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Experimental Study on the

Axial Crushing Behavior of Truncated Cone Type Brake Device

Jichul Kim, Hak-Yeol Lee, Il-Soo Kim, and Woo Jeon Shim
Agency for Defense Development

Abstract - Axial crushing behavior of cylindrical shell is utilized in the braking of the high-velocity

impacting object. In this paper, truncated cone shape brake device is introduced. That is, thickness of the

shell is increased gradually from the impacting end to the other end. A detailed experimental investigation

on the quasi-static axial crushing behavior of truncated cone type brake devices has been performed.

Specimens of various shape were tested to check the influence of design parameters such as length, radius,

mean thickness, and conical angle of cylinder. Influence of the material properties were also investigated by

adopting aluminum, low carbon steel, and stainless steel as constructing materials. By analyzing deformation

procedures of the specimens, it is seen that conical angle influence the deformation mode and the sequence

of the wrinkles generation. Braking distance and mean braking force of each specimen were predicted based

on the crushing load measured from the tests.

Key words - Impact Energy Absorption, Truncated Cone, Axial Crushing, Quasi-static Compression Test
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3 AlEE AFste] Aol AFFA Aol vl
A = #EsA

2. YHAZAEHE HSTx 4A

AEAA e 2724 BF AFLP)
& 4 ()3 ol A ugel He BAY ¥

Am) R FE SE@), 222 A2 ASALG)
o ol AAdct
2
— mv_
Pm_ 21[2 (1)

2 AT F 7S AE didel s Al
EAANE dAstgen, Z A9 718 2F=x4
S Table 13} 7t}

A AFFAE AU ZolE 150.0 mm,
A9 WZE 360 mmz AR, AA Aol
% 100.0 mm7} SFEHE Al Fo] YRHEE HA
3ok BE AEFA Adre Zolx 1000
mm, Adt] WAL 150 mm, 2831 AEALE
30.0 mmz A ol Z4 AT Az
AxE P99 odf I L 92 FEFHY 14
& neiste] AAE goloh

AFEgx e AA2e LFv|EF(AL6061-T6), A
ZH(SM20C), 8]z AH Qg2 ZH(STS304)e 3
£3tgich STS3049] ZA$ 183 A2 B50CR
1417t fA—=1030C2 24127t #2-9YzhHE &
59 8 gL F4E BF HEsd dAz
7 AE Al vlAE 9%E Al

dar e FAME 37 AP 4dy 84

2 Ade FEH(00s P2 B 4 )
g ogdtel 24 F AL AN AF@

AMASe] gEg8 gho] 200~300 MPa A Eo|x
2, 478 tong] A|EHo] QFEHE AY AFAZ

Table 1. Requirements for brake device

Impacting Objects

Type w Gz v () ly (mm) P, (ton)
A 15.0 25.0 100.0 4.78
B 1.0 30.0 30.0 1.53
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o] AL FA7F 20~25 mm, 1.53 tono] Q%
= B39 AL 1.0~1.5 mm AXS FAZ 2x
& A4

p.— ot 20.79V2R/i+11,90
"~ V3| 0.86—0.568Y {/2R

()

2 g9 AEFA e £ zZx(conical angle)=
Fig. 19] g8 o] Adr 9¥g9 7172
Aot  ZE7 ARAA & F¢ 2
o] FAW)ZE UF AXNAY FE29 FAw)7}
UE Zold F glomz, AFFA AHA A &
Z4EE 02°~15° AEE H 834

oj AT ZE AFTFA 7|8 AALE vigoz
Table 29} o] A¥ AEZX o dis| 3F, BY
AEZAel daf 559 AEE dAsAeH, &
AAIE F 3MY, F 8F2470Y AFTHFA AHE
A2+t o). Table 2¢] Spec typeols] A ¥ Be
2}Z} Table 19] AAZAL o v] o).

Fig. 1.
cone type brake device

Shape design parameters of truncated

Table 2. Specimen details

Spec. . L R ti to 0.
Material
type (mm) (mm) (mm) (mm) (deg)

A0l AL6061-T6 150.0 18.0 2.0 24 0.15
A02 AL6061-T6 150.0 18.0 1.8 2.6 0.3
A03  SM20C 150.0 180 1.5 20 0.2
BOl STS304(a) 1000 7.5 08 16 05
B02 STS304(a) 1000 7.5 12 20 05
B03 STS304(a) 1000 7.5 08 24 1.0
B04 STS304(b) 1000 75 08 1.6 05

BO5S SM20C 1000 75 1.0 34 15

STS304(a) : solution treated
STS304(b) : as received
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(a) A01-01

Fig. 3. Fracture of the aluminium specimens

(b) A02-01
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Fig. 6. Deformed shape of B0l specimens
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Fig. 5. Load-displacement curve of A03 specimens
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o] A% A%y JFHAE AMNHOZ 1.0~1.5 ton
Z7He Fs BAn @&, FA9 F7hd 93
shite] A FEol A717] s o AEAE
7} Z7tstgon, o2 Qs A A4FE9 A
£ Z4sHA ®loh B3] A Z7]d+ B0l
TYUER FUT FEY AsHEES

S0

o FA7t
Holu, & Z%7} BOIET 282 F7A9 Z7}
&5 AA FutRoEe AEYo| B2 £Fo2 F
7HE &+ AUtk
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A4S L3 B04e] 7S, Fig. 103 2o] 24
Fgo| Adl 7 /] AAHHE F¢ £03 ¥9F
del FAHALH, YHAEME F2 °MTE1
Az AT dHEE F A A ¢

< A9 $¥-U¥E F42 Fig. 113 %‘q g
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I Aubol = 2 nXE 200

AYE & Byole ke
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Fig. 8. Deformed shape of BO3 specimens
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Fig. 9. Load - displacement curves of BOl, B02,

and BO3 specimens
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Fig. 10. Deformed shape of B04 specimens
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Fig. 11. Stress-strain curve of STS304
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Table 3. Braking distances and mean braking forces

BAEA7 SEFEF Hukd
(A03, BOl), %3t W3 Renw Zg3 Tl

of specimens

24780 FABANRY Az A4
E5 87 daNEs & Z4%s 94 gk ol4bolo]
of 2 2% avdE guy Be

O—T_

Ao

type AO3 BOl B02 B03 B04 BO5
l
872 287 184 264 251 152
(mm)
Prm
549 111 173 121 127 210
(ton)
30 6000
25 - 5000
20 - 4000

Object Velocity (m/sec)
B
1

T T
8 8
8 8
() vogedssiq ARsug

T
3
8

Fig. 14. Kinetic energy dissipation and velocity
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curves of impacting object (A type brake device)
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Fig. 15.
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Kinetic energy dissipation and velocity

curves of impacting object (B type brake devices)
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