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Abstract

Pyrotechnic separation devices have been widely used as holding and release mechanism for deployable
appendage. However, pyro-shock can cause temporal or permanent damage on shock sensitive components
such as electronics, mechanism, and brittle components. This study proposed a low-stiffness blade based
passive shock absorber using a multi-layered stiffener laminated with viscoelastic acrylic tapes for reducing
transmitted pyro-shock upon explosion of pyrotechnic separation devices. The multi-layered structure with
viscoelastic tape has high-damping characteristics to effectively secure structural integrity of low-stiffness
blades under the launch environment. The design effectiveness was verified through a shock test by dropping
a pendulum. The structural integrity of the shock absorber under a launch environment was evaluated through
structural analysis under load conditions with a deployable payload.
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Table 1 Specification of Shock Absorber and
Deployable Payload Dummy

. Shock Absorber / Deployable

Blade (2EA) Payload Dummy
Size ?160%x254 /

4000 X
(mm) P120%2 0003000300
M
ass 0.604 / 0.075 150

(kg)

Table 2 Specification of the Viscoelastic Adhesive
Tape (3M966) [9]

Typical Properties Value
Type Double-sided Tape
Adhesive Material Acrylic
Thickness (mm) 0.06
Density (g/cc) 1.012

58 (20 min Dwell)
85 (72 hr Dwell)
159 (ultimate Bond)

Adhesion Strength to
Steel (N/100mm)

Allowable Temp.

Range (C) 40~ 232
Therma(lxlelrﬁ;ﬁ;ictlwty 0.178
CTE (ppm/TC) 1.99
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Table 3 Specification of each Case

Test Case Type

Case 1 Rigid

Case 2 w/o Stiffener

Case 3 1 Layered Stiffener

Case 4 2 Layered Stiffener
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Table 4 Material Properties of FEM

Genera Pyro Shock
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Table 5 Quasi-static Load Analysis Result Summary
. O allow_yie- Oallow_ult. Omaz. (MPa) MoS
Item Material S.F
(MPa) (MPa) 2 y Z 2 y Z
Multi= Yie. | 1.25 | 4.23 | 6.52 | 0.10
layered | Al-7075 503 572 76.90 | 53.50 364
Blade Ult. 1.5 3.95 6.12 0.04
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Table 6 Specification of Random Vibration Analysis [12]

Frequency (Hz) Amplitude (g%/Hz)
20 0.026
50 0.16
800 0.16
2000 0.026
Overall (grms) 14.14

Rigid Mount Condition (43.48 g, )

100 = Proposed Shock Absorber (7.78 gms) |l
E Input Profile (14.14 g )
—
N &
s 1
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Fig. 8 Random Analysis Results
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