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Market overview and key trends

+ Audio products have been an integral part of people’s lives for a long time.

» In the last decade and a half, several global trends have lead to product innovation

and a changing competitive landscape.

HD TVs

Mid-2000s: Adoption of HDTVs and drive
towards creating home theater experiences
leads to emergence of sound bars and home-
theater-in-a-box products

Streaming services

Late 2000s: Emerging and wide adoption

of music streaming and subscription services

creates opportunities for high quality connected

speakers.

sy
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Al

2015: Emergence of Al assistants like Siri

and Alexa leads to skyrocketing adoption rates
of smart speakers



Vibrational damping
and noise reduction
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Outline

" Fundamental acoustical damping differences
* Test: Center point impedance
* Response: Damping loss factor

" Case study: In-ear monitors (ear buds)
* Waterfall plots (cumulative spectral decay)
* Total harmonic distortion
° Expert listener panel

" Materials
* Eastman Tritan™ copolyester
* Eastman Tréva™ engineering bioplastic (cellulosic)
* PC
°* ABS
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Noise reduction process

Vibram

Damping treatment \>

Inpulf r\ /\ [\ JANAs Outpuy
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Sound

Absorption treatment

e

Isolation treatment

Performance of all treatments is frequency dependent;
performance of a damper is temperature dependent also.

Courtesy of K&S Engineers
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Center point impedance
Methodology

" Arectangular part is vibrated at a range
of frequencies.

* Assumed as a vibrating beam to simplify
calculations

* Takes into account longitudinal modes of
vibration only

" An accelerometer and impedance head
In contact with the part measure the force
and velocity of the vibration as it travels
through the part.

" Frequency versus force/velocity of
response Is plotted as frequency
response function.

* Damping loss factor is determined from
response at discrete resonance modes.

EASTNVIAN

Sample

Impedance head/
accelerometer

Frequency
generator

Data acquisition
software
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Frequency response function—example
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Damping loss factor (tan[®]) and quality factor

" The damping loss factor tells us how well
a material damps vibrational energy at
resonance.

* The greater the tan(d) at a given _ .
resonance mode, the better the damping.] :

Ay,

2, ,"“‘;A'A "1,]
Damping loss factor is calculated at - e
discrete resonance modes for the A

vibrating beam.
* Mathematically, the loss factor is given by

tan(d) = m = Af /f,

§ /\ .= Aj;l .f;l
l |

Frequency, Hz —

Vibration Response, |dB —

This value can be compared only for
similar geometries.

° Cylinders, spheres, etc., would all have
different modal vibrations
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Frequency response curves

" To demonstrate material differences, we will go stepwise
through the frequency response function of four materials.
°* Copolyester, cellulosic, polycarbonate, ABS
* Bars tested: 300 x 20 x 3 mm
* Testing carried out at room temperature

" We analyze the modal response of the material using
center point Impedance testing and review the damping
loss factor (tan 0) at discrete frequencies.
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FRF example (300 x 20 x 3 mm bar)

—Tritan TX1001
——Polycarbonate
—Treva GC6021
—ABS

FRF in dB (F/V [dB/1.00 N/gs])

000000 ,500.
Frequency [Hz]
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Modal resonance—detail

2nd mode
_ 65.00 Mode 2
-f"-,f £0.00 —Copolyester :
g ——Polycarbonate Mate”al Frequency tan(a)
B 50'00 :i;';”"’s“ Copolyester 166.5| 0.021
g Polycarbonate 201.5| 0.007
E 40.00 Cellulosic 179| 0.045
T s ABS 210| 0.017

Frequency [Hz]




EASTNVIAN

Modal resonance—detail

3rd mode

_ Mode 3

-iai —Copolyester :

g =0 — Polycarbonate Material Frequency |tan(d)
g e Copolyester 466| 0.033
% Polycarbonate 566| 0.007
£ s Cellulosic 507| 0.133
- o ABS 591| 0.021

Frequency [Hz]




Modal resonance—detail

4th mode

75.00
73.00

71.00

60,00 ——Copolyester
——Polycarbonate

67.00 .
—Cellulosic

65.00 —ABS

63.00

61.00

FRF in dB (F/V [dB/1.00 N/gs])
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Mode 4
Material Frequency |tan(d)
Copolyester 910.5| 0.101
Polycarbonate 1109( 0.009
Cellulosic 1000 0.173
ABS 1160| 0.029
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Modal resonance—detail

5th mode

— 7200 Mode 5

-9‘10 —~Copolyester :

S e —Polycarbonate Material Frequency |tan(d)
) I Copolyester 1468.5| 0.149
%6&“" Polycarbonate 1831| 0.035
£ 5000 Cellulosic 1655| 0.213
: ABS 1915| 0.047

Frequency [Hz]
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Modal Resonance—detall

6th mode

79.00
_ 77.00 Mode 6
-P‘iﬂ ——~Copolyester :
g —Polycarbonate Material Frequency |tan(d)
= —Cellulosic
& 72.00 e Copolyester
=
= Polycarbonate 2723| 0.019
< Cellulosic
E 69.00

ABS 2850| 0.106
67.00
65.00
2,150.00 2,350.00 2,550.00 2,750.00 2,950.00 3,150.00

Frequency [Hz]
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Damping loss factor—composite data

" The process illustrated in previous slides was repeated
for several samples.
* At least three geometries were tested for each material.

" The resulting data spans 100-12,000 Hz to incorporate
damping loss factor relevant to audio applications.
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Damping loss factor—results

Composite data

Center Point Impedance Data
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Summary—vibrational damping

performance

" Center point impedance testing can be used to determine damping loss
factor at discrete resonance modes to compare materials of similar
geometry.

" Frequency response functions can help to demonstrate quantitative and
gualitative differences in how different materials damp vibrational energy.

" Copolyester and cellulosic demonstrate improved damping properties
and sound quality compared to PC and ABS over a wide range of
frequencies, indicating the potential for superior performance in audio
applications requiring reduced resonance, less distortion, and
Improved acoustical performance.




Audio part testing
(ear buds/in-ear monitors)



. . . . . ENASTMAN
Periodic Audio® in-ear monitor

(IEM) evaluation

" Eastman collaborated with an external partner
(Periodic Audio®) to mold beryllium model in-ear
monitor housings with . . .

* Polycarbonate (Chi Mei, incumbent)

* Copolyester (Eastman Tritan™ copolyester)

* Cellulosic polymer -
(Eastman Tréva™ engineering bioplastics)

" Acoustic performance of device measured for each
material

* Cumulative spectral decay (acoustic waterfall plot)
* Total harmonic distortion

* Subjective listening tests
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Cumulative spectral decay

Methodology

" |n-ear monitor connected via fixture to microphone
N Spdec)ialized fixture acoustic volume is designed to mimic ear canal (20 mm
wide
" FM slide (chirp) is input
* A pure tone from 20 Hz to 40 kHz
* Allows generation of 64K points
= Sample with 48 kHz bandwidth; measure to 40 kHz

* Require 2x frequency generation to accurately measure response in desired
region

" Microphone set to 50 dB range
°* Human hearing does not differentiate below 30-40 dB drop.

" Run at 110 dB SPL nominal at microphone to eliminate noise floor
* Reduces/eliminates ambient noise
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The audio waterfall plot
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Audio waterfall plot ?.

CSD results—polycarbonate

y

1.

Z
0.0

" Typical response; clean

" Not much beyond 20 cycles of
resonance above 5 kHz

dB

-100

" Dies out relatively smoothly

-200

" Ridges at 6 kHz and ~14 kHz
(nearly 20 cycles of resonance)

-300




Audio waterfall plot

CSD results—copolyester

r. EASTVIAN

Improved response

Ridge at 6 kHz is similar
(primary transducer resonance)

Ridge at 14 kHz is eliminated

Even with higher energy input,
copolyester still decays it faster
than the PC
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Audio waterfall plot r.

CSD results—cellulosics
y

1.

Z

" Very clean response

" No pronounced ridge at 6 kHz;
nothing at 14 kHz

= All energy dies very quickly above 8 kHz
" Acoustically, a very dead material

dB
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Waterfall plot—summary ?.
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Total harmonic distortion
Methodology

" Distortion happens when an audio signal is distorted
from its original state. We call distortion any form of
alteration that you bring to an audio signal, regardless
of the type or source.

" THD sweeps were run for each IEM at 100 dB SPL
nominal.

* This particular model has been third-party tested as the
“lowest THD IEM on the market.”

http://audiojudgement.com/total-harmonic-distortion-tutorial-thd/



Total harmonic distortion

Results

" PC shows the most peaks for
resonance.

" Eastman Tritan™ copolyester
is better (although it does have :
a large primary resonance at
2500 Hz).

= Eastman Tréva™ engineering
nioplastic (cellulosic) was the
nest with the lowest overall
evel of measured THD.

r EASTVIAN

THD @ 100 dB SPL, IEM
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Expert listener feedback

= Stock demo track list used (Tidal.com HiFi source):

Steely Dan’s “Black Cow”

Von Grey’s “Phengophobia”

Sarah Jarosz’s “Peace”

Dave Grusin’s “Fascinating Rhythm”

Two Steps From Hell’'s “All is Hell That Ends Well”
Keb’ Mo’s “Every Morning”

Nirvana’s “Where Did You Sleep Last Night (MTV Unplugged)”
Massive Attack’s “Angel”

Alison Krauss'’s “Let Me Touch You For A While”
Johnny Cash’s “Wayfaring Stranger”

Holly Cole Trio’s “I Can See Clearly Now”

Alanis Morissette’s “The Prayer Cycle”

Lake Street Dive’s “| Want You Back”

Paul Simon’s “Gone At Last”

Cowboy Junkies’ “Walking After Midnight”

Three listeners, all very familiar with the Periodic Audio IEMs
Source is a SONOS® Connect, optical out

D/A is the Channel Islands Audio VDA-2 D/A Converter
Amplifier is the Channel Islands Audio VHP-2 Headphone Amp
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Expert listener feedback

=  “Some sibilance in Holly Cole’s voice is reduced; a bit more “space” around chorale in ‘The Prayer
Cycle’ with copolyester”

" “Cellulosic seems to tone down the overly resonant drums in ‘Il Want You Back’ and bring out more
ambience in ‘Walking After Midnight.” Johnny Cash'’s voice is less buzzy—not sure if that is good or
bad.”

= *“Changes are subtle, but audible and consistent.”

" “lthink | can feel Keb’ Mo’s foot tapping better with copolyester.”

= “Wow—Massive Attack is even more ‘full’ and overwhelming with pulsing bass in the cellulosic.”
=  “Buzzyness’in Alanis’s voice is gone with cellulosic.”

= “Walking bass on Paul Simon seems more even in amplitude with both cellulosic and copolyester.”




Summary—IEM case study EASTMAN

= Copolyester and cellulosic both have superior damping characteristics
relative to polycarbonate.

" THD improvement with cellulosic and copolyester is measurable.

" Copolyester has something good going on, with better top-end extension
yet better damping than polycarbonate.

" Cellulosic is, acoustically, a very dead material for audio applications.

" Consumers who seem to be able to hear fine details a bit better
generally prefer the acoustic performance of cellulosic and copolyeste
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Hypotheses for audio product

iImprovement: We need you!

" Enhance audio performance in devices

* Reduce resonance of cabinets/enclosures that can contribute to a listener’s audio
experience.

" Improve active noise cancellation

* Prevent feedback and feed-forward systems from going unstable by reducing
resonance and interference contributed by housing.

" Reduce load on digital signal processing (DSP)
* Reduce computational load by removing resonances, leading to longer battery life.
°* Reduce computing power of PCB to mitigate cost.

" Increase efficiency of speaker/microphone systems by reducing echo

* Allow higher SPL of speaker systems incorporating microphones by reducin
and reverberation.
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Looking (and listening) ahead

* New functionalities
* New applications

* New reasons to reassess enclosure
materials—and consider a material change




Thank you!
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Technical disclaimer

Although the information and recommendations set forth herein are presented in good faith, Eastman
Chemical Company (“‘Eastman”) and its subsidiaries make no representations or warranties as to the
completeness or accuracy thereof. You must make your own determination of its suitability and
completeness for your own use, for the protection of the environment and for the health and safety of
your employees and purchasers of your products. Nothing contained herein is to be construed as a
recommendation to use any product, process, equipment or formulation in conflict with any patent, and
we make no representations or warranties, express or implied, that the use thereof will not infringe any
patent. NO REPRESENTATIONS OR WARRANTIES EITHER EXPRESS OR IMPLIED, OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR OF ANY OTHER NATURE ARE
MADE HEREUNDER WITH RESPECT TO INFORMATION OR THE PRODUCT TO WHICH
INFORMATION REFERS AND NOTHING HEREIN WAIVES ANY OF THE SELLER’S CONDITIONS
OF SALE.

Safety Data Sheets providing safety precautions that should be observed when handling and storing

our products are available online or by request. You should obtain and review available material safety
information before handling our products. If any materials mentioned are not our products, appropriate
intgalustriaclI hygiene and other safety precautions recommended by their manufacturers should be
observed.




