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Shock Response Spectrum (SRS)
Analysis of Pyroshock Experiment
and Finite Element Simulation

Presenter : Yu-Liang Chen

@ 1. Introduction : @ @

Strong shocks and continuous vibrations can
generate ruptures and cause damage to the
component structure and result in further severe
damage and mechanical failure.

» Reduce instrument’s accuracy of aircraft, satellite
and rocket.

» Cause components failure or damaged.

» Rupture of the wire of the integrated circuit under
he centrifugal acceleration.

\‘> losive impact: the short duration, high

~ amplitude oscillation waveform will cause severe

\ - damage to the targets.
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@ 1. Introduction y @ @ Introduction(acquiring impact data@

In 1932, Biot first proposed the concept of Shock
Response Spectrum (SRS) when studying the effect of
earthquake on building structures. SRS is suitable in the
following fields.

@ Spacecraft take off and land

@ Rocket or missile launch and explode when hitting the
target

@ Satellite, Spacecraft, Space station running

@ Shock absorbers

‘»ismic detection
Transportation, construction, electronics, shipbuilding
industry
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@ 1. Introduction

Pyro-shock (blast/impact) test: need experimental
field, equipments, time consuming, costly.....
Pyro-shock experiment (gas gun simulator): easy to
execute and repeat the experiments, high reliability,
low cost, low risk

*LS-DYNA finite element analysis: simple, reduce
cost, change experimental parameters such as

\Jn}i)ecﬁle s}lapes, impact velocities, materials easily
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1.Introduction

2.Shock Response Spectrum

3.Pyroshock experiment

4.Numerical simulation

5.Results and discussion

"6.Conclusion
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1. Introduction ; @

@ Pyro-shock is the shock

caused by the

explosive device acts (ex: initiator, igniter,

gas generator....).
@ Because of Pyro-shock,

the electronic

model or minor model, near the
pyrotechnic devices, would be transient

failure or permanent failure,
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Capture the
impact sigaal of

Capture the SRS
of experiment
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@ 2. Shock Response Spectrum

SRS is the curve by drawing the peak responserof each
SDOF against frequency of a series SDOF damping system

when experiencing impact.
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SDOF Equation of motion my+qy +ky =cx+hkx
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Fourier Transformation H(a)=

Unit-impulse
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@ 2. Shock Response Spectrum @ @ 3. Pyroshock Experiment, @

the shock response spectrum (SRS) was the first B Pyroshock simulator
standard data-processing method for graphically * N,
representing sho;:ks, and :: isb culr::tly the signal; o Accelerometer
processing standard usei y t International =

Diameter 50

Organization for Standardization (I1SO18431-4; 4 e m!ln
Mechanical vibration and shock-Signal processing—Part * Max 40 kgflem
4: Shock response spectrum analysis) [Tuma, J.,
Babiuch, M. and Koci, P.: Calculation of a Shock
Response Spectra, Acta Montanistica Slovaca, 3]
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@ 3. Pyroshock Experiment, @ @ 3. Pyroshock Experiment, @
ey e > Diameter 50 mm, length 95 mm
pouring gas

» Gas-proof and reduced friction

> Steel, aluminum and lead
» MATLAB software—G-T transform to SRS
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@ 3. Pyroshock Experiment, @ @ LS-DYNA Numerical Simulatio@

LS-DYNA is a dynamic finite-element software
package with powerful numerical simulation analysis

Materials ~ Mass (kg)  Pressure (kgflem?)  Velocity (m's)

Steel 08 3 i X )
1 40 function for high- or low-velocity shocks and
Alominnm 03 2 50 penetration. LS-DYNA can investigate instant
25 60 dynamic behaviors with a short duration, large
4 40 deformations, nonlinear structural shocks, and shock
Eeac L 170 28 responses with complex contact networks.
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» A 1/4 model was established
» Diameter 50 mm

» Equal volume

Cylinder (semi-sphere)

@. LS-DYNA Numerical Simulatim@

43D Solid 168, tetrahedron element, 1/4 of the model,
reduced the computational complexity.

@ Same shapes of projectile (cylinder): steel, aluminum

and lead.
@ Different shapes of steel projectile: cylinder, cone and
semi-cone.
4V=40~150m/s °
Rubber QIS‘S:_, aluminum and lead:
P

VIAT_PLASTIC_KINEMATIC (No.3)
\Cﬁubbekd/t’[at_BlamKo_Rubber ™o.7)

\
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@. LS-DYNA Numerical Simulatio@

Mat_03 : Mat_Plastic_Kinematic

B DR s

E(GPa)

Density
P (glem?)

yield strength
(GPa)

1134 14

Mat 07 - Mat_Blatz Ko Rubber

. Density Shear modulus
S Materials i Srin
A et Ay e 10 168
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5. Results and Discussion
> Cylinder projectile SRS (V=40 m/s) =

— bpenmen
v

Acceleration, G
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5. Results and Discussion

» Cylinder projectile-Experiment and simulation
® Lead: Large deformation and stress dispersion
® Steel and aluminum: Small deformation and stress concentration
® Steel (0.8 kg)>Aluminum (0.3 kg) -

Mt e o)
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Experiment

5. Results and Discussion

» Cylinder projectile-varied velocity
@ Steel and aluminum projectile: V=100 m/s. G of SRS was stable
® Lead projectile: V2130 m/s. G of SRS was stable
® V=150 m/s was maximum lmit for SRS
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» Different shapes of steel projectile for simulation

# Cone projectile: deformation, absorptive kinetic energy transformed into strain
energy.

# Semicone and cylinder projectile: deformation did not increase signifi
a wi [ 7

5. Results and Discussion

V=40 m/s |

] %0 1000 1500 2000
Time {ms)

5. Results and Discussion
> Cylinder projectile G-T (V=40 m/s) =
Steel by

Aluminum —

perimees

Acceberation, G

Et. i

Aceeleration, G
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5. Results and Discussion

@ |

@

» Cylinder projectile-Experiment and simulation

Steel: P=3keflaw?, V=

Materials O

Steel

\~ Aluminum

Lead 95 83.26

0.3

0.8

1.6
3
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@ 5. Results and Discussion
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@ 5. Results and Discussion

> Different shapes of steel projectile for G-T and SRS (V=40 m/s)
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@ 5. Results and Discussion
> Different shapes of steel projectile for simulation
@ Cone projectile: the stress distribution was minimal, because the
stress concentration was in impact point (tip).

@ Semi-cone projectile: the stress distribution was maximum. because
the deformation was small, resulting in energy dispersion.
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@ Cone proje ) m's, the gap
gradually n? 150 m/s was
close to the
4 Semi-cone |
projectile ¢

w000 Cone steel

5. Results and Discussion

Py i le vs. Sim and Simulati

# Simulator in 10.000 Hz, all materials for G was closed to pyro-
equipment example.

» V=40 m/s in simulation, SRS of steel projectile, aluminum

projectile and cone steel projectile were closed to that of pyro-
equipment in high frequency.
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5. Results and Discussion

6. Conclusion

@ The advantages of using FE simulation are flexible in changing
parameters (including projectile materials and shapes as well as
target materials in pyro-shock test) and easy to repeat calculation
based on a proper model.

#In order to achieve the agreement among pyro-shock test.
simulator and FE simulation, the experimental parameters of
simulator must be modified, so do the mesh size, material
parameters of FE models.

@ Finite element model has been established and executed by using
LS-DYNA software. It gave auxiliary approach other than pyro-
'!h’ck simulator to do the SRS analysis of pyro-shock.
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