UVAQ |tz

UNIVERSIDAD VASCO DE QUIROGA '"stl'tu:lﬂnal

REPOSITORIO ACADEMICO DIGITAL INSTITUCIONAL

“Reflective distortion Issue reported on D471 Rear Doors
and Front Doors Tempered Glass”

Autor: Efrain Madrid Carrillo

Monografia presentada para obtener el titulo de:
Ing. Industrial en procesos y servicios

Este documento estd disponible para su consulta en el Repositorio Académico Digital
Institucional de la Universidad Vasco de Quiroga, cuyo objetivo es integrar organizar,
almacenar, preservar y difundir en formato digital la produccion intelectual resultante
de la actividad académica, cientifica e investigadora de los diferentes campus de la
universidad, para beneficio de la comunidad universitaria.

Esta iniciativa estd a cargo del Centro de Informacion y Documentacion “Dr. Silvio
Zavala” que lleva adelante las tareas de gestion y coordinaciéon para la concrecion
de los objetivos planteados.

Esta Tesis se publica bajo licencia Creative Commons de tipo “Reconocimiento-
NoComercial-SinObraDerivada”, se permite su consulta siempre y cuando se v
mantenga el reconocimiento de sus autores, no se haga uso comercial de las obras
derivadas.



http://creativecommons.org/licenses/by-nc-nd/3.0/deed.es_ES
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.es_ES

N

UNIVERSIDAD
VASCO DE QUIROGA

Reflective Distortion Issue
reported on D471 Rear Doors and
Front Doors Tempered Glass

Monografia sometida a la Escuela de Ingenieria
Industrial de la
Universidad Vasco de Quiroga

Para obtener el grado de

Ingeniero Industrial en Procesos y Servicios

Presenta
Efrain Madrid Carrillo

Morelia, Michoacan 07 de Abril del 2009



INDICE GENERAL

I. PLANTEAMIENTO DEL PROBLEMA........ccoiiiiiiiiiiiiiiii e, Pégina 03
IL JUSTIFICACION .....oiimiiiiiiie e Pagina 04
IL OBJETIVOS . . ..o Pagina 06
IV. MARCO TEORICO........c.umiiiii e Pagina 07
V. DESARROLLO.......ttii e Pagina 17
6 PANEL —PORTADA ..., Pégina 19
6 PANEL — Descripcion del problema............oooviiiiiiiiiiiiiiiiiiieen, Pé4gina 20
6 PANEL — Medicién del problema .............ccoiiiiiiiiiiiiiiiiiene, Pégina 28
6 PANEL — Acciones enfocadas al problema..................ccoooiiiiiin. Péagina 40
6 PANEL — Mejoras obtenidas...........cooeviiiiiiiiiiiiiiiiieieeeeeas Pé4gina 46
6 PANEL — Controles establecidos ............ccoiuiiiiiiiiiiiiiiiiiiciieiea Pégina 83
VL RESULTADOS . . .ot ottt e Pégina 89
VIL. CONCLUSION ..ot Pagina 94
VI GLOSARIO. ...t e e Pagina 97
IX. BIBLIOGRAFIA ..ot Pagina 99

Reflective Distortion Issue 2



I. PLANTEAMIENTO DEL PROBLEMA

La presente investigacion fue realizada sobre un caso practico
en la empresa Vitro Flex S.A. de C.V. en donde se fabrica
vidrio automotriz.

La investigacion fue realizada con respecto a una reclamacion
por parte de uno de los Clientes de Vitro (FORD) contra el
desempefio Optico de unos productos Templados que se
estaban desarrollando para una nueva plataforma identificada
como Programa D471.

El problema reportado por la Planta de Ensamble de FORD fue
el que las piezas ensambladas en varias unidades presentaban
una serie de Distorsiones Opticas a reflejo en el vidrio que no
fueron aceptadas e inmediatamente se generd una reclamacion
oficial departe de dicha planta.

La metodologia que se siguid para resolver el problema es una
técnica llamada DMAIC utilizada por los japoneses y que
actualmente es solicitada a todos los proveedores de FORD
cuando se requiere darle solucion a un problema.

Por cuestiones de Confidencialidad de la Informacion se
evitaron ciertos detalles en cuanto a Nombres y Descripciones
por lo que se notard durante el transcurso del reporte Nombres
Generales para describir una Planta Armadora, etc.

Reflective Distortion Issue
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I1. JUSTIFICACION

La presente investigacion se escogio debido a la importancia e
impacto que representa un producto nuevo en desarrollo dentro
de la Industria Automotriz.

La complejidad de la problematica fue tal que la decision de la
aprobacion del Cliente para la liberacion de este producto a
produccion normal para Vitro Flex dependia de la respuesta y
solucion que se le diera a la reclamacidon impuesta.

Cabe destacar que todo producto en desarrollo cuenta con un
Programa dentro del cual se tienen toda una serie de distintas
Fases. La reclamacion se present6 dentro de la Fase TT a 6
meses de que el producto en desarrollo iniciara dentro del
Programa su Fase de produccion en serie.

Al contar con dicha reclamacion en puerta, la aprobacion del
PPAP por parte del Cliente, sufrid6 un significativo retraso
debido a que uno de los requerimientos de dicha aprobacion
(Master de apariencia) no se liberaria sino hasta darle la
solucion pertinente.

Dicho retraso generd gran nerviosismo dentro de todos los
Ingenieros de FORD encargados del desarrollo de esta nueva
plataforma lo que a su vez provoco que el problema se escalara
hasta las mas altas esferas de los departamentos de Ingenieria
de FORD.

Cabe destacar que el Impacto econémico de que un proveedor

Reflective Distortion Issue
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I1. JUSTIFICACION

de cualquier parte de una nueva unidad se retrase en la
aprobacion para produccion en serie es alto para cualquier
Compania Automotriz (FORD, GM, CHRYSLER, etc.), lo
cual genera que los proveedores sean altamente penalizados
por no cumplir las Fases del Programa en Tiempo.

Reflective Distortion Issue
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III. OBJETIVOS

Objetivo General

La presente investigacion tiene como objetivo el lograr la
aprobacion del Cliente de los productos templados para el
programa en desarrollo D471 a través de una serie de mejoras ya
sean en el proceso, disefio o en el producto.

Objetivos particulares

e (Obtener valores numéricos que permitan medir el nivel
de distorsion en las piezas actuales, aun cuando la
distorsidn es una caracteristica cualitativa

e Realizar posibles mejoras en el proceso de curvado que
permitan disminuir la distorsion con respecto a los
grados actuales presentados.

e (Obtener cambios en las tolerancias actuales del diseiio de
estas piezas que permitan mejorar el nivel de distorsion.

e Definir una metodologia para la inspeccion de distorsion
en conjunto con el Cliente ya que la norma actual
presenta brechas muy grandes con respecto a este
defecto.

e Obtener la aprobacion del Cliente con respecto a las
mejoras que se logren mediante un MASTER de
apariencia firmado.

Reflective Distortion Issue
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IV. MARCO TEORICO

Automotive glass

Car drivers should see the real world as if there were no glazing
— independent of the complex geometrical shape of modern car
glazing design. However, the physics behind an ideal bent
parallel glass pane shows up the difficulty, limitation or even the
impossibility of such performance. We report on the dependence
of optical properties of automotive glazing such as light
transmittance, colour of glass or coating, secondary image angle
separation and distortion with respect to design demands and
technical realization. The gap between existing regulations and
standards on the one hand and the increasing quality
requirements on the other hand is pinpointed. Both, the
challenging car design and the demanding needs of the driver
(our customer) must be implemented.

The principle task of a modern glazing is to provide the driver
with a high visibility and an undistorted view of the traffic scene
ahead. Visual orientation is essential for safe driving. 90 % of
the necessary information for safe driving is noticed visually.
Thus, optical properties of a glazing

are distinguished in safety-relevant properties and others, which
describe aesthetic features like colour impression

and reflection waviness of the glass or the thermal
transmissivity, which governs the thermal interior comfort.

The visible properties of a glazing can be directly valued by the
driver. He or she can easily recognized how the glazing effects

Reflective Distortion Issue
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IV. MARCO TEORICO

his or her view of the outside world. Therefore, this visual
impression 1s a measure for the driver, our customer, about the
quality of a glazing.

For the driver, the optical impression when looking through
the pane (i.e. in transmission) is relevant for all possible
viewing directions. This is contrary to existing regulations.
Customers will also value the optical impression from the
outside, particularly with regard to colour and refl ectivity
behaviour. Standing in front of a vehicle, the windscreen
behaves like a curved mirror. These features are not part of a
regulation, but can be a signifi cant point for a purchase
decision.

Tempered glass

Tempered glass 1s one of two kinds of safety glass regularly
used in applications in which standard glass could pose a
potential danger. Tempered glass is four to five times stronger
than standard glass and does not break into sharp shards when
it fails. Tempered glass is manufactured through a process of
extreme heating and rapid cooling, making it harder than
normal glass.

The brittle nature of tempered glass causes it to shatter into
small oval-shaped pebbles when broken. This eliminates the
danger of sharp edges. Due to this property, along with its
strength, tempered glass is often referred to as safety glass.

Reflective Distortion Issue
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IV. MARCO TEORICO

The thermal process that cures tempered glass also makes it
heat resistant. Tempered glass is used to make the carafes in
automatic coffee makers and the windows in ovens. Computer
screens, skylights, door windows, tub enclosures and shower
doors are more examples of places you will find tempered
glass.

Tempered glass breaks in a unique way. If any part of the
glass fails, the entire panel shatters at once. This distinguishes
it from normal glass, which might experience a small crack or
localized breakage from an isolated impact. Tempered glass
might also fail long after the event that caused the failure.
Stresses continue to play until the defect erupts, triggering
breakage of the entire panel.

Tempered glass cannot be altered in any way after tempering-
if glass is too big or has been fabricated wrong, it cannot be
cut- as part of the safety feature of this glass- if it is "broken"
(ie. "cut") it will break into hundreds of smaller pieces. glass
tempering is done at a tempering plant and is not an item that
can be simply "prepaired”, as such there is often a longer wait
for this type of glass. glass may also become somewhat
"distorted" when tempered due to the extream heat the glass
exposed to during the process- often tempered glass will have
a "wavy" appearance when viewed at certain angles.

Reflective Distortion Issue
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Distortion

Distortion is a deviation from rectilinear projection, a projection
in which straight lines in a scene remain straight in an image. It
is a form of optical aberration.

The five basic types of aberration which are due to the
geometry of lenses or mirrors, and which are applicable to
systems dealing with monochromatic light, are known as Seidel
aberrations, from an 1857 paper by Ludwig von Seidel. These
are the aberrations that become evident in third-order optics,
also known as Seidel optics.

The last of the Seidel aberrations, distortion is the most easily
recognized aberration as it deforms the image as whole. Since
straight lines in the object space are rendered as curved lines on
the sensor, the name -curvilinear distortion is frequently
encountered. Fig. 1 shows the two fundamental manifestations
of the aberration, barrel and pincushion distortion. Straight lines
in the undistorted subject (left grid) bulge in the characteristic
barrel fashion (middle grid) or bend inward in the pincushion
representation (right grid). Straight lines running through the
image center remain straight and a circle concentric with the
image center remains a circle, although its radius is affected.
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Figure 1. Distortion of a rectangular grid. Left: undistorted grid.
Middle grid: barrel distortion. Right grid: pincushion distortion.

Six Sigma

Six Sigma is a business management strategy, initially
implemented by Motorola, that today enjoys widespread
application in many sectors of industry.

Six Sigma seeks to identify and remove the causes of defects
and errors in manufacturing and business processes. It uses a
set of quality management methods, including statistical
methods, and creates a special infrastructure of people within
the organization ("Black Belts" etc.) who are experts in these
methods. Each Six Sigma project carried out within an
organization follows a defined sequence of steps.

Reflective Distortion Issue
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Historical overview

Six Sigma was originally developed as a set of practices
designed to improve manufacturing processes and eliminate
defects, but its application was subsequently extended to other
types of business processes as well. In Six Sigma, a defect is
defined as anything that could lead to customer dissatisfaction.

The particulars of the methodology were first formulated by
Bill Smith at Motorola in 1986. Six Sigma was heavily inspired
by six preceding decades of quality improvement
methodologies such as quality control, TQM, and Zero Defects,
based on the work of pioneers such as Shewhart, Deming,
Juran, Ishikawa, Taguchi and others.

Like its predecessors, Six Sigma asserts that:

e Continuous efforts to achieve stable and predictable
process results (i.e. reduce process variation) are of vital
importance to business success.

e Manufacturing and  business  processes  have
characteristics that can be measured, analyzed,
improved and controlled.

e Achieving sustained quality improvement requires
commitment from the entire organization, particularly
from top-level management.

The term "Six Sigma" is derived from a field of statistics

Reflective Distortion Issue
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known as process capability studies. Originally, it referred to
the ability of manufacturing processes to produce a very high
proportion of output within specification. Processes that operate
with "six sigma quality" over the short term are assumed to
produce long-term defect levels below 3.4 defects per million
opportunities (DPMO). Six Sigma's implicit goal is to improve
all processes to that level of quality or better.

Six Sigma is a registered service mark and trademark of
Motorola, Inc. Motorola has reported over US$17 billion in
savings from Six Sigma as of 2006.

Other early adopters of Six Sigma who achieved well-
publicized success include Honeywell (previously known as
AlliedSignal) and General Electric, where the method was
introduced by Jack Welch. By the late 1990s, about two-thirds
of the Fortune 500 organizations had begun Six Sigma
initiatives with the aim of reducing costs and improving
quality.

In recent years, Six Sigma has sometimes been combined with
lean manufacturing to yield a methodology named Lean Six
Sigma.

Origin and meaning of the term ''six sigma process"'

Graph of the normal distribution, which underlies the statistical
assumptions of the Six Sigma model. The Greek letter 6 marks

Reflective Distortion Issue
IV. Marco tedrico

13
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curve's inflection point. The greater this distance is, the greater
is the spread of values encountered. For the curve shown in red
above, u = 0 and o = 1. The other curves illustrate different
values of u and .

Sigma (the lower-case Greek letter o) is used to represent the
standard deviation (a measure of variation) of a statistical
population. The term "six sigma process" comes from the
notion that if one has six standard deviations between the
process mean and the nearest specification limit, there will be
practically no items that fail to meet specifications. This is
based on the calculation method employed in process capability
studies.

In a capability study, the number of standard deviations
between the process mean and the nearest specification limit 1is
given in sigma units. As process standard deviation goes up, or
the mean of the process moves away from the center of the
tolerance, fewer standard deviations will fit between the mean
and the nearest specification limit, decreasing the sigma
number and increasing the likelihood of items outside
specification.

Experience has shown that in the long term, processes usually
do not perform as well as they do in the short. As a result, the
number of sigmas that will fit between the process mean and
the nearest specification limit is likely to drop over time,

Reflective Distortion Issue
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compared to an initial short-term study. To account for this
real-life increase in process variation over time, an empirically-
based 1.5 sigma shift is introduced into the calculation.
According to this idea, a process that fits six sigmas between
the process mean and the nearest specification limit in a short-
term study will in the long term only fit 4.5 sigmas — either
because the process mean will move over time, or because the
long-term standard deviation of the process will be greater than
that observed in the short term, or both.

Hence the widely accepted definition of a six sigma process is
one that produces 3.4 defective parts per million opportunities
(DPMO). This is based on the fact that a process that is
normally distributed will have 3.4 parts per million beyond a
point that is 4.5 standard deviations above or below the mean
(one-sided capability study) So the 3.4 DPMO of a "Six Sigma"
process in fact corresponds to 4.5 sigmas, namely 6 sigmas
minus the 1.5 sigma shift introduced to account for long-term
variation. This is designed to prevent underestimation of the
defect levels likely to be encountered in real-life operation.[il

Sigma levels

Taking the 1.5 sigma shift into account, short-term sigma levels
correspond to the following long-term DPMO values (one-
sided):

Reflective Distortion Issue
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One Sigma = 690,000 DPMO = 68.26% efficiency
Two Sigma = 308,000 DPMO = 95.24% efficiency
Three Sigma = 66,800 DPMO = 99.73% efficiency
Six Sigma = 3.4 DPMO = 99.9997% efficiency

DMAIC

Six Sigma has two key methods: DMAIC and DMADYV, both
inspired by Deming's Plan-Do-Check-Act Cycle. DMAIC is
used to improve an existing business process; DMADYV is used
to create new product or process designs.

The basic method consists of the following five steps:

Define high-level project goals and the current process.
Measure key aspects of the current process and collect
relevant data.

Analyze the data to verify cause-and-effect
relationships. Determine what the relationships are, and
attempt to ensure that all factors have been considered.
Improve or optimize the process based upon data
analysis using techniques like Design of experiments.
Control to ensure that any deviations from target are
corrected before they result in defects. Set up pilot runs
to establish process capability, move on to production,
set up control mechanisms and continuously monitor
the process.

Reflective Distortion Issue
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V. DESARROLLO

Como se menciond anteriormente la investigacion fue
realizada sobre una reclamacion contra el desempeno optico
de Puertas Traseras y Delanteras Templadas que se estaban
desarrollando para una nueva plataforma identificada como
Programa D471.

Los productos que se fabrican en la empresa se dividen en
dos: Vidrio Templado (Puertas Delanteras, Puertas Traseras,
Quemacocos, Cuartos, Aletas, etc.) asi como también Vidrio
Laminado (Parabrisas y Quemacocos)

Es importante mencionar que el problema de Distorsion a
reflejo ha sido un tema de mucha polémica entre los
fabricantes de vidrio y las plantas armadoras de diversas
Compaiias Automotrices. Esto debido a que se trata de una
caracteristica cualitativa de la cual no se ha podido desarrollar
un sistema de medicion aprobado que permita tener datos
concretos con respecto a este tema. Aunado a esto, las normas
existentes para la inspeccion y medicion de esta caracteristica
sOn muy vagas y escuetas.

Para el analisis de esta reclamacion se integré el siguiente
equipo multidisciplinario:

Reflective Distortion Issue
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V. DESARROLLO

Project Leader: Efrain Madrid (Product Engineer)
Project Champion: Alejandro Zarate (Project Manager)
Process Owner: Francisco Palacios (Process Engineer)
Organization: Vitroflex S.A. de C.V.

Project Location: = Monterrey, México

Teniéndose en cuenta para la seleccion de dichos integrantes
unicamente el personal especializados en los procesos y
productos Templados.

La metodologia DMAIC se llev6 a cabo paso a paso tratando
de cumplir con cada uno de los requerimientos de manera que
se pudieran obtener los mejores resultados y se pudiera dar
una respuesta inmediata a corto plazo a la reclamacion oficial
del Cliente y trabajar para encontrar soluciones que permitiera
obtener nuevamente la satisfaccion del Cliente.

Reflective Distortion Issue
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DMAIC

PROBLEM DESCRIPTION

MEASURE

ACTION

IMPROVEMENT

CONTROL
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6-PANEL DI M A 1 C

PROBLEM DESCRIPTION

REFLECTIVE DISTORTION

Vitro Flex was penalized by a Ford Assembly Plant because during TT
BUILD of New Project D471 Rear Doors and Front Doors they
appeared wavy/distorted during final inspection on units.

The D471 Rear Door and Front Door developed at VFX are the
following:

RearDriGlas's Eront DRGlass

(Moxablel (Mexablel}
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PROBLEM DESCRIPTION

REFLECTIVE DISTORTION REPORTED
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PROBLEM DESCRIPTION

The specification for Distortion Evaluation is described o in a FORD
standard WSS-M28P1-B as Drawing mentioned:

MATERIAL:

_EOR RABA-7421410-1-A
T WSS-M20P1-Pa
GLASS, SAFETY, HEAT TREATED FLOAT
SOLAR TINT

4.7 +/-0.1M THICK

According to this norm the inspection method for Distortion Analysis is
described as follows:

V WSS-M28P1-B1/BS

312 INSPECTION METHOD for determining appearance flaws

The glass shall be examined in true view position under diffuse lighting conditions with 270 +/- 50
lux illumination measured facing the center of the white grid board at a distance of 20 +/- 2.5 cm.
The part shall be examined by looking through the part with it positioned 50 - 90 em from the
observer (arms length). The observer's eye shall be level with the center and perpendicular to the

part (see Figure 6).

Reflective Distortion Issue 22
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PROBLEM DESCRIPTION
V WSS-M28P1-B1/B5
| GLASS INSPECTION METHOD

FLOOR LEVEL

NOTES: 1. BOARD SIZE MUST COVER MAXIMUM LENGTH AND HEIGHT OF PART TO BE INSPECTED.

2. GLASS PART TO BE PLACED IN "TRUE VIEW" (PART PRINT) POSITION.

Reflective Distortion Issue 23
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PROBLEM DESCRIPTION

Using the Norm WSS-M28P1-B the parts were inspected according to
VEX’s Control Plan frequency giving us all parts under specification no
detecting any Distortion through the Glass.

Reflective Distortion Issue 24
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PROBLEM DESCRIPTION

However the Distortion ISSUE reported by Ford Plant is been inspected
by a completely different method than the one specified by the Norm.
They are inspecting the parts using a Reflective Distortion without
having any parameter to compare.

The Reflective Distortion is a characteristic that at this time there isn’t a
Norm as WSS-M28P1-B does. This makes the supplier not to inspect
the parts for this kind of Distortion and moreover the Product Drawing
requirements never establishes anything about it, just what we already
mentioned before.

Reflective Distortion Issue 25
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PROBLEM DESCRIPTION

It’s important to mention that because of the current method for
Distortion evaluation this characteristic is fully qualitative which means
there won’t be any data to compare.

For Reflective Distortion evaluation the results will depend on several
variables like:

e Operator height

* Angle of vision

e [llumination

* Angle of glass installation
* Etc.

Reflective Distortion Issue 26
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PROBLEM DESCRIPTION

Business Unit Name XXX#( Functional Area Name XXXXl Customer FORD

Vehicle Name & Model Year or Product / Process Name 2008 | Part / Process Name & Number XXX

PROJECT CLASSIFICATION: TREND CHARTS and BREAKDOWN OF ISSUE:
SAQ, QSF, High Mileage, etc.
DISTORTION ISSUE REPORTED
during Project Developmeint

Vitro has been required to eliminate

wavy /distortion issue on Rear and (’f

Front Doors by Ford Assembly 47" mREAR DOOR

Plant | mFRONT DOOR

35
| =
| e (] [HE
0 I S ©
VE BUILD PRCFBULD TTBUILD
VOICE OF THE CUSTOMER:
Ford Assembly Plant reported all door glass appears wavy/distorted
CTQ STATEMENT (Customer Requirement):
Eliminating wavy / distortion on D471 Rear Doors and Front Doors
DEFECT DEFINITION for Y (Engineering Metric):
Pieces complied according to what Ford Assembly Plant is requesting
COST OF POOR QUALITY:
Ford Assembly Plant rejected the parts and approval of the appearance for PPAP purposes.
PROBLEM STATEMENT, SCOPE, AND GOAL
Rear Doors and Front Doors must have appearance approval before JOB 1
Reflective Distortion Issue 27
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Vi
6-PANEL PN AR A
MEASURE
ISHIKAWA FISHBONE
PERSONNEL METHOD
There is no any
spectification
method to inspect
The operator and detect Reflective
visibility skills for Distortion
glass inspection
REFLECTIVE
DISTORTION
Rear Door & Front
Door Specification For being a
for FORM on Top qualitative
Edge requires a characteristic there Tempered current
unilateral tolerances is no data to process as a source
while all other edges compare of Reflective

requires bilateral

/

MATERIALS

Distortion (Tooling)

/

MEASUREMENT MACHINES

Reflective Distortion Issue
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Y

- M| A | I | C

MEASURE

Cause & Effect Diagram w/ Ranking:

PERSONNEL METHOD

There is no any
spectification
method to inspect
and detect Reflective
Distortion

The operator
visibility skills for
glass inspection

REFLECTIVE
DISTORTION

Cause and Effect Matrix

o Operator visibility skills 10.0%
@ Unilateral tolerances on top edge 40.0%
E :SFOE’;Mf&Tipt Forbeing o No method define for inspection 15.0%
e[ dsdesicime [ remeresarrent Tooling adjustments 25.0%
i Bt o) No data avalability 10.0%
TOTAL 100.0%
MATERIALS MEASUREMENT MACHINES
Cause and Effect Matrix
X's
Operator visibility skills
Unilateral tolerances ontop edge | 40.0%
No method define for inspection
Tooling adjustments .0%
No data avalability 10.0%
TOTAL 100.0%
Reflective Distortion Issue 29
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6-PANEL T T e

MEASURE

Unilateral tolerances on top edge

This cause is considered the mainly contributor of Reflective Distortion
on the D471 Rear Door and Front Door. The reason is that according to
Drawing the FORM tolerances for top edge is +0/-2mm and for all
other edges the tolerance is +/-1.0 mm. This means that we can have a
glass on the maximum tolerance +1.0 mm on each of the pillars and
then a transition to the top edge to the minimum -2 mm a whole of 3.0
mm of distance between pillars and top edge.

The glass tends to reflect distortion on areas where there is an irregular
surface/geometry:

Probable high distortion

Good Geometry

Minimum distortion @ ,®v@
-
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MEASURE
REAR DOOR GLASS: FORM SPECIFICATION

FORM SPEC
[ E[C

L {1.25M100]A
FROM FT G THAU
BT H TO PT K

)

- CHECKING FIXTURE

{REF ) o :ad‘;

S GHECKTNG FINTURE
9.0 (REF) SRER

ileA-A

CHECKING FIXTURE
A (RER)

- FORM SPEC 0
PNEDEE
--"‘m-: +/-1.0mm m

FROM PT E THRY
FTF 7O PT B
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MEASURE

Bending tooling

In order to improve transition between bilateral tolerances zones into
top edge unilateral zone a proposal was made by doing some
modifications on bending tooling adding more screws along the
periphery.

Current tooling has a screw every 2” distance. The proposal is to add a
screw between the current ones every 17.

The target for doing these changes is to avoid having a big

transition into unilateral edge by controlling a Rate of change every 1”
instead of 2” that originally had, resulting in a smooth curved along the
top edge periphery.

Base 4

Curving
fixture

L
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MEASURE

Next image simulates the glass being curved on a bending fixture with
screws every 27

The result we want to have by adding screws every 1”7 can be seen on
next image. The glass is been curved softly so curvature can be
controlled with more precision.
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MEASURE

The checking fixtures to inspect the parts once they have been curved,
have sensors along the periphery so FORM and Central SAG can be
measured and Data can be collected every time the operator inspects
the parts from a production run.

The checking fixture simulates the sheet metal shape where the glass
will be installed so that supplier can ensure if the part will be
functional or not.

This sketch shows the sensors location on the checking fixture and are
related to the SC point from the next charts.

Reflective Distortion Issue 35
V. Desarrollo



7/

6-PANEL b M Ao 1 ¢

MEASURE

SENSORS

REAR DOOR FRONT DOOR

The next charts shows the behavior of transition between Bilateral
tolerances to Unilateral for Front Doors Left hand and Right hand and
Rear Doors as well.

Charts were created with an historical data from sample production
runs (Average from a total of 100 samples).
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MEASURE

D471 FRONT DOOR RIGHT HAND (TOP EDGE)

C

D471 FRONT DOOR LEFT HAND (TOP EDGE)
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MEASURE

D471 REAR DOOR RIGHT HAND (TOP EDGE)

C

D471 REAR DOOR LEFT HAND (TOP EDGE)

0.000000

-0.200000

-0.400000

-0.600000

-0.800000

-1.000000

-1.200000

Reflective Distortion Issue
V. Desarrollo

38



7/

6-PANEL T T e

MEASURE

A second proposal for avoiding reflective distortion is to change top
edge to Bilateral tolerances so we can eliminate transition between
pillars to top edge unilaterally.

C

+/-1.0mm

+/-1.0mm
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(N
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To get these 2 proposals approved it’s necessary validate the next:

e Reflective distortion is eliminated or considerable reduced
so that Ford Plant approves it.

e An assembly trial must be performed at Ford Plant to
validate that there won’t be any ISSUE when glass goes
upwards through the run channels.

A CMM study 1s performed to analyze the part geometry to get a
better perspective of what is happening that is probably causing a
reflective distortion ISSUE

The CMM study consists on measuring the parts surface in reference
to the Math Data as nominal.

The parts measured was done on parts with 4 different conditions as
follows:

Condition 1
e (Glass with the original design (unilateral tolerances +0/-
2mm upper edge)

Reflective Distortion Issue 40
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ACTION

Condition 2
e (Glass with bilateral tolerances +/- Imm all periphery.

Condition 3
e Glass with the original design plus Fixtures modifications.

Condition 4
e Glass with bilateral tolerances plus Fixtures modifications.
The Rear Door CMM study had 152 points of measurement on the

whole surface as you can see on the following image.

All the points were put on a graphic so a surface can be simulated.

Reflective Distortion Issue 41
V. Desarrollo



6-PANEL b M AT 1 ] ¢

ACTION

r

CHIE OXER CEEER CERG CHOR GEER

[Pres-Weiss-Weias-Prizo-Weioi-Wevs]

o
£

o)
8|

[rrsv s so-Wrazs-Weizo-Jeios-Nese-]

CRIN CEE GEDE GOSN G G

e G N N N W

forcolro - flvize- Jeiis-Wroc=Jeos-]

| GEN EN DR GE

fr2i]
=5l o]
vio-]

2

CEEED GEEN GEIN (BN ChOW N

=) =] )
3 ) &
& & b
= | = 4]
3 o ! b
& b b v
i o ] e
e b = .

fis-rizi-Reiiz-Weio-Jisce]

H

o
5 R B B E B i
t 7 - =i ol a
E K : 4 ; -
B B H
4 E B B
B E B OB

&
H B

o =) =]
i
5| 5 d

O EEER' OOYY (PN ER

CMM RAW DATA

D471 REAR DOOR LH - CMM D471 REAR DOOR RH - CMM
EVALUATION EVALUATION
PIECE 1 | PIECE 3 PIECE 2 | PIECE 4 PIECE 1 | PIECE3 PIECE 2 | PIECE 4
# C1 c3 c2 c4a # Cl a3 C2 C4

P 0.866 0.552 _0.488 0492 P -0.424 -0.257 -0.292 -0.404
P2 | -0.967 0.471 -0.488 0483 P2 | 0177 -0.238 -0.251 -0.374
P3 | -0787 0.233 20.261 0250 P3 0.342 -0.077 -0.070 0.196
P4 -0.598 0.022 0.006 0.013 P4 0.780 0.003 0.012 0.117
P5 | -0.529 0.004 0.103 0.091 PS5 1.044 -0.007 -0.001 0.141
P6 -0.601 20.130 -0.007 0.041 Pé 1.124 0.018 0.042 -0.120
P7 -0.757 -0.256 -0.221 -0.006 P7 0.932 -0.020 0.045 -0.106
P8 | -0.962 0.374 -0.497 -0.106 P8 0.661 -0.223 -0.074 -0.195
P9 | -1.195 0.572 0.836 0339 P9 0.281 -0.594 -0.306 0.418
PIO | -1.274 0.719 -1.064 -0.570 P10 | 0.1 -0.886 -0.488 -0.587
P11 -0.874 0.561 -0.916 -0.523 P11 0.248 -0.821 -0.361 -0.424
P12 | -1.168 0.422 -1.359 -0.470 P12 | -0.376 -1.429 -0.456 -0.543
P13 | -1.614 0.740 -1.542 10683 P13 | -0.325 -1.368 -0.639 0.742
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ACTION

The Front Door CMM study had 174 points of measurement on the
whole surface as you can see on image.

UGN R ORTR (R N (OIS D GER OE OGN GO OO (N 0N G
CER R RN R (D G (R GIN GE O OO G NN NN O OE O

UER D GYES NN O NN N R IS ORN O OO 0N G M oE g

mmmmmmmmmmmmaam

mmmmmmmmmmmm [e1%)
LR CEIN OE GREN OV G0Y OON [N Y QIR O G G5 [ o

GELH ONIE o¥IE 0NN 6N EH g6 g O E=R O

All the points were put on a graphic so a surface can be simulated.
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CMM RAW DATA

D471 FRONT DOOR LH - CMM D471 FRONT DOOR RH - CMM
EVALUATION EVALUATION

PZA 1 PZA 3 PZA 2 PZA 4 PZA 1 PZA 3 PZA 2 PZA 4
# C1 Cc3 C2 C4 # C1 Cc3 C2 C4

P1 0791 -0.608 0637 | -0.648 P1 -0.459 -0.066 -0.024 -0.009
P2 | -0.670 -0.749 0554 | 0.763 P2 | -0.389 0287 -0.044 0.258
P3 | -0.350 -0.615 0333 | -0.604 P3 | -0.192 0285 0.003 0.233
P4 | -0.111 -0.258 0129 | -0.236 P4 | -0059 0.152 -0.001 0.000
P5 | -0.664 -0.282 0387 | -0.200 P5 | -0.571 0283 0511 0.123
Pé -0.818 -0.877 -0.593 -0.740 Pé -0.844 -0.745 -0.574 0.703
P7 -0.876 -1.136 -0.663 0.993 P7 -0.842 -0.877 0516 0.932
P8 | -0961 -1.205 -0.738 -1.064 P8 | -0.854 -0.883 -0.501 0.975
P9 | -0926 -1.057 -0.743 0.937 P9 | -0.851 -0.724 -0.459 0.793
P10 -0.591 -0.576 -0.500 -0.520 P10 -0.512 -0.288 -0233 0.300
P11 | 0354 -0.447 -0.363 -0.297 P11 | -0.455 -0.444 -0.340 -0.351
P1I2| 0729 | -1.019 0670 | 0.799 P12 | -0940 | -0931 -0.638 | -1.001
PIS| -0907 | -1.27 0682 | -1.003 PI3 | -1.059 | -1.093 0634 | -1.259

In order to measure reflective distortion, it was decided to divide the
glass into 3 zones trying to see which zones are affected.
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According to the pictures from Issue reported by Ford Plant, the zone
3 seems to be the one with Reflective Distortion issues, so it should
reflects the highest value on all studies.

Reflective Distortion Issue
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IMPROVEMENT

REAR DOOR
CONDITION #1

RIGHT HAND LEFT HAND

CONDITION #2

LEFT HAND
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IMPROVEMENT

REAR DOOR

CONDITION #3

RIGHT HAND

LEFT HAND

CONDITION #4

RIGHT HAND

LEFT HAND
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FRONT DOOR
CONDITION #1
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CONDITION #2

LEFT HAND
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FRONT DOOR
CONDITION #3

LEFT HAND RIGHT HAND
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Because there is no method established to measure reflective
distortion as already mentioned before, a study was performed trying
to get same angle as pictures taken from Issue reported. All Reflective
measurements done during this study were performed trying to
quantify distortion and getting a picture to visualize it.

A quantity of 3 samples for Front Doors and Rear Doors of each
condition were measured through an ANALYZER and results were
expressed on a graphic.

In order to measure reflective distortion, a DISTORTION
ANALYZER was used to get some data readings.

The DISTORTION ANALYZER shows results expressed in standard
deviations. These values are the results of comparing a nominal value

(straight lines: Zebra) against what is reflected on the glass.

The 4 conditions mentioned before were the samples for this study.
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FRONT DOOR

IMPROVEMENT

DISTORSION ANALYSIS READINGS

Zonel-3 Reflective quality podZds: B.875 8.869 8.857 8. 188

SAMPLE #1
COMNDITION 1

Zonel-3 Reflective qualitu pod2ds: B.866 B.877 8. 857 8.866

GoneB-3 Ref lective qualit

Optical pouer, Vertical o
N

SAMPLE #2
CONDITION 1

Optical power, Yertical component @ 1.8 cal iBIBZZR ver:BG1138 Optical power, Yertical conponent i

ca | iBIBZZR ver BL1138
.|

B B
y podidz: B.866 B.883 8.6856 8.859

SAMPLE #3
CONDITION 1

omponent a i.8 cal IBIBEZH ver 861138
TN |

Reflective Distortion Issue
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IMPROVEMENT

FRONT DOOR
DISTORSION ANALYSIS READINGS

Goncl-3F Rof lective quality podZds: 8.867 6.862 8,052 8.886 Goncl-3 Ref lective quality pod2ds: 8,863 8.8662 8,653 8,875

SAMPLE #1 SAMPLE #2
CONDITION 2 CONDITION 2

Optical power, Uertical component B 1.8 cal 'BIRZZR ver!BG1138 Oplical power, Uertical cosponent a 1.8 cal tB1RZ228 ver!BE1130

Zome#-3 Reflective quality podids: 8,868 ©&.863 6.851 &.668

SAMPLE #3
CONDITION 2

Optical power, Yertical component B 1.8 cal iBLEZZR ver:B61130
SRR O N ST
Reflective Distortion Issue 52
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FRONT DOOR
DISTORSION ANALYSIS READINGS

Zoned-3 Reflective quality podZds: B.862 @.881 8.844 8.861 Zonel-3 Reflective quality pod2ds. B.868 8.886 8. 847 8.872

SAMPLE #1 SAMPLE #2
COMNDITION 3 CONDITION 3

Optical powsr, Yortical conponcng 8 1.8 cal /BIBZZA ver:BG1138 Optical power, Yertical conponent i 1.8 ca | iBIBZZR ver BL1138
N, A T . B

Zone®-3 Reflective quality podZds: B.968 ©.967 B.948 0.867

SAMPLE #3
CONDITION 3

Optical pouer.m'-leriicnl cn.'anpone'!\t L] i.8 ~ r:.a!‘.ﬂ!ﬂ?:’,ﬂ ver  B61138
Reflective Distortion Issue 53
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FRONT DOOR
DISTORSION ANALYSIS READINGS

Zonel-3F Reflective gquality pod2ds. 8.854 ©.868 B5.845 8.858 Zonel-3 Reflective qualitu pod2ds. B.858 8.863 8. 852 8.868

SAMPLE #1 SAMPLE #2
COMNDITION 4 CONDITION <

Optical power, Yertical component @ 1.8 cal iBIBZZR ver:BG1138 Optical power, Yertical conponent i 1.8 ca | iBIBZZR ver BL1138

Zoned-3 Ref lect ive qnality. podids. B.B59 ©.864 B.845 ﬁ.ﬂ?ﬂ

SAMPLE #:
CONDITION 4

Optical pouer.m'-leriicnl cn.'anpone'!\t L] i.8 ~ r:.a!‘.ﬂ!ﬂ?:’,ﬂ ver  B61138
Reflective Distortion Issue 54
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FRONT DOOR
DISTORSION ANALYSIS READINGS

IMPROVEMENT

TOTAL Zonet Zone 2 Zone 3

nle 0.075 0.069 0.057 0.100

ple 0.066 0.077 0.057 0.066

nle 0.066 0.083 0.056 0.059
erage 0.069 0.076 0.0 0.0

TOTAL Zone1l Zone 2 Zone 3

ple 0.067 0.062 0.052 0.086

nle 0.063 0.062 0.053 0.075

ple 0.060 0.063 0.051 0.068

erage 0.06 0.06 0.0 0.076

O Q

TOTAL Zone1l Zone 2 Zone 3

nle 0.062 0.081 0.044 0.061

ple 0.068 0.086 0.047 0.072

nle 0.060 0.067 0.048 0.067
erage 0.06 0.078 0.046 0.06

TOTAL Zone1l Zone 2 Zone 3

ple 0.054 0.060 0.045 0.058

nle 0.058 0.063 0.052 0.060

0.064 0.045 0.070

ple 0.059

0.04

Reflective Distortion Issue
V. Desarrollo

Summarizing the DA readings on chart, the results are as follows:
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IMPROVEMENT

Summarizing the DA readings on chart, the results are as follows:

DISTORTION ANALYSIS
D471 FRONT DOOR
0.120
0.100
0.080 A\
——Sample 1
\//\\\ N /N /) —— Sample 2
0.060 v N \ywr Sample 3
0.040 = Average
0.020
0.000
AN HEENHERER R E
E|Slcsleslk|§S cslcslk |5 sl §5|¢c]|¢c
OIN I RIRI2INIRIRICINIRIRICINIRIRN
Condition #1 Condition #2 Condition #3 Condition #4

The samples under conditions 3 & 4 are the ones that gives the best

distortion results, which also is shown on the images generated from
the CMM data, seen before.
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REAR DOOR
DISTORSION ANALYSIS READINGS

Zonel-3F Reflective gquality pod2ds. 8.865 ©.85%8 8.854 8.882 Zonel-3 Reflective quality pod2ds. B.863 8.855 o668 8.876

SAMPLE #1 SAMPLE #2
COMNDITION 1 CONDITION 1

Optical power, Yertical component @ 1.8 cal iBIBZZR ver:BG1138 Optical power, Yertical conponent i 1.8 ca | iBIBZZR ver BL1138

Zoned-3 Ref lective qnalitg. podZds. B.BEZ ©.6856 B.861 ﬁ.ﬂ?ﬂ

SAMPLE #3
CONDITION 1

Optical pouer.m'-leriicnl cn.'anpone'!\t L] i.8 ~ r:.a!‘.ﬂ!ﬂ?:’,ﬂ ver  B61138
Reflective Distortion Issue 57
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REAR DOOR
DISTORSION ANALYSIS READINGS

Zonel-3F Reflective quality pod2d=. B.868 ©§.863 8,858 8.884 Zonel-3 Reflective qualitu pod2ds: B.863 8.855 8. 859 8.875

LE #1 SAMPLE #2
CONDITIOMN 2 CONDITION 2

Optical power, Yertical component @ 1.8 cal iBIBZZR ver:BG1138 Optical power, Yertical conponent i 1.8 ca | iBIBZZR ver BL1138

Zoned-3 Ref lect ive qnality. podids. B.B6S B.056 8.859 ﬁ.ﬂ&l

Optical pouer.m'-leriicnl cn.'anpone'!\t L] i.8 ~ r:.a!‘.ﬂ!ﬂ?:’,ﬂ ver  B61138
Reflective Distortion Issue 58
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REAR DOOR
DISTORSION ANALYSIS READINGS

Zonel-3F Reflective gquality pod2ds. B.863 ©.868 85,858 8.878 Zonel-3 Reflective quality pod2ds. B.863 ©.864 8.862 8.864

SAMPLE #1 SAMPLE #2
COMNDITION 3 CONDITION 3

Optical power, Yertical component @ 1.8 cal iBIBZZR ver:BG1138 Optical power, Yertical conponent i 1.8 ca | iBIBZZR ver BL1138

Zoned-3 Ref lective qnalitg. podids. B.B6Z ©.06Z B.6858 ﬁ.ﬂ&?

SAMPLE #3
CONDITION 3

Optical pouer.m'-leriicnl cn.'anpone'!\t L] i.8 ~ r:.a!‘.ﬂ!ﬂ?:’,ﬂ ver  B61138
Reflective Distortion Issue 59
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REAR DOOR
DISTORSION ANALYSIS READINGS

Goncl-F Roflective quality podZds: 8.852 8.846 8,852 8.859 woncl-3 Ref lective quality poddds: 8,851  8.648 8,846 8,858

SAMPLE #1 SAMPLE #2
CONDITION 4 CONDITION <4

Optical power, Uertical component B 1.8 cal 'BIRZZR ver!BG1138 Oplical power, Uertical cosponent a 1.8 cal tB1RZ228 ver!BE1130
s B 3 2 R

Zoned-3 Ref lective quality podéds: B.858 8.847 8.844 8,858

SAMPLE #3
CONDITION 4

Optical power; Vertical component ] 1.8 ca l :B1AZZ8 ver:B611308
I RS MG BERE oo o RS
Reflective Distortion Issue 60
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Summarizing the DA readings on chart, the results are as follows:

REAR DOOR

DISTORSION ANALYSIS READINGS

TOTAL Zoneil Zone 2 Zone 3
dle 0.065 0.058 0.054 0.082
dle 0.063 0.055 0.060 0.076
dle 0.062 0.056 0.061 0.070
erage 0.06 0.056 0.058 0.076
TOTAL Zonet Zone 2 Zone 3
dle 0.068 0.063 0.058 0.084
dle 0.063 0.055 0.059 0.075
dle 0.065 0.056 0.059 0.081
erage 0.06 0.058 0.059 0.080
TOTAL Zonet Zone 2 Zone 3
dle 0.063 0.060 0.058 0.070
dle 0.063 0.064 0.062 0.064
dle 0.062 0.062 0.058 0.067
erage 0.06 0.06 0.059 0.06
TOTAL Zonet Zone 2 Zone 3
dle 0.052 0.046 0.052 0.059
ple 0.051 0.048 0.046 0.058
dle 0.050 0.047 0.044 0.058
erage 0.0 0.04 0.04 0.058

Reflective Distortion Issue
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IMPROVEMENT

Summarizing the DA readings on chart, the results are as follows:

DISTORTION ANALYSIS
D471 REAR DOOR

0.090
0.080 A A
0.070

N //\ /\Qf' A —
0.060 \Xf/ N—— X ;l? ——Sample 1
0.050 ~———" — Sample 2
0.040 Sample 3
0.030 — Average
0.020
0.010
0.000

ol g/slslol g slelo S sllsllol S| &lls

[ N | NJ| ~ N lel [ N lel = N [IN

Condition #1 Condition #2 Condition #3 Condition #4

The samples under conditions 3 & 4 are the ones that gives the best
distortion results, same that happened on D471 Front Door, which
also is shown on the images generated from the CMM data, seen

before.

Reflective Distortion Issue
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IMPROVEMENT

Additional to the measurements done through the Distortion
Analyzer, an evaluation using a Digital Camera was also performed
by taking a picture to 4 pieces of each condition.

The angle and distance were established trying to capture the
Reflective Distortion just like the pictures showed it.

A Zebra was placed so the image could be reflected on the glass.
The lines in the Zebra should not have any variation once they are
reflected on the glass.

With that method we can have now a perspective of what the
Customer is detecting and claiming.

The four conditions will also evaluated in order to see if an
improvement has been reached on any of the 3 conditions modified

versus the original glass.

The images taken are the following:

Reflective Distortion Issue
V. Desarrollo
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D471 Rear Door
DISTORTION PICS:
LEFT HAND (First Parts)

(]
I'II
|
'y
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I
|
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Ll
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|||||I||
e

BILATERAL (FIRST RUN)

L

1

UIIILI\"‘I"ERAL ORIGINAL DESIGH PLUS MODIFICATIONS ON TOOLING

il

& PROCESS
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D471 Rear Door
DISTORTION PICS:
LEFT HAND (Second Parts)

lj“l

UMILATERAL (QRIGINAL DESIGM) COND o, BILATERAL (FIRST RUMN)

RIGIRAL DESIGH PLUS MODIFICATIONS 0:5;’3&';3 COMDITION #4  BILATERAL WATH MODIFICATIONS ON TOOLING & PROCESS
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IMPROVEMENT

D471 Rear Door
DISTORTION PICS:
LEFT HAND (Third Parts)

RN

‘-||I1|I|,|!|‘

Iy
RN

(1
AN

HIIH
|1|||.||
i‘“ |
||
L

||J|||i|||ali|'l
|

’ DI
1

UMILATERAL [(ORIGINAL DESIGN)

BILATERAL (FIRST RUN)

RIGIRAL DESIGH PLUS MODIFICATIONS 0:5;’3&';3 COMNDITION #4  BILATERAL WATH MODIFICATIONS ON TOOLING & PROCESS
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D471 Rear Door
DISTORTION PICS:
LEFT HAND (Fourth Parts)
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UNILATERAL {(QRIGINAL DESIGN) COMD # BILATERAL (FIRST RUN)

Lo e 1

UNILATERAL ORIGINAL DESIGN PLUS MODIFICATIONS ON TOOLING CONDITION #4 BILATERAL WITH MODIFICATIONS ON
& PROCESS TOOLING & PROCESS
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D471 Rear Door
DISTORTION PICS:
RIGHT HAND (First Parts)

BILATERAL (FIRST RUN)

FERAL ORIGIHAL DESIGH PLUS MODIFICATIONS OH TOOLING ! TION #4 ’ BILATERAL WITH MODIFICATIONS ON
& PROCESS TOOLING & PROCESS
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D471 Rear Door
DISTORTION PICS:
RIGHT HAND (Second Parts)

I

UNILATERAL {(QRIGINAL DESIGN) DMDITION # BILATERAL (FIRST RUN)

UHILATERAL ORIGINAL DESIGH PLUS MODIFICATIONS OH TOOLING GO i BILATERAL WITH MODIFICATIONS ON
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IMPROVEMENT

D471 Rear Door
DISTORTION PICS:
RIGHT HAND (Third Parts)

BILATERAL (FIRST RUN)

BILATERAL WITH MODIFICATIONS ON
& PROCESS TOOLING & PROCESS
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IMPROVEMENT

D471 Rear Door
DISTORTION PICS:
RIGHT HAND (Fourth Parts)
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BILATERAL (FIRST RUN)
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IMPROVEMENT

D471 Front Door
DISTORTION PICS:
LEFT HAND (First Parts)

BILATERAL (FIRST RUN)

« pro—— 1
CONDITION #3  UMILATERAL ORIGINAL DESIGH PLUS MODIFICATIONS ON TOOLING BILATERAL WITH MODIFICATIONS ON
& PROCESS TOOLING & PROCESS
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IMPROVEMENT

D471 Front Door
DISTORTION PICS:
LEFT HAND (Second Parts)
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IMPROVEMENT

D471 Front Door
DISTORTION PICS:
LEFT HAND (Third Parts)
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CONDITION #3
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Jald Y c

IMPROVEMENT

D471 Front Door
DISTORTION PICS:
LEFT HAND (Fourth Parts)
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UNILATERAL (ORIGINAL DESIGNM)

BILATERAL (FIRST RUN)

UHILATERAL ORIGINAL DESIGH PLUS MODIFICATIONS ON TOOLING
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IMPROVEMENT
D471 Front Door
DISTORTION PICS:

RIGHT HAND (First Parts)
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IMPROVEMENT
D471 Front Door
DISTORTION PICS:

RIGHT HAND (Second Parts)
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IMPROVEMENT

D471 Front Door
DISTORTION PICS:
RIGHT HAND (Third Parts)
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IMPROVEMENT

D471 Front Door
DISTORTION PICS:
RIGHT HAND (Fourth Parts)
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6-PANEL G L

IMPROVEMENT

The lowest Reflective Distortion showed on pictures taken
demonstrates again that Condition #4 are the one that reduce it
considerable. Nevertheless Condition #3 even Condition #2 also
gives a better Reflective Distortion reduction compare with the
original design parts. These results have the same tendency for Rear
Doors and Front Doors.

According to these results plus the ones already analyzed, we can
have a preliminary conclusion that significant improvements have
been done with all modifications to the product and process.

Nevertheless some of the modifications done on the parts tested
before imply changes on Design which are not part of the Original
Unit Program Plan.

To validate this changes a performance functionality validation test
must be done as soon as possible so that we won’t cause
functionality issues.

Vitro Flex requested to the Engineering Department to get
permission from the FORD Assembly Plant to test a couple of sets
for the condition 4 with Design changes (bilateral tolerances).

Reflective Distortion Issue
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C

IMPROVEMENT

A total of 5 sets of Rear doors and Front doors were sent to Ford
Assembly Plant with condition 4 in order to validate there is no

functionality Issues while working on run channels.

Run Channels

The Trial was unsuccessful because the glass at the time to go
upwards trough the run channels when almost reach the Top, it got
stuck with seals or fully stooped so the glass with bilateral
See next

tolerances was no functional at the time to assemble it.

image:
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IMPROVEMENT
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6-PANEL G HTH S

CONTROL

The unsuccessful TRIAL describe before automatically took out the
Option of Condition number 2 and 4.

The final decision had to be made only for the Condition number 3.
However, FORD did like the appearance results gotten with parts
from Condition number 4.

In order to give FORD the best option to get their Approval, a
combination between Condition 3 and 4 was suggested. The FORM
specification on Top Edge was modified. Besides to be controlled
as an unilateral tolerance the whole edge, a ROC specification was
determined along the top edge having a central point classified as a
SC with +0/-2 mm. This single point will remain unilaterally so that
the glass ensures to have a good performance going inboard into the
run channel.

This modification will allow the part to have a softly transition
from pillars to Top edge avoiding to have a critical deformation due
to Unilateral Top Edge. That softness will shows a significant
Reflective Distortion similar than the one resulted by parts with
Condition number 4.
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6-PANEL

REAR DOOR GLASS

CHECKING FIXTURE
(REF)

| FORM SPEC
(A— N F1 EV I
" 1.25/100[A] ROC
. FROM PT J THRU
PT K TO PT H

o

A I
CONTROL

M

: NEW FORM SPECIFICATION

FORM SPEC
 [ZIALE[C]
= Aoc

TOL AT SC 3 ONLY
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|
NOTE:
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i |
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|
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6 ) PANEL CONTROL

FRONT DOOR GLASS: NEW FORM SPECIFICATION

CHECKING FIXTURE
/ (REF)

.
I FORM SPEC

e 2L
| ) ROC

f TOL AT 503 ONLY

NOTE:

FOR FORM, POINT © TO SC3 AND

POINT D TO 502 IS CONTROLLED
FORM SPEC

7

| | %

:/; BY RATE OF CHANGE (ROC) REQGUIREMENT Sy A

E/I‘ OF 1.25KMM/100MM 1 f A

V] L

V] —[2[AlBlc]

1.25/100]A|ROC

FROM PT E THRU

é PTF TO PT B

g

-

F
. i A id
SC3: +0/-2.0mm e
— - !
.’( I TaTtal Rl gl .1 _ﬂl.l 6
b ROC 1.20/M00 —— | 4=3
A o |-
o - I
™ J

0
+/=1.0mm

0 +/-1.0mm

Reflective Distortion Issue
V. Desarrollo



6-PANEL G HTH S

CONTROL

This modification on Drawings allowed the plant to have a single
SC point to be controlled by SPC and reported to the Customer.

This also made possible to have a better Process Capability (PPk’s)
results below the 1.67 on the SC3 point.
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6-PANEL G HTH S

CONTROL

In order to have a parameter of Distortion level allowed. VFX sent
3 sets of Rear Doors and Front Doors as representative production

parts with the new specification in top edge to be evaluated by
FORD Plant

The Ford Plant evaluated the samples sent for Master &
Appearance Approval and they accepted the level of Distortion as
the maximum allowed.

Because the Distortion Analyzer is a Laboratory equipment that can
not be used for regular production inspection, Vitro Flex
implemented a Distortion Station in the production line where it
allows to inspect the parts for Reflective Distortion according to a
frequency determined on the Control Plan.

If there 1s any suspect about Reflective Distortion that could not be
under spec, the master sample is placed together with the part to
allow the operators evaluate the Distortion condition and decide if
1s a good part in a short time. If the part is still under suspect then is
sent to be evaluated to the Distortion Analyzer.

The following picture shows the Station implemented.
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CONTROL

Distortion Station on production line
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VI. RESULTADOS

Las soluciones implementadas anteriormente descritos durante
el Desarrollo de la investigacion nos dieron los siguientes
resultados que se pueden ver las siguientes tablas:

Puerta Trasera:

Reflective Distortion Issue

VI. Resultados

TOTAL Zoneil Zone 2 Zone 3

0.065 0.058 0.054 0.082

0.063 0.055 0.060 0.076

0.062 0.056 0.061 0.070

age 0.06 0.056 0.058 0.076
TOTAL Zonet Zone 2 Zone 3

0.068 0.063 0.058 0.084

0.063 0.055 0.059 0.075

0.065 0.056 0.059 0.081

eraqge 0.06 0.058 0.059 0.080

D

TOTAL Zonet Zone 2 Zone 3

0.063 0.060 0.058 0.070

0.063 0.064 0.062 0.064

0.062 0.062 0.058 0.067

eraqge 0.06 0.06 0.059 0.06
TOTAL Zoneil Zone 2 Zone 3

0.052 0.046 0.052 0.059

0.051 0.048 0.046 0.058

0.050 0.047 0.044 0.058

age 0.0 0.04 0.04 0.058




VI. RESULTADOS

Tales resultados fueron graficados para tener una mejor
perspectiva:

DISTORTION ANALYSIS
D471 REAR DOOR

0.090
0.080 A A
0.070

- />\
0.060 \Xf/ N—" ;7 ——Sample 1
0.050 ‘le ——Sample 2
0.040 Sample 3
0.030 — Average
0.020
0.010
0.000

oﬁogoﬁoéoﬁ éoﬁo%

[ N | NJ| ~ N [ N = N [IN

Condition #1 Condition #2 Condition #3 Condition #4

Como se puede ver, con cada una de las mejoras o cambios
realizados se fue obteniendo un mejor desempefio en
Distorsion expresado en un valor numérico. Siendo la

condicion nimero 4 la que mejor resultados Opticos presentd
en estas puertas traseras analizadas.
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VI. RESULTADOS

En cuanto a las Puertas Delanteras se refiere nos dieron los
siguientes resultados que se pueden ver las siguientes tablas:

Puerta Delantera:

Zone 2

Reflective Distortion Issue

VI. Resultados

TOTAL Zone1 Zone 3
0.075 0.069 0.057 0.100
0.066 0.077 0.057 0.066
0.066 0.083 0.056 0.059

age 0.069 0.076 0.0 0.0
= ;

TOTAL Zone1 Zone 2 Zone 3
0.067 0.062 0.052 0.086
0.063 0.062 0.053 0.075
0.060 0.063 0.051 0.068

0 0.06 0.06 0.0 0.076

TOTAL Zone1 Zone 2 Zone 3
0.062 0.081 0.044 0.061
0.068 0.086 0.047 0.072
0.060 0.067 0.048 0.067

age 0.06 0.078 0.046 0.06

TOTAL Zone1 Zone 2 Zone 3
0.054 0.060 0.045 0.058
0.058 0.063 0.052 0.060
0.059 0.064 0.045 0.070

0 0.0 0.06 0.04 0.06
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VI. RESULTADOS

Tales resultados fueron graficados para tener una mejor
perspectiva:

e Average

DISTORTION ANALYSIS
D471 FRONT DOOR
0.120
0.100
0.080 A R
0.060 >Q\/¢§\‘ \/ﬁv /\ /N —Samzlez

_ P
\‘9‘9\\//’ Sample 3
0.040

0.020
0.000
Elsi2lelels gl&le|s 2|28l ls g8
(OIS S| O | N o cl RN <l ESRENEES o
= N[N]|] E N [IN| E N [N|E N | N
Condition #1 Condition #2 Condition #3 Condition #4

Como se puede ver, al igual que con las Puertas Traseras, con
cada una de las mejoras o cambios realizados se fue
obteniendo un mejor desempefio en Distorsion expresado en

un valor numérico. Siendo la condicion nimero 4 la que mejor
resultados Opticos presento.
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VI. RESULTADOS

Debido a que en el canto superior nuestra habilidad de
proceso inicial (PPk) no cumplia por las situaciones ya
mencionadas en el Capitulo de Desarrollo, al momento de
obtenerse un solo punto marcado como Caracteristica
Especial a controlar estadisticamente, se lograron obtener los
siguientes resultados:

REAR DOOR RH REAR DOOR LH
SC3 Sex)
10 -5

rrrrrr

‘
‘
uuuuuuu ‘ : W oo
aaaaaa | | StDov (Overal) | |
(Within) Capability i i Potential (Wihin) Capabilty i i
Co i I Cp I I
ru i I U | |
o | . | oL i i
o b 1l ok
. 2 -15 00 Cpr
J— on
Po P 0.00
% n ,
m o w
Ppk Ppk.
IPPk=512  cPk=560  PPM=0.00] LPPk=370  CPKk=412__ PPM=0.00]
FRONT DOOR LH FRONT DOOR LH
SC3 SC3
LsL uB uB
UpperBaung ! I T
L ! I Gveral [
[ | | |
N 100 ! | |
StDov (Within 00708941 ! ! !
SiDev (Overall 00862464 } } }
| | |
Potential (Within) Capability I I |
cp N | | |
cPU - | | |
CcPL 394 | | |
o w | | 1
““““““““““““ S [ — F——
‘
|PPk=365  cPk=394  PPM=0.00] IPPk=304  cPk=363  PPM=0.00]

Una habilidad de proceso (PPk’s) muy por encima del 1.67
minimo requerido para tener una confiabilidad en el proceso
en cuanto a defectivos se refiere.
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VII. CONCLUSION

La investigacion realizada dio los siguientes resultados:

El andlisis del Disefio de las piezas provocaba que la
Distorsion a reflejo se magnificara debido al quiebre
pronunciado que se generaba para poder cumplir con
las tolerancias Unilaterales que se tenian en el canto
superior.

Mediante un Analizador de Distorsion de Laboratorio,
el cual solo se utilizaba para medir distorsion a través
del Vidrio se lograron obtener valores numéricos de la
Distorsion a Reflejo para analizar la magnitud de la
misma en las piezas producidas asi como también en
las que presentaban mejoras tanto en proceso como en
Producto.

Mediante la modificacion de los arillos de curvado,
como se vio previamente, se lograron obtener mejoras
en las piezas por Distorsion a reflejo con respecto a las
piezas sin cambios.

Realizando modificaciones en las tolerancias del canto
superior a una bilateralidad en todo el canto se
obtuvieron mejoras considerables en los resultados de
Distorsion tanto numéricos como cualitativos.
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VII. CONCLUSION

La propuesta original de Cambiar las tolerancias del
canto superior de Unilaterales a Bilaterales no fue
productiva debido a que las piezas bajo dicha
condicion presentaron problemas en los ensambles.

El cambio en el Disefio mediante una transicion
controlada del canto inferior al canto superior a través
de un Levantamiento Gradual (ROC) permitié que el
quiebre original se suavizara de tal forma que el vidrio
no sufriera una deformacion significativa que a su vez
se reflejaba en una alta Distorsion.

Desafortunadamente no se logr6 que la Norma
existente en el apartado de Distorsion fuera modificada
o mejorada para tomar en cuenta la Distorsion a
Reflejo o detallar ain mas el método de inspeccion
para dicha caracteristica por parte del personal de
Ingenieria de FORD.

Ante esta situacidn, Vitro Flex, decididé acondicionar
una estacion de Inspeccion en linea para detectar piezas
con problemas de Distorsion a Reflejo, como se vio
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VII. CONCLUSION

anteriormente. Dicha inspeccion considera las piezas
Master aprobadas por el Cliente como un comparativo
en el caso de tener dudas con respecto al nivel de
distorsion que estuviera presentado dicha pieza.

Finalmente la Planta de FORD qued6 complacida con
el nivel de Distorsion mejorado debido a todas las
mejoras en el proceso y producto accediendo a la
aprobacion final que permitié a Vitro Flex lograr un
lanzamiento exitoso de esta nueva plataforma a
produccion en serie.

Se sentaron bases importantes en cuanto al tema de
Distorsion a Reflejo se refiere quedando como
antecedente un estudio completo que pueda ser
referente para futuros proyectos de piezas templadas
principalmente tanto para la empresa como para los
distintos Clientes.
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VIII. GLOSARIO

DISTORTION: An Optical effect what causes straight lines
to look curved

TT BUILD: Tooling Trial Build event on Assembly plant
were first units are official built.

CONTROL PLAN: Also called Inspection Plan is a Quality
Document where all product & process characteristics from
every single Operation according to Process Flow Diagram is
necessary to inspect and control.

FORM: Characteristic from the Glass which shows the Gap
between checking fixture and Glass along periphery.

CENTRAL SAG: Characteristic from the Glass which
shows the Gap between checking fixture and Glass in the
gravity center of the part.

SC: Special Characteristics marked on Drawing by the
Customer. Needs special attention for control.

CMM: Coordinate Measuring Machine

ROC: Rate of Change maximum allowed of FORM in a
specific length required.
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VIII. GLOSARIO

W SPC: Statistical Process Control
L PPAP: Part Production Approval Process

0 MASTER SAMPLE: Part representative from production
that is accepted and signed by the Customer as the minimum
quality to be accepted.
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