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AxXy = A Ax, + By Ay + B Ay,
Ayp = CpeAx, + DAy,
where x, = {P41,Ng,P45,NP}T
= Engine states
T
Ye = {QEaES’Pszan}

= Engine outputs

Yr = {QPI’QP2’QTR’QMR}T

= Drive train outputs

Vi = {WF}
= Fuel control outputs

A, By By, Crp, Dy = Matrices of coefficients
A() = Perturbation value
-3.95 0.0425 0.0 0.0
4 = 9420 —-4.79 -3790.0 0.0

2740 0.0225  -150.0 0.0
-12.1 -0.0776 311.0 —0.283

0O 00 0 1260.0

. _| 0 000 786000

B 0 0 0 O * |2100.0

1592 0 0 0 7790.0
0762 —0.00488 195  —0.0178 489.0
776 —0.0497 435 0.0 4980.0
0,926 0.00156 0.0 0.0 Der =l 60
_487E—-4 —3.12E—6 0.00512 0.0 0.313

(2.9)
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State
]h 0 0 QMR _(_dH_deE) _kHE kHE QMR
01 0 ¢ \= 1 0 0 ¢
00 1]leg | | 1 0 0 |le
_dHErHl dHEVHz -1 NP1
+| =1y, 0 0 KN,
. 0 ~ty, 0 || Oz
output (2.10)
i rHldHE rHlkHE 0 | 19
d 0 k MR
A= V2@ g VoK pg
C, 0 0 ‘
&
(-d, =2d,,)/1, —k,/1, —k, /1|~
QPl (_dE - dHErl—?l) 0 0 N
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r=A sz
Q. 0 0 0 o
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2.2.2. Johnson9 &% T+A% si4 =g
4 FAE U EA HYS T3 ZH F, A Fof g A
=S AAEEY oW governor RS A Yste] 2E A|l~H 4
g st TAE U AEse A BEL o FH oH@
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7y, 2dsnA  HA%4 Y, S A9

rotor shafft : O0=K,v,
transmission : O0+0,r +0r
engine shaft : QE] =K, (rEWd o V/E)

engine dynamics @ I, (Y, + 1y, —d_,—d,)

+Qg(§”e +rRy,—a, _dp) = QEI

se] Heln Ko 2H AZE wy A% Ko a1 % a4y A
G, e AR o) b, T RE AZE 7E 7o H], dk
A TRAY AZE B AAZ, G FARY Y A4, 2
1 Oge A 44 ASE ogu@rt 9o B3 3442 o 88

4 US4 21D-(215)9F o] FA s

W equation :

O=- Ky L (rfs +y, —dipy —dyp)
(2.11)

K, + 2732K1 +Q, (Y +y, =y —Cp)

K 2r’K K. r
- A [21 Vet Mlz (az()+aP)
K, +2r'K, K, +2r'K,
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v, equation :
1 (W Ty 4 _d _&P)+QQ(FWS+W _dEO_dP)
(K +21r’K)K, 2r’K 1, K (2.12)

V.- (g )
K +r2K, +2rK, K, +rK, +2r’K, > F
2r2K r. K,

K +r2K +2r2K

Vs =

o, equation :

. . .. . (2.13)
(]P + [E)(an + aP) _]E(V/e + rEl//S) + KPaP =-Q

shaft motion transmitted : a, = o, + o, (2.14)

torque transmitted : O, =Q + (L, + 1)y, + &) =1, (W, +1.07)

(2.15)

AYE 7t Zo gt AL 2E IFAEE g o] HFY
AE)7F F =2 governor RS Ed wrE ATt 9k 2ol
A% Johnsond 7|HL EZ HygozHE 7+ FAE A%S
ALt A Al B agh W] b Bl Au shARE A OAA
9l &3 Al =" (feedback)

ol A governor E.@e] % &o] o
a

= 1 Eq
42 th77] olgrh @ael gtk

223 &4 T4F §4 2d A

ZEA 2~ &4 Tzaor e Hulle] AH3 84 =
22 QAR el oA FAZE Akl Johnsono] HHE &f 4
295 A st s @ 29 A" sy a2 AR
Fdoz o] o]FoA Johnsono| A3t 4 FAES] e
GH-E WA eR Yehlol 2 a3E A& dH-st
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+ Fourier H3F2 2] (2.24)9} 7t}

1

T om

2
B, ()50wd¢
1 2 )
B =— 0 B)siny dyp (2.24)
2T
b= Blw)osvdy

Hj Aol Ed WA &5 G317 9384+ Newton-Raphson
:]

1o Jacobi 3E-E 2 (2.25)¢F o] {3 F T}
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# B1 34 & H (NASTRAN)

No. Present NASTRAN 2 2H(%)
7 6.50 6.49 0.15
8 6.60 6.59 0.15
9 17.79 17.75 0.23
10 27.14 2712 0.07
11 35.52 35.45 0.20
12 58.13 5791 0.38
13 72.31 72.20 0.15
14 74.46 74.38 0.11
15 95.23 95.09 0.15
16 114.53 114.34 0.17
17 117.53 116.56 0.83
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3% Bl 24 s v (A 331 A9
No. Present NASTRAN 2 ZH(%)
7 6.50 5.52 17.75
3 6.60 6.63 0.45
9 17.79 11.74 51.53
10 27.14 12.43 118.34
11 35.52 15 136.80
12 53.13 16.48 252.73
13 72.31 17.64 309.92
14 74.46 174 327.93
15 95.23 16.44 479.26
16 114.53 23.54 386.53
17 117.53 25.24 365.65

Present (Mode 8) Ground test (Mode 12)
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ABSTRACT

In rotorcraft system including rotor, fuselage and dynamic
component, there exists very complex interaction between an
aerodynamic and structure. because of the complex circumstance,
precise prediction of the interaction including dynamic component
1s required, so that trim and time-transient response analysis IS
accomplished 1n this paper. The present structural model 1is
derived based on the mixed form variational formulation of
moving beams. For dynamic components, linear
mass—spring-damper system 1s used for a drive train and simple
control algorithm is used for an engine governor. To analyze a
response of the components, state-space equation is established
based on the torque equilibrium. Finally, the multi-component
structural model i1s combined with a finite-state dynamic inflow
model in forward flight. It can calculate unsteady aerodynamics
and will cost less time than the wake models do by solving
equation between the Ilift and inflow. The multi-component
structural, aerodynamic model are developed independently and
combined by the loosely coupling scheme. To consider the
dynamic components effect, partition—iteration scheme was used.
Therefore aerodynamic, structural, and dynamic components
model were solved separately and exchange their result at each
time step. Currently, numerical validation is performed for a wind
tunnel trim analysis and transient analysis by using a hingeless
rotor which 1s separated from a tilt-rotor aircraft in CAMRAD II
sample. And the numerical results are compared with those by
CAMRAD II which show good agreement in both trim and

time—transient response analysis
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