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Fig. 1 Stress-strain curves of honeycomb paperboard
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Fig.3 Diagram of packaging system made of critical

component, main body and honeycomb paperboard

SRR I N

*w o*w
pA?wLEIy—O, (5)
AH ¢ M
XF I ANy
o 9*w(x,1) o
wO=w)=z, —55 B =0, (6)
P ERIR S RN
mZ+AfF(%,%J=O, (7)
WILh A
2(0)=0, (0)=+2gH . (8)

X2 (7) 2R, A5 R G0 Al e )

o, MR AR

s+ & |2,
c h

oo
K. g NEIINERE; o=mg/4;.
M (9) TIAEH, ¥ ERpnsE: 1Y
FRN T o, L WSS IS h A5 %
WA y=w—z, FFEEEC (5) 715
pad Y g0 s (10)
ot X

FEE (10) B RN

=

Y=Y, (0,0 | (11)

A g.(0) AEZSARR
Y, (x) MIRF R AL, H

Y ()= | sin T (12)
pAl /

AR EIRBIIEANE, A58 — 7 1oy
Jited

—\/2pAlz
§,to,’q, =$(l—cosnn) , o (13)
n

‘ n’n’ | El
Ao, = 1_2\/p:A .
ML, 15
= _\/MZ(I_COS’W) J.’sin(a)"(t—r))dr, (14)
W, nm 0
2 7 AR
e T AT 3k 23 By 40P 1K) S0 ARLREL T 3 JE bk
i

n

5:{4“’ 0<t<t,;

0> t>TOO

(15)

M (4) AIREIIE BEIE(E A, FBKTE 7 7

Amzadg/as, TOZ\lng/Amo (16)
X (15) ARASK (14) |, B3I R (13)
R -

22pAl
p2 A, (1-cosw,t), 0<t<t;
nno,
" 4 apai
p . 7, )). 7,
sm|lo | t—— ||sSinf @ — |, >7T,0
nnw”z ‘Am ( n( 2 ]) ( n 2) 0
(17)

-22 -



e, F
D]Iﬁi%t;ﬁ%#rﬁﬁ%mﬁmmem¢$mrmﬁ

DRI I P A 380 ] S R e R . 25 il 1 7 B s [
R )
o, =+ _
- ox* 2

2Eh -
TEA’"Z[ (I—cosw,)si ;Ex}0<tsro;
n=1

+ -
TV4Eh'nA, . ATX . To ). [ To
—sin—sin t—— | |sin|o,— |
r ;;[wf ! 1( "( 2)) ("ZD

t>T00

(18)
FH R AT SRR AR AT )
BN 18— e e, 5805 R il vk

Po’ o,

O™ , (19)
4Eh'mA, . 7, T
TSIH O — Ty <—vo

o, 2 o,

FIHAR (16) %= (19) P TiE— R s

! 2gH
42E'hZTE Am 4 Am = £ (01 5
o T (20)
O—ITIz
4EW'T | . w\J2gH J2gH o,
5 A,sin v A, >————0
l wl 2‘4111 T

P, A, et A

. AENWTA, . 7,
o, = lim ——"sin| 0, — |=
Am e ] o, 2

. 4Eh'Tm4,, J2gH

lim ——"o, =

Ay e la)l 2Am

2EN'n\2gH

—F 21
o (21)

AN FE IS 4, > B, HIE (16) A, Pk
B 7o BT 0, XA TEAT W RMEIE o

st 22N o
VA M7 ) ) B (e A 5 AR 8

i BB M T TR R 2
(L.
%%<§%?§E%ﬁ%WHﬂﬁW%%%%
St USSR S I B A, 5
T ——

4EN J2gH

%GRT, DU AT A5 2] i e R W AE A, BT
T R AR
4B | on2eH ; ()

Po’ " 24, ‘

_ 4B gl
! Po,
B ) 2R

i

o DURTAS E 58 BE WA A, BT

4,<o, i °
4FEh'n
TR, X (16) BIEME AR EIDR
OIS 1 [P (V7= WRCEN: iy UL = oA TR T e
MRER SR T YRR SRR, PRI AT AT 31 53 SR RE 1Y
AR

(23)

O4ép
H

O
S , 24
., (24)

e MRS S

3 St - FREFRERTERET

S TUEREC (18) Fr/nmfd gy il Sk, )
FHA PR JC ABAQUS/Explicit B, %o i %% 4% Mg 2% nf
RGAATENA T, IS Es R, ATt
TR, A7 PROTRIRAN T e s i AR ZE AL, (U A
B o e 35k 7 ot R R T TS B ok Bl o >4 205 2 e g 4R
M (R TE AR L JEEE K™ b B m, LS (9) B
AT RIS A pk b, B (16) AIASRIfRfLAY N
TR ke

PGS T RN A, R SRk AT S RS i
iz F AT AT = 4Ese 5ot ., 1E7= i EAAROT F T —
NS 8 P, FHT R i 55T B s B ik e
#fi, AW x, y, Px, Py, Pz J7 ), iz Jiis ).
XA SRR, S SWIHABICHE x, p, z I
AR, G RociE A S4R Hot, NIARFRIGR
FH C3D4 Hiot,

P S BEEANF . R S A =1.5 mm,
FEE h=50 mm, KJEHK =80 mm, E p=8 g/em’, I
PR & F=100 GPa, i S Auds K25 i N ) 0,=80
MPa, =55 m=6 kg, BRi%EE H=1 m, FrEsr
B PR AY p fRT S 5% | 77 i FARLE N, ANl 4 Fos o

1E 4=0.02 m*, 7=0.025 m; A4~0.03 m’, Ah=0.015
m BAEE T, B (9) S HTE M E

-23 -



[]] 1 % =2 ${ PACKAGING JOURNAL
2018 FE £ 10 % 5 1 HJVOL. 10No. 1 Jan. 2018

R ERYSEBRAER A K ed, Wi s TR R RL TR AU
3 (16) 50 (17) 15200 RLA 5 b = A0 ok
WAL, NP S AR SRR o

Y. TR BT

X

Fi
Xp R o
.

l
l [ ]

4 SR - FREGFARTER

Fig. 4 Finite element model of product made of critical

- |/

element and main body

100

________ seeee SR FE K 0l
JREEEEEEE N — T ik o
80f
420,02 m, h=0.025 m
P e \
) —————
» F :
iy
40f
20
n L Do -
0 0002 0004 0406 0.008 0.010
S

5 SEBRSTE 1k B ik RE Bk i 3 L
Fig.5 Comparison of actual and simplified
acceleration pulses

R 5 g EdE S AR PRCR Y, nl stk 4
MriG, e SCH AU x Jr i 80 NHIT, y Jr K 6
AT T FROC T, TR B 25 5 . 24
SRBEWEAE M 2359 60g F1 90g INF, RS 3 f S F4E 1
I3 Rk 7 A R 043 B 45 A5 A SC IR it b ik 25
e 6 fis .

Bl 6 Hr, iRl 60g B, 2 I T Y
WS4 5435k 32.61, 30.98 MPa; 4 B I N
90g BF, 2 By BT B 0 7 WEAE 43 ) R 48.18, 49.55
MPa, 2 AEHERW, A BRI 25 RS i as 5
BWIE, REEUE © A TR . A RRIC T
152 () 0 7 DA I 2 T b, X0 B o AE s X
(18) KFFHTRERT, 2B TR ARl

1EE 6, A7 BRITIRAS RIS —AN I kb ik
$& 2.1 ms /NTAEMTERY 2.5 ms, X2 i T7E b

VESR I SR G U ASTE , ZERASTE R AR &
LER AL LI T I

50
40r
% 30k
R
& 20t
1ol —— RIS N
— (RS

o 1 1
0 0.5 1.0 15 2.0 25
HFA)/(1073 s)

Eo SRHMABKTMEHAERTHFERS
RAT AR A R L
Fig. 6 Comparison of stress responses of critical element
by finite element method and analytical solution

24 4=0.02m’, h=0.025m; 4~0.03 m>, 4=0.015
m B, 7ESEBR -5 Ak e n e B K vl T, A5 3 A
Ko S AR R BhA N T - B2, aniEl 7
PR o

40F SEBR K sh R R
ol —— Sk
20t
&
=
R
_10F
_20F
—30g 0005 001 0015 002 0025
Hif 7 /s
a) 24 4~0.02 m*, #=0.025 m I
80
SEBR K o R ;
60 I ik o s v

5 0010 0.015
] /s

b) 24 4=0.03 m’, #=0.015 m I
7 SRR N N - BRI %
Fig. 7 Stress-time history at the midpoint of fragile part

Pl 7a SRR TRTAL 4 I B K bRl T

- 24 -



Irlr

EEI 111..\ ’
D]I@ ”i%ﬁ%#fﬁﬁ%mﬁﬂﬁﬁTm¢EMFﬁﬁ

Gy AR B 1 fe K 1 43R 47.5, 46.9 MPa; ]
7o H, TESEER S AR 0 Bk e R, S i
I 2l 17 f5z K 143 518 68.9 il 68.4 MPa., LA I 2
AR, XK, 38 TR AT LA 30 2
T AR T e e o A 22 vV 1 i 1z

4 it

LE LR, AT 458
1) P00 1) e s AR LY g — AR 2, Tl LU
FHUUH =Y R EGU A LR AL IR & 2 A X, i
AN R I B R A . BT R AR S
Bl , 3B AR — 4 RIA R, h Tt
By gy - A2 R R BEABK AR5, BikaT
Dy NG A SR NESTN < H I TOPIE | ﬁo
2) i S GRS B AR W s AR % P R A s
DL, T RIS AR TR B ok el T 1
EESI
3 ) FHRE TR Jom st 2 Jok o067 A e o AR Al S B % i 14
R ok e, E TR T S AR B A5 Sl sh A
H,A KV BB R ARG R . X R, X
%m%a%% . ATLAH R Bk Fem i 55 AU 12
17h, Wmﬁﬁm o P K oA A S o ok 32 ik ey
%Ao

SH LR

[11 KIMSC, CHOD G, KIM T G, et al. Finite Element
Analysis for Shock Resistance Evaluation of Cushion-
Packaged Multifunction Printer Considering Internal
Modules[J]. Journal of Electronic Packaging, 2013,
135(4): 041001.

[2] GARCIA-ROMEU-MARTINEZ M A, SEK M A,
CLOQUELL-BALLESTER V A. Effect of Initial Pre-
Compression of Corrugated Paperboard Cushions
on Shock Attenuation Characteristics in Repetitive
Impacts[J]. Packaging Technology and Science, 2009,
22(6): 323-334.

[3] BURGESS G J. Product Fragility and Damage Boundary
Theory[J]. Packaging Technology and Science, 1988:
1(1): 5-10

[4] GOYAL S, PAPADOPOULOS J M, SULLIVAN P A.
Shock Protection of Portable Electronics: Shock Response
Spectrum, Damage Boundary Approach, and Beyond[J].
Shock and Vibration, 1997, 4(3): 169-192.

[5] WANGJ, DUANF, JIANGJ, etal. Dropping Damage
Evaluation for a Hyperbolic Tangent Cushioning System
with a Critical Component[J]. Journal of Vibration and
Control, 2012, 18(10): 1417-1421.

[6] JIANG J H, WANG Z W. Dropping Damage Boundary
Curves for Cubic and Hyperbolic Tangent Packaging
Systems Based on Key Component[J]. Packaging
Technology and Science, 2012: 25(7): 397-411.

[71 SUBIR E. Is the Maximum Acceleration an Adequate
Criterion of the Dynamic Strength of a Structural Element
in an Electronic Product[J]. IEEE Transactions on
Components Packaging and Manufacturing Technology
Part A, 1997, 20(4): 513-517.

[8] SUHIR E. Predicted Fundamental Vibration Frequency
of a Heavy Electronic Component Mounted on a Printed
Circuit Board[J]. Journal of Electronic Packaging,
2000, 122(1): 3-5.

[97 LUANJE, TEETY, PEK E, et al. Dynamic
Responses and Solder Joint Reliability Under Board
Level Drop Test[J]. Microelectronics Reliability, 2007,
47(2/3): 450-460.

[10] ZHOU CY, YUT X, LEE R S W. Drop/Impact Tests
and Analysis of Typical Portable Electronic Devices[J].
International Journal of Mechanical Sciences, 2008,
50(5): 905-917.

[I1] ZHOU C Y, YU T X. Analytical Models for
Shock Isolation of Typical Components in Portable
Electronics[J]. International Journal of Impact
Engineering, 2009, 36(12): 1377-1384.

[12] LU F D, TAOW M, GAO D. Virtual Mass Method for
Solution of Dynamic Response of Composite Cushion
Packaging System[J]. Packaging Technology and
Science, 2013, 26(S1): 32-42.

[B] WIS, W T AR dESh A R

J]. YR8l TRE2A4R, 2016, 29(1): 38-44.
LU Fude, GAO De. One-Dimension Constitutive
Relationship and Its Application for Honeycomb
Paperboard[J]. Journal of Vibration Engineering, 2016,
29(1): 38-44.

(14] e, WD, M, &5 K - RELIEK -

%u¥%§§%i{*?%éﬁ{¢fﬁﬂﬁbii§£t4h121f[J R TR
iz, 2016, 29(5): 900-904.
LU Fude, TAO Weiming, ZHOU lJianwei, et al.
Impact Responses and Optimization Design for a Head-
EPS-Aluminum Honeycomb Cushioning System[J].
Journal of Vibration Engineering, 2016, 29(5): 900-
904.

[15] w78, #4501 5, 55 FTAgUR - K5

- 25 -



01

[16]

1 % =2 ${ PACKAGING JOURNAL
2018 £ 10 % % 1 HJ VOL. 10 No. 1 Jan. 2018

WS B EE M G N RESE K /04T (1], THRERFEL, 2014,

45(23): 23016-23019.

GAO De, FAN Lingqgiang, FENG Jun, et al.
Cushioning Properties of Two-Layered Cushioning
Structure Stacked by Honeycomb and Calcium Plastic
Board Subjected to Quasi-Static Compressive Loading[J].
Journal of Functional Materials, 2014, 45(23): 23016—
23019.

FEE, VPROL, W, B RLHRER
FEINEE ok il T B4 8l g 2 -5 A FROT A (D).
Pesh Hupids | 2016, 35(5): 191-195.

LU Fude, XU Chenguang, GAO De, et al. Shock
Response and Finite Element Analysis of Critical

[17]

Component with Cantilever Beam Under the Action of
Rectangular Acceleration Pulse[J]. Journal of Vibration
and Shock, 2016, 35(5): 191-195.

WANG Z W, EY P. Energy-Absorbing Properties of
Paper Honeycombs Under Low and Intermediate Strain
Rates[J]. Packaging Technology and Science, 2012,
25(3): 173-185.

FAAMy, T, B, LR REE SIS
FYEREEAG (0], Ikl S nbidi, 2014, 33(3): 94-97.
WANG Dongmei, BAI Ziyou, GONG Huxiang, et al.
Dynamic Property Evaluation for a Corrugated Sandwich
Plate[J]. Journal of Vibration and Shock, 2014, 33(3):
94-97.

Study on Shock Response of Critical Component of Simply Supported Beam Under

Cushion Action of Honeycomb Paperboard

LU Fude', LEI Shufeng', XIAO Ningjian', GAO De’, WANG Zhenlin®

(1. School of Packaging and Material Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Ningbo Institute of Technology, Zhejiang University, Ningbo Zhejiang 315100, China )

Abstract: Honeycomb paperboard is usually adopted as the cushioning material in the transportation process
for electronic products with the critical components of simply supported beam. In order to analyze the failure behavior
of this sort of fragile part under impact load, the compression mechanical properties of honeycomb paperboard were
studied firstly, with the simplified constitutive equation of honeycomb paperboard obtained. Then the relation between
the maximum stress and the peak value of rectangular pulse was solved under the excitation of rectangular acceleration
pulse, the constraint conditions satisfying cross-sectional area and thickness of honeycomb paperboard were obtained,
and the approximate analytical solution of bending stress of simply supported beam was derived. Finally, the reliability
of the analytical method was verified by finite element analysis. The results showed that the stress of honeycomb
paperboard in yield stage could be expressed as platform stress, and rate dependency was notable for honeycomb
paperboard. The rectangular acceleration pulse was used to replace the actual acceleration pulse transmitted by
honeycomb paperboard, and had a high accuracy in solving the stress response of the critical components.

Keywords: critical component of simply supported beam; honeycomb paperboard; shock response;

acceleration pulse
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