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Study of TPA for cascading NVH target of electric parking brake
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ABSTRACT

Transfer Path Analysis (TPA) is commonly used, by car makers and parts suppliers, analysis
process to root the cause of NVH problems. In general, TPA is an analyzing technique to find the
contributing factors of noise/vibration problems, and their transfer path in vehicle. However, not
only TPA is used to analyze the source of NVH problems but also is used to predict NVH
performance prior to the proto vehicle, or to set the development target for next new vehicle.
Automotive parts manufacturing companies have to set NVH performance target when developing
new systems just as car makers have NVH target set for new vehicle. Nevertheless, most of
components are currently being developed based on subjective evaluation without an objective
target. To judge the suitability of using TPA to set NVH target of electric parking brake, this
research analyzed the transfer path by setting them in two points of view; Chassis Module and
Electric Parking Brake, and comparing the measured value and calculated value. From this result,
NVH target of electric parking brake will be approached in level of vehicle, system and component.

.M &

N
ri
)

W AR @93k dAET ol o
3% A= NVN Ao ok ¢ol 54 uhy
o7 A2 (Transfer Path Analysis, ©]s}
TPA)S ol AR&stal t}. d¥hd o= TPAE
Ao A BASE Ae/RE A 48 AL H
29 F8 7o9AAE 2] HEA AR E A=
A 7Y F shdelal, 2 NVH 9l #48 $
A AR 2y TPAE 91 48 oy
2} A ZAP7E wEejA7] A dAlelA] NVH 55
A&t AY AlakE THE7] 918 NVH A 5318
A w= ARS-S)

Z -

T AR ; A3]9, 2 Global R&D NVH &
E-mail : hb.jung@halla.com
Tel : 031-680-6618 , Fax : 031-680-5481
x A2} ¥ Global R&D NVH €

AL QAN NS LT W NVH 45 5
EE AAse] AR AAsEel LEAANAE
REG AN o Aol A 2] hF NVH 45
588 4gsa Awsie ol Beskt. 1o
A4 we PESS MY W TxAY

dim
oX,

d
o
fd

71 A =-S-(Air-borne Noise &
AR H3x AA glo] AR H7E SR AlS
< Jdsta 9

2 Ao Ay AAY AP FA} Bglo]
A(Electric Parking Brake, ©]3} EPB)¢] NVH 7§
W 5 E AAS] Y o s TPA AFgo] A
eebA]  waslr] flstel ARA] EE(Chassis
Module) #7383} EPB #HHoA AGAHZE HA3}
o SAI ArpkE vlusta ZF 9ol disiA
AGAZE B89

olgfgt A& vigo=w &% 3
AE oS MY BEE A, A2 9o
Hol| ] A A g o]t}

U

51 o

=

(Structure-borne Noise) 545 AHsHA] &L &
7

3T

™

-94-



e FEe] AAE) Be RE|A o] FojxH
A F3 BEela Ed Aoz nielzta 9l

= fn“"ﬂ"]‘:}. AzLA F=2 B o] A(EPB)E 2A
AolE E2{&(Cable Puller type)d} ]y dAE

(Motor on Caliper type)o.2 ¥FHt} Fate]
EPBE Fig.13} o] BE-714:7] °“%r°ﬂ°lE17} H
dola Ay A AdAH BE ZFA 7
7)o o3 Ay I xFo] HeolZ FHEE
Yol ZFste WA ol &go] FASA

o,

Fig.1 Motor on caliper type EPB

Al A EPB 254 AddA E28v &5
& A(1)3} o] BPB 2% AFo] A% A o]
A2 #AKRadiation) ¥ & TE2AE23 EPBeA
WAL Ago]l AR FHEo Sojoe 7MY
o ofFojXit},

A Azlldoe]l A8H A

a]iﬂfﬂ EPBY #AE4eS
I AL 2RSS 39k Fig.29 Fig.39l
A3 o] EPB 25 9 A Al Ao &
g oA F7IAEEe] AAsHE
%} 3%= TEAGE Hlske] WA
o} &, AFe] Fabs 543 EPBY
of webAd FVIHEEH FRAYS
H&2 254 GEA A g5 EPB 2
2 ZFo] AA=R X*‘;LQ‘H A2 gALE =
% ﬂ«ﬂ ‘”iﬂfﬂ

|\t o&i

>~

q

> o o 2 (L
o
.
ra
;9 o

=
-z
o
&l
_v;
ﬂl::,

Apply

Pa
dB({A)

IZDdB
- Total Interior Noise

oy — bz

Hz

Release

*

™
W fal o \h',-'.j\. B

Y S A ot

Pa
dB(A)

iZDdB
- Total Interior Noise

bbb

Fig.2 EPB noise at rear seat on apply and release

- e

I structure-Borne Noise
B Air-Borne Noise

Fig.3 Contribution of structure-borne and air-borne noise
at rear seat on apply and release

2.2 TPA &8 7l

TPAE 43¢ Adgozry 549 A4 A
9t 428 BAse gdd 488 Jgos
Aol AugzaA T8 AN ARISE §
Hoto] Aulaee FFaHs Puolth. TPA Aol
Aoer ANeaA ot AsEe] 28 A @
Aol ols) Hw, 44 AA 44 aeln Aw
=g BN 24H

Qo AUAFE ADF ol TEALS
3 BARLY FoR FASEY olAS th

wds Q)9 2,



Tohs el wet o2 T TPAR b
o Ao x}A] 7R EE 2 Al v

(R T s
=70 ofgy] Wio] F= WA WS

oo oo Y wo (o Xl W 1o rlo
g
2
i)
oM.
fu

& o o

v 9 gEe 4 d9qzdAe A
AEEE olgale] S FHT

(21 3)

Fl All R Aln a'l
; R {= (4] 4)

an

A AdA Rl A Add4=(Accelerance) 3E
a-

A9 M4 W

& drelde 4 dedRdAe] dddrE 9
AE HrER ZM 7gon EPB 2% 2 4
Al AlaEa A9 R THEES g Ao
Astel TPA w41l ARE-8hgiTh.

ut

=

i\

23 HE B2 473

=
AAste] wAstlth o] Aol EPB A% A

of oigk ¢l A 2 7} HAFA VA% 4
o] 7bsstal A= &
ab7] wiitel F= At GAA AFEgt §HX
Tk o] F$-+ EPB Wl digh /i HxE A4
a}7] o]t}

upeba, B Ao A= Fig.59 2ol gy dA|
& EPB7} UZ(knuckle)o] ¢14¥+= 33} Beo
3 Y23aE AL Z(TPA Case2)® A3 o] &
A3k}, 18]ar TPA Casel®} TPA Case29] ¥
A Az vluskgith

T

Fig.5 TPA Case2: Transfer path based on MoC type EPB

2.4 TPA Z3t

(1) TPA Casel Az}

Fig.6 & ARA] ZEo] Ao Ads= 48 A
AR AAste EPB ZsAle dAlAl A3k
TPA®] &3 Al4tgks wlagh 2xjoltt,

50Hz °]8} it M= FotatA At s 45
UAGE A o2 473 RS HolFh 5
3] 7]o] wrE®l F3(Gear Meshing Frequency)
oAE Z It} o] AXZHEH EPB AEihe

Ml

-06-



Apply

Pa
dB(A)

— = = Calculation (by TPA)

.

Hz

|
Z000 2500

Release

Pa
] dB(A)

— Measurement

= = = . Calculation (by TPA)
R T e
z

Fig.G TPA Casel: Comparison between measurement and
calculation on applying and releasing EPB

Release

Fig.7 TPA Casel: Contribution of EPB noise
on applying and releasing EPB

Fig.72 AR REO] Ao AdEE dAdd =
=S E4% agzelth. EPB 2 A=
Pathl, 4] Al Pathde] 7]oj%7} =k 9
< @ (Overall Leve)S 7|F02 7]ojx B8
A7) wEel B Fkas Sl whebd 7ol =rb
wet A 4 itk Path5: EPB 2% 2 a4 A
71qe7 A A2 ARE FA A

(2) TPA Case2 A3}

Fig.8& EPB7} UZe] dd¥+= 323 Hol4
Hx3g dAed22 AAste EPB ZaAls slA
Al ZA%3 TPAo 28k AXgEe wadh Ao
AnkA o2 TPA Casel Bt} ZHA Aol )
OL} g dAshHE AE d F da IR A
= TPA Casel Bt} =Azky 2 dx]st= AL
ol o] Ay EPB7F UZel A4y« 325 A
S22 AAste] TPA wAAE 437} l&
ghol 2 Ax)sjr], EPB NVH 53 7Huu1 EES

o

p:

Measurement
— — — . Calculation (by TPA)

s T e

|
Z000 2500

Release

Pa
dB(A)

1 B i 14 g "
¥ :
1 y ' . ;
Izods i b
— Measurement N
= = = . Calculation (by TPA)

b b

Fig.8 TPA Case2: Comparison between measurement and
calculation on applying and releasing EPB

Fig.9& EPB7} 4HZd| 4 L 33 Byo|g
txg AYARe] o= % B8 g zolu)

-97-



EPB 2% 2 &)#lA] Path @¢] 7]ojx7} a9,
A B} ZEA) Path ©9] 719 %7} Z7}ebe=

[e) 2=
S g 53

SO

Release

Fig.9 TPA Case2: Contribution of EPB noise
on applying and releasing EPB

3. 2 E

2 dAgellM e Ay AP EPB s aaol
A 27HA AGARE dAste] dYAR T4
aFQith. o|25-E EPB7F YEd dAZds= 33
dola faag AYARE 4PN 4 24
3 Aol WA 2 AAekE AE o+ F 9l
1, EPB NVH E3x 7jdA] U&ES 7|02
TPA o] ARaiTh: 28 SIat,

olg]3t A¥E nlgo® EPB7F A& HE UE
5(101]}‘1-4 ;_(]—E 7(]5 o]aﬂxJ 7]—}\4 n] O FE7)1= 0

S AF THE 2 AREE BEE dolE o
olxE THdte] 7Yy dAIE EPB NVH 7ol
o]-&& ofolrt. EJ FF Aol EPB7F A2
= UM s dedt @ e g
S d7stol EPB wEelM s Sxas HEd
01113015}.

ro ¥ Y (T oo &

faliae

it}

b3

HO
ra

(1) Park, D. C., Hong, S. K. and Jo, K. C., 2012,
Sound Quality Improvement of Electric Parking Brake,
Proceedings of the KSNVE Annual Spring Conference,
pp. 461~466.

(2) Cha, H. B. and Yoon, S. H., 2007, Sensitivity
Analysis using TPA for Slosh Noise of Fuel Tank,
Proceedings of the KSNVE Annual Spring Conference,
pp. 766~770.

(3) Kim, Y. H., Kim, K. S., Kim, J. M., Kang, Y. J.,
Kim, C. M., Lee, J. W,, Kim, U. J. and Hong, S. K.,
2009, Estimation of Sound Pressure Level in a Car
Interior through the Control of Local Stiffness, KSAE
Annual Conference, pp.1051~1056.

98-





