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The 16H-1A flight test research effort was conducted as part

of the exploratcry development program in support of AAFSS
(Advanced Aerial Fire Support System). This effort was initi-
eted in May 1964, and flights of the 16H-1A aircraft were ended
in July 1966. The objective of the program was to obtain flight
test data at speeds up to 200 knots for future high-performance
rotary-wing aircraft designs, The 16H-1A attained a maximum true
airspeed in level flight of 160 knots at sea-level standard-day
conditions and at a gross weight of approximately 6200 pounds.
This speed performance was less than anticipated; consequently,
use of the program results for high-spced design criteria is
limited,

Tais report is published to release the data obtezined under the
contract, Further analysis or interpretation of the results
contained in this report is subject to the limitations and scatter
of the data obtained under the program, The anslyses, con:lusions,
and recommendations conteined herein are those of the investigator
and are not confirmed or endorsed by the Government through the
publication of this report.
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SUMMARY

This report presents the results of a flight test progranm
conducted by Plaseckl Alrcraft Corporaticn of the Plaseckil
Model 16H=1A shaft-driven compound helicopter. The flying
qualities and performance of the 16H-1A aircraft were lnvestil-
gated over a level-flight speed range of 0 to 167 knots and
dive sneeds up to 195 knots, These tests resulted 1n a better
understanding of the independent design parameters in the com-
pound helicopter, such as the tall propeiler/main roter power
distribution and the distributiocn of 1lift between the wing and
main rotor.

The interrelationship cf the axes of 1ift, thrust, drag,
and angulzar attitudes of the wing, fuselage, and rotor axls
had been investigatei previously during more than 100 hours of
ground and fiight testing of Model 16H=1, The Model 1fH-1A
test program has provided reccrded measurements of these Zgram-
eters, In cbtainianz these data, the 15d=-1A made 171 flights
and accumulated 56-172 hours of flighv time, in addition to 66
hours of ground testing.

Lift sharing between main rotor and wing was investigated
over a broad range o.’ the flight envelope. It was determined
that maximum speed performance required lower collective pitch
settings with the resultant unloading of the main rstcr. Rotor
11ft loading was reduced to a minumum of 54 percent of the
gross weight in level flignt.

Flying quality and performance dsta were obtained through
comprehensive instrumentation of the aircraft and by externsal
photo coverage from tne ground and from a chase plane,

Throughout the entire test speed range, and in all tested
flight regimes, the 1bH=1lA proved to have suitable controlla-
bility with the two eixceptions noted below, both of which
could be eliminated by incorporating conventional alleron roll
control. The aircraft possesses a high degree of positive dy-
namic stability about all axes at forward fiight speeds above
35 knots, Pcsitive overall longitudinal static stability is
evident from approximately 70 knots to maximum speed attained.,
The lateral cyclic control was intentionally made sensitive
because it was anticipated that, without allerons, it wculd be
needed in high-speed unloaded flight. At speeds above 150
knots and collective pitch settings of 3 degrees or less,
the lateral control response decreased because of the low rotar
loading. Compensation for this decrease in control response
could be obtalned by connecting the e¢xisting ailerons (flaper-
ons) to the cyclic stick. In hovering, although the pilot at
no time had any difficulty with the lateral control because of
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this cyclic rigging, it was found to be more sensitive than
permitted by MIL-H-8501A, Allerons would permit the lateral
cyclic to be reduced to the allowable sensitivity.

The ring-tail method of counteracting main rotor torque
by deflecting the airflow at the talil propeller duct proved to
ve =ntirely adequate in texiing, in hovering, and in sideward,
backward, and transition £flight,

Flight handliag qualities of the Model 16H-1A during STOL
tests were considerec by the pilot t¢ be similar to those of
conventional fixed-wing aircraft. Ground run speeds as high
as 55 Enots were experlenced during takeofl with no tendency
tc swerve. Forward speed landings with partial power proved
equally conventional and controllabie,

The maximum true airspeed demonstrated was 195 knots,
whizh was achieved in 2 10-degree dive, One major factor
which limited extension of the speed envelope during this
flight test program was the inadequacy of the inlet air duct
to the buried engine installation. The air inlet used for
these tests precluded full engine horsepower due to air star-
vacion at high powers,

Vibration was not a limiting factor up to the ma:.imum
speeds attained in exploring the performance and flying guali-
ties of the 16H-1A, A three-per-revolution vibration compo-
nent limited operation in the earlier stage of the program,
However, a stiffening of the control system alleviated this
gondition,

All the measured stresses in the dynamic compoaents pere
mit unlimited fatigue life, Bearings and other wear-limited
components were operating at loads which would permit
at least 420 hours of service at the highest speeds tested.
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FOREWORD

This report aummarizes the results of an exploratory _
flight test research program to determine high speed aspects
of rotary-wing aircraft utilizing the 16H-1lA shaft driven,
compound helicopter. The program was conducted by Plaseckl
gifgggtt Corporation under USAAVLABS Contract DA 44-177=-AMC-

5 .

The vehicle described herein, the 16H=1A, is an outgrowth
of the 16H-1, previously built and tested by the contractor in
a company=-funded program.

¥
1]
]
3

All fiightz were conducted in accordance with FAA Experi-
mental Cartificate of Airworthiness No. N616H dated 10
i;gzeubcr 1965, and took place between November 1965 and July
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INTRODUCTION

This report presents the flight test results c¢f the
Piaseckl 16H~-1A, shaft-driven compound Lelicopter. This pro-
gram was conducted under Contract DA 44-177-AMC-154(T) awarded
by the Government in May 1964 to obtain test data relative to
the high-speed aspects of rotary-wing aircraft.

The maln objective of the flight test program was to in-
vestigate the flying qualities and performance of the 16H-1A
over the speed range of hover to Vmax. A secondary objective
was to gain a better understanding of the interdependent de-
sign parameters 1in the compound helicopter, such as the pro-
peller/main rotor power distribution and the distribution cf
1ift between the wing and main rotor.

DESIGN BACKGROUND

In order to accomplish the objectives, 1t was necessary to
modify the existing Piasecki 16H-1 Compound Helicopter (see
Figure 1) to the iodel designated 16H-1lA. Principal modifi-
cations required for the high-speed regime included: instal-
lation of a General Electric T58 turbine; incorporation of
H-21 rotor and controls; design, fabrication, and installation
of a new transmission system; a lengthening of the fuselage;

development of a new propeller; and beef-up of various struc-
tural components.

Following modifications, the 16H-1lA completed 66 hours
of ground testing that included the following:

1. Component Testing
a. Tail Propeller and Tall Rudders
b, Transfer and Maln Transmissions

2. Tie-Down Testing

Airframe Shake Test

Wing Proof Load

Control Proof Load
Landing Gear Stress

Test Summary and Results
Tear-Down Inspection

»0QA0 o

Information on the ground test phase of the contract 1is
given in Appendix I.

FLIGHT TESTING

Flight testing was conducted from 13 November 1965 to
6 July 1966 under Federal Aviation Agency Experimental Air-
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worthiness Certificate N616H dated 10 September 1965, in ac-
cordance with the objectives set forth in the Flight Test

Agenda,

1.
2,

b,

9.
10,
11,

In

P1AC Report 16-Y~13, The test phases were as follows:

Taxi

Hovering In and Out of Ground Effect

Sideward and Backward Flight

Transition From Hover to Forward Flight
and Back to Hover

Forward Speed Climb

Autorotation

Vertical Climb

Level Flight

Maneuverabllity

Dynamic Stability

STOL Performance

this report each phase of testing is discussed in in-

dependent sections that include description of tests, test
data and results, and analysis of results.

The flight conditions have been assembled into one sec~
tion and presented in Table XIX,

Stresses and load data were obtained from many of the
test phases and have been presented in a separate section,
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DESCRIPTION OF TEST ARTICLE

The 16H=1A is a low=-wing, single-engine, shaft-turbine=-
powered compound helicopter (see Figure 2), At the fuselage
aft end, the aircraft is equipped with a ducted pusher pro=-
peller and with a set of vertical and horizontal tall surfaces,
The vertical tail surfaces (rudder vanes) placed behind the
propeller serve to control the aircraft in yaw, both in hover=-
ing and in forward flight regimes. They are also used to pro=-
duce side, antitorque force in hovering. The horizontal tail
surface 1s composed of a fixed stabilizer and a trim elevator.

The engine drives both the main rotor and the propeller
mechanically, through an overrunning clutch which allows the
rotor to drive the propeller, or vice versa, when the engine
is slowed down or stopped (in autorotation). The engine out-
put speed 1s controlled by a conventional turbine governor,
and its power distribution between the rotor and the propeller
depends on the power demanded by the blade pitch setting of
each.

The rotor system consists of Model H21-C metal rotor
blades and hub assembly. It is a three-bladed, fully articu=-

lated system, using tension/torsion straps for the blade re=
tention,

The three-=bladed pusher propeller consists of the blades,
designed and manufacturea by Plaseckl Alrcraft Corporation,
and the hub, which is of standard airplane manufacture, modi-
fled to accept mechanical blade=pitch control in lieu of the
hydraulic control system normally used.

As a test vehicle, the aircraft was equipped with two
seats: one for the pilot on the right side and one for the
flight test englneer oi. the left side. The remaining portion
of the cabin was used to house the instrumentation, ballast,
etc,

The wing consists of the center portion and of the outer
panels., The center portion is of two=spar construction and
houses the bladder-type main fuel tank. The outer wing panels
are of double skin honeycomb construction and are sealed to
form integral fuel tanks The aft portion of each outer wing
panel fcrms a full span flaperon.,

The landing gear is of conventicnal, main wheel/tall de-
sign and it uses alr-¢il shock abtsorbers, The maln wheels are
attached to the center wing panel and retract inboard, into
wells on the underside of the fuselage, by means of electri-
cally operated screw Jacks. Emergency operation is by mech=-

L LS
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anical crank drive in the cockpit. The nonretractable tail
wheel 1s fully swivelling and can be locked.

Thegprimary flight controls in the cockpit consist of
collective and cyclic stick levers, rudder pedals,
and two (primary and emergency) beeper switches which permit
the flight test engineer to control the aircraft in an emer-
‘. { gency.

'Y 4

The secondary flight controls in the cockpit consist of
- trim beeper switches: one for the flaperons and one for the
elevator trim.

The main rotor cyclic and collective pitch are controlled
through dual irreversible hydraulic servo actuators mounted in
the rotor pylon under the swash plate.

The General Electric T-58-GE-8 free-shaft turbine is in-
stalled in the fuselage, aft of the maln rotor. Mounted on it
is a General Electric speed reduction gearbox. Power is de-
livered from the rear of the engine and is shafted forward to
the aircraft drive system. The engine has its govzrnor (N
speed) controlled from the cockpit by means of a beeper switch
which operates an electric actuator located on the engine and
connected to tne engine fuel-control arm. It also has its
emergency shutoff mechanically controlled from the cockpit by
a lever. Engine starting is by an electric starter located on
the nose of the engine. The engine air-intake and exhaust are
both on the starboard side of the aircraft.

The drive system consists of a transfer case, rotor trans-
mission, mast assembly, propeller shaft bearing box,and
shafting. The spur-gear-type transfer transmission receives
power from the engine at 6000 RPM and distributes it to the
rotor transmission and to the propeller drive shaft. The
rotor transmission, a modified H-21 gearbox, consists of a
set of spiral bevel gears and a single-stage planetary re-
duction system. The transfer and the rotor transmission are
bolted rigidly together and have a common lubrication system.

{ The propeller shaft bearing tox supports the propeller shaft
and also houses the mechanical yoke and levers of the propel-
ler pitch control. It 1is self-lubricated by the wet sump
system.

A\

The fuel system 1s of conventional design. It consists
of two booster pumps located in the main tank which supply the
fuel under pressure through a filter to the engine. The tank
is vented overboard and has a float-type quantity gage in-
dicator. In the test vehicie, the outer wing tanks were not
used and were disconnected.

2 R IR
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TABLE I. DESCRIPTION OF TEST ARTICLE

General
[Design Gross Welght

Fuel Capacity (41 gals. plus
60 gale.)

Normal Crew

[Empty Welght

pverall Length - blades extended
{Overall Length - tlades folded
Height

Landing Gear Type

Wheel Base

Structure

Main Rotor

Type

Diameter
Blades

Blade Chord

Number of Rotors (Location & Type)

Units

1lb

1b

no.

ft
ft
ft

ft
no.

in.

5,782 to 8135%

279 + 409
2

4415

4y

37.3
11.2

Retractable main
wheels - nonre-
tractable tail
wheel

19-9

One malin rotor
One pusher proo

Alum., alloy semi-
monocoque and
honeycomb

Fully articulated
(H=21) with ten-
sicn torsion
straps

Ly
3 (metal)
18

*Various components were designed to different 1limits. Test
{weight was limited by strength of fuselage and landing gear.

*w

b

-




po i oen- g |

i
¥

'Y 4

[N

v

TABLE I, - Continued

Main Rotor—kéont'd) - Uni£;_
Airfolil Section o NACA 0012

lade Taper - Constant chord
Elade Twist (Root Alirfoll to Tip

Airfoll) deg 7.3
Rotational Axis T1lt to Fuse Axis deg 3
[pisc Area sq ft 1520
Total Blade Area sq ft 39
IDisc Loading (based on 6500 pounds

gross weight) lb/sq ft 4,28

ormal Operation Speed RPM 279
Eormal Tip Speed ft/sec 643
Tail Group

The tail group ccnsists of a propeller gnd a ring or ghroudi
urrounding the propeller, supported in front by horizontal
d vertical stators and, in turn, supporting an elevator sur-

face and an assembly of rudder surfaces in the propeller slip-
tream.

Ring=-Tai. Span ft 6.4
Ring Surface Area (Outside) sq ft 47.5
Arm to Rotor Centerline from
Vertical Surface Center of ft 20,5
Pressure
Rudder Area sq It 20,3
Elevator Avea sq ft 3.7
Iﬂorizontal Stabllizer Area sq ft b,9

Tall Propeller

Diameter ft 55




TABLE I. - Continued

Tall Propeller (Cont'd)

blades

hord

X

ormal Tip Speed

Ping

t?‘n
ing Loading @ 6500 1b, Gross Wt.

Area

ihedral

jAirfoil

Alrfoll Section
lade Twist

Taper Ratio

lade Pitch Range

ormal Operation Speed

Aspect Ratio (Effective)
Ehord (MAC)

Sweepback (leading edge)

Flaperon Area (each)

Type - Aluminum alloy honeycomb

sandwich structure; flap~
erons full length of outer

panels; left & right panels
interchangeable and fold
upwards

Tncidence (fixed with respect to
rotor disc)

Units

no,
deg
in.
deg
RPM

ft/sec

ft

ib/sq ft
in./in.
sq It
in,

deg

deg

deg
3q f¢

10

3

NACA 16 Serles
32

9

=5 to +35

2700

778

20
75
82.6/27.5
86

4,65

59

1=1/2

25

NACA 0012

9=1/2
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TABLE I. - Contlnued.

Wing (Cont'd)
Flap Deflection

[Povderplant
Type

#aximum Power (takeoff & 30 Min)
Normal Power

Fuel Type

RPM (at output of speed decreaser
gears)

Drive System
Ratio = Engine to Main Rotor

Ratio = Engine to Prop

IControls

Upper = Swashplate controlling
rotor blade pitch through
pitch links

Lower = Stainless steel cables;
pulleys; push-pull rods;
rotor control dual servo

L=% units

Unitcs

deg

SHP

SHP

Lo

One GE Free
Shaft turbine
T=58«8

1250 @ Sea
Level

1050 @ Sea
Level

JPeli

000

69-89 to 1
7.22 to 1
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TEST INSTRUMENTATION

GENERAL DESCRIPTION

Key points in the drive system distrituting the power to
t+e rotor and to the propeller wera selected in order to meas-
ure properly the power going to these two components as well
as the total power developed by the turbine.

b

In order to determine “light loads and tc insure struc-

} tural integrity with safely margins in the high speed flight *

: regimes, one metal rotor biade was instrumented. The rotor
hinge assembly was completely instrumanted for motions about
all axes, and one pitch link force measurement gave the pitch-
ing moment of the blade. Similiarly the pilot control motions
were measured in the cockpit and the attitude of the aircraft
throughout all flight conditlions was measured about all axes.
Parameters which would nrot vary significantly in short time
intervals (less than one-half second), such as speed, RPM,
altitude, flap setting, etc., were taken from the photopanel
located inside the cabin. The rest of the information was
recorded on three 18-channel oscillographs. Locations of
the various transducers and recorders are shown on the per-
spective drawing, Figure 4.

The highest quality instrumentation was used throughout.
However, wherever rewiring was necessary, a larger gage wire
i xas used, as the initial 1light gage wire installed was diffi-
cult to maintain.

Many of the parameters were checked by photographic
coverage from the ground and/or chase plane during flight
trim attitude tests. Five camera positions were built on
the aircraft to record local conditions of cperation in ad-
dition to the ground and chase plane photographic coverage.
Several of these cameras were high-speed gun cameras capable
of 64 frames per second. One of them was capable of over
1000 frames per second. Such photographic coverage aided
correlation between effect and cause, especially during the
vibration part of the program.

ha 4

A conslderable number of strain gages had to be replaced
in order to improve their readability, and constant maintenance
was required for the instrumentation wiring which was affected
by fatigue conditions.

4

The primary recording system consisted of three oscillo-
graphs with 18 channels each, providing a total of SU4 channels.
The use of three osclllographs permitted recording at three
different speeds so that the necessary frequency response
could be recorded with a minimum of exposed footage.

12
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In addition to the above-mentioned automatic recorders,
a large amount of observed data was collected by manually re=-
cording cockpit instrument readings. Some of the cockpit in-
struments were duplicated either in the photo panel or by re=-
cording on one of the three oscillographs. This redundancy
provided a quick look at the aircraft's performance immediately
after the flight.

Three basic types of transducers were used to drive the
galvanometers and indicators in the 16H=1A: 350-ohm strain
gages, linear and rotary potentiometers, and autosyn trans-
mitters,

In-flight loads were measured by means of 350-ohm, foil-
type strain gages bonded to the load=-carrying members. Vibra-
tion and accelerations were measured by means of seismic type
strain gage accelerometers mounted on the appropriate portions
of the alrcraft. Signal-conditioning for both the bonded and
selsmic straln gage bridges was accomplished by means of nine
6=channel balance panels. These units provide a means of bal=-
ancing the strain gage transducer to zero output at any load
within the range of the instrument. They also provide a gain
control to give the desired galvanometer deflection at the
maximum lcad expected in flight., Provision i1s also made for
a shunt-type calibration resistor so that sensitivity of each
channel can be checked before and after each flight, and for
correlating the flight data with the latest ioad calibration.
Calibration resistors are *1% film- or wire-wound with a 50-
PPM, temperature coefficlent.

Position transducers were generally of the potentiometer
type in which a variable resistor is displaced ir proportion
to the motion of some component on the aircraft. To facili-
tate mechanical installation, a rotary type was chosen in some
cases and a linear type in others, but electrically they are
considered interchangeable. For those channels that could be
moved through full travel before and after each flight, signal
conditioning was provided for by the Plaseckil signal condi-
tioning box. This provides a balance potentiometer which per-
mits adjustment of circuit output to zero at the desired re-
ference vosition and fixed resistors to adjust circuit sensi-

tivity and galvanometer damping. Pre- and postflight sensiti-
vity checks were performed by recording while moving the

_aircrart component through full travel from stop to stop.

Those potentiometers which could not be convenlently run
through full travel before and after each flight to check
sensitivity were handled in the same manner as the strain gage
channels, In these cases (rate and attitude gyros) the poten-
tiometer was connected across two legs of a 350-ohm dummy

14
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bridge fabricated from fixed precision resistors with a low
temperature coefficient of resistance, This provided a four-
arm bridge which could be connected into one of the baliance
panels. As in the case of the strain gage transducers, the
talance panels provided sensitivity adjustment, balance ad-
Justment and shunt resistance calibration capablility for pre-
and postflight sensitivity checks.

Excitation voltage for all transducers discussed so far
was provided by a 24-volt lead-acid battery which was com-
pletely separate from the aircraft electrical system. This
battery was tapped at 6, 12, 18,and 24 volts so that the de-
sired sensitivity of each channel was within the range of the
gain adjustment on the balance panels, The battery was un-
grounded and was not charged in flight, but was charged on a
normal battery charger at night and reinstalled in a fully-
charged condition each morning. The voltage of the battery
was monitored on the oscillographs in flight by impressing
the 2U4=-volt output on the rotor one-per-revolution traces of
Number 2 and Number 3 oscillographs, thus permlitting the re-
cording cf battery voltage with no loss in data channels, This
voltage-monitor system was a backup for the shunt calibration,

ince any change in battery voltage was reflected in the gale
vanoneter deflection during the shunt calibration and full
throw recordings that were taken before and after each flight,

The above mentioned potentiometer systems are unsuitable
for certaln parameters which have repeated cyclic motion and
thus tend to wear at a rapid rate, particularly in the case of
the rotor-blade position transmitters (pitch, lead-lag, and
flap angles)., In these channels, autosyn transmitters were
used, since they have virtually no wear and have excellent re-
peatability, Excitation power was provided by a static-type

inverter that converts 28 volts D.C. to 115 volts, 400-cps. A.C.,

a voltage regulation accuracy of *1%. The output of one phase
of the autosyn is rectified, filtered and attenuated in the
signal=conditioning box to provide a D.C. voltage to the gal~
vanometer proportional to transmitter angle., This same system
was used for angle of attack, since it prcvided minimum drag
on the vane and therefore minimum hysteresis,

DISCUSSION OF ACCURACY

All performance parameters (torque of rotor, tail pro=-
peller, and engine, all tachometers, airspeed, altitude and
outaide- air temperature together with the combined values of
turbine, rotor and propeller powers, true airspeed, and den-
sity altitude) had errors of 5 percent or less. In addition,
85 percent of the remaining data submitted has probable in-
strumentation errors less than 5 percent,

15
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The fact that the probable error for each channel is
usually based on maximum value presented results in a high
percentage number for the error, since flight data were always
significantly lower than the critical value. For example, the
rotor pitch link force data have an absolute maximum error of
only 43.5 pounds; but since pitch link loads in flight never
exceeded 345 pounds, the conversion to a percentage results
in a misleading, high figure for the error. For this reason
the absolute errors should be considered more significant
than the percentage errors.

As the data were reduced and plotted, it became apparent
that certain channels were providing inconsistent data and
were not as accurate as desired. These channels were modified
to increase their accuracy during the tests; as a result, the
overall accuracy of the system was improved throughout the
program. For instance, the original method of checking sensi-
tivity of the attitude and rate gyros proved to be inadequate.
These circuits were redesigned to provide for sensitivicty
checks before and after each flight.

The wing 1ift circuits were particularly troublesome from
the start. Ground tests at varying ambient temperatures in-
dicateda large amounts of drift due to expansion of the str.c-
ture on which the gages were bonded. A modified temperature
compensating system was installed which solved the drift pro-
blem, but 1lift data in flight still proved to be inconsistent,
even though ground calibrations appeared to be excellent. It
is possible that the errors in these channels were due to the
different stress patterns experienced in flight with the wings
loaded aerodynamically as compared to the concentrated loads
experienced during ground calibration. On the other hand,
the rotor 1ift measurements were determined to be consistent,
and these were used in the determination of rotor/wing 1ift
distribution.

In other cases, large errors were uncovered during a nor-
mal recalibration when the fallure to repeat the previous
calibration within the desired accuracy indicated a trans-
ducer failure. 1In these csses the transducer was replaced
before the next flight.

Specific accuracies for each channel are indicated in
the data presented in Appendix II.

16
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DESCRIPTION OF FLICHT TESTS

Prior to flight testing the basic aircraft was welghed,
and the empty weight was determined at 4415 pounds. Gross
weight was then calculated for each flight and exact weights
were calculated for crew, fuel, and ballast,

Instrumentation was set up so that the osclilographs re-
corded control positions, fuselage angle of attack, attitude,
angular acceleraticn, and loads and stresses from critical
static and dynamic locations on the aircraft. They also re=-
corded the lead-lag angle of the 1nstrumented rotor blade, its
pltch angle and its azimuth position, accelerations on the
alrcraft,and the landing gear loads. Blade motions, blade
stresses, rotor and propeller torque,and vertical drive shaft
stresses were recorded for all flights; other data were re=-
corded only as needed to meet the objectives of the specific
tests,

The photo panel recorded airspeed, altitude, time, gas
generator RPM, power-turbine RPM, engine torque, air tempera-
ture, fuel flow, vertical rate of climb,and sideslip angle.

Before and after each flight test,an instrumentation
sensitivity check was conducted. This precedure, popularly
called "R 51", was accomplished by the flight test instru-
mentation group aTter preflight inspection and servicing
(prior to the flight) and befcre postflight inspection and
servicing (after the flight).

All taxi, hover, sideward and backward flight, and ver-
tical climb tests were conducted over the concrete mat areas
adjacent to the Plaseckl facllities at Fhiladelphia Inter-
national Alirport. The remainder of the tests were generally
conducted within autorotation distance of the airport,

Use of the gross welght/density altitude ratio system
required data to be gathered at specific altitudes which are
dependent upon takeoff welght, the amblent temperature, and
the gross welght to which the data were to be referred. Since
conditions might vary between flights, a graph (Figure 5) was
constructed (similar to the example given in Reference 5) for
the weight range of the 16H-1lA that enabled the pllot to de-
termine the proper altitude for any test. Entering the graph
with the 16H-1A actual gross weight (less estimated fuel used
before reaching test altitude), the proper pressure altitude
can be found for the required referred weight. Flignts were
made at gross welghts ranging from 5689 to 7500 pounds, and
at combinations of altitude and temperature which produced
welght/density ratios ranging from 5370 to 8040 pounds,

17
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The vulnerability of the propeller and duct to forelgn
object damage was monitored throughout the test program. While
tests involving deliberate injection of various kinds and
sizes of materials were not made, the amount and degree of
foreign objJect damage were continually obtserved under normal
flight operatiocns., Except for an emergency power-off landing
in a rough field with tall reeds (see "Technical Problems"),
only occasicnal minor nicxs and abrasions were found; these
never interfered with scheduled flight operaticns.,

TAXI

This phase of testing was devised to determine the
ability of the 16H=-1A to perform taxi maneuvers with and with-
ocut brakes in varying wind conditions and velocities up to 35
knots, The fcllowlng maneuvers were established as the taxl
requirements:

l, Taxi upwind, crosswind, and downwind without
brakes at ground speeds up to 20 knots,

2. Execute flgure eights without the use of brakes,

3. Determine main rotor blade to duct clearance
with 1008 rotor RPM and minimum collective
pitch while taxiing downwind in 35<knct winds,

L, Demonstrate the ability to stop the aircraft
at any time while performing these maneuvers
by the application of brakes and/or cyclic
control.

HOVER

These tests cover the investigation of performance,
flying qualities, and stresses encountered in the 16H-1A
durlng hover, both in ground effect and out of ground effect,

Total power required and power distribution were deter-~
mined as a function of gross weight., Tall propeller power
required was determined as a function of vane deflection and
gross welght, Data were recorded when the aircraft was sta-
bllized with the desired rotor RP!1 and tail propeller pitch
in calm winds, Data were gathered at least three separate,
nonceonsecutive times for each height (in ground effect and
out of ground effect) over a range of actual gross welghts
from 5700 to 7500 pounds,

Flying qualities were investigated by establishing con=-
trol positions and response rates when making 360 -degree

19




hovering turns in winds of 0 to 20 knots (gusting to 30 knots),
including turns in winds in ground effect at the most critical

1 center of gravity. Static stability and control motions were
investigated while hovering in winds of less than 3 knots.
Variations in center—of-gravity location of 9.3 inches were
investigated, and control positions were determined as related
to gress weight, norizontal trim setting, and tall propeller
pitch. Time histories of control positions and angular ac-
celerations were obtained about all three axes individually
for abrupt pulse inputs of pitch, roll, and yaw. Tests for
response rates were conducted from a stabilized hover with the

l most critical combination of rudder deflection and propeller

pitch. The most critical combination was selected such that

a l-inch left-pedal displacement from trim (to turn to the

left) brought the pedal to full travel.

In order to use consistent heights for in-ground-effect
and out-of-ground-effect hovering, a callbrated weighted lire
of 6 feet and 60 feet (as measured from the main landing gear
wheels) was used for the respective test categories. This
line was on a reel and was lowered only after the aircraft
i was alrborne. A ground observer stationed to one side of the
airecraft would convey to the pllot the exact height of his
hover, allowing a tolerance of 1 to 2 feet. The hover tests
were all conducted with the alircraft facing into the wind.

1 In obtalning a data point, the pilot would hover and ad-
Just his collective pitch and cyclic stick settings until the
aircraft was stable; then the flight engineer would take a
blip of at least 3 seconds' duration. The pilot would then
change the attitude of the alrcraft by means of elevator trim
and stabllize; then the flight engineer would take another
blip.

The ducted pusher-propeller deflected-vane arrangement

in the tall for antitorque yaw control presents an approach
that combines the functions of the conventional heliccpter
tail rotor and propulsion propeller. To provide antitorque
force and directional control, the propeller and the vanes work
together. That 1s, directicnal control in hover can be main-
tained by keeping a relatively high propeller pitch setting

: and a moderate vane deflection angle, or by keeping a higher

vane angle but lower propeller pitch setting. Tests were con-
{ ducted to investigate both extremes.

The effect of the horizontal trim position and propeller
pitch was measured irn hovering. The trimmable elevator, be-
cause of its position behind the ducted propeller, 1s effec-
tive in all regimes cof flight, including hover, and can be used
tc adjust for nose-up or rose-down aircraft attitudes. This

20
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was evaluated as to its effect on total power requirements and
allowable center-of-gravity travel,

SIDEWARD AND -BACKWARD FLIGHT TESTS

These tests cover the investigation of performance, fly-
ing qualities, and stresses encountered in the 16H=1A aircraft
during sideward and backward flight at speeds up to 30 knots.

Total power required and power distripbution both in and
out of ground effect were recorded in 10=knot increments up
to 30 knets, in sideward flight, in calm air, The same data
were recorded for backward flight,

The flying qualities were investigated by determining con-
trol positions as a function of speed 1n both sideward and
backward flight., Response rates and the effect of rapld con=-
trol inputs were also evaluated, The control power avallable
was determined for each control at 30 knots in each direction,
The flying qualities were determined with the alrcraft gross
welght varying from 6000 to 6382 pounds and with the center of
gravity 3.1, 5.1, and 12,4 inches forward of the rotor axis.

Sideward and backward flight tests of the alrcraft were
all performed at the Plaseckl ramp area. A pace car with a
calibrated speedometer was used to establish speed, A wind-
meter, suspended outside the car during the run, was used to
verify speeds and to check wind correction. The pace car ac-
celerated to, and held, the desired speed., When the appro-
priate speed had been reached, a card was displayed from the
car notifying the pilot and flight test englneer to maintain
this speed and to take a blip,

From a hover, the ailrcraft was rotated 90° to the wind
and was flown laterally into the wind., After being stabllized
long enough fer a blip to be taken by the flight englneer, the
alrcraft could be rotated into backward flight and stabllized
for another blip., The following excerpt from Flight 263 Test
Report indicates one pllot technlque used in gathering data
for this portion of the program,

", esThe thiréd maneuver was right sideward flight of 20
knots, with full left rudder and then varying tall prop pitch
to bring the aircraft around to the position 180° out of the
wind and continuing at 20 knots rearward flight ...%

The procedure was repeated until the required data points
had been achleved and verifled as needed.,

Figure 6 shows the 16H~-1A performing rearward fiight,
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TRANSITION TESTS

Transiticn represents the flight regimes of acceleration
from hover to forward flight and deceleration from forward
flight back to hover.

The flying qualities of the aircraft during transition
were established by determining tne positions of all controls
(longitudinal and lateral cyclic, coilective, rudder pedal,
longitudinal trim vane,and taill propeller pitch) as the air=-
craft accelerated and decelerated through the 0 to 70-knot
speed range.

Level flight accelerations and quick stops were per-
formed between the alrspeeds of G to 70 knots at center-of=-
gravity locations 4.8 inches and 12.4 inches forward of the
rotor axis,

The following verbal time history describes an accelera-
tion from hover through transition and back to hover using 2
technique where the tall prcopeller provides the required
thrust for translation. Acceleration in this manner results
in a much smaller pitch change and somewhat slower accelera-
tion than would occur using the rotor to provide the aft com=
ponent of thrust. The technique used was:

l, Hover with excessive tall propeller pitch
and hold aft longitudinal cyclic.

2. Start oscillograph recordings.

3. Add tall propeller pitch while maintaining
attitude with longitudinal cyclic and
direction with rudder,

4, Decrease collective pitch as necessary while
adding tail propeller pitch (within torque
limits).

5. At 70 knots forward speed, decrease tall prc=-
peller pitch to minimum,

6. Decrease collective pitch tc minimum,

7. Flare with aft cyclic while maintaining con-
stant altitude,

8. Reduce turbine speed contrcl to keep the

engine RPM constant (required due to 8%
engine gove nor drocp).

23
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9., Add necessary tall propeller pitch for
hover,

10, Stabilize hover,

1l, Turn off oscillographs.

*a

The procedure used when maximum acceleration 1s desired
and attitude change i3 unimportant follows:

LR

l. Hover using a high vane deflection with a
low propeller pitch setting.

2. Start oscillograph recordings.

3+ Apply feorward cyclic and collective as re-
quired for forward mction.

4, Increase propeller pitch and gradually lower
collective, smoothly bringing the aircraft to
a level flight attitude at about 70 knots.

5. Slow-up and flare are as previously descritbed,

FORWARD-SPEED CLIMB

These tests cover the investigation of tne performance,
flying qualities, and stresses encountered in the 16H-1A during
forward-speed climb at true airspeeds between 42 and 141 knots,

The rates of climb were determined as a function of air=-
speed, power distribution, and flap setting. Rate-of-climbd
tests were conducted between a speed range of 42 to 14l knots
in nominal 20-knot increments at normal rated power with a
nominal gross weight and center of gravity. The saw=tooth
technique was utilized for determining the perf{ormance of the
16H-1A in forward-speed climb tests. During these tests, the
alrcraft alternately performed stabilized climb and then sta-
bilized level flight or descent to record rate of climb as a
function of airspeed, power, and flap setting. Each climb was
maintained through at least 1000 feet of altitude,

<9

Flying qualities in climb were establisiied by determining
control positions as a function of airspeed, flap deflection,
and center of gravity. The tests were conducted with centers
of gravity of 8.6 and 3,1 inches forward of the rotor axis,
with retracted flaps at the nominal gross welght, Tests were
repeated with flaps fully extended at airspeeds of 50 to 90

knots.

<
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AUTOROTATION

Procedure was established whereby the Philadelphia Inter-
national Airport runways or other adjacent clear areas were
selected for autorotative approaches. Hormally, at a prede-
termined altitude, a power recovery was executed, A procedure
was established whereby many test flights that were conducted
in other phases of testing ended with an intentional auto-
rotation.

The first autorotation in the 16H=-1A became an emergency
when power could not be applied because of a malfunction in
the turbine specd selector system (see "Technical Problems").
Although this was the filrst autorotation attempted with this
aircraft, the pilot was able ty complete a successful auto=-
rotation to touch down into a selected clear area. During the
flare Jjust prior to touchdown, the height over a grounc pro-
trusion adlacent to the clearing was misjudged and the ring-
tall was dragged, shearing the tail wheel and damaging the
bottom of the tralling edge of the rudder vanes. It 1is signi-
ficant that the ring-tail protected the tall propeller and
prevented a quick stoppage of the drive system and the serious
damage that is common to such an occurrence,

The pilot technique in autorotation was similar to the
technique used in conventional helicopters. To illustrate
this, the following excerpt from the Flight Repcrt for Flight
276 is presented:

".oo.The alrcraft was trimmed out at 60 knots with 11°
tall prop pltch. Collective was lowered and the throttle was
reduced at 5800 RPM, The needles split and the aircraft
entered autorotation without any difficulty at all. The tail
prop pitch was at minimum throughout the flight.... Pitch at-
titude control of the aircraft, power off, requires more
longitudinal cyclic mcvement than it does with power on. 60
knots in autorotation was established; we then went to 80 knots
and then approximately 90 to 100 knots. Throughout this time
the rate of descent (indicated) was pegged at 2000 feet per
minute,"

"eesThe collective pitch was then confirmed to be come
pletely bottcmed, I reduced tc 60 knots which let my rotor
RPM incrcase to about 5300 RPIl (rotor RPM equivalent to 5900
engine RKPM) and the only thing I concentrated on was first
avolding a ditch and a cement culvert in order to reach a
clear area of what locked like gravel, A flare was then en-
tered and the tall wheel was felt to hit the gzround prior to
the time that I thought it would. We still had 30 to 40 knots
forward airspeed and I had not pulled any collective yet, so
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flare was continued and collective pitch was applied and the
tail wheel bounced once or twice. We were very close tc zero
airspeed when I finally let the front gear come down to the
ground, In the final landing, there was plenty of rctor in-
ertia and the final landing of the ailrcraft was very smooth
and like a normal landing...%

VERTICAL CLIMB

These tests cover the investigation of the 1l6L-1A per-
formance, flying qualities, and stresses in vertical climb.

Power required and rotor/tail propeller p.uer distribu-
tion weire determined as a function of gross weight aand ver-
tical rate of climb. Vertical climb tests were concucted at
100% main rotor RPM at referred gross weights of 6230 and 7600
pounds and referred power varying from 1044 to 1226 horsepowern

The aircraflt flying qualities in vertical climb were es-
tablished by showing control positions as a function of ver-
tical rate of climb,

A standard pllot technique was used for all vertical rate-
of-climb data acquisition. From a stakilized hover over the
Plasecki ramp area, the power was increased to a predetermined
level and the aircraft climbed vertically, When the rate of
climb had stabilized, three blips were taken at 500«foot in-
tervals,

LEVEL FLIGHT

This portion of the test program covers the investigation
of the performance, flying qualities, and structural integrity
of the 16H=1A in level flight.

Total power required and power distribution hetween the
main rotor and the taill propeller were determined for stabi-
lized flight by the welght/density ratio method mentioned
earlier. In order to determine the optimum (least power)
points, power distributicn at a given speed was varied by ap-
propriate changes in propeller and rotor ccilective pitch. For
each combination, alrspeed was maintained with longitudinal
stick, which also produced a specific attitude.

Static, directional and longitudinal control-fixed sta-
bility were investigated at various aircraft speeds, angles of
attack, and centers of gravity. The margla of control avail-
able was investigated for various centers of gravity.
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As the data were to be acquired using the welight/density
method, it was necessary to fly at the proper density altitude:
to achieve the desired referred gross weight (w/c). The
method of establishing the prcper density altitude and a chart
used for altitude selection are dilscussed at the beginring of
this secticn,

.iormal prccedure was to climb to the required densitv al=-
titude, stabilize at the first speed point, and take a 3= to 5=
second instrumentation record. Pertinent cockpit instruments
were recorded manually on the flight card as a backup for the
autcmatic recorders and to provide a quick look at the air=-
craft's performance imrmediately after the flight., FRecords
were taken over a true airspeed range from 30 to 167 knots in
level flight and to 195 knots in dives up to 10 degrees.

Angle of attack was varied by means of the elevator trim vane
and by using different combinations of rotor and tail propel=
ler pitch.

Longitudinal statlic stability was investigated over the
speed range by determining stick position as a function of
speed in level flight,climb, and autorotation. In addition,
the alrcraft was trimmed at a specific speed, and the changes
in stick position were determined which would produce speed
changes from trim cf #10 kncts and #20 knots.

Dynamic stability was investigated at trim speeds of 0,
50, and 150 knots at two centers of gravity (8.6 to 9.7 inches,
and 3.1 inches forward of rotor axis) and at a nominal gross
welght of 6100 pounds, with flaps retracted, The test pro=-
cedure was to record on oscillographs a time history of the
control motions and aircraft responses from which the period
and damping chi.racteristics of the aircraft were derived. At
no time was it necessary for the pllot to use an abnormal cone
trol recovery procedure, and he has reported that the aircraft

appeared to have a very high degree of positive dynamic sta-
bilityo

It was found that originally planned stick-free stability
tests were not feasible because the 16H=1A cockpit controls
act through irreversible hydraulic servos and are not equipped
with centering bungees ol any kind, Thus the stick will stay
in any position in which it is placed, regardless of the force
at the output end of the system. In the beginning of the pro-
gram, the servos were located under the cockpit floor, and
friction was so low that the stick would fall off in any di-
recticn of its own welght. After the servos were relocated in
the pylon (see "Technical Problems"), there was enough fric-
tion to prevent this falling off, but stick-free stability was
still without significance,
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The phugoid or long-period osclllation cnaracteristics
were obtained by holding controls essentially fixed and al-
lowing the alrcraft to deviate from its trim speed and pitch
attitude and by recording the time ~istory of the ensuilng long-
period oscillation,

For purposes of airspeed calibration, the position error
affecting the pitot-static system was determined by the Ground
Speed Course HMethod. Several speed courses were lald cut
adjacent to runways at the Philadelphia International Airport.
The 16H=-1A was flown over these courses of known distance in
both directions at an altitude of less than 200 feet so that
transit times could be accurately neasured (+.1 seccnd). The
selection of the particular course was on the basis of minimum
crosswind. True ailrspe2d was determined from the resultant
time/distance data.,

Figure 7 gives the results of the level flight call-
bration of the alrspeed indicating system, Since the instru-
ment reliability below the speed of 30 knots 1is low, the
calibration is only useful for speeds above this value,

The calibration curve was constructed in two stages,
coinciding with the speeds ccncurrently being testecd, The
first series of tests covered an indicated airspeed up to 129
knots, and the second series coverec the speed range above this
speed, For the first series, the curve was drawn as shown by
a dotted line, since at that time the points from flights 402
and 411 had not yet been obtained. It was subsequently cor=-
rected as shown by a solid line. It was extrapolated as 3hown
in phantom lines for speeds above 160 knots (indicated) be=-
cause power limitations prevented calibration at higher speed
by the method used, !Maximum deviation of measured points from
the final calibration curve 1s less than 5 knots, and average
deviation 1s less than 3 knots,

STOL

This portion of the test program covers the investigation
of the STOL performance of the 16li-1A and the 3tresses en-
countered during simulated STOL operaticns,

STOL performance was evaluated by conducting forward
velocity takeoffs and landings over a measured concrete oper-
ating strip., STOL operations were conducted at various gross
welghts and with different flap settings. In addition to re-
cording power and flight data, landing loads on the landing
gear shock strut were measured and recorded, Since the 16H=1A
landing gear was not designed for STOL welights, the tests were
actually conducted at weights for which VTOL operation would
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have been possible, STOL operation was simulated by main-

taining reduced collective pitch settings throughoit the take-
off run.

Maximum static tail-propeller horsepower within brake
holding power was set prior to the start of the takecff run.
After brake release, the pilot increased propeller pitch in ’
order to cbtain maximum thrust. The aircraft was zllowed to
fiy off without a takeoff rotation. The collective pitch
setting was held constant during the entire takeoff run. This
procedure did not permit the minimum takeoff distance cap-
ability to be achieved, since utilization of the forward com-
ponent of rotor thrust could have increased the forward ac-
celeration considerably.

L 2

STOL approaches and landings were also performed with a
constant collective pitch setting. The propeller pitch was
varied to contrcl the rate of descent and was reduced to min-
imum just prior to touchdown. Longitudinal cyclic control
was used to control airspeed, which was maintained at 60 knots
during the approach and was ther reduced by a flare to 45
knots jJust pricr to touchdown,

DATA REDUCTION METHODS

All performance data have been reduced to standard sea
level (59 degrees Fahrenheit, 29.92 inches of mercury), con-
stant giross weight, and constant rotor RPM, Methods of ccre
rection to these standards followed those in Reference 5, and
included corrections for pressure altitude, ambient tempera-
ture, and airspeed calibration errors, For level flight data,
correction in power was made for incidental rate of climb or
descent, For cunstant-power climb data, correction for rate of
climb was made for minor variations from standard power,

The specific equations employed in the cata reduction
program are described below.

For the purpose of computing instantaneous weight for a
test blip, the fuel flow during any one flight has been as-
sumed constant from takeoff to landing. Therefore, the
vehicle weight for any blip 1is

[

W 3

W= Wpg - Bn+l) (5E§5)] (1)

where the fuel comsumption in takeoff and landing portions
of the flight has been accounted for in the proportion.
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The ambient pressure and density ratios are given as

5, = [1-(6.88Hx 107°)]5+25 (2a)
and :

@ = &, gprezTs) (20)
respectively,

Equation (2a) ylelds the pressure ratio of the standard
atmosphere to better than three significant figures, to higher
than 10,000 feet.

Calibrated airspeeed in forward flight 1s obtained from
indicated airspeed as read from the photo panel by means of
zalibration curves., True alrspeed can he calculated as

VCAL

rRug T (3)

Turbine power is calculated directly from engine torque~
meter pressure as read from photo panel instrumentation.

ESHP = 2.714 (Pg)(7hsp) (4)

Rotor and propeller shaft power are determined from
oscillograph strain gage instrumentation as

RSHP = Qg X FTI57T;000 (5)
QPXN
PSHP = 555%63,000 (6)

where the constants 21.5 and 2.272 are the respective gear
ratios between engine and rotor and between englne and pro-
peller.,

The following correction 1s applied to weight to acccunt
for amblent air density.

Wsp =

ajz

{7)

Retor and propeller tip speed and thrust and power coeffi-
cients are obtained from equations (8) through (12), where
the final subscripts R and P refer tc rotor and propeller,
respectively.
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Mechanical Efficiency

Turbine shaft torque, rotor shaft torque, and propeller
shaft torque were all measured independently by three separate
torquemeters. Thus, ESHP, RSHP, and PSHP, computed from equa-
tions (4), (%), and (6), respectively, represent independent
determinations of these quantities. The mechanical losses
in the drive system can be ascribed to three separate sources:
(1) accessories, such as pumps, generator, and oil-cooler
fan, which are relatively constant; (2) losses in the trans-
mission syatem between turbine and propelier shaft, which
are a function of propeller power;and (3) losses in the trans-
mission system between turbine and rotor, which are a function
of rotor power. Functions (2) and (3) are not the same, since
different gear trains are involved. Hence, the overall losses
depend not only upon the total useful power but also upon 1its
distribution. Accordingly, plots were made of efficlency
versus combined power (rotor plus propeller), for different
ratios of rotor power to combined power, from measurements
taken during the various types of steady-state flight (hover,
vertical c¢limb, forward climb, level flignt). ‘I'hese plots are
shown in Figure 8: (a, b, ¢, d) and a svmmary of all four 1is
shown in Figure 8 (e).

In the presentation of final curves for hover, vertical

c¢climb, and level flight, rotor power and propeller power are
derived from their respective plotted power coefficients.
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