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DEPARTMENT OF THE ARMY
HQ, US ARMY AVIATION RESEARCH AND DXVELOPMENT COMMAND
4300 GOODFELLOW BOULEVARD, ST, LOUIE, MO 8312

ZRDAV-D

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

SCE 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 phree axis stability and control augmenta-
tion system (SCAS)., Phase 1 consisted of testing with an instrumented dummy
MMS and instrumented OL-58C to obtain quantitative handling jualities data.
Phase 2 consisted of a qualitative handling qualities evaluation of the OH-58C
with an operaticnal 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 TFAA 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-
mendations 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
important; 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-
sideced 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 1s probably the result of the pilot
morcuvering the helicopter which implies he is on the controls and will react
tn eliminate unwantec helicopter responses. The configuration was, therefore,
not withheld from further testing.
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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

b. Paragraph 48b. With the copilot's collective removed, the configura-
tion is thc same as for a standard OH-58C, which is not new., There hac never
been any field experience of collective control jamming with the copilot col-
lective pitch lever bel! crank unguarded.

c. Paragraph 48c. Because of the divergent long period oscillation noted
in high rates of climb, the OH-38C has been limited to 1000 f{pm climb rate
except In an emergency.

d, Paragraph 50. The selective assembly of the MMS components indicates
that any fielded system will require close to’erance fits and represents a
manufacturing prchlem. However, this is not considered a shoricoming.

e, Paragraph 5la. 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 mancu-
vering capability.

f. Paragraph 51b. The design and location of the SCAS power switch was
uniaqne to the test OH-58C, For any follow on develcpment effort, the switch
would be redesigned as well as relocated.

g. Paragraphs 5lc and 51d. The light directional conirol breakout (plus
friction) and the lack of a directional control force gradient system are
shortcomings comon to the standard; however, there is no current effort to
correct these shortcomings.

h. Paragraph 5lc. The airframe vibrations noted in right sideward and
rearward rlight is apparently associated with the MMS. The impact of the
vibrationg on the operational utilization on the MMS 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 Ol-38C 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.

o e m—— e ———
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SUBJECT:

Direc _rate for Development and Qualification Porsition on the
Final Report of USAAEFA Project No. 78-09, Preliminary Air-

worthiness Evaluation, OH-58C Helicopter Configured with a Mast
Mounted Sight

L. Paragraphs 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 ioad factor envelope to +0.5g to
+1.5g for all gross weight and cg conditions.

m, Paragraphs 57 and 58. Further SCAS related testing will be accom-

plished as recommended should the OH-58C with the MMS and SCAS installed be
further developed.

n. Paragraph 59. Tor the reasons stated in paragraph 2a, we do not con-
duct addivional SCAS flight testing prior to the relcase 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 hardevers.

FOR THL COMMANDER:

CHARLES C. CRAWFORD, JR.
LireciLor of Development
and Qualification

MWMMM&@M&

i Ll WMWWMWMWIWWMMMJ\MMMMW




—-—

- ) —

TABLE OF CONTENTS

= INTRODUCTION

Background. .. ...
Test Objectives . ...
Description ... ... ...
Test Scope. ..o
Test Methodology . .. .. o o

RESULTS AND DISCUSSION

General .o oo
Handling Qualities. .. .. . .. .. . .
Control System Characteristics ... ... .. . .
Control Positions in Trimnmwed Forward Flight, .. .. .. ...
Static Longitudinal Stabality ... ... ... Lo L
Static Lateral-Directional Stability . . ........... ... ... .. ..
Maneuvering Stability . ... .. ... .. ... ..
Dynamic Stability . . . ... ..
Controllability. . .. . . ...
Low Speed Flight Characteristics .. .. .. ... ... .. ... ... ....
Aircraft System Failures . ... ... o
Simlated Engine Failures. ... ... ... L oL oL

SCAS Disengagements. .. ... ............ . ...........

VIDI2TION. .. o e e e
Cockpit Evaluation .. ... . . .
Rehability and Maintainability ... .. ... ... ... L
Mast-Standpipe Contact Indicators . .. ... . ............... ...
Flight Control Rigging. . ... ... ... ... ... .. .. .. .. .. ...
SCAS Actuator Null Positions. . ... ....... ... ....... .....

CONCLUSIONS

General .. e
Enhancing Characteristics .. . ... ... . .
Defictencies. . .
Shortcomings . .. ... .. e e
Specification Compliance .. ... ..

RECOMMENDATIONS . ... . .

APPENDIXES

A
B.
C.
D.
k.

Refevences. ..o,
Descrption ... ... e
Instrumentation . ... . L
Test Techniques and Daty Analysis Methods. . ... .. ... . ... ...,
Test Data

N ED —

WAttt = OO LI Anndh

—— ot —

14

14

15
1<

16

WW!WHIF“;‘MEWWWJ ;

] um”&mmﬁmm

wer bl




L

A

g
rl

INTRODUCTION

BACKGROUND

1. Bell Helicopter Textron (BHT) conducted a feasibility demonstration of an
OH-58C helicopter with a Mast Mounted Sight (MMS) and a threc-axis Stability and
Control Augmentation System (SCAS) installed. The feasibility demonstration by
BHT initially utilized a dummy sight of approximately the same size and weight
characteristics of the operational Rockwell Intermnational (Rockwell) sight to be
installed for future US Army operational testing. The US Army Aviation Rescarch
and Development Command (AVRADCOM) tasked the US Army Aviation Engi-
neering Flight Activity (USAAEFA) to conduct a Preliminary Airworthiness
Evaluation (PAE) of the OH-S8C helicopter with an installed dummy MMS and a
threc-axis SCAS (ref' ], app A). Additionally, a qualitative assessment of the
handling qualitics was required when BHT removed the dummy MMS ond test
instrumentation  and  nstalled  the operational MMS  and  its  associated
instrumentation package (ref 2).

TEST OBJECTIVES

2. The objectives of this test were to:

a.  Determine the changes in handling qualities of the OH-58C helicopter as
a result ¢f the installation of an MMS and a three-axis SCAS.

b.  Qualitatively evaluate any changes in handling qualities between the
dummy MMS and the operational Rockwell sight installation,

DESCRIPTION

3. The Gl Z8C helicoptar 5 a moditication of the OH-SSA built by BHT, Fort
Worth, Texas. The OH-S8C 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 (shp) under sea level standard conditions. The helicopter main
rotor transmissior has a five-minute rating of 317 shp and a continuous rating of
270 shp. The test helicopter, serial number 69-i6214, was equipped with 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 booust required for the
three-axis SCAS. The left seat controls were removed to allow tor 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 1 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 stundpipe that extended through the mast to the base of
the transmission. The dummy MMS installation weighed approximatcly 118 pounds
including test instrumentation (table 2, app B). A detailed description of the
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Jdummy ight installation is vontained in appendix B.

S, The Rockwell MMS installation consisted of the MMS standpipe, copilot seat
operator controls, tear 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 v
and 4). A detailed description of the Rockwell sight is contained in appendix B.

6. The test helicopter was equipped with a BHT 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 actuators, and three contrcl motion transducers.
The SCAS was A limited authority three-axis, rate-referenced stability augmentation
z 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.

R L Ll g i

TEST SCOPE

7. The USAALFA cvaiuation was conducted in two phases at the BHT Engincering
Flight Research Center, Arlington, Texas. Phase 1 was completed from
15 to 30 October 1979 and consisted of an evaluation of the dummy MMS instal-
lation. Phase 1 of tlie PAE 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 airworthincss release
(refs 4 and S) were observed. The test conditions are presented in table |. Handling
quahties  were  evaluated  with  respect to  the  applicable  requirements  of
MIL-H-8501A (ref 6).

TN 0

TLST METHODOLOGY

8. Flight test data for Phase 1 of the PAF were recorded on magnetic tape
utilizing an on-board BHT instrumentation package (app C). Telemetry was utilized
for monitoring critical compenent parameters during all Phase | testing. Test data
for Phase 2 of the PALE were nand 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 (HQRS) contained in figure 1, appendix D.
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Table 1. Flight Test Conditions

Average Average Center of 1 i
Test Density Gross Gravity 'S{ ‘,)Qt:(; (,‘\l!."?r)ztee(;l '\1l :)L(lllvl
Altitude Weight Location I ™l . '
(1) (Ib) (rS)- {RPM) (kt)
(;‘:111:;’::'1”["‘(:‘?;(IUih 2720 31RO 1099 355 3 to V6 leveld
N L8 gt
forward fight 2780 3140 109 8 349 33 to 96 level
St‘;{l ;:‘_Il_?nx;J?uh‘iﬂ;!lv | aes0 3200 109 .4 354 35 1o 84 Level
;.l*\‘“";-‘ coflective 3000 360 109.5 154 58 e 100 Lave!
Sratic fateral: 3600 3200 109.5 354 60 und 79 Level
directional stability e - o
\1\;11';:P\1‘;i:tk;rlll‘:‘ IR0 o0 109.5 54 00 and 79 level
Dy namic 2120 to 2900 to 1097 to Level and
stability 4040 3120 109.9 354 3010 84 himba
. e 540 to 30RO 10 109 .3 1o Hover ond
Controllubifity S120 31140 1093 54 0o 86 leavel
Low speed 860 to 30K0 to 1092 10 c 35 Lito “ R S,i"‘l'lq“‘d
ficht 2180 KRRl 109 .6 354 30 rearward hovenmg
: - -- . to 42 forward | 1 winds
Simulated sudden 35330 o 292010 10Y.7 to . Level and
cngine failures 4330 3020 109 .8 354 539 and 60 chimh
. .- . 0 . g 7.
SCAS failures 1300.and ¢ =0 pand | 105.5and 135 59and 60 | Level

TContiguration” clean. doarv-on. mast mounted sight istalled.

2All ¢ tocations mid.

kK . . . .
“Low speed fhght airspeed measured in knots true airspeed.
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RESULTS AND DISCUSSION

GENERAL

9. A PAL evaluation was conducted to determine the changes in handling gualities
of the OH-58C helicopter due to the installation of a MMS and a three-axis SCAS.
The evaluation was completed in two phases. Phase 1 consisted of an evaluation of a
dummy MMS installation using an instrumented helicopter. Phase 2 consisted of an
evaluation of the operational Rockwell MMS using an uninstrumented helicopter,

10, The overall evaluation ot the OH-58C helicopter equipped with an MMS and
three-axis SCAS indicates the handling qualities are satisfuctory within the flight
civelope tested (refs 4 and S, app A). No problems were noted that will prevent
turtirer operational testing ot the MMS concept. The addition of a three-axis SCAS
significantly improves the helicopter's handling qualities and decreases the pilot
workload. especially in the low speed flight regime where the MMS will be most
utilized. The additiors of a three-axis SCAS s an enhancing characteristic. However,
fimited fault analysis and ground testing of the SCAS indicated that single com-
ponent fallures may result in simultaneous three-axis control inputs. Further
evaluation of the faillure modes and cortection of the SCAS problems is required
prior to operationdl use on the OH-S8C.

11, The tollowing 4 deficiencies were noted in Phase 1 of the PAE: single SCAS
component failures that may result in significant simultaneous three-axis control
inputs, the unguarded copilot collective pitch lover bell crank. the divergent long
period of the helicopter in rates of climb greater than 1000 feet per nunute (fpm) at
S0 to 60 knots calibrated airspeed (KCAS), and the low frequency airframe
vibrations i forward flight, right sideward flight, and rearward flight. A total o1
S other shiortcomings were noted.

12, The fateral controi sigging wis found o be out of imits (app B) prior o
USAAEFA testing. This resulted in an approximate one degree misabgnment
between the vertical anis ot the main rotor mast and the swashplate, Phase 1 was
completed with this out-ot-rig condition as it was determined that it would have
minimal cffect on hundling gqualitics and comparability with previous ¢ontractor
MMS flight test data {ref 8) carried 4 higher priority. The nigging error was corrected
prior to the start of Phase 2 and no changes in handhng quaiities could be attributed
to the rigging change.

13, The following 2 dcficiencies noted in Phase 1 of the PAE still cxisted in
Phase 2: the possibility of 4 simultancous three-axis control input as the resualt of a
single SCAS component falure and the unguarded copilot collective pitch bell
crunk. The divergent long peried characteristic in chmbs noted in Phase 1 was
vorrected by the addition of a lag rate term within the SCAS logic circuits and
the long period characteristic within the scope of this test was then satisfactory. The
excessive vibrations noted in Phase 1 were significantly reduced by selective
rcassembly of close tolerance mast and MMS components when the operational
MMS was insialled. The onlv objectionable vibrations noted in Phase 2 were one per
revolution (1:/rev) and 2/rev vibrations in right sideward and rearward flight which
constituted a shortcoming. The five shortcommngs noted during Phase 1 still existed.

A




Ll

hid

T T

e

P e R S TS

HANDLING QUALITIES

Control System Characteristics

14. The control systen 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 tnim control
displacement bands were similar to those of the standard OH-58C and remain a
shortcoming. The directional control system characteristics were significantly
changed from the standard OH-58C due to the installation of a hydraulic boost
actuator required for the three-axis SCAS. During Phase | 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
172 pound for right pedal and approximately | 1/2 pounds for left pedal. No .orce
gradlient or tim system was incorporated in the directional axis. The light bre.akout
(plus friction) forces and lack of a force gradient systzm contributed to directional
overcontrol problems 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-8501A 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 PAE and the results are pre-
sented in figure 2. The breakout (including friction) was increased to approximately
O pounds for right pedal forwurd 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).

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 dircctional control force gradiant sy<tem, which are shortcomings. The
directional control system mechanicar charactenstics 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 1b) was less than that required by MIL-H-83501A. During Phase 2 testing.

the dircctional control breakout (plus friction) was adjusted and did mcet the above
requirement.

Control Positions in Trimmed Forward Flight

17. The control positions in trimmed level forward fiight were evaluated at the
conditions listed in table 1. The test results are presented in figure 3. appendix .
The variation ot longitudinal control position was positive in that increasing forward
control was required for increasing airspeed. The gradient of longitudinal control
position to airspced was cssentially neutral from 33 t¢ 40 KCAS bLut no adverse
handling qualitics were attributable to this characteristic. The lateral and ditectional
control displaccments required with increasing airspeed were minimal and contro!
margins at all conditions tested were adequate, No objectionable characteristics werc
noted in transitions from level flight to climbs or descents. The level flight trim
control position characteristics of the OH-58C with MMS and SCAS were similar to
the standard helicopter and are satisfactory.
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Static Longitudinal Stability

18. The static longitudinal stability characteristics of the OH-58C helicopter

vonfigured with the MMS w»re evaluated at the conditions listed in table 1 using the

flight test techniques descnved in appendix D. The static longitudinal stability
data are presented in figure 4, appendix E. Collective fixed trim airspeeds of 62 and
B2 KCAS were used with SCAS ON. The static longitudinal stability was weak
but positive at both airspeeds tested. Quantitative results obtained in Phase 1 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

19, The static lateral-directional flight charactenstics of the OH-58C helicopter
configured with the MMS were qualitatively cvaluated using the steady heading
sideslip method discussed in appendix D at the conditions listed in table 1. The
qualitative results indicated that the positive directional stability, positive dihedral
cffect, and side force characteristics were unchanged from the basic OH-58C for
both MMS configurations (ref9, app A). The static lateral-directional stability
characteristics of the OH-S8C helicopter configured with the MMS and three-axis
SCAS are satisfactory.

Maneuvering Stability

20. The SCAS ON maneuvering stability charactenstics 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 1.
Data gathercd during Phase 1 testing is presented in figure 5, appendix E. The
mancuvering stability characteristics determined during Phase | and qualitatively
confirmed during Phase 2 for the OH-58C MMS helicopter with three-axis SCAS
were 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)
established 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 79 KIAS with approximately two-inch aft stick
displacements. Routine light observation helicopter tactics involve similar mission
mancuvers that may occasionally be more severe than those documented during
these tests. The limited flight path normal acceleration envelope developed for the
OH-58C MMS aircraft is easily exceeded and a shortcoming. Further tests should be
conducted to expund the normal acceleration envelope prior to system operational
use. As an interim procedure the following caution should be placed in the
operational testing airworthiness release.

CAUTION
The 406 - 4 p flight path rormal
scecleration  mmitations  can easily  be

excecded during mission maneuvers,
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Dynamic Stability

21. The long term longitudinal dynamic stability characteristics of the OH-58C
helicopter with MMS und SCAS ON and OFF were evaluated at the conditions

““listed in table 1 and using the test techniques described in appendix D. Recorded

data (SCASOFF) is presented in figures 6 through 8, appendix E. With the
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
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 OH-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 divergent tendency of the long term
oscillation during climb at 59 KCAS was aggravated with SCAS ON (fig 11 and 12).
The long termi characteristics noted with SCAS 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 OH-58C helicopter cquipped with a
three-axis SCAS incorporating a lagged pitch rate term to fully evaluate the apparent
improvenient ot the longitudinal long-tenn dynamic stability at high-power climb
conditions and determiine any affects on handling qualities throughout the entire
flight envelope.

24, The dynamic lateral-directionul characteristics of the OH-58C helicopter
configured with MMS and (hree-axis SCAS were evaluated using the procedures
descibed in appendix D and at the conditions listed in table 1. The SCAS OFF
lateral-directional characteristics observed were unchanged from those noted in the
basic OH-58C and are depicted in figure 13, appendix . No differences were noted
between the dummy MMS and the Rockwell sight configurations duning these tests.
The easily excited, lightly-damped, loteral-directional gust response of the OH-58C
helicopter (SCAS OFF) equipped with MMS continues to be a shortcoming.

25. The dynamic lateral-directior o characteristics with SCAS ON were essentially
identical for both MMS configuraa ns. The SCAS ON oscillations, due to directional
or lateral control doublets or natural gust response, were heavily damped fig 14)
when compared to the standard O11-58C. The improved lateral-directional oscillation
characteristics with SCAS ON greatly decrcase the pilot workload required to
maintain precise buak angles and/or hcading control. The dynamic lateral-directional
charactenstics of the OH-58C MMS helicopter equipped with threc-axis SCAS are
satisfactory.
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Controllability_

26. Hovering and forward flight longitudinal and lateral controHlability tests were
conducted at the conditions listed in table 1 using test techniques described in
appendix D. 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
t controllability characteristics were noted for the MMS configuration with SCAS
: OFF as compared to the basic OH-S8C (ref 8, app A). The SCAS ON controllability
- characteristics are shown in figures 135 through 18,0f appendix E. The SCAS instal-
lation resulted in a slight decrease in the pitch and roll response. No change was
E 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.

TR

Low Speed Flight Characteristics

27. The low speed flight characteristics were evaluated to determine the effects on
handling qualities 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.

il ot b i ol ot i Ul

28. The previously discussed light breakout (plus friction) forces in the directional
control (para {4 through 16) caused the pilot to overcontrol the helicopter direc-

: tionally. Any maneuver requiring frequent pedal inputs, ie., rearwara flight or
left sideward flight, was susceptible to pilot directional overcontrol. The light
dircctional control breakout forces (plus friction) and lack of a force gradient
resulted in pilot overcontrol of the pedals and is a shortcoming.

Muhm.

29. Low spreed forward flight was easily accomplished (HQRS-2) with SCAS ON or
OFF even though a longitudinal control reversal was noted at 10-15 knots truc
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
characternistics. 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 vere perceived between the Phase 1 and 2 contigurations. 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 longitudina! contral
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 cxcessively. 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 stabijlized
rearward 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 differances in the low speed characteristics were perceived between
Phase | and 2 configurations. The control margins and gradients were similar to the
standard OH-S8C with SCAS ON or OFF and the low speed rearward flight
cheracteristics met the requirements of paragraph 3.2.1 of MIL-H-8501 A with the
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“SCAS ON at the conditions tested. The addition of the three-axis SCAS significantly
reduced the pilot compensation required to maintain stabilized rearward flignt and is
an enhancing characteristic.

31. In left sideward flight with the SCAS disengaged, no handling quality changes
“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 the helicopter. The maximum
excursion of pilot control inputs tor SCAS OFF left sideward flight is depicted by
the "I" bars in figure 21, appendix E. The pilot workload required to maintain
helicopter attitudes within *5 degrees to compensate for the tendency of the
helicopier to pitch, roli, and yaw with SCAS engaged was moderate (HQRS 4)
(fig 22). The control margins and handling qualities characteristics were similar to
the standard OH-S&8C uand were satisfactory for the conditions tested. No
qualitatively noticcable differences were perceived between the Phase | and 2
] configurations. The addition of a three axis SCAS significantly reduces the pilot
: compensation required in left sideward flight and is an enhancing characteristic.
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32, The low specd fight characteristice were qualitatively assessed as being
unchanged with removal of the dummy MMS and installation of the Rockwell MMS.
However, the airframe vibrations documented with the dummy MMS instaltation
were significantly reduced with the Rockwell sight installation in all arcas except
right sideward flight and rearward Qight (para 38). The qualitative evzluation ot the
Rockwell MMS revealed no adverse handling qualities that will prevent future
operational testing of this MMS installation.

Aircraft System Failures b

ll

Simulated Engine Failures:

33, Simulated engine failures were conducted SCAS ON and OFF at the conditions
listed in table I. Sudden engine faifures were 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 3
reaction time) or until recovery was initiated to prevent exceeding aircraft limita- .
tions. The most frequent limit observed was rotor speed decay to the minimum
) transient rotor speed of 330 rp'a, and a worst case, maximum delay time cf
1.5 seconds was noted at 59 KCAS (fig 25) in high power climbs. Time histories of
typical simulated sudden engine failures arc shown in figures 23 through 235, for
SCAS ON conditions. Simulated sudden engine failures with SCAS OFF produced
aircraft responses essentially unchanged from those noted on the basic OH-58C
helicopter. Except for the excessive rotor speed decay noted on the basic OH-58C 3
aircraft and previously reported, the sudden engine failure chiaracteristics of the =
OH-58C MMS helicopter with SCAS ON and OFL are satisfactory, 5

"y

34. The SCAS ON sudden engine Failure tests resulted in significantly smaller ratc
and attitude excursions {rom the trim condition than for similar test conditions
with SCAS OFF. Adequale wamning of the engine failure was available to the pilot
in the form of moderate left yaw rate and attitude excursions of approximately

once-half of that noted with SCAS OFF. Roll and pitch excursions were barely '.j"
noticeable ¢ven during the collective lowering process. The sudden engine failure 4
characteristics of the OH-S8C MMS helicopter with SCAS ON were significantly

improved over the SCAS OFF conriguration but the rapid rotor speed decay
discussedd in paragraph 33 was unchanged.
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SCAS Disengagements:

35. A limited system analysis of clectrical 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 clectrical and hydraulic power applicd to the helicopter The SCAS
inputs to the SCAS clectrohydraulic 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.

30. During the system analysis, it was deterinined that six methods of SCAS
clectrical power interruption were possible by the use of cockpit switches or circuit
breakers. The power interruption possiblities are: actuation of the SCAS control
puancl 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
clectrical power would result in a hydraulic pressure shut-off to the electrohydraulic
actuators. As the hvdraulic pressure decreased, the SCAS actuator springs would
gradually center the actuators to the null (no output signals) position. Such a system
shutdown would occur for actuation of the cyclic SCAS DISENGAGE switch,
disengagement of both the CYCLIC and YAW control panel switches, or by pulling
cither 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 tlight. The system analysis indicated that this SCAS actuator response
was representative of the four electrical power disconnccts noted above. The time
delay between the clectrical 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 DISENGAGE showed that sufficient delay time was available for the pilot to
recover the helicopter from the mild SCAS inputs that resulted. The SCAS response
to an c¢lectrical 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 SCAS CONTROL or SCAS AC circuit breakers was mild and provided
sufficient pilot reaction time as determined bty the limited scope of this evaluation.
Further flight testing should be accomplished to determine the SCAS control inputs
as a result of all possible clectrical power interruptions,

38. One SCAS electrical power disconnect by the use of the SCAS INVERTER
vircuit breaker, was accomplished in flight. This electrical power interruption
resulted in an immediote and simultancous 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 clectrical 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 discngaged or if the single pulsc module unit within the system
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taited. The possibility of an immediate three-axis control input is further increased
due to the location {para 41) and design (fig 1, app B) of the SCAS control pancl
PWR switch. The immediate and large control inputs that can occur as the result of
the three electneal power interruptions noted will not provide the pilot with
adequate rcaction 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 trec lines, the inability of the pilot to provent large helicopter
attitude changes due to the immediate three-axis inputs as a result of certain
clectrical power interruptions could result in @ main or tail rotor strike accident. The
possibility of uncommanded and immediate, large magnitude, three-axis control
inputs as the result of a single switch actuation or SCAS component failure is 2
deficiency. The OH-58C helicopter with MMS should not be released for further
testing with an operational SCAS until further flight testing of SCAS system fatlures
and correction of any SCAS problems has been completed.

VIBRATION

39. The OH-S8C airframe vibrations were documented during Phase 1 of the
cvaluation at the pitot, copilot, and dummy MMS cg locations. Excessive cockpit
vibrations were noted in the forward flight airspeed range of 80 10 100 KCAS, night
sideward flight, and rearward flighit. The vibrations were at the main rotor 1 per
revolution (1/rev) and 2/rev frequencies of 5.9 Hz and 11 8 Hz respectively. and
increased the pilot workload significantly The scverest vibrations noted in forward
flight occurred at 100 KCAS at the 2irev 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 ull three axes at the pilot and copilet seals but the - al
accelerations were stull as high as 0.24 g at the 2/rev frequency :
choractenstics were noted in right sideward and rearward flight at 30 tc .
but the severity of the vibrations were not as high. The longitudinal an -t
2.rev aceelerations were m the range ot 0.12 to 015 g at the helicor:ter ¢g while the
vertical vibrations did not exceed 0.04 g However, the 2/rev vert cal accelerations
at the pilot and copilot seats in both rearward and right sideward tiight were as high
as 0.12 to 0.15 g Upon 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
Rockwe!l sight operation could not be determined. The excessive 1/rev and 2/rev
vibrations present in forward flight, right sideward flight and rearward flight would
prevent sight operator utilization of the MMS controls and are a deficiency.

40. Durning the changeover from the dummy 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 rotor mast aligrment which faciiitated the reduction of the MMS
and airframe vibrations. During the qualitative evaluation of Phase 2, it was noted
that the airframe vibrations at the pilot and copilot stations were significantly
reduced during high speed forward flight and somewhat reduced in rearward flight.
The only objectionable vibrations noted during the Rockwell sight evaluation was
the 1/rev and 2/rev in right sideward and rearward flight. This vibration was noted as
being typical of the vibrations normally asse.ated 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 2/rev frequency and was noted in right
sideward and rearward flight and in hovering flight with light winds (less than 10
knots) from the right rear of the helicopter. The low frequency Lyrev and 2/rev
vibration noted with the Rockwell sight installation in right sideward and rearward
flight will complicate sight operator utilization of the MMS controls and is a
shortcoming.
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COCKPIT EVALUATION

4. A limited cackpit evaluation was conducted to evaluate the changes due to the
installation of the MMS and three-axix SCAS. The SCAS control panel consisted of a
PUSH-ON/PUSH-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 powur switch is on the left side of the SCAS control panel which was
located on the forward. ieft side of the helicopter center console. Due to the
PUSH-ON/PUSH-QOFF 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 ligh 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 dcsign and location of the SCAS power switch makes it susceptible to
inadvertent actuation and is a snortcoming.

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 crcates the possibility of collective control jamming should 2 hard ohject
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 or the exposed collective control components in the left seat area.

RELIABILITY AND MAINTAINABILITY

Mast-Standpipe Contact Indicators

43, The standpipe used to retain the dumn.. MS to the aireras. exte :d through
the main rotor mast. The standpipe was equipped with eight electrical  ontacts that
would illuminate corresponding lights in the cockpit 1f mast to standpipe r~ntact
occurred. The lights were operational during Phase 1 of the PAE and illumination
(indicating mast to standpipe contact) was to be treated as a grounding condition.
Due to the limited clearance (1/4 inch) between the main rotor mast and the
standpipe, the contacts should be retained for the operational sight. During the BHT
mstallation of the Rockwell sight, it wa'  sund that there was enough physical space
to dllow for the retention of the mast to standpipe contact warning system.
Although no contact occurred during the PAE, the main rotor mast to standpipe
contacts should be retained throughout the Anny 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 1 of the PAE. The length of the control tube to
the nght horn of the inner ring of the swashplate was not within the required
tolecrance of 8.89 to 8.93 inches. This control tube was 8 75 inches in length and
resulted in an approximate one degree misalignment 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
cempleted BHT testing. No adverse handling qualities were noted that could he
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attributed to the out-of-rig condition. During the removal of the dummy MMS and
installation of the Rockwell MMS, BHT re-ripged the flight controls to the correct
dimensions. During the qualitative evaluation ot 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 1, a limi.ed analysis of the entire SCAS was
completed te determine the possible results of various system component failures
during flight. The 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 nuil
position, with a failure such as the loss of inverter power, the actuators could
"hard over” to greater travel distances than would be normral. 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 BHT Model 570B SCAS.

13
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CONCLUSIONS

GENERAL
46. The following gencral conclusions were rcached in Phases 1 and 2 of the PAE:

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

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

¢.  Reconfiguration of the OH-S8C from the dummy sight installation to the
Rockwell sight indicatces that selective assembly of closc tolerance mast and mast
inounted components may be required to achieve acceptable airframe vibration
levels (para 40).

d.  The main rotor controls were out of rig and resulted in
approximately ! degree of mast to swashplate misalignment for Phasc | of the PAE.
The rigging was corrected for Phase 2 testing and no changes in handling qualities
could be detected (pava 44).

ENHANCING CHARACTERISTICS

47. The installation of a threc-axis SCAS significantly improves the handling
quality characteristics of the OH-58C, particularly in the low speed flight regime,
and is an enhancing characteristic {para 30 and 31).

DEFICIENCIES

48. The follawine deficicncies were identified in Phase 1 and are listed in de-
creasing order of importance.

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

b, The unguarded copilst collective pitch lever bell crunk (copilot's collective
stick removed) which could result in collective control jamming (para 42).

¢.  The divergent long perind oscillation noted in high rates of climb (greater
than 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). Downgraded 1o a shortcoming during
Phase 2 (para 50).

49, The addition of a lag rate term withan the pitch axis SCAS logic prior to the

Phase 2 testing climinated the deficicncy listed in paragraph 48¢ (para 223,
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50, The selective assembly of ¢lose tolerance mast and mast mounted components
Eo . prior to Phase 2 testing resulted in the deficiency listed in paragraph 48 being
F . reduced to a shortcoming (para 40).

2 ~SHORTCOMINGS

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

LA el LI
|
i

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

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

: ¢. The light directional control breakout (plus friction) force (para 16
and 28).

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

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

AL i

§2. 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 dircctional control system breakout forces were
less than required by 1 to 2.5 pounds during Phase 1 testing (para 16).




RECOMMENDATIONS

53. Correct the deficiencies listed in paragraphs 48a and 480 pnor to rclease of the
_helicopter with an operational SCAS to other test agencies.

S4. Correct the shortcomings listed in paragraph Sla through 5le as soon as
possible.

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

56. Include the following caution in the MMS operational testing airworthiness
release:

TR T TP wwm Lok ‘

CAUTION

The 0.6 1o 1.4 g flight path normal aceele-
raton limitations can casily be exceeded
GUTING MISSION MMANCUVCTs,

il T

57. Further testing should be accomphished to fully evaluate the OH-58C SCAS
lagged pitch rate term attect on the longitudinal long term dynamic stability at high
power climb conditions and determine any aftects on handling qualities throughout
the entire flight envelope (para 22),

58. Further testing should be uccomplished 1o determine the SCAS control inputs
as a result of all possible electrical power interruptions (para 37).

59. The OH-58C helicopter with MMS instalied should not be released for further
testing with an operational SCAS untd further flight testing of system failures has
been accomplished and SCAS probiems 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
jamnung (para 42).

61.  The main rotor mast to standpipe contacts should remain operational through-
out the Army operational testing of the OH-5S8C with MMS (para 43).

62. The maintenance procedures for centering the null positions of the SCAS
actuators should be included as pait of the periodic maintenance inspections on any
instafled BHT Mede! 570B SCAS (para 45).
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9.  Final Report, USAAEFA Project No. 76-11-2, Airworthiness and Flight
Characteristics Fvaluation QOH-58C Interim Scout Helicopter, March 1979,

10. Army Regulation No. 310-25, Dictivnary of U'S Army Terms (Short Title:

AD). 15 September 1975, with changes 1 and 2.
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APPENDIX B. DESCRIPTION

AIRCRAFT

Weight and Balance

1. The helicopter contigured with the dummy MMS and instrumentation was
weighed with no fuel and with "ull fuel by BHT and witnessed by a USAAEFA
quality contiol representative. The Belicopter was also weighed by BHT after the
reconfiguration  to  the Rockwell MMS  installation  with  its  additiona!
instrumentation. The nonrotating sight assemblics were similar in weight. The weight
and longitudinal cg data are presented below:

bt bl e e

Dumimy Sight lustallation

Empty fucl wetght: 2383 1bat 114,64 1n, cp
Full tuel weight: 2840 1bat 115,73 in. ¢

Rockwell Sight Installation

Fmpty fucl waght: 2208hat 115842in. ¢
Full fuel waight: 2722 1bat 116.521n. ¢

Control Rigging

2. A complete tight controi dgging check was completed by BHT and monitored
hy USAAEF A quality control personnel priot to e conduct of Phiase 1 of the PAE.
The nigging was also rechecked by BHT after the helicopter reconfiguration to the
Rockwell MMS installation. The data for the Phase | rigging check is presented in

table 1 of this appendix.

STABILITY AND CONTROL AUGMENTATION SYSTEM

General

3. The standard configuration OH-38C was moditied by removing the vulner-
ability reduction directional controls, and adding a boosted taill rotor control
system, and a Model 570B three-axis stability and control augumentation system
which was manufactured by BHT. The syvstem consists of a control panel. a sensor
amplitier unit, three clectrohvdraulic actuatons. and three control motion trans-
ducers. The major compenents are shown in figure A and a block diagram is shown

in figure B.

Control Panel

4. The control panel contamns a PUSHT ON;OI'F power switch for applying
primary power to the system and two PUSH ONOEFEF magnetic fatching switches for
engagement or disengagement of the cyelic and yaw channels. Two "NO GO" lights
warn of unsiafe SCAS engagement conditions. Conventional edge lighting is used for
night itlumination of ithe pancl.

syl

U,

antall b

b L

W Laldad sl i




Table 1. Flight Control Rigging

Swashplate Rigging'
———

3
3
3
-
3
E

Stick Position ] Swashplate Angle

Forward 5°18'
Neutral Right 0° 36'
Fore and aft (full throw) Fomtard 1680 425Q
Lateral (full throw) I%ngxtt ge ‘5’_‘5"
Collective pitch (blade angle) Dg,‘g” i05°:4§1

Tail Rotor Rigging®
Blade anglc ;},thtt :8" 38'
Swashplate Horn Pitch Links

Left horn 8.90 inches
Neutral stick Right horn 8.75 inches

Collective 1.98 inches

iSO"l collective with hydraulic boost ON measured relative to mast
<Geometric-pitch angle to the plane of rotation

I Limits for right and left horn links = 8.89 to 8.93 inches

19
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Sensor Amplifier Linit

S, The sensor wplifict unit contains three rate gyros which measure the rate of
displacement o the ahracie froos a tmmed adtinade. One gvio s oriented for
cach axis of measurement. All three gyros are mounted on a single basce for replace-

“sment as aounit or the pyreos can be individually replaced. There are three plug-in
crrcuit boards: one caci tor the yaw, piich and roll channels. Fach board contains
campensating petworks, o ovalve drives amplifier, and o butt-in test equipment
(BT modude. Tost satches o the outside of tie case aarked "ACTR TEST" and
"GYRO TEST™ ave 1or une by nunntenanee pesonnel Insade the case, adjaceni to
each plug-tie circunt Board socket s a "NO GO warnine light. The yaw channel light
i connected in paralic] with it associated Hight on the control pancl. The cyclic light
on the vontroi panch will Lightt i either the voll o piteh hight in the sensor amplifier
undt is ilminated. Durmye the Rockwell sieht instadltion BHT modified the pitch
Canne! of ahe SCAN Giremlny by the addition o iy rate ferm within the
corpensation network the O e modimcation inereased the dampmge ratio ot the
long perod osaillabions,

SCAS Actuatory

O Mhere e taess oated asteer s clechiob s d s senes ty pe actuastors
mstalled on the theia contiel Iinkages The aatlonty ob wach actuator is hmited
o apoesoaatedy 10 o PSS porcent of b total pilot centtol authority in vach
dicection. To providh o positne salety tegtupe the e toalors e self-centering by
buidt-tn springs and aic ediveally Josked o the center position i the event of
clectoca o hevdrauliv poswer Tt and aohien the svstem is tarned oft, Fhe rate of
dotator respanise Teocles tocal disenearcnnends wid! vion accordimy to the method of
disenparement.

Controt-Moetion T rmsdneers

C Contron-teation oesdivcer o nilic Ve b ateho ol and vaw axes of the
prot’s thght contiol systom, Thewe it e phsacal moverent ol the controls
i cach axis and provice this mtormaoess cicctnesdie to the comnensation networks
i the Sensor Aeavaer Do Thus the SCAS con distapeuish Between pilot control
mputs avd artrare displacemenits that e ciised Ty e cinabdisturanees,

S0 The dummy mast mounted sgeba anstalled tor Piase Vool the Pl consisted
ol a vibrabess sobied weight assembiv o and nonrotalnat coser tiat was similar (o
the Rockwell biernational Sieiit - size md shape Photogiapbs | oand 2 show the
demmy MMS s nstalled o the AT e weiehns wone viiiatton solited by the
use ol o tocgd plaie reomby o e hase of Uie dinnny anstllineen, The entire
assembly wios mounted te the o aransanse s e shrongh-themast standpipe,
Table 2 presents o breakdown of the dunmoy MMS components and individual
weights, The use of ballast ot vanoos isthrame Tocations and the installed 8HT
istruimcu laon package provided o fesio waeiit and lonatudial o location that
closcly approxnnated the proposed Kockweli Inscrnationad Sight configuration,

ROCKWFLLINIURNADIONAL MAS] MUt D51

N Fhe Mot Maocmied Seelit Dregpen o ey s by Pog beell international,
Missile Syatoms Diveon Columbuos, Ofea v e cdoaenaica 1o stallation on an
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Photo 1. Dommy Mast Mounted Sight - Side View

Photo 2 Dumimy Mast Mounted Sight
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Table 2. Dummy MMS Description

Component BHT Part Number' | Weight
- 71 Dummy sight:
Weight support 206-812-004-9 9.7
Weight basc plate 699A252-1 13.3
Weights (15) 699A252-3 396
Instrumentation covcr?
Non-rotating cover 8.5
[Focal mount:
Focal mount zlsscmhl_\-'2 206-812010-105 i9.1
Standpipe asscmbly:
Standpipe 206-840-004-109 31
Spacer 5 206-840-004-107 0.5
Support assembly 206-840-005-103 21.8
Cable assembly 20
Taotal dummy MMS installation 185

VBHT supplicd part numbers

wlien available.

3 .
“Includes weight elinstrumentation.
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OH-58C to permit target acquisition and taser ranging and designation from masked R
positions to improve combat survivability, The Rockwell MMS consists of a sealed -
pressurized housing containing a silicon vidicon television camera, an Integrated

Laser System I'W-103 laser designator, and associated optics, These components are .
mounted on a three-ginmbraled, servo driven platform which was located atop the -
main rotor mast (photos 3 and 4). The laser range receiver was not installed for this iz
test. A pantograph-mounted control and display unit was located on the floor at the - - -
copilot's station. A servo clectronics and interface chassis is mounted on the floor on ' =
the feft side of the pasenger compartment, '

10, A camera/tracker chassis was mounted on the left side of the rear seat. The =
prototype system also included the Tollowing as instrumentation: a television T
manitor, videc tape recorder, and time code/video character generator. These items 3
were mounted on the left side of the rear scat deck. The baggage compartment i
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

tollowing hardware:

MMS Components

Camera tracker clectronies assembly

Cabling intertace e
Pilot's imaging display and controlle
Static inverter

Television monitor -
Servo electronics assembly =
Operator's imaging display and controller E
Mast mounted sigint assembly :
taser lock =

|
il

Instrumentation Components

Video tape recorder

Instrumentation power supply
Instrumentation breakout hox
Time code generator )
Character generator =

The entire system as  installed  for Phase 2 testing weighed approximately E
260 pounds. E

1. Dunng the dummy MMS testing the vibiation levels were unaceeptable at the

prlot and copilot stations, and attempts 1o reduce these vibrations resulted in '
unaceeptable vibratory loads at the MMS cp. Prior to the nstallation of the *
Rockwell sight, the dummy MMS components were reassembled on the bench and 3
measured for component allignment. Tt was found that 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 i I rev vibration at the MMS cz und would be susceptible to dynamic
amplification duc to the focal mount system designed to stoate 2/rev vibrations. In »
an attempt to improve the mast to sight atlignment, the following components were =
mixed and matched:

2 ats of MMS support assemblics




3 3
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Photo 3. Rockwell International Mast Mounted Sight
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Photo 4, Rockwell International Mast Mounted Sight
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1 with a small rotating base - BHT P/N 206-840-005-105
1 with a lurge rotating base - BHT P/N 205-340-005-101
3 main rotor masts - BHT P/N 206-010-332-13 |
2 main rotor trunnions - BHT P/N 206-011-}13-1

2 pairs of split-cone sets - BHT 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 disassembled 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

. 1. 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 the cockpit. The data acquisition system consisted
of various transducers, signal conditioning units, frequency multiplexing techniques,
- and a one-inch, ld-track Inter-Ruange Instrumentation 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 ot the aircraft with the following equipment: swiveling pitot-static tube,

sideslip vane, angle-of-attack vane, and total temperature sensor.

Arrspeed (boom)
- Altitude (boom)
Angle of sideslip
CG normal acceleration
Control positions
Longitudinal
Lateral
Directional
Collective
Engine torque pressure
Ambicnt air temperature
. Fuel quantity (ship's system)
Gas generator speed (ship's system)
Rotor speed
Turbine outlet temperature (ship's system)
Radar altimceter (ship's system)
Event switch
Instrumentation controls
Record counter

Paramcters recorded on tape were as follows:
Airspeed (boom)
Altitude fboom)
Attitudes
Pitch
Rotl
Yaw
Ristes
Pitel
Roll
Yaw
Angle-of-sideslip
Angle-of-attack
Control positions
Longitudinal
Latcral
Directional
Collective
Throttle

[99]

2 Specialized andfor calibruted cockpit monitored parameters are listed below.
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SCAS actuator teedback signal (SCAS pasitions)
Longitudinal
Lateral
Directional
-Accelerometers } L B .
Center-of-gravity T T o
Longitudinal
Lateral
Vertical
" Pilots
Longitudinal
Lateral
Vertical
Copilots
Longitudinal
Lateral
Vertical
Mast mounted sight
Longitudinal
Lateral
Vertical
Focal plate position
Longitudinal
Latcrai
Engine torque pressure
Rotor speed

30
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APPENDIX D. TEST TECHNIQUES
AND DATA ANALYSIS METHODS

GENERAL

1. Conventional test techniques were used in the cvaluation. Detailed descnptions
of ali test techniques are contained in reference 7, appendix A. Definition of de-
ficiencies and shortcomings are stipulated in Army Regulation 310-25 (ret' 9). The
handling qualities were evaluated in accordance with the Handling Qualities Rating
Scale {HQRS) contained in figure 1.

CONTROL SYSTEM CHARACTERISTICS

2. Thesc tests 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
foree required to move the directional control in incremental displacements to the
limits of travel in both directions.

CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT

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

STATIC LONGITUDINAL STABILITY

4. These tests were accomplished by establishing a tim condition (airspeed; power
combination) with zero contro! forces. Without releasing force trim, or changing the
collective position, or rotor speed, tie helicopter was stabilized at incremental
sirspeeds. hoth faster and slower than the trim airspeed. using cyclic only.

MANELVERING STABIL!TY

§. The varation of Jongitudinal control position and force with normal
acceleration were  determined  during steady  turns, synunetrical pull-ups and
push-overs. Each test consisted of incrementally increasing normal acceleration (load
factor) while holding collective posttion 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 during the turn. Rotor speed was not adjusted during the
turn cxcept 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
unaccelerated flight condition at the target trim airspeed. All control forces were
trimmed to zero. Without changing the trim coliective position and rotor speed,
the helicopter was decelerated and a ¢limb initiated with cyclic. then the nose was
lowered znd 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 decelerated through trim
airspred inoa fevel attitude. Small lateral control inputs were used to maintain a level
dattitude.

3
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7. The symmetrical push-over tests were performed by establishing a level

unaccelerated flight condition at the target trim airspeed. All control forces were
trimmed 1o 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, the aircraft was then decelerated to an aitspeed 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 m a level attitude. The pullup 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
Jdynamic response characteristics were determined by first stabilizing at the desired
trim conditions and trimming all control forces to zero. Without retnmming, the
Jongitudinal control was used to decrease or increase the indicated airspeed. The
controls were then returmed to the tiim position and held fixed while the aircraft
response was recorded.

9.  The dynamic lateral-dire<tional tests included evaluating the lateraldirectional
oscillations {(Dutch-Roll) and spiral stability characteristics. The lateral-directional
response characteristics were obtained by trimming in Jevel 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 was accom-
plished by establishing a steady heading sideslip and returning all controls to trim in
one sharp. deliberate motion. The contral pulse inputs were performed by rapidly
displacing the desired control approximately one inch, holding the input for
0.5 seconds and returning the control to the trim position All controls were held
fixed following the control input.

CONTROLLABILITY

10. The tests were accomplished by applying longitudinal and lateral step inputs of
at least onc inch in both directions. The step input was made by rapidly displacing
the control from trim, against a control fixture. The input was rigidly held until a
steady state rate was obtained or recovery was necessary. A build-up of increasing
step displacenient 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

11. Testing v-as 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 werc con-
ducted by stabilizing at a skid height of 25 feet. The pace vehicle then established
the desired speed using a calibrated fifth wheel for a reference ground speed. The
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test aircraft was flown in fonmation with the pace vehicle utilizing the ground and
the aircraft's herizontal situation indicator for heading stabilization. Data were
recorded when the relative motion between the aircraft and pace vehicle was zero
and the radar altimeter indicated no veriical displacement fron: the desired skid
height.
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APPENDIX E TEST DATA

E . Index

Figure Figure No.

Boost On directional control force 1and 2

- ___Control positions in trimmed forward flight 3
t : Collective-fixed static longitudinal stability 4
i - Maneuvering stability )
Longitudinal long term response 6 thru 12
£ = Release from steady heading sideslip 13 and 14
: Lateral/longitudinal control response and sensitivity 15 thru 18
- Low speed flight 19 thru 22
: Simulated sudden engine failure 23 thru 25

SCAS failures 26 and 27




!

CONY:
¥

005 'ON_ DIRECTIONA
1 H.'

TTYITTTTTY
g

<5BC. $/N 6P+ 621

_.I(.l l»blul..

W.“ .””m@flwuxw_ﬁ .ﬂ&hrﬁagmmumurﬁ _




s

(Y

&
&
ot
.

st
Tpininge

Fie
14
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