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INTRODUCTMON

* BACKGROUND

1. Engineering flight test of helicopters aud VSTOL aircraft requims accurate
F airspeed information from hover to approximately 35 knots rearward and slJeward,

and 200 knots forward. In addition, vertical speeds from zero to 4000 reet per
mirute (ft/1irn) must be meapured to adequutely ases ire raft p,%formtnce and

• * maneuvering capability. In 1968 a rc-taes: for proposal (RFP) was Isued (ref 1,
app A) for d ign and development of a low airspi d system wltoble for us during
engineering flight tests. The United States Army Aviation Systems Conmnand
(AVSCOM) requested the United States Army Aviation Engineering Fl*ght Autivity
(USAAEFA) to conduct theoret!cal or flight evaluatienp of low abrwoO syst.ems
(ref 2). Five experinental or prototype low airspeed systems hive hee, previously
tested by USAAEFA. These systema include the sin3lexis Elliott tystem, tht
Aert4lcx true aLrpeed veitor system, the LOP.AS II sstem, t]he I-TEC syatenr,
and the Rostmount system (refs 3 through 7). The sngle-ds Elliott sstenp
meas,,red only the resuitant velocity and the wnlle between the vertical and
longitudinal axes of the aircaft. This program was to evaluate tho addition of
the lateral axis to the Elliott system and incorporation of equipment to increase
system capability and perfiormmnce.

TEST OBNJECTIVES

2. The overall test objective was to evaluate the Elliott low airspeed sensing and
indicating equipment system (LASSIE IH) as an accurate source for aispeed and
other air data intormation. Specific objectives were to determine the following:

a. Fffect of the dual-axis modification on airspeed system performance.

b. Accuracy of altitude and atk.-of-clinb Indications.

c. 'he effectivexe&s of the electronics in crompensating for the diavontinuity
which occurs when the probe transitions front rotor wake to free stream air.

DESCRIPTION

3. The Elliott low airspeed system is manufactured by Elliott -Mijht Automation
Ltd, Airp,)rt Works, Rochesttvr, Kent, England. In the United States the equipment
is the responsibility of E-A Industrial Corporation, Chamblee, Georgia, the associate
company.



4. The system inchiV:'s a swivling totax and static pressure sensing probe, a
compOIter, and airmp,,ed indicatxrs 'or three axes. System components are shbon 1
in photo A. '17he resultant Aownwa-ih aligns the probe with loA relative wind
(vector sum of aircraft velocity and rotor induced velocity; and provides aiequate
dynamic pressure. The angie of the probe and the different,.al pressure are used
to calcula'-• ircraft speed and relative wind direction. Static pressure is measured
and rate of change is calculated to provide rate-of-climb information. Pho, 3graphs .i
and a detailed description of the system and its operation are presenlzA in
appendix L. Tle airspeeds presented to the pilot are longitudinal, latcial, and
vertical components. A resultant is not presented, nor is angle of attatik C.;- autioe
of sideslip calculated. Free air temperature is not measured and the (., r~i;uttr iiv,,s
not calculate true airspeed. I

)1 I I,.TM| I~

Mhoto A. Elliott Low Airspeedi Sensing anid indicating Equipmenut.

5. Trhe test aircraft was a U .1IM helicopter, serial number 63-8684, ma~nufactured
by llelN Helicopter Company. A detailed description is contoine(: int the operator's
manual (ref 8, app A).

2

r*1



TEST SCOtPE

6. The Elliott low airspeed systenr, was testec• by USAAEFA between
6 December 1972 and 10 Stptember 1974. Flight condfio! - were within the
limitations contvined in Ohe safety-of-flight releaze and the opewtor's manual. Most
flights were conducted at a mid center of gralty (cg) and tin engine start gross
weight of approximately 7000 pounds. One flight was conducted it ar aft cg and
one flight utilized an engine start gross weight of 3500 pounds to evaluate the
effects of weight and cg.

7. Tests were conducted in longitudinal tnd latervl flight, in ground effect (IGE)
and out of ground offect (OGE), and during static and dynamic conditions. The
probe was mounted in six different locations on the aircraft Io detetmine the effects
of varying position. The locations are shown in figrtr A.

TEST METHODOLOGY

8. The Elliott low airspeed system was tested at low airspeeds (zero to 50 knots)
near the ground, using the pace car caliLration technique. A calibrated fifth wheel
attached to the pace car was used to measure ground speed along the flight path.
Ground speed was corrected for wind to obtain airspeed information. Tests were~A~so conducted with the aircraft in a tethered hover at various ambient wind speeds

and relative azimuths. The tethering equipment included a load call which provided
information concerning the thrust at each hover condition. During the hover te3ts,
,three wind towers were located around the helicopter 400 feet from the tether
Spoint (120-degree spacing). On each tower, local wind speeds and directions were
measured at 6 feet, 14 feet, and 65 feet above the ground.

9. High-speed data (20 to 110 knots indicated airspeed) (KIAS) wert rc.ferenced
to the calibrated test boom system. The angles of attack and sideslip were measured
with boom-mounted flow vanes, The rate of climb was derived from ,both the
test boom pressure data and radar altiatter data.

?
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Figure A. Senmor Locations on the UH-IM Helicopter.
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RESULTS AND DISCUSSION

GENEIRAL

10. Th'e baskc dual-axis probe provided longitudinal and lateral airspeed
information with similar charw-t.ristics and quality to that obtained in the
longitudinal direction with the single-axis probe. The application of an electronically
generated correction to 2he system output produced an essentially linear airspeed
indicatiomi with less than a 5-knot error at hover. The system provided altitude
and rate-of-climb information superior to that available from thv aircraft standasi
systems.

AIIR.SPEED SYSTEM

Basic Dual-Axirs PIbe

11. The characteristics of the basic dual-axis probe are sh wn in figures I
through 24, apmendix D. Data are presented for various locations to show the
effects of downwash velocity and direction as well as interferoince from fuselage
or tail v~tor. As expected, each location produced unique position error data. All
characteristics are similar and the results are equally good. In bnth cases. there
is a discontinuity as the probe tranpitions from the rotor downwash to free stream
air. Test results shown in figures 1 through 5 establish the repeatability of the
data from each probe lo".tlon. Figure. 6 shows a comparison of data obtained
with the aircraft ballasted to an aft cg compared to data at the normal mid cg.
Aircraft cg would be expectei to have an effect on the calibration since the angles
of the probe are measured relative to the aircraft longitudinal axis and pitch attitude
changes significantly with -g at low aitspeed (approximately I dero.:ee per inch
of cg change for the test aircraft). The data, however, do not show a significant
effect. Possibly the accompanying vertical position change relative to the rotor
(with attitude change) has a compensating effect.

12. System performance in sidewatr flight is illustrated by figures 7 through 10,
appendix D. Characteristics are similar to those in forward and rearward fl.'ht,
and are basically the same for both dual- and single-axis probes. The transition
point occurs at a lower speed when flight is in the direction of the probe location,
ie, right side:ward flight with the probe mounted on the right side. Figures 9 a,. 1 10
snow an essentially symmetrical curve when the vrobe was mounted near the
fuselage center line. However, the transition appears, to occur about 2 knots slo-ý,zr
in right sideward flight thin in left sideward flight, and the pressure change is
more abrupt.

13. Sideslip effects in forward flight are presented in figures 11 through 15,app•ndix D). The dual-axis probe was influenced less by sideslip than was the
single.-axis probe, since it was able to align with .nd measure. ,ideslip angle. In

"S.



S~ all probe locations, thle sideslip effect increased with forward speer. 'thle smallest

position error and the least T:hange with sideslp angle occurred at an airspeed of
•L ,2 knots calibrated airspeed (KCAS). Other airspeeds tested did not sho•
S• consistent trends or characteristics for the various probe locations.

• ...~~Dual-A~x..sProbe. .With AiryjccdI Lineariza•tion

14. The effect of the electronic correction .signal on the airspeed output is
l'prc. ented in figure 26, appendix D. A comparison of the basic prone rslswt
;.It : the corrected outpu~t is shown in figure B. At airspeeds ne~ar hover the error with
S ~linearization applied is less than 5 knots, anit the output is linear and repeatable.

The longitudinal data in figure 26 suggest that the probe transitions front downwash
to the free stream at an airspeed oF" 20 knots. The transitt.ni point is ckearly evident
in the lateral airspeed output. However, the pilot was not aware of longitudin&.
irx,.,cated airspeed change with transition, as was the cas•e prior to adding the
lin•earization network. In addition to improving the low-,speed and transition
characteristics, tb- error at 100 knots was reduted from 13 to 4 knots.

Fi a reII. fet fL ierato nSte

i ,I;
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15. General system performance in Lideward flight was not changed by the
lint.arization, as is seen by comparing figures 8 and 27, appendix D. Characteristic
errors caused by sideslip in forward flight ar siillar, although die position error
near zero sideslip is considcrably reduced by tho longitudinal correction signal.

16. O'rior to the lin, irization, the d,,ta above trh "ition h,-4 a slope greater than I
and crossed the line of zero error n&.r 50 knots. The linearized data had a slope
less then I at 50 knots in level flight, and the error at tl"• airspeed was increas, 4l

by the linearLiation, as d.own by the trim point in ': ,ire 29, appendix D. Errnrs
with any' of attack (rates of climb or descent) reflect the same clracteristic's
ibund pA,,r to linearization.

17. The linearization signal did n#,• change the systeri performance with respect
to ground effect, as shown by figures 22, 31, znd 33, appendix D. In all cases
the ground effect -.iused the airspeed system tc read low by 5 to 10 knots. There
were also aOded fluctuations in the, ou.put sigial

I ~18. Tl~t.m (gross weight) eifects on the Elliott low airspee,,! system are presentOa

in figares 31 through 33, appenoix ). The lli E tethered hovr 4ata shown in
figure 32 encompass a thrust range from 6600 ':) 10,300 pounds .rid show
essentially zero error for the total thrust variation. 'The data were ruxordcd for
vi woous heod wind velocities, and gusts contrhuted toJ the data scitter shown. The
W I(' tethered hiover reflects the Increased static pressure field, and shows a trend
of reduced indicate( airspeed with higher thrust.

ALTITUI)E SYSTEM719. The akitude snsing portion & the sytei was added when the linearization

Snetwork was installed. Altimeter resuits can be correlated with pressures obtainedwith the basic dtml-axisi probe. The altimeter error in low-spoed flight js premvnted
in figu~re 34, appendi-t D.ihe error shown is the difference in the indicated altitude

and a standard based on a haronictric pressure reading ',t gi'ound level, to whicl.
it added the height above ground level from a calibrated radar altimeter. A
comparisona of figures 2 and 34 shows a similar high static pressur, area from
20 to 40 knots which causes the altimeter to read low by os much as 30 f-et
whi', (XE. ''lie error is near zero at 56 Inots. As airspeed increases the altimnetr
producees increasingly higher indicated values. Low-speed pace flight data in
figure 35 show the same chara°teristics for 0013 hover, antl an increased stati
pressure field for IGE hover and low-speed conditions.

20. Increasing thrust while (X.E causes no change ilk t.Ce altimeter error, as show
by figure 36, appendix I). For AGE hover, increasing thrust from 7000 to 10 ,30k.,
pounds caused a reduction of 10 to 15 feet In the altimeter indication.

7 I



VERTICAL SPEED SYSTEM

21. The Elliott vertical speed indication is obtained by differentiating the itatic
pressure signal with respect to time. The rate-of-climb results are shown in
figures 37 through 39, appendix D. Indicated values from the test system are
compared to standards from the radar altimeter, radar vertical climb, and thecalibrated pitot-itatic system mounted on the airspeed boom. The common

characteristic in all the data was a slope less than 1. As a result, the LASSIE I!
system was accurate at low values of vertical velocity, but read low at high rates
of climb or descent. Thie difficulty of choosing a standard with which to compare
the test system is apparent from figures 37 through 39. On the basis of the
instrument capabilities, the most accurate standard is obtained by reading the sIC"
of the radar altitude versus time curve. The next best standard should be the avei
of the radar rate-of-climb data. The differentiation circuit within thr. radar altimet_
introduces data uncertainty and probably accounts for the scatter shown in
figure 39. ThIe least accurate standard is the slope of the boom altitude versus
time curve.

22. When first installed, the vertical speed indicator (VSI) had large, rapid, random
fluctuations which rendured it unusable. A fault %as found in the circuit design
an~d was corrected. This correction im~proved the output significantly, but moderate
erroneous fluctuations were Atill present. Increased damping of the signal improved
the indication s~ill further. 'Me final modification provided usable vertical speed
indications even in the low airspeed regime (less than 35 knots). Fur',er

optimization of the response and damping should improve system performai.•e.

23. For comparative purposes, an evaluation of the aircraft standard VS1 system
was conducted. In addition, the static pressure from the test boom system was
input to the standard indicator and the resulting performance was examined. Both
test configurations showed vertical speed errors as large as 700 to 800 ft/min,
which is unusable in the low-speed regime.

iA biwm
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CONCLUS4ONS

GENERAL

24. The dual-axis probe placed in the rotor wake provides a good source for
airspeed and flow direction information, as well as static pressure and static pressure
changes. The Ilectronic shaping of the output can correct for poshion error and
produce repeatable, accurate airspeed information OGE.

SPECIFIC

25. The LASSIE II indicated airspeed characteristics and data discontinuity a'
transition from the rotor wake to free stream wern similar to the single-axis probe
(para 12).

26. The linearization electronics greatly improved the system output and rendered
the discontinuity imperceptible to the pilot (pant 14).

27. Ground effect caused the airspeed system to read low by 5 to 10 knots when
hovering at skid heights of 10 feet or less (para 17).

28. The vertical speed information from the Elliott low airspeed system is better
than that produced by the standard system or the test boom system (paras 22
and 23).

* !



RICOMMINDATICHNS

29. Consideration should be given to development of a ueglc cockpit instrument
which displays airspeed and direction information (pars 4).

30. A temperature probe and associated computer capability should be added uo
as to provide complete air data iifomration (par& 4).

31. The linearization electronics or the probe design should be further optimized
to provide a zero error at all airspeeds (para 16).

32. The altitude measuring systems s',ould be Improved to account for ground
proximity and airspTed effects (paw 19 and 20).

33. An improved rate-of-climb standard should be used in future tests to better
define the actual performance of the Elliott low airspeed system (para 21).

10
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APPINDIX So- SYSTEM DUSCRIPTION AND
THEONY OF OPERATIONS

1. The system consists of an airspeed probe, at rate transducer, a VSI, longitudina
and laterul airspeed indicators, and a computer. Photos 1 through 5 show the
airopeWc probe and typical test Installations.

2. The swiveling dual-axis pitot-static probe (type 05-006-01) is a standard
pitot-static sonsinS head with four peripheral static parts. The drcu~ar vane, with
space wedges at 120 degrees, is slightly unbalanced to permit pendulous action.
Two synchro resolvers are mounted within the asembly to measure the probe
angular position. The total and static, air pressures are piped to the airseed
computer along with the probe angile signals fromt the synchro resolvers

3.' The rate transducer (type 60-SK-3437) is an electromachtanical cipsign and bas
a gearbox to drive syncisros And potentiometer outputs. MAlo contained In the unit
is an mlectrical force balance trAnsducer which is v 'red to a pmkmsre altitude snensor.
This unit produces the. pressure altitude and rs to of climb which are displayed
on the cockpit indicators. These signals may also bia recorded by an instrumentation
system.

4. The VSI- (type 71-012-01) contains a Parvo amplifier, motor, and position
feedback potentiometer. Input signals suprild from the kitte tranwducei &re fed
into the instrument servo amplifer which, in turn, drives the motor. Position
feedback from the potentiometer within the instiument is We back to the rate
transducer VSI control amplifier.

5. The longitudhial airpeed Indicator (type 71-011-01) consists of a stepper
motor Pend a feedback potentiometer. This provides an indicAtor rMte signal and
po3sition signal which is fed back to the airspeed computer. The signals are Surummd

withe computer longitudinal airspeed and are checked by the servo monitor.
Detected failures are indicated ty a warrlng flag on the, indicator.

6. The lateral airspeed indicator (type 71-010-01) Is similar to the longitudinal
indicator and oporates in the same manner. Prossure altitumde is Indicated on an
AAU-l19 servo altimeter.

7. If the pitot-static probe is mounted below the, rotor, and is arrmiged to rotatek such that it is always pointing into the rosultant flow, then the sensed Impact
pressure wHll bc; proportional to the vectorial sum of the induced and transitional
-,omponents of' air velocity. The fundamental relationships involved are Illustrated
in figure 1.

12
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Photo 3. Front View, Forward Ri&h %~noor I ocatin.

L hFbo 4. -Aft Cdum.. &amw Location.
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Photo S. Farwwd ClAm Senso Locution
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TlAfltIu at Aiyl .o0

V Poiard

6' Speed

Fure 1. R o ,f Eow MJd the ' otr.

Where:

V = Rejultant airflow

V = 'Forward speed

v = induced flow

i Rotor incidence angle

e, M probe angle relative to fuolxp

8. Since at 'ow airbpeed I is swwlU cid at high airspeed v is imal, the equation
cxn be sAmplitlad and horizontal arpoed cw be •,btsined from:

v16
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Ibis urangemcait has ieveral lrindkMtwnml adv'antss:

a. The measr wiM never be wqtduked to massure hupact presure leas then
about 1.0 -m)Hilb2r (0.19 inch _of mercriy), sinob in evary knowni opertional
helicopter th resultant flow (V) exodMs 25 knots In a hover.

b. Reversal of MIght direction produces a mawesa of sign in the output,
thus indicating direction oV motion of drfaw~e re;Whe to heading.

tec. The static source wWx be sllpO, with the locdal irstream, thus inininiing
S.~th effects of flight attitude, motion, and aircraft conftgurtion (Is, doorsopn/shut,

externat weaponi loads, etc.).

9. The vactor geometry of the dual-xis system is lbstrated in flR" 2, from
whic~h It may be seen that:

Fore./aft airspeed (VF)V cos a. coo

Sideward airspeed NO') V sin P

Whene:

V-Resultant airflow

a. Probe angle relative to Ibselage

-Probe angle rAultive to aircraft datum In roll/yaw plane

17
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kilure 2. Twv•-AW ltemoluntn of Flew Under Roter.

It is alsho apparent from figure 2 that while the probe is within the dowowash
it is powsble to compute the vertical component of velocity relative to the ahfrmae

from the available data. In addition, an indication of the magnitude and direction

of the tbrist vector is available.
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APPENDIX C. TEST INSTRUMENTATION

1. The following parametm were recorded on board the aircraft on magmetic

tape and tranumitted via telunefty.

ParanielterNoudal cabrasm Raw~

(B)Y Time of day Days, hr, min, ee, millibec
(B) Correlation cowuiter Zero to 127 counts
(B) Event Off/zero, pilot/64, engr/128 czmts
Cargo hook load (low range) Zero to 2500 lb
Cargo hook load (biN) range) 2000 to 4500 Ib
(B) Fuel used (fine) Zero to 25.5 al
(B) Fuel used (coaree) 25.5 p1/count
Fuel teonpoerature -10 to +50"C
Outride air temperature (total) -10 to +500CAltitude #1 (boom) -500 to 5000 ft
Altitude #2 (boom) 4500 to 10,000 ft
Altitude #3 b1oom) 9000 to 18,000 ft

Airspeed (boom) 20 to 125 kt
Radat altitude (fine) Zero to 100 ft AGL
Radar altitude (coarse) Zero to 1000 ft AGL
Vertical velocity (fine) *3000 ft/min
Longitudinal cyclic position Zero (forwerd) to 100 percent
Lateral cyclic position Zero (left) to 100 percent
Pedal position Zero (left) to 100 percent
Collective position Zeon (down) to 100 percet
Twist grip position Off, flight idle, flight governing
Rotor speed select position Zero (full decrease) to 100 percent
Angle of attack (boom) -45 (vane nose up) to +45 deg
Angle of sidedlip (boom) -45 (vane nose loft) to 445 deg
Pitch attitude -30 (nose down) to +30 deg
Roll attitude -60 (bank left) to +60 deg
(M) Airvraft hadhig (manetic) Zero to 360 deg
FItch rate -30 (nose down) to +30 deg/sec
Roll rate -60 (bank left) to +60 deg/sec
Yaw rate -60 (now left) to +60 des/mec
CG longitudinal acceleration *0.Sg
CG lateral acceleration s0.5g
MG vertical acceleration- -2.5 (upward) to zero g

Fuel flow Tate Zero to 120 al/br
Compresor speed (N41) 65 to 105 percent

1h: Bilovel flAnfel (all others zero to 5wvOlt DC analog)
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Ouhtput shaft speed (N2) 5800 to 6800 rpm
Rotor speed 250 to 350 rpm
(8) Rotor azimuth (blip) Ze.,o to 255 counts
Englne torque presure Zeio to 61 plsn

... (E)ý2 -Lonitudtnal calibrated
airspeed (comse uncorrected) -40 to +130 kt

(H) Longitudinal calibrated
airspeed (fine uncorrected) -40 to +40 kt

(E) Lateial calibrated airspeed -40 to +40 kt
(2) Sin alpha (AHIS) Zero to +1
(E) Cosine alpha (AHIS) -1 to +1
(r) Sin beta (UllIS) -1 to +1
(M) Cosine beta (AHIS) -I to +1
(E) Total velocity Zero to 130 kt
(E) Downwash velocity Zero to 40 kt
Ship's static pressure Differential - boom reference
(E) Altitude (coarse) Sea level to 20,000 ft
(E) Altitude #1 (fine) 2432 ft/tern
(E) Altitude #2 (fine) 2432 ft/turn
(E) Altitude (F-coil) 2.4 volt/100 ft
(E) Vertical velocity ±600 or 3)00 ft/mln
(N)M Dew point temperature -20 to +51fC
(TB)* lift margin or effective

gross weight or maximum
standard torque

(TO) HLMS flag LM, EGW, or QM, OGE or IGE
(T) Air density ratio, calculated
(T) Effective gross weight
(T) Compressor inlet temperature,Inumerator

;ý(T) Compressor inlet temperature,
denominator

2. The following parameters were tape-recorded or hand-recordad on thd ground:

Parameter Nomin lib U. 5tti

Wind speed stations It
through 9 Zero to 35 kt

Wind direction stations
1 through 9 Zero to 360 deg

'P": Signal provided by F-A Industrial Corporation.

' N: Signal provided by National Bureau of Standards
4 T: Signal provided by Trans-Solica Inc. as output from HLMS,
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3. The following parameters were hand-recorded on the ground:

PFra"Wter Nomiud CuiAWaIlem Rimn•
Relative humictity 5 to 99 percent
Barometric pressure 13 to 31.5 in. of merctry

Wii~d speed stations 10
through 12 Zero to 35 kt

Wind direction stat~ons 10
through 12 Zero to 360 deg

4. The following parameters were displayed on the engineer panel:

Parameter (aomb {IlIHwatfirnA Rag,

Time of day Hours, min, sec
Record ,ounter Zero to 127 counts
Fuel flow Not calibrated
Fuel u imd 0. 1 gaI/count to 999.9 gal
Radar althtude Zero to 10OW feet AGTL
Tothcrcd thrst Zero to 5000 lb.

Outsidc air temperature (total) -10 to +600C
Dew point temperature -20 to +507C
Ship's airspeed .15 to 140 kt
Shlp'u altitude -S00 to 15,000 ft
AHIS altit.ode (AAIJ- 19) fr lvel to 20,000 ft

ftR Inaria/effectIve, gross weight

(EGW)/tnaxiwxm standard torque (Qýts)

5. The following pamauxeter3 were displayed on the pilot panel:

.Parmet__r Nomainal C.akratloR

Test boom alfItude -500 to. 15,W00 ft
Test boom aripeed 15 to 140 kt
Angle of rldclip -t45 deg
Rotor speed (semilive) 220 to 350 rpA
Rotor/output shaft speed (ship's) Not c•Jlbrated
Fmine torquu premure Zero to 50 psi
Comprctmcr spmd 60 to 110 percmnt
Exhiuut -,o tea. peratum Not calibrated
Aircraft heading (woagi-.. 4c) Zero to 360 deg
Aircraft attitude (pitch wnic roll) Not calibratkd
Longitudinal airmpeed (AHIS) 40 to !30 kt
Lateral airspeed (AHIS) *40 kt
Vertical peed (AHIS) t6U0I or 3000 ft/min
Vertical sp4e (ship's) Not calibi-Mod
Fuel quantity (Ohip's) Zero to 1100 lb (full)

~ L~..'-.-'~-' a -21



i * Collective position Zero (full down) to 100 percent

Pedal position Zero (full left) to 100 percrnt
Lateral cyclic position Zero (ful4 left) to 100 ptwr t
Lonoitudtnal cyclic position Zero (Nl forward) to i00 percent
Tethered cable angle t30 deg
Tail rotor blade ankle -8 to + 23 deg

tI
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APPENDIX D. TEST DATA

INDEX

Airspeed Calibration in Forward and I throuoh 6
Rearward Flight (Basic Probe)

Airspeed Calibration in Sideward ,Flight 7 through 10
* I (Basic Probe)

Effect of gideslip on Airspeed Error (Basic Probe) I1 thtough 15
Effect of Climb and Descent on Airspeed Error 16 through 20

(Basic Probe)
Ground Proximity Effects cn Airspeed Calibration 21 through 25

(Basic Probe)

Aispeed Calibration in Forward and Rearward 26
Fligbt (Linearization Applied)

Airspeed Calibration in Sideward Flight 27
(Linearization Applied)

Effect of Climb and Descent on Airspeed Error 28
'(Linearization ,plied)

Effct of Sideslip on Airspee4 Error 29
(Linearization Applied)

Gross W,•ight Effects on Airspeed Calibration 30
(Linearization Applied)

Ground Proximity Effects on Airspeed Calibration 31
(Linarization Applied)

Thrust Effects on Airspeed Error 32 and 33
(Linua~ization Applied)

Airspeed Effects on Altimeter Error 34 and 35
Thrust Effect on Altitude Error 36
Climb a-it Descent 37 through 39
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