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The Wing Loading Spectrum of a Glider in
Aerobatic Maneuvers Measured on a Training

Two-Seater SZD-9bis "Bocian"

Dr. Ing, i es law Stafiej
Experinental Gl ider Establishrnent (SZD)

Biel sko-Bi al a, Poland

I NTRODUCTION

To define the fatigue-safe life of a
glider, the analysis of various flight
conditions is necessary. Ihe wing
appears to be the critical design
element for appreciation of the
safe-life of the whole aircraft
structure, since the stress level and
loading variation nake this component a
representdti ve one. The maneuvering
lodds ir derobatics are of concern in
the case of a two-seater designed for
primary and advanced training in both
solo flight and with an instructor.

To design the fatigue test program for
a wing, the fiight test data on the load
level and frequency are required. Such
data have been gathered during flight
test of a "Bocian" two-seater conpleted
in l98l at Bielsko-Biala, Poland.

GLIDER UNDER TEST

Ihe tests have been carr ed
two-seat SZD-9bi s "Bocian, "

I'Ii ng geomeLry:

Span
Area

'linear transi ti on NACA
into NACA 43012 A at tip.
charac teri s ti cs dCL/di:

5- 150 /rad

Masses:

Empty gli der
l,Ji nq structure
$laximum al I -up
[ing I oad'ing
C.g. location {% of I'IAC )

Basi c ai rspeeds:

Sta l I i ng
l,4aneuvering
Never exceed
Load factors: +6 and -3 (this glider

was designed in l95l when the
conservati ve Polish Requirements were
obl i gatory).

"Bocian" is of wood construction with
cantilever wings and normal tailplane
arrangenent, The extended air brakes on
the wing operate up to 180 km/h
a'irspeed. The fuselage with fJxed wheel
contains a confortable crew cockpit for
pilots and instructors of various body
mass and dimensions.

TEST I4EASUREI'IE TS

To measure the load factors, the glider
was equipped dith sFIM apparatus which
continuously registered the changes of
acceieration on an osciloscopic tap€ at
the ql'ider c.g. 0n the sane tape, the
tine base was marked.

The glider was flosn by a group of
pilots having both high and lov
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experience in aerobatics. The neasured
aerobatics consi sted of several
naneuvers inc'luding: spi nni ng, looping,
stall-turn, spiral , quick half-roll-
hal f-loop,

The wing loading varied, within the
allowed limits as listed in the Flight
manual, due to the combination of the
body nasses of pilot and instructor.

RESTILTS

The values of rmximum and average
positive load factors are listed in
Table I.

lrt n)m
t.6

t.4

t,2

1,0

u

Fi9. I

4 (,^,1

Ratio of positive to neqative
load fa. ror

The neasured load factors show the
donination of positive values, which is
comronly shown for pilots performing the
basi c aerobatics-

The total tine used for the test
fliqhts consisted of a Dortion for Dure
aerobatic naneuvers {active t.i,ne "ta,')
and a portion for aerotowing, leve'l-
flight betvJeen sets of naneuvers,
eventual climb in thermals, straight
glide from the altitude (beinq the lower
levet allowed for aerobatics); and
approach and landinq (passive tlme
"tD"). The average ratio of active to
toel time ejas found to be:

e=t6l{tn+tp}=0.1'l
The con ti nuous load spectrum

registered on the tdpe has been
transfonned into a graduated one at
intervals of 0.5 g. In this way the
"load levels" were obtained. All the
loading peaks adjacent to a particular
level of + 0.25 g have been counted as
attributeT to this particular level.

The load peaks have been surnarized
for positive and negative values
sepdrately. It has been found that the
positive load factor changes were nore
frequent than the negat'ive ones. All
the peaks were lower than the values
defined by the n-V diagram, as confirmed
by other tests (Reference 5).

The positive load factor changes are
more frequent than the negative. Their

Table 1 Load factors in particular
aero batic naneuvers

The loading spectra measured for 'low

and high experience pilots are
different; this has been taken into
account in analysing the results.

The ratio of maxinun positive to
negative load factor is: 5.3/2.65 = 2,
as defined by the requirements
applicable to "u" - category
(Reference 2). This rat'io in test
appeared as 4 for low experience and 3.5
for hi gh experience pilots.

The loadings oscillate with respect to
the basic level of n = l. using the
designation "ni" for an arbitrary
I oading level , the increnental load
factor is:

.d n = ni - I

The ratio of positive to neqative
incremental load factor was found to be
a function of positive factor value
(Fiqure l).

Tu.n rlth ollbblng
qrlok halt-!orl-h3lt-loop



Kle
and
Khe

1,94 for 'l ow experience pilots,

2.32 for high experience pilots.

The above figures confirn the fact that
basic aerobatics performed in a skilled
nanner nainly produce positive
accelerdtions. The unski lled pilots
nake the control mistakes which result
in higher anounts of negative load
change.

To put the data in a form conv€nient
for designing the lodd spectrum, the
total nunber of lodd peaks were counted
wi th respect to tillle:

- iow experience pilots ble = 52
changes per hour

- high expereince pilots bhe = 43
changes per hour.

The greater amount of loading peaks
per hour for low experience pilots
depends on control mistakes or faults
such as sudden and ragged stick or pedal
action-

Both ble dnd bhe values depend on
the tota'l tine of flight. Taking as a
base the tine for pur; aerobatic; ',ta"
these values should be divided by
e = 0,11.

LOAD FACTORS

The maxinum regi stered pos'itive
increnental load factor was 3.0 and 2.5
for'low and high experience pilots
respectively. All the other load
factors chanqed within the timits:
lnmax ' An > o and peaked about the
baslc level n = 1.0 taking the posi tive
and afJpropniate [eqative val ues
{Figure 1).

For the purpose of designinq the load
spectrum it is convenient to use the
rel ative 'incremental load factor:

mi = Ani/ Anmax

where:

Ani - increnental load factor for a
particular'load level

A nflax - naxirnun positive
'i ncrenental load factor.
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FREQUENC IES

The amount of load change passing the
particular load level has been counted.
The sum of these changes produced the
cumnulative val ue. The cumnulative
value of changes for a particular 'load

level "F;" divided by the total anount
of load changes "F1ng" gives the
relative frequency ohirr dttributed to
the I oad 'level "mi":

hi=FilF1e1
The relation hi = f (mj) describes
the relative frequency versus the
relative incremental load factor. This
relation for low and high experience
pilots is shown on Figure 2 and Figure 3
respecti vely.

The tine used for training in
aerobatics as a fraction of total glider
life was defined on the base of the
training program (Reference 6) and
gl ider log-books (Reference 7):

T"""o6. = 0.2 Tg1

where:

Taerob- - time used for training in
aerobatics

Tot - total g'lider life for which
the fatigue-safe operation is to be
proved.

The amount of total load changes is:

(F1e1)69165 = jt . jZ . b . Taerob

where:

it = 0,5 is the facto. taking inLo
account the ordered loading sequence

when compared with the stochastic one
in operation (Reference 3)

jz = 2 ratio wing load frequency to
load frequency at glider c.9.

b = b1s or bhe changes aflount per
hour for low and high experience
9i1ots respective'ly.

The cummulative amount of load changes
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for the particular increnental load
factor'level "iri " is:

Fi = hi (F161)qsre6

CONCLUSIONS

The measurenents of loading spectrum in
aerobatics for a two-seater "Bocian"
produced sone general data for designinq
the fatigue test program, The test was
completed for the glider flown by lorJ
and high experience pilots. The purpose
was to obtain data useful for training
sai I pl anc spectrum (lovi experience
pilots) as well as for hiqh perforrnance
sail plane (high experience pilots).
Al though the aerodynanic characteristics
of the "Bocian" and modern high
performance qliders are different, the
data neasured can be extended on both
cl asses of gl iders.

The corresponding data on load spectra
measured on a single-seater would be
very valuable in designing the fatigue
test program, but so far no such
0reasurements have been reported.

6 Ir,

rrq. J

Va ri ati on of mi
Mth hi for high
experi e nce p il ots
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