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// INTRODUCTION

BACKGROUND

1. The US Army Aviation Systems Command has received several

reports 4 hat AH-IS helicopters, when equipped with the K747 rotor
blades> experienced what was described as a collective servo
block-up when one hydraulic system was selected off. Concern

was raised that this_.condition-)may exist on fielded aircraft,
and'-could occur under actual emergency single hydraulic system
operation., There is no procedure in the Maintenance Test Flight
(MTF) Manual (app A, ref 1) to detect this condition. AVSCOM
tasked the UP Army Aviation Engineering Flight Activity (USAAEFA)
to evaluateJa maintenance procedure to detect single hydraulic
system collctive lock-up (ref 2). A restriction or limiting
of upward ckollective control travel was experienced during he
evaluation. XAVSCOM was advised that the total travel of the
collective control may be reduced during a single hydraulic
system failure on some or all AH-lS helicopters equipped with
K747 main rotor blades , (ref 3). Consequently, AVSCOM tasked
USAAEFA to further invest gate this problem (ref 4).

TEST OBJECTIVES )

2. The primary objective of this test was for USAAEFA to conduct
an evaluation of procedures to assess single hydraulic system
collective control limiting. Additional objectives were: document
the variation of collective control limiting in different flight
modes, validate a safe flight envelope for single hydraulic
system operation, determine whether a transition to a safe flight
mode can be made following a single hydraulic system failure,
modify emergency procedures in the operator's manual (ref 5) for
hydraulic failures and recommend changcs to the MTF procedure
which field units may use to assess the impact of a single
hydraulic system failure.

DESCRIPTION

3. The AH-IS(MC) is a two-place, tandem seat, single-engine

attack helicopter incorporating skid landing gear. It is manu-
factured by Bell Helicopter Textron, Inc. (BHTI) and powered by
an Avco Lycoming T53-L-703 Turboshaft engine. The maximum
gross weight of the helicopter is 10,000 pounds. The K747 main
rotor blades, Part No. K747-003-205, are glass fiber epoxy resin
bonded assemblies with a leading edge estane erosion guard. The
helicopter is equipped with a three-axis, limited authority, rate
stability and control atugmentation system (SCAS). The dual main
hydraulic system (No. I and No. 2 systems) pumps are driven by

VW
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the main transmission and are designed to pressurize each system
to 1500 pounds per square inch (psi). The No. 1 system provides
hydraulic power to the main rotor cyclic (longitudinal and
lateral) actuators, main rotor collective actuator, tail rotor
(directional) actuator, and yaw SCAS actuator. The No. 2 system

provides hydraulic power to the main rotor cyclic actuator, main
rotor collective actuator, pitch and roll SCAS actuators, and

articulated wing pylons. The emergency hydraulic system utilizes
an electric pump designed to provide 1100 psi at full flow rate.
The emergency system provides hydraulic power for ground mainten-

ance checks (pylon boresighting) or to the No. 2 portion of
the main rotor collective servo if selected on by the flight
crew when the No. 2 system is depressurized. Two non-standard
hydraulic test (HYDR TEST) switches were installed in the front
cockpit to allow the the No. 1 and/or the No. 2 hydraulic systems
to be disabled by the copilot. A more detailed description of
the helicopter is contained in the operator's manual, the main-

tenance manual (ref 6) and in appendix B. The test helicopter,
AH-IS(MC) serial number 69-16423, is a production AH-LS(MC)
helicopter.

TEST SCOPE

4. The evaluation was conducted in 12 flights totalling
9.5 hours, of which 7.9 were productive. Testing was conducted

at Edwards Air Force Base, California (elevation 2302 feet)
between 5 October and 14 October 1985. USAAEFA installed, cali-
brated, and maintained the test instrumentation. Data reduction

and analysis, aircraft maintenance, and logistical support were
provided by USAAEFA. The tests were conducted in accordance
with the test plan (ref 7) and within the flight restrictions
contained in the operator's manual and the airworthiness release
(ref 8).

5. The production hydraulic test switch in the aft cockpit was

used to evaluate procedures for inclusion in the MTF. The two
non-standard hydraulic test switches installed in the front

cockpit were used for the remaining tests. Testing was conducted
at two target gross weights (8500 and 10,000 pounds) and two main
rotor speeds (314 and 324 rpm).

r~FSr METF1,DOIT*Y

h. "l mt lec'lilqie4 are hrlefly dt'R'rlhed In the applicnhle
sections of this report and in appendix D. A Handling Qualities

Rating Scale (HORS) contained in appendix D was used to augment
pilot comments relative to handling qualities.
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7. Data were recorded by hand, on magnetic tape onhoard the

aircraft, and via telemetry to the Real Time Data Acquisition and
Processing System (RDAPS). A detailed listing of parameters is
contained in appendix C.
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Table 1. Test Conditionsl

Test (4b) 00e (Icnots) !)IfnBIO

Trim at PLF3 -102 torque.
increase in 10% increments
until max allowable or
achievable is reached.

7880-9990 4630-11,680 38-114 309-325 Configurations were as

Level Flight additionally. No. I and
Power Sweep emergency systems "ON",

No. 2 OFF. - I
Emergency system "0N1l

8120 6000-10,500 70 323 No. I and No. 2 "0FF"

11over Power 14), (10 2480 0324 Fist pitch to OW hover
in 10% toripse increments

Trim for level flight.

Accelerated Flight Enter 30* & 45* left and

Power Sweep 8330-8715 4950-8470 73-91 319-324 right constant altitude
turn. Increase torque
in 101 increments

Level Flight Slow acceleracion from

Acceleration and 8240-10,130 6050-10,550 0-118 308-325 trim. Slow deceleration

Deceleration from trim. ,

Begin at 70 KIAS level
flip' Decrease trim

Simulated pt. in 10 kt increments.

Hydraulic System 7880-10,050 1560-6660 0-117 320-325 Recover back to 70 [lAS

FailuresBegin at 70 [lAS level
flight, Increase trim
pt. in 10 kt increments.

_____Recover back to 0 [lAS

Maintenance Test
Flight Procedure 8080-9880 2630-4020 0 308-320 Ref 2, app A

NOTES:

18500 lb gross weight tests were conducted without stores with a longitudinal center of gravity

at VS 199.3. 10,000 lb tests were conduct at a longitudinal cg of FS 197.3 with X1M159C rocket

pods inboard and M465 TOW racks outboard.
2Test configurations were Va. I -ON"fNo. 2 and emergency "OFF** and No. 2 "ON"/No. I and emergency

"OFFr" except as noted.
3
Power for level flight.

4
0ut-of-ground effect.

4
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RESULTS AND DISCUSSION

GENERAL

8. A limited evaluation was conducted to assess degraded hy-
draulic system collective control limiting of the AII-lS(MC)
helicopter at the conditions presented in table 1. Collective
control limiting is a limit of upward collective travel as a
result of rotor system loads exceeding the capability of the
collective actuator. Below the limit position collective control
travel is unrestricted. No downward collective control creep was
noted after a hydraulic sytem failure while operating above the
single hydraulics collective limiting position. One aircraft
deficiency was noted: the collective control limiting after
failure of the No. 1 or No. 2 hydraulic system. The maintenance
test flight procedure was determined to be inadequate. A modified
at procediur Is presented in appendix F.

COLLECTIVE CONTROL LIMITINC

General

9. Collective control limiting was evaluated to determine the
capability of continued safe flight with one or both primary
hydraulic systems depressurized. The No. 1 and/or No. 2 hydraulic
system(s) were selected ON or OFF by use of the non-standard
HYDR TEST switches in the front cockpit. To determine collective
control limit position the test helicopter was stabilized at
the desired trim condition and the appropriate hydraulic system(s) -
were depressurized. The collective control was then raised
incrementally by the pilot. The limit position was reached when
an abrupt increase in the upward force applied by the pilot
resulted in no apparent upward collective control movement.
Points at which collective control limiting occurred were
noted and related to collective actuator axial loads, airspeed,
altitude, gross weight, rotor speed, normal load factor, engine
torque, engine shaft horsepower, and collective control position.
Qualitative evaluations were conducted to determine the effect
of collective control force and control input rate on collective
control limiting.

Collective Control Characteristics

10. Collective control characteristics were qualitatively evalua-
ted concurrently with all tests. Control forces and rates of
application were assessed for effect on collective control
limiting. The forces required for collective control movement
when either or both hydraulic systems were depressurized and the
collective control was below the control limit position were

5
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perceived to be the same as when all hydraulic systems were
operating normally. The pilot perceived the collective control
mechanical characteristics at this point to be similar to reaching
the full up collective control travel stop. Continued upward
control force with considerable pilot effort normally resulted
in a slight increase of upward control travel, corresponding to
2-3 percent increase in indicated torque, beyond the initial
limit position. The rate of control position change was varied

with essentially no change in the limit position. A collective
control limit was not reached with the No. I and emergency systems
pressurized, No. 2 system depressurized.

Collective Actuator Axial Loads ii

11. Collective actuator axial loads were quantitatively evaluated
throughout the test. Data are presented in figures 1 through 5,
appendix E. These loads were the sum of a mean load and an
oscillatory load at a frequency of 10.8 Hz (2/rev) at a main
rotor speed of 324 rpm. The test aircraft encountered single
hydraulic system (No. 1 or No. 2) collective control limiting of
upward travel whenever collective actuator axial load was greater
ithan or eqal to the maximum colleetive actuator output capacity

(1050 +50 pounds). When the in [untm oscillatory colicLive
actuator load (sum of this mean and oscillatory component)
decreased below the maximum actuator output capacity it was
possible for the actuator to overcome the rotor system loads and
allow upward collective travel, although the mean actuator loads
were greater than the maximum actuator capacity. The irreversible
valve prevented downward collective creep when the rotor system
loads exceeded the capacity of the collective actuator. The
maximum collective actuator output capacity and corresponding
axial loads could vary among fielded aircraft as a result of
individual main rotor blade, collective actuator, and hydraulic

system characteristics.

Airspeed Effects

12. The effects of airspeed on collective control limiting were
evaluated. Test data are presented in figure 1. The collec-
tive control position where limiting was encountered was
3.4 +0.1 inches from full down while hovering in-ground effect
(ICE). At 103 knots calibrated airspeed (KCAS) the control
limit position increased to approximately 4.2 +0.2 inches
from full down. The engine torque at the controT limit was

83+ 2 percent at an ICE hover and 86 +7 percent at 103 KCAS.
The mean oscillatory collective actuator axial load increased .

~~with incressing airspeed, however, the minimum oscillatory load .

at which limiting occurred remained essentially unchanged. .

: 6',
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Density Altitude Effects

13. Density altitude effects on collective control limiting were
evaluated. Test data are presented in figure 1. The mean engine
torne at the control limit decreased approximately 5% in forward
flight as density attitude increased from 6000 feet to 12,000
feet. Variation of density altitude resulted in insignificant
effects on collective control position at the collective control
limit.

Rotor Speed Effects

14. Rotor speed effects on collective control Limiting were I
evaluated. Test data are presented in figure 2. Decreasing
rotor speed from 324 to 314 rpm at 75 KCAS resulted in an increase
in the collective control limit position of 0.4 Inches and -4
corresponding increase in engine torque of 5 percent. Engine
shaft horsepower at the collective control limit position was
essentially unchanged with variation of rotor speed. i

Gross Weight Effects

15. Gross weight effects on collective control limiting were
evaluated. Test data are presented in figure 3. The collective

control limit position was essentially unchanged with variation
in gross weight.

Operation on No. 1 or No. 2 Hydraulic System

16. Operation on either the No. 1 or No. 2 hydraulic system was

evaluated to determine the effect on collective control limiting.
Test data are presented in figure 4. The handling qualities of
the aircraft were degraded in either pitch and roll, or yaw,
depending on which hydraulic system was disabled, as described
in the operator's manual. There were no significant differences
in the collective actuator loads or collective control limits
between the No. I and No. 2 hydraulic systems either at a hover
or in forward flight. 7

Turning Elight

17. Accelerated flight while operating on the No. I hydraulic
system (No. 2 and emergency hydraulic systems depressurized) was
evaluiated. 7e~ data are presented in figure 5. The collective
control limiting position was essentially unchanged with Increas-
Ing load factor.

7
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Operation on the Emergency Hydraulic System

18. Operation on the Emergency Hydraulic System was evaluated
for effect on collective control limiting. The test was initiated
at 70 KCAS and at an indicated torque ten percent less than that
required for level flight. The No. 2 hydraulic system was
depressurized, then the emergency hydraulic pump was selected
ON. The No.1 hydraulic system was then depressurized which resul-

ted in the emergency hydraulic pump providing pressure through
the No. 2 system to the collective actuator. Test data are pre-
sented in figure 6. All SCAS channels disengaged with the failure
of the No. I and No. 2 hydraulic systems. The cyclic and tail
rotor controls were unboosted and required higher forces for
movement. Aircraft attitude oscillations were controllable.
The collective control was raised in increments corresponding to
approximately 10 percent indicated torque. No unusual control
force was required to move the collective control. At each
increasing collective control position, a 0.3 Hz roll oscillation
became more pronounced. The amplitude increased as collective
position and torque were increased. Lateral cyclic control
force required to dampen the oscillation increased correspond-
ingly. The lateral cyclic force exerted was estimated to vary
from zero to 60 pounds to the right, 180 degrees out of phase to
the roll rate. In a climb with less than 60 percent torque and
the No. 1 and No. 2 hydraulic systems inoperative, the roll
attitude was maintained +10 deg with extreme difficulty and
required asymmetrical lateral cyclic inputs of approximately

0.7 inches left to 0.2 inches right every 4-5 seconds (HQRS 9).
Exceeding 62 percent torque resulted in an uncontrollable, diverg-
ent, roll oscillation which required the pilot to reduce power
and restore pressure to the No. 2 hydraulic system in order to
maintain control of the aircraft (HORS 10). It is recommended
that paragraph 9-66 of the operator's manual, Hydraulic System
No. I and No. 2 Failure, should include a discussion regarding
the divergent, uncontrollable roll characteristics encountered
in high power climbs after dual hydraulic system failure and
probable corrective actions (reduction of power).

Minimum Airspeed with No. 1 or No. 2 Hydraulic System

19. Minimum airspeed attainable white operating on a single (No. 1
or No. 2) hydraulic system was determined. At a trim airspeed
of 70 KCAS the designated hydraulic system was selected (the
alternate and emergency hydraulic systems were depressurized).
The appropriate SCAS channel(s) disengaged. The aircraft was
decelerated until the collective control limit or other aircraft
limit was reached. At an average gross weight of 8500 pounds
with either the No. I or No. 2 hydraulic system selected, the

8
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minimum airspeed was out-of-ground effect (OGE) hover. No
collective control limit was reached and the collective actuator
loads were considerably below that for collective limiting. At
an average gross weight of 9700 pounds with either hydraulic
system the minimum airspeed was just above effective translational
lift (ETL). At higher density altitude (6000 ft and above) the
minimum airspeed was limited by the engine torque limit, zero
left pedal margin, or collective limiting. All limiting conditions
were encountered at approximately the same time. At lower density
altitudes, minimum airspeed was determined by collective limiting.

Maximum Airspeed with No. I or No. 2 Hydraulic System

20. Maximum airspeed attainable while operating on a single (No. I
or No. 2) hydraulic system was determined. The procedure described

in paragraph 18 was followed with the exception that the aircraft
was accelerated to the maximum airspeed until the collective
control limit or other aircraft limit was reached. The aircraft
was flown to the operator's manual airspeed limit prescribed
for SCAS off flight (100 KIAS) without encountering collective
limiting.

SIMULATED NO. I OR NO. 2 HYDRAULIC SYSTEM FAILURES

General

21. The objective of these tests was to determine if transition to
a safe flight mode could be made after a simulated single (No. !
or No. 2) hydraulic systtm failure in an out-of-ground effect
(OGE) hover or in level forward flight at the maximum airspeed at
maximum continuous power. The failures were evaluated at the
conditions listed in table 1. The non-standard HYDR TEST switches

in the front cockpit were used to simulate the fallures. The
major difference between these and the previous tests was that
the hydraulic system was disabled with the collective control
above the position at which control limiting occurs. After each
simulated failure, the aircraft was flown to a 70 KIAS level
flight condition.

Simulated Hydraulic System Failures at a Hover

22. Each hydraulic system (No. I or No. 2) was failed at an OGE

hover. Winds were less chan four knots, hover power was 45 to 99

percent indicated torque, rotor speed was 324 rotor RPM (100%),
and hover height was 45 feet above ground level as Indicated by
the pcoduction radar altimeter. Approximate gross weight was
10,000 nounds and density altitude 1300 feet. Immediately prior



to the simulated single hydraulic system failures, collective
control limiting was determined by incrementally raising the

collective control from full down. Collective control limiting
was experienced at the collective position corresponding to
83 percent torque on either No. 1 or No. 2 system.

A time history is presented in figure 7. The emergency hydraulic
pump was not energized after failure of the No. 1 system because
the No. 2 system was pressurized. Failure of the No. 1 system
caused the yaw SCAS to disengage, the tail rotor servo to depres-
surize, and the MASTER CAUTION and #1 HYDR PRESS lights to illu-
minate. These cues were adequate for identification of the
failure. Aircraft handling qualities were degraded due to the
high directional pedal forces. Cyclic control mechanical charac-
teristics were unchanged. The collective control could not be
raised after the simulated failure. No uncommanded downward
collective control movement (creep) was noted. The aircraft was
then flown to a 70 KIAS level flight condition. No altitude was

lost during the transition. The collective control was inten-
tionally lowered during the acceleration. Once lowered, the
collective control could not be raised above the limit position.

at a hover (vertical descent), a mishap could result because the
power required to arrest the descent would not be available due
to collective limiting. The collective control limiting after a
single hydraulic system failure is a deficiency. Paragraph 9-64
of the operator's manual, Hydraulic System No. 1 Feilure, should
be changed as follows:

a. The following WARNING should be added:

WARNING

Do not lower the collective control until air-
speed is above effective translational lift. A
run on landing should be accomplished.

b. The first step of the emergency procedure should be:
Wing stores - Jettison if sufficient altitude cannot be maintained
due to collective control limiting.

The following description of single hydraulic system collective
control limiting should be added to chapter 8, section IV of the
operator's manual: "Test results show that collective control
forces are essentially unchanged below a limit position. When

9 the collective control is raised and the limit position reached,
the control movement is stopped abruptly. At the limit position,

10
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the pilot perceives the collective control characteristics to be
simillar to reaching a control travel stop. [f the pilot exerts
considerable upward collective control force, the collective
control may raise slightly. If a hydraulic system fails and

the collective control is above the limit position, the collective
control cannot be raised. If the collective control is lowered,
it cannot he raised above the limit position. Downward collective
creep should not be encountered after a single hydraulic system
failure."

24. Failure of the No. 2 system caused the pitch and roll SCAS
to disengage, and the MASTER CAUTION and #2 HYDR PRESS lights to
illuminate. These cues were adequate for identification of the
failure. A time history is presented in figure 8. The cyclic
and directional control mechanical characteristics were unchanged
following the failure. Handling qualities were degraded due to
the pitch and roll SCAS disengagement. The collective control
characteristics were similiar to those experienced during the
failure of the No. I hydraulic system. The collective control
could not be raised after the simulated failure. No uncommanded
downward collective control movement (creep) was noted. No
altitude was lost during the transition to 70 KIAS. Energizing
the emergency hydraulic pump may eliminate the collective control
limiting after failure of the No. 2 hydraulic system, depending
on the component that failed (para 10). Paragraph 9-65 of the
operator's manual, Hydraulic System No. 2 Failure, should be
changed as follows:

a. The following warning should be added:

WARNING

Do not lower the collective control until air-

speed is above effective translational lift. A
run-on landing should be accomplished.

b. The first step of the emergency procedure should be:
EMER HYDR PUMP switch - EMER HYDR PUMP position if sufficient
altitude cannot be maintained due to collective coutrol limiting.

'. The nr '-.#nii toip of tlip pr rnogrro v pror'f(1I s h l inii Id II,.
Wh gI IIII -.f11-t I~ I Roll 1 I I Iclent Altitodh, vatin t II,.

Simulated Hydraulic System Failures at VH

25. Single hydraulic system failures were simulated at VH. Time
histories are presented in figures 9 and 10. Cues of either

111



system failure at VH were the same as those at a hover (as
described in the preceeding paragraphs). Additionally, aircraft
roll or yaw attitude oscillations of +2 degrees were encountered.
The aircraft oscillations were easily controlled by decelerating
the aircraft to the maximum SCAS off speed (100 KIAS) or below.
Collective control limiting was not encountered because the
deceleration required that the collective control be lowered.
No uncommanded downward collective control movement (creep) was
noted. The high speed single hydraulic system failure character-
istics are satisfactory. The following note should be added to
paragraph 9-63 of the operator's manual, Hydraulic System Failure:

NOTE

Deceleraze to SCAS off maximum airspeed
(100 KIAS) or less after a hydraulic system
failure.

MAINTENANCE TEST FLIGHT (MTF) PROCEDURE EVALUATION

General

26. The MTF procedure in reference 2 was evaluated at the condi-
tions presented in table 1. The objective of this test was to
determine if the procedure was complete, safe, and adequate.
The procedure evaluated was essentially as follows:

a. Conduct the test in an Xrea that permits a run-on landing
at 50 KIAS. The test requires two rated pilots. The copilot
(front cockpit) should be a thoroughly trained maintenance test
pilot or instructor pilot. The copilot operates the collective
control. The pilot operates the cyclic and pedal controls, and
the HYDR TEST and SCAS switches.

b. From a condition of 100 percent rotor speed, and flat
pitch (collective control full down), the HYDR TEST switch is
moved to the SYS I position. Note illumination of the MASTER
CAUTION and #2 HYDR PRESS lights. The PITCH and ROLL SCAS
switches should disengage.

Th,' copilot sIowIv and qmoothly rAiste the collective
c4onl rol tii hrli) the al rrnft to it t hrev toot hover. 'rhe cop| lot
contlniies to raise the collective control until indicated torque
is five per cent greater than the torque required at the three
foot hover, or until an aircraft limit is reached. The aircraft
is then landed.

12
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d. The copilot lowers the collective control to the full
down position. The pilot places the HYDR TEST switch to the
center (both) position and re-engages the PITCH SCAS and ROLL
SCAS switches.

e. The pilot places the HYDR TEST switch to the SYS 2 posi-
tion. The MASTER CAUTION and #1 HYDR PRESS lights should illu-
minate, and the YAW SCAS switch should disengage. The pilot
checks that the cyclic moves freely and the pedals are stiff but
movable. Step c is repeated.

f. If a collective lock-up or jam occurs, note indicated
torque, return the HYDR TEST switch to the center (both) position,
and land the aircraft. If the collective controls become abnorm-
ally stiff or jam, do not continue before correcting the cause
of the jam.

Procedure Evaluation

27. The MTF procedure has no absolute criteria to evaluate the
aircraft serviceability. Engine torque at operating rotor speed
is the best parameter available to correlate with collective
control limiting. A minimum calibrated torque of 85 percent
would permit continued flight after a single system hydraulic
failure at an OCE hover. This torque value would provide
sufficient power for the helicopter to unmask (vertical climb)
and transition to forward flight after a single hydraulic system
failure (wing stores jettison may be required). The lack of
minimum criteria in the MTF procedure is unsatisfactory. Minimum
criterion for No. 1 or No. 2 hydraulic system collective control
limiting should be established. The recommended minimum criterion
is 85 percent engine torque at 100 percent rotor speed.

28. The MTF procedure requires that the operation of the flight
controls be divided between the crewmembers. This reaulrement
increases coordination and workload because each crewmember must
keep the other crewmember informed of the flight control inputs

that will be made. The most difficult and critical portions of
the MTF procedure are the lift-off and touchdown. Alternate
procedures were evaluated that included initiating and terminating

the dual-pilot operation at an IE hover. The pilot operated
all flight controls during lift-off and touchdown. The MTF
objectives were accomplished and workload was reduced. If the
collective control is above the limit position when the single
hydraulic system is selected, the pilot should select both
hydraulic systems and land. A run on landing should be made if
hydraulic pressure is not restored to both systems. The division
of crew duties during takeoff and landing from a hover as required N

13



by the MTF procedure resulted in high workload and is unsatis-
factory. An alternate procedure is presented in appendix F and

should be incorporated in the MTF manual.

14



CONCLUSIONS

GENERAL

29. One deficiency was identified.

30. The current MTF procedure is unsatisfactory (para 28).

31. The test aircraft encountered single hydraulic system (No. I
or No. 2) collective limiting of upward travel whenever collective
actuator axial load was greater than or equal to the maximum

collective actuator output capacity (1050 +50 pounds) (para 11).

32. The helicopter was uncontrollable in a climb with indicated

torque greater than 62 percent and No. 1 and No. 2 hydraulic
systems depressurized, and the emergency system pressurized
(para 17).

DEFICIENCY

33. The collective control limiting after a single hydraulic

system failure (para. 23).

J.°.
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RECOMMENDATIONS

34. The deficiency listed in paragraph 33 should he corrected as
SASO~ RRAMPi.

15. A minimum criterion for No. I or No. 2 hydraulic system
collective control limiting should be established. The recommended
minimum criterion is 85 percent engine torque at 100 percent
rotor speed (para 27).

36. The alternate procedure presented in appendix F should be
incorporated in the maintenance test flight manual (para 28).

37. Paragraph 9-64 of the operator's manual, Hydraulic System
No. 1 Failure, should be changed as follows:

a. The following WARNING should be added:

WARNI NG

Do not lower the collective control until air-
speed is above effective translational lift.
A run-on landing should be accomplished.

h. The first step of the emergency procedure should be:
Wing stores - Jettison if sufficient altitude cannot be maintained
due to collective control limiting (para 23).

38. The following description of single hydraulic system collec-
tive control limiting should be added to chapter 8, section IV
of the operator's manual: "Test results show that collective
control forces are essentially unchanged below a limit position.
When the collective control is raised and the limit position
reached, the control movement is stopped abruptly. At the limit
position, the pilot perceives the collective control characteris-
tics to be similiar to reaching a control travel stop. If the
pilot exerts considerable upward collective control force, the
collective control may raise slightly. If a hydraulic system
fails and the collective control is above the limit position,
the collective control cannot be raised. If the collective
control is lowered, it cannot be raised above the limit position.
Dovnward collective creep should not be encountered after a single
hydraulic system failure" (para 23).

39. Paragraph 9-65 of the operator's manual, Hydraulic System
No. 2 Failure, should be changed as follows:

a. The following WARNING should be added:

16



WARNING

Do not lower the collective control until air-
speed is above effective translational lift.
A run-on landing should be accomplished.

b. The first step of the emergency procedure should be:
EMER HYDR PUMP switch - EMER HYDR PUMP position if sufficient
altitude cannot be maintained due to collective control limiting.

c. The second step of the emergency procedure should be:
Wing stores - Jettison if sufficient altitude cannot be main-
tained (para 24).

40. Paragraph 9-66 of the operator's manual, Hydratilic System
No. I and No. 2 Failure, should include a discussion regarding
the divergent, uncontrollable roll characteristics encountered
in high power climbs after dual hydraulic system failure and
probable corrective actions (reduction of power) (para 17).

41. The following note should be added to paragraph 9-63 of the
operator's manual, Hydraulic System Failure:

NOTE

Decelerate to SCAS off maximum airspeed

(100 KIAS) or less after a hydraulic system
failure (para 25).
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APPENDIX B. AIRCRAFT DESCRIPTION

GFNERAL

1. The AH-IS Modernized Cobra (MC) helicopter (photo 1) is a

tandem seat, two place, single-engine aerial weapon platform. A

three-axis Stability and Control Augmentation System (SCAS) is

provided with actuators limited to +12.5 percent authority.
The fuselage (forward section) employs aluminum alloy skin and

aluminum, titanium and fiberglass honeycomb panel construction.

Honeycomb deck panels and bulkheads attached to main beams produce
a boxbeam structure. These beams make up the primary structure

and provide support for the cockpit, landing gear, wings, engine,

pylon assembly, fuel cells, and tailboom. The nose section
incorporates a 20 MM cannon mounted on a universal turret and a

gyro stabilized telescopic sight unit. The tailboom is a tapered

semi-monocoque structure and supports the cambered vertical
stabilizer tail skid, elevators, and tail rotor drive system.
The A-I-S(MC) incorporates two fixed cantilever wings which have

a span of 129 inches (wing tip to wing tip) and a mean chord of
30 inches. The primary function of the wings is to provide
support for wing store pylons. Each wing has two pylons. The

inboard pylons are fixed and the outboard pylons are articulated

(pitch axis only). The outboard pylons are limited by the
operator's manual (ref 3, app A) to approximately 529 pounds.

Additional description of the AH-IS(MC) is contained in the

operator's manual.

POWFR PLANT

2. The T53-L-703 turboshaft engine is installed in the AH-IS(MC)

helicopter. This engine employs a two-stage, axial-flow free
power turbine; a two-stage, axial flow turbine driving a five-

staige axial and one-stage centrifugal compressor; variable inlet
guide vanes; and an external annular combustor. A 3.2105:1
reduction gear located in the air inlet housinp reduces power
turbine speed to a nominal output shaft speed of 6604.3 rpm at
100 percent N2. Maximum uninstalled engine shaft horsepower (shp)
is 1800 shp at a sea level standard day condition. When Instal led
in the All-IS aircraft the engine is transmission limited to 1294
shp for 30 minutes.

COLLECTIVE CONTROL SYSTEM

3. The collective control system (fig. 1) Includes the pilot and

gunner collective stick assemblies, tube assemblies, hell cranks,
and a dual hydraulic servo cylinder. The hydraulic servo cylinder

19
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To main rotor blade aft of
feathering axis

1. collective leverI
2. Hydraulic cylinder assembly : ..... , -
3. Cylinder support .

4. Hydraulic cylinder valve "
5. Tube assembly q'.. "

6. Droop compensator tube assembly ' '- ,,. :.

7. Bellcrank and support ., .-

8. Tube assembly .
9. Bellcrank b.. . , .

10. Tube assembly- .
11. Cover
12. Boot
13. Pilot coll-ctive control stick . a
14. Down - lock strap
15. Tube assembly "
16, Tube assembly
17. Boot
18. Gunner collecuve control sck"

Downward
Collective

Input

Arrow shows upward rd j Upward

collective input Collective

D~tIL Input

sEE DETAIL

'-10

4..-

"Figure 1. Colfertive Controls
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is connected to the collective lever which actuates the mast-
mounted scissors and sleeve assembly to control pitch of the main
rotor blades. The pilot collective control stick is on the left
side console. A support assembly at the base of the collective
stick houises the collective friction shoes, a collective lever,
and a throttle lever. Located between the base of the stick and
the top is a throttle friction nut, throttle grip, collective
friction nut, and a boot and support assembly. The pilot collec-
tive stick has a mechanical advantage of 1.1 to 1 ratio over the
gunner collective stick because of the difference in length.
The gunner collective stick is mounted on the gunner left side
and has only the essential functions of collective pitch and
throttle control.

HYDRAULIC SYSTEM

4. The AH-IS(MC) has three hydraulic systems identified as the
No. 1 system, the No. 2 system, and the emergency system (fig 2).
The No. I and No. 2 systems have similar reservoirs, transmissione
driven pumps, and module assemblies which contain system filters,
solenoid valves, relief valves, and pressure switches for the
caution lights. The emergency system has a reservoir, 28 VDC
electric motor driven pump, solenoid valves, filter, check valves,
and pressuire switch for the advisory tight.

5. Although the No. I and No. 2 systems operate the three main
rotor dual servo hydraulic cylinders (actuators), there is no
interconnection between systems. Each system has separate passages
and piston chambers Inside each actuator. In addition to the
main rotor actuator, the No. 1 system provides hydraulic power
for the single tail rotor actuator and the yaw SCAS actuiator.
The No. 2 system provides hydraulic power for the pitch and roll
SCAS actuators and the pylons for M65 TOW missile launchers
articulation. The emergency system can be used to provide
hydraulic power to the No. 2 system side of the collective actua-
tor when the No. 2 system is depressurized. The emergency hydraul-
ic system can also be used to articulate the TOW missile launchers
during ground maintenance checks and boresighting of the TOW
missile launchers.

6. During normal operation, hydraulic fluid is supplied from the
No. 1 and No. 2 system nonpressurized reservoirs by gravity feedj

variable displacement type to provide 1475 to 1525 pounds per
square inch (psi) output pressure and can provide up to 6.5

gallons per minute flow rate at 97% rotor RPM according to systemI
demand. Fluid passes from the hydraulic pumps through the resper-
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I
tlve module assembly pressure filter. The module assembly solenoid
bypass valve can also he used to divert system fluid back to the
reservoir if the pilot places the HYD TEST switch to the opposite
system. The HYD TEST switch which is located on the pilot engine
control panel is used to test the No. I and No. 2 systems. Holding
the switch in either the SYS 1 or SYS 2 position will cause that
system to be the only system supplying hydraulic power. A pressure
switch is also located on the output side of the No. I and No. 2
modules. Each switch turns off the appropriate hydraulic system
caution light at 700 to 900 psi when pressure is increasing and
turn the lights back on at 500 to 700 psi when the pressure is
decreasing. Hydraulic fluid is delivered from the module assemb-
lies to the three main rotor actuator other system actuators as
previously stated. Hydraulic fluid is returned from the servo
cylinders and actuators through the respective module assembly
return filter to the reservoirs. The No. 1 system contains a
1.0 cubic inch accumulator in the pressure fluid line between
the module assembly and the main rotor servo cylinders amd a
lockout valve in the return line from the main rotor servo cylin-
ders to the module assembly. The purpose of the accumulator and

lockout valve in the No. I system is to maintain hydraulic fluid
at approximately 650 psi trapped in the No. I system side of the
main rotor servo cylinders to ensure that the irreversible valves
remain full of fluid and free of air.

7. In the event of a loss of pressure in both No. I and No. 2
systems, the pilot can move the cyclic dual servo cylinders by

Iengaging the mechanical stops on the servo actuators and moving

the cylinders through direct mechanical coupling and internal
irreversible valves. Below 40 KIAS cyclic feedback forces become
uncontrollable with the Kaman K-747 rotor blades installed
(20 KIAS with the B-540 rotor blades installed). The pilot will
not be able to move the collective dual servo cylinder with a
total loss of hydraulic power. The EMER HYDR PUMP switch activates
the emergency hydraulic pump which provides 1100 psi output
pressure at the maximum flow rate of 1.0 gpm. The EMER HYDR
PUMP switches are located on the pilot miscellaneons control

A panel nnd on the gunnpr wing store jettison panel. The emergency
% sysItem wf II only provide hydraulic power to the No. 2 system
21# N h.. of the c o ('CtI sE Mervo. With only the emevrpv('y system

provliding hydrai lc power, the rate ot collective movement may
be slower than normal and there may be less than total travel
available. With a loss of No. I system, the pilot can move the
tall rotor servo cylinder through direct mechanical coupling.
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MAIN ROTOR BLADES

8. The test aircraft is equipped with Kaman K747 main rotor I
blades (MRB), Part No. K747-003-205. For reference purposes, a
comparison will be made between the K747 and B540 MRB. Collective
control limiting has not been reported on helicopters equipped
with the B540 MRB. The B540 MRB utilizes a symmetrical, constant
chord airfoil section with a 2024 T4 aluminum spar and nomex
honeycomb core. The K747 MRB has a multicell filament wound
fiberglass spar, a nomex core afterbody and a Kevlar trailing
edge spline, all enclosed by fiberglass skin. At the inboard
end, cheekplates carry blade loads to an aluminum adapter which F
attaches the blade to the AH-I rotor hub using the standard hub
pin. The K747 MRB has the same radius and essentially an equiva-
lent solidity as the standard B540 MRB (0.0625 as compared with
0.0651 for the B540) although the blade planform is changed. The
blade linear twist is increased from -10 degrees to -12 degrees
and a nonsymmetrical airfoil shape is employed. The blade weight
and stiffness distribution for the K747 were designed to match
the dynamic characteristics of the B540.

9. The K747 MRB airfoil shape is based on a family of airfoils

developed by the Boeing Vertol Company. Planform dimensions are
shown in figure 3. The outer 15 percent of the K747 MRB is
tapered in thickness and planform with a tip chord of 0.83 foot.
The airfoil design varies from blade tip to blade root as follows:

r/R (Blade Radius Station) Airfoil Design

From Tip to 0.85 8% thick Boeing Vertol VR-8
From 0.95 to 0.67 Li nmnr TraniItion tn 127% thick VR-7
From 0.61 to 0.25 12% thick Boeing Vortll VH-1
From 0.25 to 0.18 Gradual hiitdup to 25% by cheekp1ates

The AH-1S hub with hub pin is located at r/R = 0.15. There is

an attachment adapter fitting and drag brace between the pin and
the end of the blade.

PRINCIPAL DIMENSIONS

10. The principal and general data concerning the AH-IS(MC)
helicopter are as follows:
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Overall Dimensions

Length, rotor turning 53 ft, I in.

Width, rotor turning 44 ft
Height, tail rotor turning 13 ft, 9 in.

Main Rotor (K747 MRB)

Diameter 44 ft
Disc Area 1520.53 ft2

Solidity 0.0625
No. of blades 2

Planform Trapezoidal chord 30.0"
tapering to 10.0" at tip

Blade twist -0.556 deg/ft
Normal main rotor speed 324 RPM (100%)

Tail Rotor

Diameter 8 ft, 6 in.

Disc area 56.75 ft2

Solidity 0.1436
Number of blades 2

Rlnde chord, constant 11.5 in.

Blade twist 0.0 deg/ft

Airfoil NACA 0018 at the blade
root changing linearly
to a special combered
section at 8.27 percent
of the tip

Tail rotor speed 1655.1 RPM (100%)

Fuselage

Length, rotor removed 44 ft, 7 in.
Height:

To tip of tail fin 10 ft, 8 in.

rround to top of mast 12 ft, 3 in.
Ground to top of transmission

fairing 10 ft, 2 in.
Width:

Fuselage only 3 ft

Wing span 10 ft, 9 in. 77M
Skid gear tread 7 ft %

Flevaior:
Span 6 ft, 11 in.
Airfoil Inverted Clark Y

27
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Vertical Fin:

Area 18.5 ft2

Airfoil Special cambered

Height 5 ft, 6 in.
Wing:

Span 10 ft, 9 in.

Incidence 17.0 deg

Airfoil (root) NACA 0030

Airfoil (tip) NACA 0024
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APPENDIX C. INSTRUMENTATION

I. In addition to, or Instead of, standard aircraft Instruments,
required test instrumentation was calibrated, installed, and
maintained by the US Army Aviation Engineering Flight Activity.
An airborne data acquisition system utilizing pulse code modula-
tion (PCM) encoding was employed during these tests. Magnetic

tape was used to record the PCM data aboard the aircraft. Telem-
etry transmission of PCM data from the test aircraft to the real
time data acquisition and processing system van was utilized.

2. A boom extending forward from the nose of the aircraft incor-
porated an angle-of-attack sensor, an angle-of-sideslip sensor,

and a swiveling pitot-static tube.

3. Two non-standard hydraulic test (HYDR TEST) switches were

installed in the front cockpit to allow the No. I and/or the

No. 2 hydraulic systems to be disabled by the copilot (fig. 1 and
photo 1).

4. The collective boost tube axial load instrumentation instal-

lation is shown in figure 2 and photo 2.

5. The senttive instrumentation nnd related special equipment
IngtnIld Inrlo d the following:

111lot Itation and Instrument Panel

Angle of sideslip
Airspeed (boom)

Altitude (boom) .. -
Lateral acceleration

Copilot Station and Instrument Panel

Instrumentation controls and displays including an event switch

and time code generator

Recorded Data (PCM)

Collective boost tube axial load

Time

Event copi lot

Record number
Main rotor speed
Fngine torque pressure
Engine power turbine speed V
Gas generator speed

29
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Airspeed (ship)
Attitude (ship)
Airspeed (boom)

Altitude (boom)
Outside air temperature
Fuel flow

Fuel used
Angle of attack

Angle of sideslip
Pitch attitude
Roll attitude
Yaw attitude
Pitrh raite
RnI rate
Yaw rate

Longitudinal control position
Lateral control position
Directional control position
Collective control position

4Longitudinal SCAS actuator position
Lateral SCAS actuator position
Directional SCAS actuator position
Center of gravity accelerations

Longitudinal
Lateral
Vertical

Main rotor flapping angle

30
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Copilot Instrumentation
Panel

C12CC20 HydrTest DC CIRCUIT BREAKER PANEL

Sys Ss CU

EMRlO CONT 2P rA12

AS 1- . I 1
NO 2HYDR A 0A2C2O? C~

PESS B WBA22N1 CNCOTA2S 20A I

"YDA TEST

" 2 C3A - [ AN320

.F n C f?2D IF Cu iO- -

I IV A JI 'I4 l 61110 W B 'B _ --

.CR S0-ll O 0 - **IAZ2 TBiI SE E CAUTION LIGHTS

- 101167822 TO BA3l U DIAGRAM

1 1 5
... B. 1

A
1 

-C14820

[j]2 BYPASS SOL

HYD SYS
NO 2L '0991 A1 ! ......

Ngo I'IN

FIL-1 BYPASS SOLHYD SYS

NO I

Figure 1. Non-standard Hydraulic Test Switches Wiring Diagram I,
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Boost Tube
Collective

8.*00

(CD).7-

Gage Type: EA 06 125TB 35W

Resistance: 3500

Calibration Range: 0-2000 Pounds (Tension)

Figure 2. roLtective Boost Tube Axial Lond Instrumentation Installation
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

PRETEST CHECKS AND CALIBRATIONS

i. The following pretest checks and calibrations were accom-

plished by USAAEFA personnel. The current pitot-static system

calibrations, fuel cell calibrations, and weight and balance

data were used.

Hydraulic System Check

2. The helicopter hydraulic systems were checked in accordance

with (lAW) the maintenance manual (ref 5). A ground check with

a hydraulic test stand and operational check utilizing helicopter

power was accomplished.

Rigging Check

3. A collective control system rigging check was performed.

TAW the MTF to determine collective control breakout force.

HYDR TEST Switches Operation

4. The non-standard HYDR TEST switches installed at the copilot

gunner station were operationally checked in the same manner as
the production HYDR TEST switch. Additionally, the installation

was evaluated for electro-magnetic interference with other Instal-

led aircraft equipment and instrumentation.

CONTRO, ]AIMTING; ASSESSMENT

The No. I ,iid/or No. 2 hydritolic ystem(s) were H lec'ted ON
or F l' by uqc of the non-4 t and rIrd IYIDR TEST switches In th c

front cockpit at a collective control position below the point

where control limiting was likely to occur. The pilot in the
rear cockpit operated all flight controls. Points at which

control limiting occurred were noted and related to collective

actuator output loads, airspeed, attitude, gross weight, rotor

speed, normal Load factor, engine torque, collective control
position, colLective control force and coIlective control input

rate.

, qTMI.ATFP HYDPAIL[IC .SYqTEM FATIIRFS

-77

to ; n f I l lht WMoC , A4 d ef I rm in d bv the pr-vi uut is t , coolld

he made after a simulated single (No. I or No. 2) hydraulic system
failure in an OCF hover or at the maximum airspeed for level

35

1 %
x" ~ ~ ~ P N" " ""'j m. . . !...Z %. . ...



flight (VH), as limited by maximum continuous power or the
operator's manual limits. A major difference between these and
the previous tests was that a hydraulic system could be disabled
with the coliective control at a position greater than the point
at which control limiting occurs. Any characteristic of collective
control to creep was noted. If downward collective creep was
encountered, the test would be repeated and the effect of rotor
speed reduction investigated. The test was first performed with
the No. 1 hydraulic system only, then with the No. 2 hydraulic
system only. The test was to be terminated if altitude could
not he maintained because of collective control limiting, an
aircraft limit was reached, aircraft handling qualities were
unacceptable, or recovery was necessary.

MTF PROCEDURE

7. The procedures were performed using production switches and
controls.

*1~ DEFINITIONS

Qualitative Rating Scale

8. A Handling Qualities Rating Scale was used to augment pilot
N comments and is presented as figure 1.

Deficiency

9. A defect or malfunction discovered during the life cycle of
equipment that constitutes a safety hazard to personnel; will
result in serious damage to the equipment if operation is contin-
ued; indicates improper design or other cause of an item or
part, which seriously impairs the equipment's operational
capability.
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APPENDIX E. TEST DATA

INDEX

Figure Figure No.

Single Hydraulic Characteristics,
Density Altitude Effects 1

Single Hydraulic Characteristics,
Main Rotor Speed Effects 2

Single Hydraulic Characteristics,
Gross Weight Effects 3I

Single Hydraulic Characteristics, #1 and #2
Hydraulic System Comparison4

Single Hydraulic Characteristics, 5
Load Factor Effects

Dual Hydraulics OFF High Power Instability 6
Simulated Hydraulic Failure from OGE Hover 7 and 8
Simulated Hydraulic Failure from VH 9 and 10

38

L -. L



4DENSITY.: TI UQE EF ECTS i I-
iT ~ ~ H-tS M~~~bERNXIZED COORA itlSA/O-831

N~iTY~ ~ Lou~jTUD NAL MI OO
'COH LT1 .IE~ ( LICAT ON SPEED

(f--p (f (RPM) 7j4-*j790-1 0120 .1 20-12140 197.6-200.3 :310-32S

SiffU FT_ DDITY ALTITUDE CDLLECTIVE LIMIrtN POINT 1 17
on e#FT D>ENSITY kLTITV'E COLLECTIVE LIMITING. PoiNrl

124m WFT- &I-T NLrTI-UD COLLECTIVE LMlING
X EOTES TEST POINT LIMITED BY TORQUE

* t--4-
NOTES: I.- I DENOTES MINIMUM AND MAXIMUM OSCILLATORY PEAK~

2. 41 OR 02 HYDRAULIC SYSTEM DEPRESSURIZED t- T
44 ...... t 4 8

X X A XI ---

XG'

7- i~ xx X

CA: 29

go xe

-4 -. 70

1 ---- i 200 e

. 2G .. ...... T

t o w - --- -

We-

a~es-4 I....

-- CAL.LBFATE0 AIF SPJEE CINOTS)

4*** *4 . --. * .r.. ... ...-.-... -



... MA RTO S-E ECS.
)EPi ZED k~ A(140 JSX t/H 19423!

M I DOENSITY: LDN.I..J....
ALTtID M LOCATI

7 C g7X MA RR3OR!SPEED CbLLECTIV LI ITI GP.6
)k &NO T W.O L1rlITEb BY: TDOUE AND/OR t t L~I~

NOTE _D=E.MINIMU MAI 2CILLATORY PEAK
it O #2 HfAPUTrCS STEMOERIESPURIED

-x Xe4 X x .

3 XX%

XK 4

Pit Fe

13-

............................................. ....- .. ...

Oweee j --- -- -- 1
------ ...--. * -

t II~I II 1t L77

{r~- r~ L;

III .



'FR STI

~~~41 tt -I!O YEA

2 9

- ~~~V I i - I K

2. 16 Er4 -

7 . .

IN.

*1*

too .00 . . .

X ise

------- Lm ee -

tT70 .4.4.

.I .........

f X

------ .......

w X.

... .. ..... 1 .I 1i
...... ...

... .. . . ..... -----



- - - r w' ------- , v~ v . r U-an-

T SNP K~Y!RA IC ATE*STWS
It &12 RUt.I SY TFm CoMPARISON ; .

P17-I CO~ Z(~OC~ JSA _ 9l4?3 I
r GI~S ~ ESIY ONGtTU~tNAL MAIN AOTC*

H r WEIGHT ALTItUDE1 CG LOCATION t NPE

o2vHYRAULIC~ SYWEN' DEPJESSLPIZMD LIMITING'POINT
C) # I YDRAULIC SYSTEM: DEPRESSURIZED, LIMITING POINT

#2 HYDOA4LI SYSTEJ+ DEPRESSURIZED, TEST- POINT L-IMITED
BY TORQUE ANO/Ok TGT LIMITS

X #*I HYDRAULIC SYSTEM DEPRESSUJRIZED, TEST POINT LIMITED
BY TORQUE AND1O0 TGT LIMHITS'

NOTE DENOTES MINIMUJM AND MAXIMUM OSCILLATORY PEAK-

N-P.~cr 0 e- .

70J

2e-r

2 T

free-

v.... Be

44 T .....

. .... ..... . .

J_
* I I pA



LO D F*llOR F FF CTj*A I !jS" CT Jp~1
-- ~~J~ t c iM2igb OO

01>E~MA~P~ Z-DCD~(C sSN-

%7 ~~ SOLETV LI 4IAL:MINRe

lOB - TOROJE ANP4) TGT'LIMITINM1U9

S1488-

IL

-a-

NOE CDNOE*eeU: N AIU

jr 1

1800

44

L a8 i~ . -



-,~~ SA,-

4 II I

L" 1- ( 1

I T/

in w
4-AS I) T)

W~~~ L-VMh~'2 I Z- 4-
44~



- $

T-

(S 1I
F-.

o i V.< < KH L

.,, A -
CI 0 IN 0

- 1 -1 UW8AN

0 NINiE) (3S00 () N -1 --- -MK-- 1
avlii' 1N nii F-----kl(

--I -r---- T --- - 1

4, (3S/030) C9)30) (1Li TTlr~U NID

r T r r r r T V r I I V
ci OD (o I

NI (SIONA) cin NO liv m
04O YTu widi& ND) (f3dSdIV (930) (It'TU 14Jtu NI)
JC)iILESOd XOiI1'OO G331V~fIiV3 3(nUIliV NDIIISCd -MiO

3AFr7-0 45 H- ~ IVI - ;:



I IF

t--Y

K- r+ P zbv
LLJ

V)

o< 1

0) i -- iI

A -Ii 1

(Si" (.- TT1 -O N--' -H)
91)O 3Ill i

9. -- -- ±- - - - - - T- ---- ---

16 d 11 i
(i~)) IdS033 (93(l c1-1 i U u NJ)

CNIi ) a3ds "iXiG) NOMISOd MdJiN(JO

3NTOPG 7Ii~ 1-10 - 1 I i

r r r r I1 r r 1 r 1 r r r T -- I r- T -T T 1 --

NO d N(1 dn N43 .JV ym
(N (lC-TU3 )dA NI) c 3/0-3') co3C) (CGI TUi W4Jd NI)

NDLSdldNO31IM 3jmliiV NDIiISCd UdL?'*fN
3AI1 3Tfl3 HOld HO~ld -wbnii-cm-1

46



7-p

Fl [
NO- II

T_ yr- 1 h

I --- 4

L,~- <1 018

HH

H LL -y L I

i-i -. rn.

co 4 -- 8<I ' <,
H-I LI

L_ d
(33S0K0 (00 N-S~ f-MiD

CIVI- -Tix ,M--1- -v

-r-- - r- r~ --- r---T -

ld 11T1 l
INDN 7 <8--18IV~i

rD - r T--rOD (D c~j ( ID ;JVyI
CNI1n 0J N) (ZS/ENA) (03 (OMA 11rL LOdA N

NoillswCS(J -(dNO (:3S8V3nii OIiISOd -EdINdO
-j101m o (OIlJ S) IVO 3miIii -W1CNd -1

d~Oi VIXV WA 47



-4--T-j -j K

CID

CID

n-jj <0 CD

<I %
H LL

C)i

>~ H -j

*~i- -1Cn wo,! N-t-- II -

(N*SN3 e7) -alli TVOI)8C

H1o- -- I-x (G --olv M-

1- r T -i-, '- - r, -- I'

I C~d COS/5xJ)) COJXC) L -?-IAo WOU IND

3rX (N dSNi 81 31dI -4miuiv J ~IW -1iN

r-- T -1 -- r- r - -T r I r T T T 1 r -T- - r - I

C1Jd NO cV NC j Oi IV iim(N 1r 0jN) (0351930) (91)(IA IYU WO-U& IND
No l oi~m 4J 3aiJi N4ilSd OdTOO3A~~i3rn7iso Huld -ll

r ~ T F1 r t T C r r 1 r r -41-



APPENDIX F. MAINTENANCE TEST FLIGHT PROCEDURES

LA
I. HYDRAULIC SYSTEM #1 HOVER CHECK - Plan the test so that torque
required to hover at 5 foot is approximately 80 percent. Stabilize
at 5 foot hover, transfer collective and throttle control to the
Cop Ilot . Pilot Will place the hydraulic control switch to the
#1 test position. Note illumination of the RASTER CAUTION and
#2 HYDR PRESS lights. The PITCH and ROLL SCAS switches should
disengage. Check that the cyclic and pedals move freely. if
the collective control is above the limiting position when the

4.-single hydraulic system is selected, the pilot should select
both hydraulic systems and land. A run on landing should be
made and appropriate emergency procedure followed if hydraulic
pressure is not restored to both systems. Copilot will gradually
increase collective to 85 percent calibrated torque. The rate of
collective movement should not exceed a rate necessary to produce
a smooth, controlled moderate ascent. When 85 percent torque is
reached, copilot will adjust collective to maintain a stabilized
hover. Pilot place the HYDR TEST switch to the center (both)
position. With hydraulic pressure restored to both systems

4. control of collective and throttle will be transferred to the
pilot. Pilot will reduce collective for a normal descent and

Jlanding. Reengage the pitch and roll SCAS channels when the
No-Go lights are extinguished.

CAUr [UON

Xt';3hiJ lf1IYI) SYS I wit pedn 1(0 force u pplII d
may restilt in exces.91v yaw rate or over-
torque.

2. HYDRAULIC SYSTEM #2 HOVER CHECK - Stabilize at 5 foot hover,
transfer collective and throttle control to the copilot. Pilot
will place the HYDRAULIC CONTROL SWITCH to the #2 test position.
Note illumination of the MASTER CAUTION and #1 HYDR PRESS lights.
The yaw SCAS SWITCH should disengage. Check that the cyclic

Vmoves freely and that the pedals are stiff, but moveable. If
the collective control is above the limiting position when the

.4. single hydraulic system is selected, the pilot should select
4.both hydraulic systems and land. A run on landing should be

made and appropriate emergency procedure followed if hydraulic
pressure is not restored to both systems. Copilot will gradually
increase collective to 85 percent torque. The rate of collective
movement should not exceed a rate necessary to produce a smooth,
controlled moderate ascent. When 85 percent torque is reached,
copilot will adjust collective to maintain a stabilized hover.
Pilot place the HYDR TEST SWITCH! to the center (both) position w

'4. at a stabilized OGE hover. With hydraulic pressure restored to
both systems control of collective and throttle will be transfer-



red to the pilot. Pilot will reduce collective for a normal
descent and landing. Reengage the yaw SCAS switch when the
No-Go light is extinguished.
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