o536 4 2 1)
2023 44 H

Ik o T

Journal of Vibration Engineering

. Vol. 36 No. 2

Apr. 2023

IR T EmEK R REBRESNT

BRAZEE VST, WTAE T, AR

Eﬁ 1,2,3
[/

N

(1. BB K22 TRV, A& BRI 5190705 2. R K2 M e S Y E R L0 %=, 7R BRIl 5190705
3R R AR T P AR SR E SR E, AR BRI 519070)

T SCIR T TN Rl T L AN [ R 30 A5 4 A [ 2 i e 88 JRE 38 AN [ ef 38 23 2 7 QT 7 b B0 208 28 8 9 41k 3 )
HUHE MR T BUAE 38 B AR 20 A ik COTPA) IR AL BEALIR 3 T 7™ b L% AR e 45 A0 AR A IR Sl TTMR A o 45 R R 4 4R
B S G I B T LR OBk S R AR, A BT IR R L O, R AR A s Bl /) 5 A 2 e e R B B, R 5T
FERATA RN, AN [ il 18 T O o T A7 6 A S ) 1 ) S 5 9 (PS D) AT BT 28 5, 41 3y ) 1oz 5 2% 8 R 4 A3 b 1)
il BE i R /INAT O, Aol 3R X6 4% B AR ) 0 0 BT R B R TR AL/ 5 e 8 43 T SR DG HE TR B Y WA B PSD R IR R, R
(5 el 88 7 P 5 3R] 984 2% 1 398 A 10 IR Bl TR A DR/ 5 2 % e e 8 T AR ) 2 BE R AT O TPA J7 3 U I R 48
14 3 IR B TR AR R E SR SR IR B £ 18 B AR O B TT A ) W R -5 S B IR 2l 1% 128 B A48 A ST U AR I AT 4 iR B
AR ek B AR G, G2 b B R B T SR T O M IR B £ 3 B AR IR IR BE T . DRSS O i — P P SR e L R B

7 AR LIRS S

KR : BHLIRSD; @A RS ; YIRIE I ; OTPA; JRal TTml bt

FESES: 0324; TB485.3 XERARERD: A
DOI:10.16385/j.cnki.issn.1004-4523.2023.02.022

5l

i

FES B TS A R op TSP AT Bl AR A
S A MALIR B 15 5 o 28 pP AL B R AR AP 7 i I A AR
B2, 38 2o W o 7 i JIT i 1Y) 2% el S JRE B R AR, LA
PRAP = i 8 7 52 Bk [ B AL B L 52
B U v 1 7= TR AR 8 R 3 R R R e
O B A TR RS R 1 25 5 4 R O™ S OIG
5 OB TR AL 11 45 I AR iR B A% 3 g 1 AN TRL T AN [
2% vhAel BT AR /N I IR IR BOR 22 T AR, B Bl A3
e % 1 1Ak 2 frted B T BRI X 28 o A e 1R T 1 o 5
FAR 3T

[l PN b2 3 X BEALPR 20 F 7= A R G sh A
M) o7 Ak T KR A AT, A AR 7 A B P R
Bl 525 A 5 A BRIT A AT IR UE 1 A2 ok
77 i AL AR G N A Ui Bl A A 18 e T Y 2 S SR O
Tt SCHRL7-9 13 Iy RS, N T A 2
SRR A TR X 77 i is i R G AT IS R B R
e 1 DO A F S mUTEAS [R50 3R X8 7 i (9 9% 3l o7 ik %
JEANTFY . Ta FIAE ST T AL R R A A Y )
SO AR TURR 52 ), 45 3] 77 5 38 i R G0 4% Pl 45
A 7R A s A 1) A ) TR 2R RN TR

s B #3: 2021-09-11; 1&1T B #3: 2021-11-11

XEHS: 1004-4523(2023)02-0507-10

33 F A2 3 BT (TP A) 2 50 #7 45 F 4k 8 (Wt 75 1%
0 TR T AT A A 3 B AR 0 IR B DTk
oL LA R AR s Tk AR TG i
Ay B 5 (OTPA) i TPA % JR i 3k , LA 8 b
PR, M O M 2 T AR I R 7 S
BRI 32 B T00 R AR50 7™ AL 256 3R 58 K [l 4% 3
B AR 4R 2 DTk R oA T B Y . AR ST B
72 A0 2R 2R GE R R WIF 5T X 42, R OTPA J7 3 A4E
g 4R B 45 3 AR A M G 2 T YU A %
F G000 B o SRR AR R B R [ A 4R i
O 2T 45 AR 1 P sh sk B . AR R T A5 R A
Hiy 43 FE A5 A A 1) Ao T B R B b 3 T 2% o p
SEAEAE 35 M [R) 22 v RO IR SO B S5 R L TR 27
A RL U D B ) FE S A AR R L B R

1 BEWLHRENIXIE 77 %

1.1 FREERESH

S FH A 7 i B R RN 2% ph At S R 1 R . 7
i = JB i JOAs G, R TR Sy 7 i Y S B T
P BB R SE RS RN SR 1 TR . SR ehb R &
R Mk (EPE) , ¥ H 20, 30 A1 40 mm = Ff A



508 & 3 T

oo ik

o536 %

] J5£ B (1) EPE 1F 2% nlged 88, %5 B2 43 1) 14.3, 16.7
F15.7 kg/m’, R FH B0 AS 6] o) 48 43 i O =X AT
e, 4540 L T 2T 22 b el B0 2 ol AR Y O 144
mm®, [ # o e 7 U7E 45 A O Y 22 vh B
], VO e £ 500 A B 2E - A 41448 R B 2 w5 ] 40
fof B ROSE — 30, 1 21 A 38 1) K B FE AN [R) 9 i 7 =X
T LR 90 mm, 4B 201 =4 K5,
A G B U B 2 AR A B AL A R B A AR
D U3 B T N N [ o i = Wl 2 LR T . N
F2MR .

F1 kR
Fig. 1 Product packaging system
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Tab.1 Product dimension and mass

R ek ik CS WD)
K /mm 400 152 82
Fa B /mm 304 90 72
{1 & /mm 8 30 40
i kg 7.28 3.02 2.00
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Fig.2 Cushion pad allocation methods
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Tab.2 Cushion pad dimensions under different allocation

methods

. K/ AAFH B R

AR mm %E/mm 95 /mm
773 1(method 1) 90 40 40
752 2(method 2) 90 35 45
773 3(method 3) 90 30 50
773 4(method 4) 90 25 55
75 2 5(method 5) 90 20 60
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Tab.3 Cushioning material properties

EPEJRE /mm  HIE/(N-m ) e
20 95083 85.47
30 76574 78.39
40 39891 56.58
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Tab.4 Band limited white noise spectrum

DA /(10 "g* - Hz ')

WA/ Hz
Level 1 Level 2 Level 3
1 2.46 1.47 0. 804
200 2.46 1.47 0. 804
Y IR G, /g 0.70 0.54 0.40
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Tab.5 ASTM truck transport spectrum

)R /(10" Ha ')

W%/ He
Level 1 Level 2 Level 3
1 0.72 0.72 0.4
3 30 18 10
4 30 18 10
6 1.2 0.72 0.40
12 1.2 0.72 0.40
16 6.0 3.6 2.0
25 6.0 3.6 2.0
30 1.2 0.72 0.40
40 6.0 3.6 2.0
80 6.0 3.6 2.0
100 0.60 0.36 0.20
200 0.030 0.018 0.010
I EH TR G,/ g 0.70 0.54 0.40
10° —
Band Limited White Noise Level 1
— —Band Limited White Noise Level 2
= — - =Band Limited White Noise Level 3
10r ——— ASTM Truck Transport Level 1
E — —ASTM Truck Transport Level 2
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T 107t
'199 2 . /i ___\\ :__
PR L e/l aliin
a - et = .
[75) ——'
A~
10°f
-5 L
10 1 10
Frequency / Hz

P 3 Rl o ) e i

Fig. 3 Acceleration power spectrum
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Fig.4 Acceleration response PSDs of critical element under band limited white noise spectrum
Level 1 Level 2 Level 3
0.10 0.10 0.10
——20 mm method 1 ——20 mm method 1 ——20 mm method 1
——20 mm method 2 ——20 mm method 2 ——20 mm method 2
0.08F ——20 mm method 3 0.08F ——20 mm method 3 0.08F ——20 mm method 3
—~ 20 mm method 4| ~ 20 mm method 4| ~ 20 mm method 4
N 20 mm method 5| " 20 mm method 5| "N 20 mm method 5
T 0.06 ——Control T 0.06F —Control T 0.06 —Control
) ) 2
A 0.04 A 0.04 A 0.04r
2 2 2
0.02 ‘ { 0.02F ! \ 0.02F ! \
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Frequency / Hz Frequency / Hz Frequency / Hz
Level 1 Level 2 Level 3
1 .1 1
0.10 ——30 mm method 1 0.10 ——30 mm method 1 0.10 ——30 mm method 1
~——30 mm method 2 ~——30 mm method 2 ~——30 mm method 2
0.08F ——30 mm method 3 0.08F ——30 mm method 3 0.08F ——30 mm method 3
~ 30 mm method 4| ~ 30 mm method 4| ~ 30 mm method 4
‘E 30 mm method 5| "N 30 mm method 5 :E 30 mm method 5
0.06 F ——Control T 0.06 F —Control 0.06 F ——Control
) & )
A 0.04 A 0.04 A 0.04
2] wn wn
-9 -9 -9

=}
o
e}
T
e
<}
s}
T
=
o
e}
T

1 f T

0 10 20 30 40 50 60 0 10 2.0 30 4l0 50 60 0 10 20 30 40 50 60

Frequency / Hz Frequency / Hz Frequency / Hz
0.10 Level 1 0.10 Level 2 0.10 Level 3
——40 mm method 1 ——40 mm method 1 ~——40 mm method 1
——40 mm method 2 ——40 mm method 2 ——40 mm method 2
0.08 F ——40 mm method 3 0.08 F ——40 mm method 3 0.08 F ——40 mm method 3
—~ 40 mm method 4| ~ 40 mm method 4| ~ 40 mm method 4
'N 40 mm method 5| "~ 40 mm method 5| "N 40 mm method 5
T 0.06 F —Control T 0.06 F —Control T 0.06 F —Control
K " K
A 0.04 A 0.04 A 0.04
wn wn 751
-9 A A~ -9
0.02 N\ 0.02 0.02
L 1 1 N 1 1 —p]
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Frequency / Hz Frequency / Hz Frequency / Hz

F5  ASTM SR HE T 5 HETE 1 0 0 52 16 8 1

Fig. 5 Acceleration response PSDs of critical element under ASTM spectrum
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Tab. 6 Product packaging system structure transfer path
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Tab.7 The testing and target conditions
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Fig. 6 Comparison of synthetic and experimental values of frequency domain signals of acceleration response on critical element

under different cushioning thickness and distribution methods
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Fig.7 Vibration contribution of each transfer path of frequency domain signals of acceleration response on critical element under

different cushioning thickness and distribution methods
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(M denotes allocation method)
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Transfer path analysis of product packaging system under

random vibration

CHEN Ju,n-fez’l‘z‘g, ZHANG Yuan-biao"*’, LIN Cong"**®
(1.Packaging Engineering Institute, Jinan University, Zhuhai 519070, China;
2.Key Laboratory of Product Packaging and Logistics of Guangdong Higher Education Institutes, Jinan University,
Zhuhai 519070, China; 3.Zhuhai Key Laboratory of Product Packaging and Logistics, Jinan University, Zhuhai 519070, China)

Abstract: The vibration response of the product packaging system under different excitation spectra, different vibration levels, dif-
ferent cushion thicknesses and different cushion distribution methods are investigated, and the vibration contribution of each trans-
fer path of the product packaging system under random vibration is quantified by using the OTPA method. The results show that
when the vibration level is high, the packaging system show slight jumping phenomenon, and the vibration response of the system
increases while the resonance frequency decreases slightly. With the increase of the cushion thickness, the resonance frequency of
the system decreases, the acceleration response power spectrum (PSD) of the critical element under different excitation spectra is
different, the vibration response is related to the excitation energy at the resonance frequency of the system, and the cushion thick-
ness has a small effect on the vibration contribution of each path. When the cushion pad area is uniformly distributed, the OTPA
method is used to identify the main vibration contribution path of the system, which is defined as the critical vibration transfer path,
and the response of the critical element is closely related to the vibration contribution of the critical vibration transfer path near the
resonant frequency, and the design of the cushion package should focus on the vibration damping design of the critical vibration

transfer path. The results of the study provide theoretical support for further research on cushion packaging design methods.
Key words: random vibration; packaging system; PSD; OTPA ; vibration contribution
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