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Abstract

This thesis examines the feasibility of using steep Global Positioning System
(GPS) approaches in Instrument Meteorological Conditions (IMC) for the military. The
experiments were conducted in the UH-60A/L Flight Simulator at Fort Hood, Texas, with
a crew (;f two pilots. The experimenty ir;vestigated QPS instrument approach tasks with
evaluation subtasks of: (1) a level flight.conversion to approach airspeéd configuration
and glide slope intercept, (2) glide slope and localizer tracking, and (3) completion of the
landing following breakout. QualitatiVe and quanti'tative data was collected on aircraft
performance and handliné quélitiés. Handling Quality Rating (HQR) were assigned to
approach task and wriftpn comments on flight control inputs were collected.

The giide slope angles were varied, starting shallow and ending with a steep

} approach configuration. The glide slope angles were 10, 9, 8, 7,.and 6 degrees. Each

pilot flew each approach at va_ridus airspeeds, 120, 100, 90, 80, and 70 knots. Once the
aircraft broke through the 100-feet Above Grouﬁd Level (AGL) weather ceiling, the
pilots had to maneuver the aircraft to safely land the aircraft at-the desi gnated location in
the marshalling area. | The objective was to bring the aircraft to a 10-feet hover over the
designated GPS landing point safely.

The results demonstrate the ability of the aircraft to safely fly GPS approaches
into IMC conditions. The optimum approach combination was 7-degree glide slope at 70
knots. The worst configuration for all the approaches was 10-degree glide slope at 120
knots. Any approach above 10 degrees at 120 knots to 100 knots will result in major

deficiencies with control being lost during some portion of the required operation during
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breakout. An approach below 7 degrees glide slope angle does not provide safe aircraft
clearance for obstacles. Evaluations revealed serious problems with pilot’s loss of
intended landing spot from the cockpit obstructing Field Of View (FOV) during aircraft

‘deceleration for approaches above 8-degree glide slope and above 90 knots.
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" CHAPTER I

: INTRoDUCT'IoN" _

How accurately do we need to determme our posrtron on the earth and in the
‘ a1rspace above‘7 If we need somethmg very accurate how’ long will it take to, determme
our. posrtlon” What 1f we are changmg our- posrtlonvvery raprdly‘? There are many
app11cat10ns for nav1gat10n and posrtronmg for the statlc and near statlc 31tuatrons The |
»emphasrs in the 1990s has been in the use of the GPS. The system vyas used extensrvely -
B idurmg Operatrons Desert Shreld and Desert Storm and played a decrsrve role m ‘the
" ; success of the war. There are many apphcatrons and uses for the GPS system ‘The
' handheld GPS receiver is very popular wrth 1nd1v1dual hunters hlkers and people |
) camplng in remote areas of the world. Some of the handheld GPS systems provrde '
accuracy up to 10 feet Eyen the rental car agencres and automobde companres are .
A fequrppmg the1r cars with GPS systems w1th movmg maps. . ‘
What rf the s1tuatron is hrghly dynamrc 4as in a1rborne apphcatlons requrrmg
‘: 'attrtude 1nformat10n and m111tary apphcatlons (1nclud1ng Unmanned Aerlal VCthlCS) that ‘
-vrely on exact posmonmg and velocrty 1nformat10n for targetrng and“weapons dehvery'7

The overall GPS system provrdes accurate deterrnmatlon of posrtron, velocrty, and trme

" The system operates in all weather condrtlons, wh1ch is very 1mportant for the success of .

B , ,mxhtary operatlons The real-tlme posrtlomng synchromzes the 1ntegrat10n of ground and

air operatrons Th1s system also operates contrnuously and is usable ina hostxle .
ot envrronment Usrng drfferentral GPS and Prec1s1on Posmomng Servrce (PPS) it becomes .
- 5’poss1ble to use; these systems for addrtlonal mrssrons such as artrllery targetrng, close—arr -

o support a1r drops bombmg, search and rescue, and target locatron (Clarke 1994)

.‘1 "



Additionally, knowing the exact p'ositibn of friendly ground forces prevents fratricide
from occurring. In non-combat operations, PPS accuracy will suppbrt navigation f(;r
supply distribution, equipment recovery‘/, area reconnaissance, and many other military
missions (Clarke, 1994). Most importantly, the GPS can provide easy location of
wounded soldiers for medical evacuation operations. Additionally, GPS offers many
other benefits and capabilities for military operations.

Integration and use of GPS for military helicopter operations has unlimited
potential, ﬁot just for conducting steep approaches. GPS decreases the pilot navigation
workload due to its many navigational features. GPS also provides the piloté with
navigation information that is available on the instrument panel, which enables night
missions to be vf_lown. Most aviation missions are flown at night during low-level
navigation operations. Low-level ’ﬂying consists of flights approximately 50 feet above
the highest obstacle to ensure survivability. This system allows the pilot to turn and
follow the commands depicted on the flight inst;uments and give accurate distances to
each waypoint or grid coordinate. Continued integration of GPS applications info
military helicopters will only enhance helicopter effectiveness and increase the
capabilities of U.S. Army Aviation.

Military helicopters must operate in adverse weather that restricts the visibility of
the aviator. GPS offers precise grid coordinates and elevations data to guide the aircraft
to an exact spot on the ground. This experiment will evaluate tﬁc potential of using GPS
for helicopter approaches into confined areas suppoﬁing military insertion and extraction
operations consistent with U.S. Armyb Aviation tactics. The GPS simulatOrl’inve(stigation |
will demonstrate how steep instrument approaches could be écéémplished with proper
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ltrammg and planning. Prec151on appfoaches into confined areas or hoetlle landmg zones
for military operatlons usmg GPS has unhmlted potentlal This thesis examines the use
of GPS on helicopters for steep instrument approaches into confined areas. The breakout
ceiling at the end of the approach was set at 100 feet AGL. Qualitative and quant'jltative
data were collected during the approaches. Handliﬁg qualities were evaleated to hilghli ght -

.pilot workload.




CHAPTER 2

EXPERIMENTAL GPS AND APPARATUS

2.1 NAVSTAR GPS ACCURACﬁT( AND HOW SYSTEM WORKS
The NAVSTAR GPS is a space-based positioning system that provides highly
accurate positioningl, velocity, and tjrrie data. This system is designed to provide service
to users worldwide on the ground, at sea, in the air, and in near space. The United States
Departmeﬁt of Defense developed the GPS as a satellite-based radio navigation system to
meet the needs of both the military and civilian communities (Clarke, 1994). This system
provides vital information for navi gation. The accuracy of the GPS is very important to
the U.S. Army when dealing with military missions-that rely on precision timing and
coordina.tion. Therefore, two que_stions‘ tﬁat need to be answered are how accurate is the
GPS and how does the GPS wqu.
The system is a form of celestial navigation because of a 24-satellite constellation,
» with 3 orbiting spares, placgd in a high orbit circling the earth every 12 hours (Hotchkiss,
-1994). The satellites repeat the ground tracks of 23 hoqrs and 56 minutes. Normally, 5
satellites are in view at all times. Figure 2-1 shows the orbit of the satellites (All figures
afe located in the Appendices, page 35) . The satellites give GPS receivers anywhere in
the w_prld the current date, time, and locations of ail the éther satellites. The system also
provides precise timing code that allows the satellites to calquia,te dista}npes from other

satellites.



The GPS rec'eiver Eeéiiiiés‘one satellite for each coordin'at-e-to»calculate the' ‘
pos1t1on coordlnates‘x y, and z as shown in Frgure 2- 2 The three Asatelhtes calculate”
g navrgatlonal horrzontal location on the earth surface, which is called 2- dlrnens1onal
. reportmg (Hotchkrss 1994) The fourth satelhte reports time.. The addrtron of the fourtht,
"]satelllte is called 3 drmensronal reportmg that provrdes altltude and hor1zontal locat1on |
The GPS constellatlonvbroadcasts the si gnals toa recelver/processor operated by 1
v'..‘the us’er on the ground lEach range calculatlon mcludes a small error 1n each component

The accuracy of the system depends on two, 1mportant factors (Clarke 1994)
- 1. Error in the meas_urement of pseudo-ranges fromeach satellrte; belngjtr_acked.
-2 Satellrte—to-user geometry | o |
Statrstlcal measurement of the nav1gatron system errors ylelds a 9’5. percent conftdence
:level for fixed. pos1t1ons (Clarke 1994) Relatmg thrs confrdence level to ground
nav1gat10n the GPS w111 only g1ve accuracy between 25 to 100 meters

ThlS system is even more precrse because of the Umted States cancelmg

Selectrve Avarlab111ty (SA) program (Hotchkrss 1994) In the past the SA program

- could be overr1dden wrth a d1fferent1a1 GPS appllcatlon The d1fferent1al operatron was’ a .

spec1al facﬂrty posrt1oned in an area of 1nterest at a f1xed pomt The facrhty recerves the :
- GPS srgnals 1n real t1me and compares expected srgnals to be. observed at a f1xed point..
- “The drfferences between the observed signal and predrcted srgnals are glven to the users

’ (as d1fferent1al correctrons (Clarke 1994). Thrs 1ncreased the precrsron to the users GPS

‘receiver. -




2.2 DESCRIPTION OF NAVSTAR GPS

:The C-11702/UR or Compufer Display Unit (CDU)is rﬁounted in the cockpit’s
lower consoles é.nd provides position coordinates, altitude, speed, and time data for the
“ pilots. The CDU in Figure 2-3 gives the pilot a vast amount of useful information. The
data swiﬁéh controls which information that is displayed in the data display window on
the CDU. The functions of each indicator on the data switch are shown below (GPS,

USAAVNC, 1992):

Control or Indicator Function

1. POS (Position) Allows display‘(‘)f present position or coordinate waypoint.
2. MSN (Mission) Allows area navigation selection parameters. |

3. OPT (Option) | Allows selection of display options.
4. STAT (Status) " Allows display of satellite status and pérformance daté. ‘

-2 VAR-DTM Variation and map datum.

6. ERR (Error) Display cross track, track angle erfor, and vertical error.

7. WIND Display of wind speed and direction.

8. DIS-TG Display circle distance, time to go, bearing, and slant range.
9. TRK-GS Disélay ground track, ground speed, time and Julian date.
10. DTK-VA o Display of desired traék and ve%tical angle to destination.

This vital information keeps the pilots 'oriepvtedﬁl)n course and keeps the mission
execution synchrohized.

The MARK key is another very useful asset the GPS has to offer the pilots in a
combat situation. This key enters fhe present position into the memory or freezes the
position on the display. In a combat environment, the Mark key locates an énemy
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position during an aerial reconnaissance by instantaneously obtaining an eight-digit grid -

" coordinate. .

Programming the system for nai/igation is done With wasfpoints. ‘Waypoints or
grid coordinates are entered 1nto the CDU with the waypoint key. The GPS is capable of
storing 209 waypomts The first waypomt is normally ata friendly staglng area with the
last at the landing zone to insert or extract friendly‘ forces, and the pornts in between are
checkpoilnts.'ﬂ ‘

Pilots create the glide slope path angle with the Vertical Angle (VA) f_unetion on
the CDU by inputting the desired glide slope angle. The pilots then input the desiredr
waypoint coordinate and the GPS system programs the desired glide slope angle to '
’connect i)vith the waypoint on the ground. Theee eelected‘nurnerical values are depicted
correctly on the aircraft instruments., For example? if ‘a‘verticalv angle‘of -5.0 degrees is
chosen for a glide slope, the air'craft‘s inetruments will keep the aircraft on a -5.0 degree

slope:to the waypoint on the ground, within 10 feet.: |

2.3- NAVSTAR GPS CONFIGURATION ON BLACKHAWK

- Navigation for Army Aviation is extremely important for the success of the
mission. The U.S. Army has experimented with uses of GPS for the UH-60A Blackhawk ~
helicopter.l .The system is made up of_ several components shown in Figure 2-4
(NAVCISP, 1993). | |

Figure 2-4 shows the function of each component and how the GPS signal is
transferred through the system. The navigation information from waypoint to waypoint is

depicted on the pilot’s horizontal situation indicator (HSI) and vertical situation indicator



(VSI) mstruments mounted on the pllot and coprlot s instrument panels (Techmcal

| Manual 10, 1996) The HSI and VSI are, shown in Frgure 2 5 and F1gure 2-6

respectrvely The pllot selects a waypomt on the CDU and the HSI and VSI provrde

’ ;navrgatronal mformatron to the prlot The HSI has the number i bearmg pomter that |
| ~ gives the headmg to ﬂy to the waypomt course devratron bar that keeps the arrcraft on

course, and the course set drsplays that mdlcate the dlstance to waypomt in kllometers ‘

(Technrcal Manual 10, 1996) The VSI grves course trackmg wrth the course dev1atron .

pointer. and the roll command bar (Technlcal Manual 10, 1996) Durmg a GPS
programmed approach, the Glide slope Devratlon Pomter Collect1ve Posrtron Indrcator

‘Roll Command Bar on VSI and Course Dev1atron bar on HSI are. used to keep the- p1lot

on locallzer course and on ghde slope The Course Set Drsplay on the HSI shows the
pilot the d1stance to the des1gnated waypomt on the ground

24 DESCRIPTION OF BLACKHAWK SIMULATOR

L OPERATIONAL SYSTEM ry

The UH- 60 Black Hawk thht Srmulator desrgned and manufactured by CAE-

L1nk Corporat1on Bmghamton New York has been spec1flcally developed for flrght

' , srmulatron for UH-60 A/L a1rcraft The fhght srmulator is a ﬁxed base devrce desrgned

for trammg av1ators in the use of UH 6OA/L hellcopters Flgure 2—7 shows the layout of
the s1mulator room (Instructor Ut1l1zatron Handbook UH 6OA/L Fllght Srmulator 1998)

.. The ﬂrght s1mu1ator consrsts of a srmulator compartment contammg a cockprt

. )(P1lot/Copllot statlon) Instructor/Operator Statlon (IOS) Observer Statlon (OS) and a

»l.ﬁsrx degree of-freedom motlon system (See Frgure 2 8). The srmulator is equ1pped with a-

vrsual system ‘that s1mulates natural hehcopter environment surroundmgs The central

8



AT

‘ 'computer system controls the operatron of the s1mu1ator complex The srmulator o

provrdes tra1nmg 1n alrcraft control cockprt prefhght before start start run- up, shutdown

. and normal and emergency procedures 1nstrument fhght operatlons v1sual fhght

" ,' operatlons slmg load operatrons External Stores Support System (ESSS) Extended
Range Fuel System (ERFS) nght V1s1on Goggles (NVG) Doppler and GPS operatlon
' Nap of—the-Earth (NOE) fllght low level ﬂtght and contour fl1ght The assembly l1ne
‘alrframe confrguratrons which serve as a basis for s1mulat10n and confrgurauon are the
UH-60 A/ Black Hawk hehcopter equrpped with two T7OO and T701 engmes
respectrvely ‘ R |
2 SIMULATOR COMPARTMENT

The s1mulator compartment houses the cockprt statlon and IOS as well as an

" observer statlon The cockprt Prlot/Copllot (PLT/CPLT) statron is located in the forward .

S portron of the compartment All the controls mdlcators and panels operat1on have the -

o same. appearance as those In the aircraft descrlbed in TM 1-1520- 237 10, Operators

Manual for the UH 6OA hehcopter Slx loudspeakers in the s1mu1ator compartment are’
Qprov’1ded to srmulate the aural cues. The PLT/CPLT seats are v1brated 1nd1v1dually to . “
- ! 'srrnulate both contmuous and per10d1c oscrllatrons and vrbratrons experrenced by the ;

'icrew durlng normal and emergency ﬂrght condltrons and maneuvers 1nc1ud1ng v1brat10ns

o ,representmg progress1ve malfunct1ons Seat v1brat1ons are 1solated from the remamder of

L R ‘the observer and 1nstructor/operator statrons The PLT/CPLT seats each have a red

: handle on the back of the seat Wthh when pulled to the left allows the seat to. shde

A *.forward or rearward for ease of entry into the cockplt area




3. INSTRUCTOR/OPERATOR STATION (IOS)

The IOS is located aft of the PLT/CPT station, Figure 2-8, in the simulator
compartment (Instructor Utilization H‘atildbook, UH-60A/L Flight Simulator, 1998). The
IOS provides information and controlé with which the instructor/operator can effectively
moﬁitor and evaluate student performance ana control the training. The
instructor/operator is also able to qperate with limited capability from the CPLT seat
position by using the Control Portable 1 Unit (CPU). Additional controls are provided on

the auxiliary control panel between the PLT and CPLT seat positions.

4. MOTION SYSTEM
The simulator compartment is moqnted on a 60-inch six-degree-of-freedom motion
system consisting of a mov:mg platform, assembly driven and supported from belowtbyl
six identical hydraulic actuators (See Figure 2-9). The motion system is capable of |
providing pitch, roll, yaw, lateral, loégitudinal, and vertical movemenf, as welli'as
combinations thereof. Simulation includes the motion due. to.changes in aircraft attitude
asa result of flight control and rotor éﬁeration, rough air and wind, changes in aircraft
weight, and cepter of gravity, as well as emergency conditions and malfunctions
(Instructor Utilization Handbook, UH-60A/L Flight Simulator, 1998). The simulation
program causes the motion system to respond to aerodynamic forces and moments within
the mechanical limits of tﬁe system. All motions except pitch are washed out to the
neutral position after the computed accelerations have reached zero. Pitch attitude is

maintained as necessary to simulate sustained longitudinal acceleration cues.
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5 VISUAL SYSTEM

The srmulator uses a D1g1ta1 Image Generatlon (DIG) system to provrde the :

' necessary v1sual dlsplays A computer-generated database prov1des a tactlcal gammg

fe .

; Earea and a1rf1eld area of approx1mately 80 krlometers by 100 kllometers (Instructor

" Utlhzatron Handbook UH—60A/L thht Srmulator 1998) The gammg area represents a.

o generrc terram de31gned spec1frcally to meet drverse trammg requlrements related to ‘

« & . utrhty hehcopter operatlons

“The PLT/CPLT statrons are provrded w1th forward left and rlght s1de wmdow o

? - ‘vdrsplays The vrsual generatron system provrdes 1magery to every sensor drsplay,

- v‘mcludmg the Out-The-Wmdow (OTW) scene. The dlsplay 1mages are. supphed by the : B

o "-'j'(,tDIG whlch srmulates day, dusk/dawn and mght operatlons OTW scenes are |

=1llummated from varrous sun angles durmg the day, feature sunset- effects at dusk and

‘may contam cultural hghtmg such as beacons strobes and other man made hghts at dusk‘-' "1

: qand at mght Searchhght and landrng hght actron can be s1mu1ated only durlng dusk and -

| n_1ght_ OTW scenes. ‘Y

- 6: FLIGHT CONTROL SYSTEM
The ﬂrght control system in the srmulator isan exact representatron as'in the '
y arrcraft (Techmcal Manual 10 1996) .Con'ventlonaly rrreversrble hehcopter c-.‘ontrols‘are )
Vprov1ded for the s1de—by-s1de pllOt statrons (See Figure 2- 10) Control mputs are -
N )transferred from the cockplt to the rotor blades by mechamcal hnkages and hydrauhc
- servos The pllOt a contlot controls is routed separately to combmmg lmkage for each

’ control axrs Outputs from the cockplt control are carrred by mechamcal hnkage through
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the pilot assist servos to the mixing unit. The mixing unit combines, sums, and couples
the cyclic, collective, and pedal inputs. It provides mechanical control mixing functions
that are designed to eliminate inherent coﬁtrol coupling. The Automatic Flight Control
System i(AFCS) is designed to énhance the stability and handling qualities of the
helicopter. The AFCS is comprised of four sub-systems: Stability Augmentation System
(SAS); Trim, Flight Path Stabilizatioh (FPS); and Stabilator. SAS is designed to prdvide
short-term rate damping in the pitch, roll, and yaw axis. The FPS is désigned to provide
airspeed/pitch, roll, and headipg hold. Above 60 knots, the FPS is also designed to
provide turn coordination. The trim system provides a force feel reference for the cyclic
and pedals. The stabilator is designed to improve flying qualities by changing its angle of
incidence through electro-mechanical actuators in response to collective, airspeed, lateral
acceleration, and pitch rate. The test flight control system in the simulétor is.

representative of the aircraft.
2.5 NAVSTAR GPS CONFIGURATIQN IN BLACKHAWK SIMULATOR.

The NAVSTAR GPS in the simulatqr has the exact CDU and inputs the same
information into the HSI and VSI instrumentation displays as designed on the aircraft.
The GPS functions and tracks the proper satellites as installed on the aircraft. The main .
difference is that the operator at the IOS station can modify certain GPS pararﬁéters for
training and has more capabilities. These paraméters and capabilities are discussed
below.

The operator can view and edit the characteristics of a total of 209 waypoints
similar to the use of the GPS CDU. The data comprising each waypoint is obtained from
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diskydrives where the waypoints are stored. Three sets or catalogs can be selected.
Sélecting waypoint set members 1, 2, or 3 identifies disk record lqcated on disk file. The
GPS‘ system therefore can store up to 3 times as many different wa);points as the CDU.
The IOS can edit the wéypoints and download waypoints into the GPS system for the
pilots. |

The IOS has a GPS Controll Page th.élt‘all‘ows the operator to monitor and adjust éll
GPS functions during the flight (See Figure 42—1 1). This page displays a subset of
information that is available through'the GPS CDU. The operator 'caﬁ control simulation
by providing edit capability to éontrol‘ parametefs of the GPS simulation.. A portion of | '
the information on this page is display only. The GPS parameters, which may be edited
through this page, include up to 18 sgtellites in view, jamming stat'e, nufnber of satellites

to track, desired Figure-of-Merit, almanac data available, day of year, year, mission

duration, and key entry display response message.




CHAPTER 3
TEST PROCEDURES

3.1 GENERAL

The experiments were conducted in the UH-60A/L Flight Simulator at Fort Hood
Texas. Major Mark Jackson and CW5 Ronald Deshotel, UH-60 pilots with 1100 and
5300 hours of total flight times respectively, were the test pilots for the experiment. ’fhe
simulator operator was a former mil‘itary aviator with 3000 hours of total flight time and
three years experience operating tl;é UH-60 flight simulator.

E\}aluation atmospheric coﬁditions were set infthe simulator at 100 feet‘ AGL
overcast, Instrument Flight Rules (IFR) condition from 100 feet AGL to 4000 feet Mean
Sea Level (MSL). The breakout céiliﬁg was set at 100 feet AGL to challenge the pilots in
a possible real world tactical envir(')nment at the minimﬁrﬁ safe break;)ut éltitude possible.
The senior simulator‘ operator conducted several trial runs along with other éqaliﬁed
pilots to confirm the 100 feet AGL breakout ceiiing would provide realistic results. The
winds and turbulence were calm with no gusts, cross winds, or shear wind forcesl near the
ground. The test was conducted in daylight cénditions with a crew. of two, full internal
fuel, and no external stores. The engir‘xe start gross weight was 18,580 1b, with a Center
of Gravity (CG) ;)f 360.0 inches aft. T he test was conducted with SAS1, SAS2, FPS,
TRIM,‘and BOOST “ON”, and thé stabilator in the autorr';atic mode.

The selected GPS approach glide slope and airspeed combinati.ons corresponded
to the flight direétor_ command laws on the aircraft instruments. The pilots were briefed
that while flying GPS approaches, the response times were approximately two Ltimes

more sensitive then a normal 3.5 degree Instrument Landing System (ILS) approach
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because of the GPS system design (GPS, \1992). T’actical scenarios were created to
challenge and stress the pilots. The crew flew from a FAARP (Forward Area Arming
and Refueling Point) through two waypoints and into a marshalling area just short of«the: ‘

Forward Line Of Troops (FLOT). Pathfinders in the mar'shalling area provided optimum

. approach heading and touch down grid coordmate for the UH-60 flight Crew. Evaluation .

runs began w1th aircraft mode in level ﬂight at 120 knots 2000 feet MSL above the

' ground once passmg through waypomt 2, Figure 3-1, the crew decelerated the aircraft to,,
test conditions. The aircraft was offset left from the localizerwby 1000 feet in relation to
waypoint 3 and the final approach fix, waypoint 2 (See Figure 3-1). Figure 3-2, shows
the overhead view of the 130—foot square mlarsh—alling area. The different glide slope
intercept locations, breakout location, and profile view of marshalling area are shown in
Figure 3-3. Pilots were required to decelerate to a 10-foot hover above the GPS landing
point within the lSO-foot square marshalling area surrounded b§ 25-foot trees. The
marshalling area altitude was 500 feet MSL. Pilots completed the vertical,landing using
visual cues. |

,—The glide slope angles were varied, starting from a shallow approach and ending

with a steep approach configuration. The glide slope angles were 10, 9, 8, 7, and 6
degrees. The UH-60is a Category B aircraft, with approaches that are routinely flown at

120 Khots per FAR (Flight Aviation Regulations) Part 91. Therefore, the approaches

‘ began at 120 knots.

| In order to determine the lowest acceptable airspeed several limiting factors

- . were weighed at lower airspeeds. For example, at airspeeds below 40 knots the pilot

static airs‘peed',indicator became unreliable. Airspeeds below 60 knots were not used
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because of FPS being inoperable. An allowance of 10 knots above the lowest

unrestricted airspeéd of 60 knots was used. This was done to make airspeed adjustments
to assure desired airspeed and approach alngle and rate of descent; therefore the slowest
evalﬁateh airspeed was 70 knots. The selected airspeeds that each pilot flew were 120,
IOO; 90, 80 and 70 knots. Once thélaircraft descended through the 100-feet AGL weather
ceiling, the pilots were required to méneuve; the aircraft with flight control inputs to
safely bring the aircraft to a 10-foot AGL hover over‘the intended landing po"int vin the
marshalling area. |
3.2 DATA COLLECTION

The Cooper-Harper rating scale, found in Eigure 4-4, was used to rate the-
handling qualities rgqliired to perform the tasks (Cooper, 196’9‘)}: The s'cale assigns a '
H'Q‘R based on pilot aircraft controilagility, ';dircraft performance, énd pilot workload.
Vibrations were rated using the Vibration Assessment Rating (VAR) scale presepted in
Figure 3-5 (Cooper, 1969). |

The IOS operator configured thé flight simulator to plot the evaluated GPS
approach plots on an 12 KM and 2 KM scale. This corresponded to an overhead and
profile view, resi)ectivé;ly. Waypoint grid coo‘rdinates were input in the GPS CDU.
Waypoint data was providéd in the upper part of the map display. Plotting of the
helicopter track began when the helicopter range t<l) destination waypoint was within 12
KM and or 5 minutes from the touch down point. Each approach was plotted showing
azimuth (meters) versus distance (KM) and elevation (meters) versus distance (KM)
starting at 12 KM and zooming in sholwing the approach on a 2 KM scale. Thé approach
model is show on Figure 3-6 (Instructor Utilization Handbook,'UH-60A/L Flight
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Simulatdr, 1998). Fig‘lilre‘3-7, shows each approach plotted with airspeed (knots) ’aan --
_altitude (feet) with respécf tc; tlme (minutes). | “ .
- 3. 3 EVALUATION TASK

The experlment mvesﬁgated GPS mstrument approach tasks with evaluatlon
subtasks of: (1) a level flight conversion to approach airspeed conflguratlon and glide
slope intercept, (2) glide slope and locaiizer tracking, :;nd (3)'completion of the landing
followihg breakout. The test and test conditions table is located ip Figure 3-8. Handling
’Qu‘ality Rating (HQR) were assigned to approach task and written comments on fligﬁt )
control inputs were collected.

1. LEVEL FLIGHT CONVERSION TO APPROACH AIRSPEED CONFIGURATION
AND GLIDE SLOPE INTERCEPT

Qualitative and quantitativé data ‘Was collected on airspe;ad capture and glide
slope intercept. Airsi)eed capture was conducted whén the aircraft lewed from 120
knots to 100, 90, 80, and 70 knots. The aircraft Waé evaluated for ability to capture and
maintain desired airspe;ed of +/-5 l;nots;iheading of +/- 5 degrees, and altitude of +/- 50
feet{., Adequat;: r‘atings were achieved y\yivhen aircfaft maintained airspéed of +/- 10 knots,
heading of +/- 10 degrees, and altitude of +/- 1<00 féet. Glide slope intercept was
conducted for 10, 9, 8, 7, and 6—degfee angles. |

The aircraft was evaluated for'ability to captﬁre and intercefpt'tlhe glide 'slopeAwith
desired heading of +/- 5 degree and altitude of +/- 50 feet. ' Adequate results were

achieved when aircraft maintained heading of +/- 10 degree and altitude of +/- 100 feet.
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2. GLIDE SLOPE AND LOCALIZER TRACKING

‘ Qualitative and qu'an.t~itativ,e data was collected on maintaining glide slope and
localizer track for 10, 9, 8, 7, and 6-degree glide slope angles. The aircraft was evaluated
for ability to maintain desired glide slope of +/- 1 degree and localizer track of +/- 1
degree. Adequate ratings were achieved when aircraft maintained glide slope of +/-2.5
degree and localizer track of +/- 2.5 degree. These tolerances maintained the navigation
systems’ glide slope deviation pointer and c§ursé deviation pointer from reaching full
needle d;afection.

3. LANDING

Qualitative and quantitative da:ta vs;as collected dﬁring breakout énd landing on the
intended spot in the marshalling area. These evaluations began once the aircraft
descended through 100 feet AGL ceiling for each of the airspeed and glide slope
combinations. During breakout, the aircraft was qualitatively evaluated for ability to
control heading, field of view, and ground track over the ground. The aircraft was also
evaluated on bringing the aircraft to a 10-foot AGL hover over the intended spot in the
marshalling area. The desired tolerances were +/- ld feet longitudinal and lateral and 10

foot AGL above ground. Adequate tolerances were +/- 20 feet longitudinal and lateral

and 20 feet AGL above ground.
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- CHAPTER 4

EXPERIMENT RESULTS

"4 GENERAL

The experlmental tasks are descrrbed below for each of the evaluatron subtasks of

... the mstrument approaches

42 LEVEL FLIGHT CONVERSION TO APPROACH AIRSPEED CONFIGURATION' E

AND GLlDE SLOPE INTERCEPT ,

“ ‘1 AIRSPEED CAPTURE

' Flgures 4 5 and 4- 6 show the arrcraft garnmg approxrmately 200 feet of altrtude

- ’once slow1ng frorn 120 knots to 70 knots. A1rspeed capture was evaluated quahtatrvely
- durrng deceleratmg fl1ght trahsrttomng from tacttcal fli ght of 120 to 70 knots to rnalntarn
o 55‘:, zdesrred a1rspeed of +/- 5 knots headlng of +/-5 degrees and altltude of +/- 50 feet and - -
} adequate ratrngs for arrspeed of +/— 10 knots headmg of +/- 10 degrees and alt1tude of

L "l+/- 100 feet W1th the alrcraft trrmmed at 120 Knots 1000 feet pressure altltude and
deceleratron of 6 knots per second was estabhshed by 3/4 mch aft cychc accompamed by
h _' aul 1/2 inch decrease in collectlve that decreased the dual engme torque by 20%. The |

a1rcraft exh1b1ted uncommanded p1tch oscrllatrons of up to +/- 4 degree approx1mately

every 2. seconds requmng contrnuous readJustment of the cychc to ma1ntam constant
deceleratlon Cychc control forces were hght and prov1ded mmlmal cue of off arrspeed =

cond1t1ons Frequent glances at the alrspeed indicator were requrred approxrmately every

‘o 2 seconds to monrtor the deceleratlon of the a1rcraft Controls 1nputs were requ1red

(between 5.and 10 knots prlor to the desrred arrspeed in order to avord an alrspeed :

PR

‘ overshoot Capturmg the decelerat1on arrspeed from 6kt/sec deceleratron w1th1n +/- 10 x
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knots was difficult, requirihg an initial 1 1/2-inch forward cyclic input to increase the

deceleration rate, followed by multipie 1/4-inch fore and aft cyclic inputs every second.
Decelerating the aircraft during the approach from 120 to 70 knots was difficult to
accomplish and prevented the pilot from i)erforming secondary cockpit tasks, HQR 9.
2. GLIDE SLOPE INTERCEPT

~ Glide s»lope intercept was evaluated qualifatively during the 10 degree glide slope
appro:'clch angle at 120 knots to maintain desired heading of +/- 5 degree and altitude of
+/- 50 feet and adeéuate results when aircraft maintained heading of +/- 10 degree and
altitude of +/- 100 feet. With the aircra.ft'ftrimmed at 120 Knots, level flight, the
collective was rapidly decreased 3 to 4 inches in an atter-npt to intercept the glide .slope.
With the collective almost completely down, the dual engine torque indicated only 10%
of torque. Figure 4-7, shows that aircraft flew through the 10-degree glide slope by
approximately 100 feet. This flight control movement places the aircraft into an almost
auto-rotational desc;ant using minirﬁum power. This resulted in rates of descénts above
1000 FPM. With the aircraftvapproaching an auto-rotational descent glide slope tracking,
localizer tracking, and handling qualiﬁies during breakout were ail adversely affected,
HQR 9. The;se issues will be discussed l;elow in sections 4.3 and 44

3. REMAINING EVALUATIONS FOR LEVEL FLIGHT CONVERSION TO
APPROACH AIRSPEED CONFIGURATION AND GLIDE SLOPE INTERCEPT

Figure 4-1, shows HQRs for the remaining approaches with respect to glide slope
angle and airspeed combinations for level flight conversion to approach airspeed

configuration and glide slope intercept. Figure 4-2, shows the handling qualities ratings

using glide slope angle, and Figure 4-3 shows the handling qualities ratings using
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airspeed. Figure 4-4, deplcts the HQR ratmgs with respect to each alrspeed and glide

slope angle combination for level flight conversion to approach alrspeed conflguratlon
and glide slope intercept. The HQR ratings were grouped by numerical value with the
understanding that tolerance scalgé were as follpws: desired HQR 4 and below, adequate
HQR 5-7, and inadequate or do not perform HQR 8-10.

During the level flight conversion to approach configuration and airspeed, the
airéraft decelerated to the final abproach airspeed. Desired and adequate airspeed
captures were achieved on 90, 100 and 120 knots airspeeds. Ratings for the 30 aﬁd 70
knots airspeed were considered inadeqﬁate because of the additional pilot workload
transiting from 120 to 80 or 70 knots.

Figure 4-2, shows that the steeper the glide, slope angle the more difficult it was to
intercept the glide slope. In glide slope angles above 9 degrees, the pilot had to

significantly reduce the collective to ensure the aircraft intercepted the glide slope.

4.3 GLIDE SLOPE AND LOCALIZER TRACKING

Ghde slope and localizer tracking was qualitatively evaluated during the 10-
degree at 120-knot aéproach to malntam desired gllde slope of +/- 1 degree and localizer
track of +/- 1 degree and adequate ratings to maintain glide slope of +/- 2.5 degree and
localizer track of +/- 2.5 degree. The pilot had difficulty trackiﬁg the localizer and
maintaining glide slope track for 10—d§gree, 120-knot approach as shown in Figures 4-14,
4-15, and 4-16. As discussed in the glide slope intercept section above, the pilot had to
signyificantly reduce thé collectivé to intercept the glide slope, which proved unsuccessful.

At high rates of descent, 2 to 3 inch collective inputs up and down were required every 2
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seconds to maintain the aircraft on glide slope. With the large and frequent power |
chénges, localizer tracking was adversely affected, handling.quali‘ties decréased rapidly,
and pilot workload increased. Increased airspeed only exacerbated pilot workload
because the large collective inputs required occurred faster and more frequently, HQR 10.

. Glide slope and localizer tracking was qualitatively evaluated during the 8-degree
at 70-knot approach. Slower airspeeds and shallower glide slope angle resulted in
improved performance and handling qualiti.eé. “This was 'illust‘rated fc;r 8 degrce‘70 knot
approach shown in Figures 4-17, 4-18, and 4-19. Less than 1/2 inch 01‘? collective and
cyélic inputs every 5 seconds were ;t:aquired to maintain the aircraft on glide slope and
localizer track, HQR 3.

1. REMAINING EVALUATIONS FOR GLIDE SLOPE AND LOCALIZER
TRACKING "

Figure 4-10, shows HQRs for the remaining approaches with respect to glide
slope and localizer tracking. Figure 4-11, shows the handling qualities ratings using glide
slope angle, and Figure 4-12 shows fhe handling qila.lities ratings uSing airspeeds. Fi gure
4-13, dépicts the HQR ratings with respect to each airspeed and glide slope aﬁgle
combinétion for glide slope and localizer tracking. The HQR ratings were grouped by
numerical value with the understandin g that toieran‘ce scales were as follows: desired
HQR 4 and below, adequate HQR 5-7, and inadequate or do not perforrﬁ HQR‘S-IO.

The handling qualities ratings show that the steeper the glide slope and faster the
airspeed, the more difficﬁlt it was to track the glide slope and localizer. Desired and
adequate glide slope tracking ratings were achieved on the 6, 7, and 8-degree approéches.

Ratings for the 9 and 10-degree glide slope degrade to inadequate (very high wbrkload)

22



ratings. Airspeeds above 100 knots degrade to inadequate and were desired and adequate
at airspeeds below 100 knots. Localizer tracking was directly proportional to glide slope

tracking in terms of handling qualities and workload for all run configurations.

4.4 COMPLETION OF LANDING FOLLOWING BREAKOUT

1. BREAKOUT HANDLING CONTROL

One of the main issues upon breakout was the FOV of the pilots during steep -
approaches at high airspeeds. At éppro‘ac:hes above 8-degre§ glide slope and above 90
knots, the pilot's field éf vielw was quaﬁtétively evaluated. The deceleration attitude of
the aircraft was approximately 10-12 degrees nose up once the aircraft clcared‘ througiﬂ
the 100 feet AGL ceiling. Because of t‘he aircraft nose high attitude, approximately 200
feet of the landing field was obstructed, HQR 8. During an approach into a hot 1anciing
zone the pilot will completely 108@ sigﬁt of the intended landing area. The severely
blocked forward FbV during decelerat’iOn‘high airspeeds and steep approach angle
lim'ited the approach angle in this aircréft. The minimal aircraft small deck angles, shown
in Figure 4-20, did not affect thevFO'V issues for the differeqt glide slope and airspeed
combinations. | |
2. VIBRATION

Vibration levels were qualitéfively evaluated during all approaches. While
conducting the approaches; a moderate for per revolution (4 per) was noticeable to both
pilots while fully occupied by the task (VAR 6). The vibration was prevalent at 50 to 60
percent torqué, at approximately 25 knots. This occurred at a critical portion of the

approach (last 1/3 just prior to touchdown), and also while the pilot's FOV was
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minimized. The pilot should have noticed the vibration, thus increasing the amount of

distractions during the apprdacﬁ. The moderate 4 per vibration at low torque ana lovgﬁ
airspeeds was a minimal préblem.
3. AIRCRAFT CONTROL

Aircraft control was evaluated for ,airspeeds above 90 knoté. Airspeeds-above 90
knots caused the pilot to move the dyclic abruptly 2 inches forward and aft every second
to attempt to decelerate and control the gircraft upon breakout. Figure 4-20, showﬁ that
distances traveled and time to stbp the aircraft into the marshalling area was adequate but
degraded to inadequate for airspeeds above 100 knots.. Maintaining control of the aircraft
was difficult to impossible at these airépeeds. At airspeeds above 90 krots, the aircraft
traveled longer distances and limited the amount of confined areas the aircraft could land..
FOV issues came into play at airspeéds above 90 knots becauge of the large and fréqﬁent :
aft cyclic inputs required to aecelerate the aircraft. During a confined area approach at
airspeeds above 90 knots, the aircraft required considerable pilot compensation for - -
‘ control, HQR 8.
4. HEADING CONTROL

Heading control was qualitatively evaiuated during airspeeds below 90 knots
upon break out. The aircraft maintained heading above 60 knots due to FPS. Below 60
knots, the pilot had to input less than 1/4 inch of pedal every 5 seconds to maintain |
heading upon break out. Figure 4-20, shows that distance traveled and time to stop and -
control the aircraft was optimum and minimal at these airspeeds. Minimum pilot input

was required to hold heading and to maintain FOV due to the minimal aft cyclic input to
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decelerate the aircraft, HQR 4. Within the scope of this test, heading control at airspeeds

below 90 knots was adéquate for GPS approaches.
5. LANDING ON SPOT

The aircraft was evaluated on bringing the aircraft to a 10-feet AGL hover over
the intended spot in the marshalling‘area for 10-‘degree glide slope at 120 knots. The
desired tolerances were +/- 10 feet longitudinal and lateral and 10 foot AGL above
ground. Adequate toleranqes were +/- 20 feet longitudinal and lateral and 20 feet AGL
above ground. Once aircraft breakout occurred, the pil‘ot attempted to slow the aircraft’s
high rate of descent, but failed, and the aircraft crashed into thf“'. groun‘d bouncing up
approximately 100 feet, shown in Figures 4-7, 4-8, and 4-9. 10S used the simulator crash
o;/crride system to allow the pilot to complete the evaluation run, HQR 10. |

6. REMAINING EVALUATIONS FOR COMPLETION OF LANDING FOLLOWING
BREAKOUT

Figure 4-20, shows remaining aircraft sink rates, aircraft deck angles, distance
traveled upon brpakout,_time to bring the aircfaft to a 10 feet AGL h‘over, and ﬁQRs for
the approaches with respect to glide slope angle and airspeed combinations upon
breakout for landing. Figure 4-21, shows the handling qualities ratings using glide slope
angle, and Figure 4-22 shows the handliﬁg qualifies ratings using airspeeds following
breakout. Figure 4-23, depicts the HQR ratings with respect to each airspeed and glide
slope angle combination for complet&on of landing following breakout. The HQR ratings.
were grouped by numerical values with the understanding that tolerance scales were as

follows: desired HQR 4 and below, adequate’ HQR 5-7, and inadequate or do not perform
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: g HQR 8- 10 Flgures 3-2 and 3- 3 show d1mens1ons for pro_|ected ILS touchdown pomt 1n .

- the marshalllng area.- o :

Desrred and adequate handlmg qualltres ratmg were achleved at arrspeeds and )

: glrde slope angle combmatrons below 100 knots and below y) degree respect1vely Ratmgs .o

- i,for the 6 and 1 degree glrde slope degrade from desired to adequate at hlgh a1rspeeds :
above 100 knots The 9 and 10 degree ghde slope ratmgs reflect both the complete loss of |
..vtsual contact w1th the landmg spot and the 1ncreased workload requ1red to control |
arrcraft at h1gh (100 to 120 knots as shown 1n Frgure 4 22) approach arrspeeds o

' 'Approaches at arrspeeds above 100 knots and glrde slope angles above 8 degree were

o :":degraded somewhat by the loss of mtended landmg spot from the cockprt f1eld of vrew ‘

T through the breakout in v1s1b111ty cond1t1ons Whrle part1cular cockprt w1ndsh1eld FOV

) varles among alrcraft models thls pomts to 1mportant cr1ter1a for developmg an approach

procedure and selectmg a ghde slope angle Therefore the prlot must ensure a clear ;" ‘

‘ 1; landmg spot on fmal approach whenever atmospherlc v1srb111tylcond1trons permrt and -»
(_“certamly prror to movmg over the landmg spot | h L S
, The ma)tlmum acceptable smk rate was approrumately 1000 Feet Per Mmute By
e ,.“V(FPM) Any smk rate above 1000 FPM wmd gusts max gross wergh of arrcraft hot
kv\. days and tall wmds s1gn1f1cantly affected the- handhng qual1t1es and controllab111ty of the |
arrcraft From the results the opt1mum descent rate was approxrmately 800 FPM ThlS B

' allowed the prlot to mamtaln enough power durmg the approach wrth a mmor power

. 1ncrease upon breakout to' decrease the alrcraft rate of descent At 800 FPM the a1rcraft R

Aaft cychc mput was m1n1mal thus 1ncreasmg the prlots FOV 1nto the marshallrng area

E 'At gl1de slope angles above 9 degree the arrcraft was usmg mmrmum power (almost in”

&.,
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- auto- rotatronal descent) normally at rates of descents above lOf)O FPM. Durrng breakout
‘ the p110t had to 31gn1flcantlv 1ncrease power‘v to decrease the. alrcraft rate’of descent -
i resultmg in a hrgh workload R |
The steeper the ghde slope and faster the alrspeed the more dlfflcult it was to
o control the alrcraft and. achreve the 10 foot AGL hover over a spec1f1c spot on the ground |
‘FOV had a major effect ‘on landrng on a spot because of decreased alrcraft control and ) - :. : .
: locatmg the mtended spot in marshlalllng area F1gures 4- 21 and 4 22 show the desrred - ‘
= .adeq‘uate and 1nadequate g11de slope and alrspeeds for landmg on an 1ntended landmg |
A.spot | | | | ' .
4.5 COMBINED OVERALL RESULTS
Comblned results from HQRs contours for all of theevaluated task and subtasks S ; .
listed in Frgures 4- 4 4 13 and 4 23 are presented in Flgure 4- 24 The hlghlrghted area
represents the three evaluated tasks overlapped area based on the desrred alrspeeds and K
gllde slope angles combrnatron | | - | ‘ | —
In settlng boundarres for a1rspeed and )gl1de slope angle several factors were
,affected These boundarres are deprcted in Flgure 4 24 Flylng alrspeeds above 90 knots

T the followmg occurred FOV was degraded 1ncreased workload and handlrng qualltres

o decreased Flylng gllde slope angles above 8 degree ghde slope angles the followmg

occurred glrde slope 1ntercept was more drfflcult FOV upon break out was degraded
‘s1nk rates above 800 FPM and handlmg qualrtles decreased Quahtatwe comments from
, .‘the prlots noted that any approach below 1= degree glrde slope an gle does not prov1de safe

E ,arrcraft clearance for obstacles and prevented the pllot from locat1ng the 1ntended spot
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upon breakout. These three boundaries set thé areas between desired and adequate to
degrading adequate and inadéquate.

After analyzing the quantitative combined overall HQR data in Figure 4-24 and
reviewing the qualitative data, the 7‘-degree af 70 kﬁots combination shown én ngures 4-
25, 4-26, and 4-27 were determined aé the overall desired or optimum airspeed glide
slope angle combination. The aircraft effectively captured airspeed and intér;epted the -

glide slope, tracked the glide slope and localizer, maintained FOV and control upon

breakout, and landed on the intended landing spot in the marshalling area, overall HQR 2.

The worst configuration for all the approaches was 10-degree glide slope at 120
knots shown on Figures 4-7, 4-8, and 4-9. The pilot had to decrease the collective

significantly and rapidly causing a high rate of descent just to intercept the glide slope.

Large flight controls input were required to maintain the aircraft on localizer course and -

glide slopé. bnce aircraft breakout occurred, the pilot attempted to slow the aifcraft’s
high rate of descent, but failed, and the aircraft crashed into the ground. Any approach
above 10 degrees at 120 knots to 100 knots resulted in major deficiencies with control
being lost during some portion of the required operation during breakout, thqs losing tbe
intended spot or crashing, HQR 10.

Installing a digital moving mép in the cockpit would assist the pilots in situation
awareness. The main area of assistance using digital moving map was during glide slope
intercept. If the pilots could anticipate the descent for steep glide slope angles at high
airspeeds, flying through the glide slope and rapid/significant decreases in the collective
could be avoided. Moving digital map could also assist in locating and anticipéting Final

Approach Fix, thus increasing approach capture times and control of the aircraft.
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lInstalling a flight direc£or_ih the aircraft to assist the pilot in‘ 'mair'ltainin:g the glide
slopc; and localizer frack and tb slow thhe aircraft airspeed during the approach wouid . |
decrease pilot worklodd and ingréaise h%ndling qﬁaliti'es of the aircraft tremendously.
. This would allow the pil(?'tS to bcéanlappjroaches abO\}e 100 knots and have the flight
di‘gecto’r slow thg aircraft to 80 knots or 70 knots Béfpre ‘b’reakout and reach the~désired
éifspeed glide slope angle co‘r’n‘bination region, shown in Figure 4-24. This would also
decrease I;ildt w;)‘rkload‘a{nd'enable the"pyilot t6 fly glide sldpes angles above 9 degree
safely and effectively. | | |

Instélling an Advance flight éiiivrector»(autokpilot fﬁnction). would autbm_aticaliy
con&ol thé aircraft, locate the intended_vlandi’ng spot; and bring tﬁe-aifcraft to a 10-foot
AGL hover ﬁpon breakout. This would sig#ificantly inﬁprovev the HQRs and increase the

aircraft airspeed to glide slope angle combinations for desired and adequate tolerances.
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CHAPTER 5

CONCLUSION

This thesis examines the feasibility of using steep GPS approaches in .I‘MC for the
military. The experiments were conducted in the UH-60A/L Flight Simulator at Fort |
Hood, Téxas, with a crew of two pilpts. The experiment was conducted with all aircraft
systems functioning normally, full engine power available (no one engine inoperative
evaluations), and all approaches were carried through breakout to a vertiéal landing (no
missed apl;roaches). Qualitativé and quantitative data was collected on aircraft

_ performance and handling qualities. The glide slope angles were varied, starting steep
and ending with a shallow approach configuration. The glide slope angl’els were 10, 9, 8,
7, and 6 degrees. Each pilot flew each approach‘at various airspeeds, 120, 100, 90, 80,
and 70 knots. Based on the 50 simullated approaches flown by two pilots, the following

conclusions are presented:

1. The Blackhawk simulator worked well to perform these experiments. Qualitative and
quantitative data was able to be collected effectively. Setting useful evaluation
parameters required many flights using trial and error methods. In the simulator, the
operator could move the aircraft around the tactical battlefield in seconds compared to
minutes or hours in the actual aircraft. This made adjusting parameters easy. The main
advantage in using the simulat(;r was that the pilots could push the evaluation parameter
of the test and not worry about losing their lives by crashing the aircraft. Possible

drawback was the simulator may not have provided a realistic environment, thus

30




E ‘e‘f‘fecrtin‘g‘the HQR ratin.gs. A1rcraft ﬂrght hoursm the ‘s’iimul‘atorflwere' less costly ‘and -
' easier t-dobtain. ‘ s | | .
‘2 ‘Not hav1ng to 1nstrument the actual arrcraft to collect th—elspec1flc quantrtatlve data‘
saved money and t1me Collectmg quahtatlve and quantrtatlve data proved effectrve
" The quantrtauve data supported the qualrtatrve data and assmted in compllmg the resultst

Collectmg both types of data supported the analysrs and conclus1ons

: 3 When the aircraft was flown at constant a1rspeed and ghde slope angle the des1red

' . combmatron was 6 to 7 degree gllde‘slopes at 70 to 80 knots Arrspeeds and ghde slope '
,angles above 100 knots and 9 degree were 1nadequate respectlvely, whrch resulted in

; _ degraded performance and handlmg quahtles and 1ncreased prlot workload Pllots

commented on the loss of the landmg spot from the cockplt FOV durmg 100 khots and

- above alrspeeds. _

o A‘4., 'Keep)in‘g.'the glide slope,angleﬁfcb'n'stant;wasla llmltattonoftheGPS system install'ed'in” .
‘the alrcraft and pathfmders on the ground There was 1o way to program a‘ variable
_ contour) Keeplng the gllde slope angle constant and varymg the arrspeed durmg the‘ \ “ :
' ,"approach was poss1ble Because the GPS ILS approach response tlmes were two. to three ,
» times more sens1t1ve compared to a normal ILS approach pllOt workload exponenually |
o lncreased durmg evaluatlon task where the prlots attempted to slow the aircraft whlle

Simultaneously tracking' the_' gl1defs'lope'and locahzer course. -




5. The maximum acceptable sink rate was approximately 1000 FPM. Any sink rate
above 1000 FPM wind gusts, max gross weigh of aircraft, hof days, and tail winds
si gnificantly affected the Handlin g qualities and controllability of the aircraft. From the

results, the optimum descent rate was approximately 800 FPM.
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CHAPTER 6

RECOMMENDATIONS

1. It is recommended to mainfgin the airspeed and glide slope angle constant, and fly
approaches at 7-degree at 70 knots. If the aircraft is equipped with flight director to
control airspeed deceleration, the airspeed can begin between 120 to 70 knots. The fligh£
director will ensure thé airspeed is at )70 knots upon breakout. This will ultimately ensu‘re
the aircraft will effectively‘ capture airspeed and intercept the glide siope, track the glide
slope and localizer, maintain FOV and con.trol upon breakout, and lapd on the intend

landing spot in the marshalling area.

2. It is recommended not to fly these approaches above a 10-degree glide slope at 120

knots.

3. Install a digifal—moving map in the cockpit to assist the pilots in glide slope intercept

and situation awareness.
4. Install a flight director using airspeed decelerator.

5. Install a fully coupled autopilot to control the aircraft during all phase of the approach

to landing.
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APPENDIX A
Figures for Experimental GPS and Apparatus (Chapter 2)




Figure 2-1. Orbit of Satellites
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RATING SCALE FOR QUALITATIVE ASSESSMENT OF VIBRATION

SCALE LEVEL SUBJECTIVE VIBRATION ASSESSMENT
No.
' No perceptible vibration
1 Light Not apparent to experienced aircrew occupied by their
2 tasks, but noticeable if attention is directed to it or not
3 otherwise occupied.
4 Moderate | Experienced aircrews, fully occupied by their tasks, are
5 ' aware of vibration but it does not intrude so that work is
6 affected, at least over a short period.
7 Severe Vibration is immediately apparent to experienced aircrew
8 when fully occupied. Performance of primary task may
9 .| be affected, but control of the rotorcraft or aircrew duties
are not seriously impaired if, when necessary, secondary
tasks are neglected.
10 Intolerable | Physical discomfort or concern for the safety of the
: rotorcraft. Sole preoccupation to reduce vibration.

" Note: Assessment using the above scale should include an estimate of the predominant
frequency which may be expressed in relation to rotor speed e.g. VAR= One per
rotor revolution

Figure 3-5. Vibration Scale
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Appendix C

Experimental Results (Chapter 4)
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Airspead - Angle Ploc#1 Pla2
(Knots) (Degree) HXRs) HXRs)
120 10 ‘ 3 3

120 9 2 3
120 8 2 2
120 7. 1 2
120 6 2 1
100 10 5 6
.10 9- 4 5
100 8 4 3
10 i 2 2
100 6 2 3
D 10 6 6
Q0 9 5 5
D 8 4 ' 3
PN 7 . 3 2
D 6 3 3
0 10 8 7
0. 9 6 6
D 8 5 5
0 7 4 4
0 6 3 4
0 10 8 8
0 9 6 7
0 8 5 5
0 7 5 4
g0 _6 4 3

Figure 4-1. Level Flighf Conversion to Approach Airspeed Cdnfigurétion .
and Glide Slope Intercept HQR ratings
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