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Abstract : Pressure ripple, vibration and noise level are measured in each parts of the power steering system.
MD(Mahalanobis Distance) is calculated by using MTS(Mahalanobis Taguchi System) with measured data, and noise
sensitive components are selected. The components applied detail design parameters are made and data is measured.
After that MD is calculated also. Mean value and SN ratio can be obtained from the MD. Effective noise reduction
technique and dominant design parameters in hydraulic power steering system are introduced.
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Fig. 1 Hydraulic power steering system
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Table 1 Test mode for noise analysis
Steering Drive Air con.
conditions range On Off
. N 0 o)
No steering
D O @]
Steering N (@] @]
N O O
Relief
D O O
Sweep N (@]




Table 2 Sensing positions for power steering system

Measuring parts No.
) Front driver seat @
Noise —
Pump @
Pump outlet @
Press. hose 1st Mtg Brkt @
Press. hose 2nd Mtg Brkt 6)
Vibration | Gear box inlet ©®
Pump Mig @
Suction hose (Reservoir)
Reservoir bracket ©)
Pump outlet W)
Gear box inlet @
Pressure
G/Box outlet ®
Suction hose B
(@D Noise
@ Press.GX Vib.
@ Noise
\
®® Vib.
OB Press.@ Vib. -

@ Vib. 1
Fig. 2 Measuring positions of steering system
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3) Relief Drive range N/D, A/C ON/OFF

4) Sweep Drive range N

FEF REo A9, 28U S HF oA 5
7] 90deg/s 9] £ 52 FEVE slo] A AL

_,] 2] E/oleﬂ o A=

1
}M.L Relief Z#A Alo=
25} 10~20deg Aol &

_eriim‘;é

vl ”Eﬂ X]‘la &7 W A &5t e, Sweep
B9l A9 A5 dAAzAE A7 T3 A
e el Al 2F2,000rpm7}A] 22 A A A EHE 0]
27} H b HE Aol A AlEstin)

3. Z10jcixjol st MAIHSTL} AS2H

o) 5] 32 gl vhed s 2} 300) & Table 2]

2o s 2t el A%, A% 2 dHHES
Z43sto] MTSHH & o|-&3le] MDE AAksta
g 7=y Euha AdkE RE gide R
sto] AA W5 MA S Table 49 o] 25 2
g4 wAste 42y 23R FES Az
th ohA] ghell A Aafgh A REEE o, AE
-

N #H}(Signal to
L B kel

f
qO
L!
P
it
Al
2
03:
"T" (/.1

o o
ok

A REL A4

%2 Sweep, €] Range - N, o
9} N, A/C On/Off 525 == uﬁaa 74]%6]—1
MTS 518 © & MDE A4tste] A 32 Table 3] 1}
R o] 7] 4] ZF R MD 7} 3Rt} £ gho] B

Eﬂo] %q’i 7}'24 0}‘_1_ = = ’77H O]}\l—_% ‘_‘6}.6_]_1.__

Table 3 Dominant components(Obtained by MTS)

No. | REM L‘l’gfk“’ L‘fgi‘k“’ ReliefD/ [Relief /|
SWESP |\ IAC off | IN/AC on| AC O | AC D
@ | 041 | 451 518 | -0.04 | 348 | 3
@33 | 193 | 020 | 240 | 175 | 1
@ 017 | 0ol | 130 | 155 | 092 | 0
® | 260 | 158 114 | 012 | 081 | 0
© | 184 | 068 | o171 | 2020 | 642 |1
@ | 996 | 752 | s82 | 386 | 382 | 5
® | -021 | 277 | o080 | 300 | 3.1 | 2
@ | 034 | 005 | -L15 | 160 | -076 | 0
| 034 | 016 | 251 | 314 | 178 | 1
@ 359 | 033 | 335 | 218 | -040 | 2
@ 271 | 224 | 312 | 305 | 3.03 |3
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Table 4 Design parameters
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Design parameters

Sample

Gear box out port dia. (mm)

@5

7

Press. hose spiral cable

Press. hose MTG hardness (Hs)

60/70

50/50

Suction hose dia. (mm)

®17

D14

Suction hose length (mm)

240

330

Suction hose hardness (Hs)

15175

60/80

Pump suction port angle

52

A7

Reservoir MTG hardness (Hs)

75

65

Reservoir displacement (cc)

468

683

Return hose orifice

-

E

Rl=|—=ImlQ|mmgla|w|>

Press. cap

Table 5 MD results for the parts of table 3

No

RPM
Sweep

Steering/

N/AC off

Steering/
N/AC on

Relief/D/
AC off

Relief/D/
ACon

N1

N2

N1

N2

N1

N2

N1

N2

N1 | N2

R1

1.09

1.38

4.75

5.38

225

2.67

2.43

2.92|1.66|2.85

R2

1.67

1.26

3.26

3.80

1.99

2.24

2.40

2.10(1.56|2.39

R3

1.38

1.55

4.37

4.27

2.52

2.86

3.75

4.644.94|4.57

R4

2.20

2.50

432

4.95

3.09

3.95

5.69

4.88|5.47|5.68

RS

3.24

3.55

3.92

4.00

2.20

2.71

4.08

4.31/2.6614.46

R6

2.60

1.65

4.72

3.81

2.66

2.56

3.58

3.2412.65|3.50

R7

1.09

1.39

4.49

2.98

2.78

237

2.82

3.60)2.55|4.19

R8

1.50

1.03

2.84

2.69

2.00

238

2.89

3.9812.9613.92

R9

1.53

1.40

3.03

3.28

2.55

2.98

2.66

3.16]2.64|4.20

R10

3.75

5.66

9.15

8.34

4.84

9.01

5.33

9.5216.666.01

R11

228

3.39

5.33

5.32

4.63

4.16

5.67

5.0016.74|7.28

R12

1.58

1.85

6.80

6.96

4.16

4.66

431

4.85{4.76|6.59

Fig. 3 MD for normal and abnormal data(Relief/D/AC On)
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Experimental Study on the Hydraulic
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Table 6 Dominant design parameters for test modes

Power Steering System Noise
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Fig. 4 SN ratio for each driving mode
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Fig. 5 SN ratio for overall 5 mode mixed sweep condition
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