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On the Estimation of Dynamic Stability Derivatives
for the Free Flight Model FFM-10

By Toshio KAWASAKI and Iwao KAWAMOTO

The present paper deals with the method of estimation of aerodynamic stability derivatives,
especially dynamic stability derivatives, for the free fiight model FFM-10, and presents
these estimated results.

The method we employed is mostly based on the so-called apparent mass method. However,
according to the original method (ref. 5), the aerodynamic force acting on each component of
a vehicle is estimated by the slender body theory; as a result, stability derivatives of the whole
vehicle composed of these component values are thought to have the same accuracy as
slender body theory, and are independent of the Mach number. In order to avoid this defect,
we employed a supersonic linearized theory in calcuating the aerodynamic force acting on
wing component whose contribution to the derivatives for FFM-10 is most important.

Moreover, improvement of precision for these derivatives is attempted by taking the
result of static wind tunnel tests into account.
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(8.25)~3 (8.33) »FIAT &, + Z TEREHD a

jsctt): ST: S,

...... LA T LIV, Zhb X hE

EREBOBRSRERFEOFFRX (7.18) LRL

tail

center of exposed

X, !
(Ir. Yr )

HHi Xy, HEIH, £ 2 3EL LAV,

L LA bBRERECH > THIEROF/LRY
Cyp)r, (Caphr, (Cid)r, (Ci')r DEDBHEHET S,
hoBLTREERRRCEAT IERhOES
REEEEREBHBOERPOTH S ERELTRD

O HABEANTHEL TEH L,
AP (Clpl) T
GDr=r /i) (839
(Cmnr=gé%gﬁz{c&ﬁ120 (8.36)
(Cig)r= —z;i Cys)r (8.37)
T
(Cur)r= —‘;—:— (Cyn)r (8. 38)

PLEDOFEI X 3 EHERERBRS R EREROM=
L3 TO—3HEMEEITRT,

Zh bR REWMBROLE~DO B KT (6.19) ~
K (6.54) kB LXd, Crp, Cap, Cis, Cir 1
KRICE 3,

r It

S.
CYP: (CYpl) T ‘:ST"

L (8.39)
r Ir

Sr /Ir \?
Cnp=(C '-——C—)—c:'
P (np)T SR lR (Yp)T
Sy Ilr zxpr—ar
Sr g ir
— ; Sr _ll
Cus=(Cig) - Sa In

X

(8.40)

(8.41)

>
P I
-~ i
-
- 3¢ 1

(%51, 0)

N S

M 16 EEERROEBE

Ir

S 3
Cir=(Ciy")7- TS'T;(_ ) —2(Cig) -

I

ZIR,T

Sr Ir

Sk Iz Ir

IR (8.42)
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8.6 2ROBHEERMAN #* ¥ B; RoMEEICH L TR ERESEHEK
XM A B £, BomRBey L TRERR >
X ¥ B REE Dboikgr AOTHASh2BLE LTOBER
FEREER; FREH iﬁﬁ%ﬁ@ SLERLOEM 17 IR I8 IZEEL,
10r === Present method
© Expenment for Cs(ref.3)
X » Cagref.3)
5} ® Free flight test
[
A
{3‘. 0 . 5 Cz& C'& —
‘i 0.5 Cus 1.0 1.5 M
[ .ﬁ\i
© Cz&
-5 * x Cmq
x Cu
(o] \\A\o X X
e o
—10L Cm'}'Cns (o} o

17 longitudinal dynamic stability derivatives of FFM-10

g Present method
A  Experiment for Cy, (ref.3)

1 CYr

0.5 1.0 15 M
SR EgR

ip

Cy,- ’ Cm’ » Clp
[=]

_1"' W

-2L

B 18 lateral dynamic stability derivatives of FFM-10
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NOXVEREFETHR Y B LG EMBRBEHE
TR THRI2 VO L Bbh 3,

T T+ U

BHERTERY FFM-10 23R LT, FOBRE
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ATIREROBRICERL, ThboOERM L ik
L, &bic FFM-10 itsd3 2 B E MR RO #EH
H2fThoto TOREPLRDO LS KR ST A
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6% Apparent Mass Coeflicients
Line:
my=0
m=0
mls = 0

wb? «—b——[
Mog= ‘1 » S,

Mog= 0
mobt
128
Circle:
my=npa®
Myg= 0
myg= 0
maa=rnpa®
Mmog== 0
Mgz — 0
Ellipse:
my=npa’
Mmig= 0
myg—= 0
Maog— n‘pb2
Maog=— 0

2__}32)2
g = np(a - b?)
Planar midwing, circular body :*
mi1= 7!7,042
M1=0
miz=— 0

a at
mzz=75052<1_‘§§‘ +F>

Mgz ==

mg3=0
Tpst
8

4 1 72 1
m33=%~{ [ (1+R?)? tan"lﬁ] F2R(A—R) (R—6R+1) tant

if a=0

mgag=

—n2R4+R2(1——R2)2} where R=-2-

Cruciform wing, circular body;

a®  at
= 2{ ] ———— e —
M1 =mnps (1 32 + S4>

m13=0
m1g=0 \
m22=7rp32<1—%+‘?)
mes=0 ~
4
Mmgz=— 2,08 1f a=0 . l
i
meg: HE 1 if a0 ¢ \
Midtail empennage with circular body:
zos? ( ;2 at £, at 2 \2
=S (1) () (14 ) 6
at £ at 2,2 ]1/2 .
+2[<1+ szt1“)(1+ 52 )(1+ S2t22)(1+ s > } ‘ 2s
mys= ,
most L ost
*OXES Ik B mag DREAR g LhoTwas, FEXMTIVHHEN-THE —— &%k

D, ZZTRIOEEEALE,
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myg: See Ref. 10

' a® . at
J— 2 e e
moe=mps?| 1 3 -+ 4

m23=0
G. Multifinned body, three or more fins:
mi1=may
1+ (a?/s?)7/2 J4/m 1 ( a )2}
= >3 ) L M S A ——
2rps {[ 5 ] o\
m12=0
m13=0
m23=0
mgg=0.533 pst n=3 a=0
4
Mgg= Zps n=4 a=0
4
Mgg= M;g n=oo a=0
H. Regular inscribed polygon:
m11=mae=0. 654 mpa? n=3
=0.787 npa® n=4
=0. 823 7pa? n=5
=0. 867 npa? n=6

I. Tangent-tail empennage, circular body:

a?  4c?sindcos?(A/2) . . 2 32 cos?(4/2)
i =2mp 162'“2‘ T3 tsnd) [ T e } m——-
‘ n sides
+2(r2—c?) } _
a?  4c’sindcos?(3/2) [, , 2 32cos?(2/2)
My =2mp {62“‘2“_ 3(A+sink) [S‘ T Ztena ]}
m12—0 4
77123—*0
where
2 =—1~ {sinh“1 (itani)m + [—Z—tani + (—X—> " tan? L:lm}
s T 2 2 2 2 2 2
c
a4 A+sind —_—
2+ GRE— :
a 2 L tan-t sind -
h/c+1 h/c—cosi :
tz _ T ) B
a A ;. sinZ ‘ ?
fle—1 Ftan™ f/c+cosa 2’“‘.“—“
r==(n+ i+f+3_z_> | |
S 4 h =" f
J. Midtail empennage, elliptical body:
my=np(4c?— k2 —2ab—b?)
m22=£]7);2 [5* (@4 b%) +2 ab? (a—b) —2abs (s*— a2+ b2) /2]
o B=b( @b , .

D)

C:ML . ‘ E A\
4 1
2 a_l_[,)z 2
f1,2=k2+'[71,2+"("‘za"“] o
71,0=1/2[#1,94 (t1,5—a?+5%)1/?] \'J
m12=0, ¥
my3=0 I

2a

e,
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