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Optimization for Component Noise Validation Test by Evaluation
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Abstract : Suspension noise from under a passenger car is one of the important factors that impact the perceptual
quality for drivers. However, it is difficult to validate this by component level testing in the early stage of development,
because suspension noise caused by interaction of the related parts has been found at saleable vehicles late during
development or at the manufacturing stage, when many customers have already filed for claims. This study proposed a
validation testing under research by the DFSS process that enables reproduction of vehicle level noise by component
level testing using a shock absorber with the related parts, such as urethane bumper and top mount. This study also
developed a compromised test matrix while analyzing the noise factors through experimental design and analysis of
variance to determine what factors can affect noise. Based on this study, we expect that the vehicle level and customer
claim can be validated during initial development timing by a more reliable component noise validation test.

Key words : Suspension noise( & 7} %] 4), Urethane bumper(-$-2| €F 3), Control factor(#] ] Q1 A}), Design of
experiments( & 7] & H), Orthogonal array test matrix(2] 1Ll & 3%)
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Table 1 Control factors

Table 2 L;s Orthogonal array test matrix

Control factors Level I | Level 2 | Level 3 | Level 4 No| A| B | C|D| E| F |Temp| Velocity | Worn | Stroke | Tilting | Oil
A |Temperature (°C)| -2.5 5 RT 50 Lyttt ]y 1f-25| 06 |[New| A X | X
B Velocity (Hz) 0.6 1.3 2 - 2012121212 2]-25]13]0.1 B O |0
C Worn (%) New 10 % 50 % - 301313133 3]-25 2 05| A X |0
D Stroke (mm) A B - - 41211 212]3|-5]|06 [New| B O |0
E Rod tilting No Yes - - 51212121331 -5|13]01| A X | X
F Shock oil No Yes - - 612331125 2 105] A X |0
73| 1(2[1]|3|2[RT|] 06 [01] A X |0
Zd Z2AS vkodsle] 2o} AUg=E A 24 813|2[3]2|1|3|RT|13]05]| B X | X
- - 91313 |1[3]|2|1[RT| 2 |[New| A O 1|0
shael71Ee A4 ?Zj% ekt 100 4] 1[3(3[22(150]06 (05| A 0O | X
R 7)Ee) g S R el AR ES o8 mlal2[1]1]3][3]s50] 13 |New| & | X |O
TS AU AN T 25 A 25 F a2l 2[1]1]so] 2 Joa] B | x |0
2} 9] Blol o] B & S0] BAH L BY517] 5] A Bl 2]1]23|1]3]-5[06]01| A | X |O
qEE7Ee] vhe)] gk AS WA A dEE 5 S 14/2)2)3]1]2)1}5]13)05] A ] 010
A et A48k 15 7157l (Accelerometer) 5 © Blaj3|1j2]3]2)5| 2 [New B | X | X
g—‘l ‘E;i‘j;; }i"‘i% &}z, I];PE]((Integrated Elec)troni(]: o o2 o R 00 1951 B L X O
= ’ 170312 1(3|1|2[|RT| 1.3 [New| A O 1|0
Piezo Electric)E}] 7} 271 Fig. 19 oA = A 1813131211120 3lrT! 2 o1l A | x |x
A3 2= i=(Rod End)¥, "}+E Z{(Mount Cup)
B a3 ~EgFo] 2 F(Strike Cap)i-, 33200 =) Table 3 Test result summary (unit : m/s’)
sho], LMSAF &5-3lE 54 71] 2 LMS Test Lab. . Type M Type R
Software = o] 8-30] 7F& % 7H-S =4 .5,]_92111_.10) Rod Cup Cap Rod Cup Cap
Define G704 1= 2} eko] A& $7 3} A% 24 BRSO
%)= Alo] @1 A (Control Factors) &2 & & %(Velo- 4 0.8 0.5 1.0 11.0 1.1 1.7
city : Hz), ©]% 7] 2](Stroke : mm), == 3 3 w3 5| 23 1.0 17 | 136 | 23 33
720 7§(R0d Tilting) B o] xpak el =AY 6 2.0 0.9 44 23.2 8.6 15.9
A EeTemperature )% 4 29 AE L s
& mE A W A o] (Shock oil) 5] -5 AR 9 | 302 | 54 | 121 | 462 | 42 | 88
| &4 =3, 28jaL, 71 9] FEo] AR AR 10 | 55 19 | 32 | 662 | 43 | 114
W7 vE 2 A E o F(New and Worn : %)°l| W& 1| 28 L7 28 | 242 | 27 4.0
27 5om AEse] Yelstdleh ol Azt sz [ 12] 23 [05 [ 19 Jwea ] 59 [ 1e
Ao Q1A Fiahe] Table 10 Belahed peh) e Ao
o111 i—% Tﬂé—/lgoﬂ et U] j]‘—i Aoz E‘L]—E]—E]‘:: 14 19.1 2.8 5.0 42.6 7.5 28.9
» AT el 15 1.3 0.9 1.3 16.3 2.9 2.0
67121 AleIA 2L, F 457 170, 355 270, 255 370 16 | 11 04 | 20 | 55 10 | 22
E AEst 3 FH4ske] A 3lSE FHshe] <A} 17 | 249 6.4 8.5 51.2 1.9 7.0
= yixs ¢ 9= L An AT E o] 830 18 5.1 1.4 3.1 25.4 3.5 6.5
Table 22} Zo] YERA AT
Ae EgI Mo, 2 S AFH L B
22 Zo} U 2o RZ %7134 Lis A 1 & T Al A <}
B A F | A A HHe g o) el T ZAOR AANTE Aol A dojl 7F 230l A €]
A = UEelar, Zhzke] RS neE 7 mAgt 7HEI 2 315k A 2] 5ke] Table 397} o] YERH AT
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Main Effects Plot for result(C)
Data Means
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(a) ANOVA result for control factors

Source DF Seq SS Adj SS Adj MS E B
Temp. 3 1314 131.4 43.8 0.26 0.855
Velocity 2 225.6 2983 149.1 0.88 0.423
Worn 2 363 378.9 189.5 1.12 0.337
Storke 1 658.5 658.5 658.5 3.88 0.055
Tilting 1 1322.5 1253.4 1253.4 7.38 0.009
Shock oil 1 24 24 24 0.01 0.905
Error 43 7305.7 7305.7 169.9
Total 53 10009.2

(b) Table for ANOVA result
Fig. 2 ANOVA interaction analysis for type R sample
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Fig. 3 Example of data for accelerometer vs time from Rod
end : Rod tilting, New sample, Vel. = 0.6Hz, Room
temp., Stroke A
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Table 4 Optimized control factors

Control factor Level 1 Level 2 Level 3
Temperature (°C) -5 RT 50
Velocity (Hz) 0.6 1.3
Worn (%) 0% 50 %
Stroke (mm) A:428mm | B:21.4 mm
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Fig. 4 Test result graph for optimized test condition
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