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CLEANING-IN-PLACE SYSTEM FOR FLAT BELTS

L.L

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims the benefit of U.S.

Patent Application No. 12/856,578 filed on August 13, 2010,

—

the disclosure of which 1s 1ncorporated herein by reference,

and of U.S. Patent Application No. 12/288,602, filed on

October 22, 2008, which 1s a continuation-in-part of U.S.

Patent Application No. 11/672,568, filed on February 8, 2007,

pre——

the disclosures of which are i1ncorporated herein by

reference.

FIELD OF THE INVENTION

[0002] The present 1nvention relates to flat belt

conveylng apparatus.

BACKGROUND OF THE INVENTION

[0003] Sprockets for driving flat belts are usually made

from stalnless steel or plastic that 1s machilined or molded.

In food processing applications, sprocket drives are a

particularly critical area for cleaning. It 1s 1mportant to

be able to periodically remove the residual matters from the

—

sprockets and on the rear side of the belt, 1n order to avoid

—

bacteria growth and spoilage of the food processed on the

belt. For this purpose sprockets have been designed wilith

large openings to allow cleaning medium to pass from the side

and reach the critical areas to be cleaned. Such sprockets

are disclosed for use with modular belts 1n U.S. Patent

Application No. 12/288,602. However, such sprockets are not

l1deally suited for use with flat (non-modular) belts. For

example, as depicted 1n Figs. 7/A-7/B, the shape of the teeth,
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pre—— pre——

and lack of support between adjacent palirs of teeth, allow a

flexible belt to buckle as 1t 1s forced around the periphery

pre——

of the sprocket whilile the belt 1s under tension. Over time,

this buckling causes damage to the belt 1ncludiling cracks on

the surface of the belt.

[0004] Accordingly, there 1s a need for an i1mproved

cleaning system that i1ncorporates a sprocket for use with

flexible belts and that avoids the above-described

shortcomings.

SUMMARY OF THE INVENTION

[0003] The present 1nvention meets the above described

need by providiling a cleaning-i1n-place system according to

1ndependent claim 1. Preferred embodiments willl emerge from

the dependent clailms.

—

[0006] The present i1nvention provides a sprocket for a

flat belt. The flat belt may have transverse ribs. The

sprocket rotates about a shaft. The sprocket has a central

opening for recelving the shaft. The sprocket has a

pre—— pre——

plurality of teeth disposed around the periphery of the body.

The teeth are angularly spaced about the axilis such that each

tooth 1s spaced from the adjacent teeth by a first opening,

—

for applilication of a cleaning medilum or other medlum as

discussed 1n Jgreater detail herelin. Each tooth has a belt-

contacting surface which 1s convex 1n shape such that the

pre——

outer—-most periphery of the sprocket 1s generally circular.

The belt-contacting surfaces of the teeth guide the belt

pre——

around the periphery of the sprocket 1n order to minlimize the

ab1lity of the belt to buckle.
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[0007] The first opening may be clrcular, trapezoidal, or
any other shape. The first openiling 1s configured expose the

pre——

underside of the belt to cleaning medium.

[0008] The teeth may each further comprise a second tooth

—

such that pairs of teeth are disposed around the periliphery of

B

the body, the each pair being spaced from the adjacent pailr

pre—— pre——

by the first opening. FEach tooth of a palr of teeth may be

pre——

spaced from the other tooth of the palr by a second opening.

pre——

The second opening 1s configured to engade a rib of the belt.

The second openings may be confligured to be larger than the
corresponding ribs to allow cleaning medlum to pass between

the sprocket and the ribs.

[0009] A cleaning system may be arranged proximate to the

sprockets such that a cleanling medium 1s sprayed through the

first opening into the opening disposed adjacent to the

underside of the belt when the belt engages with the

—

sprocket. The cleanling system may 1nclude a manifold 1in

comblnation wilth spray nozzles polnted toward the sprocket

and/or belt.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The i1nvention 1s 1llustrated 1n the drawings 1n

which like reference characters designate the same or simllar

—

parts throughout the figures of which:

pre——

[0011] FFigure 1A 1s a perspective view of a sprocket

sultable for use with a flat belt;

[0012] FFigure 1B 1s a side elevational view of the

—

sprocket of Figure 1A;
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[0013] FFigure 1C 1s an end elevational view of the
sprocket of Figure 1A and 1B;
[0014] Figure 2 1s a side elevational view of the sprocket

—

of Figures 1A-1C with a flexible belt engaged thereon;

pre——

[0015] Ffigure 3 1s a perspective view of two sprockets and

a flat belt engaged thereon;

—

[0016] Figure 4A 1s a perspective view of another sprocket

sultable for use with a flat belt;

B

[0017] FFigure 4B 1s a side elevational view of the

pre——

sprocket of Filigure 4A;

B

[0018] Ffigure 4C 1s an end elevational view of the

—

sprocket of Figure 4A and 4B;

pre——

[0019] Ffigure 5 1s a side elevational view of the sprocket

of Figures 4A-4C with a flexible belt engaged thereon;

—

[0020] Figure 6 1s a prespectilive view of two sprockets

with a flexible belt engaged thereon;

[0021] Ffigure 7TA 1s a silde elevational view of a prior art

sprocket;

—

[0022] Figure 7B 1s a side elevational view of the prior

art sprocket with a flexible belt engaged thereon;

pre——

[0023] Figure 8 1s a perspective view of a belt traversing

pre——

over sprockets and a cleaning-i1n-place system of the present

pre——

invention, with a portion of the belt removed for clarity;
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[0024] Figure 9 1s a side view of the cleaning-in-place

pre—— pre——

system of Figure 8, with a side and a portion of the belt

pre——

removed for clarity;

—

[0023] Figure 10 1s another side view of the cleaning-1n-

—

place system of Flgures 8 and 9, with additional portions

—
-

removed for clarity;

pre——

[0026] Figure 11 1s a front view of the cleaning-in-place

pre——

system of Figures 8-10, with the belt removed for clarity;

— —
-

[0027] Figure 12 1s a rotated view of a portion of a

—

cleaning-1n-place system according to an embodiment of the

present 1nvention; and,

—

[0028] Figure 13 1s another rotated view of the portion of

B

—

the cleanling-in-place system of Figure 12.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Figs. 1A-1C depict a sprocket 10 having a body 1Z

which may be constructed from stalnless steel, plastic, or

other sultable materials generally known to be food

compatlble and easily cleanable. The sprocket 10 i1includes a
central opening 14 for engaglng a shaft (not shown). The
shaft may be a drive shaft. The central opening 14 may be

shaped to cause the sprocket 10 to rotate as the shaft 1is

rotated; for example, the central opening 14 may be formed 1n

the shape of a square. In this manner, the sprocket 10 may
rotate about an axis 15 that 1s coincident with the shaft in
order to drive a belt 90 (see, e.g., Fig. 2). The sprocket

10 may be an 1dling sprocket which 1s rotated about the axis

15 by movement of the belt 90 around the sprocket 10. The

central opening 14 may be formed 1n other shapes to
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accommodate di

_6 -

"erent shaft geometries as will be evident to

pre——

those of ordinary skill 1n the art based on this disclosure.

10030]

The sprocket 10 has a plurality of teeth 1o, 18

—

disposed 1n pailrs 20 around the periphery of the body 12.

Fach tooth 16, 18 has a belt-contacting surface 26. The

belt-contacting surface 26 1s convex 1n shape such that the

pre——

outer—-most periphery of the sprocket 10, as defined by the

pre——

belt-contacting surfaces 26 of the teeth 16, 18, 1s generally

clrcular. The discontilnuous circle formed by the belt-

—

contacting surfaces 20 of the teeth 16, 18 1s centered on the

axls 15

and guldes the belt 90 around the periphery of the

sprocket 10 1n order to minimilze the ability of the belt 90

to buckle.

10031]

—

The palrs 20 of teeth are angularly spaced about

—

the axls 15 such that each pair 20 of teeth 1s spaced from

—

the adjacent pairs 20 of teeth by a first opening 22. The

flrst opening 22 1s configured to align with the underside of

B

the belt 90 when the belt 90 1s engaged with the sprocket 10

as best

opening

toward the sprocket 10 and belt 90 to reach the underside of

shown 1n Figs. 2 and 3. In this way, the first

22 allows for cleaning medlum spraved Jgenerally

B

the belt 90. The filrst opening 22 may be shaped to allow

—

access of cleaning medilium to the belt 90 whilile mailntalning a

pre—— pre——

necessary amount of belt-contacting surface 26 of the teeth

pre——

1o, 18 to prevent buckling of the belt 90. The cleaniling

pre——

medlium may comprilse a ligquid, gas, a mixture of liguid and

gas, a dust, a foam or any other form suitable for cleaning

(collectively referred to as "medium", "fluid", or "cleaniling

pre——

fluid"). The medlum may also serve other purposes 1n place

of or 1n addition to cleaning such as sanitation or drvying.
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[0032] In the non-limitling example depilcte

and 2, the first opening 22 1s cilrcular 1n sh

pre——

chord of the cilrcle intersects with the perip

PCT/EP2011/063991

d 1n Figs. 1B

ape where a

pre——

hery of the

sprocket 10 thus forming edges 28, 30. As such, the wide

—
e

circular formation of first opening 22 allows

ample cleaning

medium to circulate, while the smaller peripheral gap created

by edges 28, 30 allows the appropriate belt-contacting

surfaces 26 to remalin on the teeth 16, 18. The approprilate

pre——

si1ze of the gap created by edges 28, 30 wil]

depend on the

pre——

speciflic applilication. For example, the stiffness of the belt

—

and/or the number and spacing of ribs in the

necesslitate more or less support by the belt-

— —

belt will

contacting

surfaces of the teeth of the sprocket. The edges 26, 30 or

pre——

any edges formed by the elements of the disclosed sprockets

may be beveled, rounded, or the like. The gap formed by

edges 28, 30 may be considered a belt i1nterface portion 38 of

B

the first opening 22. Such belt interface portion 38 may be

—

narrower than a largest diameter (or dimension) of the first

opening.

pre——

[0033] Another embodiment of a sprocket 50 1s depicted 1n

Figs. 4A-6, wherein the first opening 62 1s trapezoildal.

Other shapes and silzes sultable for the first opening will be

—

evident to those of ordinary skill 1n the art based on this

disclosure. The filrst openling may also comprilise multiple

openings. As such, a belt may be exposed to

cleanling medlum

at more than one position between the ribs of the belt.

—

[0034] The belt-contacting surfaces 26 of

—

may make up approximately 50 percent of the circumference of

the sprocket 10

—
e

the sprocket 10 (the first openings 22 and second openings 24

—

making up the other 50 percent of the circumference). The

belt—-contacting surfaces 26 may make up more

or less then 50
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pre——

percent of the circum:

the application (e.qg.,

ribs, etc.).
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pre——

"erence of the sprocket 10 depending on

B

belt stiffness, number and spacing of

—

[0035] Fach tooth 1o, 18 of a pair 20 of teeth may be

spaced from the other tooth 18, 16 of the palr 20 by a second

opening 24.

rib 92 of the belt 90.

The second opening 24 1s configured to engage a

pre——

The second opening 24 may be, for

example but not limited to, tapered 1n shape to engage a

tapered rib 92.

The second opening 24 may be conflgured to

be larger than the corresponding rib 92. For example, a

—

depth d of the second opening 24 may be greater 1n length

chan a heilgh

c h of the corresponding rib 92. In this manner,

cleaning medium may pass between the sprocket 10 and the rib

92 while the belt 90 1s engaged by the sprocket 10 1n order

to flush contaminants

from the rib 92 area of the belt 90.

—

[0036] The body 12 of the sprocket 10 may have a

longitudinal width which varies. For example, as best shown

in Fig. 1A,

pre——

an lnner portion 32 of the body 12 may have a

pr—

width W; which 1s less than a width W, of an outer portion 34

of the body 12.

pre——

In this manner, the volume of material

necessary for the body 12 and the mass of the body 12 may be

pr——

minimlized (due to the relatively narrow width W; of the 1nner

portion 32)

surface 20

while still providing a large belt-contacting

pre——

(due to the relatively large width W, of the outer

portion 34).

The body 12 may further have a transition

portion 36 where the width gradually increases from W; to W,.

pr——

[0037] The reduced width W; of the 1nner portion 32 also

has the bene

pre——

underside o:

—

belt 90,

—

fit of 1mproving access of cleaning medium to the

pre——

especlally to a portion of the belt 90

which 1s located between two sprockets (see, e.g., Fig. 8,
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pre——

which shows where a V-shaped spray of cleaning medium may be

less hindered by a reduced width Ww;) .

[0038] Turning to Fig. 2, the sprocket 10 1s shown engaged

wlth the belt 90. The belt-contacting surfaces 26 of the
teeth 16, 18 engage with and ease the belt around the

pre——

periphery of the sprocket 10 and the second openings 24

engage with the transverse ribs 92 of the belt 90. Also, the

filrst openings 22 provide large openings and 1mproved access

to the underside of the belt 90 for cleaning when the belt 90

passes over the sprocket 10, while still maintalning

B

—

sufficient belt-contactling surface 26 to minimize the risk of

buckling of the belt 90. The relation of the first openings

22 and the 1nner portion 30, transition portion 34, and outer

pre——

portion 32 of the sprocket may allow Improved access of the

cleaning medlum to the belt 90. Similarly, the varvyving width

—

of the body 12 at the second openings 24 may allow 1mprove

—

access of the cleanling medium to the ribs 92.

[0039] The sprockets described above are designed such

pre——

that the underside of the belt 1s generally accessible

pre—— pre——

regardless of the position of the sprocket. This sprocket

desi1gn comblned wilith the spray techniques described 1n detaill

below provide for optimal cleaning of flat belts. As shown

1in Figs. 8-13, spray nozzles 300 are located on a sprocket

shaft 303. The shaft 303 comprises a stationary hollow shaft

or thick-walled tube. The sprockets 301 rotate on the shaft

pre——

303 which may be constructed of steel or other materials or

may be coated wlth a ceramilic or plastic coating. The

cleaning medlum enters through an i1nlet 304 and passes

through the hollow shaft 303 and exits the shaft 303 as a

spray 302 through the nozzles 300. As best shown 1n Fi1gs.

11-13, the nozzles 300 are primarily disposed on the shaft
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303 between the sprockets. There may also be a nozzle 300

located at the end of a curved section 307 extending from the

pre——

end of the shaft 303. Location of the nozzles 300 on the

shaft 303 provides for an optimal spray angle o as described

1n greater detall below. The sprays 302 are designed to be

generally flat (best shown 1in Fig. 13) to minimlze medium

pre——

consumption and to Improve the ability of the spray to enter

1nto the openings k (Fig. 9) between the sprocket teeth 311

and onto the underside 308 of the belt 30606.

[0040] As described 1n greater detaill below, the best

cleaning performance at minimal cleaning medium consumption

pre——

1s achieved with a combination of spray angle and pressure,

pre——

relative to the sprocket diameter (1.e., distance of spray

pre——

nozzle from the belt surface). The temperature of the

pre—— |

cleaning medium also needs to be adapted to the specific

—

process. Also, the supply of the cleaning medlium may be

controlled by a customlzed program to limit the spray time

—
-

for lowest possible use of cleaning medium. The program may

pre——

be adapted to the specific requilrements of the customer

productlion process.

B

[0041] As shown 1n Fig. 8, the cleaning-in-place system o:

the present 1nvention may be 1nstalled on the 1dling or non-

driven shaft 303 of a flat conveyor belt 306. The belt 3060

pre——

runs over a plurality of sprockets 301. The sprockets 301

are rotatably mounted on the stationary hollow shaft or

thick-walled tube 303. The shaft 303 1s equipped with a

—

number of spray nozzles 300 positioned between the sprockets

301. The spray 1s dilrected to the underside 308 of the belt

306 as 1t passes over the sprockets 301. The spray 1s

directed approximately radially. As described above, the

pre——

design of the sprocket 301 1s made 1n such a way that the
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pre——

underside 308 of the belt 306 1s largely not covered and

there:

10042]

shown with the belt 3060 and other components removed

clarity.

The distance d between the center llnes 330 of

"ore the cleanling medilium can 1mplnge the underside.

Turning to Fig. 12, the cleaning—-i1n-place system 1s

—

INONS

—
-

adjacent sprockets 301 determlines the distance that the spray

must travel and 1s determlined by the spray angle .

larger spray angle,

the sprockets 301 could be placed

With a

farther

apart. As shown, a palr of supports 329 hold the stationary
shaft 303 1n position. The spray patterns overlap at each
side.

[0043] Turning to Fig. 11, the overlap of sprays 1s

S UL

underside of

pre——

—

sprocket teeth.

[0044]

"1clent to allow the cleaning medlum to 1mplnge the

the belt through the openilings k between the

In Fi1g. 13, the spray nozzles 300 have a spray

pattern 302 that 1s generally flat and therefore 1s better at

entering the openings Kk between the sprocket teeth and at

entering the rib-engaglng gaps.

—

at an angle [ to the centerline 340 of the shaft 303.

— 1

angle may be between five and fifteen degrees, and 1s

pre

pre——

The nozzles 300 are alilgned

This

ferably ten degrees. Thils angle avolds disturbance

between the spray patterns of adjacent nozzles 300 and

pre——

ensures the penetration of the spray medilum through the

openings and gaps

—

pre——

from both sides of the sprocket. As a

result of the overlap, the belt surface can be fully covered.

10045] The

COIl

figuration

followling table 1llustrates the spray

for a sprocket with a pitch diameter o1

- 105 mm.
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Sprocket pltch dilameter lebmm (6.5 1n.)
Nozzle type Lechler o0l12.487.160
Spray angle 120 degrees
Spray allgnment 10 degrees
Sprocket/nozzle increment 150 mm (6 in.)
Number of nozzles per belt o/m (2/ft.)
width
Fluid pressure (bar) 2—10 bar (8 bar preferred)
FFluid consumption at 8 3.19 liters/min.
bar/nozzle
[0046] The sprocket pitch diameter should not be smaller
than 130 mm (5 1n.) and not larger than 200 mm (8 in.). For

other sprocket sizes, the spray angles and/or the

spray/sprocket distances may be adjusted. The nozzle

ldentified above 1s a well known brand that 1s commerclally

avallable from several sources. Other nozzles would also be

—
e

sultable as will be evident to those of ordinary skill 1n the

art based on this disclosure.

pre——

[0047] A cleaning-in-place system of the present 1nvention

may further comprise a top surface cleaning manifold 380

which 1ncludes spray nozzles 382 configured to spray cleaning

medium on the top surface 384 of the belt 306 (see, e.qg.,

Figs. 8, 10, and 11).

[0048] While the 1nvention has been described 1n

connection with certaln embodiments, 1t 1s not 1ntended to
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limit the scope of the 1nvention to the particular forms set
forth, but, on the contrary, 1t 1s 1ntended to cover such
alternatives, modifilications, and equlivalents as may be
- the 1nvention as defined by the

included within the scope o:

appended clalms.
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CLAINS

1. Cleaning-in-place system for a flat belt (90; 308), the
cleaning~-in-place system comprising:

5 a non-rotating hollow shaft (303), having an open, first
end adapted for fluid communication with a source of a fluid

under pressure;

at least one sprocket (10; 301) rotatably mounted to the

hollow shaft (303), the at least one sprocket (10; 301)
10 rotating in driven relation about the shaft (303) as the flat

belt (90; 306) passes over and around the at least one
sprocket (10; 301) ;
a plurality of nozzle members (300) mounted on the
hollow shaft (303) in laterally spaced relation to one
15 another, each nozzle member (300) being in £fluid
communication with the fluid under pressure;
wherein the at least one sprocket (10; 301) comprises a
body (12), the body (12) having a plurality of teeth (16, 18;
311) daisposed in pairs (20), the pairs (20) being'angulafly
20 spaced about a rotating axis (15) of the sprocket (10; 301),
wheraein each pair (20) of teeth is spaced from adjacent pairs
(20) of teeth by a first opening {(22; 62), and wherein each
tooth (16, 18; 311) in each pair (20) of teeth is spaced from
the other tooth (16, 18; 311) in the pair (20) by a second
25 opening (24), and wherein a bealt-contacting surface (26) of
each tooth (16, 18; 311) 1s convex such that the outer-most
periphery of the bady (12), as defined by the belt-contacting
surfaces (26) of the teeth (16, 18; 311), is generally
circular, wherein the belt-contacting surfaces (26) make up
30 approximately 50 percent or more than 50 percent of the

¢rircumference of the sprocket.

tion: 10.09.2012 16.55.33 - 10.09.2012 16.59.57. This page 8 of IAMENDED SHEET 512165825
eceived at the EPO on Sep 10, 2012 16:59:57. Page 8 of 13
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8. Cleaning-in-place system according to any one of claims

1 to 7, wherein the nozzle members (300) produce a spray

pattern having a spray angle of ninety to one-hundred twenty

degrees.

9. Cleaning-in-place system according to any one of claims

1 to 8, wherein the fluid pressure i1is 2-10 bars.

10. Cleaning-in-place system according to any one of claims

10 1 to 92, wherein the sprocket pitc¢h diameter is 130 to 200 mm.

11. Cleaning-in-place system acdcording to any one of c¢laims
1 to 10, further comprising:
a manifold (380) in fluid communication with the souxce
185 of fluid; and

at least one manifold nozzle membery (382) mounted on the
manifold (380), the at least one manifold nozzle member (382)
being in fluid communication with the fluid under pressure;

wherein the manifold (380) is configured proximate a top

20 gurface of the flat belt (90;: 3086).

12. Cleaning-in-place system according to any one of ¢laims 1
to 11, wherein a belt interface portion (38) of the first
opening (22; 62) is8 narrower than a largest diameter of the

25 first opening (22; 62).

13. Cleaning-in-place system according to any one of claims

1 to 12, wherein the first opening (22) is c¢ircular in shape.

30 14. Cleaning-in-place system according to any one of claims

1 to 12, wherein the first opening (62) ig trapezoidal.

tion: 10.09.2012 16:55:33 - 10.09.2012 16:59:57. This page 9 of IAMENDED SHEET 01276758743
weceived at the EPQO on Sep 10, 2012 16:59:57. Page 9 of 13
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