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Study on the Optimum Design of Shock Isolator for Protection
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Study on the Optimum Design of Shock Isolator for Protection

of Crews against an Underwater Explosion Shock Loading

Myo—-_J/ung, Awak

Division of Ocean Systems Engineering

Graduate School of Korea Maritime University

Abstract

An underwater shock loading produces two dangerous effects. The first
effect is to destroy a battleship so that it can not continue normal function.
The second is to injure onboard crews through dynamic structural responses.
Underwater shock and its effects on battleship have been an active research
field since World War I and some results were introduced. But results of
crews survivability against underwater shock loading have not achieved.
Recently, there is a growing interest in effects of underwater shock onboard
crews.

Underwater shock isolators act to reduce harmful shock loading within
tolerance limits of a human body. The problem of optimum design is defined
as the selection of isolator parameter that causes the performance index of the
system to be optimized.

In this study the limiting performance optimum design problem of a shock
isolator using a genetic algorithm with the elitist strategy was formulated for
crew safety against an underwater explosion(UNDEX) shock loading. For
simplification of the problem, the ship structure-shock isolator-human body

coupled system was 1idealized as one degree-of-freedom system and the

- Vi -



UNDEX shock loading was calculated based on the Talyor's air-backed flat
plate theory. Additionally, The mechanical driving point impedance of human
body model with shock isolator(ISO,5982-1982) is used to solve the optimum
design problem. Through numerical examples, the limiting performance curve
of the optimum shock isolator was calculated compared with that of the
optimum linear shock isolator composed of a spring and a dashpot. Finally,
displayed results of comparison one degree-of-freedom with mechanical driving

point impedance of human body model with shock isolator.
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av,
myx— = (P + P)xS, (3.9)

m, :Mass of Plate (10004¢)
22 :Incident Pressure
P2 :Reflected Pressure
V) :Velocity of Mass

S, :Area of Plate (4°)

olml FAstel o W WMAS L (p )= P B B5)E ohelg 2ol
24 vE WANoE fEd + A
. _‘L .
MAD=8,2Pc e =P D) (36)
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j(z):;ZL[zpme O o] 39)
2

o] 714 7h&EE (3.9)v THAlL Eoj2W v i Zrt

2 _ Bz
Mﬁ:%’%‘gf[e R e] (3.10)

olei g WA A UA Hel A&t AA % (p)ol geld freiw

(3117 2t}

szpﬁp,:%[e”—se* ] (3.11)

Aol AN SHAINE Aztol ol wel vl va) 2
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FRAA dueFe TEAE Golry] SEA 27 A4 HAHME 44T
T e F5E HASFR Agdordt. maM SATFE A, n)=2+4
olal Ak = —5<x,5n<5t T HAGS FE TAY HHHE 7T
AE Hgsto]l AA FH2 dase F84S HAFsad o 54 F5E
B g glxol of e AAd e A 24NN 4 =0,r=02 W FH4TF
ghol HAigrol et RS A& + dvk. 1¥ Fig. 42¢ BAT+E 344
o2 yehfo] Sl vEtd Ao, Fig. 43= HH TS oA yErd
Aolth. Fig. 429 Fig. 435 T4 & + Axol AAHH= 0, n=09= 9
olgh & alth.

Minimize - F ) =2+ 2, x=[1 u2]"

Constramnt : R=[A—5< 1y, 1, <5|]
Glota !l Solution : £0,0)=10

Several Minima and Maxima with global solution- Mesh

%yvekies X, - values

Fig. 42 3-D graph-isotropic_View A, x,)= 4+ 4
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Several Minima and Maxima with global solution- Contour

- values

X

X1 - values

Fig. 43 3-D graph-top_view A, x,)= 4 + 15

412 @& A2 duFe A3

oke] Test &9 HAs|E Fab7] A 2 FAA daeFol A48 die
Holland ®AF7F Al Qbeh B S ARGSL 3 tH(Sga). GAA 28 W2 23 2=
S AHgstgdon, AL HHS T8 AUE S AT B 7 Aile
A e A wulE Edde] W W EAdWolH S HEst9g e, A
AES ZH7E 087 0018 A&stdd. 2EF Y] Holve AYET 253 227t
aTdETy 744 81 o o A A 2] 2 o]l »E Y Aol = T3
/> log,(10x10%+ 1)=10°] H2=Z HA s==10"E7F dastch wetx G4
A FAONE s=/+4=20° Bt olgfd WO T FHA duyFE FPT 4

3} Fig. 4402 YeEpf o)
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30
Min: A= 2 ()= (= 1)+ (1 =2)" -+ (g —29)°+ (= 30)°
r=[x 2 - /‘530]7
Constramt - =4 —30<x,<3011, /=30
Global Solution - Ax,=0)=0

F2hRAd 99 ol 504t 7F = 7] 4ol
L oaEste Aol yUewARt Wt 30ME sold HA ol = 10004
=] o,

7t AYE $d8sE Aol wold gth odF AU 9o v fHA 2w
gFol 27 AHYE AREE L 2EF dolrk HA 1008 = < A zetst
o) gAel A wujolr] wiiEe]l W 30707F AAEA WEHA Xy
wolt}
10

) T ) ) ! ) ) ) ) ! ) ) ) x_'l :

! L —x2 ]

- T T T A o — X3

g ll'lzlln # ‘r- | — x_4:

= 3 . I‘ [ x5 ]

o = ALl T——— =

; = N " ]”r — X 6

3 > il I-']w N

= 'ﬂh‘-' T ]

° = g ae B L A - - %8

‘ ‘ x_9 :

' ' x_lO:

']-OI L) T T ) I ) ) ) ) I ) ) ) )
0 200 400 600 800 1000 0 500 1000 1500
Generation Generation
(8) Generation vs objective function (b) Generation vs optimum variables

Fig. 4.5 Generation vs objective function and variables

BoATelA zolt HARS 94 WAst 300 AR Bl Wl &
A4 dmeFel e wwel wasl Basi,

(1) 49 % (coding mode)

A ZYG-E5 HAAAY TAEE AALEY HE ek, ol o A
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(3) ] (crossover)

AAED AruDE 757 5 waje] 938 A dugFor Fa
stk ¥ GadFeMe A4 28-S A AP oR d7] Wil A A9
AgetAl HH ol I AHEE FE| A4 wwl of =dWelE o A
Ao A4 ZEy BEE wulE oy X7 QAAT B dag o] Algw A
&2 w4 (arithmetical crossover)E 9 3} 72l T},

A A9 T o A °‘°1‘JrE waf A e Ao BAHEAS BasiE F Us
W o ot a9 o] F HR AMAE MY APt AEs A= W
o] o},
st= x{ x% x| o Xy vt= *x{ *xé wxp o *xh

Fig. 4.6 Arithmetic crossover

SN

e 2o,

rlo

*2= N (-0 -
sA=N A (1=N) - 2

(1< 7) 4.2

o] 714 e W AAHAY ofyH 74 g avtr, A A vt SYEH o=
ARE 5 k. AEFH wule A Ao wElA convex crossover$t affine
crossover® T8 = £ ot} mwrek A7} 0F1AFe] ko]l convex crossoverdt

W affine crossoverdt &t} ol o A= FAMA vt &

:él?l—’F% x—l%??_ convex crossovers WE I )

Parents:
$=(8.3 —2.90.0 0.7 5.4 6.4)
#=(—0.70.73.19.1 —3.54.1)

<.
NAH

oH

A=0.7
A=0.1
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Sons:

*s'=(2.00 —0.38 2.17 6.58 —0.83 4.79)
*=(0.20 0.34 2.79 8.26 —2.61 4.33)

Hol FHAAME FFE F %ol AW wij(convex crossover)ZH-EH A4
d AEE o9 o5 9 Wy A k& 9l

A HuE Fg AFAAW, % W
2~
.

vl (affine crossover)© HE A S Ho] &4 lonz Aok 218 "ol E¢ 9o
22 §4 dug ol gAH dHGFE mdste] AFSdor o)

§=1 x| x| | g | m Xy -*3="‘xl # g | e | e | X

Sl 7h F oA gkel A2 S mAsHE o) A2 (binary operator)eh, B
Avol: @ AAAtlA FHAE WA waF AAA o]tk EAvolsh #al
0 HE Be AT Ad7 AAY B 2udFel 48w e 49
o}

- R al
4w, o] AMAE AEEE =ol7] 5t HA Aol rtEIEE metd

[¢)
v, ¥ Fig. 419 A8, HA oA 2 TN Aoy x4
o}

Fig. 4.7 Dynamic mutation
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Genetic Algorithm with Elite strategy

Set g=0;

Create an initial population P(g);

Evaluate P(g) and save the best individual;

While (Until g=max g)
Set g=g+1;
Produce P(g) using reproduction, crossover and mutaion;
Evaluate P(g) and check the survival of the best one;
If (the best is destroyed)

Swap the saved one with the weakest in P(g);

End if

End While

Fig. 4.8 Elite strategy

%’491 Zaoﬂ LE & Kol oA Aldiel HAAH AAES A%t
T Aol A AdE Zo] Felsu, A

o]g e Mad FAA L Fol AA oA AMAE W5 7F 30700 el H
43to] I FEAS AFIHAG

of#l 1¥ Fig. 482 A wE EAHT59 Wgo £ el 2o
o AR & F %ol g EXEF o]l fx dagFoel nlshe
T Aol 002 of 50d ol & yeba gtk W 3071 A 2R FH A
o oz I U, HAl FHAA duEFE FHA AN FHHA Fge
olgl Table 4.2 YEFNS L o] & FalA & 4 X0 MAdE duglFe HSF
7 e B3 T FAHHE S 5 Jde dugdEds 4+ Jdu
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Fig. 4.9 Improved genetic algorithm results
w3 AHFES Table 42014 %= 29 & 5 9ol HAs ol THsHA &=
B e #Q F oYk
Table 4.2 Improved genetic algorithm results
Exact Genetic Exact Gnetic Exact Genetic
Variables Variables Variables
Solutions | Algorithm Solutions | Ajoorithm Solutions | Algorithm
,(1 1 0.992 ,1{11 11 10.999 Zy 21 20.997
Xy 2 2.003 X9 12 11.998 Koo 22 22.002
Ea 3 3.002 A3 13 13.001 o3 23 23.003
x 4 4.003 1 14 13.999 Zoy 24 23.999
x5 5 4.998 X5 15 14.996 Ko 25 24.999
X 6 5.999 X 16 15.999 Ko 26 25.997
pa 7 6.997 P 17 16.999 Zy 27 26.999
X 8 8.003 X8 18 18.000 Zog 28 27.997
X 9 9.002 g 19 18.999 Hag 29 28.997
gD 10 10.002 Eon 20 19.999 X3 30 29.997
Objective Function 0.00004 =0
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Table 5.2 Comparison rigid mass-human body with 1SO-human body

Kind of . .
Model Rigid Mass-Human Body ISO Human Body
Analysis 184 50 Standing Sitting
Cases Time- Design- Time- Design- Time- Design- Time- Design-
Optimal | Parameter | Optimal | Parameter | Optimal | Parameter | Optimal | Parameter
13.08 13.12 125 12.61 0.82 1.35 1.16 1.63
Hart A )| (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
986.69 2865.5 272.08 259.71
/é - - - -
(kKN/m) (kN/m) (kKN/m) (kKN/m)
335.22 345.3 13108 11175
2 ) (N-s/m) ) (N-s/m) ) (N-s/m) ) (N-s/m)
0.35 0.60 0.15 0.53
ml - - - -
(kg) (kg) (kg) (kg)
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