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AMC (Kollsman Vane, Seaboard Probe, Specialties Probe)

AMC flight testing of the Kollsman vane type and Seaboard Electric
differential pressure type angle of attack sensors was begun in 1950 on
a B-26 type aircraft. A 4-foot boom of the Seaboard Electric Sensor
was mounted on the wing tip with the axis of rotation sensing head located

on one chord length ahead of the wing's leading edge (See Figure 11).

=~
Ay
) 3

Fig 11
Boom Mounted Seaboard Electric Null Pressure Type Sensor
(From Ref 62:12)

This instrument's sensing mechanism consisted of a rotatable spheri-
cal shaped head mounted in the end, housing two orifices that were
joined by flexible tubing, connected to a differential pressure trans-
ducer located in the base of the boom housing (See Figure 12).

Wind tunnel tests conducted on this instrument showed that it had
an average error of 0.1° during calibration runs. The sensitivity ad-
justment of the servo amplifier was found to be critical, and during
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Fig 12
Close-up View of Seaboard Electric Null-Pressure Type Sensor
(From Ref 62:8)

several test runs the sensing head rotated to one extreme stop position.
In laboratory tests it was found the servo amplifier was sensitive to fre-
quency of voltage changes. During flights in turbulent air the indications
of angle of attack varied as much as plus or minus 3 degrees, which was
primarily due tc the heaviness of the instrument mounted on the end of the
boom and the flexible wing tip.

The Kollsman wind director transmitter and indicator also flown dur-
ing this flight test are depicted in Figure 13; Figure 14 shows the angle of
attack sensors that WADC Flight Test Division developed (Ref 62:28),

NATC (Specialties Probe)

Published about this time was an NATC report based on test work done
to determine the practicability of using an angle of attack indicator as an
aid during landing, for showing proximity to stall, for operation of ap-
proach lights during night operation, and as an aid for cruise control, The
device used was a cylindrical probe type sensor (See Figure 15),

During the test it was determined that the instrument did not have the
required range for full operation, therefore the sensor was set to
operate primarily at and near the stall range of operation, It was ob-
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served that in the landing configura-
tion, the stall angle was always the
same below 20, 000 feet, regard-
less of wing loading, but that

there were no other indications of
specific altitudes checked below or
above this level. For the clean

configuration it was observed that

the angle of attack was constant for

stall below an altitude of 10, 000 Fig 13
Kollsman Vane Type Transmitter

and Angle of Attack Indicator
(From Ref 62:28)

but that it gradually decreased up to 35,000 feet, (This was a variance

feet regardless of wing loading,

because of Mach number and should have been expected)., In additional
comments on the landing approach, reference was made to changing of

indicators, implying change was

made in the damping factor of the ’
indicator due to excessive fluctua- ‘
tions in flight, With the damped !
instrument pilots were able to hold
the aircraft within 2° angle of at-

]
|
tack(the smallest increment on the !

dial). The pilots were actually

holding the aircraft within 1°, as |

the indicated angle of attack was ap-

Fig 14 |

WADC Flight Test Vane Type {
Angle of Atiack Sensor !
(From Ref 62:28) _J

proximately twice that of true angle
of attack (Ref 66:95), -
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1951-1960
During this period the Air

Force continued flight testing of
various angle of attack sensors

that had been tested previously in
the wind tunnels at WADC. The de-
vices were flight tested in B-17,
B-26, and B-29 .type aircraft, in-
cluding the Young differential

pressure probe, Kollsman vanes,

and Safe Flight stall warning tab,

Thas, the automatic flight control Fig 15

Specialties Probe Differential
Pressure Type Angle of

interested in the parameters of L A“F;.:gieln;‘:; 62:19)

people were obviously becoming

angle of attack and side-slip for use in rocket fire-control, automatic
approach systems, and optimum cruise procedures (Ref 62:6-31).

NATC (Specialties Probe)

In the meantime a tuft study by NATC was made on an F9F -2 aircraft
to relocate the position of the sensor. The recalibration produced a
linear curve of indicated angle of attack versus lift coefficient for the
aircraft in the landing configuration. Much of this test was devoted to
various phases of carrier landing approaches, the external lighting
color sequence for signaling the landing signal officer (LLSO) being one
of the major considerations. Primary criticisms of the angle of attack
display were: (1) the indication fluctuated in gusty air, (2) the indicator
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of attack vertical tapes were in use by his squadron. This particular
squadron had a U. S. Marine exchange pilot who had been thoroughly
indoctrinated in the use of angle of attack, and who was in turn in-
doctrinating AF pilots in the use of this new parameter (Ref 31:1-7).

WADD (Projection System)

WADD's flight test report in July 1960 covered the qualitative
evaluation that was made to obtain pilot opinion of a new technique

of optically presenting an angle of attack instrument display on an
e —— — —— —
F-101A type aircraft, The optical|
|

display device contained a cathode
r tube (CRT) which was used to
project an angle of attack signal ‘
onto the combining glass; a light
source projected a stationary refer-n'
ence (or a fixed scale) onto the com
bining glass. In this angle of at-
tack display, climb, cruise, ap-

nroach and stall indices were pro- i
Dro : Fig 27

\ The angle Projection Display of Angle of
Sl Attack of the F-101 ,
1 (From Ref 23:Appendix) |

-
i

jected (See Figure 2
of attack signal was supplied to the

test equipment by a yaw and pitch sensor mo inted on a nose boom on

the F-101. (See Figure 28).

The test concluded that the technique of windscreen projection was
unacceptable for weather flying because of the possibility of inducing
vertigo, It also concluded that this type of presentation was ¢ onvenient

L]





















GAE-61(52)SP

The LOS indicator was added to
the basic Max-Min system to pro-
vide a VFR take-off capability and
was located on the pilot's glare
shield. Safe Flight Instrument
Corporation proposed that the use

of its SCAT system was better than

pure angle of attack as used in the Fig 30
Vane Type Angle of Attack Sensor
Kollsman system. Mounted on the KC-135 Fuselage
(From Ref 58: Appendix) 4

Conclusions of tests made on
the two individual systems stated in regard to the Max-Min system that: (1)
it was not acceptable due to backlash error, presentation, and parameter
measured; (2) angle of attack was not a suitable parameter for use dur-
ing rotation, take-off, and initial climbout; (3) the display on the indica-
tor with a moving index and moving pointer was too difficult to fly; (4)
using the LLOS indicator and slowly bleeding off angle of attack after take-
off was acceptable; (5) the LOS indication was too small for sensitive
corrections; (6) two distinct damping and response rates were required
for the Max-Min indicator, one for take-off and one for all other phases
of flight; and (7) location of the vane type angle of attack transmitter near
the cargo door (See Figure 30) was unsatisfactory due to possible damage.

Conclusions relative to the SCAT system were: (1) it provided a
suitable signal that could be flown easily and safely during rotation,
take-off, initial climb, and approac h; (2) it showed enough promise to
warrant further testing of a production model; (3) the gyro stabilized
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be identified by t ndividual manufacturers where known.
Null -Seeking Differential Pressure Sensor
T'he null-seeking differential pressure sensor is usually from a 3
to 4 1/4 inch cylin be, 8 3 of an ir in diameter, its
ng vith S axis 1 ( ection of airflow to be
measured I'wo longit il s space pproximately ninety degrees,
sense local flow ress S Depara 1588 €S 1 1 pz'v‘:)c lead from
€ h slot S € mpartments 1ddle chamber., When the
slots a 1S " S pe ¢ flow direction, a pres-
- ¢ f er € £ >cted to the probe with
) slot lir es e equalized in the
partments (Ref 57 ) Potent ters, whose wipers rotate with
e probe, pr de the 1a rrection computer or re-
note ir 11 f ire 3 : ! ! ew of Type RL50 Airstream
Direction Detector manut re ecialties, Inc., Syosset, L. I.,

PADDLE

LABYRINTH AND
AIR PASSAGES

SLOTS

POTENTIOMETERS
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probe of the airstream direction

APPROACH INDEX

YPE B3 ANGLE ACK INDICATOR

detector is rotated from one limit l

to the other,. ['he dial is adjust- |
able in either direction, that
any dial reading between 12 and 2
inits can be place at the clock
fixed index. I'he auxiliary bugs
on the outer scale I the dial are
for clin cruise, stall or other
modes of flight
i £ 1ppI | daex A threc
|
11ght de 1cCe dae el e the |
|
pilot a visual indicati f his -
] * ‘e 4 3
. a i

BEST APPROACH SPEED

IPTIMUM ANGLE OF ATTACK
normally situated or Or above ine NO CORRECTION NECESSARY
instrument panel 1 such a X :l
that angle of attack informatior

t} e T il
ow !
SMALL CORRECTION NECESSARY

~

the landing approach wher is
ision 1s directed it of the '
pit and on to the landing area “
With the index, GCA ! ind
I i5
! rre landin ipproachne car ) € £ altie Angle of Attack
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being used in conjunction with applicable fire control systems, indicators
in the cockpit, and computer input for determining the flight path vector
of the aircraft. Some typical displays that are used in conjunction with
vane type sensors are depicted in the following figures.

In addition to the fire control [ | o ‘““‘—*—“‘—'!
systems on some F-105 and F-106 ‘ ‘
aircraft the vane type sensor fur- P
nishes local angle of attack data
to the compensator which in turn
corrects the computer input sig-
nals for static position error by
means of a three-dimensional cam,
and furnishes true angle of attack
information to the vertical tape
instrument. (Figure 37 is of the

AF angle of attack-Mach-airspeed

vertical tape instrument from the

advanced integrated flight instru- Fig 36
Giannini Vane Type Angle of

ment penel). The left tape indicates Attack Sensor (From Ref 19:1)

angle of attack and "g" normal acceleration. To achieve the desired
uniform control display interaction, the angle of attack tape and the

load index are made to move down with increasing values. The apex

of the triangle depicts the best approach angle of attack, while the
base of the triangle shows the best flare angle of attack. The cross
hatched portion of the tape is the minimum safe speed, or "stall" range
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and a "low C_ " signal is transmitted to the computer. Conversely,
when a high angle of attack shifts the stagnation point behind the vane,
the vane is deflected forward and a "high Cy " signal is sent to the
computer. The lowest local velocity of flow occurs near the stagna-
tion point and increases away from the stagnation point. Thus, as the
stagnation point approaches the vane from either fore or aft direction,
the pressure onthe vane diminishes; the vane is deflected less and less
until the crossover point is reached, after which further movement of
the stagnation point causes deflection of the vane in the opposite direc-
tion. For a given wing design and flap position, there exists a fixed
relati onship between the coefficient of lift and the data as sensed by
the lift transducer. It is possible to obtain an accurate and continuous
measurement of the lift coefficient which may be modified in the com-
puter and displayed on the cockpit indicator as CL‘/CLmax' The Safe

Flight speed control system as installed on the C-123 aircraft consists

[

of the lift transducer, flap poten-

g

tiometer, lift computer, speed con-
trol indicator, and stall warning
shaker (See Figure 38).

Since the use of wing flaps
will effectively increase the amount

of lift available for a given angle of

attack, and ultimately, the angle of e
BOYED
attack at which the airplane will B
= Fig 38
stall, flap position must be a con- Safe Flight Speed Control Compon+

1 ents for C-123 Aircraft
tinuous input to the computer. The =L
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aircraft is shown in Figure 39 (Ref 14:1-6 and Ref 44:1-4),
Abbreviated versions of this system are being used on the Army

CARIBOU type support aircraft as well as on enumerable light civi-

lian and military type aircraft. The AF-T-37 jet trainer utilizes a

transducer vane sensor to actuate the spoiler system in providing

sufficient stall warning. The reader is referred to References 1, 4,

24, and 44 for more specific de [

tails regarding this system.
The sensors and displays

covered above have been tested

either separately as a system or

in some cases by intermixing the

various available types of com-

ponent units to serve a particular
need for the Navy orn Air Force.

For example, the Specialties air-

Fig 39
Safe Flight Speed Control Indica-
in conjunction with a Sperry auto- L.tor for the C-12 ir t

stream direction detector was used

|
|
|

1

matic fligh. control system utilizing control wheel steering, body axis
stability augmentation sensors, isolation of short Period stabilization
motions from the manual controls, "g" limiting, and stall warning. One
of the conclusions from Reference 56: Chap. II, p. 2 was that the stall
prevention system operated satisfactorily by automatically correcting
aircraft pitch attitude to the maximum safe angle of attack. On theC-

131B test aircraft a gated stall signal was obtained from the local flow
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degrees C, speeds of Mach 5, and | ;
altitudes of 150, 000 feet. (Figure
40 shows the supersonic vane type
angle of attack sensor.)

Kollsman Max-Min Airspeed Angle
of Attack System

The Kollsman airspeed (Max-
Min) angle of attack system con-
sists of the standard Type L.-7 air-
speed indicator to which a means

of measuring local angle of attack

has been added by electrical servo

methods. The angle of attack Fig 40

U. S. Science Supersonic

reference markers or ''bugs’ are ‘Vaqe__ Type Angle of A?t§§_¥_§_e_[‘5°r

mounted on a single geared ring which rotates around the periphery of
the airspeed indicator dial. The servo is so arranged that the angular
position between the airspeed pointer and a "bug'' is proportional to

the deviation between desired and actual local angle of attack display as
sensei I'y the vane. The gear ratio is such that angle of attack display
is several times that of actual vane sensor movement, Basically, the
two sections of the instrument function separately so that if the airspeed
system malfunctions, angle of attack will sti 11 be displayed. Regard-
less of the airspeed pointer position, angle of attack is always measured
relative to the airspeed pointer. An "Off'" flag is also incorporated on
the indicator to show when power is not available to the system. Figure
41 shows the Kollsman airspeed-angle of attack system consisting of
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the indicator, the line of sight (LLOS) indicator, a control box, and a
standard vane type angle of attack sensor.

The stall bug on the indicator shows the angle of attack correspond-
ing to the minimum allowahle airspeed; it is red with yellow cross hatched
stripes and has "Stall" written on it. A yellow triangular shaped piece
is added to the leading edge of the stall bug as a warning indicator. The
take -off bug is green with a small point on the ‘inner edge to indicate

the desired angle of attack for take-off, with the letters " T O'" written

on it. The approach bug is r

rectangular with an "A" on it; the

-
cruise bug is triangular with a "C"
on it. All bugs are adjustable @

dependent on the particular air-

craft being used (See Figure 42).
The L.OS indicator covers
angle of attack range of 20 degrees.

The indicator can be adjusted to

cover any 20 degree segment of |

| Fig 41
the total degrees that the angle of | Kollsman Max-Min Airspeed Ang! le
’ ; ‘ _ | of Attack Components

attack vane traverses, The scale L (From Ref 58:App) A
shown is not a part of the standard L.LOS indicator. (The indicator pre-
sents a "fly from' indication,)
Specialties Type J-2 Angle of Attack System

Essentially the new Specialties angle of attack system incorporates

approximately the same component units with several modifications
directed toward jet transport operation. ['he angle of attack system com-

112



GAE-61(52)

ponents consist of: the meter in-
dex, J-2 jndicator (or B-2), trim- ;
ming unit, flap position transmitteri
and modified airstream direction
detector (See Figure 43). The
pilot's approach index instrument

is optional and the principles of

the system are compatible with

other types of dial presentations,

|

such as the Type B-2 or B-3, Fig 42 |
Kollsman Max-Min Airspeed Angle

Specialties angle of attack in- of Attack Indicator |
(From Ref 2:5) |

dicating system presents optimum
angle of attack for all standard modes of flight at the 3 o'clock position
on the indicator dial; the stalling angle of attack is indicated at the 9
o'clock position; and other specific flight modes are indicated by the
intermediate positions, For example, for take-off, the engine power is

always the maximum available and a given flap setting is always used;

or for best cruise, the power is set to the maximun continuous rating
and flaps are fully up. Even with the flaps set incorrectly, the system
will indicate the best angle of attack for that particular configuration.

The system always indicates best angle ittack in a simple manner
without any requirement for setting a mode selector switch, I'he cor-
rect rotation to the angle of attack for best L./D ratio can be performed
instantly with the system. Figure 43 als lepicts the Type J-2 angle

:

of attack indicator which presents the best angle of attack for all modes

of the 3 o'clock position of the dial : he stall, nose rotation, and emer-
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gency modes are presented at clearly ma rked intermediate positions.

The indicator shows the margin of reserve lift for all conditions of

weight and flap position.

Specialties recommends that the angle of attack indicator be

located near the airspeed indicator and be des

speed monitor. An incorrect
angle of attack indication would
mean: a ifaulty fuel gauge, an
arithmetical error in computing
the mode of operation, Or incor-
rect use of the performance tables
for the applicable aircraft.
Specialties also points out that

not all pilots are aware of the

fundamental nature and use of angle

: Spec
of attack, and that they must be D PO
educated on the use of this new
parameter in conjunclion with or in plagce

state that accuracy and dependability

be demonstrated,
‘!1-!5

The approach index been

to the pilot during the final approach
tioned from instrument to visual fligh
the upvr‘unm of the approacn inaex wi

during the final approach phase of flight

instrumet

glare shield of the pilot's

ignated for use as an air-

|
METER INDEXER |

AIRATEAW ¥ POSITION
LR - "E w DETECYOR  TRANSWITTER
Fig 43

alties Angle of Attack System
Components

(From Ref 51:2) |
f the airspeed. They also
L ew T1€ alion st
i 1a i ‘)'1( of attack
vhen he has trans)
) P 44 shows
le f attack indicator
he index is located on the
¢ t AN le i ttack
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forces acting on the pendulum, including gravity. A similar signal
is developed from the pitch gimbal system of 4 vertical gyro. This
signal is proportional to the atti-
tude of the aircraft with respect to

gravity. The difference between

these two signals is a measure of

the forward acceleration of the air-

Fig 45
craft. The SCAT indicator contains >2fe Flight Speed Control After
A l'ake-off (SCAT) Indicator |

two displays: a pointer which informs the pilot of the combined lift and
acceleration condition, and an "Off" flag to warn of malfunction of the
system (See Figure 45).

The stall or drag-line warning portion of the system consists of a
suitable warning device, such as a control column shaker, with associated
circuits and controls. The dual SCAT system with indicators is provided .
with an additional unit called a SCAT signal comparator which informs
the pilot that the two SCAT indicator signals do not agree by a pre-
determined tolerance. The reader is referred to the individual manu-
facturer or to Reference 45:2-11 for detailed information concerning

the system operation,

Other Type Sensors

The Giannini Model 2811 gust probe is a differential pressure
flow-direction sensor that was originally developed by Douglas Aircraft
Company to measure angle of attack, replacing the vane type sensor in
testing new aircraft. Because of advantages of the differential probe
over the vane sensor, Douglas recently adapted the probe to make it

117









GAE-61(52)SP

cockpit indicators of the orienta-
tion of the sphere relative to the
pitch and yaw axis of the aircraft
are among the pilot's primary flight
instruments at extreme altitudes

and during re-entry. Angle of

Fig 46
"Q"-Ball System for the X-15

have to be closely controlled be- L Rocket Research Vehicle

attack and angle of sideslip will !

cause of their important effects upon speed, range, duration of flight,
angle and rate of descent, structural loads and aerodynamic heating.
Direct measurement of dynamic pressure ''q'' at the true stagnation
point will also supply valuable information to the pilot since it will
control the limits upon speed and angle of attack.

First flights of the X-15 used the conventional boom-and-vane type
sensor, rather than the "Q'-ball, as initial flights were not expected
to encounter extreme environments in which vane type sensors could
not operate. The pressure-nulling spherical sensor was designed
especially so that it would be useful through a wide range of tempera-
tures, altitudes, and speeds. Comparatively little development would
be needed to incorporate the sensor into an autopilot loop in order to
provide good automatic control of aerodynamic attitude in typical
ballistic missile environments, F'he "(Q'" -ball was designed to meet
the following specifications: dynamic pressure (q) 15-2500 psf;
ambient temperatures of 4000°F; altitudes of 300, 000 ft; and speeds of
Mach 10 (Ref 22:56-60, and Ref 38:1-4),

A typical X-15 profile was produced on August 12, 1960, when the
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Fig 47
’ The X-15 Rocket Research Vehicle Instrument Panel

I e

dive angle was observed during acceleration to maximum speed. (Figure
48 depicts the three-axis attitude director indicator, a production version
similar to that used in the X-15),

Director information, found to be so effective in easing the pilot's
task in accomplishing certain of his more complex mission modes of
flight, (such as ILS and LABS), having been applied to many of today's
aircraft, is now being applied to the X-15. The displacement pointer on
the left of the instrument measures the displacement from a preselected
pitch angle, which is adjustable within the cockpit. The horizontal pitch
director needle shows a deviation from a predetermined angle of attack
value for zero lift; its full scale displacement being adjustable from 3 tc
20 degrees angle of attack. The vertical bank director needle shows a
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deviation from a predetermined

zero sideslip angle; its full scale
displacement being approximately
3 degrees. I'he critical aspect

of this information merits its be-
ing seen continuously by the pilot
with a minimum of cross checking

in high g maneuvers

S

Future Re-entry Vehicles | Fig 48
- o B 'hree-Axis Attitude Director
Mar tudy p1 rams have Indicator
been completed and others are being made on the re-entry problem for
a lifting-body glider type space vehicle (The angle of attack display
informational requirement is only a portion of the entire control-display
subsystem for su 1 vehicle), Prior to re-entry the operator must con-

centrate heavily on vehicle attitude, angle of attack and lateral accelera-

tion. From this point on to touchdown the operator's primary objective

is to manage perly energy 1ilable . that the vehicle will impact
within a prescribed area WAI 15, Ref 16).

[here are a number of approache he operator may take to control
the vehicle within the safe re-entry envelope (1) maintain a fixed angle
of attack throughout the re-entry, the angle maintained being based on
pre-computed conditions and vehicle responses; (2) maintain the vehicle
on a pre-computed velocity-altitude | le by directly cuntrollmg these
two parameters; or (3) control the angle f attac k of the vehicle as a
function of skin temperature, vertical vel ity, and range deviation, Of

the three choices the third is the nore flexible ind with the exception
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Vought Astronautics Angle of Attack Display for Re-entry
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and limitations an essential quantity in performing the required task
with a minimum of c« ."I;."ul effort and probability for producing a costly
error.

The vertical situation display is shown in Figure 51, which gives
the pilot angle of attack ( a ), angle of sideslip ( 8 ), vertical velocity
(Vg ), pitch( © ), roll( ¢ ), skid ( ¥ ) information along with attitude.

T'he instrument display provides the pilot with information regarding
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Vita
Willard Ellsworth Wilvert was born on | NG

B, ihc son of Arthur Ellsworth and Kathryn [} Wilvert. He
completed two years of engineering at Ventura College, Ventura,
California, before.entering the service in 19\41. Upon graduation from
flyingi school in 1942 he was commissioned a 2nd Lieutenant, Further
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