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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

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,
with the exceptions identified herein. Conclusions and recommendations are
discussed by paragraph as indicated.

a. Paragraph 94a. The engine governing system on the CH-47 helicopter with
the T55 series engines is sensitive to Nl and N2 system rigging and inherently
allows rotor speed excursions. The rotor speed excursions are the result of.the
engine fuel control tolerances and the slope in the feedback system to the fuel
control. Previous investigations on the YCH-47D and the CH-47C with the
T55-L-7l2 engines and fiberglass rotor blades indicated that the power manage­
ment was sensitive to the fuel control rigging. The approved ECPs, DOOI Improved
N2 Control Box, 0036 Alternate Nl System (Logic) and 0050 Engine Control (Nl)
Link Mod should provide improved governing characteristIcs, but primarily for
reliability reasons. Although undesirable, the rotor speed excursions are con­
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 and the complexity of atten\lation systems.

c. Paragraph 94c. Boeing Vertol investtgated the easily excited three axis
aircraft oscillations. l-10difications were made to the AFCS to alleviate struc­
tural problems ass~ciated 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 considered acceptable.

d. Paragraph 94d. The lack of an aircraft intercom ON/OFF capability is a
shortcoming. However, the intercom system is standard GFE which Is used Army
wide and no modifications are planned for the CH-47D •
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e. Paragraph 94e. The excessive rate of engine torque tncrease following a
failure of the CCDA is not considered a shortcoming. The CCDA failure mode per­
forms per the specification requirements. 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 planned due to the low probability of occurrence and cost impact of a rede­
sign.
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f. Paragraph 94f. Agree with the shortcoming relative to the barometric or
radar altitude hold feature. No design changes are pl~nned 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 releas~.

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 lac1,•. of provisions ;or 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 seat would block an emergency exit, would not allow
proper operation of the gun, and be cost ineffectIve.
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n. Paragraph 94n. Water leaking into the cock~it during flight in rain is
a shortcoming. Field experience has not indicated this is a problem. However.
field experience ~ill be followed closely to determine if this problem deve­
lops.
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o. Paragraph 940. The inability to ground taxi with power steering while
performing other COCkpit tasks is a shortcoming. However, a design change is too
costly and the current system is 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 is being submitted for FY 87 to remedy the lack of
an external load weight measuring system.

r. Paragraph 94r. The inability of the Doppler Navigation Set to display
distance and ground speed in tUlits 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 94u. The susceptibility of the longitudinal stick position
it~icator to damage is a shortcoming. Th~ 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
longltud1nal stick position it~icator is a shortcoming but no design changes are
planned •

w. Paragraph 94w. The uncomfortable pilot/copilot seat is 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 herein •

y. Paragraph 96. Release of flight contrnls 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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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.
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FOR THE COMMANDER:

_-~v;~--
~D E. GORMONT

Acting Director of Engineering
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INTRODUCTION

RACKGROUND

1. The Roeing Vertol Company (BV) desipned, fabricated and
comple ted the necessary quali fica tion of modernized componen ts
tha t upgr::tded prE'vious Model CH-47 helicop ters to the YCH-47D.
BV conducted flight testing of the YCH-47D in accordance wi th
tht> Airworthiness Qualification Specification, BV Document
No. 0210-10925-1. Additionally, the US Army Aviation Engineering
Fligh t Actlvi ty (USAAEFA) conduc ted two Pr.:liminary Airworthinl'ss
Evaluations (PAE) (refs 1 and 2, app A), climatic laboratory
tes ts (ref 3), and icing tes ts (ref 4). The US Army Avia tion
Research and Developreent Command (AVRADCmn 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 (PInS)
for the Model CH-470 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 wi th selected portions of the PInS and to obtain
detailed flying oualities and performance data for the operator's
manual •

DESCRIPTION

3. The CH-47D i.:: a modernizeCl version of previous model CH-47
tanderr-ro tor heli co:,ters designed to provide air transportation
for general cargo al'~ troops wi thin the comba t area. A de tailed
description of the CtI-47n is con tained in the opera tor's manual,
the PIOS, and in appendIx B. Aircraft serial numher 81-23383 was
used for this evaluation.

'T'FST SCOPE

t,. The A&FC tests were conducted in 132 flights for a total of
148.8 hours, of \olhich 105.4 were productivp.. Testing was conducted
in gt. Paul, Minnesota (elevation 704 feet), Edwards Air Force
Base (elevation 2302 feet), Bishop (elevation 4120 feet) and
Coyote Flats (elevation 9980 fp.et), California. Tests were flown
bp.tween 25 Janll'iry and 13 D(>cember 1983. Instrumentation was
installed and maintained by BV. Data reduction and aircraft
main tenance wen' the responsi bili ty of USAAEFA. The tes ts were
condue tp.d in accordance wi th the tes t plan (ref 8, app A) and
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within the fli~ht restrir.tions cor.tained in the operatnr's manual
and the airworthineso release (ref 9). Hal"dting qualities
resul ts were compared ~o the requiremen ts of the PIOS. Sufficien t
perforD"lnce da ta were ga the red to check the guaran tees in the PIOS
and to generate the performance section of the operator's manual.

5. Performance testin~ was conducte~ over 3 wide ran~e of weights.
altitudes. temperatures, and rotor speeds as presented in applic­
able sections of this report. Handl1n~ qualities were conducted
a t two ta:-ge t ~ross weigh tEo (41.000 and 50.000 pounds). At
41,000 pounds both forward anJ aft longitudinal Cf'nter of gravity
loca tions were tes ted. A ro tor speed of 100% (22:; rpm) was used
for all handli.ng quali ties te Jting. Further handling quali ties
tes t condi tions are presen ted In the applicable sec tions of this
report.

":EST METI:nDOLOGY

6. The test techniques utilized ~ere standard engineering flight
test techniques (refs 10 and 11) and are hriefly described in
a!lpendix O. Qualitative ratings of the handlin~ qualities were
'lased on the Handling Oualities Rating Scale (HORS) contail'e'd
:: n appendix D. Vibra tion levels were qual! ta ti vely evalua ted
using th. Vibration Rating Scale (VRS) contained in appendix D.
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7. Da ta were recorded by
aircraft, and via telemetry
Proce sing System (RDAPS).
contained in appendix C•

hand, on magne ti c tape onboard the
to the Real Time Data Acquisition and
A tie tailed lis ting of parame ters Is
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RESULTS AND DISCUSSION

GENERAL

8. Performance and handlin~ quali ties tes ts were conducted at
hiJ?:h-alt:ltude and low-altitude test sites. Tests were conducted
to determine the hover, level flight, and autC'rotational descent
performance of the CH-47D helicopter. Handling Qualities were
evaluat:ed at 4;' ,000 Ib and 50,000 lb. At 41,000 lb both forward
and aft longitudinal center of ~ravity (cg) locations were tested.
The CH-47D exceeded the hover, maximum level flight speed, and
the mission III rangE! performance requiremen ts 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 gO'Terning 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 easily excited three-axis
aircraft oscillation caused by differential rotor torque oscilla­
tions.

PERFORMANCE

General

9. Tests were conducted to determine the hover, level flight,
and au taro ta tional descent performance of the CH-47D helicop tel'.
This informa tion was then used analytically to de termine compli­
ance with certain portions of the PIDS. The performance reQuire­
men ts in the PIDS (ref 6, app A) were verified using the power
reQu1 red inform:! ti on de termined during this tes t and power
availahle obtained from the Lycoming computer program number
LS 19.31.51.]3 dated June 1983 using installation losses from BV
document nunmer D210-11920-1 dated 9 June 1982. The CH-47D
exceeded the hove r, maximum level f Ugh t speed, anc the mission
III range performance requirements of the PIOS.

Hover Performance

10. Hover performance tests were conducted at the conditions
presented in tahle 1. The tethered hover methoil described in
appendix 0 was used. Resul ts are presen ted in figures 1 through
10, appendi.x E.

11. The aircraft is able to hover out-of-p:round effect (OGE) at
53,950 pounds a t sea level on a standard day using maximum can tin­
uous power on both engines. This performance exceeds the PIDS
~uarantee of 50,000 pounds by 7.9%.
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Table 1. Hover Performance Test Conditions

Wheel Pressure Altitude

I
Referred Rotor

Height Range Speed Range
(ft) (ft)

i
(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
50 4000 - 4020 225 - 229

9540 219 - 232

100 9540 217 - 233

560 230 - 250
150 I 2060 220 - 237 IL4100 - 4400 212 - 233

215 - 234
I

9620 - 9900
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Lpvel Fli~ht Performance

12. Level flight performance tests were conducted at th~ condi­
tions shown in table 2. The method of test is described in
appendix D. Fip.:ures 13, 14, 18, 19,29 and 30, appendix E present
nondimensional da ta ga the red a t three values of referred 1'0 tor
speed (215, 225, and 245 rpm). ~ange summaries are presented in
figures 11 and 12. Fi~res 15 through 17. 20 through 28. and 31
through 33 present the dimensional level flight performance
da ta ga thered durin~ this tes t.

13. Figure 1 presents level flight performance calculated at the
PIDS guarantee condi tions. The PIDS specifies a maximum level
flight airspeed of 155 knots true airspeed (KTAS) at sea level
standard day condi tions. The actual performance 062.5 KTAS)
excpeds this ~arantee by 7.5 KTAS. The YCH-47D PAE testing
(ref 1) found only 157.5 KTAS capabUi ty. The difference
b~ tween PAE and A&FC resul ts 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 available.
The current power available data is based on a 1983 Lycoming
compu tel' pro~ram (see para 9). This la tel' 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 1'0 tor speed. As can be seen in the figure, the
highest referred rotor speed significantly degraded the level
flight performance.

Au toro ta tional Descen t Performance

14. Autorotational descent performance data were obtained at
~t'oss weights of 33,720 and 47,880 pounds at approximately 100%
rotor spe~d. Data were obtained by stabilizin~ in autorotational
descents at incremental airspeeds between 50 and 120 knots
calibra ted airspeed (KCAS). The 1'0 tor speed for t1'inimum ra te 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 SIN 3 j --23383

LYCOMING TS5-L-712 SIN 71224 & 71226
LONGITUDINAL PRESSURE OAT ROTOR CT
CG LOCATION ALTITUDE SPEED

(FS) CFT) (DEG C) CRPM)

330. 1CHID) ZERO 15.0 225 0.004915

1. N/V8 = 225.0 RPM.
2. BALL-CENTERED FLIGHT.
3. SHP REQUIRED OBTAINED FROM FIG. \8 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.
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FIGURE 2
ROTOR SPEED EFFECTS ON LEVEL FLIGHT PERFORMANCE

CH-47D USA SIN 81-23383
CT == 0.0055

~OTE: CURVES OBTAINED FROM FIGS. 13~14,18,19,
29 AND 30, APPENDIX E
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Figure 3, Mission III Performance

MISSION III: Amblenl Condilions - 4000 Fl/95Deg F,

ITAKEOFF & I ICRUISE OUTBOUND wnH t--
HOVER 06E I I INTERNAL PAYLOAD

1
l-?-
~ CRUISE INBOUND WITH I j TAKEOFF' & I

INTERNAL PAYLOAD I It«lVER OGE

~
VARMUP LAND WITH S0 MIN. WARMUP LAND & OFFLOAD.

& FUEl RESERVE • aax & f- TAKE ON 50 Of'
TAXI -.c MAX. RANGE SPEED TAXI OUTBOUND PAYLOAD

rl-----I SORTIE RADIUS = 100 NM Ir----...~I
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Tahle 3. Autorotattonal Descent Performance
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I Minimum Rat'~T- Mi-nimum -rfatiT-- -- --- - ..----,
Ave rage Gross of nescent of Descent Maxi mllm Gl idt, I
I Weight Airspeed Rotor ~peed I nistance Airspeerl

(pounds) (KCAS) -+ (rpm) I (KCAS) I
I 33,720 ---, 76 -- IN-~~- rleterm:~e-~~'-------~;o----- -- --I
---~----t-------- ---..---------.-----'

47,880 90 124 III
1__ _ .L --L ._.__. _
15. The autorotational rate of descent was 2300 to 2500 feet per
minute (fpm) at the minimum rate of descent airspeerls and approxi­
mately 2700 fpm at the maximum glide distance airspeeds. Desired
rotor speed in stahlized autorotation was maintained ±2 rpm
with moderate effort (HQRS 4) at airspeeds ahove 70 KCAS. Rotor
speed control was extremely difficult at lower airspeeds. The
autorotational glide distance charts and recommended rotor sp~ed

in the operator's manual are sufficiently accurate for operational
use. The autorotational descent performance is satisfactory.

Mission Performance

10. The mission IIT performance reauirements of reference 6 are
shown in figure 3. Tahle 4 shows a comparison of the PInS guaran­
teed mission III performance to the actual mi~c;ion TT T perfor­
mance. The actual fuel reserve remaining at the en~ of the
mission III profile is 1331 pounds which exceeds the required
1219 pounds. The mission III performance of the CH-47n exceeds
the req~irement of the PIDS.

HANDLING \ltTALITIES

General

17. Handling qualities of the CH-47D were evaluated at 41,00n lb
and 50,00n lh. At 41,000 lb, 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 testerl
with the heading select and altitude hold modes of the AFCS
disen~aged. The sin~le-point pressure refuelin~ and AFCS heading
select capabilities were found to he enhancing featllres of the
aircraft. No deficiencies and 25 shortcomings were found. The
most si~nificant shortco~ing was thp engine speed governing

10
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Table 4. Mission III Performance

". ,

p,
.....

'.
-,

",

"

"

PIDS Guarantee Actual Performance \

Gross Fuel Gross Fuel
Weight Remaining Weight Remaining

Item (lb) I (lb) I (lb) (lb)

Engine Start 44,000 5239 44,000 5239

Engine warmup and taxi 43,916 5155 43,916 5155

Cruise outbound 100 NM 41,814 3053 41,901 3140

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

.....

"
"

"

"

"

.'
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"

.'

NOTE: Pressure altitude = 4000 feet, air temperature = 95 degrees F
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sys tem which all owed large ro tor speed excursion wi th changes in
power setting or airspeed. Also significant werE' cockpi t vibration
levels at and above cruise airspeeds, and the easi1y-excit~d

three-axis aircraft oscillation caused by differential rotor mast
torque oscillations.

Flight Control System Mechanical Characteristics

18. Con trol forces were measured on the ground wi th the ro tors
static and external uni ts furnishing AC electrical power and
utili ty hydraulic pressure. The number 1 and 2 1 Jwer transfe r
units provided flight control hydraulic pressure. Control forces
were measured wi th a calibra ted hand held force gauge, and were
qualitatively confirmed in flight. AFCS was off, and control
cen tering was engaged during all ground measuremen ts. The da ta
are presented in figures 37 through 40, appendix E.

19. The longi tudinal cyclic con trol was trimmed to the neu tra 1
posi tion (marked N) on the longi tudinal cyclic stick posi tion
indicator. The longitudinal breakout plus friction force was
2.5 pounds for both forward and af t displa~emen t. The force
gradien t for the first inch of travel from trim, bo th fore and
af t, was at] eas t equal to the breakou t plus fri c tion force.
The forward and aft longi tudinal stick force gradients were
always positive (increasing force for increasing displacement
from trim) and approximately 1.0 pound per inch forward and aft•
The gradien ts were essen tially linear, the con trol force for
maximum displacement was approximately 10 pounds for forward
travel and 9 pounds for af t traveL Longi tudinal cyclic trim
frneplay was less than 0.1 inch. The longitudinal cyclic control
force characteristics are satisfactory.

20. The lateral brokout plus friction force was 2.5 pounds for
right displac4i!ment and 2.1 pounds for left displacemE>nt. The
lateral force gradients left and right were approximately
1.2 pounds per inch with no objectionable discontinuities. Control
force for maXl.mum displacemen twas approxima tely 9 pounds lef t and
right. Trim freeplay was lpss than 0.1 inch. The lateral control
force characteristics are satisfactory.

21. The directional breakout plus friction force was approximately
6 pounds for left displacement and 7 pounds for right dlsplace­
men t. The force gradien ts were approxima tely 6 pounds per inch
left and ri~;,t with no objectionable discontinuities. Trim free­
play was less than 0.1 inch. Control force for maximum displace­
ment was approximately 30 pounds left an'! right. The directional
control force char~cteristics are sattsiJ~tory.
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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 disenga~ed. 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 position,
approximately 1.4 inches abo"e full down, a spring opposes down­
ward movement of the thrust control. From the ~round detent down­
ward breakout plus friction force was q.O pounds. The force
gradient was approximately 3 pounds per inch, and control force
for full down displacement ws approximately IS pounds. Since
all static measurements were taken with the thrust control
rod magnetic brake switch depressed, the in-flight values were
increased hy 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
char~cteristics are satisfactory.
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23. trim flight control positions were evaluated with both AFCS
systems on In conjunction with the level flight performance
tests at the conditions specifiec'l in table 2. Representative
data from light and heavy ~ross weights with forward and aft
centers of ~ravity are presented in fi~ures 41 through 44. The
longitudinal control position gradient with airspeed was conven­
tional in that increased forward control position was required
to trim at I ncreased airspeeds. The gradient was approximately
one inch of longi tuilinal 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
wi th ai rspeed changes at the heavier gross wei~hts than at the
lighter gross wei~hts. Directional control trim changes were
negligible (less than 1/4 inch displacement througllOut the air­
speed range testec'l). Pitch attitude remained essentially constant
from the minimum airspeed tested through 90 KCAS. The pitch
attitude he came more nose-down as airspeed increased ahove
90 KCAS. Nose-down attitudes of A degrees were observed at the
maximufTl level flight speeds tested. Longitudinal, lateral, and
directional control position variation with cg location 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 satisfactorY.

Static Longitudinal Stability

24. Static longItUdinal stability characteristics were evaluated
at the conditions listed in table 5. The helicopter was stabil-

,"
,-

"
-;.....'.'.......

.'

·.'.· '-· ,.. .- .- .+ - .- .' .

13

-.......- ....- '" '. " -.... .. .. .. .. .. .. ...



. - .. -~ ' . ," .. ~

Table 5. Static Longitudinal Stability Test Conditions

~,-: ,:- .
~ : 0'

r,· ·
0-

r:.
~'. .
L- ' -

~
f':
~:.~ :
..........

' ..

Average Average AVl"rage
Gross Longitudinal Density
Weight Center of Gravity Altitude

(lb) (FS) (ft)

40,620 312.7 (fwd) 4580
to to to

41,860 312.8 (fwd) 5040

Average
OAT

(Deg C)

16.5
to

17.0

" .. .. " . ~ ..... .. .. .. ..",

· -· "·. ,.0
·.
" ., .

41,020 318.5 (fwd) 4780 23.0 I 74 A. B
to to to I to I 88 I Level I and

42,800 318.8 (fwd) 5460 24.0 I 129 I I c

\I I

I 38,820 I 318.7 (fwd) I 4940 20.0 94 I I A, B
to to to to to I Climb and

40,900 318.8 (fwd) 5460 23.5 97

40,820
to

42,520

318.5 (fwd)
to

318.7 (fwd)

4720
to

5740

18.5
to

20.5

94
to
95

I
I I I I

I 73 I ,I
41,380 345.0 (aft) 4820 20.5 130 t LeVel

I
to to I to I to I Climb I A I42,760 346.0 (aft) 5420 21.0 94 Descent

I
41.620 337.0 (aft) 4800 18.5 73 A, B

to to to to 93 I Level and
42.960 337.7 (aft) 5240 25.0 129 C

40,200 337.9 (aft) 4960 18.0 I 90 A, B

I,
\

I41~;do 338~; (aft) 5~~0 2~:5 ~~ Climb a~d I
I I
I I

I I
I I
\_5_1_,_04_0_+-_3_3_2_._3_(_af_t_)_--+__5_20_0__2_7_.0 1_1_0--1r-----1 C I
I 47~:80 332~: (aft) 5~~0 2~~5 94 I Climb I :~dB I
I 48,420 332.6 (aft) 5520 26.5 I I C

I +----t---- \
48,220 331.5 (aft) 5400 93 I A, B I

to to to I 22.5 to I, Descent I ancd I
49,380 331.9 (aft) 5540 94

__,__.l -..-. -.-L ~__ 1 .1 I

·.
• 4 •.--.
"4

,......

, ..

....' ..'

"

.-

• 0 ,· , .

_.......
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,-

, "

.......

..........
· . NOTE: A· Both systems on, B • System No. 2 on, C • Both systems off
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ized in hall-cen tered fligh tat the desired trim ai rspepd and
flight condition. The thrust control was held fixed while
airspeed was varied ±20 knots about trim in 5-knot increments.
Represen t~ ti ve tes t resul ts are shown in figures 45 through 68.
appendix E.

25. Dual AFCS static longitudinal stability, as indicated by the
varia tion of longi cudinal cyclic con trol posi tion wi th airspeed,
was positive (forward longitudinal cyclic control position at
airspeeds greater than trim). There were some nonlinearities at
airspeed veriations greater than 10 knots from trim, hut this
did not degrade the helicopter handling quali ties. 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 va ria tion of la teral cyclic con trol posi tion and
directional pedal control position with airspeed about trim were
approximately 0.4 incbes and presented no problems in control of
the helicopter. Pitch attitude remained essentially unchanged
from the trim value. De'sired cruise airspeed was easily main­
tainE'rl within ±2 knots indicaterl airspeed (KIAS) in smooth air
with no pilot compensation (HQRS 2). The dual AFCS static longi­
tlldional stability characteristics are satisfactory.

26. Single AFCS static longi turlinal stability was essentially
neutral at: approximately maximum endurance airspeed (73 KCAS) in
level flight as airspeed was rlecreased from trim airspeed. Other­
wi se single AFr,S s ta tic longi tudinal s tahiU ty was similar to
dual AFCS static longitudinal stability. Maximum endurance air­
speed was easily maintained within ±3 KIAS with single AFCS
hy making small ±1/4 inch longitudinal cyclic control inputs
approxima t Q ly ev(>ry 5 seconds (FORS 4). The single AFCS s ta tic
longitudinal stability characteristics are acceptable for a
rle~rarled mode and are satisfactory•

27. AFCS off staUc longitudinal stability was negative at
approximately maximum endurancf' airspeed (73 KCAS) and negative
to nett tral a t cruise ai rspeed (129 KCAS). Maximum endurance
airspcecl could be maintained wi-thin ±5 KIAS with AFCS off
only with considerable effort by making large (±1/2 inch)
lon~i tudi-nal cV'clic control inputs approximately every 5 seconds
(HORS 7). The helicopter was controllable with both AFCS off.
The AFCS off static longitudinal stability characteristics are
acceptahle for a dual failure degraded mode.

Static Lateral-Directional Stability

28. Static lateral-directional stability characteristics were
evalua ted a t the condi tions lis ted in table 6. The helicopter
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Table 6. Static Lateral-Directional Test Conditions

A

A, B
and

C

A, B
and

C

Descent

Lev"l

Descent

Level I
--:::-=-:--:--

Climb I
Descent

rA, B
I and

C

94
to
95

13
129 -+94 I

72 t
113 I
129 I

93 I
to I
95 I

I
93
to
95

I\---=.::.:....-.

I

I
18.5
to

19.5

22.0
to

22.5

20.0
to

21.0

5480
to

5640

4620
to

5080

5140
to

6100

4700
to

5360

5180
to

5380

Gross Longitudinal
Weight Center of Gravity

(lb) I (FS)

I
I

38,680

I
312.5 (fwd) I

to to I39,980 312.7 (fwd)

I
I

I
40,560 31~L3 (fwd)

to I to
42,540 318.6 (fwd)

38.840 318.6 (fwd)

I
to to

40,140 318.8 (fwd)

I40,860 I 318.5 (fwd)
to I to

42,280 I 318.7 (fwd)
I

39.780

I
346.3 (aft)

to to
40,980 347.2 (aft)

41,080 336.9 (aft)
to I t.o

42,980 I 338.0 (aft)

39,940 337.5 (aft)
to to

I
42,140 I 338.9 (aft)

I
39,260 338.7 (aft)

to to
39.980 339.4 (aft)

0"

..
... oJ.."~

.-

• 0 •

· ..·~ .. ~.

.-

" ",...:

".
- -.
...
• 'to

I I I
I 112

I Ito
47.200 331.0 (aft) 4700 22.5 I 119 I I A, B, C

to to to I to I 72 I Level I and
50,400 I 332.0 (aft) 5640 27.5 to D

I

~-·-I
I 74 I I

\ I I- I
1

47,820 331.7 (aft)

I
5160 27.0

I
94 I

I
A, B

to to to to to I Climb and
4S.920 332.0 (aft) 5520 27.5 95 I CI

I I

" ..
'.'· ~-' ,.........-:.....~
" ... ......

16

.... -.
........
... ... .. .. ' ' .. 0" "••- .. _""' - • ..,' - - _ - , , . • .. ~ .-_ _ : ~ 0" ." 0 " ._ .. .. ..... ..



,"

'.

'.

"
"

,"

, '

.'

.'

'.
".

'.

,..-
"

'.
.'
','

"

",

"

."

.'

.'

."..
"

..

was stahili?ecf in hall-centered flight at the desired trim air­
speed and f light condition. The thrust control was held fixed
and sideslip angle was varied in approximately 5-degree increments
(left and right) while maintaining constant rotor speed and
airspeed. Representative test l:"esults are shown in figures 69
throrgh 93, appendix E.

29. Dual and single AFCS static lateral-directional stability
characteristics were nearly identical. Static directional
stabi.lity, as in(Hcat~l >y the variation of directional control
position with sideslip angle, was positive (left pedal for right
sideslip angles) ancf essentially linear. Directional control
position varj ation 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 posHion with sideslip angle, was positive (left cyclic
control for left sicfeslips) and essentially linear. The gradient
of lateral cyclic control position with sideslip angle was
primarily affected hy airspeed. For a given sideslip angle,
increa5ed lateral cvclic control displacement from trim position
was reQuirecf as airspeed increaRed. Roll attitude variation
with sideslip angle was minimal at hest endurance airspeed.
Sirieforce cues in uncoordinated flight were not discernable at
bank angles less than ±3°, which equated to sideslip angl~s

of approximately 15° left or right at 73 KCA~. The bank angle
gradient wi th sicfeslip increased as ai rspeed or engine torque
increased. Longitudinal cyclic control trim changes during
steady heading sideslips were not objectionable and were cltarac­
terized hy 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
concfition. Sicfeforces were not a good cue to out-of-trim
condi tions except in high power climbs or high speed flight.
However, pi lot workload reQui red to mal ntain coordinated flight
with dual or single AFCS was Quite low. The heacUng and bank
angle holel featllres of the AFCS were disengaged during steady
head! ng s icfesli p maneuvers because the lateral cyclic and direc­
tional pedals controls are out of the trim detent positions.
Ouring cruise flight, with the controls in the detent positions,
the aircraft trim concfition could be maintained within
~o of heading or hank angle, and ±1/2 ball width with
no pilot compensation (HORS 2). Oual and single AFCS static
lateral-directional stability characteristics are satisfactory.

10. ~FCS off stati~ cfirectional stahility was essentially neutral
in l~vel flight (no directIonal perlal control position variation
with sideslip angles) and was neutral to positive in c1iml-s and
neutral to ne~r;tti.ve in rle!';C"ents. AFCS off dihedral effect was

17
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the same as during dual or single AFCS fligh t. The requiremen t
for aft long:l tuoinal control increased during AFCS off flight as
lef t sideslip increased to a maximum of abou t 1.3 inches af t
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
tinn wi th sideslip anr-le was essen tiaUy the same a ~ during AFCS
on flight. The weak sideforce ~~es and lack of d:lre:tional pedal
con trol force cues in an ou t of trim condi tion grea tly increased
pilot workload during AFCS off flight, although air~raft control
could be maintained. Extensive pilnt effort was required to
main tain coordinated forward flight within 'I ball wid th
(HQRS 7). AFCS off static lateral-directional staHlity charac­
teristics are acceptable for a dual failure dtgraded mode.

Maneuvering Stability

• ° -. ",

...

o 0 •

",

.' ., ..

....-.

31. Maneuvering stability was evaluated at 73 KeAS, approximately
50,000 pounds gross weight and mid cg by establishing the trim
condition of level, coordinated flight and then incrementally
increasing load fac tor by increasinq; bank angle while holding
airspeed and thrus t con trol posi tion cons tan t (fip. 94, app E).
Maneuvering stability was also Qualitatively evaluated during
mission maneuvers and during pullups and pushovers. Maneuvering
s tabUi ty, as indica ted by the varia tion of lonp.;1 tudinal cyclic
control position with normal load factor was negative (forward
cyclic control as normal load factor increased). N.)rmal acceler­
a tion was easily con trolled (±O.l g) during pull -up and push­
over maneuvers. Airspeed in tnrns up to the maximum bank an~les

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
\'1as invf~s tiga ted in all axes in forward fligh t 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.

.- ."..-......
° ••.. ......

° ••
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Longi tudinal Short Term Response:

33. Short-term response was evaluated in hover and forward flight
by using mechanical fix tures to in troduce lonr.i tudioal and

18
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Table 7. Dynamic Stability Test Conditions l
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A
A

I lCalibrated
Average Trim

OAT Ain"peed Flight Type
(Deg C) (kt) Condition Test2

--~,
18.0 0 Hover A

11.0 I 0 Hover A
I ---I

I Gimb A
95 Descent A

11,560

-----r: ,---,
Average Average I Avera~e

Gross Longitudinal Density
Weight ~center of Gravit'f ~AltitUde

(lb) (FS) (ft)

--------- ------------ -----

42,740 I 318.3 (FWD) 5,560

I-----r- _.----
39,220 I 318.6 (F~ID)

-~-\- l
40,840 I 318.7 (FWD) I 6,740 I 20.5 I-~ Level A &---B---I

I I I I I 130 Level I A & B I

1---- .----+----------- --t \---~--~--+- \
1_42,~6_~+---~~~--(A~!---~ 5,520_+_~~--0--1 Hover ~ A 1,1

I 40,880 I 338.:3 (AFT) I 11,340 I 4.0 I 0 I Hover I A

1----------+-------- -------- -\--------t----+-
I I I I 95 ~ID~~~:~t

40.200 I 347.0 (AFT) I ~.900 25.5 I I, !

1 1 1--'- I --I
I I I I J;~ I ~:~:~ I ~:: I

SI,16~~-r----;30.~-(~<I~~--t 3,780 t24rto-~-t Hover-r~-\
I--~-----r----------t------t----t--+Climb I A I
I I I I 95 I Descent I A II 48.740 I 331.7 (MID) I 6,080 I 27.0 I +----f_ I
I I I I I 75 I LE'vel I A & B I.\ I I I I 130 I Level I A & B I
-- ----- --------.-.------- ------ ..----___ .L- __
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19 l

1AFCS both ON, both OFF and one system OFF. l
2Type of Test: A = Longitlulinal and directional pulse inputs, lateral doublet inputs;
B = Longitudinal long-period stability and spiral stability tests.
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directional control pulse inputs and lateral Clo, trol douhlet
inputs. The flight controls were then held in the ::rim position
until helicopter response was cOllpl€'tely damped or recovery was
necessary. Three axis coupled helicopter respon~ t Has excite.l
after control inputs in one axis and is discuss ~d ·;eparately in
paragraph 34. Helicopter short-term response was l~avily damped
and essentially deadbeat in pitch. A maximum of t·TO overshoots
were observed in roll and yaw. The helicopter returned to a
trimmed attitude following the control input. TIle helicopter
was easily maneuvered to a desired attitude, and exhibited
ad~quate controllability. The dynamic short-term rasponse char­
acteristics are satisfactory.

Three Axis Oscilla~ion:

"
.,..: .

~ ­... ~.'.. ' .
' ..

CO,; •.... -:
.'",.'

o •. .

...... ..
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.....
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34. The CH-47D exhibited a differential torque oscil ation between
the forward and aft rotor shafts which exceeded tl ~ir endurance
limit. The oscillation appeared in flight as a 3 ads 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 "ircraft being
bailed back to BV to conduct a flight test progr,l,n designed to
alleviate the structural problems with minimal handling qualities
degradation. The aircraft was evaluated with moc! ifications to
the AFCS. The final configuration reduced the ArCS 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 configurltion appeared
to solve the structural problem although the osc llation still
exists and significantly degrades the handli Ig qualities,
particularly in high power maneuvers at light ~'rosf weights.
The typical response is lightly damped wi. th '3 to 4 Jvershoots •
The flight crew experiences lateral body motion "hit:h is quite
uncomfort&.ble even when experienced over a short .luration. This
three-axis oscillation is further discussed in a previous report
(ref 16, app A). The easily excited three axis oscillation is a
shortcoming.

Longitudinal Long Term Response:

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

. . .. .. ......... ........' - -.. -. ,.- .. ... ... .... -. -...
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the original trim ai rspseed in 30 to 60 seconds wi th no de tf:,~table

overshoots. The dual AFr.~ long-term response 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, wi th 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 qual! ties problems were no ted during fUgh t in modera te
turbulence. The lateral-directional dynamic characteristics are
satisfactory.

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

1R. Spiral stability t--:s evaluated in forward flight by establish­
ing a left or right 5° bank angle with Mrectional pedal control
only, then re turning the pedals to the original tri.m position •
~pl ral s tabili ty, as ind! ca ted by the tendency of the helicopter
to return to a level roll attitude, was positive. The helicopter
returneo to a level roll attitude at approximately the same
rate that thE' pE'rtals were returned to the trim position. The
spiral stabilitv characteristics are satisfactory•

Single AFCS:

39. Single AFCS dynamic stability characteristics were essential­
ly the same as dmd AFCS, except tha t a pi tch oscillation was
no tE'd a t heavy gross wei gh t, high speed, high al ti tude 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 ampli tude was ±1 to 2 degrees pi tch a tti tude change wi th
a (, to R second period. Airspeed was maintained within ±2
KIAS wi th con troIs fixed. The pi tch osc111a tion was ligh tly to
neutrally damped, and was excited by a longitudinal pulse control
i npu t or by tu rbulE'nce. The osci lla tion caused a s li~h t increase
in crew fa ti~u€' but did not signifiean tly degrade the mission
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capabilities of the helicopter. The sin~le AFCS dyna1ic stability
characteristics are sat isf:J.ctory. The followin~ no '.e should be
added to the operator's manual.

Durin~ single AFCS operation at he. vy
gross weight and hi~h speed, hi~h altitlde
or hi~h power, small pitch oscillations ray
occur and are normal.

AFCS Off:

40. AFCS off dynamic stabi lity characteristics were evaluated in
forward flight and hover. Helicopter responses to any control
input were aperiodic and divergent in pitch and yaw HeU copter
control was difficul t and required largE' COl' ':rol inputR
(±l inch) every 5 seconds to maintain airsp1ed ±10 KTAS
and heading and sideslip ts degrees (~OFS 7). TIe AFCS off
dynamic stability characteristics permitted safe flight and
landing under VFR conditions, and were acceptable for a dual
failure de~raded mode. The AFCS off dynamic stabili 1 V character­
istics are satisfactory.

Ground Handling Characteristics

41. Taxiing with power steering required two pilotf. One pilot
operated the fli~ht controls while the other pilot operated thE'
wheel hrakes and steering control knob. The ste<> 'ing control
knob was spring loade~ to the zero turn position and could not be
released in turns. This prevented either pilot fr(~ performing
other necessary tasks such as copyin~ instrument (learances or
tuning radios while the helicopter was being taxied. This problem
was reported on orevious model Chinooks (ref 12). 1~e inability
to ~round taxi with power steering while performing I ther cockpit
tasks is a shortcomin~.

42. Ground handlin~ characteristi cs were evaluated durin~ four
wheel taxi at ~ross weights ran~ing from 24,200 to 5i,000 pounds.
The aircraft was easy to maneuver using the power stel~ring system •
Reducing rotor speed to minimum heep was effective in preventing
the aircraft from becomin~ li~ht on the aft gear when operating
at light gross wei~hts. Excessive braking was required to maintain
a normal taxi speed wi th the thrust control at the ~round lie tent
position. The taxi speed was controlled without exce~sive hraking
unlier these conditions hy positioning the thrust control helow
the ground detent. The forward and aft rotor droo.. stops were
instnllnented to illuminate a cantion light tn the· cockpit if
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droop stop ponnding was imminent (blade flapping within 1.5
degrees of droop stop contact). The impending droop stop contact
caution light di.d not illuminate with the thrust control full
down and the cyc1 i.c and pedals moved through their ground limit
range. (0.75 inches right or left of neutral for directional
pedals, 2 inches longitudinally aft and 1 inch laterally right
or left of neutral for the cyclic). The four wheel taxi charac­
teristics of th£' CH-47D are satisfactory. The operator's
manual limitat ion "minimum thrust control position not below the
ground detent dur; ng ground maneuvers" should be rewritten as
follows "At light gross weights it may be necessay to lower the
thrust control he tow the ground detent to maintain a reasonable
taxi speed".

41. The two ",hed taxi characteristics were also evaluated at
25,500 pounds and 35,500 pounds gross weight. Fixed longitudinal
cyclic positions from 1/2 inch to 2 inches aft were used to place
weight on the aft gear while thrust control was varied to control
pitch attitude an,l forward or rearward taxi speed. One inch aft
cyclic appeared to be the optimum longitudinal control position
while performing two wheel taxi. The longitudinal cyclic trim
(LCT) actuators programmed from GND position to fully retracted
as the thrust control position was chapged or wind gusts affected
thE' aircraft causing it to hecome light on the aft gear. This
caused uncommanderl pitch changes of 13 degrees and required
continuous thrust control inputs to maintain the pitch attitude
within ±1 degree and a cons tant taxi speed (HORS (,). Manually
positioning the LeT's to the ground position reduced the amplitude
of the uncommanded pi. tch changes approximately 50% making the two­
wheel taxi tRsk slightly less difficult (HORS 5). The uncommanded
pitch changes were further reduced hy selecting single AFCS.
Proximitv switchf'!'l (squat switches) located on both of the aft
] and 1ng gE'ar we r.> acti vated when weight was on the gear causing
the APes pitch gain to he reducecl by half and the LCT actuators
to prograM to thf! GND position. The No. 1 AFCS was controlled
hy the proximi t.y switch on the left aft gear and the No. 2 AFCS
was independently controlled by the proximity switch on the
right aft gear. Either proximity switch controlled both forward
anrl aft LCT actuators. In crosswind, the uncommanded pitch
changes were reduced only when the AFCS corresponding to the
downwind sidE' was selected. With sufficient weight on either
aft gear, the proximity switch on that gear closed reducing the
pitch gain of the respective AFCS to half of the inf1ight pitch
gain. ThE' upwind gear proximity swi.tch appeared to be more
sU!'lceptihle to cycling (opening and closing) because the weight
on that ~e;lr was less than the downwind gear. This caused the
upwind !'lirie AFr.~ pitch gain to cycle from full to half which may
i nduee ~ome of the uneommandE'd pitch changes. The uncommanded
pitch osci 11 ations during two wheel taxl is a shortcoming. Due to
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the complexity of determining which AFCS should be disabled
while performinp.; the two wheel taxi wi th cons tan tly changing
relative wind directions durin~ turns, this procedure should not
be used to reduce the pitch instability. The LCT's should be
placed in MANUAL and programmed to the GND posi tion \-lhile perform­
ing two wheel taxi if pitch oscillations are encount,~red.

Takeoff and Landing Characteristics

44. Takeoff and landing characteristics were evaluated throughout
the A&FC tests. Vertical takeoffs to a hover and to forward
flight, vertical landings from a hover, and ro1linp. takeoffs and
run-on landings were performed. The aircrai:t was stable during
all the takeoff maneuvers and landings from a h,wer wi th no
unusual fligh t charac teris tics. The run-on landing handling
qual! ties were accep table, a1 though pilot workload increased
during the ground roll termination phase. The rnnning landings
were performed wi th the longi tudina1 cycH c posi t!c.nerl as neces­
sary to es tablish the appropria te dece1era tion and landing a tti­
tude. The aircraft pitch attitude was easier ':0 control usinp.;
approxima te1y one inch aft cyclic durinf! the p.;round roll phase
of the landing. After touchdown on the aft gear the landing
roll was aerodynamically slowed to a stop by applying thrust and
main taining approxima te1y a 10° nose high pi tch at ti tude. Pi tch
oscillations of ±1 degree occured while slowinf! to a stop as
the weight on the aft gear caused the proximi ty swi tches to open
and close thus extendinp.; and retracting the LCT a<'tuators (para­
graph 43). Although this pitching characteristic after touchdown
in a runnin~ landing increased the pilot workload it was of
shor t dura tion and the aircrat t was easy to transi tion from two
wheel to four wheel taxi. The takeoff and landing ('haraeteristics
of the CH-47D are satisfactory.

Slope Operation Characteristics

45. Slope operation characteristics were qualitatively evaluated
at approxima tely 31,000 pounds gross weight in winds less than
5 knots. Aircraft atti tude while on the slope was de termined
from the produ~tion attitude indicator. Aircraft ~ttitude was 8°
for nose-up or nose-down slope and 13° for cross slope operations •
The AFCS CYCLIC TRIM was set to AUTO, and the parking brake was
se t. Slope landing techniques used were deseribed in the
operator's manual (ref 7). Nose up-slope landings anil takeoffs
were easily performed wi th no sliding of the landing gear af ter
touchdown and required a forward cyclic control input of about
1/2 inch coordinated with thrust control application to lower or
raise the ~ft ~~ar (HORS 3). Nosp downslope landing and takeoff
required an af t cyclic con trol inpu t of ahou t 1 inch and more
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positive thrust control application when lowering or raising the
forward gE>ar to prevf>nt the helicopter from slidin~ downslope
(HQRS 4). The U":T cycling between p,round and retract position
caused pi tch at ti tude oscilla tions during cross slope landings
and takeoffs when both aft gear were on the ground. Cross slope
landings and takeof fs wi th no pi tch at ti tude osci11a tions were
performed by coordina ting: one inch af t cyclic inpu t wi th thrus t
control application after both aft gear were on the ground
(HQRS 4)~ No ground resonance tendancies were encountered during
slope opera tions. Droop stop pounding was momen tarily encoun tered
during a cross slope landing, but was eliminated after the flight
controls were repositioned. The slope landing characteristics
are satisfactory.

Power Management

46. The engine governing charac teris tic~ were evalua ted in hover
and forward flight. Pilot qualitative comments were made using
the aircraft's production rotor speed indicator. Representative
time histories of transient and static rotor speed variations
during power changes are presen ted in figures 104 through 107.
Typical transie:l t ro tor speed droop charae teris tics during a
vertical takeoff to a 10 foot hover at 35.090 pounds gross weight
are shown in fh'ures 93 and 94. Using a typical thrust application
ra tp (ground de tpn t posi tion to the thrus t posi tion required
for a s tahili?pd hover in 4 seconds) resul teo in a rotor speed
transien t ilroop of 7 rpm. A 2.5 second thrus t applica tion time
increaseo the transient droop to 15 rpm. Siuli liar transient
rotor speeil droop occurs during termina tion of an approach to a
hover and recovery from low powpr/hip.h rates of descent.

47. A normal rat~ thrust increase from 40 to 90 percE>nt dual
engine torQue in forward flight at a constant airspeed (fig. 106)
resulted in a rotor speed statIc oroop of 2 rpm. A corrE>sponding
thrust decreasE' (fig. 107) produced a 2 rpm static increase.

48. EnginE' governing was also evalua ted by performing accelera­
tions and decE"lerations from 30 to 140 KIAS wi th a constant
thrust setting. A static one rpm increase in rotor speed occurred
for every 30 knots increase in airspeed; likewise, during the
deceleration a one rpm decrease occurred per 30 knot decrease
in airspeed. Ollrinl! a typical takeoff. as thrust was increased
and takeoff R~celeration began. rotor speed was readjusted. to
rE"cover from static and transient droop. As the aircraft acceler­
a tf'd the ro tOI spped increased ahove 100 percen t and had to be
reduced if thf' ro tor sp(~ed was allowed to increase more than
1 percent (2.') rpm) the vibration levels increase significantly.
The rotor SPE"I''i was usual IV adjusted 3 to 4 times during this
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maneuver. Engine torque splits reported in referenr.e I,
appendix A were observed bu t were of It!sS maglli tude than previous­
ly noted. Pilot workload in nearly all flight regimes W<lS sig­
nifican tly increased because of the poor engine sp(·~d f!overning
sys tem. The poor engine governing sys t~m which allows large
rotor speed excursions with changes in power se tUn!, or airspeed
is a shortcoming•

Mission Maneuvering Characteristics

49. Mission maneuvers performed included internal and external
loads, and terrain flight. The maneuvers are desl:ribed in the
Cargo Helicopter Aircrew Training Manual (ref 13). Loads con­
sis ted of in ternal lead ballas t, 4000 pound and 19, 000 pound
tandem rigged external loads. Wi th the helicop ter ,)rien ted in to
the wind. desired altitude and positon over the ]oa,1 were easily
maintained within ±1 foot with minimal control in:mts (HORS 3)
allowing for rapid load hookup. An ini tial tenden~y to en ter a
low amplitude (±2° roll attitude) lateral PlO was easily
compensa ted for by releasing the centering device release swi tch
on the cyclic grip to engage a tti tude hold. Pilot workload
increased slightly during hookup in a gusty 15 knot right cross­
wind. Frequent. small (±1/4 inch) cyclic and thrust control
inputs were required to maintain precise hover altitude and posi­
tions (±l foot) (HORS 5). The radar a1 ti tude hold mode of
the AFCS was not used. Crewmember interphone transmissions
frequen tly prevented the copilot from moni to ring ou tside radio
calls during hookup because of the inabili ty to eli sable the lCS
(para 81). Lateral-directional oscillations durillg high power
climbs and accelerations were easily excited by turbulence
(para 34). The oscillations were uncomfortable. increased pilot
workload, but did not degrade external load st"hility. Poor
power management characteristics significantly increased pilot
workload during terrain flight maneuvers (paras 41) through 48) •
No other handling quali ties or load s tabiliza tion problems were
encountered during these tests. The cruise guide indicator
(CGI) was an excellent pilot reference when approaching high
rotor system loads. The mean CGl value increased at extreme aft
cg, or as ~ross weight. densi ty al ti tude, airpse('d, turbulence,
maneuver severi ty, or normal accelera tion increas(~d. Except as
indicated above, the mission maneuvering characteristics of the
CH-47D are satisfactory•

Aircraft System Failures

Simula tf'd Single En!!~.ne Failures:

50. Simula ted single E'ngine failures Ir. ~re evall1a ted at
47,400 pounds average gross weigh tat 7 I and 120 KCAS in level
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flight. Representative time histories are presenterl in figures 108
and 109. The enp.:ine failure wa!'i !'ii.mulated hy moving one engine
condition lever from the "FLIGHT" to the "GROUND' position and de­
laying for a specified time prior to lowering the thrust control.
A simulated engine failure at 73 KCAS in level flight resulted in
rotor speed decaying to 211 rpm (94%) using a 2 second delay. At
120 KCAS tpe rotor rpm decayed to 213 rpm (95%) using a 1 second
delay. The simulated engine failures were easily detected by
change in engine and transmission noise, split in engine torques,
and decreased rotor rpm. No unusual attitude changes or control
forces were observed during the simulated engine failures and
subsequent transition to partial power descent. The single
engine failure characteristics of the r.R-47D are satisfactory.

Advanced Flight Control System Failure:

51. AFeS fai hlr.~s were evaluated at the conditions listed in
tahle 7. The AYCS failures were simulated using an AFCS pulser/
fai lure box pro',Tided by BV. The helicopter was stabilized at
the desired trill' condttion, the failure introduced, and recovery
initiated when o3i rcr~ft rates were completely damped or became
excessive. The failures were introduced to a single AFCS system
while operating dual AFCS. Representative time histories are
shown in figures lIO through 116.

1)2. AI"CS Actuator: AFCS actuator failures caused one AFCS actuator
of the integrat~d lower control actuator (ILCA) to extend to full
authority. Pitch AFCS actuator failures caused a 2 to 4 degree
pitch attitude change in one second, then a return to trim atti­
tude ahout three seconds after th~ failure. Maxi.mum pitch rate
was ahout 3 d~,!rees per second. Roll AFCS actuator failure
resulted in up to a 12° roll attitude changE' about 4 seconds
after failllre, then a return toward trimmed attf tude. Maximufll
roll rate was about 4 degrees per second. Yaw AFCS actuator
failures produc,~rl a left or right yaw. Aircraft response to yaw
AFCS actuator fai lure was not repeatable between the two AFCS
systems. A typical response was a slowly divergent yaw attitude
change with 20° heading change I) seconds after failure at 72 KCAS.
Maximum rate w~s approximately R deg/sec. All AFCS actuator
failures either produced very little aircraft attitude change or
prOVided the pilot with adequate warning of the failure and
allowed for adequate time, over 3 seconds, before recovery was
necessary. The ILCA AFCS actuator fai.lure characteristi cs are
satisfactory.

'53. Collective Cockpit Control Driver Actuator (CCDA) Failure:
The Collective cenA moves the cockpit thrust control, when baro­
metric or radal altitude hold is engaged, to maintain altitude.
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Af tel' the failure was in troduced, thE' t-hrus t con troJ moved up or
down from trim at a constant rate of abo'it 0.75 in,'l1 per second.
The CH-47D does not incorpora te an engine overtt'llIpera ture or
transmission overtorque protection system; therefor'" a CCDA "up"
failure may cause an overtempera ture or overto,"que if not recog­
nized in time by the pilot. Dual engine torque (Dt:O) il~cre;lsed

at a rate of 20% DEO per second with 0.8 second time delay
after an "up" failure. During cruise flight at 129 KCAS.
41,060 pounds gross weight, 5520 feet density altitude, and 63%
DEQ, recovery was initiated 1.6 seconds after failu;e because of
excessive DEQ ra te increase. The DEO increase waH the primary
pilot warning of collective CCDA "up" failure unll!ss the pUot
had his hand on the thrus t con trol to de tec t the up'vlard movemen t.
At the flight conditions stated above the DEQ transfllission torque
limit would be exceeded in an estimated 2.8 seconds ,tfter failure,
or 2.0 seconds after initial warning to the pilot. The excessive
ra te of dual engine torQue increase af tel' coHee ti VI' CCDA failure
is a shortcoming.

54. Differential Air~peed Hold (DASH) Actuator ~ailure: DASH
actuator failure caused one section of the DASH actuator to
extend or re trac tat the velod ty 11mi t of approxima tely 0.25
inches equivalent longi tudinal stick per second. Aircraft re­
sponse was nose up or nose down pitch attitude chan~e that either
damped to zero pitch rate in ahout 2 seconds after 5 to 7 degree
pi tch a ttl tude change, or was divergen tat cons tan t pi tch accel­
eration of up to 2.5 deg/sec2• The divergent respo:lse was uncom­
fortable because pitch rate continued to increase throughout
the maneuver to an es tima ted 7 deg/ sec pi tch ra te and 12 deg
pi tch a ttl tude change three seconds af tel' failure. Recovery was
easily performed, however, by making a longitudina) cyclic input.
Control margins wen~ adequate and no aircraft lir'litation& were
exceeded. The DASH actuator failure characteristics are satis­
factory.

55. Vertical Gyro Failure: One vertical gyro was failed separately
in pi tch and roll. Aircraf t response to roll failu res was similar
to the roll AFCS actuators failures. Pitch fai lure responses
were essentially identical to DASH actuator failures, except
tha t ra tes were approxima tely 4 deg/ sec one second af tel' failure
due to AFCS ILCA actuator hardover. Rates then dropped and were
essentially the same values as during DASH failures. The initial
higher rates were perceived as a slight jolt by the pilots and
provided a he tter warning of the failure wi thou t signi Bcan tly
increasing pitch attitl.tde change 3 seconds after failure, when
compared to the DASH failures. The Vertical r.yro ;ailure charac­
tp.ristirs ar~ satisfactory.
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VIBRATIONS

56. Vi.brations in the cockpit And cabin areas were evaluated
throughou t the <,onduc t of the A&FC wi th a heavy ins trumen ta tion
package and the RV universal ballast system installed. After all
other tests were completed, the aircraft was returned to a
produc tion ccnfigura tion and High ts were flown to check compli­
ance wi th the requi remen ts of the Accep tance Tes t Procedure
(ATP) , (ref 14) and of the PIOS, (ref 6). Data were measured by
accelerome ters and processed by the fas t Fourier transform (FFT)
method and hy the Vibration Amplitude and Direction Indicator
(VADI). Appendix D further explains these methods. The VAnI
was the only processing method available after the instrumentation
package had been removed. ~

57. Figures 117 thr.ough 130, appendix E present data processed by
the FFT method. Figures 131 throu~h 133 show a cdmparison of data
processed by thE' two processing me thods. Figures 134 through 137
presen t da ta processed by the VADI. All the tables also presen t
the pilot's assessment of the cockpit vibration levels expressed
as numbers on a ra ting scale (see appendix D). TahIe 8 presen ts
the ATP limits.

58. Vertical vihrations at 3/rev and 6/~ev in the aircraft cabin
increased wi th airspeed above 110 KCAS (figs. 117 throu~h 121,
app E). These vihrations were quite high at typical cruise
airspeeds and above. Cockpit vibration levels did not increase
as rapidly wI th ai.rspeed bu t they did become objectionable at
approximately 140 KCAS. The level of cockpit vibrations at
cruise airspeead and above is a shortcon:ing.

59. During A&Fr. testing, a comparison of the BV VADI to the
USAAEFA data system and method of reduction was made. Figures 131,
132, and 133 present data from each system in level flight,
climbs. and descents, respectively. The data were gathered at a
gross weight approximating that required for the vibration
guarantee hy the P:OS (ref 6). The USAAEFA data are labeled
FFT because of the> me thod of da ta reduc tion used. This me thod
resul ts in an average value of the vibra tion accelera tion at
each frequency of in teres t. The VADI sys tern measures accelera tion
and presen tR the informa tion in terms of acceleration a t frequen­
cies of interest also. However, there are two differences between
the VADI and the FFT. One i.s that the VADI data does not represent
an al1er;lp.;e I'l.cceleration but rather the 85 percentile value of
the peak acceleration over 20 rotor cycles. The other difference
is that the VAOI information is presented in percent of the
limit specifi ed for tha t loca tion/dire~ tion in the ATP (ref 14).
There is 11 ttle difference hE'tween the resul ts from the two
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Table 8. Vibration Limits1

Transducer -TTP:Location
PIDS3

Transducer
Frequenc;y I Limits Limits

FS BL DirectIon {g) (g)

50 33 RT Vertical l/Rev 0.07 ---
50 33 RT Vertical 3/Rev 0.25 ---
95 0 Lateral 3/Rev 0.15 0.20

320 44 LT Vertical 3/Rev 0.50 ---
320 25 LT Vertical 3/Rev --- 0.20

NOTES:

17rue airspeed = 150 knots
2See reference 14, Appendix A for aircraft configuration
3See reference 6, Appendix A for aircraft configuration
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systems. The data in figures 131 through 133 were gathered in
very smooth air. The difference between the two systems may
increase as the level of turbulence increases.

60. The data in figures 117 through 133 were gathered with the
aircraft in a test configuration which may not be representative
of CH-470 aircraft in the field. Large, heavy ballast and
instrumentation systems were installed which may change the
vibration characteristics of the aircraft. However, the comparison
of the data systems is valid.

61. The purpose of the ATP is to allow checking of the vibration
levels in each production aircraft during the Army acceptance
flights without the extensive ballasting which would be required
to configure the aircraft as required by the PIDS vibration
guarantee. U the aircraft meets the requirements or tile ATP, it
is assumed that it would also meet the PIDS requi ,-ements. In
order to see if that assumption is valid, flights were flown in
both the ATP and the PIOS configurations. The ballast system and
large instrumentation package were removed prior to these flights.
The vibration comlJarison is made on the basis of VADI data only.

62. Figures 134 and 135 present data gathered in level flight at
the two configurations. There is little difference in pilot
ratings between the configurations, although the data from the
heavier pros configuration is approximately 10 percentage points
higher than the ATP configuration data. Although toe CH-470
aircraft met the vibration requirements of the ATP and PIOS
configurations at 150 KTAS, the vibration levels at the pilot's
s ~ation were objectionpt'le and are a shortcoming (see para 58) •

63. Figures 136 and 137 present data gather~J in descents in the
two configurations. The ATP contains no requirements for checking
vibration levels in climbs or descents although the PIDS does.
The vibration levp.ls in the ATP configuration are hi.gher than in
the PIOS configuration in descents •

INSTRUMENT METEOROLOGICAL CONDITIONS (IMC) FLIGHT EVALUATION

64. Th(, IMC evall\atlon was conducted during ~ert'y flights and
approximately 'l.R hours of weather instrument time were flown,
i.ncll1din~ I ~our in light icing conditions. Procedures used
were in accord13nce with the Operator's Manual (ref 7) and approp­
date publications. Generally the CH-470 perfo~'med well in IMC
with L'edllced pilot workload when compared to previous model
CH-47 aircraft. All instrument tasks could easily be performed
to the standards listed in the Aircrew Training Manual (ref 13).
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No unusual performance or flying oual j t 1es chari,ctt List i cs were
noted during lMC flight.

65. The AFCS heading select capahility reduced pilot wor~]oad and
allowed for very accurate course tracki.np.. This WdS especially
apparent when small (2 to 5 degrees), precise heacHng chang(!!;
were required such as during instrument landing systeM (ILS) final
approach. The AFCS heading select capabi lity is an enhanci.ny,
characteristic.

66. The position/nomenclature of the nurlber 1 and nUMher 2 VHF
At.t/FH Radio Sets (AN/ARC-l8G) was confusing anti in,'reased pilot
work1 oad. The confusion arose because the tacii 0 ':lets did not
conform to the conventional arrangement of locating the number 1
system on the left and the number 2 system on thl right. The
number 1 set, locateci on the right (number 2) side of the console,
and connecteci to the number 1 transmit-receive swj tches on the
interphone control, was easily confused with the llUmher 2 set
located on the left (numher 1) siele of the console which was
connected to the number 1 transmit-receive switches. This instal­
lation was not as described in the Operetor's i·1anual. This
resulted in several occasions of transmitting O~ the wrong
raMo, increasing workload for both the pilots and Air Traffic
Control (ATC). The unconventional position/nomencl-:lture of the
VHF AM/FM Radio Sets is a shortcoming.

67. The Course Deviation Indic<'tor (cnr) of tht· non-command
selected Horizontal Situation Indicator (H5I) was ,;laved to the
course that was set on the command selected ASI i 11 the VOR mode •
The copilot, who normally performed navigation dut i es. was fre­
Quently rresent~d with an on-course or aff-cour'·e indication
that did not correspond with the course set on his HSI, or had to
take HST command and disengage heading select. The lack of
independent Course Deviation Indicators for each pilot is a
shortcoming •

68. Shortcomi ngs o1:serverl rluring other tests which degraded the
fMC capability are discusse.i in other paragraphs anci listed below:

a. The lack of an res disable feature (para R3). Crewmemher
leS tram~missions frequently blocked ATC radio I ransmissions.

h. Three-axis oscillations in turbulence (para 34).

c. The lack of a disable feature for harometric altitucie hold
~ode of the AFCS on the flight control grips (para R6) •

0. Rp.gine torque oRcillations in tl1rhuh~ncp. with RAROALT ho1"
engaged (para R7).
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f. LacK of doppler nautical ~i]es per hour groundspeed read­
out (para 88).
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e. Pilot's restr
(para '~I)).
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COCKPIT AND CAR1N EVALUATION

General

69. The cockpit and cabin were qualitatively evaluated throughout
the test program. Tbe pre3ence of test instrumentation and
equi pment was considered during the assessment. A night evalua­
tion was not conducted because the test aircraft was not ni~ht

vis ton goggle C'ompat 1. ble and thus not representative of produc­
tion CH-47n helicopters. Cockpit arrangement, field-of-view
comfort, nor~al p~ocerlures, mission equipment storage space, and
readability of ga~es and notations were satisfactory except as
Msc\lssed in the following paragraphs.

Ingress/F.gress.

70. Norma] and emergency ingress/egress were evaluated with the
engines and rotors static. Normal in~ress/egress was degraded
sli ghtly from previous model CH-47 heli copters because of the
reduced clearance hetween the overhead switch panel and the center
console. but normal ingress/egress ~rovisions were still adeouate.
The exterior and interior cockpit emergency door iettison handles
required 29 pounrls of force to operate for emergency egress, as
measurerl I :inch frolT' the end of the hancile. Normal and emergency
ingress and egress were satisfactory.

Cockpit Seats

71. The pro<1uction CH-47D was eCluipped with the same model pilot/
copilot seat!': as thp. CH-47C. nuting long flights, it was found
that the seats hecame very uncomfortable due to "hot spots" and
a lack of seat venti lation. The "hot spots" were probahly induced
hy the physic~] shape of the seat cushions which reduced the
normal blood circulation of the body. The discomfort caused by
the pilot/copilot spats in the CH-47D is a shortcomin~.

Cockpit Leaks

72. Water le~king from the forward pylon area through the over­
head switch panel and onto the console was noted during flight
through a rain !':hflwer, as prevtously documented (r.ef 4). The
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electrical switches, lights, and engine condition levers were
susceptible to short circuits when operating in this environment,
and pilot comfort was reduced. The water leaking into the cockpit
during flight through rain is a shortcoming.

Caution Panel

73. The light intensity of the cautien panel segment legends, when
illuminated, was insufficient when exposed to direct sunlight.
This made it difficult to determine which caution segments were
illuminated and would delay the pilot's reaction to emergency
conditions. The lack of readily discernible cau;,.ion panel segment
light in bright sunlight is a shortcoming.

Cargo Loading

74. The cargo compartment and ramp floor described in the Opera­
tor's Manual had no provisions (e.g. integral rollers in the
floor) for the easy loading and unloading of palletized cargo or
bulky, heavy items. A primary mission of the CH-47 i~ the internal
transport of large (approximately 3000 pounds) warhead sections •
The warheads are loaded and unloaded by the use of conveyer type
steel rollers. Loading takes approximately 30 minutes (ref IS).
Other items of bulky cargo must he winched or manhandled onboard.
If integral rollers were providerl in the cargo compartment and
ramp floor, cargo could be loaded and unloaded from the ramp by
a forklift, greatly expediting the mission. The lack of provisions
for the easy loading and unloading of internal cargo is a short­
coming.

Crew Restraint

75. The armament subsystem M24, described in the Operator's
~anual includes M60D tl'achine guns mounted in the eabin door and
the cahin escape hatch. The two gunners must stand behind the
machine guns during all phases of nap-of-the-earth flight in
combat in order :=0 provide supressive fires. They must also be
in good position to view the rotor blades to insure that adequate
clearance is maintained. No crew seats were provic1ed to reduce
crew fatigue and to provide personnel restraint in the event of a
harc1 landing or crash. The lack of gunner seats is a shortcoming.

Longitudinal Stick Position Indicator

76. The longitudinal stick position indicator is mounted on the
right side of the center console and is used by the pilot primar­
ily to monitor longitudinal stick position during ground maneu­
vpn:;. ThE' fnilfcator C"onsists of a plasl Ie tuht" (>("cheil with
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nu""hers corresponding to inches anil a red plastic slider which
moves inside the plastic tube. The tip of the slider inilicates
the longitudinal position of the cyclic. The tube is not protec­
ted from contact hy the pilot's foot durinl?: ingress or egress
and is therefore suhiect to damage. The susceptibility of the
longitudinal stick position indicator to damage is a shortcoming.

77. The plastic slider in~)rporates a red light installed at the
tip and the plastic tube has a red light at the lower end for
illumination at night. Ouring nil!ht flight operations ~dth the
cockpit lighting on, the light at the end of the sUder and at
the lower end of the plastic tube produces a glare within the
tube causing the numbers to he unreadable. This renders the
indicator virtually unuseahle at night. The lack of readability
of the longituilinal stick position indicator at night is a
Rhortcoming.

78. The longitudinal stick position indicator is monitored during
the flight control travel and hydraulics check to assure that the
proper range of longitudinal stick travel exists. The forward
2 1/2 incheR of the indicator is hlocked from the pilot's view by
the cockpit air control handle bracket. The obstructed field-of­
view of the forward end of the longitudinal stick position
ini!icator is a ~hortco""ing.

Pilot's Turn anil Slip Indicator

79. The pUot' s turn ann sUp indicator is located on the lower
right side of the pilot's instrument panel. The housing for the
indicator lights are located at the top of the :Indicator. This
houqlng extenrls over the face of the indicator hlocking the top
of the turn nepcHe ani! the rate of turn syll'bols from the pilot's
view. The pilot is, therefore, unahle to iletermine the aircraft's
turn rate which is required during instrument tasks such as
holi!lng an~ approach. The pilot's restricted field-of-view of the
turn ann slip ITldicator is a shor.tcoming.

SlTRSYSTEMS TESTS

P:ltot-Static Svstem

80. The swiveling head pitot-static boom and standard ship air­
speed sy~tem WI~rE? calibrated in level flight using the methods
descrihed in ilppendix D. Additionally, the ship's system was
calihrated in ~limhs and i!escents using the booll' airs~eed system
a~ a referencp. Checks were also made of the system with bubble
windows in<;tallei! in the second round window opening on each
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side of the aircraft (;ust ahean of the ship's ~tatic portR).
The boom system was also used as a reference for thiK calibration.
The airspeed calibration data are presented in figures l1R
through 140, appendix E•

81. The ship's system airspeed calibration pres~ntecf in thE'
Operator's Manual was confirmed during the A&FC for airspel:!ds
greater than 70 KIA~. At less than 70 KIA~ the posit ion error
is greater than that presented in the operator's mlnual (maximum
difference is 4.5 knots at 40 KIAS) •

82. The ship's airspeed system has a larger posit-on error when
bubble winnows are installecf just forward of the static ports
(see fig. 140, app E). The increased error results in a decrease
in indicated airspeed, which couln cause the pilot to fly beyond
the airspeec. limits without realizing it. Altitude errors could
not be calculated from the airspeed error because the ship pitot­
static system has errors in both total and static pressure
measurements. Ship's system indicated airspeed fluctuated ± 5 KIAS
with a 2 second period at 70 KCAS in a 2000 fpm dimb, and the
ship's system altimeter incfication fluctuated ±10n feet with
a one second period in a 2000 fpm descent at 70 KCAS. The ship's
system vertical speed inilicator also fluctuated during partial
power descents. IM~ flight under these conditions could he
hazardous. Because of th~ adven~e effect on th,~ pitot-static
system, bubhle windows should not he install~d in the openings
juet forward of the static ports.

lnterphone System

83. The production CH-47D was equipped with a C-f.533/ARC inter­
communication control panel (rcp). Because the rcp has no
intercom ON/OFF switch, the pilots had to moni tor the aircraft
intercom at all times. This led to extremE' communication
problems whenever one pilot had to converse with other memhers
of the flight crew and the other pilot was utiliziny, the aircraft
radios. Several times during the evaluation, radi0 transmissions
from air traffic control were missed or misunderstood because
intercom could not be shut off. The lack of an aircraft intercom
ON/OFF capability is a shortcoming.

Cargo Hook System

B4. The cargo hook system was evaluated with a 20,000 pound load
rigged in tandem to the fore alld aft cargo hooks and ree!undant
slings to the centE'r hook. The field-of-view fyom the normal
crew chief po~ition of both the fore and aft hooki was poor, as
reported previously (ref I), and coule! lead to fuselage/load
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contact rluri ng load hook-up. The poor visihility of the fore
and aft cargo hooks rluring tanrlem rigged load operations remains
a shortcoming.

R5. The helicopter had no provisions to directly measure the
weight of external loads. External load weight frequently is not
known. evpn hy the supported ground unit. Load weight must be
known by the pi lot for accurate performance planning. This is
especially important when conditions are different at the takeoff
and landing zones (e.g.. landing zone is at a higher altitude
than the takeoff zone). The lack of an external load weight
measuring system is a shortcoming.

Advanced Flight r.ontrol System (AFCS) Altitude Hold

86. The CH-47D AFCS incorporates a barometric (BAROALT) and
radar altitude (RAJ>ALT) hold feature which can he engaged by the
pi 10' :0 maintain altitude. Radar altitude hold may be used
only during hover operations and barometric altitude hold may be
used during forward flight. The desired altitude hold function
is activateci by rlepressing the BAROALT ENGAGED or RADALT ENGAGED
switch iocated on the right side of the center console. The
systems operate through the No. 1 AFCS computer and sense changes
in statf.c air pressure or radar altitude rleviations which corres­
pond to al ti tude changes. Changes in pressure or radar signal
prorluce an error signal which is processed hy the AFeS and applied
to the CeOA. This actuator drives the thrust control in the
ciirection necessary to null the error signal thereby maintaining
a c,....nstant pressure or raciar alt itude depenrling on which altitude
hal. function is eng8~ed (BAROALT or RAnAT.T). The eenA has 100%
8utl"lrity in thE' tht'ust axis. The thrust control brake trigger
swi.tc· '10 the thrust control rod when (lepressed places the a1ti­
tude " func t ion ina :;ynch rani zat ion mode allowing the pi lot
to ch' 'I J,' altitude fA1ith the thrust control rod. When the thrust
contr!' :",0 trif.~er is n~leased. the aircraft current pressure
or rad~c altitlloe is captllrecl and becomes reference altitude for
AFCS error signnls to maintain that altiturle. The pilot must
remove his hane! from the thrust control rod while reaching for
the BARO ALT or RAn ALT switch or request the copilot's assistance
when engaging or cii.sen~aging the harometric or radar altitude
fllnction since thE' switches are located on the center console.
If the pi lot plects to rlisen~age the harometric altitude hold
function after initiating a descent. he must release the thrust
control (thrust control rod tt'igger) which causes the thrust
control to increase attempting to arrest the rate of descent and
maintain the altitude at which the thrust control rod tri~ger

was releasecl. The requirement to disengage harometric altitude
hold freqllentlv occurs during a descent for approach when the
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copilot is making raclio calls. The coV,llot '1'18 V , thE>refore, he
unable to hear the pilot's request to disenga~e the harometric
altitude hold feature. The requirement for the pilot to release
the thrust cOfltrol or request copilot's assistance to E>np;ap;e or
disengage the barometric alti tude or radar altitude hold feature
Is a shortcoming. The barometric altitude and radar altitude
engagE> and disengaged' swit~hes shoulli he relocated Floch that
th~se features may be engaged and disengaAed by the pilot without
releasing the flight controls.

87. The barometric alti tude hold function significantly reduces
pilot workload but appears too sensitive to small barometric
pressure changes. Two pprcent engine torque fluctuations occur
during level flight in extremely smooth air conditions and alti­
tude is maintained within ±IO feet. In light turbulence as
much as a 10 percent fluctuation were ohserved. Normal pilotlnp;
technique to maintain altitude with the BAROALT hold off Is to
allow altitude variations of ±SO feet using infrequent small
thrust control changes. The system woulrl he adequate if modified
to allow greater altitude variation and to minimize the engine
torque fluctuations. The engine torque fluctuations in smooth
air with the haromet: c altitudE> hold featurp engaged is a short­
coming.

Doppler Navigation Set

R~. During the cockpit evaluation of the Doppler Navigation ~et

(AN/ASN-128) it was noted that the present doppler configuration
only displays distances and ground speeds in kilometers and
kilometers/hour respectively. As a result, the pilots must
convert distance anit ground speed into nautical miles and knots
to make the doppler information compatihle wi th sectional aero­
nautical charts, FLIP manuals and the ai rspeed indicators. The
inahility of the Doppler Navigation Set (AN/ASN-12~) to display
distances and ground speed in units of nautical miles is a short­
coming.

In Flip;ht Engine Starts

89. In flight engine starts were performed on hoth engines inde­
pendently at 87 KCAS, anil 5000 feet ,lOrl 10,000 fe~t density
altitude. The desired engine was shut clown, power turhine inlet
temperature (PTIT) allowed to cool to approximately 150°C, then
the engine was restarted usin~ checklist procedures. Hydraulic
power was supplierl to the respective engine start motor by the
transmission mounted utility hydraulic pump. All engtnp parameters
remai nen within allowablE> I1mf ts during the start sequences •
The gas producer speed took slightly longer to reach 10% N]
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SPt'Nt than durtnJ.': :H1xi1iary power unit (APU) starts, hut this
was not ohjectionnhle. nurlng all engine ~tarts, the engine
speed was stahil f;>;ed at ground idle pri or to 45 seconds after
the start was initiated. The highest transient PTrT was 700°C
when the start switch was selected from START to MOTOR at 400°C.
Otherwise, the tri-lnsient PTIT remained below 600°C, when the
start switch was moved from start to motor at 350°C. The inflight
engine start char~cteristics are satisfactory.

Pressure Refuelin~ System

90. The pressure refueling capahility allowed for extremely short
refueling times at civilian and USAF airfields during cross
country flights. Servicing was often completed in ten JIlinutes
as compared to a nominal 20 to 30 minute reQuired for single
hose, open port refueling. This reduced crewmemher exposure time
in inclement weather and increased safety and mission capahility.
The pressure refurling capability is an enhancing characteristic.
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91. The following conclusions were reached upon completion of the
CH-47n A&FC:

a. No deficiencies and 25 shortcomin~s wen:' identified.

b. The CH-47D exceeded the following PIDS performance
guarantees:

(1) OGE hover performance at maximum continuous power at sea
level, standard day conditions, is 53,950 pound." lothich exceeds
the 50,000 pound guarantee hy 7.Q%.

(2) Maximum airspeed in level flight at 33,000 pounds at sea
level, standard day conditions, using maximul'l continuous pmoler is
162.5 knots, true airspeed, which exceeds the 150-lnot fuarantee
by 8.3%.

(3) Mission III performance profile can he aCCOMplished with
fuel reserves in excess of that required by the PIn~.

ENHANCING CHARACTERISTIr.S

92. The AFCS heading select capability is an enhancing character­
istic (para 65).

93. The pressure refueling capahility is an f'nhanci ng character­
istic (para 90) •

SHORTr.OMINGS

94. The following shortcomings (as defined in app D) were identi­
fied and are listed in order of importance:

a. The poor engine governing system which allows large rotor
speed excursions with change in power settinp or airspeed
(paras 46, 47, and 4R).

b. The high level of cockpit vibrations at and above cruise
airspeed (para 58).

'-. The easi ly excited three axis ai rcraft osci Hation
(p'lra 34).

d. The lack of an aircraft intercom ON/OFF capability
(para 83).
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e. The excessive rate of engine torque increase after
collective CCDA failure (para 53).

f. The re<ll1iretnent for the pilot to release the thrust
control or request copilot's assistance to engage or disengage
the barometric or radar altitude hold feature (para 86).

g. The lack of provisions for the easy loading and unloading
of internal car~o (para 74).

h. The uncommanded pitch oscillations during two wheel taxi
(para 43).

i. The 1Jnconventiona~ position/nomenclature of the VHF AM/FM
radio sets (para 66).

i. The engi.ne torQue fluctuations in smooth air with baro­
metric altitude hold feature engaged (para 87).

k. The lack of independent Course Deviation Indicators for
each pilot (para 67).

1. The restricted field-of-view from the crew chief position
of the fore and aft car~o hooks during tandem rig~ed load opera­
tions (para R4).

m. The lack of gunner seats for the M24 armament subsystem
(para 75).

n. Water leakin~ into the cockpit during flight in rain
(para 72).

o. The inahili ty to ground taxi with power steering while
performing other cockpit tasks (para 41).

p. The pilot's restricted field-of-view of the turn and slip
indicator (para 79).

Q. The lack of an external load weight measuring system
(para 84).

r. The inahility of the Doppler t\lavigation Set to display
distance and ground speeds in units of nautical miles (para 88) •

s. The lack of readability of the longitudinal stick position
indicator at night (para 77).

to The lack of readily dhcernable caution panel segment
lights in hright sunlight (para 73) •
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u. The susceptibility of the 10ngitudinal stick position
indicator to dama~e (para 76).

v. The obstructed field-of-view of the forwarr'l end of the
longjtudinal stick position indicator (pa'a 7R).

w. The uncomfortable pilot/copilot s~ats (para 71) •
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95. The shortcomings listed in paragraph 94 should be corrected
as soon as practicahle.

96. The ha~ometrlc altitude and radar altitude engage and disen­
gage switches should be relocated such that these features may
he engap.;ed or disenp.;aged by the pilot without releasing the
flight control (para 86).

97. The operator's manual (paras 8-27, ref 7, app A) should be
changed to eHminate the sentence which reads "This amount of
thrust and mod~rate braking will maintain a reasonable taxi
speed". The sentence should be replaced by the following sentence:
"At I ight gross weights, i.t may be necessary to lower the thrust
control rod below the ground detent to maintain a reasonahle taxi
speed" (para 42).

98. The following sentence should be added to paragraph 8-2~ of
the operator's manual (ref 7): "The 10ngituMnai cyclic speed
trim actuators shoulrJ oe placed in MANUAL mode and programmed to
the GRD detent rlurin~ two wheel taxi" if pitch osciIl ations are
encounterec1 (para 113).

99. The following note should he added to the operator's manual
(para 34).

NOTE

During single AFCS operation at heavy gross
weight and high speed, high altitude or high
power, small pitch oscillations may occur and
are normal.

lOa. Ruhble windows should not he installed in the openings just
forward of the static air pressure ports (para 82).

43

I
'.'
.'
",.
'."

'I
"...

'.-

"

'.
"

",

",

,"

"

,..
L

!"

,
~



!:-:'"
t' ..:-:.:
k.G

r·o
I
',',··.
, .
~;".' "

m
t

..
, .

' ...­-..
~ ..

' ...... -.

. ... . ~ . . . . . .. . . . '" ..

APPENDIX A. REFERENCES

1. Final Report, USAAEFA Project No. 79-0£-" Pro8Uminaroy
Ail"trJorothiness Evaluation (PAE 1) of the YCH-4?D Helicoptero,
May 19&0.

'.

2. Letter, USAAEFA, T)AVTE-TI, 31 July 19f50, suhjec i ;

Report, Preliminary ,A.Lrwl1rthiness Evaluation (PAE) II
YCH-47D with Modifi~d Advanced Flight Control System
USAAEFA Project No. 80-05.

Letter
of the
(AFCS) ,

.~.

..'

) .. ~ ....

.'

'.
..'

.. '"."
,............

'.

. ."

. .
' ..
.. .~...... ....,

...... '"-.
......~ .
...... ~

..........
. -.... :.A
'."

'. "

, .... "

3. Final Report, USAAEFA Project No. 79-13, Climat;ic Lahoroatorou
Evaluation, YCH-47D Helicoptero, August 1981.

4. Final Report, USAAEFA Project No. 79-07, A~tificial and
Naturoal Icing Test of the YCH-47D, July 1981.

5. Letter, AVRADCOM, DRDAV-DI, 2 July 1982, subject: Airworthi­
ness and Flight Characteristics (A&FC) Test of the CH-47D.

6. Document, Boeing Vertol Company, No. 145-PJ-8103B, Pl"ime Item
Development Specification foro t"he Model YCH-47D Helicoptero,
with revision F, 20 October 1983.

7. Technical Manual, DEPTM 55-1520-240-10, Ope~atoro'8 Manual,
AroMy Model CH-47D Helicoptero, 10 November 1982.

8. Test Plan, USAAEFA Project No. 82-07, .4ir>l.cJorothines8 and Flight
mzaroacteroistics (A&FCJ of the CH-47D, July 1982.

9. Letter, AVRADCOM, DRDAV-D, 17 December 1982, with revision 5
dated 11 April 1983, subject: Airworthiness Release for Conduct
of a Preliminary Airworthiness Evaluation and Airworthiness
and Flight Characteristics Test of the CH-47D Helicopter,
SiN 81-23383 •

10. Flight Test Manual, Naval Air Test Center, FTM No. 102,
HeLicoptero Peroforomance Testing, 28 June 1968.

11. Flight Test Manual, Naval Air Test Center, FTM No. 101,
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APPENDIX B. AIRCRAFT DESCRIPTION

GENERAL

1. The CH-47D is a twin-turbine engine, tandem rotor helicopter
(figs. 1 and 2, and photo 1) designed for internal and external
cargo transport during visual and instrument, day and night
operations. It is powered by two T55-L-712 turboshaft engines
housed in pylons mounted on the aft fuselage. The engines drive
tandem, threebladed, fully-articulated, counterrotating rotors.
The orive trair RYS tern coasis ts of two engine transmissions. a
combining transmission, and a forward and aft transmission. The
combining transtr.ission receives power from the engine transmis­
sions aad drives the forward transmission through drive shafting
housed in a tunnel aloug the top of the fuselage. The aft trans­
mission is driven by a drive shaft running from the aft section
of the combining transmission. A gas turbine auxiliary power
uni t moun ted in the aft pylon, drives a il:trll:"aulic pump and a
'} 0 KVA genera tor to provide power to the aircraf t sys terns when
the rotors are stationary. Fuel is carried in six tanks mounted
in pods on the sides of the fuselage. 1he helicopter is equipped
with four nonretractahle landing gear with power stE'ering prOVided
by the righ t af t gear. En trance to the helicop ter is provided
through a door loca ted on the forward r 19h t side of the cargo com­
partmen t or through a hydraulically opera ted cargo ramp loca ted at
the rear of the cargo compartment. The helicopter is equipped with
5 tandard tandem ro tor cockpi t con troIs and an advanced fligh t
control system (AFCS) described below•

2. The general helicopter arrangemen t and dimensions are 51 ~...,n
in figures 1 and 2. Specifications are given in ~~hle 1.

FLIGHT CONTROLS

General

3. The irreversible, electrohydraulic flight control system is
pm--~red by two inrlependent hydraulic hoost systems, each operating
at 3000 psi pressure. Control inputs from the cockpit are
transmi tted through mechanical linkap.:e to the in tegra ted lower
con trol ac tua tor (ILCA) which then transmi ts individual axis­
oriented control motions to the mechanical mixing units. The
mixE'd ou tpu ts are then transmi ttE'd through a series (\f push-pull
tubes to the \lpper dual-boost actuators ;\ttached to the forward
and aft 8washplates •
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Table 1. Specifications - CH-47D Helicopters

Solidity ratio •••••••••••••.•••••....•••••••••••
Normal rotor rpm•••.••.••.•.......•........•....
Rotor rpm - max. autorotation•••••••••••••••••••
Transmission rating

Twin engine •••••••••••••.•••••
Single engine •••••••••••••••••

Gear ratio - engine to rotor ••••••••••••••••••••
Tip speed - normal ••••••••••••••••••••••••••••••
Weight empty••••••••••••••••••••••••••••••••••••
Design useful load •••••••••••••••.••••••••••••••
Design gross weight•••••••••••••••••••••••••••••
Maximum gross weight••••••••••••••••••••••••••••
Maximum fuel capacity•••••••••••••••••••••••••••
Engine model designation •••••••••••••••••••••••
Uninstalled power ratings (sea level standard day)

Max rated SHP @ 15066 RPM •••••••••••••••••••••
l';~x con tinuous ra ted SHP @ 15066 RPM ••••••••••

..........'

."

M
·-"
· .
..... ....

, ., ..

·'
.'

"".'

...
" .'
"......

.,"]
"..."
'...".-.­'.,
",

"-
'.

.'

Blade area each •....•..•.....................
Blade area to tal .
Rotor disc area - each •••••.••••••••.••.•.••••.•
Rotor disc area - total •••••••••••••••••••••••••
Airfoil - root (INBD to 85% •••••••••••••••••••••
Airfoil - tip •••••••••••••••••••••••••••••••••.•
Aerodynamic chord length - root and tip •••••••••
Pitch axis - % of chord •••••••••••••••••••••••••
Blade pitch range aft•••••••••••••••••••••••••
Blade pitch range fwd •••••••••••••••••••••••••
Blade twis t from CL of ro tor to hlade tip •••••••
Coning stop angle •••••••••••••••••••.•••••••.•••
Collective pitch (thrust) •••••••••••••••••••••••
Rotor disc loading (50,000 gross weight) ••••••••

FWD ti re s ...••.•..•••.•.•••.••.•..••.••••..••...
Aft tires •••••••••••••••••••••••••••••••••••••••
Design normal cg location•••••••••••••••••••••••
Most FWD cg location (33,000 lb gross weight) •••
Most AFT cg location (33,000 lb gross weight) •••
Car~o hook locations ••••••.••••.•.•••••••.••••.•
Cargo compartment height••••••••••••••••••••••
Cargo compartment - width •••••••••••••••••••••••

NOTE:

CH-47D

80 sq ft.
480 sq ft.
2,827 sq ft.
5,655 sq ft.

VR7
VR8

32.0 jn.
25%

-21.39 to + 39.85
-21.39 to + 39.85

12 degrees
30 degrees

1 degree - 18 degrees
8.84 lb/f t2

0.0849
225
244

7500 liP @225 RPM
4600 HP @ 225 RPM

66.96 to 1
707 FPS

22,784 lb
10,216 lb
33,000 lb
50,000 Ib

1030.85 gal.
LYr, TS5-L-712

3704 SlIP
2991 SAP

8.50-10 III 10 pro
R.50-10 III 10 pro

3.1 in F{m
21.0 in FWD
12.1) in AFT

STA 249, 331 & 409
78 in. Min.
90 in. Min.

........

-..·.. .....
" ..
, ..

' ....... .

All above cg loca tions are taken from the Da tum-Line be tween TO tors
STA 331.0

50



.... '."\.. ......."" ......-·,
~.
.'

'.
:' ..,

.-
"

-.'

......- ~.. \J..... .... .... ....... .. .._ ........~"' ..... ~ ...~ ..-~;:'-; :-.-~~_.""'" .._;'. ~_.-.._: ..------;,- ,_ .•. _-' .._•__...._.... __ ......_;# ....._...._;,.. _ ... _ ".- _." _.' _ • _~ _.... _ •• _.... _••"

Advanced Flight Control System (AFCS)

General:

4. Automat ic inputs from the AFCS (fig. 3, and tables 2 and 3)
enter the flight control systeM by two means:

.'" --- ..

'.
-
~,

"
"

'.
'.
".
"...

.'

~ .......

-.

'.."
-.

a. In series, between the cockpit controls and the rotors,
thro~gh the ILCA and the differential airspeed hold (DASH). These
signals do not move the cockpit rontrols.

b. In parallel, with the collective controls through a
collective drive actuator (CCDA). These signals ~ove the cockpit
collective controls.

5. The AFCS provi des the following modifications and additions
to the stability augmentation system installed in earlier model
CH-47 helicopters:

a. Continuous pitch attitude and, in the long-term, airspeed
hold referenced to the longitudinal control position throughout
the flight envelope •

b. Long-term hank angle and heading holn in level flight and
hank angle hold about any stabilized bank angle in turning flight.

c. Vernier heep trim of bank angle and airspeed.

d. Radar and harometric altitude hold.

e. Coupled heading selected through the RMI bug error.

f. Cockpit control position transducers in the longitudinal,
lateral, and directional control sytems.

g. The mech~nical detent switches on the lateral and
directional controls have been replaced by electronic signals
derived from control position signals supplied to the AFCS.

h. Automatic longttudinal cyclic trim positioning to the
grouncl molie when looth aft wheels are on the grounli.

Longitudinal Conttol:

..

I

' ..
.......

6. As shown in figure 4, pitch
feeding derived pitch rate into
longitudinal ILCI. The derived
electronically differentiating the

rate damping is provided by
the extensible link of the
pitch rate is obtained by
vertical gyro pitch attitude

·
··
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Tahlp 2. AFC9 Gains and Limits

:=r I I Tolerence

-------------
IParanleters Value \lnits

I ,
J Daah airpeerl llain 0.12 +5% Inchl's of F<luiv. Coc!'!,i t Lonllitudlnal Control I

KIlAS I !lash

- , kt I
Attitutll' j!Ain 25.(, I +5% Inches of Fauiv. Coc\'pit Lonllitudinal Control I

KIlPA I Rarlian I
Dash lonlliturlinal control 7.5 ! Inches of Eauiv. Cockpit Londtudinal Contrail

ItIlLCV (velocity) Itain I Incl. of Cockpit 1.0ndtutlind Control I
Dash lonJliturlinal control 1.1 I Inches of Eouiv. Cockpit LonFitudinal Control!

KIlLeP (proportional) llain Inch of Cockpit Lonltitudinal Control
"FCPF Forward cyclic Ditch function

Cyclic pitch altiturle hias 0.15 Ilel!rees of Cockpit Lonltitudlnal Control
KcPllA 1000 feet
"'AC", Aft cyclic pitch function

Pi tch rate l!:ain R.9n Inches of Eouiv. Cockp1t LonRitudinal Control
KPR I

\
Radian/sec

Roll attitude l!:ain I 11.0 Inches of Eauiv. Cockpit Lateral Control
KRA - Rarlian

11011 attiturle beep j!ain 0.05 ~
KRAB , sec

Zero, but
!tRAM Roll attitude beep pro"iBion. Inche' of Eouiv. Cockpit Lateral Control

auiekenin2 Rain for 0.25 llIax
Roll rate p:ain 5.7 Inches of Eaulv. Cockpit Lateral Control

'RIl Radian/sec

I ItRCP
Roll control position p:ain 1.0 Inches of Eouiv. Cockpit Lateral Control

Inch of Cockpit Lateral Control
I "'liS' Readinlt select function
I Woll attltude-hearlinll 14.3 Inches of F.oulv. Cockpit Lateral Control,KRAIIS select llain Radian
I Ilearlinp: p:ain R.2 Inchea of F.auiv. Cockpit Ilirectional Control
I KR

!
I Radian

I Roll into yaw p:sin 5.7 ! Inches of F.ouiv. Cockpit Lateral Control
tRY I Radill",

tNA
Altiturle - rarlar p:d n

tAR
Altitude - haro..etric lP:aln

KAII
Pedal control position p:aln

Kpcp
V.w rate 'llai-n-----

KYR
Vaw rate washout llain

lnw

- llD Roll detent ain

I
ROP Roll detent function
PI! Pedal detent lP:ain
PDP Pedal detent function

I Sirles lip funetion
KSS,

I Dash 10nlP:iturlin.l control
I VDAS" velocity limit (dual syltt .... )

IThe li.terl ~.in. are dual syste.. values.
1o.e inch of equiVAlent control ll'eans ....pl.t.. (s) mo".....nt wbieb enuals t~at prorlucerl bv one lnch of cockpit control
..."ellent
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Parameters

Roll Reep Lag

Roll Ra te tag

Pitch Rate Washout
Lag

1.0

0.016

0.1

10.0
0.004

Time
Constants
(seconds)

Tahle 3. CH-47D - AFCS Time Constants,'----
I Symbol

-r--~~ .--
Dash ~ongitudinal Control Lag I 13

i T4 =

TS =

~ ........-'-
~
p~: .
~·.·.l '.
l···..

~
f- :::.:
~ ......: .
(. '-,

~

Roll Attitude tag 0.15
.'

Lateral Control Position
Washout
Lag

3.0
O.R

~ .... .

Yaw Rate Lag
\oJashout

Roll into Yaw Lag

~ideslip Lag

Heading Lag

Radar Alt itude loag

Normal Acceleration Washout

Normal Acceleration Lag

ceDA Feedback Lead-Lag

Sin e \Jashollt

T9
TIO

TIl =

TIZ

Tl3

T14 =

TIS =

Tl6

Tl7 =
T18

0.02
4.0

4.0

n.25

0.21

0.2

10.0

22.0

0.06
0.005

0.042

.' "
Sin '/J Washollt 0.05

Pedal Control Position Lag

cenA Feedhack Washout

Barometer Lag

Delta P Lag

T21

TZ2 =

T23

T24 =____L

0.2

10.0

0.5

0.5

"- ....:......:..
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si gnal and using it along wi th yaw ra te and roll at 'i tude to
calculate the body axis pitch rate. T~e signal is conditioped by
a lag to filter noise and a washout to prevent saturati1n during
turns •

7. By summation of aircraft pitch attitude, airspeed, and
longi tudinal con trol posi tion, the DASH sys tem ac tua tor providel:l
pitch attltude and airsrcaed hold as well as a stable J!;ridient of
10nJ!;i tudinal con trol posi tion versu~ trim airspeed. Sine e nei ther
pi teh a tti tude nor airspeed are synchronized. their :igh gain
settings would, if not otherwise modified, require v~ry large
longitudinal control displacements to oppose their effE cts. The
incorpora tion of a long! tudinal can trol posi tion transd ,lcer ac ts
as a pseudo synchronizer and cancels out most of the airspeed and
attitt:de signal so that the trim control travel over the allowable
operatinJ!; speed ranJ!;e is ap~roximately 2-1/2 in~hes•

Lateral Control:

8. A block diagram of the la teral con trol sys tern is shown in
figure~. Rate damring is prOVided by feedlnJ!; derived roJI rate
into the extensible link of the lateral ILCA. '('he de ived roll
r~te is obtained by electronically differentiaing the vertical
gyro roll a tti tude signal. The signal is shaped by a lag to
fil ter noise. A l~ teral can trol posi tion transducer a lposes til a
ra te gyro signals so that the lligh stabili ty of the roll AFCS
does Ilot degrade lateral maneuverability. Summatiol of the
derived ra te signal and the con trol posi tion signal 1 roduces a
roll-rate r~sponse wh~ch is proportional to control disllacement•
Long-term hold of trim bank attitude is provided by ')ank-angle
inputs from a vertical gyro. Bank angle error signal:;, from the
ver tical gyro are used to produce correc tive con tr.,l mo t!ons
through the extensIble link of the roll ILCA. When the pilot
displaces the la teral control out of the de ten t posi tion durhlg
maneuvering, the trim b~nk angle error is continuously synchroni­
zed to zero. When the pilo t re turns the con trol to the de ten t
position and the aircraft roll rate is leas than 1.5 c'egrees per
second, the synchronizer swi tch opens and the sys tem holds the
air~ra~t at the bank angle stored at the synchroniz·r output.
Vernier beep trim of bank attitude is produced by op~ration of
the lateral beep trim switch. Operation of the latera) beep trim
swl tch adjus ts the trim bank angle stored a t the syr chronizer •

9. A se lec tible turn coupler mode is avai labIe for au toma tic
control of heading. In this mode, the vertical gyro hank anp:le
signal and the hea~ing command from the pilot's directional
indica tor are ;ed to the extensible link of th(' la terd ILeA •
The sys tern commands a s tanda,,:,d ra te turn to the commanded headinJ!;
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and then holds the commanded headin/!. B,lnk angie is limi ted to
20 dq~.. ees maximum. During this mode of High t, the normal bank
angle and heading hold error signals arl~ synchronized to zero.

Directional Control:

10. As shown in figure 6, yaw rate damping is provided by feeding
a signal ohtained from a yaw gyro to the extensible U nk of the
directional ILCA. At speeds above l,O knotf' indicrlted airspeed
(KIAS), the yaw ra te signal is washed 0\ t to preven t sa tura tion
and miscoordina tion in turns. The yaw ra te signal is changed
be tween the two s ta tes in 5 to 7 sec,mds when transi tioning
through 40 kno ts. The derived roll ra te is ] al!~ed and fed in to
the yaw ILCA to provide automat1c turn coordination. Static
direc tional s tabUi ty is ar tificially en lanced by sidesd.p pres­
sure transducer signals. Inpu ts from Hie pedal posi tion trans­
ducer opposes the yaw feedback signals s~ tha t the high s tabUi ty
does not degrade directional maneuvera~ility.

11. Heading hold is main tained by comparing a signal from the
di rec tional gyro to a reference heading and feeding the heading
error into the extensible link on the directional ILCA. At all
speeds the heading reference is synchronized to the existing
di rec tional gyro signal whenever the cycli c can trol cen tering
button is depressed or the pedals mov(.d out of detent. When the
pi 10 t releases the can trol cen terin button or re turns the pedals
to de ten t and the a bsolu te value of yaH ra te becomes Ie ss than
1.5 degrees per second, the heading reference locks on to and
holds the E'xisting aircraft heading. I.t speeds above 40 KIAS,
the synchronization of heading reference also takes place whenever
the la teral con trol is moved au t of de ten t to pcrmi t stick-only
turns. When the la teral con trol is re turned to de ten t and bank
angle becomes less than 1. 5 degrees, the heading reference again
locks on to and holds the exis ting heading. Finally, the heading
reference is synchronized whenever the turn coupler mode is
selec ted.

12. Since both AFCS boxes use the signal from the same directional
gyro, the signals are electronically limited to half authority,
thereby making the gyro failure mode no worse than a single
extensible link hardover •

Thrus t Con trol:

13. Altitude hold (fig. 7) is accomplished by comparinp, the
al ti tude sensor signal to a reference al ti tude aod feeding the
error to the CCDA. The CCDA moves the cockpi t can trol to main tain
the reference altitude. At any time the altitu~e hold is turned
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off or the throB t hrak~ tllgger Is deprf'sspd. th(' reference
altitude is continually synchronized to the altitude sensor
signal. Wh~n the al titude hold is engaged and the thrus t brake
tri~ger is released, the reference a1 ti tude locks on to and holds
the value on the a1 ti tude sensor at tha t time. The al ti tude
F~,sor is el ther the barome ter al ti tude sensor or the radar
altimeter dependinp; upon the mode selected. A normal accelerometer
signal processed hy the AFCS provides the required vertical
damping. A bank angle signal is used to offset the normal
accelerometer and provide the collective command required to
main tain al ti tude in the turn.

I~ongi tudina1 Cyclic Trim:

14. The longitudinal cyclic pi tch (fig. 8) is automatically
programmed with indicated airspeed providing the cyclic trim
switch on the AFCS panel is in AUTO. Below 60 knots indicated
airspeed (KIAS) the forward and aft rotor tilt is constant at
1.2 degrees and 3.25 degrees aft, respectively. From 60 KIAS to
150 KIAS, the cyclic pi tch is i.ncreased linearly to 4.0 degrees
forward on both rotors. In addition both rotors progrc.m wi th
pressure altitude at the rate of 2.0 degrees per 10,000 feet.

15. When both the left and rig~lt landing gear switches indicat",
ground con tac t has been made the cyclic pi tch on ~o th ro tors move
to zero de~rees (ground position) to permit taxi or rotor shudown.

16. In addition to the AUTO modes above, a manual mode is available
as on previous CH-47 , s. When this mode is selec ted the cyclic trim
can be independently beeped to any desired position.

ROTOP, BLADES

17. The fiberglass rotor blades have a 30-foot radius with a
32-inch cord and opera te at 225 rpm. The planforrn is cons tan t­
chord between station 97 and the tip; from station 97 inboard it
transitions to a circu1Rr root end section. The hlades have a
12 percent thick VR-7 airfoil out to 85 percent radius, tapering
uniformly to an R percent thick VR-8 airfoil at the tip.

lR. ThE' hlades are of fiberglass construction with a nomex
honeycomb core (fi~. 9). The "D" shaped spar is constructed of
fiberglass reinforced composite, terminating at the root end in a
"wrap-around" single pin joint. The nose of the spar includes
bglance weigh ts and provi sions for a de-ice hea t blanke t. au t­
board, the spar contains provisions for forward and aft wei~ht

fittings. The airfoil lairing aft of the spar is formed from a
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banded subassembly of nonmetallic honl:iccmb core covered wi th
cross-plied (±4SO) fiberglass skins. The fiberglass trailin~

edge member has a built in "cusp" angle. f. titanium leading edge
cap is incorpora ted to provide leading (dge damage tolerance,
erosion protection and lightning protection. \. replaceable
electro-formed nickel protective cap if. installed from the
85 percen t radius to the tip.

ENGINES

19. The T55-L-712 engine in~orp',rates improved f.Iaintainability
and performance capaoility when compared wl.th earlier T55 models.
The engine also has the capabil ty to procuce emergency power on
pilot demand. The power levels for non-installf·d, sea level,
standard static conditions and 15,066 engine rpm (225 rotor rp,n)
are presented in table 4 below:

Tab'.e 4. TSS-L-712 Engine Power Rati.lgs

' ..

•• -<

..-

Emergency power (30 min, cumulative)
Maximum power (10 min)
Intermediate power (30 min)
Maximum continuous power

TRANSMISSIONS

~,320 SHP
3,704 SHP
3,370 SHP
2,991 SHP

.........

~......
...... .

.......

- --
.... .:

.'

......

.: ...

20. The CH-47D transmission sys tem includes fea tures that reduce
vulneraLi1i ty and improve reliabili ty. The forward, aft and
combiner transmissions include independent lubrica tion wi th the
forward and af t transmissions having in tegral cooling bl(.wers and
hea 1. exchangers. In addi tion to the separa te oil sy~ tems, an
auxi.lIary (redundant) source of lubrication, capable of llaintain­
lng safe operation for two hours, is provided. The forward, aft,
and comhiner transmissions are also capable of operating for
30 minutes after loss of both main and auxiliary oil ,Jressure •
Increased reliahili ty is incorporated by use of improved
materials, increased gearing and bearing capacity, increased
hearing life, reduced shaft and spline stress levels an,t turning
of dynamic components to reduce motion amplitudes •

HYDRAULIC SYSTEMS

21. The hydraul1c sys terns consls t of dual modul arlzed flip.:h t
control systems and a modularized utility hydraulic system. Both

64
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flight control systems operate ~t 3000 psi and separately and
indepenrlently operate the dual upper control actuators and Il.CA' s.
The systems are modularized (prepackaged hydraulic components
having a standard outline) and provide two power control modules,
two tranS1"lission mounted pumps, two power transfer units and a
hydraulic maintenance panel. The utility system provides hydraul­
ic power fur both flight and ground utility functions and ground
checkout of the flight control syst~m.

ELECTRICAL SYSTEMS

22. The C«-47D electrical system is a first fail-operative,
second fail-safe system capable of serving all required electrical
loads during flight anrl ground operation. The primary electrical
system is 115/200 volt 400 Hz alternating current. Electrical
power is furnished by two AC, all cooled, brushless, generators
mounted on the aft transmission. The APU drives a 20 KVA generator
which provides power for ground service and checkout functions.
The AC bus system provides electrical isolation of generator
outputs. The DC power is supplied by two transformer rectifier
units (TRU), e;tch connected to an isolated bus. The TRU's are
physically isolated to reduce vl.1lnerability and a hus tie relay
automatL:<l1ly connects the two buses together in the event of
failure in either unit. The ?4 volt 11 ampere hour nickle ­
cadmuim hat terv is monitored for overtemperature, short or open
ci. rcui t, or cell imbalance. A battery charger is connecterl to
thE" battery.

EXTERNAL CARGO SYSTEM

23. The external cargo system consists of three cargo hooks
mounterl tmtier thp aircraft. The center hook has a 26,000 lb
capacity whi Ie the fore and aft hooks have a cOlnbined 25,000 lb
capacity (17,000 lb for single forward or aft hook). The system
is capable of ca rrying loads individually or simultaneously on
all of the hOOKS.

FUEL SUPPLY SYSTEM

24. The fuel supply system furnishes fuel to the two engines, the
heater, and the APTJ. Two separate systems, connecterl by cross
feerl and a pressure refueling lines are installed. Provisions
are availahle within the cargo compartment for connecting internal
ferry fuel tanks to the two fuel ~ystems. Bach fuel system
consists of three fuel tanks contained in a pod on each side of

65
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the fuselage. The tanks are ident i.fied as forward auxi liary,
main, and aft auxiliary tanks. During normal operation. with all
booster pumps operating, fuel is pumped from the auxi1i.ary tanks
into the main tanks, then from the main tanks to the engine.
Should a fuel pump fail in an auxiliary tank, the fuel in that
tank 1s not usable. However, should both booster pumps fail in a
main tank, fuel will be drawn from the main tank as long as the
helicopter is below 6,000 feet pressure altitude. The single
point pressure refueling panel and nozzle adapter are on the
right side above the forward landing gear.
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APPENDIX C. INSTRUMENTATION

1. Test im;tnllJlPlltatlon was fnst<lLll'i1, calibrateil, anel maintafneil
hy floeing Verto I C:o. (RV). nata was iii splayed in the cockpit,
recorded on onboard magnetic tape, and relayed via telemetry to
the Real Time Data Acqui.sition anil Processin~ System (RDAPS)
faci lity.

2. Parameters measured during this evaluation were:

#1 Engine fue~ flow (gal/min)
#1 Engine fuel temperature (deg C)
#1 Engine fuel totalizer (gal)
#1 Engine gas generator speed (percent rpm)
#1 Engine power turbine inlet temperature (deg C)
#1 Engine torque (percent)
#2 Engine fuel flow (gal/min)
#2 Engine fuel temperature (deg C)
#2 Engine fuel totalizer (gal)
#2 Engin~ gas generator speed (percent rpm)
#2 Engine power turbine inlet temperature (deg C)
#2 Engine torque (percent)
Acceleration, lateral, cabin floor FS95 8LO (g)
Acceleration, lateral, copilot seat (g)
Acceleration, lateral, pilot seat (g)
Acceleration, longitudinal, #1 engine top flange (g)
Acceleration, longitudinal, copilot seat (g)
Acceleration, longitudinal, pilvt seat (g)
Acceleration, ra~ial, #1 engine inlet (g)
Acceleration, vertical, #1 engine rear hoist hoss (g)
Acceleration, vertical, cabin floor, FS320 8L25 left
Acceleration, vertical, cahin floor, FS320 RL2S right
Acceler~tion, v~rtical, cahin floor, FS320 BL44 left
Acceleration, vertical, cabin floor, FS440 BL44 left
Acceleration, vertical, cabin floor, ~S4B2 BL44 left
Acceleration, vertical, cahin floor, fS50 BL33 left
Acceleration, vertical, cabin floor, FSSO BL33 right
Acceleration, vertical, cabin floor, FS9S BLO (g)
Acceleration, vertical, copilot seat (g)
Acceteration, vertical, pilot seat (g)
Aft rotor l/rev pulse
Airspeed, hoom system (in-H20)
Airspeen, ship's sy~tem (in-H20)
Altitude, bOOM system (in-Hg)
Altitude, radar (ft)
Altit1lde, ship's system (in-Hg)
Ambient air temperatl1re (deg C)
Angle of attack (deg)
Angle of sirles lip (deg)
Attitude, pitch (deg)
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Attitude. roll (deg)
Atti tude, yaw (deg)
Axial load, #1 engine aft lower link (lb)
Axial load, #1 engine aft upper link (lb)
Axial load, #2 engine aft lower link (lb)
Axial load, #2 engine aft upper lipk (lb)
Axial load. aft fixed link (lb)
Axial load, aft pivoting actuator (lb)
Axial load, aft pivoting a~tuator forward lower lug (lb)
Axial load, aft bwiveling actuator (lh)
Axial load, forward fixed link (lb)
Axial load, forward pivoting actuator (lb)
Axial load, forward pivoting actuator aft lower lug (lg)
Axial load, forward pivoting actuator forward lower lug (lb)
Axial load, forward swiveling actuator (Ib)
Axial load, vertical aft pivoting actuator aft lower lug (lb)
P-ending moment (o-l:V,)), #2 engine aft lower mount (in-Ib)
Bending moment (0-180). #2 engine aft mount (in-lb)
Bending moment (0-180), aft slider guide (in-Ih)
Bending moment (90-270). #2 engine aft lower mount (in-Ib)
Bending moment (90-270), #2 engine aft mount (In-lb)
Rending moment (90-270). aft slider guide (in-lb)
Cruise guide indicator (percent)
Droop stop contact indicator, aft
uroop stop contact indi~ator, forward
Inlet temperature, #1 hydraulic reservoir (deg C)
Outlet temperature, #1 hydraulic reservoir (deg C)
Posi~ion, #1 pitch SCAS actuator (in.)
Position, #1 roll Sr.AS actuator (in.)
Position, 111 yaw SCAS £.ctuator (in.)
Posl-tion, aft cyclic trim actuator position ({ieg)
Position, aft pivoting actuator (in.)
Position. collective control (in. from full down)
Position, directional control (in. from full left)
Position, forward cyclic trim actuator (deg)
Position, forward pivoting actuator (in.)
Position, lateral control (in. from full left)
Position. longitudinal control (in. from full forward)
Rate, -ltch (deg/sec)
Rate, roll (deg/sec)
Rate, yaw (deg/sec)
Rotor speed. coarse s~ale (rpm)
Rotor speed, sensitive scale (rpm)
Tension, forward transmission upper cover (psi)
Tether cahle angle, lateral (deg)
Tether cable angle, longitudinal (deg)
Tether cah1e axial load (lh)
Ti 11,(, COdl~
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Torque, aft rotor shaft (in-lb)
Torque, forward rotor shaft (in-lb)
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APPENDIX D. TEST TECHNIQUES AND DATA
ANALYSIS METHODS
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PERFnRMANCf<~

General

Nondimensional roefficients:

1. The nondimensional coefficlents listed below were used to
generalize the hover and level flight data obtained during this

evaluation.

"
.'

"

.' '
"
~

L, .
, "..,
, .
.'

'-

" a. Coefficjent of torque:

RHP x 550 I·

, '
" '

Co = (1)

"

.'
b. COI~fficient of thrust:

GH GW/o .'

C
T == = (2) "

"

"
.7 ..'

c. Advancp ratio:

A~vanci.ng hlade tip mach number (Mtip):

, '·"'..'

-
~

·.·.

"

(3)

a
----- - ------~---jl ::

d.
,
· .-,
" ',,:
"
"

M
1 ip

1.6078 VT + (M)

-------------
a

-------------
1116.45

(4)
"
,"

"

"I

"

, '.

· ..
'.

.' "

\olhere:

RHP =: Ca],111ated froPl equation ~, paragraph 2

5S0 = r.onvP-t'sion factor (ft-lb/sec/shp)

p:: .... ir (h~n8ity (slu;:;!ft3 )

Po :: "-it" density at sea level 15°C (slug/ft 3
) (0.0023769)

A = t- 'lin rotor rlisc area (ft::!) (5655 ft 2)

"
.'

",.

'.

'.

, '

".-,

..
, .'
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fJ./ re = Referred rotor angular velocity

R = Rotor radius = 30 ft

N = Rotor rotational speerl, RPM

GW = Aircraft gross weight (lb)

6 = Air pre3sure ratio

VT = 7rue airspeed (kt)

VT/ 16 = Referred true airspeed
a = Speed of sound (ft/sec, = 1116.4518)

n
30

N
x 7e

2. Power output of the T55-L-712 engines were determined hy
measuring thp engine output shaft torque and Ihe main rotor
speed and using the following equation:

~ .. .

...",: ... ~
'"", ",..'" .
........

· ' .

...... "
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...............
......: .
.' ...........,

~ ."' ~..

, .
' ......
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' ...... "'.:

." .
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.......~
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".

"" ".

1.6878 = Conversion factor (ft/sec/kt)

(OAT + 273.15)
6 = Temperature ratio = 28R.15

OAT = Free air temperature

The following constants may l-,e used at 100% rotor ~.peE'd:

nR ~ 706.9 (ft/sec)

A(QR)2 = 2.8254 x 109 (ft2/sec2)

A(nR)3 = 1.9972 x 10 12 (ft3/sec3)

Power Determination

~o

SHP =

550

where:

n = Rotor speed (rad/sec)

G = Engin~ to rotor gear ratio = 66.Qh

o = Engine output shaft torque (ft-lb)

72
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The engine t'lrqu€' measuring systell' was dynam:l cally calibrated hy
Lycoming in an eng:lne test cell. Rotor shaft torques were also
measured ana the horsepower being transmitted to the rotors W8S

calculated from the following equation:

... '.. ~ -, ..... - ...

"

"

".......'

..... ~'

-, '

RHP =

550

wher€' :

0MRF = Torque nn the forward rotor shaft (ft-lb)

QMRR '" Torque 0'1 the ;'J.t rOLor shaft (ft-lh)

(7)

"

~""
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"

"

"

, ,

"
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'.

Th~ tollowing empirical r~lationship between RHP an~ SHP was
Getermined from flight test data.

RHP = 1.OlOOR4 x SHP - 390.25 (8)

F.llgine output shaft torque \-'a8 also cal culated from fuel flow
,',sing a RV-suppl i.ed metrod. This metrod produce d inconsistent
r~sults. All engine shaft horsepower data presented in thir
report were calculated from engine tcrGu~ measurements.

Airspeed Ca1ibratio~

3. The tpst hoom enil standdrd ship's pitot-static systems were
calibra~~d. ThreE methods were used for these calibrations: th~

TJCiCe meth,)d (usinr a'T'-2R pace aircraft); the gronnd ~:peed course
methoet; aI'll tre t(,w~r flyhy (or altitude depressiol1) method. The
pace methoil invol Ted flying the CH-47D in formation with a T-28
aircraft. and usir-g the calibrat . T-2R pitoL-statlc system as an
a1 rc;~p 'd n,;ferenc<. For n.'=' glC ur,d opeeil course method, the
CH-47D ,7as flown v\er a j1' r asm:ed, straigllt course marked on the
ground The ai.rcraft was flown ::it corstant indicateet airspeens
for two passes ('''er the course on reciprocal headings. True
airspeed fe!" ea(~h direction was calculateil from the time. and
distance and the "wa airspeeds were averaged. r,alihrated airspeed
~~s calcul<\ted from the average true airsp'2ed and the air pressure
and temperature and was used ~s a rehrence. The third method
(altitude depress i on) required flyi.ng the aircr"tft pa t a tONer
at fnLrementa ... in,Hcated airspeeds. On ea~h pass, rearlin~s "f
indf cated af rspee·i and altitude were taken onboard the aircraft
it the S-1" Lime readings were taken in the tower of pressure
c.ltitude ,nd air< raft height ahove I.O~ below) the tower. l:n
thi~ manlier, the c;tatic pressure position error was decermined
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as a func~lon of airspeed. By assuming no pitot (total pressure)
error, the airspeed position error was calculated from the static
pressure error. This method worked well for the test boom system
but gave inconsistent results for the ship's system, apparently
because the ship's system has an error in the totai preasure
measurement (pitot error). The boom airspeed calibration is
prese~ted in figure A, appendix C.

Hover Performance

4. Hover performance was obtained both lGE and OGE by the tethered
hover technique. All hover tests were conducted in winds of less
than 3 knots. Atmospheric pressure, temperature, and wind
~~locity were recorded from a ground weather station. The hover
tests consisted of tethering the helicopter to the ground with a
cable and load cell, and stabilizing at predesignated rotor
speeds and power settings. The power setting was varied to obtain
increments of cable tenslon from minimum to the maxifilum allowed
by the airworthiness release, and three rotor speeds were used.

'i. To obtain dimensional performance information frum the non­
dimensional plots in figures 6 throug}-, 10, appendix F., the trans­
mission losses must be applied to the data. For example, to
calculate the gross weight at which the aircraft will hover at a
given pressure altitude and outfide air temperature, the following
procedures must be used: (a) determine the total enginp horsepower
available (SHP) at those conditions from tlle engine "lpecification,
(b) calculate the horsepower delivered to the rotoLs (RHP) using
equation i, paragraph 2 (c) calculate CQ using equation 1,
paragraph 1, (d) find CT from the appropriate performancp

curve (figs. 6 through 10, app E), and (e) calculate gross weight
using equation 2, paragraph 1•

Level Flight PerforManc~

6. Level flight performance was determined using the refen..,d
gross weight, referred r.otor speed method. Ea~h speed-power polar
was flown maintaining a constant reierred gross weight (W/o)
and referred rotor speed (NIle) in ball-centered flight. A
constant w/& was maintained by increasing altitude as the
aircraft gross weigtt decreased due to fuel burnoff. Rotor
speed was adjusted tv maintain a constC1nt Nil6 as the outside
air temperature changed •

7. The raw data were reduced to nondi mensional terms of CO'
CT' and~. No correction was "'lade for t1">e drag of the test
airspeed hoom nor instrumentation on tile rotor heads. A" in
hovpr pt~rfol-m<lllc(" thl' tr;ln!'mi~sion JI)SS;>~; mllst r'e .~C"C"ollntE>rl for
\tRio)! t'<\lItltlon H, p<lragraph ? wnen COllvp.rting oOlldilllt'nsional data
to ~i~ensional terms •
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Autorotational Descent Performance

R. Autorotational descent performance data were acauired at
incremental airspeeds with cor.stant rotor speed and incremental
rotor speeds with constant airspeed. The tapeline rates of
descent were calculated by the expression:

- ,......~.....-.,
.. ....... , .
.:.......

RID tapeline =

Where:

dH T
P x t

F Ts

(9)

I.
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R/D tapeline = Tapeline rate of descent (ft/~ec)

dHp - Change in pressure altitude per given time (ft/sec)
dt

Tt = Test ambient air temperature (OK)

Ts = Standard ambient air temperature (OK)

HANOLING OUALITIES

Control Positions in Trimmed Forward Flight

9. Control positions and aircraft attitudes as functions of
airspeed were determined during level flight performance.

Static Longitudinal Stability

10. The static longitudinal stability tests were accomplished by
astablishing the triTh condition in ball-centered f~lght and
tllen varying control positions to obtain airspeed changes about
the trim airspeed with collective control held fixed at the trim
value. The airspeed range of ir.terest was approximately

±20 knots from trilTl. Altitude was allowed to vary as required
during the test. One or both AFCS systems were turned off during
some of the tests.

Stat.c Lateral-Directional Stability

11. These tests were conducted by establishing the trim condition
and then varying sidesH p angle incrementally up to the pre­
established limits. nuring each test, collective control position,
airspeed, and aircraft ~round track were held constant and alti­
tude allowed to vary as required. One or both AFC~ systems were
turned off during some of the tests.
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Dynamic StabililY

12. This test was accomplished by establishing the trim condition
and then incrementally increasing load factor by i.\creasing roll
attitude (in both directions) while holding ai.rspe,~d and collec­
tive control position constant and allowing altit\lde to vary as
necessary.

~..::~.-....- .........."'" -- - ~ -" -~' -. _ .............
, - .
\.' .·, '.'" .. '

Maneuvering Stability
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13. Dynamic longitudinal and lateral-direction~l 3tability were
qualitatively ~valuated to determine both tbe shfJrt- and long­
period characteristics. The short-period response was evaluated
by use of longitudinal, lateral, and directional pulse or doublet
i~puts and by releases from a steady-heading Hideslip. The
long-period dynamic response was evaluated longitudinally by
slowly returning the flight controls to trim position following
a decrease of 10 knots indicated a:' rspeed C<IAS) from the trim
C'lirspeed.

Vibrations

14. Two methods were used to obtain and analyze vibration data.
In one method, the output of vibration acceleromet~rs at selected
locations in the aircraft were recorded on magnetic tape onboard
the aircraft. These ~ata were then reduce:1 using a fast Fourier
transform method to obtain average vibration amplitudes as a
function of frequency. Amplitude at main rotor harmonic frequen­
cies were then determined. In the other method, the output of
the accelerometers went to a vibration amplit\·t1e and direction
indicator (VADI) developed by BV. The VADI has a dial indicator
which rea~s percent of the PIDS limit fer the location, direction
and harmonic selected. The PInS specifies that vibration data
at certain aircraft locations, in certain directions and at
certain rotor harmonic frequencies, when analyzed oVer 20 rotor
cycles, shall contain amplitude peaks, 85% of which are less
.:han a given lindt. The ~:ADI data processing i c.cludes the 85%
requirement •

DEFINITIONS

Oualitative Rating Scales

15. A Handling Oualities Rating Scale TJas used to augment pilot
comments and is presented as fi~re A. The Vibration Rating
~(,<ll e (VRS) was used to augment pilot comments on vi brat ions lod
is prespnted in ftgurp H.
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Shor tcoming

16. A shor tcoming is defined as an imperfec tion or malfunc tion
occurring during the life cycle of equipment which must be repor­
ted and which should be correc ted to increase efficiency and to
render the equipment completely serviceable. It will not cause
an immedia te breakdown, jeopardize safe opera tion. or rna terially
reduce the usability of the materi~l or end product•
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FIGURE S
'QGE 'HOVER CAPABILITY
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FIGURE 7
NONOrMENSIONAL HOVER PERF~NCE

CH-47D USA SIN 81-23383
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FIGURE II
RANGE SUMMARY

CH-47D USA SIN 81-2338~'
STANDARD DAY

ROTOR SPEED = 225 RPM

NOTES: 1. SHP REQUIRED OBTAINED FROM FIGS. 18,19,29 AND 30.
2. SHP AVAILABLE AND FUEL fLOW-OBTAINED FROM

ENGINE HODEL SPECIFICATION T55-L-7f2 FILE NO.
19.31.51.13 DATED 27 JUNE 1983.

3. SOLID L!NES DENoTE DATAAf---0 .99 MAX. NAMPf> .
4. DASH LINES DENOTE DATA AT MAXIMUM CONTINUOUS

RATED POWER LIMIT. .---
5. DATA REPRESENTS CALCULATED VALUES AND DOES

NOT REFLECT CRUISE GUIDE INDICATOR LIMIT
OR VIBRATION TOLERANCE LIMIT.

6. BALL CENTERED FLIGHT.
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FIGURE 29
NONDIMENSIONAL LEVEL FLIGHT PERFORMANCE
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CD G)
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2. BALL-CENTERED FLIGHT
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FIGURE 53
STATIC LONGITUDINAL STABILITY

CH-47D USA SIN 81-23383
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2. BOTH AFCS SYSTEMS ON
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FIGURE 54

STATIC LONGITUDINAL STABILITY
CH-47D USA SIN 81-23383
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F"IGURE 55
STATIC LONGITUDINAL STABILITY

CH-47D USA SIN 8t-23383

NOTE I ,. SHADEl> SYteOLS DENOTE TRIM
2. BOTH AFCS OFF
3. ENSIt£ TORClJE DURING DESCENT • 48 PERCENT
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~. fIGURE 56

STATIC LONGITUDINAL STABILITY
CH-47D USA SIN 81-23383
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FIGURE 57
STATIC LONGITUDINAL STABILITY

CH-47D USA SIN 81-23383
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NOTE: 1.: SHADED SYMBOLS DENOTE TRIM
2. N!JH8ER ONE AfCS OFF

FIGURE 59
STATIC LONGITUDINAL STABILITY

CH-47D USA SIN 8t-23383
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FIGURE ee
STATIC LONGITUDINAL STABILITY

CH-470 USA SIN 81-23383
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FIGURE 61
STATIC LONGITUDINAL STABILITY

CH-47D USA SIN 8t-23383

AVG AVG A'/G AVG
GROSS LONGITUD!~AL DENSITY AVG ROTOR FLIGHT

SYMBOL WEIGHT CG LOCATIO'" ALTITUDf OAT SPEED CONDITION
(LB) CFS) CfEET) (DEG C) CRPM)

EJ 5066€i 331,6<AFT) 5200 27,~ 225 LEVEL

NOTES ;. I, SHADED SYMBOLS DENOTE TRIM
2. NUi1BER ONE AFCS SYSTEM OFF
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FIGURE 62
STATIC LONGITUDINAL STABILITY

CH-47D USA SIN 81-23383
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NOTES:· t.. SHADED SYMBOLS DENOTE TRIM
2. NUMBER ONE AFCS SYSTEM OFF
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FIGURE 66
STATIC LONGITUDINAL STABILITY

CH-47D USA SIN 81-23383
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FIGURE 67
STATIC LONGITUDINAL STABILITY

CH-47D USA SIN 81-23383
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FIGURE 68
STATIC LONGITUDINAL STABILITY
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• FIGURE 69
STATIC LATERAL-DIRECTIONAL 51ABIlITY
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FIGURE 70
STATIC LATERAL-DIRECTIONAL STABILITY
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F'IGURE 72
STATIC LATERAL-DIRECTIONAL STABILITY
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• F'IGURE 73
STATIC LATERAL-DIRECTIONAL STABILITY

CH-410 USA SIN 81-23383
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F'IGURE 74
S1'ATIC LATERAL-DIRECTIONAL S1ABIlITY
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FIGURE 76
ST~TIC LATERAl-DIRECTItlNAL STA8ILITY

t:H-~7D USA SIN 8t-23385
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FIGURE 76
STATIC LATERAL-DIRECTIONAL STABILITY

CH-47D USA SIN 81-23383

I. SHADED SYtBlLS DENOTE TRIM
~. BOTH AFCS ~
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FIGURE 77
STATIC LATERAL-DIRECTIONAL 5TABILITY

CH-47D USA SIN 1U-23383
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FIGURE 78
STATIC LATERAL-DIRECTIONAL STABILITY

CH-470 USA SIN 81-23383
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FIGURE 79
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FIGURE 80
STATIC LATERAl-DIRECTIONAL S~A8ILITY
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FIGURE 81
STATIC LATERAL-DIRECTIONAl S1A8ILITY
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f'IGURE 82
STATIC LATERAL-DIRECTIONAL STABILITY
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FiGURE 83
STATIC LATERAL-DIRECTIONAL STABILITY
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FIGURE 84
STATIC LATERAL-DIRECTIONAL STABILITY
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FIGURE 86
STATIC LATERAl-DIRECTIONAL STABILITY
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STATIC LATERAL-DIRECTIONAL STABILITY
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IGross Wei~ht = 29,340 lh, Lon~itudlnal Center of Gravity = FS 311.R (MID), n~nRlty
Altitude = 2260 ft, Free Air Temperatur~ = 9.5 De~ C, Rotor Sp~ed = 225 rpm, Rallast
and Instrumentation Systems removed, R.11 readings from the Vibration Amplitudt: alld
Dir~ction Indicator (VAOI) In percent of limit in Acceptancl:: Test Procedure.

2VRS = Vibration Ratlll~ Scale (see end 2)

Fi~ur~ 134. Level Fli~ht Vibration Data (ATP Confl~uration)l

I
i
I

--'

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

2
2
3
3
4
5
f)

7
R

Pi L.)t

Rat illl~

(VHS)2

.' ... .. .. .... .. ~ ..........

<30 <30
<30 <30

30 <30
38 <30
40 <10
55 30
55 35
52 4';
70 52

- ._----_ ... ------- - .. -------

3/Rev --l-----~~Re:------
Lateral V~rtical

Vih. at Vih. at
FS 95 BL 0 FS 320 HL 44 LT

(%) (%)

.-4-------- ----~------------

214

00
30
30
30
30
35
45
62
75

3/Rev
V~rtical

Vih. at
FS 50 HL 33 l:r

(%)

I/Rev
Vertical
Vib. at

FS 50 BL 13 Lt
cn

54.5
69.5
J6.5

116.0
125.0
"'.40.0
145.0
149.0
156.5

True
Airspeed
(knots)

32
30
32
30
30

00
00
00
<30

I____.-L--------~---------- ----

__---4--

NOTES:



.. .. ..... ~ . . .. .. .. . ... . ~ .. .. .. ..

FLgure IV>. T.l:'vel FlLghl Vlhralloll Datil (PInS COllflguratl,)\t)'

-- - -- - -- -r--- --- --------\----
I/Rev 3/Rev 3/Rev 3/Rev

Vertical Vertical Lateral Vertical
True Vib. at Vib. at Vib. at Vib. at Pilot

Airspeed FS 50 BL 33 Lt FS 50 BL 33 LT FS 95 BL 0 FS 320 RL 44 LT Ratin~
(knots) (%) (%) (%) (%) (VRS)

51.5 32 <30 <30 <30 3
69.fJ n <30 <30 <30 3
R6.0 30 <30 <30 <30 2

104.5 32 <30 <30 <30 4
123.5 30 <30 33 00 4
140.0 30 43 55 30 5
143.5 <30 45 63 30 6
150.0 00 65 85 40 7 I

154.0 (10 85 80 43 8 I
--- --------- ... I

NOTES:

IGross Weight = 36,780 lh, Longitudinal Center of GravIty = FS 327.3 (MID), DensIty
Altitude = 1640 ft, Free i\ir Temperature = 4.5 Deg C, Rotor Speed.: 225 rpm, Ballast
and Instrumentation Systelns removed, "lll readings from the Vibration Amplitude and
Direct Lon In/Hcator (VAOI) in percent of limit in Acceptance Test Procedure.

2VRS = Vibration Rating SC:lle (see end 2)

215
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METHOD
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CG LOCATI(»j
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1':1 ~~

89 80 t 0 120
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•FIGURE 13Q

SHIPS SYSTEM AIRSPEED CALIBRATION
CH-47D USA SIN 81-23383

NOTES: t. [;) DENOTES 500 FPH CLIMB,
BALL CENTERED
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ZERO SIDESLIP

3 . A DENOTES 500 FPH DESCENT,
BALL CENTERED

<4 . + DENOTES 500 FPH DESCENT,
ZERO SIDESLIP

5. BOOM PITOT-STATIC SYSTEM
USED AS A REFERENCE
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FIGURE 141
SHAFT HORSEPOWER AVAILABLE

CH-47D
MAXIMUM CONTINUOUS POWER

ENGINE SPEED 15066 RPM (225 RPM)

...'.' 1
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NOTES, 1_ STATIC CONDITIONS . ,
2. AIR BLEED: ZERO· - .. --~- .-.---,
3. HP EXTRACTION ZERO
4. INLET TEMPERATURE RISE: ZERO
5 _ ANTI-ICE OFF .. - ....-.----.---
6 CH-47D PRESSURE LOSS~ REFERENCE BV DOCUMENT-,
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SPECIFICATION T55-L-712 FILE NO.
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FIGURE 143
SHAFT HORSEPOWER AVAILABLE

CH-47D
MAXIMUM RATED POWER cle MINUTE LIMIT)

ENGINE SPEED ;5066 RPM (225 RPM)

NOTES: 1, STATIC CONDITIONS
2~ AIR BLEED~ ZERO
3. HP EXTRACTION, ZERO
4~ INLET TEMPERATURE RISE: ZERO
5. ANTI-ICE OFF
6. CH-47D PRESSURE LOSS: REFERENCE BY DOCUMENT

NUMBER D210-11920-1 DATED JUNE 9, 1982
7. BASED ON AVCO LYCOMING ENGINE MODEL
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FIGURE 147
ENGINE CHARACTERISTICS

CH-47D USA SIN 81-23383
LYCOMING T55-L-712 SIN 71224
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APPENDIX F. EQUIPMENT PERFORMANCE REPORTS
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The following Equipment Performance Reports (EPR) w~re :mbmitt('d
during the CH-47D A&FC tes t.
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EPR No.

82-07-1

82-07-2

82-07-3

82-07-4

82-07-5

82-07-6

82-07-7

82-07-8

82-07-9

82-07-10

82-07-11

82-07-12

82-07-13

82-07-14

82-07-15

82-07-16

82-07-17

Date

20 Jan 83

28 Jan 8'3

29 Jan 83

12 Apr 83

14 Jun 83

14 Jun 83

14 Jun 83

14 Jun 83

14 Jun 83

4 Aug 83

4 Aug 83

4 Aug 83

10 Aug 83

11 Oct 83

11 OC t 83

11 Oc t 83

18 Oct 83

Descriptio~

Rroken wire to transmissf.(Hl chip detp.ctor

Damage to rotor hlade tip cover

HydrauHc leak on tl2 Power Transfer Unit

Damage to forward dri ve sha f t cove r

Failure of hydraulic h~nd rump

Loss of torque on comhiner transmissioll
right hand aft mounting holt

Rame subj~ct as 82-07-0

Tear in rubber covering of rotor root end

Rearing freeplay in walking beam at FS 401

Blade lap.; damper bushing, d i sengap.;ed

Rivet poppinp.; and crackiJlp.; of skin support
structure

Af t rain shield chafl'~s upper plyon

Rearing came loose from aft right landinp.;
gear drag link

Fuel line leak left engine

Failure of valve solenoid cartridp.e #1 PTII

Fa i.1u re 0 f N2 ac tna tor #2 en~ine

Broken Rround wires ttlP Hide, aft rotor
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US Arm\' Al1i fir i H1 Center (AT7.0-D-T, ATlO-T8M-A,

ATZO-TStf-S. :\T7.0-TSM-ll)

I1S Army r.ol"hir'lf'd Arms Cenler (ATZLCA-DM)

IlS Army Silfety r.~!nter (IGAR-TA, TGAR-Lihrary)

LIS ,\rmv P,esearch ilnci Technology Lahoratories (AVSCOH)

(SAVOL-AS , SAVOL-POM (Li hrary»

US Army Resenrch an~ Technolo1!:Y Laboratories/Applied

Technology Lahoratory (SAVDL-ATL-O, SAVDL-Library)

I1S Army Research and Technolo1!:Y Lahoratories/Aerol'1echanics

Laboratory (AVSCOM) (SAVOL-AL-D)

US Army Aviation Systems Command (AMSAV-ED, AMSAV-EI,

AMSAV-EL, AMSAV-EA, AMSAV-EP, AMSAV-ES, AMSAV-O,

AMSAV-MC, AMSAV-~E)

liS Army Test and Evaluation Command (DRSTE-C:-A,

ORSTE-TO-O)

US Army Lop.i~tl~s Ev~luatton Ap,ency (DALO-LEI) 1

US Army M~teriE' L Systems Analysis A1!:ency (DRXSY-R, DRXSY-t-1P) 2

US Army Oppratlnnal Test and Evaluation A1!:ency (CSTK-ASO-E) 1

I1S Army i\rmor Center (ATZK-CD-TE) 1

HonA (nALO-SHM, nALO-AV, nALO-RO, OM10-HRS, nAMA-PPN-T,

DAMA-RA, nAM~-WSA, nACA-EA)

us Army Materiel ComMand (AMCnE-SA, AMCOA-E, AMCDE-I, AMCnE-p, 7

AMCOA-SA, AMCSM-HA AMCOA-ST)

l1S Army Training and Doctrine Command (ATTG-U, ATCO-T,

ATCO-ET, A1'CD-~)
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US Army Research and Technology Lahoratories/Propluslon

Laboratory (AVSCOM) (SAVDL-PL-D)

Defense Technical Information Center (DDR)

UR Military Academy, Department of Mechanics

(Aero Group Director)

MTMC-TEA (MTT-TRC)

ASD/AFXT, ARn/ENF

US Naval Post r.raduate School, Department Aero EII1.ineering

(Professor Donald Layton)

Assistant Technical Director for Projects, Code: CT-24

(Mr. Joseph Dunn) 2

6520 Test Group (ENML/Stop 238) 1

Com~ander, Naval Air Systems Co~manrl (AIR 5115B, Ar~ ~301) 3

Pro1ect Manager, CH-47 Modernization Program (ONCPM-CH47M) 5

Boeing Vertol Company (Charles McCall MIs P32-52) 3

Aveo Lycoming 1
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