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ABSTRACT

The engineering flight test of the OV-1 Hayes Infrared (IR)
Suppression Kit installation was conducted at Edwards Air Force
Base, California, from 23 January through 22 March 1968, by

the US Army Aviation Systems Test Activity for the US Army Aviation
Materiel Laboratories. The performance and flying qualities of

the aircraft with the suppression kit installed was compared to
that of the standard production aircraft. Additionally, the pres-
sure loss, temperature rise, and vibration characteristics of

the IR suppressor were measured. The performance and flying quali-
ties of the OV-1 were not significantly affected by the suppression
kit installation. Two deficiencies were detected during the test:
exhaust gas blow-by between the engine shroud and the suppressor
shroud adapter and high skin temperatures in the area where the
suppression kit fairing joined the engine nacelle. The suppressor
pressure, temperature and vibration data were forwarded to the

US Army Aviation Material Laboratories for amalysis in accordance
with the US Army Aviation Systems Command's instructions.
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FOREWORD

The infrared suppression kits were installed on the OV-1B by

Hayes International Corporation, Birmingham, Alabama. The instru-
mentation used to monitor conditions in the IR suppressor was fur-
nished, installed, calibrated and maintained by the US Army
Aviation Materiel Laboratories, Fort Eustis, Virginia.
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INTRODUCTION

BACKGROUND

1. The US Army's interest in air vehicle survivability has

led to funding the development of passive countermeasure equip-
ment against infrared seekers. This equipment is being developed
by Hayes International Corporation, Birmingham, Alabama, under a

US Army contract and the equipment effectiveness is being tested
by the US Army Aviation Materiel Laboratories (USAAVLABS). The
effects of installing an actual infrared (IR) suppression kit on
the performance and flying qualities of OV-1B aircraft, were evalu-
ated by flight tests, performed by the US Army Aviation Systems
Test Activity (USAASTA) for USAAVLABS.

2. Authority for the USAASTA participation in the OV-1B IR
suppression kit evaluation was provided by the Test Directive
issued by the US Army \viation Systems Command (USAAVSCOM) on 26
April 1968, (ref 1, app I). The Test Plan was approved by
USAAVSCOM in April 1968 (ref 2).

TEST OBJECTIVES

3. The primary objectives of these tests were to provide
USAAVSCOM quantitative and qualitative information on both perform-
ance and stability, and control characteristics of the OV-1B air-
craft with the IR suppression kit installation. A secondary objec-
tive was to measure pressure, temperature, and vibration in the in-
frared suppressor and furnish USAAVLABS with a compilation of these
data as directed in reference 8, appendix I.

DESCRIPTION

4. The test aircraft was a production model OV-1B Mohawk

(S/N 64-14246) manufactured by Grumman Aircraft Engineering Corpora-
tion, Bethpage, New York. The engine exhaust shrouds of the air-
craft were fitted with IR suppression kits manufactured by Hayes
International Corporation. The OV-1B is a two-place, midwing,
triple-vertical-tail, twin turboprop airplane with a side looking
airborne radar (SLAR) antenna mounted on the lower vright side of
the fuselage and is powered by two T53-L-7 free-turbine engincs rated
at 1100 shaft horsepower (shp) at sea level standard conditions.

The IR suppression kits were heat diffusing devices mounted to and
extending aft of the modified engine exhaust shrcuds. An exhaust
shroud nacelle faired the IR suppression installation into the




existing engine nacelle. Details of the installation are presented
in reference 3, appendix I. Design details of the suppression unit
are presented in reference 4. A dctailed description of the OV-1B
is presented in the operator's manual (ref 5). Photographs of the
test aircraft and the suppressor assembly arc shown in appendix VI,

SCOPE OF TEST

5. The performance and flying qualities tests were flown in
the following cruisc configurations:

Suppressors ON OV-1B, 12,650 pounds standard gross weight,
configuration two T53-L-7 engines, IR suppression kit in-
stalled, gear and flaps up. External-
stores pylons installed (wing station 185),
nose mounted pitot static boom with angle-

of-sideslip and angle-of-attack vanes
installed.

Suppressors OFF Same as suppressors ON configuration
configuration except IR suppression kit removed and
production exhaust shroud installed.

6. Seventeen productive flights were conducted, accunulating a
total of 17.6 productive flight hours. Performance and stability
and control data obtained in the suppressors ON configuration
were compared to similar data obtained in the suppressors OFF
configuration. Performance data were also compared with handbook
predicted data. The aircraft was tested under the following
conditions:

Airspeed 100 to 255 KTAS

Engine Start GRWT | 13,446 to 13,661 pounds

Engine Start CG 160.1 to 160.5 inches

Propeller Speed 1150 to 1675 rpm

S ——

Propeller
Synchronizer

Auto Pilot

Pressure Altitude |5000 feet and 10,000 fect

Outside Air
Temperature +17°F to +52°F

JP-4

Heater OFF
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7. During all testing in the suppressors ON configuration,
measurements of pressure losses, temperature rises and vibrations
of the suppression kit were recorded on an oscillograph.

METHODS OF TEST

8. The level flight performance and flying qualities tests

were conducted using the techniques outlined in references 6 and 7,
appendix I. Aided by a photopanel and an oscillograph, data were
recorded manually.

9. The test-day engine shaft horsepower was computed using
engine-torquemeter and propeller-rpm test-day data. Test-day
torquemeter readings were determined using Lycoming engine calibra-
tion data. Power was set using the manufacturer's recommended
optimum gas producer/propeller speed schedule (fig 10, app II).

The test-day shp was then corrected for weight and altitude effects
to obtain a generalized power parameter (SHP,,) as follows:

W
SHP = SHP_ /5<_5>3/2
wt

10. The airspeed data were obtained from a sensitive airspeed
indicator connected to the ship's system. This pitot-static system
was calibrated by the pacer method. Airspeed calibration data

are presented in figure 1, appendix II. The test-day true airspeed
was corrected for weight and altitude to obtain a generalized airspeed
parameter (V_ ) as follows:

W
v.=v v 2 )H2
ew t Wt

11. A Pilot Rating Scale was used to augment qualitative
comments on flying qualities. This scale is shown in appendix VII.

12. The test instrumentation used on the OV-1B and the special
instrumentation used in the IR suppressor dre contained in appen-
dix III. A glossary of terms used in this report is presented in
appendix IV,




13.

CHRONOLOGY

The chronology of testing is as follows:

a. Test aircraft received 1 December 1967
b. Test directive received 29 April 1968
c. Test started 23 January 1968
d. Test completed 22 March 1968
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RESULTS & DISCUSSION

GENERAL

14. The engineering flight test of the OV-1B IR suppression kit
installation was conducted to determine the degradation in level-
flight performance and changes in flying qualities caused by the

kit installation. The aircraft performance, with the suppression

kit installed, was compared to that of the standard production air-
craft. The performance and flying qualities of the aircraft were

not significantly affected by the suppression kit installation.
Within the scope of the test, the installation resulted in a per-
formance degradation which varied from 3.3 percent of power at 100-
knots true airspeed (KTAS) to 1.5 percent of power at 250 KTAS, and
caused no appreciable change in the flying qualities of the OV-1B.
These results did not substantiate the increasing percentage of power
losses with increasing airspeed predicted in reference 4, appendix I.
The performance of the test aircraft exceeded that calculated from
the operator's manual at all airspeeds flown in both configurations.

LEVEL FLIGHT PERFORMANCE

15. Level flight performance data were obtained at 5000- and 10,000-
foot pressure altitudes with IR suppression kits installed over a
modified engine shroud and in the standard production shroud configu-
ration. The results of these tests are presented in figures 3 and 4,
appendix II. Data for both figures were taken with the same instru-
mentation installed; therefore, the data accuracy for each figure is
similar. A comparison of generalized speed power polars developed
from these figures is presented in figure 2, appendix II. A summary
of the performance degradation is presented in table 1. The results
did not substantiate the shaft horsepower losses predicted by Hayes,
as the percentage of horsepower loss decreased with increasing air-
speed rather than increased. In general, thec results substantiate
the shaft horsepower losses predicted by Hayes, and the IR suppressor
kits do not significantly affect the level flight performance capa-
bilities of the OV-1B aircraft.




Table 1. Performance Summary.
Gross Weight - 12,650 pounds
Sea Level Standard Day

‘:5 Predicted Horsepower Horsepower

Airspeed . Horsepower Clean Required Required Percent 7 N
 KTAS LY Configuration Suppr ON Suppr OFF Increase” :
s 21815 1704 1679 reg - 0

£+‘§i_ﬁ’f. ; %1762 1608 1583 1.6

- 166 2538 826 810 2.0

it 5 3 ; e

g'-‘j?lb‘b' S ¥ 2501 465 450 B o5 i

iSuppressors ON configuration compared to suppressors OFF
configuration.

2Ca1culated from data in operator's manual.

STATIC STABILITY

16. Because of the limited scope of this evaluation, the static
stability tests were conducted at onc trim airspecd. The trim
airspeed used was the velocity for maximum range as specified in
the operator's manual. Data were obtained for both suppressors

ON configuration and suppressors OFF configuration. The results
of the static stability tests arc presented in figures 5 and 6,
appendix II. The results show that, within the scope of the test,
the IR suppression kit installation has a negligible affect on the
static stability of the OV-1B aircraft (PRS A-2). Longitudinal,
static stick-fixed and stick-free stability was positive (elevator
trailing edge down and push force required to increase airspeed).
During lateral-directional static stability testing, the aircraft
required a constant increase of rudder force, opposite to sideslip,
as the sideslip angle was increased.

DYNAMIC STABILITY

17. Dynamic stability was qualitatively analyzed by trirming

the aircraft in balanced, level flight and observing the aircraft's
reaction to pulse-type, control inputs in the lateral, longitudinal
and yaw axes. The results of these tests indicated that there was
no discernible difference between the dynamic stability of the air-
craft in the suppressors ON configuration or in the suppressors




OFF configuration. In both casecs, the aircraft motions were
heavily damped and were not bothersome to the pilot (PRS A-2}).

IR SUPPRESSION KIT INSTALLATION

18. The IR suppressor assembly is a series of ccncentric, steel-
mesh, holiow rings. The rings are interconnected by three steel
tubes which furnish outside ram air to the hollow rings. The
assembly is welded to a shroud extension which is then fitted

over a modified production exhaust shroud. The poor fit resulted
in a gap between the shroud and suppressor-shroud extension

through which back pressure exhaust gases escaped. Evidence of
this deficiency was noted when carbon deposits were found on the
nacelle flush-ram-air inlet (sce photo 5, app VI). Correction of
the deficiency is mandatory for satisfactory Army use. In

addition to the exhaust gas blow-by problem, a nacelle overhecating
problem was experienced which caused blistering of the paint in the
area where the engine nacelle joins the IR suppression kit coupling.
Temperature-sensitive paint was used tc estimate nacelle skin
temperature. Results showed that temperatures in excess of 300
degrees Fahrenheit occurred on the nacelle skin (see photos 6
through 9). These two problems we: e most pronounced during ground
operations with the propeller feathered and are probably inter-
related. Extended operation with high nacelle skin temperatures
could result in pcrmanent, nacelle structural damage and correction
of this condit.on is mandatory for satisfactory Army use. It is
recommended that further testing be performed to ascertain proper
design of a suppression kit.

19. The pressure, temperature and vibration data obtained on the

IR suppression kit installation (app V) have been forwarded to USA-

AVLABS (ATTN: SAVFE-S$S) for reduction and analysis, in accordance i
with the instructions contained in reference 8, appendix I. A dia-

gram of the IR suppression kit pressure and temperature pickup loca-

tions 1s shown in figure A, appendix V.

ENGINE CHARACTERISTICS

20. Engine performance data for both suppressors ON and suppressors
OFF configurations are presented in figures 7, 8 and 9, appendix II.
These data indicate that therc was a slight increase in exhaust gas
temperature with the IR suppression kits installed. This difference
was noticeable at both pressure altitudes when comparing one configu-
ration with the other. This means that to develop a given horsepower
a higher exhaust gas temperature will result with IR suppression kits
installed. It should be pointed out that this difference is small.




CONCLUSIONS

21. The IR suppression kit installation did not adversely affect
the performance and flying qualities of the OV-1B airplane.

22. Correction of the following deficiencies is mandatory prior
to release of the aircraft for operational use with the IR
suppression kits.

a. Exhaust gas blow-by between the suppressor adaptor and the
; exhaust shroud (para 18).

b. Overheating of the nacelle skin in the vicinity of the
suppression kit fairing attachment (para 18).




RECOMMENDATIONS

23. The deficiencies should be corrected prior to release of the
aircraft for operational use with the IR suppression kits installed
(para 22).

24. Further testing should be performed to ascertain proper sup-
pression kit design (para 18).
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FIGURE 1
AIRSPEED CALIBRATION
OV-1B USA S/N 64-14246
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FIGURE 2
LEVEL FLIGHT PERFORMANCE SUMMARY
GENERALIZED SPEED POWER POLARS
OV-1B USA S/N 64-14246
CONFIGURATION: NOTED STD GROSS WEIGHT: 12,650 LB
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FIGURE 3
LEVEL FLIGHT PERFORMANCE

GENERALIZED SPEED POWER POLAR
Ov-1B USA S/N 64-14246

CONFIGURATION: SUPPRESSORS ON STD GROSS WEIGHT: 12,650 LB
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FIGURE 4

LEVEL FLIGHT PERFORMANCE
GENERALIZED SPEED POWER POLAR

OvV-1B USA S/N 64-14246

CONFIGURATION: SUPPRESSORS OFF STD GROSS WEIGHT: 12,650 LB
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FIGURE 5
STATIC LONGITUDINAL STABILITY
Ov-1B USA S/N 64-14246
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FIGURE 6

STATIC LATERAL~DIRECTIONAL STABILITY
OV-1B USA S/N 64-14246
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FIGURE 7
ENGINE CHARACTERISTICS

TS3-L-7 ENGINE S/N LE05249
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FIGURE 8
ENGINE CHARACTERISTICS
T53-L-7 ENGINE S/N LE05249
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FIGURE 12 GENERAL [ ZED SPEED-PCWER PLOT
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FIGURE 13 GENERALIZED SPEED-PGWER PLAT y
ALL ALTITUOES ]

MOOEL: Qv-1B CONF IGURATION. ENGINE: RS NGTED

OATA RS CF: 24 MARCH 1867 WITHOUT EXTERNAL FLUEL GRROE: JP-Y
ORTA BRSIS: FLIGHT TEST FUEL TANKS (2 ENGINE)
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APPENDIX 111. TEST INSTRUMENTATION

GENERAL

1. The instrumentation in the OV-1B, USA S/N 64-14246€, was in-
stalled, calibrated and maintained by USAASTA instrumentation
personnel or by USAAVLABS personnel. Some calibrations were accom-
plished by Air Force Flight Test Center personnel. In addition to
the instrumentation listed, the aircraft was equipped with a
pitot-static boom, incorporating angle of attack and angle of side-
slip vanes. The following is a list of test instrumentation.

ITEM PHOTOPANEL COCKPIT OSCILLOGRAPH

Compressor inlet pressure C

Compressor inlet

temperature C
Airspeed C C
Altimeter C C
#1 Engine torque C
#2 Engine torque C
#1 Engine N1 C
#2 Engine N1 C
#1 Engine N2 C
#2 Engine N2 C
Outside air temperature © C
Fuel temperature c
#1 Engine fuel counter & C
#2 Engine fuel counter C C

#1 Engine turbine outlet
temperature C
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ITEM PHOTOPANEL COCKPIT OSCILLOGRAPH

#2 Engine turbine outlet

temperature C
Longitudinal stick force C
Lateral stick force C
Rudder pedal force C
Elevator position &
Aileron position C
Rudder position C
Angle of sideslip C
Ambient pressurel C
Differential pressurez c
Temperaturel C
Accelerometerl C

llnstrumentation installed, calibrated and maintained by USAAVLABS,
Fort Eustis, Virginia.

C = Calibrated

IR SUPPRESSOR INSTRUMENTATION

2. Instrumentation furnished, calibrated and maintained by
USAAVLABS was used to monitor conditions in the IR suprressor.
A description of the special instrumentation follows:

a. Pressure: Pressure was measured using pressure transducers.
These transducers measured both an ambient pressure in the nacelle
and a differential pressure between the nacelle and various loca-
tions in the IR suppressor. The electrical output of the trans-
ducer was recorded on an oscillograph.

b. Acceleration: Two servo accelerometers were used to mea-
sure accelerations and frequencies in the horizontal and vertical
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planes. The accelerometers were mounted on the aft end of the
suppressor. The electrical output from each accelerometer was
recorded on an oscillograph.

c. Temperature: Temperatures were measured at various loca-
tions in the suppressor by the use of iron-constantan thermocou-
ples. The electrical voltage from each thermocouple was amplified
and recorded on an oscillograph.

FUEL FLOW CORRECTION

3. The fuel flow was used to determine the change in weight dur-
ing the test flight. This weight was then used to correct shaft
horsepower and velocity to generalized shaft horsepower (SHPgy)

and generalized velocity (Vg,). Some inaccuracy existed in the
fuel flow measurement. The ability of the fuel flow meter to ac-
curately measure fuel used was degraded in that some of the fuel
was returned to the fuel tank from the engine fuel controls through
the fuel vapor return line. The quantity of the return fuel flow
was not measured; however, preflight and postflight weighings
indicated that the return flow did not exceed 70 pounds per hour.
The error introduced into SHPe, and Vey calculations as a result of
fuel burnoff inaccuracy was negligible. Shaft horsepower was de-
termined using engine torque and engine rpm. Referred fuel flow
was not used to determine shaft horsepower since the engines were
not calibrated.
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APPENDIX IV. GLOSSARY

UNIT

°F

Inches
Pounds
Pounds
Feet/Second2
Feet

Knots

Knots
Percent

Rpm

Pounds per sq in.

SYMBOL DEFINITION

EGT Exhaust gas tempera’nre

ESCG Center of gravity at engine start

ESGW Gross weight at engine start

GRWT Gross weight

g Acceleration of gravity

Hp Pressure altitude

KCAS Calibrated airspeed

KTAS True airspeed

N1 Gas producer speed

N2 Propeller speed

PN Nacelle static pressure

Pt2 Compressor inlet total pressure

PO Sea level standard day static pressure
PAMB Free stream static pressure

SHPt Test day shaft horsepower

SHPew Generalized shaft horsepower parameter
TE Trailing edge

th Compressor inlet total temperature

To Sea level standard day static temperature
VC Calibrated airspeed

Vew Generalized airspeed parameter
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SYMBOL

i
\IC

DEFINITION
Instrument corrected airspeed
True airspeed
Fuel flow
Standard gross weight
Test day gross weight
Position error correction for airspeed

Ratic of compressor inlet total pressure
to sea level standard day pressure

Ratio of compressor inlet temperature
to sea level standard day temperature

Ratio of test altitude density to sea
level standard density
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UNIT

£nots
Knots
Pounds/hr
Pounds
Pounds

Knots

Dimensionless

Dimensionless

Dimensionless
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APPENDIX V. IR SUPPRESSION KIT DATA

Duc to the classification of this material, Appendix V, IR Suppres-
sion Kit Data (pressure, lemperature and vibration) has been for-
warded to USAAVLABS scparately and is not included in this rcport.

FIGURE AL, INFRARED SUPPRESSOR DIAGRAM
PRESSURE AND TEMPERATURE PROBE LOCATIONS

QTOTAL PRESSURE TAP
OSTATIC PRESSURE TAP
O THERMOCOUPLE

Pressure
taps and
thermo-
couples
are dis-
placed
circum-
feren-
tially
one inch
in these
areas.

NOTE: 1. Pressure taps 12, 13 and 14 are located on the side of

the ram air scoop.

2. Pressure taps 1, 2 and 3 are located on the center line

of the ram air scoop.

3. Thermocouple 42 and pressure tap 8 are located on the
strut not shown.

4. Thermocouple 38 is lecated on the left side of the ram

air scoop opposite pressure tap 2.
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APPENDIX VI. PHOTOGRAPHS

Photo 2. Left Rear View of IR Suppression Kit Installation.

Photo 3. Rear View of IR Suppression Kit Installation.
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Photo 5.

Carbon Build-up at Right Engine

32
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Photo 6. Instrumentation Wiring and Temperature-Sensitive Paint on
Outboard of Left Engine Nacelle (Shroud Removed).

Photo 7. Blistered Paint on Sides of Left Engine Nacelle (Shroud Removed).




Photo 8. C(lose-up of Paint Blistering, Left Engine Nacelle.

Photo 9. Paint Blistering of Right Engine Nacelle (Shroud Removed).
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APPENDIX VII. PILOTS RATING SCALE

— o T I - -
T. MIGHLY DESIRABLE Al .
SATISFACTORY UECECUNRRORE
MEETS ALL REQUIREMENTS
AND EYPECTATIONS, GOOD
oo ENOUGH wi THOUT GOOD, PLEASANT, WELL BEWAVED 2
| MPROVEMENT
MAY HAVE 1
CLEARLY ADFQUATE FOR
°"'“:"°:‘:: "’"C:I MISSION. FAIR. SONE MILDLY UNPLEASANT CHARACTERISTICS. -~
arRANTIIMPROL DR, GOOD ENCUGH FOR MISSION WiTHOUT IMPROVEMENT.
BUT ADEQUATE FOR
HISSION. - - -— - - -
PILOT COMPENSATION, SOME MINOR BUT AMNOYING DEFICIENCIES. IMPROVEMENT 1S REQUESTED. | ay
IF REQUIRED T0 UNSATISFACTORY EFFECT ON PERFORMANCE 1S EASILY (OMPENSATED FOR BY PILOT.
CONTROLLABLE ACHIEVE ACCEPTABLE RELUCTANTLY ACCEPTABLE.
PERFORMANCE, (§ DEFICIENCIES WHICH
CAPABLE OF BEING | feasipie. N MODERATELY OBJECTIONABLE DEFICIENCIES.  IMPROVEMENT 1S NEEDED. "
CONTROLLED OR PERFORMANCE ADEQUATE REASONABLE PERFORMANCE REQUIRES CONSIDERABLE PILOT COMPENSATION,
ANAGED IN CONTEXT o ars oe o
::‘7:::3"’:3" FEASIBLE PILOT VERY OBJECTIONABLE DEFICIENCIES. MAJOR IMPROVEMENTS ARE WEEDED.
TENTToN COMPENSATION. REQUIRES BEST AVAILABLE PILOT COMPENSATION TO ACMIEVE L
ACCEPTABLE PERFORMANCE.
- - -— - - GEEEEEEEEE . G
MAJOR DEF (CIENCIES WHICH REQUIRE MANDATORY IMPROVEMENT FOR
ACCEPTANCE. CONTROLLASLE. PERFORMANCE INADEQUATE FOR &
UNACCEPTABLE MISSION, OR PILOT COMPENSATION REQUIRED FOR MiNIMM
ACCEPTABLE PERFORMANCE IN MISSION IS TOO WIGH
DEFICIENCIES WHICH
REQUIRE MANDATORY
TP ROVEMENT COMTROLLABLE WITH DIFFICULTY. REQUIRES SUBSTANTIAL PILOT st |
INADEQUATE PERFORMANCE AND ATTENTION TO RETAIN CONTROL AND COMTINUE MISSION,
FOR MISSION EVEN WITH
MEATHORTEEAS)BEE MARGINALLY CONTROLLABLE [N MISSION. REQUIPES WARIMUN AVAILABLE | o
PILOT COMPENSATION. PILOT SKILL AND ATTENTION 10 RETAIN CONTROL.
-— 3 - - L - - - -—
UNCONTROLLADLE UNCONTROLLABLE IN WISSION. 10
CONTROL WILL BE LOST DURING SOME PORTION OF MISSION.
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