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INTRODUCTION

BACKGROUND

1. As a result of previous testing, the US Army Aviation
Engineering Flight Activity (USAAEFA) recommended, and the US

Army Aviation Systems Command (AVSCOM) Directorate for Engineering
concurred, that the pitch bias actuator (PBA) be removed from the

Ull-60A helicopter. An engineering change proposal for PBA removal
was submitted by the contractor (Sikorsky Aircraft), which
included a recommendation for further flight test verification.

Some testing was accomplished during the Airworthiness and Flight
Characteristics (A&FC) Evaluation of the UH-60A (Black Hawk)
Helicopter (ref 1, app A) and the A&FC Test of the UH-60A Config-
ured with the Prototype External Stores Support System (ESSS)
(ref 2). However, several issues relative to degraded modes of
operation (e.g., all of the automatic flight control system

(AFCS) disengaged) witb PBA removed had not been resolved. As
a result, AVSCOM directed the USAAEFA to conduct a flight evalu-
ation of the UH-60A helicopter with the PBA locked and centered
(ref 3).

TEST OBJECTIVES

2. The objective of this evaluation was to conduct flight tests
on the UH-60A helicopter with the PBA centered and electrically
disconnected during various modes of AFCS degradation to determine
precisely what capabilities exist and what procedures, cautions,
warnings, or notes are appropriate for inclusion in the operator's
manual. An additional objective of the evaluation was to deter-

mine the capability to continue flight and land safely under both
visual and instrument meteorological conditions with progressively
greater levels of AFCS degradation.

DESCRIPTION

3. The UH-60A Black Hawk helicopter is a twin engine, single main

rotor helicopter with nonretractable wheel-type landing gear
capable of transporting cargo, 11 combat troops, and weapons
during day, night, visual meteorological conditions, and instru-
ment meteorological conditions. Primary mission gross weight
is 16,324 lb and the maximum alternate gross weight is 20,250 lb.

A proposal to increase the maximum alternate gross weight to
22,000 lb is under consideration. The UI1-60A is powered by

two General Electric T700-GE-700 turboshaft engines each having
an installed power available (30 minute limit) of 1553 shaft
horsepower (SHP) (power turbine speed of 20,900 revolutions per
minute (rpm)) at sea level, standard-day static conditions.
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Installed dual-engine power is transmission limited to 2828 SHP.
The aircraft also has an AFCS designed to enhance helicopter
stability and handling qualities. The AFCS consists of five
major subsystems: the stability augmentation system (SAS), flight
path stabilization (FPS), trim system, PBA, and the stabilator
control system. The PBA is an extendible link in the longitudinal
control system between the cyclic stick and the control mixing
unit. The PBA is positioned as a function of indicated airspeed,
pitch attitude, and pitch rate. A more detailed description of
the UH-60A is included in appendix B, and additional descriptions
can be found in the Prime Item Development Specification (PIDS)
(ref 4) and the operator's manual (ref 5).

4. The test helicopter, JUH-60A US Army S/N 82-23748 is a sixth
year production Black Hawk which incorporates the ESSS fixed pro-
visions and the modified production stabilator schedule. The
test aircraft also incorporated the initial production mounts to
reorient the airspeed probes as developed during USAAEFA Project
No. 82-09 (ref 6). Near the end of the flight testing, a Sikorsky
Aircraft maintenance team completed engineering change proposal
0252 which upgraded the airspeed system to the current production
configuration i.e., the production restrictors, accumulators,
one piece spacer blocks, and fairings. Photographs of the test
helicopter are included in appendix B.

TEST SCOPE

5. Flight testing was conducted at Edwards Air Force Base,
California (2302 feet) and Brawley Municipal Airport, Brawley,
California (minus 128 feet). A total of 77 flights were conducted
between 4 April 1985 and 2 July 1986 for a total of 67.8 flight
hours of which 46.4 were productive. USAAEFA calibrated and
maintained all the test instrumentation and performed all required
maintenance on the helicopter. Flight restrictions and operating
limitations observed during the evaluation are contained in the
operator's manual and the airworthiness release (ref 7). The AFCS
failure modes that were tested are listed in table 1. The PBA
locked and centered condition was attained by disconnecting the
pitch bias electrical plug P319 after confirming the PBA was
centered. Testing was conducted in accordance with the test plan
(ref 8) with revisions approved by AVSCOH. The conditions for each
test are presented in table 2.

TEST METIIODOLOGY

6. A detailed listing of the test instrumentation is contained
in appendix C. Established flight test techniques and data
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Table 1. Failure Iodes

Failure Mode PBA SASI SAS2 FPS Stabilator

0 ON ON ON ON AUTO

1 OFF1  ON ON ON AUTO

2 ON OFF ON ON AUTO

3 OFF OFF ON ON AUTO

4 ON OFF OFF ON AUTO

5 OFF OFF OFF ON AUTO

6 ON OFF OFF OFF AUTO

7 OFF OFF OFF OFF AUTO

8 ON OFF OFF OFF OFF 2

8A ON ON ON OFF OFF

9 OFF OFF OFF OFF OFF

9A OFF ON ON OFF OFF

NOTES:

IPBA OFF is with actuator centered and electrically disconnected.
2 Stabilator OFF is with the stabilator fixed at the programmed

position for the trim conditions.
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Table 1. Test Conditional

Average
Logitudinal Average Trim

Average center of DMeit Calibmated
Green Veiime Orsoit Altitude Airspeed failure

Toot (pound) (Fuesig (fset) (ians) made &marsfi
____________________ Station)__________

14,300 343.6 s1lo 136 end I"6

21.960 316.7 2460 141. and 134

Sstic 14,230 363.3 4M0 138 3 aed 7 Level light or 61v
Longitudinal am______ ______________ 9t t atI
Stability

16570 342.0 4610 61.92,122 a"sod 6

21.690 316.1 2660 40 nd 112 On

Static Lateral-
Dlreetisunl Stability 15.500 362.2 4940 . tisp sad.1.... $A Level flight

__________________ 9A_____ 'I.

141 I
Necessaries___ Lott and right turns

Stability 15.370 342.3 4990
102 ned 141 7. 6 and 9

13.940 362.0 4990 117 5
____________________ _______________Short-pertod, n

14.220 363.1 4610 62, 116. sod 149 )7 tern, gust rsponse.
Dynamics tability ____________T~r $V__________sital stability

3633 61.9 300 nd 11_____

21,660 336.3 3000 51, 121 snd 151 5 and I

14,300 363.4 0 to 453 Aircraft asiouths
Los Speed Flight ______ _______ 2200 __________ 7 90. 160. 270 and

20.940 330.3 0 to 35335dere

Instrumnt takeoff.
Instrumnt flight 5. 7, 6 tlimb, cruise, destant

Capabiity 15.3s0 363.2 450 to 6260 0 to 14) ned 9 and approach

13 .950 351.9 330 139

3 to 5
16.430 361.5 3330 141 and 169 end Level flight and dive

1__________ 2 to 4 !at ISP

SseFalrs 21 .390 35. 3070 141 and 15

1
les conducted Is the normal utility conf iguration. approsiesto ald lateral tonter of gravity. end 258 rpe "n rotor
2Speed.
inoterediate Rated Fewer.

reduction procedures were used (ref 9) and are described in
appendix D. A Handling Qualities Rating Scale (HQRS) (fig. 1,
app D) was used to augment pilot comments relative to aircraft
handling qualities. The flight test data were obtained from
test instrumentation displayed on the instrument panel and
recorded on onboard magnetic tape. Real time telemetry monitoring
of selected data parameters was used during certain tests.
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RESULTS AND DISCUSSION

GENERAL

7. Tests were conducted on the UH-60A helicopter to evaluate the
handling qualities with the PBA centered and electrically discon-
nected (OFF). Two shortcomings and two Prime Item Development
Specification noncompliances were identified. The handling
qualities of the UH-60A helicopter with the PBA OFF are essential-
ly unchanged from those with the PBA operational, except for;

(1) slightly degraded static longitudinal stability, (2) slightly
degraded dynamic stability, and (3) a shortcoming, the poor
maneuvering stability characteristics. An additional shortcoming,

a strong pitch-due-to-sideslip coupling is unrelated to PBA
condition. The handling qualities of the ITH-60A helicopter with
the PBA OFF are satisfactory to continue flight under both visual
and instrument meteorological conditions with any degradation of

AFCS.

HANDLING QUALITIES

Static Longitudinal Stability

8. Static longitudinal stability was evaluated at the conditions
shown in table 2. The helicopter was stabilized in hall-centered
flight at the desired trim airspeed and flight condition. With

the collective control held fixed and rotor speed maintained

constant, the helicopter was stabilized at incremental airspeeds
about trim. In most cases the initial trim condition was repeated

at the end of the test to determine the effect of the gross weight
reduction and forward center-of-gravity (cg) shift during the

test. Test results are presented in figures 1 through 10,
appendix E. The "I" bars denote the control excursions and pitch

attitude variations incurred and are included to indicate pilot
compensation required at the test conditions.

9. The UH-60A stick-fixed static longitudinal stability as

indicated by stick position variation with respect to airspeed
was affected by PBA condition. With all other AFCS components
operational (failure mode 1) the effect of PBA OFF at 138 knots
callbrated airspeed (KCAS) was a slight shift from neutral
stability (fig. 5 of ref 10) to a negative static stability at
airspeeds above the trim airspeed (fig. 1, app E). The static
longitudinal stability for a trim airspeed of approximately
138 KCAS was essentially unchanged by SAS and FPS condition,
I. e., failure modes 1, 5, and 7 (figs. 1,3, and 4, app E). In
a dive at 168 KCAS with failure mode I the stability was essen-

tially neutral (fig. 2, app E). Qualitatively, the pilot noted
aft longitudinal control forces (i.e., negative indicated stick-
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free static longitudinal stability) at 5 knots above the trim
airspeed (i.e., 173 KCAS) but the forces were variable due to

the continuous longitudinal control corrections required to main-
tain airspeed. At trim airspeeds of 88 and 123 KCAS (failure
mode 1) the slight reduction in static stability shown in
figure 91 of reference I did not cause negative or neutral indi-
cated stability. The effect of the PBA on longitudinal static
stability becomes more noticeable at higher airspeeds where the
inherent helicopter static stability is nearly neutral (e.g.,

fig. I of ref 11).

10. Stabilator operation had a strong influence on the static
longitudinal stability. With fixed stabilator position (failure
mode 8) at a trim airspeed of 62 KCAS, a strongly negative

static stability resulted (figs. 5 and 6, app E). At airspeeds
above 90 KCAS stability was improved to nearly neutral (figs. 7

through 10, app E). At approximately 120 KCAS (fig. 8, app E)
with PBA operational, the stability is essentially neutral
whereas with PBA OFF the stability is negative (fig. 15 of
ref 12).

1i. All the SAS off failure modes were also flown with the pilot-
assist pitch boost actuator inoperative. The pitch boost actuator
operation is controlled by the SAS ON switches, i.e., pitch
boost is operational if at least one of the SAS subsystems is
operational. The effect of disabling the pitch boost was a
degradation in cyclic control force harmony, in that, longitudinal
forces were greater than lateral forces. In addition, there was
an increase in longitudinal control freeplay to approximately
+0.15 inch (fig. II, app E). The degradation of control force

harmony had little effect on the pilot compensation required to
maintain a constant airspeed, but the additional freeplay required
considerable pilot compensation. The pilot was required to
rapidly move the longitudinal control forward and aft through

the freeplay band to precisely control the helicopter pitch
attitude. This freeplay band could also affect the validity of

the longitudinal control position data. Control position data
presented in this report are the computer derived averages of
the control position during the data recorded. The longitudinal
control force disharmony with lateral forces and longitudinal
position freeplay are undesirable but satisfactory for an AFCS
degraded mode.

12. The collective-fixed static longitudinal stability of the

UTI-60A helicopter as indicated by stick position variation with
airspeed was slightly degraded with PBA OFF but was satisfactory.
The longitudinal static stability characteristics of the U||-60A
helicopter do not meet the requlrements of reference 4,

6
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paragraph 10.3.3.1.3 with the PBA OFF, in that, a forward control
displacement is not required to hold an Increased value of air-
speed above 138 KCAS.

Static Lateral-Directional Stability

13. Static lateral-directional stability characteristics were
evaluated at the conditions and failure modes indicated in

table 2. Test. were conducted by trimming the aircraft in ball-
centered flight at the desired conditions. With the collective
fixed, the aircraft was then stabilized at incremental sideslip
angles ,ip to l:nlt sideslip on both -ides of trim while maintain-
t a ,4! eadv heading at the trim airspeed. Test results are
presented in figures 12 through 16, appendix E.

14. Stat ic directi ,,nal stability, as indicated by the variation
of directional control position with sideslip, was positive
(incrtasing left directional control with increasing right side-
slip) at all te,t conditions. The directional control variation
with sideslip was essentially linear. The directional control
gradient In failure mode 8A was approximately 0.05 in/deg at
(,2 KCAS increasing to approximately 0.12 in/deg at 122 KCAS.
These gradients were approximately 0.01 in/deg lower than failure
mode 9A gradients presented in reference 12, figures 21 and 26.
To determine if thls difference was related to PBA condition,
the static lateral-directional stability in failure mode 9A was
retested at 122 KCAS to compare results with the failure mode 8A
results. The failure mode 9A directional control gradient was
essentially identical to failure mode 8A. The static directional
,;tabilItY charicterlst lcs of the PH-60A are essentially uneffected
bv j BA op rat IJnli1 tat us and are satisfactory.

I'. .tvedril offcct, a- indicated by the variation of lateral
control po-ition with sideslip was positive (increasing right
cyclic control with Increasing right sideslip) and was essential-
ly linear for all test conditions and failure modes except for
-idev.Ips gre ater than approximately 5 deg to the left at
121 KCAS. The lateral cyclic control position versus sideslip
gradient near trim was approximately 0.03 in/deg at 62 KCAS
increasing to 0.0-) in/deg at 123 KCAS In failure mode 8A. The
control position gradient decreased to zero at approximately 15
degrte, sideslip to the left at 123 KCAS indicating neutral
d ihi.dril e l ot . The re were no discolt Inuit ies In force
or posit to c,,es. The appatrent neit riI dihedral effect for large
lft ,ides1 Ip a c i it 123 KCAS was not objectionable. The
apparent dihtdral I f, It was unaffected by PBA condition, however,
with SAS off (fal ire mode, 8, fig. 15, app E) the reduction in
the lateral cootrol gradlent tI 121 KCAS occurred at a smaller

7



left sideslip angle (approximately 9 deg). The effective dihedral
characteristics of the UH-60A are satisfactory with the PBA OFF.

16. Sideforce characteristics, as indicated by the variation in
bank angle with sideslip, were weak but positive (increasing
right bank angle with increasing right sideslip) at 62 KCAS.

Qualitatively, the pilot could not detect sideforce cues until
apprcximately 24 degrees of sideslip. At 92 KCAS sideforce cues
were detected at 14 degrees left sideslip and 6 degrees right
sideslip. At 122 KCAS sideforce cues were characterized as
strong for sideslips greater than 5 degrees in either direction.
The sideforce characteristics were unaffected by either PBA or SAS
condition. The sideforce cues, though weak at low airspeeds, are
satisfactory.

17. A strong pitch-due-to-sideslip coupling was evident in all
conditions and failure modes tested in this evaluation as during
previous evaluations. The longitudinal cyclic position versus
sideslip trend with the stabilator fixed was increasing aft
longitudinal cyclic control with increasing left sideslip and
increasing forward longitudinal cyclic control with increasing
right sideslip. The gradient of longitudinal control position
versus sideslip near trim was approximately 0.04 in/deg at
62 KCAS, 0.07 in/deg at 92 KCAS, and 0.10 in/deg at 122 KCAS.
These gradients were reduced as right sideslip angle was increased
and the trend reversed near the right sideslip limit. The gradi-
ent of longitudinal control position versus sideslip was essen-
tially unaffected by either PBA and SAS condition. The strong
pitch-due-to-sideslip coupling will increase pilot workload
during terrain flight where sideslips are not uncommon. The

strong pitch-due-to-sideslip coupling is a shortcoming that is
unrelated to PBA condition.

Maneuvering Stability

18. Maneuvering stability was evaluated at the conditions present-
ed in table 2. The maneuvering stability tests were accomplished
by initially stabilizing the helicopter in ball-centered level
flight at the trim airspeed and then incrementally increasing

the normal load factor (g) by increasing the bank angle in left
and right turns. Constant collective control position was main-
tained in the turns and the pilot attempted to maintain a constant
airspeed. Test results are presented in table 3 and figures 17
hlhrotigh 20, appenidix E.
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Table 3. Maneuver Stability
Stick Position Gradient versus a,

Test Condition (in°/p)
_ Failure ode

Airspeed Turn
(KCAS) Direction 1 7 8 9

101 or 102 Right - +1.4 +0.6 +0.7

101 or 102 Left - 0.5 +0.6 +0.1

140 or 141 Right 40.7 +0 5 +1.6 0.0

140 or 141 Left -0.1 -0.3 +1.6 -0.6

NOTE:

1
Approuiuate stick position gradient versus g near the IS trim condition.

19. The stick-fixed maneuvering stability, as Indicated by the

variation of longitudinal control position with normal accelera-

tion, with the PBA operational and with SAS, FPS, and stabilator

off/fixed (failure mode 8) was slightly positive (increasing aft

cyclic control with increasing g) up to approximately 1.3 g at

101 KCAS (fig 19). Above 1.3 g in left turns the maneuvering
stability was increased while in right turns the gradient

decreased and became slightly negative. With the PBA, SAS, FPS,

and stabilator off/fixed or stabilator operational (failure

mode 7 and failure mode 9) the longitudinal control position vs

g stability was different for right and left turns but the indi-

cated maneuvering stability was positive up to at least 1.6 g

at 102 KCAS (figs. 18 and 20). The right turn stability was

higher than left turn gradients for all failure modes with PBA

OFF (failure modes 1, 7 and 9). With the PBA operational (failure

mode 8), right turn stability was lower than left turn gradients

above approximately 1.3 g.

20. The indicated stick-fixed maneuvering stability with all AFCS

operational at 141 KCAS was reported in reference 13, figure 31

as slightly positive up to approximately 1.4 g, and the stability

was essentially the same for left or right turns. With the PBA

OFF (failure mode 1 and 7) at 141 KCAS the stability in left and

right turns were again different, with right turn results indi-

cating an improved maneuvering stability with respect to left

turns up to the maximum normal acceleration tested (approximately

1.6 g, figs. 17 and 18). The left turn indicated that maneuvering

stability was slightly negative near the 1.0 g trim condition

and slightly positive at the maximum normal acceleration tested.

The SAS and FPS condition had essentially no effect on the

maneuvering stability but pilot compensation required was higher

with the SAS and FPS off (failure mode 7).

9



21. The indicated stick-fixed maneuvering stability was positive
for left and right turns at 141 KCAS up to approximately 1.3 g
with the stabilator fixed and with the PBA operational (failure
mode 8). Above 1.3 g in failure mode 8 the the indicated man-
euvering stability was negative. With the PBA OFF and the stabil-
ator fixed (failure mode 9) the indicated maneuvering stability
was neutral to slightly negative for all test conditions (i. e.,
neutral for right turns to 1.4 g, negative above 1.4 g in right
turns and negative in all left turns).

22. The 'I' bars presented in figures 17 through 20, appendix E
are representative of the pilot control margin required to hold
the desired flight conditions during the maneuvering stability
tests. At bank angles less than 45 degrees the pilot was able
to maintain precise airspeeds (+0.5 knot) and bank angles
(+2 deg) with minimal pilot compensation. As bank angles were
increased above 45 degrees, pilot compensation increased signifi-
cantly. In failure mode I at 141 KCAS, airspeed could only be
maintained within +3 knots, bank angle within +3 degrees, and
pitch attitude wit-hin +3 degrees during the execution of the
maneuvering stability tests at bank angles of 45 degrees or
greater. Continuous longitudinal control corrections of up to
+0.5 inch were required and therefore longitudinal stick force
was variable between light push and pull forces. All SAS off
failure modes at both airspeeds tested required greater pilot
compensation due to the degraded longitudinal long-term stability
and increased longitudinal control system freeplay. Adequate
performance was not attainable with maximum tolerable pilot
compensation during the maneuvering stability test in any failure
mode at bank angles greater than 55 degrees. The dissimilar
maneuvering stability characteristics between left and right
turns is also undesirable and will reduce pilot's predictability
of longitudinal control position and force required for banked
turn maneuvers. It was also noted that the pitch SAS actuator
saturated (failure mode 1) at the nose up position when rolling
toward wings level from established 50 to 55 deg left and right
banks. Maneuvering stability characteristics will become more
significant during helicopter air-to-air missions and various
evasive maneuvers. Effectiveness of the UH-60A to perform these
missions will be limited due to the poor maneuvering stability
characteristics (especially above 1.4 g's) and is a shortcoming.
The maneuvering stability of the U1-60A failed to meet the
requirements of paragraph 10.3.3.1.4 of the PIDS (ref 4), in
that, the Ull-60A does not exhibit positive stick-fixed or stick-
free maneuvering stability in steady turning flight.

10



Dynamic Stability

23. Short-period and long-term dynamic stability characteristics
were evaluated at the conditions listed in table 2. The short-
period response was tested by forward and aft longitudinal,
right and left lateral, and right and left directional pulse
control inputs to simulate a gust in each of these axes. The
pulse inputs were initially performed by rapidly displacing the
control approximately one inch, holding for approximately 0.5
second, then rapidly returning the control to the trim position
and holding all controls fixed. The pilots determined during
the light gross weight testing that one inch inputs produced
excessive motions for gust response testing with the SAS off,
so the size of the pulse inputs was progressively reduced to
approximately one-quarter inch. Releases from steady sideslips
were also accomplished to aid in the evaluation of the dynamic
I ILtral-directloiilI stability chnractersti[cs. InitialLy, all
controls were held fixed following the releases, but results
were later obtained by flying the helicopter in the longitudinal
axis to isolate the lateral-directional response. Spiral stability
characteristics were evaluated by trimming the helicopter at the
desired conditions and then slowly banking the aircraft to five
degrees using only lateral cyclic control. The cyclic control
was then returned to trim and held fixed in the lateral axis.
The longitudinal long-term response was evaluated by trimming
the helicopter at the desired conditions and then fixing the
controls. The longitudinal long-term response was also evaluated
with controls released at the trim conditions. The predominant
helicopter response during all dynamic tests was a long-term
longitudinal response. In all cases, the longitudinal long-term
response was self-exciting. However, the results for each test
will be presented separately.

24. The results of the longitudinal cyclic control pulse inputs
near the mission gross weight condition are presented in table 4.
Representative time histories are also presented in figures 21
through 49, appendix E. The short-period response of the heli-
copter was heavily damped and not perceptible qualitatively to
the pilots. The predominant helicopter response to any control
pulse input (simulated gust) was an immediate long-term longitu-
dinal divergence. Table 4 presents the type of long-term response
following the control pulse input and time to double amplitude
(when it was possible to determine before recovery became neces-
sary). The character (type) of the response was influenced by
the PBA, in that, with the PBA operational the response was
oscillatory and with the PBA centered and electrically discon-
nected the response was aperiodic. Gross weight did not influence
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Table 4. Gust Response1
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character of the response with the PBA operational. At approxi-
mately 92 and 122 KCAS the response following a longitudinal con-
trol pulse was either oscillatory convergent or oscillatory with
neutral damping. At either higher or lower airspeeds the response
was oscillatory divergent. The stabilator did not have a strong
influence on the character of the divergent response. The FPS
did not affect the divergent response (failure mode 5 tested at
the light weight condition only) since FPS functions only open-
loop when the controls can be moved by the trim actuators.

25. Representative time history results of the lateral pulse con-
trol inputs are presented in figures 50 through 78, appendix E.
The short-period lateral response was heavily damped. This
response was essentially unaffected by either the PBA or the
stabilator operational condition. The predominant response with
controls fixed following the lateral pulse was a longitudinal
long-term divergence with characteristics similar to those
reported in the previous paragraph. A divergent long-term roll
oscillation was coupled with the divergent pitch oscillation.

26. Representative time history results of the directional pulse
control inputs are presented in figures 79 through 107,
appendix E. Representative time history results of the releases
from steady heading sideslips are presented in figures 108 through
136, appendix E. The gust response in the lateral-directional
axes was oscillatory convergent. The period of this oscillation
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varied from a maximum of approximately 4 to 6 seconds near 60 KCAS
to approximately 3 to 4 seconds at 150 KCAS. The response in
the lateral-directional axes was essentially uineffected by PBA
condition. The predominant helicopter response with controls
fixed following the pulse was a longitudinal long-term response.
The trends of the pitch response were similar with those stated
in paragraph 24.

27. The results of the longitudinal long-term test at the mission
gross weight condition in failure modes 6 through 9 are presented
in table 5. Representative time histories are also presented in
figures 137 through 168, appendix E. The long-term response
with SAS off was so easily excited that simply fixing or releasing
the controls at a trimmed condition was sufficient to excite the
response, usually within a few seconds (self -exciting).- Table 5
presents the character of the longitudinal response and the time
to double amplitude. The long-term responses were essentially

Table 5. Longitudinal Long-Term Response with Controls
Fixed/Free1
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identical with either controls fixed or controls free (FPS off).
The trim system In the helicopter held the controls at release
position. The inf luence of the PBA, stabilator, FPS, gross
weight, and airspeed on the characteristics of the long-term
response was similar to that reported In paragraph 24. However,
the difference in the open-loop longitudinal long-tern response
with the PBA operational or with the PBA OFF was academic with
the SAS and FPS off since the pilot could not detect a difference
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in the compensation required (closed loop) to maintain airspeed
in cruise flight. Even in calm atmospheric conditions, nearly
continuous, small longitudinal control corrections were required
to maintain a constant pitch attitude for airspeed control of
+1 knots.

28. The longitudinal long-term response of the UH-60A helicopter
was also tested in failure mode 1. These test conditions were
required on maintenance test flights conducted during the course
of the evaluation. The longitudinal long-term check required
by the Maintenance Test Flight Manual (ref 14), page 2-60, para-
graph 4.b.(12) is conducted with a 15 knot deceleration from a
120 KTAS trim condition. The results are presented in figures
169 and 170, appendix E. The acceptable criteria for the check
are a maximum of 15 degrees pitch attitude and 5 knot airspeed

overshoot of the trim conditions when the controls are released
after the 15 knot deceleration. With the PBA operational, the
helicopter usually met the criteria with a 3 to 5 knot overshoot.
With the PBA OFF (failure mode I), the helicopter usually failed
to meet the criteria due to a 7 to 8 knot overshoot of the trim
airspeed. The 7 to 8 knot overshoot of the trim airspeed was
not objectionable and there was no indication that the oscillation

would have persisted. The maximum airspeed criterion in reference
14, paragraph 4.b(12) should be increased to at least 8 knots.

29. The spiral stability characteristics were evaluated at con-
ditions presented in table 2. The results from a 5 degree left
bank indicated the helicopter had positive spiral stability at
all conditions tested. The results from a 5 degree right bank
were not as consistent but a trend with gross weight was evident.

At the light gross weight condition the spiral stability was
usually positive while at the heavy gross weight condition the
spiral stability was usually negative. At the mission gross
weight condition the results indicated nearly neutral spiral
stability characteristics. The spiral stability of the UII-60A
is essentially unaffected by PBA condition and is satisfactory.

Low Speed Flight Characteristics

30. The low speed flight characteristics of the 171-60A were
evaluated at the conditions in table 2 to determine control
margins and evaluate handling qualities. Testing was performed
at speeds up to approximately 45 knot4 true airspeed (KTAS) in
the light weight condition and 39 'TAS in the heavy weight con-
dition. A wind Lower was used to determine wind speed and direc--
Lion. Winds were 5 knots or less during low airspeed testing.
The corrected ground speed for the test true airspeed was calcu-
lated, and a ground pace vehicle was used as a speed reference.

14



The helicopter was flown In-ground-effect it a wheel height of
approximately 25 feet. The low airspeed flight test data are
presented In figures 171 through 174, appendix E. The "I" bars
denote the control excursions and attitude variations and are
included to indicate pilot compensation required at the test
conditions.

31. The variation of lateral cyclic control position during right
sideward flight was conventional (increasing right lateral cyclic
control with increasing right sideward airspeed). As the right
sideward flight speed was increased up to approximately 35 KTAS,
more forward longitu-iinal cyclic control was required. There was
a change of approximately 1.5 inches of longitudinal cyclic con-
trol over the speed range tested. Adequate margins remained in
all flight controls. Moderate pilot compensation was required
to maintain position on the pace vehicle with heading control of
+2 degrees up to approximately 10 KTAS. From 10 to 20 KTAS the
pilot workload increased primarily due to pilot compensation
for roll and yaw oscillations. Above 25 KTAS the required pilot
compensation was reduced. The low speed flight characteristics
in right sideward flight with SAS off and PBA OFF are satisfac-
tory for a degraded mode.

32. The variation of lateral cyclic control position during left
sideward flight was conventional (increasing left lateral cyclic
control with increasing left sideward airspeed). As the left
sideward flight speed was increased up to approximately 20 KTAS,
more :ift longitudinal cyclic control was required. There was a
one inch change in longitudinal cyclic control over the speed
range tested. Adequate margins remained In all flight controls.
in the light gross weight condition, moderate pilot compensation
was required to maintain position the pace vehicle up to approxi-
mately 10 KTAS. From 10 to 20 KTAS the pilot workload increased
dramatically due to roll and yaw oscillations. At approximately
30 KTAS and above the required pilot compensation was reduced.
Pilot compensation was reduced at the heavy weight condition.
The low speed flight characteristics in left sideward flight
with SAS off and PBA OFF are satisfactory for a degraded mode.
The following information should be included in the flight char-
acteristizs section of the operator's manual (ref 5).

8-44. Flight With SAS Off.

a. When both SASI and SAS2 are t'rned off the
pitch boost actuator is also disabled. A slight
increase in longitudinal control forces and free-
play of approximately one-third inch are normal
with the pitch boost disabled. The dynamic stabil-
ity in the pitch axis is significantly degraded,
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and the pilot will be required to continuously
apply longitudinal cyclic corrections to maintain
pitch attitude. The FPS shall be disabled since it
decreases the stability in all axes.

b. Hovering in a left 10 to 20 knot cross wind
with SAS off should be avoided if possible due to
roll and yaw oscillations. Pilot workload will
be reduced by hovering into the wind or with a
right cross wind.

c. Cruise flight up to the airspeed limits of
140/150 KIAS is permitted. However, the pilot's
workload will increase noticeably above 120 KIAS.

33. The variation of longitudinal control position during rearward
flight was conventional (increasing aft longitudinal control with
increased rearward airspeed) up to approximately 20 KTAS in the
light weight condition and up to the limit 35 KTAS in the heavy
weight condition. The reversal of approximately 0.5 inch in
longitudinal control required for rearward flight above 20 KTAS
in the light weight condition was not objectionable to the pilot.
The trend for lateral control variation was similar at both test
weights, and the variation of lateral control was three times
greater than longitudinal control variation (i. e., approximately
1.5 inch of right variation versus 0.5 inch of aft control varia-
tion). Adequate margins remained in all flight controls and the
trends for control variation with rearward airspeed were similar
to previous test results presented in figure 31 of reference 12.
The greatest pilot compensation required occurred in the 10 to
20 KTAS range. The low airspeed flight characteristics in rear-
ward flIght with PRA OFF and SAS off are satisfactory for a
degraded mode.

34. The low airspeed flight characteristics of the UH-60A heli-
copter were also evaluated at a relative wind azimuth of 315
degrees. Reference 1 reported the characteristics in the 285 to
345 degree relative azimuths were a shortcoming due to a lateral
shuffle. No change in lateral accelerations (shuffle) was
noted during this test. Qualitatively the pilots reported that
maintaining position on the pace vehicle was less difficult at
the 315 degree azimuth than at the 270 degree azimuth. The
highest pilot compensation required occurred at 15 KTAS where
continuous longitudinal control corrections of approximately
one Inch were required. At airspeeds below 10 KTAS or airspeeds of
30 KTAS and above, the pilot compensation required was reduced.
The low airspeed flight characteristics in 315 degree azimuth
flight with SAS off and PBA OFF are satisfactory for a degraded
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Instrument Flight Capability

35. An evaluation of the Ull-60A under simulated instrument con-
ditions was conducted at Edwards AFB, California. The evaluation
consisted of: takeoff, climb, cruise, instrument landing system

(ILS) approach, and missed approach. Instrument conditions were

simulated by the pilot wearing a hood which restricted his field-

of-view to inside the cockpit. The flight tasks were flown in
accordance with, and performance standards were based on, the
UH-60 Aircrew Training Manual (ref 15). For pilot rating purposes,
adequate performance was defined as: altitude +100 ft, heading
+/- 5 degrees (+10 degrees on takeoff), airspeed +10 KIAS, and

less than full needle deflection for localizer and glide slope
tracking. Desired performance was defined as one-half of the
constraints for adequate performance. Weather conditions were
clear with surface wind light and variable. Turbulence at the

test flight levels was described by the pilots as light chop.

36. The instrument takeoff task was conducted in failure modes 6

and 7 (figs. 175 and 176, app E). The pilot rating for this
task was HQRS 6 for the takeoff where the pilot experienced high
workload in the hover and transition to forward flight. Longi-

tudinal cyclic inputs of up to 1.4 inches were required and
aircraft pitch excursions of +4 degrees were noted. Roll was
less than +2 degrees and yaw was less than +4 degrees. The
pilot rating decreased to IQRS 5 as the pilot established the
climb airspeed. The pilot reported that failure mode 6 was
slightly easier to fly than failure mode 7, but not enough to
affect the pilot rating.

37. Climbs and cruise flight were conducted in four failure modes

(failure modes 6 through 9) (figs. 175 through 182, app E). For
both tasks, the pilot reported 1QRS 5 and 6 depending on the level

of turbulence being experienced. Increased task loading such as
when leveling from a climb and during turning flight resulted in
higher pilot ratings. Excursions In pitch of +5 degrees required
constant corrections of +1.0 to 1.5 inches of fongitudinal cyclic
control. Repeated roll corrections of +0.5 inch and out of trim
conditions of one ball width were not uncommon. Altitude was
continuously fluctuating +50 ft and occasionally +100 ft. Airspeed
was +5 tc 8 KIAS. The pilot reported that failure mode 6 was
slightly easier to fly than the other three failure modes but
not enough to effect the pilot rating. The reduced compensation

in failure mode 6 could he attributed to a slightly lower level
of turbulence during this portion of the test.

38. The ILS approach was documented in failure modes 6 through 9
during two phases, the initial capture of the localizer and

17



glide slope, and tracking on the glide slope and localizer from
1000 ft above ground level (AGL) to 500 ft AGL (figs. 183 through
192, app E). The portion of the task that required intercepting
the localizer and glide slope and for airspeed deceleration were
rated HQRS 5. Pilot control inputs and aircraft responses were
similar to those during the cruise task. Once established on
the glide slope and localizer, the pilot rating was HQRS 4. This
lower rating may be attributed to the pilot having to concentrate
only on the flight director commands. Airspeed fluctuations
were +5 KIAS and the glide slope and localizer needles were
always within one quarter of full deflection. Longitudinal
cyclic inputs of +0.5 inch and lateral inputs of +0.3 inch were
required. No difference was detected In compensa-tion required
between failure modes.

39. The go-around task was flown in all failure modes (figs. 193
through 196, app E). The go-around was commenced at decision
height, with a 90 KIAS straight ahead climb. The pilot compensa-
tion and aircraft response were similar to those reported for
climbs and cruise flight.

40. For all instrument task and failure modes tested, adequate

performance was demonstrated. Controllability of the aircraft
was never In question. Fatigue was a factor after two consecutive
one hour test flights and may have affected performance if
additional instrument flight tasks were attempted. Considering
that the failure modes tested are degraded modes of operation
and would be flown only to return the aircraft to base, the
handling qualities of the 11Ii-60A with PBA OFF are satisfactory
for aill Instrument tasks tested.

Automatic Flight Control System Failures

41. Helicopter SAS failures were investigated at the conditions
in table 2. The failure of both SAS subsystems was simulated
by trimming the helicopter at the desired conditions with SAS 1
turned off and SAS 2 operational. The failure was then initiated
by turning SAS 2 off. The test was conducted with controls free
and with the pilot attempting to hold the controls fixed. Since
the FPS was operational, the trim actuators were actively attempt-
ing to drive the cyclic and pedal controls making it difficult
to precisely fix these controls due to the control force vari-
ability. The results are presented in figures 197 through 217,
appendix E. With the controls free the FPS control corrections
were out of phase with the renuired corrections and drove the
helicopter response into a three axis divergent oscillation.
With the controls held fixed the divergent roll and yaw oscilla-
tions were subdued and the helicopter response was primarily a
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divergent pitch oscillation. The oscillatory divergent charac-
teristics of the helicopter were essentially uneffected by PBA
condition. The helicopter characteristics with SAS off and FPS
on are unacceptable for continuous operation and the present
emergency procedure in reference 5 which requires the pilot to
turn FPS off following a SAS failure should be continued.

PITOT-STATIC SYSTEM CALIBRATION

42. The standard (sixth year production aircraft) ship's pitot-
static system was calibrated in level flight and diving flight.
A calibrated T-28 pace aircraft was used to determine position
error. The position error varied with gross weight and is pre-
sented in figures 218 and 219, appendix E. The correction to be
added was I to 3 knots greater at the light gross weight condition
than at the two higher gross weights.
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CONCLUSIONS

GENERAL

43. The handling qualities of the UH-60A with the PBA centered

and electrically disconnected (OFF) are essentially unchanged from
those with the PBA operational except as follows:

a. The collective-fixed static longitudinal stability as

indicated by stick position variation with airspeed is slightly
degraded.

b. The collective-fixed maneuvering stability characteris-

tics as indicated by stick position variation with load factor
are different between left and right turns. The maneuvering
stability characteristics in left turns are degraded.

c. The dynamic stability characteristics are slightly
degraded.

44. The handling qualities of the UH-60A helicopter are satisfac-
tory to continue flight under both visual and instrument meteoro-
logical conditions to a safe landing destination with all AFCS

degraded.

SHORTCOMINGS

45. The following shortcomings were identified and are listed in
decreasing order of importance.

a. The dissimilar maneuvering stability characteristics
between left and right turns and the poor characteristics above
1.4 g (para 22).

b. The strong pitch-due-to-sideslip coupling not related to

PBA (para 17).

SPECIFICATION COMPLIANCE

46. The E1 J-60A helicopter with the PBA OFF failed to meet the
following reqitiremerLs of the PIDS.

a. Paragraph 10.3.3.1.3 - The aircraft does not possess
positive static longitudinal control force and control position
stability above 138 KCAS in level flight with the PBA centered
and electricalIV disconnected, In that, a forward control dis-
placemnent is not required to hold an increased value of airspeed
(para Ii).
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b. Paragraph 10.3.3.1.4 - The UU-60A is not capable of sus-
tained steady turning flight at bank angles of 30 degrees or
greater with positive cyclic stick force vs normal acceleration
(maneuvering) stability characteristics (para 22).
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RECOMMENDATIONS

47. The shortcomings reported in paragraph 4 5.a. should be
corrected (para 22).

48. The shortcoming reported in paragraph 45.b. should be avoided
in future helicopter designs (para 17).

49. The maximum airspeed overshoot criterion for the FPS check
required by the Maintenance Test Flight Manual (ref 14 page
2-60, paragraph 4.b.(12)) should be increased to at least 8 knots
(para 28).

50. The following information should be added in the flight char-

acteristics section of the Operator's Manual (ref 5) (para 32).

8-44. Flight With SAS Off.

a. When both SAS1 and SAS2 are turned off the
pitch boost actuator is also disabled. A slight
increase in longitudinal control forces and free-
play of approximately one-third inch are normal
with the pitch boost disabled. The dynamic stabil-
ity in the pitch axis is significantly degraded,
and the pilot will be required to continuously
apply longitudinal cyclic corrections to maintain
a near constant pitch attitude. The FPS shall be
disabled since it decreases the stability in all
axes.

b. Hovering in a left 10 to 20 knot cross wind
with SAS off should be avoided if possible due to
roll and yaw oscillations. Pilot workload will

will be reduced by hovering into the wind or with

a right cross wind.

c. Cruise flight up to the airspeed limits of
140/150 KIAS is permitted. However, the pilot's
workload will increase noticeable above 120 KIAS.
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APPENDIX B. DESCRIPTION

GENERAL

I. The Sikorsky 13H-60A (Black Hawk) is a twin turbine engine,
single main rotor helicopter capable of transporting 11 combat
troops plus a crew of three. It is equipped with 3 nonretract-
able conventional wheel-type landing gear. A movable horizontal
stabilator is located on the lower portion of the tail rotor
pylon. The main and tail rotors are both four-bladed with a
capability of inanual ,main rotor blade and tail pylon folding.

The cross-beam tail rotor with composite blades is attached to
the right side of the pylon and is canted 20 degrees upward from
the horizontal. A complete description of the aircraft is con-
tained in the operator's manual (ref 5, app A). Photographs of

the test helicopter are included at photos I through 3.

2. General data of the UH-60A helicopter are as follows:

Weights

Current maximum gross weight 20,250 pounds

Proposed maximum gross weight 22,000 pounds

Empty weight Approximately 10,679 pounds
Primary Mission gross weight 16,324 pounds

Fuel capacity (measured) 359 gallons

Main Rotor

Number of blades 4

Diameter 53 feet, 8 inch
Blade chord 1.73/1.75 feet
Blade twist -18 degree (equivalent)
Blade tip sweep 20 degree aft

Blade area (one blade) 46.7 square feet
Airfoil

section (root to tip designation) SC1095/SC1095R8
thickness (percent chord) 9.5 percent

Main rotor mast tilt (forward) 3 degree

Tail Rotor

Number of blades 4
Diameter 11 feet
Blade clhord 0.81 feet

Blade twist (equivalent linear) -18 degree
Blade area (one blade) 4.46 square feet
Airfoil
section (root to tip designation) SC1095/SC1095R8
thickness (percent chord) 9.5 percent
Cant angle 20 degree
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AIRSPEED/STABILATOR MODIFICATIONS

3. The airspeed/stabilator system on the test aircraft included
five modifications from the original production aircraft in an
attempt to eliminate pitch oscillations during takeoff, improve
climb handling qualities, and reduce large position error at
approximately 30 to 40 knots indicated airspeed (KIAS). Three
changes were incorporated in the pitot-static pressure systems
and two changes were electrical circuit modifications to the
stabilator amplifiers In the stahilator system. Major features
of this system are described in detail in the Preliminary
Airworthiness Evaluation of UH-60A with an Improved Airspeed
System, US Army Aviation Engineering Flight Activity (USAAEFA)
Report No. 82-09, (ref 6, app A).

FLIGHT CONTROL SYSTEM

General

4. The IJH-60A utilizes conventional helicopter cyclic, collec-
tive, and directional controls powered by two separate 3050 pounds
per square inch (psi) hydraulic systems. The pilot and copilot
controls are dual but have separate paths to a combining linkage
for each control axis. The control inputs from the cockpit con-
trols are carried by mechanical linkage through the pilot-assist
servos/actuators to a mixing unit. The mixing unit combines, sums,
and couples the cyclic, collective, and pedal inputs (fig. 1)
and provides proportional output signals to the main and tail
rotor controls (fig. 2). Pilot control is assisted by an auto-
matic flight control system (AFCS) comprised of five basic sub-
systems: stabilator, pitch bias actuator (PBA), stability augmen-
tation system (SAS), trim system, and flight path stabilization
(FPS).

Hydraulic System

5. The UH-60A has two separate hydraulic systems, a first stage

and second stage, and incorporates a third hydraulic pump/
reservoir capable of pressuring either the first or second stage
systems if required. The components of the hydraulic systems
are three hydraulic pump modules, two transfer modules, a utility
module, three dual primary servos, one dual tail rotor servo, six

pilot assist servos, an auxiliary power unit (APU) accumulator,
an APU handpump, and a servicing handpump. There are three
hydraulic pressure supply systems: number 1, number 2, and backup
hydraulic pump modules. The hydraulic systems are independent
and each is fully capable of providing essential flight control
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pressure. The number 1 and number 2 pump modules are driven by
the main rotor gearbox and supply pressure to the flight control
servos whenever the main rotor is turning. The number 1 pump
module supplies 3050 psi to the first stage of the three main
rotor (primary dual) servos and to the first stage of the tail
rotor servo. The number 2 pump module supplies 3050 psi to the
second stage of the three main rotor (primary dual) servos, the
collective and yaw boost servos, the SAS actuators, and 1000 psi
to the pitch boost servo. The electrically operated backup
hydraulic pump supplies emergency hydraulic pressure to the
first and/or second stage hydraulic systems. This system can
supply hydraulic pressure to all servos during ground checkout
and recharges the APU accumulator. The electric motor driving
the backup pump module Is automatically activated by either a low-
pressure sensing switch in the number 1 and number 2 pump modules,
by the APU start accumulator switch, or by the manual switch in
the cockpit. A leak detection/isolation feature is built into

the hydraulic system, using fluid quantity switches on the pump
modules, check valves and shutoff valves in the transfer modules,

and electronic logic modules. When a fluid quantity switch senses
a fluid loss in a system, the logic module will shut off the
required valve or valves to isolate the leak and turn on the
backup pump. A simplified hydraulic system schematic is presented
in figure 3.

Automatic Flight Control System

General:

6. The IJH-60A helicopter AFCS (fig. 4) is designed to enhance
helicopter stability and handling qualities. The system consists
of five major subsystems: SAS, FPS system, trim system, PBA,
and stabIlator control system. Electronic control of the systems
is provided by commands from a digital SAS/FPS computer and a SAS
analog amplifier. The SAS provides three-axis rate damping,
pseudo attitude (roll) retention, and limited turn coordination.
The FPS provides three-axis attitude and airspeed hold and is the
primary source of automatic turn coordination. The trim system
provides control position hold and control forces versus position
gradients. The PBA is designed to enhance the longitudinal

stability of the helicopter. The stabilator control system
automatically positions the stabilator as a function of flight
parameters to tailor aircraft pitch attitude and dynamic response.

Stability Augmentation System:

7. The SAS functions to provide three-axis rate damping and
pseudo attitude retention. The SAS is a dual system with one
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subsystem (SAS-l) controlled by the analog SAS amplifier and one
subsystem (SAS-2) controlled by the digital SAS/FPS computer
(fig. 5). It is redundant in sensors and command signal path;
however, both SAS subsystem command signals drive a single SAS
actuator in each axis. During normal operation with both SAS-I
and SAS-2 engaged, each provides one-half of the systems nominal
gain and one-half of total system control authority. The control
authority of each is electrically limited to +5 percent of total
control travel in pitch, roll, and yaw. SAS inputs to the SAS
servo valves are additive to provide a total authority of 10
percent. The sum is limited to +/- 10 percent authority by
mechanical limits of SAS actuator travel. Selectable operation
of either SAS-1 or SAS-2 is available at the center console and
switching either subsystem off automatically doubles the gain
of the remaining SAS while its authority remains limited at
5 percent. All three axes provide damping and lagged rate damping
(pseudo attitude retention). In addition, the roll SAS subsystems
include a porportional attitude gain that is limited to +5 degrees
of roll. Both yaw SAS subsystems also include a constant lateral
acceleration gain at airspeeds above 60 KIAS. A washout of the
rate damping signal incorporated in the pitch and yaw channels
is designed to prevent saturation during a steady turn.

B. The SAS-1 is controlled by the SAS-I analog amplifier which
continuously derives commands based on inputs from the No. 1 yaw
rate gyro, the No. 1 pitch rate gyro, and a roll rate signal
derived from the No. 2 vertical gyro, and the No. 1 filtered
lateral accelerometer signal. The SAS-2 is controlled by the
SAS/FPS digital computer. SAS-2 commands are continuously
generated in response to signals from the roll rate gyro, No. 2
pitch rate gyro, and signals derived from magnetic compass gyros
(yaw rate), No. 1 vertical gyro (pitch and roll rate), and No. 2
filtered lateral accelerometer. At airspeeds above 60 KIAS,
input signals from the No. 2 filtered lateral accelerometer and
the No. 1 vertical gyro (derived rate) are provided to the SAS-2
system to stabilize yaw during coordinated turns.

9. SAS-2 operation is continuously monitored by the SAS/FPS
computer. This monitor system compares inputs from independent
sources and compares SAS command to SAS actuator output. Failure
of any of these comparison checks in SAS-2 input or output indi-
cates a SAS-2 failure (pitch, roll, or yaw channel) and the con-
trol input from the affected channel will be removed (actuator
remains at failed position) and the SAS-2 advisory light will be
illuminated. SAS-l does not contain fault detection logic.
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Flight Path Stabilization System:

10. The FPS is primarily an aircraft attitude hold system that
incorporates conditional capability for airspeed hold and turn

coordination. The FPS works through the roll, pitch, and yaw
trim actuators (fig. 6). The FPS can drive the cockpit control

to any position to which the pilot/copilot can trim the controls,
resulting in a 100 percent FPS parallel control authority. The
AFCS limits the rate of FPS within the maximum override force
limits stated in the trim system section. Since FPS inputs drive

the cockpit controls through the trim actuators, the trim system
must be on in order to have FPS.

11. The attitude hold function of the FPS is designed to maintain
a desired heading or pitch and roll attitude. The trim attitude,

once established, is automatically maintained unless changed by
the pilot. At airspeeds greater than 60 KIAS, the pitch axis of
the FPS seeks to maintain the airspeed for which the trim attitude
has been established. When the reference pitch attitude is
changed with the beep trim switch, a time delay (approximately 17
seconds) in the airspeed hold function allows time to stabilize at
the new trim airspeed prior to initiating the airspeed hold func-
tion. During this time, the attitude hold function maintains

the pilot-selected pitch attitude.

12. The FPS provides two yaw channel functions: heading hold and
automatic turn coordination. For heading hold (below 60 KIAS),
the aircraft is maneuvered to the desired heading with the pilot's
or copilot's feet depressing one or both of the pedal switches.
When the pilot or copilot removes his feet from the switches the

system is designed to automatically maintain that reference head-
ing. At airspeeds greater than 60 KIAS the coordinated turn
feature of the FPS is operational. The coordinated turn feature

is initiated by a lateral stick displacement of approximately
1/2 inch and a bank angle of greater than 2 degrees. The feature
is disengaged when the bank angle is less than I degree and the
roll rate has decreased to below 2 degrees per second. Turn

coordination is accomplished by directional control inputs through
the trim actuator to zero the side force as sensed by the lateral

accelerometers in the stabilator control system. At airspeeds
greater than 60 KIAS, heading hold is automatically engaged unless

the pilot engages the turn coordination feature.

13. The FPS and all inputs are subject to a number of cross-checks

within the computer. In essence, each input (e.g., attitude, rate,
airspeed, etc) is compared either against another independent
source of the same information or, in the case of rate inputs, a
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computer-derived rate. If these comparisons exceed the prepro-
grammed tolerance, the particular FPS function will be disabled
and the appropriate AFCS advisory light and the FPS FAIL caution
light will be illuminated.

Trim System:

14. The trim system provides zero force control centering at a

pilot/copilot selected trim control position, a spring breakout
force plus gradient and a pedal damper force. The trim system is
selected by activating the push-on/off switch, marked TRIM, on
the AFCS control panel.

15. With the trim system selected off, there is no control force
gradient or control centering in the cyclic control system or
directional control system. Directional control movements will
be resisted by a pedal damper which generates an opposing pedal

force proportional to the rate of pedal movement. This damping

force is electrically generated but is continuously engaged
without regard to TRIM switch position. With the trim system
ON, directional and lateral control forces are developed in the
electromechanical trim actuators. These actuators incorporate

an electrically controlled rotary spring assembly which allows
the pilot to select the zero force control trim position. The
designed maximum override force (with full opposite control

position) is 80 pounds in directional and 19 pounds in lateral
cyclic control. Longitudinal cyclic control forces are developed
in a combined electrohydromechanical pitch boost and trim actuator

assembly (pitch trim servo) with a designed maximum override
rorce of 20 pounds.

16. With the trim system selected on and FPS off, the pilot/
copilot may change the cyclic control trim position through two
means: a cyclic trim release switch and cyclic beep trim switch.

The cyclic beep trim switch allows the cyclic control trim posi-
tion to be changed in one direction at a time, at a fixed rate
of travel, by electrically driving the trim actuator through the

rotary spring assembly. The beep trim switch is a four-position
"chinese hat" switch mounted on the cyclic stick grip. Activation

of the trim release switch releases the force gradient on the
longitudinal and lateral cyclic controls. The position of the
cyclic control when the trim release switch is open (released)
becomes the new cyclic trim position. At airspeeds below 60 KIAS,
when the pedal switches are closed (any pedal switch depressed),
the electronically controlled yaw force gradient spring is reposi-
tioned by pedal movement resisted only by the pedal rate damper.

When the pilot/copilot removes bis feet from the pedals which
releases the pedal switches, the electronically controlled rotary
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spring reengages, holding the pedals at the new trim position
through the pedal breakout plus gradient spring. Above 60 KIAS
the pedal switches and the trim release switch together provide

yaw trim release.

17. Trim actuator position may be commanded by the pilot or by
the FPS. The SAS/FPS computer monitors the trim system by com-
paring the commanded trim actuator position to the actual position
in all three axes. If this comparison is out of tolerance, the
trim system is shut off in the defective axis and the TRIM FAIL
caution light and TRIM advisory light on the AFCS computer are
Illuminated. The trim system may be reset by pressing both
POWER ON RESET buttons on the AFCS control panel.

Pitch Bias Actuator:

18. The PBA is an electrotaechanical differential actuator built
onto the longitudinal cyclic control system to enhance the longi-
tudinal stability of the helicopter. It receives airspeed, pitch
attitude, and pitch rate inputs from the SAS/FPS computer continu-

ously whenever power is applied to the aircraft and the SAS/FPS
computer detects no faults prejudicial to PBA function regardless
of AFCS control panel switch condition. Airspeed signals do not

effect the PBA operation below 80 KIAS. From 80 KIAS to 180 KIAS,
PBA movement is programmed at -0.0525 percent per knot. Pitch
attitude programming is +0.375 percent per degree of pitch atti-

tuide up to a 20 degree limit. Pitch rate programming is +0.13
percent per deg/sec rate up to a 34.5 deg/sec limit. PBA inputs
do not feed back to the cockpit controls but +/- 0.42 inches of
PBA movement is equivalant to +/- 1.5 inches of longitudinal
cyclic movement. The PBA is, in effect, a variable length control
rod which changes the relationship between longitudinal cyclic
control and swashplate tilt as a function of flight parameters.

19. The authority of the PBA is 15 percent of longitudinal cyclic

full throw and is limited by the computer to a maximum rate of 3
percent per second. PBA function is monitored by the SAS/FPS
computer by an actuator feedback system. If actuator position
differs from the commanded position by more than the predetermined
tolerance, power is removed from the PBA, the actuator remains in
the position it was in at the time of failure, and the PITCH BIAS

FAIL caution light is illuminated. This could result in loss of
up to 15 percent (1.5 inches) of forward or aft cyclic control
authority. Intermittent PBA failures due to an actuator position

versus command "no compare" may be reset by pushing both POWER ON

RESET buttons on the AFCS control panel.
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20. The PBA operation may be failed or degraded by "no compare"

results in airspeed, pitch rate, vertical gyro inputs, internal
mechanical failure, or various SAS/FPS computer failures. A

pitch rate or vertical gyro failure results in the PBA centering.
An airspeed failure results in a constant 120 knot airspeed
signal. A mechanical failure of the PBA causes the actuator to
remain in the position in which it failed. There is a low prob-
ability that a SAS/FPS computer failure could result in a
hardover signal to the PBA.

Stabilator Control System:

21. The stabilator control system is an electrically controlled
and activated system. The primary purposes of the system are to
schedule stabilator incidence to eliminate excessively nose-high
attitudes at low airspeed due to downwash impingement on the

stabilator, and to optimize pitch attitudes for climb, cruise,
and autorotational descent. The control system is composed of

two analog amplifiers which operate from independent input sources
and command the position of two electric jackscrew actuators

acting in series (fig. 7). During normal operation these jack-
screws operate in unison, with each providing one-half of the
stabilator position input.

22. The stabilator position is programmed between approximately
9 degrees trailing edge up and 39 degrees trailing edge down as a

function of four variables: indicated airspeed, collective
control position, pitch rate, and lateral acceleration. The air-

speed input primarily allows the stabilator to align with the
main rotor downwash during low speed flight, thus reducing the
stabilator download and eliminating excessively nose-high pitch
attitudes at low airspeed. The collective control input reduces

coupling of collective to pitch attitude in forward flight.
Pitch rate and lateral acceleration inputs are designed to Improve
the dynamic response o( the helicopter. Pitch rate inputs to
the stabilator system provide a degree of pitch rate damping to
supplement SAS/FPS commanded damping. The lateral accelerometer
inputs, providing an indication of both side force and yaw angular
acceleration, decouple the pitch response to tail rotor thrust
changes resulting from changes in the inflow through the tilted
tail rotor with sideslip variation.

23. The stabilator system is independent of the other AFCS sub-
systems although it shares common inputs. Collective position,
airspeed, and lateral acceleration inputs are all dual inputs
which are compared in the SAS/FPS computer. The output of the
No. 2 pitch gyro is compared with a pitch rate derived in the
SAS/FPS computer. If the computer detects a "no compare" in
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those inputs, the appropriate caution/advisory lights will be
illuminated and affected SAS/FPS computer controlled functions
will be shut down; however, the computer effects no control over
the stabilator system function.

24. Stabilator malfunctions are detected and automatic mode
scheduling is disabled by a fault monitoring function in each of
the stabilator amplifiers. The positions of the two actuators
are compared and if the positions exceed the shutdown threshold
(10 degrees at airspeeds less than 30 KIAS decreasing to 4 degrees
at airspeeds greater than 150 KIAS) an automatic mode shutdown
occurs and the system reverts to the manual backup mode. This
shitdown ts accompanied by an audio warning tone in the pilot
headsets, illumination of the master caution and stabilator
segment lights, and elimination of the stabilator ON light on
the AFCS control panel. If the malfunction is transient, the
stabilator system automatic scheduling may be reset by pressing
the stabilator AUTO CONTROL RESET button on the AFCS control
panel. The pilot may at any time take manual control of the
stabilator and control its position by referring to cockpit-
mounted stabilator position indicators.
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APPENDIX C. INSTRUMENTATION

GENERAL

1. The test instrumentation was installed, calibrated and main-

tained by the US Army Aviation Engineering Flight Activity. A
swiveling pitot-static tube, an angle-of-attack vane and an

angle-of-sideslip vane were installed on a test boom. The tip of
the swiveling pitot-static tube was 67 inches forward of the nose
of the aircraft (fuselage station 97), 25.7 inches to the right

of the aircraft centerline (buttline 25.7), and 7 inches below the

forward avionics bay floor (waterline 208). Equipment required
only for specific tests is discussed in the section on special

equipment. Data was obtained from calibrated instrumentation

and displayed or recorded as indicated below.

Pilot Position

Airspeed (boom system)
Altitude (boom system)
Airspeed (ship system)
Altitude (ship system)
Altitude (radar, dual range)*
Rate of climb*

Rotor speed*
Engine torque* **

Turbine gas temperature (T4.5)* **

Engine gas generator speed * **

Control positions
Longitudinal
Lateral
Pedal
Collective

Stabilator position*
Angle of sideslip

Center of gravity (cg) normal acceleration
Cg lateral acceleration

Copilot Position

Airspeed*
Altitude*
Altitude (radar, dual range)*
Rate of climb*
Rotor speed*

Engine torque* **

Stabilator position*

*Ship system/not calibrated
**Both engines
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Total air temperature*

Fuel remaining*

Ballast cart position
Event switch

Engineer Panel

Pressure altitude

Ambient air pressure
Engine fuel flow**
Engine fuel used**
Auxiliary power unit (APU) fuel used

Total air temperature
Rotor speed (sensitive, digital)
Time code display
Run number
Event switch
Instrumentation controls

Digital (PCM) Data Parameters

Airspeed (boom system)
Altitude (boom system)

Airspeed (ship system)
Altitude (ship system)

Altitude (radar)
Total air Lemperature
Rotor speed
Engine torque**
Engine fuel flow**
Engine fuel used**

Engine fuel temperature (at fuel- used transducer)**

APU fuel used
APU fuel temperature (at fuel used transducer)

Tail rotor impress pitch

Stabilator position

Ballast cart position
Control positions

Longitudinal
Lateral
Pedal
Collective

Stability augmentation system output position

Longitudinal
Lateral
Directional

*Ship system/not calibrated

**Both engines
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Control mixer input position
Longitudinal
Lateral
Directional

Primary servo position

Forward
Aft
Lateral

Pitch bias actuator position
Pitch bias actuator input voltage
Angle of attack
Angle of sideslip
Aircraft attitude

Pitch
Roll
Yaw

Aircraft angular rate
Pitch
Roll
Yaw

Linear acceleration
Cg normal
Cg lateral
Cg longitudinal

Time of day
Run number
Pilot event

Engineer event

2. Provisions were made for telemetry transmission of parameters.

AIRSPEED CALIBRATION

3. The standard ship airspeed system and test boom airspeed
system were calibrated in level flight. A calibrated T-28 pace
aircraft was used to determine the position error. The position
error of the boom airspeed system is presented in figure 1.

SPECIAL EQUIPMENT

Control Fixtures

4. A cyclic mechanical fixture was utilized at the copilot
station to obtain a desired control input size about the longi-
tudinal and lateral axes.
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FIU4 I
BOOM SYSTEM AIRSPEED CALIBRATION

UH-66A USA S/N 82-23748
AVG AVG CG AVG AVG AVG TRIM

SYM GIS R LOCATION DENSITY OAT ROR FLIGHT
WEM9Tr LON LAT ALTITUCIE CONtDITm1N

CLB) CFS) C8L) CFT) (DEG C.) CRPM)
El t36 3151.ICAFT) 0.2RT l8 1.5 258 LEVEL
* t3370 36t.6CAFT) 0.2RT 5408 18.5 257 DIVE
0 18400 3151. WAFT.) 0.2RT 5100 7.0 257 LEVEL
is 380.3CAFT)> 0.2T 5700 8.0 2S7 DIVE

* 21608 358.SCAFT) 0.0 4806 9.5 258S LEVEL
*( 21506 367.3CAFT) 0.6 3706 10.5 258 DIVE

NOTES: 1 . T-28 PACE AI~f3AFT
2. NORM1AL UTILITY CONIGU(RATION

NOT FOR HANDBOOKUS

1886

1210 - CS-B BI KIAS B2 KIAS2

BO - 12.59941
too- B1 = 0.9641975

B2 - 6.668288E-0

88 ~~LIN.E OF ZEROCRCIN

S'I t Iq 08 1

INICATED AIRSPEED (KNOTS)
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Ground Pace Vehicle

5. A vehicle, utilizing a calibrated fifth wheel to determine
accurate ground speed, was used in conjunction with wind speed and
direction to provide a precise airspeed reference for the test
aircraft during low speed tests.

Weather Station

6. A portable weather station, consisting of an anemometer,
sensitive temperature gage, and barometer, was used to obtain
wind speed, wind direction, ambient temperature, and ambient
atmospheric pressure during low speed tests.
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

AIRCRAFT RIGGING

1. A flight controls engineering rigging check was performed on
the main and tail rotors to insure representative handling quali-

ties information and compliance with established limits. The
stabilator control system was checked to verify conformance with

the modified production stabilator schedule.

AIRCRAFT WEIGHT AND BALANCE

2. The aircraft was weighed prior to the start of the program
with instrumentation installed, full oil, and all fuel drained.
The weight of the aircraft was 11,820 pounds with the longitudinal
center of gravity (cg) located at fuselage station 360.2. In
addition, the aircraft was weighed when configured for the 22,000

pound aft cg test condition and again in conjunction with another
test. The fuel cells and external sight gages were calibrated
on a previous test. The measured fuel capacity using the gravity

fueling method was 359 gallons. The fuel volume for each test
flight was determined prior to engine start and after engine shut-
down by using the external sight gages. The specific weight of
the fuel was measured and multiplied by the fuel volume to deter-
mine fuel weight. The calibrated cockpit fuel totalizer indicators
were monitored during the test and were compared with the sight
gage readings at the end of each test. A moveable ballast system
was utilized on seven test flights to maintain a constant aircraft

cg. The moveable ballast system was a cart (2664 pound capacity)
attached to the cabin floor by rails and driven by an electric
screw jack with a total longitudinal travel of 72.7 inches. The
ballast cart was manually positioned during flight to offset the
cg change due to fuel burn. On test flights where the moveable
ballast system was not installed, the aircraft cg was allowed to
vary approximately 4 inches with fuel burn.

HANDLING QUALITIES

3. Handling qualities data were obtained using standard test
methods described in Naval Air Test Center Flight Test Manual
FTM No. 101 (ref 9, app A). A brief description of all test
techniques is presented in respective paragraphs of the Results
and Discussion section. Trim conditions for all tests were in

ball-centered flight. The Handling Qualities Rating Scale shown

in figure 1, appendix D was used to augment pilot comments.

4. Gust response data and longitudinal long term response data

were analyzed to identify and quantify trends in the relationship
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between aircraft response (in the longitudinal axis) and failure
mode. Time to double amplitude was used as a measure of the
degree of instability for divergent responses and was determined
graphically from time-history traces of pitch attitude. For
aperiodic divergent responses, time to double amplitude was
defined as the time, in seconds, that elapsed when the aircraft
pitch attitude progressed from 5 degrees to 10 degrees from trim
(fig. 2, app D). For oscillatory divergent responses, two lines
were faired, one that was tangent to the peaks of the pitch
attitude oscillations and one that was tangent to the valleys of
the oscillations. The time to double amplitude was defined as
the time that elapsed when the distance between the faired lines
progressed from 5 degrees to 10 degrees (fig. 3, app D).

DEFINITION

5. Results were categorized as shortcomings in accordance with
the following definition.

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

usability of the materiel or end product.
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APPENDIX E. TEST DATA

INDEX

Figure Figure No.

Collective-fixed Static Longitudinal Stability 1 through 10
Longitudinal Control System Freeplay with

SAS OFF 11
Static Lateral-Directional Stability 12 through 16
Maneuvering Stability 17 through 20
Dynamic Stability 21 through 170
Low Speed Flight Characteristics 171 through 174
Instrument Flight 175 through 196
Aircraft Systems Failures 197 through 217
Ship System Airspeed Calibration 218 and 219
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FIGURE 1
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY

UIH-6A USA S/N 82-23748

SYN AVG AVG CG AVG AVG AVG TRIM
GROSS LOCATION DENSITY OAT ROTOR FLIGHT
WEIGHT LONG LAT ALT SPEED CONDITION

LB) (FS) (BL) (FT) (DEG C) CRPM)
-l 14310 363.9 (AFT) 0.3RT 20 16.0 2S8 LEVEL
A 22150 369.2 CAFT) 0. I RT 2800 3.5 258 LEVEL

NOTES: 1. I DENOTES CONTROL AND AIRCRAFT EXCURS'IONS
2. SOLID SYMBOLS DENOTE TRIM
3. FAILLRE MODE 1: PBA CENTERED, SAS ON,

FPS ON, STABJLATOR AUTO
20-4. NCRMAL UTILITY COW~IGURATION

'0

r -- -- :-1

4-4-

I'.: ' : 2 - -J7 7-

4-

2 ll 170 10 1

CALIBRATED AIRSPEED (KNOTS)
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FIGUR 2

COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY
U+-60A USA S/N 82-23748

S AVG AVG CG AVG AVG AVG TRIM
GROSS LOCATION DENSITY OAT ROTOR FLIGHT
WEIGHT LONG LAT ALT SPEED CONDITION

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

0 14280 3653.2 (AFT) 0.4 RT 5030 4.5 257 DIVE
A 21770 358.2 CAFT) 0.1 RT 2160 5.0 2S8 DIVE

NOTES: 1. I DENOTES CONTROL AND AIRCRAFT EXCURSIONS2. SOLID3 SYMOS DENOTE TI3. FA YLMRE S 1: FBA CENTE , SAS ON,

FPS ON, STAB]LATOR AUTO
~ 20I 4. NORMAL UTILITY CON~FIGURATION

S101

I.--

,4

2 ,2 0 14,1

CALIBRATED AIRSPEED (KNOTS)
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" FIGURE 3
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY

L-60A LISA S/N 82-23748

AVG AVG CG AVG AVG AVG TRIM
GROSS LOCATION DENSITY OAT ROTOR FLIGHT
IIGHT LONG LAT ALT S CONDITION

CLB) (FS) CBL) CFT) (DEG C) (RPM)

138t0 361.9(AFT) 0.3RT 4690 15.0 257 LEVEL

NOTES: 1. I DENOTES CONTROL AND AIRCRAFT EXCLRSIONS
2. SOLID SYMBOLS DENOTE TRIM
3. FAILURE MODE 5: PBA CENTERED, SAS OFF,

FPS ON, STABILATOR AUTO

211 -4. NORMAL UTILITY CON~FIGURATION
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"110 130 ISO 170
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FIGURE 4
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY

IH--60A USA S/N 82-23748

AVG AVG CG AVG AVG AVG TRIM
GROSS LOCATION DENSITY OAT ROTOR FLIGHT
WEIGHT LONG LAT ALT SPEED CONDITION

" CLB) (FS) (BL) (FT) (DEG C) (RPM)

14460 364.2 (AFT) 0.3RT $020 13.0 257 LEVEL

NOTES: 1. I DENOTES CONTROL AND AIRCRAFT EXCURSIONS
2. SOLID SYMBOLS DENOTE TRIM
3. FAILURE MODE 7: PBA CENTERED, SAS OFF,

FPS OFF, STABILATOR AUTO

20-2 4. NORMAL UTILITY CONFIGURATION3]
! 10

0i

- H-

4-

CALIBR AIRS: PEED 'KNOTS)

!19



FIGURE 5
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY

UH-60A USA S/N 82-23748

SYM AVG AVG CG AVG AVG AVG TRIM
GROSS LOCATION DENSITY OAT ROTOR FLIGHT
WEIGHT LONG LAT ALT SPEED CONDITTJON

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

0 14340 363. SCAFT) 0.4RT 4840 -1.0 258 LEVEL
0 16490 361 .7 (AFT) 0. 3 RT 4940 -3.0 257 LEVEL

NOTES: I. I DENOTES CONTROL AND AIRCRAFT EXCURSIONS
, 2. SOLID SYMBOLS DENOTE TRIM

3. FAILURE MODE 8: PBA ON, SAS OFF, FPS OFF,
z STABILATOR FAILED AT TRIM AIRSPEED

(E 22 DEG TEDN, 0 23 DEG TEDN)1 4. NORMAL UTILITY CONFIGURATION

C10

~4

-3-

7-

Z " 1 . 1-,-I

40 60 80 100 40 60 so 100

CALIBRATED AIRSPEED (KNOTS)

"-;j

-1r



FIGURE 6
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY

UH-60A USA S/N 82-23748

AVG AVG CG AVG AVG AVG TRI
GROSS LOCATION DENSITY OAT ROTOR FLIGHT
WEIGHT LONG LAT ALT SPEED CON)ITION

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

21700 357. 9 (AFT) 0. 1 RT 3190 100. 2S8 LEVEL

NOTES: 1. I DENOTES CONTROL AND AIRCRAFT EXCUJRSIONS
2. SOLID SYMBOLS DENOTE TRIM
3. FAILURE MODE 8A: PBA ON, SAS ON, FPS OFF,

~ STABILATOR FAILED AT TRIM AIRSPEED (24 DEG TEDN)
L- 1 4. NORMAL UTILITY CONFIGURATION

a LL

-. -j

'. II

. 4 o-

C A IK

IRL
uh ._j 6

HZ F

'a2

H -
J-4

CALIBRATED AIRSPEED (KNOTS)



~~F'.lGt.Ll 7

_.COLLECTIVE-FIXE STATIC LONGITUDINAL STABILITY
U+00A USA S/N 82-23748

AVG AVG CG AVG AVG AVG TRD
GROW LOCATION DENSI OAT TOR FIiHT
"EIE GH - LONG LAT ALT PEED CNI"TION
(IB) (FS) CBL) (FT) (DEG C) CRP3M

16788 362.7 (AFT) 0..3RT 4920 -2.5 257 LEVEL

NOTES:. I. I DENOTES CONTROL AND AIRCRAFT EXCIRSIMNS
2. SOLID SYMB LS DENOTE TRIM
3. FAILL MODE 8: PBA ON. SAS OFF. FPS OFF,

STABILATIOR FAILED AT TRIM AIRSPEED (5 DEG TEDN)
4. NORMAL UTILTTY CONFIGLRATION

++++p,9. e

7

4-'

2

CALIBRATED AIRSEED CKNOTS)

60



FIGLRE 8
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY

UH-60A USA S/N 82-23748

AVG AVG CG AVG AVG AVG TRIM
GROSS LOCATION DENSITY OAT ROTOR FLIGHT
WEIGHT LONG LAT ALT SPEED CONDITION
(LB) (FS) (BL) (FT) (DEG C) (RPM)

16F3A 381 .7(AFT) 0.3RT 4680 8.0 257 LEVEL

NOTES: 1. 1 DENOTES CONTROL AND AIRCRAFT EXCURSIONS
2. SOLID SYMBOLS DENOTE TRIM
3. FAILURE MODE 8: PBA ON, SAS OFF, FPS OFF,

STABILATOR FAILED AT TRIM AIRSPEED C2 DEG TEDN)
. 4. NORMAL UTILITY CONFIGURATION

"-

4-

wiee

_1 6

10 10 140 168

CALIBRATED AIRSPEED (KNOTS)

S.' *-



FIGURE 9

COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY
""UH-60A LISA S/N 82-23748

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

(LB) CFS) CBL) (FT) CDEG C) CRPM)

,D 14400 363.7CAFT) 0.2RT 4670 3.0 268 LEVEL
0 16490 361 .7CAFT) 0.2RT 4720 -2.0 257 LEVEL

, NOTES: 1. I DENOTES CONTROL AND AIRCRAFT EXCURSIONS
* 2. SOLID SYM1BOLS DENOTE TRIM

3. FAILURE MODE 6: PBA ON,. SAS OFF, FPS OFF,
* tSTABILATOR FAILED AT TRIM AIRSPEED

(El 2 DEG TEDN., 0 2 DEG TEDN)
4. NORMAL UTILITY CONFIGLRATION

ii < ,i
-0

10-1

P0, S I

I-

2 j

4

2

*1CALIBATED ARSPEED (KNOTS)



FIGURE 10
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY

UH-60A USA S/N 82-23748

AVG AVG CG AVG AVG AVG TRIM
GROSS LOCATION DENSITY OAT ROTOR FLIGHT
WEIGHT LONG LAT ALI SPEED CCt:DITION
(LB) (FS) (BL) CFTD XEG C) (RPM)

22070 359. 0 (AFT) 0. 1 RT 3230 10.5 2S8 DIVE

NOTES: 1. I DENOTES CONTROL AND AIRCRAFT EXCURSIONS
2. SOLID SYMEOLS DENOTE TRIM
3. FAILURE MODE 8A: PBA ON, SAS ON, FPS OFF,

STABILATOR FAILED AT TRIM AIRSPEED (I DEG TEDN)
4. NORMAL UTILITY CONFIGURATON

-7

0

1 . 1
-4

1

R2

2 j

-

!203 t140 i6 180

CALIBRATED AIRSPEED (KNOTS)
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FIGURE I
LONGITUDINAL CYCLIC CONTROL FREEPLAY

WITH PITCH BOOST OFF
U-I-60A USA S/N 82-23748

SOLID
LINE

65-
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FIGLW 14
COLLECTIVE FIXED STATIC LATERAL-DIRECTION'AL STABILITY

L*--A USA S/N 82-23748

AVG AVG CG3 AVG AVG AVG TRIMl
LOCATION DENSITY OAT ROTOR CALIBRATED

6IGHT LONG LAT ALT SPEED ARPE
(LB) (FS) CBL) (FT) CDEG C) (RPM) CKT)

16480 35t 5 (AFT) 0 2RT 4970 -3 5 27121

407FS DENO'TES CONTO At'E AIRCRAFT EXCLLRSIONS
2 SOLID? SY?91)LS DENO*TE TRIMh
3 P-AILRE MODE: 8 PBA ON, SAS OF, FPS OFF

';TABILATOR FAILED AT TRIMh AIRSPEED (3 DEG TEDNO
4 NORAL J71LITY CctVIG3.RATION

..

a4s 2 1

.4,T I l f

ANGL OFSj~-P(FPE

IIIINK-



FIGURE 15
COLLECTIVE FIXED STATIC LATERAL-DIRECTIONAL STABILITY

U-e0A LISA S/N 82-23748

AVG AVG CO kVG AVG AVG TRIM
GROSS LOCATION DENSITY OAT ROTOR CALRATED
WEIGHT LONG LAT ALT SPEED AIRSP

CLB) (FS) CBL) CFT) (DEG C) CRPM) CKT)

I00W 382.8CAFT) 8 1 RT 4800 26.0 258 123

NOTES- . I DENOTES CONTROL *0 AIRCRAFT EXCJRSINS
2. SOID SY4CLS DENOTE TRIM
3. FA LURIE MODE SA! PBA ON, SAS ON FPS OFF,

STABILATOR FAILED AT TRIM AiX (3 DEG TEDN)
4. NORMAL UTILITY CONFIGURATION

261
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411L F L (DIFr
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7!S.m 16
cou.ECrIVE FIXED STATIC LATERAL-DIRECTIONAL STABILITY

tkt-6M USA S/N 62"-23748

AVG AVG CC AVG AVG AVG i
a LOCATO DSXT OAT WlA

1~T L"I LAT ALT
cmB arw C0 CM WES coo CPDOc~

tS7S 30.4 CAM S. I W Sa 2.5 12

r0Es: i. i DENDTES OaNTROL NDO AMRRAF7 EXCCLSMIG
2. ScLKD SY~aS DEDTE TRIM
3. FAMLPE mWE 9A: PDA CENTERED SAS ON,. FPS OF,

STA8ILATR FAnLED AT TRIM AWE 0~ DEG TOW*4
4. NoRK# tLTY CONI.ATJM4

-'1

4-4

7 -



FIGURE 17
MANEUVERING STABILITY

U-60A USA S/N 82-23748

AVG AVG CG AVG AVG AVG TRIM TRIM
LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT

WEIGHT LONG LAT ALT AIRSPEED COIDITION
(LB) (FS) (BL) (FT) (DEG C) (RPM) CKT)

16e0 382 1 (AFT) 0 3RT 5120 16.5 259 141 LEVEL

NOTES: I I DENOTES CONTROL AND AIRCRAFT EXCURSIONS
2 SOLID SYI8OLS DENOTE TRIM

OPENED SYMOLS DENOTE LEFT TURN
CSSED SYMBOLS DENOTE RIGHT TURN

3 FAILLR MODE I PBA CENTERED, SAS ON,
FPS ON, STABILATOR AUTO

4 NORMAL UTILITY CONFIGURATION

-20-

%20

*1

1 54 1 a

CG NOF*W ACCEL RATION (G)
-

* -

-am;2



FIGLRE 18
MANEUVERING STABILITY

UH-60A USA S/N 82-23748

SYM AVG AVG CG AVG AVG AVG TRIM TRIM
GROSS LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALT SPEED AIRSPEED CONDITION

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

0 16780 363.4 (AFT) 0 i RT 4960 24 ,0 258 102 LEVEL
0 16 58 362.(AFT) 0.2RT 4820 160 258 141 LEVEL

NOTES- 1 DENOTES CONTROL AND AIRCRAFT EXCURSIONS
2 .SOLID SYMBOLS DENOTE TRIM

OPENED SYMBOLS DENOTE LEFT TURN
CROSSED SYMBOLS DENOTE RIGHT TURN

3 FAILURE MODE 7: PBA CENTERED, SAS OFF,
FPS OFF, STABILATOR AUTO

210-4. NORMAL. UTILITY CONFIGUJRATION

, ~ ~ 8----_o°:

;*.10

A.ll 
4

1"- 18 1 4 1 a 0 1 4 1 8 2 2

CG NIWAL ACLERATION (G)



FIGURE 19
MANEUVERING STABILITY

,kU-6A USA S/N 82-23748

SYM AVG AVG CG AVG AVG AVG TRIM TRIM
GROSS LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALT SPEED AIRSPEED CONDITION
(B) (FS) CBL) (FT) (DEG C) (RPM) CKT)

0l 16840 362 0 (AFT) 0.3RT 5040 8.5 257 101 LEVEL
0 16460 361 .4 (AFT) 0. 3RT 460 8.0 257 141 LEVEL

%'. NOTES I I DENOTES CONTROL AND AIRCRAFT EXCURSIONS
2 SOLID SYMBOLS DENOTE TRIM

OPENED SYMBOLS DENOTE LEFT TURN
CROSSED SYMBOLS DENOTE RIGHT TURN

3 FAILURE MODE 8: PBA ON, SAS OFF, FPS OFF,
STABILATOR FAILED AT TRIM AIRSPEED
(E 4 DEG TEDN, 0 2 DEG TEDN)

- 11 4 NORMAL UTILITY CONFIGURATION

IH j
>

H

71

318
i 4

1 14 1 10 1 4 8

CG NOMLACCELERATION (G)
*.' *. - , ?. 3 J



FIGURE 20
MANEUVERING STABILITY

L+-60A USA S/N 82-23748

SYM AVG AVG CG AVG AVG AVG TRIM TRIM
GROSS LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT
WEIGHT LONG LAT ALT SPEED AIRSPEED C ITION

(LB) (FS) (BL) CFT) (DEG C) (RPM) (KT)

El1 4e 363. AFT 0. IRT 5160 24.5 268 102 LEVEL
0 18380 383.4 (AFT) 0.1RT 5220 250 258 140 LEVEL

NOTES; I. I DENOTES CONTROL AND AIRCRAFT EXCURSIONS
2. SOID SYMBOLS DENOTE TRIM

OPENE SY3OLS DENOTE LEFT TURN
CROSSED SYMBOLS DENOTE RIGHT TURN

3. FAIL..L ODE 9- PBA CENTERED, SAS OFF,
FPS OFF. STABILATOR FAILED AT TRIM AIRSPEED
(O 2 DEG TEDN, 0 1 DEG TEDN)

4. NORMAL UTILITY CONFIGURATION

%

71
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FIGLRE 171
SIDEWARD FLIGHT

1+-6A USA S/N 82-23748

AVG AVG CG AVG AVG AVG -E.L
ROSS LOCATION DENSTY OAT ROTOR .EIG-f"
WErHT LONG LAT TSPEED

(LB) (FS) CBL) (FT) (DEG C) (RM) (FT)

14220 363 0 (AFT) 0 4RT 2380 12 0 258 25

NOTES I I DENOTES CONTROL AN) AIRCRAFT EXCI.RSIOjS
2 FAILLRE MODE 7: PBA CENTERED, SAS OFF.

FPS OFF. STABILATOR AUTO
3. NORMAL UTILITY CONFIGLRATION
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FIGJRE 172
SIDEWARD FLIGHT

Lk+-6A USA S"N 82-23748

AVG AVG CG AVG AVG AVG WHEEL
GOS LOCATION DENSITY OAT ROTOR HEIGHT
WEIGHT LONG ILAT ALT SPEED

(LB) (FS) (8L) (FT) CDEG C) (FM) (FT)

2124 358.8 CAFT) 0 1 RT 860 9 0 2S8 2S

NOTES 1 I DENOTES CONTROL At4) AIRCRAFT EXCURSIONS
2 FAILURE MODE 7- PBA CENTERED. SAS OFF.

FPS OFF. STABILATOR AUTO
3 NORMlAL UTILITY CONFIGURATION

30 6
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-j 20~
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cy 74 -1'
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FIGURE 173
LOWSPEED FLIGHT

U-80OA USA S/N 82-23748

AVG AVG CG AVG AVG AVG weoaLGVSM LOATION DENSITY GAT ROTOR HEMWf
WEMH LOW~ LAT ALT
CL83 CFS) CBL) CFT) COEG C) CPt) CFT)

14400 83 .8AFT) 0.3RT 268 14.5 2S7 2

NOTEs: i- I DENOvTES CONJTROL AND AIRRAFT ExO.ARSIN
2. FAILURE MODE 7: PBA CENTRE, SAS OFF,FPS OFF STASILATOR AUTO
3 NORMAL UTILITY CONFIGURATIONJ

40 El0 IE E l l El3[W OE 0 0El mltIoS

0 mI

4-

2-2

.9 I



FlaJRE 174
LOWSPEED FLIGHT

LIH-60A LSA S/N 82-23748

AVG AVG CG AVG AVG AVG WHEEL
GRSS LOCATION DENSITY OAT ROTOR FEIGHT
WEI-GHT LONG LAT ALT SPEED
(LB) (FS) CBL) (FT) CDEG C) (IRM) (F-)

20640 357 8 (AFT) 0 1 RT 1960 10.0 258 25

NOTES 1 I DENOTES CONTROL AND AIRCRAFT EXCURSIONS
2 FAILURE MODE 7 PBA CENTERED. SAS OFF.

FPS OFF. STABITJATOR AUTO
3 NORMAL UTILITY CONFIGIRATION
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FIGURE 218

SHIP SYSTEM AIRSPEED CALIBRATION
Ul-60A USA S/N 82-23748

AVG AVG CG AVG AVG AVG TRIM
SYM GROSS LOCATION DENSITY OAT ROTOR FLIGHT

WEIGHT LONG LAT ALTITLDE SPEED COINDITION
CLB) (FS) (BL) (FT) (DEG C) (RPM)

[ 13650 361. 1(AFT) 0.2RT 5200 16.5 258 LEVEL
Cl 13370 361. 6CAFT) 0 2RT 5400 16. S 257 DIVE

NOTES: 1. T-28 PACE AIRCRAFT
2. NORMAL UTILITY CONFIGURATION
3. PITOT-STATIC MOUNT FAIRINGS NOT INSTALLED

10-

180-/

140

• H = BO B I KIAS B 12 KM S
IP': 4 ("POLYNOMAL COEFFICIENTS

': :100 /, BI = 0.8146672: @ ee 1 "B2 = 0. 5453s4SE-03

680

1-LINE OF ZERO CORCTION

v I "1 ~I ...T ! _--v
6,0: 80 100 1ee 1240 160 140

INDICATED A17SPED CKNOTS)
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FIGURE 219
SHIP SYSTEM AIRSPEED CALIBRATION

LH-WA USA S/N 82-23748

AVG AVG CG AVG AVG AVG TRI
@ROSS LOCATION DENSITY OAT ROTOR FLIGHT
WEIGHT LONG LAT ALTITUE SPEED CONDITION

CLB) CFS) (BL) cFT) CDEG C) CRPM)
e1488 31.OCAFT) 0.2RT 5100 7.0 257 LEVEL
e 23 3e.3(AFT) 0.2RT 5700 8.8 257 DIVE

A 21900 358.5CAFT) 0.0 480 9.5 258 LEVEL
X 21SO0 357.3(AFT) 0.0 3700 10.5 258 DIVE

NOTES: 1. T-28 PACE AIRCRAFT
2. NORMAL UTILITY CONFIJRATION
3. PITOT-STATIC MOUNT FAIRINGS NOT INSTALLED

180-
/

//

180-

(I)

~140-

120- 2
KCAS = BO + B1 KIAS 82 KIAS

-; POLYNOMIAL COEFFICIENTS
BO = 6. 0713770

"00_ B1 = 0.9415050
B2 = 0. 1445826E-04

LINE OF ZERO CORFECTION
/

U- , 'I ,
* U! 11 l ' li~i ' tIel ' 1 ' 20

D)ICATED AIRSPEED (KNOTS)
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