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{57} ABSTRACT

There is 'disclosed a mechanically driven impact rock
fracturing mechanism having a rotary eccentric shaft
drive. An impact member in the form of a ring is ro-
tatably mounted on the eccentric shaft and driven. in
an orbital path to intermittently engage a fracturing
shank. Means are provided including a reaction ring to
constrain the ring impact member to rotate with re-
spect to the eccentric shaft.

14 Claims, 6 Drawing Figures
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ECCENTRIC RING IMPACTING MECHANISM FOR
IN-SITU ROCK BREAKERS

BACKGROUND OF THE INVENTION

The present invention relates to rock fracturing im-
plements and pertains more particularly to mechani-
cally actuated impact -apparatus for rock breaking or
fracturing.
Numerous techniques for breaking rock formations
and the like for mining, excavation, and demolition are
available. Blasting with high explosives is a common
technique but cannot be used near. population centers:.
Mechanical impact apparatus such as the pneumati-
cally and hydraulically driven jack -hammers can be
used around cities, but also have some drawbacks.
Other mechanically driven apparatus such as crank
drive are known but also have some drawbacks.
Proposals to mount impact rock breaking devices on
the outer end of an excavator boom have been made to
reach remote-and difficult to reach situations. The
prior art is exemplified by the following patents:
U.S. Pat. No. 3,027,027 - issued to M.J. Bles on Mar.
27, 1962;

U.S. Pat. No. 3,328,904 - issued to W.D. Voigt, et al.,
on July 4, 1967,

U.S. Pat. No. 3,512,284 - issued to F.J. Haynes on
May 19, 1970;

U.S. Pat. No. 3,645,021 - issued to J.T. Sonerud on
Feb. 29, 1972;

U.S. Pat. No. 3,677,604 - issued to P.J. Leyrat on
July 18, 1972;

U.S. Pat. No. 3,729,056 - issued to F.W. Paurat on
Apr. 24, 1973.

One problem with such prior art devices is that they
are bulky and are limited in their power and maneuver-
ability. The present invention is -directed to an im-
proved impact drive apparatus for such rock breaking
apparatus. It also represents an improvement over.the
general type impact drive mechanism of co-pending ap-
plication, Ser. No. 133,262, filed Apr.. 12, 1971, and
assigned to the assignee of the present invention.

SUMMARY AND OBJECTS OF THE INVENTION

It is a primary object of the present invention to pro-
vide a simple and rugged. impact mechanism for rock
fracturing devices.

It is another object of the invention to provide a com-
pact and rugged. mechanically driven impact mecha-
nism for a rock fracturing machine.

In accordance with the present invention, there is
provided a mechanically driven impact device that.uti-
lizes an orbiting mass having multiple impact surfaces
for impacting a ripper shank. Means are provided to ro-
tate the impact mass about an axis that is offset from
the orbit axis.

BRIEF DESCRIPTION OF THE'DRAWINGS

The above and other objects:-and advantages of the
present invention, will. become apparent from the fol-
lowing description when read in conjunction with the
accompanying drawings wherein:

FIG. 1 is an elevational view of an apparatus in‘accor-
dance with the present invention mounted on the boom
of an excavator machine;

FIG. 2 is an elevational view partially in section of a
preferred embodiment of the present invention;
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FIG. 3 is a sectional view taken generally along lines
HI—III of FIG. 2;:

FIG. 4 is a partial sectional view of an alternate em-
bodiment of the invention;

FIG. 5 is a diagrammatic illustration of the path-of
travel of a point on the impact face of the impact mem-:
ber of the embodiment of FIG. 2; and,

FIG. 6 is an enlarged view of a portion of the diagram_
of FIG. 8. : :

DETAILED DESCRIPTION OF PREFERRED. -
EMBODIMENTS

Referring now to the drawings and particularly to
FIG. 1, there is illustrated an impact fracturing appara-
tus in accordance with the present invention:shown
mounted on the outer end of the boom of a hydraulic
excavator. The impact fracturing apparatus generally
designated by the numeral 10 is mounted on the outer
end of the linkage of an excavator generally designated
by the numeral 12. The excavator is the usual type
comprising an undercarriage 14, a rotatable upper
structure 16 that is rotatable 360° around the vertical
axis through the undercarriage. The upper structure
has.connected thereto the usual bucket linkage assem-
bly generally comprising a boom 18, a stick 20, and the
usual bucket tilt linkage 22 at the outer end of the stick.
These linkages are manipulated in a known manner by
suitable hydraulically-powered jacks or motors 24, 26,
28 respectively.

The impact fracturing apparatus 10 as illustrated’ is:
designed to be fitted to the linkage when the bucket is
removed and comprises generally a base member 30 to
which is rotatably mounted a housing 32 containing the .
internal structure of the apparatus to be described. The
housing 32 is secured by means of a swivel joint ar--
rangement 34 including hydraulic driving means for ro-
tating the housing portion 32, preferably 360° about:its
axis with respect to the base member 30.

This arrangement of the impact fracturing apparatus
in combination with the excavator and its. linkage pro-
vides an extremely versatile machine which may be
used in a number of situations such as-illustrated
wherein' it is impossible to reach by other machines.
The compact and slim profile arrangement of the im-
pact fracturing apparatus itself permits the apparatus to
develop and introduce very high rates of energy. into
remote and close quarters.. The pivotal support of the
linkage as well as the rotatable swivel arrangement 34
permits the manipulation of the impact apparatus to sit-
uations that are otherwise very hard to reach for exca-
vating and for demolishing work. As shown in phantom
in FIG. 1, the linkage may be used to present.the appa-
ratus as shown in. the uppermost position to work
against the face of a wall or cliff as shown that cannot
otherwise be reached by conventional means.

The internal mechanism of the rock fracturing appa-=
ratus stores and delivers high'levels of energy by impact
to a fracturing shank 36 pivotally secured ormounted
to the housing 32 and includes a fracturing tip or point
38 for engaging and fracturing rock and like materials.

Referring now more specifically to FIG. 2, there is
illustrated in detail a preferred embodiment of the ap-
paratus in accordance with the invention for develop-
ing and delivering high levels of energy by impactto a
rock fracturing tool.

The housing 32 encloses the major moving compo-
nents of the impact mechanism of the present:invention
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-“and mcludes an annular wall 40 connectmg an. upper : G
owalk42 andia lower femovable wall 44. The lower wall™
 ‘member-44 is preferably detachable and iis secured m,

place’in the usual-manner by bolts-as shown at 46.

A-main difve shaft 48°is journaled in the: housmg in
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.Vftmlly eylindrical 1mpdet face 60a’ which esscmmlly de- L
“fines a plurality.or an infinite’ number of impact faces

bores 50 and 52 formed in walls'42 and 44 by -means. *
~of suitable bearing means 54 and 56. The shaft 48 in="
cludes an-cecentric 58 on which is rotatably Journa!edf

an impact member 60 by means of suitable journal
beéarings 62: Suitable thrust washers-are arranged at 64

and 66 to allow telative rotation - between the impact.
member 60 and a pair of flywheels 68 and 70 which are:

< suntably keyed such-as splines 72 and 74 to main drlve‘l,
- shaft 48. Suitable thrust bearings 76 and 78 areé pro--
“iyided betweein the ends of the ‘tespective flywheels and‘f
‘the “housing - members 42 and-44. The- flywheels to—;.'

gether: with the drive shaft and eccentnc means are

flywheel system for storing large amounts of energy for:“

‘ 'dellvermg to the-shank:

" The impact member 60 is ‘in the form of an annular -
rmg member-dnd is essentlatly driven or moved inan:
orbital path-within'the housing afound-the eccentric 58 :

‘of the-drive shaft 48. The impact member 60 impacts

agdinst-an.impact receiving-niember: 80 which;in: the:

7 eopstructed and arranged to-form 4 massive balanced .

ndl campmg means mcludmg mechamcal hydrauhc :

kand pheumatie.

“Thé-annular lmpact member 6{3 has an outer subsmn—ff

for engagement with:the impact: 1ece1vmg member 80,

;Shdmg friction between ‘this face ‘and: the: impact:
“receiving member 80 can be reduced or mmxmlzed by oo

contour of the back suiface of the- 1mpact receiving

‘menibet; Addmonally, the dife- of thé ring ¢an.be sub-1
stantially increased by provndmg a plurahty -of. lmpactf e
surfaces; This is. accomphshed by ‘constraining the i o
member to'rotate about its axis as it is moved or driven
~about its otbit. In the: tllustrated embodlment thisisag- i
,;comphshed by prov:dmg a stat;onary reaction ring 96
“which comprises aring gearand iSisecuréd ina smtablc Sl
“manner such-as by bolts 98 to- the housmg wall 40.A
drive menther preferably in the. form of a pinion gear >

: '100 is secured preferably by means of suitable elastic

20

25

- illustrated- embodiment; is approprlately secured as by
a'suitable socket 82 which receives a.pin 84 of thé np-v :

‘per shank 36 to sécure:the impact: recelvmg member 80
" to thé ripper shank. The impact-receiving member: 80

isin essence a rep}aceable weat eap. The rippertip 38°
gener'ﬂly points in‘a dlrection away from: the 1mpact :

~face 80a of the impact: receiving member.

- As seen in the illustrated embodiment, the 1mpact re—"f?
ceiving member 80 extends into the interior of -the
housmg 32 viaa suitable opening 86 with the drea be- 22
tween the.openingand member 80 appr,opr‘latcly sealed >
by.means of a suitable annular-inflatable seal 88 which:

~means 102 to the impact member 60 and: engages thie Jhi s
“ring gear96 o thereby drive the xmpact ‘member 60:in o
Uarotdry thangeriasiitis moved or driven inits orbital
~path within the ‘housing. This gear connection con- =
“straing the 1mpict member 60 to rotate about the-axis

‘of the eccentric: member 58 whxch is: pma!lel to zmd off o

set from-the drlve axisiof the drwe shaft: 48 L
- This connection makes the 1mpact ring mc.mbcr 60‘5‘ B

_walk around the housing in a: Eontinlibus’ or counter-

30"

“clockwise direction as the crank' shaft 48 is rotated i
e “clockwise diréction: The 1mpact surfaces of numberj e
thereof on the face 68-is derermiried by the gear ratio

. between the gear 100 and the ring 96. The. exact num- "

35

permiits: reciprocal- moiton: of ‘the impact recexvmg“

member 80 and the shank: member 36, THe seal mem:

ber 88 is appmpnate?y gecuredito the respective mém-
“bers such as by bolts 96 o ‘the housmg and:byclamp: -

93 to-the impact receiving member 80. Once ‘the seal

"o s installed; ivis inflated-to-an approprlate air pressure‘v :
ito provide. the necessary: seal between the members;
- > The:seal retains: lubrncatmg ﬂuxd within the cavity of
-~ the housing 3% as well as seals out dirt and other foreign
“matter therefrom. The ‘seal undergoes a rolling metion. - - i
S with réspect: to the the members as they rec1pr0cate e
- oand thus provides an “effective se&l w;thout shdmg or:
- wearing motion‘of the members. ‘
“Asthe ting member 60 moves about in orbltal fash» s
" jon within the housing; it mtcrmlttently impacts agamst* e
the member 80 and drives the shank outwardly with the =
“ tip 38 thereof pointed in the direction of motion. As the .

40

55

tip 38 moves-forward under the impact of ‘the ring =

meniber 60, the reaction of the rock against-the tip-will:

45fﬁpomt‘ 104 is trating’ th «pattem the impact. ring: w1l

"‘smke the shank 0

“Ber of lmpact surfaces or faces, can ‘be. predetermmed
by arranging the ‘proper: Ao of gear “feeth. Theiration 7
of gear teeth of the pinion: 100 to the gear teeth SRLing o F
96 determines the number of nmpact areas on the 1m~‘,f7g;:
. pact'meniber 60. e
FIG:5 xllustrates 2 pattern traced by a pomt on the
‘periphery of the impact member 60 with a particular . -
“gear teeth ratio. The ‘ratio of 80:tecth on the impact
' "';rmg and 105 teeth on'the housmg produce this. particu-
<lag pattern. ‘Analysis of: this pattern shows: that apartic- e
- ular point 104 will trace the illustrated pattern before. =

fewirning: to the same spot ‘and repeatiig: “While the

L Also of 1mportance in c0n51derat )
‘the impac¢t member: w1th the impact-re

“is the direction of movementof the face of the fmpact’ o0

member as it engdges ‘the:impact-receiving -member:

“'One considération in” developing this: factor-is the dif- "

cause the tip to.move backwards or.rebound. Ifi-order::

“to prevent the tip-and shank from moving back too far
or-too-fast and possibly damage the impact ring ot the

pomom of the impact mechanism; a damping-device- .-

94 is provided,  This ‘dampirig device absorbs and re-
strains ‘the shock of the shank: and: allows: it ‘to- move
backward only a-predefermined: distance. The restric-
“tion- of the backward movement of the shank also-pre-

- vents the ring from 1mpact1ng the shank except in the -

desired location of the ring’s orbltmg ‘path; The shock

damper can-be provided with-any suitable type of inters -

60

“ferenices in-diameter between the pinion.gear and the:

diameter-of the impact member iiself. By changing the -
diameter of the impact face 604 with respect:to the

pitch-diameter of the gear 100, it is possxble to change: -
the pattern of movementiof-a: pomt onitheface -60a to

““move more generally along the axis of movement of the:

65

shank or member. 80 during the lmpact ‘This movement
insures a-greater ‘delivery of energy directly along the::
desired direction as well as-eliminates or reduces scuff.

ing between the two impact members: Fhe loop conflg- :

uration as showrl in FIGS 5 and. 6 made by the pomt‘ :
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is the result of the:diameter of member 60 being less
than the pitch diameter. of the pinion gear 100.

Referring now to FIG, 4, there is illustrated a slightly
modified version of the apparatus wherein the means to
constrain the impact member to rotate as. it moves
about its orbit comprises a frictional drive means. In
this embodiment; identical elements: are identified by
the identical number and slightly modified elements are
identified by the number primed, thus the impact mem-
ber or ring is 60’ :and is. formed with tapered surfaces
106 and 108 to respectively engage a pair of frictional
reaction rings ‘110 'and 112. Thé frictional reaction
rings 110 and 112 comprise spring washers with a ta-
pered concave face-serving as-the frictional engaging
surfaces. In this embodiment as the impact member 60’
is driven in its-eccéntric-path, it is constrained to rotate
by means of the frictional means: When the impact
member strikes the shank or impact receiving member,
it will slip or slide slightly -along the frictional connec-
tion.- As with the previous arrangement, a plurality of
impact areas are provided on the impact ring. How-
ever, since the connection: is of the friction type, the
exact number of impact areas is not discernible and
there will be no definite repeatable pattern of the im-
pact arcas.

Reference to FIGS: 5 and 6, the diagrams, illustrate
the results achieved by providing a proper ratio of di-
ameters of the driving means-and-the impact member:
By selecting the ‘impact: member diameter with a
smaller diameter than the diameter.of the gear ring, the
toop configuration movement of a point on the surface
of the impact member s achieved-as shown in FIG. 5.
With this arrangement the point.on the impact surface
can be said to be moving approximately parallel with
the line of reciprocation of the impact receiving mem-
ber upon impact. This point of impactis illustrated in
FIG. 6 as the peak indicated at 114. This path of mo-
tion results in a sharp impact acting along the line of
movement of the impact receiving member 80 -and
which results in less scuffing ata the point of impact. It
also results in a-maximum transfer:of energy from the
impact member to the impact receiving member.

The above described arrangement provides a rugged
and compact impact fracturing mechanism- wherein
very high levels of energy can be transmitted directly
from the eccentric crank shaft and to the fracturing
shank without loss of energy in the coupling therebe-
tween. The particular ring impact type - construction
provides a more rugged construction than conventional
crank and link mechanisms and provides a longer life
for the mechanism as-well as'a more compact arrange-
ment. ;

While the present invention has been described with
respect to specific.embodiments, it is.to be understood
that numerous changes and modifications can be made
therein without departing from the spirit and scope of
the invention as defined in the appended claims.

What is claimed is:

1. An impact mechanism for delivering intermittent
impact blows to a rock fracturing shank comprising:

a housing;

a drive shaft having an eccentric journal rotatably

mounted in said housing; :

a fracturing shank. reciprocably mounted adjacent
said housing and having an impact receiving mem-
ber extending into said housing and a fracturing tip
extending away from the impact receiving member;
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an annular impact member having a plurality of im-
pact faces rotatably mounted in said housing on
said eccentric journal and driven by said shaft in
orbital path for intermittent engagement of said im-
pact faces with said impact receiving member; and,

means for constraining said impact member to rotate
about its axis in a direction opposite the direction.
of rotation of said driven shaft when driven in said.
orbital path.

2. An impact mechanism for delivering intermittent

impact blows to a rock fracturing shank comprising:

a housing;

a-drive shaft having an eccentric journal rotatably
mounted in said housing;

a fracturing shank reciprocably mounted adjacent
said housing and having an impact receiving mem-
ber extending into said housing and a fracturing tip
extending away from the impact receiving membcr
and,

an annular impact member having an outer cylindri-
cal surface defining a plurality of impact faces
mounted in said housing and rotatably driven by
said eccentric journal of said shaft in orbital path
for intermittent engagement of said impact faces
with said impact receiving member;

constraining means comprising a stationary reaction
ring mounted in said housing concentric to said or-
bital path for constraining said impact member.to
rotate when driven in said orbital path; and,

drive means carried by said impact member for en-
gaging said reaction ring.

3. The impact mechanism of claim 2 wherein said re-

action ring is a ring gear; and,

said drive means is a pinion gear secured to said im-
pact member.

4. The impact mechanism of claim 3 wherein at least
one of said ring gear and said pinion gear is secured to
one of said housing and impact member by resilient
means.

5. The impact mechanism. of claim-3 wherein the
pitch diameter of said pinion gear is different from the .
outer diameter of said impact member.

6. The impact mechanism of claim. 5 wherein said
pitch diameter is greater than said outer diameter.

7. The impact mechanism of claim 5 wherein said
pitch diameter is less than said outer diameter.

8. The impact mechanism of claim 2 wherein said te-
action ring-includes a friction drive surface; and,:

said drive means is an annular friction surface carried
by said impact member for frictionally engaging
said friction drive surface.

9. The impact mechanism of claim 8 wherein . the
pitch diameter of said annular drive member is greater -
than the diameter of said impact member.

10. The impact mechanism of claim 8 wherein the
pitch diameter of said annular drive member . is less
than the diameter of said impact member.

11. The impact mechanism of claim 8 wherein said
friction surfaces define a frusto-conical configuration.

12. An impact mechanism for delivering intermittent
impact blows to a rock fracturing shank comprising:

a housing;

a drive shaft having an eccentric journal rotatably
mounted in said housing;

a fracturing shank reciprocably mounted adjacent
said housing and having an impact receiving mem-
ber extending into said housing and a fracturing tip |



extendmg away from: the 1mpact recemng member o

can annular impact: member having an outer cylmdrl» e
“cal surface defining a- plurality of ‘impact faces 0
sotinted: in-said housing ‘and rotatabiy driveri by -
said. eccentric journal “of said shaftiin an otbital 5
“path-for intermittent engagement of said impact v -

“faces with-said Impact receiving member; and::

- means for rotating said-impact member counter tof e

“ the rotation of said drive shaft so that a point on -

said- impact. face defifies a 1cop’ durmg movement

toward and away from Sdld lmpact recelvmg mem-

o ber:

13.An 1mpact mechamsm for dehvermg mtermlttent‘

impact blowsto'a rock fracturmg shank comprlsmg
“ra‘housingy ©

a drivesshaft havmg an-eceentric jaumal rotatably ‘

“mounted in said housing;

a fracturing shank reciprecably mounted adjacent :

~rsaid housmg anid having an impagct receiving mem-..
berextending into said housing anid.a fractiring txp',:
extendmg away from: the’ 1mpact recewmg member e

20

an 'mnular 1mpact member havmg an outer cyhndn- - . :
: a plurahty of impact faces:
mounted in: said: Hhousing and. rotatably driven:by:

,jcal sutface. detfining.

said eccentrtc Joumal of said shaft in-an orbrtal?

“faces “with said mnpact Teceiving: member, and:
“means for rotating said impact member. compnsmg a.
=réaction Ting draposed adjacent
© -annular drive member carried by said impact mem-
ber for engaging said’ teaction ring for constraining -
said lmpact ‘member to rotate when driven in sdid:

“o-froni:said impact recervmg member, said annular

o ,dnve member havmg a dlameter greater than the
“diamieter of said impact face. - :
14; The impact mechanism: of cla:m 13 wherem s‘ud,g

réaction ring:is'a ring gear; and,

sald drrve member 1s a plmon gear

path for intermittent engagement of said 1mpact,“ S

d path, and an.

Srbital path so that & point'on said impact face de- :
fines a-loop during movement toward and. away-




