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Summary: The fatigue safety of aircraft in service is ascer-
tained by simulating its service fatigue life in a full scale
test on the ground. The key of the problem's solution is a
test facility capable of simulating the genuine sequence of
the loads occurring in service, such as does the "PFatigue
History Simulator" of F+W.

A scheme is detailed for all work which has to be done bvefore,
during and after the test, including the evolution of the
history loading program. Special inspection methods are
mentioned and an example of the displaying method is described.
A method to estimate the factor of safety and it's influences
is proposed. The aviation authorities are asked to adapt the
proposed procedure in the airworthiness requirements.

Finally it is demonsitrated that this meets the financial and
safetv needs of the operators.
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The vhilosophy

The conception which ruled the design of the Fatigue History
Simulator (report T-197) and the fatigue testing of the P3
(report S-162) and the DH-112 (report S-163) aircraft does

not need many proofs. The knowledge of these three events
should almost be sufficient to be convinced of its value.
Therefore, it may be permitted to put at the beginning of this
report in briefness the philosophy which lays behind the whole
work:

You dominate the fatigue safety of aircraft in service if you

simulate its life in a test on the ground early enocugh, and as

identical as ever possible to their service life, and by

supervising the test specimen continuocucsly by the best methods

known.

One point needs some explanation as it is not yet commonly
recognized, it is:

The genuine load sequence

In the year 1956 an international conference on fatigue in
aircraft structures was held at the Columbia University. Already;;
at this conference, Prof., A.M. Freudenthal had shown "that :
the effect of the load sequence appears to be quite pronounced"ig:
i

A
At the same meeting Mr. P.J.E. Forsyth said: "If one examines a g
coarse slip band produced by fatigue, it can be seen that the
reversal of stress has produced a set of slip lamellar. No
doubt some reverse glide occurs on the original planes, but

the important fact seems to be that a second set of glide
planes comes into operation. Not every reversal of stress
produces new bands, but the number of bands appearing on the
surface of the fatigues specimen increases with time".

Also at that meeting Mr. R.F. Hanstock referred on his measure-
ments of the hysteresis caused by the inelastic deformation
during each stress cycle. From these observations may be seen,
that strain cycling has differing and non reversible effects,
which may lead to the explanation of the influence of the

load sequence,

A% the first symposium of ICAF and AGARD held in Amsterdam 1959
Mr. J. Schyve referred on the iests made in Holland which

showed also the great influence of the load sequence.

ol s
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Therefore, it is rather astonishing that there are still
bodies which try to find the service life of such complex
structures as an aireraft by single amplitude cycling or
by program loading such as in Fig. 1. If this would

be permissible, equations as in Fig. 2 would be right.
Certainly that is not the case. The reason for such
arbitrary programs is not a scientific one, but the
limited capability of the fatigue machines. Obviously,
the machines are dictating the methods, instead of the
inverse.

Even random tests are not the answer to the problem.
Prof. Freudenthal stated 1956: "It is not impossible that
the fact that we have used random load sequences may have
produced an excessive severity in our load sequence',

And Mr. Xuhn of NACA, also 1956, stated: "The most direct
attack on this problem would be to conduct laboratory tests
duplicating the service loading as exactly as possible'. .

St

The most evident solution of the problem is certainly the |
genuine sequence of the loads, because, if the sequence
has any effect, there is simply no room for any other
sequence than the genuine sequence. The only explanation
for the fact, that it was not simulated earlier, is the
lack of corresponding facilities. We think, that this
point is definitivelv overcome by such facilities as

our "PFatigue History Simulator" which is capahle for
"history loading" any aircraft.

With that in mind, let us have a look at the scheme of the
"History loading" Fig. 3, as opposite to all program loadings
and random loadings. The terms mean:

[& = lowest considered step between different magnitudes
of loading. It should be chosen not greater than 5%
of the ultimate load.

1g = quasi-cycle, general term for symetric and asymetric
cycles.
1 = first of a random sequence of flight types, fgq the

last one. Each flight type simulates an actual
genuine flight.

a = period, all flight types of an unique sequence,
which can be repeated so often as you like. We shall
see later how to build up a period.

Hq = number of quasi-cycles in a period.
fq = number of flight types, different our uniform, in a
period. :
Ty = simulated number of service flight hours represented
Abschrift: Bearbeitet: Gepriift: by a period.
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To avoid each misunderstanding, I am mentioning here, that,
of course, the size of loads, their number and the number
of flights are exactly simulated.

Now we can go on to show how to realize the task.

C. The working scheme

This plan as laid down can be used generally
Phase I

1. Determination of all load cases which may occur.
These are first of all the three main load cases, i.e.
air case positive and negative as also the groundcase.

In the air cases included are the 1lift and inertia
forces, engine thrust and drag as well. Superposed to
these loads are from time to time the forces from
elevator, aileron and rudder as also those from flaps
and air brakes. Furthermore, there is the cabin pressure
and pressure of the fuel tanks or integral tanks, and thes
with regard to the dynamic pressure differences. With
airceraft to the M 2 classe a temperatur rise due to
dynamic pressure must also be considered.

Superposed to the vertical inertia forces of the ground
cases are the forces from running up the engine, the
spin up force of the wheels on touch down, wheel braking
and side loads on taxying.

2. Determination of the weight history. For proportional
load variations, as by fuel consumption, a few steps
have to be chosen, for instance all 20% of the full
content,

3, Determination of the load distribution for the invidual
load cases, based on the measurements of pressure
distribution in the wind tunnel and on detailed weight
calculation.

4. Summary of loads of the same kind and distribution to
single points, and determinztion of the resulting forces
for the static failure test as also the minimal neces-
sary numbre of jacks(in many cases the air and inertia
forces may be combined). In any case the total resultant
must be zero.

o

Abschrift: Bearbeitet: Gepriift:
Ms 23.4.64. Br




Eldg. Flugzeugwerk Emmen

The fatigue safety of aircraft in service S - 164
and its supervision

10.

Determination of the max. bending in the static failure
test and accordingly the minimal necessary stroke of
the jacks (the deformation to the other side must only
be added for the fatigue test).

Set up of the first hydraulic scheme, i.e. determination
of those jacks which are working for the different load
cases simultaneously and also for those jacks which are
giving a superposed load.,

Design and build of the rest.rig.

Fix up of the specimen for the static measurement tests
and for the failure test. This means the arrangement of
the load introduction points (which must not weaken or
strengthen the structure, and on the other hand should
obscure the structure not more than necessary) and of
all gages. Furthermore, the displacement bodies must be
fitted which enable the use of air instead of water for
pressure differences,

Installation of jacks, the whiffletree and the test
specimen, and the connection of the hydraulic load
maintainer. Of the electronic only the defect super-
vision and the manual control of the control pressure is
necessary but ncet yet the program control.

Static tests,

With them Phase I is terminated, and whereas the results
are being worked out, and respected for the other prototyps

Phase II is running parallel. This takes perhaps one year

11.

L2l

time.,

Multi-flight-measurements on a prototype with a special
instrumentation to get information about the dynamic
behaviour of the airecraft, and the relations gust/accele-
ration and acceleration/local stress as far as they

are not yvet known from wind tunnel tests. With this
information we are getting a connection to the existing
gust statistics.

Continuous records of some criterion, as v - g (c.g.) -
h =T« 3G (fuel) - stress at certain points (if possible
statical determined) - longitudinal and lateral accele-
ration (for ground loads) in the following kind of
flights:

of o
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13.

a) Test flight by test pilots.

b) All of flights for which the aircraft is intended
(in peace). Al these flights by service pilots.
At least one flight for the following combinations:

Some different
Characters of the pilot (say 4, B, C)
Distances and routes flown
Weather, ¢
The season and
the different parts on the globe (which may be flown
in peace).

The flights a) and b) are not special flights but can be
made in combination with the test flights which are
anyway necessary with a new type of aircraft. If for
the fatigue test an aircraft is used which was already
in service the flights "a'" may be remitted, and the
flights "b" may be flown with aircraft in service of the
same type.

The evaluation of these records is a most important
task and a very fatiguing also, It needs a person who's
knowledge in fatigue is good since he has always to
interpret (e.g. the friction in the jacks) and also to
pay regard to the commentary of the pilot. We use for
the evaluation a device which was made by ourselves,
consisting of glass-lamp - 2 cranks - calibrated sheet -
as shown in Fig. 4, on which the record is fixed.

By this manner we get the flight types fj to fq

Statistics, i.e. compiling of all happenings:

a) Service flights, separated according to the combi-
nations of 12 b with registration of the appropriate
weight historys, and their relativ happenings

b) Gust spectra as known and compiled under similar
conditions as the service flights

¢) Exceedings of the permitted limits (all aircraft have
to be fitted with trailing pointer on the accelero-
meter or similar means).

14. Build up of the program for one period

a) The length must be such, that the most rare happening
appears at least 1 time as far as it has to be simu-
lated in the autom=tic program. This results in the
determination of Tq and hence it follows fq.

o/
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15.

16.

17.

18.

And now to

Phase III, which is the most important.

19.

b) From 13 b, reduced to this T,, a rough skeleton

c) From each flight-type is now known, how many times it exists

results, which is for checking of the product from 12 b
and 1% a. If necessary some modification are made until
conformity with the mentioned spectrum-skeleton is
reached,

in a period. The whole number fq(of the different and of
the uniform) flight-types are numbered continuqusly and
mixed according the Monte-Carlo method. This only is
random. But not always, as it may be, that season groups,
etc. are grouped together, and only within them a random
sequence is made. The whole sequence of flight types
vields to the period q which is transferred by a computer
to the tape.

For new test specimen a special program from 12 a is made
which is run at first and only this time.

Adaption of the test facility:

After all the program orders are known, the facility is
adapted to the special requirements. This means alteration
or completion of the wiring for the electronic control

and supervision, fitting of electro-hydraulic valves (for
similtaneousness in the load cases).

Preparation of the test specimen, i.e. fitting of gages

on critical points (statical determined, see 12), of
instruments for supervision (television camera, sigmatest -
transmitters) and of the load attachment points.

Furthermore, if and where pressure-differences have to
be simulated, displacement bodies must be fitted which
enable the use of air instead of water.

Fitting of test specimen and connection to the hydraulics
and electrics of the rig.

Run of the fatigue testing. First, simulation of the test
flights, and then running the periods "g" which are
repeated continuously, only interrupted by the regular
inspections.

e
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20. Determination of the virtual advance factor
gp v = _EQ_ , Wwhere
Ty
Tq = simulated service hours per period,
Ty = number of test hours for the lapse of one period.

21. Control of the use of the service aircraft in such a
manner that at the beginning their operation remains
about equal to each other. Determination of the
highest service factor'? (effective flying hours per
year to 8760).

22. Determination of the effective advance factor

£ 7.0y

23, Fatigue defects which are detected on the test specimen
are repaired or reinforced in the same manner as this
would be made on operational aircraft. The latter are
perhaps only superviced at the position in question and a
repair or reinforcing made after the test specimen has
proved the usefulness of it. Should the defect however
be at 2 critical position with possible fatal conse-
quences, no time is wasted and all aircraft are
repaired and reinforced. Nevertheless, the repaired
and reinforced test specimen should prove its correct-
ness or fault before any failure on operational aircraft
can occur since the test is always in advance. On the
other hand all modifications made on operationel
aireraft have also to be made on the test specimen.

24. Determination of inspection periods for the operational
aircraft, i.e. lapse of time and extend of inspections.
After a sufficient advance is reached the extend of
inspection and lapse of time are revised, holding the
inspections as small as possible with the greatest
possible space of time between themn.,

25, After a non reparable failure has occurred the service
1ife time Z is fixed, and perhaps a new safety factoré?
against fatigue failures laid down to get the admissible]
life time 7

Zadm = ‘7

o/
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Though the fatigue test is terminated, we have to look
at

Phagse IV:

26. On all service aircraft the v — g — h - records and
fatigue meter counts are continued as long as the
aircraft is used. These readings are continotsly eva-
luated. It is thus possible to fix eventually a new
admissible life Z 45, or a new safety factor, should
any change in the spectrum occur. It is furthermore
possible to pay regard to any change in ovperation
(wvhen this is not too big), and other observations on
the aircraft can also be evaluated.

Special Inspection Methods

As it may go rather a long time until a fatigue defect
appears, it is of utmost importance to develop and use
inspection methods which allow the detection of defects as
early as possible. By cuch methods it may be possible to
save valuable test time.

These inspection methods should allow as far as possible
an inspection without interruption of the test to save
time, since the inspection time is £.g.40% of the overall
time.

By means of a few examples 1 like *to show some possibilities
and also incite the development of further methods since
our next aim is the introduction of automatic inspections,

1. Optical methods

Inaccessible places may be watched by television cameras.
For that the surfaces are treated with soot with which
cracks are better visible., Several cameras may be
switched one after the other to only one screen. This
methed is not automatic but nevertheless rather simple,
and since the television-material may be re-used the
method is not to expensive neither,

In certan cases a suitable method would be by introducing
endoscops. This too enables the detection of cracks of a
certain size optically at otherwise inaccessible parts.

In any aircraft exist parts which can be watched by no
method when fitted in the structure. If a failure of
such parts would lead to a fatal accident, it should be
tried with all possibilities to get knowledge of the

/e
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begin of cracks. This is approximately possible, when
vou imagine this part without the surrounding structure.
When you take one or more samples of such & part, and
make with them the same program it is possible to get
the necessary observation. It is, however, of importance
that the displayed parts in their critical zones get

the same stresses as the parts in the aircraft.

For certain cases it may be necessary that not only the
single part but the whole groupe to which this part
belongs must be built and tested parallel to the main-
test-gpecimen. Such a sub-assembly must, however, allow
the observation without restriction what means that all
unnecessary parts are omitted.

This method is explained on an example which is running
parallel to our VENOM full-scale test and which is of
interest also as a ccomparative test. In report £-163 is
mentioned that the area of the kink at the lower wing
spar boom of the DH-112 ajrcraft must be considered

as very critical, and that it is impossible to

examine this area for cracks. All tests to identify
cracks by x-ray which have been produced at this area
artifically, have failed.

We have thus decided to design & special test rod Fig. 5,
which we formed so that it has in the two main axis

the same stress situation as the critical spar boom area,
and to submit it to the same program as the aircraft.

The manufacturing history of the spar booms made in
Switzerland for the DH-112 series has shown that they
must be classified into 6 groups wvhich differ by
provenance, treatment and machining methods, We have

of 21l spar booms test specimens which were cut from
the booms after final treatment, and which have the
series No. of the belonging boom stamped on. Of each
group 6 such special test rods were machined. Thus we
had a %otal of %6 rods to which the history loading has
to be applied, parallel to the aircraft test specimen,

To this end we designed and built a rig which allows

the testing of 36 test rods with the same program

(Fig. 6). The rig consists of 2 chains with 18 identical
test specimens each. Obviously, of a similar arrangenent
in Australia was spoken 1961 in Paris by Mr. Mann. The
test specimens are attached by universal suspension to
mounting blocks which slide in ball bearings.

Max. load = + 11,7 tons, friction (total) max. 2 %o.
The test rod Fig. 5 is made eccentric to produce a
bending stress similar to that on the original boom at

2%.4.64. Br
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the kink. The hole in the test rod corresponds to the
bolt hole near the spar boom kink, and has also =z

bolt fitted. To double the number of critical test
areas we have made 2 holes. The stress concentration
factor'OCI; calculated after the English Data sheets,

is giving at the hole a value of %.24 and opposite to
the hole 0.95. This does not mean that this is the
real stress concentration factor. The ratio of bending
stress to average stress is 0.48 (@, =0p + 0.480).
This rod is called ICAF test rod since we

intend to do with it further programs. .
The mentioned 6 groups of rods, the test of which is
actually running with the full scale VENOM test, comsist
of the following materials:

Group 0 Perunal 755.6 (AIAG)
i Perunal

Perunal

C 77 8 (Northern)

DTD 3673

DTD 363

The rod's ultimate tension load is 12'500 kp or
27'500 1lbs.,

(RS A

Whereas for a whole aircraft the spectra of the air
loads and of the ground loads mustbe represented sepa-
rately, it is possible to combine them for each single
part of an aircraft. This is true also for this kink
in the spar boom and thus also for this test rod.
Therefore, it is possible to present the spectrum which
the 36 rods have "suffered" up to now. On march 24 th
(1964) they had 12000 hours, without failure. That is
the spectrum fig. 7. In this same sgpectrum are repre-
sented the results of 4 different constant amplitude
fatigue tests which were made with this test rod, by

the two respective load limits and the number of

cycles to failure. Even neglecting all other load limits
and only calculating with these 4 results, using
Miner's theory, the cycle ratio sum is now 4.332, and we
have still no failure. We expect to get finally a
figure of at least 10, It is not necessary to outline
the importance of this result on the economical aspect
of the fatigue safety of sircrat in service!l

23.4.64.
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It is most probable, that the problem of automatic
inspection is solved by electronics, We have not yet
realized such a solution since the expense is con-
siderable even when this has to be made only once.

Since the consideration of an unique expense has not

the same meaning in the U.S.A, as in Switzerldnd I would
propose such a solution, which should be feasible, to Uus

Bverybody will know the Sigma-Test apparatus of

Dr. Forster, Germany, for conductivity measurements of
metals. The probe coil of this instrument is energized

by alternating current and placed on the surface of

the part which is to be measured. Consequently the alter-
nating megnetic field of the coil induces eddy currents
in the specimen. The effect produced by these eddy
currents change the electrical properties of the probe
coil in function of the surface conductivity. This
instrument could be specially adapted to detect cracks.

If meny, say thousand of such special coils are

glued on the surface of all important areas of the air-
frame it would be possible to measure the electrical
conductivity any time during a full scale fatigue test,
The measured data of each coil has to be stored
separately in a computer. Bach new data is compared with
foregoings by the computer. If the difference signal
exceeds a fixed 1limit, the computer will give a signal.

An auvtomatic electronic inspector like this would be
more accurate, more relisble and much guicker than a
man. This method would save nearly all that standstill-
+ime which is actually needed for the humen inspection.
More important: Cracks at unaccessible areas would be
detected much earlier, and this will save even much more
time.

Factor of safety against fatigue failure

1. As already mentioned, the factor of safety against
fatigue failure is the ratio of the service life
time 7 resulting from the fatigue test to the admis-
sible life time Zgqp of an aircraft QF= Z )

Z adm

2. Thus, it depends on a fatigue test without which a
factor of safety cannot be calculated for the time
being. Therefore, it also depends on how the fatigue

e
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test is carried out. It may be said that the factor of
safety is the smaller as the accordance between test
and reality is more accurate (fI! imitation factor).

Mention be also made that it may be the smaller, the smaller

scatter in tests of this kind is. It is well known that
the scatter of a notched rod is substantially smaller as
the one of an even rod, and that it diminishes with a
higher number of equal notches on the same rod.
Subsequently, (as already demonstrated) the scatter
further diminishes with the complexity of the test
specimen, Fundamentally, it is expected that the
scatter in an entire aircraft (jb, complexity factor)
reaches a minimum which is obviously already over-
shadowed by

the evident production tolerances and margins. Thus

it can be said further, that the scatter is the smaller
with the steadiness of production and assembly

(j:P, production factor). A steady standard is thus
mich more important than a unique, extremely carefully
manufactured specimen. Faultless material tests and
piece control and a well organised batch production are
certainly worth-while.

Scatter in operation plays an analogous part. The
steadier all aircraft of the type concerned are flowrn
and maintained, the smaller becomes the scatter in
the fatigue history of the service aircrafs

(9 g, service factor). If a v - g - h - recorder or a
fatigue meter is fitted into each aircraft it is
possible to register the deviations of the mos?t
essential factors so that they can be considered
directly by the life time not over the scatter -
calculation. The installation of such devices and the
well balanced operation of all aircraft of the some
type are very well worth-while.

If the operational differences become 100 large, e.g.
between different companies which own the same type,
it is no longer a matter of a single population. It
is advisable to form a corresponding number of
populations and to convert the 1life time determined
in the fatigue tests.
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7. The influence of the loading sequence on scatter is

little investigated (naturally it is supposed that
there is always the same sequence). Certain considera-
tionsdead to the expectation that the lowest scatter
is found in the History loading. ( §., Loading Sequence
Pactor). However, this is still to be proven, and we
have made for the necessary arrangements.

¢

These are the most important influences. In order

to summarize all these influences, it must be tried +to
evaluate them individually as it is most certain that
guite some time will elapse before we have a sound
basis for their calculation. The evaluation of an
optimum example, as we believe it is the case with the
Swiss VENOM, results in the following table, which
must of course be considered as an example only:

Let's presume that the analysis results for:

imitation ? I = 1.1

complexity ? g = 1.1

production § p = 1,25

service fs = 1,2

loading sequence §L = 1.1
totalling

f=1.1 x1.1 x1.25 x 1.2 x 1.1 = 2.0

The favourable example chosen demonstrates that a
factor of 2 certainly represents a minimum and that
under more unfavourable conditions factors of 10 and
more are rapidly attained.

The method of evaluation outlined above represents
only a first primitive step towards the determination
of the safety factor. Improved calculating methods
seem quite possible. These require however still more
time for their proof.

2304-64.
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. Airworthiness Reguirements

It is well known that the air transport companies would

welcome the afore mentioned procedure as g general rule, as

it often happens that the aircraft must be re-inforced on the
manufacturers' request, at a time when they are in full
operation, Parts must be replaced and frequently measures

are requested which, in knowledge of the real facts, would

not be necessary. And all this because the existing proce- \
dures for the guarantee of safety against fatigue are in-
adequate.

On the other hand, it ig certain that the air transport
companies are not in a position to carry out a test of this
dimension on their own. First of all they do not have the
technical data, secondly it would not pay for the few specimen
which each company owns.

e ————————

B

The manufacturers themselves, however, carry out such tests 1\ |

only at a time when they are compelled by corresponding

regulations or if they fear to lose touch with other manu- _
facturers without these tests. Thus, all manufacturers try Y
to avoid such tests as long as possible. )

It is therefore certainly a task of the aviation authorities

[\

l'.'

to inferfere both in the civil and military field, as the {

next step must be taken in the field of alrworthlness require- i
nent.

It is, of course, obvious that the manufacturers are reluctant
towards new requirements. By some means or other they have to
be gained for.

Experience has shown how appeasing a test such as the

full scale test DH-11l2 is for all those who are responsible
for the determination of the admissible safe life time.

The test specimen itself is the supervisor supplying all clues!
In addition, if any modification must be introduced due to
operational reasons, involving a very important item in
statics, it costs an effort to alter this item if it has
proved its qualities regarding stress and life time, as

well as in operation. If you are, however, carrying out such
a test, the modification can first of all be examined for

its qualities.

For the manufacturers and the Air Transport Companies it is
certainly also most important from the financial point of

view if the admissible life time becomes longer, and this is
aimed of, with the dalculzticn of the safety factor.

As the test is not carried to an end when the first aircrafit
of a production should receive their airworthiness certificate
there must be found some limitating or gliding formuld re-
garding fatigue life, giving at first a C. of A. for a
restricted number of hours. This number will then be increased

sfep Ey Step by the aeronautical authority, corresponding to

the proseeding fatigue test run, up to it's end.
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This procedure should be linked with the purchasing price
for the finally released life time:

Malus for shorter life time as promised
Bonus for longer life time as promised.

P

There is no doubt that with these means money, the most im-
portant promoter, could eacily be raised for this purpose.

And there is no doubt, that such test pays itself. For "
instance the following aceount is valid for a modern fighter |
aircraft, the fly away price of which may be 100%: 2

Test specimen (frame) 40%
Test facility (jacks, hydraulics,
electronics) 15%
Test rig, piping, wiring 15%
Test run 20%

Thus, for less than the fly away price of one aircraft the
safe 1ife time of all service aircraft may be doubled or
tripled, as the factor of safety can be reduced 2 to 3 times
by such a test. In addition, a direct reverme originates from
saving a lot of maintenance - man - hours and grounding time,
because you know exactly where to look for inspection instead
of being obliged to inspect the whole airframe.

Finally, the most important fact has to be mentioned:

The actual safety is substantially increased by real knowledge
through such a test which replaces uncertainty about the true
fatigue-behaviour of an aircraft.

Prerem—"

Pigures
Scheme of different program loadings

Non admissible equations

Scheme of history loading

Manual controlled viewer for records
- Test rod
&) nydraulic rig for 36 test rods

g o~ W

7- Complete load spectrum of the test rod
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Manusl controlled viewer for continuous records.
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Hydraulic tesgt rig for simultanecus fatigue testing
identical test rods in 2 chains of 18 rods each




Eidg. Flugzeugwerk Emmen

S-164
Fig. 7

The Fatigue Safety of Aircraft in Service and its Supervision

0L N — g0l L0l e : 04 _o__

R B = S BB s = = B =5 0L+

07+ ! : HAE - _“.. -....u " P ﬂu Py eml b e VT T u. ~rads - o . 02+

og +

“UOL ﬁmwu = ..m<u_ " wCH. %o
wnJ}padg peo 9j9jdwo)

L ov+




