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A EXECUTIVE SUMMARY
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LAY
oy
Tl In August 1985, the Guidance and Airborne Systems Branch (ACT-140) received a
formal request through Federal Aviation Administration (FAA) Headquarters,
Hagtt Helicopter Program Branch (APM-720), from the Southwest Region Rotorcraft
iﬁ': Directorate (ASW-110) to supply a "trend analysis" to demonstrate a trend, if
??b, any, associated with the decisiou height (DH) through missed approach phases of
?aﬁ: precision approaches flown in a production S-76A at a minimum instrument
e meterological conditions airspeed (Vpjni) of 40 knots indicated airspeed
(KIAS). This work was prompted by the certification testing of the S$5-76A for a
frﬂ: lower Vyini conducted by the New England Certification Office (ANE-150)
:~ ' performed at Battery Park Heliport,New York,in May 1985. During this test phase
,¢§ only four missed approaches were flown.
X
oy
a0
o - An additional 24 missed approaches were recorded, flown by three subject pilots,
at 3°, 6° and 7.5° glidepaths using microwave landing system (MLS) prezision
oty guidance to a heliport.
. ,w'- )
4 ﬁg Airborne data has been reduced to graphic plots that provide a visual
W description of the approach and summarized mathematically to provide statistics
PRI regarding performance indicators. These data were forwarded to ASW-110.
e The data demonstrated that subject pilots, with minimal training, were adle to
ﬁhﬂ transition from a raw-data guided MLS precision approaches at elevation
}Qﬁ (glidepath) angles ranging from 3° to 7.5° to the missed approach without
fﬁg excessive difficulty or excessive loss of altitude.
ARy
The results of the analysis contained in this report can be used to further
by, refine and establish procedures for reducing the Vmini when flying
EARK precision approaches to heliports.
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INTRODUCTLON

This flight test program was a tfollow-on to the evaluation of the Sikorsky
S~-76A by the New England Region Certification Office (ANE-150) evaluating the
aircraft for instrument final approach speeds below minimum instrument
meterological conditions airspeed (Vgij,i). This test was conducted

from May 21 through May 31, 1985. The program was initiated in response to
Sikorsky letter COL-85-8500 dated April 2, 1985. The evaluation criteria was
provided in a letter from the Southwest Rotorcraft Divecturate (ASW-110), see
appendix A-1. The test helicopter was a Sikorsky S-76A, serial number 760053,
registration number 6702. Eight flights for a total of 12.2 hours of f{light
time were flown, which included two iastrument landing system (ILS) approaches
and 36 microwave landing system (MLS) approaches flying 6° and 9° glideslopes
nrilizing the MLS at Battery Park Heliport (reference 1). Based on the
testing, ANE-150 recommended to ASW-119) that the Sikorsky $-764,cquipped with
the Sperry SP2-7000 Dual Digital Automatic Flight Control System (DDAFCS)
operating in the ATT mode, demonstrated acceptable flight characteristics during
instrument final approaches using airspeeds between Vmini and 40 knots
indicated airspeed (KIAS) with the following limitations:

l. A minimum crew of two helicopter instrument rated pilots.

i~

A mintmum approach airspoed of 40 KIAS.

. A maximum crosswind component of 15 knots,

4. A maximum glidepath of 7.5°.

>. A suitable groundspeed iadicator must be available (i.e., precision
dlstance wmeasuring equipment (DME/P), distance measuring equipment (DME), or
loran C or Area Navigation (RNAV)),

5. A suitadble indication of a de:eleration point prior to glidepath
interception (OME, very hizh frequency omnidirectional range (VOR) radial,

nondirection beacon (NDB), marker beacon (MB), etc.).

7. Installation of apnroved iastrument precision approach receiver equipment
N ILS T VIL%) .

8. An approved instruction manual (rotorcraft flight manual (RFM) sapplemcnt,
etz.) must be available,

»

b 7. The Spervy SPZ-7000 flisht director mav be used in the 3 cue mwyde ) but aav

t Mot be coupled to the automatic flight control system (AFCS).  Coupled AFCS

b Cantomatic pilot) approaches below Vinini are not authorized. Flight
director 2 c¢ue (azimuth and glidepath) approaches are not authorized at
Atrspeads delow Voo 0,

{ In Anxast 19485, ACT-140 received a request from the ASW-110 to sapple 1 "tread
analvsis' to demonstrare a trend, 1f anv, associated with the decision height
"DHY torongh missed approah phases of precision approaches flown (1 a
production S=7HA at o Vi of 40 KIAS (sen appendic BY. 0 Duriag the
Certification Of fice test phase oaly four missed approaches were lown, o
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obtain additional missed approach data, 24 approaches were flown at 3°, 6°, and
7.5° glidepaths to a collocated MLS installed at the Interim Concept
Development Heliport at the FAA Technical Center.

OBJECTIVE.

The purpose of these tests flights was to augment data collected by United
Technologies Corporation, Sikorsky Division, during flying 40-knot minimum
instrument (Vpini) airspeed certification test flights. The original
certification tests flights were conducted in May 1985 at the Battery Park
Heliport in New York City.

BACKGROUND.

Below are the main issues relating to decreasing the Vpj,i of the S-76A
helicopter from 60 KIAS to 40 KIAS.

1. There are two reasons to reduce Vmini. The primary reason is to

reduce the distance required to decelerate from DH to full stop at a heliport.
The existing Vpini for most S-76A aircraft (60 KIAS) requires approximately

3000 feet (assuming a 0.05g deceleration limit) to decelerate to a hover in a
normal manner (see appendix D). However, decelerating from 40 KIAS only requires
approximately 1500 feet to perform the same maneuver. This distance remains
essentially constant regardless of the approach angle the pilot has selected.
Thus, as the approach angle increases, the height above landing (HAL) at which
the pilot must have visual contact with the landing environment also increases.
With the lower Vgini, just as the distance to decelerate can be reduced

by one-half, the HAL can be reduced by one—half. As a result, the approach
minimums for steep angle approaches can be reduced below the minimums which can
be obtained with a higher Vgi,i. Another reason to reduce Vpipi is to reduce

the rate of descent required to maintain the desired glidepath. The maximum
desired rate of descent has been determined through prior testing to be no
greater than 900 feet per minute (fpm). Flying a Vgini of 60-knot

indicated airspeed (IAS) and a 15-knot tailwind on a 6° approach angle, the rate
of descent is 795 fpm. Without the tailwind the rate of descent is 635 fpm.
However, with a Vpinj of 40 KIAS with a 15 knot tailwind, the maximum

rate of descent would be only 581 fpm. Without the tail wind the rate of descent
is 421 fpm. A Vpi.: of 40 KIAS allows a greater acceptable tailwind

component to be present when flying steeper glidepaths than would allowed with a
Vmini of 60 KIAS.

2. Another potential issue in reducing Vyi,; is that aircraft stability

is affected by the reduction of airspeed, and additional equipment may be
required to provide the necessary static and dynamic stability. As any
helicopter reduces its approach speed to less than the best lift over drag speed
(74 KIAS for the S-76A), aircraft stability is reduced. This stability reduction
may require additional aircraft equipment to reduce the resultant workload on the

pilot. The current Vmini is aircraft equipment dependent. For the S—76@
equipped with a 3 cue (3 axis) flight director system and AFCS, a reduction of

85

o Vmini to 50 knots is permitted. For an S-76A equipped with only a 2 cue
iﬂj (2 axis) fligh director, with or without AFCS, a Vpini of 60 KIAS is

&:: permitted.
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J. When flviag steep angle approaches at a Vaini of less than the best

Pite over drag speed (Vy, (figure 1), Natioual Aeronautics and Space
Administration (NASA)/Federal Aviation Administration (FAA) flight tests have
shown that different flight techniques must be used. Flight on the backside of
the power curve requires strict airspeed control. Small vertical corrections
required to track a glide slope are not made with airspeed/pitch attitude
change as can be Jdone when operating on the front side of the power required
curve.  Power/collective must be the primary control usedl in glide slope
tracking Jduring low speed (airspeeds less than Vy) approaches. Lower approach
speeds preatly amplify the effect of any wind, Another wiad rolarced problem
cvvnrs as the windspeed nears the approach airspeed, the zrouald speod of the
helicopter may become so slow that the rate of closure to the landing site is
macveptably low.  The relative direction of the wind to the helicopter and
desired approach path mav also indoce significant tracking prodlems, soch as,
whoea the crosswind velocity equals the forward velocity of the helicopter.  In
this case, the required correction to stay on the course ceaterline is 907 off
the o wind inbound heading and, of conrse, the helivopter woald nover et to
the heliport unless the aircraft was {lown in a "sideslip" tH maiatarn the
Toarse to the heliport,

Faese changes ia techniques will reqnire additional nilot traiaing .
ptiittional atveraft equipment (i.e., a 3=axis flight dirvector optimized for low
soecd approaches) to achieve lower Vinini. Both requirements tonch on
cowatatory 1ssues.,

METHODS

FUULPMENT DESCRIPTLON.

CRNUIND .I‘:I.-E‘;_k;-lp_f-{i(‘):\l[‘(:S_. The MLS ut (lized tvor this project was developed for the
Dopartaear of Transportation (DOT)/FAA by the Hazeltine Corporation. This is a
prototee pmodel 2900 MLS consisting of two basic fanctional olements, elevat ion

i aszimath (AT supplemented with DME/P. These olements are oollocatoed
veede the heliport. This system radiates the compatible Timed Roforence
Soanring Beam (TRSB)Y format consistiag of a preamble and a TO-FRO scanning beam
1oeach case, This system provides proportional auidance through approximatoly
#1007 A, and BT oto #15° in EL. DME/P was provided by oa 'S, Marine Corps
Aporoach Laadiag Svstem (a tactial MLS with DME/P)Y situated abeasm the A7 and WU
antennds providinr slaat range distance measarements to both anteaaas ((see
tiaar e )

Amodireed Bendi < MLS Service Post oand Svalaation Program (STEP) recelver <as
uttlrzed for this test. The recoilver was modifiod atilizing the orizinai 034
SR format with the coarse widths set to +3.6° AZ and a1 FL conrse wiatiy oF +
selected angle/3. The conrse deviation information was tisplaved on the print
hortzoatal situation 1adicator ISE). Seo Fiaure 3.

FesT AITRCRAFT. The aircrart atiliaed during this Plroht tost wis o o0 v 1oy
SEROrSEY S=ToA L serial oauamher TH00087 ) repistration aaemher N=3%L Tt s

capiipped with a Spervy SHZ=Ta0 Holipilot Heleis 1T Aarosmat ic #Fiiaht coatre -+
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System and a HELCIS Flight Director. However, for this test only raw data
information was displayed on the pilot's HSI. The aircraft is certified for
single pilot instrument flight rule (IFR) operations with a minimum instrument
meterological conditions (IMC) airspeed (Vpini) of 60 knots and is
representative of the TFR certified helicopters currently in use.

The Flight Control System (FCS) in this test aircraft differed from the FCS
used in the certification test aircraft, the Sperry SPZ-7000. These systems
are fully described in reference 2. The SHZ-760 is a dual Helipilot system
consisting of two independent control systems, each fully capable of
controlling the helicopter pitch and roll axes. Each Helipilot has separate
electrical systems and gyro references. The Helipilots feed servos mounted in
series with the aircraft control rods. Automatic trim of the roll and pitch
axes refines control accuracy and further reduces pilot workload. The SHZ-760
system also coantains a complete flight director which can operate independent
of the Helipilots to provide the pilot with visual flight director commands.
For fully automatic flightpath control, the flight director system is coupled
to the Helipilot system.

The Sperry SPZ-7000 DDAFCS 1s a completely integrated digital autopilot/flight
director/air data/auto trim system which has a full complement of horizontal
and vertical flight guidance modes. These include all radio guidance modes,
Loran C, RNAV tracking and air data oriented vertical modes. However, attitude
mode and coupled collective are also available to the pilot. When engaged and
coupled, the flight director will control the aircraft using the same commaunds
displayed on the attitude director indicator. The instruments act as a means
to monitor the performance of the autopilot. When the autopilot is not
engaged, the same modes of operation are available for the flight director
only. The pilot maneuvers the aircraft to satisfy the flight director
commands, as does the autopilot when it is engaged.

The biggest control differences between the SHZ-760 aad the SPZ-7000 are:

SH2-760 $P2-7000
AFCS in 2 axes AFCS in 4 axes
(pitch, roll) (pitch, roll, yaw, collective)
Heading hold (rol! axis) Heading hold (yaw)
Collective cue in (goaround Collective cue in all modes (coupled)
(GA) only (not coupled)
Not Compatible with the Compatible with the Electronic Flight
Electronic Flight Instru- Instrumentation System

mentation System

The aircraft was operated between approximately 500 to 1500 pounds below the

maximum gross weight of 10,300 pounds. However, this was not considered as a
critical parameter in the test since no one engine inoperative (OEl) procedures

were flown., The center of gravity (CG) for each flight was approximately
204 inches (see figure 4).

SUBJECT PILOTS. The subject pilots selected for this test were local FAA
pilots. It was decided to utilize local pilots due to the small number of
approaches to be performed. FRach pilot was qualified in the S~-76A and familiar
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with steep angle approach techniques. Each pilot possessed at least a
rotorcraft commercial/instrument flight rating. The pilots had an average of
200 hours of instrument time (actual or simulated).

AIRCRAFT TRACKING. Two different ground-based aircraft tracking systems were
used simultaneously during this test. The systems used were an optical system,
A GTE Precision Automated Tracking System (PATS), and a radar system called
Extended Area Instrumentation Radar (EAIR). Using both systems provided
redundancy and permitted a higher degree of continuous tracking coverage.

A primary tracking system was identified dependent on target location. For
areas within 2 nautical miles (nmi) of the MLS ground equipment and the area
containing the missed approach segment PATS tracking was selected to be the
primary system, while EAIR was used to fill in where PATS data were not
available,

EAIR TRACKER. The Technical Center's EAIR is a model 661, precision C-band
instrumentation radar system that was designed to measure, record, and display
an aircraft's position in slant range and AZ and EL angles. In the primary
tracking mode (skin track), EAIR has a maximum tracking distance of 100 nmi.
In the secondary mode (beacon), it has a range of 190 nmi. In either mode it
has a minimum tracking distance of 1 nmi. Recorded data are sent to the
computer facility and post-flight processed in the same manner as the PATS
data., A detailed description of both tracking systems is presented in
reference 3.

GTE (PATS). The GTE PATS is a mobile laser tracking and ranging system. It
gathers, records, and displays space position information on a wide variety of
vehicles and targets in real time with great accuracy. Self-contained in a
mobile van, PATS requires two operators. PATS measures AZ, EL, and range
automatically by transmitting a laser pulse to a target and measuring the angle
of return and the round trip time. These data are then recorded on a Digital
PDP 11/34 system and processed to be merged with EAIR data and the airborne
data to yield airborne position plots, system error, and flight technical

error. Performance characteristics of the PATS tracker are depicted in
table 1.

APPROACH PROCEDURES. Twenty-four approaches for data were flown each begianing
from a turn on to the final approach course at 4 nmi. The aircraft was slowed
to 40 KIAS by the preglideslope intercept deceleration point (2.5 DME). The
flight test profiles are depicted in table 2. Approach plates for the three

. different EL angles flown to the heliport are shown in figures 5 to 7. The
40 KIAS was maintained throughout the duration of the approach to DH. At DH a
straight ahead climb was initiated to SO0 feet MSL followed by a climbing left
turn to heading 160° leveling off at 1600 feet m.s.l. Following the approaches
to the heliport, two subjects flew one approach to runway 31 to perceive
workload differences flying at Vgini of 40 KIAS to a split site MLS.
The approach plate for the runway 31 approach is presented in figure 8. These
approaches were not tracked due to the alignment of the trackers. However, the
subjects' comments were recorded by the airborne data technician.

All flying was performed with the Stability Augmentation System (SAS) flight
e control system selected.
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" TABLE 1. PATS TRACKER PERFORMANCE CHARACTERISTICS
Gl
13
o
:1‘; l. Absolute Accuracy:
)
& Azimuth: 0.1 milliradian (mrad) for all ranges
T Elevation: 0.1 mrad for all ranges
ﬁ' Range: +0.5 meters for target ranges of 200 to 10,000 meters
;%Q +1 meter for target ranges of 10,000 to 30,000 meters
He
‘$* 2. Data Sample Rate:
s 100, 50, 20, or 10 sample sets per second, selectable.
::5‘ 3. Angular Coverage:
‘*ﬁ‘
Ko AZ:  +420° )
' EL: =5° to +85°
o 4. Acquisition Dynamics (manual or automatic)
o
‘3$} Maximum angular rate (AZ and EL ): 2 radians/second.
;5:{ Maximum angular acceleration (AZ and EL ): 500 mrad/sec?
)'.
o
e
-v-.':- TARLE 2. FLIGHT TEST PROFILES
- Run EL No Wind Rate of Distance to
Q\ No. Angle (deg) Descent (fpm) DH (ft) Decel. (ft)*
™
f : 1 3.0 200 200 3818
'5.y 2 7.5 550 200 1520
e 3 6.0 450 200 1902
. 4 7.5 550 200 1520
B 5 3.0 200 200 3818
At 6 6.0 450 200 1902
'{3 7 7.5 550 200 1520
P 8 3.0 200 200 1902
(I
e > 9 6.0 450 200 1902 )
g 10 3.0 200 200 3818
3
M . ° . . . |
AL ILS to runway 13 or 3.0° MLS to runway 31 with missed approach as in the test.
LA Not tracked.
;k*ﬁ *The minimum distance to decelerate from 40 KIAS is about 1500 feet. The
ijﬁ distances to decelerate for the test was based on the DH for Category 1
\tit operations. This was the same criteria utilized by Sikorsky in the original
" " tests.
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Altitudes for intercepting the elevation were:

3° EL - 700 feet
6° EL - 1400 feet
.5

7.5° EL - 1600 feet

Each approach was flown to a DH of 200 feet. The deceleration distinces fron
DH to touchdown are shown in table 3,

TABLE 3. DH TO TOUCHDOWN DECELERATION DISTANCES

EL Angle Distance
3° 3818 tfeet or 0.6 nmi
6° 1902 feet or 0.3 omi
7.5° 1520 feet or 0.25 ami

In the certification heliport MLS testing at Battery Park (append.x C), 1t was
recommended to approve MLS heliport approaches as a two-pilot procedure. 1In
this test the crew composition consisted of two pilots. The duties of the
copilot were:

1. Performing necessary radio communications.
2. Reading checklists.
3. Clearing all turns,

4, Calling out altitudes +500 feet and +100 from assigned or Jdesired
altitudes.

5. Setting avionics equipment for the approach.
6. Calling the deceleration point 2.5 DME from the heliport.
7. Announcing go around at DH.

8. Flying the aircraft after the level off at 1600 feet on the missed
approach.

Airspeed while on downwind was maintained at between 90 to 120 KIAS. Before
reaching the 4 nmi DME fix outbound, while the pilot was setting the
instruments for the approach, the copilot leveled oft at the desired altitude
for the approach. A turn to a heading of 045° was performed to intercept the
inbound course one mile prior to the deceleration point (3.5 nmi DME). Once
established on the inbound course, the subject began to decelerate so as to be
stabilized at 40 KIAS at the deceleration point (2.5 nmi DME). This speed was
maintained throughout the approach to DH. Once established on the approach,




kN the AZ was maintained with the cyclic while the EL was maintained with the

?i collective, using the "backside" of the power curve approach techniques. At
:% DH, which was 200 feet radar altitude, the pilot initiated a missed approach.
s
fﬁq After leveling the aircraft at 1600 feet m.s.l. on the missed approach, the
’ safety pilot took over the controls while the subject responded to the approach
At evaluation conducted by the data collection technician. The pilot was hooded
‘{j to simulate instrument meteorlogical conditions during the entire approach and
S missed approach segments. Following each run the subject was asked to rate the
X approach to DH and the missed approach according to the Cooper Harper rating
;:: scale,
The subjects flew three approaches to a DH of 200 feet, at each of the
{? EL angles 3°, 6°, and 7.5°
) .u"‘
=:, DATA REDUCTION i
n, Various aircraft performance data are obtained from seansors onboard the
..S aircraft and recorded on magnetic tape. The data collected are divided into
‘WY two groups. Aircraft state parameters: such as IAS, true airspeed (TAS),
.r pitch, roll, and yaw attitudes, vertical speed and magnetic heading, and
control movement. MLS parameters: received raw AZ and EL angles, DME range,
: displaved AZ and EL angles, and MLS signal flags. A list of the parameters
(:. collected Is contained in table 4.
o
i: Data collection started at the 4-nmi DME range inbound on the approach.
.. Collection terminated when the aircraft had climbed through 1600 feet altitude
on the missed approach. Events were marked manually by the data collection
. technician at 4 DME inbound, EL angle intercept, DH, 500 feet radar altitude on
\ER the missed approach and 1600 feet MSL on the missed approach,
e
)Eﬁ Ground tracking (laser and extended area radar) data and airborne data were
b merged and utilized to generate plots depicting both plan and profile views

of each procedure relative to the desired course (figures 9 and 10).

The data collection technician was responsible for maintenance of the airborne
flight log. This log provided the collection of subject and test pilot
comments in real time. Observer logs and pilot evaluations were analyzed for
overall trends.

SN

FLIGHT TEST ANALYSIS

L
s 2
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Three pilots participated in the project. Below is a listing of the pilots
experience level and ratings:

kel

o Pilot 1

A Commercial/Instrument Rotorcraft-Helicopter
el 400 hours total helicopter time

: 20 hours in the last 6 months

"] 60 hours actual/simulated instrument time
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’ht{ TABLE 4. AIRBORNE DATA COLLECTILION SPECIFICATIONS
oty
A8
.‘\: Sample Rate
- Parameter Units __(He) Resolution ‘
‘u . .
A Time Hours /minutes/seconds N/A 0.001 second
Do~
Lot . .
Y '\:.. ADC Indicated Airspeed knots 2 1 Knot
S
) ADC Vertical Velocity Feet/seconds 2 10 ft/min
e Alrcraft Heading Degrees/magnetic 2 0.020
b "\'
A . .
:‘: Barometric Altitude 29,92 Feot 2 7 feet
!:.'" . Radar Altitude Feat 2 1.2 feet
j Vertical Deviation Linear: feet 2 0.001 dots
‘.l-'\'. Subject Pilot HSI Dots: as scaled on
45 display
e Angular: degrees
~
N Laterial Deviation Angular: deyrees
~f‘ Subject Pilot HSL
<
oD
-\;-) MLS Azimuth Degrwes 2 0.005
Bat)
K<) R . 9 3
Ba MLS Elevation Degrees 2 0.005
(AN MLS R Foo ) o
,,.\ LS Range eot 4 ft
§ Along Track Distance Taet 2 4 ft
B Aty
e MLs Flags
il Cycle Position Percent of tull scale 2 0.057%
:» Pedal Position Percent ol full scale 2 0.05™
b
't’_,, Collective Position Percent of full scale 2 N.05%
" .
. e .
;:, Roll Angle Deygroes 2 n.02
N
R itc T eos 2 0n.02
:;:‘ . Pitch Angle Deyroees
' Event Marker Discrete code 2
Normal Acceleration 2's 0 .01
Note:  ADC = Aiv Data Computer
-
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n':‘b'j
e Pilot 2
ol
3 ) Airline Transport Pilot Rotorcraft-Helicopter
) 2000 hours total helicopter time
.‘,. 50 hours in the last 6 months
ﬁ‘;f 300 hours actual/simulated instrument time
vty
t'k : Pilot 3
24 Airline Transport Pilot Rotorcraft-Helicopter
E#\; 3000 hours total helicopter time
: 50 hours in the last 6 months
4"} 500 hours actual/simulated instrument time
K :; The flight control system (SHZ-760) was very different than the SPZ-7000 DDAFCS
{’Ad used in the certification flights in New York. Only one of the subjects rated
B oy the approaches as flown in our aircraft acceptable for IFR use. The other
o subjects rated the approach phase as needing improvement because workload )
e levels in maintaining heading, airspeed, and course alignment were too high.
¢:k These two pilots did not feel that any of the approaches would be acceptable to '
j:; fly in IMC conditions. Two improvements to the procedures identified in the

o test plan resulted in a reduction in perceived workload. They were:

L ;
|
g 1.

Use the airspeed hold coupled to assist in pitch control. Of all axes to

TST control, pitch was considered by all the subjects to be the most difficult. By
R using the airspeed hold function of the flight director coupled to the flight
AN control system, the pilots felt they reduced the workload greatly.
i x&' 2. Having the copilot control the heading by use of his tail rotor pedals also
Ik greatly reduced the perceived workload on the pilot flying the approach.
ran Without the Sperry SPZ-7000 4-axis flight control system with heading hold,
; % copilot assistance in heading control would reduce pilot workload in
fﬁ o maintaining an approach azimuth.
\> '
N *
fﬁ'”' Wind limitations used for the test were a maximum tailwind and crosswind of
" 15 knots. The same limits were used in the certification tests. The weather
i was better than 5000 foot ceiling and 5 miles visibility for the data
W collection flights. The winds averaged 289° at 12 knots, which yielded an
: 1% average 10-knot direct crosswind component. With crosswind components greater
N than this, pilot comments indicated that the "sideslip" technique for flying
kg&: the azimuth at low speeds became very uncomfortable.
e, ¥ {
Py CONCLUSIONS
e
i 4
»
i'{ﬁ The main purpose of the flight test was to provide ASW-110 composite flight
- path plots of aircraft track from the decision height (DH) through the missed
e, approach segments. These plots were used to determine if any current terminal
3y instrument procedures (TERPS) criteria would be violated by reducing minimum
:~$§ instrument meterological conditions airspeed (Vpini) to 40 knots indicated
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Results, DOT/FAA/CT-TN85/58, December 1985.

airspeed (KIAS). To this end the plots indicate that there were no
penetrations of the 20:1 missed approach surface (see appendix E). Figure 11
shows the HL data for the three approachs angles flown.

The maximum deviation allowed by TERPS for the height loss (HL) at missed
approach rises along a 20:1 plane which begins at the surface or 250 feet below
the missed approach point. For this test that means that the 20:1 obstacle
free surface begins at ground level. At most, only a 40-foot fly under at DH
was detected during the 24 missed approaches flown. Additionally, from the
questionnaire results, the subject pilots felt that the transition from the
approaches to the missed approaches were very easy. The ease in flying the
missed approach is due mainly to the decreased rate of descent on each of the
approaches.

RECOMMENDATIONS

1. Altitude loss at decision height (DH) was considerably less than altitude
loss which has been measured at higher approach speeds. Pilots felt transition
to the missed approach segment could easily be accomplished with a 40-knot
approach speed. To be able to provide conclusive statistics on the missed
approach phase, a much larger pilot sample would be required. The sample
should consist of 12 subject pilots replicating each of the three approach
profiles three times. This would result in nine approaches per subject.

2, 1ldeally, this flight test should be conducted in an approved SPZ-7000
aircraft configuration. If this cannot be accomplished, then it is requested
that ASW-110 assist ACT-140 in determining what has to be done to
satisfactorily emulate an SPZ~7000 automatic flight control system (AFCS) in
S-76A registry number N-38.

3. A flight test should be performed at the Techmical Center evaluating 2 cue
vs 3 cue flight directors for microwave landing system (MLS) steep angle
approaches to heliports. This study would provide ASW-110 with potential uses
of flight directors for reducing pilot workload when flying stcep angle
approaches to heliports. This could also provide ASW-110 with a data base to
make certification decisions as to benefits or restrictions of the majority of
systems currently in use by the majority of the helicopter population. This
test would identify any operational 2 cue benefits for steep angle approaches.

REFERENCES

1. Single Pilot IFR System Pilot's Manual for the $S-76. Sperry Flight
Systems, Avionics Division.

2. Luciani, V. J., NAFEC Range Instrumentation System, FAA-NA-74-32, Mav
1975.

3. Enias, J., Webb, M., and Billmann, B., Battery Park Heliport Flight Test
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APPENDIX A
LOW SPEED I[FR APPROACHES FOR HELICOPTERS
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From

A Iemorandum

US Department
ot Transporiation

Federal Aviation
Administration

Subject Low Speed IFR Approaches for Helicopters Coe  MAY 20 1925

AH(‘ [*3
Don P. Watson
Manager, Aircraft Certification Division, ASW-100

To

ANE-150
This is in response to ANE-150's subject letter dated April 24, 19E€5.

The following guidance should be used to evaluate and approve transport
category helicopter approach, landing, and missed approach procedures
using airspeeds below VyyNy until such time as further regulatory
actions are completed. This guidance may be modified as a result of the
S~T6 evaluation conducted by ASW-110 and ANE-150 representatives.

In addition to the requirements of Appendix B, Part 29, the followirg
shall be required.

a. Airspeeds below VMIN] may be used only during approach,
landing, and missed approach procedures.

b. During a missed approach, the helicopter must be safely
controllable and maneuverable while accelerating from the minimum approvec
approach speed to Vyr while using not less than maximum continucus power.

¢. Static longitudinal stability. For approach airspeeds below
VMINIs the longitudinal control position and force versus speed curves
must not have a negative slope within a range of airspeeds +5 knots either
side of any airspeeds between VyiNy and the higher of 25 knots or the
minimum approved approach speed, with=--

(1) The helicopter trimmed at Vyqyyy and the higher of 2% knots
or the minimum approved approach speed;

(2) Power required to maintain a 3° glideslope and to maintain
Lhe steepest approach gradient for which approval is requested; and

(3) Landing gear extended, if applicable.

(4) A return to trim airspeed is not required at airspeeds below
VMINI.

d. Dynamic stability for approach speeds below VmINT:

i % ML) . X " () ? L T N
'ﬂ!~,..~.1'°35‘J&"’e".|"!@ I EN S, ) AN YA W o S RN S ﬁ:& \-!jq:‘“ g\frf '%:\_i‘b




o

(1) Any oscillation having a period of less than £ seccnds must
damp to one-half amplituce in not more than two cycles.

(2) Any oscillation having a period of 5 seconds or more but
less than 10 seconds must be damped,

(3) Any oscillaticn having a period of 10 seconds or more, or
any aperiodic response, may not achieve double amplitude in less than
10 seconds.

e. The reed for adcitional equipment, systems, and installations
should be evaluated.

Tre fcllowing background information is provided for the FAA
representatives to consider during their evaluation:

a. The requirement for a raaar altimeter. FAA/NASA studies have
indicated this equipment and systems are necessary during approaches at
speeds below Vminy. Helicopters using approach speeds below VMIN]
will, in most cases, use approach gradients (glideslopes) steeper thar trne
normal 3° ILS glideslope. A 6° gradient was used during most of the
FAA/NASA studies. Ever at low or decelerating approach speecs, the
steeper gradients result in a relatively high rate of descent at decision
heights (and assumed breakout from IMC to VMC). The pilot will accept
these higher rates of descent with a radio altimeter, but some concern was
expressed by some of trne pilots during the FAA/NASA studies if a radic
altimeter was not available. Significant advantages were also found when
the radio altimeter was used for annunciation of decision height.

b. The requirement to provide display(s) which provide the
relationship of speed, pcsition, and landing area. FAA/NASA studies have
indicated that it may be necessary to provide a display of progress of
Speed, position, and landing area. The low approach speeds greatly
amplify the effect of any wind and, as the windspeed nears the approach.
airspeed, the groundspeed of the helicopter may become so low that the
rate of closure to the landing site 1s unacceptably low.

The relative direction of the wind to the helicopter and desired approach
path may also induce significant tracking problems. The helicopter pilot 1
desires a display that shows his relative position to the landing site and
the rate of closure to the landing site such as that visually perceived

during a visual approach. As a minimum, a distance measuring equipment 4
(DME) system, in conjunction with the ILS/MLS, would fulfill this

requirement; however, since this requires the busy pilot to mentally
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integrate the DME display to determine closure rate, the otjective of the
requlrement 1s meant to be an incentive for new systems nearer to meeting
the desires cf the pilot. The addition of a groundspeed readout display
would be preferred over a norcmal DME display only.

c. Airspeed systems. An airspeed system that provides repeatable
information 1is rnecessary for control during low speed final approach
segmer,t. The accuracy and calibration requirements of Part 29 are not
cr.angecd. Precise or accurate airspeed information is much less a
rejulremert than repeatatle airspeed information. Satisfactory procedures
and cortlrcl car be readily developed and used with a repeatable airspeed
indication. Translational lift has a significant effect on pitot=-static
airspeed systems; however, proper design permits steady and repeatable
irlilations wher agecelerating tc translational lift airspeed. This

reguiremer.t does not exclude the use of nonpitot-static airspeed systems
but 1s not intended to require then.

d. Flight centrol guidance system. FAA/NASA studies have indicated
that a flight control guidance system that consists of either an automatic
approach coupler or a flight director system may be required. With
approach speeds below about 50 knots, the tracking task becomes difficuilt
because any wind or turbulence is a larger percentage of the airspeed.
Besides the physical relationship (i.e., groundspeed vs. airspeed vs.
aercdynamics) that a wind will generate, the pilot must "learn" tnat large
corrections are required. A simple example of the difficulty of the
approach can be envisioned where a crosswind velocity equals the forward
velocity of the helicopter. In this case, the required correction to stay
on the localizer centerline is 90° and, or course, the helicopter woulcd
never get to the heliport unless some other correction was made. The slow
alrspeed helps to keep this from being an impossible task, but the

integration of the agata to provide the right corrections must bte made for
the pilot, not by the pilot.

Consistent with the FAA conmitment to the Rotorcraft Master Plan,
the Rotorcraft Certification Directorate considers this new area of
instrument flight to be a significant project. Mr. J. S. Horaker,
ASwW-111, is assigned as Project Officer. Mr. Honaker will plar to atterc
necessary meetings with Slkorsky as a certification tean member and
participate in FAA test flights as an observer as agreed during the
TAn/Cikorsky meeting on March 29, 1985, We request that you keep

¥ir. tlcnaker advised of the project schedule.
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INCCRMATION: iLvalustion of Sihorsky 5-76 lellcopter
for Precision Approaches (i.S and 1iS) at Airspeeds
Below Lxisting Vpin:

ORIGINAL SIGr'FN BV

Janes Lanias i
Tii;ht Operatione Analyst, ACT=14C

uelfcopter Program Manager, APH-720
Thru: Helicopter iechnical Projsran Manager, ACI-140

The purpose of this memorandunm 1s tc identify the requirement for a
"quick~lool.” flight test activity to expliore the opcratiounal
characteristics of a lower Vypi,4 during precision approach and

missed approach operations to a helipad.

A4S you are avarg, Vo0 Siiorsky, Paul dalfe (AlL-15C), Paul Paflley
{(ASW-270), and Iric Bries (ASV/-110) have recently completed an evaluation
of the S=7¢ helicopter for precisiorn approaches (iilLf an! I.5) at
airspeels below tue existing Vpe,s of 60 KLAG. It appears frov

the trip report completed by ANJ=-110 (attachment) that Sikorsuy will
request certification for a 40 KIaS Vpyng to a Du of 200 feet for
glidepath angles up to 7.5°.

“here 18 no douli in ny mind that these nunbers are feasible, however,
there may be somec impact on TURPS during a nissed appyroach. Of comcery
1 the tiue, distance and altitudc loss, {i any, inherent with
accelerating frow Dud at 4C K75 may be significantly different than the
profile from DL at €0 ¥.Z. Too, the &40 IS profiie may penetrate the
existing or planped TERPS missed approach surface. This perceived
differcnce would result frou the fact that wvhen executing a missed
approach fror a speed below Veo,ss first lucresse coilective to

. obtain taxeoff torque and then, albeit simultanecous, sccelerate forward
to 52 KiAS (Vgog5) before attempting to establish a positive rate
of clinob,

I have discussed this matter with Lric Bries and we feel that a
quick=look flight test would demonstrate a trend, if any, associated with
procedures at the lowver Vp¢,;. We feel this information wouid be

of benefit to both support certif{ication issues, and substantiate any
[GRPS-relstec {ssucs.

.....
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‘.-, As placned, thies test would consist of £ approaches/miesel approaches to
Ry a Di. of 20C feet et each of the elevation ancles of 39, €Y, and
7.59, These approaches woul!' bdbe {lown by FaA pilots ugin, raw data
i “ guidence information an’! within the equipnent/guicelines containe! in
>, attacicient 1. Thie activity could ve coupleted during October with
.{t approximatcly ¢t hours of flight tinmec ir tue 5-7¢, and we would provide
::# tic resultant data consiestant with previour helicojter TLibs flicht
K0t test.. Plcssc note tlLat our vpy.¢ work was ori;Iinally schedule!
for January 17375, but {s belng accelerate! due to the expresse’ interest
o fror AS.-110,
>, -
4
VAL if there are an' questions or comreats coacerulny tiie matter, pleasc
3o contact me at i, 47°2-030.. 1if you arv in s reement witl trie proposc.
W fii nt tect activity, pleasc sec to it that AV!=I1( provides a forua:l .
. request, tozether with any required additloas/chen,es to this office.
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APPENDIX C

ASW-110 LETTER: EVALUATION OF SIKORSKY S-76
HELICOPTKR FOR PRECISION APPROACHES (MLS AND ILS)
AT AIRSPEED BELOW EXISTING V
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Memorandum

@

U S Department
of Transportation

Federal Aviation
Administration

INFORMATION: Evaluation of the Sikorsky S-76A Helicopter
for Precision Instrument Approaches Using Final approach - SEP 6
Alrspeeds Below VM . KEE

=.
Ronald L. Vavruska B
Manager, Boston Aircrcraft Certification Office, ANE-150

Manzger, Helicopter and Policy Procedures Staff, ASW-11lu

Sikors v Aircraft requested FAA certification criteria and policy for IFR

approasches at final approach airspeeds below V ini in Sikorsky letter
CAL-85-8500 dated April 2, 1985. The Rotorcralt Certification Directorate

provided guidance for evaluating the low speed IFR approaches in a letter
to ANEZ-150 dated May 20, 1985. An evaluation of the low airspeed final
approaches was flown by Mr. Paul J. Balfe, ANE-156, during the period

Mav 2. through 31, 1985. The attached report covers the results of this
test program.

we believe the Sikorsky S-76A equipped with the Sperry SPZ-7000 DDAFCS
operating in the ATT mode demonstrated acceptable flight characteristics
during instrument final approaches using airspeeds between vmini and 40 KIAS
with the following limitations:

g

minipun crew of two helicopter instrument rated pilots.
Z. A mininum approach airspeed Tof 40 KIAS.

5. A maximuzm crosswind component of 15 knots.

4. The maxioum glideslope is 7.5 degrees.

5. A suitable groundspeed indicator must be availatle (DME/P, DME,
LORAN C, RNAV, etc.).

6. A suitable indication of the deceleration point prior to glidepath
interception (DME, VOR radial, NDB, MB, etc.).

7. Installation of approved instrument precision approach receiver
equipment (ILS, MLS).

A,

8. An approved instruction manual (RFM supplement, etc.) must be
available.

The Sperry SPZ-7000 flight director may be used in the 3 cue mode, but
may not be coupled to the AFCS. Coupled AFCS (automatic pilot)

approaches below Vmi are not authorized. Flight director 2 cue
(azimuth and glidepagﬁ) approaches are not authorized at airspeeds
below Vmin:'
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This configuration also demonstrated compliance with the guidance provided by
the Rotorcraft Certification Directorate. With your concurrence, we will
certificate the Sikorsky S-76A with the listed limitations for precision

instrument final approaches using airspeeds between vmini and 40 KIAS.

The guidance developed by the Rotorcraft Certification Directorate provided a
helicopter with acceptable flying qualities for low airspeed precision
instrument approaches. We recommend this material be formalized in t*e
certification requirements for helicopter instrument flight.

Attachment
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: APPENDIX D
L ADVANCES IN DECELERATLING STEEP APPROACH AND LANDING
FOR HELICOPTER INSTRUMENT APPROACHES
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Advances in Decelerating Steep Approach
and Landing for Helicopter Instrument Approaches

Paul S. Demko
Electronics Project Engineer

and

CPT James H. Boschma
R&D Technical Operations Officer
USA Avionics R&D Activity

Abstract

A true, total operational capability for
heliccpters during instrument meteorological condi-
tions (IMC) and, in many cases, during niygnt fly-
ing conditions will not be realized,in practice,
until the nelicopter pilot is provided the means
with which to nerform the same decelerating steep
apprcach and tanding (DSAL} maneuver during IMC
that he routinely performs under visual flying
cenditions. This means that the helicopter pilot
Tust, in 3addition to being provided the means with
wnich to safely guide his helicopter along a pre-
cise steep angle approach course, be provided
the means with which to perform a normal
jeceleraticn to a safe approach termination within
a confined landing zone. This maneuver must be
accomplished without any visual reference to the
outside world. Microwave landing quidance systems,
ccmplete with the necessary precision CME, working
through unique ¥-tue/d-axis flight director (FD)
and autopnilot (AP) systems ,have now extended the
nelicopter's formerly visual 3SAL capabilities into
the IMC domain. The intent of this paper is to
brief the reader on how this capability has been
achieved.

This pacer describes the instrument decelerat-
ing steep approach and landing techniques which
were pioneered by the U.S. Army Avionics R&D
Activity and expounds on work done by Sperry Flight
Systems both independently and under Army contract
{see references).

Background

Historically, the helicopter's true Vertical
Take-off and Landing (VTOL) capability has been ex-
ploitable anly under favorable weather conditions:
that is, the helicopter pilot could perform a de-
celerated steep approach and tanding to touchdown
or hover into a confined landing area only when he
could see that landing area from a sufficient dis-
tance to perform a comfortable deceleration to a
safe stop. Suitable avionics have not existed to
extend this capability to operations in instrument
weather or at night. The standard procedure under
these adverse conditions has been to fly the heli-
copter in essentially the same manner as fixed-wing
aircraft in a fixed-wing Air Traffic Control (ATC)
system, performing shallow (39) g)ideslope Instru-
ment Landing System {ILS) constant speed approaches
to conventional runways. This fixed-wing instru-
ment meteorological condition (IMC) approach to
helicopter nperations is wasteful of the helicop-
ter's most unique and most valuable capability, its
ability to make steep decelerating approaches to a
hover into confined landing sites. IUnder these
conditions, this unique utility of the helicopter

is obviously not being used. Furthermore, within
today's ATC system, serious traffic conflicts often
arise when the slow helicopter competes with the
fixed-wing aircraft for the use of the ILS facili-
ties.

The stereotyped fixed-wing orerational
scenario for the helicopter under [MC should now
be changed. The same kind of Decelerated Steep -
Approach and Landing {DSAL) into confined landing
sites which is performed visually can now e cer-
faormed ccmpletely on instruments. Army helicopter
flight tests under simulated iMC have clearly -
demonstrated the safety and practicability of
this fact.

The key to the helicopter’s ability to perform
the JSAL maneuver, under any conditions.,is, of
course, its ability to decelerate along a precisely
defined glideslope and Tocalizer course to a1 zero
forward and vertical velocity with respect to the
ground by the time it has reached its touchdown
pad.

Two recent AVRADA developments now make the
IMC OSAL maneuver feasible. The first of these is
an extremely accurate Ku-band landing quidance
system which provides precision localizer, glide-
slope (selectable from 3 thrcugh 12 degrees), cME
range and OME range rate guidance to the landing
aircraft. One particular man-portable model of
this system has even been made small enough, less
than 40 inches high and 60 pounds, to be carried
to aimost any site and set up within less than five
minutes. The second development is a 4-cue flight
director system that, with guidance from that land-
ing system as its primary input, computes control
motion or stick position ccmmands for the pilot's
cyclic, collective and pedals to accomplish the
DSAL maneuver along a precision course to hover or
touchdown in the desired LZ. In fact, the maneuver
is accomplished automatically, hands-off, when the .
cemmands are coupled to the helicupter's 4-axis
autopilot system.

The most attractive aspect of the technology
described is that it is here today for the user who
might be bold enough to desire full utility from
his VTOL assets even when the weather does not
cooperate.

The Deceleration Maneuver

The prerequisite to any successful helicopter
landing is the deceleration maneuver. This fact

is, of course, obvious to the helicapter pilot who
performs this maneyver in a dredictably routine
manner every time he makeSqa VFR approach to a
79-16-1
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‘ancing pad. A1l tnat neeas to be done, then, for NOTE 1: DISTANCE TO DECELERATE TO STOP AT ,05G

helicopter IMC landing, is to extrapclate this de- DECELERATION RATE = 3125 FEET FROM 60
celeration capability into the IMC domain. KNOTS.
i _ ) NOTE 2: TIME TO DECELERATE TO STOP AT .05G
The ngrma® helicopter VFR DSAL maneuver is DECELERATION RATE = 62.5 SECONDS FROM
usually initiated at some constant velocity (e.g., 60 KNOTS .

60 knots) and proceeds as such, until at some pre-
scribed distance from the touchdown pad, the pilot

executes the deceleration maneuver in order to 7
arrive safely, tc a hover or touchdown, at a pre- 600
cise spot within the desired LZ. In VFR weather,

the pilot usually determines the point at which he 500
must begin the deceleration from the LZ sight pic- HAT

ture and apparent closure rate. This closure rate - T 4004
is sometimes referred to as the constant apparent FT
ground speed anc becomes, in reality, the deceler- 3004
ation maneuver. The deceleration usually proceeds

at approximately a .05G rate to approach termina- 2004 °
tion. Figure 1 is an illustration of the typical

deceleration curve. If the deceleration curve is 100+

CLOSURE RANGE RATE ALONG GLIDESLOPE VERSUS .

SLANT RANGE TO HOVER OR TOUCHDOWN FIGURE 2. Glideslope angle versus height above
touchdown required for initiation of
decelerating approach to confined
landing area.

097 Lacking the capability to perform tne DSAL
RANGE  TOH maneuver under IMC, it is dangerous to think of
RATE  go- performing helicopter IMC approaches int: confinec
- L2's to a fixed Decision Height (DH} (e.q., late-
KNOTS 5 - gory Il - 100 foot DH}. If this is attemcted, ac
4o the glideslope angle is increased, the distance
available for the pilot to decelerate to his land-
304 ing spot in a LZ is decreased {from the 3000 feet
204 required) while at the same time his vertical
velocity at DH and the magnitude of the visual
10+ deceleration after breakout is drastically increase:
o . . . . Figure 3 is an illustration of these mutuaily
s T 2 4 4 hazardous effects. For example, from Figure 3, if
SLANT RANGE - FT X 1000 HAT VS DECELERATION DISTANCE AND RATE FOR VARYING
FIGURE 1. Helicopter decelerating Approach GLIDESLOPE ANGLE WITH CONSTANT RATE OF DESCENT
profile.
intercepted at 60 knots, the pilot requires about 200
3000 feet to stop in the normal manner, without 7
exceeding the comfortable deceleration of about
.05G. HAT-FT
- The deceleration distance remains essentially 190 —

constant regardless of the approach angle (i.e.,
glideslope) the pilot has selected; in other words,
you still need 3000 feet to stop whether you're
flying a 39 approach or a 129 approach if you
initiate the deceleration from 60 knots. [f this

° T

¥ 14 1
distance is translated into height above touchdown, DISTAN ° MA ,I.é 10 DECEC%RATE - Fg X 1000 4
as in Figure 2, we see immediately that, as the CErBEn1l?'!r"r‘“—'r'———‘-""r"""r'
approach ar(lg1e)goes up, SO too must the Height Above ®w 33329.6 .2 .08 .08 X-%%
Touchdown (HAT) at which the pilot MUST HAVE VISUAL .
CONTACT WITH HIS LZ IF HE HAS NO CAPABILITY TO DECELERATION RATE REQUIRED - G UNITS

RATE AND LAND UNDER IMC. W from Fi . . -
gfcigs exgmplg,Lif the ability toepzigor; ?he ?:Ee Figure 3. Non-decelerating approach to fixed HAT

:
DSAL maneuver is lacking and a 9° glideslope (60 knot constant speed to HAT).
approach angle is required to get into a particular 3 pilot attempts to approach to a LZ under IMC at

LZ, then the pilot must have visual contact with 60 knots along a 9° glideslope anc does not expect
his intended LZ at roughly 490 feet HAT. to achieve visual contact with that L? until reach-
ing a DH of 100 feet HAT, then he would be left wit
79-16-2
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only 640 of the 3000 feet he needs to decelerate
and land.and be regquired. to -perform that decelera-
tion at .24G or 5 times the normal rate. The
chances of performing such a maneuver without'suf-
fering serious consequences is doubtful. If, on
the other hand, the pilot could begin his nominal
.05G deceleration while still in IMC at. roughly
3000 feet from the LZ, his vertical and forward
velocity would be such that, from the point he
achieved visual contact with his LZ at 100 feet HAT,
he could continue a normal, steep, 99 visual
approach to his desired spot in that LZ (see Figure
4). In fact, if he could perform the deceleration

HAT VS DECELERATION DISTANCE AND RANGE
RATE FOR VARYING GLIDESLOPE ANGLE WITH
DECELERATING RATE QOF DESCENT

DISTAVCE REMAIVING TO DECELERATE - FT X 1000

5 19 é«c 31 18 41 60
RAVGE RATE KNOTS . I .

~e . -

Figure 4. Dece]erat1ng approach to fixed HAT: -
(.05G" constant deceleration initiated
from 60° kﬂots at 3125 ft from touchdown)

manewver under IMC he~cou1d with:the proper guid-
ance and displayfinstrumentation systems, continue
the DSAL maneuver. to his landing spot safely, with-
out reference to any outside visual cues. The pilot
will then have  successfully accomplished under IMC.
what he routinely does in VFR. The implication of

a capability such as this is clear: the utility of
the helicopter w111 be enhanced s1gnxficantly

The M1crowave tand1ng,5ystem Co :

B oy

Microwave instrument landing systems. such~as -
the Army's Tactical Landing System (TLS) {(Figure 5)
and Man Portable Scanning Beam Landing System
(MPSBLS)~ (Figure 6), .provide the guidance sigpals
required to perform-the DSAL maneuver under IMC.
The MPSBLS, for example, is.a.miniature landing - .
uidance system ground equipment which weighs in
?less batteries) at less than 60, pounds, stands
about 3 feet tall, emcloses a volume.of about 2.5
cubic feet and can be moved around easily by one
man. In fact, one man can set the system up and
have 1t completely operational in less than §
minutes. The MPSBLS provides very precise azimgth,
elevation, range, range rate and height information
(see- MPSBLS Equipment Highlights -.Table 1) to
helicopters on approach when used with the - .

-~
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GLIDESLOPE TRANSMITTER GROUF .
~ OT-65(XE-11/TRQ-33 -

 DISTANCE MEASURING DECODER-.
RECEIVER R-1869(XE-1]TRQ-33 -

LOCALIZER, TRANSMITTER snour |
or-th-n/m 3

AIRBORNE INSTRUMENT LANDING SET
= AN/ARQ-31{XE-1 - 43

Ay Tactical Landing System
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Fiqure 6. Man Portable Scanning Beam Landing System
(MPSBLS).

I~s<rument Landing Set, Airborne, AN/ARQ-31,which
was leveloped for the Army under the TLS program.
Tre “PSBLS system was designed specifically for
nelicocter use at glideslopes from 6 through 12
degrees. The required glideslope angle 1s selected
by in ‘'angle" select switch an the AN/ARQ-31 control
head located in the aircraft cockpit (see Figure 7).

Figure 7. Controi for AN/ARQ-31 Afrborne Landing
Set.

“he landing system oceratas at Xu-band (azimuth,
alevation, range and range rate) and uses scanning
reams to gjenerate giidesiope and localizer quid-
ance '~formation as does *he zarrier based Navy
AN/SP4-41 and Marine Remo*te irea Approach and
Lardfng System (“RAALS), .sed ~i%h the AN/ARA-63
and AN/A3N-128 airborne sets. with the MPSBLS/
125-37 cimbination, orecise ju‘ia~ce {is provided
to a'rcraft all the way to tsuchdcwn,

Jer~aps the ~Gst ‘Tpcrtact ju'lance Zata pro-
vized =0 the helfcocter, ‘~iseg, *ne juidance data
~hat —akes the MC ISAL ~are..er zossible, is the
r375e 1~d range rate a‘%a ler',2q ‘rom the “PSBLS/
133-31 2fstance Meas,ri~g T1,itment [IME),  The

79-16-4

TABLE 1. MPSBLS Equipment Highlights,

Sfze (less pedestal):
29.5 in H, 16.5 in W, 16.5 in D.
Weight (including pedestal, less batteries):
59 1bs.
Power consumption:
150 watts total from any 24 VDC source.
Coverage (localizer, glideslope, DME):
£ 30° in azimuth, 0 to 20° in elevation.
OME error ( manufacturer's specification):
50 feet or - 2% of range.
RMS angle error (manufacturer's specification):
0.3° localizer, 0.2° glideslope
Update rate: 4Hz.
No. of channels:
10 (15.412 to 15,688 GHz ground to air),
Antenna beamwidths:
localizer - 6° x 20°
glidestope - 4° x 60°
oMe - 6° x 20°

OME range data establishes the exact distance of
the helicopter from the touchdown point while the
range rate establishes the exact closure rate of
the helicopter with respect to the touchdown point,
Knowing these two parameters, along with the pre-
cise glideslope and localizer parameters, the VFR
type deceleration profile can be computed and
flown safely to hover and touchdown under zero-ze
IMC if, of course, the landing guidance informatio
is properly presented to the pilot. The importanc
of the DME range and range rate becomes more ob-
vious 1f one considers that the relifability of
pitot-static air data deteriorates rapidly below
40 knots {ndicated airspeed. Even special low air<
speed indicators are of marginal use because they
indicate speed relative to the air mass, not rela-
tive to the landing point. Speed and distance
relative to the desired landing point must be
definftively established 1T the helicopter is to
safely land,in IMC ,at that point. Precise range
and range rate must be provided by a precision
landing guidance system,

However, the best quali*y landing guidance datﬂ
in the world is of 1ittle use to the pilot unless
it can be effectively transiated into the control
movements required to intercept and maintain the
required localizer, glideslope and deceleration
profiles, which leads us to the DSAL Flight Directq

The DSAL Flight Director

Actual flight test experience has proven that
even the most proficient and current instrument
pflots cannot be expected to interpret and respond
to raw data indications of localtzer and glideslopd
deviations (needle displacements proportional to
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Docalizer and 3T testpee te.iaticn angles)
1long w~itn raw 13%t3 range and ringe rate informa-
“12n oin the manrer required to safely and consis-
santly, seefarm o the [MC DSAL maneuver to acceptable
“anaeg vinimyms “ne task of performing the IMC
CSAL mereuver t0 spe2ds sliwer than 0 knots is
mplicateq by the fact that the flight
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w7413 e cenefizial to review tne tinctions of the
72 sompomerts £y whicn tre pilot has access during
Stiamr. The zilat s2lects the vertical {altityde
i1 or approacn), Tongitudinal Csceed hold or de-

’

zr37isn] ard lateril {(Reading, VJR, AOF or

tocalizer) mcdes ~e wishes to fly on the "FLIGHT
24TH CONTROLY CFPC) which is in the console located
Setween the pilot's ard co-pilot's seats [see
Figure 3). The modes the pilot has selected are

Figure 8. Flight Path Control (FPC)

Director System.

for Flight

innunciared oy 'ights in the R0 -~ ttaas spelected
171 cn 3 'flight director made annueciator” panel
tazated in the top center of the pilat's primary
irstrument cluster {s2e Fijyres 3 4ng 70 The

oot se’ects the Ssurce sr heatisrg me wisnes to
“ly with the apprapriate Isurse selact or meading

‘N owhate,er weather

select knobs ©n the "merizental situation indicator”
(HST) (see Fiquras §, '0 ang V1),

Selected airspeed may be changed through the
atrspeed "beep” switch on top of the cyclic grip
and a jo-around Jr missed 3pproach mode may be
activated *hr2ugjh a but®on on the collective grip.

Raw -nurse feviation data is tisplayed on the
4ST aleng with 2/ €rom and reading situation Jata
fsee Fijure 11). It is important to rote tnat no
FD c~mmand 1ata s presented on the ASI. The H§T
Ts orincinally an integration of the cross-pcinter
course deviation fndicator and the radio-magnetic
heading inagicator and Jdisplays only the raw situa-
tion 1ata w~nich has not heen processed by the FD
computer.

Tne inzicator Of Drimary interest to the pilot
's tne Attrrode Director Irdicator (ADI) fsee
Fiqures 9, 10 inc 12). This is the indicatar that
displays *rne :zormmand data wnich has been :imouted
by the 0 :zzmputer and, 4as such, is an extension
of that computer. In reality, the ADl is the link
between the 70 computer and the pilot's ayes that
completes the FD control loop. Therefore, the
pilot simply becomes an autopilct servo sys*em and
is relieved of the requirement to scan a jreat —any
instruments and subsequently figure out what to do
with the readings from these instruments.  The -~ilot
is simply required to pass along the AD! servo
cormards *3 the flight controls.

Four commands are presented tg the pilot
through the ADI (see Figure 12). The cyclic roll
command bar is centered by causing the correct
amount of (and rate of) bhank through the correct
use of his lateral cyclic control. The cyclic roll
command bar thus directs the aircraft toward and
sybsequently causes it to maintain a selected head-
ing-or VOR, ADF, TACAN, go-around or localizer
course. The cyclic pitch or speed command bar is
centered by causing the correct amount of (and rate
of) longitudinal pitch angle change through correct
use of the fore-aft cyclic control. The cyclic
pitch or speed command bar thus directs the air-
craft to and causes it to maintain a selected air-
speed or to follow the prescribed range rate decel-
eration profile. The collective (power) ccrmand
bar is centered when the proper amount of collective
{up or down, as required) has been appiied by the
pilot to control the rate of ascent or descent
necessary to climb (or descend) to and maintain a
preselected altityde, track a selected glideslope
or establish the programmed rate of climb during
the go-around or missed apprcach mcde. The Pedal
command bar is in view at airspeeds below 45 knots
when one of the lateral FD modes {s being flown,
Thic har {s centered by applying that amount of
pedal required to align the afrcraft with either a
preselected course {e.q., inbound localizer course)
or heading (e.g., go-around heading). when the
pedal command bar is in view, priority is devoted
to centrring {t rather than the turn ccordination
ball, The pedal ccrmand btar 1s especially ‘mpor-
tant on aircraft lacking any sort of indecendent
heading hold mode because, if zraperly flown, 1t
prevents the aircraft from weathervining inta tre
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= ~ind 2t 370w speeds and tnus orevents a dfestructive Just as tne ciint had selected the LOC ~cde,
. ‘ntercpange of localizer ind glizaslope data within as long as valiz TME 2ng glideslope data are being
ON tne flight path computer {during <ne “erminal phase recelved, he wiil alco rave selected the agprcach
o 3f a 2SAL maneuver), 3assures ajequate lateral con- (APP) and 2eceleratfon /2ETEL) modes on the F2(
o ~ral fthrough <he lateral cuclic scrmand) at low (see Figure 2). when tnece two mccdes are selected,
- sreeds ind, pernans most imcortantly, assures the they will autcrat:-aily e ~aintained in 3n :-—meg”
i; 2%t srat he 3nly neaads %) lTock straight anead to condition (i.e,, 220 22M and DECEL ARMY  aedl -one
. Sicg tma Yimavng zore wren ne transiticns from IMC ture 2f tne jitc-ilope 2m1 transition te tre lecel-
L, FR fl,irg congiticons. eration orofile zccur.
I‘.I ’ -
?: loditional 1aca presentag an the AC] ‘ncluge As the aircrat izorcaches cre glidesleope
o~ sma 3rti©izial ngcrizin, nediint atcve toucndown, capture zoint, the “T so'lective command function
[~ surmococrdiration dncticcmezar (2 curn Sall - used  will e autcmatically transferred from the altitlce
': tne il for turn J3criiractisn wnen tne redal hold {and APP ARM) *0 the icproach (APP) mcge; i€
’ corrand par is 2ut 9f /iew) and 31w 1ata glideslope  the pilot xeeps nis _cllective command bar zenteredd
. evtition Tinoyiew 1nd 3ctiLe aren 3porsach irm oor he will zapture ind maintain nis selacted 371 :e-
™ : e 15 nousel. 2, 211 =25sential slcre 311 the way -0 the ‘2sired hover point -r
C i “a.3., zircraft toaucndcan in the (7. ATcitide nold is, 2f ::iurse,
A “or tne pilot tregmpted by the AFT ol
"
3 The aircraft 3oncrogacres the ‘;ce1ara":l gro-
= LTWOTTAIT e La0 LS “.ncticns nave Zeen  file (Figure 1; 2t tne s--randed airsceed e vt
TroenagCat, s 3are rela f32uss 1 scenaris has selectad. A% -ne ZETIL apture coint Tarcoue
_; S omcw tTa jSAL naAreuder Ty acc:*olished. 1200 feet TME rav;e ‘;r i 20 «rot 3irsceen., *-a
< Tonerin o tnz o gararta, T2t s assume that the pilaot RO cyc?ic { 1 c:‘rand function il -e
o 3o.3tAg tre T2 %3 lnarand 1 i2s5ira2d anrdute alti- jutomat ‘rom the 3irscesd o’
“j - : DTmar 2 lesicad =resyte a1r- {ind ZEZ:L ‘ TIe 0 Tre “t rinse-rance
S erard irg and a Jesired _deceleration *c‘e LT otme oot keeps his Cyticc
- cmrand nary. L :h1s pitch (speed) commana mar “antared, “he 3ir-ri<+
= srurse select knoon In will decelariate o fard (roung velicity c.ar e
A gy e thurse ard desired noyer gt oot L
- 21 332 jlvdesicpe angle
:( 1t omead, UYe may also Suring tre IZSAL T2 15 the airc-aft ras-
& ERE r ~eadjing to <re lccali- ses through 33 xno¢s 31ir<:ozced, the pedal corrars
e - "3 s21ect kreb on the har (the fourth cue :n <re AJI) cimes into /iew.
. “arant <kanp '“e Jre he 'p %0 this time *re zilot nas Seen keeping nxs
: | - mold, e fF19ght direc-  cormanded cyclic turns coorainated by centeriag nts
K. .- “oe orosdocimand zar, 17 ne «<2eps 1t ce ntered, will Lurn coordinaticn hall in the bottom of his 221,
- crard tne pilot to ftre rew rei3ding., At no time New, howeyver, he must xeep his pedal command sar
::. « 71 ~e 2e :zormanded o erc22d a IV angle of bank centered in crder 2 alizn his aircraft with the
N vroarsnar jirection. inbound apprcach ccurse [ for reasons already 2x-
¥ nlained).
s 35 the pilat flias to within the coverage of
“re janding system, !dcaiizar ind 3lideslcpe f7igs Therefore, simply ty <eeping all of his ISAL
. 5117 retract, ind the lacaiizer ard 3lides’ize Situ- FD command cues centered 3n the ADI, the pilot,
N :mion 4111 2@ 1ispiaged 3n the -SI.IME range, range  witnout the burder -¥ -alculating his motions, will
. “1me ind neigat above fouchiIWn (ot radar aititude) be providing the c--pur Zontrol inputs te safaly
P .',1 1150 be 1isplayed 2n the inpropriate raw Jata and comfcrtably su'de tne aircraft to a prec-se
‘:- ‘rdicators [see Figures 3 ang 10). hover point without visual reference to cb:ects 2yt
3 side the cockpit {about a § to 10 foot hover).
. 1€ she pilot is r~aeceiy '"g valid ZME and locali-
~ Sorot4n3 fem otne T3nding s,s%em, he may ncw select Prigr <0 commencing the FD DSAL maneuver, the
-:} sre lhcalizee (LGCT tole 3 his FPC {see Figure 8). pilot will krow a safe jo-around or missed acprcach
:.; CFotme 13%3 g /31 1, =he L2 -cde w#ill engaje and heading. DJuring the 0SAL nareuver, he will gial 1n
&3 *re n¢3ding mald #3111 he praempted; the roil command this neading with the heading select knob an :ne =SI
:. “ar :n the 2Dl will ~cw be corrranding the proper {this will have no effect on the FD at this time
4 ©,rns 0 maintain the correct l:calizer intercept since the FD is computing turns via localizer course
*eick course 1S jetermined by the [SAL FD computer deviation data). If at any point during the [SA
b “rroigh gquidance fata from the tanging system (Aot maneuver, dcwn to and including the hover or “ouch-
- ‘rom tne heading nol! reference). As the aircraft down in the LZ, *he nilot determines that any .nsafe
" yrarnaches the localizer course, a turn *to capture condition exists, he can execute the FD go-arcund
~” X8 ’rlrk the Tacalzer course #1101 Se cocmputed and  /G/A) mareuver., Trhe Dilot terminates the J2SAL ma-
> $intaged on tre 200 roll imand targ 1f the pilot neuver the instant ne rushes the 3/A bution Snonis
L.z ~05 the har eaterad, ne #4111 ze keeping the 1ir-  collective cortral Taver ard, by centeriag the 2
“1ft sn tosalazer 10l tne aay toothe desired hover  Jues orecri2’y 15 ve Ty 1one f3rothe spragte iy
A Crottuuntown Cointoan the U0 Tere 5 gtem aytomatd- JSAL mare,.org, me Wi v rroviding the sontrn)
s 1Py mrenstes Far anemal fes g ,cm 1§ Crdsswinds). frcyts congoeer o T anout T30 feet per moLte)
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500 FT TQ O FT
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TOUCHDOWN

OME RANGE RATE

150 KTS 70 0 XTS
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FLT DIR MODE j
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ATTITUDE
DIRECTOR
INDICATOR
(FLIGHT
DIRECTOR
INDICATOR)

BARO
ALTIMETER

PITOT-
STATIC
AIRSPEED

BARO
VERTICAL

SPEED

HORIZONTAL
SITUATION

‘f;WDICATOR
{(TAYIGATICN
RgTOR/ SITUATION/
ENGINE POSITION/

(N, JTACH HEADING
A

::{;;;;;{__—,,/f"”’/’ oMe aance )

6000 FT TO O FT FROM TOUCHOOWN

OME DIGITAL INDICATCR
9.99 NMI TO 0.00 NMI FROM TOUCHDOWN
Legend for flight director instrument panel layout, DSAL project aircraft (Army 18261).

fraure 10, Flignt director instrument panel, JSAL project aircraft (Army 13261).
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Figure 11. Legend for Horizontal Situation Indicator {HSI) functions (navigation situation/position/

neading indicator).
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accelerate to a safe airspeed (about 70 knots) and
turn to and maintain the preselected G/A heading,
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Summary and Conclusions

L

The previous scenario {enroute navigation, IMC
3SAL and go-around) for a helicopter IMC operation

e

1 : ; . ;

. is not a hypothetical scenario - it has been rou-
e tinely and relianly accomplished hundreds of times
o snder simulated MC o zern-zero conditions., [t

has aven been accomplished with nands (and feet)
off of the controls by coupling the FD command data
(the fata that qces to the AJI) o the 4-axis
1ytopilot on 5card the DSAL aroject aircraft and
allowing it <o €1y the 3SAL maneuver by itself.

A

i AT
ll ‘l

G
,"\ “he Apcenaix to this ntaper contains sample data
P, from 3 73 {lace'lad "MANUA' APPRCACH") and from 3
» Autspoiat (Taneied AUTOMATIC APPOOACH!) approaches.
3 This fata ‘s oan 110 istrition of *he performance
ﬁ?@§ that nas tesr 27ni2ved witn tne d-cue/d-axis ISAL
Flignt director o yuispiict {FI/AP) system, with
- guidan;e rom i 3:3nginqaéeam landing system. This
Ky 1ata shows *mat the [MC ISAL maneuver can be flown
.\ﬁ‘ from oracticalily any intercept altitude (1000 feet
& 3 and 230 Feet shcwni, along any glideslope (6 and
: :J 12 degraas snown) by eitrer the pilot, through the
z&? 79, or oy <he autopilet, %0 a stable hover over the
Ve ¥ desired 'unding point. The 1ata shows further,that
. ~hen that royarooint has been reached, it is with-
: " fn ] oty 3 fear 2f the desired glideslope and loca-
,tt, Tizer centerlices. Mgst importantly,this data

P1lustrates -nat true IMC helicopter approach and
Tanding zapaocytity is here, *oday, for those who
wish to Jse 1t.

M)
§ l. 3oriss, 2cbert, et al, "Integration of 4-Cue
N Flight Director and 4-Axis Autopilot
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This aprendix contains sample data from 6 DSAL
maneuvers, This analog data was recorded on a
multi-channel strip chart recorder which was part
of the DSAL project aircra®t’'s airborne data re-
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performance. Localizer and glideslope deviations
in "feet" from centerline are superimposed on the
angular data in spots representing the maximum

displacements from course centerline. Note, that

! cording system. The data plots are "real-time" all approaches converge to a relativg]y stable
o plots of glideslope and localizer angular tracking hover over the spot o% intenced landing.
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Appendix, Figure 1. Flight director DSAL along a & degree glideslope; initiated from a 1000 ft glideslope
intercept altitude,
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