AD-768 171

STUDRY - PILOT PERCEIVED JETTISON
ENVELOPE

Albert L.. Winn, et al

Army Aviation Systems Test Activity-

Prepared for:

Army Aviation Systems Tommand

June 1973

DISTRIBUTED BY:

National Tecknical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151

L quwwmwumumwmmuwmqrwmwwimnwmm

e

H,
. » N
o v v B B

[ \ N T
Pyl o v B0 0 P a8 Lz
N

b b et e
o vl el Mo

oY Peotmat i .’ N ! " L
B a4 et U i e S 1 R B N b,

¥t B a8l B 8 ¥ed 4 b vt

0

R e a1
i abidh fnront

't bt s o TR e ot v, R

1o
dat

[N VI

by N ¥
Dhurlibsrting i o oD G 1




o o Con Rl i LA NI A0 b 7. oWl
it tlsan m%?‘ﬁffé e A S P A

B

P I e e A i

R

UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA-R&D

(Securlty classtiication of title, body of abstract and indexing annutativn must be entered whon the overall repurt iz classilled)

1. ORIGINATING ACTIVITY (Corporste author) 28, REPORT SECURITY CLASSIFICATION

UNCLASSIFIED

US ARMY AVIATION SYZTEMS TEST ACT
EDWARD% AIR FORCE BASE, CALIFORNIA

1Y

2b. GROUP

3. REPORT  LE

STUDY - PILOT PERCEIVED JETTICON ENVELOPE

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

FINAL REPORT 26 February 1971 through 5 December 1972

8. AUTNHORIS) (First namo, middle initial, last name)

ALBERT L. WINN, Project Officer/Engineer
JAMES 5. KISHI “rojeci Pilot

6. REPORY DATE

. TOTAL NO. OF PAGES

7b. NO. OF REFS

| JUNE 1973 L 9
2a CONTRACT OR GRANT NO. 90. ORIGINATOR'S REPORT NUMBLRI(S)
b. PROJECT NO USAASTA PROJECT NO. 71-03
AVSCOM PROJECT :.0. 71-03
<. 9b. CTHER REPORT NCO(S) (Any other numbers that may be assigned

d.

this report)

NA

i ST BT kil A Y G W
b ot ) st S

10. DISTRIOUTION STATEMENT

Appsoved for public release; distribution unlimited.

S

o,

1t SUPPLEMENTARY NOTES 2

SPONSORINGC MILITARY ACTIVITY

US ARMY AVIATION SYSTEMS COMMAND
ATTN: AMSAV-SF )

PO BOX 209, ST. LOUIS, MISSOURI 63166

it WO

S

- wwmwmwmwmﬁ

[

. .

13. AGSTRACT

The OH-6A, OH-58A. and AH-56A helicopters were evaluated to determine pilot
sensed sideslip cues with respeet to their influence on the jettison of external stores.
The data were necessary to confirm previous studies with the UH-1C and CH-47C
helicopters, and to expand the data to other helicopters and operating conditions.
Tests were conducted at the United States Army Aviation Systems Test Activity,
Edwards Air Force Base, California and at Yuma Proving Ground, Arizona.
Additionally, dats previously obtained for other test helicopters were analyzed to
determine variation in static lateral-dircctional stability with altitude, gross weight.
rotor speed, and center-of-gravity location. Results confirm that side force is the
most significant cuc to pilot recognition of uncoordinated flight. The pilots'
evaluation of side force was consistent for all aircraft and all test cases. During
this evaluation, the pilots recognized lower side force values than during the UH-1C
and CH47C cvaluations. Data analysis shows hclicopter side-force characteristics
to be relatively independent of atmospheric or operating conditions other than
airspeed and sideslip angle. Helicopter lateral-directinnal stability characteristics and
pilot recognition of side force can be combined to predict & minimum required
jettison cnvelope for theoretical or actual flight vehicles. This procedure can be
used for early dcfinition of problem afeas and to reduce the cost and risk associated
with establishing flight jettison cnvelopes.
[
H

g OV.1473

UNCLASSIFIED

Sxcarity Claxsification

[ PO

i

S LT

\

oo

A U I (B WO SR

ko

|

O LR

+

ia ot L Wk

o . ‘
P e e b SaAre b il e s 3 by, el

i 0t bt B e O Y o e

B2 s g s Mokl 3 B F AR s i Ve DO E W

sada

b 0 N 0 PO T ek 4 Bt 1

awd ue

i

1 el b ey 5 us

Wi 1



0

v
ot n :
PR R T R O ST S ML LT

, . o S
H CINK A LINK 8 LiNK ¢

KOLE Y ROLE wY ROLE wr

KEY WOADS

_Pilot perceived jettison envelope

OH-6A, CH-58A, and AH-S6A helicopters
Pilot sensed sideslip cues

Jettison of external stores

Static lateral-directional stability
Helicopter sid=-force charactecristics
fiirspeed and sideslip angles

'
'

“
34 a2 e e i bk 474

i
3
5
< 3
=
"
¥

3Ll

.

4

LG k] G ok o A KA et s

by o AR B o b bl b Ennini

'

o trheen i avenr N 5 b v abls hi o ndt b b wifas o

T o D L T T

"

4
¥

»W s

k¥ '-6‘3

e T TSI, Tmm—m—

UNCLASSIFIED . ;
Secwrity Classification L .

Y S




g e

W hya s

) u‘ R
Uy

v g o
o .
I

I

a1 o vl it

o B

b s M s AR XS ¢ T e

DISCLAIMER NOTICE

The findings of this report are not to be construed as an official Department of
the Army position unless so designated by other authcrized documents.

| M
| DISPOSITION INSTRUCTIONS [

Destroy this report when it is no longer nceded. Do not return it to the originator.

TRADE NAMES

ol e s At A D SOR
)

: The usc of trade names in this report does not constitute an official endorsement
or approval of the use of the commercial hardware and software.

~ ! t . 0 It oyt .
S ke Zen 1 v s b b b Preand @ o L) b b o bR Mk

.-
2
<
s
o
©
[A)
-
<

=

1 1 whlte Section o -
: g ostsa O

—

N e

Vi AL sty SO

e mmm——
-
.

i

. § ', Lo T , AT e
v g R ot 24 o bt 1) HEE T e i e i S e 5 B 1t S s b

ol a1 8w 0k o b Bon B bt b et ol A L e

s
Fis v L

i




T AT eIl I g S A e S el Seaet
ST S PRI C R i e ST T A R

RDTE PROJECT NO.
AVSCOM PROJECT NO. 71-03
USAASTA PROJECT NO. 71-03

o 0 A L in s

ot G ctancbi b A a0 b
AT

Ll U 431,
————

STUDY
PILOT PERCEIVED JET1iSON ENVELOPE Pl
P
FINAL REPORT |
ALBERT L. WINN JAMES S. KISHI (o
PROJECT CFFICER/ENGINEER PROJECT PIL™T
.
JUNE 1973 b
;\;D'*du 3 by i
ATIONAL TECHNIC
INFORMATION SERVICE
§ Approved for public reiease; distribution unlimited.

UNViTED STATES ARMY AVIATION SYSTEMS TEST ACTIVITY
EDWARDS AIR FORCE BASE, CALIFORNIA 93523
v




)

3

Ferantiniing

. .
ATy

3
P

PN

FOREWORD

The data contained in this report were obtained as a part of other programs being
conducted at the United Stites Army Aviation Systems Test Activity. Pilot
recognition of side force data was provided by Lt Colonel Paul G. Stringer, Major
John R. Smith, and Mr. Joseph C. Watts.
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ABSTRACT

The OH-6A, OH-58A, and AH-56A helicopters were cvaluated to determine pilot
sensed sideslip cues with respert to their influence on the jettison of external stores.
The data were necessary to confirm previous studies with the UH-1C and CH47C
helicopters, and to expand th~ data to other helicopters and operating conditions.
Tests were conducted at the United States Army Aviation Systems Test Activity,
Edwar¢s Air Force Base, Cafifornia and at Yuma Proving Ground, Arizona.
Additionally, data previously cbtained for other test helicopters were analyzed to
determine variation in static la:eral-directional stability with altitude, gross weight,
rotor speed, and center-of-gravity location. Results confirm that side force is the
most significant cue to pilc! recognition of uncoordinated flight. The pilots’
evalnaion of side force was consistent for all aircraft and all test cases. During
this evaluation, the pilots re.¢gnized lower side force values than during the UR-I1C
and CH-47C evaluations. Data analysis shows helicopter side-fotce characteristics
to e relatively independent of atmospheric or operating conditions other than
airspeed and sideslip angle. Helicopter lateral-directional stability characteristics and
pilot recognition of side fo:ce can be combined to predict a minimum required
jettisun envelope for theorctical or actual flight vehicles. This procedure can be
used for early definition of problem areas and to reduce the cost and risk associated
with establishing flight jettison envelopes. :
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INTRODUKTION

BACKGROUND

B R YO TR B N 1Y R PPN PR e s

1. The numbers and types of Army helicopters having external stores
conrigurations have increased significantly in recent ycars. A majority of these storas
contain explosives or matsrials which can be dangerous to aircraft or crew and
hence must be jettisonabie. Current test procedurss used to obtain a jettison
envelor~ for external stores involves actual jettison at a variety of test conditions
and configurations. Although costly and tire-consuming, these vrocedures are
necessary, since there are no existing dcsign criteria or definitions of required
jettisc » envelopes. Development of a standardized test procedure whereby a jettison
capabili.y could he demonstrated at a predetermined condition can provide the
abnve design guidance u..J greatly enhance test safety, efficiency, and effectiveness.
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2. The United States Army Aviztion Systems Test Activity (USAASTA) initiated
Project No. 6822 to establish requirements for the external stores jettison
envelopes «of rotary wing vehicles. The report (ref 1, app A) recommended that
the minimum demonstrated envelope should be that which the pilot recognizes
as coordinated flight. Side force was found to be the primary cue the pilo: couid
use to sense uncoordinated flight. This side force is generated by the dihedral effect
which introduces a bank angle when the aircraft is experiencing a sideslip. The
{ dihedral effect is different for each aircraft ard for a given aircraft can change
with operating conditions such as gross weight, rotor speed, altitude, and airspeed.
! Results suggested that the pilot recognition of the side force was independent of
all factors and that an acceleretion of 0 lg was senscd by all pilots, regardiess
: of aircraft type.
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3. United States Army Aviation Systems Command test directive 71-03 (ref 2,
app A) requested that USAASTA perform a follow-on to Project No. 68-22 to
include other helicopter types and configurations and to expand upon the results
previously obtained.
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TEST OBJECTIVES

LT

4. The overall objective of this test was to verify the general nature of the
side-force characteristics in various aircraft and to determine the advisability of
§ using side force as a jettison envelope criterion. Specific objectives include:

e Ay v
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Pre Jra dnd.

a. Obrtain sideslip recognition data from different aircraft at varous N
operating conditions.

b. Confirm that side force is thc most significant pilot cue for recommizing
unceordinated flight for all liciicopter types and configurations.
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c. Verify that the pilot can use side force to determine when coordinated
flight is achieved after a dynamic mancuver from an uncoordinated condition.

d. Develop a procedure whereby jettison envelope requirements can be
determined from pilot recognition of uncoordinated flight and aircraft
lateral-directional stability characteristics.

e. Compare actual jettison envelopes with those determined by use of this
new procedure,

DESCRIPTION
5. Test aircraft used were zn OH-S8A helicopter, S/N 68-16706, an OH-6A

helicopter, S/N 69-16063, and an AH-56A helicopter, S/N 66-8834. Detailed
descriptions of these aircraft are contained in references 3, 4, and 5, appendix A.

SCOPE OF TEST

6. The OH-6A and OH-58A tests were conducted at Edwards Air Force Base,
California, from 5 October to 5 December 1972. These tests required a total of
5 flights for 4.5 productive test hours. The AH-56A tests were conducted at Yuma
Proving Ground, Arizona, on 26 February 1971 in conjunction with other tests.
Limitations in the operater's manual (refs 3, 4, and 5, app A) were observed.
Testing of each aircraft was also limited to the clean configuration.

7. Data were obtained by four pilots during the evaluation. Previous flight test
results for the AH-1G, OH-6A, and OH-58A were examined to analytically establish
trends of side-force characteristics with changes in gross weight, altitude, rotor
speed, airspeed, and center-of-gravity {cg} location. It was intended to test the
AH-1G; however, time constraints and lack of an instrumented aircraft prevented
accomplishing this objective.

METHODS OF TES

8. Steady-state level and autorotational flights were performed at various
airspeeds to establish pilot recognition cues Sf uncoordinated flight. Recognizable
sideslip angles were established by increasing sideslip from a trim, wings-level
condition, and then recording data upon the pilot's first impression of
uncoordinated flight. The cffects of returning from uncoordinated flight on pilot
cues were determined by starting at a high-sideslip out-of-tiim condition, and then
decreasing the sideslip angle. Data were recorded when the pilot had the impression
he was in coordinated flight. Sideslip was mcasured by a vane mounted on the
nose ooom and side force was obtained fron. instruments located near tiie aircraft
Cg.
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9. Data for the evaluation of atmospheric conditions and helicopter loadings on
the side-force gradient, d¢/dB, were obtained from references 6, 7, and &,
appendix A. From the static lateral-directional stability data, a statistical analysis
was applied to the variation of roll attitude with sideslip as a function of calibrated
airspeed. The analysis consisted of applying a regression analysis to the 4¢/d3 versus
airspeed data and testing the goudness of fit with the correlation coefficient for
the calculated function. A detailed discussion of the statistical analysis procedure
is presented in appendix B. Calibrated instrumentation was used for all testing.
Data were recorded on automatic recording devices in each aircraft.
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CHRONOLOGY

10. The chronology of testing is as follows:

A b oo

PR

Test directive received 25 January 1971
AH-56A testing 26 February 1971
OH-58A testing started 5 October 1972 g
OH-58A testing completed 6 Gctober 1972 A
OH-6A testing started 31 October 1972

OH-6A testing completed S December 1972
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RESULTS AND DISCUSSION
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11. This report represents a follow-on study to Proiect No. 68-22, Rotary Wing
i Vehicle External Stores Jettison Envelope Pilot Estuidished Requirements {ref 1,
app A). Results of that report are summarized in appendix C.
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12. The most recognizable cue for nncoordinated flight is side force. For all the
test aircraft and flight conditions evaluated, -uncoordinated flight was recognized
by all pilots within the O.1g side-force criterion. It was also demonstrated that
the same side-force criterion is valid when going from uncoordinated to coordinated
flight conditions.
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13. A combination ot the side-force recognition factor of 0.1g, the side-force
gradient, and the inherent sideslip characteristics of the aircraft can be used to
establish the minimum required jettison envelope for any helicopter. Studies of
the previously obtained side-force characteristics of the OH-6A, OH-58A, and N
AH-1G show no significant trends with respect to atmospheric conditions or
helicopter loading. The procedure can use hight test data or theoretical data to :
predict thy envelope. When the stores or asircraft geometry are known, theory,
wind tunnel, or flight test can be used to demonstrate the jettison capability. Wind
tunnel data or theory resulting in unsuccossfil stores separation can provide early
gudance concerning the need for forc2d separation of the stores.

L b e o vl a2 st

L oo

A
w

R O O T Ay S L LS AN 1T NENEY

PILOT RECOGNITION CUE

14. The ability of a pilot to determine uncoordinated flight by physical cues was
evaluated on the OH-6A. OH-38A, #1d AH-56A hclicopters. With the exceptinn
of the AH-56A, each aircraft was ficwn by two different pilots, and the project
pilot flew both the OH-58A and (A-6A. Test results are presented in figures 1
through 3, appendix D.

RSNl e
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15. The data correspond to ths pilet's first impression of an uncoordinated

condition in level flight and autorotation. Uncoordinated flight for the different

pilots, aircraft. and conditions was recognized at a side force cf less than 0.05g. :
The close grouping of the side-force duata indicates that the recognition cue was B
essentially unaffected by changing aircraft, with little variation between pilots. it

. also demonstrates the high repeatability of the side-force cue and places a high

: confidence factor on using it to define the envelope. The recognition level was

the same in autorotation as in icvel flight.
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16. The initial side-force cue dita were obtained by increasing side force from
an initial wings-level condition. However, the aircraft may be in an uncoordinated
condition when the need to jettison arises. The pilot perception of sideslip must
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also apply in this situation. That is, during return from an out-of-trim condition
to a coordinated condition the pilof recognition of zero side force chuld socur
at a sideslip near to the originaliy perceived value. This criterion was met in ali
test cases.

i7. The data were ¢ amined for any bias caused by the pilot's knowledge of
the experiment design und the nature of the recognilion sigual. {t was expected

that pilot perfocmance would be optimum under these conditions. Althcugh the |

results of this evaluation alone indicate a lower side-fosce criterion, previous test
results of sther aircraft under more extensive test maneuvers proved that the 0.1g
side force was more valid.

SIDE-FORCE GRADIENT

18. The side-forze gradient, d¢/dB, is the variation of roll attitude with sideslip
angle. This characteristic provides the side force &cli by the pilot when in an
out-of-trim condition. The pilot perceived jettison envelope is based on a side force
of 10 perceni of the normal g force (ref 1,app A), and in level flight is equivalent
to a 5.7-degree roll attitude.

19. Data from mports on the AH-1G, OH-58A, and OH-6A helicopters (refs 6,
7, and 8, app A) were analvzed to determine if dp/df was independent of ambient
condition and loading. The results are presented in figures 4 through 6,
appendix D. As indicated, a wide renge of aircraft conditions were compared.

20. A statistical curve fil was applied to each set of aircraft data to determine
ir a single function could represent the relationship of d¢/dg with respect to
calibrated airspeed. The curve fit for the AR-15 helicopter had a correlation
coefficient of .9671, defining 93.5 percent of the population. The OH-6A and
the GH-58A helicopters had correlation cocfficicats of .9795 and 9809, defining
95.9 and 9€.2 percent of their mespictive seis of data. The high degree of
correiation: indicates the relation of de/df and calibrated airspeed can be defined
by a single function.

21. The resuits of the statistical analysis indicate that, within the scope of this
evaluation, side-force gradient is dependent on calibrated airspeed and is esseatialiv
independent of ambient conditions and belicopter loading. Therefore, onc dsfd
curve is applicable to all state conditions for a given aircraft. Configuration changca
for a givep aircraft can clter serodynamics and stability characteristics w such an
cxtent that cach configuration must be considercd independently.

INHERENT SiDESLIF CHARACTERISTICS

22. Normally, 2 iail rotor helicopter flies with an inherent sideslip during straight
and level, ball-centered flight. Inherent sideship is then defined as the sideslip angle
when roil attitude is zero. In mosl .ases. this inherent sidesHp is a right sidestip,
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which is greatest at low specds and decreases as spezd is increascd. Inherent sideslip
charactes'stics for the AIL-IG, OH-S8A, and OH-6A helicopters are presented in
figures 4, 5, and 6, appendix D. The inherent sideslip for the OH-6A is unusual
in that it is essaniially a constant Z- to 3-degree left sideslip throughout the flight
envelope. The inkerent sideslip characteristics for the AH-56A varied significantly
between modifications and are not presented.

23, Inherent sidestip has no effect on the side-force gradient. The effect is to
translate the jettison envelope to a nonsymmetrical sideslip variation zbout zero.
A twypical sideslip juttison envelere is shown in figure A. The sideslip limits are
first defermined from the side-force gradient, d¢/dB, giving a sideslip jettison
eavciope as shown. When inherent sideshp is introduced, the envelope is shifted
to the rght. The combination of side-force gradient and inherent sideslip forms
the sideslip jettison envelope.

FIGURE B
TYPICAL SIDESLIP JETTISON ENVELOPE
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COMPARISON WITH TEST JETTISON ENVELOPES

24. The jettison envelope of an XM19/MK45 flare dispenser from a UH-iC
halicopter was established by actual jettisons of the store at various airspeeds and
sideslip angles. The trajectory of the jettisonec store was then the msuliant of
the store aerodynamics, aircraft cttitude, and ziiflow crouna the helicopter. A
jettison was considered successful when the jetiisoned store missed ihe helicopter.
This envelope demonstrates the actual iettison capability of the aircraft system.
An envelope was then calculated using tue 8.1g side-force critesion and compared
with the test jettison envelope (ref 9, app A)in figure B. The two envelopes are
quite similar ir: the high-speed range, with a larger envelope required at low specds
for the calculated jettison envelope. The most significant aspact of the comparison
is that the actual tested envelope is smaller than that required on the basis of
pilot recognition of uncoordinated flight. In this rse the pilot could believe he
was in coordinated flight, jettison the store, ard have it sirike the aircrafi. Ai
present, ne miust observe cockpit gages to cnsurc thut he is within the jrdticon
envelope. Other solutions incluce changing the side-forne chamcte:nstx'*% or
incorporating forced jettison of the stores. Eight jettisons in forward flight were -

e
-3
1

~

required to establish the XM19/MK45 f{light test envelepe. A calculation on the %
basis of the side-force criterion would have quickly sot the boundasies of the 2
envelope which could have been verificd with a smaller number of test points. Ed
FIGURE B
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DETERMINATION OF JETTISON ENVELOPE

25. Aircraft characteristics of side-force gradicnt and inherent sidesiip may be
dstermined from theory, wind tunnel, or handling qualities evaluations. Caiculations )
are then made to establish an envelope on the basis of pilot recognition of .
uncoordinated f{lighi. The sideslip resultant angles, stcres geometn, and
aerodynamics can then be used to compare with the estimated jettison capability.
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£ Weak static lateral-directional stability characteristics will increase ihe sidesiip angles
§ required for recognition and lead to complications when aircraftfexternal stores
¥ clear2nce is a critical foctor. This evaluation should quickly point cut the need i
5;; for a force jattison systein or hardware redesign. Foliowing the analysis, actuai
£ jettison of stords would be conducted at a sufficient number of conditions to verify
§ that the stores can be successfully jettisoned at the predetzrmined jettiscn 2nvelope
] limits. This procedure puts establischment of ietticon envelopes for external ctores :
2 on a scund cngineering appsoach, and ensures compatibility of silot sideslip i
1 recognition rcquirements and system capability, as wall as reducing test hazards
. and costs.
26. In order to detenmine the requred pilot perceived jettison envelope of the E
aircraft, the sige-force gradiert and the inhemnt sideslip characieristics must be
known. A procedure for determining the envelope, given these parameters, is 3
iBusizated in figure C. The ariows indicate the procedure for determining the ;

envclope. The envelope may ~iso be analyticany calculated by the following
procedure: 3

BsF = 5.7dee dp/dB H

27. The sideslip ‘8SF) is calculated from equation 1 at a specific airspeed. The
inherent stdesip (B]), corresponding to the same airspecd, is then added in
equation 2, to form th znvelope sideslip. The procegure is repeated for a scries
of airspeeds, resuiting i sideslip as a relation of airspeed, and forming the pilot
peiceived icttison enveiope. A maximum sideslip limit of 30 degrees is applied
at the siower speeds. as rcommended in reference |, appendix A.
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CONCLUSIONS

2%. The feitowing conclusions were reache upon completion of testing. :

a. Pilot recognition of uncoordinated flight was within a maximum :
side-force value of 0.ig for all pilots and all aircraft tested (para 15). ..

b. The side-force recogniticn cue is valid for rccognizing development of
uncoordinated flight or for return to trimmed ilight (para 16).

c. Data obtained during this evaluation showed that the pilots recognized
a weaker side-force cue than was recorded by the pilots in the initial tests {para 17).

d. Within the scope of this evaluation, side-force gradient is dependent only
on calibrated airspeed (para 21). .

e. The derived jettison envelope must include the effects of inherent sideslip
(para 23).

f. Comparison of an actual jettison envelope with one calculated on the
basis of a pilot recognition of 0.1g side force shows the pilot perception criteria
to be more critical (para 24).

e K A B wn A Rp B 5
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g Incorpomting aircraft stability characteristics, piloi iecogmition of
side-force cue, and external stores characteristics inte a test procedure can produce
a jettison envelope with a minimum of time, cost, and risk (para 25).
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RECOMMENDATIONS

29. A side-force cue of 0.1g should be used for pilot requirements in determining
jettison envelopes.

30. Al jettisonable stores should be designed in accordance with the criterion
that successful jettison be possible at all sideslip angles within the pilot perceived
jettison envelope as defined in this report.

31. Jettisonable stores which fail to meet the above design requirement by analysis
of wind tunnel tests should be modified prior to actual flight testing.

32. Future jettison flight tests should emnloy the methodology described in this
report.
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APPENDIX B. STATISTICAL ANALYSIS METHOD

1.  Given a linear function of two variables represented by normally disiributed
observations (population), a first-order regression analysis can be applied to the
sample of data. This linear regression defines the best siraight line which represents
the data. Tae regression analysis also provides indicators as to the goodness of
fit, verifying or disproving the relatior between the two variables. The equation
is of the form:

Y = AX + B n

Where Y is the dependent variable, X is the independent variable, A the regression
coefficient, and B a constant. The sample correlation coefficient is an indication
of the fraction of Y varance accounted for by the regression of Y on X. The
square of the correlation coefficient indicates the percentage of the population
defined by the regression equation.

2. The relation between the side-force gradient dp/dff and airspeed is nonlinear,
and was determined to be of exponential form. In order to statistically analyze
the variation of d¢/df with airspeed, the relation had to be modified to a linear
form. An exponential curve fit of the form

Y = RAX 2)

can be analyzed as a linzar regression with the following modification. Taking the
natural log of the equation

In (Y) = In (beAX) 3)
In (Y) =1n (B) + AX 4)

Equation 4 is of identical form to equation 1, and therefore can be analyzed to
determine the goodness of fit with the above techniques.
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APENDIX C. SUMMARY RESULTS,
PROJECT NO.68-22

1.  The coacept of a pilot perceived jettison envelope was established in Project £
No. 68-22, Rotary Wing Vehicle Externai Stores Jettison Envelope Pilot Established
Requirements (ref 1, app A). A brief summary of the resuits of this report is
: presented <o provide a background of information on the development of this

‘ concept.

B2 ¢ R8S sabivhr DOk

2. A jettison envelope establishes the conditions for which an extemnal store may
be jettisuvned from the helicopter. Previous tests have shown that an acceptable
jettiscn envelope is based primarily on stores configurations, airspced, angles of
sideslip and attack, and basic flying qualities of the helicopter. Of these, the pilot
can most easily control sideslip, which is the most significant with respect to the
jettison envelope. The minimum envelope for jettison should be that in which the
pilot is under the impression ke is in coordinated flight, thereby introducing a
pilot perceived jettison envelope.

b BBk 0 P et AT L 2 Lk

N
0 iad bk AU T

3. The primary pilot cue for recognizing uncoordinated flight is side force. This
is a valid cue in both steady and maneuvering flight. A side force of 10 percent
of normai g force was recognizable by all pilots as a cue for uncoordinated flight.
At low speeds, greater sideslip angles are required to produce the recognizable 0.1g
side force. This sideslip angle becomes so large that the visible sideslip is the first
[CCognizavic pitot Cuc. AlS0, sidéslip ¢xcussions in  high-g, high-airspeed,
ball-centered maneuvers greater than the established jettison envelopes were
encountered.

dxhdas i

andoth

o e B 1o ke td s

4. The side-force recogniticn factor can be analyzed in terms of an aircraft :
stabil..y parameter. This parameter (side-force characteristic) is the incremental

change in roli angle with sideslip angle, d¢/dB. The side-force recognition factor

of 10 percent of a g amounts to a change in bank angle from trim of 5.7 degrees.

The curve 8 = (5.7 degrees) / (d$/dB). establishes the sideslip limits for recognition

of coordinated flight. The sideslip jettison envelope with 8 as a function of airspeed

is derived from this.
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APPENDIX D. TEST DATA
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FIGURE 1

- PILOT RECOGNITION OF UNCOORDINATED FLIGHT
OH-B8A USA S/N 68-16706

CLEAN CONFIGURATION

LEVEL FLIGHT o S :
CENTER OF GRAVITY LOCATION = 108.0 (FuWD) §
SYMBOL DENSITY ‘AMBIENT ROTOR GROSS WT PILOT §
, ALTITUDE AIR TEMP SPEED GW LB
g b -Hp v FT -Ta ~ DEG C -NR n ‘RPM :
O 5100 . 16.0 351 2800 PROJECT PILOT
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FIGURE 2
PILOT RECCSNITION OF UNCOORDINATED FLIGHT
OH-6A USA S/N 69+16063

CLEAN CONFIGURATION
LEVEL. FLIGHT |
CENTER OF GRAVITY LOCATION = 97.0 (FWE)

DENSITY AMBIENT ROTOR GROSS WT PILOT
SYMBOL ALTITUDE AIR TEMP SPEED GH ~ LB
“Hy v FT -T_~DEGC  -Np » RPM
o 3000 -1.0 476 2350 PROJECT PILOT
o 4150 10.0 476 2280 SECOND PILOT
£0.1 NOTE:
: a TAILS DENOTE AUTOROTATION
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FIGURE 3

PILOT RECOGHITION .OF UNCOORDINATED FLIGHY
AH-56A USA S/N 66-8334

CLEZAN CONFIGURATION
LEVEL FLIGHT

CENTER OF GRAVITY LOCATION = 299.5 (MID)
DENSITY AMBIENT ROTOR GROSS WT
ALTITUDE AIR ;EMP SPEED G ~ LB
o v FT T W DEGC =N v RPM .

B300 4.0 215 18000

NOTE:
TAILS DENOTE GEAR DOWN
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 FIGURE 4
LATERAL-DIRECTIONAL CHARACTERISTICS
. RMFIR USA S/N 715695
HVY. KOG CONFIGURATION WITH ROCKET POD FAIRINGS REMOVED

AVG AV AVG - AVG

GROSS  DENSITY LONG.  ROTOR  THRUST FLIGHT
WEIGHT  ALTITUDE e SPEED  COEFFICIENT  CONDITIGN
LB ~FT “IN . ARPH ‘

7840 3670 201.3(AFT) 324 .004363  LEVEL FLIGHT
8580 - 4550 200.8(AFT) 323 .004913  LEVEL FLIGHT
9520 4610 199.9(AFT) 323 .005562  LEVEL FLIGHT
8580 - 14300 ZDD.IéAFT) 324 .006615  LEVEL FLIGHT
8096 6312 191.3(Fup} 324 (004851  LEVEL FLIEHT
7530 7850 201.4(AFT) 310 .005182  AUTO DESCENT
7980 8770 203.9(AFT) 328 .005038  AUTO DESCENT
9190 6950 199.9(AFT) 323 .005652  AUTD DESCENT
7530 3499 204.4!&Fr; 323 .004197 CLIMB
3350 4580 199 9(AFT) 316 .005593 CLIMS
8300 15656 - 200.7(AFT) 324 .006695 CLIMB
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. EE T FIGURE 5

TERAL-DIRECTIONAL CHARACTERISTICS

. RS OM-58R USA S/N 68-16706

2.0 ARMED CONFIGURATION

SRSt - AVG . AVG AVG AVG

LliiFei..GROSS......DENSITY LONG, . ROTOR THRUST FLIGHT 3

smam. MEIGHT  ALTITUDE G SPEED  COEFFICIENT  COMDIT'ON

i o ;"L'\:“!_g_ AFT ~IN ~RPM , 3

O.i i i 2660.. ° 1660 105.7(mn; 354 .002793  LEVEL FLIGHT

. O 2620 5980  107.0(FWD 354 .003140  LEVEL FLIGHT E

o 2650 14920  107.1(FWD) 354 .004201  LEVEL FLIGHT

a 2510 6020  105.9(FWD) 354 .003488°  LEVEL FLIGHT :

‘o 2910 5930  112.0(AFT) 354 .003485  LEVEL FLIGHT

4 2610 5890  106.8{FWD) 354 .003126  AUTQ DESCEHT

e 2610 5890  106.8(FWD) 354 .003126 CLIMB
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) FIGURE 6
L LATERAL-CIRECTIOMAL CHARACTERISTICS
P OH-6A USA S¢M 63-12919
CLEAN CONFIEGURATION
LEVEL FLIGHT

AVG AVS AVG - AV6 >

GROSS DENSITY LOKG. ROTOR THRUST S

SYMBOL .. WEIGHT ALTITUDE c6 SPEED COEFFICIENT. .= = :
~LB FT ~iN ~RPM ]

2370 . 5140 97.2{FWD). . 483 .004300
2320 ~320 104;0(AFT; 483 .004003
2310 10080 103.0(AFT 483 .005456
2140 5120 100.0(MID) 483 ,004338
2490 4930 99.3(MiD) 483 .004835
2G50 50 97 . 9{Fui} 483 .003578
2370 ~€C 97.0(FiD) 483 . L0413
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