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Right now, all the major brake manufacturers seem to be fixated on the word QUIET.
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The "J.D. Powers factor" is another driving force in the ongoing development
of new brake pads and application-specific friction materials. Every vehicle
manufacturer wants their cars and trucks to be ranked at the top of the latest
J.D. Powers’ survey. A high ranking means more sales. To achieve higher
customer satisfaction ratings, the OEMs are leaning on their suppliers to do
everything they can to minimize noise, vibration and harshness (NVH) —
which includes tweaking and fine-tuning the brakes.
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Physics of Braking Factoids
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Customer Requirements
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Tools for Eliminating NVH
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“Good Morning and welcome to
the wonders of Physics”

B EBar, MR E|w LR PR




~Silence can be Golden
(Eliminating Noise, Vibration, & Harshness)

Energy Conversion
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The brake system converts the Kinetic energy
of the moving vehicle into heat.
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Vehicle Kinetic Energy Top Kinetic
. L Model Weight Speed Energy
Al TR e Kg) | (Kmmhn | (KJoules)
Model TT# % 550 65 90
KE = Y2 MV? Typical mid-sized it 74 ) i 4 4= 1,600 140 1,210
AEe=JmE X Mercedes 600 S-class7 416005 1,850 250 4,461
(HJE) 2 Ferrari 5504 /550 1,850 320 7,309
747 Aircraft (loaded)i#i % i)
W TATEHL 495,000 300 1,718,750

Stopping a 1600 kg car traveling at 100 km/hr at .8 G’s it takes 3.5 seconds The average power is
174 kilowatts (233 HP)&k {5 1k 16002 T4 A 84N i LA100 2> HL N Iz AT IV 4=, 753.510
SR ESELTAT L (23355 07)
An interesting observation is that a typical, 1600 kg car has an engine with about 90-105
KW (120-140 HP). This means that the brakes have to deal with about twice the power of
what the engine puts out. — MR ERY]: —NILALE, 16004 T4, BER51%E K
7:90-105T FL (120-1405 ) Fidio XAUEMA A4 R G LB 5 5 I R AL I 265 1
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What happens to the Kinetic Energy and at the rotor-pad
interface??? 23 se MBS 7 v A A 4 2210 ?

Stopping a mid-sized vehicle traveling at 100 km/h can lead to
average power dissipation at each front pad of more than 82
kilowatts
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This energy is initially concentrated in a small zone at the pad/rotor
interface (1 micron thickness).iX~82kwlt) Bt & I 4] 8 Fh A I AE R4 A 4
PR CUOK )R HIAR N 3 L

Low pressure

This leads to an energy density of ~1Gigawatt/m3
Equivalent to that of a small Nuclear Reactor
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Most of the mechanical energy converts to heat...Only a small portion is converted to

sound KB HUBRBE R e T BER T — /MR (HUBREE) Btk Rl T AR

The logarithmic decibel scale is used to measure soundXy i i L5 R Skt & 75 3%
A young person with normal hearing can hear sounds levels from 0 to 130 decibels
—ANIF ) IEH HAEE A Relr B & Y8 E A 0~13040 )N

The sound level for conversational speech is about 45 decibels.
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The sound level in close vicinity of a starting jet airplane is around 145 decibels

FER B CH LI I 7S & K210 14543 T

An audible brake squeal has radiated power on the order of

90 decibels ~12 milliwatts (for a 175 kilowatt stop)...... —/NE] T L E R
= B IR BUR TH RS F90 N G FHlsh—& RE 175 T R3)
BBV L)

Less than (1/1,000,000) of the stopping power results in noise
generation = A= KIGEBIEA B FIZNRERFREN B I 22—
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The brake engineer has Three challenges:
M ZE R G TARI I i 3R Pk

1. Create enough deceleration to stop the car as quickly as the driver

wishes, without exceeding the drivers comfort level with regard to pedal

effort or pedal travel.

1. FEANRE 25 00 53 R X T3 22 BEAR A RSB AIXT 1) 2= B IR A T RE U 67 &
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2. Manage the resulting heat energy so as not to damage the brake

system or the rest of the vehicle.
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3. Eliminate NVH.... Silence is Golden

3. JHERNVH, JiEREZ.
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What do the customers want?
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Customers:Users, Brake systems suppliers, & OEM’s have needs that determine market acceptance
zFP (EHED , MERGHRNE, REREFERAEESENFEXK.
X R R EF BEEMEHET R 2RI .

Customer Satisfaction &/ %5

Long Good Pedal
Feel i /1) i

Lining
Lifett &R BRI
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In the first half of the 1990s, an advancement in one area was
usually achieved at the expense of performance in another area.
Today's customers require performance in all areas. . 1tH4 1)
A T, AR 2R J7 T A SR S 2 A 55— 7 T e 52 3
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Performance Requirements Differ by Region

AN [R] B DX 3 1) 28 2 X0 1 e ER) 2 5K A - AN A [
Different Customers
Have Different Priorities

Europe
= =U.S.

A recent J.D. Powers survey in Germany revealed that many European car owners
are not that happy with their brakes and would prefer quieter, cleaner, longer

lasting brake linings. %1« D Powers”7E 4 [F (1) A R 7~ V5 2 BRINZE 1) =K
AT R AR B AR, JFHEXCE 2, Hiaw, RSN
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Brake Linings Contribute Significantly in all Areas

MEARERZ A EREN

This provides both Opportunity and “Headaches”
XA TRALE T HLE 5 PRk

Brake linings are probably the least understood part of the braking system

MER AR AT RERINAMNERS T KRR D

Fade, high speed performance, and wear requires control of the friction
coefficient. These are controlled exclusively by the friction material supplier

PRIE A SN, P 6 R TEIR K2 B 453 U TH] ) i) A o B R R MO T, X
Bl B BT RLBE N B T T 013

Pedal feel and particularly NVH performance requires control of

the friction material mechanical properties. These involve other
components of the braking systemEsH B, 45 B RNVHK) e
Eﬁﬁ%%ﬁﬂ%mwﬁﬁ%%%ﬁéﬂo ﬁ%&%&%ﬂ%@%%%ﬁs
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Friction Material Industry is Mature

BEEEAT R TNV O R

Many of the critical problems associated with the high energy part of
the Braking problem have been solved. Stopping the car, Reducing

fade, Reducing weariF2 5 R ZE 68 J7 AH o< i) 2 2L jn) AR g i o
FMERGFEMERETIR, FREREHR.

Attention is focused on elimination of NVH

NI RERELE T EHBRNVH L,

Customers demand friction materials from both OEM and
aftermarket must have improved noise performance

H35EZK, MOEMEIE G T3 Bt B A4 LR A A 7E e /= U7 T

EAFHIRIL ~5m
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Why to Automotive Companies Care about NVH?
RENF AT ARENVHEIR
NVH has been a costly warranty problem in the

automotive industry for decades.
L, ERETHHENVHER RS R — N ER SRR .

More than $100 million is spent annually on brake NVH
warranty work in North America alone. A similar
amount is spent in Europe

MrEILSET, b TARREESIZE INVHIE RERE R T BT 112 4.

TERR N L PR i — 12 &




~Silence can be Golden
(Eliminating Noise, Vibration, & Harshness)

Three basic attributes required to produce audible noise.

FEAE R B B K =R

Source /\/\AA Radiator
R B A

Propagation Path
Rz

Friction induced vibration is always the source. Other brake
components must contribute to the propagation and radiation in
order to produce an NVH performance problem.

PEBE R AR a2 CalWr 2 1)) ARYE, el AR ZE 55 Al
FONAERE RS (W) (%A, 4557728 TNVHIERE R @,
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Frequency Range for NVH NvHE#iZ 6 E

High Frequency
Squeal

500 1K 10K 20K

Frequency (Hz)
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Modern Simulation Methods can eliminate NVH problems

PACKT, AT LAVEBRNVH 8] B AR 52

Current Simulation Methods |nuhmnu=me|

I R I

Precise rendering of geometry
RN P4
Realistic boundary conditions
BRI S 4
Temperature dependence, 55 EAH
<

Sliding friction ¥i#E SN ,
Non-linear behavior3dF kR I

Multiple component Analysis % &K1 53T Disk Brake Module
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{M[M]+A[C] + [K] @) =0

Compressibility (modulus) is indicated as influencing low frequency
vibration groan as well as being indicated in numerous high frequency

squeal trials. ] R Z1E (BLE) T3 AR AT 0 s 0056 1) g 7 8 A S
A

Quantitative use of linear, isotropic friction material properties is inadequate
for current modeling calculations

LEZEVE[RIVE A EEREA AR P AT R MBS A AR BT SR e AN 1Y
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Quantitative simulation requires material property for all of the manufactured

components and the lining material. & & AL F E BT o & AT R
For friction material data must include the B3R Bl 5 0 54055 -

. . . e,
AnISOtI’OpIC propertlesg ﬁ% VIHH ﬁ Modulus Temperature Dependence
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What does Quiet Mean for the Marketplace??#E 3% 5
RT3 o ZBFEWET 42
The Era of “Designer Brakes” “¥&tt#& K
A= HIRHAR
Noise free, application specific friction materials that have been carefully chosen to match the

braking requirements of a particular vehicle platformJchg 2, 4ok i BEEE M B IE F B4 5%
i B 42 B 5 Pl i (R 4= SR AHE Y.

These Premium friction materials provide the best combination of stopping power, fade resistance,
NVH performance, and wear. They also command a higher price, which more consumers are
willing to pay on late-model, luxury-laden cars and light trucks.iX 55z 57 i) BE A RHE AL T B 4T
WHIBh ), PragiReE, EFHINVHYERE KN EAE . [FAEEA T AR &, XA R AT
W IR, LIRS, BRI
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The Future for Aftermarket Liningsl| 4
RGN AR E G TR
“Right now the marketing guys who package and sell aftermarket brake linings
are mostly emphasizing QUIET over other features of their products.” Il ZE 8.2
KHABERETHANERNFTHEZE, Sx-milH e, B 2q e

The main reason why the aftermarket got into , quiet, ceramic friction materials
Is because the OEMs were using them. According to industry sources, quiet,
ceramic linings are now used on 75% of 2004 cars and light trucks.t& 5 3% H
R A EEAYEEMRN X2 R RE TRER Ar-mEfHEN].
Eﬁﬁﬁ% B 2004FE75% B E SR RN =T, RAMEEARENN
AR
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Summary & 45

 NVH does not in any way influence the primary function of
stopping the car. Audible squeal power is less than 1/1,000,000
of that of a stop NVHZEAL—FEE _LARAS M Ho R i e 2
AHIPERE. ATUTBIRRIMEREA RN E"SNRKE T Z

* Elimination of NVH will become Increasingly important
market driver in both the OEM and Aftermarket?EJ&) 47> T
MEFETE L, HERNVHIRS ), BB EZEN T
e,

e Friction induced vibrations are the source of NVH but other
braking systems components are involved B B 7= 4 KR 3h &
FEAENVHIIRIE, JERFZHEHABRSEHPF=ENVH,

«Simulation combined with appropriate material property data
can be used to identify low NVH materialsf FH F& &5 1 A4 R}

BEBCHE R 07 2L 7T P SR A 5 R B0 H BT I BNV HZR B 6
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“The Greatest Revelation is Silence”
S L

Lao-tse (4t century before Christ)

2T (AJoHTH L)

Chinese Philosopher, Founder of Taoism

PEEFGIA, FTEEGE
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