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A INTRODUCTION

. BACKGROUND

1y l. The US Army Developmeat and Employment Agency (ADEA) and the
Yoyt Ninth [afaatry Division (9th ID) have investigated the potential
;»r’.‘ of using a modified OH-58C helicopter (JOH-58C) to perform the
light scout/attack mission. Several similarly-configured JOH-58C
helicopters were issued a limited Airworthiness Release (ref |,
app A) to conduct the ADEA Scout II test in mid-1984. On 5
February 1985, the US Army Aviation Eagineering Flight Activity
(USAAEFA) was tasked by the US Army Aviation Systems Commaand
(AVSCOM) to support a stability augmeatation system (SAS)
optimization program and conduct a follow-on Airworthiness aand
Flight Characteristics (A&FC) evaluation (ref 2). A test plan

‘3:' (ref 3) was submitted and approved.

iy

;;::‘. 2. While the A&FC evaluatioan was ia progess, the 9th ID stopped
;ef-:o procuremeant of the JOH-58C helicopters and ianitiated deconfigura-
AN tion of those already obtained. A full-scale A&FC was nc longer
. aecessary. However, because of interest in the SAS for possible
e application to the OH-58 fleet, a plan for an abbreviated test
;:;' (ref 4) was approved and implemented. The A&FC evaluation was
.!.? preceded by a SAS optimization program, conducted by the system's
::h" manufacturer (SFENA Corporation) at their facilities in Grand
why Prairie, Texas.

.

:;ﬁ TEST OBJECTIVE

LX)

ftglf 3. The objective of this test was to evaluate the handliag
Sy qualities characteristics of the JOH-58C with a SAS and a larger
diameter tail rotor.

e

2 DESCRIPTION

b‘t:"-

e 4, The test heliconter, US Army S/N 70-15349, was a modified
OH-58C configured for the Llight combat helicopter (L.CH) mission.
. The OH-58C 1is built by Bell Helicopter Textron, Iac. (BHTI),
H The OH~-58C has a single two-bladed, semi-rigid, teetering-type
A maia rotor and a siagle two-bladed, delta-hiaged, semi-rigid
& teetering~type tail rotor. Maximum gross weight is 3200 pounds.
o - The aircraft is powered by an Allison T63-A-720 engine with an
i uninstalled intermediate power ratiag (30 minutes) of 420 shaft
- horsepower (shp) at standard sea level conditions, derated to
‘.‘:: 317 shp by the main transmission. A detailed description of
;:c:g the standard OH-58C is contained in the operator's manual (ref 5,
‘! app A). Major modificatioas to configure to the JOH-58C LCH
: configuration are described in the airworthiness release (ref 1)
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and are briefly discussed in appendix B. Major modifications
include:

a. SFENA Stability Augmentation System

b. Improved communicatioan/navigation equipment

c. Direct View Optics (DVO) roof-mounted sight

d. Forward Looking Iafrared (FLIR) system with roof-mounted
turret

e. Fuel raange extenders (590 1b fuel total)

f. Two-positioa landing gear

g. Folding vertical tail fin 2

h. Improved tail rotor (BHTI 206L-3 rotor system)

i. High-frequency (HF) antenna

A hydraulic boost for the tail rotor was 1installed during SAS
optimization at SFENA Corporation and was utilized throughout the
A&FC. Portions of the test were conducted with the DVO pod,
FLIR pod and HF aatenna removed (modified clean configuration).

TEST SCOPE

5. The aircraft was ferried to SFENA 1in Graand Pralrie, Texas
(elevation 990 ft), and the SAS optimization program was conducted
by SFENA prior to the start of the A&FC., The A&FC was conducted
at Edwards AFB, California (elevation 2302 ft), with high altitude
testing conducted at Bishop (elevation 4120 ft), and Coyote Flats,
California (elevation 9980 ft). Low altitude tests were conducted
at Bakersfield, California (elevation 488 ft). Tests in the
modified clean configuration were conducted at Edwards AFB. Test
conditions are presented in table 1. SAS optimization required
25 flights for a total of 24.6 productive flight test hours
between 9 May and 27 June 1985, The A&FC required 49 flights for
a total of 34.6 productive flight test hours between 27 June aad
23 October 1985, Testing was accomplished within the constraiats
of the airworthiness release and the operator's manual (refs 1 and
5, app A)., Haadliag qualities were evaluated using MIL-H-8501A
(ref 6) as a guide.

TEST METHODOLOGY

6. Flight test data were recorded oa magnetic tape using an on-
board instrumentation package (app C). Established flight test
techniques were used (ref 7, app A). Test techniques aad data
analysis methods are briefly discussed in appendix D. A Handling
Qualities Rating Scale (HQRS) (fig. 1, app D) was used to augmeat
pilot comments relative to handling qualities. A Vibration Rating




i Scale (VRS) (fig. 2, app D) was used to augment -~ifot comments
e relative to vibrations.
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RESULTS AND DISCUSSION

GENERAL

7. A limited airworthiness and flight characteristics evaluation
of the JOH-58C was conducted at test sites near sea level (488
feet) to 9980 feet at the general test conditions 1listed in
table 1. Primary emphasis during the flight testing was placed
on evaluating the handling qualities of the JOH-58C in comparison
to the standard OH-58C. The overall handling qualities of the
JOH-58C were significantly improved as compared to the standard
OH-58C. The JOH-58C exhibited less than 10%Z longitudinal control
margin in rearward flight at speeds of approximately 17 knots and
above at azimuths between 180 and 210 degrees. This character-
istic is a deficiency. The pitch, roll and yaw excursions during
. low speed flight of the JOH-58C are significantly reduced as
A compared to the OH-58C. These handling qualities characteristics,
which were a deficiency in the OH-58C, have been improved to
; shortcomings or were eliminated under the conditions tested in
the JOH-58C. Two additional sihortcomings were identified in
maneuvering flight.

- LB

R

; ¢ HANDLING QUALITIES

Control System Characteristics

8. The mechanical characteristics of the JOH-58C hydraulically-
) boosted flight control system were measured on the ground with
Y the rotor and engine stopped. Hydraulic and electrical power
B were provided by an external source. All adjustable control
N friction devices were set to minimum friction. The SAS had no
effect on control system characteristics. Force trim was ON and
collective was full down. Control forces were measured using a
hand-held force gauge and were qualitatively verified in flight.

9. The limits of longitudinal and lateral cyclic control travel
are presented in figure 1, appendix E. The variation of control
position with applied control force for the longitudinal and
lateral controls is presented in figures 2 and 3. The longitudinal
, and lateral cyclic conzrol force gradients were positive and
' essentially linear with no discontinuities. Breakout forces,
k# including friction, were high (1.5 1b laterally, 2.8 1lb aft and
A 3.8 1b forward longitudinally). High breakout forces increased
N pilot fatigue during mission maneuvers (para 37). Lateral center-
ing characteristics were positive and absolute (returned the
vy control precisely to the original position). Longitudinal center-
;és’ ing characteristics were positive but not absolute, resulting in
DG a 1.0-inch longitudinal trim control displacement band. This
<“$ large control displacement band increased pilot worklecad during
Y
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Table 1. Test Conditiensl
1
! Averagel
; Average Longttudinal Average
i Gross Center of Density Trim Calibrated
: Type of Weight Gravity Altitude Alrgpeed
. Teat (1b) (FS8) (fr) (KCAS) Remarks
2910 110.7 3790
Control Poslilons 2980 109.2 5270 ; }
i In Tripmed Fer ard 3100 109.6 8370 28~103 Level flight, zero sideslip
! Flight 3110 109.7 11,210
Statie Longlitudinal
cability 3050 109.3 3790 61, N Level flight
!
! Static Lateral i
iDirectionsl Stablitry; 3120 108.9 5900 61, 91 .Level flight
!
%Maneuvering Stabilicy 3030 108.6 6050 90-94 Right and left steady turns
| .
I 3040 109.5 2630 0 Hover
. Dyrnamte Stabliicy 3100 109.3 5300 60 Climb
; 3130 109.2 6130 92 Level flight
; : SAS ON/OFF
‘ > . R
é 3060 109.0 460 0 Hover pvo, FLIR,
i Controllabilivy i 31206 107.2 5040 0 ) HF ON and
| } 3050 109.0 6150 90 Level flight| OFF
i ! P
‘ Stmulated % é
Engine Fallures g 3150 ; 109.0 4340 59, 94 Level flight and IRP climb
i )
: i 3180 109.4 1770 0 Hover
¢ Stmulated SAS i 160 107.1 390 20 XTASY Low speed FLIR, DVO,
! failures | i flight HF CN and
: 3110 i 109.2 5840 91 Level flight| OFF
: J
f | I .
) i 3130 107.6 1130 FLIR, DVO, Skid height
' : 3120 107.1 4700 Sideward: G-35 XTAS | HF ON 10 ft SAS ON
Low Speed Flight L R9sD 109.9 10,750 Rearward: 0-30 KTAS and OFF
UL 109.6 2330 Forwsrd: 0-35 XKTAS FLIR, DVO,
. ? ! HF_OFF
1 FLIR, DVO, HF ON
: Masking and unmasking
: 40 knot approach with 90°
! s¢ of Tall Rotor right turn to crosswind
: tifecriveness 3130 107.2 6780 0-42 hover. 40 knot approach
\ with 180° right turn to
i downwind hover
. SAS ON and OFF
Afrspeed X : .
Calibracfon L0 108.9 5400 33-100 Trailing boamb method
FLIR, DVO, WF ON and OFF
{Sisulaced Hydraulies ! ) Simulated failure in flight,
! Fatlures ! 3090 108.9 v 0-80 KIAS® _ {approach to hover, ruaning
! i ; landing. SAS ON and OFF.
Instrunent Simulated inadvertent
: Meteoroloegical 3050 109.2 2500~5000 50~90 XIAS instrumert conditions,
‘Condirions Evaluation . tturns, climbs, descents,
J ground~controlled approach
' FLIR, DVO, HF ON and OFF
Mission Maneuvers 3090 109.2 A/R A/R Mask/unmasgk, NOE®, confined
! area, slopes. SAS ON and QFF

NOTES:

iTesrs conducted doors ON; mid lateral cg; SAS ON; FLIR, DVO and WF antenna removed

and ball-centered flight except whrre noted.

2Alrcratt cg limirs: forward 107.0, aft lesser of 112.5 or operator’s manual limit,

3knots true atlrspeed.
das required.

S¢nots fnuicated airspeed.

byap-of-the-earth

(modified clean configuration)
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) maneuvering flight (para 14). The large longitudinal trim con-
N trol displacement band and high breakout force are a shortcoming.
e The loagitudinal control system characteristics failed to meet the
'z requirements of paragraph 3.2.7 of MIL-H-8501A in that breakout
%ﬁ% including frictioa force exceeded the maximum allowable.
! 1
10. Data for directional control system characteristics are
e%? presented in figure 4, appendix E. The total directional coatrol
&‘ travel was 5.0 inches. The directional coatrol breakout force
i\g (includiag friction) was approximately half that of the standard
| OH-58C. The directional coatrol system did not iacorporate a )
Aty force trim mechanism, therefore ao coatrol ceateriag existed.
‘ Although there was no directional coatrol centering, the direc-
iy tional coantrol system characteristics are satisfactory. The
X directional coantrol system characteristics failed to meet the
K *: requiremeats of paragraph 3.3.10 of MIL-H-8501A in that there
fﬁu was ao positive self-centering characteristic.
»
&&: Coatrol Positions in Trimmed Forward Flight
P _
’:c l1. Coatrol positions in trimmed forward flight were evaluated at
p the conditions listed ia table 1. Test results are preseated in
ﬁ? figures 5 through 8, appeadix E. The wvariation of longitudinal
52 control position was coaveational 1ia that 1increased forward
T cyclic was required to trim at iacreased airspeed. The lateral
and directional control displacemeats required with increased
;%' airspeed were minimal and coatrol margins at all coaditions
Y tested were adequate. The level flight control positions in
iy trimmed forward flight of the JOH-58C 1in the mcdified clean
:ﬂﬁ configuration were similar to the standard OH-58C helicopter
o (ref 8, app A) and are satisfactory.
‘Eg Static Longitudinal Stability
e
;$$ 12. The static loagitudinal stability characteristics of the
idi JOH-58C were evaluated in level flight at the conditions listed
;pb in table 1. Test results are preseated ian figures 9 aand 10,
) . appendix E. The static longitudinal stability was nearly neutral
W at both conditions tested. Although the position cues for an
%; off trim airspeed condition were slight, it was easy to maintain
‘Y trim airspeed (HORS 3). FEvea though the loagitudinal coatrol
A gradieats of the JOH-58C failed to meet the requiremeats of
'2Y MIL-H-8501A, paragraph 3.2.10, 1in that there was 1o positive .
' coatrol position stability acar trim cruise airspeed, the static
5“3 longitudinal stability of the JOH-58C is satisfactory.
K
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Static Lateral-Directional Stability

13, The static lateral-directional stability characteristics of
the JOH-58C were evaluated ia level flight at the coanditions
listed in table 1. Test results are presented ia figures 11 and
12, appendix E. Static directional stability, as iandicated by
the variation of directional control position with sideslip, was
positive at all test conditions. Dihedral effect, as indicated
by the variation of lateral control position with sideslip, was
positive for all conditions tested. Side force characteristics,
as indicated by the variation of roll attitude with sideslip, were
positive for all conditions tested. The gradieat at the lower air-
speed was slightly shallower than in the standard OH-58C (ref 8,
app A). The pilot had adequate cues of an out—of-trim condition
and was able to correct it easily. The static lateral-directional
stability characteristics of the JOH-58C are satisfactory.

Maneuvering Stability

14, The maneuvering stability characteristics of the JOH-58C
were evaluated in left and right steady turas at the conditioas
listed in table 1. Maneuvering stability data are presented in
figure 13, appendix E. Maneuvering stability, as 1iadicated by
the variation of longitudinal control position with center of
gravity (cg) normal acceleration, was positive at normal accelera-
tions up to 1.25g. Airspeed control of +2 KIAS in a baak
angle of 45 degrees (near l.3g) required *l inch of longitudiaal
coatrol displacement. Maintaining baak angle at 45 degrees was
difficult because of the aircraft's pitch up divergence ("dig in"
teadency), the large trim control displacemeat band and moderate
vibrations (VRS 5). Subsequent iavestigation revealed that the
longitudinal SAS actuators were saturated at bank angles of
45 degrees which made the aircraft's loangitudinal coatrol charac-—
teristics similar to the staadard OH-58C. The standard OH-58C
had a similar "dig in" teadency and high pilot workload at bank
angles at 45 degrees. However, 1in bank angles less than 45
degrees, the workload in the JOH-58C was significantly less than
ia the standard OH-58C. The pitch up divergeace ("dig ia"
teandency) at load factors near l.3g at cruise airspeeds is a
shortcoming.

Dynamic Stability

Short~Term (Gust Response):

15. The short-term dynamic stability characteristics of the
JOH-58C were evaluated at the test conditions shown in table 1.
Data are preseated 1in figures 14 through 17, appendix E. Gust
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response characteristics were simulated by siagle-axis control
pulse inputs of up to 1l inch for 0.5 seconds and by releases from
steady-heading sideslips. The short-term dynamic stability
characteristics observed in all axes were deadbeat. The aircraft
was also flown in light to moderate turbuleace with SAS ON and
OFF. With SAS ON, the short-term rate damping combined with SAS
attitude reteation to 1improve the aircraft's gust response.
The deadbeat lateral-directional respoase was a siganificant
improvemeant over the easily excited lateral-directional oscilla-
tions of the standard OH-58C (ref 8, app A). With SAS OFF, the
JOH-58C response was esseatially unchanged from the standard
OH-58C. The deadbeat gust respoase characteristics of the JOH-58C
will significantly reduce pilot workload 1ia turbuleace. The
short-term dynamic stability characteristics of the JOH-58C are
satisfactory.

Loag-Term (Longitudinal):

16, The loangitudianal long-term respoase of the JOH-58C was evalu-
ated at the conditions shown in table 1. No natural excitation
of the loag-term longitudinal response was noted. Artificial
excitation produced the results preseated 1ia figure 18,
appeadix E. A 10-knot decrease in airspeed from the trim poiat
at B0 KIAS resulted ia a further decrease to 55 KIAS when controls
were returned to trim, Displacement of the longitudinal control
momentarily disabled the pitch attitude retention. When the coa-
trol was returned to the trim position, the SAS attitude retention
feature attempted to maintain the pitch attitude present at that
time., This nose-up attitude resulted in a slower airspeed, but
that attitude was then maintained by the SAS, eliminating any
noticeable loag~term oscillatory respoase. This was an improvemeat
over the lightly-damped coavergeat oscillations of the standard
OH-58C (ref 8, app A). The loag-term loagitudinal response was
also evaluated with the aircraft in climbs of over 1000 feet per
miaute in an attempt to excite the divergeat pitch oscillation
noted in the operator's manual (ref 5) for aircraft equipped
with {nfrared c¢xhaust stacks (JOH-58C also iacorporated these
stacks). No pitch oscillation was aoted with either natural or
artificial excitation duriag climbs. The pitch attitude reteation
feature of the JOH-58C will reduce the pilot's workload in main-
taining airspeed, freeiag him to coacentrate oa his observation
mission and/or providing a more stable platform for aircraft
systems. The loag-term longitudinal response of the JOH-58C is
satisfactory.
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v Coatrollability
o
v 17. The loagitudinal, lateral and directional control respoase
Sﬂ% (maximum angular rate per one-iach coatrol displacemeat) and
e coatrol seasitivity (maximum angular acceleration per one-iach
) coatrol displacemeat) of the JOH-58C were evaluated at the
Y . conditions shown in table 1. All three axes were investigated ia
y&? a hover while only the pitch and roll axes were evaluated ia
BN level flight. Duriag coantrollability testing, it was determined
yﬁ} that aircraft respoase was depeadent on SAS actuator position at
.ﬁn: ' the time of step iaput. This was especially apparent ia the
directional axis. The actuator would often trim up to 75% to one
e side of aeutral, providiang greater or lesser damping depending on
b?: the direction of iaput. This made aircraft respoase unpredict-
33% able in the yaw axis but this characteristic was aot objection-
:Q% able. Aircraft responses are presented in figures 19 through 27,
w;ﬁ appeadix E. Controliability characteristics for the LCH coafigur-
ot ation were qualitatively compared to the modified clean config-
- uratioa and are essentially unchanged.
:at
aﬁg Directional:
5 18, Data for directional coatroliability characteristics ia a
My hover are preseated in figures 19 through 21, appendix E. The
aircraft responded 1in the proper direction within 0.2 second
:f& after the input and no objectioaable coupling was noted. The
ﬁ JOH-58C had increased yaw rate damping as compared to the

standard OH-58C (ref 8, app A)., Directional response was satis-
factory and no teadency to overcontrol was noted. At the heavy
gross weights tested, insufficieat power margin required coastant

) attention to torque limits with large (i} inch) but smooth
q?! coatrol movement to arrest right yaw rate. The directional
:a&: controllability characteristics of the JOH-58C are satisfactory.
FORS

iﬁi. Longitudinal:

A'»":'.t’

- 19. The loagitudinal controllability characteristics of the
JOH-58C were evaluated at a hover and at 90 knots calibrated air-

e
{ﬁg speed (KCAS) at the conditions listed ia table 1. Longitudinal
KR controllability data are preseated in figures 22 through 25,
1#' appeadix F., The aircraft responded in the appropriate direction
?h . within 0.2 sec with no objectionable coupling. With inputs up
- to approximately 2 iaches, the loangitudinal response was suffic-
~ fently damped, resulting ian a shorter time required to achieve a
1 steady state rate. The pilot will have predictable and adequate
'iﬁ longitudinal control response and will not have to focus iacreased

o attention on pitch attitude coatrol. The loagitudiaal coatrol-
' lability characteristics of the JOH-58C are satisfactory.
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Lateral:

20. Lateral controllability characteristics of the JOH-58C were
evaluated at a hover and at 89 KCAS at the conditions listed in
table 1. Lateral controllability data are presented in figures 26
and 27, appendix E. The aircraft responded in the appropriate
direction within 0.2 sec with no objectionable coupling. The
aircraft exhibits predictable lateral response primarily because
of the quick achievemeat of steady state rates in response to
control displacement. The lateral respoase of the JOH-58C was
qualitatively more damped than the standard OH-58C. The lateral
controllability characteristics of the JOH-58C are satisfactory.

Low Speed Flight Characteristics

General:

21. Low speed flight characteristics were evaluated to determine
the effects on handling qualities due to the installation of the
SAS and the improved tail rotor. The low speed flight testing
was conducted by stabilizing in formation with a ground pace
vehicle at a skid height of approximately 10 feet at relative
azimuths (measured clockwise from the nose of the aircraft) from
0 degrees to 360 degrees in 30 degree increments. The low speed
flight characteristics for this aircraft can be discussed by
reference to one of three regions (fig. A): 300 degrees clockwise
to 150 degrees (region A), 150 degrees clockwise to 210 degrees
(region B) and 210 degrees clockwise to 300 degrees (region C).

Region A

Region ¢

Region B

21 0o \',0.

Figure A. Low Speed Flight Regions
10




22, Low speed handling characteristics were evaluated by main-
taining the aircraft within +3 degrees of desired heading and
+2 feet of desired skid height (evaluation performance criteria).
Low speed flight was conducted SAS ON and OFF at the test condi-
tions shown in table 1. Low speed flight characteristics data
are presented in figures 28 through 60, appendix E. Low speed
flight was coanducted in the LCH configuration for quantitative
and qualitative data, then qualitatively evaluated in the modified
clean configuration. The handling qualities characteristics for
both configurations were essentially the same.

Region A:

23. With the improved tail rotor aand SAS ON, handling qualities
ratings in Regioa A (up to approximately 5000 ft) were improved
from HQRS 3 ia the standard OH-58C (ref 8, app A) to HQRS 2 in
that little or no directional coatrol 1inputs were required to
maintain desired heading within +1 degree. At the 90 degree
azimuth, the standard OH-58C (with a smaller diameter tail rotor)
had less than 10% directional control margin remaining (reported
deficiency) at 31 KTAS and 5000 ft. At similar conditions, the
JOH-58C had more than 20% margin remaining at 35 KTAS (fig 43,
app E). At the 120 deg azimuth and at airspeeds of 25 KTAS and
above, the average loagitudinal control margin was adequate.
Momentary coantrol excursions decreased this coatrol margin to
below 10%, but aever less than one iach (fig. 45, app E). The
low speed handling qualities of the JOH-58C aircraft in Region A
are satisfactory.

Region B:

24, In Region B, handling qualities ratings were improved from
HQRS 5 (standard OH-58C) to HQRS 3 in that minimal directional
control inputs (+1/8-inch) were required to maintain the desired
performance criteria. The large aft longitudinal control displace-
ment duriag rearward flight between 10 to 20 KTAS was similar to
that required for the standard OH-58C. At near maximum gross
weight and up to 4670 feet density altitude (figs. 48 through 51,
app E) less than 10% (1.2 inches) aft longitudinal coatrol
margin remained at rearward (i80-210 deg) airspeeds of 17 KTAS
and above (worse than the standard OH-58C). The less than 10%
longitudinal control margin of the JOH-58C at airspeeds above
17 KTAS between azimuths of 180 and 210 deg 1s a deficlency.
The longitudinal control margin at azimuths of 180 to 210 deg
failed to meet the 1intent of paragraph 3.2.1 of MIL-H-8501A in
that less than 10% longitudinal control margin remained. The
following CAUTION should be incorporated into the airworthiness
release and/or the operator's manual:

11




CAUTION

When hovering with tailwinds greater than
17 knots and a forward center of gravity,
less than 10Z longitudinal control margin
may be available.

Region C:

25. In left sideward flight (Region C) the SAS and improved tail
rotor system reduced the +8 degrees yaw attitude excursions
of the standard OH-58C (ref 8, app A) to approximately
+3 degrees. Handling qualities ratings were 1improved from
HQRS 7 (standard OH-58C) to HQRS 4 due to reduced frequency and
amplitude of control inputs required ian all axes. Critical
azimuth and airspeed, determined by pilot workload, was approxi-
mately 240 degrees at 15 to 25 KTAS. Figure 28, appendix E
presents data at the 240 degree azimuth and 21 KTAS. Large SAS
actuator inputs (sometimes saturated) as well as moderate and
frequent control inputs in all axes (t}/Z—inch) were required
(HQRS 4) to maintain desired performance criteria. The SAS and
improved tail rotor system significantly improved the overall
low speed flight characteristics of the JOH~-58C in Region C,
however, workload remains high at the critical azimuth and air-
speed. The high pilot workload at 240 degrees relative azimuth
from 15 to 25 KTAS during low speed flight is a shortcoming.

SAS OFF Flight:

26. Certain portions of low speed flight were conducted SAS OFF.
Data are presented in figure 33, appendix E. Larger and more
frequent control inputs were required for all azimuths and air-
speeds tested than were required with SAS ON. There was no arti-
ficial rate damping with SAS OFF, which was especially apparent
in the yaw axis. The directional control was qualitatively more
sensitive than the standard OH-58C. The pilots were accustomed
to flying with an augmented flight control system and, when
required to fly unaugmented, over-controlled the aircraft,
resulting in pilot-induced oscillations of up to +6 degrees.
Time to adapt to the degraded mode will vary from pilot to pilot,
depending on how accustomed he is to flying SAS OFF. SAS OFF
flight i85 a degraded mode and should be incorporated in the
aviator's annual Aircrew Training Manual (ATM) evaluation and
performed periodically as an ATM maneuver. The following
NOTE should be 1incorporated into the airworthiness release and/
or the operator's manual:
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NOTE

SAS OFF flight 1is a degraded mode and may
result in attitude excursions of +6 degrees
in all axes. These excursions should decrease
as the pilot becomes accustomed to SAS OFF
flight.

Yaw Oscillation:

27. With SAS ON, A yaw oscillation was noticed during low speed
flight and was frequently evident at all azimuths and speeds.
It was also present in forward flight, but most noticeable in
low speed flight. Heading excursions of +1 to +2 degrees
during low speed flight were experienced once this mode was
excited. Heading excursions in 1level flight decreased with
increased airspeed to  approximately t}/Z to +1 degree at
90 knots indicated airspeed (KIAS). A time history to illustrate
this oscillation is presented in figure 29, appendix E. The
data indicate that the SAS was driving this oscillation. This
high frequency (period of 1.5 sec) small amplitude oscillation
became aggravated 1in amplitude when the pilot tried to maintain
more precise heading control. Several times the pilot contributed
to this oscillation so that heading control could only be main-
tained within +3 degrees. In many cases, yaw oscillations
damped after approximately 15 seconds 1f the pilot held the
controls fixed and let the SAS attitude retention feature dampen
out oscillations. The occasional yaw oscillation is a short-
coming. Recommend further optimization be conducted to eliminate
this yaw oscillation.

Aircraft System Failures

Simulated Engine Failure:

28. Simulated engine failures were evaluated at the conditions
listed in table 1. Data are presented in figure 61, appendix E.
Sudden engine failures were simulated ty stabilizing at the test
conditions and then rapidly reducing the throttle to flight idle.
All flight controls were held fixed for approximately two seconds
or until recovery was required (due to low rotor speed, excessive
rates, attitudes, etc.). The predominant cues of an engine fail-
ure were the aircraft rotor RPM light and audio warning signals.
Only 7-1/2° of yaw attitude excursions from trim were observed.
Delay times of 2.0 seconds could not be achieved due to rapid
decrease of rotor speed at the high gross weights tested. Follow-
ing reduction of the collective control, rotor speed increased
rapidly to safe levels. Except for the smaller yaw attitude
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excursions, these characteristics are similar to those of a

standard OH-58C. The SAS prevented the normal large yaw excur-

sions which occurred 1ia a simulated engine failure, but the

o other cues (audio, visual, reduced engine noise, etc.) remained

adequate to advise the pilot of a sudden engine failure. The

‘b simulated eagine failure characteristics of the JOH-58C are
satisfactory. The simulated engine failure characteristics of
the JOH-58C failed to meet the requirement of paragraph 3.5.5 .
of MIL-H-8501A in that delay times of 2.0 seconds could not be

y achieved prior to initiation of recovery.

Hydraulic System Failure:

29, Hydraulic system failures were qualitatively evaluated at
N the conditions Llisted in table 1. Failures were simulated by
X turning the HYD BOOST switch to the OFF position, With the
standard OH-58C, as the aircraft is slowed below the airspeed for
effective translational Llift (ETL) with hydraulics OFF, there
1s an iacreased level of pilot-induced oscillations ian all three
axes (particularly noticeable 1in roll)., In the JOH-58C, the
pilot-induced oscillations were still appareant (+1 to .:}°, all

\J
;' axes), but much reduced. Pedal forces were qualitatively higher
*’ than those on the standard OH-58C. Control forces 1in all axes
) were moderate when hydraulics were failed at 80 KIAS and the
i aircraft was decelerated to 50 KIAS. The first indication of a
failure was {llumination of the MASTER CAUTION light aand HYD
o PRESS caution light, followed by slight control feedback when
k? the coatrols were moved. An approach to a hover was accomplished,
13 but the small power margin, increased oscillations, large coatrol
)5 movemeats aad high control forces made precise coatrol of the
9 aircraft difficult (HQRS 5). The pilot will be able to continue
his mission only if he maintains airspeeds above that required
: for ETL. 1In the event of hydraulic failure, the optimum recovery
;ﬁ procedure should remain a run-oa landing as prescribed in the
0 o} -~ator's manual (ref 5, app A). The handliag qualities of the
ﬁ} JOH-58C with a simulated hydraulics failure are satisfactory for
*H degraded mode operation.
o Stability Augmentation System Failures: .
&'y
:i 30, Simulated SAS failures were evaluated at the conditions
;{ listed in table 1. SAS actuator hardovers were introduced into
:}- the system using a SFENA SAS hardover control uait, Single-axis
SAS hardovers were accomplished 1ian all three axes. Hardovers
- were 1induced when actuators were centered (as indicated by
bk: the SAS actuator position indicators in the cockpit). Delay
% times of up to three seconds during level flight and up to one
‘f% gecond delays for hover and low speed flight were evaluated.
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g Total system failure was simulated by removing power from the
'5:.1 SAS. Time history data obtained from these tests are presented
:faqu in figures 62 through 70, appendix E.

';‘r\~
:‘:" 31. SAS actuator hardovers conducted during a hover with zero time

delay produced mild aircraft reactions in all axes. Generally,
o only a bump (similar to a gust) could be felt when the hardover
Q‘ was injected. Minimal pilot control inputs (+1/2 inch) were
A required to maintain aircraft attitudes within +2 degrees
:.'t (HGRS 3). A one second delay produced a 28 deg_/sec yaw rate,
'.:.!,' ’ 14 deg/sec roll rate or a 7 deg/sec pitch rate after the hardover

art in the respective axis (figs. 65 through 67). These rates produced

attitude changes which were not considered excessive and normal

“." pilot reaction was adequate to effect recovery. All aircraft
9 reactions with a one second delay provided adequate cues to the

':. pilot that a SAS hardover had occurred. Hardovers with zero
N time delay were also conducted with a pilot wearing night vision
“. goggles (NVG) with day filters. The pilot was frequently unaware
. that a hardover had occurred. 1Initial accelerations provided
" inadequate cues that a hardover had occurred. No significant
::.' rates or attitude changes developed since the pilot reacted

lg’“ instantaneous.y. SAS hardover characteristics of the JOH-58C
'7:" . in a hover are satisfactory.
il

" 32. SAS hardovers during low speed flight at the critical azimuth/

AN speed were also accomplished (figs. 68 through 70, app E). With

W, zero delay time, the aircraft produced mild reactions which were
;-:"g. similar to those produced with zero time delay at a hover
:i::‘t (para 31). The 1initial acceleration provided inadequate cues

:::Q. that a hardover had occurred. No significant rates or attitude

)’ changes developed and minimum pilot compensation was required to

i maintain heading and attitude criteria. SAS hardover character-

:\:. istics during low speed flight at the critical azimuth/speed are
":: satisfactory.
A
"::l:' 33. SAS actuator hardovers conducted at 90 KCAS in level flight

LA resulted in only mild aircraft reaction in the pitch and yaw axes

- (figs. 62 through 64, app E). After 3 seconds, attitude changes

:fo:: < were approximately 5 degrees. The moderate angular acceleration

,:'a".‘: and attitude changes provided adequate cues that a failure or

i':‘:‘ hardover had occurred. The highest rates were produced in the

._‘c:.' roll axis, where rates of 20 deg/sec were achieved (fig. 63).

M, The initial rapid acceleration (18 to 20 deg/secz) and high

roll rate prompted the pilot to recover after 2.5 seconds as the

" aircraft passed 35 degrees of bank. The aircraft continued to
g 40 degrees before the roll rate was arrested. Normal propriocep-

-'o:,'_ tive and visual cues alerted the pilot that a SAS hardover had

::: 3 occurred. Under all conditions tested, recovery was accomplished
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with miaimal pilot compensation. Hardovers were also conducted
while the pilot was wearing NVG with day filters. The pilot was
allowed to react normally (with no delay time) and was unaware
at times that a SAS failure had occurred. The initial acceleration
provided inadequate cues that a hardover had occurred. No signif-
icant rates or attitude changes developed since the pilot reacted
instantaneously. Pilot reaction to a SAS hardover required
minimal compensation. Aircraft coantrol was not a problem in -
any of these tests. The simulated SAS hardover characteristics
of the JOH-58C helicopter in level flight are satisfactory,
The SAS hardover characteristics of the JOH-58C in level flight
failed to meet the requirements of paragraph 3.5.8 of MIL-H-8501A
in that roll rates exceeded 10 deg/sec in less than 3 secoads.

34. SAS OFF flight was conducted during several tests to determine
the flight characteristics during this degraded mode. SAS OFF
duriag low speed flight was discussed in paragraph 26. SAS OFF
flight duriang hover, level flight, low speed flight and loss of
tail rotor effectiveness (LTE) tests was characterized by
larger and more frequent control inputs than were required with
SAS ON. In many cases, with zero time delay, there were no cues
to the pilot that a total or partial SAS failure had occurred,
except that attitude excursioans iacreased in all axes (paras 31
through 33). The yaw axis was qualitatively more seasitive.
Overcoatrol of the aircraft resulted 1a oscillations in all
axes of +3 degrees at the higher speeds (above 60 KIAS) and
+6 degreég at a hover, low speed and LTE tests. The excursions
decreased as the pilot became accustomed to SAS OFF flight.
Aircraft control was anot ia question but the pilot workload for
SAS OFF flight was significantly increased. There was ao SAS
fallure advisory light available to the pilot to iadicate to him
that a total or partial failure had occurred. Recommend that a
SAS failure advisory light be 1nstalled in the JOH-58C aircraft
to indicate when a total or partial failure occurs.

Loss of Tail Rotor Effectiveness

35. Tail rotor effectiveness was evaluated SAS ON and OFF by
flying the three maneuvers shown 1in figure B. A time history
of maneuver B is preseated ia figure 71, appeadix E. The pilot
workload and control movements were significantly less than
those required with SAS OFF (fig. 72). Loss of tail rotor effec-~
tiveaess did not occur during any of the tests. Although this
was aot an in-depth iInvestigation of LTE, the SAS and improved
S tail rotor should assist 1an reducing the yaw rates that are
e conducive to LTE.
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Mission Maneuvers

36. Mission maneuvers were evaluated qualitatively at the condi-
tioas presented in table 1. The maneuvers were conducted 1in
accordaance with the ATM and were evaluated SAS ON and OFF,
Pilot workload 1iacreased with the SAS OFF for all maneuvers
conducted. Aircraft controllability was not 1in question, but
SAS OFF flight required considerable pilot compensation to main-
tain the ATM standards of each maneuver. SAS ON flight, however,
significantly reduced pilot workload which enhanced mission
capability. Slope laandings, masking/uamasking aad nap-of-the-
earth flight were significantly easier to accomplish since rate
dampiang provided reduced aircraft attitude excursions. Pilots
feit that they could maneuver the aircraft more aggressively
without fear that aircraft rates would exceed the aircraft's
capability. The missioa maneuver characteristics of the JOH-58C
helicopter with a three-—axis SAS significantly improved mission
capability, but high control forces (para 9) will be fatiguing.
To relieve high forces during maneuvering flight, the pilot may
turn the force trim system off, thus eliminating the attitude
reteation feature of the SAS or repeacedly depress the force
trim iaterrupt, increasing his workload. Consideratioa should
be given to installing the SAS and improved tail rotor on all
OH-58C helicopters.

Instrument Flight Evalution

37. Handling qualities of the JOH-58C in simulated 1ianstrumeant
meteorological conditions (IMC) were evaluated at the coaditions
listed in table 1. 1IMC were simulated by having the pilot wear
a hood which restricted his field of view to the interior of the
cockpit. TIa IMC flight (altitude changes, level flight, turas,
etc.), the stability provided by the SAS significaatly reduced
the pilot workload ia maintaining basic aircraft attitudes. The
altitude hold (ALT HOLD) feature further reduced workload in
maiataining altitude. 1In level flight, the aircraft was easily
kept within 50 feet of the desired altitude and +1 to
+2 degrees of desired attitudes with ao pilot 1iaputs on the
collective or pedals and iaputs no larger than 1/2 inch on the
cyclic coatrol (HQRS 3). The aircraft was not tested for certifi-
cation under instrument flight rules. However, 1ia inadvertent
IMC, with the improved stability of the JOH-58C the pilot will
be able to devote less of his time and attention to basic flying
aad will 1instead bhe able to conceatrate on IMC recovery. The
ALT HOLD feature of the JOH-58C is an enhancing characteristic
in inadvertent IMC flight.
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o CONCLUSIONS
5:':‘
o GENERAL
e LS
¢
o
%’5 38. The following conclusions were reached upoa completion of
NS testing.
l-!.\:f

‘ a. The flying qualities of the JOH-58C were significaatly
. improved in comparison to the standard OH-58C.
o
!
pﬁi‘ b. One deficieancy and four shortcomings were 1identified.
+ 4
B
s ENHANCING CHARACTERISTIC
A }
1?b 39. The following enhancing characteristic was ideatified: ALT
:&5. HOLD feature of JOH-58C 1ia inadverteat IMC flight (para 37).
A
F.:!.‘H'
bt
A DEFICIENCY
3%4 40, The following deficieacy was identified: less than 10%
4 longitudinal control margia at airspeeds above |7 KTAS between
J‘W
sa * azimuths of 180 and 210 degrees {(para 24).
)
)
"4.,

SHORTCOMINGS

ﬁﬁf
f*ﬁ 41, The following shortcomings were identified:
nth
‘.6‘ )
Hﬂh a. High pilot workload at the critical azimuth ia low speed
e flight (para 25).
.
;gr' b. Occasional yaw oscillation at low speeds (para 27).
lﬁ?' c. Pitch up divergence ("dig ia" teadeacy) at load factors
t b aear 1.3g at cruise airspeeds (para 14).
By
W

d. Large longitudinal trim control displacemeat band and
high coatrol forces (para 9).

SPECIFICATION COMPLIANCE

42, The JOH-58C failed to meet the following requiremeats of
MIL-H-8S501A:

2 a, Paragraph 3.2.1 - less than 10% loagitudinal control
é margin (180 to 210 deg) (para 24).
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b. Paragraph 3,2.7 - loagitudinal breakout iacludiag friction
Jq‘ force exceeded the maximum allowable (para 9).

' c. Paragraph 3.,2,10 - the loagitudinal coatrol position
stability aear trim cruise airspeeds was aot positive (para 12).

d. Paragaraph 3.3.10 - no positive self-centeriag character-
‘ol istics for the directional coatrol system (para 10).

{; e. Paragaraph 3.5.5 - delay times of 2.0 secoads could aot
.. be achieved during simulated sudden engine failure (para 28).

f. Paragaraph 3.5.8 - SAS hardover roll rates exceeded
10 deg/sec in less thaan 3.0 sec (para 33).
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e RECOMMENDATIONS

S
oy 43, The deficiency reported in paragaraph 40 should be corrected
K prior to operational deployment of JOH-58C.
AN

byt
é:t 44. The shortcomings reported in paragraph 41 should be corrected
n’*:,?, as soon as possible.

- 45. The following CAUTION should be added to the airworthiness
,:'s release and/or the operator's manual (para 24) until the correc-
et tion of the deficiency reported in paragraph 40.
‘Q:.f
o
: ;:e;' CAUTION

. When hovering with tailwinds greater than

;G:é: 17 knots and a forward center of gravity,
e less than 10% longitudinal control margin
:::. may be available.
i .'
W)
B 46. The following NOTE should be added to the airworthiness
. release and/or the operator's manual (para 26).
g
)

,i_) NOTE

&
W SAS OFF flight is a degraded mode and may
A result 1in attitude excursions of +6 degrees

in all axes. These excursions should decrease

o as the pilot becomes accustomed to SAS OFF

3{ flight.
' ; 47. Recommend optimization of the SAS to eliminate the yaw
R oscillation (para 27).
L
e 48. Recommend a SAS failure advisory light be installed in the
!:::0 JOH-58C to indicate a total or partial SAS failure (para 34).
N

3
LA
.t'::i 49, SAS OFF flight is a degraded mode and should be incorporated
:::0: in the aviator's annual Aircrew Training Manual evaluation
»

. (para 26).
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APPENDIX B. AIRCRAFT DESCRIPTION

GENERAL

1. The test helicopter, JOH~58C US S/N 70-15349, was a standard
OH-58C (built by Bell Helicopter Textron, Inc. (BHTI)), modified
to the light combat helicopter (LCH) configuration. The standard
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. A detailed description of the OH-58C
is included in the operator's manual (ref 5, app A). The major
alrcraft modifications for the LCH configuration 1included the
Bell 206L-3 tall rotor with accompanyiag drive shafting aad
gearbox, shortened main rotor blades and a three-axis limited
authority stability augmentation system (SAS). The JOH-58C LCH
coanfiguration also included pods for Direct View Optics (DVO)
anad a Forward Looking Ianfrared (FLIR) system, a High Frequency
(HF) anteana and improved communication  and navigation
avionics. Photo 1 shows the test aircraft with external mission
equipment. Photos 2 through 4 show the DVO, FLIR and HF aatenna.
Most of the internally mounted mission equipmeat was not installed
for the test, due to test instrumentatioa requirements. Portions
of the test were accomplished with the DVO, FLIR and HF antenna
removed (modified clean configuration). Photo 5 shows the mod-
ified clean coanfiguration. A more detailed description of the
LCH modifications 1is contained in the airworthiness release
(ref 1).

WEIGHT AND BALANCE

2. The test helicopter was weighed in the LCH and modified clean
coafigurations with and without fuel by the US Army Aviatioa
Eagineering Flight Activity persoanel prior to any testiang. The
weight and longitudinal ceater of gravity (cg) data are presented
below:

Empty Fuel Weight Full Fuel Weight
Coafiguration (lb)/cg (fs) (lb)/cg (£fs)
LCH 2537/113,70 3063/115.00
Modified clean 2438/116.05 2964/116.52

Coatrol Rigging

3. A complete flight control riggiang check was performed by SFENA
Corporation and witnessed by USAAEFA quality coatrol personnel
prior to the fiaitiation of testing. Afll flight control rigging
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Forward Looking Infrared (FLIR)

Exteranally Mounted Forward Lookiang Ianfrared (FLIR) System
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was within tolerances specified ia reference 9, appendix A. . The
data for the 206L-3 tail rotor rigging check is presented below:

Direction Blade Angle
206L-3 tail rotor Left 22° 30"
Right -7° 30°

ROTOR SYSTEM
Tail Rotor

4, The improved tail rotor (BHTI 206L-3 tall rotor) is depicted
ia photo 6. 1t 1incorporates the same airfoil section as the
standard OH-58C tail rotor but the diameter 1is 1increased by
3 1nches., Maximum pitch angle values are increased to the values
shown 1a paragraph 3.

5. SAS optimization was conducted by SFENA Corporation. Various
SAS gains and two actuator systems (electrical/mechanical aad
electrical/hydraulic) were evaluated. The electrical/hydraulic
system (hydraulically-boosted tail rotor) was selected by SFENA
and installed for this test.

Tail Rotor Drive Shaft and Gearbox

6. The tail rotor drive shafting and gearbox were changed to the
206L~-3 configuration. The drive shaft is a seven piece shaft.
Each piece 1a the shaft is identical and has a larger diameter
than the one-plece standard drive shaft. The tail rotor gearbox
contianuous ratiang 1is increased from 65 to 85 shaft horsepower.

Main Rotor
7. 1In order to maintain maia rotor clearance, each maian rotor

tip cap was shortened by 1.5 inches.

STABILITY AUGMENTATION SYSTEM

General

8. The JOH-58C had a limited-authority, prototype three-axis
SAS. The SAS uses rate gyros to provide rate dampiag 1n each
axis. Rate Iintegration was used to provide attitude reteation
capability., Force trim is provided in the pitch and roll axes.
Aan altitude hold (ALT HOLD) feature, functioning through the
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JOH-58C Tail Rotor (BHTI 206L-3)
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loagitudinal control, 1is also provided 1in cruise flight. The
system includes the following components:

SAS Component Part No. Qty Location
SAS Computer 75258V1IM2 3 Passenger compartment
Cyclic rod/actuator 2 Center coatrol closet
Assy 10110-001
Directional rod/
actuator assy 10110-001 1 Entrance to tail boom
Air data computer 10980-002 1 Passenger compartment
Juaction Box 153-51219-300 1 Passeanger compartment
Yaw Stop Assy 11530 1 Entrance to tail boom
Force trim unit 2 Under pilot/copilot
Pitch L1038BM seat
Roll L1088DM
SAS coatrol panel K28AIM 1 Iastrumeat panel
Pre-Fabhricated Harness 1 Passenger compartmeat
Cyclic 11362
Yaw 11368
50 VA Iaverter PC 50 i Under pilot's seat
Hydraulic/boosted 1 Entrance to tail boom
T/R/Assy 206-001-739-7
Actuator Position
Iadicator K6QACM 1 Instrument panel

The precediag components are interconnected as shown by the block
diagram of figure 1,

SAS Computer

9. A SAS computer for each axis iacorporates logic aad gain
aetworks to provide rate dampiag, altitude hoid (pitch axis),
integration cutoff and attitude reteation via rate iategration.
A rate gyro ia each computer seanses changes of angular rate of
0.01 deg/sec.

Control Panel

10, The SAS coatrol panel is shown in photo 7. The panel iacludes
a STAB button (SAS ON/OFF), a button to engage altitude hold,
switches to engage or diseagage each SAS actuator and a system
test switch, SAS actuator positions are 1indicated on three
galvanometers, one for each axis,
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Electrical Power Distribution

11. The SAS power distribution is showan in figure 1. The system
requires 28V DC, 26V AC and 115V AC single phase electrical power.
The 115V AC, 400 Hz, single phase power, provided by the upgraded
solid state inverter, is for the rate gyro motor aad for the
computer iaternal power supplies. The rate gyro output signal is
demodulated and applied to a servo amplifier which drives the
rate and integrated vrate (damping and attitude retention)
chaanels. Both paths are switched OFF when the system is off,
resulting in a zero signal to the servo amplifier and ceateriag
of the actuator. The actuators are mouated in coatrol tubes and
coataia DC permanent magnet motors drivea by a pulse-width
modulating type of servo—amplifier, The  +27V motor drive
voltages and the +15V feedback pot excitation voltages are
derived in the computer power supply.

Actuators

12. The SAS uses three actuators mouated ia series with the
control tubes. The actuators have low force output aad are used
ia coanjunction with hydraulically-boosted coatrols. They are
installed as close as possible to the iaput valves of the hydraul-
ic boosters to isolate the actuator motioa from the pilot con-
trols., The mass aad friction oan the booster side of the actuators
is low compared to the pilot's side of the actuators. Cyclic
artificial feel break-out force aids in this 1isolation. In
cyclic, the actuators are iastalled dowastream of the mechanical
cocllective and cyclic mixiag and the two cyclic actuators have a
mixed motion of lateral and loangitudianal control. This mixiag
is accompiished electroaically by applying the roll computer
output differentially to the left and right actuators while the
pitch computer output is applied additively to the two actuators.
The SAS actuator strokes are limited to give the following SAS
authorities of full control travel:

Axis Authority
pitch +6.437
ol roll +10.67%
o5 vaw +h.79%
7
Xy SAS Release Switch
‘ .

13. A SAS release switch is located oa the pilot cyclic grip as
showa in figure 2. If the switch is depressed, all axes of 8AS
will disengasye.
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Force Trim System

14. The force trim system includes a force trim switch located on
the instrument panel and a force trim interrupt switch located on
the pilot's and copilot's cyclic (fig. 2). There 1is no force
trim system in the directional axis. The functions include stick
trim point retention, artificial feel gradient for stick movements
away from trim, and viscous damping of stick inputs. Transparency
("fly through”) logic interfaces with the SAS attitude retention
channels.

Flight Control System Caution Light

15. A flight control system (FCS) caution light is provided in
the segmented caution panel (fig. 3). When the FCS is disengaged,
the series actuators automatically center and the FCS caution
light illuminates. The FCS light does not illuminate, however,
if a SAS failure should occur.

Altitude Hold Function

16. An altitude hold function 1is installed in the SAS. The
altitude error signal is derived in the Air Data Computer (ADC)
from an electromechanical absolute pressure transducer and an
assoclated electronics synchronizing hold circuit. The error
signal is applied to additional circuitry in the controller,
resulting in longitudinal control inputs in response to altitude
errors. The altitude hold function 1s designed to maintain
altitude within +50 feet in light or no turbulence. The system
1s engaged when the "ALT" switch is turned on with the aircraft
above 40 knots airspeed.

Integration Cut Off

17. To enable the pilot to maneuver the aircraft, it is necessary
to inhibit the attitude retention feature, which may try to oppose
pilot inputs. This is done by driving the integrated rate input
term to zero as the pilot commences his movement of the flight
controls. The rate term is retained, however, and continues to
damp out rapid oscillations over and above the pilot's control
movements. Cancelling the integrated rate term 1Is called
integration cut off (ICO). 1ICO occurs intentionally under the
following conditions. -

~ a. When "altitude hold” mode is engaged (ICO only in the
ol pitch axis).
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Y b. When the pilot moves the flight controls, without operat-

s’.“_t; ing the force trim button on the cyclic grip (the axes affected

,::l:: are the ones ia which the control movement is made).

N

s

:.‘;; c. When the pilot depresses the force trim button on the

f:!. cyclic grip.

Mt d. Whea the force trim is disengaged at the instrument panel. .

b

,4’("

,::t:‘ e. When angular rates exceed 1.5 deg/sec, ICO will occur

N oaly in the affected axis. :

1‘?!_;‘

.‘,.\‘

i SYSTEM OPERATION

Lyl

ol

Y NJ General

*

18. SAS operation is accomplished using the SAS coantrol panel and

e actuator position indicators shown ian photo 7.

:4?‘: Self-Test

:\.‘.-:;

;:_-; 19. Prior to flight, a system self-test may be performed.

"'.} Individual axis engagement switches should be up. With the SAS

vl OFF, the TEST knob is turned clockwise to the position labeled
"1". The STAB indicator will show green and white diagonal

:. N stripes, the ALT indictor will show red and white diagonal

c: stripes. The FCS caution light will illuminate aad the three

actuator position indicators will be ceatered. Position 1"

0: ; tests only the system indicators. When the TEST knob is turaed

N further clockwise to "2", the STAB and ALT indicators are initial-

. ly black. Position "2" tests the system amplifiers and input/

:"‘:';‘ output logic. When the STAB indicator is depressed, the green

;:,‘f: aad white stripes reappear. Depressing the ALT indicator results

ia*;'.j ia a display of red and white stripes alternatiang with the

i::l}. blacked-out iandication for approximately 10 seconds. The ALT

'.0:: indicator then becomes a steady display of green and white
diagonal stripes. The FCS caution light remains illuminated and

Y the actuator position iandicators remain centered. Whea the test

:12 knob is rotated counter—clockwise to the "0" position, the STAB i

_'3’ > indicator remains green, the ALT iadicator becomes black and the

Ry : FCS caution light extinguishes., The SAS is then operational for

!.:‘G ) flight, -

ATy

:“:‘ Normal Operation

O]

’:I:::l 20. The SAS operates normally whea the STAB iadicator 1s depressed

,::.:: and individual actuator engagement switches are up. Green and
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white diagonal stripes appear in the STAB indicator, iadicating
that power is applied to the system and rate damping is in effect.
Attitude retention will be in effect in all axes unless one of
the following conditions occurs:

a. If the force trim switch on the console is turaned off,
there will be no attitude reteation in aay axis. Turaning it on
will regain all attitude retention.

b. If either cyclic force trim iaterrupt switch is depressed,
there will be no attitude reteantion in the pitch and roll axes.
Yaw attitude retention will not be affected.

c. If the pedals are moved, a coantrol motion seasor detects
the movement and eliminates yaw attitude retention. Pitch and
roll attitude reteation will not be affected.

d. 1If airspeed is above 40 knots indicated airspeed (KIAS),
lateral cyclic is displaced and roll rare is above 1.5 deg/sec,
there wil. be no attitude retention in any axis.

e. If airspeed is above 40 KIAS, roll rate 1is above 1.5
deg/sec and the lateral cyclic is not displaced, there will be no
pitch or yaw attitude reteation.

f. T1f ALT HOLD is engaged and the aircraft is beyond 100
feet of the selected altitude, there will be no pitch attitude
reteation.

Altitude Hold

21. The altitude hold feature is engaged by depressiag the ALT
indicator. Green and white diagonal stripes should appear in the
indicator. The ALT HOLD can be eagaged in climbs aand descents as
well as in level flight or turns as loag as airspeed is above
40 KIAS. Altitude 1is maintained through variatioa of pitch
attitude. It disengages automatically when altitude is more than
100 feet from the selected altitude. The ALT HOLD is disengaged
by depressing the ALT HOLD iandicator. Diseagagiag ALT HOLD causes
the MASTER CAUTION and FCS caution light to illuminate for 10 to

12 sec.

FCS Light
R
ﬂ;% ‘ 22. The FCS caution light and master caution light illuminate
ﬁ% momentarily when the SAS is disengaged. Both alsc momeatarily
&%b illuminate when the ALT HOLD is engaged and the aircraft is more
f%' than 100 feet from the selected altitude. The FCS light does

o aot illuminate when the SAS fatls,

oty 39
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SAS Shutdown

23, The SAS 1is disengaged by depressiang the STAB indicator. The
A SAS can also be disengaged by depressing the SAS release switch
oan the pilot's cyclic (fig. 2). Disengagement does naot remove
N power from system gyroscopes,

_— Degraded Flight .

e 24, With a hardover ia any actuator, the SAS will coatinue to
ehed provide rate damping and attitude retention in the other axes.
If the yaw actuator has a hardover, pitch and roll will respond
anormally. 1If the left or right cyclic actuator has a hardover,
yaw will respond normally, but pitch and roll will be slightly
A4 degraded due to system coatrol mixing. Individual actuators can
e be diseagaged using the individual! actuator engagement switches.
s Yaw is disengaged with the yaw actuator engagemeat switch. The
7 pitch and roll actuator engagement switches diseangage the right
: and left cyclic actuator indicators.
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APPENDIX C. INSTRUMENTATION

I R

l. The test iastrumentation system was designed, calibrated,
. installed, and maintained by the US Army Aviatioan Engineeriag
! Flight Activity. Digital and analog data were obtained from cali-
brated instrumentation and were recorded on magnetic tape and/or
displayed in the cockpit. The instrumentation system consisted
of various transducers, signal conditioning wunits, a ten-bit
pulse code modulation encoder, and an Ampex AR 700 tape recorder.
Time correlation was accomplished with an onboardrecorded and
; —displayed Inter-Range Iastrumentation Group B format time of
4 day. Various specialized test indicators displayed data to the
pllot and engineer coantinuously during the flight. A boom with
N the following sensors was mounted on the nose of the aircraft:

swiveling pitot-static head, sideslip vane aand angle-of-attack
, vane., Photos | through 4 show the instrumentation installation.
g The boom airspeed system calibration is shown 1in figures 1

through 3,

R

. 2. The following parameters were displayed on calibrated
‘ instruments ian the cockpit:

{ Airspeed (boom)

Airspeed (ship's system)
Altitude (boom)

>y Altitude (ship's system)
¢ Rotor speed

Eagine torque

Turbine outlet temperature
Fuel flow rate

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

Time of day

Record counter

3. The following parameters were recorded on magnetic tape:

. A e s

Time code

Run aumber

Fuel used

Airspeed (boom)

Altitude (boom)

Airspeed (ship)

Altitude (ship)

~ Main rotor speed

N Outside air temperature
Angle of sideslip

b Angle of attack

P RS
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Rapid Acquisition Package System (RAPS) Iastalled ia Avioaics Compartmen
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Engiae torque
Turbine outlet temperature
Gas producer speed
Power turbine output shaft speed
Fuel flow rate
Control positions
Longitudianal
Lateral
Directional
Collective
Aircraft attitudes aad rates
Pitch
Roll
Yaw
Aircraft vertical center of gravity acceleration
SAS actuator positions
Left hand cyclic
Right haad cyclic
Directional
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

HANDLING QUALITIES

Test Techniques

l. Stability aand control data were collected and evaluated using
standard test methods as described in reference 7, appendix A.
Definitions of deficiencies and shortcomings used during this
test are shown below,

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

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

AIRSPEED CALIBRATION

2. The boom and ship's pitot-static system was calibrated usiag
the trailing bomb method to determine the airspeed position
ecror. Calibrated airspeed (V.;]) was obtained by correctiag
indicated airspeed (Vi) wusiag {astrumeat ( Vy.) and position
( Vpe) error corrections,

(1)

\' =V1+AV1C+AV

cal pc

Weight and Balance

3. Prior to testing, the aircraft gross weight aad ceater of
gravity (cg) location were determined using calibrated scales.
The aircraft was weighed with full iastrumeatation oa board and
without fuel. The aircraft weight was 2537 pounds with a
longitudinal c¢g location at fuselage station 113,70, After
removal of the Forward-Looking Ianfrared System, Direct View Optics
and High Frequency Antenna, the aircraft was reweighed and the
weight was 2438 pounds with a longitudinal cg at fuselage station
116.05,
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HANDLING QUALITIES RATING SCALE

.fl’ 4, The Handling Qualities Rating Scale presented ian figure 1
% was used to augment pilot comments relative to handiing qualities
O and workload.

. VIBRATION RATING SCALE

0, 5. The Vibration Rating Scale preseated in figure 2 was used to
K2 augment pilot comments relative to vibratioas.

ol - -

. A v e
< -
-~ -

V-

+

3 51

i)
\lo_lql. lnl_-l‘l-‘iq (] )
RO UERROSN Y 'A’. t' .l ..L‘.q_(.z Ll " A' W ‘e" ):&'..F'o '

A UG ) 8,04, g T
05. e N et ' ~'t§:c",f tﬂ o “' DUON R et

I-)



a1eds 3uyiey sarayrend Surjpuey -1 2an3di4

yum saseydgns sojpue aseyd ybiyy jo uoneubisap soa0Aur NOIIVHIAO QIHINDIY 10 uoihwuydQ.

SUOIUBP PUB {EGIG-ONL VSYN 19!} 81838 buney souneny buipuep 1adie- 180007 uodn paseg,

suonipuod buAuedwodoe

GZ-01C WY UM 8IUEPIDITE i SNOISIO3a 1O7id

uoijesado paanbai
40 uonuod 3wos Buinp IS0} 8g M 050D

(3(QBII0AUOD
i st

S3ION310143Q AHOIVAONVYIN
HOMvW INIWIAOHIWI

103U0D Uield)
0} pannbas uonesuadwod 1o0)1d asualu)

10J}U03 10)
pannbai uonesuadwod 101d 9|qe1apisuo)

uonsanb ut 1ou ApprgeoNuo)d
vonesuadwod Jopd 3jQBIBI0} WNWIXeW
ybm 3jqeurelie jou aduewioyadd aienbapy

uoyesuadwod jopd
aasualxa sannbas aourwiopad slenbapy

ofeoe

uvonesuadwod jopd
3|qe;apIsuod sannbas aduewo)iad 3enbapy

uonNeSuUBsdwWwod
lopd ajesapow $3nnbas aduewivad PansaQ

QIEWOHIAT Pansap
104 pannba voyesuad 018 [Runuy

SAIONIIDIF3Q
HOMYIN
CINIWIAOHINI PeOIIOM
S3ION3ID133 10itd 3IqeIBI0L
me0w<<o,_ 34INO3Y B Ylim 3iqeuieny
aJjuewsopay
E ajenbs)
SIONIDIA3Q S3ION310143a ) :m_ Py
HOrvin
SONIWODIHOHS
3718v43101 1N8
3189YNOILO3M80 AHIA LNIW3AOHdNIL
SONIWODLIHOHS wawaaoidw|
3718vNOILD3ra0 INVHHYM INOYNA
A131vy3A0N Alopesues
SONINOOLHOHS SONINODLHOHS s
ONIAONNY 1Ng
HONIW
INVSY3TdNN :

A10NW INOS HiIvd

gauruiopad
PaNsSap 10} I0IDL) £ 0L LONESUATWIOD (0]

3718vHIS3Q
Q009

GUeWI0pad
PANSAP 10} I0IOP) B 10U UONESURAdWO) 1oId

socfe

318VHISIA ATHOIH
IN3T730X3

ONIlVY .NOILvH3d0 a3-IND3Y HO
1071d YSVL Q310313S NI
107Id 3HL NO SAONVIN3A

SOILSIHILOVHYHD .NOILvYH3d0O @34iN034H HO
1dvHOHIV ¥SVL @310313S HO4 AOVNO3QV

* T - - o> - 3 -y we : o
Sl R B e S i o U L -
o o, A o 2 .

s R O ) P A T L S
. Bty ~ PR Ch =R GRRN - CaaC -

- T ay w . G WS
e e e -’ o s av
Sttt A G ‘

52

7
-
-
e
o
G
-
-
P
-
o
o
G
-

[
ha

)
N

B O ]

WY G LRERT
RN XE

N X
‘*‘r s:.? "‘

A

.y
'bél'&l'n 08

AT
'iltn

e
& ('4‘.?0‘

)
o
,'O;i. \ ‘I‘

-

)
l‘.‘l

NSO )
R RNNK

3%,

(A
LEERS]



ateos Suiieyd uojieIqQIp g 2an3dydg

‘pueiBul 'uMO(g 2QWODSOg JUBWYSIQRIST [elUaWINBdX T Juswewly pue
auejdoiay ay) AQ pado|anap 8|BOS JUBWISSISSY UONRIGIA 8A02IQNS B8y) uo paseg,

ELE]
- UOIBIGIA 3ONPAJ O} S1 MaJDJIR JO uoiednd203aid 8|0S — s|qessiom
AUNouIp yum
auop aq Ajuo ued SySE)} 10 Paloaye st ysel Arewnd
JO 9OUBWIIOIBY "PaIdN200 ANy USYM U3AB MBIDIIE
paousuadxa 0} Jusiedde A|sielpauwill SI UOHEBIGIA
‘pouad Lioys e
JBA0 JSEB| B ‘MJOM JIaY] 1038jje Jou S80p 1 Ing 81eIapoON =
UOHBIQIA BY) JO BJEME BIB MaIoiie Padudladx3 o

‘paIdnao0 8SIMIBYI0 10U {1 1O }i O} pajoalp
S uoluaNe 18yl §i 8|qeadnou Ing ‘sysel Jvy) Aq
pa1dno20 Ajjny masose paouauadxa o} Jussedde JoN

OLO W
e'l‘;hgl.l'

000

h

o
i
it

’

0

l'o

-
-
-
"~
3
-
3
-
-
fod
- -
D

ity

L LI
g,'a N g‘l.‘,‘}nf_l:“

Fyb ""i".a .

v
ey

uoHRIGIA

o
o
0
L
_0
o

ON
ONiLlvd tNOI11dIHOS3a NOLLVHSBIA
107d 40 334934




e APPENDIX E. TEST DATA

o INDEX

S Figure Figure Number

Ao Control System Characteristics 1 through 4
L Control Positions in Trimmed Forward Flight 5 through 8
Static Longitudinal Stability 9 and 10
Static Lateral-Directional Stability 11 and 12
R Maneuveriang Stability 13

ol Dynamic Stability 14 through 18
e Coatrollability 19 through 27
2 Low Speed Flight 28 through 60
Simulated Engiane Failure 61

. Stability Augmentation Failure 62 through 70
{b& Loss of Tail Rotor Effectiveness 71 and 72
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