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ABSTRACT

The task of wverifying the structural
IPLGJDLL\ becomes increasingly difficult
with increasing age of a glider.

B number of factors which
the static strength are briefly discussed
together with the possibility of fatigue
becoming a limiting lfactor on service
Lite,

influence

The procedure of Proof Loading as a
means of inspection for structures not
prone to fatigue is described, This tech-
nique has been adopted by the Gliding
Federation of Bustralia, and a number of
old gliders have been permitted Lo con-
tinue flying at reduced placard limits
following Proof Leoading.

IHTRODUCTION

The problem of ascertaining whether
a Certificate of Birworthine should
renewed for an aging glider is evantua
faced by every airworthiness authority.
Despite the fact the external appear-
arnce may be excellent at the time of in-
spection, there are a number of factors,
some time-cependant, which could have re-
:Ulde in a reduction in the static
] factors include poorly
dand maintenance, fa
L;LJFJDPdLLf“ degradation of plas-
from ultra-violet and the possible
=Tfect of heat.

This report is concorned mainly with
the apprecach being adopted by the Gliding
Federation of ﬂq;trqlla Tor wooden
Bt present, all dre required to

gliders,

U.S.A., and

July 1970
U.S.A.

undergo a special inspection as defined
in the Manual of Standard Procedures (1)
when they reach 20 years, or soonsr if
decided hy an Adrworthine Inspes
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of the I“llumwlj te

"proof "

it Load--this is synonvimous
with Design Limit Load, and isg the maxi-
mum leoad that the desigrer expects Che
glider to be subjected to during normal
ervica., This load may be experiencesd
more than once by ong or more of the
depending upon length and severity of
v1c . Conversely, a littie-used ‘LlG“I
or ona o loaded Lo capacity
reach limit load conditions, . arp'l—
cdbion of limit load should not produce
any failure or permansnt sct in the pri-
mary structure, Furthermore, stor-
tion of secondary struotur: it Load
should not adversely Lying
capabil

=

£ d-=this )
coual to =y than Limit I_ »ad iﬁut

in the cas corplate a,ruahuf: it
iz in most instances taksn as being

maxi-
mum load that Jepr structure must
wWwithstand without corplsate collap:

in most cases is
20 percent ol Limit Load.




structure designec for static stren
orly, the stresses should reach Tailing
stress values at Ultimate Load conditions.

DURABILITY
The durability of a glider is diffi-
cult Lo ascortain withouvt actually opera-
ting it for a large number of years,

Viooden Airfrares

Bg far as is known weood has an infi-

nite life and the life of the structure

is governed by the bonding agent, i,e.,
the glue. Some years ago, there were
doubts as to the life of some of the urca
and phenol formaldehyde gluss used in air-
craft production. However, das a resull
of a very exiensive investigation in
ABustralia and England, it was established

hat the glues commonly used showed 1little
deterioration in periods of up to 25 years,

Furthermere, there is evidence (not
widely spread) from two independent struc-
tural test investigations that have prc-
duced confirmation of the satisfactory
durability of pherol-type adhesives., &
nunber ol locally produced Grunau glider
wings were tested to destruction, by the
Beronautical Research Institute, Argentina,
after 1% years ol club use and all failurcs
occurred in the wood.

During an investigation into the fa-
tigue characteristics of Vampire wings at
the Reronautical Research Lahoratories,
hustralia, involving testing to failure
of 19 complete wings, two fuselages were
used to react the loads, and these sur-
vived the entire program with no sign cof
failure in either the wood cr the glued
joinks.,

The durability of glues used in glider
construction has been reported by Irving
and Vernon (3). The British Gliding
Association has also made a study of the
airworthiness of aging wooden gliders and
has concluded that with correct mainte-
nance and regular inspection, they should
have an operating life of at least 20
vears (4). The cldest glider still fly-
ing in Bustralia (the Golden Eagle, de-
signed hy 4. G, Richardson) was construc-
ted in 1924 using casein glue. Bcocording
to the Council for Scientific and Indus-
trial Research Organization (CSIRC) this
glue nas a life of at least 50 vears pro-

vided adequate sealing precautions are
taken to prevent an excessive ingress ol
moisture.

Metal Birframes

Metal aircraft structures have proven
themselves as far as durability is con-
cerned, although in the case of gliders
denting of the wing surfaces cannot be
tolerated because of the adverse effect
of performance. Increasing the drag by a
pound or so does not usually concern the
powered aircraft operator.

Plastics

The durability of fibre reinforced
plastic (FRP) structures is yet to be es-
tablished. During manulacture a special
ultra-viclet shielding layer is incorpora-
ted in order to block out sun rays that
might degrade the resin, From the expsri-
ence of fibreglass boats there is reason
to suspect that there probably could be
degradation after about 10 years of ser-
MO8

FATIGUE

Fatigue in Wood Structures

The safe fatigue life of wooden gli-
ders designed to the British Civil Air-
worthiness requirements Section E--Cloud
Flying Category--has been estimated by
Obee (5) te be 100,000 hr which, for all
practical purposes, can be regarded as in-
finite.

Fatigue in Metal Structures

The problem of fatigue is now well
known Lo designers and operators of all
metal aircraft, Glider owners have been
spared this worry because of the low de-
sign and operating stresses in the struc-
ture and the small nurber of hours flown.
However, the demands of high performance
have resulted in a raising of stress
levels and a very significant increase in
the nunber of hours flown each year.

B preliminary analysis of some data
shows that significant amounts of fatigue
damage can be received by a metal glider
during its effective service 1life. Flight
lpad measurements have indicated that the
awount of "g" bheing applied is perhaps
higher than was expected during the de-



sign stage. The design naneuvering limit
load factor of 5.3 has been considered Lo
be afquaLn based on previcus sxpsrience,
somz "g" load measuremsents mads
and presented in Ref, & have
ted Chat it is essential for pilots
Lrained not To overleoad their gli-
The data is sunnarized and illus-
trated in Fig., 1. By comparing the de-
sign load factors given in Ref. 7 with
this loading spectrum, it can he sesn Chat
Lna proof load was being exceeded once
every 100 hr until pilol techknicues waro
improved., In the 51 hr of later record-
ing the sl level recorded was 4 9.
However, this sample 1s rather small, and
it 18 pos: that the load lG\' i

s could
De somes dgher in a longer period of
recording

Preliminary fatigue life esti
an aluminum alloy structure Sed o1

: loading data and fatigue dam-
according to Payne (8),
aye ] That an investigation
should rads into stresses on the ten-
sion surface and further load data obtain-
ed, in order that a more accurate calcu-
lation may be made,

Fatigue in FRP Structures

B11 FRP glider structures desi
Gazrmany and Switzeriand arc subjocted to
& Lru'ronmeu loading secuencoe [atigueo
test as part ol the Cf’rLLI_cuLlc\l‘ pr‘o(_f“
dures., IL only one specimen 1
a seatter factor of at least
i C life in order Lo
life of the gli
fe of a glider ha
to Pe 3000 hr which allows
hr of li;lng annually in a period of
vears., It has been Turther proposed
sheuld the structure successiully reach
G000 e on and, at thL complation of
fatigue to: thstood an application ol
ultimate 11 the operational 1ifs
will not icted.

Fatigue o Structuras

The problem with the effect of lFatigue
i & glida' structure is that there 1s no
raduction strangth until
crack upp“ s this depends on
g 5 shother the material
manner. Cracking Chat

ing =asily deleclLable
can re jlfdvd as having a length of at
least 0.25 in, (6 mwn, ) and In a lightly

|
(e

stressed area, it can even be as |
in, (5 em), The likelihood of £ .
bacoming a problem during the scrvice life
of a glider is dCﬂondﬁnL orn Lthe stress

level and the nunber of applications.

chiu 1 gives some of the relevant proper-
ties of materials commonly used in glider
structures and a measure of faligus resis-

tance is the ratio of the alternating
stress for a life of 10 million CyL¢uu to
tailure and the ultimate strength ol the
matarial.

AUSTRALIAN GLIDEER ATRWORTHINESS SYSTEM

The pverall responsibility for Ciwvil
hviation in Bustralia rests with the Di-

rector General of the Department of Ciwvil
hyiaticon, However, he nas delegated the
responsibility for Cthe airworthiness of

iders to the Gliding Federation of
fralia as illustrated in Fig. 2.
Department hds retained the res pﬁluf'
ty for the approval of new types ol gli-
ders, and when the type appro fgl has been
granted, they become the onsibility
of the Fede ion. The Federation rogis-
ters all gliders, but does not handle the
sue of airworthiness cer-
lgpmental Gliders., Re-
~ration requested that the
Jepartment ma the first i of airwor-
Lhiness certificates to gliders that are
commercially imported. In effcet, the
Federation acccpts the delegated responsi-
bility for all gliders operated by its
members,  To dmplement Lhese responsibili-
tisgs, the Federation has a number of offi-
cers with clearly defined tasks as illus-
trated in Flo. 3, A1l of these officers
1ol Iin a honorary capacity and, ol course,
undertake all the associated tasks in
thoir spare Lin »me of the activities
arc part of the normal club operations.
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nspolenn Dy is:
tificates for I
gently, the Fs

ADDLTIOMAL "INSPECTIONS™ FOR OLD GLIDERS

Additional work to be undertaken ari-
sing out of a 20-year Inspsction on 4
glider is decided betweoen the airworthi-
ness inspeclor making Lhe inspection and
the regional technical olficer lor air-
worthiness, The Federation has also ap-
nointed a number of Senio“ inspectors who
are authorized to supeprvise any further
action, The decision to take Turther
action is based upon the VTS.dl inspection,




7.0 \
N \\
5.0
\ 424 HOURS IN 1261 ~ U.S.S.R.
fo)
5 40 <
0 51 HOURS IN (963 - U.S.S.R.
Wi
2 30
() ~ -~
= T
gl
g -0 = T T e e \
5 T T — "‘"—-\
S
-0
=t 0-0l 0 1-0 (0 ....I.oj_____.-—-—"moo
o FREQUENCY PER HOUR -t ==
0 — T it |
— _:7_______ ULTIMATE LOAD FACTOR =75
_—-—‘#’/
—j+0 =] P
FIGURE 1. LOADING SPECTRUM GUST AND MANEUVER--BLANIK GLIDER
DIRECTOR GENERAL - D. C. A,
D. C. A, G. F. A,
TYPE APPROVAL REGISTRATION

COMMERCIAL IMPORTS &
MANUFACTURE
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CERTIFICATE OF AIRWORTHINESS

MANUFACTURE MODIFICATION REPAIR

DEVELOPMENTAL GLIDERS DAILY [INSPECTION

FIGURE 2. GLIDER AIRWORTHINESS RESPOMNSIBILITY CHART
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REGISTRATION OF GLIDERS

IssUE CERT. OF AIRWORTHINESS
AUTHORISE INSPECTION

CTO/A AUTHORISE MANUFACTURE

AUTHQRISE NON STANDARD REPAIRS

. AIRWORTHINESS AUTHORISE NON STANDARD MODIFICATIONS
COMMITTEE p———
(AssisT CTO/A) , AUTHORISE INSPECTORS
RTO/AS AUTHORISE STANDARD REPAIRS
(EACH STATE) AUTHORISE STANDARD MODIFICATIONS

CONDUCT STATE TRAINING COURSES

PERFORM AND CERTIFY ANNUAL

C oF A INSPECTION OF :
WooD
INSPECTORS METAL

F.R.P. GLIDER STRUCTURES

DAILY CERTIFY THAT G(LIDERS ARE SAFE
INSPECTORS For ONE Dav's FLYING

FIGURE 3. G.F.A. AIRWORTHINESS OFFICERS AND DUTIES

TABLE 1. PROPERTIES OF MATERIALS USED IN GLIDER STRUCTURES




a knowledgs of the previcus 1if
the environr"nt that the glider 1
ted in, and 1
receiving.

inspection for Fatigue Cracks

RAs monLiopwd cavliew 1 re is no

with in wooden
ctrucLLreo. LaL' jue cracking deoes
caur in the steel Titt 1ng“ ard these are
AormdlLy removed and inspected during the
20-yedr inspection. However, where ro-
moval may causse damage Lo the basic struc-
ture and the part can be inspected in situ,
the inspector may use his discretion in
removing them. Most metal fittings are
normally inspected during the amnual Cer-
tificate of Airworthiness Inspection or

al intepvals prescribed in the malntenance
manudl,

Tructural

B Further check on whether thera has
bwen any degradation in wing structures
i3 to measure the resonant frequency in
a primary bending mode,

Some manuidcturers,
ire that qu
] ach annual
“Quucnov f the wing at Ll”k of

i in theo OT_‘J_(J inal
B rvhax"tlwi]:e_;

nAnuUTaC -
Tertifi-
catao cf

Hiytwie
tic would

or, this particular characteris-
not be expected Lo vary y i
pantly in the case of metal wings, or
wooden structures with nea spar
booms, and 11d appuur to hm noru appi1—
abls in the case ol
i,e,, FRP gliders,

ONET

Strength

v econcern of an inspector
wrability of a structurs is to
ubllJ whother that structure has suf-
fered a decreocase of static strength dur-
ing seyvice. The difficult asspeiated
with making adequate inspections without
axtensive dismantling of the structure
have resulted in the GFA adopting proce-
dures involving proof loading to establish
structural

integrity.

WLPJPLUral inte
ulties

cstablishing
a are nuncrous diffic

for
e

1. deriving simple
loading cases;

represantacive

2, feeding concentrated loads which
represanting distributed acrodynamic

inertia leoads into the structure; ard

are
and

3, makiry
guring, and &

7 suit
fer t

ble inspections
proof loading.

before,

For each of the gliders

tested so far., the loads
represented design limit
and in the case of wings, two lLimit load
corditicns have heen used rapresenting
maximun bending and maximuwn Lorsion ca

that have been
applied nave

lead conditions

Prool Loading ol Wings.
procedura has been [ollowad in
of the gliders that have been subje
Lo a proof load and subsequent rece
cation, The wings have Zeen removed
the Tusslage since it is difficult to
port the fus s manner which wi
not reswlt in damaged., A
dummy fuselage bean construct@d o
support the wings in an inverted position
for ease of loading. Plywood | i
8 over
endl sand bags or lead
loaded on to the wing. During
loading, the hags are placed firstly at
the rool of the wing, .
outboard in strict accordance
loading tabie. Care must be taken wh
pIQLLn] the i on the wing to
ading whicn could

Loading can B¢
entS, up to 50
to proceed in
the 6b.6 percent
flection of the wing Tips

with respect to the re

It is advisable tv load
Lo the 20 percent load lav

times prior tc Carry
£ proper, This results in
vy Mgdve in 2 shructurs
in a relial
2T g ‘I[l“
b P1uLLud as t
dotecl any o
any rarked di

The foregoing
Ehe gage

aoted

Trom
SUR-

<~ 3=
SNOT

pre-
D_‘[‘ A

incremsnts Lo

Taking up
and will
medsure-
should
MLJ

=
S0

or

port or starboard ha VESs On

zaching the proot louo: it must bp =R
tained for a period of at least two min-
: during wnich time no appreciable
ing of the structure should occur
than 0.1 in, or 2.5 mm). On re-
EOle of the load, the structure should




20 min-
pErmE -

d of at least

Lhe amount of
Lccause of the wvery
zlow rate of recovery of the load and an
erroneous answer could be obtained by
taking the deflection reading immediately
upon removal of the load.

Thla is

Proolf Loading of bmpennage. ‘The load-
ing of the tail plans and/or fin prese
a simpler problem as both these can he
loaded while still attached to ths fuse-
lage, In fact, it is most ble to
load the tailpla while attached to the
fuselage for two reasons: [irst, it is
difficult to construct a dunny fuselage
of ddentical stiffness, and second, il
gnal; ' ch DL the fu struc-
ture to ] same

desir:

me

'Oddll] case will mos

cal condition, and

it #will 3 Lblb Lo reproduc:

the distributed leading with a :1ngLe

load. Ihu loading inn must he capakble

of wi randing the shear load and to

g he LaLlJWane structure, the load

applicd tc a profile

ith felt and clamped arcund the
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Validity of Proof Loading

This approach Lo strength justifica-
tion is, however, only walid for struc-
marwfavtu“ﬁd from materiais whose
ical properlties do not detericrate
over the prmdlctuu rangs of operating tom-
peratures, When material properties are
reduced by temperature effects, for ex-
ample, FRP structures in Lropical coli-
mates, then a proof test at room tempera-
Lure nay fail to achieve design limit
strezs conditions. In such instances, ths
tast cannol be defined as a proof test to
establish a margin of over da nopmel
cperdting condition. Cooling or heating
of a CDHD]UL“ glider structurs should not
SISV ificulties to th. structural

enginecr, Convection healing and
techniques have advanced rapidly

= [frough the development
required for the study of
induced during Llransient
aircralt strucltures,

safet LB

e

cEst

ol equipm:
thermal
conditions in

After Proof Load Testing

A successful proof loading test does
not prove Lnat the glider structure is

capable of
Timea
durirng
integrity

withstanding the designed ul-
ing load, but from its behavior
zliable indiecations of its

=N ained. The glider can
he PQWvESﬁﬂ £ lower than normal
operdating placard limits, Lor ex , o

acrobatics
both the
mun air

operated
“hie maximuam

and & raduction in
and smooth air maxi-
1s then
margin

permit

rough

}nown ualLLS
ccled :
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structures had behaved as if it still
possessed the strength required by the
original design.

In one instance, a dubious repair in
an aileron spar failed, and in another
case, a failure occurred in secondary
structure winich was ascertained to be a
design deliciency.

Proof loading has not been confined
to old glider structures, and in fact has
baen used Lo check a wing apparently un-
damagsd in an accident which demolished
the fuselage. The inspector's findings
were confirmed by the test which saved
cutting access holes in a sandwich struc-
ture.

The technique was also applied to a
new glider wing which had been construc-
ted by club menbeprs over a period of 15
years, The test was conducted in order
to establish complete confidence in some
of the design assumptions, and the abili-
ty of the constructors; it was not manda-
tory as far as certification was concerned

ahim

Each of the o0ld gliders tssted had
been designed in accordance with the
B.C.A.R. semi-acrobatic category (now de-
gignated cloud flying category) and after
the test has been downgraded to normal
category. BAll except one are currently
[lying, and their next proof test is not
proposed until they have completed a fur-
ther 15 years of flying, unless an inspsc-
tor declares otherwise,

DISCUSEION

Patigue Damags

The amount ol fatigue damage accoumi-
lated by glider structurss can be expec-
ted to reach significant levels in the
near future,

This arises Trom the higher stresses
in the present generalion of glicer struc-
turcs and ths lqnnv nwrber vi hours being
Tlown (dinstances or gliders flying 1O
hy pep yedr are recorded) anaLv_nj fidight
near the 1imits of the flight load enve-
lope.

ABirworthiness authoricies may be re-
guired to examine the matter ol fatigu
i J
life estimation anc [1light load medsurs-

ments in more detail, if the present
level of structural reliability is to be
maintained,

In aercplane structures, the designer
attempts to producs a [ail-szafe structure,
which allows fatigus cracks to propagate
to an easily detectable length before
there is any significant drop in static
strength. However, this is not always
possible, and in the case of single load
paths, the structural element must be re-
garded as a safe life component raving a
caloulated safe service life,

Most glider structures fall inte this
latter category particularlsy in the re-
gion of the attachment of the wing to the
fuselage.

Proof Loacing

For structurcs made f[rom materials
resistant to fatigue or having a very long
life, an application of the gesign limit
load can be used as & wrethod of proof
loading the structure

The Gliding Federation of Australia
has successfully adopted this teclhnique
for establishing the structural integrity
of aging gliders.

The task of applying represcntative
loads te a glider structurse is within the
capability of clu> members, providirg
supervision by a suitable qualified air-
worthiness inspector is available,

Since the proof leading cannct domen-
strate an adsquate margin of safety cver
the original placard limits, the glider
can only be releassd Lor lowey limits,

There dees not appear Lo be any raason
; procf loading cannot bs applied re-
tedly and the glicver permitted te f1ly
a further period 1f it successfully
pasaes the test.

The cldest glider Tlying
iz now 36 vy

rs old and
coterioration in static
4 number in sxcess

3 1larly [lowr in
oparations.
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