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To all whom it may concern:

Be it known that I, Ozx1 P. Hoob, a Giti- 1

7Z.e1 Oi the United Sta,tes residing at Hough-

10
“there 18 a honmntal vibration which is not
eS{)ecmlly objectionable where a firm and

20

ton, in the county of Houuhton and State of

Mlchwa,n have Invented certain new and
useful Impl ovements in Means for Balancing
Crushers, of which the following is a C;pbbl[l~
cation.

In the operation of that type of crushers
having a swinging jaw oscillated by a toggle

solid foundation can be had, but when the

‘crusher is arranged in the top 01 a rock-house,
‘as 1s customary in copper mining, the hori-

zontal Vlbmtmn becomes exceedingly ob-

| ]ectmnable

~ The object of my invention is to orovide

- means for ehmmatmo this houmma,} vibra-
tion. -

- The a.ccomp%nymo drawings illustrate my
mvention.

Jfigure 1 1s a plan of an ordinary * Blake™

B clusher equipped with an embodiment of my
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~lating - parts,
| dewce 1g
“those forces generated within the machine by

- 50_

- JEW,
-. gl,bout the pivot W, will resist any change 1n
 velocity Wl‘th a [orce depending upon the ve-
locity of rotation of driving shaft 17, upon
_the md,ss of the osclllatme' parts, and their | vibration lmvuw two maximum positive

55

_shown in blﬂ's 1 and 2;
oram of 2 crushel mn whmh the oscillating

o a,nd at A on the main {rame 12.

2 1s a section on line 2 2 of
a diagram of the construction
IFig. 4 o stmilar dia-

mvenmon I

Fig. 1; T]O 3

jaw 1s given two complete osciliations fm

each rotatlon of the di1ve-shaft, and Ifg.

force curves.
In the drawings, 10 indicates the oscillat-

ing jaw, pivoted 2t W in the main frame 12.

The ; jaw 10 1s oscillated by means of a toggle
AB, BC which is pivoted at C to the jaw 10
Pivoted to
the knuckle B of the togele is one end of a
pitman 15 which is connected at the other
end to the eccentric, or erank r, which 1s car-
ried by the main drive-shaft 17 journaled in

‘the main frame parallel with the axis of os-

cillation of the crusher jaw.
‘The horizontal forces which require bal-

‘ancing will depend upon the velocity of os-

cillation of the crusher jaw (for instance the
veloclty at the point ) the mass of the osecil-
and their acceleration. This
alances the hor uoritunl components of

mertia of the parts having variable horizon-
tal velocities. Thus the oscﬂlathw crusher
having a wvariable angular *&reloclty

acceleration at any instant. 'The charvacter
ol the motion imparted to the oscillating jaw
10 is such that the rate of change ol move-
ment of a pomnt on-the jaw, us G, mnereases
while shaft 17 is revolving through one-
third of 1ts rotation and tlm rate of change
decreases during the remaming two-thards ol
the revolution. The 1e81btmn {forces of in-
ertla depend upon the acceloration or the
rate of increase or decrease of veloeity of the
mass moved. While the mass of the me, 10
actually moves about W as a center, its ac-
tual movement is so small that the pmth ol
any point may be considered a straight line
and the acceleration as straight- line accel-
eration.

Curve I, Fig. 5, represents the character of
the acceleration of the ;tm m a machine ol
the type shown in Iigs. 1, 2 and 8. Curve I
1s plotted on a field where hovizontal is-
tances represent time and for convenience
in comparing with other curves to be drawn,
this time is measured by the uniform ang ula
movement ( of the eccentric imparting mo-
tion to the device. With the eccentric ut
the lower dead center as a starting pomt and

calling this 0 degrees, at this time the rate ol

| Cha,nae of the Velouty of the jaw is greatest

and 1s represented by tiiat point on tlie curve
EF vertically above the 0 of the horizontal
scale. Tor each new angular position of the
eccentric there is a new rate of change of the
velocity of the jaw and this being continu-
ously piottu} generates curve I, “Since the
resisting force of inertia is proportional to
this {wcelcmbmh curve F can also represcut,
to some suitable scale of pounds, the hoil-
zontal shaking force which is to be balanc ed.

A partial balance ¢ may be obtamed by n-

troducing an unbalanced revolyimg weight

which has the same angular T(\]omw as the
crank, but whose phase is 90° behind the
crank or eccentric. In this position the

horizontal movement of the weight ) 15 al-
ways in the opposite direction to that of the

swinging jaw. The amount of this weight 1s
SO %electul that, when 7 equals 1807, 1ts maxi-
mum inertia value horizontally <hall be one-
half the inertia of the jaw at zero degrees.

Weight Q would pmdum horizontal forees
leple,sented by curve I and the combined

effect is represented by curve 'R which is

the algebraic sum of curves I and IV,  The
re&ultmo effect of anplying the single unbal-
anced w 81011t will be a rythmie horizontal
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- and 25 carried by the crank-
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va,lueb and two maumum negative values
for each revolution of the omnh—shait (see
curve Hii). Asaconsequence, thisrhythmie

‘vibration may be reduced to zero by the ap-

plication of a second unbalanced revolving
Wewht having an angular velocity of twice

thaf of the eccentric or crank, and so pro-
portioned and related in phase (see curve If’/)
as to oppose and balance the 1hythm10 force
produced by the combined action of the os-
cillating jaw and the unbalanced weight ¢
I, thererore, provide a second unbalanced
weight I which 1s arranged as nearly as con-
venient in the same vertical plane as the
welght @, and 1s moeunted so as to rotate

about an axis 23 at double the angular ve-

locity of the shait 17, this being readily ac-
complished by a pair of two-to-one gears 24
shart 17 and the
shalt 23 respectively.
The equations for the several curves are
found as follows:
Let P be the stress in the pitman D —T.
RO attheendofthetoggle
“ q ¢ angle of thetoggle linkwitha
lme ]' oining the ends of the toggle link A
and C.
Then P=2 R sin a. |
The eccentricity of the crank O — D 1s al-
ways small compared withh the length of the
pitman so that Px=the moment of P about

the center o and must be equaled by the

moment of the belt pull about the same
center. Let the value of the belt pull re-
duced to the radius D — O or r be represented
by B/, then B/r=Px. But z=r sin 0, there-

fore B’=P sin § or
B’ :
P=_ = 2 R sin Cbe
S11 5 s =2 e

To iind a value for ¢.in terms of wu can
use the relation that the nlovement of the

= dj{, sin 0(1 -+ cosl) =~ |

|

"*--J}e ;He

cZ 7 l:(cos 0 + cos® - sm? )

019,582

togele joint B —7Z is eqmﬂ to the travel of the
crank I —y and at any instant the distance
y—u or Z—T=r+rcos . But

sin @=Z-—-T+B—_—_-CorlBio(1 —]—ct_?s 8).

Introducing this value of sin ¢ we have
Bf

ﬁﬁ—-*QR(].—{— COSLL))B C-

" The values of » and B—C are fixed by the
design and are constant so that we may take
I for the toggle length and

1
27 = k.
Then |
R = B" k.
sin 0(1 + cos 6)°

From this equation the resistance that can
be overcome at the jaw is found in terms of
the belt pull and the position of the eccentric.

45

DO

65

At any instant the velocity of the jaw 1s

imnversely as the resistance it could overcome
so that if for a belt pull of one pound R =the
above equation then for a velocity of one
foot per second of the crank point D the rela-
tive velomty of the jaw would be rec1proc,al or

sin 4 (1 + cos §)
k

and the actual velocity of the jaw would be
had by multiplying this value by the actua,l

velocity of the erank v or

psin 4 (1 + cos 6)
k

The rate of change of this velocity or the ac-

Jaw velocity =

N R T -

(d sin 0) (1 + cos 0) +d(1 + cos 0) sin @]

cosﬁd@(l—i—cosﬁ)+ ——sm@dﬁsm@]

d@ I:(cosﬁ—l—coszﬁ 1+0032€?)]

— —r— ——

-k

The movement of the point D is supposed
to be uniform and the space moved in d ¢

v
would be df and = then f becomes

2
F=7(cos 0+2 cos? 0 — 1)

The force required to pfoduce this accel-
eration in a weight W will be

JUES sz:: (cos /+2 cos* i —1)

........

}

s all BI_

d5(0080+200523 1)

Let a weight Q be so placed that it is 90
degl ees behind the crank 7. Let its velocity
be o/, 1ts horizontal acceleration ’ and the
angle it makes with the honzontal 78

| Thethorizontal velocity will be ¢’ sin # and

v
f’=;, cos ¢’.
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80

“celeration of the jaw f is given by the first
- differential of this Veloclty B

100

But cos ¢ may befin such phasejas to give 105

fect opposed:to the inertia of the jaw




and _-.'ca-n therefore be called —cos 6. Also
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 With th’is.valué of W,

019,582

Vw=rror

_ -_'The.refére B

I
- C08s 4.

P — TR [ T

B f; -

It _VV"_' be the weight of Q then the force
i;equlred to produce the acceleration 77 will

W/ V!

T cos 0.

| Thé Weight W’ is to be so selected that the

—
[ TETE—.

.

force ¥’ shall be one half F when each 1s a

maximum. F Is a max. when 0 is zero and

becomes
D 2
F_2Wuv
gkr.
- Therefore ¥’ as a max. —Wo .
I - gkr
~ Fis also a max. when 0 is zero. There-
fore | i
T Wty W
g gk
and

. Wr 2We
W kv’ = 1

VV V¢
—.cos {
qgkr

8 .F.’_'

B -'th,e resultant F r Of the two forces F and F’

will be their algebraic sum and will be

| gk

(2cos*0—1).

~ The secondary weight T has a horizontal

‘accelerating force F/ which in amount and
~direction shall be equal to ¥/ when 0 is zero.
The angular velocity is to be twice that of
0. 'Therefore 6"/ =20. Ilet the velocity be
2" and radius 7’ then '

‘ ,Ua"!,a
J7=—"5c0s820.
71

Let".t'_h'é -_ w'eight be W”. Then
R _"VVHUH:?,

P cos 20,

y _2vr”
7

F!!

Al
—

(%

| ' Frr_ _ W

33
| and at zero degrees when F”/ is a max.
W7 4 2 't W e
gr’ r? gkr
1
and
W= Wr
4 k'’
With this value of W/
N 22
I = W cos 2
ghkr
which can be written in the form

(cos* —sIn?).

gk
Since —sin®=cos®— 1 this can be changed
to the form -

T W
gkr

(2 cos*0—1).

Combining this value with the resultant Ity
to form a new final resultant the value is
found to be zero for all values of 0.

The construction just deseribed is de-
sighed for use with that type of crusher in
which the jaw is given one complete oscilla-
tion for each rotation of the crank-shaft, this
being the general type. 1 find, however,
| that, where the throw of the eccentric is in-
- creased so as to swing the toggle an equal
~amount to each side of a line joining the

forces of the swinging jaw are themselves
rhythmic, giving two complete alternations
for each rotation of the cranik-shaft. Con-
sequently in this type of machine, as illus-
trated diagrammatically in Fig. 4, the un-
balanced weight Q may be omitted and the
horizontal forces balanced by the single un-
balanced weight I having twice the angular
velocity of the crank-shaft.

Referring to Fig. 4 the followine ([~
tions ‘are found.  When the ecrank has
moved ¢ degrees B will be at s distance
from the medial line A—C. Then s=7# cos 0

S . -
and . smaor
7 cos

BC

= SIN (.

- From our other demonstration I"J:;B" 7
cand z=rsin 0. Therefore P sin 0 »=DBr or

p_ b

2Ry cosl
sin ¢

== 2 R Sin (] — - __. -
o BC

From this

R_ B ®BO

| 2rsm 0 cos ¢

outer ends of the toggle, the horizontal
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and using the same significance for £ as be-
fore the resistance

B'%
| R=- _
5 o sin d cos 0

As before, it B’ £ =%;’ the velocity of the jaw

-~ dV=cwvd (sin 0 cos i)

U

hut df = pe ond —sin? §=cos? §—1. There-

fore this reduces to

2 | L,
Y2 cos 0—1) =" (c0s 2 0).

This value of the acceleration of the Jaw 1s
25 seen to agree with that of Fypor R” and can
therefore be balanced with the single weight
revolving with the double angular velocity.
In order to protect the driving mechan-
iam in case of sudden stoppage of the crusher
30 it may sometimes be desirable to arive the
weight T through a spring or similar yielding
part 30. '

T claim as my invention:
1. In amachine having a reciprocating jaw
35 and rotating means for driving the same, an
unbalanced weight revolving at an angular
velocity greater than the angular velocity of
the jaw-driving means,
to oppose the maximum acceleration thereof.
9" In a machine having a horizontally re-
ciprocating jaw
the same, a revolving unbalanced welght
vertically revolving at an angular velocity
oreater than the angular velocity of the jaw-

40

45
the maximum acceleration thereof.

3 In a machine having a reciprocating
jaw, a crank-shaft, and intermediate connec-
tions between said crank-shaft and sald jaw
for operating same, an unbalanced weight
revolving with an angular velocity equal to
the angular velocity of the crank-shaft and
in a phase behind the phase of the crank, a
second unbalanced weight, and means for re-
volving said second unbalanced weight with
double the angular velocity of the first un-
balanced weight. | )

4. In a machine _
~ciprocating jaw, a crank-shatt, and interme-
60 diate connections between sald crank-shaft
~and said jaw for operating same, an unbal-
 anced weight revolving vertically with an
 angular velocity equal to the angular veloc-
ity of the crank-shaft and in a phase behind
the phase of the crank, a second unbalanced
weight, and means

o0

0D

65

and In such phase as

and rotary means for driving |

driving means and in such phase as to oppose |

for revolving said second |

' would be proportional to the reciprocal of

1'

|

having a horizontally re- | _ ' )
- shaft, intermediate connections between sald

crank and

919,582

this or

V—-CSin § cos 0
1

times the actual velocity v of the crank D.
The first differential of this would give the
acceleration of the jaw which is as follows.

— ¢ (sin 6  cos 6+ cos 0 d sin 6)
=cv(—sin® 0d §+cos* 0 d0)

unbalanced weight with double the angular
velocity of the first unbalanced weight.

5. Tn a machine having a reciprocating jaw
and rotating means for driving the same, &
revolving unbalanced weight, and means for
revolving said weight at double the angular
velocity of the jaw driving means.

6. In a machine having a horizontally re-

ciprocating jaw and rotating means for driv-
ing the same, a vertically revolving unbal-
anced weight, and means for revolving said
weight at double the angular velocity of the
jaw driving means. '

7. In a crusher, a reciprocating jaw, a tog-
ole for operating the same, 2 driving shatt, a

anced weight, and means for revolving said

- weight at an angular velocity greater than

the angular velocity of the driving shaft and

in such phase as to oppose the maximum.

acceleration thereof. |

8. In a crusher, a reciprocating jaw, a tog-
ole for operating the same, a driving shaft, a
crank and pitman connection between said
driving shaft and toggle, a vertical revolving
unbalanced weight, and means for revolving

said weight at an angular velocity double the -

angular velocity of the main drive shaft. |
9. In a crusher, a reciprocating jaw, a tog-

gle for operating same, a drive shaft, a crank

and pitman connection between sald drive
shaft and toggle, an unbalanced vertically
revolving weight revolving at an angular ve-
locity equal to the angular velocity of the
drive shaft and in the phase behind the phase

of the crank thereof, a second unbalanced

weight, and means for revolving said second
unbalanced weight in a substantially vertical
plane at double the angular velocity of the

rst unbalanced weight. - -
10. In a crusher having a jaw, a crank

crank shaft and said jaw for operating the
same, an unbalanced vertically revolving

pitman connection between said
driving shaft and toggle, a revolving unbal-

70
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weight, and means for revolving said weight

with an angular velocity equal to the angular

velocity of the crank shaft and in a phase
behind the phase of the crank.

11. In a crusher having a jaw, a crank

115




~ In witness whereof, I, have hereunto set

919,582 | =

._Shaft;.,_-intermediate connections between said my hand and seal at Houghton, Michigan,
- crank shaft and said jaw for operating the | this 25th day of January, A. D. one thousand 15
same, an unbalanced vertically revolving | nine hundred and six.

weight, and means for revolving said weight - !

with an angular velocity equal to the angular OZNL P. HOOD. [r. s.]
~ velocity of the crank shaft and in a phase 90 Witnesses: |

degrees behind the phase of the crank. Geo. I.. CHRISTENSEN,

HARRY SmARP.

T
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