
AEFA Project No. 86-22

00
LOSS OF TAIL ROTOR EFFECTIVENESS EVALUATION

CD OF THE OH-58C HELICOPTER WITH DIRECTIONAL SAS
0

* N

Michael K. Herbst
Frederick W. Stellar Project Engineer

MAJ. AV
Project Officer/Pilct Christopher P. Butler

James D. Brown Project Engineer

| M AV Timothy Hathorn
A Project Pilot Project EngineerE

"IMAR I -Eq
F August 1988

A
Final Report H

Approved for public release, distribution unimnited.

AVIATION ENGINEERING FLIGHT ACTIVITY
Edwards Air Force Base. California 93523-5000



DISCLAIMER NOTICE

The findings of this report are not to be construed as an official Department of
the Army position unless so designated by other authorized documents.

DISPOSITION INSTRUCTIONS

UDestroy this report when it is no longer needed. Do not return it to the originator.

TRADE NAMES

'te use of trade niames in this report does not constitute an (,ficial endoerement
(w approval of the we of the commerria haMrdwar atid softwave.



UNCLASSIFIED
SKECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE Form Approved

ta. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS
JNCLASSIFIED
2s. SECURITY CLASSIFICATION AUMhORITY 3. DISTRISUTION/AVAILARILUTY OF aRPORT

U.S. ARMY AVIATION SYSTEMS COMMAND
2b. DECLASSIFICATION /DOWNGRADING SCHEDULE

4. PERORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMIER(S)

AEFA PROJECT NO. 86-22

6s. NAME OF PIERFO MII14 ORGANIZATION 6b. OFFICE SYMBOL 7a. NME OF MONITORING ORGANIZATION
U.S. AR'-fY A'IATION ENGINEERIN (if •P&abS)
FLIjHT ^CrIVITY

I (= C 7b. AIOAE I(C_ II VP Cod*)

EDWARDS AIR FORCE BASE, CALIFORNIA 93523-5000

8..NAME OF FUN01N1!S1ONSORING 8Sb. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGAN4iZ N U S. ARMY W #f•Q8bW)

AVIATION SYSTEMS COMMAND

Tr- AW 2 S ( I S T&A Z- P'07)10. $OURCE 07 FUNDING NUMBER
PROGRAM ,IPOJECT TASK IWORK UNIT"-

4300 rOODFELLOW BLVD. ELEMENT NO. NO. . CCESSION NO,
ST. LOUIS, MO 63120-1798 EJ7Y5440-02 -EJ

11. TITLE F(Adude .Srftj OeSiMaet" '""
LOSS OF TAIL ROTOR EFFECTIVENESS EVALUATION OF THE OH-58C HELICOPTER WITH DIRECTIONAL
SAS, UNCLASSIFIED

I a. PR1SONA AIt" TW31M(
MAJ Frederick W. Stellar, MAJ James D. Brown, Michael K. Herbst, Christocher P. Butler, Timothy Hatbaor
lua TyPt Of RESoR 11b8. Tim[ COVIESE J14. OAyt f REFOT (VeM4 Mu*t, 0a3) 1' . PAGE COUNY

'IAlOM Q1 8 TO 25/091871 AUGUST 1988 1 302
16. SUPMIMINTARY NOTATION

IF WWAI MO65 is. $U#IfrT 7=11S rc=nM on uwvm"06 =11 08Msua MZ;'*~B~bod ~u~
P41W GROUP, SusGROP, Directional Stability Augmentation System (SAS), Losu of Tall Rotor

Effectiveness (LTE) Evaluation

IPUASTAi COW law Oh11 1 nfUp' Dh
The U.S. Army Aviation Engineering Flight Activity conducted a loss of tadl rotor effectiveness (LTE) evaluation of the
JOH-8Cfrom 23 .JW*)oh- .em rI The JOH-58C configuration includes a directional stability augmentation
system (SAS) manufactured by the SFENA Corporation. the larger-diameter toil rotor, and the improved engine fuel control.
Handling qualities were evaluated at Edwards AFB, California (elevation 2302 feet). Twenty-eight flights were conducted for a

' total of 26,7 productive flight test hours. Primary emphasis of the evaluation was to evaluate the handling qualities of the_
JOH-S8C in comparison to the siandard O01-SC. Tht 4imited authority SAS (7% of full control travasi• will not significantly-
reduce the conditions conducive to LTE. The overall handling qualities of the JOH-58C were moderately improved compared

C to the standard O-58C. The concept of a SAS which damps uncommanded yaw rates demonstrated potential for reducin
conditions conducive to LTE. However. the limited authority 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 JOtS308C. The
JOH-58C exhibited moderate pitch. roll, and yaw excumlons at 15 to 25 KTAS In azimuths from 240 degrees clockwise t
280 degrees. This characteristic was a shortcoming, upgraded from a deficiency for the standard OI-S8C. Five additlona
shortcoming, of which four were previously Identified in the standard OH-58C. were noted. (S .' - -2' DI...... " =

60.Ol jSTR NTI IAVAkIL&SIUTY oAITRACT2 Zi.sTM7.T'sECU~rTy CLASSOX~ATIOOI
,CIM•S*rIEO~AJNL'M"D CI SAME AS RPT. 0 OTIC USER S UNCLASSIFIED

jis. NA= 00 MEPOIlSI =60-VIDA iZb. TIELEVtON ;=d AW'aCods) Wf. Of FOC SYMWI.
SHEILA R. LEWiIS (00) 277-2115 1 SAVTE-PR
O irm 1473, JUN IN; ,* OoW"e StculuRi CLMSIFATiN OF TOMI PAGE

UNCLASSIFIED



TABLE OF CONTENTS

Page

INTRODUCTION

Background .................................................. 1
T est O bjectives ............................................... I
D escription .................................................. 1
T est Scope .................................................. I
Test M ethodology ............................................. 2

RESULTS AND DISCUSSION

G eneral ..................................................... 4
H andling Qualities ............................................ 4

Control System Characteristics .............................. 4
Static Lateral-Directional Stability ............... 5
Maneuvering Stability .................................... 5
Dynam ic Stability ......................................... 5

Short Term (Gust Response) ........................... 5
Long T erm ........ ................................ 6

Controllability ............................................ 7
Low-Speod Flight Characteristics ........................... 7

General ......................................... 7
Region A ........................................... 8
Region B ........................................ 8
Region C ....................... ................. 12
All Regions with SAS OFF ............................ 13

Trim Changes with Power Effects............................ 13
Mission Manauvering Characteristics•......................... 13
Directional SAS E~ftcts .................................... 14

Miscellaneous. ........................................... 14
Cockpit Evaluation ..................................... 14
Aircraft Pitot-Static System Calibration ....................... is

CONCLUSIONS

G eneral ..................................................... 16
Shortcom inps ...... ... ............. ....................... 16
Specific2atiwi Compliance .................................... 16

V
RECOMNIENDA11ONS .......................... ............... 17 *3311 ofl O

i Ava I IY fl I I -

Di>a\t
- A jjj



APPENDIXES

A . References .................................................. 18
B. Aircraft Description ........................................... 19
C . Instrum entation .............................................. 28
D. Test Techniques and Data Analysis Methods ...................... 31
1E. Test Data ................................................... 36

DISTRIBUTION



INTRODUCTION

BACKGROUND

1. Loss of tail 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 w~th 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-58C 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 program 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. Ilhe JOH-58C test helicopter. U.S. Army SIN 70-15349. was a modified OH-58C
configured with a limited authority (7% of full control travel) directional SAS,
manufactured by SPENA Corporation. The OH-$BC, nunufacturee by tIUTI, has a
sIngle. two-bladed. semirigid, tetering main rotor and a single, two-bladed,
delta-hinged, Semirigid. teetering tail rotor. Maximunm gross weight Is 3200 pounds. ITe
aircraft is powered by an Allison T63-A-720 engine with an uninstalled intermediate
power rating (30 minutes) of 420 shaft horsopower (shp) at standard sea level conditions,
derated to 317 slip (main traiumission limit). A detailed description of the standard
ON-58C is contained in the ope, ator's manual (ref 6. app A). The test helicopter
incorporated the larger tail rotor (65 in. diameter) and the O:-5"'.C engine droop kit
product improvement. The helicopter was modified with a "INA. tiiAA authority
directional SAS and a hydraulically boosted tail rotor. Ilia SFINA directioal SAS is
doscribed in %ppendix B.

TEST SCOPE

4. The LTE evaluation was conducted at Edwards AFB. California (elevation 2302 fi).
Twenty-eight flights were conducted for a total of 26.7 productive Ilight test hours
betwewi 23 June and 25 September 1987. Testing was accomplished within the
conwaints of ihe airworthines re, ease (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 unboard 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 altitude (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
Groms Density Trim
Weight Altitude Airspeed

Test (ib) (ft) (kt) Remarks

96, 63 KCAS' Level Flight
Static

Lateral-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, elft and right directional pulses at 90, 120.

and 30 KTAS4 150, 180, 210, 240 and 270 relative wind azimuth

0, I0, is
Conirgilability 2910 3120 and 20 KTAS Directional stop inputs aV 90 and 270 relative azimuth

Steady heading at relative wind azimuths of 045, 090,

120, 130. 180. 210. 225, 240, 270, 280, 290, 300,
2990 3750 7 to 32 KTAS 310. 320, 330. 340, 350, and 360. Azimuths 120,

180, and 240 topeated with Pilot and coplot door%

Low Speed Flight
Ltftl!ight yaw totes of 10 and 20 dt/see, established

2700 3990 6 to 30 KT'AS at 1201240 dleg aitnuth. Directional control fixed Itn
the weathercock region (120 to 240 deq aximuth)

SAS ORF only
Trim Changei 3W 70910 31,.40 and SidatlIp Inctemnts of 10 des to :L30 dol.

with Power $1 KCAS Power changes Vrom 939 to 10% engine tor•ue.

"" o-vel, hover turns., quicklops., tak.eot to have',
r1lfthsliah Mt LUvef 2WS0 3010 0 to 100 KCAS taAdilrtP fom hovw*, stope landings Ind nap-or-the

earth 4101,t Peftomtd In moder~ate to Nti4h Winds.4

4'Tsts conducted at mid to-tg1tudihal and lateral center of &tavlty, with SAS both ON and O(-'. pit and t•pl•4 doors
Inotalted. 100% main rotor spetd ()S4 revolutmz pOt w•iaw) wunts otihtl Wnted.

2KCAS: Knots calibrated tirspetd.
4M$,Pk Moximnum rated power.
"`KTAS: Knots Uu airspood.



RESULTS AND DISCUSSION

GENERAL

6. A loss of tail rotor effectiveness evaluation of the JOH-58C was conducted at Edwards
AFB (elevation 2302 feet) at the test conditions listed in table 1. Primary emphasis of
the test was to evaluate the handling qualities of the JOH-58C 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 overall 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 result, the test was terminated prior to completion of all
scheduled tests. The JOH-58C 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 JOII-58C hydraulically boosted flight control
sy.tem were measured on the ground with the rotors and engine stopped and were

qualitatively verified in flight, Hydraulic and electrical power were provided by external
,-ources. All adjustable control friction devices were set to mintmini friction, The SAS
was ON but had no effect on control system characteristics. Force trin was ON and
collective was full down.

8. The limits of longitudinal and lateral cyclic control travel are presented in figure E- I.
The variation of control position with applied control force for the longitudlnal and lateral
controls Is pre•onted in figures E-2 and E1-3. Ilie longitudinal and lateral chc!ic control
force gritdtents werv po'itive and e,'ssnttally linear with no dis-continuities. nfre'koui
forces. including friction, were similar to those of the tandard OH-5SC h, •'p:r
l.ongitudlnal centering characteristics were positive but not absolute. resul,'.? In ;.

O 8-inch longitudinal trim control displacement band. Lateral centering charwctertltic.
we're posltlve hut not 's.tolotule. resulltnp• In a trim control displacenent hand ni

a r ,nches. Tle large trini control i0placvment hand& increased pilot ,,vwrklon.d when
attempting to maintain desired attitudes during maneuverint, flight (para I II. - 1e large
'iwv g.tIi.- , , ",. ;j•,,,?.21 !,: 11# .',15~ro l . Pfvl": t'.•y. K• V .s .I the 1,C 14- , 1 ' I- 1111111

•hinrtcoming as l'revinusly teported for the standard OH-5FC helicopter (ref 10. app A),

0' The e•irettit.',! cilurl breakout force (including fnction) was 40 pound- right and

4 5 t',,r"J, let. lhc dde, tiomal ,itnrui horcakout force (including fii."hti of the

4



standard Otl-58C was 6.8 pounds right and 5.5 p.)unds 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 roll attitude and increasing right sideslip). The directional
SAS had no apparent effect on the static lateral-directional stability characteristics. The
static lateral-directional stability characteristics of the JOH-58C w%€c similar to the
standard OH-58C (ref 10, app A). The pilot had adequate cues of an out-of-trin
condition and was able to correct this condition easily. The static lateral-dircctional
stability characteristics of the JOH-SgC are satisfactory.

Maneuvering Stability

I1. The maneuvering stability characteristics of the JOH-S8C were evaluated in left and
right steady turns at the conditions listed in table 1. Maneuvering stability data are
presented in figure E-10. Maneuvering stability was positive (aft longitudinal control
required to maintain increased center of gravity (cg) normal acceleration) at normal
accelerations up to 1A4 I and was similar to the standard OH-58C. Maintaining airspeed
control within 2 knots ait a bank angle of 45 degrees (1.4g) required ±1 inch of
longitudinal control displacement, Maintaining bank angle at 45 degrees was difficult
because of the aircraft's pitch up divergence (Adig In" tendency). the large longitudinal
and lateral trim control dlsplacement bands, and the moderate airframe vibrations
(VRS 4). The standard O0S58C had a ,iimilar "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
ezuentially the sanic as in the standard Ot4-8C. No qualitative or quantitative differences
were noted SAS ON or OFF. The pitch up divergence at 1.49 or 64 kno~t calibrated
alrspeed (KCAS) in the J011-58C remaons a shouncoing as pIevimiuy reponted for tht
standwrd OH-SSC (re( 10. app A).

Dynamnic Stability

Short-TOMn (G~US( R'sp~o"Nx):

12. The lateral-directional short-term dynamic stability characteristics of the JOH-S8C
were evaluated at the test conditions listed in table I. Gusto were simulated by 0.5 second
duration directional control pulse inputs of up to I Inch, directional control doublets, and
releases from &teady-heading sideslipl. 1l7e aircraft lateral-directional gust response
chparacteristics were alto evaluated in light turbulence. Data for pulses are presented in
figures E- II to t- 127. Data for doublets are presented in figures E- 125 to E- 131. Data
for releass ftom steady heading sidelips are presented in figures E-132 to E-139.

5



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 lateral-directional respor.se
was an improvement over the easily excited lateral-directional oscillations of the standard
OH-58C (ref 10, app A). The lateral-directional short-term dynamic stability
characteristics of the JOH-58C in forward flight with SAS ON are satisfactory.

14. The lateral-directional gust response observed in forward flight with SAS OFF was

oscillatory 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).

15. One-inch directional pulse inputs at selected azimuths in low-speed flight were tested
with SAS ON with pilot and copilot doors installed and removed. The JOH-S8 helicop:er
response to 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 saturatiov of the SAS actuator and the peak yaw rates were approximately
20 degrees/second. Generally. the aircraft returned to the trim condition following a
directonal pulse input. However. at the 210 degree relative aim-uthi at 30 KTAS a right
pulse input was characterized by ai increasing right yaw and divergence fromt, the trim
a4nluth (fig. - No qualilative or quantitative differences were observed with the
pilot and copilot doors removed. The SAS ON directivial gust reaponse in low-"peed
flight was moderately damiped,

16. 110 aircraift wais hovered in gusty vwind condmtto., with SA ON. Rate damping

prfoidedt by the SAS improved the JO!|i-SC juit rt.%pons., hltiuoglh iicrcaxed dampint
provided hy dimorkit l SAS reduced the yaw ittitude excurmions in a how.r, yaw alltiude

xcursiotls were greater than 3 degrtme and frequetnt (every siecond). moderate (± 114 to
1/1 inch) pedal input,% wer requited to rizntain heading at tieit oioditiomu (HORS 5),

17. One-iftch ditectional p.•oll input-s ot se!lcted amutill. in low-sp-eed flght were
conducted SAS 011F. Maximunm yaw ratcs with SAS 00- were o(castonally twice as 1i0h1
a- thies with SAS ON. SAS 01F airctaft rmponse to the tminulhed gustl wa• les
ptdicliahle thin with SAS ON, resltin in Variable yaw rates. I€e auircaft lehldom
retur•ed to the ltimi anthuth following a 14he liptI. 1iiure E.?,74 hows 1110 vaitriab yaw
rate following a tight dir eturiAl rI'tt at 20 1XIAS whicls rtutled in div-rgentc hrom the
trim azinzmuth. No qualitatliv or quintiaiuve diffeences were obmerved with h•t pilot And
copilto door% removed The SAS OPF 0him rirn dynamic stahlidiy chawrtetlraiss
obser'emd in low-seed Mlh&h in t1e yaw axi% weie lightly damped.

1.i The aircralft wa, hrnveied in VwtLI wind condiliots SAf OFF. Aitcralt reximnte
wi-ile hovering in •ust) f IIy ind tisutlled iti increasing )y;w fae'. Frequent (evety Wcond).
tinodetate (I: ['2 inch) peddal Iints were required to iaitntain heading within ± ) degrees

if a hl•vie MtlQRS 6

Long Trfm:

MO. Sinfal ."kalll'y clactciics of the JOll-5,FC were e"alumied by ohserilng aircraft
res•vons to cotilrol relc.Le!i froini ieft and rioht courdinated turns. Liata at- Ilmestlaed inl

6



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 Or! and OFF are satisfactory.

20. Longitudinal long term response was evaluated by trimming the aircraft at the
desired airspeed and then decreasing airspeed 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-15 1. The standard OH-58C
longitudinal response 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 JQN-58C is
satisfactory.

Controllability

21. The directional control response (angular rate one second after a one-inch control
displacement) and control sensitivity (maximnum angular acceleration per one-inch control
displacement) of the JOH-58C were evaluated at the conditions listed in table 1. Step
inputs during low speed flight were limited to 1/4 inch due to the occurrence of main
transmission overtorque during recovery from right yaw rateo during a hover.

2?, Data for directimull controllability ,harrcterimtics are presented in figires E-152
thrcugh E-157. The aircraft, responded in the proper direction within 0.2 seconds after
the ihput 41nd Ito objectionable coupling was noted. Thne JOH-58C with SAS ON had
increa.sed yvw rate damping as compared to the iiandard 011-18C (rel' 10. app A).
taowever. SAS was qlickly soturated and the high control sens.vhity ws similar to SAS
OFPP sensiv'ity. Yaw rate continually increased umil recovery was Initiated. Directional
res.pose Wal satisfactoy' during recovery but a tendency to overontreal was noced at the
210 degree atiiouth. At the moderate gro.s weighto tested, increa4stg yaw rate-s and
insulficient power margin required iocrevaed pilot attention to torque limits. Moderate
(±112 inch) twt smooth directional control moovements were required to arrest right yaw
rates. No repeatable data wcre obtained during cowtrollabiltuy test. above 1 5 KTAS at
the 210 degree aginuth due to frequent SAS aturation and the ±114 to 1/12 ndi
dwrectitinal control inputs required to meintain trim conditions. The d&rectdonal
controllability characte irtics of the JOHt-58C with SAS OFF wtere characterirded Ivy more
rapid acceleratians in the yaw axis. 4tid were similar to the &Itandard Ol-SitC which were
reponted as a shortcoming. hlie hitgh control sensitivay SAS ON; and OFF rcsulting in
directiotal overconttro remlains a shortcoming in the JOHN-SC.

Lo.-Speed Vi~gt C•lrackleristi

23. l.w-stved flight characteristict were evaluated to determine the effect% on handling
qualities due to the installation of the directional SAS. larger tail rotor, and engine droop
kit. Low-speed flight tuning was conducted to simiulate hovering in winds by stahiliong in
formation with a calibrated ground pace vehike at a skid heivit of ap~oxinmately 10 feet

7



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 ±2 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 a HQRS summary for azimuths tested in low-speed
flight.

Region A:

25. At 3410 feet, the JOH-58C had 30% margin remaining at 30 KTAS with SAS ON or
OFF (fig. E-162 and E-163). Wind tunnel 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 han~dling qualities Its region A from 290 degrees to 120 degrees were
improved from the standard OH-58C (ref 10). The low speed handling qualities of tile
JOH-58C aircraft in Region A with SAS ON are satisfactory.

Region B.:

26. In rearward flight (Rvgion B), SAS ON handlhoi qualities ratings wer itmprWvv I
frorm HQRS 5 (.tandard OH-58C) to HQRS 3 to 4. Only occasional moderate
- irvcion:l control inputs (4-1/4 to 1/2 inch) weie requited to mainltain the desired
plrfortnance criteria (para 24). Excessive pitch and yaw excursions in rearward flight In
"" 'l 't sian'~aJ I "q•. S ( wcse previtul.•,,ly rc te~d ,1 a c'hciency (rel I0). Thht piitt
wo)rkload iin the directth axis (as indicated by direitional control excursion,,) with th(i
SAS ON was sir',ifi,,,tly tedtliced in the JOH-58C. The maximum workhoad at:,ut ddi
the 223 ,zinmuth at 25 KTAS (fig. E-170). The' high pilot workloid In th,; lingitudinild
aXiS (± I inch :vai64ud'rii cy)clic inputs) mit tiht -25 degree ,•zimuth from IU to Z 0 KTA,

r• i i i i ii • i ii ii !i i i ] i ii i i ii i i ii



290

Region A
RegionC

Regglo~n B-

Figure A. Low Speed FPlight Regons

9



Region A

3

2900

2

4 ~6 .

3 is KTS

4 30 KTS

3

Region B

Figure B. SAS ON HOR Sunmmary for Low Speed FfiUht

to



was similar to that reported in rearward flight in the standard OH-58C. Additionally, a
large aft longitudinal cyclic trim change was required to maintain a 5 knot speed increase
above 10 KTAS. The high pilot workload in the longitudinal axis in rearward flight from
10 to 20 KTAS is a shortcoming. Consideration should be given to installation of a SAS
in 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) (ref 11, app A) standards require constant rate hover
turns not to exceec. 22.r degrees/second. SAS would be almost continuously saturated
during hover turno operationally.

28. Right yaw rates at 10 KTAt with SAS ON or OFF resulted in a continued right yaw
rate which decreased t, approximately S degrees/second when passing the 180 degree
relative azimum. Upon reaching the 1I degree azimuth, a rapid right yaw acceleration
occurred which resulted in a va,' rate of approximately SO degrees/second at the recovery
azimuth of .120 dcgre,ýs. Recovery at thi 120 degree azimuth with a right yaw rate of
50 oegrees/second (slowest observcd) resulted in a 10 degree overshoot with SAS ON.
Recoveries at the 120 azimuth were no• furlier attempted due to the increased torque
requirements Prnd possibility of a main transmission nvcnorque. The recovery technique
developed to preven, overtorque was to increast left pedal gradually, arresting the yaw
rate at 360 degree azimuth (aircraft aligned in the direction of travel). At 15 KTAS, a
10 degrees/second right yaw rate witih SAS ON and 20 degrees/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 acelerating left yaw rate developed which was
arrested easily at the 360 dg,'ee relative azimuth. At 20 KTAS, a 20 degee/second
right yaw rate with SAS ON resulted in a respoose simit lr to the respoese at 10 KTAS.
All other Initial right yaw rates at 20 KTAS 9AS ON and OFF resulted in , slight
overshoot of the 240 degree atimuth toeaowed by an ,., ilerating left yaw late which was
easily arrested as the aircraft aligned in the direction of travel. No uttempt to recover the
resultant loft yaw rate was made prior to the 360 degre, relative azimuth. SAS appeared
to assist in maintaining trim yaw rate aw evidenred by the delayed onset of the resultant
left yaw rate which occurred with increasing lrspe-ds. During this test, large cyclic trim
changes were required to maintain eesired speed. Passing from 2 10 through 150 degrees
relative azimuth requtred approximately 2 inches of aft cyclic fnllc..ed by approximately
2 inches of forward cyclic at the 120 degrees relative azimuth. An additional 1 ti,
2 inches of forward cyclic were used during recooeries in the direction of iravel to
maintain desired speed. Although SAS remained saturateJ through most o! this test, the
limited authority directional SAS appeared to assist in maintaitang desired trim
conditions. While attempting to maintin a constant turn rati 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 (±3 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 fully 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 attempt to maintain a constant
turn rate with SAS ON. As the aircraft approached thc 090 degree relative azimuth,
larger (I inch) left pedal inputs were required in an attempt to maintain the turn.
Approaching the 210 degree relative azimuth required larger (1 inch) right pedal inputs
to prevent an accelerating left turn. Throughout the maneuver, large longitudinal cyclic
trim changes were required to remain within 2 feet of the spot. Low speed flight effects
on left yaw rates in the weatheýrcock stability region were increasing left yaw rates from the
120 to 210 degree azimuths and rapid left yaw acceleration from the 210 to 240 degree
azimuth,

Region C:

30. In left sideward flight (Region C) yaw attitude excursions of ±8 degrees observed in
the standard OH-SBC (reported deficiency, ref 10, app A) were reduced in the JOH-S8C
with SAS ON. ilQRS for IS to 25 KTAS were HORS 6 (compared to 14ORS 7 in the
standard OH-58C), while all other speeds improved to HORS 4. Moderate pitch. roll,
and yaw excursions required moderate-sized control inputs to accomplish the ,.mulated
hover task. However, smaller and less frequent pedal inputs were required as compared
to the standard OH-58C. Critical azimuths and airspeeds, determined by pilot workload,
were 240 to 280 degrees at 15 to 25 KTAS. Large SAS actuator inputs as well as
moderate-sized, frequent control inputs in all axes (± l/4-inch directional and ± 1/2--mch
lateral and longitudinal) ware required to achieve only adequate performance (HQRS 6).
The directional SAS, improved tail rotor system, and engine droop kit moderately
improved tie low speed flight characteristics of the JOH-58C in Region C, however,
workload remains high at tie critical azimuths and airspeeds. 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 (:h10 degrees) sideslip excursions and required restabilizing on desired trim
sideslip prior to further power reduction. The characteristic directional trim changes for
right 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 35 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. Rapid right yaw accelerations requiring frequent large (I inch)
pedal inputs to remain +10 degrees of desitud sideslip occurred between 70 and 85%
engine torque. Buffeting of the tail was felt by the pilot through the airframe. The right
yaw accelerations and buffeting did not occur below 70% engine torque. No engine
torque setting above 85% was attempted due to the possibility of main transmission
overtorque when arresting the right yaw accelerations. On a subsequent nlight, 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 to determine the area of main rotor disc vortex interference with
the tail rotor. Recommend alternate methods of determining main rotor vortex
interference be investigated using more accurate measurements of low airspeed. sideslip.
and tail boom loads.

Mission Maneuvering Characteristics

33. Mission maneuvers were qualitatively evaluated in the JOHi-58C at the conditions
listed in table 1. Time histories of some maneuvers are presented in figures 9-217
through E-254. The maneuvers were conducted in accordance with the 0H-58 helicopter
ATM (ref 11. app A) and were evaluated SAS ON and OFF, Pilot workload Increased
with the SAS OFF for all maneuvers conducted. Aircraft controllability was not in
question, but SAS OFF flight required Increased pilot 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 aircraft 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, roll, and yaw
excursions with SAS ON and OFF (para 28), Sufficient data to define the area of main
rotor disc vortex interference with the tail rotor were not obtained (para 32).
Additionally, the small power margin remained a significant factor when arresting yaw
rates despite testing at weights below 3000 lb (maximum gross weight is 3200 Ib) and low
density altitudes. 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 saurated at small yaw rates
(6 degrees/second) and did not significantly reduced the characteristic high yaw rates of
moderate yaw attitude excursions observed in the JOt-58•C

MISCELLANEOUS

Cockpit Evaluationl

35. The ease of the inadvertent mainn transmission overtorque or engine overtemperature
condition was previously reported ao a shortcoming (ref 10, app A). with the ;r nd

tail rotor and engine droop mnodification4 applied, the aircraft Is moroe respon.ive v,) -e(!M
or directional SAS Inputs. Consequently, whb the pilot's attenttifI direeted' --,,Irfe the
cnc[t.pit during NOR flight, an increased engine and tail rotor response will resllt In in
increased possibiity or an overinrque or overtemperature condition. The eivs of main
trinsnision oveltorqute or engine overtemperature uondition in the OI-58C r'miainr t
shortcoming in the JOR -58C.

14



Aircraft Pitot-Static System Calibration

36. The helicopter pitot-static system was calibrated 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. 'I he 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 following shortcoming was previously identified as a deficiency in the standard
OH-58C: Moderate pitch. roll, and yaw excursions between IS and 25 KTAS at relative
wind azimuths between 240 and 280 degrees (para 30),

39. The following shortcoming was previously reported 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 OHS58C and remait
shortcomrins:

a. Ease of nman transmission overtorque or engine overtemperature condition
(para 3S).

b. The high control %ensitivity resulting in directional oercontrol (pura 22)-

t, Pitch up divergence ('dig lt" tendencies) at load factors near 1.4g at 64 KCAS

(Para 11).

d, Large longitudinal and lateral trim control displacement bands (pAra 8).

SPECIFICATION COMPLIANCE

41. Ilie JOHW56C failed to meet the reqtirchteatit of pata[graph 3.., 10 of MI,-Ai-8S01A
in that there were no positiv@ self-centering cfaracteritis (or the ditec•tt•al control
system (pasr 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 installation of a SAS in more than one axis to
improve the rearward flight handling qualities of the JOH-58C (para 26).

c. 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 (built 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 included 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 (modification work order
(MWO) 55-1520-228-50-25), the engine droop kit (MWO 55-1520-228-50-26), and the
directional SAS. Figure B-I 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 Ls
presented below:

Left 22 degrees 54 minutes
Tail Rotor "

Right -8 degrees 36 minuzes

Rigging was accomplLihed 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 tail rotor (MWO 55-1520-228.50.25) is depicted in figure B-5. It
incorporates the sante airfoil section as the standard OiH-S8C tail rotor but the diameter is
increased by 3 Inches to 65 inches. Maximum pitch angle values are increased to the
values shown in paragraph 3. The tail rotor drive shafting and gearbox were changed per
the MWO. The drive shaft is a seven piece shaft (fig. 1-6). Each piece in the shaft is
identical and has a larger diameter than the one-piece standard drive shaft. The tail
rotor gearbox continuous rating is increased from 65 to 85 shaft horsepower.

5. The JOH-S8C had a limited-authority (7% of full control travel), prototype
single-axis SAS. The SAS uses a rate gyro computer and actuator to provide rate
damping in the directional axis. No attitude retention or attitude hold feature was
included in the system tested. Force trim was not provided in the directional controls.
The directional SAS includes the following components:
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ITEM ........ PART NUMBER ..... QUANTITY ....... LOCATION

SAS Computer ............. 75258VIM2 ............... 1 ........ Avionics Compartment
Directional rod/

actuator assy ............ 10110-001 ................ I....... Entrance to tall boom
Air data computer .......... 10980-002 .............. 1 ....... Passenger compartment
Junction Box .............. 153-51219-30C ............. I ........ Passenger compartment
Yaw Stop Assy ................ 11530 ................. I ........ Entrance to tail boom
SAS control panel ............ K28AJM ................ I ........ Instrument panel
Pre-Fabricated Harness

yaw ........................ 11368 ........... ..... I ........ Passenger compartment
50 VA Inverter ................ PC 50 ................. 1 ........ Under pilot's seat
Hydraulic/boosted

T/R/Assy ............... 206-001-739-7 ............. 1 ........ Entrance to tail boom
Actuator Position

Indicator .................. X60ACM ................ I ........ 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 :J:27V motor drive voltage and the
±15V 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 installed 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 positdon shown in figure B-3. The thumb button

26



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 diagonal 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.
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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 outlet temperature
Gas producer speed
Power turbine output 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
WEIGHT LONG LAT ALTITUDE SPE

(LB) (FS) (BL) (FT) (DEO C) (RPM)

o 2940 108.1 0.0 6020 20.5 354 LEVEL
0 2880 107.8 0.0 5980 20.5 354 CLIMB
A 2900 107.9 0.0 5920 20.5 354 AUTOROTATION

NOTES: 1. CONFIGURATION: CLEAN, DOORS ON
2. TRAILING BOMB METHOD
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Control positions
Longitudinal
Lateral
Directional
Collective

Aircraft attitudes and rates
Pitch
Roll
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 seriously 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 pitot-static systems were calibrated wing the trailing bomb
method to determine the airspeed position error. Calibrated airspeed (Vepl) was obtained

by correcting indicated airspeed (VK) using instrument (AVic) and position (AVPC) error
corrections.

Vest - V4 + AVic +4 vp (1)

Aircraft Weight and Balance

3. Prior to testing. the aircraft gross weight and center of gravity (cg) location were
determined using calibrated scales, The aircraft was weighed with full instrumentation
onboard and without fuel. The aircraft weight was 2313 pounds with a longitudinal el
location at fuselage station 114.49, A fuel cell site gage. and cockpit fuel pie
calibration was accomplished. The fuel weight for each test liht& was determined prior to
engine start by using the callbrated sight gage.

4. The Handling Qualities Rating Scale presented in figure 0-1 was used to augment
pilot comments relative to handling qualities and workload.

S. The Vibration Rating Scale presented in figure 0-2 was used to augment pilot
comment .relative to v&brAtiouns.
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HANDLING QUALITIES

Control System Characteristics

6. These tests were conducted 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 aircraft 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 variation 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 collective position constant. Steady turns, in both
directions, were accomplisted by stabilizing and trimming in level unaccelerated flight at
the desired test airspeed. 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
witlin 1000 feet of the specified test altitude.

Dy.iamic Stability

9. These tests consisted of evaluating both the short-term and long-term responsel of
the aircraft. The tests were performed with the directional sability augmentation system
(SAS) ON and OFF. Short-term resonse testing was accomplished by left and right
directional control pulse Inputs. l1te pulse Input was obtained by rapidly displacing the
control approximately 1 inch, holding for 0.5 second, dten tapidly returning to the trim
position and holding until airvraft motions were damped or recovery was required. All
other controls remained fiXed durtig forward flitht tests. Trim conditions tor low-speed
dynamic stability tosts were established as described under Low-speed Flight
Characteristics, paragraph 13. Odly the collective cwurol remained fixed during
low-speed dynamic gtability test,

10. Spiral stability was evaluated by stabiliting and trimming the aircraft in level
unaccelerated flight. With lateral and collective fixed, a 3 degree bank angle left and
right was established using directional control only. Once a bank angle was established.
the directional controls were returned to the trimted plosition and fixed while dte
resultan aircraft respons was observed.
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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 control 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 5 knots or less at skid height of 10 feet.

Low-speed Flight Characteristics

13. Testing was accompashed using the ground pace vehicle method in winds of 5 knots
or less. Tests- were flown in not less than 5 knot increments from 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 uung a calibrated fifth wheel for a reference
ground speed. The test aircraft was flown in formation with the pace vehicle utilizing
ground reference and horizontal situation indicator for heading stabillzation. Data were
recorded 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 Rlight characteristics effects on yaw tamt were accomplished by
smabilizing on the 270 and 090 degree relative azimuths as described in paragraph 27. A
left or right yaw up to 20 degreestsecond was cabltshedd then, both collective and pedal
controls were fixed while in the 120 to 240 degree relative azimuth region. Cyclic was
used as necessaiy to maintain pace speed, Recovery from the yaw rate was Wniiated at the
region boundary. Recovery was completed prior to passing the 360 degree relative
aimuth.

Trim Changes With Power Effect•

IS. Theme tests were conducted by stabilixing the aircraft in a maximum power-climb at
the desired trim airspeed and sideslip with the SAS OPP. Collective control was gradually
reduced while airspeed and sideslip *we maioained until the rate of desce reached
1000 feet per minute.

Mision Maneuvers

16. Mission maneuvars were conducted in accordance with the O-$8 helicopter ATM
(ref It. a4p 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-255
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FIGURE E-1
LIMITS OF CYCLIC CONTROL TRAVEL

JOH-58C USA S/N 70-15349

NOTES: 1. ROTORS STATIC
2. CONTROL POSITION MEASURED AT CENTER OF GRIP
3. HYDRAULIC AND ELECTRICAL POWER PROVIDED BY

EXTERNAL POWER SOURCES
4. COLLECTIVE CONTROL FULL DOWN

I it

•.0 2 4 6 6 10 12
-L EFT RI (HT1 LATERAL CONTROL POSIT ION

-- •-' (INCI#S FROM rUit ETm)337



FIGURE E-2
LONG I TUDINAL CONTROL SYSTEM CHARACTER IST I CS

JOH-58C USA S/N 70-15349

NOTES: 1. ROTORS STATIC
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. 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

12 _ fV R G FO C .... I .... i. i 1- . ..f ..1•

AVERAGE FORCE GRAD I ENT~ iL AVERAGE FR I CT I ON BAND
B NEA TRIOM) (NEAR TRIMI ...........
SFWO =- 1.1 LB/IN W-! •:• FD =1.5 Ll

AFT 1.0 LIN AFT 81.7 1

,(INREAES FROMUL-L -. W AR ..

.OR LBA FT x- 3

....SMi- IN L D G



SFIGURE E-3
LATERAL CONTROL SYSTEM CHARACTER IST ICS

JOH-58C S/N 70-15349

NOTES: 1. ROTORS STATIC
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

LAVERAGE FORCE GRAD IENT IN
:'AVERAGEFRICI NBD

J NEAR TRIM ln ,~ (NEAR TRIM)
LEF = 1.1 IN :• RIGHTLEF 1.1 LB

6 RIGHT = 0.6 LB/IN

4 TRIM CONTROL 4
:DISPLACEMENT BAND--::

..~..........-

.BREAKOUT INCLUDIN :;

0--FRICTION 4 5 I
ET0.5 LB RI H

ni:
S• BREAKOUT I NCLUDING

SkR FRICTCIRON
I2 E :S, 0.6 LB LEFT

39F Rif HT
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F I GUE E-4
STATIC LATERAL-DIRECTIONAL STABILITY

JOH-58C S/N 70-15349
AVG AVG CG AVG AVG AVG AVG

GROSS LOCATION DENSITY OAT ROTOR CALIBRATED
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB) (FS) (BL) (FT) (DEG C) (RPM) (KNOTS)
2910 107.9 0.1 LT 6160 19.0 355 97

NOTES: 1. CONFIGURATION: CLEAN, DOORS ON, SAS ON
2. LEVEL FLIGHT
3. SHADED SYMBOL DENOTES TRIMS20

,..J1 LUH-,.ifi

So

4 20

TOTAL LONGITUDINAL CONTROL TRAVEL = 11.7 INCHES

t;. It... 4

0

TOTAL LATERAL CONTROL TRAVEL = 10.0 INCHES

,--I'

6 TOTAL DIRECTIONAL CONTROL TRAVEL =5.0 INCHES

73 - - .. .. *. ...

.c . : ... . .: ..~ .~ .

LEFT R~I
ANGLE OV SIDESLIP (DEGREES)

440
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FIGURE E-5
STATIC LATERAL-DIRECTIONAL STABILITY

JOH-58C S/N 70-15349
AVG AVG CG AVG AVG AVG AVG

GROSS LOCATION DENSITY OAT ROTOR CALIBRATED
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB) (FS) (BL) (FT) (DEG 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

,-. .- ' 20
TOTAL LONGITUDINAL CONTROL TRAVEL = 11.7 INCHESS.5

...... ......44 .

t j1.

TOTAL LATERAL CONTROL TRAVEL 10.0 INCHES
Z-- 7
0-'

6

3

TOTAL DIRECTIONAL CONTROL TRAVEL c5.0 INCHES

2

-,-

-J
¶

LEFT RI iT
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FIGURE E-6
STATIC LATERAL-DIRECTIONAL STABILITY

JOH-58C S/N 70-15349
AVG AVG CG AVG AVG AVG AVG

GROSS LOCATION DENSITY OAT ROTOR CALIBRATED
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB) (FS) (BL) (FT) (DEG C) (RPM) (KNOTS)
2980 108.2 0.1 LT 6030 18.0 355 63

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

0

TOTAL LONGITUDINAL CONTWOL TRAVEL 11.7 INCHES
7

TOTAL LATERAL CONTROL TRAVEL = G(.O IHC'ES

4_ 4

zd r

TOTAL DIRECTIONAL CONTROL TRAVEL = 5. INCHES

7
-=• ~.31 10.... , ...1.1

4 464

Ag :4:4 44 Tlt: .:tr4

-' 20 ..: I 10 2 i

LEfT RIOGt$T
ANGLE OF SIDESLIP (DE)GREES)
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FIGURE E-7
STATIC LATERAL-DIRECTIONAL STABILITY

JOH-58C S/N 70-15349
AVG AVG Co AVG AVG AVG AVG

GROSS LOCATION DENSITY OAT ROTOR CALIBRATED
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB) (FS) (BL) (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

0
4c

< 20
TOTAL LONGITUDINAL CONTROL TRAVEL = 11.7 INCHES

--t 6

•z• 5R!9•"° 4

TOTAL DIRECTIONAL CONTROL TRAVEL 1 5.0 INCHES° j ,

It t

.5

4

LEFT RI GHT
ANGLE OF SICESLIP (DEPUCES)
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FIGURE E-8
STATIC LATERAL-DIRECTIONAL STABILITY IN CLIMBING FLIGHT

JOH-58C S/N 70-15349
AVG AVG CG AVG AVG AVG AVG

GROSS LOCATION DENSITY OAT ROTOR CALIBRATED
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

(LB) (FS) (BL) (FT) (DEG C) (RPM) (KNOTS)
2820 107.7 0.1 LT 6330 19.0 354 64

NOTES: 1. CONFIGURATION: CLEAN, DOORS ON. SAS ON
2. MRP CLIMB
3. SHADED SYMBOL DENOTES TRIM
. .... .20

• 20

TOTAL LONGITUDINAL CONTROL TRAVEL : 11.7 INCHES
6

.55
I- !i .%r

'1 ,

TOTAL LATERAL CONTROL TRAVEL u 10.0 INCHES

i tU

)- : t all1 I 1 :4O

'. -_ RIzHT

ANGLE OF SICESLIP (lOttERS)
44
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FIGURE E-9
STATIC LATERAL-DIRECTIONAL STABILITY IN AUTOROTATIONAL FLIGHT

JOH-SSC S/N 70-15349
AVG AVG Cc AVG AVG AVG AVG

GROSS LOCATION DENSITY OAT ROTOR CALIBRATED
WIONG LAT ALTITUDE SPEED AIRSPEED

(L ) (BL) (FT) (DEG C) (KNOTS)2810 107.7 0.1 LT 5900 20C0 349 62

NOTES: 1. CONFIGURATION: CLEAN. DOORS ON, SAS ON
2. AUTOROTATION
3. SHADED SYMBOL DENOTES TRIM

2 :g

" 20

TOTAL LONGITUDINAL CONTROL TRAVEL a 11.7 INCHES

7

TOTAL LATERAL CONTROL TRAVEL s 10.0 INCHES

46
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tn -1 4.11,11 '
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~e 3 a~-~

TOTAL OIRECTIONAL CONTROL TRAVEL u5.Q INCM S
& te. - ~ t It I5Sl tS. t. h i. "._ *e I

Nq OEM~ 'Nfp 1 .01 o I Ilfil HM
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FIGURE E-1O
MANEUVERING STABILITY

JOH-58C S/N 70-15349

SYM AVG AVG CG AVG AVG AVG AVG STABILITYGROSS LOCATION DENSITY OAT ROTOR CALIBRATED AUGMENTATIONWEIGHT LONG LAT ALTITUDE SPEED AIRSPEED SYSTEM(LB) (FS) (BL) (FT) (DEG C) (RPM) (KNOTS)
0 2990 107.7 0.0 6690 21.0 355 64 ON0 2930 107.5 0.0 6610 21.5 355 63 OFF

NOTE: 1. CLEAN CONFIGURATION, DOORS ON
2. SHADED SYMBOLS DENOTE TRIM,

OPEN SYMBOLS DENOTE LEFT TURN,CROSSED SYMBOLS DENOTE RIGHT TURN
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FIGURE E-152
DIRECTIONAL CONTROLLABILITY - HOVER

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 SiEED AIRSPEED SYSTEM
(LBS) (FS) (BL) (FT) (DEG C) (RPM) (KNOTS)

0 2940 108.1 O.3LT 2400 15 354 0 ON
A 2940 108.0 0.2LT 2500 16 354 0 OFF

- -- 0.5]
7-J

1= 00- - :, . . . .: • .

501
.01

100

50-

•oa 0 .1..... .. <-

~ 40 .. . , ,., :. :

0- -

20 21 - 0 1
0

20-

40-1

4 0- LJ

20 - -

S20-- -

DIoRECT~IONA CONTROL DISPLACEMENT FRMTRIM ICH S)



FIGURE E-153
DIRECTIONAL CONTROLLABILITY - 090 DEGREE AZIMUTH

JOR-58C USA S/N 70-15349
SYM AVG CG TRIM AVG TRIM TRIM STABILITYGROSS LOCATION DENSITY OAT ROTOR TRUE AUGl.,ENTAT IONWEIGHT LONG LAT ALTITUDE SPEED AIRSPEED SYSTEM(LBS) (FS) (31.) (FT) (DEG C) (RPM) (KNOTS)
0 2890 108.5 0.0 3300 19.0 354 10 ON, 2880 108.4 0.0 3350 19.5 354 10 OFF-J

•-o•0.5} i:-O ,... : : E•l I : 11 •-;:,-i Ei ± •::I '• 'Ii:;,[.._--
-: 0.0 -1 L E ... .. ..

c .- I0 0 -

50- F T.l

~u~0-ii•. ,5 - L - .i.:.ji i- - -::-[::l!•l•!hJ;

r c 
.40 -

20

S20-

60

0e 20" - -,-, -: : - - .. ii -!: -

40- " . ,•.

2 2 0 1 2

LEFT' RI OH?
DIRECTIONAL CONTROL DISPLACIEMENT FROM TRill (INCHES)
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F I CURE E- 154
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 ION
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED SYSTEM
(LBS) (FS) (BL) (FT) (DEG C) (RPM) (KNOTS)

0 2920 106.9 0.0 3250 18.0 353 15 ON
A 2910 106.8 0.0 3300 18.5 353 15 OFF

-B
OZLJ•-m=o--,. 0.5 _____ _____

S90.01 F. .:KI :LI:I

50 -

0-

-100O

40 - : .... ."

•.• ..~~....... . ...

S20 1
0-~
20-

~20-

2 1 011 2
LEFT RI O sT

DIRECTIONAL CONTROL DISPLACEMENT FROM TRIM (INCHES)
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FIGURE E-155
DIRECTIONAL CO1TROLLABILITY - 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
(LBS) (FS) (BL) (FT) (DEG C) (RPM) (KNOTS)

0 2900 106.8 0.0 3200 18.0 353 20 ON
A 2930 106.5 0.0 3200 18.0 353 20 OFF

~~ 00

50-

201.

~40-

20-

-40-

~60 t j

2 1 0 1 2
LEFT RIGHMT

DIRECTIONAL CONTROL DISPLACEMENT FROMl TRIM (INCHES)
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FIGURE E-156

DIRECTIONAL CONTROLLABILITY - 270 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
(LBS) (FS) (BL) (FT) (DEG C) (RPM) (KNOTS)

0 2910 106.4 0.0 ,.25O 18.5 354 10 ON
A 2890 106.4 0.0 3 380 19.5 354 10 OFF

-J

0 +1 1d

0o-,=, 0.5 - - "'..

L: -J.

0

1.1• .*J -.I .I - - I-- -i •"-'- 20 - 7

I I 47( lIt
~- . -

S60 79- Ii j 0 J1,-

__A

40-1 1 ~-

"""I in I i/ i

2 10 12
LEFT RIGHT -

DIRECTIONAL CONTROL OtSPt.ALCCANT FROU TRIM (INCHES)

I Q 2



FIGUR E-158
LOW SPEED FLIGHT

180 AND 360 DEGREE AZIMUTH
JOH-58C S/N 70-t1.349

AVG AVG C$ AVG AVG AVG SKIDGROSS LOCA71ON DENSITY OAT ROTOR W IGHT
F) (st) (FF (DEC C) (PM (FT)

2970 107,7 0.0 3.360 10.5 354 to

NV$S: I1. CONF ICtjM1 I ION: "" EAN, DMCR ON, SAS ON
2. 1 DEN)1ES CONROL AND ATTITUDE( EXCURSIhJG3. WIND COWITtOG. 5 K(NOTS OR LESS

1 44

0~r 14f~o 1AA '- "-3" A

lIOTAL 00tCECIIaE CWTtROi IRAWL 12. 0 wcjcS

94-



LOW SPEED FLIGHT
180 AND 360 DEGREE AZIMUTH

JOH-568C S/N 70-15N49

AVG AVG CG AVG AVG AVG SKID
GROSS LOCA7ION DENSITY OAT ROTOR IiEIGH1

2970 107.7 0.0 3380 19.5 354 10

NOICS: 1, COW IGU.RATION: CLEAN, DOORS ON, SAS ON
2. 1 DENOTES ClONTROL ANDV ATTITUDEC EXCURSIONS
3. 11NO COW ITIS 10:5KNOT SOR LESS

10 Si0

:L-; .. : .: :

~10

JOTAL COLTEI.AL V CONIROl. TRAVEL - 12. 0 hO*S

7 Ut,..

~~A.,

7rtD



FIGLURE E-I159

LOW SPEED FLIGHT
180 AND 360 DEGREE AZIMUTH

JOH-l8C S/N 70-15&49

AVG AV CC AVG AVG AVG $KID
GROSS LOCA ION DENSITY OAT ROTOR HEIGHT

FS Al) ALJIT~ (DEC C) (FT)
2970 107.7 0.0 3350 19.5 354 10

NOTES: 1. COWIfCMTION: CLEAN DOORS ON. SAS OFF
2. 1 DENO7ES CONROL UN' ATTIMUE EXWLIRSGN
3. VIND CONWITIONS: 5 INOTS OR LESS

#% 10 ... ... 'P.

2I1 IT

"10

A0

1T10M. COLLECTIVE COROL TRAWL - t2.6 INGI

M P-B U 1 H

~law

TOTAL iNGITWItUINL CON TI. 1RAMV 11.7 INCIS

t ,

TOTAL LATERAt CONTRO TRAVEL * tOO INbU(

TOtAL+ OlIC1I~I CINTI !ROL, TBAWL "- $0 I00

-- 0

TOTA t3MI CO~ t10K a 100 I0 0 4

111• ~ ~ 111MO4TI

EhE~ r0

l~t~t0119 1 9t5TOLTAE -. M



FIM.RE E-160
LOW SPEED FLIGHT

45 DEGREE AZIMUTH
JOH-58C S/N 70-15349

AVG AVG CG AVG AVG AVG SKID
GROSS LOCATION DENSITY OAT ROTOR HEIGHT

(TT) (DEG C) S,,-,• (FT)

2950 107.2 0.0 3020 16.5 354 10

NOITES: 1. CONiIGMATION: CLEAN, DOORS ON, SAS ON
2. 1 DENOTES CONTROL AND AITITUD EXCURIONS
3. WIND CONDITIONS: 5 KN4OTS OR LESS

'] ~10",

TOTAL COLLECTIVE CONTROL TRAVEL • 12.6 INOCS

It I II If 4

TOTAL IO:TIIUDINA. ONMIRO, IRAVL 5 01 INO•S7.

TOTAL LATERAL CONllWl 1RAYIEL 1• 04 Iki•,M

re -_ -( .i !Y - i -1 . ',- - i -" %: • • :.' • I :..I I

L a



VIOLREt E-181
LOW SPEED FLIGHT
45 DECREE AZIMUTH

J£H-SI S/N 70-15349

AVG AVG C AVG AVG AVG 9(10
CR05 LOCATION DENSITY OAT ROTOR (I1I0T

FS AT) ALII TSAI (DEG C) (T

29M0 107.1 0.0 3040 18.5 3H 10

NOTES: 1. CONFICURATION: CLEAN DOORS ON, SAS OFF
2. I DENOTES CONTROL Alt ATTITUME EXMOUSI
3. WINO COiiTiO: 5 XNOTS OR LESS

10

1 r jM

TOTAL COLLECTIVE CONTROL TRAVEL a12.6 INNlS

TOTAL !IONGItWUINM, CONTRIOL 1TRAWL a II.? JIHCICEs 7

I0CK I IWt 0h111 tOI4

1gb : 0 SU (91 j

m .I Ri



FIGURE E-162
LOW SPEED FLIGHT

270 AND 90 DEGREE AZIMlUTH
,JO-58C S/N 70-15149

AVG AVG CO AVG AVG AVG SKID
GROSS LOCATION DENSITY OAT ROTOR HEIGHT

SI~ ý AT) ALjITUDE (DEG C) SPEEDL(8FT) ( (C) •RPM) (FT)

29W0 107.2 0.0 3400 20.0 35 10

NOTES: 1. COWFIGURATION: CLEAN, DOORS ON, SAS ON
2. 1 DENOTES COiNROL AU5 AIT17UDE EXOURSIONS
3. WIND CONDITICOS: 5 KNOTS OR LESS

10:1,: -L .. 1: p t

I 
J

, 10 r.. ..
10

TOTAL VOLLECTIVE CONTROL TRAVEL - 12. INCHES

TOTAL, LGNWIIWINAIL CONTROL 1RAVEL, * 11,1 INPEIS

'TOTAL, LATI.RAL ci~llOt, IftAVEL * 10.0 I1I0($

-- 70

T ~~~1 A L~4 

i 4I1 

U O-T O 
I f

40 I0 E0 !10 0 10 20 3

MI• lo u lf. r t

A~r.,ý ( s)
47 Al



FAGLUK E- 16.3

LOW SPEED FLIGHT
270 AND 90 DEGRCE AZIIAJTH

JOI+58C S/N 70-15,349

AVG AVGCOG AVG AVG AVG SKID
GRS LC71N DENSI7Y OAT ROTOR K IGHT

Ai87BL T~ (RPM)C (VT)
2970 107.2 0.0 3410 20.0 am 10

NOTES: 1. CONFIGUR~ATION: CLEAN. DOOM ON, SAS OFF
2. 1 DENOTES CONiROL AND Al TMUDE EXOMRION
5. WIND 0CMWITONS: 5 KNOTS OR LESS

0o ... 1..,

:4: .1 . I I.Hý t:IAI Ai ;AA V*T -1 1 1~ 1 AJ~

10 i.

1OA? ~LCT~ 1GO 1~ E 1 2. -1!10(5m

TOTAL. 00ItCTIVE CONIROL TRAVEL 12. 0 INM(

1in ~ ~ ~ li aiW~(b~
19



FIGURE E-184
LOW SPEED FLIGHT

120 DECREE AZIIMJTH
JO5-58C S/N 70-15349

AVG AVG CG AVG AVG AVG SKIDGROSS LOCATION•E GNSI TY CAT RO7OR HEIGHT
~AT ~ OGC) (FY)I

2960 106.4 0.0 3290 1¶.0 354 10

NOTES: 1. COWIGLRATION: CLEAN, OMRS ON, SAS ON
2. 1 DENOES CONIRL AND ATTITUDE EXCURSIONS
3. WIND C OMITIONS: 5 KNOTS OR LESS

10-

;LI II

0-. 

--
h7a 

-

1 ] :N U. 1J.

TOTAL COLLECTIVE CONTROL IRML *k 12. 6 1 NOCS

7 a 7;
tOt* IA0 LANGIDiNL CONTROL MRAIL , t INNS,(

o.

TOTAIL 0IlCTI0I4AIL CoNtRf. JtUAVL q 5.0 IMl.1

3-h

0 to 20 30 40

200



FIGURE E-185
LOW SPEED FLIGHT

120 DEGREE AZIMUTH
JOH4-58C S/N 70-15349

AVG AVG CG AVG AVG AVG SKID
SLOCATION DENSITY OAT ROTOR HEIGHT

TAT) (DG C) A, (FT)

20 106.3 0.0 3280 18.5 354 10

NOTES: 1. COWIGLRATION: CLEAN, DMORS ON. SAS OFF
2. I DENOTES CONTROL " ATTITLIE EX.JRSION
3. WIND CONDITIONS: 5 KNOTS OR LESS

to,

TOTAL. COLLECTIVE CONIROL IR.AVL * 12.6 INO(l•

-iI JI V: I :d

tO-lL LATU0 -NI AL , 10.0 Ilo

fAU. WLW. (•OhIS)
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FIGURE E-166
LOW SPEED FLIGHT

150 DEGREE AZIMIUTH
JOH-58C S/N 70-15349

AVG AVG COG AVG AVG AVG S(ID
GROS LOCATION DENSITY (AT ROTOR HEIGHT(FT) (OT) AT I,,(-CC (FT)

3020 108.1 0.0 3730 23.0 3 10

NOTES: 1. CONFIG"RATION: CLEAN, DOORS ON, SAS ON
2. 1 DENOTES CONTROL AND ATTITLUE EXCLJRSIG•
3. WIND CONtITIONS: 5 KNOTS OR LES

10-

-to,

4 0

TOTAL COLL(CTIVE CONTROL TRAVEL 12.6 INC)0(

TOTAL~ ~ ~ ~ ~ ~~V tVNOTDIA iaI0.TA3 t, 11":H[-aw

4- 41

TOTAL tONGIOII( AL CONIROL TRAVEL M It 7NI)($

TOTAL LATlRAL ONTkROL IRAVEL * 10.0 tND4S

'40
bOTAL 6I.VClt*0L COMRM4 TRAVEL a 5.0 IMX0(

ra

to to 30 0 40
IA" AIRSPE•,D (KNOTS)

202



FrQK E-4e7
LOW SPEED FLIGHT

150 DEGREE AZIMUTH
JAA; 58C S/N 70-15349

AVG AVG CG AVG AVG AVG $KID
MROSS LOCATION DENSITY OAT R0OTR Iffa1!

FIST ý0~ AT) ALT ITýDE (DEGC)(T

3=0 10 I.1 0.0 3770 23.0 X64 t0

N0TES: 1. COMIGLAT tON: CLEAN~ DOORS ON, SAS OFF
2. 1 DENOTES Mi4ROL UA71) AITLID EXCIA00
3. WIND CONDITIONS: 5 IKNOTS OR LESS

to-
to I

103
TOTAL 00tiECC1 1 CONTROL TRAVEL 1 2.6 IN0(5

9-

toltA 1ICI4AI, COMMRO 10A1, 11. $ 030

6-1

4-

0 0 20 3 40

203



FIQJl E-168
LOW SPEED FLIGHT

210 DEGRE AZIMUTH
j.0-5 S/N 70-1t6.49

AVG AVG O0 AVG AVG AVG 910)
GROSS OCAJ ION DENSITY OAT ROTOR HE1IM0

(fT (lEG C) VT
If &FSI Bt ý A LT(IT)(RU (T

3020 107.2 0.0 4070 25.S 355 t0

NOTES: I. CG•IG•*ATION: CLEAN, DOORS ON, SWS 0N
2. 1 DENOTES GONTROL AND ATTIlLUm EXOJRSION$
3. $IND o o t1Q*: 5 KNOTS ORiLE

~7

TOTAL COILECTIW! COJTROL JRAWA• * 12I.4 111r(1

'A

7,;

o , ._ ............

tAW I , I-•I_ W-4PO WAX 1. I NQ' " .i a .. .. . .... ... . .

101
. z.I

$M;

a15 Ilain EAO RWL*t 1:10X

2 ... .. :, •, -m "I •., (

J-1. 7 .

0 .04



FIGLM E-169
101 SPEED FLIWj

210 D(QGEE AZIWJTH

AVG A" 00 AVG AVG AVG SKIDC5S LOCATICK (CNStIY onT ROTOR It1GIt
8 T) (CEO0 (PT)O030 to?.1t 0,0 4040 25.3 3m5 to

NOTES: t- CONFIGI*ATION: CLEAN4, DOORS ON. SA$ OFr
1. DEDE 010175CRROL AM~ A71T1tME EXeaIOG

3.W 1Ow 0116 to. 0431$s OR LM

4 i A
to 

. ..

4it.

1* ~ ftitA I*MUM L04WI TPAW4 1.0 It NIM

fokF6111



FIOGLJE E-170
LOW SPEED FLIGHT

225 DEGREE AZIMUTH
JOH-58C S/N 70-15,349

AVG AVG C• AVG AVG AVG SKID
C0mSS LOCATION DENSITY OAT ROTOR HEIGHT

'y (t) (BLE(T C) (RPM (FT)

3050 106.8 0.0 4070 25.5 355 10

NOTES: 1. CONWIGURATION: CLEAN, DOORS ON, SAS ON
2. I DENOTES CONTROL AND ATTITUDE EXCURSIONS
3. WIND CONDITIONS: 5 KNOTS OR LESS

." TOTAL COLLECTIVE CONTROL TRAVL - 12.6 INC*ICS

10

222

iTOTAL LATE:RAL CONTROL RAVEL u 10.0 IN'C:

•~ ~~ ~ ... .. •i;•- .+ .

1 2,

"!z" - 16 1H,,. ... 110'

TOTAL DICLCTIVEAL CONTROL TRAVEL * 81.0 INCHES

.•.",0 l10 20 30 40
Tre AIRSFEO (KNOJS)
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FIGURE E-171
LOW SPEED FLIGHT

225 DEGREE AZIMUTH
JOHG-5C S/N 70-15349

AVG AVG cc AVG AVv AVG SID
GROSS LOCATION DENSITY OAT ROTOR HEIGHT

III Sl tl ALTIT7 (DECG C) (lSL (Ft) ON~) v, (FT)
3050 106.8 0.0 4070 205.5 3w 10

NOTES: 1. COW'IGLRATION: CLEAN DOORS ON, SAS OFF
2. 1 DENOTES CONTROL AU) ATTITUDE EXCURSIONS
3. WIND CONDITIONS: 5 KIOTS OR LESS

10

TOTAL COLLECTIVE CONTROL TL-1. INCHE.

, •;+-................ . . r... .. I.•..+l.....b...I.: ::.; ,l,.l;+.:I +

S7L ...•I . :*:I m ..;.......
II Al3 -'tl

777AL M11ERCl. +1R04 TRA L -1.0 !11.

4 4-

to.. .,+, o
I-" I, I1:: 4'ý4 f!. 11 ILI,,.-•, f •

0 tO 20 3o 40

207



FIGLUE E-172
LOW SPEED FLIGHT

240 DEGREE AZIItJTH
JOH-58C S/N 70-15349

AVG AVG CG AVG AVG AVG S(KI
GROSS LOCAT ION DENS I TY OAT ROTOR HW IGHT

FIT ýAT) ALIF1i (*DEG C) SPEED (rr)

2gM 108.2 0.0 3500 21.0 356 10

NO7ES: I CONFIGRATION: CLEAN. DOORS ON, SAS ON
2. I DENOTES CONTROL ANM ATITLVE EXCLIRSI0tN
3. WIND CONDITIONS: 5 KNOTS OR LESS

S10 r

TOTAL COLLECTIVE CONTROL TRAVEL 12.6 INCHES

EA... i7....

I W;

2!!. .. L.;.

:-: ', ... ... ,

TOTAL LONGITUDINAL CONTROL TRAVEL * 11.7 INCHES

0 1 I1
•1 -I ff, -

TOTAL LATERAL OONTROL TRAVEL 10.0 INCHES

I " " I iq, 1 ' "" I' ii'[I~ ..ii .~ .... ....

S4].,

O 10 T0 30 40

208



FICWR E-173
LOW SPEED FLIGHT

240 DEGREE AZIMUTH
J0-58C S/N 70-1534B

AVG AVG CC AVG AVG AVG 900GROSS LOCATION DENSITY OAT ROTOR HEIGHT
LO FS B L IT-I (DEC C) F9M (FT)

2M 108.1 0.0 3510 21.0 356 10

NOTES: 1. CONIFI MATION: CLEAN DO= ON. So F2. 1 DENOTES CONTROL ANU ATTITUDE EXICJUOIIG3. WIND CONDITIONS: 5 KOOTS OR LESS

rK:

°'] TOTAL C0LLECTI•E CONTROL TRAVEL * 12.86 ICOES

S~~TOTAL LONOITLJOINAL '.ONTROL 1RAWL *, 11.7 INCICIr

TOTAL LATcERAL eCNiROL TRVL a I01• II ICES

0

TOTAL OflCTIIO.k (XNTRO, IRAW•L u 8.0 IWIWS~r

209



FIGRAE E-174
LOW SPEED FLIGHT

280 DEGREE AZIMUTH
JOH-5•C S/N 70-,1549

AVG AV CG AVG AVG AVG 901)
GROSS LOCATION DIENS I TY OAT ROTOR HEIGHT

(F .TX (CG C) (FT)

2M90 107.2 0.0 3640 22.5 357 10

NOTES: 1. CONFWIGURATION: CLEAN DOORS ON, SAS ON
2. 1 DENOTES CONiROL AU5 AITITUE EXMIRSIWN3. WIND CONDITIONS: 5 KNOTS OR LESS

10

oil 011 ME
TOTAL COLLECTIVE CONTROL TRAVEL - 12.6 INCHES

7-

TOTAL LONGITUDINAL CONTROL TRAVEL * 11.7 INCHES
g

TOTAL LATERAL CONTROL TRAVL * 10.0 INDHES

421: :1

TOTAL LIACTIONAL CONTROL TRAVEL * 0.0 INDIES

il i

S10 20 3O 40

4-'

tNJ ARSEE (blOTS)

210



FIGII E-175
LOW SPEED FLIGHT

280 DEGREE AZI MUTH
JOH-W5C S/k 70-15349

AVC AVG CC AVG AVG AVG SKID
am LOCAT7ON DENSITY OAT ROTOR HEIINT

FS A ý) ALI I Tf (DCE C) (T
2M 107.2 0.0 3840 22.5 357 10

NOTES: 1. CONFIGUITIGN: CLEAN DOORS ON. SAS OFF
2. 1 DENOTES CONTROL AU6 ATTITUMC EXCOIONS
3. WIND CONDITIONS: 5 I*OTS OR LESS

0-

low

S01101

TOTAL COLLECTIVE CONTROL TRAVEL 126. INCICS

I Ms

TOTAL LONGITUDINAL CONTROL TRAVEL *1`1.7 IMMU

II

TOTAL LATERAL OROL TRAVL *10.0 INO E

TOTAL DIRECTIONL CONTROL TRAWEL 5 .0 INCIC

4-1

0 uT Alaw (KIOTS)

211



FI.RE E-176
LOW SPEED FLIGHT

290 DEGREE AZIMUTH
JOH-5M S/N 70-15349

AVC AVG CC Ae AVG AVG SKID
GROSS LOCATION DENSITY OAT ROTOR HEIGHT

UFjT ýAj ALT1ITZ (DEC C) (y
3000 106.8 0.0 3630 22.5 38 10

NOTES: 1. CONFIGURATIONI CLEAN DOORS ON. SAS ON
2. 1 DENOTES CONTROL AU ATT17UC2E EXCMRIONS
3. WIND CONDITIONS: 5 KNOTS OR LESS

0.:

TOTAL COLLECTIVE CONTROL TRAVEL a 12.6 INCHES
Sto

S~TOTAL LO:NOITUDINAL CONTROL TRAVEL - 1, INI.? OC

•I I

IOTAL LATERAL MNwRO. TRAVEL • 10.0 IIES

TOTAL CLECTIEL CONTROL TRAVEL 1 2.0 INM

1. kit. ITM

lilt, I

!..

7-I

51ot

T 10 20 a0 40
TSL AIRS•CC (KNOTS)
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F IMIRE E-177
LOW SPEED FLIGHT

290 DEGREE AZIMUTH
AI+-5X S/l 70-,15549

AVG AVG cc AVG AVG AVG SKIDrLOCATION DENI TY OAT ROTOR W IONT
L ALIFTýh (OE0 C) ' CPM FT)

2M16 106.8 0.0 36M 22.5 356 10

NOTES: 1. CCNFIOWLATION: CLEAN DOORS ON, SAS 0F
2. 1 IXMTES CONTROL AND ATTITU7E EXOM.UStG3. WIND OONDITIWIS: 5 KNOTS OR LES

10-

TOTAL COLLECTIVE COiROL~ TRAVEL. 12.6 INMI
3.

B 7.

TOTAL LAN•TMAJ OMAR• TM.tL 10.0 |iNXII

f t

3-
TOTAL DIILECTO, 1111NT1L TR1AWEL 5.1 60 IIIS

lS '

0 10 I0 3O a
Tu 1lmill ("01

213



FIGLQRE E-178
LOW SPEED FLIGHT

300 DEGREE AZI MTH
JOH-58C S/N 70-15349

AVG AVG CG AVG AVG AVG SKID
GROSS LOCATION DENSITY OAT ROTOR HEIGHT

(AT) (OOL C) T,(-M (FT)

2g 106.4 0.0 3720 23.0 356 10

NOTES: 1. CONFIGUAT ION: CLEAN. DOORS ON, SAS ON
2. I DENOTES CONTROL AND AITITUDE EXCURSIONS
3. WIND CONOITIONS: 5 IKOTS OR LESS

IOTAL. COLLECTIVE CONTROL TRAVEL • 12.8 INCHES

TOTrAL LIONGIKUIAt CONTIROL TRAWL * 11.7 INCHES

to I :: !

n to ;J, ;T:: `:H,,,d

TOTAL LATLERIAL CONTROL TRAVL u I 0. INCHES

3± - lmi rith I,

4: ;

U* 7'

4-4

TOTAL tONIMICTINAt CONTROL TRAVEL It8.0 BlOC

qq ~ A'~ IV It

-'11

TOA )0IIETNA 20I~ TRVL 50 40X

21



rFIRE E-17g
LOW SPEED FLIGHI

300 DEGREE AZIM1TH
JOH-58C S/N 70-15349

AVG AV cc AVG AVG AVG SKID
GROSS LOCATION DENSITY OAT ROTOR HEIGHT

FIST ýO~ AT) ALJITE1 (0C)(T

2990 106.4 0.0 3740 23.5 356 10

NOTES: 1. CONFIGURATION: CLEAN. DOORS ON, SAS OFT
2. 1 DENOTES CONIROL AMD ATTI7UDE EXCUJRSIONS
3. VIM CONOITIONS: 5 IOOTS OR LESS

10:

IOTAL COLLECTIVE: CONTROL TRAWL u 12.6 INGLES

TOTAL LW1•ITLCIMAL CONTROL TRAWL ,, It.? INOHES

* lCE

0 . .... ._ .. , -, • , •-

•., , Ii .. . '.

1-h

TOTAL COLLECTIV ONTROL TRAVEL 1.6 INCHES

0 tO 20 40

215



FIGUIRE E-180
LOW SPEED tLIlHT

310 DEGREE AZIMUTH
0W-58C S/N 70-15M49

AVG AVG CO AVG AVG AVG 9I00
GROSS LOCATION DENSI TY OAT ROTOR WEIGHT

. (FT)- (RPM)) A1- (FT)

2990 108.1 0.0 3980 24.5 351 10

NOTES: 1. COGIGJRATION: CLEMA, DOORS ON, SAS ON
2. 1 DENOTES CONP'ROL AND ATTITUIDE EXCLRSIONS
3. WIND CONDITIONS: 5 KNOTS OR LESS

~10]

TOTAL COLLECTIVE CONTROL TRAVEL u 12.8 INCICS
i7-

TOTAL LONGIIIVIMAL CONTROL TRAVEL 117 INOIES

TOTAL LATERAL CONTROL TRAVEL 10.0 INCS

IlIII:III~ 7 11111

1%! It
TOTAL OIREC1IONAL CONTROL TRAVEL 5.0 INOS

4I' 7

3 it

0 10 20 30 40
tR AIR9w (NNO1S)

216



FIMRE E-151
LOW SPEED FLIGHT

310 DEGREE AZIkIJ7H
JOHI-58C S/N 70-115119

AVG AVG CC AVG AVG AVG SKID
amO LOCA7ION DENS1TY OAT ROTOR K IGHT

L~ BI (FT AT ITi(C (FT)

2gg 108.1 0.0 3950 24.5 351 10

NOTES: 1. CONFIGURATION- CLEAN DOORS ON. SAS OFF
2. 1 DENOTES CONTROL U6 AlTITWI EXMMIWG
3. WIND) CONDITIONS: 5 MIS01 OR LESS

""I.

!74
f-'

TOTAL ICIO NALETV CONIROL TRAVEL 125.0 IMM(1

27::



FIGURE E-182
LOW SPEED FLIGHT

320 DEGREE AZIkI&)H
JOH-SaC S/N 70-15349

AVG AVG CC AVG AVG AVC S(ID
CMOSS LOCATION DENSI TY OAT ROTOR I IGHT

)Al ALT (DEC C) - (T)

298 107.7 0.0 3980 24.5 351 10

NOTES: 1. COWIGURATION: CLEAN DOORS ON. SAS ON
2. 1 DENOTES CONTROL AU AITITUM EXCURSIo5
3. WIND CONIDITIOGS: 5 KNOTS OR LESS

b- 0. 11 A-1. -. -1 :

10

101
TOTAL O0lLECTIVE CONROL TRAVEL • 12.6 I0(S

L7-

TOtAL ,04ITUDINAL CONITOL 11TA. .1 ( IN

* l444de 4fl

a,'

lt~t-• Olorl[tia~ cmlaOt IUVt 5.•0 INX[S

o t0 20 30 40
IM A•Ik (N3s)

215



FICLIE C-163
LOW SPEED FL IGHT

320 DEGREE AZI UTH
JG4-UIC S/N 70-15349

Ag AVG AVCC AVG AVG AVG SKID
CROW LOCA71ON DENS ITY OAT ROTOR IfIGNT

et) FLTE ( (W0OC (FT)
2960 107.7 0.0 3m8 24.5 351 10

NOTE$: I. CGF.G.RATION' CLEAN. DOORS ON, US OFF
2. 1 DEN07ES CONTROL ADJ ATTITUDE EXO.RSIWG
3. UINDC ONITIONS'l: 5 KNOTS OR LESS

4`3A OOLCIF IOT0 IRAVOA .1 2.61 9

It

to

UT -1:41444444

3-.
TO toiloll 20l~ 1" I It 60

TU-7U ~Q$

VOAIIIM O~ TAI2109IMC



FIGURE E-184
lOW SPEED FLIGHT

330 DEGREE AZIMJUb'i
JO-5. 8C S/N 70--15(9

AVG AVG Cc AVG AVC AVG SKID
SLOCATION ,k s ITY OAT ROTOR HEIGHT

B(tAT) ALNT (DEG C) S D (t)

300 107.2 0.0 4050 25.5 350 10

NOTES: 1. CONFIGURATION: CLEAN DOORS ON, SAS ON
2. I DENOTES CONTROL R ATTITUDE EXCURSIONS
3. WIND CONDITIONS: 5 IO.IOTS OR LESS

R;-.

I::: " "T... - I,

01 : :A
TOTAL COLLECTIVE CONTROL TRAVEL • 12.6 INCHES

'.I (1 'TOTAL

TALLATERAL CONTROL TRAVEl, * 10,0 INCIES

41 •17 .. .. . ...

-3

TOTAL LIOGCTIONAL CONTROL TRAVEL M 5.0 IN x s

2,I AIT

4-a

T LLTL COTR9OL (KNO1.0)

220



FIMRE E-185
LOW SPEED FLIGHT

330 DEGREE AZVI'UTH
JOH-5'C S/N 70-1.449

AVG ,VG CO AVG AVG AVG WID
GoSCATION C.NSI TY OAT ROTOR WEIGHT

BL IT (RPM)C (FT)

3000 107.2 0.0 4050 25.5 351 10

NOTES: 1. CO FIGAATIONI: CLEAN, DOORS ON, SAS OFF
2. 1 DENOTES 0OW"ROL WO ATTITUDE EXCURSIONS
3. WIND CONDITIONS: 5 hNOTS OR LESS

t0.

0OTAL COLLECTIVE CONTROL TRAVEL 12.0 IN0HES

;II

T•1IA LONOITW~INAL CONTROL TRAWEL , 11,7 INOE4Sm itn 'Ij~j
"• ,-71 ,.

OTlA LAOITUDINAL COItL TRAVEL a 10.0 INIO

I I

TOTAL DIRCTIOAL ONI LD AVEI, 5.0 I(mHts

221



FIGURE E-186
LOW SPEED FLIGHT

340 DEGREE AZIMJTH
O-*58C S/N 70-15349

AVG AVG CG AVG AVG AVG SKID
GROSS LOCATION DENSITY OAT ROTOR HEIGHT
LFT) (Dic C) (RPM) (FT)

2010 106.9 0.0 4100 25.5 352 10

NOTES: 1. CONFIGURATION: CLEAN, DOORS ON, SAS ON
2. 1 DENOTES CONTROL AMC ATTITUDE EXCURSIONS
3. WIND CONDITIONS: 5 KNOTS OR LESS

10

TOT L •.NIupIA 77ZRO 7 P -4 I• 7 7 17 NC

109

TOTAL COLLECTIVE CONTROL TRAVEL - 12.6 INCHES

T07AL LONIRTUIONAL CONTROL TRA VEL = 1.7 I1(I

-i~~5 -`-1 :4,14

A1 .1. X, L

TOTAL LANGTERIAL CONTROIL TRAVEL 10 ~I NCHES

I I P. "I 4O£44

TOTAL DIAETIORAL CONTROL TRAVEL 5 1.0 INCHES

2-2

0 10 20 4

I" ~ ~ A5E (MNISS
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FIGULIR E-187
LOW SPEED FLIGHT

340 DEGREE AZIMUTH
JOH-5WC S/N 70-15349

AVG AVG CG AVG AVG AVG SKID
Gm LOCATION DENSITY OAT ROTOR MEIGHT

LIST O A1T ~ ( (RPM) (VT)

2990 106.9 0.0 4090 25.5 352 10

NOTES: 1. CONF'IG(LRATION: CLEAN DOORS ON, SAS OFF
2. I DENOTES CONTROL AUD ATTITUDE EXCLIRSIONS
3. WIND CONDITIONS: 5 KNOTS OR LESS

10-

4:ii ii 7Vh: 4~1 - zI4T I

10

TOTAL COLLECTIVE CONTROL TRAVEL 12.6 INCHES

IL 7"
6

22

4. ......~ .. ..:. ....
.. 10 .0 ... ..... .

T4-IRCD(KOS

V2



FIGURE E-188
LOW SPEED FLIGHT

350 DEGREE AZIMUTH
JOH+-8C S/N 70-15349

AVG AV CO AVG AVG AVG SKID
GROSS LOCATION IDNSITY OAT ROTOR HEIGHT

(FA) AL TI (DEC C) SPEED

2980 106.7 0.0 4120 26.0 353 10

NOTES: 1. CONFI MTION: CLEAN DOORS ON. SAS ON
2. I DENOTES CONTROL AU5 ATTITUDE EXCURSIONS
3. WIND CONDITIONS: 5 KNOTS OR LESS

01

TOTAL COLLECTIVE CONTROL TRAVEL - 12.6 INCHESS 7-
I I,

LOAL OOTUORAL CONTROL TRAVEL * 10.0 INCHES

10

TOTAL CLLACTIVAL CONTROL TRAVEL 1 20. INCHES

7-

an :: :t
3-

TOTAL DIRECTUIONL CONTROL TRAVEL • 1.7 INCHES

"tit

0 10 20 30 40
TAL AIRSPEED (KNOTS)

224



FIGURE E-189
LOW SPEED FLIGHT

350 DEGREE AZIMUTH
JOH-58C S/d 70-15349

AVG AVG cc AVG AVG AVG SKID
mLOCATION DENSITY OAT ROTOR HEIQHT

(rT (DEC C) SPEE,(D t
Wlel 9G (RPM) Ti1 (10C (FT)

29W 106.7 0.0 4120 26.0 353 10

NOTES: 1. COFIGUIRATION: CLEAN, DOORS ON, SAS OFF
2. 1 DENOTES CONTROL AND ATTITUDE EXCURSIONS
3. WIND CONDITIONS: 5 KNOTS OR LESS

TOTA 4OLMIT•IO R'L- 26ICE

0vj.

10-

TOTAL ~ ~ - MAU• COTO r :• 10. AN:7F.

10

3.

TOTAL COLLECTIVE CONTROL TRAVEL 12.6 INCHES

M 4

0 0 0 30 4
TU AIR~PCC (KIIS)

TTM ...



F I CURE E-o190
LOW SPEED FLIGHT

120 DEGREE AZIMUTH
JOH-58C S/N 70-15349

AVG AVG Co AVG AVG AVG SKID
MROSS LOCATION DENSITY OAT ROTOR HEIGHT

I IAT) AL~IT~ (EC)r
290 107.9 0.0 3760 22.5 352 10

NOTES: 1. COlF IGURATION: CLEAN DOORS OFF SAS ON
2. 3 DENOTES CONTROL A"D ATTITUDE biMSICN
3. WIND CONDITIONS: 5 IQKOTS OR LESS

10

10

TOTAL COLLECTIVE CONTROL TRAVEL - 12.6 INCHES
,IO

TOTAL LONGITUDINAL CONTROL TRAVEL ,, 11.7 INOCHS

I

TOTAL LATERAL CONTROL TRAVEL * 10.0 INCHES

I

o-4

TOTA DI~TIGALE ACONTROL KNTRAL*. ICE

SI F.

4-0

222



FIGRE E-191
LOW SPEED FLIGHT

180 DEGREE AZIMUTH
JOH-5MC S/N 70-15349

AVG AVG c AVG AVG AVG S(ID
GROSS LOCATION DENSI TY OAT ROTOR HEIGHT

W AL(FT) C P) M (FT)
2940 107.8 0.0 3900 24.0 353 10

NOTES: 1. CONFIGLRATION: CLEAN, DOORS OFF SA ON
2. X DENOTES CONTROL AND ATTITUDE17 EXCJIONS
3. WIND CONDITIONS: 5 IKOTS OR LESS

10

0101
TOTAL COLLECTIVE CONTROL TRAVEL x 12.6 INCES

6

2-L

II

0o
TOTAL LONOITUDINAL CONIROL TRAVEL a 11.7 INCHES

10IM

72

TOTAL LATERAL 00NTROL TRAVEL 10.0 INCHE

TOTAL DIRECTIONAL CONTROL TRAVEL 5.$0 INMM

t I

M, lulL

227



FIGIRE E-1192
LOW SPEED FLIGHT

240 DEGREE AZI MUTH
JOW-58C S/N 70-15349

AVG AVG CC AVG AVG AVG 900D
MOS LOCATION IDNSITY OAT ROTOR HEIGHT

L o FL~T~ (DEG C) SPED (FT)
2910 107.4 0.0 3960 24.5 356 10

NOES: 1. CONFIQURATION: CLEAN DOORS OFF SAS ON
2. 1 CE7OTES CONTROL "N ATTITUDE rXcwsIiNS
3. WIND CONDITIONS: 6 IQOTS OR LESS

"~ 10]

to-
T0TAL COLLECTIVE CONTROL TRAVEL * 12.6 INCHES

S~~TOTAL LGOITUWIRAL CONTROL TRAVEL *, 11.7 INCHES

TOTAL LATERA•L CONTROL TRAWEL * 10.0 INCH[8
ti;l all(o(•S

2-2

TOTAL LWTDIMCIC L CONTROL TRAVEL * 5.0 WICS

10- Il

FS AIit.(005

722
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FIGURE E-209
DIRECTIONAL TRIM CHANGES WITH POWER

JOH-58C S/N 70-15349

SYM AVG AVG CG AVG AVG AVG AVG AVG
GROSS LOCATION DENSITY OAT ROTOR CALIBRATED SIDESLIP

WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (BL) (FT) (DEG C) (RPM) (KT) (DEG)

o 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 LT
0 3060 108.2 0.2 LT 8080 18.5 358 31 10 LT
C9 3090 108.3 0.2 LT 7620 19.0 355 30 0
0 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

4.4

.........

o:~~~~_: :::,7:i. •,!i:i!i :
:!i.!:i~~i! • ir•.• r •.• . ... ... .... ...........~ ... .. .l: ; i l~ i l i i : • ...:' ::! ....i • ...i -f •. -;... . :- • .... t ...

... .... ..

S............:...............

2.0 .. 1...

000

A. ..i .i. : i .•. : .• ,• ., .) . . . . . i : . ..Ii i i::: ii

0-- C.IUAIN CL...- ..

-2.8 DT ONSTKNDRN

AIRES:EDADSDSI
-1. CWIGRATE o ON CLIM/ESCNT ALO7

GRATOAVAREDCTO WIT POWER

1.2 6 • I I: i " " : " " "

,9VAYIT PWE

1.2F LOFGRTO:CEN

0 20 40 60 80 100
ELINTORAIN

PERCENT)

.i TO VA Y lT IK~tE :-• . '!.::!;.245;H'



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 OAT ROTOR CALIBRATED SIDESLIP

WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (BL) (FT) (DEC C) (RPM) (KT) (DEG)

0 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 LT
0 3050 108.0 0.2 LT 8450 18.0 358 40 11 LT
0 3010 108.1 0.2 LT 8130 19.0 358 41 0
N 3070 108.1 0.2 LT 8280 18.5 358 40 10 RT
* 3070 108.1 0.2 LT 8070 19.0 357 39 21 RT

3060 108.0 0.2 LT 8420 18.5 357 40 30 RT
:: 4 .4 .1 : ] :: : : 1 ; " : ":

3.6 - v ̂

- -3.2 -_ t' L ;;"
w . . ..... ... _..........

DOORS.oN0s6s r ...... ...

-.-2. DATA POINTS TAKEN DURING ~ I
1. GRADUAL.REDUCTON OF POWlER -- ...0o 20I 40 TO TAI80

- wT 3.2N

7NIN T7OL

2.44



FIGURE E-211
DIRECTIONAL TRIM CHANGES WITH POWER

JOH-58C S/N 70-15349

SYM AVG AVG CG AVG AVG AVG AVG AVG
GROSS LOCATION DENSITY OAT ROTOR CALIBRATED SIDESLIP

WEIGHT LONG EAT ALTITUDE SPEED AIRSPEED
(LB) (FS) (BL) (FT) (DEC C) (RPM) (KT) (DEG)

o 3090 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 LT
0 3110 108.2 0.2 LT 7100 18.5 358 51 11 LT
0 3130 108.3 0.2 LT 7920 19.0 359 51 2 LT
0 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 RT
3110 108.2 0.2 LT 7710 19.0 357 51 30 RT

-4.4 ------ ' : " -. - " -

4 ~ 00 0

40 - - - --- : -. - . ---

3.6 i~.0 - , - -

1V V

2.81

7, 217- .= rl.: -. -

2.4 -

•~... ......: 'i ':

:I41 'ur --- • -'!

2.0

2.0 NOTES:-- .

1. CONFIGURATION: CLEAN.
DOORS ON. SAS OFF --7

-2. DATA POINTS TAKEN DURING -

1.6 GRADUAL REDUCTION OF POWER ,
WHILE ATTEMPTING TO MAINTAIN
"AIRSKIED AND SIDESLIP t

-3. RATE OF CLIMB/DESCENT ALLOWED-.O
- 10 VARY WITH POWER . . .-

"1.2 -I .LLJI I I III I 11. Ii
0 20 40 60 80 100

ENGINE TOROUM
(PERCENT)

Z47
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FIGURE E-255
SHIP SYSTEM AIRSPEED CALIBRATION

JOH-58C USA S/N 70-15349

SYM AVG AVG CG AVG AVG AVG FLIGHT
GROSS LOCATION DENSITY OAT ROTOR CONDITION
WEIGHT LONG LAT ALTITUDE SPEED

(LB) (FS) (BL) (FT) (DEG C) (RPM)

0 2940 108.1 0.0 6020 20.5 354 LEVEL
o 2880 107.8 0.0 5980 20.5 354 CLIMB
4 2900 107.9 0.0 5920 20.5 354 AUTOROTATION

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