Noise, Vibration and Harshness:
Integrating Composite Parts

Doug Adams
IACMI NDE Technical Fellow
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Getting a feel for the noise your car makes

~ idle 70mph

® ~1500 vehicles
® Interior noise levels

® http://www.auto-decibel-
db.com/index.html
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. ' Vehicle Make and Model

:- ® How qUiet IS Cll.llet-p https://www.youtube.com/watch?v=uCnsw9oRDsM




* Composites must address many metrics such as quality (e.g., sound and ride quality).

« Cost of NVH is lowest if done early in product and process design (or "bolt on" solutions).
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| Courtesy esi group
H]/\ L "Ford significantly accelerates Vehicle Development Processes using IC.IDO", www.esi-group.com, 2013




NVH quality environment poses ch

allenges

* Composites face similar NVH challenges as other technologies as they add N

performance in lightweighting and other areas.
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Figure 1. Adaptability of human hearing - permanent new challenges for

acoustic engineers.

Figure 2. Main contact points of vehicle drivers

Courtesy Sound and Vibration Magazine
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_; J "Vehicle Interior Noise — Combination of Sound, Vibration and Interactivity",

Klaus Genuit, HEAD acoustics GmbH, 2009




» Composite materials for certain spaces can be tailored in terms of their properties and
structure to address NVH needs.

Thinsulate™ acoustic insulation

Courtesy 3M




IACMI R&D Goals €<= NVH

Five Year Technical Goals
* 25% lower carbon fiber—-reinforced polymer (CFRP) cost

g * 50% reduction in CFRP embodied energy
* 80% composite recyclability into useful products

Do these goals relate to NVH?

~ If so, how can IACMI support its partners' needs in NVH for
. _composites?




IACMI R&D Goals and NVH

ti lower cost
3 reduction embodied energy

useful products

Yes

Collaborate to proactively address NVH




Example: noise considerations for wind turbines )

“For utility-scale wind turbines, the maximum _ ‘
rotor rotation speed is generally constrained by @ Noise aspects =

noise considerations.” ~ Ning and Dykes (2014) relate to

{ 4
B: , ® Setback *‘
| How Loud Is A Wind Turbine? : 3
requirements J

I asrurTeinaesT

B ® Performance (tip

o\ speed ratio)

at 50 dB(A)

= ® Utility-scale and i
micro wind power

Ning, A. and Dykes, K., Understanding the Benefits and
Limitations of Increasing Maximum Rotor Tip Speed for Utility-
Scale Wind Turbines, J. of Physics, 524 (2014) 012087, doi:

10.1088/1742-6596/524/1/012087 e



An NVH perspective on automotive lightweighting

Lightweighting in general

 History shows that component-wise automotive lightweighting efforts can be
a zero sum game in NVH because noise and vibration energy takes the path of
E least resistance:

F=MXxA A=ﬁ

Lightweighting In composites

» |JACMI's goals of cost and energy reduction in automotive applications could
- also be viewed through this lens — we want to avoid shifting savings in weight,
~ cost, and energy downstream.
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* The incorporation of dissimilar materials in vehicle designs can promote noise N

quality issues including squeaks and rattles*.

@ DOW CORNING

Anti-friction coatings
reduce stick-slip and
avoid the need

for additional fasteners
(i.e., weight) to inhibit

mobility of components S——

Courtesy Dow Corning

FIND THE MOST EFFECTIVE ANSWERS FOR

NVH MANAGEMENT

SHARE A QUIET WORD WITH AN EXPERT, PLUS
GET FREE MOLYKOTE SAMPLES FAST

INTERIOR

Create a quiet, comforting
environment for dnvers and
occupants by eliminating
squeaks, rattles and buzzing
vibrations from seating
systems, doors and sunroofs,
dissimilar interior materials,
switches, and controls.

*Automotive Design
"Making a Big Noise", www.automotivedesign.eu.com

Lou Reade, 2011




Much to learn from in NVH literature

® The NVH literature is extensive on:

® general noise and vibration | o 8
Automotive NVH Citations in Google Scholar

; remediation in automobiles*™
: _ _ _ 16000
® material solutions for noise 4606
control** 12000
. ' . . 10000
® attributes that composites bring in 2000
NVH * %k %k . 6000
4000
2000
*Harrison, Matthew. Vehicle refinement: controlling noise and vibration in road 0
vehicles. Elsevier, 2004. 22000 22016
- **Rao, Mohan D. "Recent applications of viscoelastic damping for noise control in
~ automobiles and commercial airplanes.” Journal of Sound and Vibration 262.3 :
~ (2003): 457-474. i
| -
= ***Beardmore, P., and C. F. Johnson. "The potential for composites in structural
| a automotive applications." Composites science and Technology 26.4 (1986): 251-281. &
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NVH Measurement and Material Standards

SA=

INTERMATIONAL.

* SAE/ASTM provide the
- relevant technical standards =-
for measuring acoustic and

vibration properties of
materials.

Rriidemia

Training/Tducakion

* Various trade magazines
like S&V Magazine provide
regular updates on the

~ Industry.

Courtesy SAE International
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Buyer’s Guide to Products for Noise and Vibration Control

This Buyer's Guide ists mamiaciurers and
suppliors of products for the conlral of noisa
vibration and mechanical shock grouped into
the follceing nine catagonies:
= Soand Absorptive Maleriats
* Spound Absorptive Systems
& Sound Barrier Malarials
* Soand Barrier Sysbems
ampasite Materials
Composibe Systams
= Vigration Damping Materiaks
= Vipration lsolation Systems
& SlONcers

Each category conaing a seres of nurm-
bered classifications lor specilic produc
identification. Company Identifications are
listed by: mama, address, telaphone, FAX,
a-mail address and weab site address. The
information is vpdated on an anmeal basis
Tram quesiionnaines which ans sant io known
manutaciungds,

To locale the noise and vibration contnod
product of interast, first refar to the main
calegorios ksled above than go to the datailed
lslings oo locate manuaciurers that afler that
paricular product, The numdsers alter gach
company lisling indicala the producis that
ihay offer. Boldiace company listings are
advartisers in S&'Y.
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MBI Produces Comparry, B01 Bond 51, Ebsria, 'DH S4035:
48003322 B5I0 440 32 1900 saies@mbproducts com;
www,mbipreducts com = (]

McGl ArSilance, LLC, 2400 Fairessod Ave.. Columbas,
OH 43207 614 829 1200; 614 8291488 salesd
T T el LT, AW meqi T e e ]

Polymer Technpdogees, Ing . &80 Goeporate Biad . Newark
DE 19702; 302 TA8.9001; 302 738 9085, inlod
poiARchnC Com; wee polyiisching com = (2)

Pyrok, Inc., 121 Sunsed Ad,, Mamaroneck, WY 10543
B14.777.7070; BI4.777.7103; Beward@pyrok.com
WWW ryToking coem = 5.7}

Sound f||||I|I:| Syatams LL.C. PO Bax 7218 Shrévepaa
LA F1837; 366 3408 0833 713.86%.7373; imlpda
soundiighle comy, www.soundighier.com - (7)

Sousd Sagl Gy, 50 H. P Aimgres Dr., Agdswam, MA 0100 ;
413,785,170 413, T80 4484 douglan@soundseal com
www oundsesl tam - (5.7

Soundown Gorporation, 16 Broadwary, Salem, MA 01570
B00 E52 1006, S7A. 745 0500 dhuckins@soundown
(M Wi SO USdowe Lom = (2-5,7)

Technican Acoustics, 4412 Bepublic Cr., Concord
NG ZED3T TO4.788.11317; 704 .7TRE.TTT2. salewd
lachn -:gna.'n-:-:.ln;.: com; www TBChniconacoussics
m-—|2n

Tectum Inc., 105 5. Gth 50 Mewark, OH 43068 BES-87TY
0631, info@tactum. com www lectum. com - [7)

T Sgundcoal Company, Inc., 1 Buet Driva, Dees Park, NY
17585, 531 2432 Ak B3 3432 22846 inloSsoundonal
LM, wanw Aousdosal.oom = (2]

Sound Abserpiive Sysiem
1. Gelling Systems

2. Masking Noise Generaiors
1, Panels

4. Unil Absoibes

&, Wall Treatmenis

Acoesiax Molse Barriers, 243 W Bth 51 Wyoming, PA
1B 800 233 5601 510 853 3500 inlolacousian

Courtesy Sound and Vibration Magazine

sound Seal Lo, S0 H, F Amgren [, Agawam, MA DO
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Saundewn Corporalian, 16 Broadway, Sabsm, MA 0197,
B0 3581006, 8§78 745.0000; dhuckins@soendoen
oo www soundosm.com = {1,315

Tacium Inc., 105 5. &9 51, Mewark, 4 43053 BBB-077-
9581 inloEdeciem com www, lecium oom = (3]

The Panudaol Company, Inc.. 538 Pappar 51, Moneoa, CT
(p4EE; A0 55 0001 000 4559 DOCLE. www. nisemasir
oomi — [

VAW Sysiems Lid., 1300 Inksier Blvd.. Winnipeg,
Manitoba, Canada, R2X 1P5; 204 &37 TTT0; infol
VIWEyEass £om - (3]

Wibro-Acoustics, 355 Apgle Gresk Bhad., Markham, N
L3R SXT 416.291.7371; 416.291.8049; infe@vibng-
BCOUSHCE Com www vibio-acoushics com = {3)

Saund Basrier Materials

1. Pigss Lagging

2, Mass-Loades) Plastics

1. Bealants and Seakng Tapes

4, Sheet Glass, Werial and Mlasi

I E-A:-A, 911 Jiceawil R Indsnapolic, |N SEGE;
B77 38T 4332 37 6923111 solutiongi@earss com
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ActesiRlok, InC., B0 Imerbay Bhvi., Tampa. HL 33606
A19.080.1140; B13 BE0ESLT. maihnidaccusliblok
DD, www ACDstBlpiocom = (130

American &couslical ProducisWard Process, 311
Hopping Brook Rd, Heleios, B, 01746, 5084291 165
508,470 8543 infolaapusa com; www, aapusa
oo - (1,2}

Blachford, Bnc,. 1400 Nuckar Deive, Wesl Ghicags, IL
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| | R
~_emission and vibration. SFE AKUSMOD™ puts TN - r J ’“ H
~ you into a position to check and to improve /i\ | ':h._M‘t H \

Modeling and simulation

tools represent the first O i

Mode 28: 1728.5 Hz Mode 107: 209.9 Hr

opportunity to achieve £ SUSTEMES
NVH gains in composites
and reduce the cost of NVH

solutions.

J 127.0 Nz

"Evaluate lightweight structures with regard SPL/Force * |
to comfort and acoustics. Analyze the interior 7 T 1T 1

acoustics of vehicles. Find out what parts of VOO
the vehicle contribute the most to noise |

Frequency [Hz]

acoustics/NVH in an early stage."
Courtesy Dassault Systemes

145.09 HI




Tackling NVH sources strategically

* IJACMI's partners are leaders across the supply chain in

developing broadband NVH solutions.

Structural-borne noise and vibration

Airborne noise and vibration

BETASEAL™
glass bonding

BETAFOAM

SPECFLEX™ PU and ENGAGE™ POE
barrier and absorber technologies

BETAMATE™
structural adhesive

- Low Frequency Mid Frequency High Frequency

Absorbtion, mass loading and sealing

high-density foams BETAFOAM
acoustical foams

10,000 Hz

\l% ‘ Courtesy Dow
ey "NVH Management", Dow Automotive Systems

Typical NVH management
product applications.

| v st & Iy k2 P T W el o ¢
he Dow Automotive Systems

portfolio also Includes a number ol

products designed to address low

frequency structural-borne noise.

B BETASEAN glass obonding
gystems

BE |AFQOAM structural foams

BETAMATE™ structural adhesives

M ENGAGE  polyolefin elastomers
also used to optimize heavy

layer pProcessing ar | perommance
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* A strength of IACMI is that our partners work with one another in a
vertically integrated manner to develop NVH solutions.

B The Chemical Company

Courtesy BASF

"Combating Heat and Noise Associated With Fuel Efficient Engines”,
. s http://www.automotive.basf.com/, 2005




Actustons & Mechanoams Sost Dokt Guides

Courtesy DuPont
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* |JACMI's diverse

network of industry

partners across the
automotive sector

offers us breadth and

depth of NVH solutions,

that also span product
sectors —e.g.,

aerospace foams.




What do you think of this NVH strategy?

The NVH strategy for composites manufacturing for IACMI should:
-- be driven by the needs of our industry partners

" NVH in project proposals, “market pull” for advanced composites, etc.

-- be proactive to avoid shifting cost to late-stage NVH changes

Focus on integrating modeling and simulation tools, couple with material / structural dynamic characterization for manufacturing
processes being developed on projects to inform simulations, promote adoption of composite materials for automotive and wind.

-- leverage the unique supply chain and vertically integrated IACMI
partnership in place to overcome the "zero sum game" in NVH

From adhesives to intermediates to structures and the processes that produce them and drive variation in NVH performance, bring
teams together to realize light and quiet composites.
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