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Subj ect: - Inspection of Woden Aircraft.

1. | NTRODUCTI ON :

1. The following instructions |ay down the procedure to be

followed in respect of the inspection of wooden structures
of aircraft and should be read in conjunction wth the
rel evant aircraft manual s, draw ngs and mai nt enance
schedul es, and should not be taken as overriding any
specific requirenents contained in those docunents.

GENERAL

The attention of aircraft owners and aircraft maintenance
engineers is drawn to the possible deterioration of the wood
and glued joints in aircraft, with the passage of tine.
Much of the deterioration is caused by water soakage.

Sever al cases have occurred where glued joints have
conpletely collapsed and serious deterioration has taken
place in the wood, wth consequent weakening of the
structure

In nost cases, the deterioration has occurred in places
where normal inspection is inpossible and it has not cone to
light wuntil the adjacent structure has been disturbed to
enbody repairs or nodifications or duri ng ext ensi ve
over haul

APPLI CABI LI TY AND PERI OD OF | NSPECTI ON
All aircraft of wooden or conposite construction shall be
i nspected before issue/renewal or validation of Certificate

of Airworthiness and thereafter at periods not exceeding
twel ve nonths.

| NSPECTI ON

The inspection shall be such as to ensure that all defective
ti mber and glued joints are made good.

The aircraft shall be opened up (including renoval of
uphol stery) and dismantled to such extent as may be
necessary to enable all tinber and gl ued joints,

particularly structural nmenbers, to be inspected for
deterioration and serviceability.

Addi tional inspection and access holes shall be nmade as
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required to enable inspection of parts of 10 years or nore
age, particularly when the parts are boxed in or are
ot herwi se inaccessi bl e.

4.4 The officers of the Regional Airworthiness Ofice wll,
before issue, renewal or validation of Certificate of
Ai rwort hiness of wooden aircraft, require evidence to show
that exceptional neasures have been taken to ensure that
such aircraft have been dismantl ed and opened up to such an
extent as to ensure that all defective tinber and glued
j oints have been nmade good.

5. G ued Structures - The inspection of glued joints of
aircraft structures present considerable difficulties. Even
where access to the joint exists or has been made possi bl e,
it is still difficult to positively assess the integrity of
the joint by any known nethod of exami nation and this should
be borne in mnd when inspecti ng wooden structures

5.1 Sone of the nore comon factors whi ch may cause
deterioration are

(a) chemcal reactions of the glue itself due to aging or
noi st ure, to extremes of tenperature or to a
combi nation of these factors.

(b) mechanical forces due mainly to tinmber shrinkage, and

(c) devel opnment of mycol ogical growths (i.e., fungus).

Note : - In some cases, oil percolating from the engine
installation may al so cause deterioration.

5.2 Aircraft exposed to large cyclic changes of tenperature and
hum dity are especially prone to tinber shrinkage which in
turn may lead to glue deterioration. The anpunt of npvenent
of tinber nmenbers due to these changes varies wth the
volume of each nenber, the rate of growmh of the tree from
which the tinmber was cut and the way in which the tinber was
converted. Thus, two nmjor nmenbers in an aircraft
structure, secured to each other by glue, are wunlikely to
have identical characteristics and differential |oads wll,
therefore, be transmitted across the glue filmw th changes
of humidity since the two nenbers will not react in an
identical manner relative to each other. This will inpose
stresses in the glued joint which, in tenperate zones, can
normal |y be anply accommodat ed when the aircraft is new and
for some years afterwards. However, with age the glue tends
to deteriorate, even when the aircraft is maintained under
i deal conditions, and stresses at the glued joint, due to
changes in atnospheric conditions, may cause failure of the
joint.

5.3 In nopst wooden aircraft of nonoplane construction the nmain
spars are of box formation consisting of Ilong top and
bottom transverse nenbers (i.e., spar boons) joined by
pl ywood sides. The spar boons thenmselves may be built up
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from |lam nations glued together, and at intervals vertica
wooden bl ocks are positioned between the two boons to add
support to the plywood sides, the whole being glued together
to forma series of long hollow cavities.

5.4 The main spars carry nost of the loads in flight and are, at
times subjected to flexing. The glued joints should,
therefore, be beyond reproach but, w thout dismantling the
spar to sonme extent, internal inspection can be virtually

i mpossi bl e.

5.5 Cenerally |ong exposure to inclenent weather conditions or
strong sunlight, will tend to destroy the weather proofing
qualities of the proofed fabric coverings and of surface
fini shes, by affecting the plasticity of the covering; if
negl ect ed wunder these conditions, and due to ingress of
noi sture, considerable deterioration will occur from water
soakage.

6. Survey of Structure -Whenever possible the aircraft should

be kept in a dry, well ventilated hangar and wth all
i nspection covers, hatches, access panels, etc., renoved for
as long as possible prior to inspection. |If the aircraft is
thoroughly dried out, this will facilitate the exam nation
especi al ly when inspecting the condition of glued joints.

6.1 Before comencing a detailed exam nation of the joints and
the tinber, a rough assessnment of the general condition of
the structure can sometines be obtained from the externa
condition of the aircraft, and in sone cases of serious
deterioration this assessnment nmay be sufficient to consider
the aircraft beyond practicable repairs and thus avoid
further work.

6.2 The wings, fuselage and tail unit should be checked for
undul ation, warning and any other departures from the
original shape. |In instances where wi ngs, fuselage or tai
unit structures and skins formintegral stressed structures,
such as inner and outer ply skins screwed and glued to
structural nenbers, no departure fromthe original contour
or shape is permssible.

6.3 Where |light structures wusing single ply covering are
concerned, some slight sectional wundulation or panting
between panels nmay be permnissible provided the tinmber and
glue is sound. However, where such conditions exist, a
careful check nmust be nade of the attachnment of the ply to
its supporting structure, and noderate pressure wth the
hand, to push the ply formthe structure, should be used.

6.4 The contours and alignnent of |eading and trailing edges are
of particular inmportance and a careful check should be nade
for departure fromthe original shape. Any distortion of
these light ply and spruce structures is indicative of
deterioration, and a careful internal inspection will have
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to be made for security of these parts of the nmain wng
structure, and for general deterioration of the |Ilight ply
and spruce nmenbers. |If deteriorationis found in these
conponents the main wing structure may al so be affected.

6.5 Where there are access panels or inspection covers on the
top surfaces of wings or tail planes, care is necessary to
ensure that water has not entered at these points where it
can renmin trapped to attack the surrounding structure.

6.6 Splits in the proofed fabric covering on plywod surfaces
shoul d not be repaired by doping on another piece of fabric
over the affected area. |In all cases, the defective fabric
shoul d be renoved in order to ascertain whether the ply skin
beneath is serviceable, since it is common for a split in
the ply skin to be responsible for initiating a simlar
defect in the protective fabric covering.

6.7 \Whilst a prelimnary survey of the external structure can be
useful in roughly assessing the general condition of the
aircraft, it should be noted that tinber and gl ue
deterioration may often take place inside a structure
wi t hout any external indications.

Where noisture can enter a structure, it will tend to find
the [|owest point where it will stagnate and pronote rapid
deterioration. It should also be noted t hat gl ue
deterioration can take place through other causes w thout
the presence of water.

7. G ued Joints and Tinber inspection - Gue failure and wood
deterioration are often closely allied and the inspection of
glued joints nust include an exami nation of the adjacent

wood structure.

7.1 The inspection of a conplete aircraft for glue or wood
deterioration wll necessitate check as on renote parts of
the structure which may be known or suspected trouble spots
and which are, in many instances boxed in or otherw se
i naccessible. In such instances considerable dismantling is
required and it nmay be necessary to cut access holes in ply
structures to facilitate the inspection; such work nust be
done only in accordance with approved drawi ngs or the repair
manual for the aircraft concerned and, after the inspection
has been conpleted the structure nust be nade good and
protected as described in these docunents.

7.2 Al known or suspected trouble spots nmust be closely
inspected even if the |og book records indicate that the
aircraft has been well naintained and properly housed

t hroughout its life.

Note : - Where access is required and no approved schene
exits, a schene should be obtained from the Di rect or
Ceneral .
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7.3 Access Holes : In general, access holes are circular in

shape and the cut should be nade so as to avoid jagged

edges.

7.4 \Vhere rectangular access holes are prescribed, <care is
necessary to ensure that they are correctly | ocated and that
corner radii are as prescribed in the draw ngs.

7.5 The edges of all access holes nmust be snmoothed with fine
gl ass paper, preferably before inspection is conmmenced,
since contact with the rough edges nay cause wood fibres to
be pulled away.

7.6 It is inmportant that the whole of the aircraft structure
including its conponents, e.g. tailplane, elevators, etc. is
i nspected in detail before any decision is reached regarding
general condition.

7.7 due Line : Wen checking a glue line (i.e. the edge of the
glued joint) for condition, all protective coatings of paint
should be renoved by careful scraping; it is inportant to
ensure that the wood is not damaged during the scrapping
operation, and scraping should cease i mediately the wood is
revealed in its natural state and the glue line is «clearly
di scerni bl e

7.8 The inspection of the glue line is often facilitated by the
use of a magnifying glass Wiere the glue line tends to part
or where the presence of glue cannot be detected or s

suspect, then, providing the wood is dry, the glue Iline
should be probed wth a thin feeler gauge aid. If any
penetration is possible , the joint should be regarded as
def ecti ve.

Not e :- It is inportant that the surrounding wood is dry,
otherwise a false inpression of the glue line would be
obtained due to closing of the joint by sealing. I'n

i nstances where pressure is exerted on a joint, either by
the surrounding structure or by netal attachment devices
such as Dbolts or screws, a false inpression of the glue
condition could be obtained unless the joint is relieved of
this pressure before the glue Iine inspection is carried
out .

7.9 The choice of feeler gauge thickness will vary with the type
of structure, but a rough guide is that the thinnest
possi bl e gauge shoul d be used.

7.10 Tinmber Condition : Dry rot and wood decay is not usually
difficult to detect. Dry rot is indicated by small patches
of crunbling wood, whilst a dark discoloration of the wood
surface or grey streaks of stain running along the grain are
indicative of water penetration. Were such discoloration
cannot be renoved by |ight scrapping, the part should be
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rejected, but local straining of the wood by the dye from a
synt heti ¢ adhesi ve hardener, can of course, be disregarded.

7.11 Water Penetration of Structure : In some instances where
wat er penetration is suspected, the renoval of a few screws
from the area in question will reveal, by their degree of

corrosion, the condition of the surrounding joint.

(i) Straight corrosion of the screw due to the adhesive
will occur following the ori gi nal construction
Therefore, the condition of the screw should be
conpared with that of a similar screw, renoved from
another part of the structure known to be free from
wat er soakage

Note :- Plain brass screws are normally wused for
reinforcing glued wooden nenbers, although
zinc coated brass is sonetinmes used. V\her e

hard woods such a nmhogany or ash are
concerned, steel screws are sonetines used.
Unl ess otherw se specified by the aircraft
construction, it is usual to replace screws
with new screws of identical length but one
gauge | arger.

(ii) another means of ascertaining if water penetration has
taken place is to remove bolts holding fittings at spar

r oot end joints, aileron hinge brackets etc.
corrosion on the surface of such bolts and tinber
discoloration wll provide a useful indication of any

wat er penetration which nmay have taken place.

Note - VWhen refitting bolts it is inportant to
ensure that the sanme nunber of shrinkage washers are

fitted as were fitted originally.

(iii)Experience of a particular aircraft will indicate those
portions of the structure nost prone to wat er
penetration and noisture entrapnent (e.g. at w ndow
rails or the bottom | ower structure of entry doors) but
it must be borne in mnd that this is not necessarily
i ndicative of the conditions of the conplete aircraft.

Note :- VWhere drain holes have becone bl ocked, water
soakage w Il invariably be found.

7.12 Water penetration of Top Surface : As indicated in paragraph
5.5 the <condition of the proofed fabric covering on ply
surfaces is of great inportance. |If any doubt exists
regarding its proofing qualities or if there are signs of
poor adhesion, cracks, or other damage it should be peeled
back to reveal the ply skin.

(i) The <condition of the exposed ply surface should be
exam ned and if water penetration has occurred, this
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will be shown by dark grey streaks along the grain and
a dar k di scoloration, at ply joints on screw
count er sunk hol es, t oget her with pat ches of
di scol orati on. If these marks cannot be renoved by
I'i ght scraping or, in the case of advanced

deterioration, where there are small surface cracks or
a separation of the ply lamnations, then the ply
shoul d be rejected. Wher e evi dence of wat er
penetration is found, sufficient of the surfaces should
be stripped to determne its extent.

(ii) Provided good care is taken of the protective covering
fromthe beginning, nmuch deterioration can be avoided,
al so during maintenance of the covering care should be
taken to ensure that drain holes are kept clear.

7.13 M scell aneous Defects : During the inspection of the air-
craft, the structure should be exam ned for other defects of
a nore nmechani cal nature. Guidance on such defects is given
in the follow ng paragraphs.

(i) Elongated Bolts Holes, where bolts secure fittings
whi ch take | oad-carrying nmenbers, or where the bolts
are subject to landing or shears | oads, the bolts holes
shoul d be exami ned for elongation or surface crushi ng
of the wood fibers. The bolts should be renpbved to
facilitate the exam nation and, in extrene cases, the

bolts itself may be found to be strained. It is
important to ensure that the bolts are a good fit in
t he bolts.

(ii) Bruising and Crushing : A check should be nmade for
evi dence of damage such as bruises or crushing of
structural menmbers which can be caused, for exanple, by
overtightening bolts. Repair schenes for such danmage
are governed by the extent and depth of the defect.

(iii)Conmpression Failures : Conpression failures, often
wrongly referred to as conpression 'shakes' are due to
rupture across the wood fibres. This is a serious

defect which at times is difficult to detect, and
special care is necessary when inspecting any wooden
menber whi ch has been subjected to abnormal bending or
conpression |loads which nmay occur during a heavy
landing. |In the case of a nenber having been subjected
to an excessive landing |load, the failure will appear
on the surface which has been conmpressed, usually at a
position of concentrated stress such as at the end of
a hardwood packing block; the surface subjected to
tension will normally show no defects. In the case of
a menber taking an excessive direct conpression |oad,
the failure will usually be apparent on all surfaces.

Note : - Where a conpression failure is suspected a hand
torch shone along the nmenmber with the beam of [|ight
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running parallel to the grain, will assist in revealing
this type of failure

8. Joint Failure : A glued joint may fail in service as a
result of an accident or due to excessive nechanical | oads
havi ng been inposed upon it, either in tension or in shear
It is often difficult to decide the nature of the | oad which
caused the failure, but it should be borne in mnd that
glued joints are generally designed to take shear | oads.

8.1 If a joint is expected to take tension loads, it wll be
secured by a nunber of bolts or screws (or both) fairly
closely pitched in the area of tension [ oading. If a

failure occurs in this area, it is usually very difficult to
form an opinion of the actual reasons for it, due to the
consi derable break wup of the tinmber occurring in close
proximty with the bolts.

8.2 In all cases of glued joints failure, whatever the direction
of loading, there should be a fine layer of wod fibres
adhering to the glue, whether or not the glue has cone away
conpletely fromone section of the wood nenmber. |If there is
no evidence of fibre adhesion, this may be indicative of
glue deterioration, but if the inprint of wood grain is
visible in the glue this is generally due to case hardening
of the glue during construction of the joint, and the joint
has always been below strength. |If the glue exhibits a
certain anmount of crazing or star shaped patterns, this is
i ndi cative of too rapid setting or the pot life of the glue
havi ng been exceeded. In all cases, the other glued joints
in the aircraft should be considered suspect.

Note :- The use of a magnifying glass will facilitate the
above inspections.

8.3 Wien carrying out an exam nation of a wooden structure for
glue deterioration or wood damaged after, for exanple, a
heavy | anding a thorough inspection of the existing paint at
the glued joints for signs of breaking or flaking is
recomended.

Sd/ -
(S. L. Srivastava)
Deputy Director General of Civil Aviation



