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What are Additional Sound Emission Provisions?

» ASEP was introduced with the lastest revision of the UN Regulation No. 51 on sound emission of vehicles.

» Modern technologies, such as active silencer systems or additional sound speaker showed that regulating the
sound emission at a single operation condition cannot sufficiently control the vehicle sound behaviour.

Active Exhaust Systems Sound Enhancement Systems

» All sound emission regulations worldwide are design neutral and verify the effect of a technology by its sound
emission. No technology is prohibited, as technologies can decrease or increase the sound.

» A single point evaluation for sound is not sufficient for active controlled sound systems!
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Limited Representativeness of a Single Point Sound Assessment

Source: OICA - GRB Informal Group Meeting ASEP #13.1 - PARIS Dec. 2008 with Modifications by OICA 2018 >UN R5102 and GB:|.495'2002 regL”aUC)n the
Adle: sound emission at a single point (50 km/h).

> Aside of the narrow area around 50 km/h the
sound emission is not evaluated and thus,
no control is provided.

Control Range UN R51.02

»Manufacturer have started to use this
uncontrolled area to provide alternative
sounds to their customers.

SPL [dB(A)]

~

»Driven by competition, positive press reports

- ©  Type Approval Point ECE R 51.02 for the ,best sound” and great customer
acceptance this flexibility of Regulations is
Vehicle Speed [km/h] (ab)used as much as possible.

The series 3 amendments to UN R51 introduces a new sound evaluation concept ASEP which allows the control of
the sound emission of the vehicle in a wider range.
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Vehicle Sound Emission - Why not Following Exhaust Emission Principles ?

In difference to the exhaust pollutants, sound has more aspects and often sound is a very
essential element of quality for our daily life.

Pedestrian Protection

Traffic Noise Minimum sound guarantees
Might become annoying and B sufficient perception of vehicles
lead to stress reactions, with by vulnerable road users.

Require
Min
Sound

//Req uest

Product

maybe adverse health effects.

Require
Max
Sound

Protection
Environment

Diversity
All these aspects will need a careful balance. D Quiality of Life
Otherwise acceptance by society might be difficult. Individuality is an essential human
People might not respect the regulations. behavior and supports well being and
acceptance.
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Application of ASEP Since 2016 Provides Positive Results

Example for a vehicle originally approved under UN R51.02

110 > The old UN R51.02 did not define any
ecuenty voed uroan tafic. m With ASEP of UN modes, or other test conditions rather
105 { (speed range 40km/h to 70 km/h) O R5].03, any-seund than at 50 km/h
oot emijssion beyond the
) 5 ¢ O borderline is not
100 = og 35 Tl » New ASEP does successfully address
= O ¢ - extreme sound emission in a large range,
~= 95 . . .
2 {ot = A\a especially at higher engine speeds
ROF
=1 90 O /,O .
a / /Pge\’ » However, the ASEP control range still has
]/ 2 '03-““?’* some handicaps, as it does not cover
N" higher gears, which are more frequently
80 - used in urban traffic
75 ¢ 4®m NEW UN R51.03 Annex 3 Type Approval Point (,Normal Mode*) > A control of the sound emission at these
high gears, was not possible at the time of
70
1000 2000 3000 4000 5000 6000 development Of ASEP

Drehzahl bei Ausfahrt @ Linie BB' [1/min]
Although great achievements have been made with ASEP, GRB started a general revision of ASEP.
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ASEP Revision 2.0 - Expectations

Stakeholder expressed different needs and expectations for the revision of ASEP.

Contracting Parties Automotive Industry

» Improve efficiency of ASEP » Simplify the current ASEP concept, which

» Incorporate more driving situations such is confusing and ambiguous.

as partial load » Reduce work load, as testing for ASEP

» ASEP be mandatory during Type Approval
and not covered by a simple statement of
the manufacturer

» Broaden the boundary conditions to
enable ASEP for all major driving situations

The integration of all these diverging aspects Is a challenge for the ASEP revision.
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requires too much time.

» Safe qualification about ASEP compliance,
especially with “normal” products

» ASEP shall follow physics, integrate
performance aspects
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Principles for the New ASEP Concept Based on a Physical Expectation Model

» A compromise between an extended test area and a reduced test burden is feasible, when tests are selected
randomly and when after each individual test run a direct compliance assessment is available.

» Already existing elements of the today’s ASEP assessment are integrated into a new approach:

Physical Behavior )
(Origin: ,,Slope Method“)
: Direct assessment of single measurement
Direct Assessment . :
(Origin: ,, L., Method”) > based on a physical expectation model and
referenced to the type approval result.

Based on Type Approval Results
(Origin: ,Slope & L., Method*)

Engme Speed Based Test Provisions Solved as well for BEV, HEV
(Origin: ,,Slope Method“)
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Sound Prediction Model Basic Considerations

@& \ )

» The two elements together create the “physical” base model for

Tyre a behavior of any internal combustion engine vehicle.
» These two models will form the minimum sound emission of a
> vehicle.
( Base » This sound emission is given by physics and qualified / justified
7 Lo by the type approval test according to UN R51.03 Annex 3 and
L Mechanic ) controlled by the limit values.
< /
e 0
Y\ > The dynamic model covers all sound behavior, that is linked to
Dynamic acceleration (load) conditions
> |t covers tyre torque effects, powertrain dynamics and gas flow
L / dynamics. Since November 2018 as well performance )
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New ASEP Prediction Model is Based on Test Results of UN R51.03 Annex 3

Annex 3 Parameters @ 2 @
th del . .
t  usedforthe mode Tyre Mechanic Dynamic
LWOtI aWO’E,i g
...................................... ‘ 2 : I f Loy = \
% Lir(VeBwot,) Ler(NeBwor,) Lol az s
:Ed ] | il + dlpyn
Lers, @ o Lovane =
.......... : Q
E > Lrr(Veg crs i) Lpr(Neg crs)i) Lpr(Ng crs,i)
© - 15dB
> \ one model / one model QLO models J
nBB,crs,i nBB,Wot,i
VBBcrs, VBB wot, » The following slides will guide you through the model details
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@ Tyre Rolling Sound - Modelling

» Tyre rolling sound can be
described with good accuracy by

a logarithmic regression.

» Typical regression qualities are

very good with R? > 0.98

Tyre Rolling Sound Regression
— o T/R
= Curve
E 75 Left
& o=
b= =
S o
£ g
T e )
3 ES)
@ e
2 8:""
]
& 60 )
o
=
3 d
2 ss
£ o}
L_tyre = Slope » LOG(v/50) + L@50
50 ! ! ! ! ! !
10 20 30 40 50 60 70 80
Rolling Speed [km/h]

90
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2 ) Base Mechanic - Modelling

Stationary Farfield versus Cruising in low Gears » For determination of the power train base
%0 | mechanic, it is important to eliminate the
A Pegel IDLE (MITTE) Links . .
o || oraemie e Reas influence of the tyre rolling sound and to
oreenne suppress any gas flow dynamics.
egel recnts

80

» There are two possibilities:

75

» stationary run-up in far field

SPL [dB(A)]

70

» cruise-by measurements at low gears, e.g.

65 1st gear
50 > Both methods provide almost the same result
& and can be used to elaborate the powertrain
55 A .
: base mechanic model.

50

0 1000 2000 3000 4000 5000
Engine Speed [1/min]
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@ The Dynamic Model (Status November 2018)

» The dynamic model covers all energy generated under load, respectively
acceleration:

a) All gas flow components (intake and exhaust), no load and load
b) Change of the power train mechanic sound with the load
c) Tyre torque effects

» The load response from the power train and the torque effect are relatively
small compared to the gas flow components from intake and exhaust.

» The dynamic model of late 2018 introduces as well the aspect of performance
on a basis of a (v x a)-Model.

Restricted © NVH Committee of SAE-China 2019 International Conference on Automotive NVH Control Technology (Jiangsu Changzhou)



NVH Committee of

SAE-China UN-GRBP ASEP 2.0 Development

@o1ca

@ The Performance Model V x A

» The performance if defined by the product of vehicle speed vy and achieved acceleration ay_gg

Vehicle Sound Emission in Relation to the Performance [v x a] During the Test

© GearD ® Gearl © Gear2 O Gear3 ¢ Gear4 A Gear5 © Gear6 @ Anchor —Border

110

Vehicle No. 36 of GRB data base on ASEP 2.0
Standard vehicle with PMR = 62

100

920

Vehicle Sound Emission in Relation to the Performance [v x a] During the Test

© GearD ® Gearl © Gear2 O Gear3 ¢ Gear4 A Gear5 © Gear6 @ Anchor —Border

110

100

920

z z
o o
< 80 < 80 2 %o
20 e 2 ® = % "
a Aplag B a 205 0
s ﬁ> o © o, » - n A&:g%&%gom D%
e g % O 70
B ofud o™
ol & o
| Ej. Calculate perm:nance
60 A © L= 106 (2252)’ 60 .
s 3 \ = Vehicle No. 6 of GRB data base on ASEP 2.0
" Standard vehicle with PMR = 333
50 50
0 10 20 30 40 50 60 70 8 90 100 110 120 130 140 0 10 20 30 40 50 60 70 8 9 100 110 120 130 140 150

Performance v X a [m%s?]

Performance v X a [m%s?]

» By using the performance criteria (VxA), differences in performance can be accounted for.
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@ The Dynamic Model Partial Throttle Partial Load Adaptation Model
120%
» For a full dynamic model it is necessary to 100% o\ 000
consider a partial throttle model. i
e . L 2 80% §
» One difficulty is, that for many situations an : ¢
already partially opened throttle means already %
full throttle. 2 P
, , , = 40%
» The partial load function applies to ALy, ° <
. 20% )
Arpyn Exp = (ALpyy + 5LDFH_ va) * (1 - (LOAD7zer + u,))'/ (1-a)
0% O
0% 25% 50% 75% 100%

Partial Load Condition
(0% = Cruise 100% is Max. Acceleration)
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Integration of all Modules

» Before the ASEP evaluation, it is necessary to carry out the Annex 3 type approval test

» The parameter to be reported are: L, and L., from the lower or single gear, the acceleration
(actually PP-BB), the vehicle speed vgg, the engine speed ngg.

» For each gear ratio, the maximum acceleration must be known to determine the load condition.
» The expectation level is then calculated

L =10 * LOG (100,1*|-TR,NL + 1001+ + 100,1*(|-DYN,NL+A|-DYN)

exp + ALyarcin

» Compliance is achieved when

Liest (Viest: Atestr Niest) < Lexp (Viestr Atest Ntest)
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Example for an ASEP 2.0 Evaluation of a Vehicle

@® GearD B Gearl O Gear2 O Gear3 © Gear4d A Gear5 ® Gearb @ Ref. Point
— Model D — Model G1 = Model G2 = Model G3 = Model G4 — Model G5 — Model G6  ------- Nmax ASEP
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Engine Speed [1/min]
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This example shows a vehicle
which is perfectly in line with
the expectation model.

The model is created in a way,
to basically overestimate the
sound level.

But still some points may not
be exactly in line with the
model expectation.

Therefore further
considerations are needed to
determine, how the vehicle will
comply with the ASEP 2.0
Provisions.
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Example for an ASEP 2.0 Evaluation of a Vehicle

Engine Speed [1/min]

® GearD B Gearl O Gear2 O Gear3 & Gear4d A Gear5 ® Gearb @ Ref. Point
— Model D — Model G1 = Model G2 = Model G3 = Model G4 — Model G5 — ModelG6  =:eeee- Nmax ASEP
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» Vehicles that are tailored to just
comply with the type approval
test of UN R51.03 Annex 3 cannot
comply with the expectation
model.
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Outlook for ASEP 2.0

» The GRB Informal Working Group on ASEP 2.0 has its last meeting in Liuzhou
(China) in April 2019.

» The next meeting will be in July in Berlin (Germany)

» The drafting of the future regulation text has started already. A first complete draft
Is expected by September 2020 for the UN working group GRBP 72.
A revised ASEP 2.0 will create a new series of amendments = UN R51.04

» The revised ASEP 2.0 will as well introduce provisions against manipulation,
especially of software.

» Documents are available on the UN website:
https://wiki.unece.org/pages/viewpage.action?pageld=2523476
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DRAFT Flowcharts for ASEP 2.0

ASEP Annex 7
General Process

!

Perform Type Approval
Test according to Annex 3;
Report Lyor:. Dps_wot
Veg-woti Lcrsi- 85_crsiv

Subroutine
Sound Model Reference

Establish
Sound Model
Reference

Establish
Sound Model
Reference

Select Parameter Set
Applicable for the Vehicle

!

VBB CRSi
[ Calculate the Reference
L 2 Tyre/Rolling Sound Level Lper tr = 10 LOG(x » 1001 Lenser)
L,
Establish test conditions REF.TR
according to I

paragraphs2.1 and 2.2

Vehicle Testing

Perform an ASEP Test

Calculate the Reference
Power Train Mechanics
Sound Level
Lyerpr

Lpgr pr = 10 LOG((1 — x) # 1001 Lesener)

¥

Calculate the Reference

within the C;_uu;)lRange _ Dynamic SoundLevel | Lese pyw = Legr pr — 15
ﬂCCO; l;%} tO 2 Subroutine  P—
paragraphs 2.5 10 2. Sound Level Expectation i |
L ]

Report for each ASEP Test

Calculate
expected sound

Test Run PASSES

Test Run FAILS

Testing and Test run

Max number evaluation is finished; reference
Tests reached ? Proceed with final vehicle established =
Subroutine End

compliance evaluation

Determine the Vehicle
Dynamic Delta Sound

ALpyy = 10 dB(A)

Sound model

Lasep: Nasep: Vaser Aasep level Lyyp for Level
each test run ALpyse
F - ALDY)y = 10 LOG(10% bworare — 1003 (EREs ruaop) — 1001 ERErpran)) — LRE|pp
- ~
e > .

=] Luorrer - h ~. with Vag wor REF
] < Lworzer < Lagr 77 a0y = Bre 1o * LOG(——Z5+—) + LREF rp
g Lagastest < NO \'*\ 117 // NO .
% Lixpazst P . — 6y 1+ L0G (BB wor per ¥ nSHrpr) Y e
g S REF PT AD] PT LO (nBB crs g + NSHIFT P:r) T
[8a]

Flowchart only indicative, revised flowchart available
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Calculate expected
sound level Lexp g1
for a single test run

OICA

Calculate expected Perform a measurement in
B Va5 TEST dynamic delta sound level [oymrs a medqim gear ratio with Caleulate expectation
Calculate expected tyre Lrg pxp = Org 10 * LOG (750 )+ LREF g (load and performance) determined ? an engine speed between sound level L. for
R EXP.TEST
rolling sound Lz gxp ALpyaxe My rorgue A0d S an individual test run
VBB TEST
Lrg pxp = Ore mr * LOG(T) + LREF rp —"CD Calculate
reference acceleration r
A\iv REF
‘ Lexp 1557 = 10 LOG (100‘1 Lexpre — 1001 (LEXppr) _ 100‘1('-EXy4um+an,msr))
Calculate
reference gear ratio
irer 4
v
nBB + nSH, Calculate reference L determined
train mechanics sound Wor REF P [
level Loz Apgaxi . AAYREF
(nBB yor 1zst + nSHyr pr) l
L =0 LoG —— - LREF
PrERP = Opr AL ((nBB‘ wor azr + TSHIFT ;) © ()
Calculate the load portion
LOAD g5y = aggsr / @z
DyworTEST ¢
= Bworker NO Set performance
Calculat f
alculate peruormauce Vargsy va > v component
'8 TEST
Vargsr= ~g¢ ™ drest ALpyyy = 0
S
Y
Calculate expected base Loyy exr = Ooyy 10 * Lo(;( (BB wor resr+ nSHier pyx) )+ LREF py Calculate performance
dynamic sound level ’ (nBB wor azr + nSHIFT pyy) component ,
va.
Lovnexe ALDYN(VE) =B *LOG (ﬁT)
nsr
_ (BB yor st + NSHier pyy)
Lpyy exp= Opyy m * LOG ((nBB vor e ¥ MSHIFT ppy) + LREF pyp—>{ ) -
Calculate expected
dynamic delta sound level o
» ALDYN = (L, LDYN 1——7—— 1-
Dot TEST (load and performance) exp = (Lo + ore) ( (LOAD7gsr + u))/ -9
> IwoTREF J
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Flowchart only indicative, revised flowchart available




