&371 78 =l HFLE 2AE flet 6Xt7 = ol 25 70

Development of 6-DOF Analysis Module to Simulate
Aircraft Store Separation Mechanism
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= P& E2 HF0 A0 S5 Al A HH A2 02>/ HE ZXH

= CFDE 0| 8¢t % 22| g+ = 280 Aftn & = A=

= S8 7|9| 2% 22| = Ejector, Sliding rack, Pivot 52 A28l 20| =X
= O™ X, HO|H & : Umbilical cable, fuse

[ o|r|

= Umbilical cableO| un-plug & EH ZFH HI| S =
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- SE= Z Y/RUE ﬁlﬁ
> EEEsEEA AL ST

ﬂl})

Force & Moment

*  Aerodynamic force
. Gravitational force
. Moment

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

Translational & rotational
equation

Kinematic equation

——

MESHLESS Flow Solver
LS """ My

Fz Mz

- J

Next time

position & attitude

XY,
q0,d1,92,q3

Euler’s motion equation

d;t =TgVp — qpWp + nﬁzs + 9B1
dvﬁ.

ar  PsWs —TBUs + + B2
dwg f

dt  9sls —PsVs + ma + 953

Newton’s equation
dpg
dt

qu
dr
drg
dt

= Q11 (by +Mpy) + arp(by +Mpgy) + ay3(bs +mg3)

=ty (by + Mp,) + ay5(by + Mp,) + ap3(b; + mp3)

= agy(by +mpy) + azz (b, + Mpz) + asz(bs +mps)

. Translational

dxg

=u
a
dyg -
dt - F
dzg
828 _
dt B

*  Rotational
d
dq:: (=P8 — 4892 — T893)
dq
a,;: (—PBG1 — 4892 — TBY3)
d
;tz: (—Ped1 — G592 — T543)
dqs

a - 5(—1)3% — 4pqz — 78q3)

NS
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= sHo| 2% 2| fAHL S 3+ B & =7}
el = o
= J|E S =] §HL|S it = F7
129 sHA = L=
= SEYM 2E S ALt
—
= 6 DOF
i O IS5 © (=] = = Olo a2 =
- DS T F/DUE AM > FHEE DAE 9B SR 20
=10 (@) 11 = — C}
> 2125 ™A AL > CFS time stepl| IXI/AEA/... > SEH S| R =0 M E
a 6 DOF Solver N\
o
Force & Moment I Translational & rotational . . . :
| ] Kinematic equation | .
! equation !
. | 1
Aero.dyn.amlc force — == | * Euler’s motion equation e Translational :
*  Gravitational force i j p ; !
1 Up B1 Xp
° Moment : or  BVB T 4sWe t+ o+ dp o s :
K i d;:f‘—pgwg TB'MB+ +932 d;:g Vg i
! dwg fas z -
I : . dsus — PBVE+m + Gpa %:WB i
|
Next time '| + Newton’s equation *  Rotational |
ESHLE - . |
M SH Ss Flow SOIver pOSItIOI‘\ &attltUde i ddp: Q11 (by + mpy) + a5, (by + M) + ay3(bs + Mps) (fiqta: (Peds — ez ~Tada) :
Mx 1 dq, 1
Fx ‘I? My - : d;: ayy (by +Mpy) + @y (by +Mpy) + ap3(bs + mps) jt - ( Pods — 05z~ 1342) :
* XY, ! dry d;;: (~P54: — 4542 — T54s) |
® qO, ql, q2, q3 I ar = agy(by +mpy) + azz (b, + Mpz) + asz(bs +mps) dds 1
1 - 5(—1)3% — GGz — 78q3) 1
Fz Mz 1 1

NS
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L

= 2|3 (External force)

= AFEXHZE 2l 22 = M| net-forcelf| &-&
= Time step OFC}

External force Invariant direction vector

A8 QIX| 3t OHE, 9|2 HE 9| HE
JEE
- 288 (Body fixed coordinate), 22k Bl E < External force vector change over time >
=

- 2|& vs. A|ZF— (1) constant, (2) time variant table

= =2 (Thrust)

Thrust
- AFBAIZF MOl 23S X net-forced] H & ————————

= Time step OFC}

. o N =3 = o o Direction vector updated
—I‘EE! &F%E Tl xl Eil' I:||_|'|:|, —I—E—:! H—'Il E‘I Tl Il E%I' according to attitude of objec/
=M AhM| Hat OHE, FEHHE 2| Het
R
- 28 (Body fixed coordinate), s Bl E{ (variant with time)
el

INpd = ' '
=1 vs. Al (1) constant, (2) time variant table < Thrust vector change over time >
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Kq
dr 4r

LHO

OH i
-~ ol
joll I/_

K
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o -
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X

- AR X}7}

-
NS

il
ol

B (Translational direction / Rotational axis)

= I|£ (Pivot)

IF
OF

LHo
OH
pal
o1

ki

k0

IK
=i

M MOl M & (Parallel axis theorem)

=
e

/|

-
NS

il
ol

o2 2[X]

H
100
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Ik

AT o

(=) A XK
-8 f/2E AE=U
= 2| 7= (Distance)
= = XO| H2|7F 22| HE| O|AY [} A3 Xt

« R 0|AlO| Bl0| 2t S AR > & H|EA 3} (Cable un-plug)
LR

I-

Object knot | X| (Time variant)
Root knot ¢ X| (Fixed)

=23 Az

- 22| & (Tension)

*\

S Distance constraint
~

o \\

S

Separation distance
(allowable maximum distance
between two points)

Tension

< Distance constraint working concept >
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. 24 B/RE FEEYU I8 > PUEE WHUS
22| HAHLS

External force
ON/OFF

Translational constraint
Rotational constraint
ON/OFF

HALES ZArE ?lot 24 524 =9

< Force and kinetic constraint combination for store separation simulation >

I e xl 3| Al ZH ]
Ejector o o o o] o] o]
Sliding o o] o] o o o]
Pivot o o] o o
ucC o o]
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= ON/OFF Boolean

s 2N
-/ 1

o #+EZUEQ LA 2/ =AE Solf ZALE= EE2 24X
ex) O| M E - Bomb0|| Z& = UC = UC un-plug = Un-plug O| 2 delay = Thrust &£
= I ASXASOYHE U HE M SS HAHRLEHE

= ()AIZH @YY, (3 YAZ 2t 74 7O/ ON/OFF 2

(1) Ml Zt boolean HE (1) B boolean HE O &£ (1) @3 boolean HE 0| &£
o & 2) 45 B (20,4 E) 2 dag & =2
o2 7} (2) AIZFA[ZE (EtY, =)
3) S& M (3) F3E 5 =t
(a) SAl €2




o

o
 2E 22| LS

HE 3

Store separation mechanism module

ON / OFF Boolean

Time check

Length / Angle check
Link (Sequence) check
Once run check

=)

ON / OFF Boolean

[P 2 |

Force constraint Kinematic constraint

Translational

Force / Moment /
Position / Attitude / velocity ...

* Thrust Pivot
Distance

> e External Force :> e Rotational j‘>

Force / Moment /
Position / Attitude / velocity ...

.. | VINEXT foam
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SX (2 Mol g 2E 7HE
» HHARX} E 153,714 71, MA| 2™ 7= 200~3002H7ff ==

;

No.6 No.9 & 10
13,774 elements 18,750 elements

No.4 &5
17,420 elements

A3
o
(o ey
e R it
AT e e A A A A ALY
R D
A AT TS S

No.1l

]

%,
%)
iV,

AT TaTaTA AT A

VA AVAV ATV ATAVATAAY
23,332 elements SRR
’ SR
kA L AARAATX |
AR

T AT

T S A ATATAT AV AP AT eV Y YA ATA AV St sl e
Bl AN AT ANEAANANAAAPNANNNNATAAANAASPARATPNANANARRATH
r ! Ly il
AWV A AT AN AT AVA AV ATAVAVAV, AVavati AVATAYANAY, VAT ATATAVATAVAYd
e R

. e woros
N A
VT YT AN O
R P R
AT KA D
S S e
G RO

0 Ay
% TAVAVAVANE
LA LT

S oA S ay,
KL
s,

REs

GEr
&

S
L Ayt el
RELEEA A,
AR

YV avey.

IRy
0

No.2 &3
15,470 elements

Fvis
o

6,664 elements
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CEIAE BX : 2% 22| HFHLS 7FH o5 ol
Z= 7 (Transonic ONERA M6 wing)

. At9E
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 HA HOo|HE Sl B¢ & &el
- =2 80l AFg
= Ejecting force

= X W bomb 22| = CFS bomb Of delay timeS7HX|H 27 &2
e AZHA2I0| (2 25 40| onfoff HE

Constant force : 60,000 N After 0.05 sec
Active time : 0.1 sec

Constant force : 60,000 N
Active time : 0.1 sec

Translational constraint (x,y)
Rotational constraint

(roll,pitch,yaw)

Active time : 0.1 sec
< Time model >

Translational constraint (x,y)
Rotational constraint
(roll,pitch,yaw)
Active length : 0.3 m
< Length model >
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0.

At 21t

* Ejector & E&| HFHLIF 7 =l

« H|™AHCFD SijA A3}
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A4 E3

= Ejector % &&| HAHLIE +

= Bomb 1 (time model)
@ P& 22| AZ > Ejecting force / Z 23 H
@ 0.1sec O|F - Ejecting force / Z &t&F

t =0.1: Ejecting force end e L

[H N FEEE B

: 1D motion constraint deactivated ;=

Vx, Vy [m/s]

t=0: Separatlonstart
-UL_ o i i

-0.3

g g .[..I..‘. g I g I"'f"l"\' speepeere e g g [I‘ P s

0 0.05 0.1 0.15 0.2 0.25 0. 3 0 35
Time after object7 separated [sec]

Vz [m/s]

XCG, YCG [m]

0.1

0.08

0.06

0.04

0.02

-0.02

-0.04

| = Obj7_XCG
i) —a—— Obj7_YCG
i —=—— Obj7_ZCG

| ——— Obj8_XCG

| ———— Obj8_YCG | .o

Coordinate system

Y, Pitch

Pitch Axis

N
-

Yo Axis Z, YaW

0.5

ZCG [m]

o

0.05 0.1 0.15

0.2

0.25

0.3 0.35

Time after object? separated [sec]
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A4 E3

= Ejector & 2| HAHLIE

= Bomb 2 (length model)
Bomb 1 &2| O|F 0.05 sec X| & A|ZH

0.15 sec > Ejecting force H| 243}

0.8

0.7

0.6 |-
0.5

0.4 = Obj7_Vz

0.3
0.2

Vx, Vy [m/s]

0.1

Zﬁ!"'?l!!!!I!'T'T';Iﬁz‘z‘ﬁ‘ﬁ‘ﬁlﬁéﬁ"!I‘!“IH!!I‘Z‘E‘E‘Efﬁ?ﬁ?ﬁ‘ CRCRORS

01 :
- t=0.05:
0.2

g g .[..I..‘. g I g I"'f"l"\' speepeere e g g [I‘ g

0.05 sec 2| A|Zt > Ejecting force / Z

” t 015 Ejectmgforceend
: N VA [

e obrwy |

constraint deactivated & =*™

'\\r||

HI Sk
O o

.\:I:I:\:I i N

03
0 0.05 0.1 0.15 0.2 0.25 0.3
Time after object7 separated [sec]
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0.35

H
o

Vz [m/s]

Ejector 7+ A2| (Dz>0.3m) =& :0.18sec> Z &

XCG, YCG [m]

02

0.1

0.08

0.06

0.04

0.02

-0.02

-0.04

It
2

0
r

Coordinate system

Y, Pitch

L
¥
o Z, Yaw

15

Obj7_XCG
Obj7_YCG
Obj7_ZCG
Obj8_XCG | =~ = et et
Ohi’ 7CG
t= 018 DZ>03

0.5

ZCG [m]

o

0.05 0.1 0.15 0.2 0.25 0.3 0.35
Time after object? separated [sec]
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= Pivot & Umbilical cable H|7{L|Z T3 &I9Q

= Bomb @& Pivot #+& =, UCO| ZEatL
4ot F8 22| AlLg|2

800000
600000

Thrust [N]

400000

[ ] -_[L”&ll E” Ol E—I% %‘6” XC-)IéDI- x_r% §||-OI_I 200000 —e—Thrust

0
0 0.02 0.04 0.06 0.08 0.1 0.12

Relative Time [sec]

(-4,1,0) ¢ Constant force : 10,000 N ® Umbilical cable
Umbilical cable : Active time : 0.00 ~ 0.05 sec :
Pivot I
Ivo |
1 2 I
('41 OI 0)
Release angle : 6 deg.
Thrust (Time variant)
Sep. distance : 2 m Start 0.06 sec. after umbilical un-plug signal
3 Tension : 200 N 4
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A4 E3

= Pivot & Umbilical cable H|#{L|& F¢ 20l
= _7|<__9_ é!-ol_l A|--6C-DI- 1200000

= Pivot +E > £22|ZF = A] £ off

800000
600000

Thrust [N]

400000

= UC > 22|AHZ| =2 Al un-plug (CHS processE 2ot 21 2) o Thrus
= Un-plug 0.06 sec O| 2 =2 4 A|Ef "® o oot oo o o1 ow
Relative Time [sec]
(-4,1,0) ¢ Constant force : 10,000 N ® Umbilical cable
Umbilical cable : Active time : 0.00 ~ 0.05 sec :
Pivot I
IVO
1 2 :
('41 OI 0)
Release angle : 6 deg.
Thrust (Time variant)
Sep. distance : 2 m Start 0.06 sec. after umbilical un-plug signal
3 Tension : 200 N 4
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A4 24t

= Pivot & Umbilical cable H|#HL|Z 33 20l

« H|™AHCFD SijA A3}

I 1.6e+00
— 1
— 05
& 0
i o
— 05
< X
N 1
I: -.‘ I5
-1.8e+00
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A4 E3

= Pivot & Umbilical cable H|7{L|
. A H0|E 2 S8 HA EHE B0l

®» O 6

=
|

1
N
|

YCG_GLOBAL

2H 2 AR S IR LS

=
uc 22| A2 Z& > uC unplu
UC unplug &1= 0.062= 0

{ot
%
JEE

T
0z

1®= t=0.08 : Pivot deactivated
_+4m t=0.11: Release distance

<- t=0.17 : Thrust start

CG_Trajectory_XY

1
N

2
XCG_GLOBAL

Translational velocity [m/s]

0.05

0.1

015 02 025
Time [sec]

0.3

0.35

q
e T

0.4
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Thank you.
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|IHL S ¢ =2l

= 2709| 5 L2t missile % 01| sliding £ 22| AlLj2| 2 4

= Time variant thrust

250000

200000
Z 150000
100000

Force

50000 —o—0bj. 7
0 —0—0bj. 8
0 0.02 0.04 0.06 0.08 0.1 0.12
Time [sec]

Constant force : 200,000 N

Active time : always

—

Translational constraint (y,z)
Rotational constraint (roll,pitch,yaw)
Active time : 0.2 sec

< Constant model >

Force with rising time: 200,000 N

Active time : always

— e __—

Translational constraint (y,z)
Rotational constraint (roll,pitch,yaw)
Active time : 0.2 sec

< Time variant model >
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o7 23}

m Slid ng |' _l-EI [|-II 9.' LI ?_ |_:| é!'?_l Yt’Z:atz:inatesystem

Pitch Axis

= Missile 1 (Constant model)
@ & 22| A|Z > Thrust force (Constant) / X &t8F BRI 712 = 35} (Sliding mechanism)
@ Sliding 7 AlZF =S (0.2sec) > X e HE 745 H|2H 3t X Roll "2 Yaw

| —=—— Obj4_XCG
—=—— Obj4_YCG
| ——=—— Obj4_ZCG |
> Ohj5_XCG | -

———— Obj5YCG | = i

Obj5_ZCG |

. o T o 0 8 e - 210

- = ObjAVy | " 0.004

015~ | = ObjA4Vz| s

e OBJBVY [ e A

Vy, Vz [m/s]

S

Vx [m/s]
ZC
o
o
N

XCG [m]

e Constantthrust

t t = 0: Separation start § t t=0.2 : Constraint deactivated _
L | I N R I R | Lo ol il | L0 | L | L1 | -
-0.1 -0.05 0 0.05 0.1 0.15 0.2 -0.1 -0.05 0 0.05 0.1 0.15 0.2

Time after object4 separated Time after object4 separated
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A7 2t
m Slid ng |' _I_EI [l-“ 9-I LI "':l é!_ol Coordinate system

Y, Pitch

Pitch Axis

= Missile 2 (Time variant model)
@ B2 22| A2 > Thrust force (Time variant) / X 2sF B
@ Sliding & A|ZF 22 (0.2 sec) > X 2iaF HE A& H|2 s

utot

g2t (Sliding mechanism) |

| —=—— Obj4_XCG
—=—— Obj4_YCG
| ——=—— Obj4_ZCG |
> Ohj5_XCG | -

———— Obj5YCG | = i

Obj5_ZCG |

ol m Q4K [ gt A0
B —a—— Objd_Vy | - 0.004

015 | = Obj4Vz| 35

T ObjS_Vx | T 0.0035

e OBJBVY [ e A

Vy, Vz [m/s]

S

Vx [m/s]
ZC
o
o
N

XCG [m]

" Time variant thrust AR -

t t = 0: Separation start § t t = 0.2 : Constraint deactivated _ - -
Ll | I T I N NI A A NN N A A R A B | N B R | P | L1l | Lo | [
-0.1 -0.05 0 0.05 0.1 015 0.2 0.1 -0.05 0 0.05 0.1 0.15 0.2

Time after object4 separated Time after object4 separated
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