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A New Way of Constructing Damage Boundary Curve

in Cushioning Packaging Design
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Abstract: Distribution packaging practices demonstrate over-package or material wastes due to the conservatism in
fragility according to traditional damage boundary curve(DBC) applied in cushioning packaging design. Based on the basic
features of shock response spectrum(SRS) in vibration theory, the model of Maurice Biot(Biot Model) is put forward and
used as a structural model by taking the product structure as a vibration system consisting of a number of single degree of
freedom(SDOF) mass-spring oscillators. Through testing and measuring by use of advanced electronic equipments with
automatic signal analysis devices, the SRS of elected fragile elements in the structural system can be obtained. Then from
the concept of dynamic coefficient(G factor) in engineering mechanics, the G factor is just nearly equal to the fragility G_of
the element when the maximum stress in the element dangerous point reaches the elastic limit of the element material. That
means each G_in the new DBC based on responses can be drawn graphically indicating the relationship between critical
maximum response accelerations and natural frequencies of the key parts in products system. According to the new DBC,
the new fragility based on response acceleration of a key part in product system can be acquired if the natural frequency of
the key part is known. This new fragility is certainly more suitable to cushioning packaging designs because the conserva-
tism factor in traditional fragility is eliminated,
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Fig.1 Non-damped SDOF oscillator
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Fig. 3 SRS of half-sine impulse

MR E 3 3 A n] i, el we Rz 3 DA AL s 7 3R
BT AE—E thi e T, BA d R U -
RGE" IR R RS (IR | B8 ),
TEGE MBI, W LU EE AR S 8. Mk
Wi AR R, TSR RS il i
BN T FGENR N R A5 0l R B R AE DL B AR
A RGEH ARBURZ MBI FR, T -5 30 p& 4K
BB o . X UL AN 8 b il SR BT LA™
AEAR ) b el 1, TR — el 1 o R AR LA ] f) o
. WAL, AR 3 AR, b R R (EICE

S A A it A B P9 R A 2 R LR AR AR TS R SRR
P B2 BIAR N o X PR E A I T AE AT SRS
E/RIT QN R

3 RESNH
Pl 4 FE R 0 Biot B2 445 R 1AL

G, |G, G, G, G, G,
AL
N

o

Acceleration
response

Spring-mass systerm
B4 Biot ERNEHRER
Fig. 4 Diagram of Biot Model
Kl 4 &M, Biot BB SRS H— A4 SDOF #k 1
A 3 B A 14 M 1 5 A T 3k L BT A
M 4 075, AL A AL 45 R G55 Biot TR A
oL, oM AT, SRS RS LR
—ZSNICJE SDOF 4r #4t. Bk, X T4ty
R4, ATLANH Boit BB/ HTH SRS, I AR
fifi e H DBC MM AL
I RO — A WA vp i K P i 2] Biot AT 1
JEHR, H 3 — R EA AR B R TR e
LAMEIRT . [, BRI R 2K, AET
i) 2 4 5 (932 BIPRAS X — s T —
7 S EE R R GUARAE . R AE RS vhis Bk bR,
T 1 WERRWNIEE N 6, fRT 2898 G,, Ik
T 30N G, s SBEE— IR BRI R
SHTA B R AS b R FRORE i A bR |
BIay DU RO A5 R GER) SRS, AN 5 s, Xl
HETF Biot BEIM L5 RGN SRS IRk, BARIX
D7 RIRE A LA T2 ™ i 254 R 48 o FF itk SRS
5K 3 R SRS MHELHE, ATRAAEE: A 251
SEMPFI A JE, T 3 s SRS HIAEKE 4 FniE 24k
T —Ame .

Maximum
acceleration| G
response 7

|

|

l

A I 5 A .;;
B 5 Biot EEILMRLM SRS

Fig.5 SRS of structural system of Biot Model



o310 REF,

e L BT P AR T S R T ik AR 49

4 FEZFF DBC

Biot AL s 2 — 2 W] LU 78— h 4 1)
RGENERICIER SRS MIRIETR . BIE 4 /R E 5
- P RG] LI R — N i R B
HA e BT 2 WL T a2 T Z oo .
oA EE H )RR TR A —
Gy T AE vh i B VR AR S 2 i . AR Biot 152
RIS I ZEH RS, A SRS HRIRAE— & 1y njrifi ik
PR —Z A G R - SR RSN S8, H
FEANBEF R ORI — A5 Boo M v] /g 22 BB .
LRI SRS AREREIZFA T45: DBC Pk F
PG 7R JE B e PR T, ikt T ELAAR A 2% w62
. CHEE X,

28K, FIH Biot LAY, 3 3o il PR a6 th 7T LA
A5 B H TR N S E0H DBC, (HR IR 5 7% |
RZE SR ZAL T AT M. Bk, A3
HRAE TR 72 R, 4Rt —Fh AR B IR (4 ke i
AT NS E B DBC. AR C A Biot 471
gl T A R SR SRS, BT EAE T M SRS
(Al EAS R AN =SS5 RS R HT DBC. RIRTE
ZRGHELHE T EILS B0l (4R5). W

AT LIARYE Biot BE2Y, b i in s tiix £e G Hioc/F iy
g M) 1 Jon 3 Qppps Ay Qs Pt AT DLSRAR H:
TR

G, =a,/g

G,=a, /g»

G, =a, /g

Arp g W S
G, HE i S BULIE S ST
BB AE— A o ATV F L 5 s B
G — A~ G TR AL A B A8 A 7 PP A e —
ARSI ER A (T ), A B k7 1 7T LA J o
0,=G, 0, (7)
X (7) G, WEBE TR R,
o, S UGRS3 14 SR T 19 1
4o | BN ZS BT HE— AU 19 H R RO,
BB S BUC R BRI (o
(7) WS
0,=G, ‘0o, (8)
X (8) . G, S BULHE I R HHEH T
ALIA G, HOHHFRD] . MG A B bt
S50 B 5 A I SR o FE BB R M A
BN ST, o, HelE R AMTREE, it

PaEH RGP T AP G, . G, G, o HB
ALK o AR X S 5 BT i i, DAtk =
&l 5 B SRS —4EAk bR, BIVAT AL 4548 R 405 it
DU I 4 B 1% 35 g oy il B (8T DBC - AR, il
LTFFNF LK, BN ARG 4K,

FETF G T ma N 2508 DBC WAL R iR
AR T -

1) NFHESAHT . R R s S A Rk A iR
1, HE ) Sh A5 I R G0 R A A R R i
& 5 oo

2 ) HE BRI i S R B , # E r
TESE (1 5 BT ) A SR A%

3) HHE Biot BRI 2 BT S5 R e A,
FE T A RGN SEL, 23] SRS

4) FIR TR AR5 (FHT) M %
GWOCE GRS () A K 775

5) MG T B R RN 738 B I TT A R
PERR BT, 1530 0t 5 5 T A A A e A i iz o
BE, DAKHE T e 1 2500 2 40 R 8 e A

6) PSS BT FEE I H AR Y 2)
H A RIS, TEREIT 3 ) 19 SRS /R 4i Ak br 45
il H ™ i 2548 R GEHT DBC -

5 HiIESEE

ASCUEHY, H T A v R 0 R 04 A% 5 v
i B (T LA 5 i s 09 o o R ) e
B, DASE IRA% e b e 1R 78 22 op A 2R Bt i i o
PIGRAFPER L, (HJE, AP E R R — AL
ok, SEBR b A HW B S B Y 9% op A T aK
Berb o SR HJEN, EEUER A T LOB M E A &
MFHA AT DBC

AR SR 56 S % i 7 o S8 P 0 (ARE
Wit SRS FHIE S Biot A K T AR 2 dhfar R B HE
w, RE T —ASE A S5 R G Sy oo
1 DBC ML R HIIL R FEY . X —H
TR T DBC 4 Ak bR 3R T e XREE %
4K, DR A] DA 2 wp e T R A AR gy
AR S 5

F2HINH, R - E - AR 5 AR
BT B1oT Mrli i VAR A o X i A)
M, EEANRELRSZ RN, A e
AT, JREE TR e I B E L), FTUAAS
REVEAL U A BrOT M | H gt i SRR .
W4, AR SCH, A8 T Nnpdiik i 4 i



50 1l %

2013 4F

P A BN EE o SXHL, W0 SE R T B S 0 G ]
FREEH o YLl iy op o 1S HE S R B, bt
A ] e AL A i (LR ) EAREIAY; i
H3HE BIOT B8, M 1o 135 2 DAL R AR I A ™ i

BOCHE B, EF R, SOFTE Y I HEAR %
PEF, dlfmE s & .

% 3k

[1] Mindlin R D. Dynamics of Packaging Cushioning[J]. Bell
System Technical, 1945, 24(7/8/9/10): 352-461.
Newton R E. Fragility Assessment Theory and Test
Procedure[EB/OL]. [2012-11-20]. http: //wenku.baidu. com/
view/15359ebf960590c69ec3761f html.

3] MM, T MR, BT R R
BRI SE 7 0. AR, 2012, 4(3) : 30-33.
Hong Xiang, Wan Chen, Wang Jun. A Method to
Determine the Critical Damage Dropping Height of Potato
[J]. Packaging Journal> 2012, 4(3) : 30-33.

(4] THEURR - DT ALBHOR KA M, Lt BRE M,
1992: 322-326.

Marilyn Bakker. The Wiley Encyclopedia of Packaging
Technology[M]. Beijing: Science Publishing House, 1992 :
322-326.

[5] Robert M Fiedler. 5-Step Package Development[M]. Virginia :
MTS System Corp> 1985: 65-78.

(6] SR, Tk, MIE Eop s, K
IR R A AL, 1989 ¢ 113-114.

Peng Guoxun, Wang Ruidong, Guo Yanhong. Cushioning

Packaging Dynamics[M]. Changsha: Hunan University
Press. 1989: 113-114.

(7] REF AR g (SRS ) #5E 7 i e ).
TR, 2004, 25(1): 16-17.

Song Baofeng. To Determine Product Shock Fragility Based
on Shock Response spectra (SRS)[J]. Packaging Engineering »
2004, 25(1): 16-17.

(8] XU, A5 T sl R B T, 1 T
T2, 2006, 27(4) : 29-30.

Liu Jinhao, Li Chen. Research of Application Methods in
Shock Response Spectra[J]. Packaging Engineering, 2006
27(4) : 29-30.

(0] EARTE, OUEH, 55— RI 3L o 3 19 7 b B 1

A S, A TR, 2008, 29(12) @ 27-29.

Wang Baosheng, Hao Hongyan, Kou Ergang. Product

Fragility Description and Measurement[J]. Packaging

Engineering, 2008, 29(12): 27-29.

Armstrong W R. Using Shock Response Spectra to Design

Cushioing Packages[C]//Best of Trans. Pack.[S. 1.]: Institute

of Physics Publishing, 1996: 167-181.

[11] William I K. Development in Testing Products for
Distribution[J]. Packaging Technology and Science> 2000,
13(3) : 89-98.

[12] AlexanderJ E. Shock Response Spectrum: A Primer{J]. Sound
and Vibration> 2009, 43(6) : 6-15.

[13] Daniel Schiff. Dynamic Analysis and Failure Modes of Simple
Structures[M]. New York : John Wiley & Sons, Inc.USA.,
1990: 177-179.

(AR BAIE)



