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Cushioning Performance of Trapezoidal Toothed Ring Structure
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ABSTRACT: The aim of this work was to study the cushioning performance of the damping ring cushioning protective
structure of the high overload test electronic recorder in the environment with high impact and high overload. The damping
ring cushioning protective structure of the high overload test electronic recorder was improved both in the structure and the
material. A trapezoidal toothed ring cushioning protective structure was used, and composite materials such as aluminum
foam—polyurethane or copper foam—polyurethane were filled between the steel shell inner wall, the tank cover outer wall
and the tank outer wall for better cushioning. Then, Ansys simulation experiment was conducted for the composite material
structure specimen, to study the high overload and high impact resistance of the aluminum foam—polyurethane composite
material structure. The results showed that filling of aluminum foam—polyurethane with a polyurethane content of 25%
granted the composite material structure with relatively high resistance against high overload, while filling of aluminum
foam—polyurethane with a polyurethane content of 4.9% resulted in the composite material structure with the best impact
resistance. In conclusion, trapezoidal toothed ring structure had higher stability than the triangle thread structure.
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Fig.1 High overload test electronic recorder with damping ring

cushioning protective structure
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Fig.2 Schematic diagram of the electronic recorder thread structure

of the original design
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Fig.3 Schematic diagram of the electronic recorder thread structure

after improvement

SE 0 BRI ARG np I RE R U
1.2 FERMEXREAR

DL 5 AL R AR UK AR o 1
LGRS XEBHERIE T Ansys 07 20920 11
R4S LR IO RIRE & . (a5
IR OSP4 OO, BT EEAT L ST

Bl S 5 S LR B AR Rt
SRR AL SR LT o S5, 281 )
P AR FBHR SR B — Py I 2
SR

2 HESK

2.1 HEREIRYE L

I FH SolidWorks 514 = 4 SEARHEAR, 43 5 8 37 =
ISR LU ZE MRV RS G 1 BRIRSE RS . =P
PR R IR SR 20 mm, BEECR 10, 45 A B 1350, K
12d R 70 mm, /M2 d R 60 mm, 2584 5 4 200 mm. T
Y7 TRk 25 A B2 05 g 25 mm, SR 8, T o Ny
60° , KA d R 70 mm, /NE di A 60 mm, 15 H & 4 20
mm, Z5F4 25 200 mm, HAFRLS» 5] UL 4—5.

22 HhAE
HN A AR RATIRS-REARE S



36k HoW

VIEES MU R FRAREE R 2% vh Bl 7 P REAIF Y 71

El4 = fICIRa SRR

Fig.4 Triangular thread struc—

K5 I FRE R
Fig.5 Trapezoidal toothed ring

ture model structure model

MRS ARERY . HAh KR HT SolidWorks 2R 461 22 14
= IR BEE AR LI 5 BRAR ZE5 A BTRL 53 5] 5 A
Ansys H1, 4355l T 2 55 1] it il 8000 g 1 ek i S o
FH Ansys X HAEAT R S o307 3 HRS 85 A B LAY
INERAE R o XS LS IR 45 0, AT AH G A0, A5t S

Lieliy7 o
2.3 axRa-REEMEIES T

TEHL IR BR T 43 5 0 o 8 53 80k 0%, 5% , 9%
13% ,25% , 32% , 48% , 100% 1) 5 & Bk , 76 z 5h i 2%
8000 g 114 i A B, 43 AR S A8 3% S (B4R R R
JIE . TCSRAH SR, Wk 1. R IIH A 25% %
SR B R Y TR 40 - R R 5 B M R 5 4 1 1 1 i
K, G pPERE AT, A LA R LK 6—17.

F1 EFA-BRERXHESSIEHXT L EE
Tab.1 Comparative data of aluminum foam-polyurethane

specimens after experiment

J 515 % {57 #/mm % 71/MPa
0 483 0.151 227
5 1320 0.443 215
9 192 0.724 984
13 192 0.821 940
25 1390 121
32 1210 1.16
48 192 1.07
100 1150 1.58

2.4 WitEHEEMERHES T

14 1 SolidWorks HE I BRIE 17 FRIR G5 R 5 A
Ansys "PHEATOF BT, 8 SCHORRE, S rp R 5 ke
B, B R 7.85 glem’®, BMEREEE A 200 GPa, JHFA LN
0.31, FEXTBRIE 7 PR S5 A AR TR 4] 43 WO A% I, £ 2 il
J7 1% 8000 g JiF ({7 FLE5 L ILIE 8—9.

H 1 8 FNIET O T AT, fe KA Y & A AE I 8 Hh Ay I

fif%/ pm

0 0.310 0.620 0.930 1.24
0.155 0.465 0.775 1.08 1.39

Fl6 HLF Tt /3 H0h 25% 5 2R 5 R LR
Fig.6 Displacement isoline graph after filling 25% of polyurethane

v 71/MPa

EE——— s we———
0.027378 0.280623 0.551868 0.814113 1.08
0.1585 0.420 745 0.682 990 0.945 235 1.21

K7 TR BN 2595 AR5 R )
Fig.7 Stress graph after filling 25% of polyurethane

— —
0 53.6 107 161 215
26.8 80.4 134 188 241

K8 Nz i B A5 EHER

Fig.8 Displacement isoline graph after loading

v 11/MPa

—
0.098 934 152 303 454 606
75.8 227 379 530 681

K9 I R
Fig.9 Stress graph after loading

W, AR 241 wom, fr/NMEAR SR AE R rhE], R
8 HRIREAL AT 0. KRB A A e BRI AR
SER TR I A T 2/ VAR T Ak, B RV )R 681 MPa.
TR/ IR A HEAE BT AR O, B/ MY T 0



i 20154E5 H

A 1t 2 ) A DG R, 50 = A MR A 235 A A ] 4 51
WA, I KA N 8.86 pm, i/NEEEHO,
H RN 770 2.8 MPa, Fe /N 320 00 X FE 2 B, AH T
AR E SRR R IR BRI R SRR S5 R AR T
AR, B MRS NI S R
58 o 5 IH [ P A TR AT 160 AR IR 48 ) 88 JER A 1) 3 = £y
WL S A, HLA A AR SR | T2 A b
I i AR A A

455 Ansys SIS ESREE A LIE T BR TRA
PRI 2 A, i o 0 KU 25% 10 R A i) S 5 4%
FIERS B, Fn HonT LUE i fe K A2 T I 2 1Y
ity , HHOR i R S IR, 25 R AN 22 T
AR TR AL, PRI o Bt 23 HCA 259% 1) S S IR I 7Y
WK AR AR SRS F 1T i 2 RE T

SE Ak

(1] BB, 2= F e, Rk, 5. KL w2 sh 35 ) 2 # AR
JrERTSEN) K T, 2007 (1) : 28—31.

DENG Qiong, LI Yu—long, SUO Tao, et al. Test Research on
Dynamic Mechanical Behavior of Initiating Explosive Device
under High Acceleration[]]. Initiators & Pyrotechnics, 2007
(1):28—31.

COUR-PALAIS B G, CREW ] L. A Multi-shock Concept for
Spacecraft Shielding[J]. Impact Engineering, 1990 (10) :
134—140.

WHIPPLEF L. Meteorites and Space Travel[J]. Astronomical
Journal, 1947,52:137—142.

KR, AT, SR, wmad 4 b 25 R By B
[J]. WX AR 2442, 2006, 19(3) :249—253.

LIU Jun, SHI Yun-bo, MA You—chun. The Research on the

(3]

[4]

Structural Protection in the High Overload Measurement|]].
Journal of Test and Measurement Technology, 2006, 19(3) .
249—253.

PINEAS, FETCHT BUR LT, 4F. SHPB & [f] oo B 58 AF/ZF
IR AR LT 4 55 MR BR RV, 526 MR E 41, 2005, 22
(3):21—24.

SUN Zhi—jie, GONG Yuan-ming, HE Cheng—hong, et al. En—

[5]

ergy Absorption Characteristics of AF/ZF Hybrid Composite
under SHPD Transverse Impact[J]. Journal of Composite Ma—
terials,2005,22(3) : 21—24.

FULRL ST A T, S5 IR R - R & IR A S A Ry 2 v
PERERTIEL]. 1% T#2,2010,31(19) :6—9.

QI Ming—si, ZHANG Jin—-ning, YANG Wei, et al. Research on

6]

Shock Cushioning Performance of Foamed Aluminium—poly—

urethane Composite Structure[J]. Packaging Engineering,
2010,31(19):6—9.
[7] HE Ming—qiang, GAO Zi—zheng, XIA Kun-bo.Experimental
Study on Hypervelocity Impact Characteristics of Densi—
ty—grade Thin—plate[J].Physics,2013,62(3) :24202—24213.
B . B RS R BORAE ™ BT & A D). A
FHR,2012(10) :39—43.
LYU De-long. Application of New Materials and New Tech—
nology in the Development of New Products[J]. Defense Con—
version In China,2012(10) :39—43.
JEI, ZE AN, B R D R SR R S R A AR 25 R
FitERERIBT L. A% T A% ,2004,25(3) : 9—10.
ZHOU Min, LI Da-gang. The Study on Bending and Com-

9

pressing Properties of a New Type of Functional Polyurethane
Compound Sandwich Board[J]. Packaging Engineering, 2004,
25(3):9—10.
[10] FFEE, XISFH , BAT, 45, 28 iV E 45 i R 05 LA 52 (D).
fI3 TR, 2013,34(23) :5—8.
QI Ming-si, LIU Shou—jun, ZHAO Qi, et al. Simulation Re—
search on Landing Process of Cushioning Airbag[J]. Packaging
Engineering, 2013, 34(23).5—S8.
XV, A, D i Frp G bl o
[J]. b R2A242, 2005, 26(5) : 381—384.
LIU Jun, SHI Yun-bo, MA You—chun. Experimental Analysis
of Cushion Material in the Over Loading Test[J]. Journal of
North University of China,2005,26(5) :381—384.
[12] FFHEL KSR B 4. FET Ansys/LS-DYNA 22 nh 465
Bl R 5 FLBEFE(D). £ TR, 2014,35(11) : 13—17.
QI Ming—si, LIU Shou—jun, ZHAO Qi. Simulation Research of

[11]

the Cushioning Airbag during the Landing Process Based on
Ansys/LS-DYNA[J]. Packaging Engineering, 2014, 35 (11) :
13—17.

X%, KA B8 TG A BN S R B B o AR
P HLAR T AR A4, 2012,48(21) : 168—173.

LIU Xin, ZHANG Zhi-yong. Optimal Design of Passenger’ s
Protection Devices in Manned Airdrop Based on Airbag Cush—
ion[J]. Journal of Mechanical Engineering, 2012, 48 (21) :
168—173.

s, XINEF , SR JEIR R - AR A A R R X
GenbVEREAYRZM] ). £025% T2, 2011,32(9) :24—26.

ZHANG Feng, LIU Ya—qing, QI Ming—si. Influence of Alumi—

[14

—

num Foam—polyurethane Composite Thickness on Its Cush-
ioning Performance[J]. Packaging Engineering, 2011, 32(9) :
24—26.

TR XU BN By 1 G b U R A AL B
feah it 2011,30(2) :222—225.

TAN Jun, HAN Xu, LIU Xin. Optimal Design of Airbag Chair

[15

—

Formanned Airdrop Protection[J]. Journal of Vibration and

Shock,2011,30(2) :222—225.



