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Non-Contact Discrimination Method of the Form of Powder
Materials in Plastic Bag by Sound
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This paper deals with the development of a new method for determination of powder form
materials in plastic bag by sound. It is useful to determine the kind of powder form materials in the
opaque plastic bag without open or contact. This detector utilizes the variation of the amplitude of
the frequency response within entire acoustic system. The incident impedance of powder form
materials varies with the diameter of particles and so on. For contactless determination, small
distance gap between face of detector and plastic bag is adopted. Characteristic acoustic impedance
and complex wave number are measured by the transfer function method. These measured parame-
ters of powder form materials are introduced into theoretical analysis. The trends of the experiments
and theory show good coincidence. -

Key Words : Sound, Sensor, Measurement, Transfer Function Method, Incident Impedance

L% = DEET BB SRS i R 5 R
N HU, —UOEORBIBRIC L O SRR 1T 7k
SEBDRRIINT, BFET AV LIESSTK g s bl GRS £ 0 BN
SRERELALEID Y, BCORE - FHOBES o ip kR o R LRSS
ROANBRTND. \ PV CERRREA SR, SEMIE & O HBA T TR
RIS, BIET (N BURONEIE LTEL
PRS2 B OV B, FPEH IR L Coban

THRIT 2 HEEBIE LTS, 2 REBREELHAORE
FEEFM LIoRERBI Y OR ST, kDT & B 1 CEBREEBE AT SRR Lo pitimeg:
Z—é”’%hé {%ﬁ%@@m T%%@ é 7:"’ \ﬁﬁiﬂ%b A Cﬁ Wire netting Contents Rigid wall

Signal
generator

NBBNTERVEAIZBET 20BN . WA Plastic film
DR » K5 - B - IBUMIE R K OET, BRER 8

ARBTG5, TS L DAEOEL, NEY
DOIRRIC L HRRE, BN X AP GMEDIETF, 728 %
BT HS.

AFRILTIE, 1L, K - KRR DU
W72 TR EAT > T FERICHOWTIR D, WKiT, g

Detecting
element

Arr Column

Microphone

Loudspeaker

* RSN 200243 B 28 H.

*IEH, FBKY TR 950-218] FEH A+ M2 0 ET
8050).

AR FHRAFARER BREIETERL

¥ IER, B TS S HIY R (2 997-8511 BE TR

Precsion

H 104). Z-stage
*IER, SIIARIHE (B 729-0292 ELATENT 1 =),
E-mail : sakamoto @eng.niigata-u.ac.jp Fig.1 Experimental setup

NACSI| S-El ectronic Library

Service



The Japan Society of

Mechanical Engineers

FEEFI A L SRS ONE - BRI A5 43

PR T2mm, PR 20mm, &S 0mm O R—F UV
RTHVESUTHD. v 7k L AE—HITR
BHER D= ) 2L F 2—T B RO TRIHERIZ A
5. HRABT B8, Fa—7ORIIIERICH
WABRKEEZIZBT SRR L VE L.
FREED DEAIEY F COEMARET A0, =
DERTIE, BIgT7 A N2 E2HE A0 (RO
LR T%) EERE L. REMIIEEREZAT—VIC
B T b, EfRorktim & &8 7 « L LM OEREE
ERETED. BIESICHESA-TREBELEEL T,
BE 7 4 WV AD BITHEEER . AFRSTUZIBVTIE
R &S 7 4 L LFOEEET 30 mm & L7ZRER
T, ZOBRBEIRQICBITABEOA v E—F
CALBERLTWA.
RHEERL, DL BRmOFRORIEC 2 5.
=95 L, BRHEEmL,  EEoA o e—F )
& TS T 4 VLB U TOHIRRE R A v E—F
VAL DAFFIA B S ATHIRENG. ZDE %,
BUEORARR L2 XD TRIFET 4 VLD DR AIAE R
NFA V= VR IBETH Z LI, BFERD
BELEET 5. ZOZEEFALT, FEFRTHIED
HRNEAT .
3. REBICAT 3RRBCEORE

31 ERICAVN-MERBLUHEEE  AENS
LRI, BT — 2 28D DI T A
B2 AV, OIS L TR E .

H T A b — X EERREIERNETE LTV BRI
W& UM Ul 784 IR R T & 2]
ENH D, ZOERTITHRAEN 005mm~4mm F TS
EOT S A —X% V.

30 Experiments
%‘ 20t
] I il
E 10 ™ Fﬁ |\,
":1 H“\\ o P
g Tr— ’
- Flour
Y -10} | -—--Salt
= ----Sesame
2 Rice
[ff =20 | ----Com
-------- Soybean
_ 1 I I 1 ) 1 s I L
300 1 2 3 4 5

Frequency [kHz]

Fig.2 Difference of frequency response characteristic
between kinds of powder

=10

Equalized Amplitude [dB] Equalized Amplitude [dB
n

Equalized Amplitude [dB]

Equalized Amplitude [dB]
n

0
—
<

¥, ERICEIERICEEIND Z L DE i -
BoREOB L LT, NER, K ZF, Kk -,
KEO 6 X A,

BHE T 4 VIR & L TR BIAERAINT
WABRYZF L7 Vb ERWE. AHXTIE, |
BEE 0197 kgn?, JEE 0213mmDRY =F L7 4L
L FRWTAERIZOWTRT.

WEZAREFT B 72012, W 147mm OFZEAEO

RS T LA EICER, COMIChiEE D TY

B ERAELIC Uz, BORBRIIHOBEEL LTO¥
BAEELTC, REBESHEONE 20mm & Y +5H5K
ZLTAEDIZ Wmm & L=, ZoRoss (T4
DOHIEES h) 13 10,20, 50, 100,200mm O 0 Z{F

, ‘ . 1000Hz
- : m :
= & : :
. llllg
0 -~ :
Flour Salt Sesame Rice Corn Soybean
B
=] =] %
0 ’ -
Flour  Salt Sesame Rice Com Soybean
20 2300Hz

15 = a

& o g

0

Flour  Salt
0 3400Hz

Sesame Rice Cormn  Soybean

Flour Salt Sesame Rice Com  Soybean

* Fig.3 Discrimination of powder materials

NACSI| S-El ectronic Library Service



The Japan Society of

Mechanical Engineers

44 EE LRI L 7 AIRRPBE ORI - R OFE B

L7z,

WEOIEEE, FEROFERILE LTIRA D20,

RIHE SRR ORI B 5 B EUSE 2 A e,
EHEZLLTOBEY ThD. FHHRERIILD 125H
~5 kHz DIEHE A A —F5H5 & A —H (FOSTEX
# FTITH A— VA —#&) ANTAH. ZOESE
HEUEESZL LT FT 7740 AF ¥ 3Ulh
AT B, AC—H I LERAENICE RS SN,
~A 7R NGRS TAEEIEL FFT 75440 B 5
¥ URIWIATIEND. UL 0 FERDISERRK
ERD 5. '

32 EEMBBOAERER MEDE X h X
100mm & U, ¥Eo EmEicHEEZ 54, &
B HIRIBO BRI E DRER 2K 21T, =
ML OBEOFERC L B IEE R R > T 5
TEHHD, —RRITKHEDTEMEEZIL, RERDOHKT

h=10mm

Amplitude [dB]
A
(e

\
T DT R
0 1 2 3

Frequency [kHz]

Amplitude [dB]

W)
S

Amplitude [dB]
2 &

PN IS R T N
0 1 2 3 4 5
Frequency [kHz]

&
=)
T

Polyethylene
--—-Polyethylene and Glass beads
Polyethylene,Glass beads and rigid wall

Fig.4 Influence of thickness of powder

12<, RIFDEE - KO - BEERECL & D I-RE
YRR EDBEFRT 2 EBLLND. HTFAL—RIZD
WT bR & ABRER Thololow, RN EE
NIA=ZTHHEEZDLND.

33 MHEEZAVBROHBEIG 6 EEOARML
ZEUT DHRIBI AR 31T, HRNZIT 4 DO
OFEE (K 2123V THAR L) ZMv. (Ui

RIROFENRIBEIIRN TS 2300Hz % FV iz,

& BITRIRDNI b DEIEIZ OV TIE % DB
PEDE O EFIR L CHBIA R T

WRIBIE 7 4 VA BT RO 720 55 % FHE (0dB)
ELTERLE. HEOEZS A1 100mm & L7z

F9, 2300Hz (2B HWEDOIEE LR NS L,
UNERy -3, o<y, Dkez—r-KE) O,
3ODIN—TETHZENTED. ZOREBEK
T, FDVBIAFIRE L 42 5.

2300Hz IZBVTHBUIN TE fehpro iz /NER -
] 2T, 3400Hz 2BV TR IRIEEN R,
b, UhER) & [ OHBINSFREE 725,
F7-, 2300Hz 2B THBISTE pdrot- T3
— « KE] 22T, 1000Hz (28T K a—
v & TRKE] OMICHAERIREESR LI RG]
OHBUNAFREEL 72D, X HIZ, 1500Hz 1280 T
k) & T=—r) ORMIZEREIREZED R DAVHR
WAMREL 72 5.
ZDESITEROMEERNDZ LIZLY, BiEo
FEEESHIBIFTRE & 725, E /- HYEE 0dB & s 5
FIZL D BEOFELHETE 5.

34 MADEEIDEE  BHEOEIPERESE
WCRIET AR~ R AHN 4R, 22T
TR 2mm OHT T A —XBODEX h % 10mm,
20mm, 50mm & LS BETZBEICOWT, BEEFS
WS R LIZEE E, MEICREEZHE T Bl
AL UTIGE & DA 1T -7, EREo TRk &
RIEEZ L HPALE) 1, FEMICERRBORER R T
bDH. EDID, WEDERP—ET HHFNE ST,
EEDRENRFIL T D EELLND. EE DN
(R, RIBEOFHEDE BT D72 72 0, KifE 2mm
DH T AL —XIZBWTITEED S0mm (ET D &/
FHHI-HE LTS, NERRIBROBARIEFE LY/
SRR SIZ BTl BT AERA R Sz,
ERE, BICASTRERDE & DEEEZ 3124
BB TENEIVLEE LV, KEETE, HERED
MRS bIUT, MINEXICLSRENNEL AR,
MBE SRR >TOThH, RIEROKE S B8k
RIEDOHBNIIRTRETH S, LhrL, KAV WYAE

NACSI| S-El ectronic Library Service



The Japan Society of Mechanical Engineers

FERFIR L BRI EONE - BEOIERAHR \ 45
TEHBITDIIESZR CICTHLERH 5. d- dp : BRADER VA DES
4. FRERAEH ‘ S, : BRI ZER & PSHIIR D 531F D 4RI
BT B WA

41 BUEROBTERLBAMFMERE K52
R UZRHESOTERL, K6 DEKHEMEIRIIE k- BARSIC I\ B e
BLTWS. ZoLE, &E - &, Thithd IDLETE EIBRATRENG. 22T, uid
E - BRSNS 5, FHERFIONT, ZC mmpure ¢ EROERIMEETHS.
13 1 R DEE R A BV T A T > 72, .

12 RE—NAEOERAE R E—pHEOE r:{ 3 [q"nw”qznzpw)'} 5
%B@i%f)_—c:\.@fﬁa (ﬁ‘f@%) DI %%@LT%@XT g=1.3,5A 81:2 8

4 TRAOOL LTS, LIz T, AE—HEI=E

L S 7 4 )V L BRRHHER £ ToORRRE

: n : [AE%R
ZERRDA = F R Z TR E 2%, Ve ITZER s
7 ——j e 0 46 BEROFMER X6 OHEMEFEIZRL
e = ' kT, AE—h LA 7 vk RIE DRI,
} PR CA o B —F o DS R S 7= TS FalRg
o ;x%ﬂﬂ%%
¢ BRHDEE Contents
o @ AR N L~ Polyethylene film
L EREEHR - Clearance
43 TAVOKRVAIEOERTE A raks | I @m\ Air column
HIE LR DA > E— 5‘“/;«2,,,—; e AR 7, Tube
CEEHBZDHEIZEY, FiIfE RIS ONS. @
44 E&fuﬁo)%ﬂ [215 6121 HZERAE, 7 Cavity

RHHEQ~QH, @~@, O~ORIIHT=HEHITR
ReEZEB L E< RN v 7 ATRT.

WE, BEARDOEEEBBEES p, U, HRAZD Fig.5 Elements of acoustic system
WCH g Up &5 L, BIE L RMEREICET 515 °

#E M)y 7 AFPENTRSNS. RN I R e ,
[ B I
pa _ A B pb ............ 2 ‘ | ! |
o)He o)) T~ a
[ — L ® \
ST A~D 13, —IRuOBEITIER 5RO : N }
bhp. @ F, O~QII oW Th Rk EE b | ' |
Uo7 2R, TR HEIZIHET 4 VLD : A | {
NG AT AND. I o—— |
! N, I \
45 BROAVE—FVR BT vLER }_ ® t— N & 1% ]! |
HERRIDBREIC IS 51 o £ v R Z 13k T | A [z ) | |
| |
FEND. | oN | New = |
|

Zg:rtanhkz(;?'/—da) e (3) | o i }@ , :
C 1
g ¢ E L Z; E - :
Sg::)_ﬂ{(dprd )/z}”2 e (4) e Ny R

05‘ IR , Fig.6 Equivalent circuit of analogy for acoustic

s ZERAE DAL ' system of detector

NACSI| S-El ectronic Library Service



The Japan Society of

Mechanical Engineers

46 HEZFH LB R E ORE - EEO ISR
ELTHRS. H o ATERDOEREEA L E—F AL 0 EHL

B4 6 (21T H@RITHEIN B e X /oA v e—&
R Zpnld, ZERAE, BERE, P— ), BIKITHYT A
DTHH. VWE, QROFELBEEEL pun Unen
OEIZDWTIE pr U &T5E, FELBEEEIZ
B amE~ b v o AIRSTREND. 2T,
A DB L AADIE, FRENIR 61281 b5~
F) v 7 AN, BIO NIZOWTOIGEEERTH 5.

p bun — AP BI’ 1 0 A.v Bs p 1
U, C, D, z;' 1\c, b, U

£77, ZneiPro/ Unew Zip/ Uy THBHPE, BRI
D ZunWROHNB.

BHAIZ, A—Hh k<A 7 R RMOBRITRSR
DL D725 ODfEES N v 7 ATREND. ZIT,
Ag~Dy BEIW 4,~D,s 1E, FHNFNX 6 128 515
EY M w7 2 Ny BED Ny IOV TO ISR FESK
Thb.

Pp) (1 0YA4, B,Y 1 0,

U.rp - A ;r] 1 Csh D sh Zb_u]n 1
Amh B mh 1 0 P mic
th D, mh 4 ;«1’ 1 Umic

hb550< Y v T AOERKIZEY, A—H
LA 7 aRCDBMRE, KRADL521o0< Y
DT AN BEEWZ D ENTED.

[}?"ﬂ ] — [Aall Ball j[Pmic )
U.s’p Call Dal] Umzc
ZIT Uye=08B<&, A= bewf sk
DFEHITRKE 2D, BB E ORI KD D
ZERTES,

P Aall

P

47 MAEOFHBEEA LV E—SFUABLUVHERR
EH EEEIOBRE~DOAHA L E—F R 7,
ERDDI-DICIE, BEOREEES L v — 2%
JOERBEEHDLETHS. ZNHDEE T A—
SIHMERRSIEY AT LV EB L OSHE AT > TR
iz,

K712 A =X oW TR T 8, v
—H U ABIOEREER A . RS L —

Characteristic acoustic impedance

LTS, BRI WVNE ST, B — 2
DEEEBIIRE 2D, REPKEWVFLZEROET
HDH LN ERHED. 1ITENEWNS Z 2T, B
R ZERLINIAAE L2V RBBIZIIV . H T A —X
HEIE Th DM RRIZ L BFEILENFE U TH S,
BEIZ L 0 Ex ORRORE JFR25. Zhicky
ZERDFMENBHR LT, Whbwd [FORITE &) 2
ARBHboeEZLND.

e, BREEROEL, TR0LEREROME
SHEITRRIV N SWNEERE Ao TS, ZDOFE,
KL DORRRID NS WNE S ZER ORI L AR A X
KBROTWBDEEZZLND. HRRTEROERR,
TR BT RS LB LT 2 & hh,
MENOBRR 4G 5 ERITZER P E R 2 e n
5.

[N}
=4

S
()]

Frequency [kHz]

— ¢ 0.05mm —— ¢ 0.8mm
====¢0.lmm ---- ¢ lmm
=== 602mm  ------ ¢ 2mm
== ¢0.4mm --— ¢4mm

Fig.7 Characteristic acoustic impedance and
- complex wave number for glass beads

NACSI S-El ectronic

Library Service



The Japan Society of

Mechanical Engineers

47

TEZHA L - RNSB R ORE - RO IEEE

48 MABAOAHA D E—F R HIEITK
DIRYEOEMETEAS L U —F L 2B L UEER T
ERWT, BE~OAHA L E—F 2 Z, WIS
LoRDOEND. Zhik, —IREADHEEDEORD
WP DDANA v E—F o A e —RuEEN I &
VEHLZHDTHAS.

_ 2. expl(pd)+exp(- )
S, exp(ud)-exp(- )
7. . IRORIEE A L E—F R
v EOEREEHIZ 2R UL D Sk, X))
d: DR
S BB O
5 HAELBREOLE

EHNE - EAREOEO—FI L LT, R 02mm
DHFAE—=XZBNT, HFES 50mm & LIZEE
FRI8IIRT. W& &L L ULAS 2~dkHz (2T TR
TLU, 4&Hz fhihb EFICERT BHER & - T,
¥/, ERED 1IOHzHTIZR bbb —2 &, 1kHz
FTOLAREL 2 HEME, EICA E—HEZEF
HOBEFRESENRRTH 5.

FERORERESRRE AT A2, ERNE - B
WX HA 2T A X&fTol-. EREIZOWTIT T
EHBE BIRET 4 L LADOATHIE UT- Bt %
ZLFIK ZEIZE VA 2T 4 X&fTo7-. HEHRglEic >
WTHEFEROEREEME 2T 5720 (ks
SBIRE 7 4 VL DHRETETE UT- B SR D B
BELSIKZEIZEVA2TA X %(ToT £ T4
RHDOFANE « EEREOHE 2K 9B LUK 1 01T
7.

HTZAE=RIZDONWTHD &, BHREIZIS ik
£ 1mm Y EIZRBWTRIBBRKE W I A—TIZRB L,
FEREIZ B TTRIE 2mm S EIZRO TR KX
W ZB LTV DB,

10 h=50mm
ok
—-10
5
— 20
(5]
°
£-30
a
5 -40 .
— Experiment
.50 |-—~—-Calculations
eob— v
0 1 2 3 4 5
Frequency [kHz]
Fig.8 Comparison between experiment and calculation
(0.2mm glass beads)

[Equalized Amplitude [kHz

W N =
=

Equalized Amplitude (k]

W N e

=

—

(=4

(=]

¢ 0.05mm ¢ 0.4mm
¢0.lmm ¢ 0.8mm
¢ 0.2mm

30Experimems|

10 ¢ lmm
¢ 2mm
20 ¢ 4mm
30 1 | | 1 1 1 | 1
0 1 2 3 4 5
Frequency [kHz}

¢ 0.05mm ¢ 0.4mm
¢0.Imm ¢ 0.8mm
¢02mm ¢ lmm

Frequency [kHz|
— ¢ 0.05mm—— ¢ 0.8 mm
=== ¢01mm ----¢1mm
=== ¢02mm - ¢ 2 mm
—-—¢04mm —— ¢$4mm

Fig.9 Comparison between experiments and
caleulations (Glass beads, A=200mm)

0 Calculations

B = = =Sesame
0 Rice
0 -—--Com

=

S O

(=]

Fig. 10 Comparison between experiments and
calculations (Food materials, 2=200mm)

NACSI S-El ectronic

Library Service



The Japan Society of

Mechanical Engineers

48 HE AL BRSO RE - BEO IRk

F7o, BRIZOWTAD L, ERGHE - EREL I
v K OREROKE R BDOPRENKE N N—TFT
BLTWAENH S,

F7o, REOKREZVHIRIZINT, BRRET T
VARV R Lo TS, EREIZEONTH, - HERE
IEE TR BT L ARV R Lo TN,

IR D /NS 1ROV T I XFEANE - BBEa1E & LI,
kHz~4kHz [ZE Y L~UBMET L, L0 EnE
B TIX LA R 2R E, R ER A
RLTWNA.

6. &

FEAFIR Lo HB B4 5 ErER0 7o 5e 4
7V, ROFERER-

() RZEH I TNTEH, BOEHE - BRDJE
- BiE 7 AL ATEEME THY, FTEEIESICA
DAL Z LM TESD. ZDLE, BEOEEIZLY A
HA = AN T B0, RLIORLEZL

> IREEE Il T B EERDBEREUCE L R OTEEIC
IERIEA R DA, T OFEEFI U-FEky A5
HEOFREME R R LT, '

(2) ¥tk < BLRIKIZ DWW, (mERIsE A VTl
HEES O F U AB L OEREERARIETE S
ZEERLEE FLT, FITHRORERIEE TR,
Y= R R TERICBHR T B Z L A BN
L7z,

(3) TEZOREKESEIZOWT, BRE L 5
BT LR RS-,

X m

(1) A - —E - Bif - (=5, #54, 67657 C(200), 1276-
1281.

(2) K- —& - Ei5, Wi, 64619, 0(1999), 98631

(3) ik, FEILFER (T% |, (1978, 343, zotit

(4) BI-HN, FEEReE , 1974, 700, HE

NACSI| S-El ectronic Library Service



