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Comparison of Vibration in Truck and Cart Shipping for Domestic Packages

ZHONG Chen, WANG Li-li

(Qufu Normal University, Rizhao 276826, China)

ABSTRACT: The work aims to determine the vibration level (PSD curve) during cart shipping and provide the difference
in vibration levels during truck and cart shipping by comparing experiments, so as to provide reliable reference for a bet-
ter design of transportation packaging. An instrument DER-1000 was used to record the experimental data. Firstly, a pre-
liminary experiment was carried out to clarify the g, during the cart shipping. Secondly, two testing packages that
represent light and weight package were designed. The vibration data in different road conditions and different fixed sta-
tuses and the real road transporting data by delivering the two testing packages with truck from Rizhao to Shanghai were
measured in turn. By comparing the corresponding g.,s and PSD curve, the difference of the vibration levels between the
truck and cart shipping stages was compared and analyzed. The vibration level of the cart shipping is significantly higher
than that of the truck transportation. The gap of the PSD level is approximate 10 times the size of truck transportation.
Thus, it is necessary to consider the vibration during the cart shipping when we design a transportation package.
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Fig.1 Experimental road conditions for cart shipping
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Fig.2 The g, values in different road conditions
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Fig.5 The PSD curves of the cart shipping stage
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ping experiments

243 BERXT AT

P — 20 P A B R Tk S0 5 R 4 K Braa
LB AT L, AR 7, AT A R Y
PSD It & & TR A sk PSD, ILob, HEARLE R
IR BB R VR 4248 i RS L ot
S AT, HE AR BCRE AT R S KT B3 TR
NEIEERBIKE, Yl 2 MRER S AT, HE
RO PR Ak U, (R RS B PR S R AN 25 2
M, PR, FESEAT AL AT I 20 2 SR 2R Tl %
A5 4% 30 ity R i 52 )



=32 - ook TR 2016 4F 11 A
107 Sl F1BEEE PSD HLHIR
= A Tab.1 Data table of guiding PSD curve for cart shipping
= 102 7"
o 10°F T 5 B Hz PIRE /(g )
= 107 1 2 0.01
£ 2 6 0.002
x oo , 3 14 0.05
107 IE
108t ] ] i 4 30 0.05
1 102 10°
% / Ha 5 40 0.01
a 2 ket Zef: 6 80 0.01
500 0.0001
10"
Em4 ISR & & TR S B s, (B2 e
LS 10 4iF; MR RERE OB A REXS PR TE 14 ~ 30 Hz,
g 1 5 S 08 P 0 SR A 3 T
$m4 Wy it ARSI R , NAEA IRt h Z s
R 107
10° 1(')% 4 HEiE
B | He
b 10 kefufF SCHR AT T AR RS I Y iR B K Y

K7 ASTa] o A0 e A 4 42 Ok 59 4R ds i PSD I Zxd L
Fig.7 Comparison of the PSD curves of different quality
packages between cart and truck shipping experiments

3 IESMHEERE PSD ik

R AE A T 1 28 1 A 2 15 A s R S 6 2 S 6 e
PEALTT AR | SO 3 BT A 7 25 52 35 rh 4R 37K
e ST A X4, BT 1, 2, 5,
10 kg AR AR 2% B 5 50 F 69 PSD #dis, i
HENTFE PSD ik, fafEdbitnt b fEifbes
il e 48 S 42l % PSD i<k . PSD 2k WA 8,
AHOCHE WL 1, & 8 AT 1—7 43 BN 2 1
TS, I 8 AMER Hh, HEZERLR IR 1Y

107 g5 kefudsff 15
. Y X

~ 102} < <
N * - 7 )
= 100f TN g [ '
“ ,%Téﬁlwﬁﬁﬁ <
ST L
= qosf .
& GBIT 4857.23
2 j0f
= q07f

108 Ll Ll AT |

1 10 107 10°
JiZ | Hz

K8 5 FIEMEAECL PSD L
Fig.8 Guiding PSD curve for cart shipping

Ao P 0 M AN () L AN [ o S AN [z i
AN AR SR, WIHA T HEASBCIAAY PSD 4L,
IR LU 4518 B 0 4 42 ek iR 3K F A7
SR, R RN R Sl KB TR B #E
Bk IR Bk A R, NI
FrAREARBN KRR, KRB IR SR /)y,
11135 38 P9 31R 30 7K - DU B 0 2 7 i A [ i AN [ 5
ik PSD T, AT AIHE 4 BE 18 R 4 1Y 12 fag 20
BiIRSKF 3w TR A s, VR 25
10 475 HEAE PR IR 1 o iR S AR 5 — el
FOFR IR E S, o EMARSIR . BAR
9HE 25 I 2% BT A B W i 2o A b o A A I TE) AR
B, HHIRS BRI AE 2, 1R T iE 5
EVLTT I AN L% I8

S % 3Ok
(1] XUBE. #meaeM]. JEET: R AMZ U 3 55 K% i it
#t, 2004.

LIU Na. Logistics Distribution[M]. Beijing: University
of International Business and Economics Press, 2004.
2] HEE. BRI M) dEat BIR Tl H R,
2012.
PENG Guo-xun. Transport Packaging Design[M]. Bei-
jing: Printing Industry Press, 2012.
[3] CHOI B L, LEE K D. Comparison of Disposable Dun-
nage and Reusable Cradles in Container Shipping of



378 H21H

R REAT - IR AL PR AE VR AR 7R IOk B 1Y IR Bl X L 33

[11]

[12]

Steel Rolled Coils: A Case Study in South Korea[J].
Packaging Technology and Science, 2015, 28(9): 801—
809.

MUHAMMAD P K, VANEE C, SINGH S P, et al.
Measurement and Analysis of Vibration Levels in Two
and Three Wheel Delivery Vehicles in Southeast
Asia[J]. Packaging Technology and Science, 2015,
28(9): 836—850.

JONES E, SINGH J, SINGH S P. Measurement and
Analysis of US Truck Vibration for Leaf Spring and Air
Ride Suspensions, and Development of Tests to Simu-
late These Conditions[J]. Packaging Technology and
Science, 2006, 19(6): 309—323.

SUDRA H, CHINA T, ASHIKAGA'Y, et al. Basic Study
on the Vibration Analysis for Development of Three
Dimensional Transport Simulation Model for Pro-
duce[J]. Journal of the Society of Agricultural Struc-
tures, 2006, 36(4): 215—222.

LU F, KITAZAWA H, ISHIKAWA Y, et al. Effect of
Vehicle Speed on Shock and Vibration Levels in Truck
Transport[J]. Packaging Technology and Science, 2010,
23(2): 101—109.

SWASDEE D, SINGH J J, SINGH S P, et al. Measure-
ment and Analysis of Truck and Rail Vibration Levels in
Thailand[J]. Packaging Technology and Science, 2010,
23(2): 91—100.

LI B G, YAN L P, XIE J, et al. Measurement of Truck
Transport Vibration Levels in China as a Function of
Road Conditions, Truck Speed and Load Level[J].
Packaging Technology and Science, 2015, 28(11):
949—957.

RN iz R AR GE REALR 3h T B 0]
2, 2012, 33(15): 50—54.

LI Xiao-gang. Analysis on Random Vibration of Trans-

AT

port Packaging System[J]. Packaging Engineering,
2012, 33(15): 50—54.

FERERY, XML, e 8l 42 LR sl % 1 Kot 42 704
A1), MW TR 243, 2013, 49(16): 1—7.

REN Zun-song, LIU Zhi-ming. The Law of Vibration
Transmission and Frequency Distribution of High Speed
EMUJJ]. Journal of Mechanical Engineering, 2013,
49(16): 1—7.

RRME, 2 A . Bk AR & B AR 30 i B Bl S

[13]

[14]

[19]

[20]

[21]

ALk N A [T LT, 2016, 37(1): 1—S5.
ZHU Da-peng, LI Mlng-yue. Numerical Simulation and
Response Analysis of the Random Vibration of Railway
Non Gauss[J].
1—S5.

YIJEEF XAET, 2, . WS G 5E 4 s
705 BR T B4R 8l 52 i 387 03K 5 0 A (9], Bk 27 iR,

2013, 35(5): 80—84.

LIU Wei-feng, LIU Wei-ning, YUAN Yang, et al. The

Field Test and Analysis of the Influence of Metro Trains

Packaging Engineering, 2016, 37(1):

and Road Vehicles on the Environment Vibration[J].
Journal of China Railway Society, 2013, 35(5): 80—84.

JRL, BB, R 2N P s PR R I [T
£ TR, 2007, 28(9): 1—4.

SU Yuan, LYU Yong, ZHAO De-jian. Measurement of

Transportation Environment on Truck[J]. Packaging
Engineering, 2007, 28(9): 1—4.
SINGIRES U. Mechanical Vibrations|[M]. New York:

Pearson Education, 2010.

CYRIL M H, ALLAN G P. Harris' Shock and Vibration
Handbook[M]. New York: McGraw-Hill, 2002.

Shinyei Testing Machinery. User Manual of DER-
1000[EB/OL]. (2014-08-29) [2015-01-01]. http://www.
shinyei.co.jp/stc/.

A N R ILFNE @z 5. 2015 4R35z Aol &
& % i 4 R [EB/OL]. (2016-03-01)[2016-05-01].
http://zizhan.mot.gov.cn/zfxxgk/bnssj/zhghs/201605/t20
160506 _2024006.html.
s Republic of China. Statistical Bulletin of the
Transport Industry Development in 2015[EB/OL].
(2016-03-01) [2016-05-01]. http://zizhan.mot.gov.cn/
zfxxgk/bnssj/zhghs/201605/t20160506_2024006.html.
GB/T 4857.23, iz fifu B4 {4 LA B [S].

GB/T 4857.23, Basic Test of Transport Package[S].
ASTM D 4169—09, %= BHLIR 3 A [ B 7K A9
RS RN

ASTM D 4169—09, The Acceleration Power Spectrum
Density of the Random Vibration of the Truck with Dif-
ferent Levels of Severity[S].

ISO 13355—2003, Packaging: Complete, Filled Trans-
port Packages and Unit Loads, Vertical Random Vibra-
tion Test[S].

Ministry of Transport of the
People’



