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This report presentstheresults of the Air Force Flight Test
Center Flight Evaluation of the YHC-1A helicopter. Twenty-five
flights for a total of 22 hours and 35 minutes were flown between
28 June and 10 September 1960 to evalnnte the general flying qualities
of this vehicle, Particular emphasis .48 placed on evaluation of
the stability augmentation systermn (SAS), Very limited performance
data was obtained,

The YHC-1A is the second model of the Vertol 107 series and
is a twin turbine, tandem rotor, tactical transport helicopter manu-
factured by the Vertol Division of the Boeing Airplance Company, It
is powered by two General Electric T58-GE-6 free turbine engines
and has a design gross weight of 15, 550 pounds,

The YHC-1A represents an advance in the art of helicopter design
due to its excellent handling characteristics, positive dynamic stability,
and low vibration levels at high speed, The rear ramp loading facili-
ties, two-engine reliability, excellent maintenance accessibility and
high ratio of cargo volume to airframe volume with adequate weight
lifting capabilities makes the YHC-1A potentially the most operation-
ally suited of any modern helicopter tested by the AFFTC,

Several desirable features of this helicopter include the near
level fuselage attitude at cruise speed, excellent cockpit emergency
exits, general cockpit layout, and the automatic response of the
second engine and lack of aircraft trim disturbance following an
engine failure,

The major undesirable features of the YHC-1A include its depend-
ence on the SAS for adequate stability and control, inability to utilize
full engine power due to transmission torque limits, excessive rpm
droop during power application which can lead to the loss of generator
output and a dual SAS failure, slow beep trim rate, the location and
operation of the rotor brake and parking brake, the lack of a manual
fuel control shutoff, lack of pilot control of the fuel boost pumps, and
lack of engine anti-icing and fire extinguishing equipment,

Additional shortcomings include poor static directional stability
during partial power descents and autorotation,

Although the probability of a complete SAS failure is remote, a SAS
off flight was made, SAS off operation of the YHC-1A is possible; how-
ever, stability characteristics are marginal for flight in moderate
turbulence and unacceptable for flight under instrument cenditions in that
the possibility of safely returning to the base is considered remote,

It should be pointed out that many of the problem areas found to
exist in the YHC-1A may be eliminated by already programmed design
changes for the Vertol 107 Model II which is now in production,
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This report presents the results of the Air Force Flight Test
Center Flight Evaluation of the YHC-~1A helicopter. This evaluation
was conducted at the contractor's Philadelphia facility, Twenty five
flights for a total of 22 hours and 35 minutes were flown on aircraft S/N
58-5514 between 28 June and 7 July and between 4 and 10 September 1960,

The purpose of this flight evaluation was to evaluate the general
flying qualities of the YHC-1A, Particular emphasis was placed on
evaluation of the stability augmentation system (SAS) because of its
simularity to the system being developed for the YHC-1B, Very
limited performance data was also obtained,

The YHC-1A is the second model of the Vertol 107 series and is
a twin turbine, tandem rotor (two 3-bladed rotors), tactical transport
helicopter manufactured by the Vertol Division of the Boeing Airplane
Company. Three YHC-1A helicopters were built for the U.S, Army
and feature rear ramp loading and the capability of carrying a crew
of three with 26 passengers or a crew of three with 15 litter patients
and two medical attendants,

This helicopter is powered by two General Electric T58-GE-b6 free
turbine engines rated at 1050 SHP at sea level, A common gear box
transmits the power to an interconnect shaft which drives the forward
and aft transmission and rotor, The transmissions are limited by
stress to a torque equivalent to 1700 SHP at 258 rotor rpm, All elec-
trical power is supplied by two 20 KVA alternators, Direct current
requirements are fed by transformer rectifiers which in turn are fed
by the alternators., Hydraulic pressure in the aircraft is supplied by
two hydraulic pumps delivering four gpm each at 1500 psi, Engine
and transmission cooling is accomplished by an oil cooling system,

All YHC-1A primary flight controls are equipped with completely
irreversible hydraulic boost, To ensure reliability, the boost system
is duplicated., The primary or upper system derives its power from the
rotor side of the front transmission and the secondary or lower system
from a separate pump also mounted on the rotor side of the front trans-
mission, Both systems are operating under normal conditions,

Artificial feel is provided to the cyclic control stick through springs
attached to the stick and to magnetic brakes, Force trimming is accom-
plished by depressing a button on the cyclic grip which releases the
magnetic brakes and allows the springs to re-center,

Longitudinal control is provided by means of collective pitch which
is applied to the front and rear rotor in a differential manner, Rear-
ward longitudinal movement of the stick results in an increase of collec-
tive pitch on the front rotor and an equal decrease in collective pitch
on the rear rotor,




Longitudinal cyclic pitch of the front rotor is fixed at 2 degrees forward.
Rear rotor longitudinal cyclic pitch is automatically varied, as a function of
dynamic pressure, from 0.5 degrees (aft) at hover to 7.5 degrees (fwd) at
140 knots IAS. Longitudinal cyclic pitch variation is used primarily to control
rotor flapping and to provide a stable stick position - airspeed gradient,

Lateral control is provided by means of lateral cyclic pitch which is applied
to both rotors simultaneously, Right lateral movement of the stick results in
the application of right cyclic pitch to both rotors, The cyclic pitch application
is unsymmetrical, more lateral cyclic pitch is applied to the front rotor than
the aft rotor to ensure good pedal-fixed turn capabilities,

Directional control is provided by means of lateral cyclic pitch which is
applied to both rotors in a differential manner, Forward movement of the
right pedal results in the introduction of right lateral cyclic pitch in the front
rotor and an equal amount of left lateral cyclic pitch in the rear rotor,.

The stability augmentation system (SAS) provided on the YHC-1A is an
electro-hydromechanical servomechanism which augments the stability of the
basic helicopter.

SAS control inputs are made through differential actuators and do not move
or otherwise disturb the cockpit controls, Whenever a SAS control input is
made, the control stops in the cockpit are automatically shifted an amount equal
to the SAS input, thus giving the pilot the capability of completely overriding
the SAS if he so desires.

The SAS system senses angular velocity about all axes and sideslip angle,
A detailed description of the flight control system is presented in Appendix II.

The basic weight of a production aircraft is 8946 pounds with a fuel capacity
of 345 gallons (2240 pounds). The basic weight of the test aircraft was 12,530
pounds because of over 3100 pounds of test instrumentation, The design apera-
ting gross weight of the helicopter is 15, 550 pounds., At this gross weight, the
premissible ¢ g travel is from 24 inches forward to 5.5 inches aft of the centerline
between the rotors. This helicopter was tested from the forward limit to 2
inches aft,

The only external changes to the helicopter for test purposes consisted of
the addition of a large nose boom containing a sideslip vane and external housings
for the torquemeter above each rotor shaft, Both of the items have a small drag
penality; however, they should not affect stability and control,

The data obtained during these tests was given the contractor as it was
obtained, A set of final plots as presented in the report was sent to the contractor
in January 1961,
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TEST RESULTS

COCKPIT EVALUATION

In general, the cockpit facilities and equipment of the YHC-1A are
satisfactory.

Entrance to the cockpit is provided only from the cabin section.
Normal entrance to the helicopter cabin is provided through the loading
ramp. Entrance to the cockpit through the cabin section will compro-
mise the capability of loading bulky cargo or restrict placement of
cargo. Direct entrance to at least the pilot's seat should be provided
from outside the helicopter. Actuation and proper sequencing of the
electrically actuated ramp doors is provided both inside and outside the
helicopter. The electrical power source to operate these doors is avail-
able only from inside the helicopter., Provision should be made to operate
the exterior opening without requiring auxiliary power or entrance to the
helicopter. A door located at the right forward section of the fuselage
may be used for an additional entrance; however, entrance is awkward
since the door level is approximately 4 feet above ground level and steps
or hand holds are not provided. The door pulls inward and slides on
tracks to the top of the cabin roof, Operation of the door should he im-
proved since it is difficult to open from the outside and it is possible to
jam the door inthe full open position or slide it out of its tracks during
closing, thereby preventing locking of the door. (B-23, C-12, C-4,
and B-25)!

The cockpit entrance is well padded, free of obstructions, and of
sufficient size to allow ease of entrance or exit while wearing a parachute.
Entrance to the pilot's seat is awkward due to the long center console and
position of the collective pitch control, Installation of a flat plate between
the console and the collective pitch attachment bracket would provide a
convenient step to aid entrance, The pilots' seats are comfortable and
are adjustable fore and aft and vertically, (C-14)

Collective pitch position, range of travel, and lack of physical restric-
tions are excellent. The collective pitch control is not balanced, and
friction must be applied to keep the collective pitch from creeping down
during flight, The unbalance of force required may lead to overcontrol-
ling with collective pitch during small movements required during a hover,
A throttle twist grip is not provided, Collective pitch friction operates
satisfactorily and small adjustments are possible without binding,

The control head on the end of the collective pitch control contains
switches at a constant radius from the hand grip and contains two power
turbine selector (beep trim) switches, landing light switches, a search

1 . 1.

Numbers indicated as (B-23, etc.) represent the corresponding recom-
mendation numbers as tabulated in the recommendation section of this
report, 5
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light switch and a button to convert the function of the search light switch for
operation of a retractable mirror, Operation of all switches was satisfactory
- with the exception of the mirror button which required too much force for actua-

tion, (C-13)

The left beep trim switch actuates both engines simultaneously, while the
right switch controls only the number two engine to match the power output or
speed of the number one engine, Location of the switches is adequate for ease

of operation,

The cyclic control height is comfortable and displacements, while not in
accordance with HIAD, were adequate for all flight conditions encountered.
Adequate clearance is available between the cyclic contrel and the collective
pitch control under the most critical conditions,

The operation of the side windows is unsatisfactory, The windows are hinged
at the top, open outward, and are keld open witk two braces secured by friction
screws, The windows can not be left open for ventilation during forward flight.
Operation of the window requires two hands andlocking is extremely difficult.

(B-24)

An emergency exit is provided by large panels adjacent to each pilot's seat,
Operation of the release is quite easy, and the size and accessibility of the open-
ing is excellent. The emergency release handle is located on the jettisonable
door, Location of this handle on the fuselage is desirable, In the cabin section,
emergency exit kickout panels are provided in the upper ramp door and the forward

door,

A crew member's seatis provided which folds down across the cockpit entrance,
The seat does not incorporate a back rest or guard which would preclude any pos-
sibility of the crew member sliding aft out of the seat belt, The headroom is
inadequate when wearing a protective helmet and occupying this seat becomes
extremely tiring after a short period of time. (B-16)

The fuel and engine control panel is on the center console and is conveniently
located adjacent to the collective pitch stick, This panel consists of a fuel quantity
test switch, fuel switches for each tank, a crossfeed switch, starter buttons,
governor overspeed test switches and two condition levers, The condition levers
are spring loaded to the outboard edge of each slot with detent positions labeled
"STOP'", ""START'!, "GROUND IDLE", "FLIGHT IDLE'" and "FLY'". The
detents provided for the intermediate lever positions are not adequate for proper
control of the levers, It is possible to advance the condition lever from the ""START"
position to the ""FLY'"" position withkout contacting the intermediate detents, When
retarding the condition lever, the ""GROUND IDLE'' detent is not adequate to prevent
the lever from being retarded to the '""STOP!' position, In addition, the condition
lever was scoring at the point of contact with the edge of the guide slot. (B-7)




Adequate stops should be provided for all lever postions while advancing
the condition lever, and a positive ctop provided at the ""GROUND IDLE"
position while retarding the lever (Reference HIAD J, 2-2.6-3).

The center console should be rearranged as follows:

L. Relocate the master, battery, and generator switch panel to
center of the console for accessability, (B-19)

2. Relocate the lighkt control panel to the left of the console, (C-5)

3, Re-label ""'SAS CONTROL' and ""BOOST CONTROL'! functional
arrangements to prevent confusion, At present, the '"SAS CONTROL"!
label is too close to the boost control, and the '"BOOST!' label is in
smaller letters than the ""CONTOL'' label. These labels should also
be located above the appropriate control. (B-20)

4, Provide adequate identification of circuit breakers without re-
stricting visibility of the circuit breaker. (C-6)

5. Provide a warning light dim switch in accordance with HIAD,
Present system dims wken pilot's flight instrument light switch is '"ON'"',
This should be a separate circuit, returning to bright upon interruption

of electrical power, (C-7)

6. Reverse the ignition switch actuation to have the switch forward
while in the '"Normal'' position in accordance with MIL-5TD-2504,

24 July 1956, Paragraph l.3.a,(l). (C-8)
7, Provide lighting for the circuit breaker control panel. (C-9)
8. Provide an '""APU CONNECTED'" word warning signal. (C-1)

9. Provide an '""ENGINE LOW OIL PRESSURE'' word warning signal,
(B-6)

10, Provide a ""SINGLE SAS'" word warning signal. (A-5)

11, Provide ramp actuation control switches in the cockpit, (B-21)

12, The UHF and VHF radios require manual frequency selection,
Holders for channel frequency cards adjacent to these sets are neces-

sary, (C-10)

The instrument panel is generally acceptable; however, the incorporation
of the military standard flight instrument arrangement for helicopters (MS 33572,
dated 13 November 1959) would improve the presentation, The master warning
light is too dim for ready visibility, (C-2, B-8)




Engine torquemeters are not provided due to lack of reliability; however,
due to transmission torque limitations, torquemeters for each transmission,
indicating from 60 percent to 110 percent, are provided and operate adequately.
Variance of transmission torque requirements from hover to forward flight
required incorporation of these torquemeters which allow maximum use of
engine power through transmission torque distribution, An automatic load
sharing device should be incorporated for the engines, (B-4)

Engine torquemeters shtould be incorporated for determination of engine
performance. Fuel flowmetfers should be incorporated for matchking engine
fuel consumption and rapid determination of range capabilities, (B-15)

The emergency fluid shut-off ""T'"" handles illuminate and operate satisfac-
torily; Fowever, they are too close together and may restrict single actuation
or result in actuation of bothk levers which willresult in dual engine failure,
These handles should be moved further apart, (A-6)

Location and operation of the parking brake is unsatisfactory In accord-
ance with C, 2-2,4,1,3, HIAD and Paragraph l.2.b, and 2,14 MIL-STD-250A4,
dated 24 July 1956, '""Location of tle parking brake lever should be to the left
of the pilot and located under the instrument panel. Operation of the parking
brake willresult from pulling the handle and release by depressing the foot
brakes,'' The present configuration requires releasing the cyclic control and
actuating a small lever located on the floor to the right of the pilot for both
locking and releasing the parking brake., In addition, the warning light is
activated by the lever position which can allow the light to be illuminated while
the parking brake is unlocked or the light may be out when tke brake is still
locked, The addition of foot brakes in the copilot's station is required by
C.2-2.4.1.3., HIAD., (A-10, C-3)

Location and operation of the rotor brake is unsatisfactory, Paragraph J,
2-2,4.3, HIAD and Paragraph 2,16 MIL-STD-25A, dated 24 July 1956, requires
the brake to be located adjacent to the power quadrant available to both pilot and
copilot and operable by the pilot's left hand with pull to actuate and push to re-
lease. The present installation is located against the aft bulkhead to the right
of the pilot. Force of actuation 1s excessive, and positive locking is not assured
unless excessive pressure is employed, Actuation of the rotor brake requires
placing the lever in the full off position, On numerous occasions the pilot's
headset cord prevented returning thie lever to the full off position and braking
action could not be obtained. The lever position of the rotor brake will actuate
the warning light on the enunciator panels however, rotor brake action is not as-
sured except by manually checking the brake pressure by operating the handle,

(B-9)

Neither engine anti-icing nor fire extinguishing capability were provided
in the engines tested, Both are mandatory for service use, (A-7)




An emergency fuel control feafure 1s not incorporated due to the dual engine
installation, All engine and fuel control functions are actuated electrically by tle
controls in the cockpit, In the event of complete electrical failure or malfiunction
of the controls it will be impossible ‘o shut down the engines from the cockpit
Incorporation of a manual fuel shut-off available to the pilot and copilot is desir-
able, Incorporation of an auxiliary power supply to operate the fuel controls 1s
required to prevent compromise of engine control during operation below genera-
tor cut-out speed in the event the battery :s dead. This system should not operate
unless insufficient electical power 1s available to operate the fuel controls w'en
the battery switch is on, it is desirable ttat control of the fuel boost pumps
be available to the pilot, (A-8, B-29, and A-9)

The fuel crossfeed system is unsatisfactory since the boost pump with the
most pressure will provide t'e crossfeed, This permits crossfeed from the low
level fuel tank, Fuel boost pump switches are not provided and circuit breakers
for the fuel pumps are located at the aft of the cabin. In order not to compromisc
cargo positioning in the cabin, all circuit breakers should be relocated to the cocupmt.

(A-14)

The directional pedals adjust fore and aft simultaneously. These adjustments
generally allow selection of an excellent relationship of all flight controls for
various size pilots or for pilot preference., The directional pedal adjustment is
electrically actuated by a switch on the console and is difficult to locate. Tlere
is no individual adjustment of the pedals; however, the small directional pedal
trim changes encountered throughout the flight regime do not require this featire
Several times during the program thle pedal adjustment mechanism failed during
toe brake application which resulted in compromise of braking action due to the
extension of the pedals. The reliability of the locking mechanism must be im-
proved to prevent compromise of aircraft control during ground handling, take-
off or landing, To further improve reliability and reduce complexity a mechani-
cal adjustment should be substituted for the electrical adjustment feature, (B-22)

A small fan in the center of the cockpit ceiling is provided for ventilation and
is inadequate, Use of the heater vent system provides more satisfactory ventilation
Additional ventilation would be provided if the windows could be left open during
forward flight, (B-24)

The cockpit noise level is quite higk and results primarily from the forward
transmission located above and immediately aft of the cockpit, Communication
is adequate with the interphone and radio system. Use of the cockpit heater vent
fan further increases the noise level, It should be pointed out that the test vehicle
was not equipped with production sound proofing,

Visibility is generally good; however, if the seat is lowered, visibility over
the instrument panel becomes limited. For small pilots, additional seat height
adjustment wouid be desirable, Raising the entire seat adjustment range is recom-
mended, (C-15)




GROUND HANDLING

Taxi characteristics with the nose wheel on the ground arc unsatis-
factory. The forward tilt of both rotor shafts requires continual use of
brakes to prevent or control forward motion, Use of aft cyclic control
will merely result in a differential collective pitch change since longi-
tudinal control by cyclic pitch change is not incorporated in this aircraft,
The dual nose wheels do not rotate independently, which results in extreme
difficulty in obtaining even a large turning radius with use of both direc-
tional pedal and differential braking, When utilizing directional or lateral
control, it is also necessary to increase collective pitch in proportion to
the control deflection to prevent striking the rotor blade droop stops.
(B-26, A-12)

Taxiing by raising the nose wheel off the ground provides excellent
control of the aircraft, The aircraft is quite stable in the nose high
attitude and may be easily trimmed for hands-off operation, Turns are
possible over a spot and taxiing both forward and aft is possible with the
nose wheel elevated. A combination of aft longitudinal control and braking
is necessary for effectively stopping the aircraft when the nose wheel is
off the ground. The rate of deceleration with aft cyclic, without an exces -
sively nose high attitude, is too slow and brake pressure required in
relation to brake effectiveness is high,

During rotor engagement, ground runup and shutdown with winds
approximately 10 knots or above, it is necessary to use a slight amount
of collective pitch to prevent the rotor blades from striking the droop
stops. Positioning of the controls in other than neutral position will
further aggravate the interference,

10




The cabin or cargo secfion size lacs of probuberances o' essential equiip -
men* (wi'h the exception of the circui' panels). and the rear loading ramp, which
can remain open during fhight  peimits the use of this helicopter for 3 wide
variety of missions.

A winch located in the forward ciaon ueikhead may e used he 2 system o!
ullevs for hoisting cargo ' ~o .ch the ramp doors or hoisting throup! an onening
p B & I : S A £
in the center of the [gelage

The lower doors in the (.seiaasc upening srould extend about 45 degrees
bevond the vertical to prevent damaze of the doors if the hoist or sling cable

stould sirike them: (B-to)

in‘erphone connccrions are 5.ailable at the forward, cervter. and ait sectiors
of the cabin area, A communica’ions cord sirould be provided wit sufficient
length for a crew member fo bhe statigned ots Je 1the helcopler foi f.regard
duty anring starting and ‘o enfer *' ¢ cockpit without changing eadsets, (C-11)

ENGINE START AND RIN-TIP

Engine s*art 15 relativel. simple A told.down relay is provided for tle
start swifch. For batiery starts f e Yattery switch is placed in the "D C
START!" position whci acrirates 3 small inverter fo operate the necessary
a.c. instruments, This inverier operates avtomarically wlen aux:'liaryv power
is utilized and is necessary s:nce a ¢ carrent is normally supplied by the trans-
mission driven generators

Neit'er ignition nor fve! :s supplird to the engine wien the condition lever is
in the full off position  Placing t'e condition lever in the start position arms thre
starter hold-down relay and supplies 1 nition when tire starter hitton 1s depressed

Normally, at 15 percent en., ne specd *te condation lever 1s advanced to the gronund
idle poasition wiict allows fuel 1o he s pplicd 1o the engine. Following combustion
tle acceleration to flighr 1dle speed of -§0 to 40 percent 1s automatic. The starter
will ¢t -ouf automatically at approximately 40 percent, The critical phase of the
startin, sequence is at approx mately 40 percent sngine speed, and 1s character-
ized by a marked decrease n engine accel=ration, 1f fuel schi=d:ling is too rich.
initial acceleratior fo0 slow or imtial exhanst zas temperature ahove 100 de-
grees C an overtemperatire condition mav result and require terminating the
start. Stopping the start at any fime 1s accomphisi~ed by retarding ti:e condition
lever to tike '"STOP!' position If fuel scledniing is fco lean, t-:e enygine will not
accelerate beyond approximaiely 40 percent, bui 3n overtemperature condition
will not result, in fhis event a fuel control adjustment may br necessary since

an additional method of adding #ivoitle 1s not provided. A normal start is com -
pleted in approximately 25 seconds

Thre engine will accelera’ 15 approx mately L0 percenf rpm on starter alone




Following engine start, the rotors are engaged by merely releasing the
rotor brake, Acceleration to ground 1dle speed of approximately 105 rotor rpm
is satisfactory, The front rotor blade may be a ground clearance problem during
initial acceleration or shutdown., Clearance, with blade droop, is approximately
7 feet and may become less during gusty wind conditions, The blades will cone
up sufficiently to provide adequate ground clearance at ground idle speeds,

Advancing the condition levers from ground idle to flight idle will result in
a rotor acceleration that is excessive, The sudden increase in noise and
vibration is disconcerting, Thke rotor speed will increase from 105 rpm to
240 rpm in approximately 6 seconds, however, an overtorque condition does
not result, Since the condition lever is essentially an electrical switch, this
acceleration cannot be controlled, Accelerating the rotors by advancing only
one engine does not appreciably decrease the time required, (B-10)

The flight idle position results in an engine speed of approximately 80 per-
cent and rotor speed at the minimum available in the normal operating range
(240 rpm). In this position, the governor speed selector (beep) switches do not
operate, This speed also corresponds closely to the minimum speed at which
the a, c, generators will operate, If the beep switches are in their full low
actuation range, there will be no change in rotor rpm as the condition lever is
advanced to the "FLY'" position. If the beep switches are in other than the low
setting, rotor rpm will accelerate to the speed corresponding to the governed

setting,

The flight idle position of the condition levers does not provide engine/rotor
governing and is not a necessary position. The flight idle position may be a
hazard to flight since it provides a flight range rotor rpm and may be inadvertent-
ly left in this position during take-off. This will result in low rotor rpm, loss
of the a,c, generators, and failure of both stability augmentation systems, (B-17)

The stability augmentation systems should not normally be turned on until
the remote indicating artificial horizons are up to speed and indicating proper
operation, This system results in delays on take-off, since the gyros for the
artificial horizon also operate the SAS and will not begin operation until the a,c,
generatorsareonthe line, The gyros for the artificial horizons will normally
be operational in approximately 2 minutes following connection of the a,c, genera-
tors; however, in the event the gyro is still coasting down from a previous opera-
tion or has tumbled, the normal fast erection feature will not function and ap-
proximately 15 to 20 minutes may be required for the artificial horizon to erect
itself, Although instrument capability is compromised, the SAS may be turned
on when the artificial horizon is indicating operating speed (noted by the disap-
pearance of an '""OFF'!' indicator), since the slow rate of erection by the gyro
will not be sensed by the SAS, The deficiencies in the attitude sensing system
should be corrected., In addition, separate rate gyros to operate the SAS compo-
nents are necessary Lo prevent compromise of SAS operation due to discrepancies

in the attitude sensing system., (A-11l)







TAKE-OFF, HOVER, TRANSITION AND CLIMB

To prevent rolling forward during collective pitch application, it is
necessary to maintain braking action until the nose-up attitude is sufficient
to place the plane of the rotors parallel to the ground, Aircraft stability
during lift-off is very good. There is negligible differential oleo strut action
to disturb lateral control, and change of directional control is not necessary
with addition of power, Approximately one inch aft cyclic is required to hover
with a mid cg. Cyclic control position is comfortable. Lateral and longitudinal
control harmony and sensitivity are good, Directional control sensitivity is
slightly low; however, adequate control is available, The sensitivity of the
collective piich is high, and since the collective system is not balanced, friction
is required to prevent downward movement, With collective friction applied,
breakout forces combined with high sensitivity may lead to slight overcontrol-

ling in a hover,

Stability and control during normal hovering is very good, During precise
hovering, such as sling load pickup or spot landings, continual small rapid
lateral and longitudinal movements were noted, even in calm air, Correction
of these movements was effective and on numerous occasions the helicopter
would return to the position it was in prior to the correction, During these
small movements, pitching or rolling of the aircraft was not noticeable. These
movements may be due to fuselage reaction to rotor downwash, SAS corrections
for minor disturbances, or false signals introduced to the SAS system., The
cause of these movements should be determined and eliminated, (B-27)

The cyclic longitudinal breakout forces are slightly high for the sensitivity
provided, This results in overcontrolling during precision hovering unless
the trim release button is depressed, A trim release switch should be pro-
vided to eliminate the cyclic trim force system as desired. The trim force
gradient also prevents trimming of small residual forces. (B-28)

Engine droop characteristics vary considerably with rpm and power required
(collective pitch position), With collective pitch full down, the governing range
is from 94 percent to 108 percent (242-278 rpm). During heavy weight hover,
governing rpm range is from 97 percent to 104l/2 percent (250-269 rpm). A
loss of 10 rpm is encountered at full beep when collective pitch is increased
from full low to that required for hover, At full low governed rpm, a gain of
approximately 6 rpm is encountered from full down collective to the hover
position. Throughout the test program, the droop characteristics were not
consistent, The droop eliminating system, which has electrical sensinF, should
be capable of maintaining a maximum droop of 1 percent rotor speed (2l/2 rotor
rpm) throughout the allowable governor rpm range, from full low collective to
the maximum power output of the engines, The present system is not an improve-
ment over a mechanical system. Atthe maximum rpm for flight (270 rpm or
105 percent), it was not possible to obtain full engine power and still maintain
the selected rpm., This feature will be desirable during maximum performance

operation. (B-11)
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The power turbine speed governor (beep) switches must be
utilized to overcome the deficiencies in the droop elimination system.
Two switches are provided on “he collective pitch head. The left
switch controls both engines simultancously and the right switch
controls the number two engine. Operartion is adequate; however,
the rate of actuation »s slow. Actuation time for the complete
rpm range is approxima:ely eight seconds. The time required to
cover the small in-flight rotorspeed range is excessive. While
hovering, this actuation rate changes the governed rpm approximately
4 percent (10 rpm) in four se<ords. Due to normal delay in response
time, this rate should be increased to provide a change in governed
rpm of 4 percent (10 rpm) in at least three seconds from the
beginning of actuation. (B 12)

Lag (temporary deviation of rotor rpm from the governed value
during changes in power available) in the system should also be
reduced. Rotor speed variations during collective pitch actuation
may vary as much as 6 percent (15 rpm). Rotor speed variations
should be limited to not more than 2 percent (5 rpm). (B 13)

Handling qualities through transition and climb are very good.
Cyclic position gradient is positive with respect to speed and position
changes are small with gain of airspeed. (There is no noticeable
lateral or directional trim change through transition). Acceleration
is rapid, and attitude change is not excessive. Three-per-rev
Vibrations of relatively high magnitude are encountered in the {ransition

regime (from approximatelyv 5-20 knots).

Airspeed is easily maintained in a climb and vibration levels are
relatively low. At approximately 70 knots IAS, it was possible to
match the maximum allowable ‘orque limits on both transmission
torque gages. This allowed maximum power to be utilized from both
engines and is a desirable feature for this particular helicopter.

The rate of climb is good

DESCENT, APPROACH AND LANDING

Handling characteristics during descent, approach and landing are
satisfactory.

Visibility during descents and approaches is slightly obstructed.
The large instrument panel obsfructs visibility forward and to the left;
however, visibility laterally and between the directional pedals is
adequate if a slight sideslip is utilized.

Vibration levels are slightly higher than encountered in level flight at
the same airspeeds during descent, but are not excessive. At about 15
knots IAS during transition to a hover, three-per-rev vibration increases
to an uncomfortable level and remains until a hover is established.
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Control during approach is good., An outstanding improvement is the lack
of a large control position reversal during tansition and flare to a hover, which
is an objectionable characteristic of the H-Z21. Adequate control power is
available to level the helicopter after a steep flare at low airspeed,

Since the helicopter hovers in a nose high attitude, the flare during transi-
tion is quite steep and will further reduce visibility over the nose of the helicopter.
The flare attitude 1s not excessive from the pilot's compartment, but appears
excessive from the cabin section, The steep flare may also place the main land-
ing gear in close proximity to the ground without the pilot being aware of the

critical clearance,

There is no lateral or directicnal change during transition and hover is easily
established. Landing is accomplished simultaneously on the main wheels, When
lowering the nose wheel to the ground, it is necessary to apply brakes to prevent
the helicopter from rolling forward,

During shut down, the SAS should be turned off and the nose strut must be
fully compressed. For safety during flight, the lower SAS will not turn off unless
a microswitch on the nose strut is activated. If the Jower SAS is not off on re-
duction of rotor rpm, low rotor speed will cut out the a,c. generators, the gyros
will tumble, and the SAS will sense a rate of deviation and apply a control input
to the rotor system. This results in the blades striking the droop stops. While
not dangerous, the contact with the droop stops is disconcerting.

Upon application of collective, the rpm will lower tgfits governed speed before
the engines sense a requirement for additional pow#r, Depending on the rate of
collective pitch application, the rotor speed will lag 5 - 10 rpm lower than
governed and result in a surge of power from the engines., To overcome this
difficulty, excessive use of beep is necessary,

During an approach, the rotor rpm will normay/erspeed about 10 rpm,

HELICOPTER PERFORMANCE

A limited amount of performance data was obtained during this test program,
The areas of interest were hovering performance and range. Due to the short
magnitude of the program it was impractical to obtain climb or descent perform-
ance and power available data, The power available data used to calculate the
performance shown below was obtained from the contractor and is presented in
Figure 15, Appendix I, It can be seen from this figure that for some standard
day conditions the helicopter is limited due to the amount of torque the transmis-
sion is designed to absorb, These limits are discussed in detail in Appendix I;
however, a transmission which does not limit engine power is desirable. (A-3)

Hovering Performance:

Hovering performance was obtained out of ground effect and in ground effect
at wheel heights of approximately 4, 10, and 26 feet, This data is presented in

non-dimensional CP = CT form in Figure 1, Appendix I. The figure below shows
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a comparison of the non-dimentional hovering performance obtained
during this program with that estimated by the contractor out of
ground effect and at a wheel height of 10 feet, For 270 rotor rpm
and standard day conditions the difference in the predicted and test
date would represent a hovering ceiling 1000 feet lower than Vertol
estimates or approximately 350 pounds less weight lifting capability
at the estimated ceiling. Actual hovering ceiling data was not
obtained during this limited program,

NON-DIMENSIONAL
HOVERING PERFORMANCE
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Level Flight Performance:

The maximum speed capability of the YHC-1A is very good, At
14, 000 pounds at 1000 feet with 270 rpm the maximum speed of the
vehicle is 147 knots true airspeed which exceeds the contractor's
prediction of 137 knots. This speed is based on the transmission
power limit of 2010 SHP at 270 rotor rpm with a 55-45 (aft-front)
torque distribution, It should be notedthat at 5000 feet and 270 rpm
maxiinum power can not be maintained due to the droop eliminator
(see Figure 5). This condition should be eliminated. (B-5)

Non-dimensional C ,CT,,u plots of the three speed power polars
flown during this prograpm are presented in Figures 3 and 4, Appen-
dix I, This data agrees well with the contractor's prediction except
at the low values of 44 and the high values of C... For these condi-
tions the actual power required is greater than’{he contractor's

prediction,

A summary of the specific range of the helicopter at sea level
utilizing 258 rotor rpm is shown in the figure below as a function

of gross weight,
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The specific range agrees well with the contractor's predictions; however,
the recommended cruise speeds were considerably higher due to the flatness
of the specific range curve, revealing that the actual range is fairly insensitive
to speed, That data shown is based on the recommended cruise speed being
the highest speed for 99 percent of the maximum nautical air miles per pound

of fuel,

The specific range of the helicopter at higher altitudes (higher Cy's) will
be slightly less than the contractor estimates due to the greater power re-

quired as explained above,

It is believed that the range of the helicopter could be substantially improved
if retractable landing gear were incorporated, (B-3)

A calculated sea level range mission for this helicopter (crew of three)
starting at the design gross weight of 15, 550 pounds, a full load of fuel
(2240 pounds) and oil (46 pounds), and 3690 pounds of cargo would be as follows:

Initial take-off gross weight K 15, 550 pounds
Warm-up and take -off fuel 41 pounds
Gross weight at start of cruise 15,509 pounds
Gross weight at end of cruise 13,492 pounds
Fuel reserve (10 percent of initial) 2724 pounds

Average cruise speed 130. 5 knots TAS

Time required for cruise 1, 84 hours
Cruise rpm 258 rpm
Actual range 240 miles

It should be pointed out that this range is based on level flight data obtained
in smooth air under ideal test conditions; however, helicopters flying under
normal conditions (turbulent air) generally achieve 5 to 7 percent less range.
Although sufficient data was not obtained to calculate a no cargo endurance
mission, it should be pointed out that sufficient fuel should be made available
for 4 hours endurance at sea level for these weight, (A-2)

Single Engine Operation;

Acceleration of the operating engine, following simulated failure of the
second engine, is very rapid. The automatic and rapid assumption of the power
loss by the good engine and the lack of trim or attitude change during power tran-
sients is a desirable feature. A loss of governed rotor rpm may be experienced
if power available is not sufficient to meet power required,in which case, reduc-
tion of collective pitch to regain the desired rpm will be necessary. Handling
qualities for single engine operation are identical to those for dual engine operation.
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Airspeed Calibration:

The contractor airspeed calibration was spot checked in level flight and
found to be quite accurate and acceptable,

The test aircraft was not equipped with a boom airspeed system and all
airspeed indications were taken from the standard system which is located
at the top of the cabin (see Figure 97, Appendix I). Flush static sources are
located on the nose secticn of the fuselage, At the maximum rate of climb,

a considerable position error is suspected., By maintaining attitude and
reducing collective pitch to maintain level flight, indicated airspeed would
rapidly reduce 10 to 15 knots, This effect was also noted in attempting to
establish a climb in which the airspeed would indicate a rapid acceleration
during the rotation of the fuselage to the climb attitude resulting in a higher
indicated climb speed than desired. The opposite effect was noted during
autorotation. These airspeed variations caused difficulty in establishing

a desired airspeed during transition from one flight condition to another,
Further investigation of this problem is necessary to substantiate the magni-
tude of position error and reduce this error. (B-14)

STABILITY AND CONTROL

In general, the stability and control characteristics of the YHC-1A are
excellent. Ample dynamic stability is supplied by the SAS. The vehicle can
be flown adequately under visual flight conditions to return to a landing field
in the event of a complete SAS failure, Lateral and directional controllability
(control sensitivity) is low but acceptable, Control harmony is good through-
out the flight envelope and the aircraft level attitude at high speed is extremely

desirable.

Static Stabilitys

The YHC-1A, regardless of c g location, exhibits positive speed stability
above approximately 50 knots CAS with longitudinal cyclic and differential
collective pitch(DCP) trim both operatfing, The aircraft is unstable from
transition (approximately 20 knots) to maximum airspeed when both of these
trim systems are inoperative, A comparison of the test results indicates that
the cyclic and DCP trims have a great effect on speed stability while the c g
location has a relatively slight effect, This analysis of speed stability was
made from the trim curve data presented in Figures 16 through 21, Appendix I,

(B-1)

Tests were also conducted at a forward c g to evaluate the static longitudi-
nal stability at constant collective pitch and power turbine rpm settings. The
variation of longitudinal control position with airspeed while displaced from a
given trim airspeed indicated the same positive stability as discussed above and
that the affects of power on longitudinal stability are negligible.
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Speed stability during climb and autorotation were evaluated .and
found to be the same as for level flight, except for a small shift in the
displacement of the longitudinal cyclic position,

The level attitude of the YHC-1A at high speeds is a very desirable
characteristic from both a comfort and drag standpoint, Another desir-
able flying characteristic of this helicopter is the essentially neutral
lateral cyclic and rudder pedal positions throughout the speed range.
This is attributed largely to the cambered rear rotor pylon,

The YHC-1A exhibits positive static lateral and directional stabil-
ity with full SAS operating in level and climbing flight. Static direction-
al stability decreases with increasing rate of descent (see Figure 26,
Appendix I) and becomes marginal at descent rates of 2000 feet per
minute or greater, Near neutral stability at large sideslip angles is
evident for the high rate of sink case as can be seen from Figure 35,

Appendix I, Directional stability increased with increasing airspeeds,

(A-4)

Comparisons were made of the apparent directional stability,
dé /dﬁ, with various modes of the SAS and boost systems inoperative.

The figure below shows a comparison of these conditions,
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The test helicopter exhibited positive dihedral effect for all conditions
tested,except at very large sideslip angles during autorotation when the
dihedral effect became neutral,

Complete static directional stability test results are presented in Figures
25 through 39, Appendix I,

Dynamic Stability:

The short period stability of the YHC-1A with the SAS in operation is very
good, This dynamic stability was evaluated by use of one inch pulse inputs
with the SAS fully operational and with the SAS operating at half gain.

Normally, the dual SAS operates with both SAS operating at half gain. In
the event of a failure of one system, the other system increases to full gain
to provide the same degree of stability, However, damping with one SAS at
half gain is adequate for mission completion.

The damping ratios and periods for the longitudinal and directional short
period stability are presented in Figures 41 and 42, Appendix I. For normal
operation, the damping ratio (;* ) for the longitudinal short period stability
is approximately .45 and .7 for the directional short period stability which
indicates a well damped oscillation. This degree of damping is quite adequate.

Time histories of the pulses performed at approximately 70 knots IAS are
presented in Figures 43 -57, Appendix I,

The phugoid stability of the helicopter was investigated by trimming at
74 KIAS, then gradually reducing airspeed approximately 20 knots, and then
slowly returning the cyclic to the trim position. A gentle phugoid exists
which damps in approximately one to 11/2 cycles and has a period of approxi-
mately 70 to 75 seconds (see Figure 40, Appendix I). At speeds below 50 knots
CAS, or with the longitudinal cyclic trim inoperative, the phugoid was divergent
due to the negative speed stability,

Controllability:

The longitudinal control sensitivity of the YHC-1A is very good; however,
the lateral and directional control sensitivities are marginal, The good dynamic
stability as described in the previous section results in the lateral and directional
sensitivities being acceptable; however, an increase in these sensitivities is
desirable. The table below shows the variation in control sensitivity with airspeed
with the SAS fully operational at a density altitude of 1000 feet and a normal gross
weight and c g location.
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.CONTROL SENSITIVITY

1~)cg,/SecZ/1n.
Calibrated Airspeed - Knots FPitch Roll Yaw
0 15,8 1,7 8.2
33 17,6 15,9 8.5
72 17.8 15,8 8.6
109 - 16.8 9.6

Control sensitivity tests were conducted about the lateral and direc-
tional axes for various SAS configurations during hover, The graph
below shows the variation in the results,

CONTROL SENSITIVITY
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Comparison of the YHC-1A control sensitivity with other helicopters which
do not have stability augmentation systems is of interest. Such a comparison
is made in the table below for the hover flight condition,

Helicopter Control Sensitivity, Deg/SecZ/Inch
Pitch Roll Yaw
YHC-1A (Full SAS) 15,8 1.7 8.2
H-21C 10.8 24.5 5.0
HU-1 8.0 24.5 32,6
YH-41 (Unmodified Version) 8.0 29.0 54,0

The time required to reach the maximum angular accelerations following
a step input is of importance, For the YHC-1A this time delay is acceptable,
During hover, the time to reach the maximum control sensitivity was approxi-
mately 0,2 seconds, increasing to approximately 0.5 seconds in forward flight
about all axes,

The response of the helicopter to a step input in terms of the maximum
angular velocities produced per inch of control displacement was also tested
and analyzed, The table below shows results for level flight conditions with
SAS fully operational,

Response Deg/Sec/Inch

Calibrated Airspeed - Knots Max Pitch Rate Max Roll Rate Max Yaw Rate

0 6.6 4,2
33 5.5
72 5.9 3.8
109 - 20 ) 4.5

These maximum angular velocities were obtained in 0,5 to 1,5 seconds,
Comparisons to other helicopters indicate that the response of the YHC-1A

is less, except for the longitudinal axis, The following table is for hovering
conditions,
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Response Deg/Sec/Inch

Helicopter Pitch Rate Roll Rate Yaw Rate
YHC-1A (Full SAS) 6.6 4,2 5.2
HU-1 4.0 13.0 13.5
YH-41 (Unmodified Version) 7.0 17.0 31,0

A study should be made to determine the feasibility of increasing the roll
rate and yaw rate per inch of stick or pedal displacement by a factor of three,

(A-13)

Control sensitivity and response to step inputs are presented in Figures
56-87, Appendix I,

Flight Control System Tests:

Ground calibrations were conducted on the longitudinal and lateral cyclic
control systems and the pedal system in order to ascertain the magnitude of
the total forces and the frictional forces. Tests were conducted with both
boost systems operative, and with the lower boost inoperative, The table
below illustrates the results of these tests:

Both Boost Systems Operating

Average Control Force Breakout
Gradient . Force Average Friction
lbs/in lbs Band - lbs
Longitudinal Cyclic 0.9 1.5 1.6
Lateral Cyclic 0.6 0.5 1.0
Pedal 2.0 6.0 0.8
Lower Boost Inoperative
Longitudinal Cyclic 1.5 4,5 9.0
Lateral Cyclic 1.4 5.8 11,6
Pedal 3.0 10.5 14,0

The breakout forces in the cyclic control system are of approximately the
same magnitude as the trim force gradient which results in an inability to trim
out small forces in all regimes of flight, The average force gradient is excellent,
but reduction of breakout forces is necessary to provide adequate trim capability,

(B-2)
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Following a peda’ plse t e celicopter wiltivaw, rott rapidlyv in the
direction of the p:lse.and tten recome dorraect inoroti oscrtlations,

A small latera! step wpur w 'oatsn res lan violent, divergent roll
oscillations, The most az r2vasir: react o w: ]l be the contnal deviations
in yaw, while the mos! disconcert 1 r3¢ 0 s tie rapidity of roll,

It 1s possible 'o confrol! s clicapter p «l.mbs, descents, au'orotation
and hover, Controld.: ng mane. ¢ fhant coomild tarbulence s critical,
and the violent s‘atnlit, reac’ ~ns "o sma'l pulses and steps that are en-
countered makes 1t mandatory that any possibility of a simultaneous dual
SAS failrre during fhiz't e ¢ ''ronated, 7t s -lso desirable to pnovide
a word warnv:; 2rd restroc' 'e mane .vering enve'opr inthe event of a
failure of one SAS A-5)

In statilhized [hig't, loss of t'¢ d2al SAS systern may canse only minor
control transients; 'owever. il tle d=:al SAS s lost during manf.vering
flight, the SAS system wt'l effectively introdice a step type control input
to each control in the direction the lelicopter is already moving, Depend-
ing on the degree and type of tz.e manenver, the helicopter may assume a
dangerous flight attitude. Tle capabil:ty of the average helicopter pilot
to make the prcper control corrections is yet to be determined, Any situ-
ation that may lead fo rapid sequence or simultaneous failure of hoth SAS
systems is a safety of flig'* 1tem,

At present, loss of ro*or speed helow !Le operating range will faii
both a,c, generators, resulting in simultaneous loss of both SAS., An
automatic emergency alternate a.c, source is desirable to operate the
SAS in the event of primary a. . sotrce tailre, (A-15) {B=29)

The SAS derives 1ts s'.uals fvam the gyros that operate the attitude
indicators, Although t..e systems are considered independent, the remote
indicating artificial Lorizon ma. “e sw 'c.rd to derive its signals from the
second system gyro. Intle €vc¢it an elevrtrical malisnct.on of the remote
indicator should res:l!t in loss 0 t'e z2yro. selecting the second system
position may result in loss of ho'', ».ro sustems) therefore, loss of botk
stability augmentation syvstems.

The dependence of the SAS on 'ie a:rcraft attitude sensing system 1s

undesirable, Incorporation of separate . .ie gnros for the stability aug-
mentation system is A necessi'v., (A 11

Boost Off Operation;

The hydraulic control svstem tas 2 tirees postiion control switch, ""BOTH"
""UPPER'" and ""LOWER" . 't 1s nof pussible 1o turn both hoost systems off
during flight, Flying g:a'ities witi hot' control hoost systems inoperative were
not tested,
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The directional pedal force gradient is acceptable; however, breakout
forces are excessive, especially in relation to the force required for full
pedal deflection (13 pounds with a 6 pound breakout force), The breakout
force should be reduced to within the 5 pound limit of MIL-H-8501, (B-2)

With the lower boost system inoperative, friction and breakout forces
are excessive about all axes, In addition, the normal trim system will not
trim out the cyclic control forces encountered in flight,

Control system dynamic response tests were conducted on the ground
by displacing each control to full deflection and releasing it. The lateral
cyclic and pedal control responses are essentially deadbeat; however, the
longitudinal cyclic oscillated several times upon returning to neutral (see
Figure 90, Appendix I), .

The trim system control forces may be reduced to zero at any position
of the controls by depressing the trim release button located on top of the
cyclic control grip. The system is not capable of eliminating forces that
are induced from other than the trim system itself, such as forces encounter-
ed with the lower boost system inoperative, The system is also deficient
in eliminating small forces near trirm due to the high breakout forces. Incor-
poration of a trim motor feature in conjunction with the force centering system
to allow movement of trim center position to eliminate small residual forces,
or utilization of the trim force gradient to overcome forces induced through
the contrel system would be desirable, Replacing the automatic force center-
ing system with a motor trim system is unsatisfactory since the variety of
speeds, maneuvering requirements, and relatively large cyclic position
changes through transition would necessitate undesirable trim requirement,

(C-16)

SAS Off Operation;

Although the possibility of a double SAS failure is remote, a SAS off
flight was made, SAS off operation of the YHC-1A is possihle, Stability
characteristics are marginal for flight in moderate turbulence and unaccept-
able for flight under instrument conditions, The vehicle could be safely re-
turned to a landing field under visual flight conditions; however, all possibility
of a dual SAS failure resulting from any single malfunction should be eliminated.

(A-1)

The aircraft will pitch up (or down) and will continue to pitch up (or down)
without apparent increase or decrease in pitching rate, Control power is
sufficient to maintain a pitch attitude; however, the aircraft continually deviates
from the desired attitude and continual longitudinal cyclic application is neces-
sary to maintain an attitude,

The aircraft exhibits negative dynamic stability characteristics direc-
tionally and continually deviates from the desired heading. Continual one-half
inch pedal applications are necessary to maintain a desired direction of flight,
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Operating on bo'" s strms c¢ov'ro’ <'op o delay i response 1s not

encountered, When operatrg o, "UPPER!' “nost ovly, an excessive
static left lateral force 1s rccessar. ' ne otain 1. desired cyvclic control
Smaller static faorces e cne ntered on forward longitudinal

position,

cyclic and left directional pecl s "os ot possible o trim tlese forces to
zero with the force trim s.ste Approzuvatcly une- Lalf inct play is
encountered in the cvCC con' e and Sorees tor act ration are excessive

for precise contro! of ‘'.r ‘elicoptcr  Dircctional pedal {orces are exces -
sive for all maneu:crs [ erc s de’s, ncontro! response, and tle air-
craft can be controlled adequatc’s . ilewe er, the lateral cyclic forces pre-
clude extended flizlt wat'. t'e 'ower hoost system inoperative,

With the “"TTPPER!' cos'ro’ hoos' svstem nopera‘i ¢, tlere 1s no in-
crease in control forces, Low sens *:v ‘. 15 erncoin'ered in Jevel flig’t witlan
approximately -linct of Iater,’ and lony:t.dina’ cwchic con‘rol from ‘rim,
Lateral and directional stahil.t- s adeq.ate, Yut toe aircraft continually
oscillates in pitct., ftle c.clic conral ts eid “ixed, *le longitudinal
pitcking oscillation increases, damps ‘o 4 !ow value, and tlen beygins to
diverge again, This effect 1s caused b tle response delay of tie longi-
tudinal SAS in conjunction witi. tie desizned boost control linkage end play.

Longitudinal pi'c:iny 1s 1.e must undes reable effect enconntered with
the upper control hoost s.stem inoperat v¢. and slould preclude extended
flight in turbulence. However. adeqg..a’e contro! 1s available to safely fly,
hover, and land the Lelicopter

Sideward and Rearward J::l_:';:":,

Sideward and rearward fiiy't were investigated to the maximum of the
established flight envelope. One o' t'.r mos* noticeable flying quality improve -
ments over previous ‘andem ro'or el:copters 1s tle 'ack of nose down pitch-
ing movement witl fa:lw.nds above 15-20 knots Tlree ‘v.ndred sixty degrees
hovering turns were accompl.s ed :n 20 knnt winds wittout adverse pitching
effects or compromise in aft cyvclic contro! *ravel, In rearward flhight, small
longitudinal pitcking motions are nd .ced by ¢n'lective pitch: application and
result primarily in diffrc:’ts 11 establis . ng a constant speed. Above approxi-
mately 20 knots rearward ‘lix’f, an «dd ional ¢ 7¢ct was noted that was dis-
concerting and may complica‘e downw nd 'nveriry, capability, Tle tail of the
helicopter will deviate to tle left, res !"in; in a2 '»teral displacement to the
left and a rolling moment ‘o tle riz't. S ““cient con'rol power is available
to overcome this displacemernt, ‘owsrer, °s cause stonld be determined and
eliminated, Control res’'rictions wrre no' encorntered and speeds in excess

of 30 knots appear feasihle




Sideward flight to 25 knots was accomplished. Little apparent control
travel was necessary and stability was very good. The lateral fuselage angle
was small and speeds in excess of 30 knots appear feasible,

Variations in control positions and aircraft attitude during rearward and
sideward flight can be seen from Figures 23 and 24, Appendix I,

VIBRATION

The vibration characteristics of the YHC-1A at high speed are the best
of any helicopter tested by the AFFTC,

As expected with a three bladed rotor system, the frequency of the pre-
dominant vibration harmonic is three oscillations per revolution (three-per-
rev), The amplitude of the one-per-rev and two-per-rev frequencies is
essentially negligibleas can be seen from Figures 88 and 89, Appendix I.

Vibration levels were measured in the longitudinal, lateral, and vertical
planes on the cockpit floor and in the cargo compartment near the aircraft cg
In general, the longitudinal vibrations are greater in the cargo compartment
while the lateral and vertical amplitudes are approximately the same for the
cargo compartment and cockpit. Near maximum airspeed, the three-per-rev
vibration in the cargo compartment begins to increase while the vibration level
in the cockpit remains constant, The only undesirable vibration levels exist
during air taxi,
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CONCLUSIONS

The YHC-1A represents an advance in the art of helicopter design
due to its excellent handling characteristics, positive dynamic stability,
and low vibration levels at high speed, The rear ramp loading facilities.
two-engine reliability, excellent maintenance accessibility and high ratio
of cargo volume to airframe volume with adequate weight lifting capabili-
ties makes the YHC-1A potentially the most operationally suited of any
modern helicopter tested by the AFFTC.

This helicopter has several other desirable features worth noting,
The level fuselage attitude at cruise speed is desirable both from a
comfort and drag standpoint, Excellent cockpit emergency exits are
provided and the general cockpit layout and facilities are noteworthy,
The rapid and automatic response of the second engine and lack of air-
craft trim disturbances following an engine failure are outstanding, The
essentially neutral lateral cyclic and pedal positiviis throughout the
speed range of the helicopter are desirable, The lack of a nose down
pitching moment with tail winds above 15 to 20 knots and nose up pitch-
ing moments during low airspeed flares are noticeable improvements

over previous tandem rotor helicopters,

The major undesirable features of the YHC-1A include its depend-
ence on the SAS for adequate stability and control, inability to utilize
full engine power due to transmission torque limits, excessive rpm
droop during power application which can lead to the loss of generator
output and a dual SAS failure, slow beep trim rate, the lecation and
operation of the rotor brake and parking brake, the lack of a manual
{uel control shutoff, lack of control of the fuel boost pumps, and lack
of engine anti-icing and fire extinguishing equipment,

Additional shortcomings include poor static directional stability
during partial power descents and autorotations.

Although the probability of a complete SAS failure is remote, a
SAS off flight was made, SAS off operation of the YHC-1A is possible;
however, stability characteristics are marginal for flight in moderate
turbulence and unacceptable for flight under instrument conditions in
that the possibility of safely returning to the base is considered to be

remote,
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Although the YHC-1A will never be put into production, an ad-

vanced version of the helicopter, the Vertol 107 Model II, will be
in prcduction in the near future,

A. It is recommended that the following changes be made to the

Vertol 107 Model II helicopter to increase operational suitability:

1, Eliminate all possibility of a dual SAS failure resulting from
any single malfunction and in the event of a dual SAS failure, the
helicopter should not be flown under instrumeni conditions,

(page 28).
2., Provide sufficient fuel for at least four hours endurance.
(page 19)

3. Provide a transmission which will not necessitate limiting
engine power, (page 16)

4, Increase the static directional stability during partial power
descents and autorotation, (page Z21)

5. Provide a "SINGLE SAS" word warning signal, (page 7,27)

6, Provide more clearance between the emergency '*fluid
shut-off** handles. (page 8) '

7. Provide engine anti-icing equipment and engine fire extin-
guishing capabilities, (page 8)

8. Incorporate a manual fuel control shut-off available to the
pilot and the copilot, (page 9)

9. Provide pilot control of the fuel boost pumps, (page9)

10, Relocate the parking brake to the left of the pilot under the
instrument panel, The word warning for the parking brake
should be accurate, (page 8)

11, Provide separate rate gyros for the SAS rather than using
the artificial horizon gyros and improve the erection system
of the horizon gyros, (page 12, 27)

12, Provide separate rotating axles for the nose wheels to make
turning easier, (page 10)

13, A study be made to determine the feasibility of increasing
the roll rate and yaw rate per inch of stick or pedal displace-
ment by a factor of three. (page 25)




14, Relocate ail circuit breakers to the cockpit. {page 9)

15, Eliminate the loss of both generators when rotor rpm drops below
the normal operating range. (page 27)

B. The following changes stould be made for improved service use of the

helicopter:

1. Provide positive speed stability over the entire spced range of the
helicopter. (page 29)

2. Reduce the control] system breakout forces about all axes. (pages 25, 223)

3. Provide retractahle landing gear for increased performance. (page 1)

4, Incorporate an arntomaftic ioad sharing device for engine power.
(page 3)

5. Improve the droop eliminator so that maximum permissible power
can be maintained af maximum rpm. (page 13)

6, Provide an "ENGINE LOW OIL PRESSURE!" word warning signal
(page 7)

7. Improve the detents of the condition lever panel so that the wrong
condition cannot be inadvertently selected. (page 6)

8. Increase the illumination intensity of the master warning lighkt. {page?7)

9. Relocate the rotor brake adjacent to the power quadrant so that it is
available to both the pilot and the copilof. Also insure tkat the rotor
brake warning light functions accurately, (page 3)

10. Provide a slower acceleration schedule for the rotor when going
from ground idle to flight idle position oi tle condition lever, (page 12)

. Improve the droop elimination systern to maintain a maximum droop

i
f 1 percent rofor speed throughout the available rotor speed range,

i
0
(page 14)

12, Increase the rate of actuation of tte rpm heep switches from four to
three seconds for a 10 rpm change from tre beginning of actuation. (page 15)

15, Decrease the temporary deviation of rotor rpm from the governed
value during changes in power from t percent rpm to 2 percent rpm,

(page 15)

o
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14, Eliminate the erratic airspeed system operation during climb and
autorotation. (page 20)

15, Provide engine torquemeters and engine fuel flowmeters, (page 8)

16, Provide adequate head room and a back rest for the crew member's
seat, (page 6)

17. Eliminate the flight idle condition lever position. (page 12)

18, Extend the cargo hoist fuselage doors opening to approximately
45 degrees beyond the vertical to prevent damage of the doors if the
hoist or sling cable should strike them. (page ]1)

19. Relocate the master, battery and generator switch panel to the center
of the console for accessibility by the pilot, (page 7)

20, Re-label '"SAS CONTROL'' and ""BOOST CONTROL'"' functional ar-
rangements to prevent confusion, At present the ''SAS CONTROL"
label is too close to the boost control and the ""BOOST'! label is in
smaller letters than the ""CONTROL!'' label. These labels should be
located above the appropriate control. (page 7)

21, Provide ramp actuation control switches in the cockpit. (page 7)

22, Utilize mechanical rudder pedal adjust ments in place of the electri-
cal system in order to reduce complexity and improve reliability, (page 9)

23, Provide a method of operating the exterior ramp opening without re-
quiring auxiliary power or entrance to the helicopter. (page 5)

24, Redesign the cockpit windows so that they may be opened or closed
with one hand and so that they may be left open during flight, (pages 6, 9)

25, Provide direct entrance to at least the pilot's seat, (page 5)

26, Improve the taxiing characteristics with the nose wheel on the ground.
(page 10)

27, Eliminate the small lateral and longitudinal movements of the heli-
copter which are apparent when hovering over a spot., (page 14)

28, Provide a trim release switch to be used when precise hovering is
required., (page 14)

29, Incorporate an auxiliary power supply to operate the fuel controls
when the battery is dead and to operate the SAS in the event of a primary
a.c. source failure, (pages 9, 27)
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C. The following minor changes should be made to the cockpit equipment
and facilities for improved operation;

1. Provide an ""APU CONNECTED'"' word warning signal. (page 7)

2, Rearrange the instrument panel in accordance with MIL-STD-33572
(page 7)
3. Provide foot brakes for tte copilot. (page 38)

4, Improve the operation of the forward cargo compartment door so
that it will not be difficult to open from the outside and so that it wall
not slide out of its fracks and prevent locking. {page 5)

5. Relocate the ligtt control panel fo the le’t of the console (page 7)

b. Provide adequate 1dentification of circuit breakers without restrict-
ing visibility of the circuit breaker (page 7)

7. Provide a warning light dim switch in accordance with HIAD. The
present sysiem dims when the pilot's flight instrument light switch is ""ON'',
This should be a separate circuit, returning to bright upon interruption

of electrical power, (page 7)

8. Reverse thte 1gnition switch actuation to have the switch forward
while in normal position in accordance with MIL-STD-2504, 24 July

1956, Paragraph I.3.a(l). (page 7)

9. Provide hghting for tle circuit breaker contro! panel, (page 7)

10. Provide a channel frequency card Lolder adjacent to the UHF and VHF
radios, (page 7)

11, Increase the length of at Jeast one cargo compartment interphone cord
to make it possible for a crew member to be stationed outside the Lelicopter
for fireguard duty during starting and to enter the cockpit without changing

headsets. (page 11)

12, Provide a tandlold and one step for entering the forward cargo com-
partment door, (page 5)

13, Reduce the force required fo actuate the mirror extencion and retrac-
tion button. (page )

14, Install a flat plate between the console and the collective pitch attack-
ment bracket to be used as a step when entering and leaving the pilot's

seat, (page 5)




15, Raise the entire pilot seat adjustment range. (page J)

16, Incorporate a trim motor feature in conjunction with the trim center-
ing system to allow movement of the trim center position to eliminate
small residual forces or utilization of the trim force gradient to over-

come forces induced through the control system. (page 28)
D. It is further recommended that a study be made to insure that the

above mentioned deficiencies of the YHC-1A are not present in the YHC-1B
helicopters,
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APPENDIX

TEST TECHNIQUE AND DATA ANALYSIS METHOD

General:

The equations and procedures used to analyze the performance
and stability of the helicopter and to refer test conditions to U, S,
Standard Atmosphere conditions are briefly described.

Dimensional analysis of the major items affecting helicopter
performance will yield two sets of dimensionless variables which may
be used to present performance data in non-dimensional form. The
Cps» O pt method is used in this report. These variables are defined

as follows:

Cp = SHPX550

¢AlRR)?

Cr= W 5
¢ (2R)
Vr
r”_‘ = —
R
Where:

SHP = Total engine output shaft horsepower
= Air density - s]‘lgs/ft?’
= Total swept rotor disc area - ft2
= Rotor angular velocity - radians/sec
= Rotor radius - ft
= Gross weight - lbs

T = True airspeed-ft/sec

<= hv

Hovering Performance;
g

Hovering performance was obtained out of ground effect by free
flight hovering at approximately 200 feet above the ground and in ground
effect at wheel heights 4, 10 and 26 feet, A sling load technique was
utilized for hovering in ground effect with strain gage instrumentation
in the swing line to measure the load exerted on the external weight. At
all times the maximum weight of the helicopter with the sling load sus-
pended in the air did not exceed the established weight limit for these

tests.

This hovering data is presented in non-dimensional form (Cp vs Cp)

in Figure 1. The engine shaft horsepower was obtained by the following

relationship:
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(RHP : 30)
955

SHP =

Where 30 HP are required for accessories and a 4,5 percent power loss
in the transmission 1s assumed. (RHP 1s obtained from torquemeters)

Level Flight Performance;

The basis for correction of le' el fliglt speed power data hies :n the Cp.
CT method. Each speed power was {lown at an approximate constant CT,
This involves increasing altitude as fuel 1s used. Tle data was corrected {or

Cp to an exact constant Cp as follows -

. ACPp .
CPS = CP, L (CTS - CT?)

Where ACP/AC 1s the slope of the Cp vs Cp curve at constant ¢f and
the subscripts s and t denote standard and test condifione respectively. Shaft

horsepower standard was then calculated nsing a standard rotor speed

Specific range (nautical air miles per pound of fuel) was determined for
standard day conditions by comput:ng a standard day fuel flow as follows:

AV\!]'

Wig = We ¢ ——— (SHPg SHPy)
ASHP
AW
When ———— 1s the slope of the corrected fiel flow curve {(Figure 11).
ASHP

Power Available:

Power available data was not obtained during ttas program, therefore,
contractor data for power available was used to calculate tte Lovering ceilings.

The torque distribution between the two rotors was measured during level
flight and hovering tests and found to vary from 6! percent - 39 percent to
50 percent - 50 percen! with the aft rotor having the yreatest percent. Tkhe
forward and aft transmissions have eac’. been qualified at 60 percent of 1700
HP at a rotor speed of 255 rpm, Tte limiting RHP as measured by tle rotor
shaft torque-meter is . 975 x . ¢0 x 1700 or 995 HP per rotor. The table below
shows the calculation for power available as limited by the transmissions:

Percent Torque Distribution (Aft-Fwd) 60-40 55 -45 50-50
Fwd RHP at 250 rpm 662 814 395
Aft RHP at 2586 rpm QQ5 94 995

Total RHP 1657 1809 1995
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