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METHOD AND APPARATUS FOR PROCESSING SEATLANT
OF AN INSULATING GLASS UNIT
Fiéld of the Invention -
This disclosure relates in general to equipment used in the construction of
insulating glass units and, more spéciﬁcally, to a method and apparatus for heating and/or -

pressing sealant of insulating glass units.

Background of the Invention . .
Construction of insulating glas;s units (IGU’s) 'generally iﬁvolves fonﬁing a spacer
| frame by roll-férming a flat metal strip, into an elongated hollow rectangular fube or “U” |
shaped channel . Generally, a desiccant material is placed within the rectangulér tube or
channel, and some provisions are made for the desiccant to come into fluid |
communication with or otherwise affect the interior space of the insulated glass unit. The -
elongated tube or channel is notched to allow the channel to be formed into a rectangular
 frame, Generally, a sealant is applied to the outer three sides of the spacer frame in order
to bond a pair of glass panes to eithier opposite side of the spacer frame. Existing heated
_sealants include hot melts and dual-seal equivaleﬁts (DSE). The pair of glass panes are
- positioned on the spécer frame to form a pre-pressed insulating gfass unit. Generally, the
pre-préssed insulating glass unit is passed through an IGU oven to melt or activate the
sealant. The pre-pressed insulating glass unit is then passed through a press that applies
~ . pressure to the glass and sealant and compresses the IGU td‘ a selected pressed unit
-'t‘hichle_ss. , | . '
Manufacturers may produce IGUs having a variety of different glass types,
different glass thicknesses and different overall IGU thicknesses. The amount of heat
" required to melt the sealant of an IGU varies with the type of glass used for each pane of
the IGU. Thicker glass panes and glass pénes having low-E coatings have lower |
. transmittance (higher opabities) than a thinner or clear glass pane. (opacity is inversely

proportional to transmittance). Less energy passes through a pans of an IGU having a
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high reflectance and low transmittance. As a result, more energy is required to heat the
. sealant of an IGU with panes that have higher reflectance and lower tmnsmittanée. For
example, less energy is required to heat the sealant of an IGU with two panes of clear,
singie strength glass than is required to heat the sealant of an IGU with one pane of clear,
' ~ double strength glass and one f)ane of lqw-E coated double strength glass.
| Typically, manufacturers of insulating glass units reduce the speed at which the
- insulat'ing glass units pass through the IGU‘oven to the speed reqﬁired to heat the sealant
of a “worst case” IGU. This slower speed increases the dosage of exposure. In addiﬁon
 to the line speed sacrificed, many of the IGU’s are overheated at the surface, resulting in
longer required coohng tlmes and more work in process.

Some manufacturers produce IGUs in small groups that correspond to a particular
- job orhouse. As aresult, these manufacturers frequently adjust the spacing between
rollers of the press to press IGUs having different thicknesses. The thickness of the IGU
being pressed is typically entered manually. Other manufacturers batch larger groups of
: IGUs to gether by thlckness to reduce the frequency at which spacmg between the rollers
of the press needs to be adjusted ) |

There is a need for a method and apparatus for heating sealant of an IGU that
automatically sraﬁes the energy applied to the IGU based on an optical property of the
Iau. In addition, there is éﬁeed for a method and apparatus that automatically sets the -
spacing between press rollers for an IGU being pressed This type of functionality can
prowde justi in time one piece flow production resultmg in constant speed less manual

mterventmn and more cons1stency in the process.

‘ Summgg of the nvention
The present disclosure concerns a method and apparatus for heating and/or -
pressmg sealant of an insulating glass unit. One aspect of the disclosure concerns an
' oven for applying energy to an insulating glass unit to heat sealant of the insulating glass
unit. The oven includes an opﬁcal detector, an energy source, a coﬁveyor, and a |

controller. The detector detects an optical property of the insulating glass unit. The
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conveyor moves the insulatiﬁg glass unit with respect to the énergy source. The energy
. source applies energy to the instulating glass unit to heat the sealant. The controller is
coupled to the detector. The controller adjusts the amount of energy supplied by the
ehergy source to the insulating glass unit in response fo the detected optical property of
the insulating glass unit. |

The optlcal detector may be a transmlttance detector and/or a reflectivity detector. ;
In one embod1ment, the optical detector is a bar code system that scans a bar code on the
insulating glass unit that identifies the type or types of glass used in the insulating glass
mit. |

In one embodimenf, the energy source is a plurality of lémps, such as infrared

lamps. The controller may adjust the infrared energy supplied by the energy source by

changing a number of the lamps that supply energy to the insulating glass unit, changing

- the speed of the conveyor or changing the intensity of one or more of the lamps.

In one embodiment, there are two arrays of infrared Iamps. The conveyor moves
the insulating glass unit between the two arrays of infrared lamps. In one embodiment,
the controller actlvates a different number of lamps in the first array than the controller
activates in the second array of lamps when a detected optical property of a first pane of
glass of the insulating giass unit is different than a detected optical property of a second

. pane of glass of the insulating glass unit.

In use, an optlcal property or type of glass of the insulating glass unit is detected.
The conveyor positions the insulating glass unit with respect to the energy source. The
amount of energy supplied by the energy source to the insulating glass unit is adjusted in
response to the detected optical property of type of glass to heat the sealant of the
insulating glass unit. In the exemplary embodiment, the adjustment of energy supplied to
the insulaﬁhg glass unit allows the sealantin a given IGU 'to be heated more evenly and
facilitates more consistent heating of sealant from _unit 10 unit.

A second asi:ect of the present aisclosure concerns a press for an insulating glass
 unit. The press includes a displacement transducer, a controller and a pair of rollers. The

displacement transducer is conﬁéured to measure a thickness of an insulating glass unit

1
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before it is pressed. The controller is coupled to the displacement transducer. The

. controller js programmed to compare the measured pre-pressed thickness with a set of
programmed ranges of pre-pressed thicknesses that correspond to a set of desired
insulating glass unit pressed thicknesses. The controller selects one thickness from the
set of insulating glass unit pressed thicknesses that corresponds to the measured pre-
pressed thicknesses. The controller is coupled to the pair of rollers that can be spaced
épart by a distance determined by the controller. The controller is pro grammed to set the
distance betweén the rollers to achieve an insulating 'glass unit pressed thickness that the
~ controller selécts based on the measured pre-presséd thickness. .

‘In one embodiment, the displacement transducer is positioned along a path of
travel before an oven tﬁat heats séalaqt of the insulating glass unit. In one émbodiment, :
the displacement transducer is a linear variable differential transformer displacement
‘transducer. In one embodiment, the distance between the rollers is controlled by scanning
a bar code that indicates the pressed thickness of the insulating glass unit. |

In orie embodiment, a pre-pressed thickness of an insulating glass unit is
measured. The measured thiclmess is compared with a set of ranges of pre-pressed

" thicknesses that correspond to a set ‘Qf insulating glass unit pressed thicknesses. One
thickness from the set of insulating glass unit pressed thicknesses is selected that
corresponds to the measured pre-pressed thickness. A distance between the rollers of a
ﬁress is set to achieve the selected insulating glass unit pressed thickness before passing
the msulatmg glass unit is passed through the press.

Additional features of the invention ‘will become apparent and a fuller "
understandmg will be obtained by readmg the followmg detailed description i in
connectlon wfch the accompanymg drawings.

: .
Brief Description of the Drawings _
| Figure 1 is a perspective view of an insulating glass unit;
~ Figure2isa seqtidnal view taken acrosé lines 2-2 of Figurp 1;

Figure 3 is a sectional view of an insulating glass unit prior to pressing of the
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sealant to achieve the insulating glass unit of Figure 2; |

Figure 4isa top plan view of an apparatus for heating and pressing sealant of an
insulating glass unit; |

. Figure 5is aside elevational view of an apparatus for heating and pressmg sealant
of an insulating glass unit; '

Figure 6 is a side elevanonal view of an oven for applying energy to sealant of an
msulatlng glass unit with a side portion removed;

Flgure 7 is a top plan view of an oven for applymg energy to sealant of an

- msulatmg glass unit with a top portion removed;

Figure 8isa front elevational view of a press for an msulatmg glass unit;
Figure 9A i isa side elevational view of a press for an insulating glass unit with
._ rollers relatively spaced apart by a small distance;. '

Figure 9B is a side elevational view of a press for an insulating glass unit with
rollers spaced apart by a relatively large distance; _

Figure 10 is a schematic representation of a transmittance detector detecting a
' transmittance of an insulating glass unit;

Figure 11 is a schematic representatmn ofa reﬂectmty detector detectmg the

- ~ reflectivity of an insulating glass unit;

Figure 12 is'a graph that plots the relationship between signal strength ofa
, transmntance detector versus transmittance;
. Fi igure 13isa graph that plots signal strength of a reflectivity detector versus

reﬂecttv1ty, ‘ R -

Figure 14 is a schematic representation of a linear variable differential transformer
measuring a thickness of an‘insula;ting glass unit prior to its passage through the press;

Figure 15 is a schematic perspective representation.of a bar code reader reading a
bar code on an msulatmg glass unit; | A

Figure 16 is a schematic representatlon of infrared lamps. applymg energy to
‘ .sealant of an insulating glass unit;

| Figure 17 is a schematic representatmn of infrared lamps applying energy to



WO 2004/002906 PCT/US2003/020072

sealant of an insulating glass unit showing an altemate lamp energlzatlon sequence, and
Figure 18 is a schematic representation of infrared lamps applymg energy to

sealant of an insulating glass unit showing an alternate lamp energization sequence.

Detailed Description of the Invention ‘
' The present disclosure is directed to an apparatus 10 and method for heating

and/or pressing sealant 19 of an insulating glass unit 14 AGU). One"type of insulating

' glass unit 14 that may be constructed with the apparatus 10 is illustrated by Figures 1 and
2as comprising a spacer assembly 16 sandwiched between glass sheets or lites 18. '
-Referring to Figures 2 and 3, the illustrated spacer assembly 16 includes a frame structure
20, a sealant material 19 for hermetibally joining the frame to the lites 18 to form a closed
space 22 within the IGU 14 and a body of desiccant 24 in the space 22, ThelGU 14
" illustrated by Figure 1 is in condition for final assembly into a window or deor frahle, not
illustrated, for installation in a building. It is also contemplated that the disclosed
apparatus may be used to construct an insulated window with panes bonded directly to
sash elements of the window, rather than using an IGU that is constrained by the sash.

Tt should be readily apparent to those skilled in the art that ‘the disclosed apparatus
and method can be used with spacers other than the 111ustrated spacer. For example,
- closed box shaped spacer, any rectangular shaped spacer, any foam composite spacer or
any alternative material requiring heating can be used. It should also be apparent that the
disclosed apparatus and method can be used to heat and press sealant in insulating glass
units having any shape and size. | ' )
The glass lites 18 are constructed from any suitable or conventional glass. The

glass lites 18 may be single strength or double strength and may include low emissivity
| coatings. The glass lites 18 on each side of the msulated glass u.mt need not be identical,
- and in many applications different types of glass lites are used on opposite sides of the
IGU. The illustrated lites 18 are rectangular, aligned with each other and sized so that
their peripheries are disposed jlist eutwardly of the frame 20 outer periphery.
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The spacer assembly 16 functions to maintain the lites 18 spaced apart from each
: othter and to produce the hermetic insulating dead air space 22 between the lites 18. The
frame 16 and sealant 19 coact to provide a structure which maintains the lites 18 properly
assembled with the space 22 sealed from atmospheric moisture over long time periods
during whiéh the insulating glass unit 14 is subjected to frequent significant thermal
stresses. ‘The desiccant body 24 serves to remove water vapor from air or other gases
entrapped in the space 22 during construction of the insulating gléss unit énd any
_ moisture that migrates through the sealant over time. - ,
The sealant 19 both structurally adheres the lites 18 to the spacer assembly 16 and |

hermetlcally closes the space 22 against infiltration of air born water vapor from the
| atmosphere surroundmg the IGU 14. A variety of different sealants may be used to _
construct the IGU 14. Examples include hot melt sealants, dual seal equivalents (DSE);
and modified polyurethane sealants. In the illustrated embodiment, the sealant 19 is
extruded onto the frame . This is typlcally accomplished, for example, by passmg an
elongated frame (prior to bendmg into a rectanguilar frame) through a sealant application
station, such as that disclosed by U.S. Patent No. 4,628,528 or co-pending application
Serial No. 09/733,272, entitled “Controlled Adhesive Dispensing,” assignéd to Glass
| Equipmént Development, Inc. Although a hot melt sealant is disclosed, other suitable or

" conventional substances (singly or in combination) for scalmg and structurally can'ymg

' the unit components together may be employed.
Referrmg to Figures 2 and 3, the illustrated frame 20 is constructed from a thm

ribbon of metal, such as stainless steel, tin plated steel or aluminum. For example, 304
stainless steel having a thickness of .006-0.010 inches may be used. The ribbon is passed
throuéh forming rolls (not shown) to produce walls 26, 28, 30. In the illustrated
embodiment, the desiccant 24 is attached to an inner surface df the frame wall 26. The
desiccant 24 may be formed by a desiccating matrix in which a particulate desiccant is
- incorporated in a carrier material that fs adhelred to the frame. The carrier material may
be silicon, hot melt, polyurethane or other suitable material, ‘The desiécant absorbs

moisture from the surrounding atmosphere for a time after the desiccant is exposed to
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atmosphere. The desiccant absorbs moisture from the atmosphere within the space 22 ‘fbf
- some time after the IGU 14 is fabricated. This assﬁres that condensation w1th1n the unit
does not occur. In the illustrated embodiment, the desiccant 24 is extruded onto the
frame 20. | | .
To form an IGU 14 the lites 18 arc placed on the spacer assembly 16. The IGU 14
is heated and pressed together to bond the lites 18-and the spacer assembly 16 together.
Referring to Figures 4 and 5, the illustrated apparatus 10 for heating and pressing
sealant 19 of an IGU 14 includes an oven 32 for heating the sealant 19 of an IGU 14 and a
press 34 for applying pressure to the sealant lé and cor;ipressiﬁg the IGU 14 to the
N ‘desired thicknesé T (Figure 2). '

Oven ﬁ

Referring to Figures 4-7 , the illustrated oven 32 includes a detectbr 36, an energy
source 38, a conveyor 40 and a controller 42. The detector 36 is'used to detect an optical
property of the IGU 14 and/or the type of glass used to construct the IGU. The energy
source 38 applies energy to the IGU 14 to heat or activate the sealant 19. The conveyor
40 moves the IGU 14 with respect to the energy source 38. The controller 42 is coupled
to the detector 36 and adjusts the amount of energy supplied by the energy source 38 to
the IGU 14 in response to the detected optical property or glass type of the IGU 14 to heat
* the sealant 19 of the IGU 14,

Referring to Figures 4-6, tlie detector 36 is mounted along a path of travel defined
by the conveyor 40 before an inlet 44 of the oven 32. Positioning the detector 36 before
the inlet 44 of the oven 32 allows an optical property of the IGU 14 to be detected_ before
~ the IGU 14 enters the ovén 32. Inthe illustrated embodiment, a plurality of detectors 36
are included for detecting an optical property along a widfh of an IGU‘ 14. Tt should be
readily apparent to thbse skilled in the art that any desired number of detectors could be
used. ‘ | s |
‘ The amount of energy required to heat the sealant 19 of an IGU 14 varies
depen&ing on the optical prbperties of the IGU 14. Referring to Figures 10 and 12, in one
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embodiment, a transmittance detector 46 is used to determine the amount of energy

. required to heat the sealant 19 of the IGU 14. One acceptable transmittance detector is an

Allen Bradley series 5 OOO photo switch analog control, such as Allen Bradley part
number 42DRA-5400 . An IGU that is less transmissive to infrared light requires more

' _energy (infrared light in the illustrated embodiment) to heat the sealant 19 than an IGU
that is more transmissive to infrared light. For example, an IGU 14 that includes two
panes of clear, single strength glass is more transmissive than an IGU that includes two
pénés of clear, double strength glass. As a result, mdre energy is required to heat the IGU
with two panes of clear, double strength glass than the IGU with two panes of clear,
single strength glass. Similarly, an IGU having one pane of low-E coated double strength
glass and one pé,ne of clear double strength glass is less transmissi&e and requires more
energy fo heat the sealant 19 than an IGU that includes two panes of clear, double
strength glass. AnIGU that includes two panes of low-E glass is less transmissive than
an IGU that includes one pane of clear glass and one pane of low-E coated glass. Asa
result, more energy is required to heat the sealant 19 of the IGU having two panes of low-
- E coated glass. | . ' ‘

The energy required to heat the sealant 19 of an IGU having any con‘_;bination of
glass types can be determined by detecting the transmittance of th_é IGU 14. The |
transmittance detector 46 provides a signal to the controller 42 fhat the controller uses to
adjust the amount of energy supplied to the IGU 14 for heating the sealant 19. Referring

.to Figure 12, in the illustrated embodiment, the transmittance detectp; provides a voltage
signal to the controller. The mégnitude of the voltage signal decreases as transmittance
“decreases. ' | o

Referring to Figures 11 and 1‘3, a reflectivity detector 48 is used to detect the
amount of energy quuired to heat the sealant 19 of the IGU 14. Acceptable reflectivity
detectors include médel number OCI-I2(_), available from Control Methods, model number
NTL6 available from Sich, and model mumber LX2-13/V10W available from Keyence.
An IGU 14 having é high reflectivity requires more energy to heat the sealant 19 than an
IGU 14 having a low reflectivity. For example, an IGU 14 having two panes of clear
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‘glass is less reflective than an IGU 14 having one pane of clear glasé and one pane of -

. low-E coated glass. As aresult, the IGU 14 having two panes of clear glass requires less

energy to heat the sealant 19 than the IGU 14 having one pane of clear glass and one pane
of low-E glass. Similarly, an IGU 14 having two panes of low-E coated glass is more-
reflective than an IGU 14 having one pane of clear glass and one pane of low-E coated '
gléss. As aresult, moré energy is required to heat the IGU 14 having two panes of low-E
coated 'glass. The reflectivity detector provides a signal to the controller 42 that the -
controller uses to adjust the amount of energy supplied to the IéU 14 for heating the
sealant 19.V Referring to Figure 13, in the illustrated embodiment, the transmittance
- detector provides a voltage signal to the controller. The magnitude of the voltage signal
increases as reflectivity increases. |

In one embodiment, an optical proi)erty of a lower pane 50 and an optical property
of an upper pane 52 is detected. The amount of energy required to heat the sealant 19 to
the lower pane 50 may be different than the amount of energy required to heat the sealant
19to theﬂupper pane 52, if the optical properties of the lower pane 50 are different than
the optical propérties of the upper pane 52. If the lower pane 50 is more opagque or
reflective than the upper pane 52, more energy is required to heat the sealant 19 to the .
* lower pane 50 than the upper pane 52. For example, the lower pane 50 majr be a low-E
coated piece of glass and the upper pane 52 is a clear piece of glass. The low-E coated
glass lower pane 50 requires more energy to heat the sealant 19. In this embodiment, a
" combination of transmittance and reflectivity detectors may be used.} For example, a
transmittance detector may be located either above or below the paﬂ; of travel of the IGU
to detect ﬂie amount of light that passes through the IGU. First and second reflectivity
detectors may be positioned above and below the path of travel to detect the amount of
light reflected by each side of the IGU. This information may be used to defermine the
type of glass the upper pane is made from and the type of glass the lower pane is made
from. ' |

In an alternate embodiment, the type of gfass of the upper pane and lower pane are

detected using one or more vision sensors. In this embodiment, the vision sensor detects

10
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the hew, color and brighmess of the IGUs. In the exemplary embodiment, the ambient

. light and background are constant. The gptical properties detected by the vision sensor
are used to determine the type of glass the upper pane is made from and the type of glass
 the lower pane is made from. '

Referring to F1gure 15, in one embodiment the detector 36 is a bar code reader 54
that is used to deterrmne the type of glass of each lite of the IGU and the pressed
thickness of the IGU. In the exemplary embodiment, the bar code reader 54 is part of a
bar code system. The system includes the bar code reader 54, a CPU and a database that
_ identifies different IGU configurations that correspond to different bar codes. The bar
- code identifies one or more optical properties of lhe IGU 14. A bar code read by the
reader 54 is proeessed by the CPU that accesses the database to determine the type of
glass of each pane ef the given IGU and the pressed thickness of the IGU. In this
embodiment, a bar code label 56 is affixed to a lite 18 of the IGU 14. For example, the
bar code label 56 for a given IGU 14 might indicate that the lower pane 50 islow-E
coated double strength glass and the upper pane 52 is clear single strength glass and the -
pressed IGU thickness is 0.750 inches. In one embodiment, the bar code label identifies
" the complete construction details of the IGU. For example, the bar code may identify the
glass type, glass thickness, spacer type, spacer width, muntin configuration, sealant type,

‘ sealant amount, and all other construction detalls of the IGU. 4 ‘

| Referring to Figures 4-7, the illustrated energy source 38 comprises a plurality of
elongated infrared radiating (IR) lamps 58. One acceptable IR lamp is a Hareaus IR
emitter available from Glass Equipment Development under the part number 100-3746.
As seen most clearly in Figure 4, there are two side by side lower arrays 60 of IR lamps
that extend across a W1dth of an oven housing that supports the lamps. S1m11arly, as seen
in the top view of Figure 4, two side by side upper arrays 62 of IR lamps apply infrared
light to heat the IGU from above. In the illustrated embodlment, the lower arrays 60 are.
adjacent to one another and the upper arrays 62 are adjacent to one another as illustrated
by Figure 4. In the exemplary embodiment, each of the lamps 58 are independently

' controlled. Each lamp may be independently tunled on and off in the exemplary

-~ 11
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embbdiment. In one embodiment, the intensity of each lamp is individually éontrolléble.
. In the illustrated embodiment, each lamp 38 of the lower arrays 60 is positioned between
a roller 64 of the conveyor 40 that is located inside an oven housing 66. Each of the
lamps 58 of the upper arrays 62 are located in the oven housing 66 above the conveyor
40. The upper and lower arrays on the two sides of the oven can be operated
i mdependently of each other. This mdependent array energization is useful when smaller
IGUs 14 are bemg processed. A first IGU 14 may be positioned on the left side of the
oven 32 while a second IGU 14 is placed on the right side of the oven 32. The lamps on
the left side of the oven apply heat to the IGU 14 on the left side of the oven 32 and the
| lamps on the right side of the oven 32 apply heat to fche IGU 14‘0n the right side of the
oven 32. . - A o ,

The arrays of lamps on the left and right side of the oven 32 can be operated in
unison when a largei' IGU 14 is being heated that spans both the left and the right sides of
the oven 32. | . . ’

The lainps of the lower arrays 60 can be operated in uniSoﬁ with the upper afrays
62 or the lower aﬁays 60 may be operated independeﬂﬂy of the upper arrays 62. The
lamps of the lower arrays 60 may be operated independently from the upper arrays 62
when the detector 36 detects two different types of lites 18 in the IGU 14.

Flgure 16 shows a lower array 60 and an upper array 62 of IR lamps 58 that are all
| applymg energy to the IGU 14. In the exemplary embodiment, all the IR lamps 58 of the
| upper array 60 and the lower an'ay 62 apply energy to the IGU 14 when the detector 36
deteéts an IGU 14 that is relatively opaque or reflective and, as a result, requires more
energy to heat the sealant 19. |

- Figure 17 shows an upper axray 62 and a lower array 60 of R lamps 58 wherem
half of the IR lamps 58 of the upper array 62 and the lower array 60 supply energy to the
IGU 14 to heat the séalant 19. Figure 171is iHustraﬁVe of the number of lamps that may
be activated when the detector 36 detects an IGU 14 that is more 'transmissive or less
reflective and requlres less energy to heat the sealant 19. ' ’

Flgure 18 illustrates a lower array 60 with all of the IR lamps 58 supplymg energy

12
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to the lower pane 50 of the IGU 14 to heat the sealant 19 and half of the IR lamps 58 of
' the upper array 62 suppliﬁg energy to the upper pane 52 of the IGU 14." The IR larﬁps 58
of the upper array 62 and lower array 60 may be operated in this manner when the
- .detector 36 detects an IGU 14 having a more opaque or reflective lower pane 50 that
requires more energy to heat the sealant 19 and a transmissive or less reflective upper
pane 52 that requires less energy to heat the sealant 19. It shoﬁld be apparent to those
skilled in the art that any number of lamps in the upper arrai( 62 or the lower array 60 can
be turned on to supply energy to the IGU 14 in response to detected optical properties.

In one embodlment the oven includes one or more sensors that detect the leading
and trailing edges of the IGU being heated. Each lamp that supplies energy to a given
' IGU may turn on when the leading edge of the IGU reaches the lamp and each Jamp may
turn off when the trailing edge passes the lamp. This is referred to as shadowing the IGU. -

‘Referring to Figures 4-7, the illustrated conveyor 40 includes four seetions that
move IGUs 14 through the apparatus 10 for heating sealant 19. The sections include an
~ inlet conveyor 68 that supplies IGUs 14 to an inlet 44 of the oven 32. An oven conveyor
72 that moves IGUs 14 through the oven 32, a transition conveyer 74 thdt moves IGUs 14
from an outlet 76 of the oven 32 to an inlet 78 of the_ press 34 and an outlet conveyor 80 |
that moves pressed IGUS 14 away from the outlet 82 of the press 34. It should be readily
apparent to those skilled in the art that any suitable conveyor configuration could be
employed. | -

In the 111ustrated embodlment the inlet conveyor 68, transition conveyor 74 and

- outlet conveyor 80 each comprise a plurality of drive wheels 84. The drive wheels 84 are

" rotatably connected to a conveyor table 86 by drive rods 88.: Refemng to Figures 6 and 7,
the oven conveyor 72 compnses elongated driven rollers 90 that are rotatably mounted to
a support housing 92 of the oven 32. The driven rollers 90 are positioned adjacent to the
infrared Iami) 58 of the lower arrays 60. In the exemplary embodiment, the conveyor 40
is operated to move an IGU 14 along a path of travel through the oven 32, to the press 34,
and away from the press at a constant speed. In an altemate embodiment, the speed of the

conveyor 40 is controlled by the controller 42 in response toa signal from the detector 36
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~ to vary the amount of energy supplied to the IGUs 14 that pass through the oven 32.

In the illust;ated, embodiment, the controller 42 is coupled to the oven 32, the
press 34, the detector 36 and the conveyor 40. The controller 42 receives a signal from
the detector 36 that is indicative of an optical property or glass type of the IGU 14 and
~ adjusts the amount of energy supplied by the oven 32 to the IGU 14 in response to the
detected optical property or glass type. Referring to Figures 10 and 12, when a
transmittance detector 46 is used, the signal provided by the tran#fnittance detector 46
varies with the detected transmittance of the IGU 14, Referring to Figure 12, a highér
output voltage provided by the trénsmittance detector to the controller 42 indicates 2 high
transmittance. A lower output voltage by the transmittance detector to the controller 42
indicatgs that a more opaque IGU 14 has been detected by the transmittance detector.

In the exémplary embodiment, the controller compares the signé.l provided by the
transmittance detector to stored values or ranges that correspond to various IGU glass
configurations. For example, refei'ring to Figure 12, the signal provided by thé
transmittance detector may fall within range 47, indicating an IGU having clear, single
strength lites is being processed. As a second example, the signal may fall within range
49, indicating that the IGU being processed has two lites made from double strength low-
~ 'E glass. Each possible glass configuration niay be detecfed by the controller in this
manner. . . ‘ A - |
* Referring to Figures 11 and 13, when a reflectivity detec;tor 48 is used, a signal is |

provided by the reflectivity détector 48 that is indicative of the reflectivity of the IGU 14.
A lower voltage output signal providéd by the reflectivity detector 48 to the contfoller 42
indicates that a less reflective IGU 14 is being processed. A higher voltage output signal
from the reflectivity detector 48 indicates that a more reflective IGU v14 is being
| processed. H : o o '
In the exemplary embodiment, the controller compares the SigIlal provided by the
reflectivity detector to stored values or ranges that correspond .to different IGU glass
configurations. For example, referring to Figure 13, the signal provided by the
feﬂectivity detector may fall within range 51, indiéating an IGU having clear, single
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strength glass is being constructed. As a second example, the signal may fall within
* range 53, indicating that the IGU being processed has two lites made from single to
double strengtﬁ, low-E glass. Each possible glass configuration can be detected and
classified by the controller in this manner. In one embodiment, a combination of
reflectivity and transmittance detectors are used. For example, on transmittance detector,
| areflectivity detector above the IGU path and a roﬂectivity detector below the IGU path
. may be usedf |

Rofe;ring to Figure 15, when a bar code reader 54 is used, the bar code reader
~provides a signal to the controller 42 that indicates the glass type(s)of the IGU 14. In the
~ exemplary embodiment, the signal provided by the bar code reader 54 to the controller 42
indicates the type of glass used for the lower pane 50 and the type of glass being used as
. the upper pune 52, 4
In the exemplary embodiment,'thetcontroller 42 uses the signal from the detector
" 36 to adjust the amount of energy supplied by the IR lamp 58 required to bring the sealant
‘ - 19 of the IGU 14 to a proper melt temperature. In the exemplary embodiment, the A
controller 42 adjusts the amount of energy supplied by the IR lamps 58 by changing the
number of lsmps in ﬂm lower ar;ays 60 and upper arrays 62 that supply energy to the IGU
14. Figure 16 illustrates all lamps of an upper array 62 and a lourer array 60 providing
energy to heat the sealant 19 of the IGU 14. The controller 42 would cause all the IR
lamps 58 of the lower array 60 and the upper array 62 to supply energy to the IGU 14
when the s1gnal provided by the detector 36 mdwates that the IGU 14 is relatively opaque
- orreflective. If the detector 36 is conﬁgured to detect the type of glass that the lower lite
50 and the upper lite 52 is made from, the controller 42 would cause all the IR lanips 58
of the lower array 60 and the upper array 62 to supply energy to the IGU 14 when the
signal ‘provide'd by the detector 36 indicates that the glass of the lower pane 50 and the
glass of the upper pane 52 is relatively opaque or reflective.

Figure 17 shows half of the IR lamps 58 of an upper array 62 and a lower array 62
supplymg energy to heat the sealant 19 of the IGU 14. Tf the detector 36 is conﬁgured to

detect overall transmittance of the IGU being processed, the controller 42 shuts off some
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of the IR lamps 58 in the upper array 62 and the lower érray 60 when the signal provided
‘by the det::ctor 36 to the controller 42 indicates that the IGU 14 is morg transmissive or
less reflective. If the detector 36 is configured to detect the type of giass that the lower lite
'50 and the upper lite 52 is made from, the controller 42 would shut off some of the IR
lamps 58 of the lower array 60 and the upper érray 62 when the detector 36 indicates that
the glass of the lower pane 50 is more transmissive or less reflective and the glass of the
upper pane 52 is more transmissive or less reflective. ‘

Figure 18 illustrates an uﬁper array 62 with some of the IR lainps 58 applying -
energy to the IGU 14 for heating the sealant 19 and some of the IR lamps 58 turned off
and all of the lamps of the lower array 60 turned on. In the exemplary embodiment, when
the detector is configured to detect the type of glass that is.used for the upper lite 52 and
the type of glass that is uéed for the lower lite 50 the controller can supply different
amounts of energy from above and below the IGU. For example, in Figure 18, the
controller 42 turns all of the lamps that supply energy to one side of ‘the IGU 14 on when
the signal from the detector 36 indicates that the pane is relatively opaque or reflective
and turns some of the lamps of fhe second array off when the signal from the detector 36
to the controller indicates that the other pane of the IGU 14 is moré transmissive or less
reflective. The detector 36 may include transmittance detectors and reflectivity detectors
that provide signals to the controller 42 that allow the controller 42 to determine which
pane of the IGU 14 is more opaque or reflective. When a bar code feade_r is ﬁsed to detect
the types of glass used in the IGU 14 the signal provided from the bar code reader to the

_controller 42 allows the controller 42 to determine which pane of the IGU 14 reqﬁires

~_ more energy to heat the sealant 19 of the IGU 14. - |

| In the exemplary embodiment, the controller 42 operates thé é;rays on the left side
of the oven 32 independently of the arrays on the right side of the oven 32 when the IGUs
14 being processed do not overlap both arrays. In the exemplary embodiment, the
controller 42 operates on the left and right side of the oven 32 wher; the IGU 14 being

processed overlaps both arrays.
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Press

IGUs 14 are provided by the conveyor 40 from the oven 32 to the press 34? In the
illustrated embodiment, the press 34 includes a displacement transdncer94 and adjustable
pressing members 96 that are coupled fo the controller 42. In an alicrnate embodiment,
' the dlsplacement transducer is omltted when a bar code reader 54 is mcluded In this
' embodnnent the bar code mcludes the pressed IGU thlckness which is used by the
: controller to set the press spacmg ' 7

" The illustrated pressmg members 96 are elongated rollers. However, it should be
readily apparent to those skilled in the art that other pressing means, for example,
adjustable belts.could be used in place of rollers. Referring to Figures 3, 5 and 14, the
displacement transducer 94 is mounted above the conveyor 40 before the inlet 44 to thej'

| oven 32 in the illustrated embodiment. It should be apparent to those skilled in the art
that the displacement transducer 94 could be positioned at any point before the inlet 78 to
the press 34. The dlsplacement transducer 94 includes a roller 98 that engages an upper
surface 100 of the IGU 14. The displacement transducer 94 measures a pre-pressed
thickness T° of IGUs 14. The displacement transducer 94 provides a signal to the
controller 42 that indicates the pre-pressed thickness T° of the IGU 14. It should be
apparent to those skilled in the art that the pre-pressed thickness T” of the IGU 14 could
be manually entered to the controller 42 or, when a bar code reader 54 1s included, the
IGU 14 thickness T is included in the bar code. | o

The controller 42 is coupled to the displacement transducer 94 . The controller 42
is programmed to compare the measured pre-pressed thickness T’ of the IGU 14 with a
stored set of ranges of pre-pressed ﬂ]iclmesses T’ that correspond to a set of IGU 14 -
pressed IGll thicknesses T. The pressed IGU thickness T is the ﬁnal thickness of a
pressed IGU. The controller 42 selects one pressed thickness T from the set of IGU 14
pressed thicknesses that. corresponds to the pre-pressed thjckness T’ measured by the
transducer 94. .

For example, pre—pressed IGUs 14 having pre-pressed thlcknesses ranging from
0.790 to 0.812 inches may correspond to a pressed IGU having a pressed tlnclcness T of
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0. 750 inches. As aresult, for a pre-pressed IGU 14 having a thickness of 0.800 measured
: by the displacement transducer 94, the controller 42 sets the distance between the
pressing members 96 of the press 34 to press an IGU 14 having a pressed thickness T of
0.750 inches. Typically, IGUs are made in distinct thicknesses. For example, 3/8 inch, 2 .
| inch, .0625 inch, 3/4 inch, .875 inch, 1 inch, etc. IGUs may be made at 2 parliculal' plant, o
Each of these discrete thicknesses T has a corresponding range of pre-pressed thicknesses
" T°. EachIGU thickness T will have an associated range of pre-pressed thicknesses T’
that allow the d1sp1acement transducer 94 and the controller 42 to determme the IGU
thickness being pressed. The controller uses the stored set of ranges of pre-pressed -
o thlclmesses T* and corresponding IGU pressed thicknesses to set the spacmg between the
pressmg members. | | |
The IGU thickness detectlon scheme d1sclosed is compatible with any type of
press. The 1llustrated press 34 includes three pairs of rollers 96 that are spaced apart by a
* distance controlled by the controller 42. Referring to Figures 5 and 7, the three pairs of
rollers 96 are rotatably mounted in a cabinet 102. Referring to Figure 8, the illustrated
v‘ rollers 96 are elongated and extend across substantially the entire width of the press 34.

In operation, a pre-pressed IGU 14 moves along the conveyor 40 to a position
below the detector 36 and into contact with the displacement transducer 94 An optical
property or glass type(s) of the IGU 14 is detected with the detector 36. The detected
‘optical property or glass.type(s) is indicative of the amount of energy required to heat the

- sealant 19. The pre-pressed thickness T’ of the IGU 14 being processed is measured with
the displacement transducer 94. The pre-pressed IGU is moved mto the oven 32, between
the upper and lower arrays 60, 62 of IR lamps 58. The controller 42 changes a number of -
lamps in the upper - and lower arrays 60, 62 that supply energy to the IGU 14 in response
to the detected optical property or glass type(s). The controller compares the measured
pre-pressed thickness T” of the IGU 14 with a set of ranges of pre-pressed thicknesses
that correspond to a set of IGU pressed thicknesses. The contfoller then selects one

| pressed thickness from the set of pressed thicknesses that corresponds to the measured

pre-pressed IGU thickness. The controller then adjusts the distance between the
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adjustable rollers 96 of the press 34 to the selected IGU pressed th1ckness T. Inthe
'exemplary embodunent the rollers of the press are moved up and down by a screw Jack
coupled to a servo motor. In one embodlment, a'sensor such as a LVDT, is used to

- monitor the distance between the rollers. The conveyor moves the IGU 14 out of the

| oven 32 and into the press 34, The rollers 96 of the press 34 rotate to press the IGU 14 to
the selected thickness T and move the IGU 14 to the outlet 82 of the press. The outlet

" bonveyor 80 imoves the IGU 14 away from the outlet 82 of the press.

Although the present invention has been described with a degree of particularity,'
it is the intent that the invention include all modifications and alterations falhng within

the spirit or scope of the appended claims.
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CLAIMS
L Claim: .
1. An apparatus for applying energy to sealant of an insulating glass unit,
‘ compnsmg ‘ ' 4
a) a detector that detects an optical property of said insulating glass unit;
Ab) an energy source that applies energy to said insulating glass unit to apply
energy to said sealant; | ‘
¢) a conveyor that moves said insulating giass unit with respect to’ said energy
~ source; and ' ‘
d)a controller coupled to said detector that adjusts an amount of energy applied

by said energy source to said msulatmg glass unit in response to said detected optical

property.

2.  The apparatus of claim 1 wherein said detector is an transmittance
detector.
3. The apparatus of claim 1 wherein said detector is a reflectivity detector.
4. The apparatus of claim 1 wherein said detector is a bar code reader that

scans a bar-code that identifies glass type used in the insulating glass umt .

5. The apparatus of clalm 1 wherein said energy source comprises a plurality
of lamps said controller adjusts said energy applied by changing a number of said lamps
that supply energy to said insulating glass unit.

6. The apparatus of claim 1 wherein said controller ehanges_ a speed of said

- conveyor to adjust an amount of energy applied to said sealant.

7. The apparatus of claim 1 wherein said energy source comprises a plurality
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of lamps, said controller adJusts said energy applied to said sealant by ad_]ustmg an

" intensity of one or more of sa1d lamps

8. A method of applying energy to sealant of an insulating glass unit,
compnsmg “

a)y detectmg an optical property of said insulating glass unit;

b) positioning said msulatmg glass with respect to an energy source; and

¢) adjusting an amount of energy supplied by said energy source to said msulatmg
glass unit in response to said detected optlcal property to adjust an amount of energy

applied to said sealant of said msulatmg glass unit.

9. . Themethod of claim 8 wherein said detected optical property is -

transmittance.

- 10.  Themethod of claim 8 wherein said detected optical propeity is
reflectivity. |

11.  The method of claim 8 whetein said optical property is detected by

scanning a bar-code associated with said insulating glass unit.

12. " The method of claim 8 wherein said energy source comprises a plurality of
 infrared lamps and an amount of infrared energy supplied by the lamps is adjusted by
changing a mumber of said infrared lamps that supply energy to sai_d insulating glass unit.

13.  The method of claim 8 wherein said insulating glass unit is moved at a

uniform speed with respect to said energy source. -

14.  Anapparatus for heating sealant of an insulating glass unit, comprising:
a) a detector that detects an optical property of said insulating glass unit;
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b) first and second arrays of infrared lamps;
c) a conveyor that defines a path of travel of said insulating glass umt between
| sald first and second arrays of infrared lamps; and -
d) a controller coupled to said detector and sa1d first and second arrays of infrared -
lamps that changes a number of lamps in said first and second arrays that supply energy to
_said insulating glass unit to adjust‘ an amdunt of energy supplied to said insulating glass
unit in response to said detécted optical property to heat said sealant of said insulating

‘glass unit.

15.  The apparatus of claim 14 wherein said detector is an transmittance-

detector.
16.  The apparatus of claim 14 wherein said detector is 2 reflectivity detector.

17.  The apparatus of claim 14 wherein said detector is a bar code reader that

scans a bar-code that identifies anbptica\l property of said insulating glass unit.

18.  The apparatus of claim 14 wherein said first array of lamps is controlled

| . independently of said second array of lamps.

19.  The apparatus of claim 14 wherein a number of activated lamps in said

 first array is different than a number of lamps activated in said second array.

'20. ° The apparatus of claiin 14'wherein a numi)er of activated lamps iﬂ said
first array is different than a number of lamps activated in said second array when the
detected optical property of a first pane of glass of said insulating glass unit is different
than the detected optical property of a second pane of glass of the insulating gléss unit.

' 21. The apparatlislof claim 14 further coinprising a third arréy of ipfréred
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lamps posmoned adjacent to said first array and a fourth array of infrared lamps

. positioned adjacent to said second array, wherein said th1rd array operates in unison with
said first array and said fourth array operates in unison with said second array when an
ihsulatiﬁg glass unit passes between said first and second arrays and said third and foﬁrth

arrays.

é2. ‘The apparatus of claim 14 wherein said detector detects an optxcal property
' -of a first pane of said msulatmg glass unit is detected and an said controller changes a

- number of lamps of said first array that supply energy in response to said detected optical

. property of said first pane and said detector detects an optical property ofa second‘pane
of said insulating glass unit is and said controller changes a number of lamps of said
second -array that supply energy in response to said detected optical propert}; of said

second pane.

23. A method of applying energy to heat sealant of an insulating glass unit,
| A compnsmg |
| a) detectlng an optlcal property of said msulatlng glass unit;

'b) moving said insulating glass unit at a uniform speed between first and second
' arrays of infrared lamps; and ‘
| c)changmg a number of said infrared lamps that supply energy to sa1d msulatmg
l glass umt in response to said detected optical property to adjust an amount of energy

supplied to sa1d insulating glass unit in to heat said sealant of said insulating glass unit.

24, The method of claim 23 wherein said detected optioel property is

‘transmittance.

25.  The method of claim 23 wherein said detected optical property is
reflectivity. ' |
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26.  Themethod of claim 23 wherein said optical property is detected by

scanning a bar-code associated with said insulating glass unit.

~ 27. Themethod of claim 23 wherein an optical prbperty of a first paﬁe of said
', insulating glass unit is detected and a number of lamps of said first array that supply

energy is changed in response to said detected optiéal property of said first pane.

28.  The method of claim 23 wherein an optical property of a first pane of said
insulating glass unit is detected and a number of lamps of said first array that supply |
energy is changed in response to said detected optical property of said first pane and an

‘ opticé,l property of a sécond pane of said insulating glass unit is detected and a number of
lamps of said second array that supply energy is changéd in respoﬁse to said detected

optical property of said second pane.

2. A press for an insulating glass unit, comprising:
* a) a displacement transducer configured to measure a pre-pressed thickness of an
| insulating glass unit; - _ _ | . o

b) a controller coupled to said'displacemeﬁt transducér that is ﬁrogramxﬁed to
compare the measured thickness with a set of ranges of pre-presséd thicknesses that
correspond to a set of insulating glass unit pressed thicknesses and select one thickness
* from the set of insulaﬁng glass umt preésed thicknesses that é;irrésponds to the measured
pre-pressed thickness; and | o : -

c) prt_eésing members coupled to the controller that are spaced apart by a distance
controlled by said coniroller, said controller being prograxﬁmed to set said distance |
between said pressing members to said one selected insulating glass unit pressed
thickness. ‘

30, The press of claim 29 wherein said displécement transducer is positioned

alonga pa.th of travel before reaching an oven that heats sealant of said insulating glass
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unit,

31.  The press of claim 29 wherein said displacement transducer is a linear

variable differential transformer displacement transducer.

32. A method of pressing an insulating glass unit, comprising; |
2) measuring a pre—pressed thickness of an insulating glass unit;
b) comparing the measured thickness with a set of ranges of pre-pressed
. thicknesses that correspond to a set of insulating glass ﬁnjt pressed thicknesses;

| ¢) selecting one thickness from the set of insulating glass unit pressed thlcknesses
’that corresponds to the measured pre-pressed thickness;

d) setting a distance between pressing members of a press to the selected one

msulatmg glass unit pressed thickness; and '

e) passing the pre-pressed msulatmg glass umt through the press.

33.  The method of claim 32 wherein said thickness of said pre-pressed

~ insulating glass unit is measured before said pre-pressed unit is passed through an oven.

34,  The method of claim 32 wherein said thickness of said pre-pressed '
insulafing glass unit is measured with a linear variable differential transformer

~ displacement transducer.

35, " An apparatus for use in the éon;sn'uction of insﬁating glass units,
comprising: / | ' '
a)a detector that detects an optical property of said insulating glass unit; -
~b)a d1sp1acement transducer configured to measure a pre-pressed thickness of
said insulating glass unit; B ‘
b) first and second arrays of infrared lamps; - .
c) a conveyor that deﬁnes apath of travel of said insulating glass unit between’
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said first and second arrays of infrared lamps;
d) a pair of rollers spaced apart by a controllable distance; and
e) a controller coupled to said detector, displacement transducer, said first and
second arrays of infrared lamps and said pair of rsllers, said controller is prografnmed to
" change anumber of lamps in said first and second arrays that supply energy to said
msulatmg glass unit in response to said detected optical property, to compare the
measured thickness w1th a set of ranges of pre-pressed thicknesses that correspond toa
set of insulating glass unit pressed thicknesses and select one thickness from the set of
‘ msulatmg glass unit pressed thicknesses that corresponds to the measured pre-pressed
. thickness, and to adJust said distance hetween said rollers to the selected one insulating

glass unit pressed thickness.

36.  An apparatus for applying energy to seala.ﬁt of an insulating glass unit,
comprising: o ‘ | |
a) a bar code reader that reads information on a bar code that identifies a type of
glass used in the insulating glass umt
| - b) an energy source that applies energy to sald msulatmg glass unit to apply
" energy to said sealant;
c) a conveyor that moves said insulating glass unit with respect to said énergy
source; and, : |
d) a controller coﬁpled to said bar code reader that adjusts an amoﬁnt of energy
“applied by said energy source to said insulating glass unit in response to the type of glass

-used in the msulatmg glass umt

'37. . Amethod of applying energy to sealant of an insulating glass unit,
comprising: | | '
a) readmg a bar code to identify a type of glass used in the insulating glass unit;
: b) positioning said insulating glass umt with respect to an energy source; and,

c) adjusting an amount of energy supplied by said energy source to said insulating
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giass unit in response to said type of glass identified.

.38.  Anpress foran insulating glass unit, comprising:
2) a bar code reader that reads information on a bar code that identifies a pressed
thickness of an insulating glass unit; | | .
b) a controller coupled to said bar code reader; and, |
c) pressing members coupled to the controller that are spaced apart by a distance
controlled by said controller, said controller being programmed to set said distance

between said pressing members to said pi'essed thickness identified by said bar code.
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