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3 ™ SYMBOLS

:‘ LJ

w?n

, a blade lift-curve slope, per vad

:,: a, blade coning angle measured from hudb plane in the hub-wind axes system, rad

(Y1

‘fo’: P longitudinal first-hareonic {lapping coefficient messured from the hub plane in
) the wind-hub axes system, rad

_, ay lateral accelerationm, n/sec? (fe/sec?)

N

:,f:-‘ b, lateral first-harmonic flapping coefficient messured from hub plane in the wind-

N hub axes system, rvad

~

= (:T rotor thrust coefficient, T/o(*R?)(aR)?

"; D Drag force, N (1b)

.":

H rotor force normal to shaft, positive downwind, B (1d)

.ﬂ. .: ".

o
o o

NS incidence of horizontal stabfilstor, positive for leading edge up., rad

-
N

:': K tail rotor cant angle, rad

N i

..;: K. pitch-flap coupling ratio, ¥ tan §,
,

i fuselage rolling moment, MN-m (ft-1db)

L fuselage 1ife, ¥ (1b)

LN

M L rolling soment, pitching soment, and yaving moment, respectively, N-a (ft-1b)

o d

l,:l NJ
LA

N N
I

2 p

\)

G p roll, pitch, and yav rates in the body-c.g. axes systea, red/sec

b

24
Y
| -

LU N

’:_ q dynamic pressure, % oV, N/m® (1b/te?) “he o abon !or‘i
Lot “gece Aol
. Q  torque, N-a (ft-1b) T e
'v'\ ) R d‘ f T .“L‘.,m." n
2 rotor radius, = (ft) s e i(tent 1B e et
ALY . e —m
E: STA longitudinal location in the fuselage axes system, a (ft) T e
s ¥ s .
T  thrust, N (Ib) gy eamtion/ -
symtintiitty Coves .
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o
XY u
0
o v ) longitudinal, lateral, and vertical velocities 1n the body-c.g. systes of axes,
ot n/sec (ft/sec)
'\ L
';:;: ve tail rotor induced velocity st votor disk, a/sec (ft/sec)
\','v "
N ML verticil location in the fuselage anes eystem, » (ft)
RN
) X
s‘. Y longitudinal . lateral, and vertical forces (n the body-c.g. anes system, ¥ (1b)
X8
ot 2
. s Stadilizing surface angle of sttack, tad
A
% 3, totor sides)ip angle, rad
A
o +  blade Lock number, sack*/1,
a‘;
u ! equivalent rotor blade profile drag coefficient
TR
\: ‘,‘ lateral cyclic stich sovement, pusitive to right, ce (ia.)
o
;:. fe collective cantrol input, positive wp, oo (ia.)
‘. longitudine) cyclic stick msovement, positive aft, ¢ (is.)
SP pedal svvenent, positive right, ca (ia.)
\ increment in
3 tulet pitch angle, tad
o
3 *, blade root collective pitch, rad
"¢ total blade twist (toot minwe tip incidesce), tod
-
® g fnfiow catio, i -§ - C' 7
2 R T PCRF SR TS LA
;:: Jal & 'l!
oo y totor advance tstio, -
(~o M'
L
."' : sit density, hg/e’ (sluge/fc’)
f.: 4 rotor solidity ratio, biasde atea/dish atee
e
“ ] Evler toll segle, tad
TN
st ¥ Euler yaw angle, tod
-\2: 0 rotor angulat velocity, tad/sec
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: Subscripts:
5 ] body-c.g. anes system velative to aivr masse
’ c cant axes systes
s CV  cant=-wind anes system
A
:3 c.g. conter of gravity
¢ fuselage
FJ
3 5 hub-body axes system. hub locatios
,.J
R NS Dhoriaomtal stabllator
$ induced
P ptlot Imput
" tail rotor
3 “ hob-wind systen of axes
)
X
2
ot
&
Ca
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¢
SN
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This report documents the revisioas nade (0 2 mathematical moda) of » single
main rotor helicoptor. These revisions vere necesnary to madel the UM-60 helicopier
accurately. The major medifications to the wode) include fuselage serodymamic force
and moment equations (hat are specific (0 the UN-60, & cantod tal) rotor, a horjrontas)
stabilater with variable incidence. aod 2 pilch Blas actuator (PRA). s additiom,
the nude!l fequires a fal) swt of paramwiers which doscribe the helicoptler configura-
Cion and tte physical eharacteriotics.

1 NTRODUCTION

A terdegten=ol~{foadom, sonlitwerf MIIDAMItIcal made]l TMBT In snitable fo1 tou)-
time plicted simiation of cingle toler Melioopiers 15 et ribod I8 toferonce §. This
eimulotion model inc ludenr the 11014 Dolly st 1ORS of BNt ion AN B0 SrtoldyRanic Wade)
that pfovide the sefoldsndic (-fco 08 Aot chafactetietics of (e alfcsalt, o

denetelidod C i ii1ty and conttol SaPontalicon etlen, o0l ¢ sIRPlitied engine/
Wyefict Modsl.

Revisione te (e Mode!l wote mwde o1h the Yol lowing o jec tives:

o taptovenent of the fidelity of (he =00 Tuselage setndynamic mole] et o
wide tatge of asnglier of attach wvd stdesiic sgles.

. Yedification of the (Al tofet sefodyialic Model o i lude the option of
conting the tall totor std Sudellitg Its sanck foted setollynaiil: effects.

1. lacovtputation In the fodel of (he ¢conttol aveton for the U0 hoticonts)
ctabitatet with vatiable ine ldotge wind the tenwit @l setolymadic offects.

4. tecotpetation of the TG0 e PIlch Sine s (untolt B0 Pott of the atabiilty
md conten] entation sseten.

thie tepott desctiber the fowt Mot sedification te the wndel; the fuos-
lage setcdvaalic fotce avd Aolent ewentions that ste speciflic to the UN:G0, o ¢ anted
tail toter, the F-60 Retidontal stobi latot with varishie I idowne, snl the 1N-40
eiteh Blaw actuntot. n sdditicon, o section deectibing the Pveicel choractetiotice
of the TG0 sad the patmietete tepsited v the sndiel ie sinc e Juled.

MVISION 10 T FUSTRAACE AERODYSANICY

the TR-60"« fuselame retodvvanice vete tndeled witg ovtensive wind-tunne] test
data presented in tefetence 2. The feuseloge fotre and avwewt egustions eete detived
ftem these test date wsing » tegtession sigetitie (tef. 3). This sligotithe besicelly
fits 2 curve to ingut dots 38 » mmiinest femction ~f severs] setodynanic vetishies
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that ave specified by the user (v, 3, 838 ¥, ¥°, . . .). These equations replace che
fuselags force and woment equations gives (s veference | siace they ave specific to
the UN-60 helicopter.

The equations derived depend ca the conventional definition of the angles of
attack and sideslip wsed in the vind tummel. These angles are not Buler angles. The
angle of attack is the geometric angle subilended by the andel relative to tunne) axis
at 3810 yaw angle. 1t s mrasured Telative 1o the tusmel floor and does aatl change
with yaw angle.

whetfe

v s “ * Q'(fh'» - cu‘a.) * u.‘

the cidenllp angle io the youw table angle ¥o (e hariaonial plone of the tunnel,
tfsmepuctive ofF the mgle of sttagh.

} w
"' % rvu. ‘ '“' ;—L‘
¢ . :i'g
whets
vy Feg t.(“A' . “A‘).)’

the Longitudinel fotcor md mentes ste depomdont w both (e ongle of ottt ok ond on
the elidenlip wgle. e (atetal Cotcen and Mumemte ote SoPondowt aniy o» the aidesldp

mgle.
Foteee:
D¢ egr %* W M33 ein' “w® 1. 9006 ¢ws ‘" s ] 9l (o u. = 103.94) 100 ?u'
2 B 3T Y0100t u: T 1)
Life: % S IS IIE SIn v % LD LMD abe 2y - SESIG aleT v - 8L AN oo v,
NN LT 29T by * VOOV akw byt 09N NTY .; s 45, 0
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P W (455.20) con by 428.6)9) 10° « ‘"Hl £ 2
% ©0.0 10" ¢, ¢ l0°
¥
Yauing: L 220.0 sim 2y —r (671.0 cos™ ,;  ~ 429.0) 20° « |y | & 90°
. v o v v
X ..
s = -278.41) &in N' v 422.604 sin &u' « 1.0 ~0° & vy ¢ 20

Fiews of fudelags drag. 11{1 aad pitching aoment ve (e aogle of attack are shown
in Figures £, 2, and 3. Ploes of iscromental duag. 1ift., and plitching mament vé
widenlip “"t s wy) are chowm 1o figures &, 5, and 6. Figures 1, 8, and 9 shw

tueslages cldeforfce, folling and yawing maments we Gideslip. For all theie plots,
the wind-tuwanel dats ate shiun 45 woll 46 (he 43t grnerdieod (Pom (he squatlians
dutived weing (he fegiewion alpovicthm.

CANTER TAlL MOTOR

the TG0 Reiléopter v denigied WITh & conled a1 St of Bouking of (he ight
ebde of the setiical Fin. (m codet o Tind (Ve tMYRIRIC Toltve PAE MO RE ol § Jbur
tlone Feom IRe anded (all et 1T v St EBeary (@ INCafwe fwe ¢BIEIRE]) akes
eyelomp: the cant dxle opnlon (oo tipt C), 408 (he AN -WINE skie Syoian (suh:
wtipt CW)Y. Umes (henve 4w sI9(ens ond (e CCoamS rant 1ans Detured (Yol huve heon
defined, the dovelvpment of (Mg (B11 tetlot ClaDping., Totve, SRl SNt eguet ) ohe
petellele the dovelophent Juvie 18 fefeteiue | fod o soncanied Coll ¢toted (akeotch A),

t.u-oou
heteh &

the vetre i sve 2t the tstet Mk v the cant sis sveted ste:
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whete K = tail votor cast angle. S0 vhes K = 0°, the cant axis system coiacides
with the axis system codivectional vith the body-c.g. system.

"nc"“n' "ut""n

The advance ratio for the Lall rolor is the cant axis system is:

)

the mglon of atich and sidesllp for the Cal) Fotor Ia the capt Als aystom afe
Jefined 4w (ehsteh B):
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The roll and pitch vates in the cant-vind axis system ave:
rag, * ¢ P < P
q“u--p."cou"‘c'q“‘cu ‘“t

The flapping cosfficionts ave:

ab“ —L- l‘"(l * ; .7") “"t (l + -—,—) ‘"‘t]

T (-5 e -l -7 “w]

whets

', * ! -i:'iali“( '?)("i“;lt)
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the fetroe on (he tall teted In (e coni-wind skis svetled ﬂgh. ."0‘ '"(N‘ Q:\w)
et the sme as (he cquationg given in tefetenie | with 170, Prg. Op. O g0 ¥ gy oM
tn tenisced By sppp e PRgys MMiye e b,,m. o0 typg . teshertively, dhwts the
o8t Dlade ptefile dteg coutfliciont Lo
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The induced velocity st the tail rotor is:
'tnc * “‘n'ntn * ‘=,
N v . -y cos &
N
" iy

The forces on the tall rotor (n the cant axis syetem can be calculated using @ trans-
formation (rom caat-vind anes (0 cant ases:

3 LR ik R
R s
i o * T,

v
$imtiarly. through another (ransfomation, the body axis forces and maments can be
calevtated:
Yro © i,
!,‘ - -t."t con Kk » VW sin B
I“ctuccnltl“cﬂnl
s L WL Ut TR TP L Tl P
byn * YMyy = M LD
D.“ . Q"m ein & = 'n“"n = m".‘,)
WRIIONIAL STABILATOR
The putprne of ¢ Potisontal stabi lateor with varisdie Incidonce 1o ts elininete
oA ewensively sone:hgh osttitudes t Jov sitopend comted by Soumnash LApiagoaent on the .
f:; et bl latet and te eptinise plich stcitudon for clliab, ctulse, ond sulorotations)
o descent.
e pesition of the Moticonte] stadiloter fot (he WI-40 is programmed betwees ,
2.0° tentliog-edge-wp snd 19.0° (tolling-cdge-devn a0 ¢ fution of fost verishies:
. Altspewnd

i. Collentive Conteel Pusition
3. Pited Mote
&, Letets! Auceletation

A detsiled dusetiption of emh of thwe fowt fenlback loops is given 1o tefetence 2.
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"~ Figure 10 is a block disgras of the UH-60 horizontal stabilator control system
b (ref. 2). This logic has been incorporated in the generalized stability and control
augmentation system of the math model. The stabilator logic also includes the provi-
‘ sion for a fined horizontal tail incidence that is to be specified by the pilot.

.

3.

PITCH BIAS ACTUATOR

The UN~60's control system includes a pitch bias actuator (PBA), a variable
- length contrel vod which changes the relationship between longitudinal cyclic control
iy snd swashplate tilt a6 a function of three flight parameters: pitch atticude, pitch
rste, and airspeed. The smain purpose of the PBA is to improve the apparent static
loagitudinal stabilivty of cthe atrcraft. A detailed description of the PBA is given
in reference 2.

The PBA was modeled divectly from the block diagras shown in figure 1! (ref. 2).
Ihe atvspecd feedback is only active betveen 80 and 180 knots since below 80 knots,
the alfepecd feedback for the stabilator performs the same stability function. The
piteh attitude and rate feeddback is active throughout the entire speed range. As can
Bbe sccn from Che block diagram., the PBA actuator authority is 152 of longitudinal
vyelic full thrvw and has 2 saximm rate limit on the actustor travel of 3X per sec.
the vutput of the PBA is added to the total longitudinal cyclic control. The PBA
togle includes an on/oll ewitch to inactivate the PBA, if desired.

Un-60 DESCRIPTION REQUIREMENTS

:; Table | liste the patamwters fuquited to madel the H-60 and the values used in
“a the math medei. This table is identical to table J-1 f{n reference |, except that

PR foet of the feguited fuselage partanviers have been ¢liminated because of the mod{fi-
‘. catione Lo the fuselage aetodynamic sodel. The values listed for the UH-60 in

table | wete cbtolned from reference 2.

fable I liste the nomietco feedforward, crossfeed, and feedback gains for the
EW=) conttel eystem (vee fig. & of ref. 1). A detailed description of the four con-
ttol conplioge is given io fefervace 2.

.3;"‘1‘:‘1(‘1

Table ! lists the patamelers that are required to model the two General Electric
T/00- K- 700 englaes thet powet the UH-60 end the values that are used in the math
model. f(hese valeens ste besed ot avallebdle T700-CE-700 engine data for the AH-64
helfcoplet.

A

-

-

-
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v

N-60 TRIN CRARACTERISTICS

AL XX 10

{able & liste the fout conttel positions, %4, 144 2., and &,, the lateral and
vettical velocities In body anes, vy snd vl, and the Buler pitch snd roll angles,
and b, fot the TR-40 ttismed In leve] flight at s variety of aitspeeds.
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#B-60 STABILITY DERIVATIVES

' ne el il Li6y deTtvatives for the UH-60 math model are presented in
svirgly 3. INgas @evivetives vere generated under the following conditions:

- lowel (light
- pateh blas actuator on
- n@¢lacatal stabilator active

- sngine/governor model off

vomR O dedeig e Sushat loe slzes:
y T 2%/ sow ArB = 5.0 deg/sec
v T R s a8, = 0.1 in.
* 4 2w/ eme Aéa = 0.1 1in.
oy T} ron/ osue AGC = 0.1 in.
ny ¢ 71 e/ see AGP = 0.1 in.

wat  wampnt  Funpee tone ! stability derivatives were obtained by considering
it ive et st tve petterbations sbout a reference trim condition. The
i ke Meblomtt e Sal lowe:

t 1 1 M
v PR M . S L
) I ]

T T ) yy()
R ) - . S S} "
T () I.,.90)
.- -t N
e T Yy T T, 30)

WODEL VALIDATION

Vit oF Mo TH-GE ewth scdel was accomplished by comparison of trim and
s ivarive Wree thet vete generated from the UH~60 math model with data that
nnratal db ¢ ¢0tlet tetel force and moment math model of the UH-60, devel- .
b etngeYwrenl Say the Advanced Digital/Optical Control System (ADOCS) program

A}

ap wm ! Weowght 15 oiwe level flight trim characteristics and dimensional sta-
et msavariven qeneested By the Boeing-Vertol UH~60 math model for comparison
. he tare enwnted ¥ tsbles & through 10. These derivatives were generated
e he wune wawiteione e the UR-60 derivatives were, but with significantly larger
s omabitee ctnem. ¢ stigRtly Mghet aircraft gross weight, and a faster main rotor

e A




rotational velocity. Figures 12 through 17 i1llustrate six of the more important UH-60
stability derivatives vs airspeed. For these plots, the UH-60 data are shown as well
as the data generated from the Boeing-Vertol UH-60 math model.

CONCLUDING REMARKS

The mathematical model of a UH-60 helicopter described in this report was devel-
oped for real-time piloted simulation. To date, this model has been used successfully
in two handling qualities simulation experiments on the six-degree-of-freedom Vertical

Motion Simulator (VMS) at NASA Ames Research Center (refs. 5 and 6) in support of the
ADOCS program.

For these simulations, however, high levels of stability augmentation were added
to the baseline UH-60 math model, thus effectively masking many of the characteristics
of the basic aircraft. The baseline UH-60 model has not been evaluated in real-time
piloted simulations nor has it been validated with flight data to determine the accu-
racy with which it models the actual aircraft dynamics and handling qualities. 1In
addition, neither the analog and digital stability augmentation system (SAS) nor the

flight path stabilization (FPS) system of the actual UH-60 helicopter is included in
the model.
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TABLE 1.- UH-60 DESCRIPTION REQUIREMENTS

Algebraic Computer

B
.
)

A e
) ) R »

P u® - 'A * o

.’0.‘ oM o .

AN IO T N

Description symbol mmemonic Units UH-60
Main rotor (MR) group
MR rotor radius RMR ROTOR ft 26.83
MR chord Y CHORD ft 1.73
MR rotational speed QMR OMEGA rad/sec 27.0
Number of blades n, BLADES N-D 4.0
MR Lock number MR GAMMA N-D 8.1936
MR hinge offset € EPSLN percent /100 .04659
MR flapping spring constant Kq AKBETA 1b-ft/rad 0
MR pitch-flap coupling tangent K, AKONE N-D 0
of 4§,
MR blade twist etMR THETT rad -.3142
MR precone angle (required for a0MR AOP rad 0
teetering rotor)
MR solidity MR SIGMA N-D .08210
MR 1ift curve slope avRr ASLOPE rad™! 5.73
MR maximum thrust Crpax CT™ N-D . 1846
MR longitudinal shaft tilt 1.s C1s rad .05236
(positive forward)
MR hub stationline STA'H STAH in. 341.2
MR hub waterline WL“ WLH in. 315.0
Tail rotor (TR) group
TR radius RTR RTR ft 5.5
TR rotational speed QTR OMTR rad/sec 124.62
TR Lock number YrR GAMATR N-D 3.3783
TR solidity SR STR N-D . 1875
TR pitch~flap coupling tangent KlTR FKITR N-D .7002
of §,
TR precone 8orR AOTR rad .01309
TR blade twist Otrr THETR rad -.3142
TR 1ift curve slope arr ATR rad™! 5.73
TR hub stationline S'I.‘ATR STATR in. 732.0
TR hub waterline WLTR WLTR in. 324.7
11
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\:\ TABLE 1.- CONTINUED

L

'_ Description M:;:’:'lu :'-’:::: Units UH-60
‘.-' Alrcraft mass and inertia

,'.:i Aircraft weight v WAITIC b 16400.0
2 Aircraft roll inertia Ly XIXXIC  slug-fe? $629.0
- Aircraft pitch inertia 1 XIYYIC  slug-ft? 40000.0
-,;:, Alrcraft yaw inertia 1 X1zz1C slug-fc? 37200.0
\" Alrcraft cross product of inertia Xixz1c slug-ft? 1670.0
: Center of gravity stationline STAc.'. STACG in. 360.4
a Center of gravity waterline HLC.'. WLCC in. 267.2
':::_v Center of gravity buttline n’c.g. BLCC in. 0
> Fuselage (Fus)

‘l’, Fus aerodynamic reference point STAACF STAACF in. 345.5

. stationline

= Fus aerodynamic reference point WL, cF WLACF in. 234.0
\"'Q waterline

R Horizontal stabilizer (HS)

a HS station STA,g STARS in. 700.4
\ HS waterline WLys WLHS fa. 244.0
‘_‘ HS incidence angle tys AIHS rad variable
o~ HS area SHS SHS fe? 45.0
':'-’: HS aspect ratio “us ARHS N-D 4.6
.”, HS maximum lift curve slope Cluaxyg ~CLMS N-D 1.03
N0 HS dynamic pressure ratio ys XNH N-D 4
:;: Main rotor induced velocity effect Ky, XKVMR N-D 1.8
::,.: at HS

D Vertical fin (VF)

.‘.J VF stationline STA, ¢ STAVF  fn. 695.0
_:‘: VF waterline ‘n‘vp WLVF in. 273.0 . .
::r_};. VF incidence angle 1vp AIFF tad 0
o VF area Sup SF fe? 32.3
‘\:: VF aspect ratio ANP ARF N-D 1.92
.'r-_.' VF sweep angle Ae ALMF rad L7156
f.'- VF maximum 1ift curve slope c"l"‘VF CLMF N-D .89

VF dynamic pressure ratio "vF VNF N-D 651
Tail rotor induced velocity effect "V'm XKVTR N-D 1.0

at VF
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Description Al:ablulk m:: Units -60
Controls
Swashplate lateral cyclic pitch Cayq CAlS | rad 0
for zero lateral cyclic stick
Swashplate longitudinal cyclic Cs, Chls tad o
pitch for aero longitudinal $ |
cyclic stick |
Longitudinal cyclic comtrol | cx, cx) rad/in. 04939 |
sensitivity | ,. l
Lateral cyclic control semsitivity | CX, | ox2 rad/ia. .0279? !
Main rotor root collective pitch Cs cs red 2206
for zero collective stick | f
Mstn rotor collective control Ce cb | cad/in. .02792 ;
sensitivity '
Tail rotor root collective pitch C, c? { rad 1)
for zero pedal position
Pedas) sensitivity Ce (» ] rad/in. =, 0773
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TABLE 2.~ UN-60 CONTROL SYSTEM CRARACTERISTICS

[ Description | “.*'“'“j m‘:{] 140 ‘
7 b

| resdtorvard gaias T B |
Leagtiudinal stick to loagitudinal cyclid tolty, [ 1.0 ‘
Latera) stickh to latera) cyclic ; 6.10" - {3Y) 1.0 |

' Collective stieh to collective comtrol telte, | SR(9) 1.0 :

| Pedale to ditecticnal comtrol tplty sx@0y ‘1.0

i r ! !

Cro ] ga | f

| Collective stick to lompitadiaal cyclic  tyltc S -, 1040 ;

| Pedals to longitudisal cyclic | t,l&.' |N(2) -7
Collective stich te lateral) cyclic i G,Ie, - $R(8) =, 16
Collective stich to difectional comtrol ? tplte, I SEUIIY - 208

feedbach maine ao.lnllc« | i

i Pitch rate to lateral cyelic e Iq‘ ' SEV(),2) [1.)

L_ fell cate to lomgitudinal cyclic J ¢ I'. Jmu.n}

TABLE ).- CN-60 EPCINE CRARACTERISTICS

Desceiption ; “:-:.t“ m:: ‘ Uaits Inoo-ct,- 200

Engine/gove tret 1 )

tngine gain L e fuwu"_' ; 1.7%

tngine tise comstent ‘e wt s 1.25

theottle time constant " IWIAL e 1.2%

Theottle position ™aot 4 100.90

WA tpm lower Limit “Lin OLIN red/vec s
» feat tatieo C.,"I&. TRCEAR 8D 4.82
; Pto::::loml govetnot feedback Kgi oGl u'“‘ irdhec: 2000.0
: Inteptal goverwnot feedback 'Bz (s (] ju“dltdlscc! 2500.0
{ gain , j_
L Rate governot feedback gaie R, | ) | UBg oy /t0d/oec ! 500.0

i i J
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o TABLE 4.~ LEVEL FLIGHT TRIN CHARACTER)STICS
oo - 3
',’.'.
. Enginesring Squivalent alrspeed, baoise N |
symbel 1.0 0.0 | wo | .0 | 1000 | 00 |
‘¢ iy
j" T -
R R 0.1266 | -0.370 | -0.208) | «0.42% (-1.00) |-1.800 ja. |
A 4 ' E !
» ', 20 | -5 L =730 | -.2M2 | 82| I (e,
' SNe L S | 0 | sk eS| S.1e
2 L, (e [ roes | 05830 | -.3000 | -.2608 | 003103 [ye.
“ v -0oses -.0s03| -.oomo; 0.0 | 1ewm | s -
: e, SEEETY SR W'Y ) i 5.100 | 6.13) | 1.2en | =129 }mmi
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rabbab L

- LEVEL FLICHT TRIM CHARACTERISTICS

S ING~- VERTOL UH-60 MATH MODEL

.
s Lovgy | Cauivalent airspeed, knots
RV Ty Units
_* | 200 40.0 60.0 | 100.0 | 140.0
) L v™7 0.5938 | 0.3636 | 0.5149 | -0.5356 | ~1.0539 | in.
. smd) - 2920 -.7106 | -.3199 | -.1098| -.0917 | in.
T o¥/e 9.0054 | 4.2440 | 3.8582 | 4.2054| 5.6883 ] in.
) 439 - 09| -.05631| -.1254] .0974 .1798 | in.
. g o I o 13.165 | 9.4517| 11.308 | ft/sec
' ) . 4.0%07 | 6.5824 | 3.8820 | 4.8946(-13.840 | ft/sec
. riee | 69262 | 5.5167 | 2.2425 | 1.6799] -3.3533 | deg
: mes =1.0093 | -1.2929 | 0 0 0 deg
*A#5k T}« %. ¥, AND Z-FORCE STABILITY DERIVATIVES
SUCINC-VERTOL UH-60 MATH MODEL
s tquivalent afrspeed, knots .
o ! ]¢ .~ Units
ot w0 | 40.0 60.0 100.0 140.0
E S " .
WaLW 0.0 | ~0.0274 | -0.0201 | -0.0422 | -0.0517 | 1/sec
. Pottes 2B 320 | ~1.3039 | -1,2532 -.7256 | -.2927 | ft/1in./sec?
- wes ..0823 -.0693 [ -.0950 [ -.1336 | -.1749 | 1/sec
) meaa kg ! (9417 | L9148 .9364 .9924 | ft/in. /sec?
' TR ‘s.uuiq.suo -1.7968 | -2.1322 | -2.3677 | £t/in./sec?
oM - §$2) . ~.1332 | -.0546 | -.0158 | -.0324 | 1/sec
A Citae - WIS -.3398 | -.6523 | -.7658 | -.8418 | 1/sec
- ‘% -v.0006 -1.8678 |~3.0911 | -5.8800 | -8.8178 | fr/in./sec?
. ge @ 1266 -7.8250 | -9.0061 |-10.4761 | -11.8225 | fr/1in. /sec?
o :.mo} 1.2228 | 2.5612 | 4.3935| 6.3606 | ft/in./sec?
I ]

22




TABLE 13.- M-MOMENT STABILITY DERIVATIVES
BOEING-VERTOL UH-60 MATH MODEL

Equivalent airspeed, knots

Engineering
symbol 20.0 40.0 60.0 | 100.0

Units

0.0091 | ~0.0043 | 0.0040 | 0.0022 rad/ft/sec
.0022 | -.0006 .0011 { -.0019 rad/ft/sec
.0122 .0050 .0072 .0082 rad/ft/sec

-1.0262 | ~1.2832 | -1.5541 | -1.9808 1/sec
.2859 +2567 .2379 . 1797 1/sec

-.0595 | -.1181 | -.1149 | ~.0860 1/sec
.3366 .3850 4133 .4543 rad/in
.0042 0134 .0128 .0397 rad/in

-.0352 .1574 .1362 .1294 rad/in

-.0010 | -.0499 ; -.0562 | -.0881 rad/in

TABLE 14.- L-MOMENT STABILITY DERIVATIVES
BOEING-VERTOL UH-60 MATH MODEL

Engineering Equivalent airspeed, knots

symbol Units

20.0 40.0 60.0 100.0

-0.0250 | ~0.0267 | -0.0258 | -0.0304 rad/ft/sec
-1.8067 | ~1.5485| -1.4919 | -1.3987 1/sec
-3.5455 [ -3.7116 | -3.7659 | -3.6853 1/sec
.3507 4149 .4878 .6814 1/sec
1.3297 | 1.3147| 1.2866 | 1.2907 rad/in./sec?
-.8816 | -.8968 | -1.0035 | -1.1990 rad/in. /sec?
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TABLE 15.- N-MOMENT STABILITY DERIVATIVES
BOEING-VERTOL UH-60 MATH MODEL

Equivalent airspeed, knots

Engineering Units
symbol 0.5 20.0 | 40.0 | 60.0 | 100.0 | 140.0

N, 0.0081 | 0.0108 | 0.0119 | 0.0141 | 0.0176 | 0.0195 | rad/ft/sec
N, -.1856 .0322 .0251 | -.0446 | -.0706 | -.0955 | 1/sec

N -.2879 | -.3902 | -.5142 | -.6283 | -.8389 | -1.0394 | 1/sec

Ns, .0266 | -.0286 | -.0268 | -.0110 .0014 .0032 | rad/in./sec?
N, .0665 .0576 .0222 | -.0191 | -.0544 | -.0041 | rad/in./sec?
Ns, .7153 .6731 .6720 .7668 .9319 | 1.0023 | rad/in./sec?
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Figure 1.- Fuselage drag vs angle of attack.
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Figure 2.~ Fuselage lift vs angle of attack.
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Figure 3.- Fuselage pitching moment vs angle of attack.
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tigute V1.- Drag demping vs airspeed.
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Figure 14.- Side-force damping vs airspeed.
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Figure 15.~ Pitch damping vs airspeed.
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Figure 16.- Roll damping vs airspeed.
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Figure 17.~ Yaw damping vs airspeed.
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