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Abstract

The electromagnetic vibrating screw feeder is the main components to solve the
problem of automated feeding the parts. Recent years with China the continuous
improvement of the level of production automation, it widely used in electronics, metal,
plastic, pharmaceutical, food, toys, stationery, daily necessities manufacturing industry.
Excellent electromagnetic vibrating screw feeder design can improve the efficiency of labor
and production, to ensure accuracy, reduce production costs. The trend of today's fierce
market competition, and mechanical and electrical integration ,the companies put forward
higher requirements for efficiency and accuracy, it also have greater demands on the design
of the electromagnetic vibrating screw feeder. This article refers to the design of traditional
vibrating feeder to the design of the electromagnetic vibrating screw feeder. According to
transport materials to determine the diameter of the electromagnetic vibrating screw feeder,
We calculate the required excitation force according to the quality of the materials and the
transmission speed. We select electromagnet according to the exciting force Finally,

according to the transportation of materials to design the reel.

Key words: oscillating machinery , electromagnet, vibratory feed, screw feeder
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AAbkFELLT (BX) % 3F wEmFLHGT AR

HLIE R 77 F=402714X0.032 X 0.04=515.474(N)

3.2 KEINEE
2o VBRI AT I A R R R D 23 T 276N AT 515N, g3 734 I B i B R 2R N AR
ZhAE, X EARIETS O, B2 B Bk



AARFHELLT GEX) F 4 F R A LM

% 45 IRENEIOLEHIE

4.1 HmLEFTHEN
1. X T AR EEAGIIR AT Bk ™ i 1) 22 A MEAT AT FE A BRSO IR AN 5 i (¥ 2244 i AL
HIREGIE BRI A PE X2 (DESLAEA R SERIR &R B QB EIAET MR,
WREE WRRE . PRBAIRRIG G5
2. SRR M AR ATE S M AR B, DARTER A . T, B A T R S Y 514
By 58 FE A1
3. MAARGE M A BRI ZE, AT R AT 51 i B 71 3 B (R
4. RS ERCD R, R B G I N, e AR R I, P A
AT RS HH o
5. N T IREEMINSRIE ST RE ST, FEROE L AT R
(1) EHEMIEM;
(2) BRLIEEF CanWTE SRR R BlIL . REHRERESE);
(3) BT AZE, DL AR 25 1) B AR S SO U T 52 P AR /)
(4) RERHTWEA KR E A
(5) Jmy s SRR AL L AT AL
(6) TEMEF DAL CRENFLIUD), SBRAR TAER f1, BRI 2450 .
6. B LR IR IR 5] R e R AR, R RER -
(1) 15258 it
(2)Z B84k I8t
(3)Z Eulits
7. FEARN B RAFIIN B T T I R RS A P R
4.2 BERAZTT
R 20 25 50 2 — i E PR SR SE N 65 Min AR B PR LS 1 S B AR AR LR
VR G, BERAERE HRC=40~42, FAKCHLJG S AR VEE M. 2. ik, 4R
JREFGRIG T 2 I BE AN A 59 5 JE 2 1) 1/1000;
A By 19 i FH MR A T 55, FE v — iy 5 A P MR AR Gz, 5 — i 15 b i [ T R



AAbkFELLT (BX) F 4 F R A LM

PRI . IRENI, AR P AR TR, P AR T SR I IR R AN K R
W mARL S AT R TR, A BRSSP O E R, P
X R/ANARIRL T ARSI 73, e N

P13

Y= 0m (4.1)
= (42)
i
P—EM 71 (ND
=R A R (m)
E—— W hr s 458, E = 206 x 10° Pa
J— R (m*)
b—— IR E T (m)
h—— R AL (m)
SRR DI -
ki=%=%f‘=%hs (4.3)
H#ES R, FBEREE /A, NSRS NIy
k=in (4.4)
i
k——30E BRI (N/m)
a —— B R, fEMREREEM AR, R a=1.05~1.25
PRTECE R 100mm, 84208 20mm, JF A 2mm.
F AR NI -
k = = mo? (4.5)

_ mym,  5.7x13.9

= = = 4.04

1
k= W4.04(2T[ x 100)? = 1967051.062

mAaR 4.4 5.
a NEANERE, Ha=1.25

(= kal3
" 16Ebd3

=13.645



ALK E Lkt (BX) F 4 F R A LM

B 13 50 14 8, RIS Insks b oo 3 20 vk, AL I TAE s (RIS
K,
4.3 FRERIRERZIT
4.3.1 RN

b R RSO AR S AR AR E A, SRR NI . R ERE R
SiEAELEL, BE ERERERER I EA Y, ERmET e 5REEREE R, BFitE
AP BB — B, AR ZG275-485H Ky _F AR, LR ARG BE B 0E

T 2G45 %M. 75 2 WLk am FE A
WIEE RT3 T, MR AT RE M B

R = MR s A 4.1, A ]
[FIE LA M10 B2 AR 7L, I iR A I
SRR, RERRTETT 4
A M IRZHE AL, B Sk gL
ffhr BARE, H T S ek
B, N ELRUE AN TREEE, BAfR
IEAE 2 . 72 B ARG 4 AN 43 531
A ANHBSER, 3 57E 4 Hif b
TE&TF—A M8 IRZUE AL, HT b4
SIREE R, H BRI, BTN 4 MEEIETTE, RARIE T RREE, Y
YRl IR T R R

B4 1 CEfFLE

4.3.2 [RERNST
JREER 5 LR FERE R R, HoR S EmE (4.2). R ERTA 4 > M8 IR
arfl, B SES RRLOA EMR, T S R R R, i 4 4

M8 IRZfL, M8 SRR iRk, R 3 MRSL, H T IR AR L
4

= )



AAbkFELLT (BX) 45 FH) E AR

4. 2 AR & K

4.4 BB R R I T

TEHRBN B MV o, AR Bl BRI 4 S8 e T P R D 45 sl IR 48 1) L
i 5 4 R SRS LU A LA R ROMRF s T DAY R A 5 AFE R A R m] AR R 3 = A
7 W R SRSE NI E s SRR S 1 A, T LK S s S NI s b el T
W A BRI N B, FE LR LR TARRS, HARIEA 5 HILRM I &

il 2SO A B R E B, 1 = 15mm, 1, = 6.5mm, h=30mm.

P Ap = (r? —r?) = n(15%2 — 6.5%) = 574.12mm? (4.6)
Ap =2t XhX (r; +r,) =21 X 30 X (15 + 6.5) = 4052.65mm? 4.7)
s=20 = S2 _ 14 (4.8)

T Ap  4052.65

w=1.2(1+ 1.65s2) = 1.24 (4.9)



ALK E Lkt (BX) F 4 F R A LM

) s 445 75 T ) 59 S P g

k, =2 = 02 _ 53p (kg/mm> (4.10)

ERF AL — ZHHAR (mm?)
Ap —— HHHEMH (mm?)
s — RZAMMEHHmRC, RABREZR, NEFRKE.
b —— JBRERE NERKE.
k, —— "B ET7 Im) AR H AL
E — IR FRS R AR
R Bl B — I 15%, HLFR spetti .

c== =22 =45 (mm) (4.11)
R 4.1 B R I
H AR B E (kg/mm?) G (kg/mm?) d
40 18.5 4.6 1.1
45 21.8 5.7 1.15
50 25.7 7.1 1.2
55 30. 4 8.8 1.28
60 36.0 11.1 1.4
MABRAEEEEL H=50° B}, Bk B8 28 faf 250 :
W=k, 6§ =3350x 0.45=1507(A/T) (4.12)
AN B E -
§a=2>=%=375 (mm) (4.13)

d 1.2

4.5 RN AR =1TH5 AT
4.5.1 IRNBLER=E/0ET

PR B IRIESZ AT S E, FrBIRsE A TR 2 18 U S S 55| i
R AR E



AARFHELLT GEX) F 4 F R A LM

PRBN BT R R T R, IR EIR T, R BURMIRIR
1B F G 1R LA T R
U = 4.44WfS'B, x 1078({R) (4.14)
FFF PR IR IR IR B0 AR 719 -
F=2 (#‘ﬁw)z%sin (ot — g) (4.15)
S5 WIS 67 T = e = Y I = i TR~ =T ST S D G E2
PRI 2 AN INE . ARG SR 1 IR ELRIE L, BT ARG 154 7 I8
DPFAM N U
B R AR A B R AR AR O, X0 BRI I G T e S O MR-F 5 i 2. 3
TEOREG RIS E 1 R GEAN AT AN 2 UL F S 5 sl B S
AR T G A IR R, e o R R R R A RO TR et R AR T R
T IX AR AT, T HIRATEE 5, BT EI Tz R
(2) PSR 24 P [T g
TR ) S T K FT7 . T DLSCRE T AT DL iR, R ek
BT RSB LB RA I R ER 5, SR AU
2. DU R R SR R S A e
AR AT SO AR o R T3 N A A PR B RR D BOR I, 4
R AN AR ik BB N . FEBAR B E AR I TSR B AR M B A IR IR BT
B R, ARHECA RERIR DA, F IR R SR ML E A
4.5.2 MBI TIRE A JL AP EY
1 R R e 1 5 4
i 4.3, B AR HU , Zead P ORI A A R BN AL . H T R A 2R BRI,
R TN EREN 4
XA AR LR, R TTVE R, (ESR AN SEI A ShiE .



AARFHELLT GEX) F 4 F R A LM

P 4.3 R s A R A
2.7 A% FL BRI T 2%
(1) H3 7Y
i 4.4, 3050 AR R PEAE, SO RIRMLA B L, TR IRIE . IX S
SHRELL O, — B TN R BN

o—= e

—
Fu RP

O

Bl 4.4 ER I RE PH AL RS 4 R P A
@2)FF A
el 4.5, XA T 38— OE TN RSN A . TR A

B 4. 5 FF 56 H BH AR 1 8 R HR K]

3R] AR O T
AT A AR, e, (HIERBEHUK.
4. 7] AR FLUA T 4

AT SRS S, (HIRE S, R T Rsh .

5. AT PE AR B A T A



AAbkFELLT (BX) F 4 F R A LM

I AT Pk PO Ay S LUAC AR . AT

PTVERER, AT LAZ R B H0E fE

(DRESEPLAIIA B iz, KK B ahizh] 248, IFH A UERR = RS L .

GIEH RGRERTAEEN, TR TLIFER . Fenlaxs T, KARSIE L
PSSETE

(DAL, BN

(ELZ AT PR T 5 2% (1 DDA BRGS0l A2 /MR PRI A, 352 B T

AR G A ST A A 2R BRAR 22, ORISR FLBU Y

4.6 KE /&

R e T RALA IR, SRS AR 2R G B A AON 13 5% 14
B, ORISR R R — S SR SRR i . AR RO R I PRSI T %
Beo SEEC ESCELBING 5 PRI, JRATHRASR I iR R T 58



bk E VT (BL) % 5% RAFEIAXZE R

£ 55 fraERVIE KSR

5.1 MEHraNER TIEMm=R
Wi pulse HLFII AR BALZE VA 8300 1F F F ARSI 100Hz,
e T DR R TR . A R
zo = — (5.1)

Wo
Zo M 0.9—0.95 NIRLF, W& | TAEMZEN 100Hz, #i 7] LA E H R G [ A
%K 105Hz ——111Hz &4F, THAR:

W= |= (5.2)

L mOAREE, RAWAR L, BEXAD RGN A AT SRR AR, R
DA AR ) J5E P B JR A T AU R G I

5.2 fREN B RVIEHI T E L

5.2.1 KA 96mmX 40mm FBHEER, EEIFE (5 0.8mm), THREEHE,
NEBEAEBET, ETHRANIRIE

FEIRBN BRI R T WG — AN 3508B A& 1K, TEHRBNHLR I 53— 4> 3508B 1% s, 7£
R ST IF pulse 24, AR B EEAT AE ok B BUAR ARG o

) HE N 90V .
D4 A5 A AR B EEES Ny 6mm, F AR IRMEI ] 5.1:



bk E VT (BL) % 5% RAEHARAEE

Lo - e = e e
@ ® A M oo M oA @ D B oA @B @

[
P
1

450m 490m
[=]

Kl 5.1 biARIE

HA R x = Asin(wt + @) (5.3)
CIEG: X = —Aw?sin (wt+ @) (5.4)
3 ERUAIRIE A=0.12mm
AR RIE AN 5.2:
jj I rl| 1 4 1 Sztoiizt—él—g 15:57:14. 745
2.5\ ” ﬂ H ﬂ Gverload:  0.00 %
AU Ll nl, L R
IR
U T e e e
el D PV IS PO N L
VIR LD A At VY
A A
NI RN RN ey
el W Bl Wt W e LU
A L T O I V1 R
B B \"J ] \ul I

Kl 5.2 T FAIRIE
15 N ARIRTE A=0.3mm
@HA—NFF R AR E R E A 8mm, FH4h 3 AN 6mm, ERAAIREIRUIE 5.3:



% 5F WAL IRXAFE

ALK F HE R gT (B

I I
_ ]
I —]
17 | |
I
T |
o ——
| I
P =
[ |
be—t—"1T"T7 | |
-t |
I I s
|
(e

— 1 |

I —
T |
1 |
J|[I|||.|.|,|I|U1
=1 |
P 1 |
I i —
I”J‘|l|.|
= ||
|J‘.|r“l|
(S |

22222222
o =1 B =

44444
,,,,,

K 5.3 LR HRIE

0.144mm

5 B AIRIE A

K 5.4 T AR

I I L

TR IE A A 5.4:

0.032mm

3 N AIRIE A

OHEYA 110V B

4 ATJ7 ) BB AR Dy omm, bR SRIE 40 18] 5.5



% 5F WAL IRXAFE

ALK F HE R gT (B

=

=

K 5.5 L FARHRIE

L

l

B T —

l/\)\(lH

I

L
I

@ @ % W oz W W ¥ oW O oW ¥ o® w9 N % ow &g

0.15mm

5 B AIRIE A

Kl 5.6 T U AAHRTE

[=]

RIRIRIRIRTRIRNNL

TR 5.6:

0.049mm

5 N AIRIE A

@Hrf— AT AR R LY 8mm, 534k 3 NN 6mm, b FUASRIEAIE 5.7



AAbkFELLT (BX)

% 5F WAL IRXAFE

[mf="2] Time (3) - Input
- Tnpu

25

24

Cursor Values
T=19.1nfs"2

X =385 Tm =

20

Status

2012-6-5  16:35:08.977

Overload: 0.00 %

-0

-24

200m 240m 280m 320m 360m 400m 440m 480m
[=]

5.7 LJRAIRIE
15 AR TE A=0.19mm

T AR IR a0 A 5.8:

5E0m

S60m

B00m

[mf="2] Time (¥) - Input
ing : Input :

=55 Fl

4 | ] \
T I / i
T W T W LT W I
LY O 7 S AV A WP

4 A Y N W I P N T
I O O A A A
1 O A A P O
{1 A L O BT
T I T

Cursor Values

T=489mfs"2
¥ =3135m =
Status

2012-6-5 15:53:05. 493

Overload:  0.00 %

5.8 [ AIRIRE



bk E VT (BL) % 5% RAFEIAXZE R

3 R RAARIE Y A=0.049mm

13 DYAN J7 T AR A V5L FEE 3509 6mm I ) R S8 [ A 3R wo=101HZ.
Hodr—N 5 I RS SR B 8mm, AR 3 AN 6mm B (1 [ G A% wo=112Hz.
¥ LR BUE RN 5.1:

R 5.1 RGUE A WA KR IIRHRIE TR0

BB E = RAE A omm  Eh—ANJg 8mm,
HI9&KJ9 6mm
90V FRRAFRNE (mm) 0.120 0. 144
TRARNE (mm) 0.030 0. 032
110V FRRAFRNE (mm) 0. 150 0. 190
TRARNE (mm) 0. 043 0. 049

k. AT TR ARG B R L Y40 6mm I (K R SE A M F o = 101HZ.

AR b —ANT7 1) OB SR R B2 8mm, LAY 3 /M0 6mm I [ [ A A

wo = 112Hz, RJA358 FP i) AR MR 5 [ AT A LE B4 0.9—0.95 IXAMLEAE, HRYE
R 51 HE R CLEDW A Sttt R AR ] 0 IR 7 [ A 0 OR ) R GE T BASRAG K
INERIAR

5.2.2 XA 96mm X 40mm Bk, ERGERE (HAP—17REA 8mm,

N3 NFEEK 6mm), TEPR, WEAREET ETRERNIRIE
TEHR BN AL R I — A 3508B £& 185 , TR )AL FE G 73— 1> 3508B 14 /& 4%,
FERL _EFTIT pulse B4, AR EDULBIHLAT LLE R BN BUAA i RIE .
) HEEI 90V I
ORI R A 0.6mm, b AAYRIEUE 5.9:



RAbKFELILIT GEX) % 5F WAL IRXAFE

[mf="2] Time (5] - Input
Working . Input . Input . FFT Analwyzer E—
407
30
20
Il
10
o Il |
|
-10
-20
-30
-40
0 100m 200m 300m 400m S00m BO0m TOOm S00m 00m
[=]
Kl 5.9 LB RIE

15 FJRARIRTE A=0.147mm
TR ARYRIE a0 & 5.10:

[mf="2] Time (x] - Input
Working : Input : Input : FFT Analyzer _

g

] 100m 200m 300m 400m S00m BO0m TOOm S00m 900m
[=]

Kl 5.9 T FARHRIE
5N FUAAIRIE A=0.044mm



% 5F WAL IRXAFE

ALK F HE R gT (B

@HLBLERIAIRE 0.8mm I, 13 LR gRIE AT 5.11:

Kl 5.12 AR

0.031mm

Tt I =1 |
L ——
b1 | | \]M}.H“
I T 1 [ —r—— —
[ — 4+ ———k—
T | ==
e iy N lllm
I I I e I =1
— L X =1 _ | |
— = T —r
.ﬂl’|[;|[]|.|]ll| % \||l|l|Hll|
I R i e ,
I s e e e i =
————— = =L |
— — =]
I B —
— | L =1 |
— — = [ I m————, o
eSS £ LA
—t—r— 1 [ | =___|
71 | =
P PR
=T JN:]J]]
I ——
R B e . 1
e | | N \Illlm
I — M —
11 S =t
e— R I = S
1 | | = T =
— |ofL . — S
¥ r & &+ & & <+ & T & < = = m——
e T S e s T S

5 B AIRIE A

73 N AIRIE A



AAbkFELLT (BX)

% 5F WAL IRXAFE

OHJEN 110V B

O R EBN 0.6mm, FJAARSRIE a1 5.13:

[mf="2] Time (=] - Input
Working . Input . Input : FFT Analyzer _—
407 ‘
an il I I
20
10 w W W
0
-10
=20
-30
-40
0 100m 200m 300m 400m S00m E00m TO0m B00m A00m
[=]
K 5.13 b AR IR
= = E A
5 EAARIE A=0.33mm
MR IRIE A 5.14:
[mf="2] Time (x] - Input
Working ;| Input . Input . FFT Analyzer _—
20
16
12
8
4
0
]
-1z
-16
il
1] 100m 200m 300m 400m S00m EOOm TOOm S00m 900m
[=]

T R ARG A=0.11mm

K 5.14 T RARIRIE



bk E VT (BL) % 5% RAEHARAEE

@ HHEER AN 0.8mm, FJAARRIE a1 5.15:

sssssssssss

tttttt

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

3 B IRIE A=0.19mm e
Tﬁ%%@@@imz N
L Ihrh f\mh,ma th' A A’HM
| WIM Ui I\\HH'H‘ L LI )
LY

T ===
— ==
—
-
=]
LE—— = .

—._
==l

m[ o S520m SE0m
Kl 5.16 T FARIRIR
19 F FAYRTE A=0.043mm



AAbkFELLT (BX)

% 5F WAL IRXAFE

B PIREE, R 5.2:

2% 5.2 BURERR B OBAR o AR 52

BE iz SR SBE A SR SBE A
0. 8mm 0. 6mm
90V ERARIE (mm) 0. 144 0.147
TRARIE (mm) 0. 031 0. 044
110V ERAARIE (mm) 0. 190 0. 330
TRARIE (mm) 0. 043 0. 111

iR RYER 5.2 A1, CASHRLBRAORRIEIBE, A 0.8mm 22 3] 0.6mm {815 H Lk (1)
W AAEARKIARA, W28 R 50 R 48 BT AR IR .

523 RARRAERE#K, ARENEEE, SEMEAMET, Y

EiRIBRIIEIL

ERENE RV RHE R E NS — 35088 & 425, FEHR ALK EE MG 55 — 1 3508B & /%25,
RN _EFTHF pulse B, REMAIFATAE Gk ETRFRIRIE.

BELED9 90V SERJ9 0. 8mm — N3 EIRIARGRE 79 8mm, HAR=AN7ERIMRGRE 9 6mm.

(—)fE A 76mm X 38mm /NERAEER, ERABIIRIRANE 5. 17:



% 5% RAEHARAEE

ALK F HE R gT (B

X =475.Bm =

2012-6-5 09:24:00. 405
Overload: 0.00 %

Status

[mf

Time (=) - Input

1\L ||l|!
=T 1
[ I
]
r—1 — |
A.ll.lllll 1
I —
=
=TT
— |
fy =
I —
I I s e
———1 1 1
1
|
1 — =
e |
——
—1T 1

e - = R T S T T O - T -

480m S00m S520m S40m SE0m S580m
K 5.17 LR ARSRIE

460m

440m

420m

% b FAAIRTE A=0.098mm

TR RIE A A 5.18:

¥ =551.8m =

Status

Timel(x) — Input

r" 2012-6-5 09:26:59. 156
[ Overload: 0.00 %

| T

I I P ey, oy ey

L L A e N L S O~ B ul I =

SE0m 30m S40m S50m SE0m ST0m SE0m S90m B00m B10m BEZ0m

510m

K 5.18 T iAAIRIE

5 N FUAIRETE A=0.078mm



alues
52

Cursor
¥=135n

% 5% RAEHARAEE

450m

440m

430m

420m

410m

Time(3) - Input

K] 5.20 T FUARIR IR

400m

[=]

390m

380m

3T0m

360m

350m

OfF R 96mm X 40mm K HEREEE, FRARIRIE A 5.19:

ALK F HE R gT (B
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bk E VT (BL) % 5% RAFEIAXZE R

B FRMUE, K 53!

2% 5.3 A5 AN [ LB B X I R ) 2

Rz 76mm X 38mm H R%Ek 96mm X 40mm H Fz5Ek
LR RIE (mm) 0.098 0.135
TERERIE (mm) 0.078 0. 039

ik HIAFERRLER, T WO Rk i AR AN F], SR BRI AR,
BT B RARRIER AN

5.3 KE/NGE

Zi FRTR, AT R

(D96mm X 40mm ) HLFg 2k

ORI A —J7 N 8mm, H A4 3 A7 A 6mm;

() HL RSB 0.8mm;

A DSR2 B 7E S50/ U T SRS S R 70 AT SRAS 0 R AR, A kb B2 45 3]
AR, I HE R



RAbKFELILIT GEX) 5 6F AL LY

£ 6 F HraNERERHSHEF

6.1 BEGHRENGRILBVEH

IR BN Is ke a, TEE. BRIER Y. dirfai s, (EsCERy], —HmT
b, A RIHENOE T LR, BRI N ER . BRI, R N ST AR IZ N
W HTEEARIRIRSIEIOTERE, R PATERIERE, 1RRI K4, A R fRiEIRah 4k
HIRS UNSC SN
LIFHLHTE S FH
(1) FERahE A B S AR B R, — BRI, ROZEHRER.
(2) BEIRNEPROGETIEH : PraRebe G5 E GREERKEIREIONEE),; 17
LEEAT MRS IR A KT .
(3) RSPl B e Bk . R SEME.
(4) foart HURHURUEHE P IS DL B AT A 2K
2 LI FH I
(1) JABhRTIER, JBahnf s b N H 2 0 R,
(2) FHUEA A LR & IR H IR .
(3) GHRPRESZ B B k. #Em.
3B I I
(1) MRS IE
(2) Mk it
(3) MEREHA RS, AL HRE .
(4) Foa a2 i e vHR Tt
(5) BEFBIRERNTEUR, A ENNR, —EMMIRDD.
4 WL IR B 45 BEIL R 1 ]

(1) EOEBHRAE IO R, B9, BRBIRESEABM, BRREL
JR SRR R AR g, AT DO R R B EE, PR TAE. W AL g
FEJR BT ARG S /N BAE T AL, SRR B N2 & 248, Wn] IERARE
LA RZN, e ZE TAEHL

H
JE o



RAbKFELILIT GEX) 5 6F AL LY

BP0 ARE A T BUN I, 157 VORI AE /7 JE 5 U A 75 1
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Abstract—The addition of small amounts of very precisely dosed powdery ingredients into bulk powders andsor
liquid mixtures is important in such industrizl operations as mixing. granulat.on and crystallization. The general
practice 1s to use a screw, vibration or belt feeder combined with a less by weight device and an appropriate
controller. The present work concentrates on two vibratory fesders, one with and the other without vibration
cantrol, and a screw fezdar which were used to feed a wide variety of powders. The main goal of the presant
work was to quantify the goodress of feeding, i.e. constant rzte of powder flow as a function of time, using
different powders with vastly differcnt characteristics. It was found that both vibration feeders are generally weli
suited for precision feeding operations, yielding a more or less linear relationship between flow ratc and vibiation
amplitude. especially for the larger sized materials. The feeder with vibration control proved to be scmewhat
more reliable, ensuring a much wider range of feed rate with a smaller variation ir time. Both fzeders exhibired
somewhat larger variation in feed rate when used with the fine, more cohesive materals such as zeolite and
cement powders. From the work with the serew feeder it was found that the presence of the vibrator on the hopper
had a significant role in improving both the overall flow as well as the precision of feeding.

1. INTRODUCTION

Vibratory feeders are extenisively used in industry for dosing of powdecr materials. These
are relatively simple devices which are equipped with a conical hopper and an inclined,
vibrated tray which delivers the material. Assuming that the powder freely discharges from
the hopper, the flow rate 1s controlled by the amplitude of the vibration applied to the tray.
In a more recent development, an automatic control loop attached to the tray was added
to change the frequency of the applied electric power in order to keep the system close to
resonance as the weight of the tray changes during operation; this was done in an effort
to both reduce power consumption, improve controllability and keep the amplitude at a
constant, set value. During the present program, both kinds of feeders were used to study
feeding precision and repeatability.

The way in which a powdery material moves on a vibrated tray is known empirically
for a long time but only recently have theoretical studies been undertaken to understand
the process in a more fundamental way. A review of some racent studies in this field is
presented by Pak and Behninger [1]; these authors show that a vibrated bed of powder
behaves very much like z fluidized bed even to the point of producing bubbles under the
appropriate conditions. Obvicusly, in a vibrated bed there is no gas ‘blown’ through the
powder but, as shown by the above authors, gas is entrapped by the “saliation’ of the
particles and gives the bed the appearance of fluidization. Recent measurements by Warr
er al. |2} showed that particles flow znd roll on the tray in a similar fashion as in a fluidized
bed or in a pneumatic conveying line, The main conclusion from these studies is that as
long as the vibration induced particle motion traps enough gas between the granular layer
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and the wall 50 as to create a ‘fluidized’ bed, flow of the powder will resemble a solid—gas
rwo-phase system [3]. Pak and Behringer [1] also found that ‘bubbling’ of the vibrated
layer starts at a well defined value of a dimensionless number, I — Aeyf g, where 1 is the
amplitude,  is the frequency and g is the acceleration of gravity. In view of this new
nowledge, the addition of the control loop to maintain near resonance conditions on the
ray 1s a useful step in the direction to insure uniform two-phase flow during feeding by
orovidinga large enough value ofthe dimensionless parameter [ under all varying conditions.

While a study of the theory of forward motion of granular material on a vibrating surface
1s beyond the scope of the present study, experiments were performed to observe particle
motion and measure the flow rate of the matenal as a funchion of many variables such as
vibration amplitude and frequency, particle size and size distribution, particle shape, and
material density. In the present paper these later results are reported in some detail, leaving
the morc fundamental study for a future cffort.

2. APPARATUS AND PROCEDURE

A picture of the experimental set-up 1s given in Fig. 1. The feeder discharges material into
a container situated on a precision balance connected to a computer (PC, not showr.). A
special program was written in Basic to acquire weight gain of the container as a function
of time and a set of data for the case of a fine sand is shown in Fig. 2; different curves were
obtamed for dilferent amplitudes of vibration. The flow rale was obtained subsequently by
laking the local slope of the expernmental curve shown m Fig. 2 while the stancard
deviation, o, of these values around the local average was calculated using the equation [4]:

=X —-X)Yn—1]" fori=1,...,n (1)

Figure 1. Picture of caperimental set-up.
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where # is the total number of measurements, X' is the value of a mcasurement and X7 is

the average value.

Difterent powcers used during the expenmental program are charactenzed in ‘Table 1.
The size distribution of the finer sized materials such as fine sand, zeolite and cement was
obtained using a Malvern Laser Particle Size Analyzer and both, the Rosin-Rammler (RR)
as well as the Gaudin—Schuhmann (GS) coelficients are given in Table | T'he equations
used for these distributions are also given in Table 1; hare C is the cumulative distribution

Table 1.

Siza distribution of powder samples

Rosin-Rammler

Gaudin-Schuhmann

Sample diy m b n
Sand
fine 565 um 1.144 1190 um 0.866
coarse” By = 1990 gm Qmax = 2380 um
Seed” wxX /=124 (mm)
I-'ilx?r-;._gla-a\k wX[I=05X5(mm)
Zeolite 6.23 um 3.504 25.65 um 1.903
Cement 143.45 ym |.837 428.5 um 3.78

Gandin Schuhmann distribution: C(X) —
Rosin—Rammler d:stribution: (i) = |

particle diameter.
*Irrcgular shape.
¥\ is the widih of partivie, ! is the length of particle,

LX), where X is the particle diameter,
Riedy=1 exp]

(drdgy)™ ). where d is the

1
= ]

Fiber-glass
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Table 2.
Bulk density of sanple materials

Sample Bulk density p (g/cm’)
Sand
fine 1.568
coarse 1.518
Seed 0.363
Fiber-glass 0.734
Cement 1.384
Zeolite 0.361

and R(d) is the residue, m and » are the indexes of the RR and the GS distributions,
respectively, while dg; is the diameter below which 63% of all pa-ticules are situated (Y
and d are particle diameters for the two distributions). The coarse sand (smell stones), grass
seed and fiber-glass chips were measured by hand using @ micrometer, and some character-
istic dimensions are shown in the table: w and € are the widthand the length of the particles,
respectively. Bulk densities of all powders used during this study are given in Table 2.

The procedure to evaluate dosing characteristics of a feeder were described in detail by
Johnson [4] and will not be repeated here. It essentially consists of measuring the flow rate
of the powder at different amplitudes cof vibration and the cvaluation of the standard
deviation according to {1). All results in this paper are presented as volumetric flow rate
versus fraction of maximum amplitude; the absolute maximum amplitude was measured
for each feeder and [ound 1o be approximately 2.5 mm.

Two feeders were tested: a Vibra-flow feeder manufactured by Syntron (Homer City,
PA) and another with frequency control manufacture by ARBO Enginecring, (North York,
Ontario, Canada). The Syntron feeder was equipped with an additional vibra-mechanism
mounted on the hopper while the ARBO feeder did not have such an attachment. The two
feeders were equipped with conical hoppers of nearly the same size (large diameter
350 mm, small diameter 38 mm and a heigat of 580 mm} while the tray in the first case
was 400 mm and in the second 700 mm long. The shape of the iray was almost rectangular
50 mm wide for the Syntron feeder and semicircular for the ARBO device of 50 mm 1n
diameter. The screw feeder used during this study was a BIF device with adjustable screw
velocity and with a vibraticnal device mounted on the hopper. The hopper of the screw
fecder was rectangular in shape, 400 X 300 X 300 mm with a wedged shape discharge
inclined at 60° from the horizonal. The feeder was equipped with a spiral serew of 51 mm
in diameter with a totation rate of approximately 10 r.p.m.

As mentioned earlier, no control loop was employed with either feeder and instead the
uniformness of feeding of each device at constant vibration rate was studied as a function
of time. For the screw feeder, all measurements were performed at & constant rate of screw
rotation (10 r.p.m.), varying, however, the amplitude of the vibrator mounted on the
hopper. Additionzl experiments are in progress with constant amplitude and varying
rotational speed of the screw, but these results are not presented hers.

3. RESULTS AND DISCUSSION

Manufacturers of vibrational feeders seem to helieve that the feed rate in this kind of device
is directly proportional to the vibration amplitude. Results obtained during this work show
that this is true for only a few materials and that, in general, two regions of lineanty exist;
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Figure 3. Flow rate versus amplitude for fine sand ARBOQ feeder. Maximum amptitude 2.3 mm.

one at low and another at ligh flow rates. A tvpical result of tHow rate versus fractional
amplittide (actual amplitude divided by the maximur amplitude of 2.5 mm) for the ARBO
feeder for the case of fine sand, is given in Fip. 3. The data was fitted by a least-squares
method (the function is given on the figure as F = cxp[4.8 X 4'7), where F is the flow
rate) and by two linear regressions at Jow and high flow rases, respectively. The slopas of
the two fitted lines are also given as df/dd;,, = 0.6 and dF/d4,,,, = 1.2.

Standard deviations for the above feeder as a function of volumetric flow rate. again for
the case of fine sand, are piven in Fig. 4. Data from Fig. 4 has to be read in the following
way: a standard deviation of & - 2 at a flow rate of 80 em’rs, for example, means that at
this average flow rate, 68% of all measurements will fall between the values of
7%-82 cm’s (B0 * 2}, 95.5% of measured values will fall between 76 and 84 cm’fs, Y9.7%
will fall hatween 74 and 86 em’/s, and so on.

Similar experiments were performed with all powders and both feeders. and results are
given in Tables 3 and 4. In Table 3, the slopes of the flow rate versus amplitude curves

7 -
.| D= (F-55/84000 + 2.2 /
.-..J'Ir |
£51 §
> P i
241 :-‘f
0 ! o
Ei T 4 - 7
? ¥ - -
2 S e e |
i 2 /_—-r"
i
l | |
. 1
D+ ¥ t t 1
0 20 40 60 20 00 20 40

Flow rate, { cm'/sec.)
Slope : dD/dF(10)=2.5 ; dD/dF(50)=0,22 ; dD/dF(110)=2.6

Figure 4. Stardard deviation versus flow rate for fine sand—ARBD feeder.
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Table 3.
Flow rale versus amplitode data for powder samples

Feeder

Matenal SYNTRON # ARBO #
Sand

fine 0.18° 19 84.3 0.6 1.3 123.1

coarse 044 1.5 8.5 0.19 29 122.7
Seed 1:1 57.9 1.4 30.6
Fiher-glass 033 13 19.4 0.91 358.8
Cement 1.2 4.64 0.19 1.1 101.7
Zeolite 0.33 1.6 239 24 018 3.0 3152

# = Maximum flow rate (cm"fs).
“dF/a4 at low amplitude (less than 30—340%).
®dFrd4 at high amplitude (above 40%).

arc given: onc valhie per powder is an indication that the feed rate was found to be directly
proportional 1o the amplitude, while two values indicate, as explained above, that two
linear curves were fitted 1o the data at Jow and at high tlow rates. In order to make the data
presentation somewhat easier, the slopes in Table 3 arc given in relative units, i.e. actal
flow rates divided by the maximum flow rate obtained a: the highest relative amplitude,
These maximum values are also given in the third column for each feeder {(denoled wilth
the symbol #); to obtain a specific feed rate, one has to multiply the relative frequency with
the given value of the slope in the table and with the maximum feed rate. When two values
of the slope are shown, the first value shounld be used for between 30 and 40% of the
maximum relative amplitude while the second value for larger flow rates. Since all daia
were fitied with appropriate lunctions by the least-squares method, such as, for example,
those shown in Fig. 3, interested parties should contact the authors for more detailed
information concermning each material.

It was also found thar it is quite difficult to feed zeolite with the ARBO feeder and for
this case three linear regressions were necessary to fit the data. It is likely, however, that
ths difficully 1s due to the fact that this machine did not have a vibro-mechamsm attached
to the hopper and therefore the feed rate was determined by the inahility of the powder to
flow out of the hopper and was not due to a deficiency of the feeding system.

Table 4.
Relative standard deviation dara versus flow raie

Feeder

Material SYNTRON ARBO
Sand

fine 0.14 024 0.11 0.046

coarse 0.12 028 0.1 0.022
Seed 0.017 0.007
Fiber-glass 0.13 0018
Cement 0.18 0.2
Zeolhte 0,026 0.04 0018




bk E VT (BL) (i3

435 - - — S— —
19+ F=Exp [-0.7 x (A-0.1)"* ]+4.48

485+

+8- 10 RPM ‘ W
Experiment - L.

.
P
~ W

'

U Ragrassion

Flowrate (g/s)

-
P o
4] wn

.

04 02 03 04 05 05 07 08 09

Fraction of Maximum Amplitude
Slope: dF/dA[,..=0.46 ; dF/dA|,,,=1.5
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In Table 4, values of the average relative standard deviation (standard deviation divided
by the average flow rate, o/X”) are given for all powders and both feeders. A single value
of the relative standard deviation indicates a hnear dependency on the (ow rate and hence
absoluze values can be obtained by multiplying this number by the actual flow rate. For
the case when two or rmore values are shown, the value to the left is for low flow rates,
up to about 30-40% of the maximum, while the other values should be used for larger flow
rates. Clearly, larger vahics of this cocfficient indicate larger variations in feed rate.

Figures 5 and 6 and Table 5 show similar results obtained with the screw feeder: Fig.
3 gives the flow rate versus the relative maximum amplitude {meusured as being 1 mm),
while Fig. 6 gives the standard deviation versus the relative amplitude for the case of fine
sand. One has to note that, as mentioned above, these results were obtained using a
constant rotation rate of the screw {10 r.p.m.) and hence represent the influence of the

0.8+
L ¥
s D =0.76 - Exp [ -0.61 x (A-0.1)"" ]
SRRy
551\ \ 10 RPM
.g | \
8 \
3! 0.5 & $
Lé F o i mmrd '\\'- Ragression
5 0.4 e Y
Bora ] B TR H
. tm%ﬂﬂ'—' $—u
| %)
0.3 el
0.2 |

can 02 03 04 05 06 07 08 09
Fraction of Maximum Amplitude

Slope: dD/dA|,,.=-1.6 ; dD/dA |, =-0.24

Figure 6. Standard deviation versus amplitude for fird sand screw feeder. Maximum amplitude | mm.
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Table 5.
Flow rate and relative standard deviation data for screw feader

Material Flow rate vs. amplitude Range® SD vs. amplitude
Sand
fine 047 L5 4.45-4.95 —~ LT =024
coarse 0044 74 4.55-5 -0.18 -1.3
Seed 031 14 1.05-1.25 0.19
Fiber-glass 0.049 029 2.3-2.65 —0.11 1.0 —0.14

“ Renge of fow rites studied.

" dF/dA at low amplitude (less than 30-40%).
“dFrdA at kigh amplitude tabove 3054),

4 dDdA at low amplitude {less than 30 40%),
“dDidA at high amplitude {above 40%).

vibrator mounted on the hopper on the goodness of flow. One can see that the flow rate
increases and the standard deviation decreases as the amplitude of vibration is increased.
Again, the slopes of the fitted linear regression lines are given on the figures and also
reproduced 1n Table 5; 1n the same table, results for other powders are also given and, as
seen. the slopes of the standard deviation are negetive, indicating that flow characteristics
improve at higher amplitudes. The cohesive, fine powders, cement and zeolite could not
be fed with the screw feeder and hence these results are not given.

4, CONCLUSIONS

[t was found during this experimental studv that vibratory feeders are well suited for
precision dosing of a varicty of powders provided that material is allowed to flow freely
out from the corical hopper. Different granular matenals with different properties are fed
at different rates and with different precision by the same device depending on such
properties as cohesiveness, particle size and shape, and density.

From previous theoretical work on vibrated beds [1-3] it was concluded that “he key to
uniform feeding 1s to entrap appropriate amounts of air in the vibrated layer and hence to
impart ‘uniformness’ to the fed material; this corclusion was borne out by the above
findings. The fesder equipped with frequency control vielded both a better precision or
lower standard deviation as well as a higher span in feed rates (sometimes an order of
magnitude higher), especially for non-cohesive materials. Regarding the screw feeder,
both precision and flow rate enhancement was obtained at higher amplitude of the vibrator
{mounted on the hopper) at constant rotation rates of the screw.
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Figure 1. Picture of experimental set-up.
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Figure 2. Weight versus time for different amplitudes.
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Table 1.
Size distribution of powder samples

Rosin—-Rammler

Gaudin-Schuhmann

Sample dy m X s n
Sand
fine 565 uym 1.144 1190 ym (.866
coarse” g = 1990 um mas = 2380 um
Seed” wXIl=1X4 (mm)
Fiber-glass” wX [ =05%5(mm)
Zeolite 6.23 um 3.504 25.65 um 1.903
Cement 143.45 um 1.837 428.5 um 3.78

Gaudin-Schuhmann distribution: C(X) = (X/X,...)", where X is the particle diameter.
Rosin—Rammiler distribution: Cld) = 1 — R(d) = 1 — exp] —(dl/das)"]. where d is the

particle diameter.
*Irregular shape.
“w is the width of particle, / is the length of particle.
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Seed Fiber-glass
Table 2.
Bulk density of sample materials
Sample Bulk density p (g/cm’)
Sand
fine 1.568
coarse 1.518
Seed 0.363
Fiber-glass 0.734
Cement 1.384
Zeolite 0.361

A0, R (d) ZFRA, m M n 2 RRAGS FITECHRUE, FRE K, Mides 2 HAAET AT
AT EAR 63%F A, T2 RIS CNAS, BOF, Bt 4 i3
{8, A28 R P FORMFAER T, w A1 B kLT (0 58 FE A B o A6 X TR 7t
B FTE AR EAE R 2 hh . XA LR S LR PR A R LT &
REAE PP EAT T VR IR, X BN E A . S R B R K 1 IR R AEAN IR
W FE N BOPREN, JEARYE (1) ARAEZEFTVE R VTl o A SO i A IR 45 A = AR



bk E VT (BL) (i3

5 R ORHRIE I A RIS BILI B R X 4R 2. Smme

St RN RN LEEAT AR - Hosp 22— Syntron Hi3& OIRBITRAEINL, 57— FhiiR
2% 4 ARBO i - Syntron U4 EWLTERL ERL& T — NS IIRBIIR N LIR RS &
7] ARBO IR 8% H1 A XAE— AP . BIFHIRBNZSRHEC % T LT RIFE /NI HETE R 2
(KHEAZ 350 22K, /NEAZ 38mm =5 4 580 ZZK) 18— ANME# KN 400 =K, 4
TANMEAE N 700 2K A, Syntron Z3RMLIFERE BRI AN AR K 50mm () 1ETT I,
ARBO [FIEME A —AN B4R 50mm (128« 761K T0UF 70 A 45 FH (1B e 0 R & — AN AT
RIS LI BIF 32 B A HAERE ) B3 IRah & . IRhess BILRRE L ARy
%, /& 400X300X300 mm, H—AEE, UHESHIME 60° o 4Rl RAEHL T — AN iEs:
HEZ N 10. v, p.m BHARN 51mm 2241 .

UNHTFTIR, 5 R A R le A 42l IRl B 1, AR, BN & IR — A 51,
e B A B 1] T SO (R BAZE R Y o 5% T IX MR BR A RHIL BT A A 2 7E 22 4T LA [
ST T AABAT B2 e IR BRI A8 A R BEAT (170 BRI 9256 D9 18 5 (R 4R
FABRA I AT, (HX A A I B ] T
3. 4R 5tk

PRENIRAL A HE B PN, EIX T A (R 2 i B SRR il E b . 25 R 3%
W, FEUE AR ST T R DB RHE — RS 0 R AAAE AN SR X — SR Ik o —
LA

1401 |
1204 F=Exp(4.8xA'") /T
4 = |
a0 : Pl

60 1 - : 7

40

Flowrate (em™3 /s3)

20 e

D1 02 D3 D4 05 D6 D7 08 09

Fraction of Maximum Amplitude
Slope: dF/dA|,. . =0.6 ; dF/dA|,,=1.3

Figure 3. Flow rate versus amplitude for fine sand ARBO feeder. Maximum amphitude 2.5 mm.
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Figure 4. Standard deviation versus flow rate for fine sand—ARBO feeder.

Table 3.
Flow rate versus amplitude data for powder samples

Feeder

Material SYNTRON # ARBO f
Sand

fine 0.18° 1.9° 84.3 06 13 123.1

coarse 044 1.5 80.5 0.19 29 122.7
Seed 1.1 579 1.4 80.6
Fiber-glass 033 13 19.4 0.91 3BB.8
Cement 1.2 4.64 0.19 1.1 101.7
Zeolite 033 16 239 24 0.18 30 315.2

# = Maximum flow rate {cm’/s).
“dF/dA at low amplitude (less than 30-40%).
"dF/d4 at high amplitude (above 40%).
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Table 4.
Relative standard deviation data versus flow rate

Feeder

Material SYNTRON ARBO
Sand

fine 0.14 024 0.11 0.046
coarse 0.12 028 0.1 0.022
Seed 0.017 0.007
Fiber-glass 0.13 0.018
Cement 0.1%8 0.2
Zeolite 0.026 0.04 0.018




bk E VT (BL) (i3

495 [ ]
494 F=Exp [-0.7 x (A-0.1)"® ]+4.48
4.851

s34 10 RPM

Flowrate (g/s)

s -
= W o
o L o~ Lh

\&

4.55 otz
el
4.5 - f':'-.-

4.45 +— —— . ——
00 02 03 04 05 06 07 08B 09

Fraction of Maximum Amplitude
Slope: dF/dA|,. =0.46 ; dF/dA | =15

Figure 5. Flow rate versus amplitude for fine sand screw feeder. Maximum amplitude 1 mm.
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Figure 6. Standard deviation versus amplitude for find sand screw feeder. Maximum amplitude | mm.

Table 5.
Flow rate and relative standard deviation data for screw feeder

Material Flow rate vs. amplitude Range® 5D vs. amplitude
Sand
fine 047" L5 4.45-4.95 -7 —o0.24
coarse 0.044 74 4.55-5 -0.18 =13
Seed 031 14 1.05-1.25 0.19
Fiber-glass 0.049 029 2.3-2.65 =011 =10 =014

“ Range of flow rates studied.

" dFfdA at low amplitude (less than 30-40%).
“dFid4 at high amplitude (above 40%).

Y dDidA at low amplitude (less than 30-40%).
“dDidA at high amplitude (above 40%).



