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INTRODUCTION

BACKGROUND

1. Loss of il rotor effectiveness (LTE) has been a problem with the OH-58 series
aircraft and has been identified as a contributing factor in many accidents. In an effort to
understand LTE, the U.S. Army evaluated the Bell Helicopter Textron Incorporated
{BHTI) model 206 helicopter with a ring-fin configuration (ref 1, app A), the OH-58C
helicopter with a 3-axis Stability Control Augmentation System (SCAS) (ref 2), and the
JOH-S8C with the SFENA 3-axis SCAS and larger tail rotor (ref 3). Army efforts were
directed toward a comparative evaluation of the OH-58C with a ring~fin configured tail
rotor and with a single-axis directional stability augmentation system (SAS). The
OH-58C ring-fin programx was terminated prior to completion and the comparative
evaluation was canceled. The U.S. Army Aviation Engineering Flight Activity (AEFA)
was tasked by the U.S. Army Aviation Systems Command (AVSCOM) to conduct a test
program to evaluate the OH-58C helicopter with single-axis directional SAS (ref 4). A
test plan (ref 5) was submitted and approved.

TEST OBJECTIVES

2. The objectives of this test were to evaluate the capability of a directional SAS to
minimize the occurrence of conditions conducive to encountering LTE and determine the
handling qualities of the OH-58C with a directional SAS, increased diameter tail rotor,
and engine droop kit installed.

DESCRIPTION

3. The JOH-S58C test helicopter, U.8. Army S/N 70-15349, was a modified OH-$8C
canfigured with a limited authority (7% of full control travel) directional SAS,
manufactured by SFENA Corporation. The OH-58C, manufactured by BHTL, has a
single, two-bladed. semirigid, teetering main rotor and a3 single, two-bladed,
dela-hinged, semirigid, teetering Wil rotor. Maximum gross weight is 3200 pounds. The
aircraft Is powered by an Allison T63-A-T20 engine with an uninstalled intermediate
power rating (30 minutes) of 420 shaft horsepower (shp) at standard sea level conditions,
derated to 317 shp (main vansmission lmity. A detoiled descripiion of the standard
OH-58C is contained in the operator's manual (ref 6, app A).  The test helicopter
incorporated the larger (ail rotor (65 in. diameter) and the OF-51C engine droop kit
product improvement.  The helicopter was modified with 2 F3HENA - tiwitod autherity
directional SAS and a hydraulically boosted il rator. The SFENA directional SAS is
described in appendix B.

TEST SCOPE

4. The LTE evaluation was conducted at Edwards AFD, California (elevation 2302 ft).
Twenty-eigin Tlights were conducted for a tatal of 26.7 productive fight test hours
between 13 June and 25 September 1987. Testing was accomplished within the
constrainis of the afrworthiness release (ref 7, app A) and the operator’s manual (ref 6).




Handling qualities were evaluated using MIL-H-8501A (ref 8) as a guide. Test
conditions are presented in table 1.

TEST METHODOLOGY

5. Flight test data were recorded on magnetic tape using an onboard instrumentation
package. A description of test instrumentation is presented in appendix C. Established
flight test techniques (ref 9, app A) were used to determine the basic handling qualities
of the JOH-58C with directional SAS ON and OFF. Test techniques and data analysis
methods are briefly discussed in appendix D. Additional tests were designed to evaluate
the capability of the directional SAS to minimize the occurrence of conditions conducive
to LTE. The conditions which are conducive to LTE are discussed in the OH-58C
operator's manual (ref 6). These include: (a) weathercocking, combined with the
inherent yaw characteristic of the aircraft, which results in increasing yaw rates; (b) tail
rotor vortex ring state which results in pitch, roll, and yaw excursions; and (c) main rotor
disc vortex interference with the tail rotor which results in sudden right yaw rate. These
conditions are significantly influenced by aircraft gross weight and density altivude (power
margin}, low speed flight, and transient rotor speed droop. A Handling Qualities Rating
Scale (HQRS) (fig. D-1) and a Vibration Rating Scale (VRS) (fig. D-2) were used to
augment pilot comments.

[ ]




Table 1. Test Conditions!

Average Average
Gross Denslty Trim
Weight Altitude Alrspeed
Test (1b) t (k1) Remarks
96, 63 KCAS? Lovel Flight
Static
Latcral~Directional 2890 6110 64 KCAS MRP Climb
Stability
62 KCAS Autorotation
Maneuvering Left and Right
Stability 2960 6650 64 KCAS Turns
2930 5900 100, 64 KCAS Level Flight
Dynamic
Stability 2970 3850 0, 10, 20, Left and right dircctional pulses at 99, 120,
and J0 KTAS* 150, 180, 210, 240 and 270 relative wind azimuth
0,10, 15
Controltabllity 2910 320 and 20 KTAS Dircctional step inputs at 90 and 270 relative azimuth
Steady heading st relative wind azimuths of 045, 090,
120, 150, 180, 210, 225, 240, 270, 230, 290, 300,
2990 3750 7 0 32 KTAS 310, 320, 330, 340, 330, and 360. Azimuths 120,
120, and 240 repeated with pilot and sopliot doors
removed.
Low Speed Plight
Left/right yaw rutes of 10 and 20 deg/sec established
270 3990 6 10 30 KTAS st 1207240 deg seimuth. Directiona) contro) fixed in
the weathercock teglon (120 to 240 deg exlmuth)
SAS OFF onty
Trim Changes 3040 1010 M, 40 and Sideallp Increments of 30 deg to 30 dey.
with Powet 31 KCAS Power changes from 93% to 10% engine torgue.
L tHover, hover turos, quicksiops, twkeolls to hover,
ntizsion Maneuvers- | 2830 0% 016 100 KCAS | laadings from hover, slope landings and nap-af-the

canih flight. Performied in mudetate to Bigh wiads.

NOTES:

*Tests conducted at mid tongitudinal and ltateral center of gravily, with SAS both ON and OFF, plivt and copilor doors
instalted. 109% main rotor spesd {354 tevolutivas per sainule) uidess otherwise noted.

WEAS: Knots calibrated nirspeed.

BMIRP: Maximum vated power.
‘KTAS: Knots Uue sinspeed.




RESULTS AND DISCUSSION

GENERAL

6. A loss of il rotor effectiveness evaluation of the JOH-58C was conducted at Edwards
AFB (elevation 2302 feet) at the test conditions listed in table {. Primary emphasis of
the test was to evaluate the handling qualities of the JOH-S8C in comparison to the
standard OH-58C. The limited authority (7% of full control travel) SAS will not
significantly reduce the conditions conducive to encountering LTE. The overail handling
qualities of the JOH-58C were moderately improved as compared to the standard
OH-58C. Prior testing of the JOH-58C with a 3-axis SCAS installed revealed flying
qualities of the JOH-58C were significantly improved in comparison to the standard
OH-58C (ref 3, app A). The concept of a SAS which damps uncommanded yaw rates
demonstrated potential for reducing the conditions conducive to LTE. However, the
limited authority directional SAS saturated at small yaw rates (6 deg/sec) and did not
significantly reduce the characteristic high yaw rates and moderate yaw attitude excursions
observed in the JOH-58C. As a resuit, the test was terminated prior to completion of all
scheduled tests. The JOH-S8C helicopter exhibited moderate pitch, roll, and yaw
excursions at 15 to 25 KTAS in azimuths from 240 degrees clockwise to 280 degrees.
This characteristic was a shortcoming, upgraded from a deficiency for the standard
OH-58 (ref 10). Five additional shortcomings, four of which were previously identified,
were noted.

HANDLING QUALITIES
Control System Characteristics

7. The mechanical characteristics of the JOH-58C hydraulically boosted flight control
system were measured on the ground with the rotors and engine stopped and were
gualitatively verified in flight. Hydraulic and electrical power were provided by externa)
sources. Al adjustable contral friction devices were set to minkmum fricdon. The SAS
was ON but had no effect on control system chardctensies.  Foree i was ON and
collective was {ull down.

R, The himits of longitudinal and lateral cyclic control wravel are presonted in figues B-1.
The variation of control position with applied comnteol force for the longitudinal and lateral
controls is presented in figures E-2 and E-1. The longitudinal and lateral cyclic control
force gradients were positive and essentially linear with no discontinuities.  Mrexkow
forces, including friction, were shnilar to those of the standard OH-S8C he eptzr
Longitudinal centering tharacteristics were positive but not absolute, resulig o
0 8-inch longitudinal trim comrol displacement band.  Lateral centering characteristics
worg positive but not absolute, resulting in a3 trim conttol displacement hand nt
13 anches, The large tim control displacement bands increased pilot workload when
allempung (o maintain desired attitudes during maneuvering flight (para 111, The large
rgetating’ o eteral tan contol dispbicetent hy wis 0 the JOM &7 remun 2
Laortcoming as previously seported for the siandard OH-5BEC helicopter (ref 10, app A).

4 Phe direttine! canteol hreakewt ferce Dincluding nction) was 4.0 pounds nght and
45 pounds len. The daedtional contral Dreakout force (including fuctuiny ol the




standard OH-58C was 6.8 pounds right and 5.5 pounds left. The directional control
system did not incorporate a force trim mechanism; therefore, no control centering
existed. Although there was no directional control centering, the directional control
system characteristics are satisfactory. The directional control system characteristics
failed to meet the requirements of paragraph 3.3.10 of MIL-H-8501A, in that, there
were no positive self-centering characteristics.

Static Lateral-Directional Stability

10. The static lateral-directional stability characteristics of the JOH-58C were evaluated
at the conditions listed in table 1. Test results are presented in figures E-4 through E-9.
Static directional stability was positive (left directional control required to maintain right
sideslip). Effective dihedral was positive for right sideslips (right lateral control required)
but approached neutral for left sideslips at most conditions. Side force characteristics
were positive (increasing right rol! attitude and increasing right sideslip). The directional
SAS had no apparent effect on the static lateral-clirectional stability characteristics, The
static lateral-directional stability characteristics of the JOH-58C weve similar to the
standard OH-38C (ref 10, app A). The pilot had adequate cues of an out-ol-trilm
condition and was able to correct this condition easily. The static lateral-directional
stability characteristics of the JOH-58C are sausfactory.

Maneuvering Stability

11. The maneuvering stability characteristics of the JOH-58C were evaluated in left and
right steady turns at the conditons listed in table 1. Maneuvering stability data are
presented in figure E-10.  Maneuvering stablility was positive (aft longitudinal control
required to maintain increased center of gravity (cg) normal acceleration) at normal
aceelerations up to 1.4 g and was similar to the standard OH-38C. Maintaining sirspeed
control within 2 knots at a bank angle of 45 degrees (1.43) required k1 inch of
longitudinal control displacement. Maintaining bank angle at 45 degrees was difficult
because of the aircrait’s piteh up divergence (“dig " tendency). the large longiudinal
and lateral trim control displacement bands, and the moderate airframe vibrations
(VRS 4). The standard OH-58C had & similar “dig in” tendency and high pilot workload
at bank angles of 45 degrees. At all bank angles the pilot workload in the JOH-58C was
exsentially the same os in the standard OH-$8C. No qualitative or quantitative diffetences
were aoted SAS ON or OFF. The pitch up divergence at 1.4g or 64 knots calibrated
airspecd (KCAS) in the JOH-$SC remains a shortcoming as previously tepotted for the
standard OH-$8C {(ref 10, app A).

Dynamic Stability
Short-Term (Gust Responxe):

12. The lateral-directional short-teem dynamic stability characteristics of the JOH-SAC
were evaluated at the test conditions listed in table 1. Gusts were simulated by 0.5 second
duration directional control pulse inputs of up to 1 inch, directional control doublets, and
releases from steady-heading sidestips.  The aircraft lateral-directional gust response
characteristics were also evaluated in light wrbulence. Data for puises are presented in
figures E-11 to E-127. Data for doublets are presented in figures E-128 1 E-131. Data
for releases from sieady heading sideslips are presented in figures E-132 to E-139.




13. The short-term rate damping provided by the SAS improved the aircraft’s gust
response in light turbulence. The lateral-directional gust response observed in forward
flight with SAS ON was highly damped. The highly damped laterai-directional resporse
was an improvement over the easily excited lateral-directional oscillations of the standard
OH-S8C (ref 10, app A). The lateral-directional short-term dynamic stability
characteristics of the JOH-38C in forward flight with SAS ON are satis{actory.

14. The lateral-directional gust response observed in forward flight with SAS OFF was
osciliatory and easily excited. The SAS OFF lateral-directional short-term dynamic
stability characteristics of the JOH-58C in forward flight are similar to those previously
reported as a shortcoming for the standard OH-58C (ref 10).

18, One-inch directional pulse inputs at selected azimuths in low-speed {light were tested
with SAS ON with pilat and copilot doors installed and removed. The JOH-58 helicapter
response 10 a simulated gust (pulse input) was characterized by a rapid yaw acceleration.
Consequently, moderate yaw rates developed. With SAS ON, these rates resulted in
momentary saturation of the SAS actuator and the peak yaw rates were approximately
20 degreesfsecond.  Generally, the aircraft returned 1o the trim condition following a
directional pulse wput. However, at the 210 degree relative azimuth at 30 KTAS a right
pulse input was characterized by an increasing right yow and divergence from the trim
asnmuth (fig. E-95Y. No gualitatwe or gquantitative diiferences were ohserved with the
prot and copitot doors pemoved. The SAS ON dizectional gust reiponse ia low-speed
flight was moderately damped,

16, The aireraft was hoverad in gusty wind conditons with SAS ON.  Rate damping
provided by the SAS inpraved the JOH-38C gust response. Though increased damping
provided by diveciional SAS reduced the yaw attitude excursions in a hover, yaw attitude
gxcursions were greater than 3 degrees and frequent {every second). moderate (2 1/4 to
142 inch) pedal inputs were reguired 10 maintain heading at these condiions (HQRS §).

17, Ong-inch directional pubie inputy at selected azimuths in fow-speed faght were
conducted SAS OFF. Saximum yaw rates with SAS OFF were occastonally \wice as high
as those with SAS ON. SAS OFF aircealt response to the sunulated gust was less
predictahle than with $AS ON, rosuling o vartable yaw rates.  The aircraft seldom
teturied o the trim azimuth following a pubse input.  Figure E-34 shows the variable yaw
tate following a night directnnal palse 2t 20 KTAS which resulted in divergence froim the
teit azimwth. No quabtative os quantitative differences were observed with the pilot and
copilit doors remaved The SAS OFF shot .erm dynamic sability charactetistecs
oberved in low-~sproed hght in the yaw axis were bightly damped.

18 The awcrall was hinveced oh pusty wind candiions SAS QFF. Asteralt response
whale hovering m gusty winds tesulled ifi nceeasing yaw rater.  Freguent {every second),
moderate (4152 mch) pedal wwputs were tequired to mamian heading sitiun 223 degrees
Wi a hover {HORS w)

Long Term:

19, Spural stabilny chatactensiics of the JOH-SRC were evaluated by ohserving aireraft
tesponse to contvol releases fram ledt and night coordinated turms. Data are presented in




figures E-140 to E-147. The JOH-58C exhibited convergent spiral stability in both left
and right turns SAS ON and OFF up to 5 degrees of bank. SAS ON, the spiral stability
was convergent up to 10 degrees angle of bank. The spiral stability characteristics of the
JOH-58C SAS O!' and OFF are satisfactory.

20. iongitudinal long term response was evaluated by trimming the aircraft at the
desired airspeed and then decreasing airspezd by 10 knots, using only cyclic control. The
cyclic was then returned to the trim position and the helicopter response was observed.
Time history data are presented in figures E-148 through E-151. The standard OH-53C
longitudinal responss was convergent and moderately damped and the JOH-58C showed
a similar response. At 67 KCAS, SAS ON the aircraft was convergent in all axes. At
101 KCAS, SAS ON or OFF the predominant characteristic was a slowly diverging roll
which was easily controlled. The longitudinal long term response of the JOH-38C is
satisfactory.

Controllability

21. The directional control response (angular rate one second alter a vna-inch contrel
displacement) and contral sensitivity (maximum angular acceleration per ane-inch control
displacernent) of the JOH-SBC were evaluated at the conditions listed in table 1. Step
inputs during low speed flight were limited to 1/4 inch due to the accurrence of main
transmission ovenorque during recovery from right yaw rates during a hover.

22, Data for directional contrallability charscteristics ure presented in figures B.152
threugh B-157. The aircraft responded in the proper direction within 0.2 seconds after
the input and no objectionable coupling was noted. The JOH-S58C with SAS ON had
increasest yaw rate damping as compared to the sandard OH-SEC (rel 10, agp A).
However, SAS was quickly saturated and the high control sensitivity was similar to SAS
OFF sensitivity.  Yaw rate conunually ingreased unul secovery was initlated.  Directional
respense was sadsfactory during recovety but a tendency to overcontrol was noted at the
270 degree azimuth. At the moderate gross weights tested, increaging yaw rates and
insulficient power margin tequired increased pilot atention 0 torque limits.  Moderate
{2172 inch) but smeoth direstional control moveraents were required to arfest right yaw
rates.  No repeatable data were obiained during controllability tests above 15 KTAS at
the 270 degree azimuth due to frequent SAS saturation and the $£:1/4 to 1/2 inch
directivnal contrel inputs fequited o maintain tim conditions.  The directional
controlability characteristics of the JOH-SBC with SAS OFF were characterized by more
rapid accelerations in the yaw axis, and were similar (o the standard OH-58C which wete
reponted as 3 shortcoming.  The high control sensitivity SAS ON and OFF resulting in
cirectivhal overconttel remains a shotcoming in the JOH-$8C.

Low-Speed Flight Cheracteristics
Genveral:

23, Low-speed tighn charactéristice were evaluated to determine the elfects on handling
guakiies due to the installation of the directional SAS, larger (ail rotoi, and engine drocp
kit. Low-speed flight testing was conducted to simulate hovering in winds by stahilizing
farmation with a cabbrated ground pace vehicle at a skidd heignt of approximately 10 fead




at relative azimuths (measured clockwise from the nose of the aircraft) from 0 degrees to
350 degrees. The low-speed flight characteristics for this aircraft will be discussed by
reference to one of three regions (fig. A): 290 degrees clockwise to 120 degrees
{region A), 120 degrees clockwise to 240 degrees (region B) and 240 degrees clockwise
to 290 degrees (region C). Additional low speed tests were conducted by initiating a left
or right yaw rate and maintaining fixed directional and collective controls while in the
weathercock stability region (120 to 240 deg). Upon reaching the region boundary,
recovery was initiated.

24. HQRS were assigned in accordance with the scale in figure D-1 to describe the pilot
workload to conduct a simulated mission task of hovering in winds. The standards for
desired mission performance required maintaining the aircraft within %3 degrees of
desired heading and 42 feet of desired skid height. Although the HQRS may be
different for actual hover in winds (as opposed to the simulated task) the ratings are
useful for quantifying the effects on pilot workload of the SAS and of varying wind speed
and direction. Tests were conducted SAS ON and OFF at the test conditions listed in
table 1. Low-speed flight characteristics data are presented in figures E-158 through
E-208. No qualitative or quantitative differences were observed with the pilot and copilot
doors removed. Figure B shows 2 HQRS summary for azimuths tested in low-speed
flight.

Region A:

25. At 3410 feet, the JOH-S8C had 30% margin remaining at 30 KTAS with SAS ON or
OFF (fig. E-162 and E-163). Wind tunne! tests have shown main rotor vortex
interference with the tail rotor to occur between 10 and 20 knots from the 280 to
320 azimuth (ref 10, app A). Although directional control excursions were small
(£1/4 inch) from 290 to 300, large longitudinal cyclic trim changes were required. At
the 300 degree azimuth there was a large (1 inch) aft longitudinal cyclic trim change
required as airspeed was increased from 20 to 25 KTAS. A similar longitudinal trim
change was observed at the 290 azimuth at 25 KTAS SAS ON and 30 KTAS SAS OFF,
These large aft longitudinal trim changes were not observed at the 310 or 280 azimuths,
The SAS ON handling qualities i region A from 290 degrees to 120 degrees were
improved from the standard QH-S8C (ref 10). The low speed handling qualities of the
JOH-58C aircraft in Region A with SAS ON are satisfactory.

' Region A:

) 26. In rearward flight (Regron B), SAS ON handling qualites ratings were smprove |
from HQRS § {(standard OH-S8C) to HQRS 3 o 4. Only occasional moderate

o directional control inputs (3214 w0 1/2 inch) were requited o maintain the desired

perfonnance criteria (para 24). Excessive pitch and yow excursions in rearward flight in
the standard OHSNC were previowsly sepodted a¢ o duliciency (ret 1), The pilt
workicad in the directtoaal axiy (s indicated by directional control excursions) with the
SAS ON was significently reduced in the JOH-S8C. The maximura worklond oocuted gt
the 225 ammuth at 23 KTAS (lig. E-170). The high pilot workload in (e longituding
axis (B inch luaghudiaal ¢yclic inputs) st tn 225 degree azimuth rom LU 0 oV KTAs
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Figure A. Low Speed Flight Regions
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Figure B. SAS ON HQR Summary for Low Speed Flight
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was similar to that reported in rearward flight in the standard OH-58C. Additionally, a
large alt longitudinal cyclic trim change was required to maintain a § knot speed increase
above 10 KTAS. The high pilot workload in the Jongitudinal axis in rearward flight from
10 to 20 KTAS is a shortcoming. Consideration should be given to installation of a SAS
\n more than one axis to improve the rearward flight handling qualities of the JOH-58C.

27. In addition to evaluating handling qualities in steady heading, constant airspeed
flight, the following technique was used to simulate hovering turns in winds. Yaw rates of
approximately 10 degrees/second and 20 degrees/second were established prior to
entering the weathercock stability region (region B); then, directional and collective
ontrols were fixed until recovery was initiated at the region boundary. Data are
presented in figures E-193 through E-208. The limited authority (7% of full control
travel) directional SAS was saturated at yaw rates greater than 6 degrees/second.
Consequently, SAS was saturated at the initial trim conditions for these tests. Current
Aircrew Training Manual {ATM) (rei 11, app A) standards require constant rate hover
turns not to exceec 22.° degrees/second. SAS would be almost continuously saturated
during hover turn, operationally.

28. Right yaw rates at 10 KTAS with SAS ON or OFF resulted in a continued right yaw
rate which decrea==d . approximately 5 degress/second when passing the 180 degree
relative azimuwn. Upon reaching the 1¢° degree azimuth, a rapid right yaw acceleration
occurred which resulted in a va rate of approximaiely 50 degrees/second at the recovery
azimuth of 120 degreas. Recovery at th: 120 degree azimuth with a right yaw rate of
50 aeprees/second (slowest obsesved) resulted in a 10 degree overshoot with SAS ON.
Recoverles at the 120 azimuth were noi furiher attempted due to the increased torque
requirements and possibility of a main transmission nvortorque. The recovery technique
developed to preven: overtorque was to increass left podal gradually, arresting the yaw
rate at 360 degree azimuth (aircraft aligned in the direction of wravel). At 15 KTAS, a
10 degrees/second right yaw rate witihs SAS ON and 20 degress/second rate SAS ON or
OFF were similar to the response at 10 KTAS. However, .he 10 degree/second right yaw
" rate with SAS OFF resulted in the yaw rate decreasirg to zero at approximately
230 degrees relative azimuth, then an zocelerating lelt yaw rite developed which was
arrested sasily at the 360 dcgree relative azimuth. Al 20 KTAS, a 20 degree/second
right yaw rate with SAS ON resulted in a respoiise simi'ar 10 the respozse at 10 XTAS.
All other initial right yaw rates at 20 KTAS SAS ON and OF®? resulted in o siight
overshoot of the 240 degree azimuth foiiowed by an u.. Merating left yaw :ate which was
easily arrested as the ajrcralt aligned in the direction of travel. No attempt to recover the
resultant loft yaw rate was made prior 10 the 360 degre- reiative azimuth, SAS appeared
to assist in maintaining trim yaw rate as evidenred by the delayed onset of the resultant
- left yaw rate which occurred with increasing nirspezds. During this test, large cyclic trim
changes were required 10 maintain dosired speed. Passing from 210 threugh 150 degrees
relaiive azimuth requirsd approximately 2 inches of aft cyclic (nllc~ed by approximately
% inches of forward cyclic at the 120 degroes relative azimuth, An additonal | te
2 inches of forward cyclic were used during reccveries in the direction of travel to
maintain desired speed. Although SAS remained saturated through most of this test, the
limhed authorily directional SAS appeared to assist in maintaliung desired trim
conditons. While attempting to maintain a constant turn rate in a right pedal spot turn,
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with SAS ON, in winds of 10 to 12 knots, the pilot was frequently required to make left
and right, moderate (£1/4 to 1/2 inch) pedal inputs and occasionally required to make
large (&1 inch) pedal inputs (HQRS 5). The longitudinal cyclic trim change required to
remain within 2 feet of a spot during a pedal turn was large (43 inches). Low speed
flight effects on right yaw rates in the weathercock stability region were rapid right yaw
accelerations from the 150 to 120 degree azimuths and decreasing right yaw rates from
the 240 to 150 degree azimuths.

29. Left yaw rates SAS ON or OFF resulted in progressively increasing left yaw rates
from 120 to 210 degrees. An extremely rapid left yaw acceleration occurred at the
210 azimuth. At 16 KTAS, recovery was accomplished at 10 degrees beyond the region
boundary SAS ON and OFF. During application of right pedal to arrest yaw rate, a rapid,
approximately 10 degree nose down pitch occurred. Recovery at the region boundary
with speeds greater than 10 KTAS was not attempted due to the large (greater than
+30 percent) torque changes required and rapid pitch rate observed during recovery at
15 KTAS SAS ON. Instead, recovery was initiated at the region boundary and was
completed by the 360 degree azimuth (direction of travel). No significant differences
were noted SAS ON or OFF above 10 knots. At airspeeds greater than 10 KTAS and at
the instant the yaw acceleration at the 210 azimuth was experienced, the Master Caution
and Engine Oil Bypass Lights illuminated for approximately 1 second. Although the
engine oil reservoir was [ully serviced, severe sloshing of the oil probably caused activation
of the caution lights. During left hover spot turns in winds of 10 to 12 knots, multiple left
and right pedal inputs (1/2 inch) were required in an awempt to maintain a constant
turn rate with SAS ON. As the aircraft approached the 090 degree relative azimuth,
larger (1 inch) left pedal inputs were required in an autempt to maintain the turn.
Approaching the 210 degree relative azimuth required larger (1 inch) right pedal inpuis
to prevent an accelerating lelt turn. Throughout the maneuver, large longitudinal cyelic
trim changes were required to remain within 2 feet of the spot. Low speed flight effects
on left yaw rates in the weathurcack stability region were increasing left yaw rates from the
120 to 210 degree azimuths and rapid left yaw acceleration from the 210 10 240 degree
azimuth,

Region C:

30. Inleft sideward flight (Region C) yaw attitude excursions of 38 degrees observed in
the standard OH-58C (reported dellciency, ref 10, app A) were reduced in the JOH-$8C
with SAS ON. HQRS for 15 10 25 KTAS were HQRS & (compared to HQRS 7 in the
standurd OH-58C), while all other speeds improved to HQRS 4. Modurate puch, roll,
and yaw excursions required moderate-sized control inputs to accomplich the umulated
hover task.  However, smaller and less frequent pedal inpuls were required as compared
10 the standard OH-S8C. Critical azimuths and airspeeds, determined by pilot workload,
were 240 to 280 dogrees at 15 w 25 KTAS. Large $AS actuator inputs as well as
moderate-sized, frequent control inputs in all axes (:1/4-inch directional and : 1/2-inch
lateral and longlwdinal) ware roquired 10 achieve only adequate performance (HQRS o).
The directional SAS, improved tail rotor system, and engine droop kit moderately
improved the low speed flight characteristics of the JOH-S8C in Region €, however,
workload remains high ot the critical azimuths and alespeeds.  The moderate pitch, roll,
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and yaw excursions between 15 and 25 KTAS at relative wind azimuths between 240 and
280 degrees are a shortcoming.

All Regions with SAS OFF:

31. Low speed SAS OFF flight data are presented in figures E-159 through E-189.
Larger and more frequent control inputs were required for all azimuths and airspeeds
tested than were required with SAS ON. Qualitatively and quantitatively the directional
control was more sensitive than the standard OH-58C. Except for increased directional
sensitivity, the handling qualities of the JOH-58C with SAS OFF were similar to the
standard OH-58C.

Trim Changes with Power Effects

32. Trim directional control requirements as a function of power were evaluated in an
attempt to determine the conditions resulting in main rotor disc vortex interference with
the tail rotor. Tests were conducted at the conditions listed in table 1. Results are
presented in figures E-209 through E-216. Generally, decreasing engine power required
increasing right directional control at all trim airspeeds and sideslips. At all trim airspeeds
and sideslips, directional trim changes at 80% and 35% engine torque were accompanied
by large (£10 degrees) sideslip excursions and required restabilizing on desired trim
sideslip prior to further power reduction. The characteristic directional trim changes for
vight sideslips were similar at all airspeeds and power settings. The characteristic
directional trim changes for left sideslips showed increasing left pedal requirements with
decreasing airspeed at all power settings, Though accuracy of sideslip beyond 335 degrees
and airspeed below 30 KCAS could not be determined due to instrumentation limitations,
a significant directional trim discontinuity was observed at 20 KCAS with approximately
40 degrees left sideslip. Rapld right yaw accelerations requiring frequent large (1 inch)
pedal inputs to remain £10 degrees of desived sideslip occurred between 70 and 85%
engine torque. Buffeting of the tail was felt by the pilot through the airframe. The right
vaw accelerations and bulffeting did not occur below 70% engine torque. No engine
torque setiing above B5% was auempied due to the possibility of main transmission
overtorque when arresting the right yaw accelerations. On a subsequent flight, this
significant trim discontinuity was not observed under similar conditions. Figure E-216
shows a time history of this occurrence. Directional trim changes with power did not
provide sufficient data e determine the area of main rotor disc vortex interference with
the il rotor. Recommend alternate methods of determining main rotor vortex
interference be investigated using more accurate measurements of low airspeed, sideslip,
and tail boom {oads.

Mission Mancuvering Characteristics

33, Mission maneuvers were qualitatively evaluated in the JOH-S8C at the conditions
listed in wable 1. Time histories of some maneuvers are presented in figures E-217
through E-254. The maneuvers were conducted in accordance with the OH-58 helicopter
ATM (ref 11, app A) and were evaluated SAS ON and OFF. PFilot workload increased
with the SAS OFF for all maneuvers conducted. Alrcraft controllability was not in
question, but SAS OFF flight required increased pllot compensation to maintain the ATM
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standards of each maneuver. SAS ON flight, however, reduced pilot workload which
enhanced mission capability. Slope landings, masking/unmasking and nap~-of-the-earth
flight were easier to accomplish in the JOH-58C than in the standard OH-58C because
rate damping reduced aircralt yaw attitude excursions. Hovering in actual winds was
moderately improved with SAS ON. The occasionally saturated SAS resulted in
moderate yaw excursions at the critical azimuth from 15 to 25 KTAS. An OGE hover
spot turn of approximately 10 degrees/second to the left resulted in a rapid left yaw
acceleration when passing the 270 degree relative azimuth. Approximately 2 inches of
right pedal were required to arrest the increasing yaw rate. The mission maneuver
characteristics of the JOH-58C helicopter with a directional SAS improved mission
capability. The limited authority (7% of full control travel) directional SAS was
occasionally saturated during hover with a left crosswind and always saturated during
maneuvers requiring yaw rates greater than approximately 6 degrees/second.

Directional SAS Effects

34. The effect of a directional SAS was to provide increased yaw rate damping which
improved aircraft gust response (paras 13 and 16). However, the limited authority SAS
saturated at low (6 degrees/second) yaw rates. The characteristic of the hovering aircraft
with wind in the weathercock region is rapid yaw accelerations SAS ON and OFF from
150 to 120 and 210 to 240 relative wind azimuths (paras 26 and 27). In the region of
tail rotor vortex ring state the aircraft demonstrated moderate pitch, roli, and yaw
excursions with SAS ON and OFF (para 28). Sufficient data to define the area of main
rotor dise vortex interference with the tail rotor were not obtained (para 32).
Additionally, the small power margin remained a significant facior when arresting yaw
rates despite testing at weights below 3000 1b (maximum gross weight is 3200 1b) and low
density alitudes. The concept of a SAS which damps uncommanded yaw rates
demonstrates potential for reducing the conditions conducive to LTE. However, the
limited authority (7% or full control travel) directional SAS saturated at small yaw rates
(6 degrees/second) and did not significantly reduced the characteristic high yaw rates of
moderate yaw atlitude excursions observed in the JOH-58C.

MISCELLANEQUS
Cockpit Evaluation

35, The ease of the nadvertent matn transmission overtorque or engine overtemperature
condition was previously reported as a shortcoming (ref 10, app A). With the imprmad
tail rotor and engine droop modilications applied, the aircralt Is more rexponsive 1 padal
or directional SAS inpits.  Conseguently, with the pilat's attention directed ey the
eock it daring NOE fiight, an increased engine and W rotor response will result in an
increased possibility of an overtorque or overtemperatuee condiion.  The ence af main
transmission avertorgue of enging overtemporature condition in the OH-S8C remains »
shorteoming in the JOH-SKC.
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Aircraft Pitot-Static System Calibration

36. The helicopter pitot-static system was cailibrated in level flight, climbs, and
autorotations using the trailing bomb technique. Data are presented in figure E-255. The
position error of the JOH-58C helicopter was similar to the standard OH-58C. The
JOH-58C ship airspeed system was satisfactory.
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CONCLUSIONS

GENERAL
37. The following conclusions were reached upon completion of testing.

a. The limited authority SAS will not significantly reduce the conditions conducive to
encountering LTE.

b. The limited authority directional SAS does not significantly reduce the
characteristic high yaw rates and moderate yaw attitude excursions in the JOH-58C.

c. The flying qualities of the JOH-58C were moderately improved in comparison to
the standard OH-58C.

d. The concept of SAS which damps uncommanded yaw rates demonstrates
potential for reducing the conditions conducive to LTE.

SHORTCOMINGS

38. The (oilowing shortcoming was previously identified as a deficiency in the standard
OH-58C: Maoderate pitch, roll, and yaw excursions between 15 and 25 KTAS at relatve
wind azimuths between 240 and 280 degrees {para 10).

39. The following shortcoming was previously reponted as high pilot workload: The high
pilot workload in the longitudinal axis in rearward flight at 10 to 20 KTAS (para 26).

40. The following shortcomings were previously identified in the OH-58C and remain
shortcomings: :

a. Ease of main transmission overtorque or engine overtemperature condition
{para 35). : ’

b. The high control sensitivity resulting in directional overconwol (para 22)

¢. Pitch up divergence (“dig in” endencies) at load factors near 1.4g at 84 KCAS

(para 11).
d. Large longitudinal and luteral trim control displacement bands (para 8).

SPECIFICATION COMPLIANCE

41, The JOH-S8C failed to meet the roguirement of parigraph 3.3, 10 of MIL-H-8301A
in that there were no positive self-contering characteristics for the ditectional control
- system (para 9).
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RECOMMENDATIONS

42. The following recommendations were made:

a. The shortcomings reported in paragraphs 38, 39, and 40 should be corrected as
soon as possible.

b. Consideration should be given to installatior of a SAS in more than one axis to
improve the rearward flight handling qualities of the JOR-58C (para 26).

¢. Alternate methods of determining main rotor vortex interference should be

investigated using more accurate measurements of low airspeed, sideslip, and tailboom
loads (para 32).
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APPENDIX B. AIRCRAFT DESCRIPTION

1. The test helicopter, JOH-58C US S/N 70-15349, was a standard OH-58C (buiit by
Bell Helicopter Textron, Inc. (BHTI)), modified with a SFENA directional Stability
Augmentation System (SAS). The standard OH-58C has a single two-bladed, semirigid,
teetering main rotor and a single two-bladed, delta-hinged, semirigid, teetering tail rotor.
A detailed description of the OH-58C is inciuded in the operator’s manual {ref 6,
app A). The major aircraft modifications included the Bell 206L-3 tail rotor (65 in.
diameter) with accompanying drive shafting and gearbox (modiflication work order
(MWO) 55-1520-228-50-25), the engine droop kit (MWO 55-1520-228-50-26), and the
directional SAS. Figure B-1 shows the test aircraft. Figures B-2 and B-3 show the SAS
cockpit controls. Figure B-4 shows the internally mounted test instrumentation.

2. The test helicopter was weighed by the U.S. Army Aviation Engineering Flight
Activity (AEFA) personnel prior to testing. The weight and longitudinal center of gravity
(cg) data were 2313/114.49, no fuel and 2770/114.87 full fuel.

3. A complete flight control rigging check was performed by AEFA quality control
personnel prior to the initiation of testing. All flight control rigging was within tolerances
specified in reference 7, appendix A. The data for the tail rotor rigging check is
presented below:

Left 22 degrees 54 minutes

Tail Rotor
Right | -8 degrees 36 minuies

Rigging was accomplished in accordance with the rigging procedures specified in
reference 12 except that hydraulic power was applied, the directional SAS actuator was
centered, and electrical power was OFF.

4. The improved il rotor (MWO 55-1520-228.50-25) is depicted in figure B-S. It
incorporates the same aiefoll section as the standard OH-$8C tail rotor but the diameter is
inceeased by 3 inches to 65 inches. Maximum pitch angle values are increased to the
values shown in paragraph 3. The tail rotor drive shalting and geaibox were changed per
the MWO. The drive shaft is a seven plece shaft {fig. B-6). Each piece in the shalt is
identical and has a larger diameter than the one~picce standard drive shaft. The il
rotor gearbox continuous rating s increased from 65 to 85 shaft horsepower.

5. The JOH-38C had a limited-authority (7% of full control travel), prototype
“single-axis SAS. The SAS uses a rale gyro computer and actuator to provide rate
damping in the directional asis.  No attitude retention or attitude hold feature was
included in the system tested. Fovce trim was not provided in the directional controls.
“The directional SAS includes the following components:
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Figure B-5. Improved Tail Rotor
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ITEM........ PART NUMBER ..... QUANTITY ....... LOCATION

SAS Computer ............. 75258VIM2 ...oiiiiiiinnn, ) RPN Avlonics Compartment
Directional rod/

ActUAIOr 8SSY +viveervrrnaen 10110-001 ........vivennen | N Entrance to tail boom
Alr data computer ........... 10980-002 ................ 1......., Passenger compartment
JunctionBox.............. 153-51219-30C .......vunetn ) SR Passenger compartment
Yaw Stop AsSy «..ooviiniiianns 11530 ..ovvvinenns, 1....... Entrance to tail boom
SAS control panel ............ K28AIM ... ..o ) SR Instrument panel
Pre-Fabricated Harness

23 2 11368 .vvvviiiinnnnnes 1......0, Passenger compartment
50 VAlnverter .........ocvunnn PCSO ....ovvvvivnnvnnn, ) A Under pilot's seat
Hydraulic/boosted

T/R/ASSY «.vvvvvnivnnnnn, 206-001-739=7 ... .iiiniinnnn 1........ Entrance to tail boom
Actuator Position

Indicator .. .....ovvvvnennn, X60ACM ....covviiiiinann D A Instrument Panel

These components were designed for the SFENA 3-axis SAS and therefore the
connections were modified for the directional-only configuration.

6. A SAS computer for the directional axis incorporates logic and gain networks to
provide rate damping. A rate gyro in the computer senses changes of angular rate of
0.01 degree/second.

7. The SAS control panel is shown in figure B-3. The panel includes a Force Trim
button, a STAB button (SAS ON/OFF), a button to engage altitude hold and a system
test switch. Only the STAB button was functional for this test. Directional SAS actuator
position is indicated on the yaw galvanometer.

8. The SAS power distribution system requires 28V DC, 26V AC and 115V AC single-
phase electrical power. The 115V AC, 400 Hz, single-phase power, provided by the
upgraded solid state inverter, is for the rate gyro motor and for the computer internal
power supplies. The rate gyro output signal is demodulated and applied to a servo
amplifier which drives the rate (damping) channels. When the system is OFF, resulting in
a zero signal to the servo amplifier, the actuator centers. The actuator is mounted in a
directional control tube and contains a DC permanent magnet motor driven by a
pulse-width modulating type of servo-amplifier. The £=27V motor drive voltage and the
415V feedback pot excitation voltage are derived in the computer power supply.

9. The SAS uses a single actuator mounted in series with the directional control tubes.
The actuator has low force output and is used in conjunction with the hydraulically
boosted control. The actuator is instalied as close as possible to the input valve of the
hydraulic booster to isolate the actuator motion from the pilot controls. The mass and
friction on the booster side of the actuator is low compared to the pilot's side of the
actuator. The SAS actuator stroke is limited to give 6.79% (of full control travel) SAS
authority (approximately :£0.34 in.).

10. A SAS ON/OFF switch is located on the pilot cyclic grip as shown in figure B-2, If
the switch is depressed, SAS will engage or disengage.

11. The force trim system Is the standard OH-58 force trim system. However, the force
trim ON/OFF switch is relocated to the position shown in figure B-3. The thumb button
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on the pilot/copilot cyclic stick (fig. B-2) is used for momentary force trim release. There
is no force trim in the directional axis.

12. A flight control system (FCS) caution light is provided in the segmented caution
panel. When the SAS is disengaged, the series actuator automatically centers and the
FCS caution light illuminates momentarily. The FCS light does not illuminate, however,
if a SAS failure occurs.

13. SAS operation is accomplished by pressing the STAB button on the SAS control
panel or the SAS ON/OFF switch located on the pilot’s cyclic grip. SAS operation is
monitored using the yaw actuator position indicator (fig. B-3).

14, Prior to flight, a system self-test may be performed. With the SAS OFF, the TEST
button is depressed. The test button should light the “1” on the test button. The STAB
indicator will show green stripes, the ALT indicator will show red stripes. The FCS
caution light will illuminate and the three actuator position indicators will be centered.
Position “1" tests only the system indicators. When the TEST button is depressed a
second time, the “2" illuminates. The STAB and ALT indicators are initially black.
Position “2" tests the system amplifiers and input/output logic. When the STAB indicator
is depressed, the green stripes reappear. FCS caution light remains illuminated and the
actuator position indicators remain centered. When the test button is depressed a third
time to the “0" position, the STAB indicator remains green, the FCS caution light
extinguishes. The SAS is then operational for flight.

15. The SAS operates normally when the STAB button or the pilot's SAS ON/OFF
switch on the cyclic is depressed. Green and white dlagonal stripes appear in the STAB
indicator, indicating that power is applied to the system and rate damping is in effect.
Attitude retention was not Incorporated in the system modified for this test.

16. The FCS caution light and master caution light illuminate momentarily when the
SAS is disengaged. the FCS caution light does not illuminate when the SAS fails.

17. The SAS is disengaged by depressing the STAB button. The SAS can also be
disengaged by depressing the SAS ON/OFF switch on the pilot's cyclic. Disengagement
does not remove power from the system gyro computer.

27

.




APPENDIX C. INSTRUMENTATION

1. The test instrumentation system was designed, calibrated, installed, and maintained
by the U.S. Army Aviation Engineering Flight Activity. Digital and analog aata were
obtained from calibrated instrumentation and were recorded on magnetic tape and/or
displayed in the cockpit. The instrumentation system consisted of various transducers,
signal conditioning units, a 12-bit pulse code modulation encoder, and an Ampex
AR 700 tape recorder. Time correlation was accomplished with an onboard, recorded
and displayed, Inter~Range Instrumentation Group B format time of day. Various
specialized test indicators displayed data to the pilot and engineer continuously during the
flight. A boom with the following sensors was mounted on the nose of the aircraft:
swiveling pitot-static head, sideslip vane and angle-of-attack vane. The boom airspeed
system calibration is shown in figure C-1.

2 The following parameters were displayed on calibrated instruments in the cockpit:

Airspeed (boom)
Airspeed (ship)
Altitude (boom)
Altitude (ship)

Rotor speed

Engine torque

Turbine outlet temperature
Fuel flow rate

Fuel used (totalizer)
Outside air temperature
Normal acceleration
Angle~of-sideslip

Time of day

Record counter

3. The following parameters were recorded on magnetic tape:

Time code

Record number

Fuel used

Airspeed (boom)

Altitude (boom)

Airspeed (ship)

Altitude (ship)

Main rotor speed

Outside air temperature
Angle-of-sideslip
Angle~of-attack

Engine torque

Turbine outlel temperature
Gas producer speed

Power turbine outpul shaft speed
Fuel flow rate
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FIGURE C-1
BOOM SYSTEM AIRSPEED CALIBRATION
JOH-58C USA S/N 70-15349

SYM  AVG AVG CG AVG AVG AVG FLIGHT
GROSS LOCATiON DENSITY OAT ROTOR  CONDITION

WO M o

(0] 2940 108.1 0.0 6020 20.5 354 LEVEL
o 2880 107.8 0.0 5980 20.5 354 CLiMB
. 2%00 107.9 0.0 5920 20.5 3534  AUTOROTATION

NOTES: 1. CONFIGURATION: CLEAN, DOORS ON
2. TRAILING BOMB METHOD

8 10  ag e * 14 Lanae o]
o~  dad 1 T pes aie: tF
on T >
- - i B e gt s gt 3
sg S  EEHHAR T s 2 : ihafi

s s2but H 1o 332 bed 4
N’ 1 TFT T
o 1 i+ Stk e =
°g 0 <
g r T

1
w
31

<]
o

14 frmne TRy sua o (20 Rs SavuT AU Touwy 00wy ¢y g T T
1 dd b5 daviUa ¢deae tunel tduud 1044 he 4l 44 1 14 &
186 6000 PO dd0iua e LHUNE EARIE LOUTI Iuse SR00E dubad a4 by 4 b eR 840 ¢
E et --d- . .-
\sueéane T z
s 3 4 aus et b 4
& e 4800 .

poy
11

8

$ssiiaial gon
- :
o
o]
-y
2

po4es 1

CALIBRATED AIRSPEED (KNOTS)
8
=

20 & s :
i ¢ it ] M ifiddit: il R
e HERIETHL R il

o ] :;'i shiigt I “ i

0 20 40 60 80 00 120
INDICATED AIRSPEED (KNOTS)
29




Control positions
Longitudinal
Lateral
Directional
Collective
Aircraft attitudes and rates
Pitch
Roli
Yaw
Aircraft vertical center of gravity acceleration
Directional SAS actuator position
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

GENERAL

1. Stability and control data were collected and evaluated using standard test methods as
described in reference 9, appendix A. Definitions of deficiencies and shortcomings used
during this test are shown below,

a. Deficiency. A defect or malfunction discovered during the life cycle of an item of
equipment that constitutes a safety hazard to personnel; will result in serious damage to
the equipment if operation is continued; or indicates improper design or other cause of
failure of an item or part, which sericusly impairs the equipment’s operational capability.

b. Shortcoming. An imperfection or malfunction occurring during the life cycle of
equipment which must be reported and which should be corrected to increase efficiency
and to render the equipment completely serviceable. It will not cause an immediate
breakdown, jeopardize safe operation, or materially reduce the usability of the material or
end product.

Airspeed Calibration

2. The boom and ship’s pitor-static systems were calibrated using the trailing bomb
method to determine the airspead position error. Calibrated airspeed (Veqs) was obtained
by correcting indicated airspeed (V;) using instrument (AV,c) and position (8Vpe) error
corrections. .

Veat = Vi ¢ AVie + AVp (1)
Alrcraft Weight and Balance

3. Prior to testing, the aircraft gross weight and center of gravity (cg) location were
determined using calibrated scales. The aircralt was weighed with full instrumentation
onboard and without fuel. The aircraR weight was 2313 pounds with a longitudinal ¢g
location at fuselage station 114.49. A fue! cell, site gage, and cockpit fuel gage
calibration was accomplished. The fuel weight for each test flight was determined priot to
engine start by using the calibrated sight page.

4. The Handling Quatities Rating Scale presented in figure D-1 was used to augment
pilot comments relative to handiing qualities and workload.

$. The Vibration Rating Stale presented in fligure D-2 was used to augment pilot
comments telative to vibrations.
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HANDLING QUALITIES
Control System Characteristics

6. These tests were concfucted on the ground with hydraulic and electrical power
provided by ground power units. A hand-held force gauge was used to measure the force
required to move the cyclic control in incremental displacements to the limits of travel.
Hysteresis was checked by taking measurements in the increasing and decreasing force
directions. The force gauge was also used to measure the force required to move the
directional and the collective controls in incremental displacements to the limits of travel
in both directions.

Static Lateral-directional Stability

7. These tests were accomplished by trimming the aircralt in coordinated flight at the
desired conditions. With collective control fixed, the aircraft was then stabilized at
incremental sideslip angles up to 20 degrees left and right of trim while maintaining steady
heading at the trimmed airspeed.

Maneuvering Stability

8. The variauon of longitudinal control position and force with normal acceleration was
determined during steady turns. The test consisted of incrementally increasing normal
acceleration (load factor) while holding colleciive position constant. Steadly turns, in both
directions, were accomplished by stabiliting and teimming in tevel unaccelerated fight at
the desired test alrspeed. Load factor was increased by incrementally increasing bank
angle. Ball-centered, constant airspeed, and fixed collective control were maintained
during the turn, Rotor speed was not adjusted during the turn. Data were gathered
within 1000 feet of the specified test altide.

Dynamic Stability

9. These tests consisted of evaluating both the short-term and long-term responses of
the aircraft, The tests were performed with the directional stability augmentation system
(SAS) ON and OFF. Short-term response testing was accomplished by left and right
directional contro) pulse inputs. ‘The pulse input was obtained by rapidiy displacing the
control approximately 1 inch, holding for 0.5 second, then rapidly returning to the uim
position and holding until aircraft motions were damped of recovery was required. All
other controls remained fixed during forward flight tests. Trim conditions for low-speed
dynamic stability tests were established as  described under Low-xpeed Flight
Characteristics, paragraph 13, Only the collective control remained fixed during
low-speed dynamic stability tests.

10. Spiral stability was evaluated by stabiliving and trimming the aitcraft in level
unaccelerated flight.  With lateral and collective fixed, a § degree bank angle teft and
right was established using directional contro! only. Once a bank angle was established,
the directional controls were returned w the trismed position and fixed wln!e the
resultant aircraft response was observed.

1)




11.  Long-term stick-fixed longitudinal stability characteristics were evaluated by
displacing the aircraft from trim airspeed approximately 10 knots. The technique
consisted of reducing airspeed below the trim value using cyclic control, then returning
the cyclic control to the original trim position and observing the resulting aircraft
response.

Controllability

12. Controllability tests were accomplished by applying left and right directional step
inputs of up to 1 inch. The step input was made by rapidly displacing the contro! from
trim, against the observer's foot. The input was rigidly held until a steady rate was
obtained or recovery was necessary. A build-up of increasing step displacement was
conducted. Collective control was held fixed. Hover and low-speed tests were
conducted in winds of § knots or less at skid height of 10 feet.

Low-speed Flight Characteristics

13. Testing was accompushed using the ground pace vehicle method in winds of § knots
or less. Tests were flown in not Jess than § knot increments {rom hover to 30 KTAS. All
tests were conducted by stabilizing at a skid height of approximately 10 feet. The pace
vehicle then established the desired speed using a calibrated fifth wheel for a reference
ground speed. The test aircraft was flown in formation with the pace vehicle utilieing
ground reference and horizontal situation indicator for heading stabilization. Data were
recarded when the relative motion between the aircraft and pace vehicle was zero and the
radar altimeter indicated no vertical displacement from the desired skid height.

14, Low-speed flight characteristics effects on yaw rates were accomplished by
stabilicing on the 270 and 090 degree relative azimuths as described in paragraph 27. A
teft or right yaw up to 20 degrees/second was cstablished; then, both collective and pedal

conttols were fixed while in the 120 w 240 degree relative azimuth region. Cyclic was
used as necessary to mainiain pace speed. Recovery from the yaw rate was initiated at the
tegion boundary. Recovery was comploted prior to passing the 360 degrec relative
aeimuth,

Teim Changes With Power Effects

15. These tests were conducted by stabilizing the aircraft in a maximum power climb at
the desired trim airspeed and sideslip with the SAS OFF. Collective control was gradually
teduced while airspeed and sidestip were mainiained until the rate of descent veached
- 100D teet per minue.

Mission Maneuvers

16. Mission mancuvess wete conducted in actordance with the OH-58 helicopter ATM
(rel 11, app A).
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APPENDIX E. TEST DATA

Figure Figure Number
Control System Characteristics E-1 through E-3
Static Lateral-Directional Stability E-4 through E-9
Maneuvering Stability E-10
Dynamic Stability E-11 through E-151
Controllability E-152 through E-157
Low-Speed Flight E-158 through E-208
Trim Changes with Power Effects E-209 through E-216
Mission Maneuvers E~217 through E-254
.Pitot-Static Calibration : E-253
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FIGURE E-2

LONGITUDINAL CONTROL SYSTEM CHARACTERISTICS
JOH-58C USA S/N 70-15349

NOTES: 1. ROTORS STATIC

2. FORCES AND POS!ITIONS MEASURED AT CENTER OF
CONTROL GRIP

3. HYDRAULIC AND ELECTRICAL POWER PROVIDED BY
EXTERNAL POWER SOURCES

4. HYDRAULIC SYSTEM ON

S. STABILITY AUGMENTATION SYSTEM ON

6. LATERAL CONTROL POSITION = 5.6 INCHES
FROM FULL LEFT

7. FORCE TRIM ON, ADJUSTABLE CYCLIC FRICTION OFF

8. TOTAL LONGITUDINAL CONTROL TRAVEL = 11.7 INCHES
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FIGURE E-3

LATERAL CONTROL SYSTEM CHARACTERISTICS
JOH-58C S/N 70-15349

NOTES: ROTORS STATIC

1

2. FORCES AND POSITIONS MEASURED AT CENTER OF
CONTROL GRIP

3. HYDRAULIC AND ELECTRICAL POWER PROVIDED BY
EXTERNAL POWER SOURCES

4. HYDRAULIC SYSTEM ON

5. STABILITY AUGMENTATION SYSTEM ON

6. LONGITUDINAL CONTROL POSITION = 4.5 INCHES
FROM FULL FORWARD

7. FORCE TRIM ON, ADJUSTABLE CYCLIC FRICTION OFF

8. TOTAL LATERAL CONTROL TRAVEL = 10.0 INCHES
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FIGURE E-4

STATIC LATERAL-DIRECTIONAL STABILITY
JOH-58C S/N 70-15349

AVG AVG €6 AYG AVG AYG AYG

GROSS LOCATION DENSITY OAT  ROTOR  CALIBRATED

WEIGHT  LONG LAT. ALTITUDE SPEED  AIRSPEED
(tB)  (FS) (8L) (FT)  (DEG C)  (RPM) (KN907TS)

2910 107.9 0.1 LY 6160 19.0 355

NOTES: 1. CONFIGURATION: CLEAN, DOORS ON, SAS ON
2. LEVEL FLIGHT
3. SHADED SYMBOL DENOTES TRIM
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FIGRE E-5

STATIC LATERAL-DIRECTIONAL STABILITY
JOH-58C S/N 70-15349

AVG AVG €6 AVG AVG AVG AVG
GROSS LOCAT 10N DENSITY OAT  ROTOR CALIBRATED
YEIGHT  LONG LAT  ALTITUDE SPEED  AIRSPEED
(18)  (Fs) (BL) (F1)  (pec c¢) (RPM)  (KNOTS)
2870  107.8 0.1 LT 6270 18.5 354 95

NOTES: 1. CONFIGURATION: CLEAN, DOORS ON, SAS OFF
2. LEVEL FLIGHT
3. SHADED SYMBOL DENOTES TRIM
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FIGURE E-6
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FIGURE E-7

STATIC LATERAL-DIRECTIONAL STABILITY
JOH-58C S/N 70~15349

AVG AVG €6 AYG AVG AYG AYG

GROSS LOCAT ION DENSITY OAT  ROTOR CALIBRATED

VEIGHT  LONG LAT.  ALTITUDE SPEED  AIRSPEED

(18)  (FS) (8L) (FT)  (DEG C) (RPM)  (KNOTS)

2960  108.1  -0.1 LT 5970 18.0 354 63
NOTES: 1. CONFIGURATION: CLEAN, DOORS ON, SAS OFF

2. LEVEL FLIGHT
3. SHADED SYMBOL DENOTES TRIM
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FIGURE E-8

STATIC LATERAL-DIRECTIONAL STABILITY IN CLIMBING FLIGHT
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FIGURE E-10
MANEUVERING STABILITY
JOH-58C S/N 70-15349
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LEFT DIRECTIONAL PULSE INPUT - 240 DEGREE AZIMUTH
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RIGHT DIRECTIONAL PULSE INPUT - 270 DEGREE AZIMUTH
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FICRE:" E-146
SPIRAL STABHLITY

JOM-SBC-USA: SN 70-15349
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FIQRE E-147
SPIRAL STASILITY

JOH-5BC USA S/N 70-15348
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FIGURE E£-149
LONGI TUDINAL LONG-TEFl RESPONSE
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FIGURE E-~152

DIRECTIONAL CONTROLLABILITY - HOVER
JOH-58C USA S/N 70-15349

SYM AVG GG TRIM AVG TRIM TRIM STABILITY
GROSS LOCATION DENSITY 0AT ROTOR TRUE AUGMENTAT |ON
¥EIGHT  LONG LAT  ALTITUDE SPEED  AIRSPEED SYSTEM
(18S) (FS) (8L) (FT)  (0EG C)  (RPN) (KNOTS)

0] 2940 108.1  0.3L7 2400 15 354 0 ON

A 2940 108.0 0.2L7 2500 16 354 0 OFF
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LEFT RIGHT
OIRECTIONAL CONTROL DISPLACEMENT FROM TRIM {INCHES)
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FIGURE E-153

DIRECTIONAL CONTROLLABILITY - 090 DEGREE AZIMUTH
JOH-58C USA S/N 70-15349

SYM  AVG ¢6 TRIM  AVG  TRIM TRIN STABILITY
GROSS LOCATION ~ DENSITY ~ OAT  ROTOR  TRUE  AUGLENTATION
WEIGHT  LONG  LAT  ALTITUDE SPEED  AIRSPEED  SYSTEM
(tBS)  (FS)  (BL) (FT)  (DEG C) (RPM)  (KNOTS)

2890 108.5 0.0 3300 19.0 354 10 ON
2880 108.4 0.9 3350 19.5 354 10 OFF
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0.59 S5 (e ?‘*gfi?§¥-ffffﬁ”*iL“:r:a“;“”

(SEC)

TIME 1O
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(OEG/SE

[
1

(

YAW ATTITUDE AFTER
NE SECOND
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o S
S | '

LY

60+

RT

(DEG/SECOND)
e

YA¥ RATE AFTER
ONE SECIND

LY
3
[

2 ) 0 1 2
LEFT RIGHY
DIRECTIONAL CONTROL DISPLACEMENT FROM TRIM (INCHES)
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FIGURE E-154

DIRECT{ONAL CONTROLLABILITY - 090 DEGREE AZIMUTH
JOH-58C USA S/N 70-15349

SYM AVG CG TRIM AVG TRIM TRIM STABILITY
GROSS LOCATION DENSITY OAT ROTOR TRUE AUGMENTATION
WEIGHT  LONG LAT  ALTITUDE SPEED  AIRSPEED SYSTEM
(1BS)  (Fs) (BL)  (F1) (pEc c) (RPM)  (KNOTS)

Q 2920 106.9 0.0 3250 18.0 353 15 ON

A 2910 106.8 0.0 3300 18.5 353 15 OFF
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FIGURE E-135

DIRECTIONAL CONTROLLABILITY - 090 DEGREE AZIMUTH
JOH-58C USA S/N 70-15349

SYM AVG cG TRIM AVG TRIM TRIM STABILITY
GROSS LOCATION DENSITY OAT ROTOR TRUE AUGMENTAT!ON
WEIGHT  LONG LAT  ALTITUDE SPEED  AIRSPEED SYSTEM
(1BS) (FS) (8L) (FT) (DEG C) (RPW) (KNOTS)

O 2900 106.8 0.0 3200 18.0 353 20 ON

A 2930 106.5 0.0 3200 18.0 353 20 OFF
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FIGURE E-156
DIRECTIONAL CONTROLLABILITY - 270 DEGREE AZIMUTH
JOH-58C USA S/N 70-15349

SYM  AVG 6 TRIM  AVG TRIM TRIN STABILITY
GROSS LOCATION DENSITY QAT ROTOR TRUE AUGNENTAT ION
WEIGHT  LONG LAT  ALTITUDE SPEED  AIRSPEE SYSTEM
(18S)  (FS) (BLY  (¥T) (DG C) (RPM)  (KNOTS

O 2910 106.4 0.0 2280 18.5 354 10 ON
A 2890 106.4 0.0 3380 19.5 354 10 OFF
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FIGURE £-158
LOW SPEED FLIGHT
180 AND 360 DEGREE AZIMUTH
JOH-58C  S/N 70-15348

AVG AVG CG AVG AYG AYCG XiC
G?OS? LOCATY m\lw_ %lﬁ{"ﬁ OAT ROT(ER HEIGHT
WO B M e B e
2970 107.7 0.0 3380 19.% As4 10

NOTTS: L. CONFIGURATION: CLEAN, DOORS ON, SAS ON
2. I DENOTES CONTROL AND AYTITUDE EXQRS NS
3. BIND CORDITIONS: 8 KNOTS OR LESS
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& 0
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F IGURE E-158
LON SPEED FLIGHT
180 AND 360 DEGREE AZ IMUTH
JOH-58C S/N 70-15349

AVG AVG CG AVG AVG AVG XID
CI[?OS? LOCATION AT %Pﬁ]{“’ OAT Rotéﬂ HE IGHT
OB B M e T
2870 107.7 0.0 3380 19.% 354 10
NOTCS: CONF IGURATION: CLEAN, DOORS ON, SAS ON

1.
2. I DENOTES CONIROL AND ATTiTUDE EXCURSIONS
3. WIND CONDITIONS: 8 KNOTS OR LESS

© TOTAL COLLECT IVE CONTRGL TRAVEL = 12.8 INCHES

TOTAL LONGITUGINAL CONTRDL TRAVEL « 11,7 INCHES

LONG S TUL/ WAL
COIRCL POSITION

(

IRE HPSERED (KNOTS)

16d




FIGURE E-159
LOW SPEED FLIGHT
180 AND 360 DEGREE AZ IMUTH
JOH-58C S/N 70-15349

AVG AVG CG VG XD
G?Oﬁ‘ LOCATY o ROTW HE IGHT
bty J 51 tm ?nk"‘ (0€6 ©) ?’wi en
270 107.7 19.5
NOTES: CONF | GURAT ION: CLEAN, DOORS ON,

1. SAS OF
2. I DENOTES CONTROL AND mnwe cxmmc
3. WIND CONDITIONS: 5 KNOTS OR LESS

7 8 " EE EEEEsERREH
38 B R =
EER o , EiEE e T
= B EHE EERDLEEESuEERC R

TOTAL CCLLESTIVE CONIRGL !R»\\Il. - 12.6 nm‘s

FR

: ,_.l ;‘. 5 A5 HY S Bin s i “L éz'?t
lOMl manmwt mﬂl TRAVEL » \l 7 lm

R

IOIM lel CONIRY, ¥

DINECTIONAL

CONTROL POS 1T 100
INOES FRoM

RE AIRIEED (10018)
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FIGRE E-180

LOW SPEED FLIGHT
45 DEGREE AZiIMUTH
JOH-58C S/N 70-15349

AVG AVG K10
0AT ROYm HE 1GHY

GROSS LOCAT IO MY
'ELS 1?5 Bl) (FTS‘Z (0eG C) ?EE? (")

230 107.2 0.0 16.%

NOTES: 1 CONF IGURATION: CLEAN, DOORS ON,
. I DENOTES CONTROL AND ATT)TUDE EXGRSIN
3. WIND CONDITIONS: 8 KNOTS OR LESS

IME AIRSPEED (K0N01S)
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FIGURE E-161
LO¥ SPEED FLIGHT
45 DEGREE AZIMUTH
JOH-38C S/N 70-15349

AVG KI0
0AT RO'I(R HEIGHT

AYG AVG CG

G'ms LOCATION Al Al

b TR S M“ (kG ) Led) W
2080

107.1 0.0 18.% 354

NOTES: 1 mumnou CLEAN, DOORS ON, SAS OFF
S CONTROL AND ATTITUOE EXCURSIONS
3 ma mmous 3 KNOTS OR LESS

} "hu'i’é!i!:ﬁzi;'. b il
6 0 i O o 5 0

'OYM lel W‘m ﬂl\!l » m,o lm
-] .7 i RRE R EE ;x" = HE

TRE AIRILD (10018)
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FIGURE E-162
LOW SPEED FLIGHT

270 AND 90 DEGREE AZIMUTH
JOH-58C S/N 70-15349

AVG AVG CC AV AVG XiD

G?O% LOCAT 1ON AT (AILN?HIYE OAT ROTOR  HEIGHT
%W B MEE o B en
2080 107.2 0.0 3400 20.0 355 10

NOTES: 1. CONFIGURATION: CLEAN, DOORS ON, SAS ON
2. T DENOTES CONTROL AND ATTITUDE EXCURSIONS
3. WIND CONDITIONS: & KNOTS OR LESS

TOTAL COLLECTIVE CONTROL TRAVEL = 12.€ INCHES

~ap it

ONGI TUDINAL CONTROL TRAVEL » 11,7 INGHES

IRAVEL » 10.0 1INCHES

L q
.  BE

NOHES

EEBES
N B

)
IR AIRSELD (XO1S)
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FIGRE E£-163
LOW SPEED FLIGHT
270 AND 90 DEGRCE AZIMUTH
JOH-58C  S/N 70-15349

AVG AVG CG AYG AVG «KIiD
G?OS? LOCATION AT DEMHY OAT ROTOR HINT
‘iu'i? k?g ?Bt) MDE (ncc c) ?{Eg (FT)
2970 107.2 0.0 310 10

NOTES: 1. CONFIGURATICN: CLEAN, OOORS ON, SAS OF
2. T DENOTES CONiROL AND ATTITUDE EXGRSIQG
3. WIND CONDITIONS: 8 KNOTS OR LESS

10
TR AIRSPEED (KNOIS)
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FIGURE E-164

LOW SPEED FLIGHT

120 DEGREE AZIMUTH

JOH-58C  S/N 70~15349

AVG C6

LOCAT 1N .
A )
108.4 0.0
NOTES:

WIGLRATIW CLEAN, DOORS ON,

AVG
CAT

AYG SKiD
ROTOR  HEIGHT

Y
ZFYSH (o€ ¢) ?pzcs) (")

3290

19.0

SAS ON

2 I DENOTES CONTRGL AND ATTITUDE EXCURS | ONS
3. UINO CONDITIONS: 3 KNOTS OR LESS

|

COLLECTIVE CON

94

f

Otal LATERM

RN ERERE

TRE AIRSED {(0w01S)
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FIGRE £-185

LOW SPEED FLIGHT
120 DEGREE AZ IWUTH
JOH-58C  S/N 70-15349

AVG AVG CG AYG AVG AVG KiD
G?O&l LOCATION Al %;‘?‘UYC 0AY ROTm HE IGHY
% W B MY o ?“? "1
2980 108.3 0.0 3280 18.5 10

NOTES: 1 CONFIGURATION: CLEAN, DOORS ON, SAS OFF
I DENOTES COXTROL AND ATTITUDE EXCURSIONS
3 UHO CONDITIONS: § «NOTS OR LESS

1374

foe

j,___‘_‘

} P S O
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10TAL

0 ) 2 3 0
TR AIRSPEED (1G01S)

200




o~ B 10+
<« = 4o
—~ 10
9
s,
% 75

]
yoBg
§§gg 8+
ag,.,é .
g3
§ o
iy v

AVS

3020

FIGURE E-166
LOW SPEED FLIGHT
150 DEGREE AZIMUTH
JOH-58C  S/N 70-15349

AVG CG AVG
LOCATI ROIOR "El@‘"
1 ?at) (rrﬁ“ (0Es <) 5(' = S
108.1 0.0 3730 23.0 10
NOTES: CONF IGURATION: CLEAN, DOORS ON,

1. SAS ON
2. I DENOTES CONTROL AND k'l!l'ltli 'EXCURS1ONS
3. WIND CONDITIONS: 3 KNOTS OR LESS

1

OTAL COLLECTIVE CONTROL TRAVEL » 12.8 INCHES

J=1n l !rL . i B

S X a
Ry P
af

TRE AIRSFEID (KNOTS)
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FIGURE E-167

LOW SPEED FLIGHT
150 DEGREE AZIMUTH
Ja 580 S/N 70-15349

AVG AVG AVG XIiD

Nim LOCA Y Rmm HEIGHT
uitof ??'s‘? ?at) (n3“ (nzo ¢ f Ay en
300 108.1 0.0 3170 23.0

NOTES: oomcmr ION: CLEAN, DOORS ON, SAS OF
NOTES CONTROL AND ATYITUDE Exusms
mo CONDITIONS: 9 KNOTS OR LESS

L} La 5;:‘_" T g

2
TR AIRSCED (10018)
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FIGRE E-168

LOR SPEED FLIGHT
210 DEGREE AZIMUTH
JOH-53C  S/N 70-1549

AVG AYG AVG AVG AVG XD
GROSS LOCAT 0Al ROTOR  HEIGHT

%
\ R TP et Sip oo
'iu‘ﬁ" s tal) (F1 {0EG €} ?wg (F7)
3020 107.2 0.0 4070 25.9 355 0
NOTES: 1. CONFIGURATION: CLEAN, DOORS ON

. SAS M
- 2. T DENQTES CONTROL AND ATTITUGE EXQURSIONS
J. BIND CONDITEORS: & KNOTS OR LESS -

. _ _'_" 3 L;i‘.', «. S B 3 \.
. ST A LONGITUDINAL CONTROL TRAVEL » 11,7 IHOES
85

B

5 ¢
s =7
SR o

§a§g 1
sg;ﬁ 2
% 4

%
TAE AMRPELD (OOIS)
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FIGRE E-169
LOW SPEED FLIGHT
210 DEGREE AZIMUTH
JOH-58C SN 70-15349

oChion w0 RO mcﬂt
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FIGURE E-170

LOW SPEED FLIGHT
225 DEGREE AZIMUTH
JOH-58C S/N 70-15349
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FIGURE E-171
LOW SPEED FLIGHT
225 DEGREE AZIMUTH
JOH-58C S/N 70-15349
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FIGURE €-172

LO¥ SPEED FLIGHT
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FIGRE E-173

LO¥ SPEED FLIGHT
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FIGURE E-174
LON SPEED FLIGHT
280 DEGREE AZIMUTH
JOH-58C /N 70-15349
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FIGURE E-178
LOW SPEED FLIGHT
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JOH-58C S/N 70-15349
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FIGURE E-176
LO¥ SPEED FLIGHT
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FIGURE E-177

LO¥ SPEED FLIGHT
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NOTES: 1. CONFIGURATION: CLEAN, DOORS OM, SAS CFF
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3. WIND CONDITIONS: 5 KNOTS OR LESS
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FICLRE E-178

LO¥ SPEED FLIGHT
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FIGRE E-179

LOW SPEED FLIGHI
300 DEGREE AZIMUTH
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FIGRE E£-180

LOW SPEED rLIGHT
310 DEGREE AZIMUTH
JOH-58C  S/N 70-15349
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FIGURE E-181
LOW SPEED FLIGHT
310 DEGREE AZIMUTH
JOH-58C S/N 70-15349
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FIGRE E-182
LOW SPEED FLIGHT
320 DEGREE AZIMUTH
JOH-58C  S/N 70-15349
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3. WIND CONDITIONS: 3 KNOTS OR LESS
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FIGRE E-183
LOW SPEED FLIGHT
320 DEGREE AZIMUTH
JOH-58C S/N 70-15349
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FIGURE E-184

LOW SPEED FLIGHT
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FIGURE E-188

LOW SPEED FLIGHT
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FIGURE E-188
LOW SPEED FLIGHT
340 DEGREE AZIMUTH
JOH-58C S/N 70-15349
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FIGURE E-187

LOW SPEED FLIGHT
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DIRECT IONAL
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FIGURE E-188

LOW SPEED FLIGHTY
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AVG AYG_CG AVG AVG AV SKID
GROSS LCATION | DEMSITY  OAT  ROTOR  HEIGHT
'Els tgg tBl) (FTSD: (€S ¢) Ewg (FN)
2960

106.7 0.0 4120 26.0 353 10

NOTES: 1 CONFIGRATIN CLEAN, DOORS ON, SAS ON
DENOTES CONTROL AND ATT ITUDE EXGRSIGS
3 mo CONDITIONS: § KNOTS OR LESS

TOTAL COLLECTIVE CONTROL TRAVEL = 12.6 INCHES

L'—LLJ Hidl {1 13N
TOTAL DIRECTIONAL CONTROL TRAVEL = 5.0 INCHES

0 10 20 30 40
TRUE AIRSPEED (KNOTS)
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FIGURE E-189

LOW SPEED FLIGHT
350 DEGREE AZIMUTH
JOH-58C S/N 70~15349

AVG AYG CG AVG AVG AVG XID
G?Oﬁt LOCATION AT %?ﬁ%“ 0AT ROTOR HEIGHT
%o S B M oo W e
2060 108.7 0.0 4120 28,0 353 10
NOTES: 1 mlaﬁ“lm CLEAN, DOORS ON,

SAS OFF
NOTES CONTROL AND MTITL(E EXCURS ! ONS
3 mo CONDITIONS: 5 KNOTS OR LESS
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FIGURE E£-190

LOW SPEED FLIGHT
120 DEGREE AZIMUTH
JOH-58C S/N 70-15348

AVG
OAT ROTm HE lGﬂ

AYG AVG CG
JGHY ROCATION AT M.
1R 2 S ) MF mm>?ﬂ @
2050

107.9 0.0 3760 2.8

NOTES: 1 comcuunou CLEAN, DOORS OFF
. T DENOTES CONTROL AND nnwe éxu.nsmus
3 VIND ccmmous 5 KNOTS OR

g,, £ 10+
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<~ = 104
o~ & 104
g
LN N Seaie rusen
10-
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5 2 GEa o e
TOTAL LONGI TUDINAL OM'IROL TRAVEL - 11 7 tms
& 9
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§EE§ & .
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ggan | el i
%= wmmwmﬁmmmmmm& A
g o T T
TOTAL LATERAL CONTROL TRAVEL « 10.0 INCHES
g &Y 1 1 D B
2. 4 A 5 e B BB S
-EE BB B SRR LA B
BEgd o IEREEET LGSR
=83 i e e A e i
sged | S R B
Sal [ ) e O
5 o B L e e R B
TOTAL DIRECTIONAL CONTROL TRAVEL = 8.0 INCHES
g EY A R N
gl ST R
358 T e
EpeR . T
58 A A O OB A M
BEG . 00 L A
= A B
5 o I O

10
TRUE AIRSPEED (KNOTS)
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FIGURE E-191
LOW SPEED FLIGHT
180 DEGREE AZIMUTH
JOH-58C S/N 70-15349

«I0
RO!G! HEIGHT

'?t“)" ?"‘? i &) (n&”‘ <oco 0 T“? en

107.8 0.0 2.0

NOTES: 1. comcuumu CLEAN, DOORS OFF, SAS ON
2. T DENOTES CONTROL AND mnw: EXCURS 1 ONS
3. WIND CONDITIONS: 5 KNOTS OR L
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DIRECTIONAL
o(:mm POSITION

FIGURE E-192
LOW SPEED FLIGHT
240 DEGREE AZIMUTH
JOH-58C /N 70-15349

AVG AVG CG AVG SKID
0AY ROTOR HEIGHT

'ﬁ? ??sémmié{) fn?‘ (o€ ©) ?"E? e

2950 107.4 0.0 3960 4.5

NOTES: I commnou CLEAN, DOORS OFF, SAS ON
DENOTES CONTROL AND ATTITUOE EXCURSIONS
§: RIND CUADIT OS5 KHOTS OR - LESS
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F IGURE E-209
DIRECT IONAL TRIM CHANGES WITH POWER
JOH-58C S/N 70-15348

SYM AVG AVG CG AVG AVG AVG AVG AVG
GROSS LOCATION DENSITY 0AT ROTOR CALIBRATED SIDESLIP
WEIGHT LONG LAT  ALTITUDE SPEED  AIRSPEED
(LB)  (FS) (8L) (FT) (CEG C) (RPM) (KT) (DEG)

0] 3030 108.0 0.2 LT 7370 19.5 357 30 30 LT

A 3050 108.1 0.2 LT 8090 18.5 357 31 21 L7

Q 3060 108.2 0.2 LT 8080 18.5 358 31 10 LT

x 3090 108.3 0.2 LT 7620 19.0 355 30 0

2 3090 108.8 0.2 LT 7670 21.5 358 33 9 RT

% 3080 108.8 0.2 LT 7290 22.0 357 32 20 RT

& 3080 108.7 0.2 LT 7150 22.5 356 33 30 RT
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2.0 _NOTES:
1. CONFIGURATION: CLEAN,
-~ DOORS ON, SAS OFF
-2, DATA POINIS TAKEN DURING  —f-i-
1.6 |-  GRADUAL REDUCTION OF POWER 1
’ WHILE ATTEMPTING T0 MAINTAIN | -
™ AIRSPEED AND SIDESLIP TTTT
3. RATE OF CLIMB/DESCENT ALLOWED -t—1T1- 11151
< O, VAR, ¥ H ER o
S 4.2 o T O O O ) l Lolad 4 g asdssds) o &
0 20 60 80 100
IMZ TORQUE
PERCENT)
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FIGURE E-210
DIRECTIONAL TRIM CHANGES WITH POWER
JOH-58C S/N 70-15349

SYM AVG AVG CG AVG AVG AVG AVG AVG
GROSS LOCATION DENSITY 0AT ROTOR CALIBRATED SIDESLIP
WEIGHT LONG LAT  ALTITUDE SPEED  AIRSPEED
(LB) (FS) (BL) (FT) (DEG C) (RPN) (KT) (DEG)
o 3040 107.9 0.2 LT 7870 18.5 358 39 31 LT
A 3040 107.9 0.2 LT 8460 18.0 358 40 21 L7
< 3050 108.0 0.2 LT 8450 18.0 358 40 11 LT
B 3010 108.1 0.2 LT 8130 19.0 358 41 0
X 3070 108.1 0.2 LT 8280 18.5 358 40 10 RT
- 4 3070 108.1 0.2 LT 8070 19.0 357 39 21 RT
S 3060 108.0 0.2 LT 8420 18.5 357 40 30 RT
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DSRECT {ONAL CONTROL POSITION
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2.4
2.0 NTES: | ERRENE RN
. CONFIGURATION: CLEAN, , %
—  DOORS ON, SAS OFF IEE R i ;

_2. DATA POINIS TAKEN DURING

1.6 |- GRADUAL REDUCTION OF PONER
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FIGURE E-211
DIRECTIONAL TRIM CHANGES WiITH FOWER
JOH-58C S/N 70-15349

SYM  AVG AVG CG AVG AVG AVG AVG AVG
GROSS LOCATION DENSITY 0AT  ROTOR CALIBRATED SIDESLIP
WEIGHT LONG LAT  ALTITUOE SPEED  AIRSPEED
(1B)  (FS) (8L)  (FT)  (DEG C) (RPM) (K1) (DEG)

© 3080 108.1 0.2 LT 7690 19.0 358 51 32 LT

A 3100 108.2 0.2 LT 8250 18.0 358 52 21 U1

o 3110 108.2 0.2 LT 7100 18.5 358 51 1 L7

® 3130 108.3 0.2 LT 7920 19.0 359 51 2 L7

n 3120 108.3 0.2 LT 8520 18.0 358 52 10 RT

& 3120 108.3 0.2 LT 7930 18.5 358 52 21 R1

& 3110 108.2 0.2 LT 7710 19.0 357 51 30 RT
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FIGURE E-228
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FIGURE E-255
SHIP SYSTEM AIRSPEED CALIBRATION
JOH-58C USA S/N 70-15349

SYN  AVG AVG CG AVG AVG AVG FLIGHT
GROSS LOCAT 1ON DENSITY ~ OAT  ROTOR  CONDITION
YEIGHT  LONG LAT  ALTITUDE SPEED

(t8)  (FS) (8L (FT) DEG C)  (RPN) .

2940 108.1 0.0 6020 20.5 354 LEVEL
2880 107.8 0.0 5980 20.5 354 CLIMB
2300 107.9 0.0 5920 20.5 354  AUTOROTAT:ON

NOTES: 1. CONFIGURATION: CLEAN, DOORS ON
2. TRAILING BOMB METHOD ' '
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DISTRIBUTION

HQDA (DALO-AV)

HQDA (DALO-FDQ)

HQDA (DAMO-HRS)

HQDA (SARD-PPM-T)

HQDA (SARD-RA)

HQDA (SARD-WSA)

US Army Material Command (AMCDE-SA, AMCDE-P, AMCQA-SA,
AMCQA-ST)

US Training and Doctrine Command (ATCD-T, ATCD--B)

US Army Aviation Systems Command (AMSAV-§, AMSAV=-Q,
AMSAV-MC, AMSAV-ME, AMSAV-L, AMSAV-N, AMSAV-GTD)

US Army Test and Evaluation Command (AMSTE-TE-V, AMSTE-TE-0)

US Army Logistics Evaluation Agency (DALO-LEI)

US Army Materiel Systems Analysis Agency (AMXSY-RV, AMXSY-MP)

US Army Operational Test and fivaluadon Agency (CSTE-AVSD-E)

US Army Armor Schoo! (ATSB-CD-TE)

US Amy Aviation Center (ATZQ-D-T, ATZQ-CDC-C, ATZ.Q—TSM-A.
ATZQ-TSM=-§, ATZQ~TSM~LH)

US Army Combined Arms Center (ATZL-TIE)

US Army Safety Center (PESC-SPA, PESC-SE)

US Army Cost and Economic Analysis Center (CACC-AM)

US Army Aviaticn Research and Technology Activity (AVSCOM)

NASA/Ames Research Center (SAVRT-R, SAVRT-M (Library)
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US Army Aviation Research and Technology Activity (AVSCOM)
Aviation Applied Technology Directorate (SAVRT-TY-DRD,
SAVRT-TY-TSC (Tech Library)

US Army Aviation Research and Technology Activity (AVSCOM)
Aeroflightdynamics Directorate (SAVRT-AF-D)

US Army Aviation Research and Technology Activity (AVSCOM
Propulsion Directorate (SAVRT~PN-D)

Defense Technical Information Center (FDAC)

US Military Academy, Department of Mechanics (Aerc Group Director)

ASD/AFXT, ASD/ENF

US Army Aviation Development Test Activity (STEBG-CT)

Assistant Technica! Director for Projects, Code: CT-24 (Mr. Joseph Dunn)

6520 Test Group (ENML)

Commander, Naval Air Systeras Command (AIR 5115B, AIR §301)

Defense Intelligence Agency (DIA-DT-2D)

School of Aerospace Engineering (Dr. Daniel P. Schrage)

Hoadquarters United States Army Aviation Center and Fort Rucker
(ATZ2Q-ESO-L)

Commander, US Army Aviation Systems Command (AMSAV-EA)

Commander, US Army Aviaton Systems Command (AMSAV-EIO)

Commander, US Army Aviation Systems Command (AMSAV-LOH)

[




