
__
~~ w~~~~

, -~ _ _ _ _ _ _ _ _ _ _  ____

USAAEFA PROJECT NO. 78-03

c.
PRE LIMINARY AIRWORTHINESS EVALUATION

AH-1S HELICOPTER INSTALLED WITH
ENHANCED COBRA ARMA MENT SY STEM

(AH-1S/ECAS)
FINAL REPORT

PATRiCK J. MOE
CFT,AR

US ARMY RAYMOND B. SMITH
PROJECT OFFICER/PILOT PROJECT OFFICER/ENGINEER

ROBERT WILLIAMS RALPH WORAtSHECK
CW3 PROJECT ENGINEER

US ARMY
PROJECT PILOT

~~~~~~~~~~~

FEBRUARY 1979

- I I

~~~~~~~~~~~ 
L
i:~

Approved for public release; distribution unlimited.

UNITED STATES ARMY AV IATION ENGINEERING FLIGHT ACTIVITY
EDWARDS AIR FORCE BASE. CALIFORNIA 93523

_ _ _ _ _  

79 ~)7 [6 ~)3 7 

-
~t~~~~~

-
~
- -- .- ~~~~~~~~~~~~~ -



... 

,,, 

THIS DOCUMENT IS BEST 
QUALITY AVAILABLE. THE COPY 

FURNISHED TO DTIC CONTAINED 
A SIGNIFICANT NUMBER OF 
PAGES WHICH . DO NOT 

REPRODUCE LEGIBLY. 



1~

DISCLAIMER NOTICE

Thc findings of this report are not to be construed as an official Depsrtment of
t he trrnv position unless so designated by other authorized documents.

DISPOSITION INSTRUCTIONS

Ihistroy t his report when it is no longer needed. Do not return it to the originator.

TRADE NA MES

The use of trade names in this report does not constitute an official endorsement
or approval of the misc of the commercial hardware and software.
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— The United States Army Aviation Engineering Flight Activity conducted a
preliminary airworthiness evaluation of the Enhanced Cobra Armament System
(ECAS) with the universal turret subsystem and M-197 20mm gun installed. The
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20. Abstract

The handling qualities and vibration characteristics of the aircraft during 20mm
gun firing are satisfactory, except that the lateral portion of the armament corn-
pensation system is inadequate. The stability and control characteristics (gun
stowed) are unchanged from the production AH-IS. The inability to start the air-
craft on a hot day (35°C) using the normal start procedure is a deficiency. A mod-
ified interim start procedure was used during the evaluation which required turn-
ing off the ignition key when the turbine gas temperature reached 750°C. Seven
shortcomings noted below were found or alluded to in previous AH-IG or All-iS
reports. During the firing phase of the evaluation, the only shortcoming was the
inability to maintain directional control at 30 knots true airspeed in right side-
ward flight while firing the gun to either side. During the stability and control
phase of the evaluation, two shortcomings previously reported on the AH-1S were
noted. At airspeeds above 80 knots calibrated airspeed, stability and control aug-
mentation system OFF the lateral-directional oscillation (dutch roll) mode is diver-
gent and easily excited. The helicopter lateral and longitudinal cyclic control has a
very high breakout force (including friction), which is detrimental to precise heading
and airspeed control. Additional shortcomings include the design of the trigger guard
on the Telescopic Sight Unit, the location of the gunner Emergency Hydraulic
Control switch , the ability to inadvertently disable the Helmet Sight Subsystem, and
the location of the circuit breakers under the pilot collective control. Three short-
comings attributed to the AH-l S/ECAS include the lack of a gun position indicator,
and the operation of the “gun-stowed” caution light. A CAUTION is recommended
for inclusion in the operator’s manual dealing with the difficulty in maintaining
heading when firing to either side of the aircraft in a right crosswind greater than
20 knots. A NOTE is also recommended for inclusion concerning the possibility of
interruped fire when tiring forward while in a tailwind hover. A NOTE is recom-
mended for inclusion in the ECAS checklist warning of the possibility of hitting the
cyclic control while reaching for the ignition key when using the modified starting
procedure.
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. HO. US ARMY AVIAT ION RESEARCH AND DEVELOPMENT COMMAND

P 0 BOX 209, ST. LOUIS . MO 63166

DRDAV—EQ 2 8 JUN 1979

SUBJECT : Final Report of USAAZFA Project No • 78—03, PrelimInary
Airworthiness Evaluation AR—IS Helicopter Install .d with
Fahanced Cobra Armament System, February 1979

SEE DISTRIBUTION

1. The purpose of this letter is to present the AVRADCOM position on
the subject report.

2. This Headquarters agrees with the overall conclusions of the report ,
but not all of the deficiencies and shortcomings. Specific coimnents on
each follows:

a. Paragraph 41 — The starting procedure was amended by Change 3,
effective 17 June 1978, but had not been distributed at t ime of test.
This office feels that the amended starting procedure is acceptable as
written.

b. Paragraph 42a — While this is a valid test result it has no
practical significance, therefore no corrective action is planned.

c. Paragraph 42b — The never exceed with SAS OFF is 100 KIAS .
Since the rate of divergence is quite low with increasing airspeed, the
difference between the 80 XCAS test results here and the Operator’s
Manual limit is not significant. Before the aircraft can be released
for Instrument Meteorological Conditions (IMC) flight , the ability to slow
down from the maximum speed in level flight and the 80 V~CAS value must
be fully evaluated . However at the time of this test program no INC
clearance was envisioned .

d. Paragraphs 42c thru 42h — No action is being taken on these
shortcomings. They are not unique to the ECAS AR—IS and have not been
considered as significant problems on the AN—iS aircraft already deployed.

e. Paragraph 43a — No position indicator is needed because gun
automatically will stow with power loss. Automatic storage was a mandatory
safety feature.
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DP.DAV-.EQ 2 8 JUN 1979
SUBJECT: Pin.al Report of USAAEFA Project No. 78—03, PrelIminary

Airworthiness Evaluation AR—IS Helicopter Installed with
Fahanced Cobra Armament Systam, February 1979

f .  Paragraph 43b — The shortcomings mentioned In this paragraph is
really an enhancing feature whereby the light not illu tnating would
indicate that the weapons system was inadvertently left In the 5Th! or
ARM position by the pilot .

g. Paragraph 43c — Action has been taken to label the weapons control
switches located under the pilot ’s collective.

3. This Headquarters agrees with all recomaendations on page 24 except
paragraph 48 because the new starting procedure contained in change 3
to TM 55—1520—236— 10 is considered to be adequate.

FOR THE CC~*W~DER :

‘~2
CHARLES C. CRAWFORD, JR. -Chief , Sy. Dew 6 Qua]. Div 
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Weapon Firing Configuration
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INTRODUCTION

BACKGROUND

1. The United States Arm y Aviation Research and Development Comman d
(AVRADCOM ) awarded a contract to Bell Helicopter Textron (BHT) to develop
an Enhanced Cobra Armament System (ECAS) which included a Universal Turre t
Subsystem (UTS) and an External Ammunition Stores Management and Remote
Set Fuzing Subsystem (EASM/RSF) . to be incorporated into a production A H - I S
helicopter. BHT became system integrator and subsequently awarded General
Electri c (GE) the subcontract for development of the UTS and Baldwin Electronics
Incorporated (BE!) the subcontract for development of the EASM/RSF. The De-
partment of the Army established an urgent requirement to install the universal
turre t on the 10 1st production AH-I S. In January 19”S , AVRADCO M directed that
a Preliminary Airworthiness Evaluation (PAE) of the ECAS be conducted by the
United States Arm y Aviation Engineering Flight Activity (USAAEFA) at Yuma
Proving Grounds (YPG), Arizona (re f 1 . app A). A detailed test plan was submitted
to AVRADCOM in May 1978 (re f 2) .

TEST OBJECTIVES

2. The objectives of the PAE were as follows:

a. To rrovide a preliminary evaluation and substantiating data upon which
to base an airworthiness release for further Government testing.

b. To provide a qualitative assessment of the installation and integration of
the UTS ( 20mm only) and aircraft response to weapons firing.

c. To perfo rm a limited stability and control evaluation of the AH -I S  with
the IJTS installed

DESCRIPTION

3. The All-IS ECAS is a product ion Al-I-IS , which is a 10 .000 pound maximum
gross weigh t attack helicopter derived from the AII-I G Huey-Cobra. The
AH-I S/ECAS is powered by a single Lycomiri g T53-L-703 engine with a thermo-
dynamic rating of 1 800 shaft horsepower (shp) derated on installation to 1290 shp
(main transmission limit). The test aircraft differe d from a production Al-I-IS in that
a universal turre t with a 20mm gun was installed in place of the standard turret , a
transmission mounted alternator was added , and a modified Stability and Control
Augmentation System (SCAS) was incorporated. The helicopter was flown in two
configu rations. During the firing phase , high-speed 16mm motion picture cameras
were mounted on the toe of each skid and on the upper surface of the right wing.
Instrumentation pods were attached to the inboard stores stations. During the
stability and contro l phase , the aircraft was in the clean configuration with a nose-
mounted instrumentation boom attached at fuselage station (FS) 50. The instrumen-
tation package was mounted in the ammunition bay. A more complete description
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of the production A ll - I  S can be found in the operator s manual  (ref 3. app A l .  A
more complete description of the ECAS subsystem can he found in appendix B.

TEST SCOPE

4. The flight testing was conducted at YPG from 14 July  throug h 5 August 1978
and including 2~ flight test hours (1 5 productive fli ght test hours ) . The installation
and maintenance of test in s t rumentat ion and test aircraft maintenance was accom-
plished by BUT. Chase aircra ft . fire and medical support , office facilities, and
secretarial assistance were provided by \ PG. All flight l imitat ions set forth in
the operator ’s manual and supp lemented by the airworthine ss release (ref 4 , app A )
were observed. Stabil i t y and control testin g was anal yzed with reference to the re-
quirements of military specificatio n M IL- E l- 850 1A (re f 5) and the deviations there
to as specified in the sy ste m specif ication for the A l l - I S  (re f 6) . Testing was con-
ducted at the general conditions noted in table I

TEST METHODOLOGY

5. Testing was conducted in two phases. The ptirpo se of the first phase was to
evaluate t im e handl in g  qualiti es and vi b ra t ion  char acteristics during weapons firing.
while the purpose ot the second phase ~ as to evaluate t h e stability and control
characteristics with the gun stowed. I )u r ing th e  gun t i r ing p h~~c. t he helicopter was
stabilized at the desired condi t ions.  The test m an eu v c r  was then  performed . and
data were recorded wi th  the gun not f ir ing and tirin g . . \  c I )n lpa r ~ or1 01 t he two
conditions was made. Test tech niques were derived irom pi ~~ ious tiring test s  Con-
du cted by U SA.\FF !\ (refs 7 and 8. app A ) .  ~l a h i h i t ~ and control  tests were conduc-
ted using standard test techniques and data  re duction pr ocedures ( ref  9). l cst
methods are brie tl v described in the appropriate s cct io l l s  Imi the Resul t s  and I)is. mm s-
sion section of thi s  report. i)uring all tests . iLi wc ’ ‘ recorded on magnetic 1.tp e.
Hand—recorded data were also t aken from co cki - a t I l r s  du r ing  the s tabi l i t y  and
control testing. Debri s patt ern s ot th c  gun casm n ~ and l inks  wer e recorded on I 6mm
motion picture f i lm.  •\ detai led list i ng ot test i t i s t run ie n ta t  ion is included in ap pen —
di~ C. A I landl ing Qualities Ra t i n g  scale ( I  IQR S) and a V ib ra t i on  Ra t in g  Scale
V RS) we re u sed to su pp le ment  pilot comm ents  ( app I )) .
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R ESUL TS A ND DISCUSSIONS

GENERAL

6. The handling qualities and vibration characteristics of the AH-I S/ECAS during
20mm gun f irin g were satisfactory , ~‘xcept that the lateral portion of the armament
compensation system was inadequate. The stability and control characteristics of the
aircraft (gun stowed) were unchanged from the production AH -IS . The inability to
start the aircraft on a hot d~iy (35 C) usin g the normal start procedure was a defi c-
iency. A modified intc rim start procedure is recommended in paragraph 30. Seven
shortcom ings noted below were noted or alluded to on previous Al-I-IG or All-IS
reports. During the firing phase of tile evaluation the shortcoming noted was the
inability to maintain directional contr& in 30 KTAS right sideward flight , while
firing 90° to the aircraft ’s nose . During the stability and control phase of the eval-
uation , two shortcomings were noted. At airspeeds above 80 KCAS , SCAS OFF ,
the lateral-directiona l oscillation (dutch-roll) was divergent and easily excited , and
extensive pilot compen satio~. was require d to maintain a wings-level attitude. The
lateral and longitudinal cyclic contro l has a high breakout force (including friction)
which was detrimental to precise airspeed and heading control. Additional short-
comings included the design of the tri gger guard on the Telescopic Sight Unit
(TSU). the location of the gunner emergency hydraulic control switch , the ability
~o inadvertently disable the h elmet Sight Subsystem ( 1-ISS) . and the location of tile
circuit breakers under the pilot collective control. Thre e shortcomings attributed to
the AH -I S/ E CAS include the lack of a gun position indicator, tile operation of the
gun stowed caution ligh t , and the lack of ON/OFF markings on tile weapon control
switches. A CAUTION is recommended for inclusion in the operator ’s manual con-
cerning the possible loss of directional contro l when firing off t u e  nose in a righ t
cross-wind greater than 20 knots. A NOTE is also recommended for inclusion
concerning the possibility of interrupt fire when fi ring forward while in a tai lwind. A
NOTE is recommended for inclusion in the Al-I-] S/ECAS checkJist warning of the
possibility of h i t t ing  the cyclic control while starting with the modified start proced-
ure .

WI~.4PON FiRING

Geheral -
.

7. The PAI investigated the effects of turret installation and weapons firing on
the flying qualities and vibration characteristics of the AH-I S helicopter with the
UTS and M- l 97  20mm gun installed. Evaluations were made at different gun azi-
muth and elevation combinations (table 2) both prior to and during weapons firing
(750 shots per minute) to obtain handling qualities changes attributed to fIring. Gun
azimuths and elevations shown in table 2 were approximated due to the lack of a
gun position indicator in the cock pit. During hover fligh t , low-speed flight , and
pull-ups , the gun was aimed at a specific target. During all other fi ring tests, the gun
was fired at the specified azimuth and elevation. The aircraft was flown in coordin-
ated (bai l -centered) fligh t , except where specified in table 2. All flights were flown
at 324 rpm main rotor speed. All flights started with full fuel and 700 rounds of
20mm ammunit ion on hoard , except for one lightweight fli ght which was conducted

4
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with a reduced fuel load. There was negligible difference betwe en aircraft response
to f i r ing  at light weight versus heavy weight .  Gun noise in ti l e cockpit was acceptable
during fi ring. No gas contamination was observed in ti l e cockpit during firing,
although no quantitative measurement was taken.  l)ebris patterns of firing, although
no quantitative measurement was taken. l)ehri s patte rn s of the spent casings and
links were photographed with high-speed cameras at selected points throughout the
flight regime , especially in those areas where previous test ing had indicated possible
contact with the fu selage or tail rotor. No impacts with th e airframe were noted.

Forward Flight

8. The aircraft response to weapon firing in level flight was evaluated at the
conditions shown in table 2. For these tests time gun was oriented at the specified
azimuth and elevation , the fligh t controls fixed , and time gun fi red. Airc ra ft response
varied with gun orientation. With the gun oriented forward , aircraft reaction was
minimal at all gun elevations tested. S(’AS inputs  fro m the armament compensation
unit  were adequate to hold aircraft a t t i tude .  With  tile gun oriented 90° to the nose
of the aircraft , tile aircraft rolled in the direction of fire (left roll with gun firing
left ) while pitch a t t i tude and heading remained constant .  Figure 1 , appendix F .
shows that  a change in roll a t t i tude  of appr o x imat e ly  5 to time right occurre d duri n~the 4-second gun firing to the right at iero elevat ion:  whil e figure 2 shows that  a 5
left roll a t t i tude resulted after 4 seconds of t i r i ng  to t h e  le ft . Roil S(’AS inputs from
the armament compensator (app B) were not adequate  to hold the aircraft a t t i tude .
using only 30’ to 4& of the S9~ SCAS aut hor i t ~ avai lable .  I he  lack of adequate
armament compensation was evident in all f i r in g tests conducted.  Minimal  pilot
compensation was required to overcome tile effect s ot v~capon firing (IIQRS 3) .
Aircraft reation would not be a factor in firing time weapon with  ei ther  the TSU or
t he HSS. The aircraft response to weapon tir in g in level f l igh t  was satisfactorv .

Hovering Flight

9. Aircraft response to weapon firing ~ b i l e  in a ~~ ~ v~ as evaluated at t i m e Condi-
tions shown in table 2. The aircra ft wj s st abii i , ed in a hover , the gun aimed at
a specifi c target at the approx in m ate a i i nm u th  and eic~ at i on required , and the weapon
fired. The flight controls were manipula ted  to keep the helicopter stationary over
the ground. Aircraft reaction to firing time weapon forward was minimal . The pilot
had to compensate slightly for max imum elevation and depression (HORS 3). but
tile control movement was often masked in the movement  required to hove , .  \~hen
firing straight ahead or maximum up~’levatio n . aircraft pitch a t t i tude  changed
approximat ley 5° nose down. The pitch armament compensator provided full
authority when fi r ing at m axi m uni  elevation ( + 2 1 °). When firing ±90° to the nose
of the aircraft , the aircraft rolled in the direction of the gun fi ring (left  bank with
firing to the left) . The maximum at t i tud e  at ta in e d was 1 5° right hank. Time histories
(figs. 3 and 4 , app E) show that an ini tai l  lateral inpu t  was made by the SCAS , but
the SCAS ceased to function immediate ly  aft e rwards. I ven though the la teral
SCAS was inoperative for a great portion of time burst ,  the gunner had no problem
in maintaining his aiming point. The aircra ft response to weapon firing while in a
hover is satisfactory .
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* Low-S peed Flig ht

10. The aircraft response to weapon fi ring in low-speed flight (0 to 30 KTAS ) was
evaluated at the conditions shown in table 2. Ground speed was estimat ed by the
pilot. During these maneuvers the gun was aimed at a specific target , the aircraft
accelerated to t u e  desired ground speed , and time weapon fired. Controls were moved
to adjust aircra ft a t t i tude when necessary . Changes in aircraft at t i tude and/or
changes in control po si ’ us between firing and nonfiring events were indica tive ~~t

aircraft reaction.

I I .  Aircraft reaction to gu im firing during low-speed forward flight was n m in i mmmal .
With the gun aimed forward some pitch-down tendency was noticed during fi ring :
however , no control compensation was needed (HQRS 2) . With time gun aimed 90°
off the nose , the aircraft banked 10 ° in time direction of weapon fi re . The inp ut  l’ro n m
the armament compensator was 40~ to 50’; of roll SCAS authori ty ,  which w .i -~
inadequate to 1101(1 time bank at t i tude of time aircraft . Aircraft reaction to gun firin g
in low-speed forwa rd fl ight did not a ffect the gunner ’s ability to aim and lire at
a targe t , and is satisfactory .

12. Aircraft response to gun Firing in low-speed rearward flight was larg e nose-
down pitch excursions , causing the gun to hit time upper stop (+ 1 2°). This resulted
in interrupted fire at rearward airspeeds of approximately 30 KTAS. With the gun
firing fo rward a pitc lm-d own change of 5 ’ resulted when fl ying rearward at 1 5 KTAS.
The aircraft also accelerated reanvard due to gun firing. At a rearward airspeed of
30 KTAS when time gun was tired forward , time aircra ft tended to pitch fu rther nose- *

down , eventually interrupting fi re when gun elevation Limits were reached. This
test simulated firing the gun in a imover with a ta ilwind. With the gun oriented 90°
to the nose , the excessive pitch at t i tudes  were alleviated. Due to a possible murnen-
tary loss of time ab i l i ty  to lire the we .mpon time following NOTE should he included in
the operator ’s manual .

NOTE

Wimen tiring time 0nmnm gun n ear 0° az i nmut l m with a direct
tai lwin d , t he possib i lit\ of in ter ru pted fire exists due to t ime
nose— low a t t i tude  of t i me aircra ft .

13. Aircraft reaction to sides’, ird low-speed flight generally resulted in larger roll
attitudes when lime aircraft  was t ranslat ing in the direction of gun firing. \m
15 KTAS , p itc l m and y~iw S ( . -\S conmp en sati ons were adequate to nia ,~ t a i n  pitch and
yaw atti tudes , requir ing no pilot compensation in these axis. Minimal pilot compen-
sation was required to control all excursions (HORS 3) .  At 30 KTAS in left sideward

* fligh t , the reactions noted at I S KTAS were repeated. In righ t sideward flig ht ,  with
the gun firing 90° left , the p ilot was unable to maintain directional headin g. While
firing 90° right , directional control was im m aintained , but full pedal was required
(figs . 6 and 7. app H. This test (k ’r mlons trated t i mat  when hovering in a righl cross-
wind greater than 20 knots , the pilot may not he able to maintain directional
control when fi ring 90° to time nose . At 30 KTAS righ t sideward flight (simulated
righ t crosswind), the inability to mainta in directional control) while firing the gun
±90° is a shortcoming. Time following CAUTION should be included in the operator ’s
manual .
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C.\ IJTION

Wh en firing time 2O n m im m gun 90° rigimt or left while imover ing in
a right crosswind greater than 20 knots , the pilot may have
inadequate directional control to maintain aircraft heading.

Pull-Ups

14. Aircraf t  response to weapon firing ( lur ing maneuvering l lig h mt was evaluated
usumg symmetr ical  and rolling pull—ups at time conditions shown in table 2. The
aircraft was t r immed in level ll ig lmt at 7 2 -  torque , dived to approximately ISO knots
indicated airspeed (KI AS ) .  and the pull—up and firing were initiated simultaneously.
In this maneuver time weapon was aimed at a target at approxinmately 0° azimuth and
0° elevation to time aircra ft . Time gunner timen maintained timis target t imroug lmout the
nianeuver. A symmetrical pull—up was ini t ia ted by a smooth aft cyclic input , attain-
ing an approximate load factor  of 2.0 in 3 seconds. i :iring was co immnm enc ed simul-
taneous lv wi th  time pul l—up and nmainta ined un t i l  aft er the maximum load factor
was reached . Roll ing pul l—ups were acconmplis lmed in a similar manner with the
exception that  a la te ra l  input  was i m mit ia ted  wit im time aft input  resulting in a 40°
bank angle. Nontir ing data were obtained oim separate nmaneuvers using time same
techniques. Aircraft  response to weapon firing duri img time pull-up was negligible
and did not in terfe re wit h  time im l a imeuver.  Time gunn er noticed some blurring of the
target tlmroug lm time TSU during weapons firing m m  t ime pull—out , but  time target renmain—
ed distinguish mhle and inmpacts observed . As witim hovering lligimt (para 9) time latera l
SCAS failed for a period of t ime (figs. 8 timroug lm II , app E) during four of the
pull-ups. The failure caused a control input  to time aircraft when the SCAS returned
to center which was uncomfortable but controllable. I - \celst for time occasions wimen
time lateral SCAS failed , the aircraft response to weapon firing dur ing maneuvering
flight was satisfactory .

l)ives

15. Aircraft  response to weapon liring at airspeeds greater timan time maximum
airspeed for lesel flig ht ( V I I )  was evaluat ed at time conditions shown in table 2. The
aircraft was t r in mmed in level flig i mt at 72~-; torque (recommended dive torque
setting ) . nosed over into a (live , stabilized at I SO KIAS wi fl  the gun oriemited at time
specified azimuth , and time fi ring sequence ini t iated.  Aircraft controls were imel d
fixed throughout time maneu ver.  Time aircraft maintained a constant pitch and yaw
att i tude during fi ring , ai thoug im directiona l pedal control was very sensitive at that
airspeed. Time aircraft rolled in t ime direction of gun firing when it was displaced iii
azimuth. The aniiaimment compensator lateral inputs averaged only 40~ SCAS author-
ity wimen time gun was ±90° az imut h . Ma x i i mmu n m roll attitudes did not exceed 10° from
level fligh t and were no hin drance to time pilot. The aircraft response to weapon
firing in a (live is satisfacto ry.

Out-of -Tri ,mm Fligh t

16. The aircraft response to weapon tiring while firing in an out-of-trim condition
was evaluated at time conditions shown in table 2 . Time test was conducted by tri m-
ming time aircraft in level ll ig hm t one ha il width fro m coord i rmated flight and holding
flight controls Fixed. The gun was timen oriented in the direction of the sideslip and
tired. In all cases the aircra ft responded by increa s ing time sideslip angle (ball to end
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of the race); however, the aircraft remained under full control (HORS 3), and the
side forces provided adequate cues to the pilot of the out-of-trim condition. The
out-o f-t rim response of the aircra ft to weapons firing is satisfactory .

Stability and Control Augmentation System OFF Flight

17. Aircraft response to weapon fir ing with the SCAS partica lly and totally dis-
abled was tested at the conditions slmown in table 2. In bot lm hover and forward
flight time gun was fire d with each individual SCAS axis failed and also with all axes
failed. With any SCAS axis disengaged, the aircraft reacted more than with the
SCAS engaged , requiring immoderate compensation to control (HORS 4). in a hover,
a nmm aximunm of I inch of control movement in the failed SCAS axis was required to
counteract the moments generated by the gun at critical azimuths and elevations.
At 100 KIAS approximately 0.5 inch was required. Aircraft response to weapon
tiring witim time SCAS disengaged is satisfactory .

STA BI LITY AND CONTROL CHARACTERISTICS

Genera l

18. The stability an (l contro l cimaracteristics of the AH- I S/ECAS were evaluated at
the conditions listed in table 3. The trim conditions for the test were wings-level
coordinated (ball-centered) flight. The evaluation encompassed both engineering
fligh t tests amid mission maneuvers . Time installation of the UTS did not adversely
affect the stability and control cimaracteristics of the ECAS. Handling qualities
ratings were used to quant i fy  time degree of difficulty or pilot effort required to
accomplish a specific task.

Control System Ctmaract eristi cs

19 . Mecimanical characteristics of the ime l icopter flig lmt controls were evaluated on
the ground with the engine secured and the rotor static. Electrical and hydraulic
power were urnisimed by external sources. Control forces were measured on the

‘1 pilot fligh t controls (af t  cockpit ) with time force tri m ON. Cyclic displacements and
forces were measured from the middle of the cyclic counter grip. The cyclic on the
AH - IS / FCAS is pre load ed with a 2-pound breakout force designed to preven t SCAS
feedback. Control system forces as a function of control position are presented in
figures 12 through 14 . appendix F. The results of the control system evaluation are
summarized in table 4. During maneuvering flight the high cyclic breakout forces
(including friction) required minimal  pilot compensation (HORS 2) : however,
dur ing precise tasks , such as maintaining exact airspeed, pilot workload increased
(HQRS 4) and pilot-induced oscillations occurred. The high cyclic breakout forces
( including friction ) are a shortcoming and have been noted on other AH -l S reports.

Static Longitudinal Stability

20. The static longitudinal stability characteristics of the test aircraft were evalu-
ated in a clean (no wing stores) configuration at the conditions shown in table 3.
Tests were conducted by trimming the aircraft in level flight (62 and 131 KCAS )
and then stabilizing at incrementally higher and lower airspeeds with collective
position held fixed at tIme trim setting. Data were recorded at each stabilized air-
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speed , and the test results are presented in figure s 15 and 16 , appendix E. Static
longitudinal stability, as indicated by the variation of longitudinal cyclic control
position with an-speed , was stable (increasing forward cyclic with increasing speed)
throughout the airspeed ranges tested and is satisfactory .

Static Lateral-Directional Stabih~y

21 - The static lateral-d irectional stability characteristics of the test aircraft were
evaluated at the conditions shown in table 3. Tests were conducted by first t rimming
the aircraft at zero sideslip in level flight (65 and 116 KCAS) and then stabilizing
at incrementally increasing left and right sideslip angles. Data were recorded at
each stabilized fligh t condition with ship ’s system indicated airspeed , collective
contro l position , aircraft ground track , heading, and sideslip angle held constant.

4 Test results are presented in figures 17 and 18, appendix E. Static directional stabil-
ity was positive (increasing left directional control with increasing righ t sideslip)
throughout the sideslip envelope for both trim airspeeds and was satisfactory ,
Dihedral effect was also positive (increasing righ t la teral cyclic control with increas-
ing right sideslip) throughout the sideslip envelope for both trim airspeeds and is
satisfactory . The side-force characteristics are essentially the same as the AH-1G
with the 212 tail rotor (re f 11 , app A), and are satisfactory .

Maneuvering Stabiity

22. The maneuvering stability characteristics of the test aircraft were evaluated
in steady-state turns at the conditions shown in table 3. Evaluations were conducted
at norm al rated power and power for level flight at 116 KCAS. The steady-state
turn s were conducted by trimming at 116 KCAS and then stabilizing in coordinated
flight at incrementally increasing roll attitudes while maintaining collective control
and airspeed constant. Data were recorded at each stabilized condition and are
presented in figures 19 and 20, appendix F. The variation of longitu dinal control
position with norm al load factor (stick-fixed stability) was positive (aft cyclic
control movement with increasing load factor) and was essentially unchanged from
the AH-1R (re f 12 , app A). The variation of control force with norm al load factor
(stick-free stability ) was positive (aft cyclic contro l force with increasing load
factor) . Considerable pilot compensation was required to maintain precise airspeed
control above approximately 3.35 normal load factor (HQRS 5). At these load
fac tors, airspeed tended to drift 3 to 5 knots above and below trim airspeed. Small
longitudinal cyclic control inputs resulted in comparatively larger changes in air-
speed so that the pilot tended to “chase” the desired airspeed. Although the pilot
had difficulty in maintaining precise trim airspeeds , no divergent tendencies were
noted. The undesirable maneuvering stability characteristics above 1.35 norm al 

- -

load factor significantly increased pilot workload and are a shortcoming previously
reported in the AH-IR (ref 10).

Dynamic Stability

23. The longitudinal and lateral -directional dynamic stability of the test aircraft
was evaluated at the conditions shown in table 3. Short-term dynamic testing was
conducted , SCAS ON and SCAS OFF , by trimming the aircraft in level flight (62 to
140 KCAS), rapidly displacing the desired fligh t control I inch from trim for a
duration of 0•5 second , and then returning the control to the original trim position.
The SCAS ON time histories are presented in figures 21 through 29, appendix E.
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With SCAS ON , the short-term response was heavily damped at trim airspeeds below
116 KCAS and was satisfactory . The short-term response at airspeeds between
116 and 135 KCAS (SCAS ON) was also satisfactory . At airspeeds between 116 and
135 KCAS with the cyclic fixed and no pulse inputs , oscillatory yaw rate excursions
of 3 deg/sec were recorded but were not perceived by the pilot. The damping of the
yaw rate oscillation decreased as airspeed increased. Previous tests (ref 10, app A)
indicate that this condition will be aggravated at higher gross weights. At 135 KCAS
the yaw rate oscillations were neutrally damped , but further analysis is required to
evaluate the oscillatory yaw rate effect upon fixed weapon accuracy at airspeeds
above 135 KCAS.

24. During the SCAS OFF evaluation of the short-term response, significant
roll - yaw coupling (dutch roll) was observed. The dutch roll mode was easily excited

4 and require d significan t pilot effort to maintain aircraft heading and attitude. As
indicated airspeed was increased , yaw response to the 1 inch - 1/2 second pulse was
relatively constan t , but roll response increase d significantly. This resulted in exten-
sive pilot workload to maintain level flight above 100 KIAS (HQRS 6). Between
64 and 98 KCAS , roll rates and attitudes reached a maximum of 22 deg/sec and
21 degrees , respectively (figs. 30 through 33 , app E). Between 80 and 140 KCAS the
dutch roll became increasingl y unstable as airspeed iimcreased (figs . 35 through 37).
At 128 KCAS the aircraft reached roll rates of 46 deg/sec approximately 4.0 seconds
after the pulse input. The period of the oscillation was approximately 4.5 seconds
throughout the airspeed range tested. The easily excited , divergent dutch roll above
80 KCAS (SCAS OFF) is a shortcoming.

25. Spiral stability characteristics were evaluated SCAS ON and SCAS OFF at
64 and 116 KCAS. The evaluation was performed by rolling the aircraft with direc-
tional control only from trimmed level flight and then returning the contro l to t rim
and observing the resultant roll attitude change with controls fixed. At 64 KCAS
(SCAS ON and OFF) and 116 KCAS , SCAS ON, spiral stability was positive and the
aircraft returned to a trimmed level att i t ude.  Spiral stability evaluation could not be
accomplished at 116 KCAS , SCAS OFF , due to the dutch roll instability (para 24).
The spiral stability characteristics are satisfactory .

‘1 26. The long-term longitudinal dynamic characteristics were evaluated SCAS ON
and OFF at the conditions stated in table 3. The test was conducted by slowing the
aircraft with aft cyclic control to an airspeed 5 and 10 knots below the trim air-
speed , then slowly returning the control to the trim position and noting aircraft
response. With SCAS ON the long-term longitudinal response was oscillatory with
only two or three overshoots before convergence (figs. 38 and 39 , app E). At
64 KCAS, SCAS OFF , with a 5 knot reduction in airspeed , the long-term response
was oscillatory with essentially the same characteristics as SCAS ON (fig. 40).The
SCAS OFF evaluation was not accomplished at 116 KCAS due to the dutch roll
instability (para 24) which masked all lont-term response . At the conditions tested
the long-term longitudinal response of the aircraft is satisfactory.

Controllability

27. Controllability characteristics were evaluated in forward fligh t , SCAS ON. The
aircraft was trimmed at 64 KCAS , and control step inputs of varying magnitudes
were applied to each axis , using a mech~inica 1 fixture to obtain the desired input.
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The inputs were held until a maximum rate was established or until recovery was
necessary. Test results are presented in figure s 41, through 43, appendix E. The con-
trollability characteristics of the ECAS are essentially the same as the AB-IG with
the 212 tail rotor (re f 11 , app A), and are satisfactory.

Low-Speed Flight Characteristics

28. The handling qualites of the test aircraft during low-speed fligh t were evaluated
at the conditions listed in table 3. The test airc raft was flown in ground effect at an
approximate skid height of 10 feet. A calibrated radar speed gun mounted on a
pace vehicle was used to obtain ground speed. Winds during this test were less
than 5 knots , and the aircraft tru e airspeed and relative wind angle were determined
by a vector sum of aircraft and wind velocities. The variation of control positions
(figs . 44 through 47 , app E) during low-speed flight shows varying gradients depend-
ing on the direction and magnitude of the relative winds. The only apparent changes
in control position gradient noticeable to the pilot were (I )  longitudinal cyclic
position changes passing through translational lift in rearward fligh t , and (2) the
shift in pedal position passing t ranslational lift in left sideward flight. During the
SCAS OFF portion of the evaluation , pilot workload was increased slightly due to
larger directional control excursions (HQRS 3), but was not detrimental to the
low-speed flying qualities.

29. The critical azimuth was determined by varying the relative wind in 10° in-
crements between 0 and 180° aircraft azimuth. The critical azimuth was approxi-
mately 65° right of the nose. The results of the critical azimuth evaluations are
presented in figures 48 and 49, appendix E. The minimum directional control mar-
gin ( 31 % travel remaining) was reached at approximately 20 KTAS; however , it
should be noted that the configuration tested was approximately 1000 pounds
lighter than the configuration tested during firing. During firing at the higher gross
weight a directional control limit vias reached (para 13). Handling qualities in low-
speed flight simulating a hover in varying wind conditions are unchanged from the
production AH-lS and are satisfactory.

HUMAN FACTORS /COCKPIT EVALUATIO N

Engine Start

30. During the ECAS evaluation , the average ambient temperature for starting was
30° Celsius (°C) with a maximum of 50°C. At these temperatures normal starting
procedu res were ineffective because the turbine gas temperature (TGT) limit would
have been exceeded (973°C momentary limit) before 40% gas turbine speed (N I )
was reached. At the maximum TGT noted (950°C), N I  was only 27% to 30%. A
modified starting procedure was used which consisted of turning off the ignition
key when TGT reached 750°C (NI = 2 1% to 25~~) and turning it back on when
N 1 reached 40%. This method always achieved a start. Turning off the ignition key
cuts off the starting fuel , lowering the total amount of fuel going to the engine ,
and thus reducing the temperature. Turning on the key at 40% N 1 does not affect
TGT since the automatic start sequence cuts off start fuel at 40%, bu t it does allow
for emergency restart . At the conditions tested 750°C was generally achieved at
2 1% to 25% N I .  The inability to achieve a start on a hot day (35°C) using the
normal starting procedure is a deficiency. An interim hot day starting procedure
should be adopted and the checklist (Engine Start) be changed to read:
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a. Pull ignition trigger.

b. Ignition key OFF at 750°C.

c. Release trigger at 4O~ N 1.

d. Ignition key ON at 40~ N I .

31. The interim procedure recommended in paragraph 30 require s the pilot to use
both hands for the start. This allows the cyclic to initially remain free. Additionally.
the pilot ’s right hand must move across the cockpit to reach the ignition key which
is located on the left forward panel. There is a possibility of hitting the cyclic. The
following NOTE should be added to the interim checklist after Engine Start.

NOTE

Initially during the starting procedure the cyclic will be free to
move. Inadvertentl y h i t t ing  the cyclic when reaching for the
ignition key can cause damage to the input quill seal and main
drive shaft .

Telescopic Sight Unit

32. The TSU is the uni t  used by the gunner to sight and fire either the TOW
missile or the M- 197 20mm gun. This unit  has a trigger that is covered with a guard .
The trigger guard is adjusted with an Allen screw (photo A) . When in the ‘gun ”
mode , the trigger has two positions (detents ) . The first detent allows a I 6-round
burst to be fired , while the second detent  allows continuous fire. During the eval-
uation , the gunner was able to squeeze off a 1 6-round burst with the tri gger guard
covering the trigger , because the Allen screw had loosened. The screw was t ightened .
but after 2 flight hours was found to he loose . A lock-tight compound was used
to secure the screw in place. Because of the vibrations present in I light . this is a
temporary solution. The trigger guard on the TSU which allows the 20mm gun to
be inadvertently fired is a shortcoming.

Gun Position Indicators

33. The position of the gun can not be readily determined from the cockpit.
There is no cockpit indicator which shows the position of the gun , and the pilot
can only see the gun when it is oriented to the side of the aircraft . The lack of a
gun position indicator require d the pilot to obtain outside help to position the gun
for landing, and is a shortcoming.

34. The weapon system was equipped with a caution light which indicated when
the gun was stowed. However , this light only illuminated when the master arm
switch was OFF. With the control is standby (STBY) or ARM , the ligh t would
not illuminate , and the pilot did not know if the weapon was stowed. The inabili ty
to determine when the gun is in the stowed position with the master arm switch
in the STBY or ARM positions is a shortcoming.
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Photo A . TSU Trigger ‘~ w iuhly .
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Helmet Siglu Subsy stem

35. The HSS is an electromechanica l  system which is attached to the helmet of
the p i l ot a n d ‘or gunner and is designed to enable the pilot to aim the 20mm gun
whil e keeping both hands on the aircraft controls. By sighting on a target using a
retic le a t tached to his helmet and depressing .in actuator bar on the cyclic , the
pilot can maneuver and t i r e  the 20m m gun. In order to check that the system is
operatio n a l , t he a t t ach ing  cn~! of the el ectromechanical  arm is placed in a Built-
In — l e ~t BIT ) r mi ag ne t socket ( f ig .  \ ). and a BIT button is actuated in the gunner
cockpit  ( fig. B) . It this BIT bu t ton  is actuated wi th  the sy stem connected to the
pilot hel met the ~ ~te miI  is failed , and th e p ilot is unable to tire the weapon using the
USS. 1 o reactivate the sy stem the procedure is to disconnect the pilot linkage arm
from the helmet (a two—handed opera t ion ) ,  place the arm in the test socket , acti—
vat e the BIT bu t ton , and then reattach the  arm to the helmet. This procedure is
not p r a c t i c a l  in combat and would seriously diminish the abil i t y of the aircraft
to defend i t s e l f  if t h e  BIT but ton v, crc the abi l i ty  of the aircraft to defend itself
i f the B I r  I-’i i t t o n wer e i~ a dvc r tc n t l ~ push ed . The ability to inadver tent ly  disable the
USS by ~lcpr c ’~sin~ t he 13FF but ton is a shortcoming.

Emergenc~ Hy draulic  Switch

36. On
two occasions , the gunner inadver tent l y  struck the  emergency hydraulic
switch with his foot. The switch is located on the l e f t  forward panel and is unpro-
tected (ph oto 13). Damage to a pr imary emergency control is possible. The location
of the gunner  ~- i i icrge n cy hy d raulic switch on the  F( -\ S i s a  shortcoming.

37 . Addit ional  coc kpi t  i t ems which were considered to he shortcomings included:

a. The location of ’ t he c i rcui t  hk - a k crs  under  the pilot collective noted on
other reports (photo (‘).

h . 11~c lack of ( )\  ( M l  markings o mi the weapon control switches located
under the pilot collective.

Vibration

38. No n fir ing vibrations throughout the flight envelope we-re representative of
levels seen in previous AH -l tests (ref 1 2 . app A) Vibrat ions in level fli ght for rotor
harmonics of I per-rotor revolution ( I  rev ) .  2/ rev . 4 /rev , 6/rev , and 8/rev are shown
in figures 50 through 65 . appendix F .

39 . Gun firing vibrations varied in ampl i tude  depending on gun elevation and
azimuth angles. .  Vibrations due to gu :1 firing were not considered to be uncomfort-
able or objectionable at any time (VRS 4). Representative spectral plots showing
gun firing vibrations are shown in fi gures 66 through 70, appendix E.
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PILOT/GUNNER UNKAGE ARM ATTACHMENT TO BIT MAGNET AND STOW BRACKET

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

PILOT/GUNNER UNKAGE ARM PILOT/GUNNER EYEPIECE

ATTAC$MENT TO HELMET SIGHT RETICLE PATTERN

2O9 071-’344A

1. EI.cUOIWC rn*s~4SCS .~ Siiib*V 9. Gunn.’ 11*191 cabIs

2. Oun S’ •*t øsiOfl c.Ms 10. Gunnlf links ~. ~nn

3. P~ot Iiu*.qI c.bIS 
11. Ounnit Isnh.gs rails

4. P~.t 11*195 vm 12. Gunni f 11*ag $vont suppofl

I. P~IoI lnIv.ass r its 13. Gunnlf haivnit sight

$. Pilot MhnSt sight 14. Gunnl’ s~~~iSOS

7. ~~~~~~~~~~~ 
15. BIT magns%

9. ~~~~~~~~~~~~~~~~~~ 
1$. Stow b,1*I

Figure A. Helmet Sight Subsystem.
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CONCLUSIONS

GENERAL

40. The following conclusions were reached upon completio n of the PAE of the
AH-I S/ECAS helicopter with the Universal Turret Subsystem installed.

a. The aircraft response to 20mm weapon firing is satisfactory .

b. The stability and control characteristics of the aircraft were essentially
unchanged from the production AH- 1 S.

c. The lateral armament compensation portion of the system during firing
is inadequate.

d. One deficiency and I I  shortcomings were identified.

DEFICIENCY AND SHORTCOM INGS

41 . The following deficiency was identified.

a. The inability to start the engine on a hot day (35°C) using the published
starting procedures (para 30).

42. The following shortcomings were identif ied and have been noted or alluded do
on previous AH-lG or AH-l S reports.

a. The inability to maintain directional control at 30 KTAS right side-ward
flight (simulated right crosswind) while tiring the gun ±90° (para 13).

b . The easily excited , divergent dutch roll above 80 KCAS (SCAS OFF)
(para 24.)

c. The undesirable maneuvering stability characteristics above I .35g normal
load factor (para 22).

d. The high cyclic breakout forces (including friction) (para 19).

e. The trigger guard design on the TSU which allowed the inadvertent firing
of the 20mm gun (para 32).

f. The location of the gunner emergency hydraulic control switch (pars 36).

g. The ability to inadvertently disable the HSS by depressing the BIT button
(para 35).

h. The location of the circuit breakers under the pilot collective (para 37).
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43. The following shortcomings are attributed to the AH-IS/ECAS.

a. Lack of a gun position indicator (para 37).

b. The inability to determine when the gun is in the stowed position with
the master arm switch in STBY or ARM position (pan 34).

c. The lack of ON/OFF markings on the weapons control switches located
under the pilot ’s collective (Pan 37).
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RECOMMENDATIONS

43. The deficiency identified in paragraph 41 must be corrected .

44. The shortcomings listed in paragraph 42 should be corrected.

45. Further analysis should be accomplished to evaluate the effect of the SCAS ON
oscillatory yaw rate upon fixed weapons accuracy at high airspeed (para 23).

46. Incorporate the following CAUTION in the operator ’s manual (para 13).

CAUTION

When firing the gun 90° righ t or left while hovering in a right
crosswind greater than 20 knots , the pilot may hav e inadequate
directional control to maintain aircraft attitude.

• 47 . lncorporate the following NOTE in the operator ’s manual (pan 1 2).

NOTE

When firing the gun near 0° azimuth with a direct tailwind ,
the possibi l ity of  interrupted f ire exists due to the nose low
attitude of the aircraft .

48. An interim starting procdure should be adopted and the checklist starting
procedure of the AH-l S/ECAS be changed to read as follows (paras 30 and 3 1).

a. Pull ignition trigger.

b. Ignition key OFF at 750°C TOT.

c. Release ignition trigger at 40% N 1.

d. Ignition key ON at 40% N 1

NOTE

Initially during the start procedure , the cyclic will be free to
move. Inadvertently hittin g the cyclic while reaching for the
ignition key can cause damage to the input quill and main drive
shaf t.

24
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APPENDIX B. DESCRIPTION

GENERAL

1. The Modernized Cobra/TOW entails the development , qualification , and
production incorporation of a Univ ersal Turre t Subsystem (UTS), a Rocket
Management Subsystem (RMS ) ,  a Fire Control Subsystem , and several other product
improvements of the Al l - IS  helicopters. This will be accomplished in two major
phases.

2. Phase I , the Enhanced Cobra Arma m ent Subsystem (FCAS), involved the
design , development , and a qual if icat ion of a t ITS RMS , and a second electrical
generating system for the air craft .

3. This appendix will he concerned with  the [ITS with the General Electric
M —I 97 20mm gun installed , t he ekct r ica l sy stem , and the m odified SCAS.

UNIVER SAL TURRET SUI3 SYSIl - \I

4. The UTS is to he a repla cement tur re t  b r  the current M-28 turret.  The (ITS
will accommodate 7.6 2mm . 20mm . or 30mm . weapo n s. I t is compatible with the
M—9 7 turret and incorporates the NI—I ‘)T gu n .

a. Turre t Structure : The turr et  structur e is an aiimiith -pr iinary gimballed
structure consisting of thre e basic components:  the upper support , lower su ppo rt .
and saddle assemblies ( fig. I ) .

( I )  Upper Support : The upper support provi des the  aircraft interface and
mounting provisions. T’his mechan ic al  in t er Liec  “ ip at ih l e  w i th  all A l l — i  type
aircraft . Mounted to the upper supp ort is t~ - u i t l i  dr i s e . resolver assembly.
mechanical stops , limit swi tche s , and the . i i i in i . i i i  resolver compensating amplif ier.

(2 )  Lower Support: The lo\~er support  l\ mou nted to the upper support
through the azimuth bearing. The a z i m u t h  drive output  p iliio n meshes with an
external ring gear bolted to the ios~e r support t~ pro s ide az imuth  coverage. The
lower support contains an integral gear drive for the  elevat ion axis  Also mount ed on
the lower support arc the elevation electrical l imi t  sensors , resolver , resols er
compensating amplifier , rounds t ota l ize r . saddle pivot pin bearing, emergency

• elevation stow switch , and the emergency ~ to\s control uni t .

(3) Saddle: The saddle is a frame which will support the M- 197 gun or the
XM -l34 weapons and is mount ed thr ough pivot pins and hearings to the lower
support. The output pinion of the elevation gear drive meshes with the sector gear
on the saddle to provide elevation coser age. Mo un ted  on the  saddle arc the down-
limit sensor actuator , em ergency stoss ss~ i tc h act u ato r ca m , weapon rear ball mount ,
and weapon mounting pip pins.

(4) Recoil Adapters : Also included as part of th e  tur re t  s ys t e t im is the low-
force recoil absorbing device for the M - 197 weapon . The low-force recoil adapter
system was developed for turret application on the TC)W equipped A l l - l i  helicopter.
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(5 )  Gun l)rive : The M- l 97 gun drive assembly consis ts of a shunt—wound DC
motor and appropri at e gearing to t ire the weapon wi th in  a specified rate at normal
aircraft supply voltages. In terna l  to the gearbox are shear pins which minimize the
damage to the weapon should a stoppa ge occur.

h . I - lectric al (‘ompone u t s :  The electrical controls b r  the turret are contained
in three units:  the turret  control . gu m i control , and logic control uni t .  Each unit  has
printed circuit hoards using card edge connectors , s implifying replacement of
suhassemblies. The internal  circuits  base been separated so that basic functions arc
on replaceab le printed circuit  hoard s , l est points are included on ti le printed circuit
ca rds of the turre t control assembly to aid in fault  isolation. An external test
connector has been provided on the gun contro l uni t  - Test points on this unit
p rovide uccess to sy s te m logic signals and weapon control circuits.

I ) Turret (‘ontrol U n i t :  the tnrret  control un i t  contains the low level servo
control electronics , power amplifi e rs, I \I I fi lters , error interlock circuits , elapsed
time indicator.  p ro x in i i t ~ swi tch  pos~ e r supp l~ , over t inder  voltage protection , and
other elec t roni cs ni ’c essar~ to power the tu r re t  dr i v e  motors. The serv e amplifier
utilizes solid state electronics to control  the speed , direction , and torque of the tur-
ret d rive mo t ors.

2) Gun (‘ont rol I • m i t  - the gun control un i t  contains the log ic and control
circuitr y to safely and r e l i ab ly  tire the gun .  The circuitr y consists of solid state
elect ronics which control the g u n  drive i lmo tor , a power rela y declut ching solenoid
mounted on the feeder , and t i r in g  v o lta g e t or electric primed a m m u n i t i o n .

3) 1 ~gic (‘ontro l  ( ni t  ( l • ( ‘t , ) : The LCI ’ pro s ides the  following functions:

( a )  S( ‘A S (‘on mp ens a t ion  Signal s :  The S(’ ,-\S compensation provides t’or the
con sersion of s~ L’ap on s t i r i n g  loads in t o  scaled airframe a t t i tude  disturban ce signals
t ic , p i tch , ro l l . a nd va~ 1, ( ‘l i anne l s  for i lie se signals are open to tile SCAS when the
weapon turret  is ac t iv a ted.

(h ) torque I naN e Signal:  The ena b l in g  sic na i .  ‘.~ Inch is present only when , the
- 

- weapon is .m c t i i a l i v  t ’i r ine  ro unds.  c:mn se s the S( ‘A S  to cou nteract  aircra ft a t t i t u d e
changes induced by  weapon recoi l b~ u t i l i z a t i o n of the  three a t t i t ude  signals.

I c )  I -~~ Coin cidence:  I h i s  c i rcu i t  de t e c t s  when t h e  a n g u l a r  difference between
t urret  l ine of si g h t ( I ( )S and .m iming  LOS exceeds 1 .5 and precludes weapons
t iring.

( d l  I SO Coincidence:  Th is c i r cu i t  op er ate s  in con~unct ion wi th  I S error
detection to d i f t ’eren t m ate  bet ween 0 and 1 So -

t e )  ( ;round l) epre ssion Limi t :  Th is c ircui t  detect s and l imits  the weapons
depression to •~~ s~ i i C i i  the s w i t c h  is , m c t i v . i ted . and is used t’or landings and ground
ope rat ions .

it Burst I en ~’ I l i  l i n l i t i n g  t i m i s  c i rcui t  l i m i t s  the  burst length to that peculiar
weapon t v pe ins t  a il ed -
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(g) 2.5 Second Interlock Delay : This circuit provides the timing function for
the fi ring interrupt durin g firing of fixed forward weapons , such as TOW or rockets.

(h) Rocket Firing Interlock: Upon firin g any fixed forward wing stores, this
circuit shall interrupt turret firing.

(i) Firing Interruption: This circuit provides firing interruption when the
turret reaches the electrical limits in azimuth and elevation. • 

-

(j) Reticle Signal Inversion: This circuit precludes firing of the turret when the
turret and the sight are 1800 out of coincidence .

(k) 20mm Feed System: The 20mm feed system has three subassemblies:
the storage box , cover/booster group, and feed chute (fig. 2).

( 1) Storage Box: The storage box has three longitudin al storage bays for the
full depth of the box Ammunition is placed into these bays and folded back and
forth in eight layers. Across the forward end of the box is a crossover bay. The
ammunition from one bay hangs in a loop which enters the next bay . The loops
are supported by guides which prevent the ammunition from jamming as it feeds out
of one bay and transitions to the next. The box (and the main cover panel) are
fabricated from sandwiches of aluminum sheet with Lexand inside.

(2) Cover/Booster Group: The cover/booster group moves the ammunition belt
from the box to the feed chute. The cover has a roller at the forward end which sup-
ports the ammunition belt as it empties from the storage bays. The ammunition
slides the length of the cover over a stainless steel wear plate and enters the booster.
It also prevents the chute from sagging and fouling the ammunition belt which is
moving under it. The booster assembly consists of a housing with ammunition feed
guides, a sprocket shaft to drive the ammunition through the housing, and a torque
motor to turn the sprocket shaft . There is a sensor attached to the booster which
activates the ammunition totalizer on the turret. The booster assembly removes
ammunition from the box and pushes it into the feed chute. This means the gun
feeder only needs to delink entering rounds and feed them into the gun.

(3) Feed Chute: The feed chute is a multisegment , highly flexible duct through
which the ammunition flows from the ammunition box to the gun. Chute flexibility
provides for turret and gun movement and still allows firing without jamming.

d. M-l97 20m m Gun: The M-l97 gun (photo I )  is an air-cooled , three-barrel
weapon which operates at a firing rate of 750 shots per minute and is a direct des-
cendant of the Vulcan cannon. The gun utilizes a rotary action mechanism
contained within a fixed housing and a rotating barrel cluster. The M-l97 gun is
driven by the gun drive which is mounted to the gun. A series of gears transmits
power fro m the drive motor to the forward gear on the gun rotor to drive the gun.
Power to operate the gun drive is provided by the aircraft electrical system and is
controlled by the gun control assemble.
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Figure 2. 20mm Feed System.
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I-:(’AS ELECTRICAL SYSTEM

• General

• 5 The AU- l S/ECAS electrical subsystem consists of five power sources , three
28 VI)C power distribution buses, two 28 Vl)C power transfe r buses , a three phase
I I 5 \‘AC 400 lIz power distribution bus system , interconnecting logic control relays ,
and crew control switches. The batte ry (BAT) . starte~-generator (S/G), and the
transformer-rectifier unit (TRU) supply power to the essential (EES), nonessential
(NON-ESS), and armament (ARMT) 28 VDC buses (BUS) through the power
transfe r (PWR XFR) and TRU buses , as required , depending on crew control switch
settings and power source operation. The 115 VAC bus system is powered by either
the inverter (INV) or the alternator (ALT) (photo 2) depending on crew control
switch settings and aircraft rotor RI~M. The TRU supplies power only when the ALT
is in operation.

6. The bus interconnect logic system controls power trans f er from the 28 Vl)C
r ower source and the 28 V DC’ external power (EX 1’ PWR ) to the load distribution
system. In various modes , any di str ibution bus may be powered from any source
except that the BAT alone may never power the ARMT bus. Interlocks prevent
incompatible power source interconnections while p ennit t in g BAT charging from
any other source when the proper conditions for charging exist .

Controls

7 , Pilot crew controls consist of BAT switch (positions OFF-START-RUN).
S/G switch (RESET-O F F - ON), ALT switch (OFF-RESET-ON), NON-ESS bus
swi tch  (MANUAL-NORMAL ) ,  and MASTER ARM switch (OFF-STBY-ARM ) .

8. Copilot /gunner (CP/G) controls are the electrical power emergency switch
(I- :MERG -OFF-ELEC PWR ) and the p ilot override armament switch (OFF-PLT
OVRD ) . The BAT switch applies battery power to the ESS BUS in either START or
RUN and additionally enables the INV in RUN position. The INV is inhibited when
the ALT is in operation. The S/G switch energizes the S/ ( ; to supply power to the
appropriate buses when ON. It resets the field control relay when in RESET. The
ALT switch energizes the ALT to supply its power to the 115 VAC buses and TRU
when in ON position. I t  resets the generator control un i t  when in the OFF RESET.
The NON-ESS BUS switch when in M A N U A L  permits battery power to he applied
to the NON-ESS BUS when only the bat te ry is supplying V1)C . in this condition , if
the  switch is NORMAL , the NON-ESS BUS is disabled. The MASTER ARM switch
energizes appropriate relays to supp lY power to the ARMT BUS when the switch is
in STBY or ARM if any of the following conditions are met:

a. E X T  PWR is applied.

h Both S/G and TRU are in operation.

c. E ither S/G or TRU is in operation and the BAT switch is ON.
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9. The electrical power emergency switch permits the (‘PIG to turn off all
electrical power in an emergency by placing this switch in EMI’IR G OFF. The 1’ilot
overrride armament switch permits the CP/G to energize the ARMT BU S and fire
the weapons in case of pilot incapacitation. This is also dependent on the condi t ions
specified for operation under MASTER ARM switch above.

Normal Operation

10. Without EST PWR applied , battery power is applied to die ESS BUS wit h the
BAT switch in the START or RUN. The NON-ESS BUS m a y  he energized by placing
the NON-ESS BUS switch in MANUAL. Inverter power i~ provided with the BAT
switch in RUN. With EXT PWR applied , ESS and NON-ESS buses are energized
and the ARMT BUS may be energized by placing the MASTER ARM switch i ii
STBY or ARM or by placing the pilot override switch in 1~LT O V R D .

I i .  In fli ght , both the S/G and TRU (ALT) are energized. If the armament sysicili i ’
OFF, S/G power is applied through the PWR XFR BUS to the ESS BUS and TRU
power is applied through the TRU BUS to the NON-ESS BUS. When the armament
system is energized , S/G power is applied through the PWR XFR BUS to the ARMT
BUS and TRU POWER is applied through the TRU BUS to both the ESS BlI SS and
the NON-ESS BUS.

Failure Modes

I 2 . With an ALT or TRU inoperable , and with the arm ament  system unarmed ,
the S/G supplies power through the PWR XFR BUS to both the  ESS BUS and the
NON-ESS BUS, With the armament system armed and the B A F  sv~ ~ t :h in START or
RUN , the S!G and battery suppl y the ESS BUS , tIme N ON -ESS BUS and
ARMT BUS. The INV supplies the 115 VAC buses if the Al T is off or inop¼ -T Jb le.

13. With the S/G OFF or inoperable and with (lie armament  sy st em unarmed.
the TRU supplies the ESS BUS and NON-ESS l31 ’ through the I R E  BUS. W i t h
the armament system armed and the BAT swih’ . .. i.-\RT or RUN.  t ile ha t t t -rv
and TRU supply ESS BUS , the NON-ESS BUS and the  A R MT RI ’ S th rough  Jie
TRU BUS. 115 VAC is supp licd to the TRIJ and the Ac’ buses by the A I T.

14. With both TRU (or ALT) and S/G inoperable , the BAT suppl i es  t h e  I SS BU S
and at the pilot ’s option , the NON-ESS BUS. 11 5 \ ‘AC is suppiled 1~s (h e ALT if
operating, or by the INV . The armament syst eimi ~ il l  not be powered iii th i s
condition.

STABIL I TY AND CONTROL AUGMENTATION SYST E M

General

15. The Af’I-lS/ECAS SCAS is derived from the Al l - IS  SCAS. Major changes to
the SCAS include a change in gain and frequency response , the  introduction of a
time delayed AC power interloc k , the use of a pulse derivation technique for SCAS
gain control , and the inclusion of an armament compensation signal.
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Gain Response

16. BHT has reduced the gain of the SCAS system in order to improve the handling
qualities of the Al-I-l S/ECAS. These reductions have also resulted in frequency
response changes. The gain reductions from the original SCAS are : 30% in pitch ,
20% in roll , and 20% in yaw.

Power Interlock

17 . In the production AH-i S, an AC power loss or AC power transients would
immediately disengage the SCAS. The AH- 1 S/ECAS is equipped with a power
interlock system which allows the SCAS to continue to operate for a short period
of time in the event of power loss or fluctuations. The time delay is maintenance
adjustable up to 2 seconds. Power for the SCAS is supplied from the battery t hrough
the inverter when normal power is lost.

Demodulation System

18. The demodulation technique used on all BHT SCAS is a synchronous type
since each signal contains both magnitude and direction information. The
demodulation in the AH- 1 S SCAS is achieved by a pulse system derived from a fixed
timing circuit tuned to 400 Hz. Any change in the AC frequency would change the
gain of the SCAS. The AH-I S/ ECAS SCAS employs a difference of pulse derivation
technique for the demodulation. This de m odulation is not sensitive to frequency
variations: thus the SCAS gain will remain constant for all flight conditions.

Armament Conipenstation Signals

1 7. The armament compensator circuit provides inputs to the SCAS when the
weapon is fired. The compenstor signals depend solely on the position of the gun ,
and are designed to hold the at t i tude of the aircra ft . Since they have no input from
the attitude gyros or the airspeed system , the inputs will be exact for only one
particular matrix of airspeed and gross weight. The maximum compensation occurs
when the weapon s position most strongly affects the aircraft (ie , maximum yaw
compensation with the gun 90° to the nose), while minimum compensation occurs
when an axis is least a ffected (minimum yaw response with the weapon fixed
forward) . The ECAS SCAS has 25”~- control authority in all axes (± 12 .5% in pitch ,
roll , and yaw). The maximum compensations available from the armament
compensator are :

Pitch - 55~ SCAS authority (7 ’~ control authority)

Roll - 59~ SCAS authority (7 .4 ’  control authority)

Yaw - 80% SCAS authority ( I  0 ’  control authority)
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APPENDIX C. INSTRUMENTATION

An FM magnetic tape system was used to record data during all phases of the test
program. Two installations of this system were utilized to cover gun firing tests
and nonfiring handling qualities tests. The inst ru mentat ion system was located in
pods mounted on the inboard stores stations for all firing tests (photo I & 2).
During handling qualities testing, the inst -~’umentati on system was installed in the
ammunition bay area. In addition to the FM system , limited test instru mentat ion
was installed in the cockpit areas for both tiring and nonfiring tests. Cockpit instru-
mentation installed during all firing tests consisted of fligh t control position in-
dicators and a g meter mounted on the glare shield of the pilot instrument panel
(photo 3), instrumentation activation controls located on the copilot instrument
panel (photo 4) and pilot instrument panel and collective control (photo 5). During
gun firing tests three high-speed 16mm movie cameras were mounted on the skids
and right wing of the test aircraft (photos 6 and 7~. A switch for operating the
cameras was located on the pilot righ t side ins t ru ment  panel. Additional cockpit test
instrumentation installed for the handling qualities testing only consisted of ( I )
calibrated airspeed indicators in place of the standard ship airspeed indicators in
both the pilot and gunner instrument panels , and ( 2 )  angle of attack and angl e of
sideslip indicators mounted on the pilot instrument panel glare shield (photo 3). A
nose-mounted test instrumentation boom which provided sideslip info rmation was
installed for the handling qualities portion of the test program. All test in-
strumentation was installed , calibrated , and maintained b~’ BUT. The following
parameters were recorded on magnetic tape:

Control position:
Longitudinal
Lateral
Directional
Collective
Throttle

Control force :
Longitudinal
Lateral
Directional

SCAS position :
Longitudinal
Lateral
Directional

Aircraft a t t i tude:
Pitch
Roll
Yaw

Aircraft rate:
Pitch

• Roll
Yaw

(‘enter-o f-gravity normal acceleration
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Center-of-gravi ty vibratio n:
Lateral
Vertical

Pilot seat vibration:
Longitudinal
Vertical

Gunner seat vibration :
Longitudinal
Lateral
Vertical

TSU vibration :
Longitudinal
Lateral

Gunner side panel vibration:
Lateral
Vertical

Pilot side panel vibration:
Lateral
Vertical

Gun turret vibration :
Longitudinal
Lateral
Vertical

Engine t orque pressure
Eng ine inter stage turbine temperature
Engine gas generator speed (N 1).
Engine power turb ine speed (N2).
Main rotor speed
Airspeed
Altitude
Angle of atta ck
Angle of sideslip
Pilot/copilot event
Gun azimuth
Gun elevation
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APPENDIX 0. DATA ANALYSIS METHO DS

GEN ERAL

1. Stability and contro l data were collected and evaluated using standard test
methods as described in reference 9, appendix A. The Handling Qualities Rating
Scale presented in figure 1 was used to augment pilot comments relative to handling
qualities and workload. Definiti ons of deficienc ie s and shortcomings are as
stipulated in Army Regulation 3 10-25.

DYNAMIC RESPONSE

2. The dynamic response characteristics of the aircraft were evaluated to
determine the damping ratios (c). Damping ratios were determined for all conditions
tested using the logarithmic decrement method. The logarithmic decrement is
defined as the natural logarithm of the ratio of any two successive peaks (fig. 2).

Figure 2. Rate of I )e eav of Oscilla t ion Measured by ti le Logarithmic Decrement.

The logarithmic decrement 6 is mathema t ica l ly  expressed as:

~~~~ln ’—~- l n  ~~~~
- - -

,
- ; -  • ~ ln ~~’ n ~~~~~~ u~ ( I )

x ) ,
— ~~~~~ 1 +~ ~
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Since the period of the damped oscillation is equal to

T = 2 T T / w v i ~
’
~~ 

( 2 )

The decrement can be rewritten as:

5 = in 2 TT ~~~
2
/~~~~~~~~~ ,~~~

As seen in figure 3 for small values of ~
‘
.

5<3 , 
‘
~ in _ !

~ /2~ ( 4 )

12
II.. z
~~ 1o

:h±~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~8 1.O

‘4 DAMPING FACTOR

Figure 3. Logarith mic Decrenwnt s as Function of ~~.

The frequency is defined as w 2ir ft rad/ sec ; the natural frequency is defines as

w = 211/T V 1— T :n
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VIBRATION

3. The FM vibration data were reduced by means of a fast Fourier transform f rom
the analog flight tape. Vibration levels , representing peak amplitudes, were extracted
from this analysis at selected harmonics of the main rotor frequency. Gun firing
vibration levels were quantified and presented in spectral plot format for analysis.
The Vibration Rating Scale, presented in figure 4, was used to augment crew
comments on aircraft vibration levels.

AIRSPEED CALIBR ATION

4. A contractor supplied airspeed calibration ( fig. 5) was utilized to determine
airspeed.

WEIGHT AND BALANC E

5. Prior to testing, the aircraft gross weight and longitudinal and lateral cg were
determined using calibrated scales. The longitudinal cg was calculated by a
summation of moments about a reference datum line (FS 0.0). The aircraft was
weighed with full fuel and included instrumentation installed in inboard wing pods.
A calculated weight and balance was used for stability and control tests.

RIGGING CHECK

6. A check of the test aircraft contro l rigging was made on site by USAAEFA
maintenance personnel prior to the start of testing. Control rigging was found to
he within the tolerances specified in the AH -l S maintenance manual (ref 14 , app A)
and is presented in table 1.

Table 1 . Control Rigging

Specification USAAEFA
Control Measurement Measurement

____________________ 

(in.) (in.)

Longitudinal’ 12.82 ±0.06 12.88

Lateral ’ 12.52 ±0.06 12.58

Collective 2 3.84 to 3.90 3.90

Directional3 4.07 ±0.03 4.09

‘Cyclic control locked with fixture.
2 Collective control full down .
~ Full left pedal.
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7. Swashplate angles measured with the cyclic control fixture in place and t 1 ’ -

collective control full down were as follows:

Longitudinal - Degrees tilt at right horn = 1
° down.

Lateral - Degrees tilt at left horn = 1.9
0 left.

Collective - Minimum blade angle = 8.250.

8. Swashp late ang les with controls at full throws were as follows :

Longitudinal control full aft = 13.5 ° up.
Long itudinal control full forward = 14 .0

0 down.
Lateral control full left = 10.0° down .
Latera l control full right 7.0° up.

9, Tail rotor blade angles measured with the pedals at full throws were as folk,~ ‘~

Full left pedal = 1922 °
.

Full right pedal = 11.00°.
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APPENDIX E. TEST DATA

INDEX

Figure Figure Number

Weapon Firing
Level Flight I and 2
Hover 3 and 4
Low-Speed Flight

Rearward 5
Righ t Sideward 6 and 7

Pull-Ups 8 thro ugh 11
Stability and Control

Mechanical Characteristics 12 through 14
Static Longitudinal Stability 15 and 16
Static-Lateral Directional Stability 17 and 18
Maneuvering Stability 19 and 20
Dynamic Stability

Contro l Pulses 21 through 29
Dutch Roll 30 through 37
Longitudinal Long Period 38 throug h 40

Control Response and Sensitivity 41 throug h 43

Low-Speed Flight 44 through 49

Vibration Characteristics 50 through 70
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F I G U R L  12
LON G TU D IN AL CONTROL SYSTEM CHARACTERISTICS

AH.-1S USA S/ N 76- 2256 7

NOTES: 1 . ROTORS STATIC.
2. FORCES AND POSITIONS MEASURED

AT CENTER OF rRI P.
3. HYDRAULIC AND ELECTRICAL POWER

PROVIDED BY GROUND POWER UNITS .
4. TOTAL LONG iTUDINAL CONTROL TRAVEL

9 .85 INCHES.
5. LATERAL CONTR OL POSITION 4 .9 I NCHES

FROM FULL Lt~FT .

2 . 1 8  C ’ ~i. 

‘
-

L~J

4 P ( ) ç (I ~~I -

L I

- 1 _— ———---—--— DR[AI’1I1T I N C L U D I N G

_J~ 
FR 1 C T1O 6! = 2 .1  LR

I—
• 4 -

A 1 F  ?~~ l1~ FOI ~C~ G RA D I
- NFAR T~ IM:

run 1.1 L~ / IN .
- AFT 1.2 LB/IN.

8

12 A V EC~AGE FRICTION EA Nf l :
Fl-I D 4 .6  LB

T A F T = 6 . O LB

co 16

o 2 4 6 8 10 12
FWD A FT

LONGI TUDINA L CONTROL POSITION
(INCH ES FROM FULL FORWARD)

68
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FUjt*E 13 I

IAltflAL COPIITROL SYS tEM CHARACTERISTICS
AWlS USA S/N 76-22567 

N~~~~
-
~

--
~1-:—____ 

1-TAIIC. - - .  —
- .H .. H , . I -

- 
.

- 
• - 

- 
- 

- - -  2~ ~ffiPC(S ~~~~~ -POw ONS MEASU~~D1 - 
I -  

- 
-

*~T torrER OF GRIP -~~ —

I 55~ Wf~~ ALL]C A~4D ELECTRICAL P(~~EP
I PRO1VIDEI) BY GROUND POWER UNI TS

- 4. 1~ TAL LAT~tAL CONTROL TRA~u.
- 

- • .  - ~~~~ -r H . C 9.-75 INc~~S. - 
- 

1 I 
- - 

-

- 5 ~~~~~~~~~~~~~~~ 
—

~ 4 9  INCHES FROM~~~LL FORWARt) I

~~~‘ 16 1 -t - - - — —-

4 1

- -  
I G 

- 
- 1 : .  - i i  I - -

1 - 
_

~~5Pt~cENtE \ — i------
BN~~- 2 8 9 DI ,

5.    

H H-

FR1~flON. 
~~~~~~~~~~~~~~~~~~~~ 

- - - 5  - 

S -
-  .

3 O L B RT

~~~~~
‘

~~~
- 0  - -  -  -

~ 
- 

-  BREAK~~T !NCL~ )ING 

1
~~~~~~~

’
FRICT1

~~ 
~ 3 .3 1.18 LI

- - :~~. 
- 

- 
- 

1. 

- 

- An-RAGE ~~RCE GRADIEN T - - 

-~.1-_ I i.. - -  NEAR TRiM: 
- - I 11 H -

- ‘ -
. - 

RI GH T ~ O.8S LB/IN. - - 
- - - 

-

8- 
- 

~~~~~~~~~~~~~~ 
H4.1..I..1 LEFT 0.92 LB/ IN 

-

- 

~~~~~~~ FR I CTiON BAND ~~~~

5 - _

R I a 4T* 5 i  LB
- lET ~ 5 9 Lfl
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. — - -  - - - -

- 
~~

‘i- i 
- I -  ~~~~~

~~~ 2 .  . 4 6 - 8 . :  10 ‘ .12
I I - 5 - 

-

- .  - I. - • i ..::. . ’ : j ~~ tA1tR~~L CO?(’~~ L ~~~~~~~ - -
~ : - : - ) :~ 

-

•

-

- L ~ (lNows FRUI~ FUL L LEfT4— _ L__ -i_ -i L

~~~~~ - - - - - - -- 5-— — - -

____________________ — 
— 

— - f f :  ‘ — - — — - — —



r 
--- - -

~~~~~~~~-

- - - 
F1~URE ~~~ - I - 

- I ~~~~1T- H:(  - -

DrRECTIO~tAL CONTROl. SYSTEM CHARACTERISTICS
At i—1- S USA S/N 76—22567 :

NOTES: • 1-.~ ROTORS~ STATIC. - •
2. FORCES MEASURED AT THE - - 

‘

DIRECTIONAL CONTROL.
3. HYDRAULIC AND ELECTRICAL POWER

PROVIDED BY GR~JND POWER UNITS . -

4. TOTAL DIRECTIONAL CONT~~1 TRAVEL
5.50 INCHES .

~~~45 -

~~ 4O -

35 
- • -

_

_ 5

/
~~:

BREAKOUT INCLUDING
FRICTION = 2.10 LBS RI ç— .

~~~~~~~~
‘ 0 L~~~ 

~~~~~~ —BREAKOUT INCLUDING
FRICTION = 2.5 LBS LI

L)
5 - • - • - - •

AVERAGE FORCE GRADIENT
10 - 

NEAR TRIM:
1 RIGHT = 4. 1 LB/ IN.

15 - LEFT = 3.6 LB/ IN.

20

25 -   AVERAGE FRICTION BAND: 
- -  - -

-

- -  R I G H T — 4 . O LBS
3D • LEFT - 3.0 LBS •

- 
•

“I

0 1 2 3 4 5 6
LEFT RIGHT

bI~EC~rIONAL CONTROL POSITION
- (IPEI’IES FROM FULL LEFT )

70
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ STABILITY 
~AH-1S USA: S/N 76-22567

AVG *VG - 5 -
~~~~~~ A~G ~ VG AVG TRTh

GROSS CG I.OCATiU~~~~~I±~
I
DEf~~~ITY - C# ~TII R~~TOR FL IGHT SCAS

WEIGHT LONG -
- ---t.A-T-~~:Au1~-uDE I 

~~~~~~~~~~(LB ) (FS) - (8t. )~~ (~!T) •(t )  (RPM)
9060 194 ..1(F’W~) O.1 5~~O 26.0 324 LEVE L ON

NOTES: 1-. SH~~~D SY1~ 0L.S DENOTE TRill.
tLE~~~~0Nfl~WtAI1O~t.

~~~IO -

~~~ 

- G—~~---p • Q p p p

~~
-
~
1O ~~~~~~

- -

~~~~~~
- -  -

~~~ 
i.-. 4 TOTAL DIR~CtIDNAL CONTROL -TRA VEl.- 5.50 U~CHES

Q ..J C~-J — -J

L I .4 LL ..~J - - - • -
- - 

-
I - -  

1 - : .
L) —~ • - - - I

TOTAL LA’TIRAL CONTROL TRAVEL ~ 9.75.INCHES

< L~ ~~ 1O - --

!~~ ~~~ 
_ _

~ 6 TOTAL -LOONCFflJDZMAL ~CONT-R01- -TRAVEL 9.-85- INCHES
0-4 < • . •~~ - -

S .  

• 

- - 

60 80 90
CI LIIRATEI) AIRSPEED (KNOTS)

I - i LL- ?1

-
- - 

- •
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FIGURE 16
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY - :

AN— iS USA S/N 76-22567

AVG AVG AVG AVG AVG TRIM
GROSS CO LOCATION DENSITY OAT ROTOR FLIGKT SCAS
WE IGHT LONG LAT - ALTITUDE SPEED CONDITION CONDITION
(LB) (FS) (BL) (Fr) (°c) (RPM)
8860 194.2(FWD) 0.1 RI 6000 27.0 324 LEVEL - ON

NOTES: 1. SHADED SYMBOLS DENOTE TRIM .
2.- CLEAN CONFIGURATtON.

~~~1o 
- -

W ~~0 • -
~~

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~ : 

TOTAl.. DIRECTIONAL CONTROL TRAVEL 5.50 INCHES - - -  -

2 
O p O - p ~~~ 0 0  0~~~

-
~~~

LU .4 Li.~~~ Jc~~o -

0 I— _.. lI~~~
.

~~~~~~— —a0

7 TOTAL LATERAL CONTROL TRAVEL = 9.75 INCHES -

-

— 6
W C~
~— ~~~LiJ

5 . - -

~- 4 .  • -

-
. C..) _J

. 4 W  .4

~~~ ~~~1O

~~~~~~~~~~

~~ , 
~ 

TOTAL. LOI4GIITUDrNAL CONTROL TRAVEL = 9.85 iNCHES
C ) . 4  -

3

0
~~ LJ~

0
0 ~~ 1

~ 100 110 120 130 140 150 160

CALIBRATED AIRSPEED (KNOTS)

72
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~

•-

~ 

- -~~~~~~~~~~~~~~~~~~~ : 
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FIGURE 1~ 
I

- 

- STATIC tATERAL-DIREC’TIONAI STABILITY 1 I
- 

- M4~:W U~A S/ 16 2�56~ 
- -

- 

- :~1 I : .~ ~~ • 
- -

- - -  
- 

- 
1 .  - 

- - 
- - -  

1 - - ~~~~ -

J- V6 ~~~~~~~~~~~~~~~~~~~~~ ~AV~ --AV~ AVG - TRhtt~~~~- H -
GROSS -  CO LOCATION ntssir~- •OM: -ROTOR CALIBRATED I
~EIGtIT 

- LONG ~
_ ,- .LAT ~,~ A~UhIU~_. - ~i 5PEEO. - -  -AIRSPEED - -CO~~I.TIOK -

(is) ( F’S) -~~~ 

- 
(51) 

- - CP~
) (SC).. :tRPM) - -  (KTS) - 

- 

- - -9 i ) O  194.o(FWD) 0.1 RT - 580G 27- .S 324 
- 

65 ON

NOTES” 1 SHADED SYMBOLS DENOTE TRThI

~ -CL-EM -~~N ATION — - — —
~
— — -

~~~~~~~~ :..E~ 
-

~ 
TUTAL LONGITUDINAL CONTROL TRAVEL ~ 8S IPs~ tS 

- -0 . 4  i - - -  • :  - I -
- I 

I 1 -    -

6 -
~~~~‘ ~~~~~~ 

r—  ~~~ 
-
~~

5- ”:~~
- 

!~P~ 
—

~e—~~—~~~ o 5-I”

-
~~~~ ~~~ 

- 

. T~JTAL tAT~~~L tONT~~ TRAVE L - _ 9~75. INCHES • 

-

z - -
~~ -0_A  - I L  - 

- 
- 

:~ TOTAL OZRECTUJ4A1U C(~~TI~O1 TRAWl. = 5 ~SO INCHES - 
- 

I.

0
30

5- 
0 

- 

3O
-
~~LI 

- 

- - I•
~~~~~~~

• PT ~

- - 
... IJ M~~ OF SIDEStEP (Dt~~ttS) I 

- 
-

~ 

- . - - - - -

- — - - ‘
~
-

~~
-- _ 5 . -
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1~IGURE18 I

STATIC LM RALuI~I~~Ct1:Ot4Ai ~~ABILITT
AH—1~ ~J~P4. si/N 76~22567 C

AVG A~~ ~~ 
‘ AVG AVG AVG

GROSS CG LOCATIOtI- 1 I~-t~ENS r f : - - QAT I ROTOR CALIBRATED -S~A~ 
WE IGHT - - -  LONG LAT I~ --ALtrfliflt 

- 
- SPEED AIRSPFIb (

~ON~ITION 
(LB~ I -  (~Fs) I -(Hi) ( - .~~~Fi). .I;~~~ ob) (RPM) - - .--(KTs) I -

8920 . 194..1C FWO) Cd ~~~~~~~~~~~~~~ 324 116 -

NtXtt~~ 1. ~~AD~n ~XMaOLSL bENOTE TRIM
-  2~.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

~~~ 

L

TOTAL L0N~ITUOINAL CONTROL TRAVEL 9.85 i NCHES

u~~~~~~~~~~ . 1 .  - 1 - -
0 . : .  I - - -  - -

- - -  - -

2 - - - -
-  - - I

I - -

I - - - -
U5. - 

- 
- - - -

- -  tOT~ L-~ LA1t~ AL -~~ONTR~JL TRAY~L 9.75 INCHES I -

~ :7 I:: i~~~:- - _ _ I _ _ _
~;I i ~I _ :~: : - — - I -

-6  L:~~~L ~-

- - - I _ _ I :  - -

- - TOTAL O1R~~T!Ot4AL C(iNTROL TR.AVEL = 5.50 INCHtS - 

- - -

3

0!~~~~~~
. 

~ 

C .—.~~ 
-
~ - - -  - - -  - - 

- 
- _ . : 5 ;_ C . _ ~~~

_ . 1 .  - 
-

0 -:~: I - - - I I

L) 
___________  __________________________________

L~I AN~i~.t. OI~ SID~SLt P (DEi~E.t~~.
- - - I 

I 4:1
I I

I
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I FI GURE I~~~~ 
-

- 1W4EUVERING STABILITY
AH—1$ USA S/N 76-22567

AVG AVG AVG AVG AVG
SYM GROSS CO LOCATION DENS I TY OAT ROTOR FLIGHT - SCAS

WEIGHT LONG LAT ALTITUDE SPEED CONDITION CONDITION
(L8) (FS ) (BL) (Fr ) (°C) (RPM)

o 8560 194.2 ( FWD ) 0.1 RI 6800 28.0 324 RT TURN ON
o 8520 194.3(FWD) 0.1 RI 6800 28.0 324 LT TURN ON

NOTES : 1. CLEAN CONFIGURATION .
2. 116 KCAS .
3. NORIAL RATED POWER.

~ 8 TOTAL LATE RAL CONTROL TRAVEL 9,75 INCHES

- -

~~~~~~~~
- -- 6 -

5
0
_ 4 (4 ~~

• (I)

~ 6 TOTAL LONGITUDINAL CONTROL TRAVEL 9.85 INCHES

.~~~~ 1 5 
-

‘~~ 
I— L.~ -~~

1 
hO 1.2 h4 1.6 1.8 2.0

CC ACCELERATION (G)

75

q

- 

—5. -~~~~~-——-~~~ -
5. 

5- - —  
5.
— - — — -
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FIGURE 20
MANEU VER ING STABILITY

AH- 1S USA S/N 76-22567

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

WEIGHT LONG LAT ALTITUDE SPEED CONDiTiON CONDITiON
(LB) (ES) (BL) (Fr ) (°C) (RPM)

o 8360 194.2(FWD) 0.1 RI 6500 27.0 324 RI TURN ON
O 8300 194.3(FWD) 0.1 RI 6500 27.0 324 LI TURN ON

NOTES: 1. CLEAN CONFIGURATION .
2. 116 KCAS .
3. POWER FOR LEVEL FLIGHT.

‘— 8 TOTAL LATERAL CONTROL TRAVEL = 9.75 INCHES

0-I

~~~~~~~~~~~~~~~~~

o l O

6 TOTAL LONGITUDINAL CONTROL TRAVEL = 9.85 INCHES

5 -

~~~ ~— L~mis 
__________________________

~ ~~~ 1 .0 1 .2 1.4 1.6 1.8 2.0
C6 NORMAL ACC EL ERA TI ON ( G)

76

I

— 
5- 
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- .~ - -  FIG1~~ 42
LONG I TUDINAL CONTROL RESPONSE AND SENSITIVITY

M-IS USA S/N 75-22567 —

AVG AVG CG AYG AV~ ROTOR TRIM TRIM ._
~~~~~ - 

__
GROSS LOCATION DENS OAT SPEED CALIB FLIGHT SCAS
WE I GHT LONG L.AT ALT AIRSPEED CONDITION CONDITION

(1.8) (FS) FBi ) (VT ) (°C) (RPM ) 0(T)
8800 19 4 .1 (F WD) 0.1 RI 6100 26.0 324 64 LEVEL ON

1
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FIGURE 44 - - 

~

- - H

LOW SPEED FORWARD AND REARWARD FU GHT
AH-1S USA S/N 76-22567

AVG AVG AVG AVG AVG
GROSS CG LOCATION DENSITY OAT ROTOR SKID SCAS
WE IGHT LONG LAT ALTITUDE SPEED HEIGHT CONDITION
(LB) (FS) (BI) (FT) ( °c )  (RPM) (FT)
9000 194.1(FWD) 0.1 RT 2300 30.0 324 10 ON

NOTES: 1.1 DENOTES EXTREME TRAVEL FROM TRIM
_ ~ 10 DURIN G ATTEMPTED STABILIZED POINT .

2 CLE”~’ 
r .-...r GURATION

~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

0. 4 TOTAL COLLECTIVE CONTROL- TRAVEL = 9.06 INCHES
~~~.i ~~
— .--J

~~~ 
— 4 TOTAL DIRECTWNAL CONTROL TRAVEL = 5.50 INCHES

~~~~~~~~~~~~

TOTAL LATERAL CONTROL TRAVEL = 9.75 INCHES -

~— ..J U....4 4

0 ~~~3

~

— TOTAL LONGITUDINAL CONTROL TRAVEL 9.86 INCHES

40 20 3 20 40 60
RWD TRUE AI~~~~L tEJ ~~N OTS) FWD

100
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FIGURE 45
LOW-SPEED FORWARD AND REARWARD FLIGHT

AH-1S USA S/N 76-22251

AVG AVG AVG AVG AVG
GROSS CG LOCATION DENSITY OAT ROTOR SKID SCAS
WEIGHT LONG LAT ALTITUDE SPEED HEIGHT CONDITION
(LB) (FS) (BL) (Fl) (c) (RPM) (FT)
9040 194.1(FWD) 0.1 RI 2300 31.0 324 10 OFF

NOTES: 1 . I DENOTES EXTREME TRAVEL FROM TRIM
DURING ATTEMPTED STABILIZED POINT.

~ 10 2 . CLEAN CONFIGUR A TIO N .

~ ~~~
TOTAL COLLECTIVE CONTROL TRAVEL = 9.06 INCHESz a.

0_ J  ~~~

~~~_1wp -~~~

TOTAL DIRECTIONAL CONTROL TRAVEL = 5.50 INCHES
~~~ 

p- . 4

TOTAL LATERAL CONTROL TRAVEL = 9.75 - INCHES

~~
A - - -  -

_J 0

I-—

0 I
~
- 3

TOTAL LONGITUDINAL CONTROL TRAVEL = 9.85 INCHES

8LI. - -

z < -~~~~~

4 —

60 40 20 0 20 40 60
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FIGLJRE .4L1 - -  
-

SIbEWARD FI TGHT -~ I •

- AH4S USA S/N 16-22567 
- -

- AVG - -AVG- - - - AVG ----AVG - AVG - - - -

GROSS. CS LOCATION - -. ~~~NSITY OAT . ROTOR SKID SCAS
WEIGHt - LONG LAT - - atTITUDE - . . SPEED HEI GHT CONDITION

(LB) (FS) ; (BL ) (Fl) t 0C )  (RPM) (PT)
8760 194.2(FWD) 0.1 RT 2400 32.0 324 10 ON

- NOTES: 1. I DENOTES EXTREME TRAVEL FRO~ TRIM
DURING ATTEMPTED STABILIZED POINT .

~ 10 - 2. CLEAN CONFIGURATION. - - - -

~ ..1J
Q- 

TOTAL. COLLECTIVE CONTROL TRAVEL 9.06 INCHES
0_ i  ~~~
~~~~~1uJ ,.-~~~ 

- -

8 ~~~~1 -

TOTAL LONGITUDINAL CONTROL. TRAVEL 9.85 INCHES
&0_ i U. - --

~ J~~~4~~J ~ 
. - r - 

-

TOTAL LATERAL CONTROL TRAVEL = 9.75~~ INCHES

TOTAL DIRECTIONAL CONTROl. TRAVEL 5.50 INCHES

0

60
4 LT - TRt~~A1 SPtEfl (KNOTSL :.. ~~~- - ~~ -

102
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FIGURE 47
• 

- -  SIDEWARD FLIGHT
AH-IS USA S/N 76-22567

AVG AVG AVG AVG AVG
GROSS CG LOCATION DENSITY OAT ROTOR SKID SCAS

- - WEIGHT LONG LAT ALTITUDE SPEED HEIGHT CONDITION
(LB) (FS) (BL) (Fl) (°C) (RPM) (Fl)
8760 194.2(FWD) 0.1 RI 2700 34.0 324 10 0FF

NOTES: 1 . I DENOTES EXTREME TRAVEL FROM TRIM
DURING ATTEMPTE D STABILIZED POINT .

~ 10 2. CLEAN CONFIGURATIOr.I .

~~~~~~~~~

TOTAL COLLECTIVE CONTROL TRAVEL = 9.06 INCHES
e~_i , 4
I.-.-.’

3

-i -i
—ia 2

0 ~~0

~ 
TOTAL LONGITUDINAL CONTROL TRAVEL = 9.85 INCHES

cD-i U. 8
— _I ~~

~ 6 
TOTAL LATERAL CONTROL TRAVEL = 9.75 INCHE S

~~~~~~~~~~~~~~~~~~~~~~~ :
TOTAL DIRECTIONAL CONTROL TRAVEL 5.50 INCHES

~ 4

0 
40 2 0 0 2 0 40 60

LI TRUE AIRSPEED ( KNOTS ) RT
103
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FIGURE 4~
’

• - SIDEWARD FLIGHT
AM-IS USA S/N 16-22567

CRITICAL AZIMUTH - 065 DEGREES
AVG AVG AVG AVG AVG
GROSS CS LOCATION DENSITY OAT ROTOR SKID SCM
WEIGHT LONG LAT ALTITUDE SPEED HEIGHT CONDITION
(18) (PS) (81) (Fl) (°C) (RPM) (Fr)
8600 194.2(FWD) 0.1 RT 2900 35.0 324 10 ON

NOTES: 1. I DENOTES EXTREME TRAVEL FROM TRIM
DUR I NG ATTEMPTED STASI LIZE D POINT.

~ 10 2. CLEAN CONFIGURATION.
Ui

O

~ 
TOTAL COLLECTIVE CONTROL TRAVEL = 9.06 INCHES

0_I ~~ 5
U

—i --i
3

~~)~~—~~ .1

0 Z
0

TOTAL LONGITUDINAL CONTROL TRAVEL = 9.85 INCHES
Q ...I 8

~~j I-4 _I ~~~

~ — LI .
0 7

- - --- -
- 

-

8~~~~ ~ .

~~ 
TOTAL LATERAL CONTRO L TRAVEL = ~~ 7-5 INCHES

0 ._I ~~— - i

6 
- - -

,_ TOTAL DIRECTIONAL CONTROl.. TRAVEL • 5.50 INCHES

4 60 40 20 0 20 40 60
LI TRUE AIRSPEED (KNOTS) - RT
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- - -: - - - - - tETICAL ~~I*J1H ~65 DEG*IE~ 
• - •

AVG AVG AVG
- ~~~t~OCAT1O~~~~~~. ~~IiSITY OAT ROTOR SKI D SCM

WEI9f~ ~~~~~~~~~~~ :.. .M1TITUDE. . .  - SPEED HEI~~4T CONDITION :- -

-• (L1~ • (F~~ - !- (1L~)~ (c~ (‘c) (RPM) (PT )
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- TT AO~~ T 1 ~~~ DOiOid EXTREME TRAVE L FR~I I M
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FIGURE 50 
-

• V IBRATION CHARACTERISTICS 
-

AH -)S USA S/N 76-22567 - -- CG VERTICAL
AVG AVG CG 

- - -  

AVG 
- 

AVG AVG CONF IG 
- -  

FLIGHT
GROSS LOCA tION DENSITY OAT ROTOR CONOIT ION t
WE IGHT LONG - LAT A1.TITUDE SPEED -

(18) (PS) (BI) (FT ) (°C) ( RPM )-
9800 1S3~O (FWD) 0.4 RI 350-0 33 .0  324 INBOARD PODS LVL F L T - - - ~
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FI G U RE 52 
- - -

VIBRATION CHARACTE RISTICS
MI-iS USA SIN 76—22367

ISU LATERAL

AVG AV G CG AVG AVG AVG CON~ IG FLIGHT .
GROSS LOCAT iON DE NSITY OAT ROTOR CONDITION -
WE IGHT LO NG tAT ALTITUDE SPEED
(LI) (F s ) (IL) (Fl) (°C) (RPM)
9800 193 .O (FWD ) 0,4 RI 3500 33.0 324 INBOARD PODS LV I FLT
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Since the period of the damped oscillation is equal to

= 2~f~~I1—~~ 
(2)

The decrement can be rewritten as:

(3)

As seen in figure 3 for small values of ~~.

(5(3 , ~ in / 2 ff  (4)

12 1
• I- I

z
110 

_ _  _ _  _ _  _ _  

1~
~~

~, 2

0 0~~~~ L2 0.4 0.6 0.8 1.0

~~
k:DAMPING FACTOR

Figure 3. Logarithmic Decrements as Function of ~~.

The frequency is defined as w = 2ir/t rad/sec; the natural frequency is defined as

w = 2 iT/ T If~~ (5)
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VIBRATION

3. The FM vibration data were reduced by means of a fast Fourier transform from
the analog flight tape. Vibration levels, representing peak amplitudes, were extracted
from this analysis at selected harmonics of the main rotor frequency. Gun firing
vibration levels were quantified and presented in spectral plot format for analysis.
The Vibration Rating Scale, presented in figure 4, was used to augment crew
comments on aircraft vibration levels.

AIRSPEED CALIBRATION

4. A contractor supplied airspeed calibration (fig. 5) was utilized to determine
airspeed.

WEIGHT AND BALANCE

5. Prior to testing, the aircraft gross weight and longitudinal and lateral cg were
determined using calibrated scales. The longitudinal cg was calculated by a
summation of moments about a reference datum line (FS 0.0). The aircraft was
weighed with full fuel and included instrumentation installed in inboard wing pods.
A calculated weight and balance was used for stability and control tests.

RIGGING CHECK

6. A check of the test aircraft control rigging was made on site by USAAEFA
maintenance personnel prior to the start of testing. Control rigging was found to
be within the tolerances specified in the All-iS maintenance manual (ref 14, app A)
and is presented in table 1.

Table 1. Cont rol Rigging

Specification USAAEFA
Control Measurement Measuremen t

_ _ _ _ _ _ _ _ _ _ _ _  

(in.) (in.)
• Longitudinal’ 12.82 ±0.06 12.88 

—

Lateral’ 12.52 ±0.06 12.58
Collective2 3.84 to 3.90 3.90
Directional3 4.07 ±0.03 4.09

‘Cyclic control locked with fixture. 
-

2 Collective control full duwn.3Fufl left pedal.
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