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The Afi-IG helicopter with the HELLFIRE Modular Misile System (HMMS) and
the Airborne Target Acquisihon Fire Control System (ATAFCS) is being used as
a surrogate trainer for the YAH-64 helicopter. The United States Anny Aviation
Engineering flight Activity was tasked to provide quantitative and qnelltative data
on the handling qualit ies of the helicopter, obtain limited level flight perfoimanoe
data , and obtain limited handling qualities of the helicopter with only the ATAFCS
in~taIlcd.
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20. Abstract

~ ~~~~~~~~ test helicopter was a production AH-lG helicopter (212 tail rotor) modified
with an ATAFCS mockup and carrying eight HELLFIRE missiles. Six productive
flight test hours were flown in sni flights. No shortcoinlnp or defictendes
attributable to HMMS and ATAFCS installation were found. The AH-IG helicopter,
with HM~1S and ATA FCS installed, exhibits an additional equivalent flat plate area
of 4.0 ft. compared to the standard AH-)Q helicopter. The handling qualities of the
helicopter with only the AlA ECS installed are essentially the same as the
production A}I-IG helicopter.

~~~~~~~~~ \rn
- 

• s

—__UNCLASSWIED_~SICUNITY CLASSIFI CAY i OS OP tM’S P A Q f~~~~•~ b•i• ~~~~~~~~~

k - ~~ 

- .. 

-
~~-— IF



DEPARTMENT OF THE ARMY
/‘- ‘s NO. US LiNT AVtAT~ON 5155*1CM *50 DSVIL OPMINT coae*ro

P 0 505 *5. SI. LOWS. NO 43145

4 OCT 1919
DRDAV-D

SUBJECT : Preliminary Airworthiusas Evaluation, LB—iC with the Airborne
Target Acquisition Fire Control System and HELLFIRE Modular
Missile Systsm Installed , AEPA Project Number 78—02

SEE DISTRIBUTI (~1

1. The purpos . of this letter is to establish the Directorat. for
Development and Qualification position on th. subject report . This
report covare an evaluation of an AB-1C configured with the subject
systems installed to insure th. airworthiness of the helicopter for
use as a test bed for the HELLFIRE Modular Missile System (~ I~ ) and
as a surrogat. trainer for YAB—64 pilot training. Cons.qu.ntly, no
attempt to conduct full airworthiness qualification was attemp ted in
the interest of cost effectiveness and in providing a flight envelop.
sufficient to meet operational requirements. An Airworthiness Release
per AR 70—62 ha. bean iuued to the oparaUonal units with appropriate
flight envelope restrictions.

2. This Directorate agree s with the conclusions in paragraph 8 of the
report . However , th. drag characteristics of the AR—IC with the R?NS
and Airborne Target Acquisition Fire Control System (ATA7CS) were only
compared against the AR—1Q. This resulted ~n an equivalent increased
drag area of 4.0 f t 2 . An additional 2.5 ft of equivalent drag area is
evident for a total of 6 5  f t 2 when the AR—ic with the W IS/ATAJCS
installed Is compared against the clean configuration LB—ic. In general ,
the increased drag results in a 10 percent reduction in best range speed,
maximum airspeed and range as compared to the clean configuration AR—ic .
The operational user has b*en advised to use data for the “Heavy R~~”
configuration in TM 53—1520—221—10 , Operator ’s Manuel Army Model AR—iC ,
with change 6, 16 January 1976, for deter mining per forman c. of the AR—iC j
with the H)1S/ATAYCS installed. When operator manuals for the AR—iC, which
present delta drag data , become available, a delta drag of 6.5 ft2 above the J
clean configuration should be assumed for this system . The operational user
has also been advised tha t the airspeed position error with the WItS/ATAICS
installed is slightly (up to 3 kts) different than that of the standard AR—iC .

k FOR THE CO!(ANDRR:

Acting Director of op.snt
and Qualification

_ _ _ _   

_____- - - - - ~~~~~~~~~~~ 
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I
INTRODUCTION

BACKGROUND

• The ilellIirr Modular Missile System (lIMMS) is being developed by the United
States Anny Missile Research and Development Command (MIRA DCOM) as the
primary weapons system for the YAH-64 advanced attack helicopter. The non-

3 ava il ability of a YAH-64 helicopter required that initial Hellfire missile engineering
design tests (EDT) he conducted using the AH-IG helicopter as a fligh t test vehicle.
The test helicopter was configured with the UMMS and a mock-up of the Airborne
l arget Acquisition l :ire Control System (ATAFCS). The test helicopter will be used
as a surrogate t r . t i ncr for the ~ AH-64 pilot training and Hellfire o rational test
(01) 11. In Jun e 1Q78 , the Un it e d States Arm y Aviation Engineering t Activity
(U SAAEI A ) was tasked by the United States Army Aviation Research and Devel-
opment Command (AVRADCOM) to conduct a Preliminary Airworthiness Evalu-
ation (PA F I of an AH . 1G helicopter modified with aerodynamically similar replicas
of ATAF (’S and HMMS (ref I . app A) . A test plan was prepared in August 1978
(ref 2 )  and an airworthiness release was issued in January 1979 (ref 3).

TEST OBJECt IVES

2. The obj ectives of the preliminary airworthiness evaluation of the AH- I G
helicopter ss i t h  the II M M S and .\TAFCS installed were as follows :

a. Provide quanti tat ive and qualitative handling qualities data to verify
the contractors fl i gh t envelope developed during iDI flight tests.

b. Obtain lunited level fhghl performance data.

e Ob tain Itini ted handling qualities data (ATAFCS configu ration only).

1)ESCRIPTION

3. The test a i rcraf t  ( SN 70.U 069) was orig3naIly a production AH -I G helicopter
with a 2 1 2  tail rotor Changes made to the test helicopter from production config-
uration included -

a. Removal of the aircr a ft  nose section at fuselage station (PS) 46 and in-
sta llatuin of a non functioning model of the ATAFCS turret assembly.

b. No nfu n ct i onin g ATAFC S cockpit control panels were installed in both
cockpits

c. •~d 5ht io n of I 2Q pounds of lead ballast in the ammunition hay (FS 100)
to simulate the weigh t of additional ATAFU S equipment

d. Addit ion of 50 pounds of lead ballast in the tail stinge r area (FS 477).

e. Replacement ~ the AH -IC , outboard wing pylons with AH -I S pylons.

1
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f. Relocation of the airspeed pitot tube from the nose area to the left side
of the forward pylon fairing (similar to the AH- l S).

g. Atta chment of Hellfire launchers with four dummy missiles to the out-
board pylons (for a portion of the test program).

h. Installation of a test instrumentation package in the ammunition bay with
operating controls located in both cockpits. A detailed description of the AH- ) G
helicopter is contained in reference 5, appendix A. Detailed descriptions of both the
HMMS and the ATAFCS are contained in appendix B. *

TEST SCOPE

4. The preliminary airworthiness evaluation was conducted at Ed wards Air
Force Base, California (elevation 2302 feet ) from 18 January 1979 through 23 Janu-
ary L9~9 . During the evaluation , 6 flights were conducted for a total of 9 hours, of
which ~ hours were produ ct ise Flight testing was conducted in two configurations
wh ich were - ( I t  ATAFCS only ATAFCS model installed with no wing stores), and
(2) A IAF ( ’S  S-Hellfire (A tA t - ( S model installed with 8 Hellfi re missiles mounted .
4 on ea~ti outboard wing st ore l ocation The helicopter handling qualities were
c’~alu.ited against the requ ir ement ’. of Mil i t ar  Specifications , MIL-H-850 1A (ref 4 .
app A). Aircraft instrumentation installation and instrumentation maintenance were
accompli shed by contract or personnel. Data reduction and analysi s were
accomplished b~ t sAM~EA AH flight test s  were conducted at a forward
longitudinal ~cnter of gnisity . 8800 pounds average gross weight , and with a trim
mai n rotor speed of 324 rpm. Airspeeds ranged from zero to 130 knots calibrated
airspt’cd (KCAS) with a l t i tude  varying from I 700 ft ground level density al t i tude
(HD) to 5000 ft ~~~ Fligh t restr ictions and operating limitat ions presented in the
A l l - H ;  Operat or ’s Manual ref 5) as modified b~ an Airworthiness Release (ref 3)
were observed throughout the evaluat ion.

TEST MI - THOIX)LOG Y

5. The a i rcr a f t  was tested in .i . .urdance with the test procedures outlined in the
US Navy Test Pilot School fl igh t Test Manual . Helicopter Performance and Itch -
copter Stahibt % and Control refs t~ and 7 . app A) 1)ata analysis methods are des-
cri bed in appendix I) A detailed listing of the test instrumentation ‘s contained
in appendix B. Comparisons were made to previous AH- ) reports which most
closely matched configurations of test aircra ft .

2
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RESULTS AND DISCUSSION

GEN ERA L

6. The contractor s fli ght enveb Te was scri fied during fl ight testing of the AH-IG
helicopter with th e IIMMS and AIAFC S installed . One level perform ance test was
conducted at an average thrust coefficient (CT) of 0.004914. A comparison of the
results of thi s test with the data from .- th-IQ helicopter (re f 8, app A) indicate
an appro xim at e additional equi sa lent flat plate area o 4.0 ft. The handling qua.lit ies
of the Mi-IC with the 1(MMS and ATAFCS installed , as well as the helicopter
configured with only the ~ TAF( S, were essentially the same as previous AH-l
helicopters. The conditions of test are shown in table I .

Level flight Perforrnan -r

• 7. One level flig ht performance t c st  ss as conducted Ji the conditions shown in
table I - l ) at a  ssere oht. i in ed in stahili j ed , hall-centere d Iced flight at a constant
ratio of gross weigh t to densi t~ ratio (w .’o) . The results are presented in figure I ,
appe nt li\  1- .

S . l ) a ta  trom I SA ~l I \ I’ ro,~~-t \~ 72—1 .~ ( re t  S. app A) were used as a com-
pa ri son in order to estimate add ,t~~n aI dra g due to the installation of the ATAF( S

• and II \t \1 S. Ficu r e I sl~~~s~ tairings for the A I I- I .~ helicopter in the clean , 4—TOW .
and 8-1 U%~ conhi gu r at ion* , as well :is th e thit a tor th e  AH-lG helicopter with the
AT \F( S and )1\1~ t S in s t il led . A’. cc-nnp.ired to the Al I - I  Q hi e h i c o~ t er in the clean
cont tgur at ion , th e t e s t  h~h . - l - r had app ros imate ly 4 .0 feet — of additional
equivalent l i t  p u t  area.

HA N DUNG QUAL ITIF S

Control Posil ions in Tri,nrncd Foi’ward Fl!gtIt

9. ( ontr ol posit ~ns in tr immed forward t ligh t were determined in hall—centered .
trimmed lescl fligh t at the ~. on d i t ions  shown in t~~b Ic I .  Data were recorded at
airs peeds f rom 44 l~~ -\S to I S K( \S l est results .ue shown in figure 2. appen-
dis F The heheopter requIrl ~s forw ard c~ .hc movement  with increasing airspeed .
The da t a  are representative of rr ev iinis  A l I- I  (~ hc ’licorter test result s The control
positions in trimmed forward Ili~h1 arc s.ilisi aclors- .

- - 
Static Longitudinal Stability

10. Static longitudinal ctat ’iilitv was cvaIua t e~I ,tt the conditions listed in table I
For each test condition , the aircraft wa s trimmed in steady-heading, hall-centered.
level flight.  With the c d k ~ Iive control held fix ed , the aircra ft was stabilized at

* incremental airspeeds greater and less than the trim speed. Data were recorded at
each stabilized airs peed . Test results arc presented in figu res 3 and 4 . appendix I
The collective fixed static longitudinal stability was positive (forward cyclic with
increasing airspeed ) at all conditions listed with similar position and force gradients
as the standard A l l - I G with 2 12  tail rotor.

3
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Static Lateral Directiona l Stability

II. The static lateral directional stability of the helicopter was evaluated at the
conditions shown in table I. The test was performed by firs t trimming the aircraft
in level fligh t , wi th  the ball centered. The collective was then held fixed and a side-
slip was induce~l w i th  cy clic and directional pedals. Since the helicopter had no test
instrumentat ion to indicate sideslip, approxim ate cideslip angles were achieved by
maintaining a con st ant  ground track while varying the heading using the radio mag-
netic in d ica t or (R MI )  Text results are shown in figures S and ô, appendix E.

12 The s t a t i c  dir ect ion a l stahil i t ~ . as indicated by the variation of directional
control position ss i th ~ideshp . was positive (increasing right directional control
displacement ~ i ih incre as ing left sideslip). Directional stability increased wi th  air-
speed. 1)ihedral e ffect , .is in d icated by the vari at ion of lateral control with sideslip,
was also pos itive ( increasing right lateral contro l displacement with increasing righ t
sideslipi , and was essent iaIl ~ l ine ar at all points tcsted . Sideforce characteristies. as
indicated by the va r i a t i o n  of r o ll  a t t i tude  with sideslip, were positive for all test
cond i t i ons  increa sing roll a t t i t ude  in th e  direction of sideslip with increasing side-
slip ) . The ‘t i t i , . I ,itc -ra l.d j rectional stability of th e aircraft is essentially the same as
for the standard production A l i -IG with the 2 1 2  (ailrot or (r c f9 , app A).

%taneuedring Stability

I The maneuvering ctah i l it)  was s’valuale d at the conditions shown in table I .
The t e s t  wa s per t  ~r~ r t ’- .1 by  tn m n i r n i ~ the helicopter in level , ball-centered flight ,
u s i n g  th ~ collec t is :  and ‘ I L  icmentall ~ v a n i n g the load fa c to r  (g) h~ banking the

- - he l ic op t e r  let t and ri ~’h t  ssh ile ma in t a in ing  con stant airspeed. Altitude ssas allowed
to decrease and ~l , i t a  ss etc tecor ~t cd at each s I a t - . i l i / e t l  point Test results are shown in
appendix I -~ !Cnres .ifld ~s

1 4  The ma n eus e r in g  s t a b i l i t y  ( s t ick- fixed ) , as indicated hs a variation of longi-
tudin a l  co~i t r * l  po siti ’n ~ ith load factor, was po sitive (increasing aft cyclic with
increasing load t ,,clors ) i t  all cond itions tested At ~l KCA~ . the control position
gradient ssas aI’proximateI~ -~ ~ ui~hcs ’g whil e ii 11 KCAS . the gradient was
2.~~ inches/~ The mane t ivs ’nng s t ah i l i t s  of the helicopter compared favorably to
r res *05 A l 1-I ( hcli~ ‘ rt t T ’ c

Dynamic Stability

I S .  I )~ namic ~t , i~ ’ht ~ was evaluat ed SCAS ON and OFt at the conditions shown in
table I - I h e  purpose of the te sts ~~jc to determine the characteristic s of the aircraft
through anal~ sic of the longitud inal and lateral-directional responses long period -

•

motion , and the spiral c1ahi lit~ -

1
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-- 16, The short period was evaluated by stabilizing the aircraft in baWcentered,
level flight and pulsing (he aircraft controls. A contro l pulse of approximatdy 1-inch
displacement was held f o r  0 5 seconds and the control then returned to tr im. Pulses
were accomplished ii each axis and the r esulting aircraft reactions were recorded.
SCAS ON the aircraft reaction was essentially deadbeat in the longitudinal and
latera l axis at th e two airspeeds tested (60. 120 KCAS) . The oscillations in the direc-
tional ax is  were convergent with genera l ly three oscillations to a fully damped con-
dition. SCAS OFF the longitudinal short period was deadbeat. The laterakl irec-
tion al was lightly damped ( 1 3 )  with a period of approximately 4 seconds at both
airspeeds tested with the damp ing decreasing with increasing airspeed. The character-
istics were unchanged from the standard AU- i(~ helicopter.

17. The long period nmtion s~as evaluated both S(’AS ON and OFF. At 60 K(’AS
tSCAS ON ) the tong period s~as neutrally damped , with a period of 47 seconds.
With the SCAS OF F, the long period scas convergent with a period t * f  appmximatel~
30 seconds at both airspeed s tested (60. 100 KCAS). The long period motion of the
All-IC with IIMMS and A’IAI (’S installed is similar to previous AH- lG helicopte rs

I S Spiral s t , ih i l i t ~ was C% aluated .it the conditions noted in table I . The airc ra ft
was t rimmed in L’sel , b*tl-t-enter r d fl ight . A l0 bank was introduced using only
d ir t ’~ fit ‘nal controls Controls were then re turned  t t r i m and the resulting helicopter
motions re~ titled Spiral stahilit ~ i the  t end ency to return to a level attitude ) was
tc)und to be neu t r a l  when the , i i r e r at  t was (‘inked to the right anti slightly divergent
wh e n banked to the f e l t  i l i e  time to doub le a m p l itude in the divergent mode was
in c~~L e s s  of 30 seconds Ihe dynamic st ,if tilitv ~~t the heLicopter scas unchanged Ir on )
the basic ~I l - l ~~
contmuabulty

I Q . ( o~ :rollahili t  s was ~‘s .duatcsl in I ~ clean con f igur a t ion  at the condi t ions
shown in I,ihle I Ike  a i r c ra f t  was sta h i l i icd  . t i  a hove r ap pr oximate l ~ 100 feet
above ground !s’~cl .~n ti s t ep  in p u t s  of c . i ry l n g  magni tude  were introduced in the
contro l c~ stc~n us ing the long it ud inal . l ate ral. or du eL tion control. The contro ls
were held fixed fo r  3 seconds or until re~oscrv stas required Results are shown in
figures 9 , 10 , and I I . appe ndix 1- The lios er cont r o l lab i l i t y  of the h e l i L  o p t t T  is
unchange d from the A l l - I l ,

Low-SI j~~g~it Characterist is-’,

20. Low speed flight t e s t s  were conduct ed in s~iiisl s o t less than three knots at the
condlt io is shown in table I A pace car equipped with  a calibrated radar speed gun
was used as a speed referen’.c The aircraft was flown from lero to 30 KTAS in
S-knot increments i t  a skid height est approximately 10 feet and data were recorded
at each st ahilu ,cd point Test results are shown in figures 12 .ind 13 , appendix I .

7 and ir e similar to  prev ious AU - IC  helicopter fligh t tests
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AIRCRAFT SYSTI:MS FA I I L Ki’ S

Simulated Engine Failures

21 . I he i re l ic . tp t e i  rs’.i~ t r ~ to sud h’n engine fai lu r es ss :is L \  .i l t i . i t s -d at the s t i n d i -
(ions shown in table I. lh. ’ h e l i L o f t f C r  was tr immed in level , hall-centered fligh t and
the thr ottk was rapidly reduced t o idle while all the controls were held fixed for
tss o seconds ot’ un t i l  reL ‘~ ~- r \ ss is necess .ir\  fti ta  ss t-r~ re~ ortled throughout the
u l i a r i t ’r is  ci , and are i ’rescnted in ib i s ’ 2 Ih e  col le ctise IJCI,J % t i m e  ( t i m e  from th r o t t l e
c h i t  p u n t i l  the Lo ll s -c liv e contro l cc is loss ers ’d I f u r  t l ie k’s el flight conditions tested
ms-f or ~\c~~dcd the two-second l imi t  impose d H, M I I I I  -$501 A ‘flie f i r s t  in d is a-
lion of eng ine failure cc .is an abrupt ‘~ ass t o  the left arid the sound of decreasing
engine speed The sudden engine failure Cha (, IL tt ’ i i ’.t j Cs of the All-IC with IIMMS
arid A I \ I (5 are unchanged I run s the A l l — I
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CONCLUSIONS

22. The handling qualities of the AH-IG with the ATAFCS and HMMS installed,
and with only the ATAFCS installed, are unchanged from previous AH-l heli-
copters.

23. The addition of the ATAFCS and IIMMS installation to the AH-lG produced
approximately 4.0 ft2 of additional equivalent flat plate area compared to the
AH- lQ helicopter in the clean configuration.

24. No deficiencies or shortcomings attributable to the ATAFCS and UMMS were
found.
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APPENDIX B. DESCRIPTION

lIST HELICOPTER

I . The test helicopter , SN 7h. l 6069, an A ll - I G att ack helicopter with 2 1 2  tai l
rotor, was inanutactured by Hell lklieoptc r Textro n , Fort Worth, Texas, and was
modified by Mi’~sik Systems I)ivision , Ro ckwel l  Int ernationa l , Columbus , Ohio.
Modifications to the helicopter included replacement of the All-IG outboard pylons
with Al l - IS  pylonc . removal of the nose of the aircraft to FS 46 and replacement
wit h a dum m y AT -U ( 5  tti r n ’ t a’~seoiiht ~ relocation of the pitot tube to the left side
of the torward p)lon tatr ing ~i i m l.~r to A l l -  IS  ~ . and the addition of a SO—pound
stinge r weight at I - S  477. I he Al \ l ( ’S  el e ctronic and air craft instrumenta tion
packages were located in the ai ’imuni t ion hay .

HMMS E . A UNUHI - R

2. The hkHfi rr launcher tug . I I  is a m odular 4-rail/~-rail design compatible with
the AhI- l  and V A l I-b4 h e l i c o p t e r  I’he l.muncher incorporates the standard 1 4—inch
lug spacing and is made up ot Ume IJun ( ht ’r stn icture . the electronic command
signal programmer (I:CSi~i and the stored gas dist ribution system (SGDS) ( fig. I ).
The launcher stni ctur e consist s of three major suln ,mssemhlies; the hardback , the
luwer rail supports . and the rails. l’he hardback mn~ tm-porated the lugs for the
standard 1 4-inch ct tr ~. ’d rack and is a holl ow casting that accepts the R’SP in the
forward end and the “.t .1’S in the aft cu d. the two lower rail supports are bolted
to the bottom t t t  the hardh,m . k ‘Fl:e missiles were d iimm ~ n’pIiL .ms of laser and 1K
Hell tin ’ missiles.

AIRROR NJ  T A R (~l:1 MQt llSlTIO\ FIRI ’ ( ON TROL SYSTI-M

3. l’h e AT-U ( S  s a  i:rc . t rntr o l  sy st em designed I t i  t h e  V AIl- (~4 advanced attack
helicopter (figs . 2 and ~ ). The system consists of the ATA I- ( S turret , electonics,
and operator controls. (

~ n the tes t :iireia fi th e ATAF( S system was replaced by a
model turret I the ex.oe t dI.~~ , s) m.op ( ’, .mntl weig ht  I4allast in the ammo hay simulated
additional items used in the c’ dte::1 , \ I t n  I unct ionung cockpit controls were provided
to both c i . p t ~ ~1.m ~or ,m ir t r an ) c rnodifkjtiims includ ed removal of th e no~ and
ba tter ) compartment at I S  4 ThIs station was reinforced to accept the turret
m ount mg
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APPENDIX C. INSTRUMENTATION

Standard a i rc r a l t  ins t ruments  v~cre used in both cockpits. The pilot and copilot
airspeed in~l,~_ mtors ss e m e  the only calibrat ed cockpit instruments.

2 The following is ~i l i s t  i i i  ins t nmnie nt at ion used .

Pilot Station

I -ve nt switch
in stru r n en tat R i r l  c i i i  tr ol

Pilot Panel

.\mr spi ’ed t s l i i p s s\ s te in )

A l tit u de (ship s s~ ste m )
Rate ot climb ( sl ip s s\ stein)
R it  ir speed
I ngi~~ t I p k
I ~ ?m , ii s g.ms it ’ pcr ~iturt ’
( 
~~ ~cnc r .  r speed

e~ i
l uel e.i ec
I - r ee . 1  t e l l  pci , t  ire gauge

ç~~psInt/Engmecr St ation

( ( l i r t i l  t , x t i i i c s
Air sp eed (ship’s s~ s t t ’ i l
A l l i t  t i c  (~hip c cv stern )
R ate i t t  climb ship ’s s~~st i ’ n )
Roto r speed
I - n m n n c  tonilk’
I ~h ,must  has t empeni tu re

..mc generator speed

3 Data paramete rs tt ’~or~lcd using the onhoard magnet ic tape system include
the following

I)igilal P (M Par anwtcr s

Airspeed sl ip s s) stcnl )
Al t i t u d e  i sl ip ’s cs - stem )
Main rotor rpm
( enter-o f-gravmt y normal acceleration

— Center -ot-griv i i ’, lateral acceleration
-
- 

(‘enter-o f-gravity longitud inal acceleration
Engine output  torque pressure
Pilot event

14
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I
Control positions:

Longitudinal cyclic
Lateral cyclic
Collective
Directional
Throttle

Attitude:
Pitch
Roll
Yaw

Angular velocity:
Pitch
Roll
Yaw

Battery voltage
Voice

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
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APPENDIX D. DATA ANALYS IS METHODS

GENERAL
I .  Data for use in determining handlin g q ualities characterist ics of the test air-
craft were collected using standard test method s as described in reference.,
appendix A.

LEVEL FLIGHT PERFORMANCE

2. Level fligh t performance was determined at one specific condition
(CT 49 .14 x 10 “4), The test data were corrected to the average test day condi-
tions and were then compared to baseline data obtained from USAASTA (US Army
Aviation Systems Test Act iv i t y)  Report No. 72.43 (ref 8, app A)- The following
nondim ensional coefficients were used to generalize the level flight performance test
results:

Coefficient of power (Up) .

SlI P s 550
Cp— tI)pA( 12R) 3

S

Coefficient of thrust ((‘T)-

Vt
(2 )

pA(flR) a

Advance ratio (JA) .

VT
TM 5IR (3)

Where :

SlIP Eng ine output shaft horsepower.

p = Air density (lb - sec2/ ft 4).

A — Main rotor disc area (ft 2~

Main rotor angular velocity (rad/sec).

10
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R Main rotor radius (ft).

W - Aircraft gross weight (Ib).
- 

V1 True airspeed (fi/sec).

Changes in the equivalent fla t plate area (Ce) for various aircraft configurations
were calculated by the following equation :

DYNAMIC R ESPONSE

3. The dynamic response characteristics of the aircraft were evaluated to deter-
mine the damping ratios (i’); Damping ratios were determined for all conditions
t ested using the logarithmic decrement method . The logarithmic decrement is
defined as the natural logarithm of the ratio of any two successive peaks (fig. h.

Figure I.  Rate of Decay of Oscillation Measured by the Logarithmic Decse~~eu$
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The logarithmic decrement 6 is mathematically expressed as:

~~ l n - ~! 1 e-~~r n Tt 
- I n e ~6nT =  ~ b~~ T

‘2 r~’~) n 4 l

Since the pe riod of the dam ped oscillation is equal to

~‘ ~~“ “ f l\  I •
~“~ ( 5 )

The decrement can be rew ritten as

‘I
~~~‘ l - ~2 (6)

As seen in figure 2 for small values of ~

~S ’ -J ,~~ In  ‘
~ ~2ir(~--.O.3) (7)

~

z
1o L__

~r_t 

8 k - - 
~~

~ .

• x t__~~~~~~-
,,

l
~ J~~~.6~

• ~~~ 4 ‘— -—— ‘ • —  --
~~
‘-..-~ 

L 

I) i

2,, 2 - - .  —-
~~~~

-

~~ ~~~~ 0.4 ~ 6 ~~8 LO

:DAMPING F.~CTOR

Figure 2. Logarthmic l)ecrement as function of 6
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The frequency is defined as w - 2v/r rid/sec. the natural frequency ii defined as:

— 2tf,~/ ~
”
~~ (8)

AIRSPEED CALIBRATION

4. An airspeed calibration was performed using the trailing bomb method. Results
are shown in figure 3.
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APPENDIX E. TEST DATA

INDEX

Figure Figur e No.

Level Fligh t Performance
Control Positions in Trimmed Forward Flight 2
Collective Fixed Static Longitudinal Stabil ity 3 and 4
Static Lateral-Directional Stability S and 6
Maneuvering Stability 7 and 8
Longitudinal Control Response and Sensitivity 9

Lateral Control Response and Sensitivity 10
Directional Control Response and Sensit ivity 11
Low Speed Forward and Rearward Flight 12
Low Speed Sideward F light 13

21
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