane as a mold for & =pare
. part, and ithen after the resin had hardened,.you couldn't pry, dig, or bl
the part loose from the mold. That would be irritating. : )

Evidently the molds should be suitable isolated, Where thin plastic sheet
won't do because the chrvature, then one waxesn the mold, and mbre ofteu,
rougher it is. : oy T i ;
There are two main groups of parting agenta;- Wate A
thetics, and wax solutions. The water solutions” part wall, but the dry lg
retarded and the surfaces don't get sc smooth.- Therefore we mogtly use th
wax sclutions. Moat suppliers of resins alaso have pariing agents -avallabl
The waxy solutions ere brushed or.mopped on; fhey dry i.a few minutes,

. h

In simple 1it3], sapes you can use £l00T-wax. -

Any surface expusea To & parting agent muat Hgooarefully cleaned before
puts resin ox lagquer on it. Bven slight traces of parting agent in the.
Eanding dust on the surface will ruin a good.bond. . = - :

[
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Seriov§lv warned should be before. any substance - separztors or
polishes - which contain silicone, This penetrates. very deep
into the FRP and cannot be removed. On this spots it is hardly
impossible %o set a reliable repair.

contact
o contt

The follawing material stick to fiberglass— resin:

Metal, wood, Qloth, paper, rubber, cuncrete, cleau glass, and some Ilberboardsx )
The following material do WOT stick:

Polyethylene, Teflon, polyvinyl chloride (PVC), Cellophene, polyamid {¥ylon),
ahiny phenoclicsg, and probably polysiyrens. And also linoleum and all fatty,
greasy, or waxy stuffs,. including silicounes. H

For the materials with a2 question-mark the behaviour is not clear.

Some people may end lamentable - because things which go into Tooms
or compartments very good in form of clotﬂwith regin, may perhaps
not to go zpart in stadium of hardness...

Ball and roller bearings, and other link joints and rods must bhe well, protected
againgt the dangers of resin running into them, especially when the parts are
heated aad the resin becomes liquid. like water. Inu'neven baiable to nlean '
epoxy out of bearlngs’ ER: e I R CRCIOL SRR

tected w1th prlmer paint; otherWLSE the hardener attacks them and rust builds

up.- . S T

If you wish %o nse some pressure while the resin is hardening, there are two
reasons why the oresaure should nnt he *no strong: firstly, you won's be sure
cf the shape ;because the fiberglass will wander, and secondly, ‘the repalred
pieces shouldhbwathe same thnickness as the old  to-whilch they:join; Tor althecugh
thinner, highly pressed sections have a higher glass fiber density, tbey aleo
bend much gasier.

Turing manufacturing, and also in bigger repair works, the pressure vacuum
by vacuum is usuzl. Each ITB .owned a vacuum pump. In adventurous

cases of the begin of TRP sometimes aggregats of milking machines

were used. Today are available special machines. "~ (One can, in

Tare cases, turn around s normal compressor.

A repair which was vacuum- pressed is more soft to even than a
gspot as described in page 39¢. Aind because the pressure of&he
vac cannot be more than 1 auue, there i9 no chance to displace
the whole matter.

How is to do this in practice?

The trick is less to bring the spot really sealed, bui to
suck out as many air as possible, (ne should use for this no
narrow valves, and not too little tuhbes.
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A Tepalir prepaired for vacuum pressure looks 1ik? thisy
(the layers are listened in the segquence of putting-on)

-]
‘el
.H.i-‘a‘?'m_.”

s
T
i

. )
_s—{--;r.u.a_-c:._\__"" P

/

sandwich shell . . . N,

; repair spot o |

3 tear off cloth if available J (5
4 $oil which have little holes (wo~od with nails) \\\\

5 air cloth (jute, fleece)

/ g Vacuum foil, sealed around with tgpes o

7 wfie Wrinkles at the tubes are sesled with bhathroom sealing

If it is 4o be apprehend that a Lot of dust will be in the
punp air, then defend your tube end with a filter of cloth.

If you have not many experience in “vacuum technique, it may
be worthwile to make a test in dry before using the resin.
The vacuum is perfect if the little wrinkles which bulid up
in the wvacuum foil cannot he pulled up by hand, at no gpot!
Only really big holes in the foil you will hear to spit.
The finer the whistle the more little the hole (and that
means the more bad to find).

It is bsd that all sharp spots, little resin needles etc. need

often some time for to drill +themselves through our carefully
sealed foil.,..

The vacu foil should so loose bepositioned that it will not
be separated from the borders when the vacuum ig pulling on.

A 1little before wa have read something about "fear off clothr:
an invention which elaminates the burdsnsome abrasive after
gluing. One put it as the last layer on the repair spot. After
hardening it is gimple removed — and ready is the abrasive!

When_dnefhasfpainfully learuned to discriminate between places where spmething

should be cemented ang places where in no case should-there be cement: - the

one to he canpefully prepared for the resin,. the giher- tg Vear rarting agent

fo reject the glue, and all this with the greasest economy of means -, then

it will seem 1ike 9POTY to juggle these twa Pogsibilitins, ., L
- R I . . " - '. E Y
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.In addition to-the usual teols of an aireraft shop, the falluw1ng are
especlally recommanded for fiberglass work:

Clean vessels for resin, hardener, anﬁ mixing °

Brushes with small bristles, and one big brush .

Sharn scissors

Saudpaper of varoua grits

Abrasive papar 200, 300, 400, and 600 grits,; 4evo., 450c

_Sharp chisel
A keybole saw, a hacksaw blade with one eund taped to maks a handle

Files, half-round, coarse

_Sanding block to hold sandpaper while uvsing it

Sanding lath: the working side of this must be exactly even!
Rule: if you egualize 2 wing surface,~ the longer the sanding-
lath the betfer the quality of the surface of your wing.

For wet abragive paper the lath should be in minimum as long
as 2 blades of abrasive paper.

Vinyl (PVC) plastic electrical tape,
clear cellophane tape, pld ‘newspapers,

Plastic sheeting, polyethylene

Good apacial roughing tonl g piece of. a; hackﬂ&%-ﬁl&@ﬁ ,ii£$eﬂ ou a ‘
handle from fibergla=zs,or ‘wood, or metal. )

an old, bended pushrod which will be p*epared on one end for-
insert a 1little brush. With this one can reach in o a fuselage
f.i. very - deep for resin works.

Parting agents for epoxies. In emergency, try paste wa¢ or‘clear’ shoe
polish, also a candle, However, never use waxss containing sliicnuea

beczuse oue can never remove traces of them from the work, and silicones
will prevent adhesion of resin or laguer. ’

Solvents: Acetone or MEK {(methyl-eihyl-ketone), 1aquer thinners, petroleum
solventa, to clean fthe tools and remove traces of parting agents. Don'i
_ get them on the canopy!

A s3mall hand grinder makes the work easier.

4 disc sander with a 90° adapter is exitremely useful For many works, but
untrained peopleée should use only small ones, — providing the danger of
cutt1ng holes very qulckly!

These tool. 13 really & little dust slinger - but no other
tonl is so multipurpose in our handicraft.

tn the most czses these tools are delivered with hard grind
disks. These are unsuitable for us., The best are these white

glastic polyamide disks.

¢rinding wheel for sharpening tools — fiberglesa dulls them faster than
wood! : .

Balance or scale which is accurate tc about one gram {0,05 ounce)
- a mzil scals is not close enough in fthe most cases

o,
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PTRERGTASS~ BALSA- SANDWICH SKIN 3

{Libelle énd BS — Wings, Elevator, Rudder)

Tn these meﬁbérs we Nave a layer of balsa wood between two layers of
fiberglass, ° : '

There are.twpgkinds of damage: R .L'; .
&) Only the oﬁter gkin and balsa is damaged, and the inner skin.is%sound;
b) The damage:goes through all three layers. o ;

i
LY N @
i

1:::5:::==§§3\};:=======:2 layers of fiberglass e P
- T e T - S n . = A /—\.‘_‘.—'_‘\-.
e T Stitzstoff balsa - “ =T Ve
— o 1 layer. iuner skin T ‘o : :

¥

j

e,

]
Ll

'~ a) is of Courbe simpler, so let's begin with it .. " "7
: RN

Grind off the afflicted area
Cwith 40 - 60 grit sandpaper, until.
the. paint is removed from the outer
skin ang +the structurs of the glass . -
cloth is visible about 6 mm (1/4 in.)
around fthe rim of the hole.

F111 the hole in the balsge with epoxy
putty which i3 made from normal epoxy
mixed withmicroballoon, cotten floc,
sawdust, or evden flour.

Let it harden;



Grind off the eicess rgs;p flush with the
scund balsa . S

) HRemove part of ﬁhe onter skin so that the
glass is expased for about 20 mm (0.8 iun.)

around the rim. The- expossd glass should be

ground tapered so that it goes from zero %o

Iull thickness in the 20 mm. Noie that it wlll

he easy to unwittingly carve deep holea ia

the balsas while attacking harder stuff.'

Do not touch area with (greasy) fingers!

Remove dust with clean brush. '

Cunt some glags cloth patches to cover the.
area - use the same kiud and lay as original in

92145 weave can't be blended too well).
Thoroughly wet the patches and the area with
freshly mixed epoxy .and lay them Ln place.
Saturate all with epoxy.

c Cover “fhe- area with=a*iilm_of polyethylene,
"“etc,, and-squepze End work “the air .bubbles
out of the arsa.” Beraarefui uut to ‘shift -the
Tglass — LtowiTllob e«neaﬁxr_gﬁm$slhle lf it i=s
wall - wetted Lem.h&mﬁ&ﬂa

When -epaxy is aurely hard pull off the
£1lm and proceed %o grind the area to shape,
starting with coarse paper and finiahing with
200 or even 400 grii; wet. Keep greasy fingers
aff, Fpoxy putty can "be u=ed to £ill tiny

holes.

in that area (Exception: On wing skins, instead”
of 2 layers 92145, use 3 layers 9211C; The

40
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Now we cousidér case b), the zwful ‘hole thrcuéh both the inner and outer
skins. It will be necessary to rebuild the inner. gkin first, : ]
Suppose that @as can't reach the area from behind, and that the hole.ip

the inner skifd is smail. -

Prepare the hole as shown in
picture b 2. The grain of the, -
new balsa piece must run

parallel with; the original!

Eyr
The_innertgugfaces of the support
material are :covered thoroughly
with gpoxy)mixture -

Then gover the bottom of the balsa :
piece with_ glass cloth and saturate ’

it with epoxy : ) :
. ] : ) ]

o it looks if the support material is balsa.
If we have foam, it has no fiber direction, certainly. We have
only to watch that the material iz shafted around with 20 mm,
Tubus or Hexcel will not be shafted but insert gimple stump

and the edges will be glued with microballoon.

Caver the prepared area of the shell’) .
with epoxXy. and insert the fitted
part. Apply light pressure with
weightg or! sdud bagas. -

3

The negxtiafeps follow as explaiped
in pigtunme: 5:and following.

Tha support mpaterial, balsa or feoam, should be raplacsd avery timg In the
degeribed kind, I% might be easy to make a fozm support material in a

round shape,-but it will be very hard to fit it Precigely, - )

But the glassg cloth should be cut with round corners. -

No ?;gd‘gumiglaiirg ig Iou gubstitute a foam in a little damage hot exactly
in {ts sheecisd n ut o i have: '
spec il weignt oo 2 o ?%X-Ln en equal strengih. Balse sbouldrggye a

But it ;E“no? allowed to put a support piece of foam into a shell of halse !

ST

.
L
1



This method in 2 sieps will deliver the most gualitative result.
If you have no time for a long work, it is also possible %o
repair the whole thing in one step: cover the support material
with a glass piece which will reach ca 20 mm over the FRP materi~
al of the surface layer. For this the foam must be fit very well,
not too high. Then continues like picture a 6.

For larger damage: prepare as shown 1o picture
b 2, but the weaving must cover the slanted .

gurfaces and exiend beyond those slanted snr—
Taces. These "ears" 1ie om the spliced edge

0T the outer FRP layer.

From there follow as shown in picture &.

Foar holes big enough to zdmit a couple, of fingers,
0r where the inner skin hangs down and flops arcund
most disconcertedly, oune must build a light platform
under the inner skin to hold it in place while new’
fabric is glued to it. :

ijf»ijTTT Dress the inside surface of the inoner
skin f0 a clean, tapered surface, as

shown in picfure ¢ 2. Gloves will
protect the hands from sharp edges!.

Cut out a platform piece of feam

or balsa or other light material .
big enough to overlap the hole {
by abhut 50 mm (2 in.) all around. .
Sand off its top surfesce so that
it ia a fairly good fit %o the
ground surface of the inner akin.

Then secure with wires or strings

against tHe sheéll. The inserted
.part muat f£Lt shell contour ex—

actly without distorting the t

eontour, . .

Practice Qith a-dhyrfun!

We cover the top side of this in-
" serted pilece with epoxy and glass
“ cloth, so That it overlaps the '
"8plice of {He inner FRP layer.
After saturating exactly we tighten
-the wires or strings against the
sbell, and let i% harden. {

The reestablished’ inher layer .is ndw
‘sanded off and one can lay in a piece
of balsz or foam and proceed as “shown - -
in picture b 2 ~ 4-and continued as in
picture 5, ; '

Uy
F

" foil

NN /

T

.
—

ﬁ—-_‘_._._‘_ = I o o Y

Tavrato

In all cases where you are not
completely sure to obtain a
precise junction of the ianer
wo11 it pndar the

: = e .
T rhis support platform remains forever
. inside andl we must insure that it Te-
mains thers in fact, and also does'not
interfere with any ateering mechanism.
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bended
parts

roving
ropes

Sometime.: we will not come 4o a result, f.i. if the damage is
positioned in the bended area of the nose. Then we should pre-
parg a replace part, We stretch a foil in the neighbourship of
the damage over the hended area, put on this a piece of innex
layer PRP, good with wet resin, and on this a piece of foam.
This will be pressed with tapes, tear Qff cloth or vacuum on
the bended spot. Let harden. Jf you have tear off cloth, then
this is the first layer before.. the inner FRP, so we have not
to grind.

For this we have here the method "dry onto drym, it is neces-
sary to glue in this replacement part with cotton fiber mix—
ture. -

Working with roving wopes

To this it is coming very easy. Example: a guide of a lever for
airbrakes or flaps iguwrebhligg; a2 landing gear cover is rein-
forced with rovingsi the back rest of the ASK 21 is broken in
top: ete. etec.

Certainly it is impossible for you %o constate how many rovigs
Per rope and how many ropes zre placed in the mentioned position,
you can only eatimate regarding the thickness of the layer.

You can produce a roving rope as following:

cut some pieces of rovings, perhaps a meter or so. Then they are
impregnated with resin. Work f£.i. on an old nevspaper (also foil
is possible, but I personally prefer paper because it is to look
where you have put resin, and alsc the paper absorbe the resin a
little- the work grews less smeary than with foil).

The 8lipp- off of the most resin you can do in the simpelst matiter
with the fingers. More domfortable:

take  a piece of tube 6 x 1 mm. #his has a caliber of 4 mm. Therein
6 rovings can be slipped off. This resulis a proportion ‘fiber/
resin of nearly 50%. 4 tube 10 x 1 has a caliber of 8 mm; can
take 25 rovings for nearly eaqual proportion.

Certainly you should observe that the running of the rovings into
the fube ia prepared very soft, so the tube begins like a venturi
tube. Profis put the tube inte a turned mouth of steel, or alumin.

The area which you like %o strenghten will be roughen, prepared
with resin, the ropes positioned fine shafted and 4he layer
covered always with glass cloth, otherwise the rovings may can
crack under load. o

In case you like to repair a broken roving rope the shaft length
must have a proportion of 1 : 40.

The stop position of the landing gear lever may be weaked in
seme planes by ftime. In all TRP guides we can renew this with
a roving rope posiltioned against the lever (see picture).

If this is not possible screw or rivet a piece of polyamide
against the Lever.
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result after
bardening

pre-fabricated
nose part

(weight b

stop of
landing gear lever

simple apparatus for
- fabrisate roving ropes
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Repair of an all- fiberglass fuselage

(Libelle, SALwO, others) -

In conirast %o the wing s fuselage
shell consista only of fiberglass.
this design provides spring Tflexibility.

Tn case ofha smaller damage do nothing
but splice around the ares, aporoxi-
mitely 1 - 1.5 inches (20 - 30 mm).
dbzerve the kind and direction of the
Alies cioth and replace accordingly.

the Figgt layer of glass cloth is the

Lirgint, snd! each repeated layer should
be 7 -~ W0 me (1/2 in.) smaller in cir—
cudtferance. Let it, herden, sand it,
print if. 3 )

Rips in tWe shell or built-in parts
are tu be gidund away (taper) on each
gide for z.digtance equal to the
length of ithe irip, but at most aboyt
50 mm (2 in. ) ion each.gide of the nip,
and also ati edeh end. Iay dn resin | o
and gropenily driented glase cloth.
after this is’hard, grind off the ig— .
side surface of the rip and lay on:

a sfgle layer -of fabric inside, as '’
shown i fhe pleture. Observe the

kind and direction of the glass cloth
and replacef accordingly! - '

o)

For 1argef damages 1t is difficult to
establish the;contour without a support.
Example 1: Fif a piece of foam, fromithe _
inside, 80 that it complstely coverd 4he open
area and Fecutre 1t with brace or other: support
Remove the fohm and splice the shell in

& normal manupr, cover the foem with =

foil and insept it. Rebuild the shell

28 descrihed parlier. ]

You can also hork without ths foil as

long as the fpam will not react to’ the

epoxy. (Teat 2 small piece!) Styrofoam

has provan¢t@ work well.

But cértaidlﬁ-this manner requwives!more
¢frord toclean the fimteh.

And certainly you have the possibility to
fabricate on a spot in the neighbourship
a replacement part. (page 407)




new outer layers

blind rivets

- .Example 2: Youn make =& -mold on the out-

gide. Thisg iz not too hard %o make

First wax the opnosxte symetrical side
af the airplane perfectly (hoping this
arga wazs not damaged too!), lay oo one
layer of saturated glass cleth of 300
or 400 weight (12 oz./sq yd}, let'it
harden and sand it as desiraed without
removing from the plane's contour!

Then, affer removing, bend it inside-
out, like an old hat. Now the nicely
ground surface, which uaed ta be con-
vex, -bhas become concave. It can be:’
waxed znd used ag a meld.

After preparing the damaged area

a3 learned earlier under- "little
holes'", wax the new mold and lay in
the observed glass cloth. After
saturating it wifh resin, stick the
whole affair onto the damzged area’
in the right place. Hold it there
very lightly, say with sticky tape.
Heavy pressure will distort the
shell contour or remove the wet
flberglass .

7ith small, curveceous surfaces one
may use modeling play. or typewriter .
cleaner- or even Plaster of Paris to
farm a mold (but do not nae.- silicones!)
Remember thay gome of these moldihg
materials may contain grease whizh
rulns the epoxy:bond. S0 after Temo-
ving the moldlgg materials, .clean the
rebuilt’’  arese well with hot, soaby
water&gmﬁirqughen“it well after drying
i¥ you need, to work with resin

on this ‘aves.

Whenever it is posaiblg, try to put
one layer oun -the inside for safdiy

. reasons. Any Beparatingimpaterial .
should be removed-before -Llhseriing.
the Llaner layer. Wash with acetone
and sand it,

A HOLE

your can often not repair even enough
with the wet FRP layers.
Then you prepare on a spot of the
fuselzge which seems zdequate of
the hole contour = fiberglass.
adapter of 2 %o 3 layers,
fit it with the good overlapped
borders to the repailir spet znd glue
- it from inside, very well roughed,
tg cover the hole. Glue with cotion
filled resin.
If yor fix it with some little
blind zivets, you can work without
an interruption with the outer
FRP 1ayers. :

ho#
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WHEN 4 BULIHEAD IS DAMAGED:

/\ small places can be patchad direcily
bn the rib. Naturally one sands the
gpot as-usual. One who is wige zlso
patchés little dents and bends, %ou.

P When a large portion of the rib is
torn.up; one will have to make a mold.
fine caniform a rib core aut of a Toam
plastic; glue 1%t into the skin, and
lay over it the unecessary layers of
glass:cloth and roving, impreégnated
Pitd:re?in. '

~C: Or one gan use an undamaged rib as

A pattern. lay & piece of thin poly-
‘ethylent film over the good Tib, and

" pver this lay a single Iayer of cloth
‘and ‘resin. After it hardens, one uses
‘it Hs= af base for.re-ereating the da-
magh l‘?‘c rib. R

I) If the prepared base doesn't.curve

quitg right, saw some notches in it

so that'it will bend under light pres—
surt . Here one is forced to repair the
rib - in %wo steps. First, glue on
(epg%g!@ just one layer of cloth over
the’ deformed base' and let it' harden

" unddf light pressure in the. righs
shapé. Becond, on this now perfect
patterny (naturally after sanding!)
glué o the roving and- outer fabric
layers.: Certainly, it is allowed ta
put: the, roving ‘oo the pealk of the
ringi between the .first and second
layer. ’ .

DA1AGED URAILING, NDGES ON -ATLERONS L

©°  gR FIavgy L

I ofily & short length im gplit open, it often suffices
tn“E?ylthe two halves apart = 1little Bit and ‘gqlieesze .
some:efoxy into the split, The two sides ahould then
be sjugezed. togaether equally, as by spring clathespins
or film elips, T

C
However, if a piece of the edge has been hacked out,
them you need. to build it ug-again with resin aud cloth.
Saﬁﬁ'off the paint until thg glams fibers are vigible, .
lay ini2 layers of 90070 fide cloth and resin in -the pro- I, .
pey’waj, and overlapping. Cover twao straight pleces of o
wood wWith foll and clamp them 6 .the upper and lower Lo
.surfaceg in 4 way that they line up with the trailing .
‘edge, Prevent any 8liding, especlally ou large parts, A

_Ifithel balsa ham been damaged, theu anaturaliy you nsﬂ& »
" tor@ix this first in the usual way

Be-careful not to add too much mass to the trailing
edges, lest you upset the mass balance for flutter.
¥



TORN-—OUT END RIBS

on Flaps or Riudders,

If the rib is torn. out clean, gand _@all

around it first. Then split the rudder

on the trziling edge and even coat the

rib with thickened epoxy (aerosil-and

cotton fiakes)} and ram it back into

position. Clamp it with tape-covered

wood pieces: This fresuly glued ‘part

has to be installed in its uositiqh

so0. the bearings will line up agsaih.

Faually, however, the rib is not, torn out-

so gently, and a plece of the end rib or

skin is damaged or distorted. The, diffi-

culty here is that the parts are built in

" female molds, which you don't happen to .
have handy. In gpite of this the mepair { -
must match the original contour &pd the '
originai strength must be regsined; Theras—

fore you'll 'have to make some kind; of a

mold, either by: :

a) bending some smooth sheet metal exactl
to the right contour, or .

b} using %he corresponding undamaged mem—
ber on the gther wing as a pattern for a
mold (Ailerons, flaps, and elevator of iHe
Tibelle have symmetrical profiles!), or

2) Making an exact duplicate of 'the part,
in goftwood, cover 1t with 1 layer of
glass cloth, sapd it and £ill it @ith
putiy, and make a female mold from this.

As in other aircrafi repair, one must
first obfain a good rid, either by repair
or by purchase. _— .

fhen, with the aid of-the mold prepared
by one of the above methaoda, cne can aet
in the rib apd fasten the skin fto it as
described abdve. ' '

" Please note that in the neighborhood of
all end riba in the Libelle and 'ES 1,
the balsa on the sandwich tapers off to
zero, somewhat in from the rib, and the
balasz ia not called uwpon to carry any
lead in these places. See filigure,
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added
equipment

IF AN. ASSEMBLY PIN 0¥ THE WING ROOT

I35 BROKEN OFF:

Relax. It's not like breaking a legy

o . + The little pins have nathing to do
The feet of the. bolta with the stress portion of the wing.,
SR iook like this In faect, their strength is purposely
limited to prevent damages by enthusi-
agtic but misguided asssemblers.

Grind away the remnants where the pin

- sat, until -there's no bump-left. Then
lay 2 layers of glass cloth on the 'spot,
and place 'z new pin on +the spot. Gut
out 4 circular patches of glass cloth,:
The patches should Have different - ’
sizes, aboubt 50 - &5, mm
Poke = hole in the center of each pateb-
ugsing something smooth so that ne L
fibers are .cut (perhaps e scissor's +ip,
S1lip it over fthe head of the bolé =o
that they cover iis-feet. Orisnt the
fabric so that the fibers .crisascrosa,
saturate a1l with resin, and let harden.

i

LANDING GEAR DOORS:

3 ) oy

. ; Damaged doors are dimsssembled by .,
Here under the putty =it hinges cleaning off the area of the hinges

and screws {fuselage side};
or rivets (door side).

and removing the screws. If the hinge
is damaged, it can be replaced with
similar brass hinges..

The fiberglass doors are Tepaired

"aa is"_. If rovidgs are torn, prdceed
as with "Torn-oui Fittings", and ‘use
new ravings with splicea aboui 50 - 60
mmn., (2 — 2.5 in.)long.

Badly damaged doors are usually replaceh

N because it's too demanding to iry to
\\\ - Te-create their exact contours,

A basic remark to the installing of added equipment parts:

1. each of these nice added parts costs weight. Very fast in
this kind you can collect some kgs of weight, and
this reduce the 1imit of payload. -

2, The plane is licensed based on its type certificate.

Going away from this line can interrupt the traffic license

of the plane, with all conseguences (insurance cover!) This

is valid also for added equipment, Or the elimination of
parts which are listend in the type designs.

If you find such a change very ilmportant you can apply for s
"change on the piece" by the government. The for this necessary
paperwvork know the manufacturer or the I,RA.



CAttachment Point Reinforcement .,

.

If you have to attach something

cn the shell, the same rules apply
gs in 'wood constructlon. The area
must be. strengthenad before cutting
any holes or lnsertlng screwa.

To accompllsh this, rcughen the
place and put some layers of

glags onpo the area, each larger

- than the!preceeding layer, end also
chaogging the directiod of the wEgve.
The wgjtrengihening shall be in a
realidtig relation to the weight it
must -carry. A 1/8 inch dlameter
tubifg dpes not need as much as an
.1nstrumeht welghing two pounds,

In dsubt! you make some tesis an a
separate; piece of wood or fiber-
glass, f

For IGupF, ‘hooks, sockets, tubes;:
Sandlthe area, wrap the part with
glasaJcloth around the tube and
gnother layer lapping over to the
skln, and let harden in ‘position.

Grea*er Btrength ig achieved by

wrapplng the parit with socaked strands

of rovings. Spread the end out over

the 4helll and secure it w1th an addi-

tiondl laver of claoth..
You' &4n ‘also build =
removable attach p01nt

Plrstlcqver the shell with fail anﬁ
then—pruceed as degeribed ahove. -

T After. hardening remove the bushiog }&ﬂC

1nclud1ng all the ‘glass.

Covers tHe back side of this attach~
ment Pldte with foil and drill thé
necessany holes foy the oennectlon.
Bulvsﬂtﬁrough ih'a plate and ~2oll,

Sand’ tné area-where the attach poing
should He located and cover it widh
the pEcéssarf layers of glasa cloth.

Raugﬁen ithe hexegons of the necessary

BCTEWE with a file, the rougher the

bet ar. Protect the sorews than againsd
pug by primer ar by =zinc or cadmium ;
plaﬁing. Cover shapk and thread of tha
scneWs w1th greass, but the head must

Femain dlean.~

App?y 2:%0 3 layevs of glass onto the
prePEirad backside ef the atiachment
plate, dlear the hoeles of weaving and

push the screws thrdugh so that the
heads’, ,cdme to rest on the wel glass.

ut res;m~weﬁted glass fuzwles around

gcrew heads

press the so prepared attachment plate
against the glass spet in the plane and

fix 1t with any suitable tool.

For a conncetion betwesen the plane and

I P B | 1.
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The Surface

"After repairs the equalize of the spot with putty is necessary.
Rughen the spot well without injure the FRP. The structuzre of
the upper glass layer should be not hurt. Abrasive paper 80 -

1o00.

Than you apply a white polyester putty with the japanese
spatula. The plainer the putty area the lower the work tfo
grind. It may bes remunerative te donate a boddle beer to a
friendly painter so that he will bring on the putty area -
because he is able tc do this in minutes and he reach =
perfectly even area ~ instead the most laymen can only setb

relatively equal heaps

Sometimes you need fo apply the putty 2 to 3 times.Between
the steps it needs to grind again. By time you feel a nearly
even area which has no more differences to the environment.

St The putty area is %o grind a little deeper than +the un-
treated area so that you have room for the later laguer.

But in practice exactly the repairspot is the highest!
Here hels only a wide spread-out of Schw. for to
make invisible the buckle.

If you have to fill out a relatively little spot in a
Schwabbellack surface, you can avoid somtimes a big sotion

if you wait until the Schw. reaches nearly its polymeri-

zatlon point. Then he zets very thick, and you can fill

more mm. Or you add some Aerosil (page 301). Then the :
spot gets perhaps not so shiny, but you have no colour difference
to the environment - and save a lot of work.

In case of synthetic laguer surfaces (pager604) comes
aftgr the putty a thick filler, painted or sprayed, then
8 fine filler whichis to grind fine and wet, and then the
laguer



We know iwo methods to colour a sailplane:

a) on the beginning, b) on the end of its manufacturi ing.

The painting of the surface on the beginning, as the first step
into +the mold, we call 'gelcoat" method. In all the Ffirst
native time of +the plastic plane one has known oniy the
"Schwabbellack"; later there were developped special gelcoat
resing., They-are specizlly designed to get no "noses! on
vertical surfaces.

For the final laquer method you know the steps from a car;
one use® also often the same laguers. So every clever
craftsman for car- spraying can help and advise you.

it is clear that you should handle each kind of surface
in its special manner. For this it ie necessary to ask
the sailplane manufacturer for the kind of surface before
begimnning every surface work.

Gelcoat resin is in +the most cases a really thick layer; .
it is not to apprehend that you will grind "throught if

you use a reasonable corn of sandpaper. Bit sometimes it

iz not so freindly to polish. If you have to apply some

material 1t is necessary to grind the spot exactly.

Caotion is to be observe in the area of noses and othsar

areas whre it is possible that we have glue gaps from
manufacturing; there may be refitted and you may find

thinner spots.
Gelcoat material is . harder than Schwabbellack.

© Polyester- Schwabhellack ist also painted first into

the negative mold, but it is more fluid and for this it
can. run from vertical walls so that the surface iz not
=0 equal than gelcoat. Also in former times (GLASFLUGEL)
ne were avaricious with the weight of a2 plane so that
we have often some trouble with a very thin 1aye* of

Schwabbellack.

Also the laying-on with a brush as it was done in former times
of plastic planes that the white surface is not very even. This
unevenegs is followed by the first cloth layer. In such cases
you should not have the ambition to remove each white 1ittle
spot from the surface if you like to put a new gelcoat on this,
In this case you would hurt on many places the first glass
layer| -

/ L ‘)gwhite surface . /

—V

gliding level

Before beglnnlng with thes work in Polyestier, you uhould
regard the part intensively in a slanting coming sunlight:
then it iz to see if there ares thin arsas. Then you have
to decide: if you grind a repaired arsa you will neces-
sary alsc grind the environment, and if thisz is thin from
the first, you will risk there dark spots, so that you
hava to apply there new material . . ., and so on until
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lgy on If you have decided for "gpply" - this is no question for repair

spots - then you lock good over the ares and draw a Déncil line aroun
the arsa you will paint. This is grinded with abrasive paper 120,
if you feel that the whole area has not so thick material, you
take finer, 220 or 400. Wever paint wider than the grinded aTes ,
this will result borders. '

Affer this you paint the Schw. not too. thin, grinding is rela-
tively facile, also thin layers may harden slower and often not
correcitly.

Immediately after the laguer has polymerizated you can apply
the next layexr, if you have %o paint vertical spots - so that

you can reach also here a good thick surface. .

Never paint over the pencil line or other uncleaned spots - they
will come as dark spots after grindins.

reaction During its reaction the Schw. is, forz very short time, really

gpot thick as putty so that you are able to apply it in this moment ;
in millimeters thickness - if you have an uneven area too little
for putty work. ‘

sliding If the Schw. is harden good and ready - you can help with a
heating fan, but not so long it is wet! - than you grind.
Only if you have %o remove bigshubbles than you take 120 papex,
and only for the hubbles. Otherwise take no coarser than 360
to 400. This needs more times-but in other cases it may be
poassible that you can't remeve the scrapes.

You use wet sanding paper, and span it over a good even piece of
balsawood oxr other wood which iz not too hard. For the wing

the wood piesca may be the longer the betier. You please work
never in direction-of the - wood's length, always rectangular

or diagonzl. Qtherwise you fabricate channels.

This first grinding step decides over the guality of your
surface; for this you colour the surface with a mixture of
very little C0louy lagquer and a lot of thinner - only so

that you have a gleam of colour.

If you grind then with the even wood, you will note that on
the higher places the surface get white znd on the lower the
coloured spots rest. So you have a check if you have grinded
the whele area correctly.

If you see a dark shadow while on other areas still the
colour rest unremoved, than you repeat the method of pain-
ting :. line with pencil around the deep area, sanding and
filling out with Schwabbellack, really thicl.

After this you paint another time, thinner, alsc
over the dark shadow - area.

Thisz is to hear a little complicate, and of course i% can

be throughout a time- eating procedure, gulded by your
pretensions. Not without reason such planes are more
expensive than such with a thick surfzce layer, bui they are
certainly lighter than them.



fine
Tinish

spray

;f the progress of the work cames on the gpot that you have
the feeling to have no more shadows or gpots with colour -
gnd.also the feeling with your hand notes no more uneven
spotg -~ than you can dry the whole thing and regard it in
slanting coming light. The surface than has already a light
sh.lny looking, and you will see very good eventual scrapss

or other mistzkes.

If you are satiFiad votally with the 400 wet abrasion, Fou
take the 600 and 800 paper. You can take a mofter wood for
it —(never.you sand without an even hase).Now no more
material will be removed, only the channels of the former
raper will be slided. The direction of gliding is now im-
portant: the wings in direction of fiight, alsoc the fuse-
lage, only the ailerons can be done in length bLecause their
chord is +too little.

The last step is & slide with the oldest, used-up fine
800 paper which brings only +he last scrapes aboard.

Then comes the fine work with 1000 and the grey 1500 paper.

The dried surface has now a fine shiny look. We polish it
with a good car polish. N&t..8b6 experienced persons should
not use a polish disk (angle’polisher): if the surface,
gets too warm on any spot thés the structure of the glass
come to see and sll the work wae for nothing.

If you have obstinated dark areas, there will heip only
a radical procedure: you should grind this spat deeper
than the area around - without injuring the FRP! - and
spread out your Schwabbellack over a:gocd area zround.
Otherwise you will have om the critical spot a buckle

for all +ime. _

So complicate the whole thing seems -~ one can nearly do not
really mistakes. If the dark shadow comes you will see.
For this also laymen may try to help theirselves in
following the deseribed method.

Because Schwabbellack gets yellow a little after long
time, it will be not to avoid sometimes to gethrdifferent

colours of whiten(as we say) But this means not a lack
in straightness for the surface, which is the importent

point.
The procedure with gelcoat is similar to Schw.

TFor some Schw. there are thinner or thinned hardener which allow

to apply them with the spraygun. If you have larger areas you
ghould prefer this. You can do 1% in 2 normal workrocom which are
prepared against dust by wetting the floor and eovering ithe

gnvironment of the repair arsa.
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buiid up
gteps

spray

Synthetical laguex (Polyurethane, Acrylic ete.)

€ontrary to Schwabbellack this is a really laguer, with
characteristical thin- layer. The working method for this
is basically different. The laguer should be sprayed with
& gun, and it needsa dusty— free working room (cabin).

Tt is more elastic and in spite more harder than
Schw. and rest white for years. '

The method - let us regerd the SALTO — is the same then
on a car; first putty, than filler, than laguer, Because
the laquer layer is thin you will come through easy when
81iding, and you will note this not so fazt because ihe
underground is white.

The first putty, normslly a sprayed one, will be slided
with 80 paper. It delivers the stralghthness of surface.
The fine filler is +o slide with wet 400 paper. It is sofi
and to slide fastly. After this workstep the part should
not have heavy dark spots.

Répair spots”are to epray with a gun and with disappearing

borders - noif as Schw. with hard contours as from a brush.

They will be prepared good with 600 paper. The spreyed area
should be on end before theifend of sliding. )

To slide the ready work y&i' will do after full hardeaing,
otherwise you get Scrapes. This harding procedure will

g0 over days and weeks because we have not the possibility
to heat 35 on a car.

How big the characteristic "orange surfacen of Bpraying will
be depends on the quality of material and sprayer.

If it is necessary to glide then you use no coarser than

600 paper, better finer, because channels are very hard ,
to remove. Better to work a little longer with fine paper ‘
as to have the angry afier u8ing topcoarse one.

Have you slided the sprayed part with 600 you should dry and
look for the success. Tf You are content you take the old 800
0T 1000 used-up paper and slide the whole area =2t once.
After this there should not be to see channels,

Then you polish preferable by hand. Every good polisher is
to uwee if you know it from your car - this laguer is a

car laguer. With patience you can reach on your bird a
diamond- like brigthness which makes pleasure for long time
in fact of its better hardness.
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SALTO and others:

1. Elastic Sealing;

elastic If the sealing of the SALTO canopy is no more o.k., — this can be

frame extended if you protect the sealing on the outside with a white
plastic tape - than you should replace it by another system; for
this yow need some skill, but the result is a lot better in its
aerodynamic effect '

First remove the old sealing, clean the frame and rough
it a little. Before working you should protect the
plexiglagss by a plastic tape on the outsi .de directly
over the sealing, Added to this use another tape over
the first which overlapps the first some mms.

If you set the cancpy on the fuselage you will note
a gap bebween capopy and fuselage. This is the area
for the damping slement. We create it as follows:

?leii in supermarkets you can buy silikone sealing paste,
uded normally for bath ceramics. We need 2 tubes of
it, also thz cariridge for to apply it, a roll of
foam seagling for windows, ca 5 mm wide, a straight
gramé? spatula from plastic, and a very weak base for the
: canopy ( the besty 2n old mattress. Plexiglas is
\Sealing a wesk material.anq agrnsscrdbhes very fast!

fosm Put the canopy dn- the:weak base and glue the sealing
foam strip around the canopy frame, towards the
inside, :

The fuselage frame shonld be ingnlated with fat
s0 that nothing can be fixed there. Also use tape.

If you have prepared all meterials and teols, you
begin to press a fine equal rope of =silicone around
. \ﬁ% the caznopy, close to the foam strip. It can be
good thick. After this you press a second rope.

Then you set the canopy softly on the fuselage, and
close the canopy levers. -

After this comes the third rope. The silicone mate-
rial should be plenty enough:

spread out the silicone around the frame, add ma-
teriel if it is not enough for the next step:
take the-sharp spatula and pull it in a single
walk- arcund exacily on the frame, using fuselage
and tape cn the canopy as conduction.

The problem is: if it was not going to your sa-

tisfaction, then you have time in maximum for a
second walk-around before the material begins to

harden.
The whole fthing must he storaged in silence during 1 - 2 days.
Then you tzke a sharp fine knife and later a japanese spatuls

for to loose the canopy frame from fuselage.
This method you can use on all possible canopies and you can
eliminate some whistling gap.
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putty
gealed
CANOPY

polish

The sealing with the bycicle- valve tube

is certainly not the newest; it was used
almost in the first SAT,TO. It is only
possible in massive frames from FRE:

with a little speejal tool you mill a
groove into the basis of the frame, ca

5 mm deep. Fittings are surrounded goftly.
On 2 place which you can reach during

fly .ing, you place the ends of the tube,
which will be installsd in the groove

88 8 ;
goP® ﬁ@qoe with contact glue. The end§ are . imbedded
oo into an instrument tube, on which you

' ' connect & .rubber ball (blood pressure
indicatd?). So you can adjust the sealing
following the temperature necessary.

The plastic putty sealed canepy is certainly the sulutiop aof

the most coﬁfort. But on<the-one side it needs +the most penr-
fection of worker, on thse:dfher hand it is relatively sensi-
tive .againat hard closing: 8.1y of the windy }.

In much cases the loj of:ﬁgfiénée when installing such a sea-
ling will not he honoured, the larger the canopy the minder.
Plexiglas is working much in temperaturs changes, so that your

-cancpy will fit exacily only in a narrow area of temgerature.

If it sits proper in 2p° C:; you can get angry in - 5°.

Algo a very strong instzlled canopy may not be undangerous.
The necessary of working is present, and if the canopy has not
the possibility 4o follow 1%, the tension gets possible un-
controlled so that you esrn a erash!

If your canopy is no more good transparent or has sorapes you
should polish i+t. .

In hard cases, if the Scrapes are deep, you need in the begin
of "the procedure zbrasive paper of 600 ox 400. You take than
the next finer, and so you will end at least at 1000 or 1200.
Wet grinding is better than dxy.

ffter this comes the special polish work. Only experienced
people can take the angle machine with a fabric disk (not the
normal angle grinder - itg velocity is nmearly 10 000 fﬁﬁ: this
of the special machine perhaps 2 - 300.) If you are not very

attentive and the polished spot gets warm vou ean earn a buckle!

5o for not so trained people it is better to usge a fine polish
solution for cars and do it by hands.

In such cases if the unprotected canopy will be moved offen
on its bzse you can help with & cover of self-giuing plastic
foil.

S



Sealing of a plastic putty frame:

(GLASFLUGEL and others)

-

Suppoée that you lost your canopy, or
may be just want to have a spare. We'll
describe the entire procedure, and
thergby cover all the simpler cases.
You wil} need:

A -canapy frame, .

The untrimmed Plexiglass,

Appropriate metal fittings and screws,
Epoxy, glass fiber, etc.  plexiglass glue

The-Pieéiglass comes with a protective
‘}ayer of it; leave it on, wherever
Ao =lnpe :need. he applied, for protection.

-] First you have to fit the frame. Place all fittings
and. cloging equipment on its place. Adjust the frame °
around so that it shows a distance of ca 3 - 4 mm ¢
around the fuselage contour (thickmess of Plexi). .

caution: some later Libelle aand the SALTQ serial IT
have a frame with a step so that the plexi sits om
the =tep and the step fifs with the fuselage contour.
If the frame Tits td your satisfaction, the fittings

will bewglued %o the frame with fast polyester o .
resin. Than you move it carefully and screw them to t;pg.
the frame.

L

2 Now you adjust the plexighags. Cut it raw with a
angle cutter with a very- titf{le disk and equa-
lize it with the anglegrindery .
Set the plexi on the fuselage. It must fit B
close to the frame when the glass is sitfiz
on 1little pieces of balsawcod ca 5 mm thiclk
around the frame Never the plexi should be used
as stroke on the fuselage.

Balse
. -plece

Turing this progedure the frame must be fastened
in its cloze fittings. Never put a canopy glass
on a: separate frame, this will never fit!

'3 Drill first 6 to 8 holes for the screws,
fix the plexi there and drill then the other
needed holes (2,5 mm § for screws 2,9 mm 3
Remove the ecanopy, light fixed on franme

q Protect the plexi on the inside with a tape
directlylon top of the frame. Cut with a
gharp knife softly around the frame. If
vou remove then the serews you can loase
this strip of protection foil. Here must
be grinded the plexi. and alse the frame

S-Protect the fusslage with a tape and some
fat. Tix the frams correctly- on the fuse-
lage. Mix the glus following the direc- 4,
tives and spread it out over the upper 'ﬂiy;|

region of the prepared frame. Than you
set up the plexi and serew it - but soft-
1y for fto aveoid crashes running from the
screw holes.

oome newver canopy frames have a cross
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The screws should be first fastened and then
loose agzain for ca 1/4 turn. This will gvoid
the 1ittle eracks around the serews.

é; If the thing is dry, you take s bunch
of rovings, wef it with epoxy mix and
Place it into the gap between the
plexi and the fuselage. With this you
can fill nearly all the place so
tha? or -the one side you need not so
much putty which is rigid and for
this sensitive against shocks, on
the other gide you have protected
the plexi too.

§L-Now the outer contour of the canmopy .
' seems nearly o.k. The rest is done
by putty and lagquer. The claims to
the fiiting quality are different
and so the time for the finish work
changes. g

VWhen stariting. the finish work you
pPlace a:protection tape outside of i
the canopy nearly parallel to the
one of the inside. And then you
need a guiet hand - take the sharn
Imife and follow the line of the
. tape around the canopy. After this
' .you éan remove this strip of pro-
\ l - tection foil and then you grind
- this area for o prepare it for
‘ good sitting putty and laquer.

E%'!If you .are Satisfied with the work
cyou can remove all auxiliary
-and protection material. In some
cases the protection foil is not
moving very well; then you need
water or spirit - never nitro
thinner!




Please do not await the deepest secrets of rascord fliers,
~ Almost simple measures can bring notable betier performance-
for this they should be observed much more. -

C.G. Position:

The most important mean +to make more from your plane, and
also the suresi method to tuin =z lot is the C.G position.
" Sometimes one's hairs ars raising when observing the sins
in this matter. ' :

It is clear that z wing with a relatively high aspect ratio
has a better performance than a not so wide one -~ but also

a little posszible area of useable C.CG. If a modern airfoil
will allow an area of let us say 30 - 45% reduced wing chord -
50 you have on a wing as SALT0O and Tibelle, both with nearly
630 mm reduced wing chord, not more than 100 mm. Inside of
this little border you £ind all optimals, from best sinking:
to best glide ratio, and for this you have to balance really
exagtly if you wish to meet the far the case desired opiimum.

So you shguld use the next rainy sunday and find out your
personal flight 0.G. - you will be astonished about the

suecess!

You need: a place fo¥ithe’' connected plane, with possible

even ground, a wood-fhowing: the angle between fuselage
surface and horizontal~ this you find in your Flight and
Servuce Manuzl - a scale for the tail weight, and two helpers.

First you ha¥e balanced exactly your plane, than yourself
with all the equipment which you need during flying: hat,
parachute, photo, breakfast etc., each on iis place. Be
clear that r.i. other shoes can reach a different C.G.!

In your F5M you find a drawing how you should adjuzt yourw

plane for the ¢.¢. ascertainmant, also the formula. it in
your plane, let held the Wlngs horizontal with two fingers
and *et look the second helper for the tail weight.

Installed in the formuld, you can calculate your C.¢G flight
position in mms. For to change this in % of reduced wing
chord, you need fthis from your sailplane manufacturer. He
ghould tell you 1. the arez, 2. the optimums. '

Look $hat your personal fiight ¢.G. is near of the optimum
either for climbing or for gliding. With-sdiyting position
or eguipment you should gamble g 1little; in the most cases
you can avoid this Iot of lead which T have seen in some
planes,

70,
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The second check point you need is the zero position of your -
elevator. When a helper held the elevator inm its zero posgi-
tion, you take a little ledge preferabls from Balsawocod for
%0 adjust the delivered position of your stick referred to
the insfrument pamel or another fizpoint.

The third is a little water balance which you can buy in
hobbyworkerts shops. You place it inside -of the fuselage
on a spol you can observe during flight. It shows you the
exact horizontal position of your plane,

- During the next flight in preferable guiet air you can
check now if your plane is flying at the vaelocity of bess
_ gliding ratio with no redundant drag: straight fuselage,
T Zero elevator, .

Certainly the same for best sinking. Now you can calibrate
your plane for the task you have in eyes. For aerobatie
pilods apecially it is indispensable to know his preciae
C.G. position because sonme figures, specially these with
broken airflow, are only to fly eXactly with the C.G. in
& sSpecial precise position. ~

(Tip for SALTO pilots: the best gliding G.G. is at 300 mms,
the possible area of €.G. is 235 - 335 mms, ~ 30 - 43%. )

' Alleron endplates;

This penny cheap article can help you to cirecle for ca

8 km/h slower than withoutT ¥eu-Fan do it yourself from
a pnlece of gtiff plastic fo0il] plywood eto.

They must be a little larger than the biggest aileron
deflection for 4o avoid a blocking of zileron. After
installing the plates the aileron must be to move fully
free over the whole ares and have a distance to the wing
of ca 1,5 mms, You should colour the plates striking so

that you avoid to catch an it
The endplate is only effegtful on the aileron Toot .

o
Xz




fockpit airflow

You have pleasure if your cockpit is ggod airflowed on hot
days. But are you sure that the incoming air can go:nut i5f
the plane without redundant drag? If fthe air find no holes
for io stream oui through the fuselage and leave the plane
behind the tail, it looks for other possibilities: press
through the canopy gaps and disturb the airstream over the
wings.

If you find necessary to drill holes for the leaving air,
please be sure that you will not damage carrying parts.
Better to ask the manufacturer. '

Sealing

If you have a plane with through- going airbrake houses,
You can reach only some successz with silicone sealing paste.
All other means may be vayed with a bad fitting of the
brakes. .

But the mos+t planes with an airbrake systen Hitter (he was
the inventor of these so-called Sdahempp~Hirth- brakes) have
today separated houses so that you have no sealing problems.

Sealing of the aileron with inside tapes is only possible
on allerons with center hinging (GrasrFLlicar, SALTO). In
former times one used for this teflon tapes, which you had
to remove if the aileronm must be dismantled. Now we have
this simple wyv. sealing tape from Tesa which you can buy
in homeworker's shops, it is a sealing for windows but fits
wonderiul in our planes, alse for tails.

It is also to use in some shell-hinging aileron aystems,

Sealing with outside nylon buckled tapes: you should be
sure that this is a win for your airfoil and not a lost;
you should ask your manufacturer before using.

On BALTO's you should avoid +a use this, specially on the
tail!

Sealing the gaps between wing and fuselage: nobody has
irvented 2 better =olution than these plastic tapes which
move sometimes the laquer from the wings. The only method
which looks acceptable iz o use first a wider one, to
cut it with a knife and rest it on the parts; on this
tape is glued a smaller one which seals and will be re-
moved when the plane gets dizconnected.

Water ballast instzlling

is a "big change! and hes to be licenms=d for this type of
planes. The installing must be dene under the eyes and
with the confirming of 3 licensed person. The manufactu~
rers held in stock parts for the installing,

The same is wvalid for adjusted wing enlarging.

Mele a little gymmastigue and look for the
exact closing of your gear covers, The
peasures of a wind channel are related sver
to really smooth fuselages!
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