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ABSTRACT

This paper presents an NVH test of Automotive power steering system performed at a half-car
Test-rig . The test was done for neutral and full turn(or relief) conditions in steering wheel at a
fixed rpm first, then followed by the same conditions for the rpm run-up. The sound intensity
measurement verified the results from the frequency and order analysis, especially about the
identification of major noise sources and their dominant frequencies. The results from this study
can be utilized in the system noise tuning when a new steering component is installed. In
particular, the noise and vibration reduction at the relief condition will be accomplished through
the knowledge obtained from this study and from the on-going research on the hose tuning
techniques using silencers and tuning cable inserted in the pressure hose.
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Fig. 1 Test rig for the power steering NVH test
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Fig. 2 Test set-up for the nvh measurement
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Fig. 3 Noise frequency spectra of neutral and relief condition at 720 rpm
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Fig. 4 Noise and vibration frequency spectra
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Fig. 5 Vibration frequency spectra to three locations of pump_ out hose
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Fig. 6 Vibration averaged summed order of relief condition

mmiME & 9L XA Zddes AE JE
o,

AHdAd HE A ZFFe] B £FY AFHG
t A% Jed Fu4 5 595 HzolA HW A7}
H3, E oy &&e°] 7tF & Hart HAvE o
tls HEZ2EE BAE Aol FE FUILA
(air-borne) 22 YEI7] o2 Addd, EE
s 2o FAGA g AFoE wWAE
ALE BZAYSFE Qo 238y o AFLE I3
24 WA= e Amo]ld FH(spiral tube) 9

PaAe s WEo] FH3] Az st o
£ Fig. 591 & yely e 33 J&Fo] Zg¢E A
o ¢ REF FH RE YL F FEOA %A
ARHEAE BHAET Sold AL AUz 2: FT
HEolx 9 zAFo] 505 Hzoll A 7A7] S/t & &

geit.
o] RE FFUUAIE FSAHA] HZe A F4
F-ahp ol A 9) _’1:%94 -’r‘—.& o7 vehyA "o
A o} & BIAME F2 73 (peak)
F ool A 310}7‘]“ 1JS§L € Jerliz
Fig. 62 Hx9 JA+E FAs= ©ehF(tacho)

ANE o]&3o 700 rpml 2 HE 2100 rpm7HAE
Y (run-up) AFHEWY AFEHE & 2948 Y
gt AA rpme BIFFAANA 2L M &
NN E & 2AFE 2 HARLE UERon AFd
A 2AAEY] VxR & X IUYIAE YEh
4714 & =& mmo] EE AA LI B 2
AR AF as IF F¥°] AFE €5 A

AT ez BF FAAG ol AL, 4A
AN FE FFHE FAYCNEE =¥ F AL
g v pmd] W T Ao SAHAHoZ
A2 Fdol g AR sk, welx kA Fig. 49
A B A ol 8 AlA"EE 720 rpmolA Fug
£4E A& oW &9 23, 3z AEY JIAHxst
A Ugd Aol Fig. 72 4259 HEHE &
(waterfall plot) 224 3AFo] W& W3 Fog
a8 AgHde FAE Z e Qo o)
A e Yebd Me| Al 10, 202 Z
7} 17, 22k E YERA O

22149 & rpmollA AFo] A8 AA e
e B0 & Jveht 3, 53 AE2 2¥E mpm
AT AFol & 5SS veri gt

BREZTUSSHER/A 9 B A 4 F, 19994/ 765



Amplitude

o C

N &

2100
1900

1800
L 1700

700

1600
1500
1400
1300
1200
1100
1000
900

700

rpm

Measured

800 900 1000

Fig. 7 Noise waterfall plot of relief at rpm run-up

0 .100 200 300 400 500 y, 600
4. 28 CIEIAIE] AlE
4.1 AIENR |
$% AWNEY ZBWS FAY 2P woaz
2 2 e PAEE 299 9y

A B8 FATE AOE AFAS EoblA L
Hoz £89¢ Fehhtd Wol AHgHE 7Eolth
AQe fis WL AZFNE $4 $F AN

A7) phase calibrator), ©lolZ2E, vleo|la £ A
33 (2 AEL), AL W4 AR Solut
SFAUAIE] 9 FAH2 Foge EME F3

uie} Zho] YT A &g Hd HIAV o
%ﬂ?ﬂﬂ(@ﬂﬁ“7mnmﬂﬁ5%Hﬂ
F AS9E Foluy HEol IYIAV AFHL
2 %A @l‘%s: A Yot BHIL o)

A71M ALEE Wl AAE 7EE7F 40 cm, AE
7} 60 cmol® ¥ w49 AVle 7HE, ME7 2]
5 cm& 5o Hol ol 1000 Hz7hA & 4 #
ez ARed 174 FFRG FE AlejRolER
AAF Aoz IHadd FARE FEH HxrA 9
Adls o 15 cm AE2 9o, ol e
du] Algdzz 43 gArk Fig. 82 FYAA
g AP AgE A ZERUANZFHY

766/322SMESEEX/A 9 A A 4 &, 1999

= A0 o

, '3 718 A 7} (magnitude calibrator), 914

' Hl-/lg%]_ 7] 2.9

Fig. 8 Sound intensity measurement lay-out

lay-out-& “eEpdch

42 Agd

I ZA, 720 rpmol A 9] FF JARAIE A FH 9
Az} ¢4 Fig. 9% 7ol 'A-$i°1 ¥ (A-weighting) 9]
1712 SElE AN 2ERY 2HEY ol 7}
& & F9%4 WZ(band)7t 594 HzE YEbstth o]
£ olge] 7} AWAE o EuE AL yE
Jdoh, =3 Fig. 1001 594 Hzoll e Q&AE 2
2} (insensity color map)& WENMZ =W, 19
A 7bg AuIAE] #Hde] & FES FAAA
7+ o} 9] %1 REEQdols Hx g RE A
air-borne noise) &} WAtel s e}



24 % &9

ASR 2% 4% ALY FAs

éB (A}

pa2

600 700 800 900 1000

Hz
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