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(@) Pro/m.@sf Ve 'fn‘m - n ')‘ﬁc‘s

Trim ﬁna.c’.ysig
ﬂeparpom%{ a Tvem ama,tysfg s To defermicne Lbe

hetov contrel Se#-:ngs ) . Scotoy ctesh ercentalon amd
T overall hdﬂ?‘op:‘er ovcentalfcoms /avﬂ;, pres thebecd
fo&‘jkf sy Tert Conditems. In general e Fwo
hasic Trim Jriocedures oot have been used are !

7Ln'm OCellir ¥
/rr e e)

which scmudates actual fWWaVc/f&?/)f
Conditms 5 % Hotor ¢s mm‘nfa.chec/afa. ﬁ‘xea/
value of Lhe Fhrusl coeffcecent Cp wtts frward
f’l"ﬁ ht Hovizontal omd vevtical fovce £7ucf43nk.¢m
s mq,c‘n'tau'toec/ . Furtthevmare Zevo /::”Mc‘n?_
amdﬁp%‘ng mom eats are also enfovced.
A more Comfrehensfv’e versjon ﬂfgw:?%’um
procedute cecovnts elso for B effeet of te
tasl potor. Tn his cak fyaw momenl and
Srole fpvee ec;a.cﬂc;b yium ave also mac ntaned
[b) wend tunnel Trem ov meoment Tviim — s
+vim /)'Yocedaye) which Scmulates Condms under
which o hotor wewld be Lented «n L wend *anneé’)
P!ychc‘ng %JMM? moments o LA fofor ane
macntained ot zero . ’Ea‘*eq wlhruum Cs no?
ﬁefa(c'recf %—W s case be ew}cm Sotor
moonted ma S'(A/D/J(’th'n? strutlure cn Bu wind—
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tunnel ( Anownanthe Test stand) omd F provedes the
aj»/wqpn‘afe 74;7(8 Jeaefion S fhat are needed far
oguchbram. faw moment” 25tlbricom ¢s alyo uswally
/rmvc‘ded[:;( A £ert Stand .

Prop «esive Trem
ﬂc‘s 7‘«&3/11‘ condctom Simudales 3796?-0‘547}044
deved fLcypt al « hxed aolvance pcatio Lo The
wu}/ﬂ‘ﬂ{ e helieopter s a ConsStanl quanhty W.
The Conh'at/aaramefers Hhotl canbe wused To achieve
Trem a)u/rravddr;a" b elow
o Collechive pitch | 6, contvals B mapntade of e
Jotw Hvust. The callechve s changed by a Cever
opcmf"ecf 53/ e /Jc‘fw‘ls Left /)anc/) wHhan upward
Pa@&‘ng mofum }teyau‘recl ‘767 an tnevecwlse n hvust
e Cyelee pich Components | ©/s and G, Contrel The
pitching anmd %M‘ng 1 enents on He fotor. Lateral
cy elec pitch ( ) produces Sotoy dcsh tolt Left amd
/zo‘yhf. Thes c/:anges e orcentatrcon 97’/ ¥/ }’w?"ar)‘ﬁrcdf—
vecfor, ﬁo@u‘ng bott a Side Fovee and a Voaﬂ&‘n}
moment. LongiZudinal cyelec (61s) cmparts a
once-per- revaluh'on cyc&'{. pitch change +o e
blocoles Such Uat Hh. $otor clisk eanbe tilted
Jlmre, cond aﬁf‘ Bo#, Aaterad oomd 'eong:z&dc‘naf
cy edic ane Confrolled éy,d,,/: Aot uscng a eyelic SRk
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(Sc‘mié’qr 4o e Conventcmal Shchk ona hxed- weng a:‘rcra;‘é)

whichcs hedd cn U pilotis reght hand .

o Yaw- S contrelled by wsing el ooy FArust The
Po'é’of';wm a sef &f/sea’aff) which ant operated JJ Zhe
Pc:ﬂof;‘ feel" S jusfﬁdﬁe Yo prc ddev 0;{& ﬁkea’—wc‘hg
acveradt By/oushc‘n; % /Sedaff cn e fegucved
diveehim | Fhc codlechvep itchon The 7l 5o For
s Céanjecfj/brociau‘ng a change cn the o'l
Seotor ‘ff;mstf'} omd c)qda.cc‘hg yaur Yo ZRe }u"?éfay

Left. The tacl Sotar han no cyclie pitch Controf
a/ncfjﬂ.ﬂuﬂ)re ot o/,erafeo eSSEh'f't%oh an unhimmecs!
mode.
Trem (5 a C‘om/x&‘cafec/ ond 7o Some ex fenT
hondenear problem /Jarﬁ‘ou/cu/% at 4cGh qofvance
rafos. There axe also many Cross Coc/&‘uj eﬁ’edf‘
which are unavoc'af’aé{’e) end u,sccczﬁlj cross CO%Z.);j
eﬁcats ane rﬁc’nc'mf%ed’ 6; ,ﬁo af/)rofrca?!'c a(&h‘frm
0{ ﬂb Llectvonics [W?‘omaﬁt pt:!ot Coh#@ﬂ-fveedbaw
omd meebanical ov struelural olesigm a;{aﬁu }:m‘a—:)
7o olciewss Trem ch e framew R

o’ céa%} reueraf a/sfrroxfmaﬁ'ms have #o he m aolt

‘f'o )/(.'Ja/ a ’fmefaéée ‘ﬁroéfem ﬁom a com/mfaﬁ'mwé |

[a&l‘wzél/ qffeéradc) poc ot o’{ veeos, ﬁe S’(‘J@%&ﬁdﬁ

auumplims made e Losted nexl,




 Use blade cbement Heory forthe Clecs takion of b
aerodynamic Load s , wih Ceviacn %um/,f(;ms ~ov Eha,
wa e c‘nffow To caleutate ﬂe blpole f\?a/fo‘n 4
omd Con?%»fanjfcs .

The prenecpal approxi mafiom heve cs Yo nestect

0% bLaole 'flexibo'&fy omd unsteady gerodynamics.

o Negleed reverse o amd dy namic Stald :

these efleel are hejé’ee,fecf‘ here for conveniencs
(From a cabewdation—Pocnt of view ) amd sheedd

nol be negleeled when dealing weH an aeluald
faméé’em. '

o« 1t cg xare Sl a Trorm Solufvm canhe oblacr e
pn Closed ﬁvma useally aqn cferatve/ numericel
procedure és wied fo obtain Trim.

Ncﬂ(/?emaﬁ.'cafﬂj W/Jen,a& propuesi\/‘e Arem ;rééeem ¢y

considered The Bn ool or Sven) c?ua'fd‘c‘eao .

W- weght of e helccopter.
}0 = ,% ed Vahee Satio cn ‘S?S’Cu'fhf' cnd Leveld
it
'foyfﬁzc’v wH, e 9Come7‘ry °/‘/‘dz vehicte.,
The quamﬁ'ﬁ‘& #hal have fo be o btacned
on The frrocem D/Qafaﬁ'm') ane |
9"1 Bc) Ops ) <
o, Brs, ﬁ:c amd B Side s&p angle 7//

amd He piteh onmd roll anﬁfes 6)’-‘/ ?S'F'
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The Geomelry a{ Zhoe probéem s ¢ LlusTrated Uiy

Fb]_f { ond 2.

FC?;/ Longf&dﬂndfwcts amcfmament Ccd‘(,‘ng
dun'hg /Drapa,eshfe Tvim

Retreating side

Foged LaTerad Fovees omd m oment ao?‘z‘ng aw’ﬁg

Proputsive T m,
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| Fogurve/ Shows the frrcer omd rroment achng onm e
. /)L&Iw/n’ev cn Ll ,ﬁom?m",&cc&'na.& /b-bnc omd 75, 2 Shewn
these guantiien for Lh Lateral plane . T s ConveniesnT
7o decompose each contribulion (fovce or moment)
ccccwc{dny % s Soorce . Thus HRe vanveus ConbibulRon s
Gre c\dehﬁ,ﬁ‘ed 6;/ sqégw],{:g) Swuch as
MR -machn )6040-/5 F“ﬁxsdqre,)' HT - hovironted
taid, VT-verkcal Tail , TR- tack Sotor | amd ofter
Sourced are c’o(en?"r.%b‘fd écy-O . Por ex ample e
pitching momenlt canhe writen an
1= Mot M * MHT + /"LT+ Mot Mo
In Hhe dessuplon & M From frrocedure ot
6 ](odes o hab plane (HP) s uied ar Lt
reference frlane . The f&‘g/:i path (FP) amgle ¢ QFF .
It weld be also andiumed HRat Hherecs ho
sidestop | Thus U fuselage side Foree Y
Con/}’céuﬁm can be apumed Yo hc ’1832(.345&-
/}egoj F well be cvmumed ﬁﬂ?cmp&cdy ool

e ane no Contrchut<oms Frem e Aorizoutal

omd vevh cal tculs

o \/cvhccu? ﬁrrce, ecfcu.&ém-om yoelds :

W - /,m. cos o(F Ccnscﬁ + Dsin 9 ~ HpgSin A +

) Yip SCn qﬁF + Yo SCn ?5 =0 ()
‘ Longr,-'/actind force equidchraem yoelds :

w\



i. ‘ Dew eFP+}7{HRCUDO(F— TM&SL‘*}D(F Con ¢F-=O (2)
! Laterad ﬁn’.e .eyc.ulcbn&,m
Yrp COS ,;F +7;-R CW¢F+ 7’;& Cod{g Sth qf;::o (3_)

where 7;,&.- S e FHvast 0,-{ He Feul Heofor.

Pf/‘chc'hg moment Qw‘.&bruim eboor The hut
yoelds
Myp + My~ W(keq coolp ~hscnet )

-.D['L)Cma\'f:"-"f‘{fg géh;qc{F‘) =8 @)
Poﬂdhj memend ufu,(&zw;m abov# fhe Ahub
Cg M 4 MXF & 7;‘_9 ATR +W(h Sch ¢F-yc$Cm ?SF) =O @

XMpR
Torgue _eyuolaénu,m about fhe shafl y celd s

TQMR'YTR‘QWQ:O | (C)
Uscng small a:ngfe am_amj:'l‘z:ms cllows one To
$L'm/>&)z\/ 27(4,0,1‘250715 0) —-(6)3 ce. all angbes used Cy
The EQS (’)"(G) ave Small Thecr Sf-‘hof‘ai‘o(;:; Cd o =

- T/‘ﬂ?

e it

the wundeybened terms ch T Last ejualion ana
nej&‘gdé& Com/aared 7‘:: Fhe ﬁ?SZ‘ 7LUJO‘) Hues)

b :- W-"Tne =0 @)

Carycng ovt Scmidav operafims m #e ofter equativy
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yoedds
D+ Hp — (g &%F =0 (8)
e+ Trg +Twg =0 ()
Mymg + MyF -'W(ch- 140(,:—) D( 4 * Xeq Ar)=0
assammj Xeg g <= 4 atlows ometo sc.mp&ff
e Pasz?Ccahm
Myt Mye W (4 e xeg)-hd=o (o)
Marer + Mue * Trghre # W (4 $- ycg)—o )
Qug - Trg L7 =© (12)
where QH - Z'ﬂ.c Torque of The mach jotpy.
Recat! 'Hia‘f Hhe thvust s S’LMffy e Ou/eragc
55( e blode Lt durcng me 7?9\fa2afcm) ma-efmﬁed
J? Ahe namber of é&owl&S’ A{b

T,.,,g- f/olFa{q« (3)

where dF_z_ dldr.
7The *hrust coefhcient Cah be Wrcfen an

_.EEJ./][(M) Y .‘:’I]dra
©

CTME— /MR

p (TR(R)*

Because -{m &om/’eex:fy o; Up, Ur omd & thes

equatin must b€ wreally Teeatedd numerically

However by arsumcng unitorm cnﬂmo" Hhatrs
2(5(/)-.-_- ) = const over The dcsk y mq{

C— chnd Const ) Cd = Cdp ) ond Lcneay tws?
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gven /Jg etw 5 The Fhrust Coef‘;‘a)ey,f can be ex},ycgd&qf

as

Come= G [ (1#2)%) # G () 12852 )
The refor -/ohfue) Side fyrce, drap force , amd mements

a bout )‘ﬁe Q/ﬂ/n’o/'n’dafé axel can be e.om/n whed 63 G

scmclar manner
The rotyy dra,f;é-rcey also denoted ©ften as e
e H—,ﬁwc.c) olesoubed on pape ©9 o/ e cLess

netes canbe wr' en 6’(4

Hyyo= He /[dFSmsL+a/Fcao%_7dsb (s)

2 Yo Y,
o~ Uh nanat’:,men&rmcd fvrm

Chpp ™ @._L zf/ /Scn?’[{-ﬁ /m e -
(%) ]-/30“’7'[62—2 Vo - (2)(%)]
+ e geY ] ®

The rotar side ]‘che also Bnown an P Yjé'VCC ,see
paje 7o a;{ Zhe cea.ss notfes | s given by

f f [dFCmsL+c//— Suq\#] 2 (18
ﬁe rotoy '{‘orrfu.c LS %Jeh 5;
N [T [RyqE d (5
OO AV AL S A

The netov /loa&dnj moement IS given 6002‘



g = e [ gdfsmv ety (@)

27
The ro‘fw /)t‘rlc/u‘n? mo-mﬂ«;i' (s g«'ven 6‘?

ar R
M,,,,f%/o /g«,uf—; cnplp @)

Clearly, €95 (18 )-Q1) can be manc'/)ueaf-eq’ Furfher

To Complete Hhe fovmutatiom of Y Trem probtem
ohe need a)b/;roﬁnbzfe /Lulafc‘a'ns ﬁY He cnf Low m Hee

i /w:"w %Jm 7‘“@6 ;"‘”67’ . /}SGumc'nj un:‘74frm
cChtbows olustihukim X = tan o 460

i?W—I)\'L
‘)M&a :/&.‘-1;% tau O(M,? + ST - (22)
“ Ve
R -
)76;/1‘74’ famo(m -+ Crre (23)
N 2\ g2 22
St Om
In 57(7-2) ¢ty Commn /bracﬁtc to sel

and Aen /‘M/e =/[c-
Howevc,v) fn’ e tad ﬂovaf
M= Vondrm  wherth odre 3 e doh

Pergre

omgle of altack of The 1acl fofpe . When 2.
Qt'aé’cfs&/‘v ang&ec‘s zZero Ky7p<O omd

S = L (28)

@mRm
S olut Com "./ Zhe /@m,sueste Trem /aroéfe?rn




G

cmplier Seluinyg 6)) (8)3 (9) 5 60) > 0') 5 éz) Zo getev

wei'th

’}N£= /[,{,'lfcmo( o+ -3 (26)
E \//-Lz—p XriR

omd

Amg = CTrr @'7)
2| fut M
These vehicbe £qud&73r¢o'om Lguulions fogefher w H
ﬁpoce (}hf-eow cyuai‘cmS’ Can be Wn.'#th Ch Fhe 7‘Cwm cﬂ%

[F(?) }'::o ( 23) o
Whe’,e i -_— = I‘S aL Vethr — Qlc'
. A { X} of Fvim varables frs
MR
A7R
9F'
Pr

£ guatvm (2F) can be solved numevically vscng a
nendinear «byebrac equakim Selver, ov 6 Switable
ferahve frrecedure .

L& ) ) BT
; /7
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Some Addihmal Comments on the Solutvm of fu
~ Trem Equafims
Whenselving Zhe Hem eguahons 7he quanh R e ﬂfml Y s
are prowdedm pases 69—70 of Ha noter. Thus

HM,Q /] D/f" dro ¥ {2_‘3)

ond %ramff(ll) 'Pa-je 69
AH=dReny + (¢ o/[*/dD)S[n‘/’-—/‘}'c/L Cco P
olR = __égnukzq;acdr Iy Up=Vcr(gCm

ofp- Frickm drapalong D hlole .

Sc'm;'ljarl%y Arom Fg(1%) paye 7o

G/YMR _ _._(cfd’(.v‘ C?’D)Cmﬁp-ﬁdL Sthy -fd/?Scn%

/ /R a/yﬁm droly¥ (30)

Equahm(&i’) hcro a vedtrr 4 Seven quanhhies fhot need fo be
oﬂe/’ermdned ﬁom E?s (‘7) @) (9) (/o) 0{) cnd (12) ce.
3/["66 Eﬁw,éc/.vrw.m 47u.aﬁm$

¢ 3 rmoment 27 Mrwm .&7u.afl-6’)45

Tﬁe cnf{;ow e.?uqhm S an addFrmal ﬁuaxﬁ‘m avwl&é&.

Note Hat no stafement wan maole abouvt /80)/315 )Flc_"
Zo avaluate )‘fe&afaanfz'/z‘m 5, e needsss vie 57(32)@ ;9/%#7
of o hofer!

fol 1#€)= 8 (344 p26) At St pop,
Prc =6ic (844 J2€) = s (A+4 436)-ppoc
@ “fis= s (8 "5{3 JEE) 4 fre (=L fu'€)+ UG EIpT
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FoGure 4 shows The ﬁ—m@ ond maoment au‘;‘ng o e
b /;céo‘ca/,'/er cn e XOM?J@C&';«;CLL /b-\‘-’anc omd Fcy. 2 Shewn
- these quantikes for Lk Laferal plane . Tt s ConvenvenT
7o cfecomlbosc eaeh confribulom (ﬁvce o ma'men'f)
accovdcng Zo Jfs Soorce . Thus e varvous Conbbultons
are cdentifved 6;/ suérw],fs) Swuth au !
MR - mach )Lo'fws F'-A;sdafp,)' HT - hovireowtad
tail; VT-verkcal Tacl , TR= tacl Sotor, amd ofher
Sovrces are cdentfred 6‘y—0 . Frr ex ample Fie
p:}[c-‘:éngf momenl Can be writen an!
= Muet M+ MHT +/\*{(T+ M ¥ e
In He despeor o/ e #+ oo frvocedrre ot
| a foucpws e hub pane CHP) s uied ar Ll
reference plane . The floght path (FP) omngle <s 6 .
Tt weld be also ariumed Hat Hherecs no
sidestcp , e § mﬁsdaje side foree Ye
conkcbuftm can be cmumed Fo b nejfdga.z&.
/9€soJ of well he coumed fb—( Scmp &‘cd‘y M
ﬂmz ane no Contvchums /‘ram e Aovizontad
omd vevh cal tauls

Anether am umfﬂ'm m aole S 7‘&02‘,% TP{:’_
‘f/‘/b /79;% /%’ane (3 /mméed'fb B hab frtane cud

‘ QFon %6/ Q/F = QF
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Wolﬂ f'ﬁcse %umf:v"{,‘ms Verﬁ‘cczj fa'ch e?ou,.&bymm

ycelds
’ ' W - T;ch Ap COO ‘?SF + Yig Seh sé;-—— Hug SchA e+ );kcinc;!f:o
lohg{/uaancc? fwre eqw',&bru;um yc‘eﬂd"s: (l)

omd Laterad furce £-7w',€c'bru.£m cm plien!

g (e # T, Cod # Typ v Sing=0 ()

where T;ﬁ—r‘s% Fhrust a%% Lol $otor
Pitcheng mement Lguidibriem aboot e hub yields.
Mymp +Mye ~W( Xegerdp— hsindlr) —
— D (herdp + Xeg Scholg) =0 (4)
The last quaﬁ'an Contains The C(Mamﬁﬁan Hal The
’ d’mf due To The ferélape ccels ot Mo c.g.
K)Oac‘ﬂg momenl Efwﬁéru]_m choot He Aub yelds.
Mg +Mee + T g W (hsing=eger#)=0 (D)
ﬁ‘naﬂy e ’for?ue mmn_f_'nf éjw.fl.'/.)m}m abeut fu S/mﬂ) y(,‘p.f’c%:
Qo= Ymbe=o @
USc‘nj Small qngfc %u;}fc‘ms allows ome 7 S'Cm/-&i@
Eqs ()-6) by muménj Sg‘oﬂF:o;i_; e P14
From £9(1)
We Tme— Vg b= Hug % + V1 b =
;’Zc} i:iesrft::}q; ’fcgzi Sc\'?% faA?f’,e?aq?‘t;n are ne}&'f];& Com/bwrec/ .
B &‘\ W~ Tpe=0 )

C@yyc‘éﬁ out St‘md{a} 0/7€m7"c'¢m$ o The o [her fjbt&.ﬁdqj’

o




)ra-dqos
Dt Hote — (g ®F =O (8)
Yug + TR * Thg <;6F= o (2
Mymg + MyF "W(XCJ-.I”Q/F) -D(4 +XCj0(F)=O
aSSumEnj Xeg ol << L allows ome +o scmp&/y
e Pa:'lf'—eftca.v‘c;uh
Mo * My # W (h de=xcg ) =h D=0 (o)

Y
Myg + My + Trghrg# W(h$e=Yeg ) =0 0,

Qutg - Tredrg =0 (2)
where Qug = *5 e torque of e madn Sotor.
Reeatt +Hhat the thvust s S’c‘m/oﬁr e qderagc
of e bLode Ut durcng me revaluton muet;ptoed
J; dhe number O/ blouctes )\Q) Y §

7 =—’Yé]w “dndy @
MR arr 6‘/0 =

where dF, =dldr.
ﬂc ‘fﬁra.st Cocﬁa‘ehf can be wirchen an

o0 1 [ [ T(e-(Le)e) v
= 1"‘5‘5—[![(&«79 TR dIR) 4
9

CTMQ: _IMR -
f(TFRZXcRP)
Because .;/UZL Cmm/)é'exif‘y o]i Up, Ur ond & Thes
equaton musl be wrteally 7 cectect _"l“’ﬁ_?)‘.f_f_al%-.
7’7/c>|4w:\/~er7 b‘; C(Af.'amc‘n? uhl}lﬂrm c‘rg}ﬁw—_) Hhate
2(r,¢ )= A = const ever the dcsk 3 omcf
C - chwd Const ) Cd = C}{o) omd Leneay twisd™




