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Random Vibration Frequency Domain Analysis of Transport Packaging System
LI Xiao-gang

(Beijing Forestry University, Beijing 100083, China)

Abstract: In order to research the vibration regulation of package in the circulation environment, based on the
6DOF transport packaging system which was composed of vehicle and package, the vibration model with white
noise for road irregular excitation was established. Mathematical model of road irregular excitation, dynamics
models of vehicle and package were also established. With the Matlab/Simulink simulation techniques the ran-
dom vibration frequency domain analysis of transport packaging system was carried out. The magnitude spec-
trum and power spectrum density of random vibration acceleration of product and fragile parts were obtained.
The simulation results showed the relationship between random vibration strength and frequency and fully re-
flected the random vibration rules. The purpose was to provide theoretical basis for cushion packaging design.
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Fig. 1 6 DOF vibration model of transport packaging system

TEZRED, E5BENIR, B EIERR,
ERASRIBRERE R, EMETN R, EEW@
MEEFEITHEEE., BRHEETERER L,
Bt ES,INBEENRENHEBRIEE AT, B 1
yme, ] DANBREN . TBE
K ES AEERNREUNRESNEINIRE; ¢,
voo DBAINBREHSTBEREEZS
DEPMR BB RUKAIGRIEFUHERE;
ki yko ks ko ks ke DBINBIREH ST B ERERE
Lo ER AIEERMULAEIBERIBNEFRNIE
REGa 20,25, 05,25 DBAINBREH FTREIK.
5 BIGERNEENL, . NESEIRINEIKX
L OEHmUE; v, y. DBINBIBEEB A
B;L, L. DAINEIBERNEFESRINNESR,

1.1 ABBEALEZEER

BEANLERCRERTRSEONEEZM,
FIMEWTEE NG, W28 RERIRNEE

ED my ,my , M3, N5

C25C3 €y ,C5

BERRZ—, TIUNTEPEZRIT AR, HRD
NMBBEAELEESEZHRN" . BRIEMNIMAR

RINENBEEALE, & 7?HQW@B@FM%%

S VN BENLERZE , 2l E M INE 534

LZEMFMEREARBIRE,

111 B AE Rk
NEBBEANLENSITRHMERAEENIZI)

RS R4S A
w
G(,<n>:G,,<no>(%) ®

HP.G,(m)NBEBUBNREBE » NZ=BEIMN
K(m ')ing NEBZEME ,n,=0.1 m G, (ny)
Nn THBEDREBE(n');W NIMEKEH,W
=2,

11,2 ANy Hr A 2

FIcEER L INEN RN L = VB A E
AN EBRERESENALE, BRIMEZZED
HAR&RE, EMOTRREBREN, BE AW BN —
By BREN T AZ iﬁﬁﬁvw\ﬁmm—%@ HRR
MEHTDh. WETCREERAFHITHEWR,

TR RN ESE AN EU E RIS E S 20
SR, R IHABSITIB A BEVBINE OSKRE
DDA ARGA ARMA A VR DA R DB DA
Fo

U EIYEBENAR AR, DT F RS
SR, R T BEERBENAEE, LF
BERER v, A BN (DERSNBEZEHME
DEREBEREANBMEINKIERE

G.(N=16,m=6,o(L) Tt @

H. f ANBEMEK, f=un;u NER,

SRR ARNEANEBENERITE LR OTE
S/NREIR, BEIFERIERE R, Egzﬁﬁﬁﬁ'\%J
BHSEMIRIIMRNBE —EFENBERSE, R
Eiﬁﬁﬁ%@@ﬁ'ﬁwﬁﬁE%Eﬁ\ﬁjfﬂTiJEEUHjﬁﬁi
B, BRI,

Y (O + foouY()=atu W(t) (3)

HO.Y(ONBESEBVNIZER ; f0o A TE
IEBSEIRE, foo =270 ;700 =0. 011 m ™' ;0 A SIEE
FENEFNEE, 0= 210, /G,(n,) ;W RNIBPEN
THNSHBIERFE ;« NER
1.2 ERFERER

BERENETRAEZRSHIRIDIN ZE

SHRMHMEER, B, S8 1 IR BHER
KOw@mNIBEBECREMAZN _BEBEEEH
2%, WESREMYED v 10 y. BYBIGRIBE
BEES , BEFTEMYIRDIEN 25 M 2., RIE
D AFEBECHAISEBNRE , IBHBECRERAS
N NZEHEAY .



1% T PACKAGING ENGINEERING Vol. 33 No. 15 2012-08

52 &

MX +CX KX =QU )

EEIJ;U:[Y Y]T:[j/l 5/2 vy 317
1.3 BRHFERR
ERINET P BREHELZINRIRD)F0 P
TR ES SR, BEREEXHEHAZEBE
=4, M8 2,

X,

k, Lfl
X

1
2

X.

2 ARG TR A
Fig. 2 Dynamic model of package

ZWEUNTRERNEZRKEEFHN R B
xy M ERIIALL =, K = , EAGo)D 52 A .

MX +CX +KX=FU )
gqﬂU:[Is Is]To

2 ZHIBRAGHEIRIDITHD

BEERE 1 IANANEHERARIINIRIDW
DI, KBEEHRETREESIREH IR IR
IO IERBEME, R, AT EIITE,EBBER
FOMOUBHECHERERLN _BHEGEHE
N1 PRBURBAELERERE, SNEESE
PEAAIRZ R ; 86 2 HIDREIUBHEICREMNNE
B, U ISESEMI MR Am NE A, K& HichE
FMESHHOVBNIRIDION «; 50 2, ; F 3 TiDEE
_ERhEaXRHpERR, DU FWEN RSN
N 2y 0 2y RN, KBRHEEREARTRRZIRE
HBIRENARTDION x. 70 ;58 4 TWARERT@EE
SRR BRI A NLE TR DT, B E R0
REBELESESMEZBNXR, BIBEMEANI
RKEBE, BN %A% EN R DT
BRIE 3,

BESERNUBANAESERESNE DS
RARNER, AT BNSIREE T LRI IBAL

Gt g | HBL ey ] [y o] BL
ssc, » TV | PR i | i | 569 o

o P Al o
Fiya () o || o - Jfg?é

& 3 iz Hir £ 3% 2R 45 BE B4 20 45 3 53 A s AR
Fig. 3 Random vibration frequency domain analysis

model of transport packaging system

IMABENIIIE, FENITRE 7oA TR E M R IR H
B SRR TINE , MR R St 757453 KIS
NIAEMEANES ., U2 EBRERIINE,

NS FRKBENIFEEIRARBVIREDNE , T E
WA RENREN IR IBN «(O)HITEEH TR,
BESTHANERBIICENRE BN IROVE
HMAEHTEEHTR, BURARDENEDN
1, AREEM TR, gUSAREE BEEE
Bo WTF—HENENSTHENLREYIIR
(1), B8:

XD = | w(exp(— izndds )

= X(Pexplizapddf € [~ o0,00]

Q

P O, f=nfo, £ T9EHR XD
NRELHE BB, TUSH

XCH= X explig HI=ACH) B (8)

BB | XCO 1 w(ODBER: (A (D8
81T,

SN R T R BT 2 B0 182 SR T
BHER, BHNEBBERL, SHENIRPE
MEBOANSHEZBNER, R, ()9 TREH
2 +(ONEIBXER, W TE RN TRTE.

S, (w) :ZI—TJ;;RT(T)eXp(— iwt )dr 9

BB S, R (ONNEEBE, S, ()=
fim | 22501 | mopm i R B IR 5

T—>co

ALV
3 BEDW

f£8) Matlab/Simulink FE T &, BB (3) —
G, MEEBANELEMHERI UBBEIZHER



EWEN] 32 L AR G R HLIR 3 SR 0

H 53
HERAUN_BSBEGXHNERI, M A Simulink 25,
MBI REDE D ITERRBEENNETBH s 1s
SIRSHREMNSNE RIVEE, BEANLDcE =" (1)'2
. . —— . 2E U
BERAGENRIIUEOITHEERIE 4, %; 0
HE 05
—’B-FFT LN B
Inl Outl | —p{Int Oul—slint Owtl =Pb ZEweE  HoE By
iy R 20 20 30 40 %0
et g P SRR 260 ‘ ey
i B A s s
L7 5%l BB ATLAIR Sl i R i iy
Pl 4 i e AR G o A £ LAY Fig. 7 Random vibration acceleration response of product
Fig. 4 Frequency domain analysis simulation model
of transport packaging system 25c
B20
—/= / \ - 5 N FA E ‘T/'-\ 1.5
BiIThE, JEBEAYENRRR ok E @ Lo
S =— y y o == . Z 05
WMZEFENRIEN  BERENET RIS REHE %; 0
R BN R EER I, D 5— 10, £ s
6 E}:z - -1.5
‘ g .
) ) 10 20 30 40 50
0 Fffa] / s

B8 By 2 1 B AL Ak 30 i S5 i g

Fig. 8 Random vibration acceleration response of fragile part
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Fig. 5 Road irregular random excitation
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Fig. 6 Random vibration of transport vehicle body
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Fig. 10 Random vibration acceleration PSD of fragile part
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