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SUMMARY

The compaction of dry powders by vibrations likely to be encountered by

dry powder extinguishers in service (peak accelerations up to 2.05 n, frequencies

in the range 10 Hz to 100 Hz) has been studied. Preliminary results indicate

that higher levels of compaction than can be achieved by these vibrations result

from impacting the container of powder onto a rigid surface, at a frequency of

1 Hz, from a height of 1.5 em. Further study of the problem is recommended.
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1 •. INTRODUCTION

Dry powders are often ~stored where, they may.be subjected ~o:yibrations,

such as in. buildings ·where there is hea.vy machi.nery , and on vehfcLes .or ' ships.

These vibrations, if of appropriate amplitude and frequency can cause -conso.Li.da­

tion or "packing" of the poWder which in turn will have an adver-se ef'f'ect on the
• .. •• s •• \"

perfo~~nce of the eXtinguisher when it comes to be discharged. Even if an

extingui~h~r is not nornialiy sUbj'ected' to vibrati~n, 'n~rm~l h~ndi.i~g and
.' . '. . ." ",

maintenance work can result in the extingUisher being set, doWn heavily on the
~ • . . " :-, .~ ;<. • ' .. .oJ.

floor o:r other aurf'aca, If thi~.i8repeated 8." number of times consolidation
• • ',' " ~. t f.: •

,:', .. ~. .;..

of the powder can, resul~. r,', ;. ' '" . . - '~' I". , . '.. ~. I. (·c,
An international standards co-ordinating committee, the Camite Europ~an de ..

N~~'aii~~tiO~ has '~et up ~ TriPa'rtite S~~",committee '(;'C~' ;2',,)" t~ I3tUay'. t~~" ',:~
. • ,j.. t. . ~. ... '. ....'.": •

problemsassocia~~d with European standardsfpr portable fire extinguishers. .
• ,:. ~. . ~. .' ,. '. • . . ". • ,.1 _'. . ': I· .- '1.( ':' '.' I .

One of the feature~, under discussion is the possibility of specifying a co~paction
• • .. -' • • • •• ".~. / .' •••~j

test .for dry powder ~xtinguishers which will take into account the suitability,'
• ' r , • '. •••• • < • • .:-.~.. I' ". : ~ .~' ./

of such extinguishers for use in the conditions outlined above. This ·note
, I ..···· .". :'; ,.,,: I

r~ports. some preliminary studie,s wh~ch provi~.e background ~nf9rmation fOt. th~
~ . • .' "" •••••• - • .' I.

further development and specification of such a compaction.. .... .".. ..:, '....,...

2. EXTINGUISHING' INFORMATION .: t .. .. - ,r .•.••

A review1 of vibrations likeiy to be encountered in practice ahowed:that··.",

the lowest levels of vibrations' are ~et with in buildings (accelerations (G)

up to 1.0j-',n at 8-35 H~~ and ·~hi~~{acceleratiOiJ.S (G) 'up to 1.5S·n at 50...;80 Hz).

Vibrations found in road vehi9~~s vary witil the type of vehicle, road surface
. _ . • ....'.. . • '.: .;: ~ .....t

ahd location on ~he vehicle. -Vibrations likely to be encountered by items

attached to bodywork or located in'storage 5paces are at frequencies in the

range 10Hz to 100Hz and accaLerationa ~p to 2. 0 ~ n-:

Vibration teats currently included in various national standards for dry
I

powder extinguishers are summarized below:



(a) French standard vibration test2

In this test, the charged extinguisher is submitted to vibrations

at 20 Hz' and 'amplitude' 0.8 mID for 15 minutes before being subjected

to a discharge test. It is understood that the .,amplitude" is here

'defihed'as .the 'peak to peak'··displac.emeIJ.t.,If,th:is ;j;s ,ao,'··then the

peak acceleration in this test is O. 64 ~ n,

(b) q~A.Na~ vibration test3

In this test, ~he charged extinguisher is subjected to vibration

at 20 Hz and an 'excursion' of 1.27 mID (0.05 in) for 10 minutes before

','

, .
, .

being sub'jected to- a dis charge' test; <. ·If "excursion' is synonymoua.

wi th "'peak to peak' dd.sp.Lacement. thEm .the peak acceleration in· the

Testis· 1,.02 ~ n.· . ',. ...

(c) C'an~dian 'Imp~ction Test4 c-

In thi~ t~~t' the extinguisher is impacted by dropping from a'height

of 1'5'~9': 0~254'~ (0'.625: '0.01' in) at 0.42 Hz for 10 mt'nutes'before
I , .. ,' .' '. . ..',.." "

being aubjected to a discharge Teat~'

Eva~'s' a~d M:hlma~5, amongst others , have investigated the e'ffect' or' vibrat[:i:orts

on the packing of powders, mainly with the object of increasing'the' packing d9h;ity
: •• ~•• •• I • ;. _ J' .' •• ' •.

for specific purposes, e.g. pOWder metallurgy. The powders used have been largely

artifi~ial" blends o'r d~ffer~nt coa~se' sizes'. Ev~s a~~ Miiim~~'notice'd' th'at':" ::

maxdmum comp~ctio~ often o'c~Ur~ed wi thin·8. few' minutes and r-epor-ted tha:t the'
,_ .1

great~s~ increase in packd.ng densi ty occ~red at or around c'ertai:n fiXed

frequencies which they assumed to be resonant frequencies of' the 'systems used,

and therefore t~ be depe'nde~t upon th~' ap~aratus and 'powder used~ ,," .,

Suzuki, ,TakRhashi'~nd Ta~ta6 p~ese~t a theoreti~ai relatibnship between the

amount of packing and the peak acceleration of the vibrations, 'based on a c~n~idera­

tion of the motion of a single 'ideal' particle on a vibrati'ng plate.' "Their

-; ,
+, G.cos,2 Tr n1'

equation is:
. "

(1-e>' =;'(~~eo) + 0.073 r .¢2(G)·1
·L G -1 J

..... . . 1

',' I' ..

. ,e. =' voidage of· compacted bed" i.·e. (1 -e ) = ~olids fraction •. :<>c.

eo = voidage of unc~mpacted bea~~·

the particle falls on
-r:

i .• ' "

peak acceleration (~n) .

the dimensionless time (tt1) at which

=

=

G

the vibrating plate.
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'Using this, they predicted 'a maximum' value of (1-e) at a peak acceleration',

of G = 2.530'. Experimerits with coarse sand and 'calcite particle sizes 0 .:4 min

to 1.5 mm) in containers 12 cm diameter 19 cm high largely confirm this

prediction. At 1 < G <' 2.5 compaction was greater at 20 ,Hz and 30 Hz than 'at

50 Hz. 'For G )'2.5; (1-'e) assumed a constant value, independent of f'r-equency ,

3. EXPERIMENTAL PROGRAMME
'. .' r

The experimental ~rogramme, of which some preliminary resuits are reported

here, includes an investigation of the following factors.

(1) Container (extinguisher) dimensions. (Diameters in the range ,60:mm

to -180 mm},

Powder, characterized by chemical composition, and size distribution••

Frequency of vibration. 'Range 10Hz to 100Hz.

- Peak acceleration. 'Range O.8~n to 2.0,90'.

r,

" ':,

.,. "

Th~ "eXperiments are intended to indicate the conditions of vibration ,under

which maximum compaction, can occur for particular powders. Full aca.Le.onode.l

extinguishers constructed, from transparent materiais can then be charged and

subjected to these vibrations. The behaviour of the powcl.er when discharged ,"

from the model extinguisher will then be studied.

: Concurrently with the 'vibration programme, thecompaction.of similar'..samples

of powder when subjected to impaction by dropping the container vertically onto

'a solid surface, is being studied.

4. 'APPARATUS AND PROCEDURE

,The'powders used are desoribed' in 'Table 1. They were contained ih a

"graduated tranSparent 'Perspex' tube 63 mm inside diameter, 75 mm outside ,C' <C""

diameter, 220 mm high attached to an aluminium base plate. : This assembly",
-was ,rigidly fiXed, in the vertical position to the centre of a horizontal

electromagnetic vibrating table. A given weight of powder was carefully" ,', '

poured into the container and lightly compacted to a predetermined level

,by gently tapping the side of the container. This level was chosen to:'be

IJ!ower than that resulting from the pouring of the powder yet not low enough'

~fo 'intrude substantially into subsequent packing by the vibrations. ' Having

'established this initial constant level, the 'container,was sealed and vibrated

under the appropriate conditions. Packing was substantially complete ilf'ter five"

'to ten' minutes but most' samples were vibrated for 15 minutes, and a fe'w -f'or-

20 minutes, before constant levels'were established. The final level ,'was read'

after'the vibrations had been' stopped. The experiments were divided into-sho~t

,series, each at a, given frequency- and consisting of experiments made :'at ,0;8, ,-'

1.0;' 1~5 and 2.0 j n, Fresh powder was used for each series. ' Between each

- 3 -



experiment in, a series, .the powder was loosened by shaking and re-distributed

by inverting the container a number of times before re-establishing the

initial level.

Experiments were also made in which identical samples of powder we~e , , .

compacted by impaction. The container, held in the upright vertical position,

was arranged to fall onto a rigid steel plate from a height of 1.5 cm.at,

frequencies of 0.2 Hz and 1 .0 Hz for a time of 8 min 20 s , the total number

of impactions being 100 at 0.2 Hz and 500 at 1.0 Hz.

5. RESULTS

The results are reported in terms of frequency (Hz) and peak acceleration

(3~)' ,These qualities are related to the amplitude of vibration by the following

equation.

G = 0.4112 af2 where G = peak acceleration (~n)

981 a = amplitude, • .1. ak toJ..e. 2 pe

= 4.02 'x' 10-3 af2 peak displacement (mm)

f = frequency (HZ)

The degree of compaction is expressed as the ratio (R)

R_bulk density after vibration
- bulk density before vibration

Values of 'bulk density before
vibration' are shown in Table 1,.

The results of the vibration experiments with the three poWders investigated

so far are shown in figs 1,2 and 3 in which R is plotted against frequency and

peak acceleration. The results of the impaction.experiments are shown in fig. 4.
The values of maximum compaction achieved are summoned together with the conditions

under which they occurred, in Table 2.

It was observed, during the vibration tests, that under certain conditions

'fluidization' of the poWder appeared to occur. This was most pronouncede with

powders 1 and 3 and occurred most frequently at 40 Hz with a·few instances at

30 Hz. ·The conditions under which this 'fluidization' was observed are

summarized in Table 3.
6. DISCUSSION

,It,can be seen from figs 1, 2 and 3 and from Tables 2 and 3 that the highest

levels of compaction are associated .with the incidence of 'fluidization' during

part or the whole of the vibration period.' It is probable, as suggested by

.Evans. and Millman5 that the powder is 'excited' by a resonance .phenomenon at

frequencies peculiar to the particular equipment and powders used. Under these

conditions the powder particles may become momentarily separated, thereby

reducing interparticle friction and enabling the particles to re-orient themselves

into a closer packing geometry.

- Ii' -



When, the powders 'were compacted by impaction this·, phenomenon did",not .appear

to occur.' .The higher levels of compaction that occurred, therefore,could.be. 0 ' ..

regarded as being· the result of a' different packing mechanism;' When the: '.; .,,,"

container -comes to rest' on the rigid steel plate;' the powder is subjected .:to, ..... ,,'

high de,celeration forces, sufficient to over-conevthe interparticle friction',;, .,':.'

forces, thus forcing particles one past the other into closer packing . ,',.

geometdes. ··Figure' 4' and Table 2 showed that even though maximum .compaction .

has not reached in some cases, the levels of compaction achieved at 1.0 Hz

~ere always higher than those for vibrated powder.
6The pr~diction'of Suzuki et al cannot be tested with the present r~su~ts

.ad.nce the maximum acceleration investigated was 2.0g n, Examination of figs. 1

,to 3 :r;:eveals that' there ,is' a tendency' for the curves to flatten and possibly'

,maximize at1.5 to 2.0~ n, Further experiments at 2.5 and 3.o.~rn, alth,ough

.not .within ·the,range of conditions ,thoug~t .t9_.be of immed:iAt.einter~st·WOUld..

ib e .valuable since .levels ·ofcompaction· even higher than those achieved, by

.impaction. may .be .encountered•. The frequency at which these. experiments, should

.be made 'is clearly -Ln the range 30 to 50 Hz..,:.

It can also be seen that.as a general ,rule,.~he.finest.p~wders. are, compacted

·.the"most by both vibrations and impactions •. The f'Lne powders,1 and 3, ,(see

':T~ble;1)'have the. lowest initial' bulk density•. Int~rpartic~e f~rces(gr~vita-. . .., .' ., . . - "", .. '. " .\

tional.and electr9static), a~emore, significant with very fine powders a,I\d result

;.in,),ow bulk .denaLties. ,These forces.'are ,however, ,overcome »y vibration~, thus

0e,nabling the powders to compact.

, .7. C9NCLUSIONS

For the three powdersinvestigeted, using the equipment described, the

p,maximum .compaction effected, by vibrations occurs at a frequency of 40 Hz and

,.peak accelerations of 1.5 to 2.0 ~ n, Further exper:im'entsat 40 Hz, 2.5 and

:;3.0 & are ;recommended.

Higher .levels of compaction than were achieved by the vibrations used

~;in.these, experiments occurred when the powder was impacted by dropping the

i· container onto a rigid surface. This techni~ue should be investigated

tfurther·since it offers. a relatively.simple method, which is likely to be

. .aa effective as vibration, for compacting powders.

- 5 -



",' .. \ .'

It is ,possible that powders compact'in different ways depending on whether

the compaction is by vIbration' Or impaction. This should be borne, :in min~,$e,1} ",'

developing'S: compaction 'test.' Discharge 'tests; .usdng model extinguishers,' ", ' '" t.:

should be made as powders compacted by both vibr~tion and impaction pefore,any

compaction test is finally specified; , '.. "'f C"
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Table 1

Weights and size distributions of powders used

Powder "

"

1 2 3

Weight used (gms) 460 800, 555
" .

Initial height (em) 17 17.6 17.2

,Initial bulk density ,

(gmjcm3) O.ffl 1.46 1.035

Per cent by weight '.
less than stated size

.

125 I'" 97.1 97.8 94.5

105 r'" 95.2 94.5 91 .7
90 jV"'" 92.2 ffl.6 86.6

75 r'" 86.4 73.5 81.0

53 ;-... 76.3 48.1 70.5

45 J"" 74.4 44.8 68.8

30 / .... 54.3 .. 19.9 45.5
20 r ... · 40.4 9.4 30.3
1.0 jr"" 12 . " 2 14.3

Size analysis by siev~,

45-125rm ,!1S410 (1962)
10-30 ;!Am .' Allen Bradley

Ch~mical'compositionof po~ders

sieves

Sonic. Sifter'

.. -- ..~
,

Powder 1: Commercially available synthetic powder based
on potassium bicarbonate

Powder 2: Commercially avadLabLe standard sodium bicarbonate
powder

Powder 3: Commercially available general purpose (ABC) po~der
based on ammonium phosphates

- 7 -
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Table 2

Summary of maximum compactions,achi~yed in
vibration and impact tests

Powder Maximum conpac td.ontachteved Maximum compaction achieved
- by yibration '

, '
by impactiqn

1 R = 1.25 at 40,H6, 1..5 gn 'R = 1:36.at 1 H6

2 , R = 1.09 at 30 He, 2.0 gn R='1.12 'at 1 He
, ,

3 R = 1.23 at 140 He, 1.0 gn
R = 1.25 at 1 He,

80 He, 2.0 gn

Table 3

Incidence of 'fluidisation' during vibrations'

Period over which 'fluidisation' occurred at
Powder stated vibration levels

.
Initially , 10 minutes 20 minutes

;

1 - 30 He, 2.0 gn .
40 He, 1.0 40 He, 1. 5 gn 40 He, 2.0 gn

2 40 He, 1.5 gn 40 Hz, 2.0 gn -
"

30 He, 2.0 gn
,

3 40 H6, 0.8, 1.0 gn 40 He, 1. 5 gn 40 He, 2.0 gn

- 8 -
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