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Abstract

The non-contact underwater shock response on a naval ship has
attracted much attention after the World War II. It is known that the
critical damages on a naval ship due to non-contact underwater shock are
in on-board equipments than ship structure. The evaluation of on-board
equipments 1s performed by theoretical analysis or experimental methods.

The theoretical analysis can reduce the cost during the design and the
test. In this paper, we investigated the lubricating oil purifier heater by the
theoretical analysis. The dynamic design analysis method and transient
analysis was used. For the comparison, the experimental test was also
done.

The shock test on lubricating oil purifier heater was done at the
certification authority. The experimental test was performed by the
procedure in military specification 901D. The medium weight shock
machine was used for the shock test. We measured the vertical shock

accelerator at the equipment under test.



The general analysis tool, ANSYS, was used for the dynamic design
analysis method and the transient analysis. We calculated the stress and
the shock accelerator of the equipment.

After the shock test, the external shape and the performance of the
equipment under test was checked. The effect of the shock test was
negligible. It was compatible with the theoretical results. The stress
calculated by the dynamic design analysis method was less than the
allowable value. Also, the stress -calculated by the transient analysis
method was also less than the allowable value.

To estimate the effect of the shock wave induced by a non-contact
underwater explosion, the theoretical analysis using dynamic design
analysis method or transient analysis can be a proper approach. This study
can be used for the design and the test of on-board equipments for the

naval ship.
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SPEC REQUIREMENTS

OPERATION. SHIP MOTION|
NOISE, VIBRATION

IS SHOCK

BLAST DESIGN DESIGN
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Table 2.1 Shock grades

Grade

Specification

Grade A

Grade A items are items which are essential to the safety

and continued combat capability of the ship.

Grade B

Grade B items are items whose operation is not essential
to the safety and combat capability of the ship but which
could become a hazard to personnel, to grade A items, or

to the ship as a whole as a result of exposure to shock

Table 2.2 Equipment classes

Class

Specification

Class 1

Class I equipment is defined as that which is required to
meet these shock requirements without the use of resilient
mountings installed between the equipment and the ship

structure or foundation.

Class I

Class II equipment is defined as that which is required to
meet these shock requirements with the use of resilient
mountings installed between the equipment and the ship

structure of shipboard foundation.

Class I

Unless otherwise specified, class III equipment is defined
as that which has shipboard application both with and
without required to meet both class I and class 1

requirements.

ARy ANz AAE = HA w2t AdAE Skl A Fel A

gdEgix g A9 Ao wel A A A A (hull mounted), 7oA X



(Deck mounted), AAWF £ 34X (shell mounted) % FH 2 T4 A (wetted
-surface mounted)® &t dow, olE FATY FFdor FE5HA

Table 2.3, 2.4 ¢} Fig. 2.2, 2.3 o] e AT

Table 2.3 Mounting location for surface ships

Location Specification

The main structural members of the ship including

Hull structural bulkheads and structural bulkhead stiffeners

mounted below the main deck, and shell plating above the
waterline.

Deck Main deck and above, and decks, platforms, and
mounted non-structural bulkheads below the main deck.

hell ) )

She The shell plating below the waterline.
mounted

Wetted-surface
mounted

(=] -
a 1
= =
(= | =0 ﬂ%%
A = =] |

of sea
oo o000 oo 5 z‘ L’:_l;rl
] Deck Mounted

<] HULL Mounted
- Sshell Plating Mounted

External to the hull and below the waterline.

=)

Fig. 2.2 Surface ship equipment—-and-foundation classification



Table 2.4 Mounting location for submarine

Location Specification
Hull The main structural members of the ship including,
u
hull frames, structural bulkheads, and structural
mounted .
bulkhead stiffeners.
Deck
Decks, platform, and non-structural bulkheads.
mounted
Shell The shell plating.(This specification does not cover
e
underwater explosion testing of item which penetrate
mounted

the submarine pressure hull.)

Wetted-surface

mounted

External to the pressure hull.

surface of sea

SR

=]

—] /

ol /

=1

Z Deck Mounted

[><] HULL Mounted
EE Shell Plating Mounted

Fig. 2.3 Submarine equipment-and-foundation classification
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Table 2.5 Test type

Type Specification

A type A test is a test of a principal unit. This is the
preferred test.

Type A Examples : diesel-generator sets, air conditioning plants,
switchboards, radio transmitters, steam generators, missile

launchers, and valves

A type B test is a test of a subsidiary component.
Subsidiary components are items which are the major

parts of a principal unit.

Type B . X ) .
Examples : diesel engine of a diesel-generator set, electric
motor of an air conditioning unit, power supply section of
a radio transmitter
A type C test is a test of a subassembly. Subassemblies
are items which are a part of a principal unit or a

Type C

subsidiary component.

Examples : thermometers, gauges, meters, relays, resistors

FTAANES TR AR F M T8 A OENE LES A PA
T (fixture), A L(jig), EE(bolt), UE(nhut) 5 FAA7]d HAHE e
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Table 2.6 Test category

Category Specification
- Weight of test loads less than 2.45 kN(550 1b)
Lightweight | - High-impact lightweight shock machine
shock test - 3 axis(top, back, side)
- Minimum 9 blows
] - Weight of test loads 2.45 kN ~32.92 kN(550 1b~7,400 1b)
Medium ) ) ) ) )
) - High-impact medium weight shock machine
weight ) )
- 1 axis(vertical)
shock test o
- Minimum 6 blows
- Weight of test loads up to 266.89 kN(60,000 1b)
Heavyweight . Standard floating shock platform(SFSP)
shock test - Weight of test loads up to 1779.29 kN(400,000 1b)
. Large floating shock platform(LFSP)

Foll e A3k ure} ol tiAFH Y FA e FAARA7Y AF8
FAYSH Yol FAT BB AFWF wE F FAANGYY
it Kol AAs] AR R7]E ST}

221 74 % A A ¥ (Lightweight shock test)

A S FAAYE7I dWl Z o] E(anvil plate) ¥l AXEH= AlYE(E
v, AR, A2, BE YE F)9 F FA+= 245 kNGB0 b)E 248
glor NYXT Ao AYS dolste Fult ANPE & vk AU
7F 3810 mm(1.5 inch) °]*fo] =& ©AvLEE AL§3te AAEA v =
A T FA Neste®E F T EE T 5Y FANIE AAGY @
o agla vpaE AXHE Aul9} Class D9 #HAAA vl A]g &

_10_
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Fig. 2.4 Shock testing machine for lightweight equipment
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222 7t % FA AN I (Medium weight shock test)

T T SAANIS AW FHoE fo HAAHE AFF F VA
32.92 kN(7,400
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HAMMER . v
{3,000L8. ) - 3’—
ANYIL PLATE - 60" x 60" STRIKING SURFACE OF

HEAT TREATED STEEL

PIVOT
STRIKING SURFACES OF
HEAT TREATED STEEL —| SHAFT MAGNETIC BRAKE
5 BRAKE
coIL 5
SPRINGS : ORM swoE _FLOOR LEVEL
3 =
b SOLENOID
P 4 .
- == _|COIL SPRINGS
/ .
ARC OF PATH MITH
A7 72% A
5 y,
. /
8s n\/,
<" |~ ==
le ELEVATION YIEM
: COIL SPRINGS
g 777721
N . W 5 ¥

' r— N — v

223 % % A A ¥ (Heavyweight shock test)

AAYHL oidge e FA7F 266.89 kKN(60,000 1b)7HA] = &5
(standard floating shock platform, SFSP)ES A}&3ta, 1779.29
kN(400,000 1b)7FA = o @ F /%A A d(large floating shock platform,
LFSP)E Ab&3dto] AA 532
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Zokyte] £ A= 641 m(21 )7} HES
TAsE AdFe FAC FAFA
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Table 2.7 Test schedule for heavyweight shock test

Test condition

SFSP

LFSP

Charge depth below

free surface

7.32 m(24 feet)

6.10 m(20 feet)

Explosive

type & weight

HBX-1 /
0.27 kN(60 1b)

HBX-1 /
1.33 kN(300 1b)

Shot direction
shot 1
shot 2, 3 and 4

Fore—and-Aft
Athwartship

Fore—-and-Aft
Athwartship

Standoff
shot 1
shot 2
shot 3
shot 4

12.20 m(40 ft
9.15 m(30 ft
7.63 m(25 ft

)
)
)
6.10 m(20 ft)

33.55 m(110 ft)
24.40 m(80 ft)
19.83 m(65 ft)
15.25 m(50 ft)

T MIL-S-901D
ek AlFEAS HAveiil= ¢

=

ML



hock platform

ing s

6 Standard floati

.2

1g

F

hock platform

ng s

7 Large floati

2

Fig

)

R

=
oy
T

ﬂ.o
Nro

o))
Nlo

—~
o

N

o9

2] el A

e 44

2= MIL-S-901D o w

AAEHo T

Ny

o

<A

_15_



Al ol

A

A

Fus= Fa gAFH e FRAel

-

R

b

scale shock test)
[e)

T A e

(Full-
& A

3]

3
o
_g‘}q

A
37

o

5

434
CESE PN

3

2.2

T oo Mo oo
— r = PUBRTY
-
won T Sl
o Mo R
o
wr
H

W Mo oX mo o
I
T g Jo ¥ gy
S I
ie] _ ) o =
w T N o= ;
il P - | W.
—_— e
femzil
_ éo K= ﬁ_- o_a
T N F R L AR
i B - w s ! ~o
w P oge K Eo] oy
© L om e K W
" x oh oo ﬂAl M <
o T o N
E.T Z.o :.L Ke E _z_.o
mmmaﬁeaﬁ_ﬂhﬁ
jang
P T X
= T o P g
© Mo _Wu < M X x
"W < gy m N
n e B @
o] o Mﬁ M M R A
RN e BT
Ton < oo™
O W o9
jo o ‘W < Ee .
= 3 % ™ (Y
o T A o ® M K

Fig. 2.8 Underwater explosion for full-scale shock test
— 16 —_



jze]

il

oo

N
_5.0

SHA g 2

l
=

Mo

=
Zin
Nfo
A

o))
st

INE
_5.0

£

)A
2

o

o

o

o
el

A o

=1
=

A

14 =

off Al A Al

RS

=

=

3

=
R

[e]

mo

pu—

0
o

=K

TR

N
_5.0

7

)A

%

I

—~
o

23]

el

0

ol

G
ol

o w-

-1}1

=

5= 8- (fast transient response)= DA Zejm® Ay Ao

)
—_

H]

==
fLN

@AY

2}
)

2 49

7hel dAE T

23|

-
=

24 @ Al

H

3

h=4 Iy
1 3

@ A5 B4

IO

® duAg ® & Al

W FeT RRom 4

ol

I
p8A

3 of

Al 713

A&

ﬂ.o

ol

oF

o

=3

11_.0

Az 7 ¥ AL

N

o
_Zrl

=
;OL
T
Ao

=K

JJo

_17_

B

)
=

7}

]

1)
JO

1

0]
pal

o] Aol o



AAE 54 9

S

DDAM (dynamic design analysis

A el o

1

0]
pal

method),

-

o

/g/
o 37 E YE 4 Uk

Algol =7t

)=]
=W

4

49 (static
A

T

-

=

o

S
Z

2 A

7}

[e)
method), %A

=

A3 AN 9

Hl O

o
oF
v
b
mm

S|
ax

EEEE

ol 1940 ATl E A2 74A

9

Q

°]-§

=

=

a1, of

S

bof

°©

(shock design number)E

=
T

A AA

A
=

I

.
o

&+

of

~
o

B!
03
e

X
oy

il

T2 (NRL,

&

-

o

1504 F2 AL

e

v o

1961

=

2=

A

DDAM¥ NATO 3]

]

RELs

o

1

0
pi

Ach WIgR=E

Naval Research Laboratory)ell A =] et

)

oy

o] ol AHgs o gt

i@ fy 57t

1

=]
=

%ol
AR} AR v

o

R

oldl FeolA DDAM

Lh ol A

343

Jjo
ze)
Fu
_5.0

.TU\_

oo

o]

oy

DDAM

1
.

i

9
pud

5ol %
40 o

A F2 ApgEo] Ao

DDAM 3 3}

]

[ex
i

-

R

==
=

}oll 4]

o

A
_18_

slo) Al 7HA

1

o

= ol A

=
R

weba, B



3.1 DDAMod| 93 =27 34

v 3ot A A (NRL : Naval Research Laboratory)oll A #¢tg DDAM (dynamic
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Fig. 3.1

Process of DDAM analysis
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M)+ (K {w)=— [M] {1}z, (3.2)
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A (lumped mass)S AF&Tial 7 sk A E M2 2(34)0A R v}
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stol vEhfarat gk A(B5)9k #Zol Fx= AFATT(w,)l WEHE 1

al
T3 (@ 0]l nilA A& FAHGES FES e AFREFE(P)E 7L F

b1 Prp+or Py

Tz M (X)E A(3.6)3 o] REPP(P)S AbGste] LEUE A
(33)9 wAHIY AL AGDIH &2 FH= nyA Ao

M®Y +KPY =— Mx,, (3.7)
A71ol A AHEE Yo YE ABEREE ABRY 2o 44 & &

Y=¢"1X (3.8a)
Y =4"1X (3.8b)

4EDE AFBAMT ZABRE Y Fol mEgLe] AAPA@Te 4
72 e 4399 2ol Hr,

STMEY + 6 TKSY =— ¢ TMx, (3.9)
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ML);;L—}_](;LY;L:_Lnltb? n=1, 2,... ,N (3.10)

1714 M =&TMS,, K, =&TK® , L =&TMlolx Y, 3 Y, & 7tz A(311)
o TAE 7HXIt

Y, =&, X, (3.11a)
Y, =8, 'X, (3.11b)

A9 HB10e 1 FEist v dARE FREY AWeEel oF $7

= 7] AT A BEWAAQd ABI2)¢% wf FAS & 7 Ak

mx(t) +kx(t) =— mi:b(t) (3.12)

g Mz e theo 4 (313)3 Zo] ®Ht)

.}./—l—a)iy;l:an;;’ n=1,2,..,N (3.13)
o] 7] P, & #o] A 4=(participation factor)g} &to] AW7l&w7p 7 R= 3w

of mAl= F& A=E yeb ool o] Ao HH

n

L, &IM1
'Pﬂ = —— Ti
M, M,

(3.14)
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O: Shock design values for equipment

N Equipment
Sl

8

&

-E Foundation
S X
S

)

Frequency [Hz)
Fig. 3.4 Spectrum dip effect
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80 - 49.05 kN (5 ton)

@ 9.81 KN (1 ton)
3
8 60
%
= 98.10 kN (10 fon)
3
x 40
S 196.20 kN (20 ton)
&
981 kN (100 ton)
20
6
0 | |
0 20 40 60 80 100

Natural frequency [Hz]

Fig. 3.5 Shock design curve (surface ship, hull mounted, vertical)
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Fig. 35 = 4%l AA A8 Fule 2 7S addAE 714
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g Aol 7t Al dxlegoli ARH2 AAF A A (shock design

valuo) & ebdith /B Ao FAWF BAgle] 6o ALAE FAL
3 Ao Aol 5= AAAon B AAFAAE Hoge & F 9l

Tdg Aol diste] AFua ddAe LHAF
7VE 7 STbekE L AR 7F Al g o

NEEAEA 7HEE A)E MRS 4 7 Utk of7IA vlE e AEA R
AdAG &% A7|(HA £ V)E Zte 7 dl DDAMAA = ool 27H
& FA} T Rl wEt A9 VB AFY 5= A T

9 FAA 7 G/ (surface ship) 1A ZF+E(submarine) Q1 A o] whe} 4 3}

To HEA AL s40d @ A4, 4 &4 Fo AaE o& 1™
A

b. el AN B BF

Fu Al =g o] A A fjA|o] uwhe} Skof A + Table 2.3, 2.4, Fig. 2.2,
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v RS FkN)s e

Table 3.1 Reference equation of hull mounted system

Ship type Hull mounted system
Submar ) 2143+ W;
ubmarines 0= W
Acceleration [g]
167+ W)(54+ W)
Surface ships A, =20 : O
27+ W)
Subma AL/
ubmarines 0 =0.5 m
Velocity [m/s]
Surf hi VvV, =1.52 oAt VV?
urface ships h =1 T W

Table 3.2 Reference equation of deck mounted system

Ship type Deck mounted system
Sub i A, =52 2143+ W
ubpmarines 0= 9 W

Acceleration [g]

167+ W;)(54+ W)
Surface ships Ay =10 : T

27+ W)

Submari V=025 e

ubmarimes 0 =0. m

Velocity [m/s]

Surf hi V, =0.76 v
urface ships 0 =078
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Table 3.3 Reference equation shell mounted system
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Table 3.4 Shock design values

) N Hull mounted Deck mounted Shell plating
Ship Classifi System system mounted system
type —cation ® = Y

A% T L A% T L A% T L
A;11.04,/1.04,]0.44,|1.04,/2.04,]0.84,]|1.04,/0.24,]0.08 4,
Elastic
Sub- V;11.0V;]1.07,]0.4 1,{1.07,|2.07,(0.8 V1.0V, 0.2 V;,|0.08 V,
marines|p - el 4;11.04,1.04,|0.44,/1.04,|2.04,|0.84,| - | - -
Plastic| V;10.571,]0.57;/0.27,(0.57;,|1.0V;|0.4V,| - - -
A;11.04,0.44,/0.24,|1.04,|0.44,(0.44,1.04,|0.24,| 0.14,
Elastic
Surface V;11.0V;]0.414]0.214{1.014(0.4 V,]0.4 V1.0V, /0.2 V| 0.1V,
Shlp Elastic AJ 1.0A0 O.4A0 0.2140 1.014.0 0.414.0 O.4A0 - - -
PlaStiC V7 0.5 VU 0.2 I/U 0.1 I/U 0.5 VU O.ZVE) 0.2 I/U - - -
) *: Vertical , **: Traverse , *#*: Longitudinal
d. AA7IEd wE &7
FA0] AUzt F o7 wael s g weh @A} dagdAAE 7
weto] FARFEL Tl A4 B
- Bt F=ZA A A (elastic shock design) : 43 =% & Ego &%
A4E FABMF st ASol A&t HEl, & r|o, z2dy & F
o 3 AAE WHAF= B 3o} 588 FHo] T8 Fule vyl
o Sol A g
— B A &2 A A (elastic—plastic shock design) @ B4 AA 7 &35 % ¢
R s v FANM A8k W AR 4ol
B AAE s8etA Fet
AA7]Ee ME TE%Te] 75 49 Table 340 Aure] F7/, Ad|Y
AAANA 28] FAsEE e Wkl wel vebla o, AAVEe] mE

Sl vebar gtk v s AA 7| Eol wel &g A A ek ©@a



Table 3.5

Items for purpose of shock design

Shock design value

Applicable items

Elastic shock
design value

Main propulsion machinery, Auxiliary propulsion
machinery, Ship service generators, Propulsion
shafting,  propulsion  shaft bearing, Main
propulsion reduction gear, propulsion clutches,
propulsion coupling, Turbine brake, Main trust
bearing, CP pitch control machinery, Main CP
servo' pump, Gyro compass, Radar antenna,
Radio antenna, Missile directors, Gun directors,
Steering gear, Steering rudder gear, Ammunition
hoist, Elevators, Elevators machinery, Sona
transducer, Catapult machinery, Arresting gear

Elastic—plastic
shock design value

If elastic design is not required for the reasons
stated above, elastic-plastic shock design
values shall be used in cases where design by
dynamic analysis is required.
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o] 71 A

(M] = 7x=2 A% e~
[l = FzE9 24 MEHx
(K] = Fx2e 74 g~
{u} =249 7t&x wg

[} =479 5 wy

{u} = Ao Wy W

{(F} = ggste a5 mg

o] 2(3.26)7 2 WAAS E7] 3 WHOoRE AIFARE ATAHEWY
(forward difference time integration method), JrrFol= A] 7% &% (Newmark
time integration method) ¢ o] JYAR . =Fd A= LS 96t

A

o Frrtota AR EH R ARsti o AY L ofe A

{tpir = {u, J+ [(1=)u, }+6{u, ., }] At (3.27)
(u, )= {u,}+ {0, } AL+ {(%— o) i }+ a{u,;;l}} AP (3.28)

ANA @ 6 & Fukela AR Febde s Jehila, Ao @AE e
skl Akt ol WS w, 02, ARt (=, AL oA WS
w, oy = EATT 2gm At oA SEwAAe ey gol e

2 stk

s 3 L b (K] ()= () 529
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21(3.27), 2(328)5 Ho] 23290 hdstd ofgfet o] AT 5 St
{un.—kl}: {un}+ a’6 {un}+ CL7 {unj.-i-l} (331)

(ap [ M]+a, [C)+ [ K] ) {u,, \ }= {F}+ (3.32)

[M] (ao{un}ﬂ—az{dn}'f‘a:g{lln})'f‘ [C]<a1{un}+a4{u‘n}+a5{dn}>

o] 714
1
“ aAt? . :ﬁ
> o
ag = At(1—94) a; = SAt
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4.1 MIL-S-901D o] 2J3 W52 AT Ad

TANde Fd7] AT AL BUd 27 AF7IE ALE7ILO

purifier heater)e] AP FTAHA P tigt A HE Table 4.1 ol A |3 A

Table 4.1 Shock test information

Item Content
Test Item L.O PURIFIER HEATER
Size / Capacity 1229 mm(W) x 250 mm(H) x 280 mm(D)
Weight of Test Item 1.08 kN(2425 Ib)

Weight of Test Vertical : 3.71 kN(833.34 1b)

Fixture 30° inclined : 8.02 kN(1803.35 1b)
Total Weight Vertical @ 4.79 kN(1075.79 1b)
on Anvil Table 30° inclined : 9.10 kN(2045.86 1b)

Test Specification MIL-S-901D

Test Category Medium Weight
Shock Grade Grade B
Equipment Class Class 1

Shock Test Type Type B

Mounting Location Hull Mounted

4
ox
o
=
lo
>
i)
flo
ox

7] Table 4.1 % 71Fo2 a0 FAAG7|HdAA A
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Table 4.2 Test result
Hammer Anvil .
Group Operation
Process No drop table ode Result
) height travel
Pre-Test Inspection Accept
I 0.38 m 0.08 m
Inclined (1.25 ft) (3.0 in) Off Accept
I 0.69 m 0.08 m
Inclined (2.25 ft) e LS Off Accept
I 0.69 m 0.04 m
Inclined (2.25 ft) (15 in) Off Accept
In-Process
I 0.31 m 0.08 m
Vertical (1.00 ft) (3.0 in) Off Accept
II 0.61 m 0.08 m
Vertical (2.00 ft) (3.0 in) Off Accept
m 0.61 m 0.04 m
Vertical | (200 f) | (15 in) Off Accept
Post-Test Inspection Accept

Aol A s 2 uwpep o] MIL-S-901D ol o3 F3t FF FAAE 23

g4 AEE odr)= oy TR &A v urALR goron A F 7

o
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Wkl $ANEEE AZHAE B AGeIA
Table 4.3 9] Webln 2, ol ol gdte] +F dA42

= #%g
A S WEA kel FEHTA B,

Table 4.3 Measuring in anvil & specimen

Hammer Anvil Max. Acceleration
Group
Process No drop table
. height travel Anvil Equipment
I 0.38 m 0.08 m
Inclined -['~(1.25 ft) | (3.0 in) 2132 g | 194 g
il 0.69 m 0.08 m
Inclined YN oGl -0 ¢& | 367
i 0.69 m 0.04 m
Inclined | (2.25 ft) (15 in) 1906 g 360.3 g
In-Process
I 0.31 m 0.08 m
Vertical | (1.00 ft) (3.0 in) 1751 g 2235 g
I 0.61 m 0.08 m
Vertical | (200 f | (30in) | -00g | 4100¢
il 0.61 m 0.04 m Not
Vertical (2.00 ft) (15 in) captured 384.1 g
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Ar7lel AMgE = d AT =A

M-S Table 4.4 ¢ Fig. 4.1 o veEFH I

Table 4.4 Specification of L.O purifier heater

= =
Fa 543

-y
a-

Item Specification

Name L.O PURIFIER HEATER

heating surface (053<35.06) m>

) area
Capacity desien
& 1.57 MPa
pressure
Type shell & U-tube type

Total weight

1.08 kN(0.2425 kips)
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Fig. 4.2 3rd mode shape Fig. 4.3 4th mode shape
in the vertical direction in the vertical direction

Fig. 4.4 5th mode shape Fig. 4.5 8th mode shape
in the vertical direction in the vertical direction

Table 4.5 Results of modal analysis in the vertical direction

Mode Frequency Participation Effective modal
[Hz] factor mass [kgl
3 104.61 0.34 20.96
4 163.06 0.26 12.14
5 213.74 0.38 25.49
8 353.14 0.19 6.40
13 435.17 -0.17 4.93
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Fig. 4.6 2nd mode shape
in the Longitudinal direction

Fig. 4.7 3rd mode shape

in the Longitudinal direction

Fig. 4.8 4th mode shape
in the Longitudinal direction

Fig. 4.9 5th mode shape

in the Longitudinal direction

Table 4.6 Results of modal analysis in the Longitudinal direction

Mode Frequency Participation Effective modal
[Hz] factor mass [kgl
4 163.06 0.65 74.09
5 213.74 -0.25 11.13
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Fig. 4.10 1st mode shape Fig. 4.11 2nd mode shape
in the traverse direction in the traverse direction

Fig. 4.12 6th mode shape Fig. 4.13 14th mode shape
in the traverse direction in the traverse direction

Table 4.7 Results of modal analysis in the traverse direction

Mode Frequency Participation Effective modal
[Hz] factor mass [kgl
1 58.08 0.55 53.08
2 228.12 0.25 17.66
6 79.93 0.32 11.11
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423 4559 A

DDAMel AH45E FAs3e Avtel F5, 44 92, T4 g, 2
ANZE Wk v2A AgHh A4 ol g8 &BH AR/E ALV F
o ARl A A=A ddgulel tal 3uFe] 57 #F3) olo o)

wek A, 7o) Aduke] T, AAA YA, FAY Wk, AAV|FEd wet
FAEFS 2AE 7] $98te] NRL Memorandum, Report 1396 ol A A& 3F+=
AEPAE Agstd o, o8 AgstH v 2

m Ship Type : Surface ship
® Mounted position : Hull mounted

m  Reference equations

(167 + 1))(54+ ;)
Acceleration [g] A4,=20 27+ VV;)Q
i V. =1.52 oAt VV]
Velocity [m/sec] 0 = 102\ 5 W

m  Shock design parameters

Elastic
Direction
4, v,
Vertical 1.04, 1.07}
traverse 0.44, 0.4V,
Longitudinal 0.24, 0.2 1}

m Shock Design Value : Max(6 g, Min(A4,9, V,w,))
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W, 2eF #(kN) g =974 5(=9.81 m/s?)
A 7MEE | Z8 ==
w, * aZt AHZZ 5 (rad/s) max, min @ ZtZb Hoi gtk H A
S 9}
A719] AP Aol YA T3 FEFEFS digste] didg e A EHE F

Table 4.8 Calculated shock design value

Direction Shock design value

Vertical 234.84 ¢

traverse 9393 ¢
Longitudinal 4697 g

e

Al
AEEE AR, BAZ o] Fn ot B(shel)T AAY Apelol A TR
23 Zdor ddyrmw #o Ad STPG370 ol
Fgol Al 5§t AE Arjed

o
=
=

o

< Table 4.9 ¢ 2t}
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Table 4.9 Maximum combined stresses at the critical areas

Direction Allowable stress Maximum stress
Vertical 215 MPa 31.87 MPa
traverse 215 MPa 74.59 MPa
Longitudinal 215 MPa 60.57 MPa
AR, FASZ0] e s SHL BE A4 W9 e 9e
gt qdEFe Wsd 42 T Aow ddd
g, e ez WEkd Von-mises S EAE S Fig. 4.14~4.16 ©| Y
B A

917.187 1634
1376

458, 594

4127

Fig. 4.14 Stress distribution of L.O purifier heater
in the vertical direction

— 53:3 —
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Fig. 4.15 Stress distribution of L.O purifier heater
in the traverse direction

174z 3484 5227 6969
871,095 Z6L3 4355 6098 7640

Fig. 4.16 Stress distribution of L.O purifier heater
in the Longitudinal direction
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Table 4.10 Response acceleration by shock load

. . Maximum acceleration Maximum acceleration
Direction . R
at shock test at transient analysis
Vertical 384 g 391 g

Table 4.11 Results of maximum von-mises stress

Direction Allowable stress Maximum stress

Vertical 215 MPa 151.38 MPa

(x10%%2)
2400

2000
1600
1200
800
400
1]
-400

-800

acceration (in/sec™2)

-1200

-1600

o .B 1.6 2.4 3.2 4

time (sec)

Fig. 4.17 Response acceleration in the equipment
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4.18 Stress distribution by the transient analysis
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