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A Study of the ER Insert for Reducing the Shock Wave

Jung-Yeob Kim , Jae-Min Jung , Jae-Hwan Kim , Seung-Bok Choi , Kyung-Su Kim

Abstract

The underwater explosion which has the high energy brings about the shock wave and the pulsating gas bubble. In

general, structural vibration from the shock wave is more serious than the pulsating gas bubble. This shock wave may

damage the important fragile structures and equipment in ship. This paper demonstrates that the shock wave

propagating the structure can be reduced by ER inserts. The wave transmission of ER inserted beam is theoretically

derived using Mead & Markus model, and the theoretical results are composed with the finite element analysis results.

To experimentally verify the ER insert, ER insert in an aluminum plate is made and two piezoceramic disks are used as

transmitter and receiver. Details of the experiment are addressed.
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Fig 1. Cross section of ER sandwich beam
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Fig. 2 ER Insert Beam

- 613 -



99 (2) A9 L= Basgeeld. @A ER
NECEINE RIS PR RIS

7t +A¥YE W= FASHY, g 2
g

Wes =[1 1)a* +[1 1la~ (4)
Wge =[1 1 1B +[1 1 1P (5)

. - b b
g, a* =[“5] .a‘={a”] Wb =lby | b7 =|by
2 by

Fig. 3 ER Insert 9| 4 BHEAY o5 U
& Yeg ¢4, 894 Aoxe 3, £94
4, 7187, Ade ZAEY} gorvw HARY
& g3 g

wl,=wl,, .+ w|

al b,2 c.2
ow ow dw w
- == y T == (6)
ox|,, Oxly, oxl,, ox|,
uxla,l = uxlh.l ’ uXL.z Flelea
M L.l =M ‘b.l . M lb.z =M |c,2 (1)
Q'a.l = Q‘b,l le_z =Q |¢_2
1 9w 1 3w
AN, m=L&w o L¥w g
EI 3x? EI 3x°
a; b' b .
 —— | — ! 2—> | —>
a «—|+— b b +—
Parta Part b Partc
(Alumiaum beam) (ER sandwich beam) (Aluminum beam)

L
Fig.3 Wave scattering in ER Insert Beam
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Table. 1 Specification of ER Insert Beam

Specification Value
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E,=E, (Gpa) 72.7
V, =V, 0.34
L (mm) 30
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Fig. 5 FEM model of ER Insert Beam

(X}

o
b

§
:
&
E

o
9
i

o
o

Frequency(Hz)

Fig. 6 Comparison of theoretical solution
with FEM

5.ERInsert o] $35 At 49

ER insert 9 333 Ad &g 53 3o
e ge AYE T7ASAtFg T ¥ AH
Ae FAdAA AL e $3s Ast 8§73
3¢ TEA7] Y89 5AZE 1mm ol
12000000 ¢! 2FvlE WA 2749 FALF
(Morgan, PZT-4D)& F449A Ael7t 500 mm 7}
H58 RFAA, 2 403 F£4 4L =
2 3. & Y¥ADisk type) YALA H2
#& 27 dFo] & AHALA =da A
37 A £2¢ FoE B4 7 2AY=
RE uhAbg wAbsL olojN HEHA €49 #
g FE® ASE H2%E BY ¥ Ages

d5g A4 g A¥dx HAI|HP, 4192A
Impedance Analyzer)& ©|83to] UM A& £33
o, 3AFHR47t G 97kHz Y& FA3 A ThFig8).

223 4984 A A EJNFAHY 45

- 615 -



Aoty M, Fig. 79 APFN2Rg PCAXN & & F slrh(Fig 14)

H20g 445 DSPRE=9 nA} FENE
AA 20 Vot 2 F&F ¥ ¢HH 4417|(Transmitter)
o 2. kA FA7)7 AFse G 3§
o] RAsE o] FHFE Apfor Asgsv ¢A
T 7] (Receiver) o it 37t AAE AL
AZE dA DSPREE AA AFEHA JehdA
gt g 2 A3 AXE NIE vay
o248 4A $A-5479 =g ¢ F Ao
A 471044 20 Volt, 100 kHz 2 579} HA5
E( 054 =) FUE W &< Fig 9 e
Atk olgH o2 FA Imm 9 EFviE FHA
100kHz ¢] F#%7} 500mm "ol T& &% ¢
A AA7AA c@dsli=d) 91.4 psec 7 A8 FHT o]
£ Fig 99 A #idddh =g Y7t 2A
gjoj A wratso] ThA] ghA ZA 7)o ==
285E AL 189 psec°]® o] Figoo B A
of 3ot waki olgxst HEAs 7 %E
A¢ ¢ 4 U2 FA st AB AojoAg gA
FA719 $FAEE 4FvE BAE FE He
ojlgtn 7t E We s&F Ay B F gld.
Fig. 10 2 3339 F348 W3 AA 7184 ¢
A FAZIAqYg &8 AgF S04 dYAY
o] v &g Jehd otk o7A Burst 579 &
29 Ji4E oo TR FuS 9o HYd
Me 24 wg syt A9 gloy ¥R
FagdQols S2A5d wet Az AL
4 ¥ itk 47N H2A5E FEAH ¥E 5
glooz oAk AAHE $EE FE= 748 V)
Fo2 sk

oz ERO AQdE &Fuiw BANAY 9
o Ze 4¥8E £¥s%d. Fig. 11914 ER Insert
FES 4R SV E FAHoE RAR RYor
& ol A 477 f¥olnz A 9
ol @& WALE F°17] H#A ok ER Insert
o @4 £33 A= 474 0mm ¢ 1mm °|d}.
ER o] Q1o ¢t F417]19 w7l Bojd A

- 616 -

onductanceiQ ')

input Signai{VoRage]

—©

Aluminum plate

Transmitter Receiver

G

Voltage
Amplifier

Fig. 7 Experimental setup for shock wave

transmission

Fig. 8 Conductance of aluminum plate

T Y Y T T M T T T
] 50 100 150 200 280 300 350 400 450 500

Frequency{kHz}

with PZT actuator and sensor

Fig. 9 PZT sensing from shock wave

Y T Y
100 160 200

Time{usec]

in aluminum plate



£

] v -
§ o] s
b b Burst 9 1
g 0.030 g 10 4
S ocs- /\ 54
iomo- o4& AN T ‘*"e
32 0015 *
S 0015
2 oo i N | ‘
% 0.005
(S 7 T T v v 0.4
0.000 T r T - T r r T r 0 50 100 150 200 280
75 80 as 90 95 100 105 110 118 120 128 Frequency[kHz]
FrequencylkHz}
Fig. 13 PZT sensing from shock wave in ER
Fig. 10 itivity of PZT i
ig. 10 Sensitivity o sensing Insert
in aluminum plate
220 220
125 P22 soo
T 0035 | —®—Burst_5
£ —o—Burst_7
ER Insert g 003 | —4—Buat e
E 0.025
900 o 00
O D O g 0.015 4
NS 2 on
PZT-4D o00s. A‘.
(2]
x e &% % s % o ws e ns s
I‘ 350 .l‘ 500 > ' < 350 > Frequency{kHz]
Fig. 11 ER Insert aluminum plate embodied Fig. 14 Sensitivity of PZT sensing in ER
PZT actuator, PZT sensor Insert

6. 4 4

£ gFdAE JTTFREES o848 F2EY
W3H 4A9 7123 A7 =M ER Insent 9 o]
HajMa fearsy aa 494 HF5E A
& AT 45HAEAAA dE d7E F
&%tk ER fA7F &F0F ¥ G AdHA
€ W 339 HEAFE Mead & Markus model
2R =581, 38 fFeas @Y Z22a8Y
ANSYS 9| o} niRsgd. £¢ F¢ H& 7}
Fig. 12 Photograph of ER Insert Aatol A kA 478k £A7E o8¢ HFA

aluminum plate

- 617 -



¥ 53¢ 83& £U8%UT. 22 ER Insert ¥
AAXNY A7 wa A FFH%9 D add
e d9e £8% dFold ojgsy % fda
& HY 89L& HAhL B AF @ A
ot} o]FA 3 ER Insert A5 TFREN i@
Z182do] £YSE A #39 F44E A4
@ d7E T F e Ao

*7

€ d7e @3394e 537129 7(1999-2-
304-005-3)A 922 FYHAL.

3l ¥

(1) AR5, BRE, BNE, HFE, ~ £53L
& ¥ FFTREY fAT2x F3FS
A, g2y g AIGEdE =73,
390-394, 1998.11.

(2) M.V. Gandhi and B.S. Thompson, “Smart Materials
and Structure”, Chapman & Hall, USA, 1992.

(3) D J Mead and S Markus, “The Forced Vibration of a
Three-Layer, Damped Sandwich Beam with
Arbitrary Boundary Conditions”, Journal of Sound
and Vibration, 10, 163-175, 1969.

(4) N. R. Harland, B.R. Mace and R.W. Jones, “ Control
of Structure-Borne Noise Transmission using
Electro-Rheological Fluid Insert”, 5" International
Congress on Sound and Vibration, South Australia,
Decber 1997.

(5) B.R. Mace, “Wave Reflection and Transmission in
Beams”Journal of Sound and Vibration ,97(2),
237-246, 1984.

- 618 -



