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FOREWORD

Tris report presents the results of a developuent and evaluation
effort conducted by the Air Force Flight Dynamics Labcratory (AFFDL/FGF)
during the period of 1 July 1970 through 31 March 1972. The work was a
portion of AFFIL's Advanced Development Prigram 643A, Tactical Airlift
Technology.

The system concepts and mechanizstion were developed by J-Tec
Associates, Inc,, Cedar Rapids, Iowa.

The author wishes tv acknowledge the significant assistance rendere.
during the flight test phase of the program by Mesors, Ralph Thomas ani
James Klein of Collins Radio Company, program supvort contractor.

This report was submitted by the author October 1972,

This report has been reviewed and is approved.

TRACY A. SCANLAN, Lt Col USAF
Chief, Flight Research

and Test Branch

Flight Con%rol Division
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ABSTRACT

One factor which has hindered the development ot an effective lov-
speed flight control capability for helicopters and other V/STOL air-
craft 13 the lack of an accurate airspeed sensor which will operate at
speeds below 1O knots. One device which does meet this requirement iz
an advanced electronic true airspeed sensor developed by J-Tec Associates
of Cedar Raplds, Jowa. Under the USAF Flight Dyramics Laboratory's
Advanced Development Program 6l3A, "Tacticel Airlift Technology," a J- Tec ‘
Associates true airspeed sensor has been evaluated for use by lew-spsed ;
aircraft, using a Sikorsky CH-3E helicopter as a test bed.

The results of the wind-tumnel and flight testing conducted at
Wright-Patterson AFB showed that the sensor has excellent characteristics
particularly in the low-speed flight regime, where it maintained its
accuracy even at high yaw and pitch angles.

This report concludes that the system has capabilities which will
meke 1t effective as an airspeed sensor at low velocities. Recommendaticns
are presented to guide further testing and develomment to produce a
system for operatioral use.
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SECTION I 1
SUMMARY ‘

For effective velocity control of an aircrafit, the pilot must

know what his actual airspeed is. Accuracy becames most important
in the low-speed flight regime, where aircraft stability and 1ift
characteristics change rapidly with alrspesd.

The AFFDL/FGF test program included testing of a J-Tec Associates

True Air- peed Sensor (TAS) under various flow conditions in the Vertical
Wind Tunnel at Wright-Patterson AFB, and in-flight testing on a CH-3E
Helicopter. The conclusions of this test effort are that the sensorts
characteristics make it attractive for uge in low-airspeed sensing,
because of its response time, insensitivity to yaw and pitch angles,

znd useful range. Further testing is recommended to produce an
operationally suitable sensor system.
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SECTION II

INTRODUCTION

The goal of the CH-3E flight test program under ADP 643A was to
develop an sll-weather terminal area operations capebility for V/STOL -
tactical aircraft, including the necessury guldance and control
sensors, One deficiency which appeared early in the program was the
lack of relisble airspeed data below 40 knots. The CH-3E was equipped

with two airspeed references, both using pltot-static dynamic pressure

(q) sensing. One is the standard airspeed system which displays to

the pilot the indicated airspeed (IAS), and the other is a Kollsman

computing system which corrects IAS for variations in air density (p)

to derive true airspeed (TAS).

Pitot-static systems have the following disadvantages for use
on V/STOL aircraft:

r (a) Since such systems rely on q as the sensed parameter,

the gystem accuracy degrades rapidly at low speeds (qé l/2pV2,
t vhere V = TAS), The CH-3E flight manual (AF T.0. 1H-3(C)C-1), for
example, has an aiirspeed correction chart whizn the pilot uses to
adjust his indicated airspeed (IAS) to get calibrated airspeed (CAS),
This chart is reproduced in Figure 1. As may be noted, at 20 knots
IAS in level rlight the error is 30%.

(b) At low speeds, angles of yaw and pitch to the relative

wind are often high, and pitot-static sensing is adversely affected.
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(¢) Since it i3 a pressure device, the output of a pitot-
static sstem is generally not suitable for automatic airspeed control.
It has time 1lags on the order of five seconds, and the output must be
converted to an electronic signal.

In order to find an alternate data source without the low-speed
deficiencies of pitot-static aensing systems, one J-Tec Associates
TAS sensor system was procured by AFFDL for testing in both wind-tunnel
and flight enviromments.

The wind-tunnel testing was completed and the results documented

in AFFDI~TM-70-1-FGS, December 197). Significant portions of those

resulis eare reproduced herein to illustrate the sensor's output linearity

and its insensitivity to yaw and pitch angle variations.
In July 1971 the system was installed on a CH-3E helicopter at

Wright-Patterson AFB. It was configured to use aircraft power and

have its output woltage displayed as TAS on an indicator on the copilot's

instrument panel.

Through severalmodifications the system was adapted 3o that i+

met the requirements for a V/STOL aircraft TAS sensor systems.

© war e Pema : momseammronEarT A -

PR .

B Y b

[

AR A e Ara e RN T AR e s SO WU B bl PV o st e tuiv T

A m A —




AFFDL~TR~T2-131

SECTION IIT b

SENSOR THEORY OF OPERATION

The J-Tec Associates TAS sensor operates on the aerodynamic
phenomenon of vortex shedding from a bluff body. In past empirical
studies it has been found that the frequency of the shed vortices f
is proportional to the velocity of the fluid, regardless of the ;

i

fluid density. The relationship between the vortex frequency and

the fluid velocity referred tc as the Strouhal number is defined as:

g = Kfd orV-..le..‘.l_
v 8

: 8 - Strouhal number
: K -~ empirical constant

£ - vortex frequency, in cycles per second

4 ~ diameter of the cylinder or rod used to generate the
vortices, in feet

V - fluid velocity (TAS), in feet per second

The Strouhsl number is independent of fluid density and is con-

s

stant for Reynolds numbers ranging from 40 to spproximately 101‘. Por

epeed regimes from 10 mph to 150 mph the J~Tec sensor is therefore also

R L N Y T

independent of fluid viscosity. With the same electronics jackege,
the useabie velocity range can be ghifted by changing the rod diameter.

Since the Strouhal number is independent of fluid viscosity and

ML it e U

-

density, the above relationship shows thau the vortex frequency varies

linearly with velocity for a fixed rod diameter. Through <lectronic

processing of the freguency change, an analog or digital signal can be
supplied to an indicator for displaying TAS to the pilot.

—
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In the J-Tec sensor, & cylindrical rod is ut;ed to generate the
vortices. The shedding frequency is sensed as it modulates an
acoustical carrier signal generated by a crystal contained in one
of the struts and received by & crystal in the opposite strut, as
shown in Figure 2. The transmitted signal is modwlated two cycles
per vortex pair. In a digital system, this signal could be used

directly. In the present system, a frequency to analog converter

provides a direct curreat signal with its output voltage proportionsl

to fluid velocity, or TAS. A block diagram of the signul flow is
shown in Figure 3.
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Figure 2.. J-Tec Sensor Operation
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SECTION IV ‘

WIND-TUNKEL TESTING 1

1. APPARATUS .
For actual flow calibration, the Vertical Wind Tunnel (VWT) at

Wright Patterson AFB was used. It is a low-speed tunnel, used pri-

marily for the testing of new parachute concepts. The tunnel was

calibrated for s velocity range of 14 to 86 mph. Certain points

within this velocity renge were selected for J-Tec sensor data points.

Sensor output voliages were recorded with & digital voltmeter and
printer. The wind-tunnel velocity was measured with a sensitive

pitot-static probe, calibrated for atmospheric conditions at the time

'
v
¢
;
?
1
]
t
i
%
'

os the test.
2. MEASUREMENTS

Data was recorded at velocities from 1k to 86 mph (12 t5 75 knots),

|
1
H
|
{
|
!
i
!
i
i
!
;
|
i

the useful range of the tunnel. Since the sensor output at zero

velocity was known, a linear relationship from zero to 1l mph was

assumed, indicated by dashed lines on the graph in Figure k. The

e A w

senscr output was recorded at points throughout the velocity range &t
many combinations of pitch and yaw angles, from zero to 80 degrees in
piteh and from -40 to +40 degrees in yaw. In addition, the yaw and
pitch angles were variad while the tunnel velocity was maintained at a
constant value. The last element to be varied was the input voltage,
’ ‘ to check the system's tolerance of voltage variations.

3. WIND-TUNREL RESULTS

The complete results of the wind-tunnel testing are reported in

————

AFFDL~-TN-T0-1-FG8, December 1970. The data from the three most signifi-

e §
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cant test runs are shown in Figures 4, 5, and 6. Figure 4 presents
the sensor output at 0° pitch and yaw over the tested velocity range.
Figure 5 shows the variations ia sensor output at comstant velecity
and different pitch angles, and Figuwre 6 shows the output at constant
velocity but varying angles of yuw,

A chart of output vs. power supply voltages at constant velocity
is not presented, but it was found to be egsentially constant from
13.5 to 17 volts DC. Beyond these extremes the output varied.

From the results of the wind tunnel tests, it wus determined that
the sensor showed sufficient performance tc warrant testing in f173ht.
The results indicated that the output was linear over the range tested,
vas insensitive to pitch angles wp to + 40° and yaw angles up to * 25°,
and was not affected by minor input voltage fluctuations. It was
decided to install the device on a CH-3E helicopter for flight testing

and eveluation.

10
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SECTION V

a

CH-3E FLIGHT TESTING

M e w wea aaeed

1. SYSTEM CONFIGURATION DEVELOPMENT

4 e

In July 1971 the J-Tec Associates TAS system was installed for
in-flight evaluation on a CH-3E helicopter, #62-12581. This heli-
copter was a test bed for advanced concepts in V/STOL aircraft
control display systems.

Before the TAS system reached the point of being useable as a

V/STOL flight parameter indicator, it was modified and reconfigured
to overcome technical difficulties encountered. The following is s

brief history of the stages of development during the flight test }
3

and evaluation.

a. Configuraticn I

e

In the initial installation, the TAS sensor and electronics
package were used as delivered by the manufacturer. As such, -everal
deficiencies were noted in advance of the testing: (1) the basic
sensor was bldirectional and would not distinguish between forward and
rearward sirflows, waich could lead to ambiguities at or nesr zero
velocity; (2) the electronics box, being prototype hardware, was
not up to the environmental stress standards normally reqyired of flight
hardware; and (3) the electronics package was limited by frequency
response to velocities less than approximately 75 knots,
although actual wind~tunnel testing had not been performed above that
speed to verify that fact.

R e ppe—
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For use on the aircraft, an adaptor box was built to change
400 cycle, 110 volt AC power into the 15 volts DC required by the

TAS system. For recording purposes, the aircraft was already equipped

St s mm ae e smesn n

vith a Honeywell Model 1108 Visicorder, which was used to trace the ;
sensor output voltage. In addition, a Honeyweli redar altitude ;
indicator was modified to serve as a TAS indicator on the copilot's

i
instrument panel, as shown in Figure 7. Note that an expanded ;
scale is used on the indicator from O to 50 knots to improve ‘
P readability &t these airspeeds. Flight at these low speeds in a 3
V/STOL aircraft is critical from a safety and controlledbility ! :

’ standpoint; thus, the need is greater that the pilot be able to ; !
}

/

i

easily dis-ern small changes in airspeed. The position for the
external sensor was chosen to be under the starboard side of the
nose access door, as shown in Figure 8. This location had no

protrusions ahead of it to disturb the airflow and cause vortices
which would give false TAS readings. !

B e s

——

Since tbe CH-3E already was equipped with a standard Koilsman

TAS system, which corrected pitot-static IAS for density effects, a

SURPAISUNP SR TRPIN A <

switching circuit was built to use that system zs a high-speed TAS
information source to complement the J-Tec's low-speed output. When

the output of the Kollsman sensor was below 40 knots, the logic

Gt et

would select the J-Tec sensor for indication. In addition, since

the dynamic response of the J-Tec sensor is extremely fast, the indicator

Bt e

needle was time-lagged so the high frequency flow changes would not be
» observed by the pilot.

[
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Figure T.

TAS Indicator Modified from Radar Altimeter
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Initial flights with Configuration I showed that the system
was indeed useable as a flight parameter indicator. However, at
speeds below 10 knots TAS, the Kollsman output became erratic in
ground effect, causing the logic to trip. After & cursory system
accuracy check a system modification was made to extend the velocity
rangs of the J-Tec Sensor and eliminate the Kollsman and logic circuitry.

b. Configuration II

J-Tec Association, Znc. was asked to develop an electronics
package whick would be accurate and responsive from 0 to 250 knots,
tc eliminate the need for the Kollsman switching., In additionm,
the circultry was to be incorporated in a fiightworthy packsge,
using a one-quarter, short, low ATR box supplied by Collins Radio
Co. A new external sensor was also dbuilt to give an output in one
direction only, to eliminate the ambiguity at very low speeds., A
new TAS indicator, developed by Canadian-Marconi Co., was uvsed with
this system, sc that a commanded speed could also be displeyed. The
hardware for Configuration II is shown in Figure 9. This is the
tinel system configuration tested on the CH~3E.

2. ACCURACY CHECK

Although absolute accuracy of the sensor was not a goal of the
test program as such, in March 1972 a system accuracy check of
Configuration I was mede, using the Digital Optical Tracking
System (DOTS) at Wright-Patterson AFB.

Runs vere made at 10, 20, 30, k40, 50, 60, 80, 100, and 110 knots
indicated TAS. The actual aircraft velocity, computed by DOTS and

18
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corrected for reported steady-stsie wind conditions was compared wich
on-board traces of the TAS system output. Data was taken over runs
of 30 seconds each and aversge for comparison. The DOT8 recorded a
position data point three times per second. BSpeeds belcw tin knots
or above 100 could not de recorded on board due to unalog scaling

and the malfunction of the Kollsmean logic trip scheme below ten knots.
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SECTIOX VI

FLIGHT TEST RESULTS

Table I presents results for the runs made, showing the nominal
TAS, the average DATS TAS for the run, sand the avereage recorded
TAS on the airsraft. Pilot techniques in flying a nominal airspeed
improved during the test so that oscillatione and variations were
less in the later runs. The effect of this improvement resulted
in closer correlation between data, as may be noted in Table I.
Since the cutput of the J-Tec sensor is of primary interest,
several representative on-board recordings are reproduced in Figures
10 end 11. Figure 10 represents data for run number 15, taken at
20 knots TAS, with small variations about the nominal TAS., Figure 11,
vhich is data from run number 16 at 30 knote, shows the amount of
variance of TAS during that run. Table I shows that the average
TAS is more in error for tnis run, also.

Figure 12 presents data from 6K TAS to 140 KTAS using

Configuration II. Thisz data shows a gignificant improvement in
airspeed indication, particularly in the low speed range (6~-40OK).
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TABLE I '

TRUE AIRSPEED CALIBRATION RUN RESULTS

|
NOMINAL TAS AVG DOTS AVG RECORDED ‘.
RUN NR. KNOTS TAS KNOTS TAS KNoTS* | ‘
1 Lo 140.90 32
2 L0 46.50 34
3 Lo .99 . 38
4 50 57.67 50
5 50 53.03 58
6 60 63.87 55
7 60 62,23 Sk
8 80 79.9L 73 .
9 80 78.85 73 ';
10 110 107,07 - ;
11 110 10)-10)-‘6 -a '
12 100 95.14 95 ‘
13 100 97.37 - 1
1 10 5.16 1 !
15 20 21,15 20 :
16 30 35.95 26 :
17 10 IOSh it ,
18 20 12.71 15 :
19 30 30.48 30
20 L0 Lk, 70 Lo :
2 50 S4.13 L8
22 Lo L1.32 38 \
23 50 51.80 i.8
2L 60 62.43 57 !
2 60 60,16 57 ?
26 80 78.65 Th 5
27 80 76.52 73 :
28 100 08,84 98 i
29 100 96.51 97 :
30 20 23,11 21 :
3 30 33.38 32 i
33 20 26,8 26
34 30 31.36 32

*NOTE: J-Tec below 4O KTAS, Kollsman above 40 KTAS

22
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Figure 10. Data for Run 15 - 20 KTAS
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SECTION VII 1
CONCLI'SIONS

For use as an aircraft TAS sensor, particularly in the low-speed
region of V/STOL flight, the qualities of the J-Tec, have been shown .
to be superior to those of other types of sensors. These qualities ¢

are as followa:

(1) Velocity range 0 to 250 knots,
(2) The scale of the sensor output is directly proportional to

the velocity over the entire range, not the square of the velocity,

as in pitot-static systems. i
(3) Tt is insensitive to yaw angles withiz + 25° and to pitch
angles within # 40°,

(4) It should messure truve airspeed, regardless of variation in
the normal flight regime of temperature, pressure, density, or viscosity.
(5) 1t gives an electronic output, either digital or analcg,
which can be displayed or employed in schemes for manual or automatic

flight control.
(6) The external sensor is small and light and causes a minimum

of disturbance to the flow sbout the aircraft. It can be easily

configured for anti-icing by heating the asensor elements.
(7) It is compatible with aircraft power systems., It is insensitive

to voltage variations up to 25% from nominal, and it uses very little

AP LA < 3 3 2 s

pover.

PR




T e T """"‘vv' R A ”m —~

AFFPL-TR-72-131

SECTION VIII

RECOMMENDATIORS

Since the primary area of concern in the AFFDL CH-3E V/STOL
IFR Control/Display Technology Development Program is aircraft
controls, displays, and guidance; the time and effort devoted to
teating and evaluation of the J-Tec Assocaited TAS sensor was

insufficient to allow any statistical evaluation of its performance.
However, using the system in flight will provide experience adequate
to evaluate it for its operational potential. From the limited
CH-3E flying acccmplished prior to publishing this report, the
following recommendations are made for fTurther work:

(1) Test to determine the optimum location for the external
sensor to minimize velocity perturbations due to rotor-induced flow.

(2) Test to determine the effects, if any, of ground effect
upon the sensor output. This phenomenon appears to affect pitot-
static sensors more than the J-Tec TAS sensor.

(3) TFarther develop the system to include anti-icing provisions.

The advantages of the J-Tec Associates TAS system for low-speed
flight make it attractive for use on present and future V/STOL air-

craft, where airspeed information to the pilot is a critieal, but

heretofore unavailable, flight parameter.
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