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Finite Element Analysis on the Dynamic Behavior of
a Cylindrical Brake Device with Plastic Deformation

Jichul Kim, Hak-Yeol Lee and Woo-Jeon Shim

Agency for Defence Development

Abstract - A cylindrical brake device with plastic deformation is designed to stop the object moving at
high velocity. Baseline model is determined based on the design specification and analytic solutions. Using
finite element method, effects of various design parameters, such as thickness of the cylinder, clearance
between cylinder and rod, and cone angle, to the performance of the brake device are investigated.
Cone-type brake device shows better performance than cylindrical brake device with constant thickness in
that plastic hinges are generated sequentially from impact end to fixed boundary, thus increasing the
reliability of braking operation.
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Fig. 1. Cylindrical brake device
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Fig. 2. High acceleration ejecting device
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Fig. 3. Design parameters of brake device
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Table 1. Mechanical properties of S20C

Density {(g/cm® 7.85
Elastic Modulus (GPa) 193
Poisson’s Ratio 0.32
Yield Strength (MPa) 245
Ultimate Strength (MPa) 402
Elongation (%) 271
500
— 4007
g
2 300 1
H
2
§ 2]
H
100
0 — — .- Y—

0.00 0.05 0.10 015 020 025
engineering strain (mvm)

Fig. 4. Stress-strain curve for S20C
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Table 2. Baseline model

d @
1.0 mm 0.0°

tm
2.0 mm

Fixed B.C Rigid surface ’

Fig. 5. Finite element model
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Fig. 6. Braking force-distance curve
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Fig. 7. Final deformed shape baseline

model

Fig. 8. Final deformed shape tn = 0.1
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Fig. 9. Variation of mean braking force and
braking distance with thickness
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Fig. 10. Variation of mean braking force

and braking distance with clearance
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Fig. 11. Deformation of the inner wall
toward the rod : baseline model
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Fig. 12. Braking force-distance curve for
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Fig. 13. Variation of mean braking force

and distance with cone angle
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Fig. 14. Final deformed shape : cone angle
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Fig. 16. Time-histories of the hoop strains
during the formation of the first fold
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Table 3. Design results

tm d [
2.0 mm 1.0 mm 0.30°
1.8 mm 1.0 mm 0.00°
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