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FOi\EWORD 

This handbook is directed to the ergineer. operator. or person 

responsible for the s':ara'le arrd removal of ",aterial from bins and siles 

in tne minerals industry. [ts primary purpose is to prevent bin-related 

accidents by providing a ~afe working environment for those workers who 

must deal with the pI'oble:'s associated with material fl·)w and storage. ' 

The i nten t of the handbook is to prov i de the eng i neer with 

basic information 01\ handling material in bins so trat he can make kno",­

ledgeable de~isions an bin design acd accessories to minimize flow stop­

pages. This goal, if achieved, will prevent bin accidents, fer elimi­

nating the need to ellter a bin to correct flow problems is ultimately 

the best method for ac:ident prevention. 

The handbook is not an engineering tr~atise on material flow 

~ins, but is primarily for small industries who handle materials on < 

relatively small scale, and for those engineers for which the desi~n and 

respon5ibi~ity for materials flow equipment is only a part of a normal 

"ark 1 0~C:. 

Discussion on bin design in this ~,andbook is intended to pr'l­

vide general guidelines for the temporary storage of material in rela­

tively small Quantities, such as in metal bins or small silos of 5,000 

cubic feet or less. It is assumed that the bin wi 1: be purchased from a 

reputable supplier and the strength is adequate f0r t material to be 

~tored. The questions remaining a"e those assGciated with the need tor, 

or selection of, accesscries necessary to assure Unlform flow from the 

bin. 

~in safety is not only addressed, it is stress~d. for it is the 

ultimate 'Jur,os.· of the handbook. Govern",ent regulations concerning 

safety arJund bins are "evie"ed, not simply because they are the law but 

because they ha.e been shown, by experience, t~ be sensible precautions 

for avoiding bill-relatzd accidents. Additional suggestions on insuring 

safety ,round bl,lS are also presented. 
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INr,WDUCTIO~ 

Over the past several years, a number of death5 have occurred 

in the minerals industry as a result of workers entering bins aT' silos 

to correct flew stopages or to conduct maintenance. In almost a1] of 

the fatalities, the direct cause of the accident could be attributed to 

a ra;Jure on the part of the victim to obey one 0:' mor~ of se,eral com-

mor.-sense safety regu !atio'ls. As a result, there ;, Q temptdtion to 

prescribe preventative ac~.ion based solely on such conclusions; .lamely. 

better safety training an~ closer supervision. 

But there may have been under I yi .1~ :auses for V:e acc I den t , 

causes net necessarily evident to an Ins~ector trained pr:marily on the 

safety aspects of the problem. \jhy did the victim have to enter the 

bill? Is this action a routine part of his job, or just an occasional 

happening? 

that would 

If roctine, is there a design or process change or equipment 

minimize the problem? If it is a material flow stoppage, 

could it have been avoided by better bin design or the use of flow-a1d 

accessories, 0r was it an unavoidable resldt of the property of the 

material being stored, ~ossibly because of weather conditions? 

The5.e are qtJe:;tions tllat are more prcperly in the jurisdiction 

of engineering rather than safety, but ur.'ess the accident is also view­

ed in this manner th~ questions wi II never be asked. 

Thi s handbook at temp t s to tre" t the prob I em Of preven t i ng bin­

related accidents first of all from the ENGINEERING aspect; that is, 

what can be dore to prevent the p"ob lems that require a worker to enter 

a potentially hazardous bin situation; and then from the SAFETY stand­

point, assuming that eventually such action will become necessary. 
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!t discusses common material flow problems as a function of th~ 
"flowability" of the material being handled. Materials are divided into 
four general classifications based on their "flowability", and suggested 
bin designs, including flow-aid accessories, are provided for each. A 
comprehensive table listing the fiowability ciassification of many ma­

terals is included, as well as practical guidelines for estimating flow­
ability if a material is not listed. Sources for more detailed de<ign 
help are also provided. 

Federal regu 1 at ions concern i ng the safety of workers around 
bins are reviewed in the last chapter. Additional suggestio~$ ~re made, 

based on our study of fatal bin-relateo accidents, to better educa~e the 
response of workers to material flow stoppages. 
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BIN FLOW THEORIES 

Materials flow from a bin in one of two ways: funnel flow or 

mass fbw. Whether a material shows a funnel flow or a lRass flow pat­

tern from a bin is determined by the flowability of the material and bin 

design. 

Most bins are of the funnel flow type. As mdteri a1 is drawn 

'rom the bin, a flow channel forms extending from the bottom opening to 

the top of the material (Figure 1 i. As the withdrawal continlles, fresh 

material slides into the channel from the top. The bin level is lowered 

in this marner with the material surrounding the channel remaining stat­

Ionary. 

•• c" 
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FIt. ,- Funn~ flow btns nr. acceptaNt 
for eoar.,. 're, flowin9, ch.mically 
stabl. solids ""'ich do not teQ,eoofe 

Funnel flow results in the first 

:naterial being the last out. Therefort. if 

the material being stor.d has a tendency to 

cake or deteriorate with time or canso 1 i­

date with pressure, rathol iTig occurs wi th 

resultant loss of flow . 

Funnel flow bins also t'?nd to 

segregate materials of nonuniform composi­

tion. All bins segeegate mdterial; at 

Doint of Charging - the larger particles 

flowing te the side of the bir .. with f'm­

nel flow, the fines will accumulate in the 

center of the bin; and thus fines wi 11 

preoo,ninate \" tl1e discharge when the level 

in the b~n is risirlg. Conver;e1y, coarse 

materials will _redominate when the bin 

level is f,11ing. 

9 
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The des ign of f'J~ne 1 flow bins is charac ter i ze~ by short, 

small-angled cones. flow aids ar~ generally nee~ed to mi'limize mat.erial 

flow stoppages. The best application for fl'nroel f~ow boons is for 

coarse, free flowing solids, with little tendency to) bri1g€, but ",ith 

the proper selection of flow aids (air gravity conv~yiilg and 'luidi­

zatiun slides, air pads, vibrators, etc.) funnel flow bins c.n be made 

to handle materia:s of lower f10wability with a minimum of problems. 

Mass flow blns are specially designed for specific pr'uducts ald 

arp less cClMlon in industry, In a mass flo~ bin (Figure 2), dl' ",ater­

ials ls in motion whenever any material is being drawn out. The mater. 

ia1 flows from the bottom and t~e mJter-
Firs t- in, d.aerrJte4, 
U .... ,..o-;" ,,~ .. ,.milts, lal above moves down to replace Wi to 

'" . , '., 'ecdl uniformly at mass flmlll, the first material in is thol? 
", ...... , eonstont density 

<l 
, a ~ • 

0\.::: ; . . .. 
:~a 
, .. 
~"\;. : 

" " . "". 
.. 

" " 

Fi90 2- Mas .. flow bins art wtl. suired 
rC' .,orage 0' "OWdffS which tend to 
t\Uidill OI'Id s04ids .hic., tt'f'ld to cake 
,,, deQrad. 

t ' t -

flrst m.terial out; and although rr,ate.idl 

segregation occurs during charging, re-

mh i ng occurs 

dl scharge. 

in the cone at poi nt of 

DeSigning for mass flaw without 

flow aids requires an e.tensi'!e knowledge 

of the properties of the ~u 1, S,1; ids to 

be handled; ana although designing a b1n 

for good mdSS flow i, definitely POSS1-

ble, Changes in IlIaterLll pr(lpt'rti~s Or' 

lengthy work sto~pages Cdn result in flow 

~rt)blem!'. F1,.)w aidS, therefur~. are dlso 

nee,1ed to dt l~ast ini:iate flow in thpse 

instances. 

10 
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The desigr of flow bins is c~aracterized by cones with ste€, 

tav"red sid;>s, ar;~ mlY require considerable he30 room. In additive, 

~!ns dws!gn~d for gravity mass flew would have limited versatility for 

other materials. :he.1! poI1t.S, couol,,~ with the cxt.ensive stuC:y Qf 

mdt~"i ~ 1 I)fope.ni e~ rea:! i red for the ~es': gn, undouh tedl y 1 ~ad ~ome 

>lould .. be ~)IJJ'chJsers VJ opt f,~r 'unnel flow bir, dpsigns '.ith flow aids. 

11 
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COMMON MATERIAL FLO. PROBLEMS 
AND SOLuTIONS 

That property of a bu lk mater i altha t determi nes how well a 

material will flow from a bin has been given the term "clowability." 

~ 'e up of a number of d~finite properties, it is a measure of the free­

C"Jr.1 of the constituent pa,-ticles t.~ move "he" subjected to a force -- in 

this case, gravity. Factor~ which affect this fre~dom of movement are 

size, size range (degree of fi~b present), shape, hardness, moisture 

content, etc. 

The CEMA publication "Classification and Definition of 3ulk 

Materials"*, defines free-flowing bulk materials ~s ones in wh'ch the 

constituent particles have low strength, that is, have low resistance to 

movement relative to one another and maximum freedom to mO'le in~ivid­

ually when placed in motion. Materials of this type rarely cause bin 

flow problems. As this resistance to movement cf the consti:uent part­

icles increases, the bulk matErial flow becomes sluggish. In bins, H,e 

result may be that material flow ceases. 

The loss cf flow of a material from a bin under normal circum­

stances is generally due to the "arching" or "bridging" of the material. 

"'lang-ups", or c"nging material, is generally a less severe problem; 

and although it can result in loss of flow, in a continuously working 

system it i~ more generally considered loss of inventory volume. These 

problems are depicted in Figure 3. 

*ClcssH,cation and Oefinltion of Bulk Materia"ls. ANSI/cEMA 550-
1980 ,Conveyor Equipment Manufacturers Assoc. (CEMA), Washi ngtoo, DC 
20005. 
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RATHOLE ARCHING CLINGING MATERIAL BRIDGING 

FIGURE 3 - Common material flow problems 

Bridging and arching are the same problem to differing degrees, 

and the terms will be used interchangeably throughout this handbook, 

They are the result of packing of the "'aterial due t'J the weight of 

overburden and its resistance to flow against itself ald along the bin 

lira 1 ~ s. 

The strength of the bridge is essentially a function of the 

strengt~ of the stored material and the bin design, Material properties 

and hea~ ~f material determine the strength of the stol'ed material while 

bin design factors include hopper shape and slope, ard size of the bin 

discharge openin,g. Some of the material ~roperties of concern are bulk 

density, compressibility. and tendency to absorb moistllre, 

13 
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The bridging tendency can be minimized and the mater;al kept 

flowing by weakening the bridge at point of contact with the cone. This 

can be done passively by the proper cone geometry or altering the cone 

surface, or actively by use of flow aids, such as air/gravity conveyors 

(aeration pads and slides) air cannons and mechanical devices. It is 

not necessary to affect the total cone surface, but only to weaken the 

bridgE at ;evera1 points, thus collapsing it. 

Aeration pads affect only a limited area and thus to be effec­

tive, must be installed in the area of the bridge-cone contact. The 

same is true for air cannons to a lesser degree. Aeration slides and 

coatings such as slipp~ry laminates and mechanical bridge breakers may 

be ;nstalled nearly the full height of the cone, and thus can affect 

bridging anywhere on the cone surface. 

I'he strength of the br;dge can als0 be affected by reducing the 

head of overburden. Active bin bottoms, or vibrating hoppers in effect 

do this by supporting the head load above a built-in baffle and, through 

vibration, metering the material into the cone below. Although more 

expensive than rnost flow aidS, their versatility and reliability for 

maintaining flow for materials with a wide range of flowability app~ar 

to be gaining them increased popularity. 

14 
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CLASSIFICATIONS OF BULK MATERIALS 

CEMA recIlgnizes four general classifications for bulk materials 

based on their flowability: 

Class 1 - very free flowing, 

Class 2 • free flowing, 

Class 3 - average flowing, 

Class 4 - sluggish. 

These classification designations will be used for this handbook; a,ld in 

terms of material flowability and bin design, they are intended to con­

vey the following: 

C')SS 1. Very Free Flowing Material ir, this class 

will flow through a 1 mas t any size open i ng 

~ith no additional help. It is very un­

lIKely that any material co vend here wi 11 

fall in this class. It is concerned mostly 

with grains, plastics, etc. 

Class 2. Free Flowing - With no adverse moisture or 

weather conditions, these materials flow 

about as well as Class 1 materials. Most 

of t' ~ may occasionally need a flow aid 

accessJry to get them started, but once 

started they flow with a minimum of help. 

Uniform, dry granular materials such as 

sand or fine coal are typical of this 

class ificati on. 

Class 3. Allerage Flowing - The majority of materials 

fall into this class. 

stant flow aid (e.g., 

They require a CQ, 

supply of air or 

vibration) to keep the material moving; 

15 



t 
t 
I 

• 

, 

I 
I 

I 

however, there should be very few hang-ups 

if the system is designed pr'jperly. Dry, 

fine clays and hydrated lime "Guld be typi­

cal of this classification. 

Class 4. Sluggish - The bin system should be design­

ed with utmost care for materials in this 

classification. Expert help should be ob­

tained. Bin clean-out must be a part of 

5chedu led m.i ntenance; but wi th proper de­

sign, bin clean-outs and thus bin entries 

will be less frequent. Damp sand, soil and 

wet coal are typical material:; that fit 

thi~ classification. 

As noted above, each material classification has different bin 

requirements to maintain flow. The obvious solution to the selection of 

the proper bin for a particular material then is to ;pecify dpslgn cri­

teria, including flow aids, for each of the flowabi ,it.y clas iifications 

and to show how t~e classification of a mdteria 1 ca~ be oetermined. 

This can be done to a degree; but as expected, some flow ltids are es­

sentially eauivalent, so far as getting the job done, but one may bp 

more suited than another for a particulu type of material. Th'Js, hard 

and fast criteria In terms of bin deSign and accessories cannot be spec­

Hied. \ole will, however, review the ,1arlOUS types of f~ow ai~s avai 1-

able and provide some gllidelines as to their utility. 

A simil-r degree of i~~xactness is inherent in the flowability 

classification of any given 

that a material win belong 

materi~l. Generally, the clas!;ification 

to is a function of its size, size range 

16 
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(degree of fines present), shape, hardness, mOisture content, etc. As a 

general rule, extremely fine powders «200 mesh) deaerate and pack read­

ily (dusts, talc, etc.), and dry, uniformly-sized larger materials will 

be free flowing. Air pads may be needed to move the first material and 

Inerely gravity or small vibrations can be suffir.ient for the second. 

However, added ,noi:;ture or a higher portion of fines can change their 

flow properties to a l~wer classification. 

Ideally, a bin system for a particular m~terial should be de­

signed for the worst ca~egory that the material could appear in, taking 

into account changes in moisture content, adverse IVeather during mining, 

"rocessing, or hauling, and such factors as size and size range changes. 

This would minimize the possibility for flow stoppages and the need for 

~ntering the bin. Occasional hang-ups will still occur, however, and 

thus this handbook has devoted a section to safety in ilin-entry prob-
1 ems. 

Table 1" excerpted from the CEMA publication* referenced earl­

ier, is a listing of properties and flowability of materials that might 

be considered for storage in small bins throughout the minerals indus­

try. Although 'it is a diverse listing and includes materials that are 

not minerals, it includes those minerals that make up over 90% by weight 

of all materials mined in the U.S. BEsides the flowability classifi­

cation, th!! tab',e includes different sizes of the same material, general 

pa,-ticle description, and bulk density, all of which would be of help to 

an engineer in ,natching nis material to ~he table listing. 

*Permission is ~ranted to use any copyrighted material in this repor>,. 
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CLASSIFYING,(lUR OWN MATERIAL 

If the flowability classification for the material to be stored 

is not found in Table 1, it should be determined, either by a testing 

firm or by tests of )Qur own, 

Simple test.s for estimating the flowabi1ity of '" y materials 

have been developed by Carr* and, although the tests were developed for 

solids witn relatively fine particles they fortunately can be applied to 

mixtures containing larger aggregates. In generai, the flow of tho~e 

bulk materials whi,:h contain a range of partich' sizes, including both 

coarse and fine particles, is invariably governed by the flow properties 

of the fine fraction. The coarse material is a neutral ingredient so 

far as flow properties are concerned; and if screened out, that portion 

larger than 0.01 inches is invariably free flowing (Carr). 

Carr measures four flow characteristics of the bulk material, 

asslgns up to 25 points to each as a function of the test rasults, and 

uses the sum of t.hese to determine the flow~bility of the mater:al. The 

description of his flowability classifications as a functior or the 

flowabilHy poiot total is shown in Ta'Jle 2. Beside it is H'e approxi 

mate assignment of flow classificatio~ taken from the CEMA ~ulletin 

based on the de~cription of the material. 

The el/aluation of the flowability classification of a dry ma 

t<!rial involve; the determination of four properties: (1) angle of re 

pose, (2) cornp'-essibility, (3) angle of spatula, and (4) either cohesion 

or coefficient. of uniformity. The cncice of tests fo .. (4) depends on 

the apparent property of the material, but for minerals, the coefficient 

*Carr, R.L,. Jr., Chem. Eng. Jan. 18, 1965, p. 163. 
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TABLE 2 - Flowability as a function of material performance 

-
Carr's Flowability Flowabil i ty 

Point Total Material Performance Classification 

90-100 Excellent; ~ j d not needed; 
wi 11 not ar -~ I 

80-89 Good; aid not !"!epded; wi -I i 
not arch 

70-79 Fair; aid normally not needea 

60-69 P aS$ab I e, border line, ma ter- l: 

ial may hang up 

40-59 Poor; must agitate; vibrate 

20-39 Very poor; agitate more 3 
positively 

,'-

0-19 Very, very poor; needs 

I 
special agitation, hopper, 4 
or engineering 

L --'---- -----

of unifor'nity test is :nore applicable. 

pr0p~rties are as follows: 

Tpst prucedures for the four 

ThiS is the angle with the horizontal that" '!lade by the (O,le 

that's formed when a material is carefully dropped frO'f' ~ point 50lf':P 

and _:.dlow~d to pilp IJ., und;sturb~~d unti 1 a constc!nt ang Ie i5 meJ.~)(Jrf',J. 

The coarser the material, the lar0er the pile should be for the test. 

The more free flr,wing the material. the lower '-he angle; but care ShOul~ 

be taken to m.:ke the determinat.'on on a s~ple representative uf the 

25 
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AncJIe of ro_ Iarmod by 
!!Ie material f""" and tile horizontal 

Compreoslbi1it,i 

material to be stored. Free flowing dry 

sand, for example, would have an angle of 

repose of 34°; whereas wet sand could ap­

proach 60°. If material conditions may 

vary, choose those that would provide the 

lower f10wability (highe~ angle of re­

pose) . 

The differenCE between the loose (L) and packed (P) bulk densI­

ties of a solid material, expressed as percent, is its percent compress­

ibility. That is: 

~ c.ompressibi1ity = P-L x 100 
P 

Carr dete~mines the densities un that fractio" p~ssing a coarle Icr'en 

(about 10 mesn) , first carefully screening the material into a measured 

volume to overf10win~, 1eve:ing off, ana weighing to deter:nine :he 100le 

bulk densi;;y; and then while vibrating the same material over a five 

mi" _e period, again refilling the container and determIning :he packed 

density. 

The more compressible a l1aterial is, the less flowable 't .;1: 

be; and conversely, the 1esl compressible, the more flowable The Jor-

der1ine between free flowing and non-free-flowing is about 20 tc 2;~. 

Angle of Spa':ula 

ThiS is a measure of the internal friction between material 

particles. A spatula with a 7/8 to 1 inch wide blade is inserted hori­

zontally into ~ pile of th~ test sample and lifted out vertical1y. 
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The angle the material makes with the horizontal blade is measured at 

severa I places on the spatu I a and aver aged. The spa tu I a is then tapped 

gently, dislodging some of the material, and the angles measured again. 

The average of these two measurements is taken as the angle of spatula 

and used in the flow computation. A wider spatula shou~d be used for 

materials that are nonuniform in either size or shape. 

Except for very free flowing materials, the angle of spatula 

will always be higher than the angle of repose. And similar to the 

angle of repose, the lower the angle of spatula the more free flowing 

the material. An angle of 40° or less is considered free flowing. 

Uniformity Coefficient 

This is a measure of the size uniformity of a material and is 

the numerical value arrived at by dividing the width of the sieve open­

ing (in inches) that will pass 501: of the sample by the width of sieve 

opening that will just pass 101:. The test is conducted by performing a 

sieve analysis on a known weight of sample using a nest of sieves rang­

ing from 40 to 325 mesh. 

A uniform material is generally free flowing and thus would 

give a small uniformity coefficient. Non"niform materials are les~ Free 

flowing and ",auld give a large si('.e variation and higher unifo:-mity 

coefficient. 

Calculating FlowabilJ..!1 

The values obtained for the individual flow properties are used 

to determine the flow.uility point score for each, usirg the graphs in 

Figure 4. The total of these points are used in Tabie 2 to determine 

the flowability of the sample according to Carr's criteria, and from 

that, our ~orresponding Flowability Classification. 
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Table 3, for example, shows sample determinations for bo ma-

terials. 

TfBLE 1. Sample determinations of flowability point total 

Flow Proeertx 

Material #1 

Ang 1 e of re~ose 

Compressiblity 

Angle of spatula 

Uniformity coefficient 

Material #2 

Ang 1 e of repose 

Compressibility 

Angle of spatula 

Uniformity coefficient 

Proper tll 'j a 1.:!! Flowabilitx Points 

25° 25 

8% 23 

25° 25 

2 23 

Flowability Point Total 96 

50° 

32% 

93° 

33 

12.0 

9.5 
::. J 

2.0 

Flowability Point Total 25.5 

A f10wability point total of 96 for Material '1 places it in 

cur Flowability Classification I, and would require no flow aids. Ma­

terial n, on the other hand, shows a flow"bility paint total of only 

25.5, pliicing it in OUI" Flowability Classificat11n 3. This material has 

very poor flowability, will need positive ag',tation to move, and will 

reQuire considerable though: on bin Gesign wd acce>sorie>. 
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~IN FLOW AlOS 

A properly designed bi~ system can go a long way towards re-

ducing the frequency of 

worker to enter a b 1 n. 

bin accidents by minimizing the necessity for a 

Although bins can be designed to theoretically 

make most any material free-flowing, generally, a bin system will in­

clude one or more flow aids to induce or maintain material flow. 

A v~riety of flow aids for installation on new or existing bins 

can be tailored to solve almcst any b;n flo .. problem. These can be 

grouped into the following types: 

Air/gravity conveying 

V ibrati on 

Sonic fluidization 

Air cannons 

Internal mechanical 

Live bin bottoms 

Liners 

Air/Gravity Conveying 

Proponents vf air/gravity conveying, as a means of achieving a 

flowable material in a bin, generally consider that a~most any ,":,:~er"idl 

can be fluidized through aeration, where aeration is the driving of air 

into the void spaces bet"e~r. particles. This results in d material of 

lower bulk density, with reduced internal friction, that is incapable of 

generating the material strength t" support bridging. It can be fluid­

like in its flow properties. 

Not an of the materials in the bin needs to be aerated, but 

just that material at those points where it has a te~dency to bridgp.. 

This will be in the cone, generally near the discharge. In practice, a 

good many but not all materials can be fluidized, and some considerably 

easier than others. But wher~ fluidizatiun is readily achieved, ~he 

technique is slmple and the equipment relatively inexpensl"e. 
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What Materials are Candidates? - t<'aterials that aerate easily 

are generally fine «!iO mesh) ~o~'rlers, with flowability classificatiors 

2 and~. Mixed particle size materials do not aerate well, as the heav­

ier particles tend to sink and segregate. 

Equipment manuf~cturers generally wi 11 have a background of 

experie>nce on materials that respond to aeration, or can cOI,duct simple 

tests that will evaluate the possibility with aUJ~stionabl€, material. A 

point to consider', besides the physical property of the ma~erial to be 

stored, is to wh<!ther the ae~ath," air, with the likelyinclu~ion of 

.Aoisture, might react with or cake the material ~ftp.r a period of time. 

This may result in hangups or loss of stordge effici~ncy on the p~rt of 

the bin • 

. ~2r'ation Equipment - To aerate, low pressure air is introduced 

into the cone area of the bin through one of a variety of devices. A 

cOllll1l)n design consists of a c~amber with a porous cloth, ceramic or 

metal surface as part of the bin inner wall; air is introduced into the 

chamber from the rear and travels through the media into the material 

(Figure 5). A high flow resistance in the media keens the flow constant 

FI_ ..... ntld AlraUon Unit 

' ......... ount.d loreli •• Unit 

FIGURE 5 - Lar~e aeration pads 
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over the chamber regardless of the material depth. A series of ma~y 

small pads may do as well as several large ones, with lower air consumr­

tion (Figure 6). An alternative design is a large circular pad ir;tall­

ed in the bin bottom and slightly inclined toward the flow outlet. 

Several manufacturers make rubber fittings (evassers) that force air out 

radially from the fitting to affect a larger areas; these may require 

the use of compressed air (Figure 7). 
/ 

FIGURE 7 - Evasser air fitting 

To be effective, the aeration air must be introduced ir'to the 

material at pO'jnt of bridging. An aerating device cannot break an arch 

formed above it, Recommended installation by most manufacturers is 

along a line from the cone outlet, up the side of the cone in one or 

more places. Units are spaced on 12 to 24 inch centers. If the tin is 

squa-e or rectangu I ar, the ai r may be added in the corr.ers of the hopper 

(Figure 8). Air may be supplied by plant air or a blower installation 

at about 2-5 psig, Consumptio" may vary between 10 and 50 SCFM per 

square foot of air pad surface, if the bin mater'ial is ,;ensitive to 

air, other gases may be used, w"ith corresponding sur'ply and recovery 

systems. In any case, the aerating fluid should be fre'e of condensed 

moisture that can clog the air pad and wet the material. 

Adva·,tages of aeration over other methods include: 

quiet operation, 

no operational diVllage potential to bin, 
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FIGURE 6 -- Small Aeriltion Pads 

33 



I 

f 

I 

Vibration 

no moving parts, resulting in 10'0'1 wear on 
aerater, 

reduced product damage, 

generally low-cost installation. 

Disadvantages include: 

only works on fine (60 mesh or finer) 
aeratable material, 
requires an air supply, 

increased potential airborne dust problem. 
Conical Hopper 

" .. 
Pyramltial Hopper 

.. .. .. .. 
I 
I 
I 
I 
I 

---0-----

Alternate 

F!GURE 8 - Typiccl ;"sta~ldtion of "lr pads 

Vibrating a bin is one of the oldest forms of moving materials, 
and in its r:rudest far,n consists of a hammer and strong arm. Today many 
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companies make accessory vibrators, 50 that one 1S avai ldble to 50lve 

almost any problem. 

When properly installed and use~, a vibrator breaks the f"ict­

ion between the material and the bin by flexing the bin sides. This in 

turn imparts movement into the material which disrupts particle-to-part­

icle and lJarticle-to-bin wall bonds, aliowing the material to flow. 

Different materials may respond to different frequencies and different 

amplitudes; d variety of vibrators are avai lable to meet these needs, 

Vibrators are available in fO'Jr ger,eral power classifications: 

electromagnetic, electric motor driven, pneuma~ic, and hydraulic, Eiec­

tromagnetic vibrators consist of an electromagnet and a permanent magnet 

and work on AC current. ReverSing of the electromagnet's field moves 

the pi vat mounted p,~rmanent magnet, produc i ng 

generally operate at low force, one frequency, 

inexpensive (Figure 9). 

... -: " 

the vibration. Thes~ 

don't weJr out and are 

FIGURE 9 - ElectromagnptiC vibrater 

Electrical motor driven vibrators consist of an ecce1tric 

weight on G motor shaft. TheSe can produce much higher for, es, v;brdte 

at one speed, are more expensive and subject to greate,' wI'ar (Figure 
10) , 
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FIGURE 10 - Electric motor driven vibrator 

Pneumatic and nydraulic designs lre similar, with differing 

pO"ll'r sources. These may use turb i nes with shaft mounted eccentri c 

weights, or a hardened ball that spins In a circular race. These types 

have a ",ide range of produced force, are \ariable speed, relatively 

i ·"upens ive, but are subject to wear (F igure 11). 

FIGURE 11 - Pneumatic, turbine and hydraulic vibrators 
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Vibrators are available in a number of mounting configurations 

and most common power sources. Portable ones are sold that can be m0ved 

from place to place and clamped to the bin, hopper or car as desired 
(Figure 12). 

. , 

FIGUi<E 12 - Typi{al installation of vibrators 

~dnic Fluidization 

Discrete-frequency acoustic power horns (Figure 13) are rerent 

introd~ctio~s as bin and hopper accessories for eliminating and prevent­
ing material hang-ups. They have been used with flyash, kaolin dust, 

FIGURE 13 - Acoustic power horns 
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kaolin clay, lime, aluminum and iron oxide, and cement dust with report­

ed success. Used now in silos, bins and baghouses, they are also being 

evaluated for unloading rail and tanker cars. 

According to manufacturer's literature, the new power horns, 

rather than generate a broad spectrum of sound, focus th~ sound power at 

a nar'row frequency range, which delivers about twice the fluidizing 

power as conventinal broad spectrum horns. The primary frequency se­

lected (about 230 HZ) fluidizes the dry bulk material without vibrating 

the holding struct~lre. One theory is that the sound vibrates the air 

rather than the dust particles, end that the energy is transmi tted to 

the dust particles from the air, causing fluidization. 

The installation site fo,' the new power horns does not appear 

to be ~ritical relative to pote'ltial bridging. The units are mounted 

above th,' product a.!ay from direct contact and require only compressed 

air and co,~trol wiring for operation. Low installation and maintenance 

costs are also given as advantages over mechanical accessories. Main­

tenance is limited to a metal diap.,ragm, making them very reliable. 

Air Cannons 

An air cannon :s a device that injects a large volume of com­

pressed air through the bin wall into the vicinity of bridged, hung-up, 

or ratholed material. The force of the air e>panding through the mater­

ial breaks loose the build-up. 

by an 

i a1. 

Material in almost any flowability classification can be moved 

air Cdnnon, including sticky, wet, stringy and large lump mater­

Aeratable materials also may remain aerated, with improved flow-

ability for a period of time. 

All of these devices are, of course, pneumati~ally operated, 

and require a compressed air line (>100 psi) and an electric (solenoid) 
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control system. Bursts may be automatic or on demand. G~neral con­
struction is a storage chamber to hold the compressed air, a solenGid or 
manual valve trigger, a directional control valve, and a discharge line 
to the bin (figure 14). Discharging of the air !s muffled by the bin 
contents so that little noise is heard. Inert gases can be used if air 

creates a hazard or degradation in the material. 

FIGURE l' - Air cannon d~d operation 
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Proper installation of a,l air cannon is crit~cal. The areas 

wherp hang-ups are occurring must be identified and the discharge prop­

erly placed, as discharging air will not affect a b~ildup when discharg­

~d aD'lVe or below it. Manufacturers have specific recol1l11endations for 

the i~stallation of their products; generally the cannon discharges are 

mount~d above the hopper on the bin 'iall, and aimed toward the bln d; s­

charge (Figure 15). Because these devices are designed to break up 

large masses of materials", flow cut of the bin may be erratic. One 

manufacturer recol1l11ends the use of a vibrator beneath the air cannon to 

even out the flow. 

FIGURE 15 - Air cannon installation for clinging, bridging 
r.thole and arching 

Some advantages of air cannons are: 

low air consumption, 

effective on almas, all materials, 

quiet operati on 

low maintenance. 

Some disadvantages are: 

more expensive instJllatio n , 

high pressure air required, 

does not induce steady flow out of the bin, 

installation points are critical. 
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Internal Mechanical Flew Aids 

Internal mechanical de~ices were s,)m~ of the earliest tech­

niques for inducing new in low-flowabilHy materials. Many of these 

were suspended and operated from the top 'J: the bin, and included such 

things as large chains and suspended vertical beams with welded cross 

pieces, both of which were capable of vertical movement. Still an 

effecii\€ technique in dislodging hang-ups can be a full-heigh~ piPE or 

hollow section installed in the center of a bin and activated by a vi­

brator or mechanical/manual rotating device. The commercial internal 

mechanical flow-aids, however, concentrate on the material in the cone. 

The internal shaker plate is an ~xpandp.d mesh pi ate mounted on 

the inside of the bin cone in the area where the material tends to 

bri dge. Two rigid belts attached to the plate pass through the bin 

wall, through vibration isolated gasket5, and connect to a pneumatic 

shaker that moves the plate parallel to the bin wall. This motion 

breaks up bridges and keeps the material m~ving Jownward (Figure 16). 

FIGURE 16 - Internal shaker plate 
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Expanding cushions are elastom~r sheets bonded to steel plates 

and mounted in the bin cone. /l,ir is forced through a fitting in the 

plate to expand the cushion. This lifts the material gently. The pres­

sure is then released and the cushion deflates, allowing tile material to 

fall. Pulsing the cushions gives an action similar to a vibrator, 

Internal augers mount inside the bottom of the bin. Long, 

small-diameter types "walk" around the bottom cone of the bin; short, 

large-di ameter types mount verti ca lly and rotate in pl ace. The auge~ 

carri es the mater; alto a di scharge port, with f1 ow rate bri ng a hnc­

tion of auger speed (Figure 17). 

FIGURE 17 - I nterna 1 augers 

These syc',ems are more positive than an outside mounted vibrat­

or, but at additiorlal cost. All work on low flowability materia'is. 
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Advantages of these systems are: 

move very difficult materials, 

• quiet operation. 

Disadvantages are: 

difficult installation (inside mounting), 

relatively expensive, 

may require air supply, 

maintena~ce or repair may be difficult. 

Live Bin Bottoms 

The active, or live. bin bottom is one of the newest techniques 

for inducing material flow from a bin. There are several variations, 

but they an consist of specially designed hoppers, slJspended below an~ 

vibrationallj isolated from the bin hopper, that can be vlbrated to 

induce and meter flow of even the most sluggish materials. 

Live bin bottoms are the ultimate in bin f~ow aids, and are 

accord i ng 1 y prj ced. I n many cases, however. the i r addit i ona 1 cos tis 

recovered by the recl~ction in bin flow problems and thE'ir versatility in 

handling materials with diverse or Changing flow properties. 

Bin Activators - The Bin Activator is the name given to a bot­

tom hopper design which uses a baffle plate above the discharge cone to 

accept the weight Clf the overburden (Figure 18). The baffle plate is 

rigidly attached to the base hopper. 

Flow is induced and maintdined by vibrating the hopper and 

baffle plate using ~n external gyrator, sending vibrations intc th~ 
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FIGURE 18 - Bin activator 

material In ,!nd above the platE!. The material is thus metered thro'Jgh 

an annular soace between the plat.e and hopp~r sides to tr,e discharge 

outlet bel"w with the discharge feed area 5~eing only loose, unpacked 

materi al s. 

Figure 18 represents the more cOfIII1on design. For more sluggi~':, 

materials, an additional vibrator cor.e is added beneath the mdin one ttl 

assist flow out of the bottom disct,arge (Figure 19). Another type vi­

brates only the center cone and vibrates vertically instead of axially. 

Further, the gap between the cone and the discharge can be pneumatically 

adjusted to control flow. 
~ __ ~_~ _____ "-"~"'.' '-." .• .0:""""" - .... ---.... .~'.., 
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1 
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Additional 
Cone 

FIGURE 19 - Bin activator wi th additional vibrator cone 
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Installation of a bin activator on an existing bin require" 

cutting off the bin cone an,d welding on a flange to which the active 

bottom is attached. Manufacturers' recommendations must be followed in 

choosing an appropriate size in order to ensure a functional instal­

lation. In general, however, the bin activator size should increa~e in 

prnporti on to the bin di aIIlcter as materi a I fl owabi 1 ity decreas~s. Fo' 

slugg~sh materials in smaller bins, the size may approach the diameter 

of tile bin. 

After installation, a trial and error period is usually neces­

sary to determine the optimum on-off cycl~ of the vibrator for desired 

flow to minimize packing in the discharoe area, especially if the di~­

charge is being metered at some slower rate with an ext~rnal feeder. 

Vibratory Bin Discharger - The Vibratory Bin Discharger appears 

to be a substitute for the conventional bin activators, with the added 

capabilities of varying and s~opping materials flow. Theoreticzlly, it 

can replace a feeder and a slide gate, if such items are ner.essary parts 

of the bin system. 

The Hogan Vibratory Bin ~;5charge is shown in Figure 20. It 

has ~ suspended hopper se~'1 ed to the bi n hopper by way of a fl ex i b Ie 

FIGURE 20 - Vibratory bin discharger 
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sleeve, and can b<e vibrated tu induce flow similar to the bin activator 

unlts. Unlike the round bin activators, however, the unit is square or 

rectangular, dici.ating a similarly-shaped bin hopper, and contains a 

number of blades which are free to rotate through goo from the horizont­

al (closed position) to the vertical (open positior,). The blades are 

all positioned similarly with a single control. 

The vibratory action induces and maintains material flow 

through energy to the blades. With the blades fully closed, vibration 

is in the horizontal plane, thus minimizing packing of material immedi­

ately above. With thE: blades partially open, vibr-ation is transmitted 

into the stof'ed material, starting flow. If a significant size v~ri­

ation exists in the particles of the materials stored, acco~ding tc 

manufacturer's literature this type of bin discharger minimizes segre­

gation in the discharge bin by achieving even flow over a larger bottom 

area. 

Precess signals can be used to contrul the bin discharge rate. 

Electric or pneumatic ~ctuator systems for the blade positions can be 

used to automatically reposition the blades and thus increase or de­

crease the bin discharge rate in respor,se to the sigr.al. Depending 011 

the material, 250:1 to 100:1 turndown ratios are re,'sonablc, thuS allow­

ing considerable versatility in flaws a~d material~ to be stored. 

liners ---
Bin liners, installed on the inside of di!iCharge cones, ·lre a 

pass he fl ow ~, d, work i ng wi thout ederna 1 power sources. By reduc i ng 

the wall friction in the area where a bridge forms, the material can't 

generate the strength needed to for" bridges oS "eadily. Liners can 

also be combined with other flow aids, such as vibrators, allowing J 

smaller, less expensive vibrator to replace a larger one. All )ugh 
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they have t:,e advantage of needing no operating power, they are suscept­

ible to dama~e and sometimes expensive to install. 

Types of lir.ers availaDle are many. SpraY-0n urethane coatings 

cur'rently seem to be the most effective. They can be made very smOlJth, 

yet are abrasion r2sistant. Some other types are Teflon and other' plas­

tics, hard ceramic and polished stone tiles, and polished steel sheets. 

These may be permanently attached or replaceable. 

Abrasion is the worst enemy of liners. A liner that is rough­

ened, scored, cut or otherwise damaged is worse than us~less, creating 

hang-ups whe',e none existed before, Matching material abrasiveness and 

liner material is critical, since frequent replacement of liners 1S not 

cost effective and may require entering a bin to manually remove hang­

ups before replacing the liner, eliminating the safety aspects of bin 

flow aids. 

L'iners may be used with almost any flow classification mater­

ial. If the bin design is close to working, liners may provide the 

extra reduction in friction to turn a marginal bin into a free flowing 

one. With classification 3 or 4 materials, however, liners alone 

usually can't make a poorly designed bin into a free flowing one. 

Feneral Installation 

It should be noted that all bin flow aids may work too well; 

that is, increase product flow above the c~Dacity of tne hopper or bin 

outlet to discharge it, or above a desired flow rate. This may result 

in surging, flooding, or packing in the cone below the lowest active 

point of the bin flow aid. Further, tne addition of a rotary feeder, 

shaker table, screw conveyor, or other metering device will also i~­

crease the likelihood of hanging up in the discharge tube. (One 
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exception is aer~tion, a~ the material does not have to keep moving to 

maintain flowability.) As a result, many ~f these installations require 

some trial-and-errnr to achieve optimum operation. 

After installdtion of the chosen flow aid, the system must be 

operateci and the flow aid "adjusted" to desired flow results. This may 

include: 

adjusting vibratior.al amplitude 

and frequencies, 

adjusting air flow rates to aerators, 

determining cycling times on 3ir 

cannons and vibrators, 

adding or moving vibrators. 

The best overall guide to properly supply, install and time a 

flow aid system is an experienced, reputable manufacturer of these de­

vices. This section of the manual is intended to provide an overview of 

the types of these dev ices and some gener ali nforma t i on on ins ta 11 a t i on 

and operation, giving dn operator with a problem the vital information 

of what the pr(Jb lem may be, what type of device may work, dnd who can 

supply it. Tne chosen vendor then hiS the responsibility of satisfying 

his cu:;tomer with technical information, support and kno'Nledgeabl~ per­

snnne I . 

Flow Aid,Accessory Suppliers 

The following is a listing, by types, of bi~ flow aid accessory 

sup~lier5. The listing is extensive, but by no means compl~te, nor does 

the order of listing deSignate any order of ~'eference. 
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AERATION 

Airnetics, Inc. - 200 North Island Ave., Batav';a, IL 60510 

Azo, Inc. - P,O. Box 181070, 4128 New Getwell Rd., Memphis, TN 38118 

Dueon Fluid Transport - 840 First Ave., King of Prussia, PA 19406 

Dynamic Air, Inc. - P.O. Box 43074, St. Paul, MN 55JM 

Fuller Compc.ny - P.O. Box 2040, Bethlehem, PA 18001 

Material Control, Inc. - One Smo1etree Plaza, Suite 115, North Aurora, 

IL 60542 

Monitor Mfg. - Drawer AL, Elburn, IL 60119 

VIBRATORS 

Dynapac, LID. - 5340 Maingate Drive, Mississauga, Ontario Canada L4W1R8 

ERIEZ - P.O. Box 586, Erie, PA 16512 

Fluid Energ) Processing & Equipment Co. - 153 Penn Avenue, Hatfield, 

PA 19440 

Martin Engineering Co. - Route 34, Neponset, IL 61345 

VIBCO, Inc. - P.O. Box 8, Stilson Rd., Wyoming, RI 02898 

POWER HOR N'; 

Sonic Pcw·~r Systems, Inc., P.O. Box 12785, Shawnee Mission, KS 66212 

Fuller Ccmpany, P.O. Box 2040, Bethlehem, PA 18001 

A.S.E.A. Indu5trial Systems, Inc., 4 New King St., White Plains, NY 

10604 

Drayton Co., P.O. Box 820, Jacksonville, AL 36265 

Analytec Inc., P.O. Box 810, Corrales, NM 87048 
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AIR CANNONS 

Martin Engineering Co. - Route 34, Neponset, IL 61345 

Monitor Mfg. Co. - Drawer AL, Elburn, IL 60119 

Pu1sonics Corp. - 777 Airport Road, Lakewood, NJ 08701 

VIBCO, Inc. - P.O. Bo~ e, Stillson Rd., Wyomin9, RI 02898 

Fluid Energy Processing & Equipment Co. - 153 Penn Avenue, Hatfield, 

PA 1944G 

INTERNAL MECHANICAL 

AZO, Inc. - P.O. Box 181070, 4128 New Getwel1 Rd., Memphis, TN 38118 

Brock Mfg. Co. - Milford, IN 46542 

IFE Systems - 370 Frankl in Turnpike, Mahmah, NY 07430 

UllOIG, Inc. - 14535 Dragon Trai I, M;shawaka, IN 66514 

Thayer Scale Co., Hyer Industries, Inc. - Pembroke, MA 02.l59 

VIBCO, Inc. - P.O. Box 8, Stillson Rd., Wyoming, RI 02898 

Pulsonics Ccrp. - 777 Airport Road, Lakewood, N,l 08701 

Martin Engineering Co. - ~oute 34, Neponset, IL 61345 

Moni tor Mfg. - Drawer AL, El burn, IL 60119 

LIVE BIN BOTTOMS 

AZO, Inc. - P.O. Box 181070, 4128 Nf!W Getwe11 Rd., Memphis, TN 38118 

Carman Industries - 1005 West Riverside Dr., Jeffersonville, IN 47130 

Kinergy Corp. - 4821 Je~nings Lane, Louisville, KY 40218 

METALFAB, Inc. - 140 Woodland Ave., Rochelle Park, NJ 07662 

ORTHOS, Inc. - 5001 Lincol;1, ~ox 520, Lisle, IL 60532 

SolidS f'low Control - 4 Flair' F·jeld Crescent, West Caldwell, NJ 07006 

Vibrascrew, Inc. - 755 Union Blvd., Tutowa, NJ 07511 

Pneubin Corp. - P.O. Box 554, Palos Heights, IL 60463 

Thayer Scale Co., Hyer Industries, Inc. - Pembroke, MA 02359 
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LINERS 

Devcon Corp. - 3D Endicott St., I)anvers, MA 01923 

Dupont Co. - Room X39752, Wilmin'lton, DE 19898 

AIO, Inc. - P.O. Box 181070, 412:3 New Getwell ild., memphis, TN 38118 

Brock Mfg. Co. - Milford. IN 46542 

Carman Indu~tries - 1005 West Riverside Drive, Jeffersonville. IN 471~0 

IFE Systems - 3, FranklL Turnpike, Mahmah, NJ 07430 

Kinergy Corp. - 4821 Jennings Lane. Louisville, KY 40218 

LAIDIG, Inc. - 14535 Dragon Trlil, Mishawaka, IN 46544 

METALFAB, Inc. - 140 Woodland !lve., Rochel Ie Park, NJ 07662 

Monitor Mfg. - Drawer AL, Elburn, IL 60119 

ORTHOS, Inc. - 5001 Lincoln, Box 520, Lisle, IL 60532 

Solids Flow Contr~1 - 4 Fairfield Crescent, West Caldwell, NJ 07006 

Vibr~screw. Inc. - 755 Union Blvd., Tutowa, NJ 07511 
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BIN SAFETY 

In the FOREWORD, we stated that the primary purpose of thi s 

manual is to promote bin safety; that one of the ways to do this is to 
minimize the necessity for a worker entering a bin by good bin dp.sign; 

and we gave guidelines on how this may be a~complished. Even if you, 
the engineer in charge, and your company have follo«ed these gui~elines 

to the best of the present state-of-the-art, your responsibility to your 
workers does not stop here. With even the best of designs there are 

time~; when material flow or ot~er bin problems wi 11 occur, and it wi 11 

become necessary to enter a bin. When this occurs, it is your responsi­

bility that tne worker observes!l! regulations and uses procedures that 
wilt expose him to minimum danger. 

Figure 21 is a newspaper account and picture of a bin accident 
in 1993, Tnis victim survived. Just a<, often, however, the report 

would have read> "the victim was disco'/ered dead with his feet protrud­
ing from the base of the bin, wh~n flow fro~ the bin stopped and workers 

'nvestigated to find the cause." 

Bin fatalities are sti;1 too common, and a':oidable if safety 
regulations are observed. In a 5-year reriod, between 1975 and 1979, 24 
such fat~1 ities occurred. Like the potenti"1 victim above, Federal 
safet,y regulaUons ;'/ere ignored. Further analysis of the accidents 
revealed the following: 

No victims ob~ervcd !l! Federal safety 
regu lations. 
Only 4 victims wore safety belts. 
Only I victim had a second person tenoing 
his safpty line. 

Thtrte~n vlctims entered the bin unknown 
to others. 
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"'f.~ 

FJurteen victims fell through an encrusted 

surface and were buried. Fiv~ were assumed 

to have fallen from above. 

Seven victims were initially found alive, 

but could not oe extracted in time. 

The victim that wore the safety belt and had a second person tendi~g his 

line failed to shut off the bin conveyor equipment; and when the crust 

on wh;ch he was standing gave way, he fell through and could not be 

pulled out by his attendant. When the attendant went for help, the 

victim was pulled in:o th2 discharge opening. 

It should be emphasized, not one bin fatality occurred in this 

period in which the victim observed all Federal safety regulations. 

AND WHAT ARE 

THOSE FE9ERAL 

SAFETY ReGU­

LATIONS? 

. ,5 run? U" 

There are three Federal safety regulations governing the 

actions of workers in and around bins. These are: 

30CFR 56.15-5 - "Mandatory. Safety belts 

and 1 i nes sha 11 be worn when men work "'here 

thel'e is danger of f~ll ing; a second person 

Shill 1 ter.d the lifeline when hins, tanks, or 

other dangercus areas are entered.' 

30CFR 56.16-2(a' - ""1echanicol d~vices shoul.j 

be employed so that doJrlng normal operatiocs 

persons are not reyuired to enter or wor' 

where they are exposed to entrapmrnt by caving 

or sliding of materials." 
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30CFR 56.16-2(c) -"No person shall enter the 

facility until the supply and discharge of ma­

terials have ceased and the supply and discharge 

equip;nent is locked out.· "Second person shall 

be stationed where the lifeline is fastened and 

shall constantly adjust it or keep it tight as 

needed, with minimum slack." 

Bringing the Fedel"al safety regulations to the attention of 

your workers is just the bare minimum of your responsibilities. One 

could assume that a significant percentage of bin fa-cali ties just dis­

cussed knew the Federal regulations, and ignored them either for 

expediency or because of a I ax company atti,tude towards safety. 

WHAT ELSE 
CAN 

YOU DO? 

rep dl'S rr •• 

Your company should make every effort to ~eep these vio­

lations to a minimum. H:e following are recommendatio~s 

that should be considered: 

Make bin systems as trouble-free as po~sible -

Use proper bin designs and bin flow accessories 

for the material to be handled. Keep records 

of bln ~robiems so that ~he potential danger 

points can be identified and corrected. 

~ove your jAFtTV ,MAGE - Safety is 'llo.-e an 

attitude problem than a probl~m with actions. 

This attitude must be emphasized or every level 

of company management" espec13lly the pro" 

duction supervisors. 

Maint.ain cl€an and inspect~J saf~ty equipment 

ccnvenient to the work site a",l tr~.in _Your 
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I 

WHEN A BIN 

MUST BE 

ENTERED 

personne 1 on tile correct procedures and the safe 

way to h~ndle a bin problem. Reinforce this 
training with frequent reminders, and penalties, 

if these procedures are ignored. 

Limit ac:ess to bins - Whenever possible, pad­
lock access doors to bins, and keep the key with 
supervision. If access is needed, the 3uper­
visor can ~ake certain that safety rules are 
obs~rved, and recommend safe courses of action. 

Post signs on bin accesses - If limiting bin 
acc~ss is not feasible, post highly visible warn­
ing signs on all ~in accesses. 

Provide warning lights and equipment lockouts -
Whe~ever possible, provide warning lights and 

equipment lockouts. These could he made auto­
matic with an access door opening, or at least 
convenient wher a worker must enter a bin area. 

If material flow problems, cleaning, or repairs require 
that a bin be entered, some common sense guidelines should 

be observed: 

Observe all Federal safety regulations - Lock 
out conveyor equipment, wear suitable safety 
clothes and harness, and hav~ a second person 
tend your safety line. Wear a safety harness 
rather than a belt if possible, and make certain 
that the safety 1 ine oj s in goad repair and main­
tained taut and secure by the attendant. The 
attendant should have safe, secure f~oting. 
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Approach the problem from the top - Don't go 
below material clinging to the bin sides, or 
to the base of sloping material. When initi­
ated, some materials can quickly engulf po­
tc"i.ial victims before evasive action is 
possible. Be especially careful in probing 
brfdg~ material up through bin discharge 
openings. Sudden material surges have damaged 
chutes, with fatal consequences. 

Beware of walking on er.crusted surfaces -
Voids underneath are potential death traps 
should the crust give way. If such action 
must be taken, maintain a taut and secure 
line to the worker at nearly a completely 
vertical angle so that if footi'1g is lost, 
the poter.tial vertical drop for the worker 
is limited to only 2 or 3 feet. Safety 
pulleys, limiting the free fall of workers, 
are advisable. 

Handle the pro~lEm at length if possibl~ -
Use mechanical accessories, air 1 ances and 
long probes rather than ~icks and Shovels. 

Do not activate bin accessory equipment with 
the worker in the bin - Sudden reaterial surges 
are powerful and dangerous,and cocld cause 
structural bin damage with potential injury 
to workers in or near the bin. 
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f , 

A NEW 

BIM-
CLEANIrlG 

TOOL 

A portable, remote-controlled tool developed specifically 

for clearing build-up of bulk materials in bins and other 

storage units without requiring bin entry by workers, has 

recently come on the market. Called the Gyro-Whip System, 

the tool, shown in Figure 22 is manufactured by Northern 

VibratioD Manufacturing Limited.* It consists of a com­

pressed-air dl"iven !notal' which rotates two cable or chain whips at high 

speeds, and a boom unit fol' positioning the tool within the bin (Figure 

23). Developed initially for the grain industry, the system has recent-

1y been used for clean;ng cement, cement klinker and copper, nickel and 
zinc ore pr~ducts from bins and silos. 

The positioning boom unit is lowered through the manhole en­

t)"ance and assembled by ~. two-man crew, who remain outside the ~in at 
all times. The Gyro Whip unit, which is supported by its air hose, can 

then be raised, lowered 3nd moved about the interior of the bi~. it has 

a specia~ly deSigned nose cone that aids in re~'oving loose material frnm 

its path. The force created by the whips hitting the solid material is 
counteracted by the gyroscopic. action produced by the motor. 

The boom has a reach of 21 feet, and can be rotated 360°. :t 
thus can clean bins up to 40 foot diameter from a center opening. 

*Northern Vibrator Manufact,jring Limited, q2 Todd Road, Georgetown, 

Ontario L7G4R7, Canada. 
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FrGUftE 22 - Gyro-.:hi;J biro cleaning uni t 

~o~a:ing boo~ asse~~l! 

Cyro-~nip unit 

FIGURE 23 . Schematic of Gyro-W:lip unit and bo,)m in operation 
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