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Numerical Investigation on Vibration of Package with Gap
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The vibration tests are conducted in various industries which the security of the quality is
required. The purpose is to prevent product damages due to vibration ; damages of product and
parts, trouble etc. It is proper that these tests have to reflect exactly the vibration environment
which product and parts suffer in real.

We have conducted a lot of vibration tests. We have experienced some cases that the test
doesn’t reflect the real vibration environment exactly, despite the test according to the standard.
Therefore in order to clarify the problem of the tests which cause these results, we investigated
the effect on the vibration of contents by a gap numerically, taking packaged freight with a gap as
an example. Consequently, we confirmed the existence of the original vibration phenomena of con-
tents which may cause product damages. These phenomena are not taken into account in the stan-
dard. If these phenomena occur during transportation or tests, we can't evaluate the vibration
durability of contents exactly. As a result, we can’t conduct the tests which reflect the real vibra-
tion environment exactly.

Keywords : Transport, Nonlinear Vibration, Forced Vibration, Package, Gap, Acceleration,
Product Damages.
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Fig. 1 Flowchart of product damages

3. BEBEYOETIE

ABEMOIRENFITZAT ) 22012, BERY
DEFNE LT, ETICESHM IR SN
BEEWERNEE L., IhE Fig 2 llRT &
I E b Oo—HRERICETFMEL,
72720, ($ho—igid s dig L Tw a9,
FBIIAERIGERE L TB 67, AEmR
BIEEL TITheEMT 2 RNDEEL 5,
F oA, IREVRAERICES L CIREIT &
25312 o TV ARBBICEESN T2
dborts,

B, Fig. 2 LR TERIEREETRZHV,

ThokEid, ThnB%RESOmn, IFhE
$122.5kN/m & L7z, ZO¥E,. XhoA
MR L IThERIE, HE 10 kg DABTMDE
E1lm»PHSFETLAEEIL, BKOTAD
0.8, WAEMIZEH B HEEHT 490 m/s? 12 %

Packaged freight Model
Contents | Contents }
Container M
q_ Qubioina by Shel y
AN R ?k
7777777777777 IS

Fig. 2 Model of packaged freight

{2005)

&) ICREOERHFEY oYM L
BThsr, F/:, EFVOBRGIREEIT. ¢
e BEISIZ17.6H £ 2B, 1275 L.
Nk IEhOEEIZER L,

4. BEERTGE

AR mORE) % LB 2 BUEBT HEE L
T, Yo LES 2w, R, B
A7y 7TEICABRTROIERBZEE L. &%
DHERODIRE) 2 IEET 5,

T4, BERMFEE LTI, Fig. 212R
FTEIIZ, AN LTHEDENTHD y
ICERBARB O EMENRE 5 2. AL LT
NBEMDEMTH S x 2518+ 5, il
DTo@)Ths,

(1) AFEMDOEN x, LAROEN y, 2K
KRALT, ThoERE 2 25183 5,
H(Do(i), Gi), Gk, ZhEh, AERH
TORRICETIHE, ABMINITRICE
LEVEE, AESPSLOIERICET 55
EERT,

yi—x,+ Al (i)
2;,=10 (ii) (1)
—(y,—x,+d+ AD (i)

(i) —Al =y—<  I—Al
(i) —(A1+d) =y—x< -—AI
i) —(+Aa1+d) Sy—z,<-—(Al1+ad)

2P, xR LB ARBROE
L, yo 03B 2B A B ER. 2,
WL L C B A ITho LR, 1 3iITh
DEARRE. ALIABEROHEIZX 2R
DERE, didd7-0okE8%2ET,
(2) IThPSABTRICMbAHE k2, LS
B S E mg FEE LRI, ()T



PR H T SHETEYDIRIZH T B KRG

ROZEQDERE 2, *RAL T, AE
RIS LHE f, KD 5,
fi=kz,— mg - (2)
27EL, £ EEER fic B ARBESICM
DAWME, riZiThEH. n INERDE
B, g3ENIEEEERT,
(3) Za—FrOEBBARRS,SL, 2)TKD
7-WE £ ERBUCRAL THERICED
B IR i, 2 KD 5,

F2rEL, & 03 LB ARBERON

HELERT,

4) RERUVBUIEMZ T v THORBTmMD
B 24y 241 EBITRDLIEE £, 2R
WIZRRAL T, NFER T v 7HROARE
DTN 2+ ZRD A,

41 = 22+ -1+ %, A 1 subject to t>0 (4a)

T 82

2

22720, AL EBURNERAT v S, 2,03

B2 HiIC BT AABEMDEEE KT,

(8) (INCERY . ROBUNFE AT v 712 BT
AN EMEETHET 5,

B, BERITIBVT, $hAOUF AN
1.0 2 o758, AEMVHETI DL
HIEF L., BtEEPIELA, THIEHEIC. B
BmDIED EHRE LHE I, BRiEE
¥H|ERIT-DTH S,

RKiC, BEFITRHROFMEREL LT, #
iR KECEBLTVRLELLREN
BRIEDIMERIIEB L, Thbb,
IREY S OIRBYIIHEEE T B ATTIEBEI X L
T, PERICED 2 IEEE Tdh 5 I NEE
i3, LOREITHRBT A -0IIC, BN

i+ = ottt subjecttot =0 {(4b)

BEDORKAE & ATTIEE ORAKMED I % ik
BEERERL TROUIR L., AFRDIEE
BT 5 —DDFHmEHE L L7,

T?’ = i'ma.z‘ ( 5)

:ijmaz

REL, TridnEEmERE R KT,

F 2 BERITRYE % Table 1 L 2§, 7272
L. BIEMRTCOBE® A7 v 7% 0.1 ms, &
B % 500s & L7z, BEIAT Yy 722D
EHKERELAO, BEFITCX, FHERE
BT 2 b b BEFBTERTH 5 HIIERE I,
BRETHEERR Ty TIKET A D TH 5,
Fig. 32, KA T v 7L M AMEEDOTEK
EORRIZOVTRE LAERERT, 72/
L. BESBFTEEE. ADNEEDORKE
9.8 m/s%, {REVEEE S Hz, HS-DKEE 20

Table 1 Conditions of numerical analyses

AT DERENR Eai
ANIIMBEDFEAME | 0.98, 1.96. -, 29.4 m/s?
RO R 1, 2, -, 50Hz
MroxrEs 0. 10, -, 100 mm
BEAFy 7 0.1 ms

Fips L] 500 s

[0}
Q
[=3

2
&

8

%
/
=111

0 A
107 10° 10% 10* 10° 10? 10"
Time step(s)

8
<}

-t
[=]
(=]

Maximum of output acceleration(m/s?2)
3
5]

Fig. 3 Relation between time step and maximum
of output acceleration



HZFEEFEGE

mm Th b, BEAT Y 7H 1ms L /S
WISA, KERGRATER /NS (., AnE
BEORKMEDS —EEISES{ DT, FEeE
BLTEBMATFTy 7% 0lms & L7,

5. BEFITERRUEE

VAR EROEHICRIZTHEEYHO D
I2F % 72012, Table | OBERTEGTH
ERRAT 2 1TV, IMEEEERICHTHLUTO
3ODFEIIOVTHRE Lz, &5, #E
BERLVBEL2 L L BRRIZDOWT,
BE. RiT+ 5L Lbic, RER~OIRIE
3122\ T PSD (Power Spectral Density) f#
Wi & BEHE & 1T > 720

5.1 ANIEEDORE

BB IC & > TR O N AINEE O K
KAl & hRBEZEROBR % Fig. 4 (2R3,
Fig. ®(a), (b), (ehd. FhENIRE) BB LA
5. 25, 50 Hz PERTH 5,

Ly LI, BBV
., WIhOIRBEREIZBWTh, AJm
HEORKEOEIZ LD 6T, ILEREE
ERII—FETHbD, LPL, PP HE
Wik, REVEIH BT 5. 25 Hz (Fig. (a), (b))
BWT, ADMEEORKEYH LEDLH
0.98 m/s®> bt 5 &, IEEEERIE 10 L
EEmML, B8cEkL T3, &6, %
DOMEFNE, AP KEL LB EHITHL 2
A, TIT, MEEGEERISIUEILT S
BRI D AT s BE O 5 KB % BRI AT N BE
E¥ L, BRADIEELT Cid, IN#E
EERIEI—ETHH0, BRADIEE L B
x5 &, IGEEEERIISBICEILL, DU,

Vol. 14 No.1 (2005)

Gap size between the contents and
the cushioning materials
omm -m— 20mm —a— 40mm -
60mm —e— 80mm —e— 100mMM —e~-

(a) l%reque_}tcy of |
T\ iput vipration{5Hz

ey, e
o

Cor o PP T T

{b) #reque;xcy of
imput vibrationj25Hz

AsdLa

sanus llnpm,ml*m?l-l-

—cno SR EREcncn SREERS

Transmissibility of acceleration

(c) reque' cy of
0.8 i vibration}50Hz
0.6 f
SIS EENENEERES EEEE
0.4
0.2
0

0 5 10 15 20 25 30
Maximum of input acceleration(m/s?)

Fig. 4 Relation between maximum of input accel-
eration and transmissibility of acceleration

MEBLERITEL L eH6 b KRELMETD
A, F7-, REDEHEEH 50 Hz (Fig. (c) Tit.
ATIMBEEDOBRKEHIZELL TS, NHEET
ERIZL IS, IRBIBHEHA S, 25
Hz I2BW TR 6N 282 niEm % R &
Vv,

IEEEERF QBT A BE L LT,
AE o & BT OBWEIFEL T D LEZ
bhbd, $4bb, EMEIZ98m/E 28



P& HT BHEARYDIREYIZA T 5 BAEIHR ST

ZHMEEFABEMICEDS &, TEARA
THABTRORVBEALHIFERI D, 20Kk, AF
MR ECET T8, HEMNLWES R
£ L, BEUICIEEGERSEMT S L2
b,

Fig. 5 1c—Bl& LT, MUHEHMEZTW
AHEEOMEEDARNERT, 72720, &
BT R, ADILEE DR KM 9.8 m/s,
IREEEE S Hz, 7D KE X 20mm TH B,
Fig. (2B VT, WHMEEA — 98 m/s> »
BAS, BEBBRATHABTRIRA TV HIRE
THh, HHIMEREOEIET, HEFONE
mEBREHOMMEEICRKEL T B, T4
bbb, HEBONESR & BEM OMHER,
BANEEOEIIKEEKELTWDE L
o, AEREBREMPERTE43I0 7
A, IEEEEFEOEIICKE (BRLTY
B EDbhs,

5.2 #FLOXE

BESTIC Lo TRONLNOKRES L
IEBE(ER DM % Fig. 6 17" T, Fig. ®
(a), (b), {ehx, ZRENANIEEDOKKE
H549, 78, 98 m/sE DHEETH B, WT'h

| nput —  output ----- |

B Gt ot P IS

o 9y el At
Cd

1
D
1
1

v, L +
A <4l “H

X &4

\l}
]
L]

Acceleration(m/s2)
E258 88888 R
'y

o

0.2 0.4 0.6 08 1

Time(s)

Fig. 5 Input acceleration and output acceleration

Fraquency of the input vibration
5Hz —m— 10Hz —— 20Hz ——
25Hz —e— 40HzZ —e— 50Hz —¢

() Maximum o
8 Input ration:4{9m/s ? |
A
6
4 \; v v v v v
2 1) 1)
S0
=70 _—
g (b) Masimum
° €0 inp 7 I8mis2
S 50 S
5 40 //
>
=30 A
a /( A
w 20 . -
a
g 10v4 1
§ 0 é#w
= 70
60
50
40

0 .20 40 60 80 100
Gap size(mm)

Fig. 6 Relation between gap size and
transmissibility of acceleration

DIREIBEBIC BV TL, ATMEEORKA
EABRRATINEELTICAR S 49 m/s
(Fig. () Ti&., 2 7-OELITh P bS5,
MEEEERII—ETDH D, L L., IREHE
HEH 10, 20, 25 Hz 12 BT, ATIEED
BREVGBEBRADMEELER S 78, 98
m/s? (Fig.(b), (c) Tik. 7= K& L %5
EL bz, IEEEERIIEMEmE R,



AXGRFRIE

5.3 REABHBOLE

BRI IC & - TR S - REVB S &
BEETEROBMR%E Fig. 7 12T, Fig. D(a),
(b), (ehd, ZNZENANIMEE DR KA 4.9,
78, 98 m/SE DERTH B, &T, MEE
ZEFEA 10 DLk & % 2 B 2 R
E¥BE, WThOADIMEEIZBNTY,
W2z D T WIBEICHR, B AH A0,

Gap size between the contents and
the cushioning materiais
cmm —m— 20mm —a— 40mm —v—
60mm —e— 80mm —e— 100MmM —x—

70
60 (a] Mézimum f
inplit atceleration:4.9mps?
50
40
30
20
10
s 0
5 70
o M imLm of
] inplit agcelgration:7.8mys?
®
LS| )
2 a0l L[ L
a A
'ﬁ -
2
3 r
»
=
g
-

(c MaLcIm um of
iont afcelbration:9.8m/s<¢

88858833023 888838

10

0
0 5 10 15 20 25 30 35 40 45 50
Frequency of input vibration(Hz}

Fig. 7 Relation between frequnecy of input
vibration and transmissibility of acceleration

Vol. 14 No.1 (2005)

FRTIRIIEA D | IEEEERIRKL &
HREBBIEINESS D, T2 ATMEED
BAREIKRKELL 2B L b2, HIEHHEL
BHEAMICHD, &6, EHEEBIZBY
T, ATINNEEE DB KAEAFRF: A ST DEEE %
x5 78, 98m/s? (Fig.(b), (¢) T, 1
BEREEISRAL 2 5 Bk, 257-0%K
ELRBELEBITIEL LY, ZOBOILE
FBEAZERIIINER 2 R4,
POFECL ) HIRFEI LA ERE
LT, ABEMDRCRAZOBENEIT OIS,
Fig. D(b), ()X D, P72 WiEE L H D
EORBRBICERBR Y LB T 5 L, Hhi
WIS O REBIS SR BV T, EREIC
9.8 m/s® & T4 0B 2 B IERE AREMICIE
b 5Bk B2 Fig. (o) Tld. RERE
WA 6~28 Hz) T, 75D BIBEDE
BUC BB SBUIZ B L T B Z L dthh
%, CHIZABMORUIREI+5 7% ke
PABTMIED D EMFT CIE, P2
i, L To®EMIZ L WHEKORVCE
FRMZONE, LIL, B2
3, ERTIIHR BT L T b o 2Bk
B TH, WERORUVEEIRZ S, 20
FaR, AEaE BREMIIHRL CTATRICE
UBIRBVINEREASKE S &Y, IRLHIMTL
TWh, D720, H-DFFEIC L b RS
WAL BEZELZONS, /-, ADIEE
DBEAEHFKEL %5 L, HBHHIEIS
FRELT, ANDMEEOBRKEIKE L 2
3L, RUBHOREITF 5 EESHE
MICEDLBEREF AN, BEELLTH
BRmORVBEIHET 2 BEIF LIEIS L
HrEZLLE,



D75 H T S WBEYOIRENIZG T 5 BAERIRF

5.4 BRREAHMEENOEE

Do BAERITRER D & . INEEmERC
i, ANMEEDBRKRE, ORISRV
FHRAEEFFNFNEE L TE I EHD
b, THOAPBRRATIMEEICRIZTE
RIBBT 57000, I BIERIT 2T o 72
BR2LUTIIRT,

5.4.1 AHIMREEN -OEE

Fig. 8 i3, REIEAW K Z SHz (CEFEL /-
BEIIBTAANMEEDNRKE, H-0K
XS RUMBEGEROMBFEETRT, Fig. 2
BT, REANIEE LB -OKE S DA
BRICEETBE, PP LTORRAD
MEEE—ETH D, COBREE LT, AN
MEES b bIMEDIREIREL BB L,
ROEREIEMT 5. £O&ER. (hh
LABERICMbATEHNSEML, ABRICE
DOIEREEKREL kDB, HDHBFAEI
X, COMEENI8m/S>*#BR B L, AE
MORVBENEI B, ZOHKR, AR
ToIThPHREL, IEEREEISHICHE
M s, CORELHEMAER AEFHNOAD

Transmissibility of acceleration

Fig. 8 Relation among maximum of input accelera-
tion, gap size and transmissibility of accel-
eration {Frequency of input vibration : 5 Hz)

IEE ZBRFANIMEE L IBEET 5 &, BE
ADIEE X, PO KE SRR AN
MEEDHEFT 5, €070, BREAN
MEEL—FIZ R BE@IHEEZONS,
5.4.2 ANIERE L IRBEEB DR

Fig. 93, 254D K& &% 20 mm (2B L
PBEIIBIT A ADIEEORKE, REF
EERUCMEEZEROMGRERT, 72721,
BRUOTAI 10U EDOHEIE, ATROE
DSEOEEXERL TV, Fig. i2BWT,
RS A ST EE & BN ENE B O BIRIZEE T
AL, BRASTIGEE X, IREBEKRT L2
By, EHEAEHICEKFELTVSELEEZS
ns, LaL, IREBRER S 5ELEBR S
& IEEEERITSBUREINER % R & %
(Y, IREDBIBERICKF L2 25,

5.5 ARRNOEREEENEI

HMHEE L TWBEERYIE, Pl
IEMBLEESE TN TS0, AEMICIE
REYE B 30 R o B A IREEOS OIREY RS
PRET LR H S, £ T, BIEFHIT

[ x Maximum strain 21.0|

c

S

®

2 50 it

g i

g% HHE

a 30 Lt

£ 20

a

8 10

Ig /A}eq ::L.
0'0‘// 5 20 2

Fig. 9 Relation among maximum of input accelera-
tion, frequency of input vibration and trans-
missibility of acceleration (Gap size : 20 mm)



BEGHEFALEE Vol 14 No.1 (2005)

TROAAEMI(ED 2 MFEED PSD BT
2T, PIBERICED 2 IEH OB OIR
BHoOELERETT 5,

5.5.1 #'/= & PSD D&

Fig. 10i3, 72 WEELHLEEICE
1T 2B MR D % IEE O PSD RT3
*R¥. Fig. D), (b)ix, #hZFh AShnE
BEORAES 7.8, 9.8m/s%, IRBHE L 5 He,
MDOREL0, 20mm DHERETH 5B,

Fig. () & 9 12, ADINEE OB KfEHER
RADIEELT TId, 7852 0WigaLd
BFBAOHKERNFIHI—HLTVBEIEHG,
RERBIZED 2 IEE OBk B I3ZE LT,
REBHEE T L ROBFIREBEEF L
RERSHREL TV B, LA L, Fig.(b)d
£, ADIEED R AMEABRRA S &

Gap size between the contents and
the cushioning materials
omm — 20mm -—

(a) Ma)Jimum of' I
inpu} accelefation:7 8m/s2

P P
cy-ofinput-vibration—

BoudaBRY8ys
N

Power spectral density(m&s?)

& 8 8

A
K Fﬁ&h
o .
0O 20 40 60 80 100

Frequency(Hz)

Fig. 10 Results of PSD analysis on output
acceleration

BEEB25EH T, P2 VBEIcE,
AEmICIED 2 IEE O Bk, Fig. (a)
Fkic. IRBBEEHCROBEAREHEFL
IREVE T TH B H, PL2HAHEITIE, o
N o DEEBLUNDIRBRSHHEL T 2,
R, BRARVRIE T CRET BIR
B, IRBEEBOATHE, LHL,
HEETFTNTIE, PR VIBETIAER
DEEIZEL VIERIIEBL., b dhE
CTHRIEEFNIZE bWz, ROBEAR
B R LIRBIBE AP HREL TR EERS
ha,
DEOFRD 6. AR EREH OBIZH
oHH BBEITIE, AT INEE DR AKEAER
RADMEEBZ 5 L&, RBBEKSIT
 CGROBERREE., 612k, Chs0f
BEHUNOREE S * b DIRBIPNAERIE
bbb Edbhs,
5.5.2 H/- LIRBHORIR
ATIIEED B KMEH 9.8 m/s?, REVE M
A 5He, D7D KE &0, 20, -, 100
mm DFEIZBITEARERMIZEDL 5 INEE %
PSD f##r L., % PSD ¥ A Ic>WTH
S UEDOFNE L A5 e i % e
L7z &ND{E% Table 2 12T, 7275L, =
® PSD OFi5Eix, PSD R L KT & &
BT, MERED 2 FFHLFRL TV D,
KITRT L2, P enigaIcle~,
DIeHHBHE I, EMEIFEBICKEL
LoTwaI L6, IEEEESEL FERIC,

Table 2 Integral values on PSD (Maximum
of input acceleration : 9.8 m/s?)

Gap size (mm) 0 20 40 100
Power,ms (m/s%) | 7.8 | 21 | 20.1| - | 20.1
Ratio 1.0 | 2.7 | 2.6 2.6




Bl e H T B HARYOIES)IZ I B BRI

MOFEIC L YVABTRIEDL A ILEE R,
SHMIKE (RS,

D EO#ERD . WEm & RETORIZH
12h5H DA, ADILERE O RAEHTHR
RADMEELBZ 5L, AEMmIEDLIR
Bix, EBICKEL LB EDbhD,

6. BEEVRBABRORER

DEOBERNHRRUEED S, BRA
TIIEEDFER RRFHOILFBIL L v o
RBREOFELEHL. Sho0BRIE,
REODEEWIRBABORE CIER S
Ty, Lo T, DA HAI2HHh
Ho§, REOBBEBYIZRBTERLT
LI, BEfoa@m R#MIImAons
ek, BRoFHERRENEONSL L
Fhhsd, LTI hs R L OEEDIRE
HHROBRE LR S,

6.1 BRRASNMEEDHEE

RBEFRT TERRADINEBE X, #5~
10m/s2TH Y, JISZ 0200 IZEDSN T W
3 DEEYORDABR T —REICHV LR T
VAR 7.35 m/sE RO THWETH 5,
ED 18, 7.35 m/s” DIGEE THRET 2546,
PGB DR AT IEEE AT 7.35 m/s® & O/
S, ILEEEEERS B mL,
M E 5 2R TIREIE 25, L
L. EROEXREIETAE U 2 IREILERE A5,
BRAANIEELT OBAIZIE. IIREEE
RE2FEINE Y, BRBEEE5IERC 3
RwlEZ OIS, F72. HERROBREAS
IEEAS 7.35 m/s? X K&, #LE
HicEIoh3,

Thbb, EROEERRELFMTH S
TOREBRZETo>TVBIZLdrboT, ER
DEHERRE L RBROIRH AN MR IR
BB EIZRB,

DEDEGE, S, BaBHEFHIITON DR
B AESFERBR ik, SEEWICER BIR
BILEEORKENFRFANDIEE & D b HW
P, B PILE > THREIRE(ERL S0
METH 5,

6.2 HEFHROLEHRL

AREMRIT T, 2B T 5546, KR
WHILEWEILT 5, $42bb, AEMICHE
WIREN AL B RS IW - RE A, BT
B TRE TV, X612, ANImE
BORKEIKEL 25 L, HIRFIRIIEN
AEMIIH B, ZhoDBREF HIRFIHDIL
WAL LA L1285 &, RFTEIILH
BALT B0 EP I L - T, EROHRIBIEL
HKBORBHAETFMHERPR L2 55605
%, Fig. 7 2 BIZHBAT 5 L, EROHZR
BOMEEA 49 m/s> T4 bb Fig. 7(2)T
bY, KRERTOMEEN»I8m/s" ThDDL
Fig. 7(c)Cad» 5 L +hud, BRoiREAT25
Hz DFE. EREOHERE CTIIARMRA I
RLEWVIZO2b 6T, RBRTRERTS
il b, FDO, EBEOERRE TR
BEZ VI b6 T, REBRTIIEEE5]
ERITITRESH S,

U EnERE, S, HIRWIELILFEILT 5
BE. Wi b h 2 IREH A RER
Tk, EROBERETIREI ) 2 285
PRETH-OMETH S,



BEXA#EFKEE Vol 14 No.1 (2005)

7. IRERBRE CHREIFNIC K SRER
DIREE

Fig. 2 IR T REBYOEFT NV EEREL /-
EEREEIC L 2IRBERRUREN O 2
TR - F NI L BIREBIT 24T,
B 6. TR BEEYIRBRBORME
B (FRFATINEEDHFER UEF RO
gL PHEETHI L EBERIEL,

¥4, REIEER TiIFig. 11 ISR T EER %
BxrAwvws, 72:7L. LoRiIAERE. T
OWIIARE, ITRIBEMEEL. NEM
EFRTIREL Y LOZEMIIH -2 EIEL TV 5,
o, WheREESLTELT. Lotkic
BB 258kg DTN Iy ARE, (Tl
BIZHEB6KN/mDIDEFHL, =
DEEREBOT OWREIREIHBFBORE S L
CEEL., ETAHMICIERERES5- 2, £
ToOWRICEL 2R INEE % 5HE L 7

r plate

Ll

Fig. 11 Experimental equipment
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Fig. 13 Results of numerical analyses
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