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REPLY TO
ATTENTION OF

DRSAV-E

SUBJECT: Directorate for Engineering Position on the Final Report of USAAEFA
Project No. 82-07, Airworthiness and Flight Characteristics Test
t (A&FC) of the CH~47D Aircraft

SEE DISTRIBUTION

1. The purpose of this letter is to establish the Directorate for Engineering
position on the subject report. The objectives of this A&FC test were to
obtain helicopter performance and handling qualities data for the CH-47D
Operators' Manual and to determine compliance with the CH-47D Prime Item
Development Specification (PIDS).

- 2. This Directorate agrees with the report conclusions and recommendations,
N with the exceptions identified herein. Conclusions and recommendations are
- discussed by paragraph as indicated.

li a. Paragraph 94a. The engine governing system on the CH-47 helicopter with
.- the T55 series engines is sensitive to Ny and Nj system rigging and inherently
- allows rotor speed excursions. The rotor speed excursions are the result of the
. engine fuel countrol tolerances and the slope in the feedback system to the fuel
control. Previous luvestigations on the YCH-47D and the CH-47C with the
T55-L~712 engines and fiberglass rotor blades indicated that the power manage-
ment was sensitive to the fuel control rigging. The approved ECPs, DOOl Improved
Ny Control Box, D036 Alternate Nj System (Logic) and D050 Engine Comtrol (Nj)
Link Mod should provide lmproved governing characteristics, but primarily for
reliability reasons. Although undesirable, the rotor speed excursions are comn-
sidered acceptable.

b. Paragraph 94b. The high level of cnckpit vibrations at and above cruise
airspeed is a shortcoming. However, attenuation of the cockpit vibrations is
not planned due to the limited mission profile time spent above cruise airspeed,
the weight penalty aund the complexity of attenuation systems.

. c. Paragraph 94c. Boeing Vertol investigated the easily excited three axis
aircraft oscillations. Modifications were made to the AFCS to alleviate struc-
tural problems asscciated with the oscillations. While the AFCS modifications
solved the structural problem, the oscillations still exist. The oscillations
are most pronounced during high power maneuvers at light gross weight. Since
this condition is an infrequent occurrence and not a deficiency and further
design changes may not be productive, this shortcoming is counsidered acceptable.

d. Paragraph 94d. The lack of an aircraft intercom ON/OFF capability 1s a
shortcoming. However, the intercom system is standard GFE which 1s used Army
wide and no modifications are planned for the CH-47D.
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DRSAV-E
SUBJECT: Directorate for kngineering Position on the Final Report of USAAEFA

Project No. 82-07, Airworthiness and Flight Characteristics Test
(A&FC) of the CH-47D Aircraft

e. Paragraph 94e. The excessive rate of engine torque increase following a
failure of the CCDA is not considered a shortcoming. The CCDA failure wode per-—
forms per the specification requircments. The probability of encountering a
failure of the CCDA is remote and, when it occurs, it will result in a transient
torque or temperature limit exceedence which is controllable. No design changes
are plarned due to the low probability of occurrence and cost impact of a rede-
sign.

f. Paragraph 94f. Agree with the shortcoming relative to the barometric or
radar altitude hold feature. No design changes are planned for the CH-47D since
the copilot can operate the switch with relative ease and the pilot can operate
the system with the thrust control rod release.

g. Paragraph 94g. A helicopter internal cargo handling system product
improvement proposal has been approved and is scheduled for FY85 implementation.
This action should correct the lac'. of provisions lor easy loading and unloading.

h. Paragraph 94h. The uncommanded pitch oscillations during two wheel taxi
is a shortcoming. Changes to the Operator's Manual have been implemented which
allow the pilot to turn off the AFCS to eliminate the pitch oscillations.

i. Paragraph 94i. The unconventional position/nomenclature of the VHF AM/FM
radio sets is considered a nuisance rather than a shortcoming. It is imprac-
tical and too costly to change the design.

j. Paragraph 94j. The engine torque fluctuations in smooth air with the
barometric altitude hold feature engaged is not considered a shortcoming unless
the associated torque fluctuations in and of themselves create a flying quali-
ties problem and that seems not to be the case as is evidenced by the first sen—
tence of paragraph 87. Corrective action does not appear to be warranted.

k. Paragraph 94k. The lack of independent course deviation indicators for
each pilot is peculiar to the test aircraft. Fielded CH-47D aircraft have
course deviation indicators for both the pilot and copilot.

1. Paragraph 941. The restricted field-of-view from the crew chief posi-
tion fore and aft cargo hooks during tandem rigged load operations has been
demonstrated satisfactorily during testing at Fort Rucker. The crew chief is
required to wear a monkey harness while leaning through the cargo hatch to
observe the external load. There are no planned design changes.

m. Paragraph 94m. The lack of gunner seats for the M24 armament subsystem
is a shortcoming. An ECP submitted by Boeing Vertol in 1969 to add gunner seats
was rejected because the geat would block an emergency exit, would not allow
proper operation of the gun, and be cost ineffective.
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DRSAV-E

SUBJECT: Directorate for Engineering Position on the Final Report of USAAEFA
Project No. 82-07, Airworthiness and Flight Characteristics Test
(A&FC) of the CH-47D Aircraft

n. Paragraph 94n. Water leaking into the cockpit during flight in rain is
a shortcoming. Field experience has not indicated this is a problem. However,
field experience will be followed closely to determine if this problem deve-
lops.,

o. Paragraph %4o. The inability to ground taxi with power steering while
performing other cockpit tasks is a shortcoming. However, a design change 1is too
costly and the current system 18 considered acceptable.

p. Paragraph 94p. The shortcoming associated with the pilot's restricted
field-of-view of the turn and slip indicator should be corrected with ECP 027
(NVG Mod).

q. Paragraph 94q. A PIP 1is being submitted for FY 87 to remedy the lack of
an external load weight measuring sgystem.

r. Paragraph 94r. The inability of the Doppler Navigation Set to display
distance and ground speed in units of nautical miles is a shortcoming. The
equipment is GFE and no design changes are planned.

s. Paragraph 94s. The readability of the longitudinal stick position indi-
cator at night should be improved with ECP 027 (NVG Mod).

t. Paragraph 94t. ECP 035 (NVG Mod) extends the glare shield which should
improve the readability of the caution panel segment lights.

u. Paragraph %4u. The susceptibility of the longitudinal stick position
indicator to damage is a shortcoming. The indicator was added after the cockpit
design was frozen and is too costly to change.

v. Paragraph 94v. The obstructed field-of-view of the forward end of the
longitudinal stick position iudicator is a shortcoming but no design changes are
planned.

w. Paragraph 94w. The uncomfortable pilot/copilot seat 1s a shortcoming.
However, to change the seat design is cost prohibitive.

x. Paragraph 95. The shortcomings should be corrected as soon as prac-
ticable except as noted berein.

y. Paragraph 96. Release of flight controls would be required even if
engage/disengage switches were relocated unless placed on the cyclic or collec-
tive. Suct a change is cost prohibitive and is not considered warranted.
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DRSAV-E

SUBJECT: Directorate for Engineering Position on the Final Report of USAAEFA
Project No. 82-07, Airworthiness and Flight Characteristics Test
(A&FC) of the CH-47D Aircraft

3. The CH-47D helicopter is considered qualified based on all the testing
accomplished by AEFA and the contractor. Any expansion of the gross weight,
center of gravity limits or incorporation of additional subsystems will require
further flight testing to substantiate airworthiness.

FOR THE COMMANDER:
el e

RONALD E. GORMONT
Acting Director of Engineering
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INTRODUCTION

BACKGROUND

1. The Boeing Vertol Company (BV) designed, fabricated and
completed the necessary qualification of modernized components
that upgraded previous Model CH-47 helicopters to the YCH-47D,
BV conducted flight testing of the YCH-47D 1in accordance with
the Airworthiness Qualification Specification, BV Document
No. 0210-10925-1. Additionally, the US Army Aviation Engineering
Flight Activity (USAAEFA) conducted two Preliminary Airworthiness
Evaluations (PAE) (refs 1 and 2. app A), climatic laboratory
tests (ref 3), and icing tests (ref 4). The US Army Aviation
Research and Development Command (AVRADCOM) tasked USAAEFA to
conduct an Airworthiness and Flight Characteristics Test (A&FC)
of the production CH-47D (ref 5) to verify compliance with the
requirements of the Prime Item Development Specification (PIDS)
for the Model CH-47D helicopter (ref 6) and obtain detailed
flight test data for the operator's manual (ref 7).

TEST OBJECTIVES

2. The objectives of the CH-47D A&FC were to determine contrac-
tual compliance with selected portions of the PIDS and to obtain
detailed flying qualities and performance data for the operator's
manual,

DESCRIPTION

3. The CH-470 iz a modernized version of previous model CH-47
tander-rotor helicopters designed to provide air transportation
for general cargo and troops within the combat area. A detailed
description of the CH~47D is contained in the operator's manual,
the PIDS, and in appendix B. Aircraft serial number 81-23383 was
used for this evaluation.

TFST SCOPE

[« The A&FC tests were conducted in 132 flights for a total of
148.8 hours, of which 105.4 were productive. Testing was conduc ted
in St. Paul, Minnesota (elevation 704 feet), Edwards Air Force
Base (elevation 2302 feet), Bishop (elevation 4120 feet) and
Coyote Flats (elevation 9980 feet), California. Tests were flown
between 25 January and 13 December 1983. Instrumentation was
installed and maintained by BV. Data reduction and aircraft
maintenance were the responsibility of USAAEFA. The tests were
conducted in accordance with the test plan (ref 8, app A) and

-




within the flight restrictions contained in the operator's manual
and the airworthiness release (ref 9). Hanrdling qualities
resul ts were compared <o the requirements of the PIDS. Sufficient
perforrance data were gathered to check the guarantees in the PIDS
and to generate the performance section of the operator's manual.

5. Performance testing was conducted over a wide range of weights,
altitudes, temperatures, and rotor speeds as presented in applic-
able sections of this report. Handling qualities were conducted
at two target gross weights (41,000 and 50,000 pounds). At
41,000 pounds both forward and aft longitudinal center of gravity
locations were tested. A rotor speed of 100% (225 rpm) was used
for all handling qualities tes>ting. Further handling qualities
test conditions are presented in the applicable sections of this
report.

TEST METHODOLOGY

6. The test techniques utilized were standard engineering flight
test techniques (refs 10 and 11) and are briefly described in
anpendix D, Qualitative ratings of the handling qualities were
Yased on the Handling OQualities Rating Scale (HORS) contaired
‘n appendix D. Vibration 1levels were qualitatively evaluated
using th. Vibration Rating Scale (VRS) contained in appendix D.

7. Data were recorded by hand, on magnetic tape onboard the
aircraft, and via telemetry to the Real Time Data Acquisition and
Proce sing System (RDAPS). A detailed listing of parameters is
contained in appendix C.




RESULTS AND DISCUSSION

GENERAL

8. Performance and handling qualities tests were conducted at
high-altitude and low-altitude test sites. Tests were conducted
to determine the hover, level flight, and auterotational descent
performance of the CH-47D helicopter. Handling qualities were
evaluared at 4;,000 1b and 50,000 1b. At 41,000 1b both forward
and aft longitudinal center of gravity (cg) locations were tested.
The CH-47D exceeded the hover, maximum level flight speed, and
the mission III range performance requirements of the PIDS. The
pressure refueling and AFCS heading select capabilities were
found to be enhancing features of the aircraft. No deficiencies
and 25 shortcomings were found. The most significant shortcoming
was the engine speed governing system which allowed large rotor
speed excursions with changes in power setting or airspeed.
Also significant were the high level of cockpit vibrations at
and above cruise airspeed, and the ecasily excited three—axis
alrcraft osciliation caused by differential rotor torque oscilla-
tions.

PERFORMANCE
General

9. Tests were conducted to determine the hover, level flight,
and autorotational descent performance of the CH-47D helicopter.
This information was then used analytically to determine compli-
ance with certain portions of the PIDS. The performance require-
ments in the PIDS (ref 6, app A) were verified using the power
required information determined during this test and power
available obtained from the Lycoming computer program number
LS 19.31.51.13 dated June 1983 using installation losses from BV
document number D210-11920-1 dated 9 June 1982, The CH-47D
exceeded the hover, maximum level flight speed, and the mission
TII range performance requirements of the PIDS.

Hover Performance

10. Hover performance tests were conducted at the conditions
presented in table 1. The tethered hover method described in
appendix D was used. Results are presented in figures 1 through
10, appendix E.

11. The aircraft is able to hover out-of-ground effect (OGE) at
53,950 pounds at sea level on a standard day using maximum contin-
uous power on both engines. This performance exceeds the PIDS
guarantee of 50,000 pounds by 7.9%.
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-‘: Table 1. Hover Performance Test Conditioms
'..':-'_ Wheel Pressure Altitude Referred Rotor
G Height Range Speed Range
(ft) (ft) (RPM)
= 2060 212 - 227
5 4120 - 4140 214 - 229

:'-: 9700 219 - 234

10 2060 214 - 229

9700 219 - 234

. 20 - 2060 215 - 230 ,
2120 216 - 232

O 50 4000 - 4020 225 - 229
9540 219 - 232

- 100 9540 217 - 233

o 560 230 - 250

e 150 2060 220 - 237 \

’ 4100 - 4400 212 - 233 4
- 9620 - 9900 215 - 234

- 4
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Level Flight Performance

12. Level flight performance tests were conducted at the condi-~
tions shown in table 2. The method of test is described in
appendix D. Fipures 13, 14, 18, 19, 29 and 30, appendix E present
nondimensional data gathered at three values of referred rotor
speed (215, 225, and 245 rpm). Range summaries are presented in
figures 11 and 12. Figures 15 through 17, 20 through 28, and 31
through 33 present the dimensional 1level flight performance
data gathered during this test.

13. Figure 1 presents level flight performance calculated at the
PIDS guarantee conditions. The PIDS specifies a maximum level
flight airspeed of 155 knots true airspeed (KTAS) at sea level
standard day conditions. The actual performance (162.5 KTAS)
exceeds this puarantee by 7.5 KTA3. The YCH-47D PAE testing
(ref 1) found only 157.5 KTAS capability. The difference
between PAE and A&FC results is primarily caused by increased
power available rather than decreased drag since the previous
test. During the PAE the Lycoming Engine Specification No. 124.53,
dated 19 November 1975, was used to determine power avallable.
The current power available data is based on a 1983 Lycoming
computer program (see para 9). This later program specifies a
higher maximum continuous power rating. Figure 2 presents level
flight data at a thrust coefficient of 0.0055 and at three values
of referred rotor speed. As can be seen in the figure, the
highest referred rotor speed significantly degraded the 1level
flight performance.

Autorotational Descent Performance

14, Autorotational descent performance data were obtalned at
gross weights of 33,720 and 47,880 pounds at approximately 1002
rotor speed. Data were obtained by stabilizing in autorotational
descents at incremental alirspeeds between 50 and 120 knots
calibrated airspeed (KCAS). The rotor speed for winimum rate of
descent was obtained by stabilizing at various autorotational
rotor speeds while maintaining approximate minimum rate of
descent airspeed. The data are presented in table 3 and
figures 34 through 36, appendix E.
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FIGURE 1
LEVEL FLIGHT PERFORMANCE
CH47D USA S/N 8i--23383
LYCOMING T55-L-712 S/N 71224 & 71226

GROSS LONGITUDINAL PRESSURE OAT ROTOR cT
WEIGHT CG LOCATION ALTITUDE SPEED

(LB) CFS) CFT CDEG C> (RPM)
33000 330. 1 (MID) ZERO 15.0 225 9.094915
NOTES : N/V8 = 225.9 RPM.

'
2" BALL-CENTERED FLIGHT.
3. SHP REQUIRED OBTAINED FROM FIG. 18 AND 19,
APPENDIX E.
4. SHP AVAILABLE OBTAINED FROM ENGINE MODEL
SPECIFICATION T55-L-712 FILE NO. 19.31.51.13
DATED 27 JUNE 1983.
8000
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FIGURE 2
ROTOR SPEED EFFECTS ON LEVEL FLIGHT PERFORMANCE
CH-47D USA S/N 81-23383
CT = 0.09055

NOTE: CURVES OBTAINED FROM FIGS. 13,14,18,189,
29 AND 38, APPENDIX E.
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Figure 3. Mission III Performance
MISSION III: Ambient Conditions — 4080 Ft/9SDeg F.
TAKEOFF & - CRUISE OUTBOUND WITH
HOVER OGE INTERNAL PAYLOAD
G |CRUISE INBOUND WITH| _. |TAKEOFF & 4
INTERNAL PAYLOAD | —~ |HOVER OGE
{ §
WARMUP LAND WITH 8@ MIN, WARHMUP | |LAND & OFFLOAD.
L FUEL RESERVE @ 99 : TAKE ON 50X OF
TAXI MAX. RANGE SPEED TAXI OUTBOUND PAYLOAD

———{SORTIE RADIUS = 108 NM |-
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Table 3. Autorotational Descent Performance
Minimum Rat.- Minimﬁa-ﬁgfg—r——_—-_--——_mh—--—y-
Average Gross of DNescent of DNescent Maximum Glide
Weight Ajirspeed Rotor Speed NDistance Airspeed
(pounds) (KCAS) (rpm) o (xcAs)
33,720 76 Not determined 106
47,880 90 224 111

15. The autorotational rate of descent was 2300 to 2500 feet per
minute (fpm) at the minimum rate of descent airspeeds and approxi-

mately 2700 fpm at the maximum glide distance airspeeds. Desired
rotor speed in stablized autorotation was maintained 2 rpm
with moderate effort (HQRS 4) at airspeeds above 70 KCAS. Rotor

speed control was extremely difficult at lower airspeeds. The
autorotational glide distance charts and recommended rotor speed
in the operator's manual are sufficiently accurate for operational
use. The autorotational descent performance is satisfactory.

Mission Performance

16. The mission TIT performance requirements of reference 6 are
shown in figure 3. Table 4 shows a comparison of the PIDS guaran-
teed mission ITI performance to the actual mission TIT perfor-
mance. The actual fuel reserve remaining at the end of the
mission TITI profile is 1331 pounds which exceeds the required
1219 pounds. The mission ITT performance of the CH-47D exceeds
the requirement of the PIDS.

HANDLING OUALITIES

General

17. Handling qualities of the CH-47D were evaluated at 41,000 1b
and 50,000 1b. At 41,000 1b, both forward and aft longitudinal
cg locations were tested. All tests were flown at a mid lateral
cg location., Unless otherwise noted, the aircraft was tested
with the heading select and altitude hold modes of the AFCS
disengaged. The single—polnt pressure refueling and AFCS heading
select capabilities were found to be enhancing features of the
aircraft. No deficiencies and 25 shortcomings were found. The
most significant shortcoming was the engine speed governing
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Table 4. Mission II1 Performance i—*

i B %
- PIDS Guarantee Actual Performance e
- Gross Fuel Gross Fuel <
Weight Remaining Weight Remaining l

Item (1b) (1b) (1b) (1b) .

Engine Start 44,000 5239 44,000 5239 i

. Engine warmup and taxi 43,916 5155 43,916 5155 .
Cruise outbound 100 NM 41,814 3053 41,901 3140 3

Land and offload 50% of load | 34,450 3053 34,537 3140 :

Engine start, warmup, taxi 34,366 2969 34,453 3056 "

Cruise {inbound 100 NM 32,616 1219 32,728 1331 B

L

NOTE: Pressure altitude = 4000 feet, air temperature = 95 degrees F .

- 5
o X

Lp——
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system which allowed large rotor speed excursion with changes in
power setting or airspeed. Also significant were cockpit vibration
levels at and above cruise airspeeds, and the easily-excited
three—axis aircraft oscillation caused by differential rotor mast
torque oscillations.

Flight Control System Mechanical Characteristics

18. Control forces were measured on the ground with the rotors
static and external units furnishing AC electrical power and
utility hydraulic pressure. The number 1 and 2 ;| .wer transfer
units provided flight control hydraulic pressure. Control forces
were measured with a calibrated hand held force gange, and were
qualitatively confirmed in flight. AFCS was off, and control
centering was engaged during all ground measurements. The data
are presented in figures 37 through 40, appendix E.

19. The longitudinal cyelic control was trimmed to the neutral
position (marked N) on the longitudinal cyclic stick position
indicator. The longitudinal breakout plus friction force was
2.5 pounds for both forward and aft displacement. The force
gradient for the first inch of travel from trim, both fore and
aft, was at Jleast equal to the breakout plus friction force.
The forward and aft longitudinal stick force gradients were
always positive (increasing force for increasing displacement
from trim) and approximately 1.0 pound per inch forward and aft.
The gradients were essentially linear, the control force for
maximum displacement was approximately 10 pounds for forward
travel and 9 pounds for aft travel. Longitudinal cyclic trim
freeplay was less than 0.1 inch. The longitudinal cyvelic control
force characteristics are satisfactory.

20. The lateral breakout plus friction force was 2.5 pounds for
right displacement and 2.1 pounds for 1left displacement. The
lateral force gradients left and right were approximately
1.2 pounds per inch with no objectionable discontinuities. Control
force for maximum displacement was approximately 9 pounds left and
right. Trim freeplay was less than 0.l inch. The lateral control
force characteristics are satistactory.

21. The directional breakout plus friction force was approximately
6 pounds for left displacement and 7 pounds for right displace-
ment. The force gradients were approximately 6 pounds per inch
left and right with no objectionable discontinuities. Trim free-
play was less than 0.1 inch. Control force for maximum displace-
ment was approximately 30 pounds left ani right. The directional
control force characteristics are satisr:ctory.

12
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22. The thrust control force characteristics were evaluated with
the Thrust Control Brake switch taped depressed, so that the
thrust control magnetic brake was disengaged. The breakout plus
friction was approximately 4.5 pounds when started from the ground
detent and moved upward and 1.5 pounds when started from the full
up position and moved downward. At the ground detent positiom,
approximately 1.4 1inches above full down, a spring opposes down-
ward movement of the thrust control. From the ground detent down-
ward breakout plus friction force was 9.0 pounds. The force
gradient was approximately 3 pounds per inch, and control force
for full down displacement ws approximately 15 pounds. Since
all static measurements were taken with the thrust control
rod magnetic brake switch depressed, the in-flight values were
increased by the amount of magnetic brake force when the switch
was not depressed. This combined force provided adequate in-flight
thrust control force characteristics. The thrust control force
characteristics are satisfactory.

Control Positions in Trimmed Forward Flight

23. Trim flight control positions were evaluated with both AFCS
systems on in conjunction with the level flight performance
tests at the conditions specified in table 2. Representative
data from light and heavy gross weights with forward and aft
centers of gravity are presented in figures 41 through 44. The
longitudinal control position gradient with airspeed was conven-
tional in that increased forward control position was required
to trim at Increased airspeeds. The gradient was approximately
one inch of longitudinal stick displacement per 80 KCAS and was
essentially linear. Lateral control trim changes were less than
3/4 inch; however, more lateral control trim variation occurred
with airspeed changes at the heavier gross weights than at the
lighter gross weights. Directional control trim changes were
negligible (less than 1/4 inch displacement throughout the air-
speed range tested). Pitch attitude remained essentially constant
from the minimum airspeed tested through 90 KCAS. The pitch
attitude became more nose-down as airspeed increased ahove
90 KCAS. Nose-down attitudes of 8 degrees were observed at the
maximum level flight speeds tested. Longitudinal, lateral, and
directional control position variation with c¢g 1location and
gross weight were insignificant. Pitch attitude changes with
collective inputs were negligible with both AFCS systems opera-
ting. The trim control position characteristics of the CH-47D
are satisfactorv.

Static Longitudinal Stability

24, Static longitudinal stability characteristics were evaluated
at the conditions listed in table 5. The helicopter was stabil-
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b Table 5. Static Longitudinal Stability Test Conditions

L Average Average Average Trim
H . Gross Longitudinal Density | Average | Calibrated
Weight | Center of Gravity | Altitude OAT Airspeed Flight AFcsl
(1b) (Fs) (ft) (Deg C) (kt) Condition | Condition
74 Level
40,620 312.7 (fwd) 4580 16.5 130
to to to to T Climb A
41,860 312.8 (fwd) 5040 17.0 93 { Descent
41,020 318.5 (fwd) 4780 23.0 74 A, B
to to to to 88 Level and
42,800 318.8 (fwd) 5460 24.0 129 C
38,820 318.7 (fwd) 4940 20.0 94 A, B
to to to to to Climb and
y 40,900 318.8 (fwd) 5460 23.5 97 | c
i L
- 40,820 318.5 (£wd) 4720 18.5 9% A, B
- to to to to to ! Descent and
S 42,520 318.7 (fwd) 5740 20.5 95 C
FL—..«-
!lq_ 73
- 41,380 345.0 (aft) 4820 20.5 130 Level
- to to to to Climb A
A 42,760 346.0 (aft) 5420 21.0 94 Descent
41,620 337.0 (aft) 4800 18.5 73 A, B
- to to to to 93 Level and
=~ 42,960 337.7 (aft) 5240 25.0 129 c
L 40,200 337.9 (aft) 4960 18.0 90 A, B
S to to to to to Climb and
n 41,700 338.9 (aft) 5520 22.5 95 c
39,500 338.7 (aft) 4880 17.5 92 A, B
A to to to to to Descent and
- 39,980 339.4 (aft) 5440 22.0 94 c
b 7
- 48,840 331.5 (aft) 4880 26.0 88 A, B
S to to to to and Level and
k" 51,040 332.3 (aft) 5200 27.0 110 c
47,680 332.4 (aft) 5000 25.5 A, B
to to to to 94 Climb and
48,420 332.6 (aft) 5520 26.5 c
48,220 331.5 (aft) 5400 93 A, B
to to to 22.5 to Descent and
49,380 331.9 (aft) 5540 94 c
—_ ] _ | N

NOTE: A = Both systems on, B = System No. 2 on, C = Both systems off
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ized in ball-centered flight at the desired trim airspeed and
flight condition. The thrust control was held fixed while
airspeed was varied *20 knots about trim in 5-knot increments.
Representative test results are shown in figures 45 through 68,
appendix E,

25, Dual AFCS static longitudinal stability, as indicated by the
variation of longicudinal cyclic control position with airspeed,
was positive (forward longitudinal cyclic control position at
airspeeds greater than trim). There were some nonlinearities at
ajirspeed variations greater than 10 knots from trim, but this
did not degrade the helicopter handling qualities. Control
force cues of longitudinal cyclic control displacement from trim
were adequate. Static longitudinal stability characteristics
were essentially the same during climb, descent and autorotation.
The maximum variation of lateral cyclic control position and
directional nedal control position with airspeed about trim were
approximately 0.4 inches and presented no problems in control of
the helicopter. Pitch attitude remained essentially unchanged
from the trim value. Desired cruise airspeed was easily main-
tained within *2 knots indicated airspeed (KIAS) in smooth air
with no pilot compensation (HORS 2). The dual AFCS static longi-
tudional stability characteristics are satisfactory.

26. Single AFCS static longitudinal stability was essentially
neutral at approximately maximum endurance airspeed (73 KCAS) in
level flight as airspeed was decreased from trim airspeed. Other-
wise single AFCS static longitudinal stability was similar to
dual AFCS static longitudinal stability. Maximum endurance air-
speed was easily maintained within #3 KIAS with single AFCS
by making small *1/4 inch 1longitudinal cyclic control inputs
approximately every 5 seconds (FORS 4). The single AFCS static
longitudinal stability characteristics are acceptable for a
degraded mode and ars satisfactory.

27. AFCS off static longitudinal stability was negative at
approximately maximum endurance airspeed (73 KCAS) and negative
to neutral at cruise airspeed (129 KCAS). Maximum endurance
airspeed could be maintained within #5 KIAS with AFCS off
only with considerable effort by making large (*1/2 inch)
longi tudinal cvelic control inputs approximately everv 5 seconds
(HORS 7). The helicopter was controllable with both AFCS off.
The AFCS off static longitudinal stability characteristics are
acceptable for a dual failure degraded mode.

Static Lateral-Directional Stability

28. Static lateral-directional stability characteristics were
evaluated at the conditions listed in table 6. The helicopter

15

AT

LI N
3 . PR
DRI

*e
.
AR

SR o

- -

R |

PR T
F

LN

'-' r—.:' J_‘I'-" :’ ‘-’!."-' ;’r‘r_.v') e, - .




Table 6.

Static Lateral-Directional Test Conditions

Trim
Gross Longitudinal Density Calibrated
Weight Center of Gravity Altitude OAT airspeed Flight AFcsl
(1b) (Fs) (ft) (Deg C) (kt) Coadition | Condition
73 T
38,680 312.5 (fwd) 4640 17.0 129 Level
to to to to Climb A
39,980 312.7 (fwd) 5280 17.5 94 Descent
- -
40,560 318.3 (fwd) 4780 23.0 74 A, B
to to to to 111 Level and
42,540 318.6 (fwd) 5400 24 .5 129 C
38,840 318.6 (fwd) 5060 18.5 93 A, B
to to to to to Climb and
40,140 318.8 (fwd) 5760 23.5 95 c
40,860 318.5 (fwd) 5180 18.5 94 A, B
to to to to to Descent and
42,280 318.7 (fwd) 5380 19.5 95 C
73
39,780 346.3 (aft) 4700 20.0 129 Level
to to to to Climb A
40,980 347.2 (aft) 5360 21.0 94 Descent
41,080 336.9 (aft) 4620 22.0 72 A, B
to to to to 113 Lev-l and
42,980 338.0 (aft) 5080 22.5 129 c
39,940 337.5 (aft) 5140 22.5 93 A, B
to to to to to Climb and
42,140 338.9 (aft) 6100 23.5 95 c
39,260 338.7 (aft) 5480 93 A, B
to to to 23.0 to Descent and
39,980 339.4 (aft) 5640 95 C
112 o
to
47,200 331.0 (aft) 4700 22.5 119 A, B, C
to to to to 72 Level and
50,400 332.0 (aft) 5640 27.5 to D
74
47,820 331.7 (aft) 5160 27.0 94 A, B
to to to to to Climb and
48,920 332.0 (aft) 5520 27.5 95 H (od
i

16
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was stabllized in ball-centered flight at the desired trim air-
speed and flight condition. The thrust control was held fixed
and sideslip angle was varied in approximately S5-degree increments
(left and right) while maintaining constant rotor speed and
airspeed. Representative test results are shown in figures 69
throrgh 93, appendix E.
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29, Nual and single AFCS static lateral-directional stability
characteristics were nearly identical. Static directional
stability, as indicatec »y the variation of directional control
position with sideslip angle, was positive (left pedal for right
sideslip angles) and essentially 1linear. Directional control
position varjation with sideslip had nearly the same gradient
for all dual and single AFCS forward flight conditions tested.
Dihedral effect, as indicated by the variation of lateral cyclic
control position with sideslip angle, was positive (left cyclic
control for left sideslips) and essentially linear. The gradient
of iateral cyclic control position with sideslip angle was
o primarily affected by airspeed. For a given sideslip angle,
- increased lateral cvclic control displacement from trim position
S was required as airspeed increased. Roll attitude variation
g with sideslip angle was wminimal at bhest endurance airspeed.
Sideforce cues in uncoordinated flight were not discernable at
bank angles less than *3°, which equated to sideslip angles
of approximately 15° left or right at 73 KCAS. The bank angle
gradient with sideslip increased as airspeed or engine torque
increased. Longitudinal cyclic control trim changes during -
steady heading sideslips were not objectionable and were chiarac- -
terized by a slight requirement for aft longitudinal cyclic
control as sideslip was increased left or right. Directional
control force was the first cue to the pilot of an out of trim
condition. Sideforces were uot a good cue to out-of-trim
) conditions except 1in high power climbs or high speed flight.
~ However, pilot workload required to maintain coordinated flight
‘{ with dual or single AFCS was quite low., The heading and bank
. angle hold features of the AFCS were disengaged during steady
ol heading sideslip maneuvers because the lateral cyclic and direc-
- tional pedals controls are out of the trim detent positions.
- NDuring cruise flight, with the controls in the detent positions,
the aircraft trim condition could be maintained within
. 1° of heading or bank angle, and *1/2 ball width with
" ) no pilot compensation (HORS 2). Dual and single AFCS static
a lateral-directional stability characteristics are satisfactory.
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30. AFCS off static directional stahility was essentially neutral
in level flight (no directional pedal control position variation
with sideslip angles) and was neutral to positive in climbs and
neutral to negative in descents. AFCS off dihedral effect was

.
L
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the same as during dual or single AFCS flight. The requirement
for aft longitudinal control increased durinyg AFCS off flight as
left sideslip increased to a maximum of about 1.3 inches aft
during partial power descents at 95 KCAS and 28° left sideslip.
Some slight forward or aft longitudinal cyclic control was
required for right sideslips with AFCS off. Roll attitude varia-
tion with sideslip angle was essentially the same as during AFCS
on flight. The weak sideforce c.ies and lack of dire:tional pedal
control force cues in an out of trim condition greatly increased
pilot workload during AFCS off flight, although aircraft control
= could be maintained. Extensive pilnt effort was required to
maintain coordinated forward flight within 1 ball width
(HQRS 7). AFCS off static lateral-directional stahility charac-
teristics are acceptable for a dual failure d¢graded mode.

Maneuvering Stability

31. Maneuvering stability was evaluated at 73 KCAS, approximately
50,000 pounds gross weight and mid cg by establishing the trim
condition of level, coordinated fiight and then incrementally
increasing load factor by increasing bank angle while holding
airspeed and thrust control position constant (fip. 94, app E).
Maneuvering stability was also qualitatively evaluated during
mission maneuvers and during pullups and pushovers. Maneuvering
stability, as indicated by the variation of longitudinal cyclic
control position with normal load factor was negative (forward
cyclic control as normal load factor increased). Normal acceler-
ation was easily controlled (#0.1 g) during pull-up and push-
over maneuvers. Alrspeed in turns up to the maximum bank angles
was easily maintained within #3 knots (HORS 3). The maneuver-
ing stability characteristics did not degrade the mission capabil-
ity of the CH-47D. The maneuvering stability characteristics
are satisfactory for the CH-47D mission.

Dynamic Stability

32, Dynamic stability characteristics were evaluated at the
conditions listed in table 7. The helicopter short-term response
was investigated in all axes in forward flight and hover. Long-
term response, lateral-directional dynamic characteristics,
adverse yaw, and spiral stability were evaluated in forward
flight. Representative time histories are shown in figures 95
through 103, appendix E.

Longitudinal Short Term Response:

33, Short—term response was evaluated in hover and forward flight
by using mechanical fixtures to introduce 1longitudinal and

18
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Table 7. Dynamic Stability Test Conditions!

Average Average Average Calibrated
Gross Longitudinal Density | Average Trim
Weight | Center of Gravity Altitude OAT Airepeed Flight Type
(1b) (FS) (£t) (Deg C) (kt) Condition Test?2
42,740 318.3 (FWD) 5,560 18.0 0 Hover A
39,220 318.6 (FWD) 11,560 i1.0 0 Hover A
Climb A
95 Descent A
40,840 318.7 (FWD) 6,740 20.5 .
75 Level A&B
130 Level A&B
42,960 337.1 (AFT) 5,520 15.0 0 Hover A
40,880 338.3 (AFT) 11,340 4.0 0 Hover A
Climdb A
95 Descent A
40,200 347.0 (AFT) 5.900 25.5
75 Level A&B
130 Level A&B
51,160 330.9 (MID) 3,780 24.0 0 Hover A
——ea et - .-
Climb A
| 95 Descent A
48,740 331.7 (MID) 6,080 27.0
75 Level A&B
| 130 Level A&B
NOTES:

1AFCS both ON, both OFF and one system OFF.

2Type of Test:

B = Longitudinal long-period stability and spiral stability tests.

19

A = Longitudinal and directional pulse inputs, lateral doublet inputs;:
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directional control pulse inputs and lateral co. trol doublet
inputs. The flight controls were then held in the trim position
until helicopter response was comnpletely damped or recovery was
necessary. Three axis coupled helicopter respon:e¢ twas excitel
after control inputs in one axis and is discuss:d separately in
paragraph 34. Helicopter short-term response was 12avily damped
and essentially deadbeat in pitch. A maximum of t.70 overshoots
were observed in roll and yaw. The helicopter returned to a
trimmed attitude following the control input. The helicopter
was easily maneuvered to a desired attitude, snd exhibited
adequate controllability. The dynamic short-term rasponse char-
acteristics are satisfactory.

Three Axis Oscillation:

34, The CH~47D exhibited a differential torque oscil ation between
the forward and aft rotor shafts which exceeded t!2ir endurance
limit. The oscillation appeared in flight as a 3 axis corkscrew
motion with a period of about 0.8 seconds. The three axis oscilla-
tion was driven by the pitch AFCS and was easily ex:ited in light
turbulence or in calm air with small abrupt cyclic inputs. The
amplitude of the oscillation was greatest during high power
maneuvers at light gross weight. The problem wis documented
early in the A&FC program and resulted in the test aircraft being
bailed back to BV to conduct a flight test prograa designed to
alleviate the structural problems with minimal handling qualities
degradation. The aircraft was evaluated with modifications to
the AFCS. The final configuration reduced the AI'CS pitch rate
gain from 10.3 to 8.9 inches of equivalent stick per radian per
second and the pitch rate washout time constant from 0.050 seconds
to 0.042 seconds. This new production AFCS configuration appeared
to solve the structural problem although the osc llation still
exists and significantly degrades the handliig qualities,
particularly in high power wmaneuvers at 1light ygross weights.
The typical response is lightly damped with 3 to 4 ,vershoots.
The flight crew experiences lateral body motion vhich is quite
uncomfortable even when experienced over a short .uration. This
three-axis oscillation is further discussed in a previous report

(ref 16, app A). The easily excited three axis oscillation is a
shortcoming.

Longitudinat Long Term Response:

35. The dual AFCS long-term response was evaluated in forward
flight by displacing the longitudinal cyclic control to decelerate
the helicopter 10 KIAS below trim airspeed, then returning
the longitudinal cyclic control to the trim position. Helicopter
response was essentially deadbeat. The helicopter returned to

20
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the original trim airspseed in 30 to 60 seconds with no detectable
overshoots. The dual AFCS long-term respouse characteristics
are satisfactory.

Lateral-Directional Response:

36. Dual AFCS lateral-directional dynamic characteristics were
evaluated following release from steady heading sideslips. Heli-
copter response was damped, with a maximum of two overshoots
observed at 73 KCAS. Response at 127 KCAS was essentially dead-
beat. The helicopter maintained the existing bank angle or heading
when the controls were returned to the trim detent position and
yaw and roll rates were less than 1.5 degrees per second. Except
for the three axis oscillation motion noted in paragraph 34, no
handling qualities problems were noted during flight in moderate
turbulence. The lateral-directional dynamic characteristics are
satisfactory.

37. Adverse yaw was evaluated during cyclic only turns. A slight
amount of adverse yaw, approximately 1 degree opposite heading
change, was detected during rapid entry cyclic only left or right
turns. The adverse yaw was not noticeable to the pilot, and no
directional pedal control input was required to bank the helicop-
ter into a turn. The adverse yaw characteristics are satisfactory.

18. Spiral stability was evaluated in forward flight by establish-
ing a left or right 5° bank angle with directional pedal control
only, then returning the pedals to the original trim position.
Spiral stability, as indicated by the tendency of the helicopter
to return to a level roll attitude, was positive. The helicopter
returned to a level roll attitude at approximately the same
rate that the pedals were returned to the trim position. The
spiral stability characteristics are satisfactory.

Single AFCS:

39. Single AFCS dynamic stability characteristics were essential-
ly the same as dual AFCS, except that a pitch oscillation was
noted at heavy gross weight, high speed, high altitude or high
power forward flight. At approximately 50,000 pounds gross
weight, 120 KTAS in level flight, or 75 KCAS during intermediate
rated power (IRP) climb, a pitch oscillation was easily excited.
The amplitude was *1 to 2 degrees pitch attitude change with
ab to 8 second period. Airspeed was maintained within #*2
KIAS with controls fixed. The pitch oscillation was lightly to
neutrally damped, and was excited by a longitudinal pulse control
input or by turbulence. The oscillation caused a s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>