Research Paper

Journal of Aerospace System Engineering
Vol.9, No.3, pp.12-16 (2015)

AHEY

OES

A

_Lo\_h'

332 7] TORUK MAKTO

i

&

ISSN 1976-6300

I A2 gy R et Aol a7

1

LEE
A A 5 3

aL
)

Study of Longitudinal Stability and Elevator Control of a Human Powered
Aircraft, TORUK MAKTO 1

Joohee Park', Younsoo Kim' and Cheolheui Han"'

'Dept. of Aeronautical & Mechanical Design Engineering, Korea National University of Transportation

Abstract : 175 = &7] TORUK MAKTO I¢] tiste] FExdo]& 9 XFOILS Ab&ste] =& 5¢
A% D UAS G CATIAZ AJ8 3 BALUE 24 ¢ Algsio] AMas W Foln %A
Apol o] FxAe) Wkl A FEole] A getAdel vH = gl v e (=Ede ol E) W
21 7pA o o ILPE Az A i ATE FRe. d7A Ad gyt Aol vA= 9
< a3 FAFA Aol FAAYTE A2 At A= gEF v 740111, T
e HLE_ AAAAS F7HAR T v o]l Mz Aojo] mE AR FAA A A
F7] Js543% ZJ&H%@ o] Wl U Aoz et FF 7o) BEHS e A2 EorA
4 e B STl o vtE 2 0¥ A AT E *sﬂﬂ oﬂﬂolu}.

Key Words :

SEEERE T
oF 3] Aol
E pS| 7;" —5H o]:

|

of\
P

reoro
2 L

jus)

o

Received: Aug. 24, 2015 Revised: Sep. 23, 2015 Accepted: Sep. 24, 2015
t g d 3

Tel: +82-43-841-5379, E-mail: chhan@ut.ac.kr
Copyright © The Society for Aerospace System

Longitudinal Stability, Elevator Control, Dynamic Stability, Ground Effect, Stabilator

S

g2

oy

o~
%

il
o
o‘:":’,
PL

ol o
oftt
=
19
SE,

N

=
2 o
-

32

R

rlo

ok
it
%
1%
Og(:;

il
oy

o
ofN
ojrt
3
o,

0
ofd
N
Iy

([T~
rot

n

P LR/AE
skl

2

2
o
re

?_



13

= —~ —~ —~
w = T ON < Z ©° <
oA B AW
&n i — Ho
£ S A = 3 ,.
U = B
g A N R i g SIS
= s |BIE < - <A , = = -
o o I T R DT R SN P S S
8 — & |9 g < o = 3 SIS
op = | % Mo % Mo s @ I = ~ = v v
23 S |®|= | W | B S S RN TR 3
g g|HFIRFERET S 1 By f ww = =
2 5 | = < S S, = 5 2 b
2] 2 |¥ 5 < & w S e S N
£33 = SN B e
g 2 BT S
EE 5 T |or W T AR S S MR L
£ 8 £ RN R < .8 + t g g I 4
- = m — — — — wr S S 3 8 % o &
g = 2 X = X o S = el | _
s g — T ® T R + = B Sl S g s
2 o |on o B mH = £ 3 —_ - =
gz o [ REKHE <R <R o = hi s O _ I - -
S5 B |E [ N [N N - R N -3 8 8
umm = |oT|R W W W OW| O S+ 3 ) S eS|
[ = P = 3
- N ok Ho T|mk Ho | - I 8 S (e S
~ 3 g [ —
._rm_..a s 3 & & © ©) Q + | +
T TR T N B W W e oo o W o% 2 ] g T ool N OB - W
5! ® TR - B W s =B o = T e R o F
B AR Bonf e o W2 ex gL X o
F o _wmx N I ) = 545 0w
" L= T F OO A K- & Mo pmh N R ol oy > <E Mo
T & X ol o CEREY w o 2 or & o 2
L Y e o O = — ° T s T 58T g " o,
B R v =R 0 S % % - B o B i ol
O X Z*.o o O o™ o
T Mo R B R D o _ g T 8 85 g o=
S o5 N e o OO M s B o N E c)
@I [aN] ﬂ T,.ﬂo O —_— lo oK Ot N W o
© R T oM T Ok X0 = o L M =l w o X
5o ot o P X - o, R W I W o= oo B oo
2z I N N N RO o "o S AT fE LT E g
B W W o o mo mo 3l = E R - = =
SR - Mr e X o i 2 I W o R =
w5 1) ) = o —_— Ho ofp SIS 3 T ) N
m_maﬁMOM7HTE?Eﬂ M Rz 5 © . =3 LS %mﬁmwa?waufmw
o — M __ g 2 AL ~ A Al o =B N v R
© ~ ,_uﬂ P Mm o X o =3 Ho MM o X n Sy s 2% 1l ! MoK K o oy
. N a
oo g O TR : 0 SRR 1z 29 = L P < o
— - w2 N T 3 8 N+ ENw or R 9
© T I N RO o w2 = N 2 S 4 - o o I e
SPERENE PRy KA N A Tx hoa TR E
) o il 2 ; - —
L R S RSz o % x g b w TE Ty
m 3o — R N ) wOR F 10 o= R Z‘.ﬁ = . + E Al o Lw T oA ‘Bl o) =
S ook T om Mo o m = 1T g T 2 w A = T X T
IR T I I o 22 % g 3 ER o d XN
FTERW S T T NE 4 ST FEZIT . B TET M OFE S ooy
RN T U i B - 20w TN I S, I B owp Mo 5
gL o B W o BB N AR o N of T or N Ho o &~ 5 TOOT MR T S O

Cr

Cw
7]

(3)

+hy, Dycos(a—e,) =1, Dysin(a—e;) —h T
A(D~B)E Fadst AA sdAFEe] Aoz v

m,, —l,L,cosa—h,L sina—1, D sina+m,
—1,L,cos(a—e;) —h,L,sin(a—e,)

m



14 u )

CLUJ = C’Lw,a(a +an 7(1L{Jw) ) (7)
Cpy = CLh,a(a tag, —ag, —eted,),
Cth = tho + c‘mh,,(sf 56
A6 oz, ezt M) we NALAE w3
= thest el UEd & g,
00,
8
o ®)
l y ) ) )
= (_usina - _ucosa) Cc, — (_u'sina +==cosa Cy
Cy Cy Cy Cy
( lﬂ/ w . )
—|=cosa—=sina|Cp
C'Il/' (ill,
h, Ly 2C;,
+| =sina— ==cosa || Cp, , . Cria
C’IU cu o TI—ewRAH
ASvhlh Shhh ]
+ ch_w sin(a—¢,;) — ch_w cos(a—¢;)|n, C’Lh(l —€10)
Shlh Shhh
- —sin(a—¢;) + —=cos(a—¢,) |n,C, (1—¢,,)
So d S d | WL, d,
Syl S, h,
- h—icos(a—ed)-i- hh sin(a—e,)|n, G, (1—¢,,)
SH,‘ C’U,‘ w C'UY ) " '
S;L lh 5}1 hh 2 C}Jl
+ Su,;u, cos(a*ed) - MZ sm(afed) D0, ”ehRA, , CLM(l 611.,0)

—~
©
N

(
OLw = CLw.,a(a + Qo — alﬂw)

C;nh = C;nh[] + C;nh,d's 65

2 3F7] A ZolAA AL gy o - 2H
2 mmAold] Fasith B ApeME AEd ¥

#7] TORUK MAKTO I[10]¢] F¢] @ Z3nolq

ARtk e,
(=R —R.; 00|[a
—R_, (1=R _;)oo||w (10)
- Rm_’/; - . 10||¢
0 0 01]lée
R, 6 R,, R - *Rg,cosﬂo u R, s
R, R, (R _+1)=R,sinb||w | oo | pg
Ry Rype 1,2 0 g |
0 0 1 0 0
Table 2 Aerodynamics derivatives
=9l B
Crua 6.17 Cria 4.193
Chuwa 0.14110679 | oy, 0.009863
Cow | -0.150911 o 0
Ay 0.1047 Ch, 0
O row -0.10385 Ch, 0.00475
Cry 1.2867535 Coon 0.00475
Chy 0.02626137 | ¢, 1
Chow 0.01154 €, 0.186398
€y 1.473 € 0.009863
Cruo 1.2867535 €da 0.047295

Table 3 Moment of inertia

HAEHE kgm?
I, 339.58
Iy 6,056.18
1, 6,214.43
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Table 4 Effect of drag and vertical offset
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(b) Angle of attack [rad.]
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Fig. 2 Speed and AOA changes due to a unit step
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input of stabilator deflection angle.
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Table 5 Static margin due to ground effect
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