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ON-LINE COLOR MEASUREMENT SYSTEM FOR COOLED PRODUCT N (57) Abstract: An
on-line color sensor (40) supplies light to a spectrophotometer (160) for
color measurement of product (25) after  C1 cooling. The product (25) is
extruded in a main extruder (20) having a bypass section (30). The on-line
color sensor (40) includes  00 an housing (50) having an interior portion
(100). The housing (50) is positioned proximate to the bypass section (30)
and is used  e0 to direct the product (25) from the bypass section (30)
into the interior portion (100). A receptacle (110) that is connected to
the  N housing (50) is positioned in the interior portion (100) of the
housing (50) to hold the product (25) directed into the interior portion
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e  ( . a pro uc is owe o coo w e meg on a recep c e (50) and supplies light
to the interior portion (100) of the housing (50). A light receiver (80) is
connected to the housing (50) to  capture the light from the light source
(170) in the interior portion (100) that is affected by the cooled product
(140). The captured  light is supplied to the spectrophotometer (160) to
measuring the color of the cooled product (140) in the interior portion
(100) of  the housing (50). 18 February 2005 WO 02/16892 ON-LINE COLOR
MEASURMENT SYSTEM FOR  COOLED PRODUCT BACKGROUND OF THE INVENTION
PCT/US01/19416 The invention relates to a color measurement system and more
particularly to a color measurement system for color measurement of cooled
product  after the product has been extruded by an extrusion mechanism. In
the manufacturing of some materials, for example, polymeric  5 materials,
the product undergoes several manufacturing processes before the final
product is created. These processes can be performed in one processing area
or at  several processing areas. In either case, the product is transported
from process to  process, or the product is transported to a finishing
area. In addition, at the final  processing area the product can be formed
into various shapes and sizes. Typically, 10 the movement and final forming
of the product is accomplished by extruding the  material through a
conduit. Heating the product so that the product flows similar to a  liquid
facilitates the extrusion of the product through the conduit. Many
processes, especially the finishing process and forming, desire to'
identify or measure the color of the cooled product. Color identification
and is measurement is desired for, among other things, determining the
state of the process,  determining the quality of the product and sorting
the product. However, the heated  



product can have a different color than the cooled product. In one example,
color of  the product is identified and measured by directing a sample of
the product to a  bypass section in the conduit or main extruder. The
sample of the product that is 20 directed through the bypass section is
collected by an operator and is allowed to cool.  The operator manually
supplies the portion of the cooled sampled product to a  spectrophotometer
where the color is measured. This process of color measurement  and
identification is time consuming and, therefore, increases the
manufacturing time  of the product which in tun increase the costs
associated with manufacturing. -1 18 February 2005 Therefore, there is a
desire for an optical color sensor that provides in situ color  measurement
of a cooled product that automatically takes a sample of the  product,
expedites sample cool time and provides information relating to the
product for analysis. BRIEF SUMMARY OF THE INVENTION According to one
aspect of the present invention, there is provided an on-line  color sensor
for supplying light to a spectrophotometer for color measurement of
product after cooling, the product being extruded from a main extruder
having a  bypass section, the on-line color sensor comprising: a housing
having an interior  portion, the housing, the housing positioned proximate
to the bypass section and  directing product from the bypass section into
the internal portion; a receptacle  connected to the housing and positioned
in the interior portion of the housing for  holding the product being
directed into the interior portion wherein the product  cools while being
held on the receptacle; a light source connected to the housing  for
supplying light to the interior portion of the housing; a light receiver
connect  to the housing for capturing light from the light source in the
interior portion that  is affected by the cooled product, the captured
light being supplied to the  spectrophotometer for measuring the color of
the cooled product in the interior  portion of the housing. In one
exemplary embodiment, an on-line color sensor is provided for supplying
light to a spectrophotometer that measures the color of cooled product. The



product is extruded from a main extruder having a bypass section. The
on-line  color sensor comprises a housing having a top portion proximate to
the bypass  section and having an open bottom. The housing, the top portion
and the open  bottom define an internal portion. A funnel is positioned in
the top portion and  directs product from the bypass section into the
interior portion of the housing. A  cover hinge is connected to a top
cover, a bottom cover and the housing. The  cover hinge is used when the
top and bottom cover are moved to at least a first  position where the top
cover covers the top portion and the funnel and where the 2 18 February
2005 bottom cover encloses the open bottom of the housing. A receptacle is
connected  to the housing and positioned in the interior portion proximate
to the funnel  portion. The receptacle holds the product received from the
bypass section, and  the product is allowed to cool while being held by the
receptacle. A light source  is connected to the top cover and provides
light through the funnel into the  interior portion of the housing. A light
receiver is connected to the top cover, or  the bottom cover, and the
spectrophotometer. The light receiver captures light  from the light source
in the interior portion that is affected by the cooled product  being held
on the receptacle. The captured light is supplied to the  spectrophotometer
and is used to measure the color of the cooled product in the  interior
portion of the housing. BRIEF DESCRIPTION OF THE DRAWINGS Fig. I is a
perspective view of one exemplary embodiment of an online color
measurement system; 18 February 2005 WO 02/16892 PCTIUS01119416 Fig. 2 is a
perspective/schematic view of one exemplary embodiment  of an on-line color
sensor; Fig. 3 is a perspective view of another exemplary embodiment of an
on-line color sensor; 5 Fig-4 is a perspective view of yet another
exemplary embodiment of an  



on-line color sensor; Fig. 5 is a perspective/cross-sectional view of one
embodiment of a  receptacle for use in an on-line color sensor; Fig. 6 is a
perspective view of one embodiment of a  10 preparation/cleaning mechanism
in a cleaning configuration; Fig. 7 is a perspective view of another
embodiment of a  preparation/cleaning mechanism in a sample preparation
configuration; and Fig. 8 is a perspective view of yet another embodiment
of a  preparation/cleaning mechanism illustrating a transformation from a
cleaning  15 configuration to sample preparation configuration. DETAILED
DESCRIPTION OF THE INVENTION As shown in Fig. 1, the manufacturing of
certain materials, for  example, plastics and polymeric materials, into a
product 25 involves a main extruder  20 through which the product 25 is
extruded. In one embodiment, the extrusion of the  product 25 is provided
to move the product 25 from one location to another. In 20 another
embodiment, the extrusion of the product 25 is used to form the product 25
into desired shapes and sizes as part of a final or finishing process step.
Various  manufacturing processes desire to use the color of the product 25
after the product 25  has cooled to assist in manufacturing, fabricating
and/or sorting. Typically, the  product 25 is heated to facilitate
extrusion through the main extruder 20. The heated 25 product 25 depending
upon the material properties can have a different color than the  cooled
product 140 (Fig. 2). Therefore, the color of the heated product 25 may not
-3 18 February 2005 WO 02/16892 PCT/USO1/19416 provide an accurate
measurement of the color of the cooled product 140 (Fig. 2).  Therefore, in
one exemplary embodiment of the present invention, a color  measurement
system 10 is used to facilitate cooling the heated product 25 and to
determine the color of the cooled product 140 (Fig. 2) without requiring an
operator  5 to manually determine the color. In one embodiment as shown in
Fig. 1, a bypass section 30 is  



connected to the main extruder 20 of the color measurement system 10. An
on-line  color sensor 40 is positioned proximate to the bypass section 30.
The on-line color  sensor 40 includes a sensor housing 50. In another
embodiment, the sensor housing 10 50 includes a top portion 56, a side
portion 57 and a bottom portion 58 that define an  interior potion 100
(Fig. 2). A funnel 52 is located in the top portion 56 of the sensor
housing 50. A housing opening 94 is provided in the side portion 57 of the
sensor  housing 50. A push rod 90 of surface preparation and cleaning
mechanism 125 (Fig.  2) extends from the housing opening 94 and connects to
a preparation/cleaning 15 actuator 92 that moves at least the surface
preparation and cleaning mechanism 125.  A fan 54 is located in the side
portion 57 of the sensor housing 50. A cover hinge 68  is connected to the
sensor housing 50. A top cover 60 and a bottom cover 62 are  connected to
the cover hinge 68. A cover side portion 61 also connects the top cover  60
and bottom cover 62. A cover actuator 64 is connected to at least the top
cover 60 20 and the bottom cover 62 and is used to move the top cover 60
and the bottom cover  62 from at least a first position (Fig. 3) to a
second position (Figs. 1, 2 and 4). In one embodiment, a first receptacle
72 and a second receptacle 74  are provided on the top cover 60. As shown
in Fig. 2, the first receptacle 72 is  connected to a light source 170 via
fiber optic bundle 70. The second receptacle 74 25 comprises a light
receiver 80 that is connected via fiber optic bundle 82 to a
spectrophotometer 160. A display 162 is connected to the spectrophotometer
160 via  connection 164. In one embodiment as shown in Fig. 3, the first
receptacle 72 and the  second receptacle 74 are positioned such that when
the top cover 60 is in the first  position, and the fiber optic bundles 70
and 82 optically view into the interior portion  30 100 through the funnel
52. . -4 18 February 2005 WO 02/16892 PCTIUS01/19416 As disclosed above, a
portion of the product 25 that flow through the  main extruder 20 is
directed to flow through the bypass section 30, and the on-line  color
sensor 40 is positioned proximate to the bypass section 30 of the main
extruder  



20. In a preferred embodiment, the main extruder 20 comprises a viscometer
5 extruder. The bypass section 30 is positioned such that any portion of
the product 25  that is extruded from the bypass section 30 is directed
into the funnel 52 which then  directs the product 25 into the interior
portion 100 of the sensor housing 50. In  another embodiment, the main
extruder 20 or the bypass section 30 include a valve or  other mechanism
(not shown) that is activated to select when the portion of the  10 product
25 flows through the bypass section 30. In Fig. 2, the top cover 60 and the
bottom cover 62 are shown in the  first position where the product 25 (Fig.
1) can flow via the funnel 52 into the interior  portion 100 of the sensor
housing 50. A receptacle 110 is positioned in the interior  portion 100 and
is also positioned proximate to the funnel 52 such that product 25 15
flowing through the funnel 52 is held and/or captured by the receptacle
110. As  shown in Fig. 5, in one embodiment, the receptacle 110 is
connected to the sensor  housing 50 via a hinge 520. In a preferred
embodiment, the receptacle 110 comprises  a V-groove shape. Once the
product 25 is held on the receptacle 110, the surface of  the product 25 is
prepared for measurement, and it is preferably allowed to cool and 20
become cooled product 140. The fan 54 (Fig. 1) to assist in the cooling of
the product  25 provides an airflow in the interior portion 100. A
temperature sensor 130 can be  provided in the interior portion 100 to
monitor the temperature of the product 25  and/or the cooled product 140.
The temperature sensor 130 can be connected to a  computing or control
device (not shown) such that the color of the cooled product 140 25 is
measured only after the cooled product 140 reaches a predetermined
temperature. In a preferred embodiment to assist in the measurement of the
color of  the cooled product 140, the sensor housing 50 of the on-line
color sensor 40 is  opaque. In one embodiment, the sensor housing 50
comprises an opaque coating,  such as, for example, a deposited coating
and/or a painted coating. In another 30 embodiment, the sensor housing 50
comprises an opaque casing, such as, for -5 18 February 2005 WO 02/16892
PCT/US01/19416 example, a metal or plastic housing. The opaque
characteristic of the sensor housing  



50 ensures that exterior light cannot enter the interior portion 100 and/or
light from  the light source 170 is not dissipated from the interior
portion 100. In addition, the  sensor housing 50 also includes a covering
510 in the housing opening 94 of the 5 sensor housing 50. The covering 510
also ensures that a minimal amount of exterior  light enters the interior
portion 100 of the sensor housing through the housing opening  94 when the
push rod 90 extends therefrom. It should be appreciated that the side
portion 61, shown in Fig. 1, is one embodiment used to cover the fan 54
when the top  cover 60 and the bottom cover 62 are moved to the first
position to prevent light from  10 entering the interior portion. As shown
in Figs. 1 and 2, the on-line color sensor 40 includes a first  receptacle
72 and a second receptacle 74. In one embodiment, the first receptacle 72
and the second receptacle 74 are located in the top cover 60 and operate
through the  funnel 52 to provide and receive light from the interior
portion 100 of the sensor 15 housing 50. In another embodiment, as shown in
Fig. 4, the second receptacle 74 is  positioned in the bottom cover '62 to
receive transmitted light from the fiber optic  bundle 70 positioned at the
first receptacle 72 in the top cover 60. The configuration  of the first
receptacle 72 and the second receptacle 74 shown in Fig. 4 allows the on-
line color sensor 40 to measure the color of products 25 that are
transparent and/or 20 translucent. When the product 25 is translucent
and/or transparent, light passes  through the product 25. Therefore, in one
embodiment, the'first receptacle 72 and the  second receptacle 74 are
positioned in the top cover 60 and the bottom cover 62, as  shown in Fig.
4. In this configuration, the light from the fiber optic bundle 82 that
passes through the product 25 also passes through the receptacle 110 and is
collected 25 by the light receiver 80. The collected light is provided to
the spectrophotometer 160  for color measurement. In embodiments where the
product 25 is transparent and/or translucent,  the receptacle 110 can be
composed of a translucent and/or transparent material, such  as for.
example quartz. In other embodiments where the product 25 is transparent 30
and/or translucent, the receptacle 110 can comprises a transparent and/or
translucent -6 18 February 2005 



WO 02/16892 PCT/USO1/19416 window 810 (Fig. 8). In a preferred embodiment,
the window 810 is composed of  quartz. In these embodiments, light from the
fiber optic bundle 82 can pass through  the receptacle 110. It should be
appreciated that in the embodiments where the  product 25 is translucent
and/or transparent, the spectrophotometer 160 (Fig. 2) can 5 be calibrated
to determine any color influence that the receptacle 110 contributes to
the color measurement. It should also be appreciated that in other
embodiments the  first receptacle 72 and the second receptacle 74 can be
placed in other positions  wherein light is provided into the interior
portion 100, and the light that is received is  affected by the cooled
product 140. 10 The first receptacle 72 is connected to the light source
170 via a fiber  optic bundle 70 that comprises, in one embodiment, a
plurality of optical fibers  housed in an opaque casing. In one,
embodiment, the light source 170 comprises a  calibrated light source such
that the light that is supplied to the on-line color sensor 40  can be
precisely controlled. In another embodiment, the light source 170 comprises
a 15 white light source. The light receiver 80 can, in one embodiment,
comprise the fiber  optic bundle 82 that is connected to the
spectrophotometer 160. In addition in one  embodiment, the fiber optic
bundle 82 comprises a plurality of optical fibers housed  in an opaque
casing. It should be appreciated that the light receiver 80 can comprise
any mechanism that collects and/or transmits the light from the on-line
color sensor 20 40 to the spectrophotometer 170. It should also be
appreciated that the fiber optic  bundles 70 and 82 can comprise a device
that transmits or conducts light from one  source to another, and the fiber
optic bundles 70 and 82 should not be limited to only  those disclosed
herein. The spectrophotometer 160 includes electronics that are used to  25
determine the color from the light that is received by the light receiver
80. The spectrophotometer 160 is connected to a display 162 via connection
164. In one  embodiment, the display 162 provides information and/or data
relating to the color of  the cooled product 140. This information can be
used by an operator or a control  device. (not shown) to control the
manufacturing process of the cooled product 140. It 30 should be
appreciated that the spectrophotometer 160 can be connected to a control 



-7 18 February 2005 WO 02/16892 PCT/LUSO1/19416 device (not shown) such as
a microprocessor and supplies control signals or data  relating to the
color of the cooled product 140 for controlling the manufacturing of the
product 25. In addition, the spectrophotometer 160 may be housed in or
connected to  a computing device (not shown) that manipulates the light,
data and/or information  5 supplied the on-line color sensor 40. The light
supplied to the on-line color sensor 40 is used to measure the  color of
the cooled product 140. In one embodiment, the cooled product 140 is
opaque or semitransparent and has very low light transmission properties.
As such, in  this embodiment, the material properties of the cooled product
140 allow very little or 10 even no light to pass through the cooled
product 140. Therefore, the portion of the  cooled product 140 that is held
on the receptacle 110 reflects light from the light  source 170. For this
material type, in one embodiment, the first receptacle 72 and the  second
receptacle 74 can be positioned in the top cover 60 and positioned over the
funnel 52 when the top cover 60 is in the first position, as shown in Fig.
3. Thus in 15 this configuration, the light receiver 80 collects light
supplied by the light source 170  that is reflected by the cooled product
140, and the light receiver 80 supplies this light  to the
spectrophotometer 160. However, in other embodiments, the material
properties of the cooled product 140 allow light to be transmitted through
and/or pass  through the cooled product 140. In these embodiments, the
first receptacle 72 and the 20 second receptacle 74 can be positioned at
other locations such as, for example, in the  top cover 60, in the bottom.
cover 62 (as shown in Fig. 4. In addition, it should be  appreciated that
the first receptacle 72 and the second receptacle 74 can also be
positioned in the sensor housing 50, in the interior portion 100, in the
receptacle 110  or in the surface preparation and cleaning mechanism 125.
Similarly, in this 25 embodiment, the light source 170 supplies light to
the on-line color sensor 40 that  passes through the cooled product 140.
The light receiver 80 collects light that is  transmitted through the
cooled product 140 and supplies that light to the  spectrophotometer 1600.
It should be appreciated that the light from the light source  



170 may be affected by the cooled product 140 in other ways other than
reflection of 30 and transmission through the cooled product 140, and the
present invention should  not be limited to the embodiments disclosed
herein. -8 1 8 February 2005 WO 02/16892 PCTIUSO1/19416 The color
measurement system 10 and on-line color sensor 40, as  shown in Figs. 1-4,
measure the color of the cooled product 140 that is positioned in  the
interior portion 100 of the on-line color sensor 40. In one embodiment, the
product 25 flows through the funnel 52 of the on-line color sensor 40 and
into the 5 interior portion 100 of the sensor housing 50. The product 25 is
held and/or captured  in the interior portion 100 by the receptacle 110. In
one embodiment, as shown in  Fig. 2, the receptacle 110 holds the product
25 and/or cooled product 140 while the  receptacle 110 is perpendicular to
the sensor housing 50 to facilitate holding or  capturing of the product 25
and/or cooled product 140. In one embodiment, the main 10 extruder 20 or
the bypass section 30 contains a valve (not shown) that is used to  control
the amount of the product 25 that flow into the interior portion 100. In
another embodiment, the length of time that the product 25 flows into the
interior  portion 100 is measured, and after a predetermined time, the top
cover 60 is moved by  the cover actuator to the first position, as shown in
Fig. 3. In a preferred embodiment, 15 the cover actuator 64 comprises an
electric motor. In the first position, the top cover  60 covers the funnel
52 and the top portion 56, and the product 25 is prevented from  flowing
into the funnel 52. It should be appreciated that the cover actuator 64 can
move the top cover 60 and the bottom cover 62 together or individually.
Once the desired amount of product 25 is held or captured by the  20
receptacle 110, the surface of the product is prepared for the color
measurement. The preparation of the surface of the product 25 involves
passing a knife-edge 710 (Fig. 7)  over the surface of the product 25
positioned on the receptacle 110 to remove excess  product 25 and to
produce a substantially flat surface on the sample of the product 25.  In
one embodiment, the knife-edge 710 is included as part of the push rod face
120 in 25 the surface preparation and cleaning mechanism 125, as shown in
Figs. 6-8. To use  



the knife-edge 710, the preparation/cleaning actuator 92, as shown in Fig.
8, rotates  the push rod 90. Specifically by rotating the push rod 90, the
push rod face 120 can  be moved from position A (Fig. 6) to position B
(Fig. 7) and vise versa. Position B  (Fig. 7) allows the knife-edge 710 to
contact the sample of the product 25 to produce 30 a substantially flat
surface. In a preferred embodiment, as shown in Figs..6-8, the -9 18
February 2005 WO 02/16892 PCTIIJS01/19416 push rod face 120 is positioned
on the push rod 90 at an angle other than 900 to  facilitate the cleaning
and the sample preparation of the product 25. The flat surface produced by
the knife-edge 710 aids in the color  measurement by making a reflective
surface for products 25 that are opaque and a 5 substantially even surface
for the transmission of light for products 25 that are  transparent and/or
translucent. The preparation of the sample of product 25 makes the  light
reflected from or transmitted through the product 25 consistent between
various  products 25. In addition, the surface preparation of the product
aids in the calibration  of the color measurement system 10 by making the
reflected or transmitted light 10 uniform. It should be appreciated that
the preparation of the sample surface is  provided in one embodiment of the
color measurement system 10 and other  embodiments need not necessarily
include this feature. Once the surface is prepared in the hot, or molten
state, the product 25  is allowed to cool and to form a cooled product 140.
In another embodiment, the fan 15 54 can be used to facilitate the cooling
of the product 25. When the product 25 is  cooled to form the cooled
product 140, the color of the cooled product 140 is  measured. To'measure
the color of the cooled product 140, the color measurement  system 10
provides light into the on-line color sensor 40 from the light source 170.
The light from the light source 170 is provided through the fiber optic
bundle 70 to 20 the interior portion 100. The cooled product 140 in the
interior portion 100 of the on- line color sensor 40 affects the light
transmitted to the on-line color sensor 40. As  mentioned previously, the
material properties of the cooled product 140 affect the  light by, for
example, reflecting the light from the cooled product 140 and/or allowing  



the light to be transmitted through the cooled product 140. The light
receiver 80 25 receives the light affected by the cooled product 140 in the
on-line color sensor 40.  The light that is collected by the light receiver
80 is transmitted to a  spectrophotometer 166 that analyzes the light to
determine the color of the cooled  product 140. Information and/or data
relating to the color is transmitted to a display  162 or a computing
device (not shown). The information and/or data relating to the -10 1 8
February 2005 WO 02/16892 PCTIUS01/19416 color of the cooled product 140
can be used to control the manufacturing of the  product 25. As shown in
Figs. 5 and 6, once-the color measurement has taken  place, the push rod 90
is rotated so that the push rod face 120 is positioned in the 5 receptacle
110, and the surface preparation and cleaning mechanism 125 removes the
cooled product 140 from the receptacle 110. The push rod 90 includes a
first distal  end 540 connected to the push rod face 120 and a second
distal end 550 connected to  the preparation/cleaning actuator 92. In a
preferred embodiment, the push rod face  120 comprises a triangular shape
that fits in a preferred embodiment of the receptacle 10 110 comprising a
V-groove shape. To clean the product 25 from the receptacle 110,  the push
rod face 120 is rotated to position A (Fig. 6). Once the push rod face 120
is  in position A (Fig. 6), the preparation/cleaning actuator 92 exerts a
linear force on the  push rod 90 such that the push rod face 120 contacts
the product 25 to push the  product 25 from the receptacle 110. 15 In one
embodiment, as shown in Fig. 5-8, the receptacle 110 can be  angled using
hinge 520 to facilitate removal of the cooled product 140. In another
embodiment, the preparation/cleaning actuator 92 moves the receptacle 110
to the  desired angle. In another embodiment, the preparation/cleaning
actuator 92 comprises  an electric motor. In even another embodiment, the
surfaces that contact the product 20 25 and/or cooled product 140 have a
surface coating 530, such as Teflon, that assists  in removal of the
product 25 and/or cooled product 140. In a preferred embodiment,  the
bottom portion 58 is open. Therefore, when the top cover 60 and the bottom



cover 62 are moved from the first position (Fig. 3) and the cooled product
140 is  pushed from the receptacle 110, the cooled product 140 drops out
the open bottom 54  25 of the sensor housing 50 for disposal. The foregoing
discussion of the invention has been presented for  purposes of
illustration and description. Further, the description is not intended to
limit the invention to the form disclosed herein. Consequently, variations
and  modifications commensurate with the above teachings, and with the
skill and 30 knowledge of the relevant art, are within the scope of the
present invention. The  -11 18 February 2005 WO 02/16892 PCT/US01/19416
embodiment described herein above is further intended to explain the best
mode  presently known of practicing the invention and to enable others
skilled in the art to  utilize the invention as such, or in other
embodiments, and with the various  modifications required by their
particular application or uses of the invention. It is 5 intended that the
appended claims be construed to include alternative embodiments to  the
extent permitted by the prior art. 18 February 2005 CLAIMS: 1. An on-line
color sensor for supplying light to a spectrophotometer for  color
measurement of product after cooling, the product being extruded from a
main  extruder having a bypass section, the on-line color sensor
comprising: a housing having an interior portion, the housing, the housing
positioned  proximate to the bypass section and directing product from the
bypass section into the  internal portion; a receptacle connected to the
housing and positioned in the interior  portion of the housing for holding
the product being directed into the interior portion  wherein the product
cools while being held on the receptacle; a light source connected to the
housing for supplying light to the interior  portion of the housing; 



a light receiver connect to the housing for capturing light from the light
source in the interior portion that is affected by the cooled product, the
captured light  being supplied to the spectrophotometer for measuring the
color of the cooled product  in the interior portion of the housing. 2. The
on-line color sensor of claim 1, comprising: a housing having a top portion
proximate to the bypass section and  having an open bottom wherein the
housing, the top portion and the open bottom define  an internal portion; a
funnel positioned in the top portion for directing product from the  bypass
section into the interior portion of the housing; a cover hinge connected
to a top cover, a bottom cover and the housing,  the cover hinge allowing
the top cover and bottom cover to move to at least a first  position
wherein the top cover covers the top portion and the funnel and wherein the
bottom cover encloses the open bottom of the housing; a receptacle
connected to the housing and positioned in the interior  portion proximate
to the funnel portion, the receptacle holding the product received  from
the bypass section wherein the product cools while being held by the
receptacle; a light source connected to the top cover for providing light
through the  funnel into the interior portion of the housing; -13 18
February 2005 a light receiver connect to the top cover and the
spectrophotometer, the  light receiver for capturing light from the light
source in the interior portion that is  affected by the cooled product held
on the receptacle, the captured light being  supplied to the
spectrophotometer for measuring the color of the cooled product in the
interior portion of the housing. 3. The on-line color sensor of Claims 1 or
2 further comprising a  cleaning mechanism contacting on the receptacle for
removing the product from the  receptacle. 4. The on-line color sensor of
Claim 3 wherein the cleaning mechanism comprises: 



a push rod having a first distal end and a second distal end, the first
distal end extending outside of the housing; and a face connected to the
second distal end for contacting and moving  along the receptacle for
removing the product from the receptacle. 5. The on-line color sensor of
Claim 4 wherein the face further  comprises a knife-edge for contacting the
product to form a substantially flat surface on  the product. 6. The
on-line color sensor of Claim 4 wherein the cleaning mechanism  further
comprises a non-stick, non-reactive coating on a portion of the face
contacting  the product. 7. The on-line color sensor of Claim 4 wherein the
cleaning mechanism  further comprises an actuator connected to the first
distal end of the push rod for  moving the push rod and the receptacle. 8.
The on-line color sensor of Claim 7 wherein the actuator rotates the  push
rod moving the face from a first position to a second position. 18 February
2005 9. The on-line color sensor of Claim 2 wherein the receptacle is
hinged to the housing. 10. The on-line color sensor of Claims 1 or 2
wherein the light source  comprises a calibrated light source. 11. The
on-line color sensor of Claims 1 or 2 wherein the light source  comprises a
white light source. 12. The on-line color sensor of Claims 1 or 2 wherein
the spectrophotometer is connected to a display. 13. The on-line color
sensor of Claim 12 wherein the display presents  data related to the color
of the cooled product. 14. The on-line color sensor of Claim 2 wherein the
receptacle  comprises a V-groove shape. 15. The on-line color sensor of
Claim 2 wherein each of the receptacle  and funnel further comprise a
non-stick, non-reactive coating on a surface that contacts  the product. 



16. The on-line color sensor of Claims 1 or 2 further comprising a fan
connected to the housing for cooling the product in the interior portion of
the housing. 17. The on-line color sensor of Claim 2 further comprising an
actuator  connected to and for moving the top cover and the bottom cover.
18. The on-line color sensor of Claim 2 further comprising a temperature
sensor for measuring a temperature of the product positioned in the
interior portion of  the housing and a control device connected to the
temperature sensor for monitoring  and controlling the temperature of the
product. -15 18 February 2005 19. The on-line color sensor of Claim 2
wherein each of the housing,  the top cover and the bottom cover are
composed of a metallic material. 20. The on-line color sensor of Claims 1
or 2 wherein the housing is opaque. 21. The on-line color sensor of Claim 1
wherein the receptacle is  composed of a material allowing light from the
light source to pass through the  receptacle. 22. The on-line color sensor
of Claim 1 wherein the receptacle  comprises a window allowing light from
the light source to pass through the receptacle  via the window. 


