CALIBRATING SAILPLANE
PERFORMANCE USING
GROUND-BASED DATUM
FEATURES, A PROPOSAL

By Victor Mead Saudek

Presented at the XXI1 OSTIV Congress, Uvalde, Texas, USA, (1991)

SUMMARY

The Fairchild Flight Analyzer is a stationary, ground-
based camerawhich records 58 spaced images of a tracked
aircrafton a glass slide of 22.8 em width (9 inches). Ithasa
15.24 cm (6 inch) Metrogon Reconnaissance lens with a
field of view of 93°. One fixed background is recorded. The
time of every spaced exposure is shown on each image
with an accuracy of one millisecond.

Forsailplane calibration thebackground should include
features that define the length of the surveyed course
above which the glider flies and to provide a true horizon-
tal reference.

By using a Mann Comparator to measure the altitude
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lost as shown on the glass slide and comparing this to the
indicated length of the course, the L./ID ratio for cach
constant speed run can be found. The glider’s ground
speed is found by course length divided by elapsed time.

In the glider, a sepalate camela records the airspeed to
establish how steadily it indicates during each test run. By
conducting the tests in fair weather, near dawn, and using
devices to record ambient air movement it should be
possible to obtain results which are accurate and which
become permanent records.

INTRODUCTION

Astheperformanceofsailplanes hasapproached aglide
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slope of less than one degree below the horizontal, the
influence of very minor convection in the atmosphere,
errors of airspeed calibration, timing of altitude loss and
accuracy of altimeters becomesa larger part of the effort to

came later. Instead, about a year ago. .

I dreamt that a sailplane, in which there was a bright
light, flew across the field of view of a fixed, open-shutter,
ground-based camera. Also in view of the camera was a
horizontal laser beam. Even in my sleep | was
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FIGURE 1. (Abstract) path of glider on film.

I S|GOOMPFTERS —
| !
T2 ATTUAL SIZ0 OF L IGHT, PROJECTED 15 M.Gh - SEC
14 , BT
TEo-dgy = I3 LDy 4SSEACES ATIIISEC = I55cc.

aware that the angle of the light streak image that
the sailplane would leave on the film, when com-
pared to the horizontal laser datum would give the
measure of its glide ratio in still air conditions for
that one air speed run.

Some months later | examined the idea and
evaluated parameters to be considered to make
that mid-summer’s night dream a valid method to
permit the accurate construction of the sailplane’s
polar performance curve. This resulted in a brief
paper, Calibrating Sailplane Performance Using
sought the advice of persons whom I respect as to
what to do with the effort, including Joseph Gera,
a specialist in flight control at Dryden Flight Test
Center, Bruce Carmichael and T. E. (Ted) Sharp
among others, all of whom were helpful and en-

discriminate between sailplanes.

Consider a situation where sailplane A hasan L /D =60
and Ban 1./1D = 100. The difference in points of 1./ D is 40.
The reduction in angle below the horizontal is just 22.8
minutes ofarc. To discriminatebetween L/ Ds of 60 and 61
becomes a daunting challenge, especially if some of the
cumulative aspects of the present techniques of measure-
ment are considered: accuracy of time measurc by

couraging,.

Mr. Cera urged me to submit the idea to OSTIV and
questioned if the optics would be accurate enough to
discriminate between glide ratios of 60 and 61, which I had
assumed was possible. | could not answer that optics
question, but I did submit that abstract to Dipl. Engr.
Winfried Feifel and to OSTIV.

Bruce Carmichael sentme a paper dated 1954 by Gilbert

stopwatch, accuracy and constancy of airspeed,
which is the L factor of L/D. Accuracy of sink rate
(stopwatch and altimeter, plus observation errors)
which are the D factor of T./TD.

The desired alternative would be to conduct the
performance trials under conditions where these
kinds of cumulative errors are compensated for or
minimized, the costs of operation are not signifi-
cantly increased and each of the factors can be
recorded in detail as a permanent record. While the
methods to accomplish these tasks, which will be
described in this paper, have not been reduced to
practice they donotofferany unusual problemsnor
call for miracles to perform.

The least controllable anomaly in any flight
method is atmospheric convection. This can be
mitigated by conducting the trialsnear dawniin fair
weather w11h very %t‘lsLtl\'e quanhtatwe indicators
to [)E‘I‘l‘l‘llt(.ﬂll‘(:'LthI‘L‘-a tobeapplied lothedata. There
must also be thermometers to sample local air tempera-
tures, ensuring a stable lapse rate. If the data obtained are
made near the surface, but avoid ground effect, the atmo-
spherecanbeclosely monitored. Ineffect, the performance

should no longer be measured primarily by airborne
instruments but by a ground-based spec ialized camera.

DEVELOPING THEMETHOD
The developmentof this paper wasinitiated by anatural

event, not by the technical analyses which are inferred in
the previous introductory paragraphs. Those thoughts
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FIGURE 2. Course for a 50°

F.O.V. camera (abstract).

Hoffman of M]%HI%HIPPJ State Qolle;jv in which I loffman
described a model glider carrying a light and bomg pho-
lographed u‘nternuttenti\ on one film as it flew in a dark-
ened auditorium in front of a camera. This used much the
samesystem thatl had described in my abstract/ proposal.
[thensenta copy of that (I loffman) paper to Mr. I'eifel and
lo the OSTIV Secretariat.

[t was Ted Sharp who put me in touch with an expertin
Electro-Optics, Mr. Robert Woltz, who soon had a copy of
my abstract and whose assistance to me forms the main
focus of this paper, for which Tam deeply in his debt.

Figures which illustrated my preliminary paper follow:
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Figure 1 represents a print made from the film in the To avoid ground effect, the sailplane, ot assumed span

ground-based camera, essentially as [ saw it in my “in- of 28 meters (90 feet) will be at least that far but not
spired dream.” significantly higher, above terrain at the low point of its
Figure 2 is a sketch of an imaginary test fll&hl of the sort several constant air speed runs.
that would produce an 1may: as shown in Figure 1. The These speeds may range from 50 km /hr (31 mph) to 100
time of day is dawn to minimize convection and winds. km/hr, approxima tc]\* atL/Dmax. and to 200 km /T, at
The camera faces west, so that it looks “down-sun.” the upper part of the test range of airspeed.
Figure 3isaschematicsketch ofa proposed intervaloni- Thel. /1D range, prcaenﬂv would be close to 60:1, maxi-

mum and 15:1 at high speed.

AtL/D maximum of 60 the altitude loss in 1 km
i 16.67 meters (54.67 feet); at 15:1 it is 66.67 meters
(218.67 feet).

Ifthe vertical and horizontal path of the sailplane
is parallel to the plate in the Fairchild camera, no
error of parallax is introduced when the camera is
at ground level, as opposed to the sketch of Figure
2.

The times to traverse the course by the sailplane
are: for 50 km/hr, 72 seconds; at 100 km /hr, 36
seconds; at 200 km /hr, 18 seconds.

Sofar, thenumbersare quite reasonable. The first
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' - y 1i“r|. — fly the course at constant speed. Mr. Gera writes

" 'Iy o i thathefindsit possibletohold airspeed to + Tknot,
ALY » CHER a little less than + 2 km/hr, which may not be

L Ee e REVSLUTON COUNTES sufficient to achieve the desired constant speed
performance accuracy. Of the various factors that

FIGURE 3. (Abstract) intervalometer (schematic). can affecta + 1 knot range, one is lag in the static
- and tnta]pre%mcductmpIoihmrwstru;nent where

the lag on the static side is likely to be a multiple of

eter whichillustrates a crudemechanism toensure that the lagin the total pressure duct. Isuspect that this unbalanced
successive exposures donot Llnduly OVerexpose 2 and thus lagisacandidate factorinthe + 1 knotvariationinairspeed
obscure the earlier light-carrying sailplane images of noted by Gera, asitwould be difficult to “chase the needle”

Figure 1.

To enlarge the detailed features to be measured
from thecamera’s glass slidenegative thatholds the — 4 \iM,45 PROJECTED 15 METENS,S THE DIFFERENCE BETWEFN
images of Figure 1, I proposed that the slide be
projected onto a screen at about the distance of 15
meters (50 feet) and, in Figure 4 as indicated by the
somewhatoverlapping images, the sailplane in the
rearlocation, withl./[D =61, 1s~1mnmb0w. thatwith
L/D =60 at the end of the course.

The accuracy of lenses in cameras and in projec-
tors was a question in my mind as well as in Mr.
Gera’smind. Ttwas then that Mr. Woltz came to my
rescuc. He wrote me that he knew of the Flight B I e B
Analyzer madeby Fairchild and evenlearned where :
to find one! In that same letter to me he also de-
scribed the Mann Comparator which can resolve
detail to about one micron. Later, | received infor-
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FIGURE 4. (Abstract) difference between 60 & 61 L/ D projected

mation on the Flight Analyzer.” 13 M Gl - ) o
Before de%ribing the Fairchild photographic in-
strument, itisappropriate toreview the size of the stage on of the airspeed indicator when the lag of the static source
which the action is presumed to take placeand to consider does not match that of the total pressure. If the lags are
the velocities and, therefore, the time required for cach equally matched, the ability of settling onto the desired test
trial, as well as other- pdr’il"nctt,rs, to ensure that the ‘;pt_f_d is quicker and simpler.
calibration will reflect reality. In the event that there is a problem with holding the
As shown in Figures 1 and 2, the surveyed course was controlsticksteady, it mightbe possiblc to usea gyroscopic
chosentobe 1 kilometer (3280 feetor(.621 miles) inlength, device on the control.
with fixed lights on posts marking the startand the end of In the event that there is a problem with holding the
the course line. These two end of course lights are also control stick steady, itmightbe possible to use a gyroscopic
known to establish the horizontal datum. device on the control column of the type used to steady
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binocularsand hand-held cameras. Note that the airspeed
indicator needs primarily to show that the airspeed has
been constant, notnecessarily accurate, for the duration of
each run. I'richion and “stiction” is necessarily eliminated
by continuoususeofavibratoron the panel. But, whatever

the method used toi improvea |rspe-_d constancy,ananaly-
sis of the Fairchild camera images with respect to the time
indications will prove the ground-speed, point-to-point.

The technique for agl‘uuvmgﬁ the speed for the test run

will probably require the glider being held below the
target speed (for the test run) while at a considerable
distance before one enters the course. He, or she, will
gently increase airspeed until the approximate desired
value is accurately and steadily held on the instrument.

Depending on the terrain in the vicinity of the airport
near where the L/D to airspeed trials will take place, the
location of the Fairchild Flight Analyzer is determined by
the terrainat which this camera system canbe located. The
cenler line of the camera field of view should be horizontal
andnormal to the surveyed course and atitsm idpoint. The
1 km course length is assumed to be nominal. Objective
lens of the camera should be about 500 meters (1640 feet)
distance from the surveyed 1 km courseline. The formulae
for the location of the camera from the course is shown in
Figure 5, which assumes 90° field of view.

To ensure that the operations are properly recorded, a
select crew on the ground near the test course is required.
One of those persons, located somewhat beyond, but in
line with the start of or end of the course, should be
equipped with a suitable video camera so that he can
record and so verify that the sailplane flew directly above
the 1 km line (within tolerances). He would simulta-
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neously record the actions of tethered balloons or what-
ever features along the course were indicating air move-
ment durln;., the run.

In view of the fact that all but the highest speed opera-
tions would take place without the need to start each test
runon the course ataltitudes above 300 meters (1000 feet),
it is important that the last element of the test course be
close to, at, or on the designated (and, if required, illumi-
nated) runway. IFurther, it may be useful and economical
to accomplish the multiple launches of the sailplane by
winch. This low altitude range for tests also has the minor
advantage of reducing corrections to data.

DESCRIPTIVE DETAILS® OF THE FAIRCHILD
FLIGHT ANALYZER, MODEL FDFA-044

The Fairchild Flight Analyzer is a camera with a fixed
glass plate (slide) w vhich has a horizontal dimension of 22
cm (9inches)at the focal (film) plane. The lensisa Metrogon
Reconnaissance type with a focal length of 152.4 mm (6
inches). The lens and the glass slide are fixed. Field of view
15937

Immediately in front of the glass slide is an opaque
curtain in which there is a vertical slot. The curtain moves
across the glass plate, driven by a tracking eyepicce that
rotates on a vertical axis mounted above the camera. The
eyepicce is binocular. To ensure its smooth operation
while tracking aircraft, the handles are considerably ex-
tended and are fitted with heavy lead weights at their
extremities. Holding the aircraft in the crosshairs is not
difficult.

Located immediately in front of the slot in the opaque
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curtainareshutters which expose thesensitized glassslide shutter exactly synchronived, electrically driven.

atintervals equal to the width of the slot. Determining the scale of the record uses the geometric

The resulting record is a Irue, undistorted graph of the relation between the distance of the flight analyzer from
observed flightpathata constantscale showing the tracked the surveyed course and the focal length of the lens. If the
aircraft position against a fixed background and the rela- distance is 500 meters (1640 feet) and the focal length is

152.4 mun, the scale is 152.4/
500,000 = 1/3281. A sailplane
with a fusclage length of 8
meters would appear as 2.44
mm on the 3.93 mm slide ele-
ment.

Each analyzer is supplied
with twocertificates certifying
itslens performance. Theexact
focal length is stamped onto
the nameplate; accordingly,
| lensesarenotinterchangeable.
‘ Thisattention todetail permits
calibrations accurate to 0.005
mm (0.0002 inch). Figure 6 1l-
o W _ lustrates a typical section ofan
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second and the blip (above) is
FIGURE 6. Section of Fairchild Flight Analyzer Slide. thousandths. The light mark-

i = ing the end of the course and
establishing thehorizontalref-

tive time as shown by Figure 6. erence is shown.

Because the equipment was designed to be used in Figure 7 shows offset distances, inhundreds of feet, with
locations distant from conventional electrical power F.O.V. = 70° for various horizontal and vertical locations
sources, itis provided with a power pack of sixbatteries of for model IV, FDFA-044 or FDFB-041. The full-size scene
tvoltseach. Itrequiresnoelabo-
rate timing cable hook-up and HORIZONTAL COVERAGE OF ENTIRE FIELD == 458 X OFFSET DISTANCE

scasily _ . HORIZONTAL COVERAGE OF SINGLE STRIP = .25 X OFFSET DISTANCE
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and 1/2500 second for the FIGURE 7. Vertical and horizontal distances recorded at varying offset distances,

tracked aircraft. This is accom- | ny6dels FDFA-044 or FDFB-041, 70° field of view.
plished by using a dual speed
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width photographed by a single optical frame at 500
meters (right edge) is in feet.

Itis possible to correlate, point-by-point, the instrument
readings of the sailplane’s instrument panelbya radiolink
between the aircraft and the output pulse of the flight
analyzer. In this way total lag can be determined in the
airborne instruments. More importantly, this camera can,
by sighting on a horizon or equivalent reference point or
datum, establish any change of pitch, roll or yaw, during
therundown thecourse. Sucha cameraisin the possession
of Robert Woltz Associates. Figure 8 compares the Fairchild

after each run.
AMBIENT CONDITIONS

The foregoing has described some truly accurate equip-
ment. It is now appropriate to examine the ambient envi-
ronment to try to find compatible accurate means to
measure variations from still air conditions. In the present
techniques, usin 5_, sailplane-borne instruments only, a
measured, stable lapse rate in the early hours of the day is
considered adequate. When carefully done, Bikle *” was
able to have almost all of the points he
meastired fall directly onto a smooth curve
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Cinetheodolite images.

Flight ‘%nalv;'er with a cinetheodolite.

'\/lr Woltz informs me thata f] ight analyzer (surplus) in
an “as is condition” would cost on the order of $5,000.00.
Tt could be made available for checkout and needed refur-
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FIGURE 8. Comparison ef Fairchild Flight Analyzer

for the Polar Plots of sailplanes with ap-
proximate 35 to 1 L/D max. Dick Johnson's
tests? are models of care, yet the “smooth
curve” is a line through close clusters of
points, especially now thatL./Dmaxisinthe
60 to 1 range. It is possible that the clusters
are primarily due to errant motions of the
atmosphere and that, for the flightanalyzer,
one must address this problem area with
mnovative thiﬂ_king.

It is well-known that the atmosphere is
neverstill, orstill for |OI‘L°‘1%hpel iodsoftime,
but the hours near dawn® in fair weather are
known to be the most quiescent. It is not
possible to predict what the local conditions
i will be even a fow minutes in the future, so
the timing of any one flight down the course
cannot be chosen for optimum conditions.
Accordingly, chance plays a part in this
concentrated Hme-and- phw test scene.

Only practical experience and theaid of specialistsin the
field of measuring adolescent zephyrs will define the
proper methods for instrumenting the course, so that
corrections due to observed air motions can be applied to
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and

bishing in about two weeks. Since there are
more than one units at this source and since
neither Fairchild norits successors carry flight
analyzers in their inventory, spare parts
would be obtained by Lanmba]mng’ the
spares. | have been able to locate a photo-

raph of the unit. Figure 9 gives its dimen-
sion, Figure 10 is the photograph of a Model
IV unit.

This paper assumes the use of the Model
IV instrument, with 93° field of view. How-
ever, the Model VI, with 42° field of view will
perform as well. The only difference would
be the distance of the camera lens from the
course line which is determined by:

PIVOT- — BINOCULARS |
INERTIALMASSES \
/7 OR SMOOH TRACKING / \ { -
A
! I
ISMESFT)

1/2 course length = tan F.O.V. used / 2.

Mr. Woltzand personsofhisacquaintance
have used the Fairchild Flight Analyzerand

FIGURE 9. A rough depiction of a Fairchild Flight Analyzer.

Mann Comparator so information of the op-
eration of these instruments is immediately available.
Emulsionsand processing noted (dated about 1962) are:
Lastman Kodak Tri X-B plates (non-matte) using D19
developer. Using only a closet with running water in the
field, results were available in 30 minutes, approximately,
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the photographic data with some degree of confidence.
Onemuststart somewhere, however, and it ispropoqed
that the sailplane be equipped with a sensitive outside air
temperature thermopile located where it does not add to
the aerodynamic drag of the glider and which is corrected
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FIGURE 10. rairchild

Flight Analyzer, Model 1V

Binvculars not shesen

reduction of aerodynamic
dragsee theadvantage of “im-
proving the breed” but the
questionremainsnotonlyhow
to do itbut how to prove it. Tt
is probable thattheday for the
flightanalyzerishere, thatthis
kind of intense accuracy will
be required to extend the im-
its of sailplane design.

Whetherthe Fairchild Flight
Analyzer will be called upon
to establish an era of closely
controlled performance test-
ing in the future is still to be
decided, but thanks to a
dream, the opportunity and
privilege to learn aboutitand
to present this paper to you
was given to me.

REFERENCES

I.Calibrating Sailplane

Performance Using Ground-
Based Datum Features, A Pro-

for temperature rise due to airspeed as may be desired.
This will establish a reasonable lapse rate as sensed by the
aircraft. This should be photographed.

Along the courseline there could be three or fourspaced,
helium-filled toy balloons tethered withstringslongenough
(or the balloons are weighted) so that they are barely able
to supportthe tethers. Thesenow are essentially identified
parcels of the atmosphere. By observing and getting
ground-based videorecords of themas the glider fliesover
them one can visualize with some confidence the move-
ment, (horizontally and down primarily) of the air on the
course at the instant it is being flown. One can calibrate
such tethered balloons for horizontal air movement by
measuring the angle made by the tether to vertical into
meters per second.

No doubt there are other methods, such as observing
rising smoke, butitisnot the intent of this paper to go more
deeply into this detail subject. It is clear that performance
measurementisapproaching anesimate where itbecomes
arguable as to its validity. At L/D = 60 ( = 0.955°), the
advantageof L/D=61(=0.939°)is still 1.67%. At this time,
such numbers (60, 61,) are of interest to sailplane racing
pilots who puttheirdollarsand their reputations into their
competitions. Those of us who savor advances in the

122

posal. Victor M. Saudek. (Not
Published), Submitted to Dipl. Engr. W. M. Feifel on 28,
Nov. 1990 asanabstract foran OSTIV paperand toseveral
others for comments.
bers Below 100,000 Obtained By A Free Flight Glide Tech-
nique, Gilbert Hoffman. Mississippi State College. Pre-
print of a paper to be presented at the 5th Annual South-
eastern Meeting of the Student Branches of the Institute of
the Aeronautical Sciences, April 16,1954

3.Fairchild Photographic Flight Analvzers Model
FDEA-044. Model IV Karl Fairbanks, not dated, Fairchild
Photographic Flight Analyzer, Model VI (Long Range
Type as for Missiles) made available by Robert Woltz
Associates,519 Superior Ave., P. O. Box 1001, Newport
Beach, CA.

4.” Airspeed Calibration.” Paul Bikle. Soaring, Janu-
ary, 1971, P. 22.

5.”Flight Test Performance Summary.” Paul Bikle.
Soaring, Pebruary, 1971, p. 18.

6.”Sailplane Flight-Test Performance Measurement.”
Richard H. Johnson, Soaring, April, 1978, p. 10.

7.”Polars of Eight.” Paul Bikle. Soaring, Nov., 1969.

8."Gear Up, SunUp.” Paul Bikle. Soaring, July, 1970.

TECHNICAL SOARING




