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I. AEBSTRACT

A device for automatic digpensing of
praclse amounts of finely divided zolids
has been developed. Frecision is a
funccion of dispensing time. Swaller
than gram quantities may be dispensed at
a rate of abour 1/3 gfmin with a precision
corresponding to 8 welight range of abour
0.001 & for a series. The process
conglara in moving the material with the
effect of che wvibratory motiom of &
miniature alr-powered vibrater, Opera-
tiem is aurcmacically concrolled by the
electronlec svetem of rthe weiphing wnic
interfaced to the pneumatic dispensing
device via 4 combinetion fluidic end
poneumatic control system.

1T, INTRODUCTION

Apy aucomated system for dispensing
precize amountcs of finely divided sclids
has been developed. Mspensing, In thie
instance, consists In moving materlal from
a supply source to A weighing mechanism,
THepensing of the desired amount iz auto-
matically controlled by interracial
elecerenie, fluidic, and pneumaric de-
vicag, The sysrem is showmn in Fiz. 1,
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tMound Lahoratory is operared by Monsanto
Research Corporation for the U, 5, Apomic
Enerzy Commissicon under Comtract No.
AT=-33-1-GEN=53,

Alrhough the system 1g intended Eor
smaller-than-gzram guantciries, a limited
extent of scale-uyp may he feasible wichowt
losa of the advantages of speed and preci-
sion.

ITI. AUTOMATED SYSTEM

The system consists of three major
parts! {1} dispensing deviee, (2} weipgh-
irng mechanism, and {(3) automatic controls.
Thees are degeribed belew in devall.

DISPERSING DEVICE

Finely divided solids are moved from
a supply hopper onte and aleng 3 trouvgh by
the wvibratory motion of a minieture gir
powered vibrator®. Mass particles®*® move
in a flew that permits cuteff after
delivery of the desired amoaunt, The
digpenging device 13 shown in Fig. 2,
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Fig. 2. DHapernsing Device

*4 lisr of compoments and manufacrursrs
iz attached.

**Maga particles are rhose seen by the
unaided eve and comaist of cluscers of
Individual partcicles of microscople
size,



IL is comprizsed of threa major parts.
These are:

® Yibrating part

& Flezible connectlen

® faee Bupport
# The wibrating part conslscs of the
vibratey irself, a frame for holding the
vibraror, and a hopper and g dispensing
crough. The trough is machined from
alunionvm and hds & groove in the under-
gide that causzer parriclaz evaveling owvar
the edge to fall off rether chan to build
up. The hopper is fabricated of brass
shim stcck. A small vee-shaped opening
at the bottom of the frent end cf the
hopper provides for controlled flow cur
onte the trough,
& The vibrating pare is moorad teo a
stacionary base by a flexible connecelon
comsigting of a ball alide and a rubbez
pad 1/8 in. thick. The ball alide ia
mounted §o0 as to peronit movement parallel
with the length of the trough.
# The agsenbly {5 mounted on a supporting
arn of & support base and erand.

WEIGHING MECHANTSM

The goal of automatad dizpenging of
powdered selids is rapid dispensing with
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high precision at low rost, Rapid precise
dispensing s dependent not only on the
movepant of material but alas on the
capability of the welghing machanism. At
the time thils work was initiated, the ocnly
available fast acting weighlng mechanism
with antomaric control featuress was &
Valand Model 160=-BT Automatic Metweixh
Balance. This balance, a prototype of a
top loading weighing device with antomatic
faatureg, has a capascity of 100 g and an
gccuracy of 0,0008 g. It is equipped with
a taring system which reduces the
effective weight of the weighing dish,
with or without a proposed load, co zeto.
Electrical cutput aignale {adjustabie sat
point controle} are provided ar 20, 95,
and ¥00% of a presalected weight for
interfacing with externmal contreols.

AUTCMATIC CONTROLS

Fluidic components are Interfaced ko
the Voland electrical controla for suto-
matle eontrol of dispensing, see Fig., 3.
The electrical balance 2ignals operate
electric tranaducar valves for & fluldic
sygrem which 1in turn controle the air
powering the dispensing device. With
this ionovatisn, operztor manlpulatioms
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Fluidic Control For Diepenging Precise Amounts Im Scart Positlon



are reduced Lo placing the weighing dizh
an the balance, taring the balance, and
pressing the START button to set the
system in operarion. The Fluidie efpnal
from the start bucton actuaces the Fluidic
conteol to send 2 regulaced air stresm to
the vibrateor for dispensing ar a fast
race, see Fig. 4. As che amounc of
material on the balance reaches BO% of

the programmed ampunt, or another preasst
Fraceienal amount, an electrical signal
from the balance cauges the fluidic
control o ciet off the skream of alr
regulated to power the wibracor ac a2 fast
Tate and o turn on a stream regulatsd to
a lower pressure, for finishing the
dispernsing ar a slew rare, see Fig, 5.
When the amount of material on the balenca
tedches che prograpmed amount, an elec-
trical signal from rhe halance actustes a
fluidie control which scrops the flow of
alr to the vibrater snd thus compleces

the dispensing seruence, ses Fig, 6.

The digiral digplay em the balance shows
the quaneiey dispenised, The balsnce &lso
produces a4 blnary-coded decvimsl curput
suiteble for sutomated deta printing or
recording for later scatistical evaluation
of the data,
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DEVELOPMENT OF THE
DISPENRSING PROCESS

v,

The original concept of the dispensing
davice incorperated manual control.
Manoally controlled trisls dememstrated
rhat rha device had promising capablliry
for dispensing precise amounts, & double
control aystem provided for operating the
device at two spesds and offered the
advantapge of digpensing the majority of
the material at a fast rate and the
remainder &t a slow raie.

The lmmediate cbjectlves ro be
artaiped in the astomacic dispensaing
process are precieion and spaed. Precicion
it 2 function of speed. Speed 1s com-
trolled by the vibration rate, and fasc
and sleow rares are employed 2s appropriate.
Speed 18 alse controlled by the size of
the train of material in the trough. A
hagwy traln of material provides rapid
delivery and a narrow trajin of material
provides slow delivery. On the other hand,
precise comtrol camiot be achieved wirh a
heavy train as it can wirh a narrow train,
4lchongh these emmdlrlons of speed and
precision are opposite to one another,
each can be employed advantragesusly wich

Onic Seirr
Mub e irate

&irIn

—

Elagtrically Canmiallad
Prwsnalic Yol Mg 2

41 gnob

Frelarencad

Flip:Flag \_*

Fagen

Belance

Fip. 4&.

v il

.._._'../___

My in iﬁ-r nlat
i | 1Y

Freapers

r h Suilirh
1 Ench I I
'Ilpr'lp' I
I 15|lllb Fuskhabam
[’} ]
I I? ||hu¢
T Eech 1 L — Hamally Opan
Fluwdes Yolva _d Yolus -—d
Inayr
.,-::_:v." At dn Air b {1} Push Butran Dapresssd
Foxt Fend Slartad
- P
Sigu Fand Fast Faud
Roie Rota
Brapamar  ——
e
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a separate dispensing device. Tharefore,
the automatically controlled operatcion
was changed from ome dispensing device
operated ab two dispencing rates to two
dispensing devices opereted at individusl
retes, see Fig, 7. One with a heavy
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Fig. 7. Two Devices In Fositlon Faor
Dippensing Materinls Onrcs The
Voland Balance

train was opervated at & faat wibration
rate for dicpensinmg 850% of the progranmhed
ameunt. The other with a narrow train
was operated ac a slow vate for dis-
pensing the remainder of the amount.

With the autcmatic features of the Voland
balance, it was necessary only e push
the START buttsn, Fast dispensing was
cut off ac the proper point and slow
dispensing proceeded to 8 precise end-
poinc. This sysrem gave best perfocmance
in both precision and spesed. Smaller-
than-gram quantities wers automarically
dispensed &t a vate of 1/ 2/min with a
precliefon covresponding to & welipht range
of about 0.001 g for a serias,

V., SUMMARY

An antomaced system was developed
for dispensing precise smounts of finely
divided aclids and ita capabilicy was
dewonstrated. Precision is &2 funetion
of dispensing speed. JSmaller-than-gram
quantities may be dispensed ac a rate of
/3 = min with a precisfion corresponding
to 4 welpht range of abour 0.001 g for a
geries.

The procesa comgista in moving
meterial with che effect of the vibracory
moticon of a minfature ppneumatic vibrator.
Material from a hopper moves alomg a
troupgh and dreps onte a2 welghing balanca,
The air powering the vibrator is con-
trolled automarically with a combination
of fluld{e and prneumaric devices inter-
faced wirh the weighing unir. The
electrical balance signals operats
electric-to-fluidic transducer valves for
a fluidfe eystem which in turn comtrols

the air powering the dispenzing device.
Wicth chis inmovarion, operator oemipu-
lations are reduced to placing the
veighing dish onn the balanee, tering the
balance, and praszing the START butcon to
ser the system in operetion. Thuas, dis-
penging of o deslignated weight of material
may be sccomplished wirhout the varia-
tioms resultring from the human factor.

¥I. AFPPENDIX - COMPFOHENTS
AND MANUFACTURERS

DISPENSIHC DEVICE

Vibracor - Mpdel YH-235 vibracor,
The Clzveland Vibrator Company,
2R2E Clinton Avenue,

Cleveland, Chio 44113,

Ball-zlide - Sariez J Ball-glide,
Aptomation Gages, Inc..

10Q Sensca Avenue,
Rochester, W, ¥. 14621,
BALANCE

Voland Model 160-BT Automacic Herwelzh
Balanca,

Volapd Corporatcion,

27 Centre Avenua,

Mew Rochelle, H. Y. 10802

PHEUMATIC CONTROLS

Pragsare Begulacors - Mini-Regulecor,
Model FOB, 1-80 pai for fast and slow
fead rate and 0-15 psi for fluidic
controd,

Fgirchild HKiller, Induserial Predueccs
Diviaien, Wipseron Salem, W. C.

Valve Fluidic Interface - Fluidamp Model
2010-1F 5 to 40 psig,

NWerthease Floidiecs Ime., Amity Road,
Bethany, Commeccicut Q6525.

Corning Preferenced Flip-Flop 191926
Ceorning Flip-Flop 191454

Corning Back Pressure Swicch 191491
Corning Tme Shot Multivibrater 191458
Miersswiteh Pughbucesn 192496
Corning Glass Works, Fluidic Product
Dept., Ceorming, H. Y. 14B3D,

ELECTRIC TO FLUIDIC TRAMSDUCER VALVES

Intexface, Electrically Controlled
Freumatie Valwve: Modol LIF 130D 34 12,
The Lep Company,

Perripaugh Road,

Westbrock, Cormesticat 06408,



