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FUEL _RESEARCH INSTITUTE OF SOUTH _AFRICA.

REPORT NO, 17 OF 1951.

REPORT ON TESTS CARRIED OUT ON THE
SWING HAMMER PULVERIZER,

INTRODUCTION

The swing hammer pulverizer available at the Institute
is a comparatively small machine (Junior Type A) but it was considered
that the information regarding its operating characteristics gained
by a few expsriments would be of considerable assistance when

investigating the hammer mills used in practice.

LESCRIPTIVUN_OF PULVLRIZERS
The machine comprises,
essentially, a pluraty of
flailing hammers which strike

Junior Type A

the coal particles either while
they are fallling freely through
the air or as they rest on tiie
stationary metal breaker plate
(Fig. 11).

In this particular machine
the feed entry is so arranged
that the entering material

falls directly on rising

hammers« The particles or

SR S s 5 fragments thereof are then
thrown with great force by the
hammers against the fixed

surfaces surrounding the flailing Lammers from which tuey rebound

back into the hammer path, or, are pinched at an angle between the

moving hammers and the breaker plate or the grid until the particles

are sufficiently reduced in size to pass through the grid.
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The screen consists of bars of triangular crcss~section
held in position (Fig, 11)
by spacing racks. These
spacing racks rest
securely on ledges formed
in the side frames of the
machine. They divide the
whole screening surface
into three panels of a
convenient size to be
handled as a unit when

assembled with the proper

number of bars. For the
same machine these panels
are all of the same size and the number of bars in each panel vary
Jinversely with the clear opening between them.

The manufacturer's ratings for this machine arc as followst

Diameter of outer cirele of hammer travel = 15"

Width of rotor = 8"
Approximate horse power =7 =8

Speed in r.qpm. = 1800-3000
Capacity ('8 bar opening) =3 ~ 1 ton/hour.
Capacity (1" bar opening) = 2 ~ 3 ton/hr.

The breaker plate is fixed at a distance of approximately
‘% inch from the outer circle of hammer travel.

The rotor speed of the pulverizer as installed at the
Institute was 1166 r.p.m.

OPERATING VARILBLESS

The following variables will have an aeffect on the perfor-
mance of the swing hammer pulverlzer,
(a) Type of coala
(b) Rate of feed.

(¢) Feed velocity.
(d)/'ﬁtificho.tqoi
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(d) Hammer clcarance. .
(e) Condition and number of hammers,
(f) Size of fued =~ average and maximum.,
(g) S8pced of rotor,
(h) Bar opening.
Of these only the rotor speed end the slze of the bar
openings were considered in this investigation.
The following notes will indicate steps taken in regard

to the other factorss

(a) TYPE OF CO4L USED.

41l tosts were conducted on 1 ton representative samples |
taken from a 15 ton bulk sample of Navigation No. 5 senm coalr which
had been procured for other tests. | 1

Since previous tests have shown that coals from the
Witbank coalficld do not differ appreciably in regard to friability
characteristics (with the exception of coal from the No. 4 scam) 4
this samplc cculd be regarded to yileld results that would hold gohoere-
ally for this arca.

(b) RALE OF FELDs

It wes found that no constant and continuous rate of
feed. could bé maintained by hand feeding. 4 feed box having a
capacity of about 125 1bs. was, therefore, installed over the foed
cntry. By always kceeping this feed box full and the time taken
to empty onc bin (1501bs.) into it constant the predetcrmined
rate of feced could be maintained. It was always kept at 1 ton pcr
hour throughout the tests except in those where the maximunm
foed~-rate was tc be determined.

(¢) FEED VELOCITYs

| The fued must ponctrate the hamme? eirele if the full
arca of thoe crusiiing surfacces is to be utilized. This necessitates
a balance betwcen the falling veloeity of the particlcs and the
rotor speed tiiat will vary with the position and direction of the
feed éntry with respect tc the rotor.

If tlie feeding velocity is too large, the rctor discs

and hammer shanks wear excessively, if the penetration 1s




et bt
insuffiéient the hammer heads round off at the outer ends; material
is struck glancing blows with consequent.lack of force and ine
posed velocity; capacity fallsj circulating loads build up and
the machinc cennot be made to draw'full power without quick
overloads and clogging (in centre feed machines the feed box height
is made adjustable tc permlt control of penetration. ddjustaent is
nade with hammer head wear).

On examining the hammer heads of the pulverlizer before
commencing the tests it was found that penetration had been in-
sufficient., The installation of the feed box, however, resulted
in higher fecd velocities. During the later experiments the rotor
speed was reduccd which also contributed towards greatcr penetraticn,

| The effect of this adjustment was not yet noticeable on
the hammers at the conclusion of the tests so that it is not
possible to decidce whether penetration had been unduly high.

(d) HAMMER CLI.R.NCEs

In many hammer mills the distance bstween the cuter
cirele of hammer travel and the breaker plate is adjustable by
moving the brecaker plate. In this particular machine, however,
the breaker plate is fixed. This is unfortunate as the effect of
the setting cf the anvil clearance on the size distribution of
the product might have been of great interests

Similarly the clearance between the hammers a~nd grid ~
referred to as the cage clearance ~ 1s also fixed.

Taggart,l> however, shows that within the usual range
of anvil adjustment the variation in crushing - when crushing
river gravel from 44" to 1 inj 420 r,p.m. - due to change in
clearance is not great, but is definite and that crushing in-
creases with reduction in clearance. The effect i1s shown to be

the greatest in the coarse cnd of the product as is to be expectad.

This author, further shows that with a cage type mill, crushing a

1) Taggart 4... YHandbook of Mineral Ore Dressing" (Wiley) .
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moderately hard bituminocus coal, decrease in cage clearance has
a consirable effect"on the size of the product. Approximately
5 % more fines (-~ 8 square mesh) are produced by reducing the
cage clearance from 3" to ", No mention is made of the size of

the bar openings.

(e) CCNDITIUN «ND NUMBER OF LalMMERSS$

The condition of the ten hammers as found in the pulverizer
was good. ©Only the outer tips of the hammers were slightly rounded.
The number of hammers were kept constant throughout the tests.

1)

Taggart™’ shows that the loss in crushing effect due to worn hamnmers
when the speed is sufficlently high for effective breakage, is
quite appreciable, When the speed is too low the ecndition of

the hammers makes little difference but in a grid machine stalling
occurs speedily unless the foed rate is greatly reduced. Further-
more Taggartl) shows that if the crushing zone is complctely

swept by the hammcrs (as is the case with this pulverizer) an
inercase of 50 ¥ in the number of hammers produces only a small
additional crushing effect, which becomes less appreciable the

higher the rotor speede.

(f) SIZE OF FiEDs

The Navigation No. 5 seam coal was handecrushed to pass
a 4 inch squere mcsh screen before being used for the tests. In
Filge. V111 the cumulative distribution of this feed size can bec
seen.

No experiments were made to determine the effect of feed
size on the size of the product but in one series of tests, where
1" bar openings had been used, the +%" material was removed and
recrushed using %Z inch bar openings. S8Subsequent screcning tasts

yielded the following resultst

Rotor/&.........olovu.
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Rotor Speed | Feed Size % =~1 mm, Material in Product.
;

1160 TsPellls ! ~4" to O 39

1160 r.p.m. ! ~1" to +4" 26

800 TeDollls ~4" to O% 27

800 TePollla l ~1" to 4'*" 2005

Although these figures are not strictly comparablec,
since the fines (~4") had not been screcned out in the one case,
the diffcrence in the percentage -1 mm, material in the products
is so large that onc can conclude safely, that, the smaller the
feed size tho less fines will be produced.

Tagearty) states that if the 50 % point may be considercd
as a measure of the average size of the commuted product it may
be concluded that this type of mill 1s decidedly more cffective in
the reduction of the coarser material than of the finer,
C4PACITYs

Before proceeding with the tests in which the rotor spced
and bar openings were to be varied it was considered advisable to
conduct a few tests to determine the capacity of the mill in
order to cstablish what constant rate of feed could be used
throughout the testse

| The capacity of the machine wsing the smallest bar opening

({6 ) and the lowcst rotor speed (600 r.p.ms) would determine the
maximm rate of feed that could be used throughout the tests.

The mazimum feed rate, or capacity, was taken as that
rate of feed where the crusher just did not clog causing the cver-
1¢~? switeh t¢ st-p the mctor.

The followlng results were obtaineds

Speed/-.‘..m..--..u
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n i
Speed. . Capacity with 7}fL6 bar opening.
1160 r.p.m. . 6750 1bs,/hour.
800 r.p.o. 6650 1bs./hour.
600 r.p.m. 4500 lbs./hour,

4 fecd rate of 1 ton per hour could therefore be handled
with ease at all proposed speeds and bar openingsa.

4lthough these figures do not, perhaps, represent the
true capacities they show the manufacturer!s ratings to bc souwe-
what on the conscrvative side.,

The capacity remained nearly constant when the rotor
speed was reduced to 800 r.p.m. showing that the speed was still
sufficiently Ligh for effective breaking. The 30 % drop in capacity

to 600 r.p.ms
from 800 r.p.m./shows that the efficiency of the machin: wns being
imparéd. JAlthiougl the force of the hammer blow was still large
enough toeause thc fracture of a picece of clean coal thc presence
of a few comparatively large pleces of stone would cause the
machine to clog. (This was shown to be the case when a samplc of

refuse had to be crushed).

ROTOR. SPEED

The fineness of a product is, to a large extent detormined
by the intonsity of the hammer blow which in turn is directly
proportional to tiiz speed of hammer travel. 8peed, ther:forc, is of
primary importance particularly in the production of fines.

Blows of insufficient force to produce fracturc i.z. too
low a rotor speed, will soon cause the machine to stall or causc a
serious decrease in capaecity whereas when the rotor specd is
unnecessarily hipgh the blows will cause the feed particles to
disintegrate to sizes smallcr than the grid setting and thus
causing excessive finesas

When./ntlo:c-oo
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When pulverizing it is, therefore, essential that the
rotor speed shiould be as high as possible and, on the other hand,
when a coarse product is required, that the rotor speed shouldbe as
low as possible without affcecting the capacity unduly .

Figs. 1, 11, 111, 1V, V and V1 show the cumulative and
fractional distribution curves of the products obtained when
varying the speed and bar opening, all the other variables being

kept constant.

|
Bar opening { Speed, Fig.
w
%58" } 1160, 800 & 600 TuPollls Figs. 111 & V1.
éé I 1160) 800 & 600 TePsllls Flgs. 11 & V.
l
’{6 i 1160, 800 & 600 T.p.m. Figs. 1 & 1V.

It can be s -en from these curves that the amount of

fines produced decreases with reduced rotor speed as wsll as with

an inerease in bar opening.

Rotor Speed 'Bar Opening.
gL mn. Nateriel in Product3x"
1 3
{6 {6
1160 repem. s 19 38
800 r.p.m. 10 12 | 22.5
600 TePella 8.5 9 17-5

% The feed contained 3% ~1 mm. material.

The deercase in fines is more than directly proportional
to the decrecsc in speed betwseen 1160 r.p.m. and 800 r.p.m. but
slightly less from 800 to 600 r.p.m.

Using the Rosin-Rammler equation, the curves of log x
plotted against log log %%%93 showed that the distribution

Constant/-oltuqo-



constant, n, docs not vary significantly for the differcnt speeds
and bar openings but that X , the absolute slze constant increases

with reduccd rotor speed.

Dispersion or Distribution Constant

Bar opening,
Rotor Speed. 0 i n
14 ¥ He
1160 TaD oMo 10032 10055 10009
800 r.p.z. 1.032 1.033 0.972
600 T4p.li. 0.970 1,045 9,945

Taking the deviations in the value of n as due to
experimental and sampling errors only, the mean dispersion constant
can be taken os 1,031 which means that within the range of
validity this reti.od of breaking approximates to the ideal condi-

tion of simple fracture.

, Absolute Size Constant, X.
Rotor Speed. ; Bar opening

F u ] m

' % 0 03
1160 FePelle [ 0;549 Clily 0‘4'36 Ciie 001885 Clle
800 rlp.mo 01.741 n 0.692 h 00331 i
600 T.p.m, 1,126 ¢ 0.956 " 0. 372

|

Fron tlie constant value of n and these different values
of X it can readily be seen that the size grading of thc products
remained the same Lut that the products obtained at the lower speeds
were as a wholc coarser than thiose produced at the highest speed.

The grate bar spacing determines the thickness of the

largest/sececceses




particles of tlie product but the size of the product is ncrmally
mueh finer tlian would be expected from the grid acting as a’simple
screen.
1
For exatple, using a 1 ‘8 ‘bar opening and a rotor spced

of 1160 r.p.n. the product contained only 5% of'piux % inch

material, The¢ size of the bar spacing was approximately 10 times

that at the 5(% poilnt (l.e. the screen opening that will pass 50%
of the product).
Calculating the ratlo of absolute size constant, X

to bar opening it was foundi

g

_ X
Ratlos Bar opening

Rotor Speod.
Bar Opening,

f%' 1?2 ‘2'

1160 r.p.m. 0.19 0.21 0.40
800 Tep.m. 0.26 0.+33 0.69

600 T.p.m. 0.40 0,46 0.78

The size of the product as given by X, does nut rise
propoerticnally with the bar cpenings.,

It is fairly reascnable to assume that when the size of the
bar openings excecds that of the anvil clearance and/or the cage
clearance they will have a large effect on the size of the product.
Bven when the¢ screen bars are removed the absolute size constant is
approximately ocnly 1 inch,

STAGE_CRUSHING:

Fig. Wl. shows the effect of crushing in twc stagus as

cpposed to cne stare direct crushing.

The cne ton sample was crushed to minus one inch in the
pulverizer, thc minus %" prc%uct was screened out and the plus %"
material recrushced using a %6 bar opening. These twc porticns were
then remixed and screened. The results of these tests are shown

belows S
pee PP OesOOOOO N



Speed. Stage Crushing. Direct Crushing.
© % =1 mm, material % -1 mm. mateorial
1160 r.p.m. 23.5 38
800 r.p.m. 19.5 27
CONCLUSIONS s
1. The size distribution of a product depends not cnly cn the

bar opbnihgs but also on the peripheral speed of the hammers.
Where a hammer mill is, therefore, producing excesslve fines a
reduction in the speed of the rotor may improve matters ccnsiderably.
The reduction of speed is limited by the requirement that the
capacity may nct drop below requirements.
2 4s the sige of the product 1s ncrmally much finer than
would be expected if the grate were acting as a simple screcn it
might be advantagscus tc install a grate with bar openings larger
than the top size of the product. Ten percent or so of oversize
might be tolurated cr it may be justifiable to remove and reclir-
culate the oversize considering that the product as a whele will
be ccarser.
3e althcugh no tests have been done to determine the effect
of the anvil clearance and cage clearance it would seem as if thesc
factors have a lorge effect on the size of the product. An anvil
clearance smallcer than the bar openings might cause an unnccessary
production cf fines and might, in addition, affect the capacity
adversely. 4 clearance larger than the bar openings might cause large
circulating loads to build up and, if the cage clearance 1is smaller
than the anvil clearance unnecessary strain is put on the racks.

When it is known what size of product 1s required it would
be advisable, in the case of a machine where the breaker~plate is
ncn-adjustable, to seleet a hammer mill having an anvil clearance
slightly smaller than the bar openings and a cage clearance the
same or slightly larger than the bar openlngs.

4e/cavansvscnsns
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4y When using -this machine for the commuhition of survey
samples the spwed of the rctor should preferably be kept %t 1160
re.p.ms If, however, bulk samples are to be reduced to ~16 for
ccking purpcses and/or it is desired to have a minimum of minus

60 mesh material, a rotor speed of 800 r.p.m. would be more suitable,
The danger of the machine clogging, especially if the samples
ccntain stene and pyrite nodules makes it advisable never to use

the machine with a rotor speed of 600 T.p.ms

C+E, BIRD.
C.E.B./M.T, RESEARCH _OFFICER.
9th Adugust, 1951.
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