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0 November 1980 in two flights for 1.5 productive test flight hours. The overall evaluation indicate
hat the OH-58C handling qualities with installed mast mounted sight and three-axis SCAS wer
atisfactory within the flight envelope tested. No problems were noted that will prevent futur
perational testing of the systcen. The addition of a three-axis SCAS significantly improved the Ot-58
andling qualities, particularly in tow speed flight, and is an enhancing characteristic..-our deficiencie

wcrc noted: (I) single electrical power interruptions or SCAS component failLre will result i
iniultaneous three-axis control inputs: (2) the unguarded copilot collectivc pitch b~llcrank (collcctivremoved) could result in control jamming; (3) the divergent lonlg period iin high rates of climb at 50 to 6',

knots; (4) the low frequency (I/rev and 2/rev) vibrations noted in forward, right sideward, and rearwar
ight that would prevent the sight operator from utilizing the sight controls efficiently. The vibration
oted in Phase I were significantly reduced by the selective assembly of close tolerance mast and sigh
nomponents when the operational sight was installed. The only vibrations noted during Phase 2 were i

ght sideward and rearward flight and the deficiency noted above was downgraded to a shortcornin
he divergent long period oscillation noted in high rates of climb was climinated prior to Phase 2 testin

by the addition of a lagged rate term within the pitch logic of the SCAS. The possibility of three-axi
ontrol inputs due to a single electrical power interruption and the unguarded copilot collective bellcran

were not corrected during this evluation and remain deficiencies that should be corrected prior t,
operational testing. A total of four other shortcomiigs were noted that were attributable to the SCAS c
mast mounted sight installations.
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U MDEPARTMENT OF THE ARMY

NHQ US ARMY AVIATION RESEARCH AND DPVELOPMENT COMMAND

4300 GOODFELLOW BOULEVARD. ST. LOUI% MO 63120

DkDAV-D

SUBJECT: Directorate for Development and Qualification Position on the
Final Report of USAAEFA Project No. 78-09, Preliminary Air-
worthiness Evaluation, OH-58C Helicopter Configured with a Mast
Mounted Sight

SEE DISTRIBUTION

1. The purpose of this letter is to establish the Directorate for Development
and Qualification position on the subject report. This evaluation was con-
ducted in two phases, to assess the handling qualities of the OH-58C helicopter
with a mast mounted sight (MMS) and a three axis stability and control augmenta-
tion system (SCAS). Phase 1 consisted of testing with an instrumented dummy
,K.eS and instrumented Oh-58C to obtain quantitative handling jualities data.
Phase 2 consisted of a qualitative handling qualities evaluation of the OH-58C
with an operational 'MMS. A limited operational envelope for user tests was
released for the OH-58C with an operational MMS and three axis SCAS. It is
important to note that the MMS was a prototype installation while the three
axis SCAS was FAA certified for the commercial Jet Ranger helicopter and not
fully qualified on the OH-58C.

2. This Directorate agrees with the report findings, conclusions, and recom-
nendations with some exceptions as indicated below. Since this report presents
the results of a Preliminary Airworthiness Evaluation of an item intended only
for feasibility testing, the use of Deficiencies and Shortcomings relating to
type classification of hardware intended for operational use is not really
inportant; however, the problems defined should and will be considered. The
following comments are provided relative to the conclusions and are directed
to the report paragraph as indicated.

a. Paragraph 48a. The possibility of uncommanded three-axis control
inpurs as a result of a single SCAS switch actuation or failure is not con-
:;ideced a deficiency. Uncommanded centering inputs will result in aircraft
response only if an offset exists in the first place (i.e., a body rate is
present). If this is the case, then it is probably the result of the pilot
moneuvering the helicopter which implies he is on the controls and will react
t•, eliminate unwante. helicopter responses. The configuration was, therefore,
not withheld from further testing.
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b. ' raph48b. With the copilot's collective removed, the configura-
tion is the same as for a standard OH-58C, which is nut new. There has never
been any field experience of collective control Jamming with the copilot col-
lective pitch lever bell crank unguarded.

c. Paragraph 48c. Because of the divergent long period oscillation noted
in high rates of climb, the OH-58C has been limited to 1000 fpmn climb rate
except in an emergency.

d. Paragraph 50. The selective assembly of the 10S components indicates
that any fielded system will require close to.erance fits and represents a
manufacturing prcblem. However, this is not considered a shortcoming.

e. Paragraph 51a. Since this evaluation was a feasibility test, which
proved successful, a limited flight path normal acceleration envelope is con-

sidered adequate for further user testing; however, cperational use. of the
configuration as a scout helicopter would require significantly greater maneu-
xvcring capability.

f. Paragraph 51b. The design and location of the SCAS power switch was

unirpie to the test OH-58C. For any follow on deveX'pmrwnt effort, the switch
would be redesigned as well as relocated.

g. Paragraphs 51c and 51d. The light directional control breakout (plus
friction) and the lack of a directional control force gradient system are
shortcomings conrion to the standard; however, there is no current effort to
correct these shortcomings.

h. Paragraph 51c. The airframe vibrations noted in right sideward and
rearward flight is apparently associated with the MMS. The impact of the
vibrations on the operational utilization on the ýI4S is undetermined; however,
it should not significantly impact the user evaluation. Any future develop-

ment effort would consider the vIbration characteristics.

i. Paragraphs 52a and 52b. While two specification requirements for the
flight control system were not met, they would be waived since the areas of
noncompliance are acceptable.

j. Paragraph 53. For the reasons stated previously, the test 01-58C was
released to the user for continued feasibility testing.

k. Paragraph 54. It is not warranted that existing shortcomings be cor-
rected this time since only feasibility tests are being conducted.

2



DRIAV-D
S UBJECT: Direc -rite for Development and Qualification Pofition on the

Final Report of PS.AEFA Project No. 78-09, Prelimiary Air-
worthiness Evaluation, OHt-58C Helicopter Configured with a Mast
Mounted Sight -

1" P-a-araphs 55 and 56. The normal acceleration envelope is considered

adequate for user tests. A caution was incorporated in the Airworthiness
Release issued tn the user restricting the load factor envelope to +O.5g to
+1...5g for all gross weight and cg conditions. I

m, Paragraphs 57 and 58. Further SCAS related testing will be accom-
plished as recommended should the OH-58C with the NMS and SCAS installed be
further deve loped.

L. Paragraph 59. For the reasons stated in paragraph 2a, we do not con--
ducit addicional SCAS flight testing prior to the release of the test helicopter
for user tests. However, cautions relative to hardover characteristics were

included in the Airworthiness Release to the user so that he would be aware
of helicopter responses to SCAS hardovers.

FOR TEC COMMANDER:

CHARLES C. CRAWFORD, JR.
Lirector of Development
and Qualification
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INTRODUCTION

BACKGROUND

1. Bell ltelizopter Textron (BH]) conducted a feasibility demonstration of an
OH-58C helicopter with a Mast Mounted Sight (MMS) and a three-axis Stability and
Control Augmentation System (SCAS) installed. The feasibility demonstration by
BIHT initially utilized a dumnmy sight of approximately the same size and weight
characteristics of the operational Rockwell International (Rockwell) sight to be
installed for future US Army operational testing. The US Army Aviation Research
and Development Command (AVRADCOM) tasked the US Army Aviation Engi-
ncering Flight Activity (WSAAEFA) to conduct a Preliminary Airworthiness
Evaluation (PAE) of the OH-58C helicopter with an installed dummy MMS and a
three-axis SCAS (ref I, app A). Additionally, a qualitative assessment of the
handling qualities was required when BHT removed the dummy MMS Zind test
instrumentation and installed the operational MMS and its associated
instrumentation package (ref 2).

TEST OBJECTIVES

2. The objectives of this test were to: I
a. Determine the changes in handling qualities of the O11-58C helicopter as

a result ef the installation of an MMS and a three-axis SCAS.

b. Qualitatively evaluate any changes in handling qualities between the
dumniny NIMS and the operational Rockwell sight installation.

j

DESCRIPTION

3. The 0', 3(' hcli,ýoptc iS a moditfcatio:; of tliC 011-58A built by BlHT, Foit
Worth, Texas. The OH-58C has a single two-bladed, semi-rigid, teetering-type main
rotor and a single two-bladed, delta-hinged, semi-rigid, teetering- type tail rotor. The
design gross weight of the helicopter is 3200 pounds. The aircraft is powered by an
Allison T63A-720 engine with an uninstalled intermediate rating (30 minutes) of
420 shaft horsepower (slip) under sea level standard conditions. The helicopter main
rotor transmissior. has a five-minute rating of 317 shp and a continuous rating of
270shp. The test helicopter, serial number69-i6214, wds equipped witih dual
hydromechanically- boosted flight controls in all three axes. The
vulnerability-reduction directional-control system was removed from the test
helicopter to accomodate the installation of the hydraulic boost required for the
three-axis SCAS. The left seat controls were removed to allow for the installation of
the Rockwell sight-operator controls for the operational MMS testing. A detailed
description of the basic helicopter is contained in the operator's manual (ref 3).

4. The dummy MMS used in the instrumented test phase of the PAE consisted of
a vibration isolated nonrotating structure that was representative of the operational
Rockwell sight in shape, size, and weight (photos I and 2, app B). The sight
extended two feet above the main rotor mast and was secured to the main
transmission by the use of a standpipe that extended through the mast to the base of
the transmission. The dummy MMS installation weighed approximately 118 pounds
including test instnmnentation (table 2, app B). A detailed description of the
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dummy ..ight installation is contained in appendix B.

5. The Rockwell MMS installation consisted of (lie MMS standpipe, copilot scat
operator controls, rear seat observer console, instrumentation, and audio and video
tape recording systems. The entire system weighed 260 pounds with the mast
mounted components weighing approximately 118 lbs. The external components of
the system closely approximated the dummy installation in shape and size (photos 3
aid 4). A detailed description of the Rockwell sight is contained in appendix B.

6. The test helicopter was equipped with a BHlT model 570B threc-axis SCAS
which had previously been type certified by the Federal Aviation Administration
(FAA) on a BHT 206 helicopter. The SCAS consisted of a control panel, a sensor
amplifier, three electrohydraulic actuatorm, and three control motion transducers.
The SCAS was a limited authority three-axis, rate-referenced stability augmentation
system. The system incorporated control position transducers that distinguished
between pilot control inputs and external airframe disturbances to allow a pilot
fly-through capability. A detailed description of the SCAS is contained in
appendix B.

TEST SCOPE

7. The USAAEFA -vaiuation was conducted in two phases at the BHT Engineering
Flidht Research Center, Arlington, Texas. Phase I was completed from
I 5 to 30 October 1979 and consisted of an evaluation of the dummy MMS instal-

lation. Phase I of the PAL required 12 flights for a total of 9.1 productive hours.
Phase 2 of the PAL consisted of a qualitative evaluation of the operational Rockwell
MMS installation and was conducted on 30 November 1979. Two flights were
required and a total of 1.5 productive test hours were flown. Flight limitations
contained in the operator's manual (ref 3, app A), and the airworthiness release
(refs 4 and 5) were observed. The test conditions are presented in table 1. Handling
qualities w•ere evaluated with respect to the applicable requirements of
MIL-H-8501A (ref 6).

TLST METHODOLOGY

8. Flight test data for Phase I of the IAF were recorded on magnetic tape
utilizing an on-board BtT instrumentation package (app C). Telemetry was utilized
for monitoring critical component parameters during all Phase I testing- Test data
for Phase 2 of the PAL were ihand recorded utilizing standard cockpit
instrumentation. The test techniques used are described in reference 7. appendix A
and in appendix D. The handling qualities were evaluated in accordance with the
Handling Qualities Rating Scale (ItQRS) contained in figure 1, appendix D.
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RESULTS AND DISCUSSION

(uI'-N URAL

k). A PAL evaluation wits conducted to determine the changes in handling qualities
of the Oi--58C helicopter due to the installation of a MMS and a three-axis SCAS.
The evaluation was completed ill two phases. Phase I consisted of an evaluation of a
durirmy IMMS i'stallatioln using an instnumented helicopter. Phase 2 consisted of an
evaluation of the operational Rockwell MMS using an uninstruniented helicopter.

10. 1lhe overall evaluation of the 0-1-58(C helicopter equipped with an MMS and
three-axis SCAS indicates the handling qualities are satisfactory within the flight
envelope tested (refs 4 and 5, app A). No problemis were noted that will prevent
further operational testing of the MMS concept. The addition of a three-axis SCAS
,itinificantfy improves the helicopter's handling qualities and decreases the pilot
w orklojd, especiall. in the low speed Ilight regime where the MNIS will lie most
utilized. The additiorn ot a three-axis StAS is an enhancing characteristic. However.
limited fault anal.'sis and ground testing of the SCAS indicated that single com-
ponent failures may result in simultaneous three-axis control inputs. Further
eahltation of the failure m.)des and coricotion of tihe SCAS problems is required
pricl t) operaitiorial use on the 01I-58C.

I I. Ihe following 4 deficCencies were noted in Phase I of the PAl: single St'AS
cOnponent failures that may result in significant simultaneous three-axis control
inputs,,, the unguarded copilot -,ollective pitch kvcr bell crank, the divergent long
period of tile helicopter in rates of climb greater than 1000 feet per minute (fpmi) at
50 to 60 knots calibrated airspeed (KCAS). and the low frequency airframe
.i!rations in forward flight, right sideward flight, and rearward flight. A total or

S other shortcomings were noted.

i2. The lateral controi iigging, w;is found t0 lie I uUt Ofl 1lliriiK lpp B 1) prior ito
LISAAEFA testing. This resulled in :nt approximate one degree nisalhgnmcnt
between the vertical a\is of tile main rotor mast and the swashplate. Phase I wa."
compIhted with this out-ot-rig condition as it was determined that it would have
inmir,,. effect on landling qualitics and comparability with previous contractor

NIMS flight test data iref 8) ca:rried a higher priority. The rigging erroi ssas corrected
prior to the start of Phase 2 and no changes in handling quaiities could be attributed
to tile rigging change.

13. The followingr 2 deficiencies noted in Phase I of the PAE still existed ii
Phase 2: the possibility of a simultaneous three-axis control input as the result of a
single SCAS component failure and tire unguarded copilot collective pitch hell
cr:.nk. The divergent long period clharacleristic in climbs noted in Phase I Aas
corrcted by the addition of a lag rate term within the SCAS logic circuits and
tIre long period characteristic within the scope of this test was then satistactory. The
excessive vibrations ioted in Phase I were significantl, reduced by selective
rcassembly of close tolerance mast and NIMS components when the operational
MMS was installed. The only objectionable vibrations noted in Phase 2 were one per
revohltion (lirev) and 2-rev vibrations in right sideward and rearward flight "which
constituted a shortcoming. Il he five shortcomings noted during Phase I still existed.
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HANDLING QUALITIES cj
Control System Characteriaticsi

14. Tile control system characteristics were evaluated with rotors static, SCAS ON,
and electrical and hydraulic power applied to the helicopter. Control forces were
measured using a hand-held force gauge and were qualitatively verified in flight.
'The longitudinal ana lateral cyclic control system characteristics were unchanged
from the standard OH-58C helicopter (ref 9, app A). The large trim control
displacement bands were similar to those of th' standard OH-58C and remain a
shortcoming. The directional control system characteristics were significantly

L changed from the standard O11-58C due to the installation of a hydraulic boost
actuator required for the three-axis SCAS. During Phase I of the PAE the directional
control system characteristics were documented and are presented in figure 1,
appendix E. The directional control breakout (including friction) was approximately
1/2 pound for right pedal and approximatey I 1/2 pounds for left pedal. No .orce
gradient or trim system was incorporated in the directional axis. The light bre.1kout
(plus friction) forces and lack of a force gradient system contributed to directional
overcontrol pioblems experienced by the pilot and are further discussed in
paragraph 28. The lack of a force gradient system failed to meet the requirements
of paragraph 3.3.10 of MIL-H-850IA in that positive self-centering was not present.

15. During the contractor installation of the Rockwell MMS, the directional con-
trol system components were adjusted to increase the breakout (including friction)
of the pedals. The directional control system characteristics were rechecked by
USAAEFA prior to the conclusion of Phase 2 of the PAl" and the results are pre-
sented in figure 2. The breakout (including friction) was increased to approximately
6 pounds for right pedal forward application and to approximately 5.5 pounds for
left pedal applications. The increased breakout (plus friction) force decreased the
tendency of the pilot to overcontrol the aircraft directionally, but is still a
shortcoming (para 28.).

r\ 16. The control system characteristics were satisfactory as documented in Phase 2
of the PAE except the light directional control breakout (plus friction) forces and
the lack of a directional control force gradient s),tein, which are shortcomings. The
directional control system mechanical characteristics initially failed to meet para
3.3.12 in that the breakout (plus friction) force for left or right pedal displacements
(0.5 to 1.5 Ib) was less than that required by MIL-H-SS01A. During Phase 2 testing,
the directional control breakout (plus friction) was adjusted and did meet the above
requirement.

Control Positions in Trimmed Forward Flight

17. The control position, in trimmed level forward flight were evaluated at the
c.onditions listed in table I . The test results are presented in figure 3. appendix F.
[he variation of longitudinal control position was positive in that increasing forward
control was required for increasing airspeed. The gradient of longitudinal control
position to airspeed was essentially neutral from 33 t( 40 KCAS Lut no adverse
handling qualities were attribuitablc to this characteristic. The lateral and directional
control ,isplactments required with increasing airspeed were m!nimal and control
margins at all conditions tested were adequate. No objectionable characteristics were
noted in transitions from level flight to climbs or descents. The level flight trimcontrol position characteristics of the Oit-58(" with MMS and SCAS were similar to

i thle standard helicopter and are satisfactory.



[ Static Longitudinal Stability

18. The static longitudinal stability characteristics of the OH-58C helicopter
configured with the NIMS wNre evaluated at the conditions listed in table I using the
flight test techniques descnoed in appendix D. The static longitudinal stability
data are presented in figure 4, appendix E. Collective fixed trim airspeeds of 62 and
82 KCAS were used with SCAS ON. The static longitudinal stability was weak
but positive at both airspeeds tested. Quantitative results obtained in Phase I as well
as qualitative results observed in Phase 2 indicate no change in the static longitudinal
stability characteristics of the OH-58C aircraft configured with the MMS as
compared to basic OH-58C characteristics described in reference 9, appendix A.

Static Lateral-Directional Stability

1). The static lateral-directional flight charactenstics of the OH-58C helicopter
configured with the MMS were qualitatively evaluated using the steady heading
sideslip method discussed in appendix D at the conditions listed in table I. The
qualitative results indicated that the positive directional stability, positive dihedral
effect, and side force characteristics were unchanged from the basic OH-58C for
both MMS configurations (ref 9, app A). The static lateral-directional stability
characteristics of the OH-58C helicopter configured with the MMS and three-axis
SCAS are satisfactory.

Maneuvering Stability

20. The SCAS ON maneuvering stability characteristics of the OH-58C MMS
helicopter were evaluated in left and right steady turns, pull-ups, and push-overs
using the test techniques described in appendix D) at the conditions listed in table I.
Data gathered during Phase I testing is presented in figure 5, appendix E. The
mancuvering stability characteristics determined during Phase I and qualitatively
confirmed (luring Phase 2 for the OH-58C MMS helicopter with three-axis SCAS
%%re unchanged from those noted for the basic OH-58C aircraft (ref 9, app A) and
are satisfactory. The AVRADCOM issued airworthiness releases (refs 4 and 5)
establishcd a +0.6 to 1.4 g flight path normal acceleration limitation for this test
program. Even with sensitive g meter instrumentation, normal acceleration
limitations were exceeded by 0.08 g in turning flight at 60 knots indicated airspeed
(KIAS) and by 0,04g at 79KIAS with approximately two-inch aft stick
displamccments. Routine light observation helicopter tactics involve similar mission
maneuvers that may occasionally be more severe than those documented during
these tests. The limited flight path normal acceleration envelope developed for the
O0I-58( MMS aircraft is easily exceeded and a shortcoming. Further tests should be
conducted to expand the normal acceleration envelope prior to system operational
rise. As an interim procedure the following caution should be placed in the
operational testing airworthiness release.

CAUTION

The +0_6 .4 g flight path nornial
icLcvlcration mnitations can easily be

excecded during mission mancuvers.

A
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l)ynaimic Stability

21. The long terni longitudinal dynamic stability characteristics of tile OH-58C
helicopter with MMS and SCAS ON and OFF were evaluated at the conditions
listed in table 1 and using the test techniques described in appendix D. Recorded
data (SCAS OFF) is presented in figures 6 through 8, appendix E. With the f
SCAS OFF the longitudinal long term oscillation was damped in level flight at both
airspeeds tested. The long term oscillation with SCAS OFF became oscillatory
divergent at moderate climb rates (800 fpm) and 59 KCAS (Fig 8). High power
climbs (1500 fpm) at 59 KCAS exhibited similar divergent long term oscillation I
characteristics, The SCAS OFF longitudinal long term characteristics were essen-
tially unchanged 'from the basic OH-58C helicopter. The previously noted defi-
ciency, divergent long term at high climb rates, (ref 8, app A) for the basic OH-58C
helicopter is also present with the MMS configuration.

22. Additional tests were conducted to evaluate the longitudinal long term charac-
teristics of the O1-1-58C helicopter with MMS and SCAS ON. The SCAS ON long
term longitudinal oscillations were essentially neutrally damped at the level flight
airspeeds tested (figs 9 and 10, app E). The divergcnt tendency of the long term
oscillation during climb at 59 KCAS was aggravated with SCAS ON (fig 11 and 12).
The long term characteristics noted with S('AS ON, as compared to SCAS OFF,
demonstrated that the addition of a SCAS degraded the stability of the long term
mode.

23. Prior to the Phase 2 evaluation the SCAS was modified by the incorporation
of a lagged pitch rate term (app B). During Phase 2, forward flight climbs were
conducted at 59 KCAS at moderate (700 FPM) and high (1500 FPM) rates of climb,
Essentially "hands off" flight was attainable with the modified SCAS. Small airspeed
deviations were introduced, and no tendency for pitch divergence was noted.
Further tests should be conducted on the O11-58C helicopter equipped with a
three-axis S(AS incorporating a lagged pitch rate term to fully evaluate the apparent
improvement of the longitudinal long-tenn dynaamic stability at high-power climb
conditions and dctertnine any affects on handling qualities throughout the entire
flight envelope.

24. The dynamic lateral-directional characteristics of the O01-58C helicopter b
configured with MNIMS and three-axis S(AS were evaluated using the procedures
described in appendix I) and at the conditions listed in table I. The SCAS OFF V
lateral-directional characteristics observed were unchanged from those noted in the
basic O01-58C' and are depicted in fit-,ure 13, appendix I.. No differences were noted
between the dumm., MMS and the Rockwell sight configurations dunug these tests.
The easily excited, lightly-damped, literal-directional gust response of the OH-58C
helicopter (SCAS OFF) equipped with NIMS continues to be a shortcoming.

25. The dynamic lateral-directior il characteristics with SCAS ON were cwntially
identical for both NMMS configuraaj ýns. The SCAS ON oscillations. due to directional
or lateral control doublets or natural gust response, were heavily damped dfig 14)
when compared to the standard O11-58C. The improved lateral-directional oscillation
characteristics with SCAS ON greatly decrease the pilot workload required to

laintain piecise t,, k angles and/or heading control. The dynamic late ral-ditectional
cha;racteristics of the O01-58C MMS helicopter equipped with three-axis SCAS aresatisfactorv.
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Controllability

26. Hovering and forward flight longitudinal and lateral controllability tests were
conducted at the conditions listed in table I using test techniques described in
appendix 1). Data were recorded SCAS ON and SCAS OFF for comparison. SCAS
OFF hover longitudinal and lateral controllability characteristics are shown in
figures 15 and 16, appendix E. No changes in longitudinal or lateral axis
controllability characteristics were noted for the MMS configuration with SCAS
OFF as compared to the basic OH-f8C (ref 8, app A). The SCAS ON controllability
characteristics are shown in figures 15 through 18,of appendix E. The SCAS instal-
lation resulted in a slight decrease in the pitch and roll response. No change was
qualitatively noted between controllability characteristics in the dummy sight or
Rockwell sight configurations. The controllability characteristics of the OH-58C
helicopter with MMS and three-axis SCAS are satisfactory.

Low Speed Flight Characteristics

27. The low speed flight characteristics were evaluated to determine the effects on
handling qualitics due to the installation of the dummy MMS and SCAS. The flights
were conducted at the conditions shown in table 1. The low speed flight testing was
conducted by stabilizing on a pace vehicle at a skid height of 25 feet at azimuths
relative to the nose of the helicopter of 0, 90, 180 and 270 degrees. Low speed flight
testing was conducted with SCAS ON and OFF and the test results are presented in
figures 19 through 22 of appendix E.

28. The previously discussed light breakout (plus friction) forces in the directional
control (para 14 through 16) caused the pilot to overcontrol the helicopter direc- - _
tionally. Any maneuver requiring frequent pedal inputs, i.e., rearwara flight or
left sideward flight, was susceptible to pilot directional overcontrol. The light
directional control breakout forces (plus friction) and lack of a force gradient . -

resulted in pilot overcontrol of the pedals and is a shortcoming,

29. Low speed forward flight was easily accomplished (HQRS-2) with SCAS ON or
OFF even though a longitudinal control reversal was noted at 10-15 knots true
airspeed (KTAS) (fig 19). This characteristic was previously noted in testing of the
standard OH-58C (ref 8) but does not adversely affect the low speed forward flight
characteristics. The longitudinal control gradient was essentially neutral from 25 to
40 KTAS but no adverse handling qualities were attributed to this characteristic. No
noticeable differences were perceived between the Phase I and 2 configurations. The
low speed forward flight characteristics met the requirements of paragraph 3.2. 10 of
MIL-H-8501A and are satisfactory.

30. In rearward flight with the SCAS OFF, large abrupt longitudinal control
inputs were required to maintain pitch attitude (fig 19 and 20, app E). This charac-
teristic is similar to the standard OH-58C (ref 8). With SCAS disengaged, satisfactory
stabilized rearward flight was unobtainable due to the tendency of the helicopter to
pitch and yaw excessively. The large pitch and yaw excursions required extensive
pilot compensation (HQRS 6) to maintain helicopter attitudes within ± 5 degrees.
The maximum excursion of pilot control inputs required to maintain stabilized
reirward flight are depicted by the 'I" bars on figure 20. With SCAS engaged, the
pilot workload to maintain stabilized rearward flight, was significantly reduced
(HQRS 3). No differences in the low speed characteristics were perceived between
Phase I and 2 configurations. The control margins and gradients were similar to the
standard OFI-58C with SCAS ON or OFF and the low speed rearward flight
chýracteristics met the requirements of paragraph 3.2.1 of MILH-8501A with the
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SCAS ON at the conditions tested The addition of tile three-axis SCAS significantly
reduced the pilot comnpensation required to maintain stabilized rearward flight and is
all enhancing characteristic.

31. In left sideward flight with the SCAS disengaged, no handling quality changes
M were noted from those reported in previous testing (ref 8). Smooth, stabilized left

' ideward flight was unobtainable with maximum pilot compensation (HQRS 7)
due to the large pitch, roll, and yaw excursions of tile helicopter. The maxiniun-

j excursion of pilot control inputs for SCAS OFF left sideward flight is depicted by
the "I bars in figure 21, appcndix E. The pilot workload required to maintain
helicopter attitudes within '5 degrees to compensate for the tendency of the
helicopter to pitch, roli, and yaw with SCAS engaged was moderate (iMQRS 4)
(fig 22). Tile control margins and handling qualities characteristics were similar to
the standard Oit-58C and were satisfactory for the conditions tested. No
qualitatively noticeable differences were perceived between the Phase I and 2
configurations. Tile addition of a three axis SCAS significantly reduces tile pilot
compensation required in left sideward flight and is an enhancing characteristic.

32. The low speed flight characteristics were qualitatively assessed as being
unChlnged with removal of the dummy MMS and installation of the Rockwell MMS.
lHowever, the airframe vibrations documented with the dummy MMS installation
were significantly reduced with the Rockwell sight installation in all areas except
right sideward flight and rearward flight (para 38). The qualitative evaluation of the
Rockwell NIMS revealed no adverse handling qualities that will prevent future
operational testing of this MMS installation.

Aircraft System Failures

Simulated Engine Failures:

33. Simulated engine failures \werc conducted SCAS ON and OFF at tihe conditions
listed in table I. Sudden engine failures wcrc simulated by trimming the aircraft
at the test condition and rapidly closing the throttle to the idle position. The flight
controls were held fixed at the trim position for two seconds (to simulate pilot
reaction time) or until recovery was initiated to prevent exceeding aircraft limita-
tions. The most frequent liiit observed was rotor speed decay to tile minimum
transient rotor speed of 330 rp'1, and a worst case, maximum delay time cf
1.5 seconds \Pas noted at 5') KCAS (fig 25) in high power climbs. Time histories of
typical simulated sudden engine failures are shown in figures 23 through 25, for
SCAS ON conditions. SiniUlated sudden engine fai!urcs with SCAS OFF produced
aircraft responses essentially unchanged from those noted on the basic OH-58C
helicopter. lýxccpt for the excessive rotor speed decay noted on the basic OH-58C
aircraft and previously reported, the sudden engine failure characteristics of the
OlI1-58( NIMS helicopter with SCAS ON and OFF arc satisfactory.

34. The SCAS ON sudden engine failure tests resulted in significantly smaller rate
and attitude excursions from the trim condition than for similar test conditions
with SCAS OFF. Adequate wanting of the engine failure was available to tile pilot
in the form of moderate left yaw rate and attitude excursions of approximately
one-half of that noted with SCAS OFF. Roll 'Ind pitch excursions were barely
noticeable cven during the collective lowering process. The sudden engine failure
characteristics of the 011-58C MMIS helicopter with SCAS ON were significantly
improved over the S('AS OFF conmiguration hut the rapid rotor speed decay
dis,,cuscd in paragraph 33 was un c11 anged
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SCAS Disengagements:

35. A limited systelm analysis of electrical power disconnects of the SCAS was

completed during the PAE. This analysis consisted primarily of a ground inves-
tigation of the possible in-flight results of SCAS electrical power disconnects due to
switch actuation or system failures. This investigation was first completed with
rotors static and electrical and hydraulic power applied to the helicopter The SCAS
inputs to the SCAS electrohydraulic actuators and the rotors were then evaluated
as the various system switches and circuit breakers were actuated. The same checks
were evaluated on the ground with the rotors turning at operating RPM (100%). The
in-flight testing consisted of numerous SCAS disengagements by the use of the cyclic
SCAS DISENGAGE switch. One in-flight disengagement was accomplished by
pulling the SCAS INVERTER circuit breaker.

3o. During the system analysis, it was determined that six methods of SCAS
electrical powet interruption were possible by the use of cockpit switches or circuit
breakers. The power interruption possiblities are: actuation of the SCAS control
parnel PWR switch: both the CYCLIC and YAW control panel switches, or the cyclic
SCAS DISENGAGE switch; or by pulling the SCAS CONTROL; SCAS INVERTER;
or SCAS AC circuit breakers.

37. The SCAS analysis indicated that four of the above methods of interrupting
electrical power would result in a hydraulic pressure shut-off to the electrohydraulic
actuators. As the hydraulic pressure decreased, the SCAS actuator springs would
gradually center the actuators to the null tno output signals) position. Such a system
shutdown would occur for actuation of the cyclic SCAS DISENGAGE switch.
disengagement of buth the CYCI.C and YAW control panel switches, or by pulling
either the SCAS CONTROL or SCAS AC circuit breakers. Figure 26, depicts the
SCAS actuator feedback signals as a result of a cyclic SCAS DISENGAGE switch
actuation in flight. l'Vh system analysis indicated that this SCAS actuator response
was representative of the four electrical power disconnects noted above. The time
delay between the electrical power interruption and the SCAS actuator response was
approximately two seconds. It then required approximately two additional seconds
for the SCAS actuator springs to counter the decreasing hydraulic pressure and
center (null) the actuator. The flight evaluation with controls fixed for a cyclic
SCAS 1I]SENGAGE showed that sufficient delay time was available for the pilot to
rccover the helicopter from the mild SCAS inputs that resulted. The SCAS response
to an electrical power interruption by the use of the cyclic SCAS DISENGAGE
switch, by the disengagement of both CYCLIC and YAW control panel switches, or
by pulling the SC'AS CONTROL or SCAS AC circuit breakers was mild and provided
sufficient pilot reaction time as determined by the limited scope of this evaluation.
Further flight testing should be accomplished to determine the SCAS control inputs
as a result of all possible electrical power interruptions.

38. One SCAS electrical power disconnect by the use of the SCAS INVERTER
,ircuit breaker, was accomplished in flight. ilis electrical power interruption
resulted in an immediate and simultaneous three-axis control input and the helicop-
ter pitched up. rolled left, and yawed left. The SCAS actuator feedback signals
that occurred as a result of the SCAS INVERTER circuit breaker actuation are
shown in figure 27 and show that this electrical power interruption resulted in an
immediate centering command to the actuators. System analysis indicated that such
an immediate centering command signal could also occur if the SCAS control panel
PWR switch were disengaged or if the single pulse module unit within the system
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failed. -fle possibility of an imnmediaite three-axis control input is further increased
"due to the location ipara 41 ) ind design (fig 1 , app B) of the SCAS control panel
PWR switch. The inmnmediate and large control inputs that can occur as the result of
the three electrical powci intCrruptions noted will not provide the pilot with
adequate reaction time to prevent large helicopter attitude changes. As the MMS
operational testing mission will require low speed flight in close proximity to
obstacles such as tree lines, the inability of the pilot to pre.vent large helicopter
attitude changes due to the immediate three-axis inputs as a result of certain
electrical power interruptions could result in a main or tail rotor strike accident. The
possibility of unLeonunanded and immediate, large magnitude, three-axis control
inputs as the result of a single switch actuation or SCAS component failure is a
deficiency. The O0i-58C helicopter with MMS should not be released for further
testing with an operationa! SCAS until further flight testing of SCAS system failures
and correction of any SCAS problems has been completed.

VIBRATION

39. The OH-58( airframe vibrations were documented during Phase I of the
evaluation at the pilot, copilot, anti dummy M.,IMS cg locations. Excessive cockpit
vibrtions Acre nuted in the forward flight airspeed range of 80 to 100 KCAS, right
sideward flight, and rearward fliglht. [he vibrations were at the main rotor I per
revolution (I /revt) and 2/rev frequcncies of 5.9 ltz and 11 8 liz respectively, and
increased the pilot workload significantly The severest vibrations noted in forward
flight occurred at 100 KCAS at the 2.,rev frequency and were present in all three
axes with maximum amplitudes of 0-31 to 0.33 g at the aircraft cg. The vibrati-" s
were attenuated in All three axes at the pilot and copil t sea-' hut the . .:i
accelerations were still as high as 0.24 g at the 2,'rev frequency •
charactenstics were noted in right sideward and rearward flight at 30 tc A

but the severity of the vibrations were not as high. The longitudinal an ,j
2, re accelerations were in the range of 01. 2 to 0. I5 g at the helicor ter cg while the
vertical vibrations did not exceed 0.04 g•. lfc)Ne\er, the 2/rev vert ca! accelerations
at tihe pilot and copilot seats in both rearward and righit sideward flight were as high
as 0.12 to 0.15 g. tJpon completion of Phase I, the contractor and AVRADCOM
were briefed that excessive vibrations were present for the flight conditions noted
above. but that they were not unsafe and the affect of the vibrations on future
Rockwetl sight operation could not be determined. The excessive Iirev and 2/rev
vibrations present in forward flight. right sideward flight and rearward flight would
prevent sight operator utilization of the MNIMS controls and are a deficiency.

40. During the changeover from the duniny MMS to the Rockwell sight installa-
tion, BHT used a process of selective reassembly (app B) in an attempt to improve
the MMS to main Iotui mast aliweiient wkhich faciiitatci tile reduction of the MMS
and airtranie vibrations. During the (Iualltative evaluation of Phase 2, it was noted
that the airframne vibmrations at the pilot and copilot stations were significantly
reduced during high speed forward filght and somewhat reduced in rearward flight.
The only objectionable vibrations noted during the Rockwell sight evaluatioin was
the I /rev and 2/rev in right sideward and rearward flight. This vibration was noted as
being typical of the vibrations normally asse.iated with an out-of-track or
out-of-balance rotor condition. The vibration was a mild periodic beat in the
airframe at the main rotor I/rev and 2irev frequency and was noted in right
sidewaird and rearward flight and in hovring flight with light winds (less than 10
knots) from the riglit rear of the helicopter. The low frequency Iirev and 2/rev
Wibration noted with the Rockwell sight installation in right sideward and rearward
flight will complicate sight operator iutili7ation of the MNS controls and is a
sh o rtconiinu.
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COCKPIT EVALUATION

4. A limited ý-,ckpit evaluation was conducted to evaluate the changes due to the
installation of the MMS and threc-axi., SCAS. The SCAS control panel consisted of a
PUSH-ON/PUSIH-OFF power switch, two electrical solenoid engage switches and
two NO-GO lights. All switches were lighted to indicate the ON condition. The
SCAS control power switch is on the left side of the SCAS control panel which was
located on the forward, left side of the helicopter center console. Due to the
PUSIt-ON/PUSIt-OFF design of the SCAS power switch and its close proximity to
the sight operator's right knee, this switch is highly susceptible to inadvertent
actuation. The lugh possibility of accidental actuation of the SCAS power switch
contributes to the severity of the deficiency noted in paragraph 38. The PUSH-ON/
PUSH-OFF design and location of the SCAS power switch makes it susceptible to
inadvertent actuation and is a shortcoming.

42. The copilot flight controls were removed to allow for the installation of the
operational MMS and cockpit system controls. The collective pitch lever was
removed at its base where it attaches to a short bell crank extension in the cockpit
floor. The bell crank and the short extension that receives the collective pitch lever
were not removed. The left seat observer could reposition the collective pitch in
flight by using the short bell crank extension. The uncovered left seat collective bell
crank creates the possibility of collective control jamming should ;! hard object
wedge between the exposed bell crank and the airframe. The unguarded copilot
collective pitch lever bell crank could result in collective control jamming and is a
deficiency. A rigid cover should be installed to prevent accidental movement or
jamming of the exposed collective control components in the left seat area.

RELIABILITY AND MAINTAINABILITf

Mast-Standpipe Contact hIdicators

43. The standpipe used to retain the durio,. -AMS to the aircra,, extv -d through
the main rotor mast. The standpipe was equipped with eight electrical .3ntacts that
would illuminate corresponding lights in the cockpit if mast to standpipe r-ntact
occurred. The lights were operational during Phase 1 of the PAL and illumination
(indicating mast to standpipe contact) was to be treated as a grounding condition.
Due to the limited clearance (1,14 inch) between the main rotor mast and the
standpipe, the contacts should be retained for the operational sight. During the BHT
installation of the Rockwell sight, it we •und Ihat there was enough physical space
to allow for the retention of tile mast tj itandpipe contact warning system.
Altht,)Ugh no contact occurred during the PAE, the main rotor mast to standpipe
contacts should he retained throughout the Army operational testing of the OH-58C
with the Rockwell MMS.

Flight Control Rigging

44. The main rotor and tail rotor flight control rigging was checked by USAAEFA
perscnnel prior to the start of Phase I of the PAE. The length of the control tube to
the right horn of the inner ring of the swashplate was not within the required
tolerance of 8.89 to 8.93 itiches. This control tube was 8.75 inches in length and
resulted in an approximate one degree misalignrment between the main rotor mast
and the swashplate. This out-of-rig condition was determined to be safe and testing
without re-rigging was approved to maintain comparability of test data with the
conmpletted BHT testing. No adverse handling qualities were noted that contld hr-
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attnbuted to the out-of-rig condition. During the removal of the dummy MMS and
installation of the Rockwell MMS, BHlT re-rigged the flight controls to the correct
dimensiois. During tile qualitative evalUation of Phase 2, no changes in the
helicopter handling qualities were noted that could be attributed to the change in
lateral ngging.

SCAS Actuator Null Positions

45. During the early stages of Phase I, a limied analysis of the entire SCAS was
completed to determine the possible results of various system component failures
during flight. Thc null (no SCAS flight control input) positior of the SCAS
actuators might not fall within the normal mid-stroke of the actuator as required.
Since the loss of certain AC electrical signals drive the SCAS actuator to the null
position, with a failure such as the loss of inverter power, the actuators could
'hard over" to greater travel distances than would be nonr-al. This larger than
"return to center" actuator travel command would amplify the severity of the

deficiency noted in paragraph 38. A method of checking voltage input signals
to the SCAS actuators is available to insure the actuator null positions are at the
normal midstroke location. The maintenance procedures for centering the null
positions of the SCAS actuators should be included as a part of the periodic
maintenance inspections on any installed BIlT Model 570B SCAS.

13



CONCLUSIONS

GENERAL

46. The following general conclusions were reached in Phases I and 2 of the PAE:

a. No differences were noted in handling qualities between the dummy
and Rockwell sight installations. The handling quality characteristics of the OH-58C
configured with a MMS are satisfactory and will not preclude future operational
testing of the OH-58C MMS concept.

b. Thc Model 570B three axis SCAS requires further failure analysis, flight
testing, and correction of any SCAS problems prior to release of the OH-58C with
an operational SCAS to operational test agencies (para 37 and 38).

c. Reconfiguration of the OH-58C from the dummy sight installation to the
Rockwell sight indicates that selective assembly of close tolerance mast and mast
mounted components may be required to achieve acceptable airframe vibration
levels (para 40).

d. Thc main rotor controls were out of rig and resulted in
approximately I degree of mast to swashplate misalignment for Phase I of the PAE.
The rigging was corrected for Phase 2 testing and nn changes in handling qualities
could bc detected (pa:a 44).

ENHANCING CHARACTERISTICS

47. The installation of a three-axis SCAS significantly improves the handling
quality characteristics of the Oti-58C, particularly in the low speed flight regime,
and is an enhancing characteristic (para 30 and 3 1).

DEFICIENCIES

48. The followinig dieficiencics were identified in Phase I and are listed in de-
creasing order of importance-

a. The uncominmanded and immediate, large-magnitude, three-axis control
inputs as the resudt of a single SCAS switch actuation or component failure
(para 38).

b The unguarded copilut collective pitch lever bell crank (copilot's collective
stick removcd) which could result in collective control jamming (para 42).

c. The divergent iong period osci!lation noted in high rates of climb (greater
Lhan 1000 fpm) at 55 KIAS (para 21). Corrected during Phase 2 (para 49).

d. The excessive low frequency airframe vibrations noted in forward flight,
rearward, and right sideward flight (para 39). Downgrnadd to a shortcoming during
Pi,.se 2 (para 50).

40. The addition of a lag rate term within the pitch axis S(AS logic prior to the
Phase 2 tcsting eliminated tIe dCficieCrcy listed in paragraph 48c (para 22).

14
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50, The selective assembly of close tolerance mast and mast mounted components
prior to Phase 2 testing resulted in the deficiency listed in paragraph 48 being
reduced to a shortcoming (para 40).

V I• SHORTCOMINGS

5 1. The following shortcomings were noted in Phases I and 2 and are listed in
decreasing order of importance.

a. The limited flight path normal acceleration envelope developed for the
OH-58C with installed MMS (para 20).

• b. The PUSH-ON, PUSH-OFF design and the location of the SCAS power
switch (para 41).

c. The light directional control breakout (plus friction) force (para 16

and 28).

d. The lack of a directional control force gradient system (para 16).

C. The l/rev and 2/rev airframe vibrations noted in right sideward and
rearward flight (para 40).

4

SPECIFICATION COMPLIANCE

52. Within the scope of this test the OH-58C with MMS and three axis SCAS
failed to meet the following requirements of the specification MIL-H-8501A:

a. Paragraph 3.3.10. The lack of a force gradient system in the directional
controls fails to meet the requirement of the specification in that positive self-
centering is not present (para 14).

b. Paragraph 3.3.12. The directional control system breakout forces were
less than required by I to 2.5 pounds during Phase I testing (para 16).

15



RECOMMENDATIONS

53. Correct the deficiencies listed in paragraphs 48a and 48b pnor to release of the
helicopter with an operational SCAS to other test agencies.

S4. Correct the shortcomings listed in paragraph 51 a through 5 1e as soon as
possible.

55. Further testing be accomplished to expand the normal acceleration envelope of
the OH-58C with MMS prior to operational use (para 20).

56. Include the following caution in the MMS operational testing airworthiness
rclease

CAUTION

1 lih -i)o_ to 1.4 g flight pullj . nurnial .tccle-
rat'o,' limitations can casilk be exceeded
during mission il:inctivers.

57. Furthei testing should be accomnplisheJ to fully evaluate the Oli-58C SCAS
la! ged pitch rate tenr alfect on the longitudinal long term dynamic stbhility at high
power climb conditions and dctermine aný affects on handling qualities throughout
the entire flight envelope •para 22).

58. Further testing should he accomplished to determine the SCAS control inputs
as a result of all possible electrical power interuptions (pata 37).

59. The Ott-58C helicopter with MMS installed should not be released for further
testing with an operational SCAS until further flight testing of system failures has
been accomplished and SCAS problems corrected (para 38).

60. The construction and installation of a rigid cover for the copilot's collective
control bell crank should be accomplished to prevent accidental collective control
janimling (para 42).

61. The main rotor rnast to standpipe contacts should remain operational through-
out the Army operational testing of the OH-58C with MMS (para 43).

62. The maintenance l)rJcetlures for centering the null positions of the SCAS
actuivtors should be included as pat t of the periodic maintenance inspections on any

installed BHT Model 5701 SCAS (parai 45).
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8. Pilot Report, Handling Qualities of an 011-58,C Htelicopier with Mlast Mounted
V isionics, Part It. Test Results. B1UT 206-0994423. 16 May 1978 with Revision D,
9 June 1980.

9. Final Report, USAAEFA Project No. 76-11-2, Airworthiness and Flight
Characteristics Evaluation 0H-5SC Interinz Scout Helicopter, March 1979.

10. Anny Regulation No. 310-25, Dictionarv of US Arniy' Terms (Short Title.
.Il)), 15 September 1975, with changes I and 2.
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APPENDIX B. DESCRIPTION

AIRCRAFT
'e~iglt and Balance -

I . The heico-ter conitignted with the dommyni MMS and instrumentation was
weighed with no fuel and with "till 1-0 by Wtl and wit nessd by a USAAEFA
quality coritiol representative. ITlie helicopter was also weighed by BirT after the
reconfiguration to tile Rockwell MMS installation with its additional4
instrumentation. Tht nonrotating sight assemblies were similar in weight. The weight
and longitudinal cg data ate presented below:

.)ulrllil Sighti installationi

Empty fucl weight: 23 83 lb at 114.64 in. eg
FUll fuel w..ighl 2840 ib at 115.73 in. cg

Rockwell Sight Installation

Fmlpty Ioc v.weight: 22(5 lb at 1 15.42 in. cg
Full fuel weight: 2722 lb at 116.52 in. cg

Control Rigging

2. A complete Ilight controi rigging check was completed 1,y BHT and monitored
hy I.ISAAEFA quality control personnel pnot to ihC cOIldOLt of Plha.c I of the PAE.
The rigging was also rechecked by BuiT after the helicopter rcconfiguration to the
Rockwell MNIS installation. The datO for tile Phas,- I rigging check is presented in
table I of this appendix.

STABILITY AND CON-TROL. AUGMENTATION SYSTEM

GeneralI

3. The standard coniligliiatikin Olt-S8C was nodified by removing the vulner-
ability reduction directional controls, and adding a boosted tail rotor control
system, and a Model 57013 thrce-axis stability and control augumentation system
which was manUfactured by hIT. Th'c N\,','tcn consists of a control panel, a sensor
alnpliltcr unit, three ele.troh,.draol it 0:11c tor-s. and three control motion trans-
ducers. The major componentl are shitiwn in figure A and a block diagram is shown
in figure B.

Control Panel

4. The control panel coniain, a PUSIH ON;OF|E po,.wer switch for applying
primary power to tile svitciio a.d t\ko PL..SI 0N&)Fi:F iagnctic latching switches for
engageirent or disengagcnent of the cyclic and yaw channels. Two "NO GO" lights
warn ef unsafe SCAS engagenivit conditions. (onwnritional edge lighting is used for
night illumination of fhle panel.

Mo



Table 1. Flight Control Rigging

Swashplate Riggingi

Stick Position Swashplate Angle

Forward 5018'Neutral Right 0* 36'

Forward 1684020
Fore and aft (full throw) Aft 60420

Left 6*54'Lateral (full throw) Right 60 25

Collective pitch (blade angle) Down .00 245'Up 15'44'

Tail Rotor Rigging
2

Left 19* 20'Blade angle Right 1 0°40'

Swashplate Horn Pitch Links'

Left horn 8.90 inches
Neutral stick Right horn 8.75 inches

__Collective 1.98 inches

50;' LollVctivC with hydraulic boost ON measured relative to mast
2Geometric-pitch angle to the plane of rotation
3 Limits for right and left horn links 8.89 to 8.93 inches
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Sensor ANiliqier Lintm

.5. s l' s;ciism" ; i l ilit'llttc ttil c itt ciitsil II c, t l I e g\'ios wlhic. If'isiire the rate of'
tusllIli'Lt.iie iit 11 tic ,it il it li,,: I1 I, .- i hi( i ,l ;clltlttiii. ()lit. v5ym is oriented for
caCh t \kis of IMcS1,nr,,Ll cilL. All tihree gyros a.e luiotcllld oil at single base for replace-

- lntent :is ;I unit or thi ',yr5s c•ar he hinldiVidutully re-pt:kied There are three plug-in
cIrCulit hiM1,1a,. Mn l ,.t Iu lie I, , y lp llth ,in11 11clI ,:1ib111Lt'ls. I;icll board contaim.
C0' 11CL'c ltllst IiCt2 ct.i tirk-+, d ".xiI dri t. ilm lwl . ;a i:lu huilt-inm test equipment
Oil I I n) tiiIL>' [_,I S. Ilk lih", ii mtic uumisiidc of icu cisc walrked 'AC, R I-ST"' and
"( iYR() T[51 " .,u S h'" i , iLt iil;)imIItciiIc lcsimiiicl Itis.iMle the casu, *mdjacenL. to
I;mA hl ph-ILI , c- i ti m I'iMItd S, t ic . I "N ) C "NOc(,( ii" \vLi li hi. lic yaw channel light =

is cnni-'ctcd Iii p irlicl with it!, ilscaýteu hiulit in Ml 11oilrotl pane l. The cyclic light
oil the ,L o itroi lilmidl will lihllt if citlic.i lhe' ill ,i piltch li•ht il lic sensor amplifier
u11nit is ilIIlimutic 'tI l lcOMninC tie Riotkwell s,.iht iilstleAtioii Bll uoIdinifled the pitch
,l~ila ic! it I1'. S( S ,S 1t'iiit N ib. lih•." , (ili'it t ,I l it, ritc c•.rl %i-ihium the
co. li pellslm i moo ite ,.'ri Ic ( I1!, ( [ I !l. i rlld l.it. ill 1,' 1, I n'rkc Itk't(i h (liet' 1llim lll Ir;tio of the
lo01g Ilrnodt us,,ill iilins.

SCAS A:tXtllr,

I+ lic'I k .;I: !I IJ I , i -Illl t'tk ., ':1;, . I (t . A .', ll: A .' l +:i p,. N", I It'•, tN C~t iJk llallo rs

i.,tallc: d th lit ccnti,l liitt,11.W It, i. tlI " a , "Jt .ac; acltiator is fimited
Ii alp oXi l x , itl,, 1Ill. t l,'.l l l' t cit"mo1l itliuirity ill cacti
direct ' . I, ll i'. l, i., l -. i I ... l..•. l.I tiii , i " .,. lt m.liii ii ; cIl' It'll-Gvil tcring by
builtr'i1 Iii*". mril !ilc Li,.cimi l\t l' .c, i t, l' j,-1 1,osli in thetIl event of
ccii.'k ArlLA (m ivi ltliI. cu-i-t I i i 1. ! '. i1 , icL lh .,il stc'in . liti..lC (11. ot lie rate of
.itut. i lm r ,,;'. I, ih! ., tv c:cl ,l ,-,.., iit- '.,. vi',i mood ll ItC tli ict hod of

(.itntrcit-N,,uctic~r 1 ::nisdTuCc-rs

. CtI-i i I- i ;, t i' l I! i I I. n loll Lin! Uw axes of Clie
ilot's t l;:glh mciilid v', .fi "Ill. 1 1i mini1 ito ixoI: .i ; tici iioct.l oFi" the contro•s

iWt eLach Ixi, :.li ;,I("i: I Ili., 1mii,', i ' .. .. t c m 1i,:ll'. o Oti Ji..c ml t in .tworks
Iml CIhC Si'll",11 .\;!]!- 11,.i 1 iii. -1 , l i,. -,( I,, .A tl, ti wh ii pilot cLo trol
itll ,tt il\ i ,lh-l'. t t ilLi. thl .Jilit I.,.i ' .' - cl li stui-tt i ml •.

DUMMY J,.\S[,) M N Ill-' 1) tt

,. The duif tti,' ti1a.t nilt cdt l A-.y! I i,[,i llchii 1 iL hat,c I ol die 'xl. consisted
it a 'rir tic c:l it:: iii' v. cie l! it c i iti i ,' liii I ,ld t . lie ., o e illMa ',tti', sim ilar to

the loc,,k .cll ' i iii r'II lill c ' iil ;ii l:, Iih,,I' lI i ll ' iN I ,IllIn] show the
dtulltii. '1",1S I, ii l fcui ',ii .' uIc l .\.l PA! I ii ,i'!.hii 1'- t.iit litl ni cl atoil I)% tile
1:.c l a Iv .l ir; ct'..1111it\ a' H ',i, I i. iJ)id lilt cll+taiJ.,l:H!I, iti enrtire
aseLt.llt5 w . it, iti:lv ii tlc l l i , I .1 1-'l I,' ., I ii"clii i- l k -tul i st'1 stailt. fpipe.
"alitc 2 presents I Jl-UAlhiioii () I ll. liiiiy MINI -i c iiiiioi '!rits, anrd individual
wACighls. lhiC LISc: () htlllst cit v~irltiU. an liciu t' loxt uti, ', ••i till- installed BIlT
iistrUtiiLit,ii tl.i,, t L lmcl'c l MI I t•ot .)I (.)ý it l ii hc 1L o. iitiLn that
luosely aupproxilatc-i lth ifilt pilscdl l,+ 'li ficctt;att'iua Sight cotlfiguration.

4O(CKM4I" 1NI f- c .I UN \t. %I *\S I )IWINt l 1) S1' d11!

N slt'j . ,, iic I .',l ,',, , I i '. l1, , i,: m. , a, uuis illl t. oil at

, li n c -,, , I~ +- .- h ! i, i ------l- -- ,-- -+ 1 • , ll ' l 'l~ i • r l l ',l I l ll ( I ( I
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Table 2. Dummy MMS Description

Component BH f Part Numberl Weight

Dummy sight:

Weight support 206-812-004-9 9.7 A
Weight base plate 699A252-1 13.3
Weightq ( 15) 699A252-3 39.6

InstrUrncntation cover:

Non-rotating cover 8.5

focal motint:_

Focal mount assembly 2 206-8 12-0 10-105" 9.1

Standpipe assembly:

Standpipe 206-840-004-109 3.1
Spacer 206-840-004-107 0.5
Support assembly2 206-840-005-103 21.8 -

Cable assembly 2.0

Total dumlmy MMS ilhtlfllation 118.5

BHT supplicd part numbers when available.
S2 Iiiludes wvight ;I' inslrmlcnl itimi.

A
I
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OH-58C to permit target acquisition aind laser ranging and designation from masked
positions to improve combat snrviabiility. The Rockwell MNIMS consists of a sealed
pressnri7ed housing cnnt aining a silicon vidicon television camiera, an Integrated
Laser System I:W- 103 laser designator, and associated optics. These components are
mounted on a i.ree-ginihaled, servo driven platform which was located atop the
main rotor mast (photos 3 andi 4). Th,' laser range receiver was not installed for this
test. A pantograph-mounted control and display unit was located on the floor at the
copilot's station. A ser'o electronics and interlace chassis is mounted on the floor on
the let sidc of the pa,senger comnpartmcnt.

10. A camera/tracker chassis was mounted on the left side of the rear seat. The
prototype system also included the following as instrumnentation: a television
monitor, videe tape recorder, and time ,&de/vidco character generator. These items
were mounted on the left side of the rear seat deck. The baggage compartment
contained the following components: a 14 channel analog-data-recording/
reproduction system, two instrumentation power supplies, and an instrumentation
breakout box. The Rockwell MMS utilized in Phase 2 of this PAE consisted of the
following hardware:

MMS Componentsi

('Caicra trdckci 'c'lionines Jswrnhl 'ý

Cabling int,.,rlacc3
Pilot's imaging display and con trollci
Static inverter
Television monitor
Servo electronics a.senhlfly
Operator's iniagii,, display and controller
Mast mounted sigii asscihily
Laser louk

lnstrumentation L2u ý nl pnnenIs

Video tape recordcr
Instrumenta tior, p',,wer SUL plV
Instrtuircntutioji breakout VIoX>.
rime code generator
Character generator

The citire syý-tenl as installcd for Phase 2 testimn weighed approximately
260 pounds.

II I. Dunri|lg thC du.11inin MMIS testing th' vi hiation lcvels were unacceptable at the
1)i0 Lillad copilot statis•n. and ittcilpts to rcducc' htlrsc vibrations resulted in
Unacceptable vihra tore load ,•t the NINMS c'•. Prior to the installation of the
Rockwell siglht, the dLtliLi inV MINIS coin p1one-IO we'ic r'assemnbled on tlhc bench and
measured for component allirnment. It was found tlait the nonrotating platform
had a 0.026 inch radial runout and a 0(020 face runout with respect to the mast
axis of rotation. The contractor determined that this runout was sufficient to
cause a I,'rev vibration at the MMS cc andi would be susceptible to dynamic
amiplification duc to the focal mount s, st•mCi tlcsigncd to isloate 2!rev vibrations. In
an attempt to improve tile mast to sight allignimenit, the following components were
mixed and Ilmaltcled:

- s.ts of NINIS s Ill')rt a,.•tuml'liCs
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I with a small rotating base - BHT P/N 206-840-005-105

I with a large rotating base- BIlT P/N 206-840-005-101

3 main rotor masts- BH'r P/N 206-010-332-13

2 main rotor trunnions - BHT PiN 206-011 -, 13-1

2 pairs of split-cone sets - B[iT P/N 206-010-003-1

It was found that the swapping of of the main rotor trunnions resulted in the most
significant change to the mast to nonrotating platform allignment. By selectively
matching the above components, the final configuration resulted in a face runout of
0.002 inch and a radial runout of 0.004 inch with respect to the mast axis of
rotation. These selected parts were disassebled and reassembled 5 times with
repeatable results, and when used in the Rockwell sight installation, the vibrations
were significantly reduced (para 40).
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APPENDIX C. INSTRUMENTATION

I The test instrumentation was installed, calibrated, and maintained by BHT.
Data were obtained from calibrated instrumentation and were recorded on mag-
netic tape and/or displayed in tice cockpit. The data acquisition system consisted
of various transducers, signal conditioning units, frequency multiplexing techniques.
and a one-inch, 14-track Inter-Range hlstrumentation Group intermediate band
recorder. Various specialized indicators displayed data to the pilot and engineer on
board the aircraft continuously during the flight. A flight test boom was mounted
on the nose of the aircraft with the following equipment: swiveling pitot-static tube,
sideslip vane, angle.-of-attack vane, and total temperature sensor.

2 Specialized indlor calibrated cockpit monitored parameters are listed below.

Airspeed (boom)
Altitude (boom)
Angle of sideslip
CG normal accelcration
Control positioni!

Longitudinal I
Lateral
Directional
Collective

Engine torque prcssurc
Ambient air temperature
Fuel quantity (ship's system )
Gas generator speed (ship's system)
Rotor speed
Turbine outlet ternperattire (ship's system)
Radar altimeter lship's system)
l-%ent switch
lnstuni entation controls
Record conlter

3. Parameters rec.orded on tape werc as follo\ss:
Airspeed (boom)
Altitude (boom)
Attitudes

Pitch
Roll
Yaw

Rates
Pitch
Roll

Angle-of-sideslip
Angle-of-attack
Control positions

Longitudinal
Lateral
Directional
Collective
1 hrottlc

Ai

4



k
L

SCAS actuator teedback signal (SCAS positions)
Longitudinal
Lateral
Directional

Accelerome~ters,
Center-of-gravity

Longitudinal
Lateral
Vertical

Pilots
Longitudinal
Lateral
Vertical

Copilots
Longitudinal
Lateral
Verticil

Mast mounted sight
Lo rgitudinal
Lateral
Vertical

Focal plate position
Longitudinal
Lateral

Engine torque pressure
Rotor speed

30
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APPENDIX D. TEST TECHNIQUES
AND DATA ANALYSIS METHODS

GENERAL

I. Conventional test techniques were used in the evaluation. Detailed descriptions
of all test techniques are contained in reference 7, appendix A. Definition of de-
ficiencies and shortcomings are stipulated in Army Regulation 3 10-25 (ref 9). The
handling qualities were evaluated in accordance with the Handling Qualities Rating
Scale tliQRS) contained in figure I.

CONTROL SYSTEM CH \RACTERISTICS

These t.'ot; were conducted on the ground with hydraulic and electrical power
provided by ground power units. A hand-held force gage was used to measure the
force required to move the direc'ional control in incremental displacements to the
limits of travel in both directions.

CONTROL POSITIONS IN TRIMMEi) FORWARD FLIGHT

3. These tests were accomplished by establishing a trim condition (airspeed/power
combination) with iero control forces at each airspeed.

STATIC LONGITUDINAL STABILITY

4. These tests were accomplishcd by establishing a trim condition (airspeed,'power
combination) with zero control forces Without releasing force trim, or changing the
colle,:tive position, or rotor speed, the helicopter was stabilized at incremental
airspeeds. both fas!er and slower than the trim airspeed. using cyclic only.

MANEUVERING ST.ABIL!TY

5. The variation of longitudinal control position and force with nomial
acceleration were detnrmincd during steady turns. symmetrical pull-ups and
push-overs. Each test consisted of incrementally increasing normal acceleration (load
factor) while holding collective position constant. Steady turns, in both directions.
were accomplished by stabilizing and trimming in level unaccelerated flight at the
desired test airspeed. Load factor was increased to the maximum allowable by
incrementally increasing bank angle. Zero sideslip. constant airspeed, and fixed
collective were maintained driing the turn. Rotor speed was not adjusted during the
torn except to maintain the rotor speed within the power-on limit. Data were
gathered within 1000 feet of the specified test altitude.

6. The symmetrical pull-up tests were performed by establishing a level
unacceletated flight condition at the target trim airspeed. All control forces were
trimmed to zero. Without changing the trim colective position and rotor speed,
the helicopter was decelerated and a climb initiated with cyclic, then the nose was
lowered ,nd the helicopter was allowed to accelerate to beyond the trim airspeed.
The longitudinal control was then rapidly displaced against a control fixture so that
the desired normal acceleration was obtained as the aircraft decel-.rated through trinil
airsi'','cd in a level attitude. Small lateral control inputs were used to maintain a level
,atti'tlil¢

3 I



7. The symmetrical push-over tests were perforned by establishing a level
mnacceleiated flight condition at the target trim airspeed. All control forces we're
trimmed to zero. While maintaining the trim collective position and rotor speed, the
aircraft was pitched nose down to accelerate to an airspeed greater than trim. Using
cyclic only, tile aircraft was then decelerated to an airspeed slightly higher than trim.
A rapid displacement of the longitudinal control forward against the fixture, was
initiated and the desired normal acceleration was obtained as the airspeed reached
trim in a level attitude. The pull-up and push-over tests were continued for
increasing step inputs until the desired normal acceleration range was reached.

DYNAMIC STABILITY

8- The longitudinal long term dynamic response characteristics were determined
in and forward flight. The forward flight tests were initiated from zero sideslip, level
flight and climbing flight conditions. The tests were performed with and without the
stability augmentation system activated. The forward flight longitudinal long term
dynamic response characteristics were determined by first stabilizing at the desired
trim conditions and trimming all control forces to zero. Without retrimming, the
longitudinal control was used to decrease or increase the indicated airspeed. The
controls were then returned to the tirn position and held fixed while the aircraft
response was recorded.

9. The dynamic lateral-dire'tional tests included evaluating the lateral-directional
oscillations (Dutch-Roll) and spiral stability characteristics. The lateral-directional
response characteristics were obtained by trimming in level flight at the desired
airspeed and altitude and recording the trim conditions. The lateral-directional
motion was then excited by using the following methods: release from a sideslip,
and lateral or directional control doublets.The release from a sideslip wa,. accom-
plished by establishing a steady heading sideslip and returning all control5 to trim in
one sharp. deliberate motion. The contrn! pulse inputs were performed by rapid!y
displacing the desired control approximately one inch, holding the input for
0.5 seccnds and returning the control to the trim position All controls were held
fixed following the control input.

CONTROLLABILITY

W0. The tests were accomplished by applying longitudinal and lateral step inputs of
at leist one inch in both directions. The step input was made by rapidly displacing
the control from trim, a;,ainst a control fixture. The input was rigidly held until a
.steady state rate was obtained or recovery was necessary. A build-Lip of increasing
step displacement was conducted. All controls, other than the input control
remained fixed. In forward flight the inputs were initiated during unaccelerated zero
sideslip level. The hover tests were conducted in winds of three knots or less at a
skid height of 50 feet.

LOW-SPEED FLIGHT CHARACTERISTICS

II. Testing vas accomplished using the ground pace vehicle method, in winds of
three knots or less. Tests were flown in five-knot increments from a hover to
40 knots forward, 35 knots left and right sideward and 30 knots rearward, unless
limited by adverse performance or degraded handling qualities. All tests were con-
ducted by stabilizing at a skid height of 25 feet. The pace vchicle then established
the desired speed using a calibrated fifth wheel for a refcrence ground speed. The

3



test aircraft was flown in fornation with the pace vehicle utilizing the ground and
- the aircraft's hcrizontal situation indicator for heading stabilitation. Data were

recorded when the relative motion between the aircraft and pace vehicle was zero
and tile radar altineter indicated no vertical displacement fron: the desired skid
height.

3
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APPENDIX E TEST DATA

Index

LE Figure No.

Boost On directional control force I and 2
Control positions in trimmed forward flight 3
Collective-fixed static longitudinal stability 4
Maneuvering stability 5
Longitudinal long term response 6 thru 12
Release from steady heading sideslip 13 and 14
Laterallongitudinal control response and sensitivity 15 thru 18 I
Low speed flight 19 thru 22
Simulated sudden engine failure 23 thru 25
SCAS failures 26 and 27

A
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Ii" • " MANEUVERING STBILITY

.- .. -O5C USA -SN 69-16214

AVG ____ _ AV CG _ " AVG AVG - AVG A CONAV__NFI!.URATI• .
- GROS - LOCAT!QN DENSITY I*OAT -RO1TOR- C.

:.C '... H LONG LAT ALTITUDE. -SPEED

3100 10'.5(MID) 0.2(RT) 5180 14.5 354 0.00362 POST MOUNTED

--- ----. . . .-- NQTE: SCAS QN

SYMBOLS: 0 PULL UP
. .... . ... " " PUSH OVER - -....

. . RICJHT WIND UP TURN

"A LEFT WIND UP TURN

, 3 60 KCAS TRIM AIRSPEED .

2S_ -

Z3 .. _ 0_

'-..

"C 0

0w' .• •,- -

U-2

-- -- .. ........... 79KCASTRIMAIRSPEED. -. .. -..

. ..

.... CG AC.CELERAT!ON (G) .. ..... ... . .

• _. ..... _ __._4 0 . ._ ... . . . . . . .. . . . .._ . . . . . . . .
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