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Abstract
001
A method for predicting headlamp reflector temperature
comprising
receiving a headlamp type
and

transmitting arequest
for an input parameter value
responsive to the headlamp type.

A method for predicting headlamp reflector temperature comprising receiving a headlamp type
and transmitting a request for an input parameter value responsive to the headlamp type.
002 Y
The input parameter value

IS received in response to transmitting the request.

The input parameter value is received in response to transmitting the request.

001G TV
A transfer function*

- iS executed in response to the input parameter and the headlamp type

the execution
results in a predicted* maximum reflector temperature.




transfer

predlct 13 7 13 7
A transfer function is executed in response to the input parameter and the headlamp type and
the execution results in a predicted maximum reflector temperature.

The predicted maximum reflector temperature
IS then output.

The predicted maximum reflector temperature is then output.

Description
BACKGROUND OF INVENTION

The present disclosure
relates generally
to a method for predicting headlamp reflector temperature
and in particular,
to a method for predicting the maximum temperature
on automotive headlamp reflectors.

The present disclosure relates generally to a method for predicting headlamp reflector
temperature and in particular, to a method for predicting the maximum temperature on
automotive headlamp reflectors.
006 VS
A variety of thermoplastic materials
are available
in the marketplace
for use in automotive lighting systems.

A variety of thermoplastic materials are available in the marketplace for use in automotive
lighting systems.



007 VA e e e e
A basic criterion for material selection
in lighting systems
is heat resistance
land in general, |
the higher the heat resistance, *
the higher the cost of the thermoplastic. *

A basic criterion for material selection in lighting systems is heat resistance and in general, the
higher the heat resistance, the higher the cost of the thermoplastic.

001 Y/
Heat resistance
is the maximum temperature
( in which)
the components
can sustain indefinitely
without degradation of function.
in which that

heat resistance
Heat resistance is the maximum temperature the components can sustain indefinitely without

degradation of function.

000 VT e
the component

is a headlamp reflector,
the maximum temperature of the reflector
can* be affected*
by design considerations
such as reflector diameter, bulb diameter, bulb depth, lens depth,
spacer depth and reflector depth.




can if
Design considerations affect the maximum temperature. affect

If the component is a headlamp reflector, the maximum temperature of the reflector can be
affected by design considerations such as reflector diameter, bulb diameter, bulb depth, lens
depth, spacer depth and reflector depth.

Predicting the maximum temperature

for use in the selection of materials

in lighting applications,

such as the headlamp reflector material,

can*involve

detailed fluid dynamics *
and heat transfer analysis
for a particular configuration.

can

Predicting the maximum temperature for use in the selection of materials in lighting applications,
such as the headlamp reflector material, can involve detailed fluid dynamics and heat transfer
analysis for a particular configuration.
Y
The process of performing
detailed fluid analysis*and heat transfer analysis
for each configuration
in order to determine the maximum temperature
on the reflector (hot spot)

can be cumbersome

and time consuming

fluid dynamics fluid analysis

The process of performing detailed fluid analysis and heat transfer analysis for each
configuration in order to determine the maximum temperature on the reflector (hot spot) can be



cumbersome and time consuming.
002 M S it e s
Estimating the maximum temperature accurately
IS important
in order to avoid the expense and time
associated with re-creating thermoplastic molding tools and
processes.

Estimating the maximum temperature accurately is important in order to avoid the expense and
time associated with re-creating thermoplastic molding tools and processes.

SUMMARY OF INVENTION

013 VA
One aspect of the invention

is a method
for predicting headlamp reflector temperature.

One aspect of the invention is a method for predicting headlamp reflector temperature.
O Y PP
The method
comprises receiving aheadlamp type
and
transmitting a request
for an input parameter value
responsive to the headlamp type.

comprise
The method comprises receiving a headlamp type and transmitting a request for an input
parameter value responsive to the headlamp type.

A transfer function is executed in response to the input parameter and the headlamp type and
the execution results in a predicted maximum reflector temperature.



output

The predicted maximum reflector temperature is then output.

018 VA
Another aspect of the invention
is a method of creating a transfer function*
for calculating a predicted maximum reflector temperature.
transfer function transfer

Another aspect of the invention is a method of creating a transfer function for calculating a
predicted maximum reflector temperature.
01 Y
The method comprises_receiving

a headlamp application group

including a member.

The method comprises receiving a headlamp application group including a member.
02 0TV PP
The member
is classified
based on geometric primitives
the classification
results in a headlamp type.

The member is classified based on geometric primitives and the classification results in a
headlamp type.
072 VA
Key* material and geometric parameters
that affect a predicted maximum reflector temperature
for the headlamp type

are identified.

key parameters key material



Key material and geometric parameters that affect a predicted maximum reflector temperature
for the headlamp type are identified.

A simple parametric geometric model
IS created
responsive to the key material and geometric parameters.

A simple parametric geometric model is created responsive to the key material and geometric
parameters.
023 M St s
A design space
is set for the key material and geometric parameters.

A design space is set for the key material and geometric parameters.
024 VT i e e e e e
The method
further comprises
creating a set of design of experiments
in response to the design space and the model.

The method further comprises creating a set of design of experiments in response to the design
space and the model.
02D VS e e
The set of design of experiments

iS carried out

and

results in output.

The set of design of experiments is carried out and results in output.
L0120 T s P
A transfer function
is derived  to calculate the predicted maximum reflector temperature
for the headlamp type responsive to the output.

A transfer function is derived to calculate the predicted maximum reflector temperature for the



headlamp type responsive to the output.
L2 Y 1 Y
The predicted maximum reflector temperature
varies
in response to an input parameter.

The predicted maximum reflector temperature varies in response to an input parameter.
028 VA
Another aspect of the invention
is a system
for predicting headlamp reflector temperature.

Another aspect of the invention is a system for predicting headlamp reflector temperature.
(022 TV L TP
The system
comprises _a network,
a user System in communication with the network,
a storage device
and a host system.

The system comprises a network, a user system in communication with the network, a storage
device and a host system.

(02010 T Y 2 T /2 VN
The host system

is in communication with the network
and

the storage device and the host system
includes  application software to implement a method
comprising
receiving a headlamp type from the user system via the network.

The host system is in communication with the network and the storage device and the host
system includes application software to implement a method comprising receiving a headlamp
type from the user system via the network.

10



The method
further comprises
transmitting arequest
across the network
for an input parameter value
responsive to the headlamp type.

The method further comprises transmitting a request across the network for an input parameter
value responsive to the headlamp type.
032 VSt e e e e e
The input parameter value
IS received from the user system
via the network
in response to transmitting the request.

The input parameter value is received from the user system via the network in response to
transmitting the request.

03 TV
A transfer function *stored on the storage device
IS executed
in response to the input parameter and the headlamp type
and
the execution
results in a predicted maximum reflector temperature.

stored on the storage device
transfer function

A transfer function stored on the storage device is executed in response to the input parameter
and the headlamp type and the execution results in a predicted maximum reflector temperature.
0 7 Y PP
The predicted maximum reflector temperature
iS then output
to the user system
via the network*.

11



to the user system via the network

The predicted maximum reflector temperature is then output to the user system via the network.
035 VA
A further aspect of the invention
is a computer program product
for predicting headlamp reflector temperature.

A further aspect of the invention is a computer program product for predicting headlamp
reflector temperature.

0368 VT e i e e e e e e e
The computer program product
comprises
a storage medium readable by a processing circuit
and

storing instructions for execution by the processing circuit
for performing a method.

The computer program product comprises a storage medium readable by a processing circuit
and storing instructions for execution by the processing circuit for performing a method.

The method comprises receiving a headlamp type and transmitting a request for an input
parameter value responsive to the headlamp type.

for performing a
method
0
The input parameter value is received in response to transmitting the request.
030 e e e
A transfer function is executed in response to the input parameter and the headlamp type and
the execution results in a predicted maximum reflector temperature.

040 e e e e e e e an
The predicted maximum reflector temperature is then output.
041 VS

Further aspects of the invention
are disclosed herein.

Further aspects of the invention are disclosed herein.
L7 Y
The above discussed
and other features and advantages of the invention
will be appreciated

12



and understood
by those skilled in the art
from the following detailed description and drawings.

The above discussed and other features and advantages of the invention will be appreciated
and understood by those skilled in the art from the following detailed description and drawings.

BRIEF DESCRIPTION OF DRAWINGS

Referring to the exemplary drawings
like elements
are numbered alike
in the several FIGURES:

Referring to the exemplary drawings wherein like elements are numbered alike in the several
FIGURES:
D44 VA e
FIG. 1 is ablock diagram of an exemplary process

to create a calculator

for predicting headlamp reflector temperature;

FIG. 1 is a block diagram of an exemplary process to create a calculator for predicting
headlamp reflector temperature;
045 VA i e e e e
FIG. 2 is an example of the geometry

that could be associated with a fog lamp;

FIG. 2 is an example of the geometry that could be associated with a fog lamp;
4B VA i e e e e e
FIG. 3 is an example of a simplified parametric model

for the fog lamp depicted in FIG. 2;

13



FIG. 3 is an example of a simplified parametric model for the fog lamp depicted in FIG. 2;
047 VA e e e e
FIG. 4 is ablock diagram of an exemplary process

for utilizing a calculator

to predict headlamp reflector temperature;

FIG. 4 is a block diagram of an exemplary process for utilizing a calculator to predict headlamp
reflector temperature; and

D48 VA i e e e e e
and

FIG. 5 is ablock diagram of an exemplary system
for predicting headlamp reflector temperature.

FIG. 5 is a block diagram of an exemplary system for predicting headlamp reflector temperature.

DETAILED DESCRIPTION

049 VT
An embodiment of the present invention
includes  several complimentary* components
that can be utilized to rapidly provide
a prediction of hot-spot temperatures for headlamps,
bypassing the need
for many man days of finite element modeling
and many hours of computer processing unit time.

complimentary
An embodiment of the present invention includes several complimentary components that can
be utilized to rapidly provide a prediction of hot-spot temperatures for headlamps, bypassing the
need for many man days of finite element modeling and many hours of computer processing
unit time.
050 VSt e e e e e e
Various lamps
are characterized
into general classes
according to their basic shape.

14



Various lamps are characterized into general classes according to their basic shape.

fog lamps
can be characterized
into teardrop, round, square and oval.

For example, fog lamps can be characterized into teardrop, round, square and oval.
052 VT ittt e e e e e
Each class
is then parameterized

by assigning suitable geometric primitives

that

both approximate the basic shape

and

which can be varied more or less independently.

that both approximate
the basic shape
Each class is then parameterized by assigning suitable geometric primitives that both
approximate the basic shape and which can be varied more or less independently.
(015 C TV T PP
An experimental design
iS created  for each class

that outlines

what range of parameters and bulb wattages

should be fully explored

to adequately describe each class.

An experimental design is created for each class that outlines what range of parameters and
bulb wattages should be fully explored to adequately describe each class.
054 M S s

15



the experiments specified in the experimental design
are carried out
by calculating via three-dimensional fluid dynamics,
the hot-spot temperature of each parameterized design/wattage
combination
indicated by the design experiment.

Next, the experiments specified in the experimental design are carried out by calculating, via
three-dimensional fluid dynamics, the hot-spot temperature of each parameterized
design/wattage combination indicated by the design experiment.
05D VSt e
The results of the experiments
are fed back
through a statistical experimental analysis,

and

the significant parameters
are culled *

and

the transfer functions
that relate the hot-spot temperature to those significant parameters
are derived.
()

The results of the experiments are fed back through a statistical experimental analysis, and the
significant parameters are culled and the transfer functions that relate the hot-spot temperature
to those significant parameters are derived.
05T T Y P
A user
can access the hot-spot calculator

through a graphical user interface

that is customized

to accept the headlamp class and the significant parameters.

GUI

16



A user can access the hot-spot calculator through a graphical user interface that is customized
to accept the headlamp class and the significant parameters.

057 VS & VA e e
The class and parameters

- are fed as inputs to the previously derived transfer functions

the resulting output
is a predicted hot-spot temperature,
or* maximum temperature.

or
or
The class and parameters are fed as inputs to the previously derived transfer functions and the
resulting output is a predicted hot-spot temperature, or maximum temperature.
058 VS ittt e e
The calculator
can be deployed
in a variety of manners
Including:
web deployed, personal digital assistant deployed,
and personal computer deployed.

PDA PC

The calculator can be deployed in a variety of manners Including: web deployed, personal
digital assistant deployed, and personal computer deployed.

059

FIG. 1 is a block diagram of an exemplary process to create a calculator for predicting
headlamp reflector temperature.

At step 102,
the headlamps within an application group
are classified
based on geometric primitives,
resulting in headlamp types.

At step 102, the headlamps within an application group are classified based on geometric
primitives, resulting in headlamp types.

17



0 1 Y
in the case of automotive lighting applications,
there
are
several application groups
such as fog lamps and motorcycle lamps
that can be further broken down and classified
based on their geometric primitives
into headlamp types (e.g., round, square, oval).

For example, in the case of automotive lighting applications, there are several application
groups such as fog lamps and motorcycle lamps that can be further broken down and classified
based on their geometric primitives into headlamp types (e.g., round, square, oval).
082 VS ittt e e e e
A variety of thermoplastic materials
are available
from resin manufacturers for use in automotive lamps.

A variety of thermoplastic materials are available from resin manufacturers for use in automotive
lamps.
(012G TV L PP
A key Criteria
for selecting a particular thermoplastic material
from the group of available thermoplastic materials
includes  the heat resistance

required by the automotive lamp

and

the heat resistance

provided by the particular thermoplastic material.

A key criteria for selecting a particular thermoplastic material from the group of available
thermoplastic materials includes the heat resistance required by the automotive lamp and the
heat resistance provided by the particular thermoplastic material.

18



0B84 VS it e e e e e e e a s
The effect of varying geometric and material parameters
on the required heat resistance
(also referred to as the hot-spot temperature)
in automotive lamps
can be categorized
based on geometric primitives.

The effect of varying geometric and material parameters on the required heat resistance (also
referred to as the hot-spot temperature) in automotive lamps can be categorized based on
geometric primitives.
0 Y
Geometric primitives
dictate the shape of the automotive lamp
(e.g., round, teardrop, square).

Geometric primitives dictate the shape of the automotive lamp (e.g., round, teardrop, square).
066 VS

at step 104,
the key material and geometric parameters
affecting the temperature on the reflector surface

are identified
for a particular class of headlamps
within an application group.

Next, at step 104, the key material and geometric parameters affecting the temperature on the
reflector surface are identified for a particular class of headlamps within an application group.
07 VA P
a lamp in the fog lamp application group
with a round classification
may include

geometric parameters

such as

reflector diameter, reflector depth and wattage of the bulb.

19



For example, a lamp in the fog lamp application group with a round classification may include
geometric parameters such as reflector diameter, reflector depth and wattage of the bulb.
L0172 T PP
Material parameters
may include
thermal conductivity of material
and

emissivity of reflective coating.

Material parameters may include thermal conductivity of material and emissivity of reflective
coating.
0B VS ittt e e e e e e e e e s
At step 106,
a simple parametric geometric model
iS created utilizing the parameters.

At step 106, a simple parametric geometric model is created utilizing the parameters.
L0740V
This simple parametric geometric model
covers almost all headlamps
in the classification group
by varying the key parameters.

This simple parametric geometric model covers almost all headlamps in the classification group
by varying the key parameters.

See FIG. 3,

below,

for an example of a parametric model
for a round fog lamp.

20



See FIG. 3, below, for an example of a parametric model for a round fog lamp.
OV PP
The intended design Space,
or parameter range,
IS set at step 108.

The intended design space, or parameter range, is set at step 108.
07 TV PP
At step 110,
adesign of experiments (DOE)
IS created  for the parametric geometric model.

DOE

At step 110, a design of experiments (DOE) is created for the parametric geometric model.
72 Y PP
The DOE includes  anumber of experiments

based on possible combinations

of geometric, material and process parameters.
DOE

The DOE includes a number of experiments based on possible combinations of geometric,
material and process parameters.
07T VA
The DOE can be created

using an automated tool

(e.g., Design for Six Sigma from Minitab, Inc.,

Regression, Response Surface Methodology from Minitab, Inc.).
DOE

The DOE can be created using an automated tool (e.g., Design for Six Sigma from Minitab, Inc.,
Regression, Response Surface Methodology from Minitab, Inc.).

L7 T
Inputs to the DOE tool
include the simple parametric geometric model,
the intended design Space
and the parameters.
DOE

Inputs to the DOE tool include the simple parametric geometric model, the intended design

21



space and the parameters.
7V P
The output from the DOE tool
Includes  aset of experiments
that will cover the design space
and
that should be performed
in order to determine an associated transfer function
that correlates the parameters to the temperature
on the reflector surface.
DOE

The output from the DOE tool Includes a set of experiments that will cover the design space and
that should be performed in order to determine an associated transfer function that correlates
the parameters to the temperature on the reflector surface.
078 VS
At step 112,

the set of experiments
described by the output of the DOE tool

iS performed.

DOE

At step 112, the set of experiments described by the output of the DOE tool is performed.
070 VSt e e
In an exemplary embodiment,
the experiments
are carried out
utilizing heat transfer and flow analysis simulation tools
(i.e., computational fluid dynamics)
to determine the temperature distribution on the reflector surface.

In an exemplary embodiment, the experiments are carried out utilizing heat transfer and flow
analysis simulation tools (i.e., computational fluid dynamics) to determine the temperature
distribution on the reflector surface.

080 VS ittt e e e e e e
Thermal prediction software

(e.g., FLUENT from Fluent, Inc.)

22



iS utilized to conduct these experiments
in a virtual environment.
Fluent

Thermal prediction software (e.g., FLUENT from Fluent, Inc.) is utilized to conduct these
experiments in a virtual environment.
075 3 VA PP
hen

all of the experiments

have been completed,

or simulated,
atransfer function

IS derived  at step 114

using the results of the experiments.

When all of the experiments have been completed, or simulated, a transfer function is derived at
step 114 using the results of the experiments.
082 VSt e e
The resulting transfer function
relates input parameters

(all or a subset of the key parameters

in the simple parametric geometric model)

to the temperature on the reflector surface.

The resulting transfer function relates input parameters (all or a subset of the key parameters in
the simple parametric geometric model) to the temperature on the reflector surface.
083 VS ittt e e e e e e e
The transfer function
iS created using a separate regression analysis tool
(e.g., Minitab from Minitab, Inc.).

The transfer function is created using a separate regression analysis tool (e.g., Minitab from
Minitab, Inc.).
084 VS ittt e e e e e e

Alternatively,

the transfer function

23



iS created  using the DOE tool.

DOE
Alternatively, the transfer function is created using the DOE tool.
0751V P
The transfer function
relates the response variable (the maximum temperature)
to the key parameters considered for the DOE.
DOE

The transfer function relates the response variable (the maximum temperature) to the key
parameters considered for the DOE.
01 S LT Y
The derived transfer function
iS then utilized
for calculating the maximum temperature
on the reflector surface.

The derived transfer function is then utilized for calculating the maximum temperature on the
reflector surface.
087 VS ittt e e e e
Geometric and material parameter values
for specific customer applications within the design space
are input to the transfer function
via the calculator.

Geometric and material parameter values for specific customer applications within the design
space are input to the transfer function via the calculator.
088 VS ittt e e e e e e e e aaa e
A different transfer function
iS derived for each class of headlamp,
or
for each parametric geometric model created in step 106.

A different transfer function is derived for each class of headlamp, or for each parametric
geometric model created in step 106.

0751 Y

In an exemplary embodiment, |

24



the transfer function
IS stored in a database of transfer functions
that are indexed by headlamp classification
within an application group.

In an exemplary embodiment, the transfer function is stored in a database of transfer functions
that are indexed by headlamp classification within an application group.
000 VSt s
The processing described in FIG. 1
iS repeated

for each headlamp classification defined in step 102

and

for headlamps in the other application groups

based on implementation requirements.

The processing described in FIG. 1 is repeated for each headlamp classification defined in step
102 and for headlamps in the other application groups based on implementation requirements.
091 VA
FIG. 2 is an example of the geometry

that is associated with a fog lamp,

one of the application groups for automotive headlamps.

FIG. 2 is an example of the geometry that is associated with a fog lamp, one of the application
groups for automotive headlamps.

002 VT ittt e e e e e e
The headlamp

includes  abulb, areflector, a lens, a decorative bezel and a housing
unit.

The headlamp includes a bulb, a reflector, a lens, a decorative bezel and a housing unit.
L0 1S 1 T PPN
IAs shown in FIG. 2, |
the fog lamp
is four and a half inches high,
four inches wide,
and two and seven sixteenths inches deep.

25



4.5
4
2 16 7

As shown in FIG. 2, the fog lamp is four and a half inches high, four inches wide, and two and
seven sixteenths inches deep.
0 Y
the fog lamp depicted in FIG. 2

iS classified as around fog lamp.

Additionally, the fog lamp depicted in FIG. 2 is classified as a round fog lamp.
095 VA
FIG. 3 is a simplified parametric model

associated with the fog lamp

depicted in FIG. 2.

FIG. 3 is a simplified parametric model associated with the fog lamp depicted in FIG. 2.
008 VS ittt e e e e e e e e
The parameters depicted in FIG. 3
can be utilized
to create the hot-spot calculator.

The parameters depicted in FIG. 3 can be utilized to create the hot-spot calculator.
007 VSt e e
several of the parameters depicted in FIG. 3
may be input
to the hot-spot calculator
in order to predict a maximum reflector temperature.

In addition, several of the parameters depicted in FIG. 3 may be input to the hot-spot calculator
in order to predict a maximum reflector temperature.
01 Y P
The basic geometric primitives
for this parametric model

include: circular arc 314, parabolic curve 316

26



(note that

the reflector is generally, but not necessarily parabolic,

and that

other shapes, for example a polyelipsoid

can also be employed in an alternate embodiment)
and

right angle cylinder 320.

314 316

The basic geometric primitives for this parametric model include: circular arc 314, parabolic
curve 316 (note that the reflector is generally, but not necessarily parabolic, and that other
shapes, for example a polyelipsoid can also be employed in an alternate embodiment) and right
angle cylinder 320.
090 VS it e e e e e
The fog lamp application group
can be broken down
into classes based on these basic geometric primitives
and
canresult inclasses
such as teardrop shaped, round and square
depending on the values of the geometric primitives.

( )
The fog lamp application group can be broken down into classes based on these basic
geometric primitives and can result in classes such as teardrop shaped, round and square
depending on the values of the geometric primitives.

L00 VA et e e et e e e
Also shown *in FIG. 3
are parameters
that may affect the temperature of the reflector in a fog lamp
including

reflector diameter 302, lens depth 304, spacer depth 306,
reflector depth 308, bulb diameter 310, bulb depth 312.

27



shown

XXX XXX
Also shown in FIG. 3 are parameters that may affect the temperature of the reflector in a fog
lamp including reflector diameter 302, lens depth 304, spacer depth 306, reflector depth 308,
bulb diameter 310, bulb depth 312.
0 1 TP
the wattage of the bulb 318

will also have

an effect on the temperature of the reflector.

In addition, the wattage of the bulb 318 will also have an effect on the temperature of the
reflector.
02 /PSPPI
These are the variables

that will be tested through the DOE process

and may be reflected in the resulting transfer function

depending on the results of the DOE.

DOE
DOE

These are the variables that will be tested through the DOE process and may be reflected in the
resulting transfer function depending on the results of the DOE.
103 VS i
For other application groups (e.g., high beam lamps)
other geometric primitives and parameters
may be utilized
to describe the application group and the associated classes.

For other application groups (e.g., high beam lamps) other geometric primitives and parameters
may be utilized to describe the application group and the associated classes.
104 VA

FIG. 4 is ablock diagram of an exemplary process
for utilizing a calculator to predict headlamp reflector
temperature.

FIG. 4 is a block diagram of an exemplary process for utilizing a calculator to predict headlamp

28



reflector temperature.
05 TV
The process depicted in FIG. 4
includes  auser
accessing the hot-spot calculator
from a user system or from a hand held device.

The process depicted in FIG. 4 includes a user accessing the hot-spot calculator from a user
system or from a hand held device.
0T
At step 402,
the user selects atype of headlamp
which includes selecting an application group
(e.g., fog lamps, motorcycle lamps)
and
within the application group
a particular classification
(e.g., round, square, teardrop shape).

At step 402, the user selects a type of headlamp which includes selecting an application group
(e.g., fog lamps, motorcycle lamps) and within the application group a particular classification
(e.g., round, square, teardrop shape).

At step 404,

the user enters input parameter data values
in response to a prompt from the calculator.

At step 404, the user enters input parameter data values in response to a prompt from the
calculator.
Parameter values
include values for the key parameters
that were determined to have an impact
on the reflector temperature
during the DOE process.
DOE

29



Parameter values include values for the key parameters that were determined to have an
impact on the reflector temperature during the DOE process.

Next,
step 406  is performed
and
the hot-spot calculator
calculates the maximum heat on the reflector
using the transfer function
developed as described in reference to FIG. 1.

Next, step 406 is performed and the hot-spot calculator calculates the maximum heat on the
reflector using the transfer function developed as described in reference to FIG. 1.

Based on the results of the transfer function,
the calculator, at step 408,
selects, or recommends,
athermoplastic material
with an adequate heat resistance rating.

recommend

Based on the results of the transfer function, the calculator, at step 408, selects, or recommends,
a thermoplastic material with an adequate heat resistance rating.
YA TV N Y £ T
The calculator

can be vendor specific

and recommend

athermoplastic material that the vendor produces

or
it could be vendor independent

and

include thermoplastic materials from several vendors.
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The calculator can be vendor specific and recommend a thermoplastic material that the vendor
produces or it could be vendor independent and include thermoplastic materials from several
vendors.

the result of step 406
may be that
the maximum heat on the reflector
is one hundred and ninety degrees Celsius.

For example, the result of step 406 may be that the maximum heat on the reflector is one
hundred and ninety degrees Celsius.

at step 408,
the calculator
would suggest

a thermoplastic material with a maximum heat capacity
that exceeds one hundred and ninety degrees Celsius.

( )
Then, at step 408, the calculator would suggest a thermoplastic material with a maximum heat
capacity that exceeds one hundred and ninety degrees Celsius.

At step 410,
the calculator
displays the suggested material
and results of the transfer function.

At step 410, the calculator displays the suggested material and results of the transfer function.

The user can perform
this process,

31



from step 402 through 410,
any number of times

and can UsSe this data
as input to the design process.

()

The user can perform this process, from step 402 through 410, any number of times and can
use this data as input to the design process.
116 VA
FIG. 5 is ablock diagram of an exemplary system
for predicting headlamp reflector temperature.

FIG. 5 is a block diagram of an exemplary system for predicting headlamp reflector temperature.

The system of FIG. 5
depicts how
a user (e.g., a designer, a field engineer, an external customer)
can make a request,
through a user system 502
(e.g., a personal computer, a host attached terminal)
or a hand held device 510 (e.g., a personal digital assistant)
to an application program on the host system 504
to access the calculator
for predicting headlamp reflector temperature.

PC

PDA

The system of FIG. 5 depicts how a user can make a request to an
application program.
The system of FIG. 5 depicts how a user (e.g., a designer, a field engineer, an external
customer) can make a request, through a user system 502 (e.g., a personal computer, a host
attached terminal) or a hand held device 510 (e.g., a personal digital assistant) to an application
program on the host system 504 to access the calculator for predicting headlamp reflector
temperature.

The users can be physically located
in one or more geographic locations
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and can be directly connected
to the host system 504
or coupled to the host system via the network 506.

The users can be physically located in one or more geographic locations and can be directly
connected to the host system 504 or coupled to the host system via the network 506.
110 VT & VS it e e e e e e e
In an exemplary embodiment, |
the host system 504
executes programs that provide access to the calculator
for predicting headlamp reflector temperature

and
data relating to the temperature prediction(e.g., transfer functions)
are stored on the storage device 508 attached to the host system.

In an exemplary embodiment, the host system 504 executes programs that provide access to
the calculator for predicting headlamp reflector temperature and data relating to the temperature
prediction (e.g., transfer functions) are stored on the storage device 508 attached to the host
system.

Each user system 502 and hand held device 510
may be implemented
using a general-purpose computer
executing a computer program for carrying out the processes
described herein.

Each user system 502 and hand held device 510 may be implemented using a general-purpose
computer executing a computer program for carrying out the processes described herein.

the user system 502 or hand held device 510
includes a personal computer,
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the processing described herein
may be shared
by a user system 502 or hand held device 510 and the host
system 504
by providing an applet to the user system 502.

If the user system 502 or hand held device 510 includes a personal computer, the processing
described herein may be shared by a user system 502 or hand held device 510 and the host
system 504 by providing an applet to the user system 502.
122 VA
The network 506
may be any type of known network
including
a local area network (LAN), a wide area network (WAN), an
intranet, or a global network (e.g., Internet).

LAN WAN

The network 506 may be any type of known network including a local area network (LAN), a
wide area network (WAN), an intranet, or a global network (e.g., Internet).

A user system 502 or hand held device 510
may be coupled
to the host system 504
through multiple networks (e.g., intranet and Internet)
not all user Systems 502 and hand held devices 510
are required
to be coupled to the host system 504
through the same network.

A user system 502 or hand held device 510 may be coupled to the host system 504 through
multiple networks (e.g., intranet and Internet) so that not all user systems 502 and hand held
devices 510 are required to be coupled to the host system 504 through the same network.

124 VS & VA e e
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One or more of the user Systems 502, hand held device 510 and host System 504
may be connected
to the network 506in a wireless fashion
and
the network 506
may be awireless network.

One or more of the user systems 502, hand held device 510 and host system 504 may be
connected to the network 506 in a wireless fashion and the network 506 may be a wireless
network.
125 VS
The host Ssystem 504
may be implemented
using a server operating
in response to a computer program
stored in a storage medium accessible by the server.

( )
The host system 504 may be implemented using a server operating in response to a computer
program stored in a storage medium accessible by the server.

The host System 504
may operate
as a network server (often referred to as a web server)
to communicate with the user systems 502 and hand held device
510.

The host system 504 may operate as a network server (often referred to as a web server) to
communicate with the user systems 502 and hand held device 510.

The host System 504
handles sending and receiving information
to and from user systems 502 and hand held devices 510,

and can perform
associated tasks.
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The host system 504 handles sending and receiving information to and from user systems 502
and hand held devices 510, and can perform associated tasks.
The host System 504
may also include
afirewall
to prevent unauthorized access to the host system 504
and enforce* any limitations on authorized access.

enforce to prevent to enforce
The host system 504 may also include a firewall to prevent unauthorized access to the host
system 504 and enforce any limitations on authorized access.
129 VS
The host Ssystem 504
also operates
as an application server.

The host system 504 also operates as an application server.
The host system 504
executes oneor more application programs
to create and implement the calculator
for predicting headlamp reflector temperature.

The host system 504 executes one or more application programs to create and implement the
calculator for predicting headlamp reflector temperature.
In an alternate embodiment, |
the host system 504
includes  application programs
to implement the calculator
for predicting headlamp reflector temperature
and
the application programs
to create the calculator
reside remotely from the host system 504.
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In an alternate embodiment, the host system 504 includes application programs to implement
the calculator for predicting headlamp reflector temperature and the application programs to
create the calculator reside remotely from the host system 504.

Processing
may be shared
by the user system 502 and/or hand held device 510 and the
host system 504.

Processing may be shared by the user system 502 and/or hand held device 510 and the host
system 504.

the user Systems 502 and hand held device 510
may include
stand-alone software applications
for performing all or a portion of the processing
described herein.

Alternatively, the user systems 502 and hand held device 510 may include stand-alone software
applications for performing all or a portion of the processing described herein.

It IS understood
that
separate servers may be used
to implement the network server functions and the application
server functions.

It is understood that separate servers may be used to implement the network server functions
and the application server functions.
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135 VS
The storage device 508
may be implemented
using a variety of devices
for storing electronic information
such as a file transfer protocol (FTP) server.

FTP

The storage device 508 may be implemented using a variety of devices for storing electronic
information such as a file transfer protocol (FTP) server.

136 VS & VA i et e e e e e e
It iS understood
that
the storage device 508 may be implemented
using memory contained in the host system 504
or
it may be a separate physical device.

It is understood that the storage device 508 may be implemented using memory contained in
the host system 504 or it may be a separate physical device.

The storage device 508
contains _ avariety of information
relating to predicting headlamp reflector temperature
including
a database of transfer functions and associated parameters
for various classes of headlamps within application groups.

The storage device 508 contains a variety of information relating to predicting headlamp
reflector temperature including a database of transfer functions and associated parameters for
various classes of headlamps within application groups.
RS T 7Y
The host Ssystem 504

may also operate

as a database server
and
coordinate access to application data
including data stored on the storage device 508.
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The host system 504 may also operate as a database server and coordinate access to
application data including data stored on the storage device 508.

The data stored in the storage device 508
can be physically stored
as a single database
with access restricted based on user characteristics

or

it can be physically stored
in a variety of databases
Including

portions of the database on the user systems 502, hand held
device 510 and host system 504.

The data stored in the storage device 508 can be physically stored as a single database with
access restricted based on user characteristics or it can be physically stored in a variety of
databases including portions of the database on the user systems 502, hand held device 510
and host system 504.
140 VS
An embodiment of the present invention
can be utilized
for determining the maximum temperature of a component
in a variety of lighting applications
and
IS not limited to automotive lighting
nor to reflector components of lamps.

An embodiment of the present invention can be utilized for determining the maximum
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temperature of a component in a variety of lighting applications and is not limited to automotive
lighting nor to reflector components of lamps.

Types of lighting applications
that may utilize an embodiment of the present invention
include,
but
are not limited to:
fog lamps, car head lights, motorcycle lights, projector lamps,
industrial lighting and commercial lighting.

Types of lighting applications that may utilize an embodiment of the present invention include,
but are not limited to: fog lamps, car head lights, motorcycle lights, projector lamps, industrial
lighting and commercial lighting.

an embodiment of the present invention
can be expanded
to other design spaces
and
IS not limited
to lamps.

In addition, an embodiment of the present invention can be expanded to other design spaces
and is not limited to lamps.

embodiments of the present invention
may be utilized:

to perform thermal evaluation of electrical enclosures,
for structural evaluation of energy absorbing applications,
for evaluation of a simplified part manufacturing process,
and
to perform a quick evaluation
of the desired functionality of an application or product
with fair accuracy
before selecting an application or product
from a range available in the market.

40



For example, embodiments of the present invention may be utilized: to perform thermal
evaluation of electrical enclosures, for structural evaluation of energy absorbing applications, for
evaluation of a simplified part manufacturing process, and to perform a quick evaluation of the
desired functionality of an application or product with fair accuracy before selecting an
application or product from a range available in the market.
144 VS
The methodology for developing the calculator
iS based on generating transfer functions

that are derived from three-dimensional thermal analysis

of generic parametric models

representing configurations

currently utilized in lighting design.

The methodology for developing the calculator is based on generating transfer functions that
are derived from three-dimensional thermal analysis of generic parametric models representing
configurations currently utilized in lighting design.

The simulation tools and statistical tools
used for the analysis
that are utilized to build the hot-spot calculator

are commercially available.

The simulation tools and statistical tools used for the analysis that are utilized to build the
hot-spot calculator are commercially available.

T Y
Design of experiment (DOEs) techniques
are utilized
in order to derive the transfer functions.
DOE
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Design of experiment (DOESs) techniques are utilized in order to derive the transfer functions.

The use of the resulting hot-spot calculator
can reduce thetime
required for the material selection process,
which in turn
canreduce product design cycle time.

The use of the resulting hot-spot calculator can reduce the time required for the material
selection process, which in turn can reduce product design cycle time.

Design trade-off studies
can be carried out
for various lighting system shapes and parameters
by utilizing the hot-spot calculator.

Design trade-off studies can be carried out for various lighting system shapes and parameters
by utilizing the hot-spot calculator.
149
\a)
An embodiment of the present invention
provides  for amethod
to estimate the temperature of headlamp reflectors
that is completely based on transfer functions.

An embodiment of the present invention provides for a method to estimate the temperature of
headlamp reflectors that is completely based on transfer functions.
150 VS & VT ottt e e e e e e e e e e e e
This can result in aquick estimate
that can be utilized at the conceptual level of design
and
can allow adesigner
to obtain several estimates
and
use* the results
in creating the design of the headlamp.
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use to obtain to use
This can result in a quick estimate that can be utilized at the conceptual level of design and can
allow a designer to obtain several estimates and use the results in creating the design of the
headlamp.
LS 1 Y SV P
An embodiment of the present invention
IS web enabled
and
can be utilized
by field engineers, or authorized customers,
to assist customers
in making immediate material selection decisions
for specific applications.

An embodiment of the present invention is web enabled and can be utilized by field engineers,
or authorized customers, to assist customers in making immediate material selection decisions
for specific applications.

the ability
to estimate the maximum temperature of a headlamp reflector

can result in choosing the most economic thermoplastic material
that meets the design requirements.

Also, the ability to estimate the maximum temperature of a headlamp reflector can result in
choosing the most economic thermoplastic material that meets the design requirements.

This can also result

in eliminating costly rework
to thermoplastic molding tools or processes.
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This can also result in eliminating costly rework to thermoplastic molding tools or processes.
154 VS
IAs described above, |
the embodiments of the invention
may be embodied

in the form of computer-implemented processes

and

apparatuses for practicing those processes.

As described above, the embodiments of the invention may be embodied in the form of
computer-implemented processes and apparatuses for practicing those processes.

Embodiments of the invention
may also be embodied
in the form of computer program code
containing instructions
embodied in tangible media,
such as floppy diskettes, CD-ROMs, hard drives,
or any other computer-readable storage medium,
hen
the computer program code
is loaded into
and executed by a computer,
the computer
becomes an apparatus for practicing the invention.

FD CD-ROM

Embodiments of the invention may also be embodied in the form of computer program code
containing instructions embodied in tangible media, such as floppy diskettes, CD-ROMs, hard
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drives, or any other computer-readable storage medium, wherein, when the computer program
code is loaded into and executed by a computer, the computer becomes an apparatus for
practicing the invention.

An embodiment of the invention
can also be embodied
in the form of computer program code,
for example
whether stored in a storage medium, |
loaded into and/or executed by a computer,
or transmitted over some transmission medium,
such as over electrical wiring or cabling,
through fiber optics,
or via electromagnetic radiation,
hen
the computer program code
is loaded into
and executed by a computer,
the computer
becomes an apparatus for practicing the invention.

An embodiment of the invention can also be embodied in the form of computer program code,
for

example whether stored in a storage medium, loaded into and/or executed by a computer, or
transmitted over some transmission medium, such as over electrical wiring or cabling, through
fiber optics, or via electromagnetic radiation, wherein, when the computer program code is
loaded into and executed by a computer, the computer becomes an apparatus for practicing the
invention.
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When implemented on a general-purpose microprocessor, |
the computer program code segments

configure the microprocessor
to create specific logic circuits.

When implemented on a general-purpose microprocessor, the computer program code
segments configure the microprocessor to create specific logic circuits.
158 VT
the invention has been described
with reference to exemplary embodiments,
it will be understood
by those skilled in the art
that
various changes may be made
and equivalents may be substituted for elements thereof
without departing from the scope of the invention.

While the invention has been described with reference to exemplary embodiments, it will be
understood by those skilled in the art that various changes may be made and equivalents may
be substituted for elements thereof without departing from the scope of the invention.

many modifications
may be made
to adapt a particular situation or material
to the teachings of the invention
without departing from the essential scope thereof.

In addition, many modifications may be made to adapt a particular situation or material to the
teachings of the invention without departing from the essential scope thereof.

it iS intended that
the invention
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not be limited to the particular embodiment
disclosed as the best mode contemplated

for carrying out this invention,

but that

the invention

will include all embodiments

falling within the scope of the appended claims.

Therefore, it is intended that the invention not be limited to the particular embodiment disclosed
as the best mode contemplated for carrying out this invention, but that the invention will include
all embodiments falling within the scope of the appended claims.

the use of the terms first, second, etc.
do not denote
any order or importance,
but rather
the terms first, second, etc.
are used to distinguish one element from another.

Moreover, the use of the terms first, second, etc. do not denote any order or importance, but
rather the terms first, second, etc. are used to distinguish one element from another.
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Claims

What is claimed is:

1.
A method for predicting headlamp reflector temperature,
the method
comprising:
receiving a headlamp type;
transmitting a request for an input parameter value
responsive to said headlamp type;
receiving said input parameter value
in response to said transmitting a request;
executing a transfer function
in response to said input parameter and said headlamp type,
said executing resulting in a predicted maximum reflector temperature;
and
outputting said predicted maximum reflector temperature.

What is claimed is:
A method for predicting headlamp reflector temperature, the method comprising:
receiving a headlamp type;
transmitting a request for an input parameter value responsive to said headlamp type;
receiving said input parameter value in response to said transmitting a request;
executing a transfer function in response to said input parameter and said headlamp type, said
executing resulting in a predicted maximum reflector temperature; and
outputting said predicted maximum reflector temperature.
2.
The method of claim 1
further comprising:
selecting a type of thermoplastic material
that exhibits a heat resistance
that exceeds said predicted maximum reflector temperature;
and
outputting said type of thermoplastic material
in response to said selecting.
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The method of claim 1 further comprising:

selecting a type of thermoplastic material that exhibits a heat resistance that exceeds said
predicted maximum reflector temperature; and

outputting said type of thermoplastic material in response to said selecting.

3.

The method of claim 1

further comprising

creating said transfer function,

said creating said transfer function

including:

receiving a headlamp application group including a member;

classifying said member based on geometric primitives
resulting in said headlamp type;

identifying key material and geometric parameters

that affect said predicted maximum reflector temperature
for said headlamp type;

creating a simple parametric geometric model

responsive to said key material and geometric parameters;
setting a design space

for said key material and geometric parameters;
creating a set of design of experiments

in response to said design space and said model;
carrying out said set of design of experiments

resulting in design of experiment output;
and
deriving said transfer function

to calculate said predicted maximum reflector temperature
for said headlamp type
responsive to said design of experiment output
said predicted maximum reflector temperature
varies in response to said input parameter.
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The method of claim 1 further comprising creating said transfer function, said creating said
transfer function including:
receiving a headlamp application group including a member;
classifying said member based on geometric primitives resulting in said headlamp type;
identifying key material and geometric parameters that affect said predicted maximum reflector
temperature for said headlamp type;
creating a simple parametric geometric model responsive to said key material and geometric
parameters;
setting a design space for said key material and geometric parameters;
creating a set of design of experiments in response to said design space and said model;
carrying out said set of design of experiments resulting in design of experiment output; and
deriving said transfer function to calculate said predicted maximum reflector temperature for
said headlamp type responsive to said design of experiment output wherein said predicted
maximum reflector temperature varies in response to said input parameter.
4.
The method of claim 3
said input parameter

includes one of said key material and geometric parameters.

The method of claim 3 wherein said input parameter includes one of said key material and
geometric parameters.
5.
The method of claim 3
said headlamp application group
is a fog lamp group.
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The method of claim 3 wherein said headlamp application group is a fog lamp group.
6.
The method of claim 3
said headlamp type
is one of round fog lamp, teardrop fog lamp and square fog lamp.

The method of claim 3 wherein said headlamp type is one of round fog lamp, teardrop fog lamp
and square fog lamp.
7.
The method of claim 3
said geometric primitives
include arc of circle, parabolic curve and right angle cylinder.

The method of claim 3 wherein said geometric primitives include arc of circle, parabolic curve
and right angle cylinder.
8.
The method of claim 3
said key material and geometric parameters
include
two or more of reflector diameter, lens depth, spacer depth,
reflector depth, bulb diameter, bulb depth and wattage of
bulb.

The method of claim 3 wherein said key material and geometric parameters include two or more
of reflector diameter, lens depth, spacer depth, reflector depth, bulb diameter, bulb depth and
wattage of bulb.
9.
The method of claim 3
said design space

includes

the maximum and minimum values
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for said key material and geometric parameters.

The method of claim 3 wherein said design space includes the maximum and minimum values
for said key material and geometric parameters.

10.

The method of claim 3

said creating a set of design of experiments
is performed
using a statistical analysis tool.

The method of claim 3 wherein said creating a set of design of experiments is performed using
a statistical analysis tool.

11.

The method of claim 3

said carrying out said set of design of experiments
is performed
using heat transfer and flow analysis simulation tools.

The method of claim 3 wherein said carrying out said set of design of experiments is performed
using heat transfer and flow analysis simulation tools.

12.

The method of claim 3

said deriving a transfer function
is performed
using regression analysis software.

The method of claim 3 wherein said deriving a transfer function is performed using regression
analysis software.

13.
A method of creating a transfer function
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for calculating a predicted maximum headlamp reflector temperature,
said method

comprising:
receiving a headlamp application group including a member;
classifying said member based on geometric primitives
resulting in a headlamp type;
identifying key material and geometric parameters
that affect a predicted maximum reflector temperature
for said headlamp type;
creating a simple parametric geometric model
responsive to said key material and geometric parameters;
setting a design space
for said key material and geometric parameters;
creating a set of design of experiments

in response to said design space and said model;

carrying out said set of design of experiments
resulting in output;

and

deriving a transfer function
to calculate said predicted maximum reflector temperature
for said headlamp type responsive to said output

said predicted maximum reflector temperature
varies in response to an input parameter.

A method of creating a transfer function for calculating a predicted maximum headlamp reflector
temperature, said method comprising:
receiving a headlamp application group including a member;
classifying said member based on geometric primitives resulting in a headlamp type;
identifying key material and geometric parameters that affect a predicted maximum reflector
temperature for said headlamp type;
creating a simple parametric geometric model responsive to said key material and geometric
parameters;
setting a design space for said key material and geometric parameters; creating a set of design
of experiments in response to said design space and said model;
carrying out said set of design of experiments resulting in output; and
deriving a transfer function to calculate said predicted maximum reflector temperature for said
headlamp type responsive to said output wherein said predicted maximum reflector temperature
varies in response to an input parameter.
14.
A system for predicting headlamp reflector temperature,
the system
comprising:

a network;

a user system

in communication with said network;
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a storage device;
and
a host system

in communication with said network and said storage device,

said host system
including

application software to implement a method

comprising:
receiving

transmitting

receiving

executing

said executing
and
outputting

a headlamp type

from said user system via said network;

a request across said network

for an input parameter value

responsive to said headlamp type;

said input parameter value

from said user system via said network

in response to said transmitting a request;

a transfer function

stored on said storage device

in response to said input parameter and said headlamp
type,

resulting in a predicted maximum reflector temperature;

said predicted maximum reflector temperature
to said user system via said network.
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A system for predicting headlamp reflector temperature, the system comprising:

a network;

a user system in communication with said network;

a storage device; and

a host system in communication with said network and said storage device, said host system
including application software to implement a method comprising:

receiving a headlamp type from said user system via said network;

transmitting a request across said network for an input parameter value responsive to said
headlamp type;

receiving said input parameter value from said user system via said network in response to said
transmitting a request;

executing a transfer function stored on said storage device in response to said input parameter
and said headlamp type, said executing resulting in a predicted maximum reflector temperature;
and

outputting said predicted maximum reflector temperature to said user system via said network.
15.

The system of claim 14

said host system
includes
application software to implement a method
further comprising
creating said transfer function,
said creating said transfer function
including:
receiving a headlamp application group
including a member;
classifying said member

based on geometric primitives
resulting in said headlamp type;
identifying key material and geometric parameters
that affect said predicted maximum reflector temperature
for said headlamp type;

creating a simple parametric geometric model

responsive to said key material and geometric parameters;
setting a design space

for said key material and geometric parameters;
creating a set of design of experiments

in response to said design space and said model;
carrying out said set of design of experiments

resulting in design of experiment output;
and
deriving said transfer function

to calculate said predicted maximum reflector temperature
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for said headlamp type
responsive to said design of experiment output
said predicted maximum reflector temperature
varies in response to said input parameter.

The system of claim 14 wherein said host system includes application software to implement a
method further comprising creating said transfer function, said creating said transfer function
including:
receiving a headlamp application group including a member;
classifying said member based on geometric primitives resulting in said headlamp type;
identifying key material and geometric parameters that affect said predicted maximum reflector
temperature for said headlamp type;
creating a simple parametric geometric model responsive to said key material and geometric
parameters;
setting a design space for said key material and geometric parameters;
creating a set of design of experiments in response to said design space and said model;
carrying out said set of design of experiments resulting in design of experiment output; and
deriving said transfer function to calculate said predicted maximum reflector temperature for
said headlamp type responsive to said design of experiment output wherein said predicted
maximum reflector temperature varies in response to said input parameter.
16.
The system of claim 14
said user system

is a hand held device.

The system of claim 14 wherein said user system is a hand held device.
17.
The system of claim 14

said network
is awireless network.
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The system of claim 14 wherein said network is a wireless network.
18.
The system of claim 14

said network
is the Internet.

The system of claim 14 wherein said network is the Internet.
19.
The system of claim 14

said network
is an intranet.

The system of claim 14 wherein said network is an intranet.
20.
A computer program product
for predicting headlamp reflector temperature,
the computer product
comprising:
a storage medium
readable by a processing circuit
and
storing instructions
for execution by the processing circuit
for performing a method

comprising:
receiving a headlamp type;
transmitting arequest
for an input parameter value
responsive to said headlamp type;
receiving said input parameter value
in response to said transmitting a request;
executing a transfer function
in response to said input parameter and said headlamp
type,
said executing resulting in a maximum reflector temperature;
and
outputting said predicted maximum reflector temperature.
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A computer program product for predicting headlamp reflector temperature, the computer
product comprising:
a storage medium readable by a processing circuit and storing instructions for execution by the
processing circuit for performing a method comprising:
receiving a headlamp type;
transmitting a request for an input parameter value responsive to said headlamp type;
receiving said input parameter value in response to said transmitting a request;
executing a transfer function in response to said input parameter and said headlamp type, said
executing resulting in a maximum reflector temperature; and
outputting said predicted maximum reflector temperature.
21.
The computer program product of claim 20
said storage medium
includes
instructions to implement a method
further comprising

creating said transfer function,

said creating said transfer function

including:

receiving a headlamp application group
including a member;

classifying said member

based on geometric primitives
resulting in said headlamp type;
identifying key material and geometric parameters
that affect said predicted maximum reflector temperature
for said headlamp type;
creating a simple parametric geometric model
responsive to said key material and geometric
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parameters;

setting a design space
for said key material and geometric parameters;
creating a set of design of experiments
in response to said design space and said model;
carrying out said set of design of experiments
resulting in design of experiment output;
and
deriving said transfer function
to calculate said predicted maximum reflector
temperature

for said headlamp type responsive
to said design of experiment output
said predicted maximum reflector temperature
varies in response to said input parameter.

()

The computer program product of claim 20 wherein said storage medium includes instructions
to implement a method further comprising creating said transfer function, said creating said
transfer function including:

receiving a headlamp application group including a member;

classifying said member based on geometric primitives resulting in said headlamp type;
identifying key material and geometric parameters that affect said predicted maximum reflector
temperature for said headlamp type;

creating a simple parametric geometric model responsive to said key material and geometric
parameters;

setting a design space for said key material and geometric parameters;

creating a set of design of experiments in response to said design space and said model;
carrying out said set of design of experiments resulting in design of experiment output; and
deriving said transfer function to calculate said predicted maximum reflector temperature for
said headlamp type responsive to said design of experiment output wherein said predicted
maximum reflector temperature varies in response to said input parameter.
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57) ABSTRACT

A method for predicting headlamp reflector temperature
comprising receiving a headlamp type and transmitting a
request for an input parameter value responsive to the
headlamp type. The input parameter value is received in
response to transmitting the request. A transfer function is
executed in response to the input parameter and the head-
lamp type and the execution results in a predicted maximum
reflector temperature. The predicted maximum reflector
temperature is then output.
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METHOD, SYSTEM AND COMPUTER
PRODUCT FOR PREDICTING HEADLAMP
REFLECTOR TEMPERATURE

BACKGROUND OF INVENTION

The present disclosure relates generally to a method for
predicting headlamp reflector temperature and in particular,
to a method for predicting the maximum temperature on
automotive headlamp reflectors.

A variety of thermoplastic materials are available in the
marketplace for use in automotive lighting systems. A basic
criterion for material selection in lighting systems is heat
resistance and in general, the higher the heat resistance, the
higher the cost of the thermoplastic. Heat resistance is the
maximum temperature the components can sustain indefi-
nitely without degradation of function. If the component is
a headlamp reflector, the maximum temperature of the
reflector can be affected by design considerations such as

reflector diameter, bulb diameter, bulb depth, lens depth, ~

spacer depth and reflector depth. Predicting the maximum
temperature for use in the selection of materials in lighting
applications, such as the headlamp reflector material, can
involve detailed fluid dynamics and heat transfer analysis for
a particular configuration. The process of performing
detailed fluid analysis and heat transfer analysis for cach
configuration in order to determine the maximum tempera-
ture on the reflector (hot spot) can be cumbersome and time
consuming. Estimating the maximum temperature accu-
rately Is important in order to avoid the expense and time
associated with re-creating thermoplastic molding tools and
processes.

SUMMARY OF INVENTION

One aspect of the invention is a method for predicting
headlamp reflector temperature. The method comprises
receiving a headlamp type and transmitting a request for an
input parameter value responsive 1o the headlamp type. The
input parameter value is received in response to transmitting
the request. A transfer function is executed in response to the
input parameter and the headlamp type and the execution
results in a predicted maximum reflector temperature. The
predicted maximum reflector temperature is then output.

Another aspect of the invention is a method of creating a
transfer function for calculating a predicted maximum
reflector temperature. The method comprises receiving a
headlamp application group including a member. The mem-
ber is classified based on geometric primitives and the

classification results in a headlamp type. Key material and 5

geometric parameters that affect a predicted maximum
reflector temperature for the headlamp type are identified. A
simple parametric geometric model is created responsive to
the key material and geometric parameters. A design space
is set for the key material and geometric parameters. The
method further comprises creating a set of design of experi-
ments in response to the design space and the model. The set
of design of experiments is carried out and results in output.
A transfer function is derived to calculate the predicted
maximum reflector temperature for the headlamp type
responsive to the output. The predicted maximum reflector
temperature varies in response to an input parameter.
Another aspect of the invention is a system for predicting
headlamp reflector temperature. The system comprises a
network, a user system in communication with the network,
a storage device and a host system. The host system is in
communication with the network and the storage device and

2

the host system includes application software to implement
a method comprising receiving a headlamp type from the
user system via the network. The method further comprises
transmitting a request across the network for an input
parameter value responsive to the headlamp type. The input
parameter value is received from the user system via the
network in response o transmitting the request. A transfer
function stored on the storage device is executed in response
to the input parameter and the headlamp type and the
cxecution results in a predicted maximum reflector tempera-
ture. The predicted maximum reflector temperature is then
output to the user system via the network.

A further aspect of the invention is a computer program
product for predicting headlamp reflector temperature. The
computer program product comprises a storage medium
readable by a processing circuit and storing instructions for
execution by the processing circuit for performing a method.
The method comprises receiving a headlamp type and
transmitting a request for an input parameter value respon-
sive to the headlamp type. The input parameter value is
received in response to transmitting the request. A transfer
function is executed in response to the input parameter and
the headlamp type and the execution results in a predicted
maximum reflector temperature. The predicted maximum
5 reflector temperature is then output.

Further aspects of the invention are disclosed herein. The
above discussed and other features and advantages of the
invention will be appreciated and understood by those
skilled in the art from the following detailed description and
drawings.
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BRIEF DESCRIPTION OF DRAWINGS

Referring to the exemplary drawings wherein like ele-
ments are numbered alike in the several FIGURES:

FIG. 1 is a block diagram of an exemplary process to
create a calculator for predicting headlamp reflector tem-
perature;

FIG. 2 is an cxample of the geometry that could be
associated with a fog lamp;

FIG. 3 is an example of a simplified parametric model for
the fog lamp depicted in FIG. 2;

FIG. 4 is a block diagram of an exemplary process for
utilizing a calculator to predict headlamp reflector tempera-
ture; and

FIG. 5 is a block diagram of an exemplary system for
predicting headlamp reflector temperature.

DETAILED DESCRIPTION

An embodiment of the present invention includes several
complimentary components that can be utilized to rapidly
provide a prediction of hot-spot temperatures for headlamps,
bypassing the need for many man days of finite element
modeling and many hours of computer processing unit time.
Various lamps are characterized into gencral classes accord-
ing to their basic shape. For example, fog lamps can be
characterized into teardrop, round, square and oval. Each
class is then parameterized by assigning suitable geometric
primitives that both approximate the basic shape and which
can be varied more or less independently. An experimental
design is created for cach class that outlines what range of
parameters and bulb wattages should be fully explored to
adequately describe each class. Next, the experiments speci-
fied in the experimental design are carried out by
calculating, via three-dimensional fluid dynamics, the hot-
spot temperature of cach parameterized design/wattage
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combination indicated by the design experiment. The results
of the experiments are fed back through a statistical experi-
mental analysis, and the significant parameters are culled
and the transfer functions that relate the hot-spot tempera-
ture to those significant parameters are derived. A user can
access the hot-spot calculator through a graphical user
interface that is customized to accept the headlamp class and
the significant parameters. The class and parameters are fed
as inputs to the previously derived transfer functions and the
resulting output is a predicted hot-spot temperature, or
maximum temperature. The calculator can be deployed in a
variety of manners Including: web deployed, personal digi-
tal assistant deployed, and personal computer deployed.
FIG. 1 is a block diagram of an exemplary process to
create a calculator for predicting headlamp reflector tem-
perature. At step 102, the headlamps within an application
group are classified based on geometric primitives, resulting
in headlamp types. For example, in the case of automotive
lighting applications, there are several application groups

such as fog lamps and motorcycle lamps that can be further

broken down and classified based on their geometric primi-
tives into headlamp types (e.g., round, square, oval). A
variety of thermoplastic materials are available from resin
manufacturers for use in automotive lamps. Akey criteria for

selecting a particular thermoplastic material from the group ».

of available thermoplastic materials includes the heat resi
tance required by the automotive lamp and the heat resis-
tance provided by the particular thermoplastic material. The
cffect of varying geometric and material parameters on the

required heat resistance (also referred to as the hot-spot 3

temperature) in automotive lamps can be categorized based
on geometric primitives. Geometric primitives dictate the
shape of the automotive lamp (e.g., round, teardrop, square).

Next, at step 104, the key material and geometric param-
cters affecting the temperature on the reflector surface are
identified for a particular class of headlamps within an
application group. For example, a lamp in the fog lamp
application group with a round classification may include
geometric parameters such as reflector diameter, reflector
depth and wattage of the bulb. Material parameters may
include thermal conductivity of material and emissivity of
reflective coating. At step 106, a simple parametric geomet-
ric model is created utilizing the parameters. This simple
parametric geometric model covers almost all headlamps in
the classification group by varying the key parameters. Sce
FIG. 3, below, for an example of a parametric model for a
round fog lamp. The intended design space, or parameter
range, is set at step 108. At step 110, a design of experiments
(DOE) is created for the parametric geometric model. The

DOE includes a number of experiments based on possible s

combinations of geometric, material and process param-
eters. The DOE can be created using an automated tool (e.g.,
Design for Six Sigma from Minitab, Inc., Regression,
Response Surface Methodology from Minitab, Inc.). Inputs
to the DOE tool include the simple parametric geometric
model, the intended design space and the parameters. The
output from the DOE tool Includes a set of experiments that
will cover the design space and that should be performed in
order to determine an associated transfer function that
correlates the parameters to the temperature on the reflector
surface.

At step 112, the set of experiments described by the output
of the DOE tool is performed. In an exemplary embodiment,
the experiments are carried out utilizing heat transfer and
flow analysis simulation tools (i.e., computational fluid
dynamics) to determine the temperature distribution on the
reflector surface. Thermal prediction software (e.g., FLU-
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ENT from Fluent, Inc.) is utilized to conduct these experi-
ments in a virtual environment. When all of the experiments
have been completed, or simulated, a transfer function is
derived at step 114 using the results of the experiments. The
resulting transfer function relates input parameters (all or a
subset of the key parameters in the simple parametric
geometric model) to the temperature on the reflector surface.
The transfer function is created using a separate regression
analysis tool (e.g., Minitab from Minitab, Inc.).
Alternatively, the transfer function is created using the DOE
tool. The transfer function relates the response variable (the
maximum temperature) to the key parameters considered for
the DOE. The derived transfer function is then utilized for
calculating the maximum temperature on the reflector sur-
face. Geometric and material parameter values for specific
customer applications within the design space are input to
the transfer function via the calculator. A different transfer
function is derived for each class of headlamp, or for each
parametric geometric model created in step 106. In an
exemplary embodiment, the transfer function is stored in a
database of transfer functions that are indexed by headlamp
classification within an application group. The processing
described in FIG. 1 is repeated for each headlamp classifi-
cation defined in step 102 and for headlamps in the other
application groups based on implementation requirements.
FIG. 2 is an example of the geometry that is associated
with a fog lamp, one of the application groups for automo-
tive headlamps. The headlamp includes a bulb, a reflector, a
lens, a decorative bezel and a housing unit. As shown in FIG.
2, the fog lamp is four and a half inches high, four inches
wide, and two and seven sixteenths inches deep.
Additionally, the fog lamp depicted in FIG. 2 is classified as
a round fog lamp. FIG. 3 is a simplified parametric model
associated with the fog lamp depicted in FIG. 2. The
parameters depicted in FIG. 3 can be utilized to create the
hot-spot calculator. In addition, several of the parameters
depicted in FIG. 3 may be input to the hot-spot calculator in
order to predict a maximum reflector temperature. The basic
geometric primitives for this parametric model include:
circular arc 314, parabolic curve 316 (note that the reflector
is generally, but not necessarily parabolic, and that other
shapes, for example a polyelipsoid can also be employed in
an alternate embodiment) and right angle cylinder 320. The
fog lamp application group can be broken down into classes
based on these basic geometric primitives and can result in
classes such as teardrop shaped, round and square depending
on the values of the geometric primitives. Also shown in
FIG. 3 are parameters that may aflect the temperature of the
reflector in a fog lamp including reflector diameter 302, lens
depth 304, spacer depth 306, reflector depth 308, bulb
diameter 310, bulb depth 312. In addition, the wattage of the
bulb 318 will also have an effect on the temperature of the
reflector. These are the variables that will be tested through
the DOE process and may be reflected in the resulting
transfer function depending on the results of the DOE. For
other application groups (e.g., high beam lamps) other
geometric primitives and parameters may be utilized to
describe the application group and the associated classes.
FIG. 4 is a block diagram of an exemplary process for
utilizing a calculator to predict headlamp reflector tempera-
ture. The process depicted in FIG. 4 includes a user access-
ing the hot-spot calculator from a user system or from a hand
held device. At step 402, the user selects a type of headlamp
which includes selecting an application group (e.g., fog
lamps, motorcycle lamps) and within the application group
a particular classification (e.g., round, square, teardrop
shape). At step 404, the user enters input parameter data
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values in response to a prompt from the calculator. Param-
cter values include values for the key parameters that were
determined to have an impact on the reflector temperature
during the DOE process. Next, step 406 is performed and the
hot-spot calculator calculates the maximum heat on the
reflector using the transfer function developed as described
in reference to FIG. 1. Based on the results of the transfer
function, the calculator, at step 408, sclects, or recommends,
a thermoplastic material with an adequate heat resistance
rating. The calculator can be vendor specific and recommend
a thermoplastic material that the vendor produces or it could
be vendor independent and include thermoplastic materials
from several vendors. For example, the result of step 406
may be that the maximum heat on the reflector is one
hundred and ninety degrees Celsius. Then, at step 408, the
calculator would suggest a thermoplastic material with a
maximum heat capacity that exceeds one hundred and ninety
degrees Celsius. At step 410, the calculator displays the
suggested material and results of the transfer function. The
user can perform this process, from step 402 through 410,
any number of times and can use this data as input to the
design process.

FIG. 5 is a block diagram of an exemplary system for
predicting headlamp reflector temperature. The system of
FIG. 5 depicts how a user (e.g., a designer, a field engineer,
an external customer) can make a request, through a user
system 502 (e.g., a personal computer, a host attached
terminal) or a hand held device 510 (c.g., a personal digital
assistant) to an application program on the host system 504
to access the calculator for predicting headlamp reflector

temperature. The users can be physically located in one or 3

more geographic locations and can be directly connected to
the host system 504 or coupled to the host system via the
network 506. In an exemplary embodiment, the host system
504 executes programs that provide access to the calculator
for predicting headlamp reflector temperature and data relat-
ing to the temperature prediction (e.g., transfer functions)
are stored on the storage device 508 attached to the host
system. Each user system 502 and hand held device 510 may
be implemented using a general-purpose computer execut-
ing a computer program for carrying out the processes
described herein. If the user system 502 or hand held device
510 includes a personal computer, the processing described
herein may be shared by a user system 502 or hand held
device 510 and the host system 504 by providing an applet
to the user system 502.

The nctwork 506 may be any type of known nctwork
including a local area network (LLAN), a wide area network
(WAN), an intranet, or a global network (e.g., Internet). A
user system 502 or hand held device 510 may be coupled to

the host system 504 through multiple networks (e.g., intranet 5

and Internet) so that not all user systems 502 and hand held
devices 510 are required to be coupled to the host system
504 through the same network. One or more of the user
systems 502, hand held device 510 and host system 504 may
be connected to the network 506 in a wireless fashion and
the network 506 may be a wireless network.

The host system 504 may be implemented using a server
operating in response to a computer program stored in a
storage medium accessible by the server. The host system
504 may operate as a network server (often referred to as a
web server) to communicate with the user systems 502 and
hand held device 510. The host system 504 handles sending
and receiving information to and from user systems 502 and
hand held devices 510, and can perform associated tasks.
The host system 504 may also include a firewall to prevent
unauthorized access to the host system 504 and enforce any
limitations on authorized access.

6

The host system 504 also operates as an application
server. The host system 504 executes one or more applica-
tion programs to create and implement the calculator for
predicting headlamp reflector temperature. In an alternate

5 embodiment, the host system 504 includes application pro-
grams to implement the calculator for predicting headlamp
reflector temperature and the application programs to create
the calculator reside remotely from the host system 504.
Processing may be shared by the user system 502 and/or
hand held device 510 and the host system 504. Alternatively,
the user systems 502 and hand held device 510 may include
stand-alone software applications for performing all or a
portion of the processing described herein. It is understood
that separate servers may be used to implement the network
server functions and the application server functions.

The storage device 508 may be implemented using a
variety of devices for storing ¢lectronic information such as
a file transfer protocol (FTP) server. It is understood that the
storage device 508 may be implemented using memory
o contained in the host system 504 or it may be a separate
physical device. The storage device 508 contains a variety of
information relating to predicting headlamp reflector tem-
perature including a database of transfer functions and
associated parameters for various classes of headlamps
within application groups. The host system 504 may also
operate as a database server and coordinate access to appli-
cation data including data stored on the storage device 508.
The data stored in the storage device 508 can be physically
stored as a single database with access restricted based on
user characteristics or it can be physically stored in a variety
of databases including portions of the database on the user
systems 502, hand held device 510 and host system 504.

An embodiment of the present invention can be utilized
for determining the maximum temperature of a component
in a variety of lighting applications and is not limited to
automotive lighting nor to reflector components of lamps.
Types of lighting applications that may utilize an embodi-
ment of the present invention include, but are not limited to:
fog lamps, car head lights, motorcycle lights, projector
lamps, industrial lighting and commercial lighting. In
addition, an embodiment of the present invention can be
expanded to other design spaces and is not limited to lamps.
For example, embodiments of the present invention may be
utilized: to perform thermal evaluation of electrical
enclosures, for structural evaluation of energy absorbing
applications, for evaluation of a simplified part manufactur-
ing process, and to perform a quick evaluation of the desired
functionality of an application or product with fair accuracy
before selecting an application or product from a range
available in the market.

The methodology for developing the calculator is based
on generating transfer functions that are derived from three-
dimensional thermal analysis of generic parametric models
representing configurations currently utilized in lighting
design. The simulation tools and statistical tools used for the
analysis that are utilized to build the hot-spot calculator are
commercially available. Design of experiment (DOEs) tech-
niques are utilized in order to derive the transfer functions.
The use of the resulting hot-spot calculator can reduce the
time required for the material selection process, which in
turn can reduce product design cycle time. Design trade-off
studies can be carried out for various lighting system shapes
and parameters by utilizing the hot-spot calculator.

An embodiment of the present invention provides for a
method 1o estimate the temperature of headlamp reflectors
that is completely based on transfer functions. This can
result in a quick estimate that can be utilized at the concep-
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tual level of design and can allow a designer to obtain
several estimates and use the results in creating the design of
the headlamp. An embodiment of the present invention is
web enabled and can be utilized by field engineers, or
authorized customers, 1o assist customers in making imme-
diate material selection decisions for specific applications.
Also, the ability to estimate the maximum temperature of a
headlamp reflector can result in choosing the most economic
thermoplastic material that meets the design requirements.
This can also result in eliminating costly rework to thermo-
plastic molding tools or processes.

As described above, the embodiments of the invention
may be embodied in the form of computer-implemented
processes and apparatuses for practicing those processes.
Embodiments of the invention may also be embodied in the
form of computer program code containing instructions
embodied in tangible media, such as floppy diskettes,
CD-ROMs, hard drives, or any other computer-readable
storage medium, wherein, when the computer program code
is loaded into and executed by a computer, the computer

becomes an apparatus for practicing the invention. An 2

embodiment of the invention can also be embodied in the
form of computer program code, for example whether stored
in a storage medium, loaded into and/or executed by a
computer, or transmitted over some transmission medium,

such as over electrical wiring or cabling, through fiber 2

optics, or via electromagnetic radiation, wherein, when the
computer program code is loaded into and executed by a
computer, the computer becomes an apparatus for practicing
the invention. When implemented on a general-purpose
microprocessor, the computer program code segments con-
figure the microprocessor to create specific logic circuits.
‘While the invention has been described with reference to
exemplary embodiments, it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended
that the invention not be limited to the particular embodi-
ment disclosed as the best mode contemplated for carrying
out this invention, but that the invention will include all
embodiments falling within the scope of the appended
claims. Moreover, the use of the terms first, second, etc. do
not denote any order or importance, but rather the terms first,
second, etc. are used to distinguish one element from
another.
What is claimed is:
1. A method for predicting headlamp reflector
temperature, the method comprising:
receiving a headlamp type;
transmitting a request for an input parameter value
responsive to said headlamp type;
receiving said input parameter value in response to said
transmitting a request;
executing a transfer function in response to said input
parameter and said headlamp type, said executing
resulting in a predicted maximum reflector tempera-
ture; and
outputting said predicted maximum reflector temperature.
2. The method of claim 1 further comprising:
selecting a type of thermoplastic material that exhibits a
heat resistance that exceeds said predicted maximum
reflector temperature; and
outputting said type of thermoplastic material in response
to said selecting.
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3. The method of claim 1 further comprising creating said
transfer function, said creating said transfer function includ-
ing:

receiving a headlamp application group including a mem-

ber;

classifying said member based on geometric primitives

resulting in said headlamp type;

identifying key material and geometric parameters that

affect said predicted maximum reflector temperature
for said headlamp type;

creating a simple parametric geometric model responsive

to said key material and geometric parameters;
setting a design space for said key material and geometric
parameters;

creating a set of design of experiments in response to said

design space and said model;

carrying out said set of design of experiments resulting in

design of experiment output; and

deriving said transfer function to calculate said predicted

maximum reflector temperature for said headlamp type
responsive to said design of experiment output wherein
said predicted maximum reflector temperature varies in
response to said input parameter.

4. The method of claim 3 wherein said input parameter
includes one of said key material and geometric parameters.

5. The method of claim 3 wherein said headlamp appli-
cation group is a fog lamp group.

6. The method of claim 3 wherein said headlamp type is
one of round fog lamp, teardrop fog lamp and square fog
lamp.

7. The method of claim 3 wherein said geometric primi-
tives include arc of circle, parabolic curve and right angle
cylinder.

8. The method of claim 3 wherein said key material and
geomeltric parameters include two or more of reflector
diameter, lens depth, spacer depth, reflector depth, bulb
diameter, bulb depth and wattage of bulb.

9. The method of claim 3 wherein said design space
includes the maximum and minimum values for said key
material and geometric parameters.

10. The method of claim 3 wherein said creating a set of
design of experiments is performed using a statistical analy-
sis tool.

11. The method of claim 3 wherein said carrying out said
set of design of experiments is performed using heat transfer
and flow analysis simulation tools.

12. The method of claim 3 wherein said deriving a transfer
function is performed using regression analysis software.

13. A method of creating a transfer function for calculat-
ing a predicted maximum headlamp reflector temperature,
said method comprising:

receiving a headlamp application group including a mem-

ber;

classifying said member based on geometric primitives
resulting in a headlamp type;

identifying key material and geometric parameters that
affect a predicted maximum reflector temperature for
said headlamp type;

creating a simple parametric geometric model responsive
to said key material and geometric parameters;

setting a design space for said key material and geometric
parameters; creating a set of design of experiments in
response to said design space and said model;

carrying out said set of design of experiments resulting in
output; and
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deriving a transfer function to calculate said predicted
maximum reflector temperature for said headlamp type
responsive to said output wherein said predicted maxi-
mum reflector temperature varies in response to an
input parameter.
14. A system for predicting headlamp reflector
temperature, the system comprising:
a network;
a user system in communication with said network;
a storage device; and
a host system in communication with said network and
said storage device, said host system including appli-
cation software to implement a method comprising:

receiving a headlamp type from said user system via said
network;
transmitting a request across said network for an input
parameter value responsive to said headlamp type;

receiving said input parameter value from said user sys-
tem via said network in response to said transmitting a
request;

executing a transfer function stored on said storage device

in response to said input parameter and said headlamp
type, said executing resulting in a predicted maximum
reflector temperature; and

outputting said predicted maximum reflector temperature

to said user system via said network.

15. The system of claim 14 wherein said host system
includes application software to implement a method further
comprising creating said transfer function, said creating said
transfer function including:

receiving a headlamp application group including a mem-

ber;

classifying said member based on geometric primitives

resulting in said headlamp type;

identifying key material and geometric parameters that

affect said predicted maximum reflector temperature
for said headlamp type;

creating a simple parametric geometric model responsive

to said key material and geometric parameters;
setting a design space for said key material and geometric
parameters;

creating a set of design of experiments in response to said

design space and said model;

carrying out said set of design of experiments resulting in

design of experiment output; and

deriving said transfer function to calculate said predicted

maximum reflector temperature for said headlamp type
responsive to said design of experiment output wherein

o

o
15

30

o
3

10

said predicted maximum reflector temperature varies in
response to said input parameter.

16. The system of claim 14 wherein said user system is a

hand held device.

17. The system of claim 14 wherein said network is a

wireless network.

18. The system of claim 14 wherein said network is the

Internet.

19. The system of claim 14 wherein said network is an

intranet.

20. A computer program product for predicting headlamp

reflector temperature, the computer product comprising:

a storage medium readable by a processing circuit and
storing instructions for execution by the processing
circuit for performing a method comprising:

receiving a headlamp type;

transmitting a request for an input parameter value
responsive to said headlamp type;

receiving said input parameter value in response to said
transmitting a request;

executing a transfer function in response to said input
parameter and said headlamp type, said executing
resulting in a maximum reflector temperature; and

outputting said predicted maximum reflector temperature.

21. The computer program product of claim 20 wherein

said storage medium includes instructions to implement a
method further comprising creating said transfer function,
said creating said transfer function including:

receiving a headlamp application group including a mem-
ber;

classifying said member based on geometric primitives
resulting in said headlamp type;

identifying key material and geometric parameters that
affect said predicted maximum reflector temperature
for said headlamp type;

creating a simple parametric geometric model responsive
to said key material and geometric parameters;

setting a design space for said key material and geometric
parameters;

creating a set of design of experiments in response to said
design space and said model;

carrying out said set of design of experiments resulting in
design of experiment output; and

deriving said transfer function to calculate said predicted
maximum reflector temperature for said headlamp type
responsive to said design of experiment output wherein
said predicted maximum reflector temperature varies in
response to said input parameter.
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