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Light-weighting Vehicles
With New Glazing Concepts

Vitro History & Agenda




The first flat glass
factory opens in Nuevo

Vitro started its Automotive
Glass operations

Vitro divests it s food and

Beverage Glass Containers

Business and strengthens
its financial position.

vAItro.

Vitro acquires PPG’s Flat
Glass business and PGW OE
Automotive Glass



Light-weighting Vehicle Agenda —
8 8 8 8 valtro.

e Glazing Weight Saving Potential & Benefits
=  Weight savings per car-set (12.3 Kg / 22%)

* New Weight Saving Glazing Concepts
=  Asymmetrical windshield constructions
= Thinner laminated sidelite constructions
=  Asymmetrical sunroof constructions

e Sidelites with improved acoustic performance and weight
savings
= Tri-layer laminate
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Light-weighting Vehicles
With New Glazing Concepts

Glazing Weight Savings Potential & Benefits




Weight Savings from Light Weight Glazing Vaitro

Car Set Weight Saving Potential = 12.3 Kg (22%)

Windshield Weight Savings = 3.1 Kg (20%) Sunroof Weight Savings = 0.8 Kg (12%)

Standard: 2.1 /2.1 mm = 15.2 Kg Standard: 4.1 mm Tempered = 6.4 Kg
Light Weight: 2.1 /1.2 mm = 12.1Kg Light Weight: 2.1 /1.2 mm =5.6 Kg
Average Size: 1.34 M? Average Size: 0.62 M?

Backlite Weight Savings = 1.1 Kg (12%)
Standard: 4.1 mm Tempered = 9.3 Kg

Light Weight: 2.1 /1.2 mm = 8.2 Kg

Average Size 0.9M?

Sidelites Weight Savings = 7.3 Kqg (31%)
2 Front / 2 Rear Doors:

Standard: 2.1 /2.1 mm = 23.5 Kg

Light Weight: 1.4 / 1.4 mm = 16.2 Kg

Average Size 0.52 M?/each
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Benefits From Lightweight Laminated Glazing

vAitro.

Windshield Backlite Single Sunroof Sidelites

Benefits:

» Improved Fuel Economy
» Lower Emissions

» Faster Acceleration

Plus

» Lower Center of Gravity

» Lower Energy for Defrost
Plus

> Improved HUD image Windshields

Windshields and Backlites




Light-weighting Vehicles
With New Glazing
Concepts

Benefits from Asymmetrical
Windshield Construction

From SAE Paper 2017-01-1306

“Practical Design Considerations for
Lightweight Windshield Applications”




Stone Impact Performance of Asymmetrical 2.1/1.2 mm a—
Windshield Matches Symmetrical 2.1/2.1 mm Construction & 41LIO.

= Asym metrical windshield stone im pact Average Asymmetric Laminate Kinetic Energy at Failure
performance was reported in SAE Versus Inner Ply Thickness
1 Note:
Pa pe r 20 1 7-0 1- 1 3 06 : Th IS pa pe rwon 38 | l!r?cht by 22 mm diameter ball bearing on 2.1 mm outer ply of 305 mm
t h e SA E Co | Wel | M e r‘|t Awa rd . square laminates with drop height increased to failure. Average of 10.
36 l
7 |
= This SAE paper addresses the “Impact E GQ\ Asymmetric Optimum
R . »” =34 Construction: Vs
Strength of Windshields 2 \ 2.1/2.2 mm (3.5 Joules) — S
T 32 / Standard Construction:
= Two basic questions are answered 4 \ / \ | B
H 30 Construction:
What is the impact strength of standard 3 \ /<\ e
WlndShIEIdS? E \ Construction:
g" 26 \ /1 2.1/1.6 mm
How do lightweight constructions z,. — / (2.9 Joules)
compare to standard constructions? s e
2.2 2.4 Joules
‘ | == Average Kinetic Energy at Failure (Joules)
2.0 } I [
09 11 13 1.5 1.7 1.9 21 2.3

Inner Glass Ply Thickness (mm)
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Windshield Stone Impact Simulation Capability

F"'_
Development vVAItro.
ohtweiaht windshield Lightweight Windshield Performance
p'egrfﬁ,":’,?,'agnﬁel";'ﬂnj.;teion Prediction using ANSYS Simulations
capability was developed R T— LS
using ANSYS and validated. o ey vy o T

USUM  (AVG)
RSYS=0
DMX =.030216

e Impact testing of 305 by 305 mm St - 7485
laminated constructions with
strain gages was used to validate
the ANSYS finite element
simulations for a range of
constructions.

* Impact testing was done using a Deflection = 0.030 Inches
ball drop tower for gravity T AN
H H H NOOAL SOLUTION MRC'&:!:’.'T,ST::&‘::: 83 pvb 1.4 inner
impacting of the samples with a STEP-l S et @20 drp (o o
22 mm diameter ball bearing. LS
. . ggs:gzﬂﬁﬂ
* Strain %age data from each impact ity
was collected at 1 million samples

per channel per second in order
to capture the peak value.

* The measured maximum strain
was used to validate the ANSYS

model. Tensile Stress Surface #4 = 18.2 KPsi

L —— —
-5.81425 -A4771915 485842 101947 155311
-3.14608 2.13025 7.52658 12.8629 18.1992 10




Validated Simulation Methodology Expanded .-
vV4AItro.

to Full Size Windshields

Mercedes C Class Windshield

NODAL SOLUTION ~ EASI .. Stone Impact Stu

Half Symmetry (curved) with 2.0 Ib force @ center
i

Uz (AVG) st
RSYS:

DMX =.001003

SMN =-.001003
SMX = 707E-07

L E—— — |
-001003 ~.780E-03 ~557E-03 ~.334E-03 ~11E-03

- B92E-03 -669E-03 -A46E-03 ~223E-03
EASI Job#2267 Stone Impact (File:4424ms) ... Basis for Applied Load (inches)

AN

MRC-4424... 2. 1mm outer ply. 0.76mm PVB. 2.1mm inner MAR 52013

12:25:51

J07E-07

Jeep Wrangler Windshield

Ford Explorer Windshield

: NODAL SOLUTION EASI ... Stone Impact Study
STEP=Y Full Geometry - with 100 Ib force @ driver side

Uz (AVG)
RSYS=0
DMX =.016608
016593
SMX =.770E-03
DSYS-11

-.016593 -012735 -.008876 -.005018 -.00116
-.014664 -.010806 -.006947 -.003089

EASI Job#2294 Stone Impact (File: 2294f6) ... Basis for Applied Load (inches)

AN

Jeep Wrangler... 3.1mm outer 0.76mm pvb 0.55mm inner MAY 24 2017

10:15:58

770E-03

EASI __ Stone Impact Stu AN
NODAL SOLUTION & s Eptarer. 3 Trim Setar 0.76mm pvb 1.2mm inner NOV 10 2016
gUTEBP'l' Full Geometry - with 312 Ib force @ driver side 11-26:32
TIME=1
Uz (AVG)
=0
DMX =.072847
SMN =-.072338
SMX = 008226
DSYS=11
ISR L
-072338 -.054435 -.036532 018629 -.726E-03
-.063386 -045483 -.02758 -.008677 008226
EASI Job#2286 Stone Impact (File: 2286f8a) ... Basis for Applied Load (inches)
Ford GT Windshield
EASI ... Stone Impact St AN
NODAL SOLUTION o T o 2. Tm ouster 6.76mm pvb 0.7 inner JUN 232017
g;"jsp'l‘ Full Geometry - with 140 Ib force @ driver side 11-44:07
TIME=1 0.250" Steel Ball @ 60 mph
Uz (AVG)
RSYS-0
DMX = 048367
SMN --.008469
SMX =.047739
. —
-.008469 .004022 016512 ~029003 041483
-.002223 010267 022758 035248 047739

EASI| Job#2295 Stone Impact (File: 2295F3a) ... Deflection (inches)
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Lightweight Asymmetric Windshields Provide J4itro.

Superior Stone Impact Performance

2.1/1.2 Asymmetrical Model Output
AN

mm pvb 1.2mm inner NOV 102818
Full Geomelry - with 312 Ib force @ driver side 11:26-

EASI_.. Stane Impact Stu
HODACSOLLTION Ford Explorer.. {Imm m:gr 0.76
STEP=1
5UB -1

TIME=1
Uz (AVG)
RSYS-0

DMX =.072947
SMN =-.072338
SMX =.008226

| — Em—
-072338 -.054435 -036532

-063386 -.045483 -02758 00977 .o0e2 26
EASI Job#2286 Stone Impact (File: 228618a) ... Basis for Applied Load (inches)

018629

dshiel Construction Stiffness (Lbf/In)

Optimum Asymmetrical
Lightweight Construction :

w

v’ - Lowest stress level_
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o
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Simulated Maximum Glass Stress Levels
Stone Impact of Ford Explorer Windshield
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| | T~k

Stress at installation angle. Impact with 0.375inch
diameter steel ball at 60 MPH. Ford Explorer
windshield impacted center of drivers side.

= Stiffness Symmetrical

= Stiffness Asymmetrical

—— | | | | |

v’ -20% weight savings

2.000

25

o

29 31 33 35 37 29 41 43
Maximum Surface #2 Tensile Stress (Kpsi)

45

versus baseline 2.1/2.1
mm.

1
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Lightweight Windshield Acoustic Performance
Compared to Standard Construction vaitro.

Lightweight
Glazing Acoustic
Performance
Comparable to

Acoustic Performance Comparison: 2.1/2.1 mm Acoustic Baseline

Versus Lightweight 2.1/1.2 mm Enhanced Acoustic Construction
50

45 1

40 |

Baseline 2.1/2.1
mm Construction

35 +

Note: 2.6 dB Maximum difference between
8,000and 9,000 Hz. Not discernable based
upon published data.

G. Cerrato, “Automotive Sound Quality —
Powertrain, Road, and Wind Noise”, Sound &
25 - Vibration, April 2009

30 +

Sound Transmission Loss (dB)

20 +

—2.1/1.2 mm E Series Advanced Acoustic Vinyl

Rece nt ASTM E90_09 o ——2.1/2.1 mm Q Series Acoustic Vinyl

acoustic test results for |

Iightweight Construction v 0 1,600 2,000 3,600 4,000 5,600 s,doo 7,600 8,000 9,000 10,000
. . Frequench (Hz)

laminated with new

Eastman E Series Twenty percent weight savings with

enhanced acoustic vinyl lightweight windshield construction.
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Lightweight Windshield Transmittance & Solar
Performance Can Meet Production Targets

Solar Performance & Light
Transmittance Options for
Lightweight Windshields with
1.2 mm clear inner ply:

» Specialized dark composition
glass for 2.1 mm outer ply

» Standard composition 2.1 mm
outer ply with IR absorbing vinyl

» SUNGATE reflective coated 2.1
mm clear outer ply with IR
absorbing vinyl

VAitro.

Total Solar Transmittance (Tts) and Visible Light

(Lta) Values for Lightweight Windshield

Constructions

Windshield Construction

Construction

.. ] Lta Tts
Description Detail
. 2.15G C5
Standard Production
. 2.15G C5
Baseline
Clear Vinyl 74.3 57.8
2.15GC2.3 Vi
Lightweight 2.1/1.2 mm Itro
Dark SG Composition 1.2 mm clear
Clear Acoustic Vinyl 72.2 56.3
Lightweight 2.1/1.2 mm 2.15G C3.9
Standard SG Composition + IR |17 clear
Absorbing Vinyl IR Absorbing Vinyl 78.2 60.5
SPO5 2.1 Clear
Lightweight SUNGATE Coated (1.2 mm Clear
2.1/1.2mm & IR Absorbing |clear vinyl 79.7 52.9
Vinyl
IR Absorbing Vinyl 72.7 46.1
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Light-weighting Vehicles
With New Glazing
Concepts

Light Weight Laminated Sidelite
Construction

From SAE Paper 2018-01-0465
“Practical Design Considerations for
Lightweight Side Window Applications”




Significant Weight Saving Potential From _—
Thin Laminated Sidelite Construction vAaltro.

Sidelites Weight Savings = 7.3 Kqg (31%)

2 Front / 2 Rear Doors:

Standard: 2.1 /2.1 mm=23.5Kg
Light Weight: 1.4 /1.4 mm = 16.2 Kg
Average Size 0.52 M?/each

Development Path to Thin Laminated Sidelite Construction:
v" Door Slam Simulation to Determine Maximum Glass Stress Level

v’ Probability of Failure Calculation at Maximum Glass Stress Level
Loading

v" Probability of Failure Less Than 100 PPM: Fabricate Samples & Test

4



Development Steps: 1.4/1.4 mm Lightweight Sidelite =F—
P ps: 1.4/ ghtweig Yaitro.

Door Slam Simulation Results Probability of Failure Result
1.4/1.4 mm Lightweight Sidelite Zero for Lightweight Construction

Ford Explorer Front Door Slam Results
Probability of Failure in PPM for 1.4/1.4 mm and 2.1/2.1 mm Constructions

i
i

con
Srevstarsar (o
Savgle Average
{‘6
©
»
e 1,000,000.00 : - -
; l | i | =
[ 2 Note: I P
2 100,000.00
0 ¥ Based upon maximum applied stress levels ¥
g from door slams, 13,637 psi for 1.4/1.4 mm t
e 96 and 11,676 psi for 2.1/2.1 mm F /
10,000.00 constructions, the of failure at T /
these loads Is 0. ‘//
59 MPa Max. L 2
& | /
.
4 M/S, Half g 2.1/2.1mm Door Slam
73' 100.00 Maximum Stress Level ——1.4mm/ 1.4 mm Laminate
Open L] - / ——2.1mm/ 2.1 mm Laminate
o
z i 1.4/1.4mm Door Slam / |
- = Maximum Stress Level // i
z = ¥
T 1
\ H |
_ 2 1.00 :
- 11,000 13,000 15,000 17.37# 21,000 ZB‘PW 25,000 27.000 29,000 31,000
|
¥
/ |
g = ==
I

1
0.00
Applied Load From Door Slam (Psi)

1.4/1.4 mm Lightweight Sidelite

Ford Explorer Door Slam Test Set-up

= 1.4/1.4 mm Lightweight Sidelite

= Passed Ford 4 M/S Door Slam Test

(Strain Gages, Velocity Meter, Data Acquisition)
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Light-weighting Vehicles
With New Glazing
Concepts

Asymmetric Sunroof Constructions




Sunroof Weight Saving Potential From .
Asymmetrical Laminated Construction vAaltro.

Sunroof Weight Savings = 0.8 Kg (12%)

Standard: 4.1 mm Tempered = 6.4 Kg
Light Weight: 2.1 /1.2 mm =5.6 Kg
Average Size: 0.62 M?

Weight Savings Concept: Replace Either 4.1 mm Tempered or 2.1/2.1 mm
Laminate with Asymmetrical 2.1/1.2 mm Laminate

Benefits:
= Tempered to laminate significantly improves acoustic performance

= Laminate construction provides occupant rejection protection
=  Asymmetrical laminate lowers center of gravity

= |mpact strength equal for both asymmetrical and symmetrical constructions

Average Kinetic Energy at
Stone Impact Test Results Failure (Joules)
Laminate Construction 22 mm Diameter sItE::I I:\it %%es.a(irr,m/ﬂty mpact of 503 x 303
Steel Ball (45 Gram) pres.
(199 Gram)
2.1 Float /PVB/1.2 mm Float Glass Laminate 3.48 2.20
2.1 Float /PVB/2.1 mm Float Glass Laminate 3.44 2.17

19



Light-weighting Vehicles
With New Glazing
Concepts

Tri-layer Laminated Sidelites with
Improved Acoustic Performance

From SAE Paper 2019-01-0395
“Novel Laminates for Improved Acoustic
Performance”




Tri-layer Laminate Sidelite Constructions  ¥aitro.

Ford Explorer Sidelite
2.1 mm Size 0.55 Square Meters

0.76 ACPVB Baseline 6.18 Kg
2.1 mm

1.2 mm
0.76 ACPVB

1.2 mm Weight 6.06 Kg (-1.9%)
0.76 ACPVB

1.2 mm

1.4 mm
0.76 ACPVB

1.4 mm Weight 6.62 Kg (+7.2%)
0.76 ACPVB
1.4 mm

4




Tri-laminates Provide Superior Acoustic

¥,
Performance vVAItro.
Significantly 1.2 mm & 1.4 mm Tri-layer Acoustic Performance
Improved Acoustic Versus 2.1/2.1 mm Standard Laminate
Performance by

Tri-laminates
[4 dB average from |«
2,500 to 8,000 Hz]

300 +

Sound Transmissio

20.0

~e—1.2 mm/0.76 AC PVB/1.2 mm/0.76 AC PVB/1.2 mm
150 ——1.4 mm/0.76 AC PVB/1.4 mm/0.76 AC PVB/1.4 mm

——2.1 mm/ACPVB/2.1 mm

10.0 + t t } 1 1 t t t t
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Frequency (Hz)
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Excellent Door Slam Performance for Tri-laminates
& Standard Laminates: Less Than 25 PPM ﬁltl’(l

Probability of Glass Failure From Door Slam Loading
Annealed and Tempered PGW Float Glass

1,000,000 -

Note:
Load is the maximum stress from
100,000 - | a 4 M/S door slam simulation.

10,000 +

1,000 +

Annealed Laminated Constructions:
2.1/2.1 mm = 8,555 psi; 18 PPM

1.2/1.2/1.2 mm = 8,990 psi; 24 PPM
1.4/1.4/1.4 mm = 8,990 psi; 24 PPM

100

Probability of Failure (PPM)

10 -

——New PGW Float Glass

0 10,000 20,000 30,000 40,000 50,000 60,000

Applied Load (Psi)
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Benefits From Tri-layer Laminate Sidelite
Construction V4Aitro.

Benefits from Tri-layer Laminates

v’ Both tri-layer laminates have significantly improved acoustic
performance compared to a standard 2.1/2.1 mm laminated
sidelite

v’ The 1.2 mm tri-laminate construction saves 1.9% weight
compared to a standard 2.1/2.1 mm laminated sidelite

v’ The 1.4 mm tri-laminate construction provides the highest
acoustic performance with a weight penalty of 7.2%

v’ Probability of failure from door slam is the same for both
the tri-laminates and the standard construction
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vAitro.

Questions?



