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CRUSHER JAWS
Harry Paul Kautz, Bmamﬁe&d, Cols., assignor to Mine
and Smelter Supply Co., Deuver, Colo., a corporation
of Colorads
Filad Bay 15, 1961, Ser. No. 118,151
2 Cinlms. (CL 241--291)

My invention relates to improvements in crusher jaws
for use in ore crushers generally and particulerly for use
in connection with the type of crusher disclosed in the
patent to Nutting, No. 2,865,570, granted December 23,
1638.

The Nutting patent reveals a method and means for
cyclic propulsion and selective acceleration of crushable
material through the eccentrically driven jaws of a jaw
crusher indemnden‘ly of the forces of gravity and also

reveals 51ze selectivity conirol of such material while
passing through the jaws. After constructing a working
model of the D& g machine and testing the same, I
have found it surprisingly efficient but capable of im-
pm"cnert ;n the important respect hereinafier discussed.

By exam ung the wear paiterns on the test machine I
have derived a macucﬂ and logical mathematical for-
mulae o sp c.£ s the optimusm jaw plate surface profiles by
o determine rectilinear cocrdinate vaiues

p‘O/lGIP" a wa
for points throt h which the profile lines of the jaw faces

The principal obiect of my mvenuon, therefore, is to
prm ride jaw wear plates for crushers having faces shaped
to secure maximum efficiency and to decrease plate wear.

Another object of my inveniion is to provide inter-
changeable wear plates shaped as indicated for the indi-

vidual models and sizes of crushers as well as to meet
the spec ﬁc une‘n-e“ ts for feed and produet.
Fo tbe most efficient conveying, crushing, and sizing

c-like materxal in any ore crusher on optimum
S moﬂd crushing zone is required. Such optimum shape
7.“’36}1('.0, among cther things, upon such factors as Iepd
and product sizes, machine size, frequency of compres-
sion, radius of eccentricity, and crushing zone depth.

The eﬁ".viercy of crushers depends cn these many fac-
tors, ing mmna not only the conah_er tions of the quantity
and the size reduction of particles, b 1 also including the

considerations of the power required and the need for
durable, serviceable, and inexpensive machine parts. In
generai -e most efficient crushers are those which ac-
comptish the duty 10 which 11-°y are assigned, at the least

total cost. The total cost being the sum of costs for ma-
terials and labor which are required to manufacture, in-
stall, cperate, and maintain, and including the cost of
vower to drive the equipment. To provide the least total
cost, it may be necessary to provide machines which are
elatively expensive to manufacture, but ch provide
means for more than compensator, y savings in power and
in the materials required to ozer te and maintain them.
Crusher design should be directed from the manifold
considerations to provide maximum eficimcy, and,
general, the basic rule can be stated as th ’it design which
accumm’shcs the duty in the least space without over-

iressing ﬂy of the parts of the maci ine. The least
space reqai red depends fundamentally upon the mazimum
geometric ra ts at which the crushing surfaces may con-
verse from inlet to f’mcharﬂe To avoid the averstressin
of machine pazts whether the machine is eguipped with

an overicad relief sysiem, or not, it is 1mpo;.tam to alsc
design a crushing chamber which will not ailow an effec-
tive compression stroke which at any level of reference
will be greater than that stroke which accomplishes com-
pression to the point if incorpressibility. In general, then,
he geomeiry of a crushing cavity and of crushing syrfaces
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which converge tco rapidly cannot nip, and can also cause
compaction of the charge to the degree of incompressi-
bility which overstresses the machine, even though it does
afford the shailowest and the lightest jaw structure. Con-
versely, crushing surfaces which geometricaliy converge
too slowly, are able to nip, and will also prevent over-
stressing, but will be relatively deep, heavy, and other-
wise inefficient.

Also important to the design of jaw surfaces are the
actors of speed or the frequency of the crushing cycle,
as well as the length of the available compression stroke
or the mechanical horizontal throw of the machine. The
significance of these factors can be explained by con-
sidering the rates of wvertical fravel of particles through
the crusher.

At relatively slow speeds the verticel rate of travel de-
pends aslmost entirely on the force of gravity; and the
distance which particles can fall each cycie depends al-
most entirely on the geometric rate of convergence of the
crushing surfaces; and the effective compression stroke is
nzarly equal to the mechanically available horizontal
throw which is usually provided at specific levels by the
combined motions of eccentrics and of toggles. This non-
propulsive action requires that the rate of geometric con-
vergence of the crushing cavity be as high as the nip angle
will aliow, in order to be able to limit the drop per cycle
and thus permit repeated cycles of crusking before dis-
charge. This condition also requires that the close set
should not be less than about 70% of the open set, or in
other terms, requires that the close set must be about 2%
times greater than the mechanically available horizontal
throw at the discharge, if an incompressible charge at that
level is to be avoide

At relatively high speeds the vertical rate of travel of

he particles near the level of discharge depends almost
en‘arvlv on the propulsion action of the jaw plate surfaces;
and the effective compression stroke may be only a frac-
tion of the mechanically available horizontal throw. The

propulsive action does not reguire that the rate of geo-
metric convergence of the crushing surfaces be a maxi-
mum to be able to limit the vertical progression per cycle
of particles, but rather, requires a diminishing rate of con-
vergence to avoid over-compaction, especially at relatively
fine close sets.

Because of these relations, high-speed propulsitive ma-
chines provided with carefully curved jaw profiles, pro-
pel particles through the crushing chamber at rates which
are almost directly proportional to speed and to the
mechanically availabie vertical throw without causing
over-compaction or over-siress. ‘'This, then, has become
the basis for efficiency, not only in crusher performance,
but also in crusher design.

In other words, by the application of my formulae, I
can preoduce as articles of manufacture improved crusher
jaw wear plates having face profiles described in precise
mathematical terms which are adapted for many different
machines and duties

These and other cbjects of my invention will become
apparent from the specification and drawings forming a
part of this application in which:

FIG. 1 is a vertical sectional view through my inven-
tion as applied to a MNutting type machine, showing part
of a toggle assembly in section;

FIG. 2 shows logarithmic curves depicting the geom-
etry of the material contacting faces or opposed face
profiles of the crushing jaw plates illustrated by FIG.
1, and

FIG. 3 shows a jaw plate having a face profile as de-
picted by FIG. 2. )

Referring in detail to such drawings, the mechanism
comprises a hopper H positioned above jaws J. Each
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jaw comprises a backing plate 1 on which is removably
mounted an upwardly diverging convexly curved wear
plate 2 having beveiled ends 3. The wear plate, which
will hereinafter be more particularly described, is re-
movably secured to the backing plate by any suitable
means. As shown, it is clamped at both ends to the
backing plate by clamps 4, and intermediate its ends by
countersutik bolts 5. Fach jaw is removably mounted
adjacent its lower end for oscillatory movement on the
throw or ecceniric portion of a crankshaft & which has
a cut-out portion to provide a counterbalance. Each jaw
is- also guided and supported at its upper end by a link-
age or toggle assembly which will now be described.

At the upper end and fixed to the back of each jaw and
extending laterally therefrom its a plate carrying a two-
part separable journal comprising half journals 7 and
caps 8, in which one end of a toggle link § is pivoted on
hollow pin 10. The other end of said link is likewise

pivoted on hollow pin 11 in a two-part separable journal .

comprising half-journal 13 and cap 12, which journal is
provided with a lateral extension pivoted near the end
thereof in a clevis 14 on pivot 5. The pivot 15 is posi-
tioned at right angle to pivot 1. Thereby both vertical
and lateral movement of the link is permitted. The said
clevis is provided with a screw threaded extension 18
which is passed through the support, and the stirrup or
clevis is held snugly to said support by a nut 17 screwed
on the end of extension 16. Suitable means has been
provided for lubricating the bearing surfaces of the toggle
assembly. )

In operation, the lowermost portions of the opposed
jaws move in substantially oval paths because the jaws
are mounted on the throw or eccentric portion of the pro-
pelling crankshafts while the uppermost portions of the
jaws are supported and guided by the toggle assemblies. at
the center-line of pivot pin 1@ in oscillatory-rotary (re-
ciprocating) motion about the center-line of pivot pins 11
in substantially linear upward-and-downward paths ap-
proximately in the planes of the jaw faces at about inlet
level. Self-alignment of the toggles in the jaws is pro-
vided for because they are connected through links 9 to
pivots 11, 15 and 16 disposed in right angular relation-
ship. :
Regarding the face profiles of the jaw plates and re-
ferring to FIG. 2, insofar as my invention is concerned,
such profiles can be expressed best, or at least more ac-
curately, in mathematical terms, ie., by mathematical
formulae. The derivation of such formulae involves con-
sideration of several factors:

First, consideration must be given to the fact that ore
crushers, in order to break a substance, do not and need
not exert the average pressure required to burst or break
. a sifigle smooth faced particle of the substance when the

compressive forces are carefully and uniformly distributed
over the opposing material contacting surfaces of the jaws.
This fact, that the required average jaw surface pres-
sures are only a small fraction, say %o, of the pressures
which measure the ultimate compressive stress of the sub-
stance, is due to the fact that the material contacting jaw
surfaces actually apply the force to the irregular sur-
faces of many particles, which in turn applies the re-
quired higher pressure on relatively small areas of many
particles.

Also, consideration must be given to bulk density. The
density of a solid substance is greater than the density of
broken particles of the same substance. For example,
the density of silica is about 165 pounds per cubic foot,

“while the bulk density of broken dry particles of silica
varies between 100 and 120 pounds per cubic foot. The
voids between particles of dry silica are mainly or usually
filled with air. These voids represent the maximum prac-
tical compression stroke of the crusher jaws contemplated
by me, and constitute between 27% and 39% of the gross
volume. It is assumed that these voids are a measure of
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the maximum effective stroke (effective horizontal throw)
of such machines, based on the knowledge that a greater
stroke would impose infinitely greater forces on the ma-
chines to effect further size reduction per cycle.

In the Nutting crusher the available horizontal throw
at the discharge is maximum and relatively large in com-
parison to the close set and to particle size. The proper
shaping of the jaw plate profiles provides an effective
horizontal throw (effective stroke) which is only a small
fraction of the actual available horizontal throw which,
near the level of the crankshafts, is equal to four times
the radius of eccentricity, ».

Further, derivation of my formulae necessitates an ex-
amination of the vertical or throughput velocities of par-
ticles which must pass through the machine. The vertical
throw per cycle, Ty, at the level of discharge is determin-
able from the equation:

. a9
Ty=aNr+3rm gy

where m=3.1416; N=2 (the number of propelling crank-
shafts per machine, in this case 2; r equals the radius
of eccentricity; g equals the acceleration of gravity; f
equals the frequency; k; equals an empirical constant.
From existing test performance data, k; has been evalu-
ated approximately equal to unity when Ty and r are ex-
pressed in feet, f is expressed in cycles per second, and
g is expressed as feet per second per second (32.16).

The vertical or throughput rate of the machine may also
be expressed as a velocity in units of feet per second, viz.,
v=fT,.

The value of T, is then an interval for plotting the
progress of particles through the machine. Because the
volume rate or throughput is restricted and is determined
by the smallest aperture in the crushing cavity, which is
the opening at the bottom or discharge level, and for the
convenience of notation, the progressive cyclic levels are
numbered in FIG. 2 in reverse order, i.e., the last cycle of
crushing is the first cycle of notation.

Again referring to FIG. 2, it will be seen that beginning
at the lowest level, with the throw or eccentric portions of
the crankshafts phased in the position of their nearest ap-
proach to each other, the separation of the jaw plates is
minimum, or close, and is termed the “close set,” and is
noted as S,. This level of measurement is represented by
a horizontal line or plane of reference which is the datum
level, and which is identified in FIG. 2 as n=0, n being
defined as the number of cycles prior to the discharge of
the particles. Above this datum, consecutive cyclic levels
are represented by horizontal lines separated by a distance
T,, which is the vertical throw per cycle. The vertical
distance above the datum plane is then noted as nT,,
which is also expressed as y, which is a usuval character
for graphic representation, where the datum level (n=0)
becomes the X-axis, and the centerline of crushing cavity
becomes the Y-axis. Values of the effective horizontal
throw, Ty, are then also equal to values of 2x, or
x=1 The'

In order to limit the compression in progressive cycles
of crushing to practical values, I have established a rate
of divergence of the jaw profiles toward the feed opening.
This rate, based on the ratio of air voids to solids, as well
as on observations of wear patterns, is a geometric progres-
sion, where the reduction in volume per cycle is directly
proportional to the reduction in Tye, and to the reduction
in values of x per cycle. If the air voids are 29.3% of
the gross volume at the level where n=1, and these voids
are eliminated during the last cycle of crushing, or at the
discharge level where n=0, we can write:

(V1—V)/V1=0.293

and V,=1.414V, Because 1.414 is an empirical con-
stant, we can write: Vi=(k2)V,. By examining the
earlier consecutive cycle of crushing, we can write:
Vo=koVy, and Vo= (k3)2V,, and Vy={(4)2V,. Because
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volumes are directly proportional to corresponding values

of Tpe and x, we can write: xp=1(k2)%x,. Substituting

148, for xq, xy=%2S5:(k2)®. Because y=nT, and
7l="£‘

we can write y=T,(Log 2x—Log S.)/Log k,.

T, has already been derived:

Because

S N I |
T.=xN T+Z(f+kl)2
we can by substitution determine coordinate values of x
and y. The jaw plate profile defined by this equation di-
verges from a small to a large angle. The angle of di-
vergence cannot exceed the angle of nip, w, which is the
greatest angle which will still nip or grip particles. The
tangent of this angle is the coefficient of friction between
jaw plate and the particle. The design value of the tan-
gent has been assigned: Tan(w/2)=0.2071, where
w=23°35’. It may be necessary to provide this straight-
line profile at the constant rate of divergence which is
equal to the angle of nip to the feed zone of the jaw plate
for some anticipated machine models and duties. Also, I
propose to provide at the top of the feed zone, an angle
of divergence which will exceed the angle of nip, in order
to create a zone which repels feed and allows flood or
choke feeding of the machine.

As shown on FIG. 2, the foregoing curves apply to the
profiles for all values of y from zero to that value of y
where the slopes of the curves are numerically equal to
the tangent (w/2) or 0.2071, see zone 2 of FIG. 2. At
higher levels near the feed point (zone 3) the angle of di-
vergence is purposely increased to exceed the angle of nip
in order to creat a profile which resists over-feeding and
allows flood or choke feeding arrangements.

My invention is exemplified by FIG. 3, illustrating a
crusher jaw wear plate designed for maximum efficiency
at a 4.375 inch feed gap and a 0.273 inch close set and
having a face profile line which will pass through points
the rectilinear coordinate values of which are determined
in accordance with the present disclosure.

While I have described and illustrated the jaws of my in-
vention as including replaceable wear plates, it will be un-
derstood that the jaws could be formed as integral units.
Therefore, whenever the terms “jaw” or “jaws” are used
throughout this specification and claims, it is intended that
those terms shall include both integral jaws and jaws pro-
vided with wear plates. It should also be understood that
jaw crushers other than the Nutting type (which type has
two eccentrically driven jaws) are included, recognizing
that slower speed, single-acting jaw, and overhead eccen-
tric crushers could have their jaw profiles determined by
the formulae, requiring only that values of N would be
either zero or ome, and that the empirical constants, ky
and k,, might need to be re-evaluated,

Having thus described my invention, I claim:

1. As an article of manufacture, a wear plate for the
jaw of a jaw crusher driven by propelling crankshafts, the
profile of the material contacting face of said wear plate
being such that a line depicting the same will pass through
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all points determined by the equations: x=15S,(k;)¥/Tv;
and y=T(Log 2x—Log S;) /Log ko, where

. g

Tv——'JrN'7‘-I-—-—-2(f_l_kl)2

and S, equals the close set of jaw faces at the discharge
expressed in feet; ky is an empirical constant approxi-
mately equal to 1.414; = equals 3.1416; k; is an empirical
constant approximately equal to 1.00 at crushing fre-

.quencies above 10 cycles per second; N equals the number

of propelling crankshafts; r equals the radius of eccen-
tricity expressed in feet; g equals the acceleration of grav-
ity (32.16 ft./sec.2); f equals the frequency of crushing
cycles expressed in cycles per second; x equals values of
the absicssa which are measured from the Y-axis and are
expressed in feed; y equals values of the ordinate which
are measured from the X-axis and are expressed in feet,
the X-axis being a theoretical horizontal line at the lower-
most ends of opposed jaws when they are in close set
position and the Y-axis being a theoretical line extending
upwardly at right angles to the X-axis intermediate said
jaws when they are in close set position.

2. In an ore crusher comprising laterally spaced facing
jaws driven by two propelling crankshafts near their lower
ends and providing, when the crusher is in operation, pro-
pulsive forces including the force of gravity, the said jaws
having in the crushing zone immediately above their dis-
charge end curved material contacting profiles increasing-
ly divergent upwardly from said end to a higher level
where the angle included between lines tangent to said
profiles at such level is less than or equal to the angle of
nip, the curvature of the face of each of said jaws being
such that line dipicting the same will pass through ali
points determined by the equations: x=15.8,(ky)3/Tv; and
y=Ty(Log 2x—Log S.)/Log k,, where

. g
Tv—7rNr+—~——-2(f+k1)2

and S; equals the close set of jaw faces at the discharge
expressed in feet; k3 is an empirical constant approximate-
ly equal to 1.414; = equals 3.1416; k; is an empirical con-~
stant approximately equal to 1.00 at crushing frequencies
above 10 cycles per second; N equals the number of pro-
pelling crankshafts, in this case 2; r equals the radius of
eccentricity expressed in feet; g equals the acceleration
of gravity (32.16 ft./sec.2); f equals the frequency of
crushing cycles expressed in cycles per second; x equals
values of the abscissa which are measured from the Y-
axis and are expressed in feet; y equals values of the
ordinate which are measured from the X-axis and are ex-
pressed in feet, the X-axis being a theoretical horizontal
line at the lowermost ends of opposed jaws when they are
in close set position and the Y-axis being a theoretical
line extending upwardly at right angles to the X-axis inter-
mediate said jaws when they are in close set position.
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