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ABSTRACT

The pyroshocks can cause failure of electronics devices and structures. Metal-metal impact methods are utilized
to simulate mechanical pyroshock, and to adjust the knee frquency of the SRS(Shock Response Spectrum) through
resonant structures. In this paper, the major parameters of pyroshock simulation device which affect the SRS were
examined. Through the Hertzian contact law and the modal characteristics of the resonant bar, it was found that
the SRS is affected by the length and mass of a bar and various impact conditions such as velocity and mass of
impactor. The characteristics due to the geometric parameters of a resonant bar was analyzed by performing FEA
and also the resonant bar was designed and fabricated. Through the pyroshock simulation test, the characteristics of

SRS due to the variation of impact parameters were examined.

Key Words : Bernoulli Approach(M]Z+o] 51%), Modal Characteristics(}22 &), Pyroshock(3}0]Z %Z7Z}), Resonant
Bar(&-% %), Shock Response Spectrum(% 2 -5-52~% Edl)

l/NEd ™ db : Base acceleration of a SDOF system as a function
of time
S : Spectral acceleration k : Local stiffness for Hertzian contact theory
w : Frequency of a Single Degree of Freedom(SDOF) R, : Radius of impactor
system dl : Velocity of impactor

E : Young’s Modulus
v : Poisson’s Ratio

* Corresponding author, E-mail: igkim@cnu.ac.kr L : Length of a resonant bar

Copyright (©) The Korea Institute of Military Science and Technology p : Density of a resonant bar
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Fig. 1. The concept of SRS
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Fig. 2. General shape of SRS about pyroshock

Table 1. Current SRS pyroshock definition!®

Region Acc. Amplitude(G) | Frequency(Hz)

Near-Field > 10,000 > 10 k
Mid-Field < 10,000 3k-10k
Far-Field < 1,000 <3k
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Fig. 3. Boundary and loading conditions for FEA

Table 2. Analysis matrix for different length and

———601g_2.03m/s

Force (kN)

T T T |
0.00 0.05 0.10 0.15 0.20 0.25
Time (msec)

Fig. 4. Force history for FEAL

thickness
3.2 3% & dolof| mE s
i e ness e FAHTA G B2 3 Aol B2 ) A3t
SRS Fig. 5%} Table 49} 7LE‘r 71 B ZAold sk
Case 1 1,000 20 A A, TR Bol 13 BE zJ}—rQ‘r SRS9] FX
Case 2-1 20 FaF7E FARERS dRIEsith webs 33 5 4
=15+ 7 R i
Case 2 | 1200 | Case 22 25 70 o7t S7kgtell met el wef 14 BE St 4
Aol SRSe] 4 Fakdrt vol S shelsheint.
Case 2-3 30
Case 3 1,500 20
Table 3. Conditions for FEA
Element Size 8.75 x 10 x 10 e
[+«
Element Type 3D solid (CHEXAS) ?
Case 1 3159 / 1840
Case 2-1 3753 / 2208 i
Nodes / Elements | Case 22 | 5490 / 3872 ” a2 "
Case 2-3 6255 / 4416 Fig. 5. SRS for various bar length
Case 3 4671 / 2752
Table 4. 1% mode and knee frequency of resonant bar
. Young’s Modulus : 70 GPa 9 Y
Material | Al 6061 ., .
Property 6 Poisson’s ratio : 0.33 Length | Knee Freq. | 1st Mode Freq.
Density : 2700 kg/m’ [m] [Hz] [Hz]
Boundary Condition Free-Free Case 1 1.0 2397 2473
Str. Damping Ratio 0.05 Case 2 1.2 2015 2103
Analysis Time 2 msec (time step : 20 psec) Case 3 1.5 1600 1664
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Fig. 7. SRS for equivalent mass with various density

Table 5. Analysis matrix for different thickness and

density
Thickness Density Mass
[mm] [ka/m?] [ka]
Case 4 20 2700 4.54
Case 5 25 2160 4.54
Case 6 30 1800 4.54
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Table 6. Specifications of accelerometer and force

transducer
e Freq. Measurement
Accelerometer [MV/G] Range Range
[kHz] [G—pk]

PCB-350D02 0.094 4 ~10 + 50,000

Low Freq. | Measurement

Force Sensitivity
iransducer | [mv/N] | Resonance Range
[Hz] [kN]
PCB-208C05 0.224 0.0003 2224
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Fig. 10. Shape of resonant bar and attached anvil

Table 7. Dimension of resonant bar

Length [mm] 1,200

Width [mm] 70

Thickness [mm] 20
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Table 8. Test matrix

Impact Velocity | Impact Mass Anvil
[m/s] (o]
Case 7 1.62
Case 8 2.39 347 Steel
Case 9 3.13
Case 10 347
Case 11 2.39 601 Steel
Case 12 1178
Case 13 Steel
Case 14 2.39 601 Copper
Case 15 Brass
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Fig. 11. Schematic of apparatus
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Fig. 12. Force history for various impact velocity
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Fig. 15. FFT for impact mass condition

Table 9. Cut—off frequency for impact mass condition

Impact Mass Cut—off Frequency
Case 10 347 ¢ 6942 Hz
Case 11 601 g 4910 Hz
Case 12 1178 g 3296 Hz
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