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UNITED STATES

DAVID R. BOWEN, OF ANSOILA, CONNECTICUT; JONN M. DARDIS, OF BANES, CUBA; AND
FRANKLIN FARBEL, JE., OF NEW HAVEN, CONNECTICUT, ASSIGNORS, BY MESNE

ASSIGNMENTS, T0 FARREL-BIRMINGEAM COMPANY, INCORPORATED, OF ANSONIA,

CONNECTICUT, A CORPORATION OF CONNECTICUT.

CANE-GRINDING MILL:

Application filed May 31,

This invention relates to cane grinding
machinery of the type employed for the
grinding of sugar cane. L
" In the past it has been common practice to
grind sugar cane ina mill or installationhav-
ing a number of stands of juice expressing
rolls. arranged in groups  of three, each
stand or juice expressing mill having a top
roll, a cane roll and a bagasse roll, all pro-
vided with annular grooves. Customarily
these three-roll stands or mills are preceded
by a preliminary crushing instrumentality,
consisting, for example, of one or two sets
of toothed crushing rolls arranged in pairs
instead of -in sets of three, as is the case
with the juice expressing rolls. , .
The function of such preliminary crush-
ing instrumentality has been to place the
cane in condition for more efficient action of
the three-roll stands or mills which follow.
The preliminary crushing rolls receive the
cane when the latter is in a very thick,
bulky mass, with the stalks arranged in vari-
ous directions and overlapping each other;
and as the stalks are of considerable size,
having a diameter say of two inches or more,
the depth of the cane mass is considerable.
The preliminary crushers reduce the thiek-
ness of the mass and at the same time have
a certain splitting and shredding action on
the stalks, opening them up and separating

* the fibers thereof, and producing a thinner
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and fairly uniform mat of fiber which is in
better condition for being subjected to the
squeezing action of the three-roll mills for
the extraction of juice than would be the
ease if no preliminary crushing were ef-
fected. S
Of course, it will be understood that in
crushing and shredding the cane stalks, the
preliminary crusher or crushers express a
certain amount of juice. from the cane.
This, however, has in the past. been regard-
ed primarily as an incident to the prelim-
inary crushing function rather than as a de-
sirable end in itself. The commen. prac-
tice has been to place one or two pairs of
preliminary crushing volls in front of sev-
eral three'roll mills. For example, in a
fairly large installation designed to grind.
gomewhere from say twelve hundred fo two
thousand tons of cane in twenty-four hours,

1921.  Serial No. 474,050. - .

there have b,'een one or»two-'pa_irs: of: ~pl;'eli‘zxfn;’-j‘ o

inary crushing rolls. followed by -three' or
four three-roll juice expressing mills, ..

“One object of the present invention. is: toi
inerease the ‘efficiency of machinery of. the

general type referred to in grinding. sugar.

cane. e R T
‘Another object is to provide an-inerease in
the juice extractron.. - S — (RN
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More specifically, ous: object is to increase |

the efficiency of the mill as.a whole by ob-

taining increased effectiveness of the prelim-
inary crushing instrumentality. so that it

does. more and better work than in: the: past,-

65

splitting .and shredding the cane stalks to.a '

greater extent, producing therefrom a thin-:

ner, more uniform mat, and augmenting the

extraction by the preliminary crushing rolls;
the effect of alli of which is to enlarge the

efficiency of the mill, reducing the number:of

the three-roll juice expressing mills follow-
ing the erushers, which: it is necessary :to

‘employ, and improving the mill in that re-

spect also- by virtue of the fact that. coact-
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ing, preliminary crushing rolls arranged in

pairs are much easier and less expensive to
set up, to adjust and to keep in: repair thani
are the. ordinary three-roll’ mills. By our
improvements also, the juice extraction withi
4 given .amount of roll surface may be in-
creased. .o ' ' ‘

More specifically, also, eurinventionhasin,

view the feeding of the cane-into the mill in

a. more. expeditious and uniform manner

than heretofore; the more complete  shred-
ding and :disintegration of the stalks by
the preliminary crushing: rolls, through the
action of coacting rolls of certain pairs ro-
tating at different surface speeds; in a mill

80 .
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where two or more pairs of preliminary

crushing rolls are employed, so that when:

the cane reaches the juice expressing mills'it.

js in the best condition to be acted on thereby

in an effective manner; and. another: object

is. to improve -the relation or coordination:

between the preliminary ' crushing instru-

mentality  and the .juice expressing- instru-
mentality following the same. .~ .

- ."Fothese and other ends the invention con-
sists in: the novel featires and combinations
of. parts. to-
claimeds;

‘be< hereinafter- described and
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" provements;

In the accompanying ,dr‘awings:

- Fig. 1is a diagrammatic side elevation.of.

a cane grinding mill embodying our im-
Fig:. 2 is a fragmentary enlarged side ele-
vation of the mill shown in Fig. 1, illustrat-
ing:the three stands -of preliminary -crush-
ing rolls and the first three-roll mill;
Fig. 24 is a diagram showing the annular

grooves of the three-roll mill and crusher -

rolls; -, , Lo :
© Fig. 8 is a top plan view-of the parts

shown in Fig. 2, illustrating a portion of

the gearing for driving the rolls; and

- Figs. 4 to 19 inclusive, ‘show " dlffeyent
modifications, as hereinafter miore particu-
larly described, these views being in thée na-

ture "of “diagrammatic “side* 'el'eVat_ionS ~and
‘showing ‘more particularly. the various rolls
employed in grinding the cane.

In the installation shown in Fig. 1?;th'1'e,e
pairs, 20, 21 and 22, of preliminary crushing

- rolls ‘are employed in front, of four three-

roll ‘mills, 23, 24, 25 and 26, respectively.
The three-roll mills may be of the type com-

- monly employed, -or any preferred type, but
. preferably each corsists of a top roll, a cane

©.80
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roll and a bagasse roll.. In the case of the
first three-roll ‘mill‘ 23, the top roll,” cane
roll and bagasse roll are indicated :at 233,

-+ 23P and. 23, respectively. - All of these rolls

of the several three-roll mills are provided
with annular grooves, in the preferred form,
the grooves of succeeding mills being some-
what smaller than those of preceding mills,
so that the division of the cane and the ex-
traction of the juice. are progressively con-

“tinued as the cane is carried through the

several sets of rolls.. The grooving of the
three-roll mills and the relative spacing of
the three rolls of each mill may be as shown
in Fig. 24 ‘ ‘
- The mills 23, 24, 25
from each other at appropriate distances; as
in ordinary practice, and conveyors 27, 28

“and 29 ‘may be interposed, as customary,

50
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these conveyors being of any snitable type
for carrying the fibers from the ‘bagasse roll
of one mill into the bite between the top roll

and cane roll of the following mill. Prefer-

be at the same level, as customary.

In the form shown in Eig. 1, the several

ably also, the several three-roll mills will all

- pairs, 20; 21 and 22, of preliminary crushing

rolls are provided with annular grooves, cre-

ating crushing ribsy and they are also pro-

vided with teeth for hooking into the cane,.
formed by cutting generally longitudinal

. grooves in the roll surface to intersect the

60

scribed. with greater
“ “plication of Franklin

transverse grooves. This kind of roll is de-
particularity in an' ap-
Farrel, Jr., Serial No.
445,527, and we shall, therefore, not refer
herein to its detail features,: except to say
that the transverse V-shaped crushing - ribs

1,670,007

nary crushing rolls are shown at 202, 212
and 22* in Fig. 2% and Fig. 8, and that the

generally longitudinal, i. e.; slightly oblique,

grooves are shown at 20°; 21°, and 22° in

Fig: 8. -In the particular form now under:

discussion the ribs of the preliminary crush-

. ing volls of all three pairs are of the same
“piteh, but this is not a matter of importance

as they may be of successively smaller pitch
if desired.- -

“of the rolls of the several pairs of prelimi-

70

In the form shown in Figs. 1 to 3, the three
pairs of preliminary crushing rolls are all -

located at ‘the same, or substantially the
same, elevation, which is somewhat highet
than that of the following' three-roll ‘mills.
In practice the housings 20”, 21’ and 22, ot

84

the respective pairs of crushing rolls may

all be" suitably secured ‘on top of a raised
firamework 30, standing in front of the bed
81, on which the three-roll mills rest, and
baving its upper surface; or in other words
a bed for the crushers, substantially above

the bed: for the three-roll mills.” An endless |

conveyor belt 32, having its upper run some-
what upwardly and: rearwardly inclined, is
adapted to ‘carry theé cane mass dischiarged
from the rolls of the pair 20 upwardly and
rearwardly into the bite of the next pair 21
of preliminary ~ ¢rusher - rolls. This" con-
veyor 82 may be of any standard or- pre-

20

ferred ‘type. A similar’ conveyor 83 is in- _

terposed between the crushers 21 and 22, and
a third similar conveyor 34 is interposed be-
tween the last crusher 22 and the frst thiee-
roll. mill 23 . - : o R

100

It will be observed that in the particular

mill now under discussion, where the prelim-
mary crushmg rolls arc located at the same
level but somewhat higher than the follow-

105

ing three-roll mills, the rolls of each pair of -

have ‘their shafts somewhat out of vertical

alignment, the shaft of the upper roll being -

disposed above but somewhat to the rear of
the shaft of the lower roll, whereby the eanc
passing through and discharged by the two
coacting rolls takes a rearward and dovwn-
ward -direction.  In other words, by this
offsetting of the roll centers, the passage of
the cane between the rolls is assisted by
gravity and the upper roll may, if desired.
overhang to a certain extent the lower end
of the adjacent conveyor so that the cane is
discharged directly upon the lower portion
of the upper run of the conveyor, which car-
ries 1t into the bite of the next pair of rolls.
While on this point it may
the general similarity in relative location of

“the two rolls in a pair of crusher rolls to the

arrangement of the top and cane rolls of a
three-roll mill, although in the form- shown
in Fig. 2, the offsetting of the top roll in
rearward direction is somewhat greater that
the offsetting of the top rolls of the crushers

, : » - -.crusher rolls between which the cane passes -
and 26°may be spaced

1o

115

129

be well to note ‘

125

30



" the construction: more compact.

. 1,8%0;097

This' arrangement;. however,. faeilitates- the
feed: of the: cane:and: at the same time-makes
We have
not shown any special arrangement for feed-
ing or assisting:the feed:of cane between the
crusher rolls of: the: first pair; but a- suitable
chute or any other appropriate device may

. be-employed for-this purpese, or, for exam-

i1

10

Bis

20

ple, an upwardly leading conveyor: similar
to thosc shown i the dvawings.. From: the
last crusher rolls 22,.the cane passes onto the
endless conveyor 84; which is-partially over-
hung: by the top: roll of pair 22, and which
delivers: the cane  between the top roll and
cane'roll of the first: mill} In:all of the con-
veyors: 82,83 and 34, shown in Fig. 2, the
upper run: of the conveyor: carries the mate-
rial upwardly and rearwardly until it is
above the level of' the bite: of the following
two rolls; and thereafter: it carries the mate-
rial rearwardly into such: bite: and down-
wardly: to a: certain extent. Nevertheless, so
far-as the broad: aspects: of the present. in-
vention are concerned,; the conveyor -arrange-
ment may be very considerably varied, or in

- some- cases:altogether omitted; as willi be seen

3
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from the following description.

For the purpese of increasing the effec-
tiveness:of the crushingrand!shredding rolls;
the: rolls of one eor more. pairs' are differen-
tially driven as between the two:rolls of a
pair so:as to producea: friction motion on
the can and: thereby' cause the stalks to- be
split- open: and: shredded: ‘This occurs as a
result of’ the different surface speeds of the
rolls:at the opposite sides of the stalk in the
roll bite and by our invention this differen-
tial: motion: is produced: in: & crushing in-
strumentality having two: or' more pairs:of
crushing rolls; and: by preference the upper
rolls of some: or all of the pairs: of crushing
rolls are: driven at higher speeds than the
corresponding- lower rolls.

In the form shown in Figs. 1 to:3, the up-
per rolls of the paivs 20; 21. and 22-are all:
driven substantially faster- than:the -corre-
sponding lower rolls and in this pavticular
instance about ten: per cent faster than:the
corresponding lowern rolls. - Im: this particu-
lar form: the upper roll: of each: pair is of
substantially the same diameter as the lowen
roll and all: of the rolls: of: the preliminary
crushing instrumentality are: of approxi-
mately the same: diameter:
this case the upper rolls:of the several: pairs.
are driven approximately ten: per cent faster
than the corresponding lower: rolls by gear-
ing: which- is so designed. as to- accomplish:
that purpose: In attaining this endl as
shown more particularly in Figs. 2 and- 3,

the lower rolls of the pairs 20, 21 and; 22 are
driven. from a: suitable prime mover by

shafts 35, 86 and 37 respectively,.on which:

said rolls are mounted; saidi shafts having:
keyed thersto gears 38, 39> and 40 respec:

Consequently in:

tively;. at: one: side' of the: machine: = These

gears:mesh: with.gears 41, 42:and: 43: respec-
tively;.on the shaftsofthe corresponding up-

percrolls:. The gears4i, 42:and 43, however, .

have a. smaller: number of: teeth than do: the

- gears' 38, 89 and .40;.this number being: so

chosen. as to- bring about: the drive of the
upper: rolls at a speed substantially ten: per

“cent faster than the corresponding lower

rolls; as: previously stated. ,
It should: be understood, however;. that

‘while: the: upper roll of pair 20 is driven

substantially ten. per cent faster-than the
lower roll' of said’ pair; the upper roll of
pair. 21: will: have a somewhat higher actual
speed because in’ the form shown in Figs. 1
to: 3,.the:surface:speeds: of the lower rolls:of

pairs: 20; 21 and! 22- will preferably be pro--

gressively: increased to a: certain extent, the
lower: roll' of the first pair Having, for ex-
ample, & speed of thirty feet per minute, the
lower roll:of the intermediate pair having a
surface speed of thirty-three feet per minute,

80

for example,. and the lower roll of the third

pair having; for-example, a surface speed of

Y

thirty-six feet per minute. . This, however, .

is: only’ one  example of the relative surface
speeds which- may .be employed.. . In this
same mill: the rolls: of each three-roll stand
will all have approximately the same speed,

those of mill: 23 being; in. the case noted, say

twenty-five feet per minute; those of mill 24
being say twenty-seven and:one-half feet per
minute, those of mill: 25 being say thirty feet
per minute, and those of mill 26 being say
thirty-three feet per minute. In practice
the rolls of the julce expressing stands will

usually be somewhat larger than those of the

pairs:of-crushers; but this is-a- feature which
we have not 'deemed: it necessary to:illustrate.
If; for example; all the rolls are seventy-
eight inches long, the preliminary crusher
rolls may be say: thirty-two-inches in diam-
eter and- the rolls of the succeeding three-
roll mills may be say thirty-four:inches in.
diameter.. .In such a- mill the upper rolls of
both the preliminary. ¢érushers and the three-.

55
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roll mills: may be eguipped with the usual '

hydraulic- pressure: devices, which we have
not.deemed it necessary to-illustrate. - The
pressure-exerted: by each pair of preliminary

crusher . rolls ' may be ‘somewhere in  the

neighborhood: of tweé hundred and fifty tons,
for-example, or the pressure may be succes-
sively increased: to' a. centain extent in.the
crusher rolls-asinay be desired; and the four

three-roll mills: 237 24, 25 and 26, may exert '

pressures of say three hundred and:seventy-
five; - four: hundred, four hundred and
twenty-five; and four hundred and fifty tons,
regpectively: ' Ve

While we have illustrated the crusher rolls
as:having teeth to hook into'the cane to drag
it along, such teeth being provided by the
intersection of generally transverse and: gen-

Lis
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erally longitudinal grooves, respectively, we
do not desire to limit ourselves to a construc-
tion in- which rolls of this specific. charac-
ter are employed, as the roll sirface may be
considerably: changed in character without
departing from the scope .of our invention
or sacrificing the advantages thereof.
. In operation the machine shown in Figs.
1to 8, acts substantially -as follows: . :
~Cane-is fed in any -suitable manner. be-
tween the volls of the first pair 20,.0f pre-
liminary crusher: rolls, and the upper roll
being  rotated substantially ‘ten: percent
faster than the lower roll, a friction motion
upon the cane stalks-is brought. about, the
surface at one side of the stalk being moved
considerablyfaster than the surface. at the

‘opposite side so that -while- the stalks are

being compressed and crushed between: the
ribs of the rolls, the rolls being subjected. to
high: pressure, the different surface speeds
tend to bring about a thorough tearing open
and ‘shredding of the cane. The. mass of

~cane is considerably compacted and the in-

25

dividual stalks are torn apart, disintegrated
and shredded so as to form a fairly uniform
mat of fibers which is of .considerably less
depth than the body of cane passing to-the

- rolls. This mat is discharged directly upon

3%

40
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the conveyor 32; which carries it’ upward

‘into the space between the rolls of the next

pair, 21, swhich further reduce the.cane and
carry on the action hereinbefore describéd;
and from these rolls the conveyor 33 carries
the cane mat to the third pair of crusher

- rolls, from' which-it is carried by the con-
veyor 34 to the first mill. - I

The action of the several pairs of crusher
rolls as just described, causes a relatively
considerable amount of juice to be expressed
from the cane in the'crusher instrumentality,
this juice being collected in any customary
manner;. and the ‘cane is:very well condi-
tioned for the subsequent action of the juice
expressing mills 23, 24; 25 and 26, which in
this case, due to the increased -effectiveness
of the crushers, may extract a smaller per-
centage of juice than would otherwise be
the cage. These three-roll mills act:in the
customary manner but the cane is-in better
condition for juice extraction by them when
it reaches them and in certain cases it may
be found-that the crushing instrumentality,
if constructed and operated along the lines
described, is so effective that the three-roll
mills can advantageously be reduced in num-
ber. It may be found, therefore, that in
an installation having crushers of the kind
shown in Fig. 1, the mill as a whole will
be: highly efficient with only three stands of

- juice expressing mills, or even a less num-

ber, instead of the  four three-roll mills

which we have illustrated in this particular

cage. . - , : .
Referring now to the modified form of

the individual rolls of a

© 1,870,097

machine shown diagrammatically in Fig. 4,
it will be observed that the three-roll mills

previously described, but the first. pair 427
of preliminary crushing- rolls is somewhat
differently arranged, being located at a high-
er level than the second pair 43* and being

.23, 24, 25 and .26, are the same as.in the case

adapted to discharge the cane by gravity. di-

rectly to the crusher rolls of the second pair
without the use of a conveyor, although the
cane -in passing from ‘the first pair to.the
second pair may slide over an-inclined table
or chute such as commonly used-in the art
and which we have not considered it neces-
sary to-illustrate. From the second pair 482,

75
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of crusher. rolls, the cane passes to the third -

pair 44, over a conveyor 45, substantially in

the manner previously deseribed.

In this case also, the arrangement of the.
second pair.of crusher rolls is somewhat dif-
ferent from- that first described, in so far
as the lower. crusher. roll of the pair 43* is
driven faster than the upper one; but in this
case as well as the first case the difference

“between the surface speeds of the two rolls

of the pair is substantially ten percent.

In the form shown in Fig. 5, the first pair

46 of crusher rolls, and the second pair 47,
are arranged at the same elevation and a con-
veyor 48 carries the cane from the first pair
to the second pair. These two -pairs are:lo-
cated at a higher elevation than the third
pair -49. and the material pdsses-from the
second pair 47 :to the third pair 49 by grav-
ity, and: thereafter passes by gravity (over
a suitable bed if desired) to-the first: three-
roll mill 23. : ' o

In this case also, the relative:speeds-of
the rolls of one pair-are somewhat different
than in the cases first described. In this par-
ticular instance the upper roll of the first

pair is driven substantially five percent fast-:

er than the corresponding lower roll; but
the rolls of the second and third ‘pairs are
driven at the same relative speeds as between
pair, as in the case
first mentioned. :

In the form shown-in Fig: 6, the relative
locations -of  the different pairs of erusher
rolls are the same as in the. form shown in
Fig. 5, but in this case the rolls of the first
pair 50 are driven at the same:speed, so that
there is no  differential motion in the- first
crusher, which acts to crush and-compact. the
cane mass and to feed it to the second pair
of rolls without a differential motion.. Also

85
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in this case, the differential motion in the

third ‘crusher is increased relatively to that
of the. second crusher; so as to produce a.
relatively greater shredding action at-a point
where the cane mass is more compacted and
more thoroughly disintegrated. In this case
the top roll of the second pair 51 is driven

125

seven and one-half percent fasterthan the .

bottom roll, whereas the top roll of the third.

180
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crusher 52 is driven: fifteen: percent: faster
than: the corresponding bottom: roll..
In the case shown.in: Fig, 7, there are ne

conveyors used in connection with the.crush-

10

15°

20

- the bottom roll of the first: pair is driven.five:
- percent faster than its mate and:the bettom:
roll.of the third pairis driven fifteen:percent:

40

45

80:

65’

er-rolls, of which there. are; as previously
described, three pairs. The first: pair feeds:

by ‘gravity to the second pair and: similarly
the second pair to the third pair and the third
pair to the first three-roll mill. In- this
case the top rolls of the several crusher
pairs have successively increasing differen-
tial motions, the top roll: of the first pair

being five percent faster than its mate, the.

top roll of the second pair being ten percent
faster than. its mate; and: the top: roll. of
the third pair being fifteen: percent: faster:
than its mate. In this form and others,
wherein: the friction: motien. is- successively
increased, as between: two. ox: more: adjacent.
crusher pairs, the action of the: preliminary:
crusher is- especially efficient, as the- dif-
ferential: motion. becomes- increasingly: effee-
tive as the -mat is condensed or compaseted;.
and as it is more and more thoroughly sepa-

rated into the- individual fibers;: and: the:

action: under diseussion. produees: a . fairky:

uniform; dense mat: of separated fibers,; upon:

which the following three-roll mills. can act:

‘very. effectively in extracting: the: remaining:

juice. , ,

In:the. form: shown: in. Fig: 8, there- are
likewise three pairs of preliminary crusher
rolls,. In this case the arrangement of: the

“volls is substantially thie same:as that shown:
5 in. Fig: 1, with interposed: conveyors:32; 33

and 34, like those: previously described, but:

faster :than its-mate, while: the top: roll of
the- intermediate- pair is driven tem percent:

faster than its mate. - .

It: may. be assumed for purposes ofi de-
scription that in the form shown:in Figs. 5
to 8.inclusive, .there are four: three-roll: mills:

following the crushers, as.in:the: case: first:-
described, although we do not:limit ourselves:

to such: an arrangement.

In the form shown in Flg 9, the: rols”
- of the first. pair of crushers are driven.at-even

speeds and deliver the cane by gravity to &

lower second pair of-crushers, the upper roll.

of which is driven seven and: one-halfi per=

cent faster than the-lower roll. . The crusher
i rolls of the second pair deliver the cane:to a:

conveyor similar to those previously :de-
seribed;. which carries it to the third: pair of

crusher rolls, of which the upper roll is driven.:
fifteen percent faster than the lower rol..
From: the:third pair;oficrusher: rolls the cane:

is carried through the mill in the manner:
previously deseribed.

In the form shewn in Fig: 510-,: the first

crusher consists of a:pair of rolls, .of: which:

the upper roll is driven. five. percent. faster

than the lower roll, and these rolls deliver:
the cane to a. conveyor which: carries it to
the. second: pair of crusher rolls, which are
driven at even speeds; and: the second pair -
of crusher rolls deliver the -cane- to the:
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third pair; the individual rolls of which- are: .

driven at.even speeds likewise;:and from the:
third: pair of crusher rolls the cane passes:
to the first three-roll mill: by gravity. . .

In the-form shown:in: Fig. 11, the first and:
second pairs of crusher rolls are driven at:
even speeds, there being an:interposed: con--

(1

veyor. ‘The second pair delivers the:cane by -

gravity to the third pair, of which: the up-
per rolllis:.driven: ten percent faster than the:
lower: roll;. and: the cane:is thereupon . de-

80:

livered: by gravity to.the first three-roll mill;

as in the case illustrated in Fig: 10.

In the form shown in Fig. 12, there:are: -

four pairs: of preliminary ' crusher rolls,.
which in this instance are all located. at the::
same level, with. interposed. conveyors;. sub-

also. the upper roll of each: pair-is. drivenm:
ten percent faster: than: its mate.. However,

in' this- case a greater: amount. of' work: is:.
done by the erushers than -where three pairs:

of crusher rolls: ave employed, and: conse-
quently. we have shown.only three three-roll

-mills: following “the erushers in. this® case;.
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stantially as shown in Fig. 1. In this case

90

05

and efficient: results might be obtained by an. -

even smaller number of three-roll mills:: -
In: the form shown:in: Fig: 18, there are

four pairs of: preliminary crusher rolls;. thé:

upper roll of the first: pair being driven: five-
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pereent: faster than-its mate, the upper roil.
of the second: pair being driven seven and’
one-halfr percent. faster than its/mate, the-

upper: roll of the third pair being driven ten-
percent. faster: than its mate; and the upper
roll- of the fourth: pair being’ driven:twelve:

105

and one-half:percent faster than.its mate: :

‘It will be-seen, therefore; that in & crusher:

having at least four pairs of crusher rolls:
the- differential motion: isi‘progressively in-
creased:throughout the series.: ‘

1100 -

In the form shown: in' Fig. 14, there are: -
four pairs-of preliminary crusher rolls and -

speeds but; innthe remaining crusher rolls the
differential motion

the rolls of the first pair-are driven at evem:

115

_ Is . progressively in:.-
‘creased, the:top roll of the second .pair: be-
“ing:-driven ten percent. faster than its mate;

the top roll of the third pair being driven.

twelve and one-half percent faster than its
mate; and.the top roil of: the:fourth pair
being driven fifteen: percent faster than:its:

mate; In:this ease'the cane. passés by grav-

ity from: the- fitst: pair to. the second pair,.
then-to a conveyor, and then by gravity from -
the- third pair to-the fourth pair; and by a

1200
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conveyor to the first three-roll mill, of whiell -

in this case there are three.
In the form shown: in:Fig. 15, there are:

four: pairs: of-crusher rolls, the first pair be: 1
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ing-driven at even speeds. The first crusher
rolls deliver the cane by gravity to the sec-
ond pair, of which the top roll is driven ten
percent. faster than its mate. The cane then

discharges onto a conveyor which carries it

to the third pair of crusher rolls, of which
the bottom roll is driven twelve and one~
half percent faster than its mate, The cane
is then discharged upon a second conveyor
which carries it to the fourth pair of crusher
rolls, of ‘which the top roll is driven fifteen:
percentfaster than its mate.

In the form shown in Fig. 16 thele are

likewise: four pairs of prchmlnaly crusher

rolls. The rolls of the first pair are driven

at-even speeds.

~ them onto a conveyor which carries it to the
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- first: pair_are driven at even speeds.
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rolls -of the .second pair, the:upper roll of
the: second’ pair: being  driven at a surface

‘speed-ten percent faster than itsmate. Fron

the .rolls of: the second pair ‘the cane ‘dis-
charges onto a second conveyor which car-
ries it to the rolls of the third pair, all of

the first three pairs of rolls being auan%dv

‘From the thir d pair
gravity into
In

at the same elevation.
of .tolls the cane. discharges by
the:bite of the rolls of the fourth pair.

ths case the lower roll of the third crusher

is driven twelve and one-half percent faster
than its mate and the top roll of the fourth
crusher is.driven fifteen pelcent faster than
its mate.,

In. the form shown in Fig. 1( there are

two pairs of 'preliminary cxusher rolls ar- .
-ranged at the same elevation, with an inter-

posed ‘conveyor and .two pans of following
crusher rolls arranged-at-the same elevatlon,

which is lower than the: elevation:-of the first
~ two pairs, there being a gravity feed from

the second pair to the third pair and a con-
veyor. feed  from. the  third pair .to the
fourth pair.. In this case the rolls of the
The
upper roll of the second pair is driven ten
ercent faster .than its mate.

one-half percent faster than its mate. The
upper roll of the fourth pair is driven ht—
teen percent faster than its mate.

‘In the form shown in Fig. 18, the first
and the third pairs of crusher rolls' are
driven at even speeds and in the second and

_fourth pairs. the top roll is driven ten per-

cent faster.. 'There is a gravity feed between
the first -and second pairs-and between the
third and fourth pairs, and also between the
fourth pair and the first three-roll mill; but

there is a-conveyor. feed between the second ‘
pair of crusher rolls and the third pair.

In Fig. 19, there are three pairs of pre-
hmlndry crushmg rolle arranged “at the

same level, a fourth pair arranged at a low-

er level, and a first three-roll mill at a still
lower level. Between the first and second

pairs a conveyor ‘is arranged; as also be-

The-¢ane discharges from i

, The lower:
‘roll of the third pair is driven ‘twelve.and

1,870,007

tween ~the second pair and the third pair;

but the feed between the Lhud pair-and the".

fourth pair is by gravity, as is also the feed
from the. fourth pair-to the first three-roll
mill.  In this case the rolls of the first pair

and those of the third pair are driven at-

even speeds, hkewmsc those of the fourth

7“’ L

pair, but the rolls of the second pair have . .

a diﬁ’elential motion, the upper roll of the-
said “pair being driven ten: pelcent faster.

than 1ts mate.

It will be understood that in.all of these
forms  relative speeds are given mierely by
way of example, and that various other ar-

~rahgements may be adopted without depart-
ing ﬂom the scope of the invention as set E

forth in the claims.

It will -be observed :that in the mill shown
in Fig. 8, the crusher rolls of the second pair
have a less number of longitudinal grooves
than do the rolls of the first pair;, and simi-
larly the rolls of the third pair have a less

w6

80

number of longitudinal ‘grooves than do the -

rolls of the second pair. W
arrangement of advantage, owing to the

‘We consider this: -

96

fact that the longitudinal grooving provides

teeth: which  are. more necessary when the:

cane is first acted upon than when it has

been somewhat reduced and compacted. As
.the cane comes from the field, a considerable.

05

number of teeth are necessary to hook into it -

crusher rolls to the second pair, but the sec-
ond pair of crusher rolls does not need such
a large number of teeth, and similarly in:the
duced.
tion as distinguished from the hooking ac-

tion. By pI’OVldan" the successive pairs of

cumferential interruptions it will be -seen

- and to carry it along from:the first pair of -

100

third pair -the number can be further re- -
It ‘will be undérstood also that the:-
longitudinal grooves intérrupt the rolls cir-
‘cumferentially ‘and reduce the crushing ac-

105

‘crusher rolls with successively - fewer. cir- -

that the crusher surface ‘available for for-

cibly squeezing the cane in the valleys of the

1107

transverse .or -annular grooves .and on the
summits-of the annulax ribs is successively
increased, which is a feature of considerable

advantaoe While it is meritorious, how-

"ever, it 1s not essential in all. cases and it

may -be assumed that in the other forms
shown dnd described the hooking surface of

successive crusher rolls'may or may not be -

successively decreased in proportion” as ‘the
120

rib squeemng surfacc 1s successwely 1n—
creased.

115

Varlous changes in these and other re-

spects will occur to those.skilled in the art: -

as being within the scope of ‘our inventive

conception -as expressed in the following
claims: s

Tt will be understood for example, that :

In a preliminary: crusher h‘wmg the relative
speeds referred to in connection with Fig.
14, the several pairs of crusher rolls may all

130
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- be located wat the same elevation, as shown

in Fig. 12, with interposed conweyors. - -So,
also, crusher rolls having -the same or ap-
proximately the same relative speeds re-

ferred to in connection with Fig. 6, may all’
~be located at the same level; with interposed-

conveyors, as shown in Fig. 2. Obvieusly,
also,: many other combinations may be

" made, the forms shown being merely by

way of example. C o

We desire to have it clearly understood,
furthermore, that in certain -aspects of our
invention we do not limit ourselves to:an in-
stallation having more than two pairs of
preliminary crusher rolls.
pects concerns particularly the feature of

_having the relative speeds of the crusher
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rolls of one pair different {from ‘the relative
speeds of the individual rolls of another
pair, as where, for example, the rolls of one
pair have the same surface speed, whereas
the rolls of another pair have different
speeds relatively to each other; or where two

different pairs of crusher rolls produce a.

friction aection on the cane,-the-difference in
surface speed in-one pair being. different
from that in another pair.. While we have
not shown these and related . features em-
bodied in a mill having only. two pairs ef
crusher rolls, nor-have we shown-a mill with
only two pairs of crushers designed to pro-
duce a certain friction motion in the first
pair and an increased friction motion in the
second -pair, it will "be obvious to ‘those
skilled .in the art that such features are ap-
plieable to preliminary crushers having
more than one pair-of rolls, and are not con-
fined to installations wherein there are'more
than two pairs of preliminary. crusher rolis.
In Fig. 7, for example, the first:pair of
crusher rolls:might be omitted ; and in Fig.

6, for example, the third- pair of crusher

rolls might be omitted and provision might
be made for carrying the shredded cane di-
rectly ‘from the 'second. pair -to:'the. firgt

three-roll mill.

While in all of the cases illustrated, the
so-called friction motion on the cane in the
bite of a pair of rolls is produced ‘by using
on the roll shafts gears having :a dissimilar
number of teeth, the rolls being of ‘substan-
tially the same diameter, it will of course be
readily understood that the difference in the
surface speed of the two' rolls may be -ob-
tained in other ways; and it is-obvious also
that where the two coacting rolls are.of -dif-
ferent diameters the revolutions per minute
of the respective roll shafts may or may not
be the same, although for producing the
friction motion there will be.in all cases an
appreciable difference of surface speed.

According to our invention the speed dif-
ference should, if practicable, amount to at
least five per cent, while according. to the
practice which we regard as the best, it will

One of these as-

‘approximate ten pericent, asin the forms-of
our. Anvention herein .ilistrated -and. ide-
scribed. In the practice .of our invention, a
substantial ;speed -difference is produced in-
tentionally .and by preference through the

use of -dissimilar gear teathing in.connection

with -coeperating rolls.of the same diameter

.so"as to bring about a marked increase in

the shredding actien, the cooperating wells,
furthermore, being preferably circumferen-

- tially grooved .and prowvided with interrup-

o
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tions in ‘the ribs between the grooves so as’

to create teeth -as idescribed.. It will be un-
derstood, however, that in some cases the
'speed-difference may be obtained by differ-

80 -

ence of diameter of the crusher rolls, and

that various::other .modifications -may. be
made without departure frem the scope:of
the appended claims.

What we claim is: -

crusher having more than two pairs of co-

acting ribbed crushing rolls arranged se that -

the cane passes .successively 'through the
‘bites of the several pairs, at:least fwo. of
said pairs having the individual rolls.driven
at different speeds, the .difference between
the surface speeds. of :the rolls of one pair
being greater than the difference between

the surface speeds of another pair of differ- o
- entially driven rolls.. : ‘

_ HB
1. In a cane grinding mill, a preliminary

)

2. In a cane grinding «mill,:av preliminary

crusher having more than twe pairs of .co-:

acting ribbed crushing rolls-arranged sothat
the cane passes successively between the
bites of the -seweral pairs, the indiwidial

“rolls of ‘at least one pair having different

surface speeds to produce -a -frictien action
on-the -cane.and -thereby- inerease the shred-
ding thereof, and -the individual rolls of
at, least two other pairs likewise having-dif-
ferent surface speeds to produce a friction

‘motion -on ‘the cane by -these pairs of rolls,
the difference in the surface speeds of ithe:

individual rolls .of .one pair being greater
than the difference between the surface
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speeds of the individual rolls of another

pair. »

3. In afcane,grinding mill, a preliminary

-crusher ‘having more ithan two pairs of -co-
acting ribbed crushing rolls arranged. so

.that the -cane passes  successively :between

the bites of the several pairs, the individual

rolls of at least one pair having different’

surface speeds to preduce a friction action
on the cane and thereby increase the shred-
ding thereof, and the individual rells of ut
least two other pairs likewise having differ-
ent surface speeds to produce-a driction :mo-
tion on the cane by those pairs of rolls, the

difference in the surface speeds of the indi-.

vidual rolls of one pair being greater than

the difference between. the surface speeds of

the individual rolls of a preceding pair.
4. A preliminary crusher for cane grind-
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ing mills having a plurality of grooved

erusher rolls arranged in pairs and means
for driving said rolls'so as to produce a pro-
gressively -Increasing-friction -action on 'the
cane as it passes through the: series.

5. A preliminary ‘crusher for cane grind-
ing- mills having more than oune' pair of

grooved cane crushing rolls, said pairs ar--

ranged in tandem and the relation between

the surface speeds of the individual rolls of

one pair -being. different. from the- relation
between the surface speeds of the individual

rolls of another pair and the rolls of a-suc-
ceeding pair having a greater surface speed:
‘than: the corresponding rolls of a preced-
ing pair. R e '

6. A preliminary crusher- for cane mills
having more than one pair of crusher rolls,
said pairs arranged in tandem, and the rolls
of a following pair having a greater differ-
ence of surface speed as between themselves
than in ‘thé case of a- preceding pair-and

having a-greater actual: surface speed than
the corresponding rolls of a preceding pair.

7. A preliminary crusher for cane mills

- having more than-one pair of crusher rolls,
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said pairs  apranged in 'tandem, and the
1olls of a following pair having a difference:

of surface speed as between thémselves, the
individual rolls of a preceding pair having
approximately the same surface speeds.:

~8.~ A preliminary crusher for cane grind-

ing mills having more than three pairs of
toothed crusher rolls arranged in tandem,
‘certain of said rolls having such relative sur-

face speeds as to produce a progressively in-
creasing friction motion on the cane as the
latter passes through the machine.

- 9. A preliminary crusher for cane grind-
ing mills having more than three pairs of
toothed crusher rolls arranged intandem,
certain of ‘said rolls having such relative

surface speeds as to produce a progressively -

increasing friction motion on the:cane as

the latter passes through the machine, the
rolls of the first pair having substantially

the same surface speeds and having finer
teeth than those of a succeeding pair.

©.10. In a cane grinding mill, a preliminary
crusher having at least two pairs of crusher
rolls arranged in-tandem, the rolls of -one
pair of crusher rolls having different rela-
tive speeds from the rolls of another pair

and having greater crushing surfaces. than:

the -rolls of said-other pair. : ‘
‘11. In a cane grinding mill; at least three
pairs of preliminary crushing rolls arranged
in tandem, the individual rolls of:at least
two pairs being driven at different surface

1,670,097

speeds, and the difference of surface speed
being different in the two pairs. . R

60

-+12. A cane grinding mill comprising &

preliminary crusher having more than: one.

pair of longitudinally and circumferentially

“grooved crusher rolls, the rolls of- a follow-

g pair of crusher rolls having a’ greater

85

difference of surface speed as between them- -

'selves than in the case of a preceding pair.
13. A cane grinding mill comprising. a

preliminary crusher having more than one
pair of* longitudinally and- transversely
grooved- crusher rolls, the rolls of a follow-

“ing pair of crusher rolls having ‘a greater

difference of surface speed as between them:-

" gelves than in the case of a preceding pair,
‘ the longitudinal grooves of the rolls of said

pairs being decreased in number toward the

discharge end of the crusher. ' ‘
14. A cane grinding mill' comprising a

preliminary crusher, having more than two
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pairs of crusher rolls arranged in tandem .

and constructed and . arranged to produce
“an increasing friction action on‘ the cane

due to different roll speeds in the individual

“rolls of the several pairs as the.cane passes -

through the machine.

15. A preliminary crusher for cane grind-

ing mills having more than. one pair of
grooved cane crusher rolls, said pairs being
arranged in’ tandem -and -the relation be-

tween the surface speeds of-the individual-

rolls of one pair being different from the

relation between the surface speeds-of- the

individual rolls of -another pair.

16. A préliminary crusher for:cane grind-
ing mills having two pairs of cane crushing
rolls, said pairs being arranged in tandem,

and means for driving said rolls, the rela- -

tion between the surface speeds of the in-
dividual rolls of one pair being different
from the relation between the surface speeds
of the individual rolls of another pair, there
being a greater difference between the sur-

face ‘speeds of two of ‘the corresponding

rolls of said pairs than between the other
rolls of said pairs. S L
17. A cane grinding mill haying. more

than two:sets of circumferentially grooved

erusher rolls in tandem constructed ‘and ar-
ranged to produce an increasing: friction
action - on the cane due to different roll
speeds in the individual rolls of the several
sets as the cane passes through the.mill. -
In witness whereof, we have hereunto. set

our hands. .
: DAVID R. BOWEN.:

JOHN M. DARDIS. -
FRANKLIN FARREL, Jx.
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