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. .." . The response of helicopter to dispersed gust is investigated in
- thle paper. The processes of which helicopter penetrates gust, steepes
- gust and withdfaws {rom gust are considered. According to the demand

of specification, sine-squared gust model is selected,sine-gust model
_ig also selecited in order to .investigate thas;nfluenceg of different
gust models on response. An articulated vrotor with a blade hinge offset .

- from the shaft and with an elastic restrain about the flap hinge ia = .~

~used as the rotary wing dynamic model. The non-uniform distritution of

"flnduced veloclty‘on +he rotor disk which derived from generalized

- vortex theory is taken into asccount. The linear partaa& ﬁlffemantzal
*rsmali nerturbatlon equation As not used.

A samped ca1culatlon of a typical helchpter has been made. & -

“-Tdetaii valculation is given of response which helicopter p&netratea

B &uﬁt gteegs gagt and wlthdrawa from gust.

ff fl. introduntion

& , in general, can%lnuoua tarhuzence, dispersed gust, mean wmn& and °
win& shears are included in the phenowena of the atwmosphere. The study

= of the' atmoaphermc 4urbulénce, r93ponﬁe ‘plays an important role in

:{fmodern desxgn of hellcapter. Because the  flight altitude of hﬁlﬁﬁé%{gr
o ig always in the' range of low or mean position,the atmospheric turbu-
. lence are serioud in these region not only the probability of the pro- .

: . iduetdon but aleo the ‘intension of atwospheric turbulence. Therefore - -
" comparing withthe fis-wing. aarcrarﬁ besided. the conyentmonai éemand pf

the flight quality, ihe. hellcogﬁer must have ﬁhe bettex quaiity of

'7”_ r8318%1ng turbalence. 'ff

Thexe ‘are m&ny 1nveat1gat10ns lﬁ contlnuaus turhulence xesponae.

But & great ‘deal of the random atmospheric turtulence are described in o i

. the ‘continuous turbnlence, if the helicopter is upseted or moved

 “1?vo1lently due to a gust, this case can't be deseribed using the continu=
- ous turbulence response. Therefore, the response of helicopter to con—

- tinucus turbulence and dispersed gust can't replace each other,the re=
'_1aﬁl0ﬁ8hip$ Qf them are. eomplementary eacb other._ ) .

I &s we know, t&ere are three proceases of hellcopter ?eneﬁraixng '
,gust,s%eeplng gust and withdrawing from gust which belong to a total
process when the helicoplter passes through the turbulence. There are no

. literatures ‘about the resﬁonsa .of helicopter.to gust consideriog the -

total process, Ref. {1}',(' analysed the rotor response to gust, in
which gust was assumed to act on the rotor, Ref.( 3} considered the
‘penetrating gust but only for rotor and no processes of other iwe cases.
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: Ref.£:4;} aleo consxdered the case of hellcopter flight vertically
~through the gust. . _ :

For ‘the pufpoSe of describing ithe real motion of helicopter passed
‘through the gust,the total process included the penetrating gust, steep-
ing gust and withdrawing from gust must be analysed in detail. The res~
ponse of hellcOpter to. guet considering the total process will be given
in thls paper. S o

' The characters of thms paper is as fcllowzng.

(1) The total process of helicopter penetrating gust, nteeplng
gust and’ withdrawing from gust were considered.:

_ (2) The gust model was selected according to the demand of Sp601~
.flcatxon 5 ) s Therefore the etudy'has the common sense and the more abi~
ity of descrlptlon. :

(3) The responses of hellcopter o) the guet are calculated whe;
the dlstributlon of induced velocxty over rotor dlsk is uniform and non=
uniform.

o {(4) The mction equatlone of hellcopter are a set of nonlinear dif-
. ferential equations. The linearization iz not used in the calculation of
‘the response. So that the results of study will really reflect the char-
actera of the motion of the helicopter. .
. (5) In this paper, trim sitale was eelected as 1n1t1a1 state, the
- frequencies of helicopter motion act as the frequency of the gust. The
calculation of trim, stability and gust response are connected so that
~the method given in this paper has the common and pratical sense.

2, Esfablishmenﬁ of the mcde;

\l) Dynaml 'model of rotor

¢ The dynamlc model of rotor is equlvalent to an artlculated rotor
' wlth a flapping hinge offset .from the shaft and an elastic restraint about

.'f the flapping binge. The condition of equivalent is the egual of first

~ natural property in flapping. Otherwige,the 1ncllnat10n of rotor shafi and_
precone angle of blade are considered. .

 (2) Aerodynamle model of rotor

The compression and etall are not coneldered. Aerodynamlc load act—
ed on the rotor are calculated using the quasi-steady theory when heli-
copter passes through the gust. The distribution of induced velocity on
the rotor disk is used from generalized vortex ﬁheory(é) - The influence

of gust on vortex ie noﬁ con51dered.

(3) Gust model B

. o I%. is assumed that the dlspersed gust is nonwanisotroplc, the

1ntensxty of gust is equal in any direction and it has nothing to do with
the selection of coordinate system. The gust field is taken to be "frozen”
i.8. 1t does not change w1th time.

There are four typical gust models. step, ramp, sine’ and sine-
squared.All of them can be used to evaluate the response feature of heli-
copter to gust. In this paper,the demand of specification, exne-sauared
model is selscted, which expression is shown as follows:
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| 'fgo_];‘.f_;el-_~_g' - '.. d'< d
4 ¢ Sin 77 /2Hg - (d - ;) when d <'. d<dl-|—2Hg (1)

where.:d,uu_ distance from the orlglon to the consxdered point
.3¥di.___distance from the orlglon “to the fore—edge of the gust

'.7Hg-—— Tamp_ “length. or distance over Whlch the veloclty of gust
. ‘increase
- C = constant of the controlled a.mplitude oi‘ guet

In order to 1nvestlgeste the 1nf1uence of guet model on response,
the reeponee ‘of ‘helicopter to sine gust model is also‘discussed. The

: expre881on of 51n guet model is follows:

A<y

o :}_;o3; S
weelesmTr o, (- ay) whena,gaca s (@

g where e-—-conetant of the controlled amplitude of guet.;-;g

" There: frequency ‘of gust ig determined by the demand of epeclflcatlon.
" In‘this paper, the frequenoiee of . 1ong1tudinal short perxod, up-down and
* Holland Toll motion are used:.as the frequency of the gust respectively.’

- Otherwise, the ooupllng Of 1°ngltudinal motlon and lateral motion is con~

. sidered, -

:;ﬂjl.ﬁﬁelﬁeielof the total processes included’ penetrating gust, steeping
“gust and thhdrawlng from_guet for hellconter i

(1) Analysls of the total proceeeee 1ncluded penetraiing guet

';'eteeplng gust and WLthdrewlng from guet for rotor.

} Theﬁanalyele-o the penetratlng guet Steeplng guet and w1thdrawing'f
from ‘gust for rotor. is" the key of this- etudy. The expression of sines
square&,gust model can be aleo written a8 *.

)= 30050, (1 - con /(1) (a-2, )]_, Gerzn) '_fc's_")'

'-.where the eubscrlpt i*=1 2, 3 is referred to 1ong1tudina1 ehort period

'.;_motlon, up-dewn motlon end Holland roll motlon respectlvely, and

: o is the magnltude of the vertlcal guet,cr' ie the Dryden intenelty in L

Yye L '
gy ), = <g-) L] B
:::indicate the magnltude of gust ina certain frequeﬂcy respectlvely!'v&é

"'lteelf dlrectlon.,
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(2) Analysls of the total processes 1nc1uded penetratlng gust,

' TBteep1ng guat and W1thdraw1ng from gust for fuselage.

~Because the velocity of gust has an effect on motion equations of
'_lhe11c0pter only by aerodynamic item. The influence of the aerodynamics

- item on the fuselage is the attack angle and slipping angle when the
fuaelage passes through the gust considered the total procesg. =

o g The varxailona of fuselage attack and Bllpplng angle can be
.described a8, follows

'Ao( :--tg wg/v_ -
(5)

AYE? (Because of the only vertlcal gust considered)

(3) Aﬂ&lys;s of the total processes included penetrailng gust,
_steeplng gust and withdrawing from gust for tailrotor. =~ = _
: © - Comparing the gust with the head-on veloclty of blade sectlon,

the primary effect of the gust on the tailrotor is the head-on velocity
‘of the section of the blade. The component of gust is so small that the
influence of gust on the tailrotor can be neglected.

"4;_Calcul§£iqn.Qg;théigésponSé of helicoptegfto'thé gust

. ©.1 . ."The trim equations are a set of nonlinear equations in this paper
- and can be solved used the optimal method. Using the small-disturbance
© theory, the dynamic motion equations of helicopter may be linearization.
By linear transformation of coefficient and treating the reducing matrlx

o rank, the followxng expressxon can be obtained as follows:

(DE-A)x.._B o ()]

where “x ._(Av ) Av ':.’.‘::“;Vz: ,wa VAL s A, s A, m}by B

Aﬁ]

E is the un:.t matrix by 9:( 9

- AB s B ‘are coefflclent of the matrix, ‘when By =0,the roots of

: Stablllty can be obtalned. The dlstrlbutlon of 1nduced velogity over
rotor dlSk are uniform and nonunlform consldered respectlvely.

The dynamlc response of helacopter pene%ratlng gust, steeplng
g_gust and withdrawing from gust:ave determined by the dynamic motion equa—;
“tions of helicopter. ‘There are nlce variables in these equations. In
order to solve these. equatlona, another three k'inematic equations must ve
completed, 1.e._:.- T .
d')" da?z
'_ dt _ c 4t




_ ' 901vmng the. above. twc sets cf equatlcns simultaneously, the res-
'_pcnee ‘can be obtained. Because the sourse of 1ift is primary from rotor.
The dynamic response of rotor has an effect on helicopter dynamic res—
.fnonse. -In return,the response of helicopter has an effect on flapping of
“rotor. So that it's necessary to solve the simultaneocus equatlons of

.hellccpte* mctlcn and Trotor flanning‘

= 5. Results and concluelcns of calculatlcn

: ]x;” A sample calculatlcn for a typical hellccpter is glven. The
--dynamlc responuse of hel;ccpter to penetrating gust, steeping gust anc
-withdrgwing from gust are given at forward speed 4{ = 0.2. The sine
" 8quare gust model ‘is Belected. The frequencies of longitudinal short

o period, up-down motion and Holland roll motion are act as the frequency

- of the gust. In order to 1nvestigate the influence of gust model on the
'reepcnse, the ‘gine: gust model 13 aleo eelected. _

(l) The dynamlc stablllty rcots ccneiderlng the coupling of
“.1cngitud1na1 and lateral are calculated. Comparing with the flight
specification MIL-83%300, it is found that the roots are according with
- the demands of specification. The distribution of induced velocity over
¥he rctcr dcesn't change the stablllty of hellcopter.

. (2) Calculated reeults and analysle cf penetratlng gust, steeping
-guet and W1thdraw1ng frcm gust fcr hellcOpter._.._ _

Flg.l - 6 7 - 12 13 - 18 ‘show the tlme hletcries of helicopter
. © response to gust ‘when . gust frequency is the frequencies of Holland roll
' _-mctlcn, lcngltudlnal ehort perlod and up-down motlcn respectlvely.

Accordlng +o the practlcal hypcthe31s cf the englneerlng, the
_ nonllnear system can ‘be considered as weak nonlinear system.So it's
“feasible that 10ng1tud1nal short period,up-down and Holland roll mction :
~frequency is acted as the frequency of gust 1o analys:e the response of
'_hellcopter to guet reepectlvelyz_ : - :

. _ From tacle (1) we can know that longitudinal short perlod motlon
'uwael ‘and Holland roll motion model are stable and up-down motion model

is unstable. Therefore the response of the unstable model is divergence

" when the helicopter withdraws from the gust. Because- of wesk nonlinear

- system which changes the feature of linear system in a some degree, all’

" the motions are divergent in three cases when helicopter withdraws from

" gust. For up-down motion model the divergent is biggest and for the =
longitudinal short period moﬁlon model the divergent is weakest because
_the damping of the Holland mctlon model is larger than the 10ng1tud1na1

-ehcrt permod motlon mcdel.--. - :

(3) Ccnc1u51cn of uelxccpter response to sine model gusﬁ :

. The. calculation of heliccpter response to sine model guet is also
made. It's found that the different gust models have the different res-
ponses. If the frequency of %he gust is far away from the fregquency of
the motion model though the magnitude of gust is greater than sine~
squarefi model.Therefore,it is important that the frequency of the mctlcn
'_mcdel muat be taken as the frequency of gust. :

2.6



(4) Influence ef dlstrlbutlon of 1nduoed velocmty over dlsk on
l:response :

_ ‘For sine and 31ne-squared gust models the oalculatlon of heli-
_copter_r95ponse are made when distribution of induced velocity over disk

. are uniform and nonuniform. From the results of calculation it's found
~.that the distribution of induced velocity have an effeot on he1100pter

- response to gust.

(5) Gonolusions o

‘5.l, It is feasible that the responses of hellcOpter to the gust
is calculated by the quasi-steady theory when the frequency of gust is
:‘greaily smaller than angular velocity of rotor.

o _ 5—2. The total process of hellcopter psnetratlng gust, steeplng
_fgust and withdrawing from gust must be consxdered in calculatlon of
' helloOpter response to gust. o

H=3. The coupllng of the longltudlnal motlon and lateral motlon

'  must be considered when the total process of helicopter penetrating gust,

_'steeping gust and withdrawing from sust are studied.

: : 5«4, The responses of hellc0pter to gust ig ﬁifferent when the
~different gust model 13 selected respectlvely.

o - 5=5. Calculatlng the response of he1100pter to the gust only the
' frequenc1es of longitudinal short period motion, up~down motion and :

' .-Holland roll motlon is aoted ag the frequency of gust respeotrvely.

5-6 The results glven by thls paper not only agree with phy31ca1'

concepts but 2lso agree. with the dammand of specification in nature and
agree with reference(:S] [6;} 31mp11fled acoordlng to same condltions in

quantlty.
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