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ABSTRACT

When a store is launched, the umbilical plug should be separated from the launcher without any physical

interference and fragments. In order to satisfy these conditions, an umbilical plug and an umbilical separating

device were designed. The plug is separated from the receptacle of the store while moving along inclined planes

by the store thrust and the spring force connected from the launcher to the plug. As a result of the prototype test,

the hanger on the store collided with the plug. Several tests were conducted after some actions were taken to

prevent the collision. However, not only the same phenomenon was repeated, but also fragmentation occurred. In

this study, the non-colliding conditions were analyzed through rigid and flexible multi-body dynamics analysis.
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Fig. 1. The umbilical separation structures of analogous

systems!?
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Fig. 2.

The components of umbilical assembly



Fig. 3. Normal case and collision case of the umbilical
plug separation
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Table 1. Test specification of the prototype umbilical

assembly
Spec. Value
Slope angle 20°
Umbilical plug wight 440 ¢
Spring stiffness 0.37 N/mm
Fastening force 150 N
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Fig. 4. The umbilical plug after the prototype test
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Fig. 5. The hanger fairing before and after the
prototype test

L glo

of Alg Aol Y AL A= e 5 Uk
Fig. 4 )l EAIE i Ee1L B4 sfde] A4dv
2 FE3} Fig. 5 (b)oll & l% A wojF o]
Ao woiyt) PA9 FE HI=E n|Fo
= WA AFE i *‘6117} 1520 mm &
Aoz & QNS WX 8 Ee
5 mm ©o]% %3}7]"”}5 8‘4 HEH OS2 Fig 4 (a)
& H o FERIL AAde AR} A
AR 7] &7 Rek o R Hol AlE
Aol7} F&3] AA ¥%7] wolgtar IdE vk
37 A AE GAZE 9 dEel A wisy Ee
7V AARE oEr 92 SHETE AleE FERT}
ZAo|HA] o) WEro =z Fa= 3do] 2Lslo] W
Y7 9 ol AARE SEHA RIEE W

&t7] wZolth

A

4. FI7I MY Zat & 24
Z7] AIg o]F ZA] AFF O & Table 29} o] Aol
ZolZ 290 mmelA 430 mmE E2]iL o]F 50
mm % 530 mm7HA] WEIAI7IHA AlES Faskgith
F7H R 71E Wi 9l AE A 27 3
Aol BREo] ZeiAdE et vy A4S
o] AAHE wHsy] 93 g A7 2 W
3= At

A Az, BE AgolA FEo] HAJEIAL Test
09} 2] Test 1~391M% A2 At Zé%EJME}.
Table 30 A3 ZAZE 2FeFs] U Fig. 69
F7F Y Fo vl FY 5SS YRk 27 vl

iluA

444 | F=7A 8742813 A A22H Al45(2019 89)

=]

2 Add As 3—%‘3% 2= o)tk Wb W) Zeo

2 shere] AA Ad e R Rud] &

S 4 QIoith AAES B -?—]6]] 5

ez WAl uet Ad kel %

THYAE til ddE Rew P_Jﬂr. wh2}A

H Zo] Zyvtor= =& %

golsloh oyt wlE Zea
FH PSS W Type 27} 7P AAsicka wokepgic

Table 2. Three kinds of umbilical plug types

Umbilical plug Cable length
Prototype 290 mm
Type 1 430 mm
Type 2 480 mm
Type 3 530 mm

Table 3. Test results by the umbilical plug types

Test Plug type Collision |Fastening part
Test 0 Prototype (0] Bended
Test 1 Type 1 (0] Cut

Test 2 Type 2 (6] Cut

Test 3 Type 3 (0] Cut

‘
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Fig. 6. The umbilical plugs after the Test O ~ Test 3



Fig. 7. Both sides of the wings of the umbilical plug

B

Fig. 8. Upper side of the inclined face in the umbilical
separation device
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Table 4. Spring specificationt®

Model 12-70 | 14-70 | 14-80 | 14-90
Free length 70 70 80 90
(mm)
Max. def. 69.7 462 58.3 68.1
(mm)
Max. load
32.37 38.24
N)
Pre-load
5.39 8.43
(Fby N)

Spring coeff.

(k. N/mm) 0.37 0.64 0.51 0.43

Table 5. The results of Eg (1)

Model 12-70 | 14-70 | 14-80 | 14-90
Di

1stance 1832

(:Ed9 mm)

Tensile length

79.67 79.67 69.67 59.67
(x4 — ), mm)

Spring force

34.87 59.42 43.96 34.09
(Fo N)

S tAL 2 el 7| 42813 A4 A2 A45(2019F 8Y) /445



o
oo
e

ol 3§ o1 Ao|(Max. deformation)® . TF 2F 10 mm
zIg, mpEpA 2] 238 Aol AREHASS
shelatalal A~ 32 WA 2ot 149008 il

Ashz Aol Adsihn Beksilc,

L p

= 0f
'IT

o5t

6. Cl=x & ClEx = il

WA A7
A oﬁﬁ =3 20°, 30°, 40°
olt}. Z:i%‘ 14-90& 12-703@ A4 o]17F 20 mm
A7) wite] AgdelE o gng dar) o wef
A 71 A (Position 1)°1A4 Fig. 9¢F 2°] 40 mm ¢
zZo7 JIAHYAE O]E?ﬂ 7-$-(Position 2)% f4] |
F7retnh dd 208 £ 127kl RE 2HE
S Table 69 YERNSITE 2328 12-70 Aol &
Zate] AA A8 = AR A A HuE
A3l el F71e3ich

;AL A3 AFEEE AT ES|o]= Recurdyn VOR29]
A mdde Al 7 7HEES 483l

A
A e

=20l

& R YA oleE
YA Ar RSt ddol nARL

m [o
OFO
-0,
ol
ki
Jfu
=

ol o)s) vhaeo] Zobxo

A o] agshr] Sl il &
AAg EelM A= E7HA

LT

Fig. 9. Spring positions

446 / = A abel7) 48t %) A2 AN4E(2019' 89Y)

(3

e 2 g8 A 54
= A% Hat 652 N o|th

zde 37, & e]= vlt(Moving body)e} A H
H}E](Fixed body)® roizlth 2ol HP’/] < o
# EAEE gA= WAl 2= o] itk Zh vt
t]o] FAS F&ZAS Table 7 2 Table 8°ﬂ UrE}lﬂ

|\

23, Al

i

pea=g
HE 20E AT 1 F AE5WS Base?l Action
o2 A Hed FAYe] FAY duFe=w

Z v E BaseZ Astal w2 o] Y A
o2 22 vlgE ActionoZ A3 mdl 1o
Table 6. Analysis cases

Slope angle Spring Spring
(deg) position model
Case 1 20 Position 1 12-70
Case 2 20 Position 1 14-90
Case 3 20 Position 2 12-70
Case 4 20 Position 2 14-90
Case 5 30 Position 1 12-70
Case 6 30 Position 1 14-90
Case 7 30 Position 2 12-70
Case 8 30 Position 2 14-90
Case 9 40 Position 1 12-70
Case 10 40 Position 1 14-90
Case 11 40 Position 2 12-70
Case 12 40 Position 2 14-90
Table 7. Mass of bodies
Body Weight (kg)
Umbilical plug 0.44
Moving Umbilical Receptacle 0.07
body Store 438
Hanger 0.56
Fixed Rail 4.08
body Umbilical sep. device(L/R) 0.11




Table 8. Constraints in the model

Table 9. Base contact parameters

Joint Body — Body

Translational Ground - Store

Rail - Umbilical sep. device(L/R)

Store - Hanger

Fixed
Store - Umbilical receptacle

Ground - Rail
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Contact | Material (mr;) ( GPla) vy
1 Aluminum | 500,000 71 0.33
2 Aluminum 3.5 71 0.33
3 Aluminum 2 71 0.33
4 Aluminum 81 71 0.33
5 Steel 500,000 210 0.285
6 Steel 500,000 210 0.285

Table 10. Action contact parameters
, R FE

Contact | Material (mrln) (GPla) v,
1 Aluminum | 500,000 71 0.33
2 Beryllium 29 125 0.3
3 Aluminum 1 71 0.33
4 Aluminum 81 71 0.33
5 Beryllium 29 125 0.3
6 Steel 500,000 210 0.285

Table 11. Stiffness of contact

Contact | () M) | )
1 2.500E+05 3.984E+04 2.656E+07
2 1.586E+00 5.043E+04 8.467E+04
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Fig. 11. The z—axis displacements of the umbilical
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Fig. 10. The MBD analysis results with respect to the plug according to slop angle, spring position,
prototype test and spring model
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