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Test vehicle Vehicle-04 (HEV, 7AT) Vehicle-05 (HEV, CVT) Vehicle-06 (ICE, 7CVT)
Category M1 M1 M1
Power unit ICE (3498 cc) + Motor ICE (1797 cc) + Motor ICE (1496 cc)
Spec. Max. power | 225 kW /6800 rpm + 50 kW | 73 kW /5200 rpm + 60 kW 80 kW /6000 rpm
mro 1925 kg 1485 kg 1295 kg
PMR 142.9 89.6 61.8
Tyre size 225/55RF17 195/65R15 195/65R15

R51-03 Annex 3

4th (Locked)
D-range (Non-locked)

D-range (Non-locked)

3rd (Locked)
D-range (Non-locked)

Conditions | Gear |V, km/h n, rpm a, m/s? |V, km/h n, rpm a, m/s?2 |V, km/h n, rpm a, m/s?
1st | 10-60 | 1000-6000 | 1.7-5.5 6-57 | 800-5800 | 0.4-2.6
2nd | 22-90 | 1300-6000 | 0.3-4.0 15-69 | 1400-5400 | 0.7-2.1

Vehicle 3rd | 32-117 | 1300-5000 | 0.4-3.3 22-89 | 1400-5400 | 0.7-1.5

running | 4th [ 43-120 | 1300-3400 | 0.3-2.4 26-109 | 1400-5400 | 0.5-1.2

(Wot, 5th | 60-119 | 1300-2500 | 0.6-1.7 34-120 | 1400-4700 | 0.4-0.9
Partial, | 6th | 73-120 | 1300-2200 | 0.9-1.3 42-120 | 1400-3800 | 0.2-0.6
Crs) 7th | 73-118 | 1200-1900 | 0.7-1.1 50-120 | 1300-3100 | 0.1-0.4
D* |20-121 | 1100-6100 | 0.5-3.8 | 22-120 | 900-4500 | 0.1-3.1 | 6-120 | 800-4300 | 0.1-2.6
D** | 20-117 | 0-6000 | 0.2-3.6 | 20-90 0-3700 | 0.5-2.7
Tyrerolling | N [ 29-117 33-116 30-119
Power train | N No data No data 900-5000

* Engine is "on" between AA' and BB' (wot, partial, crs)

** Engine is "off" at AA" and "on (re-start)" before BB' (wot, partial)




SO u n d M O d eI m E{aa:tr!:ilnif::ulizatlun

@ Tyre Rolling Sound Model, L;g
Lrr = Sloperg * l0g( Vigst / 90 ) + Lrerr

f— 0
Lreptr = X % Of Legs rep

@ Power Train Base Mechanic Sound Model (No Load), Lty

— *
Lerne = Slopepr e ™ 109(( Niest + Ngnirt ) / (Ncrs rep + Nenitt ) + LrerpT L

Lrerprae = (100 - X %) of Legrs rep

@ Dynamic Model, Ly
Lovn = Slopepynne * 109(( Nigst + Nepirt ) / (Nwotrep * Nshirt )) + Lreroynne + Alpyy

Lrerovnne = Lrerprae - 19

AI—DYN = [ I-VVOT,REP@ LTR(VWOT,REP)@LPT,NL(nWOT,REP) ] - I—REF,DYN,NL
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Ltr = Slopeg * l0g(Viest / 90) + Lrer 1r
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(Results of vehicle-01, -02, -03

Tyre model Ltr can fit in several cars. were reported at #5 IWG)
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2-2 Power Train Base Mechanic Sound Model (No Load), Lty
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Lot e = Slopept ni ™ 10g((Niest + Nghirt) / (Ncrs rep + Nshitt)) + Lrer L

. Vehicle-01 2 Vehicle-02
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(Results of vehicle-01, -02, -03

Mechanical model L can fit in several cars.
PT.NL were reported at #5 IWG)
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@ Tyre Rolling Sound Model, L5

Ltr = Sloperg * log( Vigst / 90 ) + Lrer1r

Lrertr = X % Of Legs rep

@ Power Train Base Mechanic Sound Model (No Load), Lpty,.

i *
Lo = Slopepr e * 109(( Niest + Ngnist ) / (Nors rep + Nhitt ) + Lrerprl

Lrepprne = (100 - X %) of Lers rep

Lrertr @Nd Lrerprne depends on X% of Legs rep

How influence is X% on sound model?
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Lrertr @Nd Lrerpra are determined by X%, tyre noise contribution of Logg rep-

X 9% for test vehicles

% Of Lers rep
Annex 3 ’
X % 100 - X %
Vehicle PMR Power Train
Gear Tyre Rolling (No Load)
I—REF,TR L
REF,PT,NL
4th (i) > 99 <1
-04 142.9
D > 99 < 1
-05 89.6 D > 99 <1
3rd (i) 65 35
-06 61.8
D > 99 < 1

X% are different depending on the vehicle.



Compared with L, and L, (Veh.04 Locked gear)

Vehicle-04, Locked, 1st-4th, X=99 %

© A3 wot(G4)

¢ A3_crs(G4)

© Ltest_wot O Ltest_partial & Ltest_crs
= |exp_wot = Lexp_partial = Lexp_crs
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© A3_wot(G4)
© Ltest_wot
= | exp_wot
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¢ A3_crs(G4)
& Ltest_crs
= Lexp_crs
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Compared with L and L, (Veh.04 Locked gear) [m_I-J:[H §=~‘§"“||

Vehicle-04, Locked, 5th-7th, X=99 %

© A3_wot(G4) ¢ A3_crs(G4) © A3_wot(G4) ¢ A3_crs(G4)
O Ltest_wot 0O Ltest_partial < Ltest_crs © Ltest_wot O Ltest_partial & Ltest_crs
= | exp_wot = Lexp_partial = Lexp_crs = |exp_wot = Lexp_partial = Lexp_crs
~~~~~~~~~ Nmax ASEP = Nmax ASEP
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Compared with L, and L, (Veh.06 Locked gear)

Vehicle-06, Locked, 1st-4th, X=65 %

SPL,dB(A)

SPL,dB(A)

O A3_wot(G3)
© Ltest_wot

O Ltest_partial

¢ A3_crs(G3)
& Ltest_crs

= | exp_wot = Lexp_partial = Lexp_crs
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¢ A3_crs(G3)
& Ltest_crs

= | exp_wot = Lexp_partial = Lexp_crs
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Compared with L, and L, (Veh.06 Locked gear)

Vehicle-06, Locked, 5th-7th, X=65 %

SPL,dB(A)

SPL,dB(A)

@ Ltest_wot O Ltest_partial & Ltest_crs
= |exp_wot = Lexp_partial = Lexp_crs
~~~~~~~~~ Nmax ASEP
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¢ A3_crs(G3)
& Ltest_crs
= Lexp_crs
--------- Nmax ASEP

© A3_wot(G3)
© Ltest_wot
= | exp_wot

O Ltest_partial
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If X is used by measured value,
expected sound level L, by
sound model corresponds to
measured vehicle sound level L

on any gear.
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Compared with L, and L, (Non-locked gear) Standards
Center
Vehicle-04, Non-locked, D-range, X=99% Vehicle-05, Non-locked, D-range, X=99%
© A3_wot(D) ¢ A3_crs(D)
© A3_wot(D) ¢ A3_crs(D) © Ltest_wot O Ltest_partial & Ltest_crs
© Ltest_wot O Ltest_partial & Ltest_crs = |exp_wot = Lexp_partial = Lexp_crs
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Compared with L, and L, (Fixed X=90%) S o

Center

If fixed X=90% is used, how does the model work?

In case of measured X<90%:;

Vehicle-06 Locked 2nd Vehicle-06 Locked 5th
110 ; : ; . 110 ‘ . ‘

100 | | | ---------------- 100 |- ‘ ' e

X=90 % 1 | 1 X=90 % ‘ | |
90 [ ‘ s o N S 90 [ ‘ B e e
e I S SN S S W D— o I S I SR S

g mes S = '
A U oeeeT A e L
60 [ o] S i S B0 [ e - 2 S S S S —

s ; | ! = s ! : j ! '
50 [ e foroneneeeenaed e 5O [ e s S A S

40 ‘ ‘ : : : 40 ‘ : :

0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000

Engine Speed n,rpm Engine Speed n,rpm

In case of lower X and engine speed of L-rg is middle of the range, calculation
error of the sound model is small. Therefore, fixed 90% can be used for

simplification.
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Compared with L, and L, (Fixed X=90%) S o
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In case of measured X>90%:;

Vehicle-04 © A3_wot(D) © A3_crs(D)
© Ltest_wot O Ltest_partial & Ltest_crs
D range = Lexp_wot = Lexp_partial = Lexp_ors Vehicle-05 Non-locked D-range
~~~~~~~~~ Nmax ASEP g
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2-4 Dynamic model Lpyy

Lovn = Lwor © Lers No data with same running conditions in Lyyor and Lqgs.
Lovn = Lwot@ (Lir ® Lprn)  Difference between Lyor and Legs is small for Veh. No.1 to 6.
/ Y the analysis of Ly, another car was used (PMR=157).
1) Lir 2) Lprae (3) Lovn
100 Lorne = Lers@Lrr Lovn = Lwor@(Lir @ Lpra)
¢ LTR
90 | s 100 100
----- LTR log(V) B LCRS ¢ Lwot
L 90 [ -==-" LTRIog(V) e 90 | ----- LTRIog(V) -------=--===c=-==-
< e A LPTNL —LPTAL o 0
@ 70 oo & 80 | ——LPTNLIog(n+5000) o= "] 80
ko) o
_r > 4 -
BO [T 70 fro R SRR e 70
1 e 60 |- M 60
40 ' ' ' ' BO oo BO |
0 20 40 60 80 100
V, km/h 40 I L I I I I 40 L L L 1 L L
' . ' ' : : : | 0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
n,rpm n, rpm

0 1000 2000 3000 4000 5000 6000 7000
n,rpm (2nd)
16
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2-4 Dynamic model Lpyy

(4) Comparison of Lpyy and Lpyy e

DYN_exp

*X% was verified as 79% and additionally used as 90%.

“Lpyn Obtained in (3) and Lpyy ¢, are almost same

-Dynamic model also fits.

100

OLDYN
[~ =LDYN_exp

n,rpm
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100
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[~ =LDYN_ exp ~ _m=m ]
a0
. -
e
X=90 %
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n,rpm
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Summary of Sound model [m_[[ﬂ

All of tyre, mechanical, and dynamic model work well.

Tyre model : already have enough data
Mechanical model: Default value works in our investigation

Dynamic model: Although one car at the moment, the model works.

Tyre noise contribution on Lers , X%, may be considered fixed value 90%.

In case of lower than X=90, calculation error of the sound model is small.

Therefore, fixed 90% can be used for simplification.
In case of higher than X=90, some difference between L and L,
could be possible. But fixed 90% may be considered because of still

within tolerance of sound slope.
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3. Applying to hybrid vehicles [MH[H
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Confirm the sound model to apply hybrid vehicle with ICE on/off during measurement

SPL,dB(A)

Vehicle-04, Non-locked, Engine off—on

Vehicle-04, Non-locked, Engine on

© Ltest_wot O Ltest_partial <& Ltest_crs © Ltest_wot O Ltest_partial & Ltest_crs
= |exp_wot = Lexp_partial = Lexp_crs = |exp_wot = Lexp_partial = Lexp_crs
~~~~~~~~~ Nmax ASEP == Nmax ASEP
110 ; 3 " 110 ! ‘
100 |- X= 99 % ; ---------------------------- 100 |---- X =: 99 % e ------------------------------------------
o | L o | e S
80 [ 5 . - -\:-ﬁ ””” ”””” : ”””””””””””””” S:? 80 [y ””” ' ””””” T t ””” "' ””””””””””””
o gEE me® N oh e B A
s O | ’ S |
60 [ """"""""""""""""""""""""""""""""""""" 60 [ *********************************************************
ol ol T N N N N N
40 - ' - - - ' 40 - - - - - -
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
Engine Speed n,rpm Engine Speed n,rpm
Ena V, km/h partial a, m/s? n, rpm SPL, dB(A)
ngine
AA | PP | BB |AABB |PPBB| AA | PP | BB | Test | Exp
@) on 401 1421 | 51.5| 163 | 230 | 1024 | 1841 | 2159 | 67.1 68.0
O | off5on | 40.8 | 43.0 | 54.0 | 1.95 | 2.78 - 1916 | 2264 | 68.1 68.9

© A3_wot(D)

¢ A3_crs(D)

© A3_wot(D)

¢ A3_crs(D)

The model can be applied to HEV (Engine off — on)
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3. Applying to hybrid vehicles [MH[H .;“:‘:Hul

Confirm the sound model to apply hybrid vehicle with ICE on/off during measurement

Vehicle-05, Non-locked, Engine on Vehicle-05, Non-locked, Engine off—on
© A3_wot(D) ¢ A3_crs(D) © A3_wot(D) ¢ A3_crs(D)
© Ltest_wot O Ltest_partial <& Ltest_crs © Ltest_wot O Ltest_partial & Ltest_crs
= Lexp_wot = Lexp_partial = Lexp_crs = Lexp_wot = Lexp_partial = Lexp_crs
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Engine Speed n,rpm Engine Speed n,rpm
V, km/h partial a, m/s2 n, rpm SPL, dB(A)

AA | PP | BB |AABB |PPBB| AA | PP | BB | Test | Exp

O on 59.2 | 601 |61.2 | 0.38 | 0.36 | 1050 | 1704 | 1776 | 69.4 | 70.5
O | offoon [ 52.5 | 53.7 | 554 | 0.49 | 0.49 - - 1143 | 67.3 | 68.7

The model can also be applied to HEV (Engine off — on)
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4. Remaining issues [m_I-JIH Standsrds

Internationalization
Center

Applying to EV and Series-HEV is needed consideration.

Tyre rolling noise and mechanical model should be used without change.
Dynamic model is include torque influence of tyre noise and should be modified

Vehicle type Tyre Rolling | Base mechanic

Dynamic

EV v Driven torque influence of tyre noise

Series-HEV v v Driven torque influence of tyre noise

Load impact of ICE

An idea for EV;

@ Dynamic Model, Ly

Loyn = Stepepyy n=4egh o sPona-—Puor rerPenie =+ Lrerpynne T Alpyy

I—REF,DYN,NL = JEEFEE%MIE I—REF,TR - 15

AI—DYN = [ I-\NOT,REPCQ LTR(VWOT,REP)Q‘E%ME%HWQ%P@%B%] - I—REF DYN,NL
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Thank you for your attention.
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