Office de la Proprieté Canadian CA 2382979 C 2007/10/23

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 382 979
o Gmsca iy Conac 12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2000/08/25 (51) CLInt./Int.Cl. £EO2F 9/24 (2006.01),
. o . o . B23D 17/00(2006.01), EOZ2F 3/40 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2001/03/03 EO2F 3/96 (2006.01)
(45) Date de délivrance/lssue Date: 200/7/10/23 _
(72) Inventeur/Inventor:
(85) Entree phase nationale/National Entry: 2002/02/26 RAMUN, JOHN R., US
(86) N° demande PCT/PCT Application No.: US 2000/023405| (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2001/016434 RAMUN, JOHN R., US
(30) Priorités/Priorities: 1999/08/31 (US60/151,723): (74) Agent: DIMOCK STRATTON LLP

2000/04/10 (US60/196,233)

(54) Titre : ENGIN DE DEMOLITION AVEC DENTS UNIVERSELLES ET PROCEDE DE CONCEPTION DE DENTS
UNIVERSELLES

(54) Title: DEMOLITION EQUIPMENT HAVING UNIVERSAL TINES AND A METHOD FOR DESIGNING A UNIVERSAL
TINE

CLAW OPEN

BUCKET \
10

(57) Abréegée/Abstract:

A claw tine (12) for demolition equipment (10) Includes an elongated claw tine (12) pivotally movable about a pivot point (14)
between an open and closed position by a hydraulic cylinder (16). The total angular rotation of the claw tine (12) Is at least 75
degrees, generally between 75 and 100 degrees. The maximum holding force Is positioned 25 to 40 degrees from the closed
position. The claw tine (12) Is adapted to be Iincorporated into a wide variety of demolition equipment (10) including a bucket (10)
and claw (12) structure attachment and a variety of grapples.

:':‘;‘:‘-';:;‘:': Bt N,
R A -:::; N7
> \) Q"’...

I*I ] . Prven, B N o
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 48 @igmr -~

| SRR RO S 2 _,\‘.s
OPIC - CIPO 191 5




/16434 Al

CA 02382979 2002-02-26

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

I A O S

(10) International Publication Number

8 March 2001 (08.03.2001) PCT WO 01/16434 Al
(51) International Patent Classification’: EO2F 9/24 CH, CN, CR, CU, CZ, CZ (utility model), DE, DE (utility
model), DK, DK (utility model), DM, DZ, EE, EE (utility
(21) International Application Number: PCT/US00/23405 model), ES, FI, FI (utility model), GB, GD, GE, GH, GM,

(22) International Filing Date: 25 August 2000 (25.08.2000)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
60/151,723
60/196,233

US
US

31 August 1999 (31.08.1999)
10 April 2000 (10.04.2000)

(71) Applicant and
(72) Inventor: RAMUN, John, R. [US/US]; 8243 North Lima
Road, Poland, OH 44514 (US).

(74) Agents: BYRNE, Richard, L. et al.; Webb Ziesenheim
Logsdon Orkin & Hanson, P.C., 700 Koppers Building, 436
Seventh Avenue, Pittsburgh, PA 15219-1818 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AT
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA,

HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK
(utility model), SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG,

CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
With international search report.

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations"” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: DEMOLITION EQUIPMENT HAVING UNIVERSAL TINES AND A METHOD FOR DESIGNING A UNIVERSAL

TINE

oy (57) Abstract: A claw tine (12) for demolition equipment (10) includes an elongated claw tine (12) pivotally movable about a pivot
point (14) between an open and closed position by a hydraulic cylinder (16). The total angular rotation of the claw tine (12) 1s at
least 75 degrees, generally between 75 and 100 degrees. The maximum holding force is positioned 25 to 40 degrees from the closed
position. The claw tine (12) is adapted to be incorporated into a wide variety of demolition equipment (10) including a bucket (10)
and claw (12) structure attachment and a vanety of grapples.

00



10

15

20

25

30

35

WO 01/16434

CA 02382979 2002-02-26 PCT/US00/23405

DEMOLITION EQUIPMENT HAVING UNIVERSAL TINES
AND A METHQCD FOR DESIGNING A UNIVERSAL TINE

1. Field of the Invention

The present 1invention relates to demolition

equipment systems and, more particularly, to claw tines for

demclition egquipment.

2. Background Information

The present application refers to demolition

equipment, however, this equipment 1is also referred to as

construction equipment, scrap handling equipment and the

like. The description of demolition equipment 1is not
intended to be restrictive of the equipment being
referenced. In demolition equipment, it has long been

known to utilize elongated extension members, referred to

herein as claw tines, in a variety of equipment units. For

example, there are many different machines that have

buckets mounted on their front. A variety of claw tines
has been developed for attachment to the buckets to improve
the operation of these equipment units. Examples of the

wide variety of claw tine attachments for various buckets
can be seen in U.S. Patent Nos. 5,639,205; 5,590,482;
5,564,885; §5,544,435; 5,472,308; 5,111,602; 4,382,625;
4,519,739; 4,375,345 and 4,285,628. Additionally, the
Applicant's earlier invention disclosed a self-contained
demolition bucket attachment using claw tines 1in U.S.
Patent No. 4,799,852. In addition to Dbucket type
equipment, elongated claw tines are utilized opposing each
other to form a grapplé. Grapples are generally used for
gripping and moving the work. Within the context of the
present application, grapples are distinguished from the
bucket attachments in that the grapples have the tines

operating against each other (i.e., opposed) as compared to

operating against a bucket.
There have been a wide variety of existing claw

tines for demolition equipment units. To date, there has
not been sufficient consideration given to how changes in
the geometry of the claw tine can effect the operation.

For example, if the holding force of a given demolition
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eguipment unit using a claw Cine was not sufficien
tne hydrzulic pisten powering the claw tine was simply
increased in size to provide more force. This is not the
most eificient way of addressing the problem and the
resulting device may be impractical and expensive.
Additionally, the existing claw tines have been designed to

be associated with a given piece of construction eguipment

and were not adapted for other uses. Finally, the
attachment systems utilized in existing claw tines were not
efficient and many required additional machining in order
to get the claw tines to fit on an existing bucket or other
existing component structure.

It is an aspect of the present invention .t':o
overcome the aforementioned problems of the prior art. It
1s a further aspect of the present invention to provide a
claw tine for demolition equipment: which optimizes the
design considerations of the respective geometry of the
claw tine. A further aspect of the present invention is to
provide a claw tine which is easily manufactured and
attached to existing equipment. A further aspect of the
present invention is to provide a claw tine which is
adaptable for use in a variety of distinct demolition
equlpment units to provide a ‘demolition equipment system.

SUMMARY OF THE INVENTION

The above aspect are achieved by a claw tine for
a demolition equipment and the demolition equipment system
according to the present invention. The claw tine for
demolition system ~according to " the present invention
includes an elongated claw tine body pivotally movable
about a pivot point between an open position and a closed
position. A hydraulic cylinder is provided for moving the
claw tine body between the open position and the closed
position with a fixed end of the hydraulic cylinder secured
Lo a base and a 'cylinder rod end of the hydraulic cylinder
secured to the claw tine body. The ratio of the length of
the hydraulic cylinder when the claw tine body is in the
closed position to the distance between the pivot point and

-2
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~ha gecurement of the cylinder roa end C©I the hyaraullic
cylinder to the claw tine body is between 0.7 and 0.9.

The total angular rotation of the claw tine may
be designed to be at least 75 degrees, preferably at least
85 degrees, or generally between 75 and 100 degrees.
Additionally, the claw tine may provide a maximum holding
fForce located at 25 to 40 degrees from the closed position,
preferably about one third from the closed position.

Another aspect of the present inventlon 1is that
the claw tine may be secured to the demolition equipment
through a support frame and a support frame receiver. The
support frame includes a bushing member for forming the
pivot point for the claw tine body and at least one support
frame plate attached thereto. The support frame plate

includes a locking pin aperture for securing the support

locking pin aperture aligned with the locking pin aperture
of the support frame for securing the support frame to the
demolition equipment. Each claw tine may have a removable
claw tip at a distal end of the claw tine body.

The claw tine may be associated with a parallel
spaced claw tine and a connecting structure therebetween to
form a claw structure. The connecting structure may
include a grid and an end member extending between and

coupled to the spaced claw tines.
The present invention provides for a demolition

with each equipment base forming at least part of a
distinct demolition equipment unit, and a plurality of claw
tines, with each claw tilne selectively, removably attached
to each equipment base. The plurality of equipment bases

may include at least ORE€ bucket and at least one grapple

-3 -
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pase. The grapple base may, for example, Dbe formed as a

two-tine grapple, three-tine grapple, four-tine grapple, or
claw structure grapple. The two-tine grapple has two
opposed claw tines positioned 180 degrees Irom each other.
The three-tine grapple has three opposed claw tines
positioned 120 degrees from each other and the four-tine
grapple has four opposed claw tines positioned 90 degrees
fFrom each other. The claw structure grapple includes two
opposed claw structures, with each claw structure formed of

two parallel spaced claw tines with a connecting structure

therebetween.
These and other advantages of the present

invention will be clarified in the Description o©f the
Praeferred Embodiments taken together with the attached

figures wherein like reference numerals represent like

elements throughout.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically illustrates a bucket with a

Fig. 2 illustrates the linkage parameters

associated with a claw tine of the c¢law structure

illustrated in Fig. 1;
Fig. 3 is a side view similar to Fig. 1 of a

hucket with a claw structure according to the present

invention;
Fig. 4 is a front view of the bucket and claw

structure illustrated in Fig. 3;
Fig. 5 is a sectional view taken along line A-A

of Fig. 3;
Fig. 6 is a sectional view taken along line C-C

of Fig. 3;
Fig. 7 1is a side view of a support frame for

attaching a claw tine of the claw structure of Fig. 3;

Fig. 8 is a sectional view of the support frame

taken along line A-A of Fig. 7;
Fig. 9 is a front view of the support frame

1llustrated in Fig. 7;
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Fig. 10 1i1s & side wview OI & support Irams
receiver for attacnment <©I a  claw tine of the claw

structure of ¥Fig. 3;

Fig. 11 1is a plan view c©f the support frame
10 ;

Fig. 12 1s a side view similar to Fig. 3

Wiy

recelver of Fig.

illustrating the hydraulic lines I[or the claw structure of
Fig. 3;

Fig. 13 is a rear view of the bucket and claw
structure of Fig. 12;

Fig. 14 1is a side view of a two-tine grapple
according to the present invention;

Fig. 15 is an end view of the grapple of Fig. 14;

Fig. 16 is a bottom view of the grapple of Fig.

14 ;
Fig. 17 is a side view of a grapple base and

support frames for the grapple of Fig. 14;
Fig. 18 is a side view of a three-tine grapple

according to the present invention;
Fig. 19 is a side view of the three-tine grapple

illustrated in Fig. 18 with claw tines 1n an open position;

Fig. 20 is a bottom view of the three-tine

grapple illustrated in Fig. 18;
Fig. 21 is a side view of a four-tine grapple

according to the present invention;
Fig. 22 1is a side view of the four-tine grapple

illustrated in Fig. 21 with the claw tines in an open

position;
Fig. 23 is a bottom view of the four-tine grapple

illustrated in Fig. 21;
Fig. 24 1is a side view of a claw structure

grapple according to the present invention;

Fig. 25 1is an end view oI the claw structure

grapple illustrated in Fig. 24;
Fig. 26 1s a bottom view of the claw structure

grapple illustrated in Fig. 24;
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Fig. 27 is a side view similar to ¥ig. 2 CI &
hucket and claw sStructure according Ttc  the present

invention;
Fig. 28 is a front view of the bucket and claw

structure illustrated in Fig. 27;

Fig. 29 is a side view O0f a two tine rotary
grapple with outboard grates according to the present

invention;
Fig. 30 is an end view of the two tine grapple

illustrated in Fig. 29.
Fig. 31 is a side view of a two tine rotating

clamshell bucket according to the present invention;

Fig. 32 is an end view of the two tine clamshell

bucket illustrated in Fig. 31;
Fig. 33 is a bottom view of the two tine

clamshell bucket illustrated in Fig. 31;
Fig. 34 is a side view of a three tine rotating

orange peel grapple according to the present invention;

Fig. 35 is an end view of the three tine grapple

illustrated in Fig. 34;
Fig. 36 is a side view of a two tine attachment

for a pair of forks according to the present invention; and

Fig. 37 is an end view of the two tine attachment

for a pair of forks illustrated 1in Fig. 36;
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 schematically illustrates a bucket 10 with

a2 claw structure according to the present invention coupled

thereto. The claw structure includes at least one claw
tine 12 pivotally attached to the bucket 10 for movement
about a pivot point 14. A hydraulic cylainder 16 1s

positioned generally within the claw tine 12 and has one
end thereof pinned to the bucket 10 at a fixed end 18 and
secured to the claw tine 12 at a cylinder rod end 20. The

claw tine 12 of the present invention encloses and protects

the hydraulic cylinder 16. The hydraulic cylinder 16

provides power for moving the claw tine 12 between the open

and closed positions illustrated in Fig. 1.

~6 -
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Thea sp ~ic geometryvy oI the claw tine 12

t

according to the present invention allows the claw tine 12
to be easily adapted for a wide variety of construction
equipment as will described hereinafter. Fig. 2 better

illustrates the important linkage parameters associated

with the claw tine 12. The distance between the main pivot
point 14 and the fixed end 18 of the hydraulic cylinder 16
is a lever arm R of the linkage. THETA 1s the relative
angular orientation of the fixed end 18 of the cylinder 16
to the pivot point 14 measured from the horizontal. The
lever arm R and angular orientation THETA represent two
linkage parameters having a major effect on the output
characteristics of the claw tine 12 and associated claw
structure. The location of the cylinder rod end 20 with
respect to the pivot point 14 also has a major effect on
the performance of the claw tine 12 and associated claw
structure. This relative relationship 1s defined by as
distance Z between the pivot point 14 and the cylinder rod
end 20 as well as the relative angle therebetween labeled
BETA, which is measured from vertical as shown in Fig. 2.
A vertical distance Y between the pivot point 14 and the
tip of the claw tine 12 is the lever arm of the holding
force developed at the tip of the claw tine 12. For the
purposes of designing the claw structure, 1t will be
assumed that the holding force 1s measured at the end of
the tip of the claw tine 12, orientated at the angle
perpendicular to RY. A distance X 1is the horizontal
distance from the pivot point 14 to the leading edge of the
end of the claw tine 12. Fig. 2 1illustrates values RX and
RY which represent relative distances from the cylinder rod
end 20 to the end of the tip of the claw tine 12. The si:ze
and shape of the end of the claw tine 12 dictate a minimum
distance from the end of the claw tine 12 and the cylinder

rod end 20.
Another important parameter labeled in Fig. 2 1is

the angle between the center line of the hydraulic cylinder

and the lever arm R of the claw structure. For the purpose
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of the following calculations, this angle will be referrecd

as ALPHA which will vary as the claw tine 12 moves from the
closed position to the open position. This angular
relationship will have an effect on the holding force
developed in the various positions. The holding force at

the end of the claw tine 12 can be generally calculated by

the following equation:

Holding Force=(R*FC*sin(ALPHA))/Y;
where FC =(# of cylinders) X (0.786)(Diameter)(Diameter)(Hydraulic Pressure).

As evidenced by the above-cited equation, the holding force
will increase as the claw opens from the fully closed
position to a maximum value and then decreases until the
fully open position is reached. The claw tine 12 can be
designed so that the sinusoidal shaped force versus angular
position curve maximizes the holding force in a desired
location by varying the main geometric parameters of the
linkage.

The total possible angular rotation of the claw
tine 12 with respect to the bucket 10, or other associated
base is controlled by two main considerations. First, care
must be taken to ensure that the claw tine 12 does not
strike any part of the host machine during any possible
movement of the bucket 10 or other structure. Second, the
total possible rotation of the claw tine 12 has to De
limited due to the hydraulic cylinder 16, once selected.
The amount of stroke that can be obtained from a hydraulic
cylinder is limited by its fully retracted length and the
size of the internal components of the cylinder.
Therefore, the cylinder that fits the design when the
cylinder is fully retracted (claw tine 12 in the fully

opened position) may not have sufficient stroke to produce

the desired total rotation of the claw tine 12.

In designing a specific claw tine 12 1t 1s
important to review how the specific claw parameters, and

changes thereto, effect the operation of the claw tine 12.

_8 -
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For example, as the magnitude oI the lever arm R 1S
increased, all other variables held constant, the magnituae
of the holding force at all angular positions of the claw
tine 12 i1is also increased. The angular location of the
maximum <value of this force moves closer to the open
position as the lever arm R 1increases 1n magnitude. Both
the cylinder stroke needed and the length of the cylinder
in the closed position will increase as the lever arm R
increases, while the length of the cylinder 16 in the open

position will decrease as necessary to achieve the desired
opening.

The magnitude of the maximum holding force 1is not
a function of angle THETA, but the angular position of the
claw tine 12 where the maximum holding force occurs 1s
effected by THETA. Increasing the magnitude of THETA
causes the sinusoidal force curve to shift away from the
closed position toward the open position of the claw tine
12. Consequently, increasing THETA increases the holding
force at the open position and decreases the holding force
at the closed position. Changes in the angle THETA have
only a minor effect on the length of the stroke and the
cylinder 16 in either position. How the change 1in the
angle THETA will effect the length of the stroke of
hydraulic cylinder 16 and the length of the cylinder 16
will wvary depending on the value of the distance 2.
Varying the distance Z does not effect the magnitude of the
holding force, but increasing this distance will shift the
holding force curve toward the claw tine 12 closed
position. Thus, the force at the closed position and the
force at the open position decreases as the distance Z
increases. The cylinder lengths in both the open and
closed positions increase as distance Z increases. The
magnitude of the distance Z has only a minor effect on the
needed cylinder stroke and it may increase or decrease the

stroke depending on the values of R and BETA discussed

above.
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The angle BETA has an 1nltia. value ana BETA
increases from the initial wvalue &as the claw ctine 12
rotates from the closed position to the open position. The
total change in BETA is equal to the total angular rotation
of the claw tine 12 and the associated claw structure. The
initial value of BETA in the closed position has an effect
on the operating parameters of the design. Increasing the
initial value of BETA shifts the holding force curve toward
the closed claw tine position having the same type of
effect as 1increasing the distance Z discussed above.
Changes in the angle BETA cause a relatively greater shift
in the holding force curve than similar percentage changes
to the distance Z. Change in the initial angle BETA have
only a minor effect on the needed cylinder stroke and
cylinder lengths in the open and closed positions. Whether
these lengths increase or decrease depends on the value or
THETA as well as the value of BETA.

The values of the distances X and Y are largely
a function of the size and shape of the associated machine.
Tf the claw tine 12 is associated with a given bucket 10,
these values are largely predetermined. Movement of the
location of the pivot point 14 can vary the values for X
and Y slightly for a given structure. Increasing the value
of Y, the lever arm of the holding force, reduces the
magnitude of the holding force in all angular positions of
the claw tine 12. The distance X effects the initial value
of the angle BETA such that increasing X, increases the
initial angle BETA. The movement of the pivot point 14 1is
limited by interference problems in typical Dbucket
configurations. In general, the overall perrormance of the
claw tine 12 will improve if the value of Y 1s as small as
possible while avoiding the above-mentioned interference.
Increasing the value of X increases the length oI the
cylinder 16 in the open claw position. Increasing the

value of X can help overcome possible limitations to the

desired total angular rotational values of the claw tine 12

-10-
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due to the limitations of <the nvdraulic cylinder 16
dliscussed above.

The variables RX and RY will also effect the
distance Z and initial angle BETA. Increasing RX increases

the value of Z and the initial value of BETA. Increasing

rhe value of RY decreases the value of Z while increasing
rhe initial value of BETA. As Z decreases 1n magnitude,
the total possible angle of rotation of the claw tine 12
will usually be limited by the closed cylinder length and
the required cylinder stroke. Under this condition, the
distance RY should be decreased and the value RX should be

increased to help overcome this problem.

In addition to the geometric parameters discussed

above, the force of the claw structure formed by one or

more claw tines 12, 1s determined by the hydraulic
cylinders 16. It is possible to design a claw structure

with a different number of hydraulic cylinders 16.
Therefore, the holding force can be increased by

increasing the diameter of, or the number of, hydraulic
cylinders used in the design of a claw structure.
Increasing the diameter of the cylinders in total claw
structures will increase the opening and closing times for
the structure. The opening and closing times, also known
as cycle times, for a given claw structure are also a
function of the hydraulic fluid flow rate produced by the
pumps of the associated machine. The hydraulic pressure
and pump flow rate are determined by the design of the.host
machine and are not specifically design variables

considered in the claw tines 12 for the specific claw

structure geometry.
The cycle time for the claw structure can be

calculated by summing the following eguations:

Time to Open=(Number of Cylinders)(0.260)(Bore Area)(Stroke)/(Fluid Flow Rate)
Time to Close=(Number of Cylinders)(0.260)(Rod Area)(Stroke)/(Fluid Flow Rate)

~11 -
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The bore area is the piston dliameter area and the rod ar

1
93
}—

is the bore area minus the rod diameter area. The to
cycle time 1s the time to open and the time to close.
The geometric parameters most effecting the
magnitude of the holding forces are the length of the lever
arm R and the holding force lever arm Y. Since the wvalue
for the variable Y is largely a function of the bucket or
other structure on which the claw tine 1s associated, the

lever arm R is preferably made as large as possible for a

given claw tine 12. Increasing the magnitude of R
increases the need for cylinder stroke and decreases the
cylinder length in the open position. The magnitude of R
is effectively limited by -both the <cylinder length
considerations and possible structural interference with
the associated machine when in the fully open position.
Another way for the designer to increase the holding force
is by increasing the size and number of hydraulic
cylinders. The 1limiting factors on this design
consideration are the increased cycle time.of the assembly

along with the increased cost of the larger hydraulic

components.
A designer of the claw tine 12 according to the

present invention can position the location of the holding
force curve with respect to the angular position of the
claw tine 12 by varying the geometric parameters THETA, Z
and BETA as discussed above. The total angle of rotation
that the claw tine 12 and the associated claw structure can
undergo from the closed to open position 1s limited by the
length of the stroke and the open positioned cylinder
lengths along with possible interferences with the
associated machine. When the desired rotation is limited
by a cylinder length, it can be desirable to increase the

values of X, Y and RX, while decreasing the value of RY to

minimize these 1ssues.
The above design considerations were carefully

reviewed in constructing the claw tine 12 according to the

present invention. Carefully balancing all of the

~12-
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the open position such that the maximum holding force or
rhe structure will occur when the claw tine 1s between 25

and 40 degrees from the closed position. Maximizing the

holding force versus the angular position of the claw tine
in this specific range will result 1in the best overall
performance of the demolition equipment having a claw tine
12 according to the present invention. Furthermore,
another important design consideration of the present
invention is having a value of the geometric ratio between
the retracted cylinder length divided by the distance Z
fall generally between 0.7 and 0.3. This ratio will
control the symmetry of the various sizes for the claw tine
12 and allow for all of the designs to have a maximum total
angular rotation generally between 75 and 100 degrees. The
claw tine 12 is specifically designed to satisfy these
design considerations. Additionally, these design
considerations allow for the claw tine 12 to be adapted for
use on a bucket 10 as shown in Fig. 1 or a wide variety of
other configurations as will be described hereinafter.
Fig. 3 is a detailed view of the bucket 10 with
2 eclaw structure according to the present invention
incorporating a pair of claw tines 12. As better shown 1in
Fig. 4, the tip of each claw tine 12 1is formed of a
removable end member 22 attached to and extending between
the parallel spaced claw tines 12. The end member 22 has
a plurality of spaced teeth 24 extending therefrom. The
reeth 24 of the end member 22 are positioned between teeth
26 of the Dbucket 10. The claw structure additionally
includes a grid 28 having openings of a given size
extending between and removably attached to the pair of
claw tines 12. The pair of claw tines 12, end member 22
with associated teeth 24, and grid 28 combine to form the

claw structure associated with the bucket 10.
Fach claw tine 12 is secured to the bucket 10

through a support frame 30 shown 1n detail in Figs. 7-9 and
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2 support frame receiver 32 wnhich 1S snown 1n detail in
Figs. 10 and 1l1.

The support frame receiver 32 1s welded to the
bucket 10 or otherwise securely attached i1n the desired
location. The support frame receiver 32 1s a single plate
having a generally C-shaped opening 34 at one end thereof
which receives the structure forming the pivot point 14 as
will be described hereinafter. An enlarged portion 36 of
the support frame receiver 32 surrounds the C-shaped
opening 34 and is wider than the remaining portions of the
plate forming a support frame receiver 32 to provide
increased stability to the associated claw tine 12. The
enlarged portion 36 surrounding the opening 34 can be made
integral with the remaining portions of the support frame
receiver 232 or, may be made as a separate replaceable
element if this location is determined to be in an area of
wear. The support frame receiver 32 additionally includes
a locking pin aperture 38 at a position generally behind
the C-shaped opening 34. An enlarged portion 40 surrounds
the locking pin aperture 38 as illustrated in the drawings.

As shown in Figs. 7-9, the support frame 30
includes a cylindrical bushing member 42 and a pair orf
support frame plates 44 extending therefrom. The support
frame plates 44 include a locking pin aperture 46 and
support structure 48 surrounding the locking pin aperture
46 on each support frame plate 44. One support structure
48 can include a cross pin aperture 50 as shown in Fig. 8.
The support frame plates 44 additionally include a securing
pin aperture 52 for receiving the fixed end 18 of the
hydraulic cylinder 16. The securing pin aperture 52 1s
surrounded by support structure 54 on each support frame

plate 44. One support structure 54 1includes a cross pin

aperture 56 extending therethrough as shown in Fig. 8.
As shown in Fig. 5, each claw tine 12 is secured

to the bucket 10 through the support frame 30 and support
frame receiver 232. As noted above, the support frame

receiver 32 is welded or otherwise secured to the bucket

-14-
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10. The support frame 30 1s positioned so that the bushing

L

member 42 1s received in the C-shaped opening 34 oI the
support frame receiver 32 such that the locking pin
aperture 46 aligns with locking pin aperture 38. Locking
pin 58 extends through the locking pin aperture 38 and the
locking pin aperture 46 securing the support frame 30 and
the associated claw tine 12 to the bucket 10. A Cross
locking member 60 can extend through the cross pin aperture
50 to prevent the locking pin 58 from sliding out of
engagement.

The bushing member 42 provides for the pivot
point 14 of the claw tine 12. The bushing member 42
receives a palr of replaceable bushings 62 which surround
a pivot pin 64. The pivot pin 64 1s attached to the claw

tine body 66 through cross 1locking members 68 such as

conventional bolts.
The fixed end 18 of the hydraulic cylinder 16 1is

secured to the support frame 30 by securing pin 70

extending through securing pin apertures 52 in the support

frame plates 44. The securing pin 70 can be held in

position by a cross locking member 68 extending through

Cross pin aperture 56 .
Fig. 6 illustrates the connection of the cylinder

rod end 20 of the hydraulic cylinder 16 to the claw tine
body 66 through an attachment pin 74. The attachment pin
74 may be in the form of a convention nut and bolt or other
type attaching pin configuration as known 1in the art. Fig.
6 additionally illustrates the abutment of the end member
22 to the claw tine 12. The end member 22 may be welded or

otherwise attached to the claw tine 12. Within the context

of demolition egquipment welding, a component 1s also a

"releasable connection".

The hydraulic cylinder 16 for operating the
individual claw tines 12 and the associated claw structure
is a double acting cylinder controlled in the conventional
fashion. Figs. 12 and 13 illustrate the positioning of the

hydraulic elements for individual hydraulic cylinders 16 of
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the claw tines 12. As shown in Figs. 12 and 12, eacn side
of the piston o©of hydraulic cylincer 16 is fed with a
hydraulic line 76. As shown 1in Figs. 12 and 13, the
hydraulic lines 76 do not 1interfere with the operation of
the bucket 10.

The claw tine 12 of the present invention 1is
designed to be utilized 1in a wide variety of construction
equipment. The end members 22 and grid 28 are speci-fically
provided to be removably coupled to the claw tine 12 so

that the claw structure can be easily disassembled for
repair and/or incorporation of the claw tines 12 into other

construction equipment.
Figs. 14-17 illustrate a two-tine grapple 80

utilizing the claw tines 12. The two-tine grapple 80
includes a (powered or non-powered)rotatable base 82 which

includes two 1integral support (frame Treceivers 32°
positioned 180 degrees relative to each other as
illustrated in Fig. 17. Each claw tine 12 1s attached to
the rotatable base 82 through support frame 30 and support
frame receiver 32' in the same manner discussed above in
connection with bucket 10. The rotatable base 82 will be
supported and controlled in a conventional fashion. The
support for the rotatable Dbase 82 1s schematically

illustrated at 84. In the two-tine grapple 80, the ends of
the individual claw tines 12 are provided with individual

replaceable tips 86.
Figs. 18-20 illustrate a three-tine grapple 90
utilizing the claw tines 12 of the present invention. The

three-tine grapple 90 is similar to the two-tine grapple 80

discussed in Figs. 14-17 and includes a rotatable base 92.
Rotatable base 92 includes three 1integral support frame
receivers 32' positioned at 120 degrees relative to each
other. The three claw tines 12 forming the three-tine
grapple 90 may utilize replaceable tips 86 or may have a
modified tip 86' as shown in Fig. 20. The modified tips

86' have beveled edges to permit a closer closed position

of the tines 12.
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Figs. 21-22 illustrate a I1four-tine grapplizs 100

Ayt

'O
'._J
(D
'...l
O
-
}.J
(/)

utilizing four claw tines 12. The Ifour-tine grap
similar to the three-tine grapple 90 and the two-tine
grapple 80 discussed above and includes a rotatable base
102. The rotatable base 102 has four 1ntegral support
frame receivers 32' positioned at 950 degrees relative to
each other for attaching each of the four claw tines 12
through the associated support frame 30.

Figs. 24-26 illustrate a claw structure grapple
110 wutilizing four claw tines 12. The claw structure
grapple 110 includes a rotatable base 112 with two pairs of
opposed integral support frame recelvers 32' spaced from
each other. The spaced set of opposed support frame
receivers 32' allow for two sets of opposed claw tines 12
to be attached to the rotatable base 112. The claw tines
12 on each side of the rotatable base 112 will be secured
together to form a claw structure similar to the claw
structure on the bucket 10. Specifically, an end member 22
and grid 28 can be secured between the pair of parallel

spaced claw tines 12 to form two opposed claw structures as

best illustrated in Figs. 25 and 26.
Figs. 27 and 28 1illustrate a claw tine 12°

designed for a different sized bucket 10' than illustrated
in Fig. 3. The embodiment illustrated in Figs. 27 and 28
is intended to illustrate that changes 1n the size do not

significantly effect the design of the overall claw tine 12

or 12'.
Figs. 29 and 30 illustrate a two tine rotary

grapple 120 utilizing the claw tines 12 of the present

invention. The grapple 120 is similar to the grapple 80 of
Figs. 14-17 and includes the same rotatable base 82 having

two integral support frame receivers 32'. Each claw tine
12 is attached to the rotatable base 82 through support

frame 30 and support frame receiver 32' 1n the same manner

discussed above in connection with bucket 10.
The grapple 120 includes a pair of outboard

grates 122 mounted on the sides of each tine 12. A support
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linkage 124 extends between opposed outboard grates 122 for
addicional support. The suppert linkage 124 1is attached
about the pivot axis of each tine 12. Grapple 120

represents an alternative design for a grated claw

structure.
Figs. 31-33 illustrate a two tine rotary

clamshell bucket 130 utilizing the claw tines 12 of the
present invention. The clamshell bucket 130 1s similar to
the grapple 120 of Figs. 29-30 and 1includes the same
rotatable base 82 having two 1ntegral support frame

receivers 32'. Fach claw tine 12 1is attached to the

rotatable base 82 through support frame 30 and support

frame receiver 32' in the same manner discussed above 1in
connection with bucket 10.

The clamshell bucket 130 1includes a pair of
outboard bucket members 132 mounted on the sides of each
tine 12. A support linkage 124 extends between opposed
bucket members 132 for additional support. The support
linkage 124 is attached about the pivot axis of each tine
12. The bucket members 132 are designed to combine with
the tines 12 to form a generally closed bucket when in the
closed position. The clamshell bucket 130 represents an
alternative design for a tool which 1s adapted for granular
type work or the like. The bucket members 132 extending
from each side of the tine 12 could be replaced with a
single bucket member for each tine 12 positlioned 1in front

or behind the tine 12, depending on the desired bucket

slze.
Figs. 34 and 35 illustrate a three tine rotary

orange peel grapple 140 utilizing the claw tines 12 of the

present 1nvention. The grapple 140 1s similar to the

grapple 90 of Figs. 18-20 and includes the same rotatable

base 92 having three integral support frame receivers 32
for mounting three claw tines 12. Each claw tine 12 1s

attached to the rotatable base 92 through support frame 30

and support frame receiver 32' in the same manner discussed

above in connection with bucket 10.
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The grapple 140 1includes an orange peel bucke
member 142 mounted on each tine 12. The bucket members 142
are designed to combine to form a generally closed bucket
when the tines 12 are 1in the closed position. Grapple 140
represents an alternative design which 1s adapted for
granular type work or the like. The bucket members 142
are positioned in front of the tines 12 but could be
replaced with a pair of members extending from each side of
the tine 12 or positioned behind the tine 12, depending on
the desired bucket size. The orange peel refers to the

shape of the individual bucket members 142.

Figs. 36 and 37 illustrate a fork assembly 150
including a pair of tines 12 forming a claw attachment for
a conventional pair of forks 152. The claw attachment is
substantially the same as the claw structure of Fig. 3 and
the embodiment illustrated in Figs. 27 and 28. Figs. 36
and 37 illustrate further variations 1n tool design using

the universal tine 12 of the present invention.

The design considerations discussed above provide
an efficient and effective tine for use both in a bucket
attachment and other configurations. The advantages of the
present invention include a rugged construction which is

adaptable to any  bucket and 1n multiple tool

configurations. The present design provides
interchangeability among tool set components and for quick
installation and removal of tool sets. The present

invention provides a shielded power/hydraulic system. The
use of a single support frame receiver 32 or 32' is
believed to be significantly easier than prior art
structures which require multiple plates and significant
machining and modification to have the parallel plates
properly positioned on an existing bucket. Additionally,
the present invention contemplates providing a demolition
equipment system in which the universal claw tine 12 can be
utilized in a wide variety of demolition equipment units.
As discussed in the above examples, the same set of four

claw tines 12 can be utilized in various combilinations to
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form a claw structure attachment Ior a bucket 10, a two-

tine grapple 80, a three-tine grappie 90, &a Ifour-tine
grapple 100, a claw structure dgrapple 110, a clamshell

bucket 130, an orange peel grapple 140, or a claw structure

for fork assembly 150. It 1s additionally contemplated
that when using the claw structure for the bucket 10, the

claw structure grapple 110, or the fork assembly 150

separate grids 28 can be utilized having different sized

openings. The different sized openings 1n the different
grids 28 can be utilized for segregating material 1n a
sieve like fashion. The demolition equipment system

provides a wide variety of equipment at a minimal capital

cost. Additionally, the easy disassembly of the claw tines
12 from the respective demolition equipment units

facilitates easy repair of the individual demolition

equipment units.
In the meaning of the present 1invention, the

bucket 10, rotatable base 82, rotatable base 92, rotatable

- base 102, rotatable base 112 and the forks 152 all form an

equipment base for attachment of the claw tines 12. The
above-described embodiments are intended to be 1llustrative
of the present invention and not restrictive thereof. It
will be apparent to those of ordinary skill in the art that
various changes may be made to the present 1invention
without departing from the spirit and scope thereof. The

scope of the present invention is intended to be defined by

the appended claims and equivalents thereto.
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WHAT IS CLAIMED IS:
. A demolition equipment system comprising:

a plurality of separate and distinct equipment bases, each equipment base
forming at least a part of a separate and distinct demolition equipment unit, and each
equipment base including a similarly configured support frame receiver; and a
plurality of separate and distinct claw tines, each claw tine including a support frame
configured to engage any of the support frame receivers such that each claw tine 1s
selectively, removably attachable to any of the separate and distinct equipment bases
for forming a part of each separate and distinct demolition equipment unit, and each

claw tine 1s movable between an open and closed position.

2. The demolition equipment system of claim 1 wherein the plurality of separate
and distinct equipment bases includes at least one bucket and at least one grapple

base.

3. The demolition equipment system of claim 2 wherein the at least one grapple
base 1s a two-tine grapple having a pair of claw tines opposed to each other and

positioned 180 degrees from each other.

4, The demolition equipment system of claim 2 wherein the at least one grapple
base is a three-tine grapple including three of the claw tines directed toward each

other and positioned approximately 120 degrees apart from each other.

5. The demolition equipment system of claim 2 wherein the at least one grapple
base 1s a four-tine grapple including four of the claw tines directed toward each other

with each claw tine positioned 90 degrees apart from two adjacent claw tines.

6. The demolition equipment system of claim 1 wherein at least one of the
demolition equipment units utilizes at least a pair of spaced, parallel claw tines

coupled together to form a claw structure.

7. The demolition equipment system of claim 6 wherein the claw structure
includes an end member extending between and attached to the spaced claw tines

forming the tips of the claw tines.
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8. The demolition equipment system of claim 1 wherein a claw structure ot at
least one of the demolition equipment units includes a grid assembly removably

connected to at least one spaced claw tine.
9. A demolition equipment system comprising:

a plurality of equipment bases, each equipment base forming at least a part ot

a separate and distinct demolition equipment unit; and

a plurality of claw tines, each claw tine selectively, removably attachable to
cach equipment base for folrming a part of each separate and distinct demolition

cquipment unit and movable between an open and closed position,

wherein each claw tine includes an elongated claw tine body pivotally
movable about a pivot point between the open position and the closed position, and a
hydraulic cylinder for moving the claw tine body between the open position and the
closed position, the hydraulic cylinder having a fixed end secured to a base and a
cylinder rod end secured to the claw tine body, wherein the ratio of the length ot the
hydraulic cylinder when the claw tine body i1s in the closed position to the distance
between the pivot point and the position where the cylinder rod end of the hydraulic

cylinder is secured to the claw tine body 1s 1n the range of between 0.7 and 0.9.
10. A demolition equipment system comprising:

a plurality of equipment bases, each equipment base forming at least a part of

a separate and distinct demolition equipment unit; and

a plurality of claw tines, each claw tine selectively, removably attachable to
cach equipment base for forming a part of cach separate and distinct demolition

equipment unit and movable between an open and closed position,

wherein each claw tine includes an elongated claw tine body pivotally
movable about a pivot point between the open position and the closed position, a
hydraulic cylinder for moving the claw tine body between the open and the closed
position, a support frame for securing the claw tine to the demolition equipment unit,

the support frame including a cylindrical bushing member defining a pivot point for
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the claw tine body, and at least one support frame plate attached to the bushing
member, a locking pin aperture formed in the support frame plate for securing the
support frame to the demolition equipment unit and a securing pin aperture formed 1in
the support frame plate for securing a fixed end of the hydraulic cylinder to the
support frame, and a support frame receiver attached to the demolition equipment
unit, the support frame receiver formed as a single plate having an opening therein for
supporting the bushing member and a locking pin aperture aligned with the locking
pin aperture of the support frame for securing the support frame to the demolition

equipment unit.
11. A claw tine for demolition equipment comprising:

an elongated claw tine body pivotally movable about a pivot point between an

open position and a closed position;

a support frame at a proximal end of the claw tine body and configured to

engage a support frame receiver of the demolition equipmént;
a tip at a distal end of the claw tine body; and

a hydraulic cylinder for moving the claw tine body between the open position
and the closed position, the hydraulic cylinder having a fixed end secured to a base
and a cylinder rod end secured to the claw tine body at a location on the claw tine
body proximate to the tip, wherein the total angular rotation of the claw tine body
between the open position and the closed position is at least 75 degrees and wherein
the hydraulic cylinder is enclosed and laterally protected by the claw tine body
throughout the angular rotation of the claw tine body from the open position to the

closed position.
12. A claw tine for demolition equipment comprising:

an elongated claw tine body pivotally movable about a pivot point between an

open position and a closed position;

a claw tine at a distal end of the claw tine body; and
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a hydraulic cylinder for moving the claw tine body between the open position
and the closed position, the hydraulic cylinder having a fixed end secured to a base
and a cylinder rod end secured to the claw tine body, wherein the total angular
rotation of the claw tine body between the open position and the closed position 1s at

least 75 degrees,

wherein the ratio of the length of the hydraulic cylinder when the claw tine
body is in the closed position to the distance between the pivot point and the position

where the cylinder rod end of the hydraulic cylinder is secured to the claw tine body 1s

in the range of between 0.7 and 0.9.

13. The claw tine of claim 11 wherein the total rotation of the claw tine body

between the open position and the closed position is between 75 and 100 degrees.

14.  The claw tine of claim 11 wherein the total angular rotation of the claw tine 1s

at least 85 degrees.
15. A claw tine for demolition equipment comprising;

an elongated claw tine body pivotally movable about a pivot point between an

open position and a closed position;
a claw tine at a distal end of the claw tine body; and

a hydraulic cylinder for moving the claw tine body between the open position
and the closed position, the hydraulic cylinder having a fixed end secured to a base
and a cylinder rod end secured to the claw tine body, wherein the total angular
rotation of the claw tine body between the open position and the closed position 1s at

least 75 degrees, wherein a maximum holding force of the claw tine 1s positioned

between 25 and 40 degrees from the closed position.

16. A claw tine for demolition equipment comprising:

an clongated claw tine body pivotaily movable about a pivot point between an

open position and a closed position;
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a claw tine at a distal end of the claw tine body;

a hydraulic cylinder for moving the claw tine body between the open position
and the closed position, the hydraulic cylinder having a fixed end secured to a base
and a cylinder rod end secured to the claw tine body, wherein the total angular
rotation of the claw tine body between the open position and the closed position is at

least 75 degrees, and

a support frame for securing the claw tine to the demolition equipment unit,
the support frame including a cylindrical bushing member defining a pivot point for
the claw tine body, and at least one support frame plate attached to the bushing
member, a locking pin aperture formed in the support frame plate for securing the
support frame to the demolition equipment unit and a securing pin aperture formed in
the support frame plate for securing a fixed end of the hydraulic cylinder to the
support frame, and a support frame receiver attached to the demolition equipment
unit, the support frame receiver formed as a single plate having an opening therein for
supporting the bushing member and a locking pin aperture aligned with the locking
pin aperture of the support frame for securing the support frame to the demolition

equipment unit.
17. A claw tine for demolition equipment comprising;

an elongated claw tine body pivotally movable about a pivot point between an

open position and a closed position;

a hydraulic cylinder for moving the claw tine body between the open position

and the closed position;

a support frame for securing the claw tine to the demolition equipment, the
support frame including a cylindrical bushing member detining a pivot point for the
claw tine body, and at least one support frame plate attached to the bushing member, a
locking pin aperture formed in the support frame plate for securing the support frame
to the demolition equipment and a securing pin aperture formed in the support frame

plate for securing a fixed end of the hydraulic cylinder to the support frame; and



CA 02382979 2006-11-14

- 26 -

a support frame receiver attached to the demolition equipment, the support
frame receiver formed as a single plate having an opening therein for supporting the
bushing member and a locking pin aperture aligned with the locking pin aperture of

the support frame for securing the support frame to the demolition equipment.

18.  The claw tine of claim 17 wherein the support frame receiver includes an
enlarged portion surrounding the opening supporting the bushing member, wherein

the enlarged portion 1s wider than the adjacent portions of the support frame receiver.

19.  The claw tine of claim 17 further including a removable claw tip at a distal
end of the claw tine body.
20.  The claw tine of claim 17 wherein the claw tine 1s adapted to have a total

angular rotational value of at least 75 degrees.

21. A method of designing and forming a claw tine for demolition equipment
comprising:
A) developing a general claw tine geometry which defines main geometric

parameters of the claw tine;

B) analyzing the claw tine geometry to determine at least the relative

holding force of the general claw tine throughout the range of motion

of the general claw tine;

C) determining the relative value of main geometric parameters of the
general claw tine which at least maximizes the holding force of the

general claw tine in a desired angular rotation of the general claw tine;

and
D) forming a claw tine having the main geometric parameters determined
in step C).
22.  The method of claim 21 wherein the main geometric parameters of the general

claw tine which are analyzed include a lever arm of the claw line, a total force of the
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power driving the claw tine, and an angular position between the lever arm and the

claw tine.

23.  The method of claim 22 wherein the main geometric parameters of the general
claw tine which are analyzed include a relative angular orientation ot the lever arm to
horizontal, and a vertical distance between a pivot point of the claw tine and the tip of

the claw tine.

24.  The method of claim 21 further including the step of analyzing the cycle time
of the general claw tine and determining main geometric parameters of the claw tine

to minimize cycle time.

25.  The method of claim 21 wherein the maximum holding force is set when the

claw tine 1s between about 25 degrees to 40 degrees from the closed position.

26.  The method of claim 21 wherein a total angular rotation for the formed claw

tine 1s between about 75 degrees to 100 degrees.

27.  The method of claim 21 wherein the step of determining the relative value of
main geometric parameters includes determining a geometric ratio between a length
of a retracted hydraulic cylinder powering the claw tine to the distance between the

pivot point of the claw tine and a cylinder rod end of the hydraulic cylinder 1s between

0.7 and 0.9.

28.  The method of claim 21 wherein the step of determining the relative value of

main geometric parameters includes varying the angular position of the lever arm, the
distance between a pivot point of the claw tine and the cylinder rod end, and the

angular position of the claw tine.

29.  The method of claim 21 wherein the step of determining the relative value of

main geometric parameters includes minimizing a vertical distance between an end of

a piston rod of a hydraulic cylinder of the claw tine and the tip of the claw tine.

30.  The method of claim 21 wherein the step of determining the relative value of
main geometric parameters includes maximizing the vertical and horizontal distance

between the pivot point of the claw tine and an end of the claw tine.
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31. A claw tine for demolition equipment comprising:

an elongated claw tine body pivotally movable about a pivot point between an

open position and a closed position;
a claw tine at a distal end of the claw tine body; and

a hydraulic cylinder for moving the claw tine body between the open position
and the closed position, the hydraulic cylinder having a fixed end secured to a base
and a cylinder rod end secured to the claw tine body, wherein a maximum holding
force of the claw tine is positioned about one third of the total angular rotation of the

claw tine body from the closed position.

32.  The claw tine of claim 31 wherein the total angular rotation of the claw tine

body between the open position and the closed position is at least 75 degrees.

33.  The claw tine of claim 31 wherein the total rotation of the claw tine body

between the open position and the closed position is between 75 and 100 degrees.

34, The claw tine of claim 31 wherein the hydraulic cylinder is substantially

enclosed by the claw tine body.
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