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Selecting Optimal Design Condition based on
Automobile Ride Satisfaction Using
Mahalanobis Taguchi System
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Abstract

Mahalanobis Taguchi—System (MTS) has been used in different diagnostic
applications to make quantitative decisions by constructing a multivariate system
using data analytic methods without any assumption regarding statistical distribution.

MTS performs Taguchi's fractional factorial design based on the Mahahlanobis
distance as a performance metric. In this study, MTS used for analyzing automotive
ride satisfaction, which measured as a CSR(Customer Satisfaction Rating). The
automobile which has a good CSR score treated as a normal group for constructing
Mahalanobis space. The results of this research show that two attribute (Impact
Hardness and Memory Shake) have a minus gain value and can be removed from
further analysis. With the linear regression model, the difference of CSR between
using all 6 attributes and just using significant 4 attributes compared.

Keywords: MTS (Mahalanobis Taguchi System), Automobile Ride Satisfaction,
Optimum design
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<i 2> Asak ol wet SAHEAT Normal  Hlo]H

Smoothne | Impact |Memory| Head | Suv
RRII CSR

ss Hardness| Shake | Toss |Shake
Lexus L 80.53 74.96 37.69 | 60.19 | 68.07 |87.94| 3.78
Lexus L 79.85 79.00 29.10 9.28 | 39.81|85.58]| 3.65
Cadillac D 79.74 73.87 39.80 | 38.02 | 59.11 |94.49| 3.62
Lexus R 79.34 73.69 37.58 10.38 | 54.80 |96.62| 3.58
Lexus E 78.14 69.71 29.17 8.11 |59.11]99.61| 3.58
Landrover R 77.81 68.23 51.22 | 21.62 |62.95|92.12| 3.57
Cadillac E 79.62 72.95 4453 | 33.79 | 43.54 |180.21| 3.57
Buick P 78.79 75.91 39.47 | 20.96 | 63.52 |94.93| 3.54
Cadillac S 78.00 65.53 38.87 | —8.04 | 59.11 |91.13| 3.48
BMW 7 79.56 73.20 42.30 | 29.36 | 69.51 |196.12| 3.47
Lincoln N 76.10 72.34 41.45 | 27.26 | 42.26 [73.89| 3.47
Toyota A 78.16 76.50 38.22 |—60.98| 73.67 |91.20| 3.45
Hummer H 77.73 75.13 38.07 12.33 | 48.73 |52.54| 3.43
Mercedes B 78.20 62.43 31.87 | 35.43 | 67.54{99.40| 3.42
Toyata L 78.93 77.73 25.21 5.02 | 47.71 |75.53| 341

<& 3> Asak Tl wek SHEWS Abormal  H ol H

RRII Smoothne | Impact [Memory| Head | Suv CSR
Ss Hardness| Shake | Toss |Shake

Saab 9 76.51 51.11 27.63 | 28.91 | 74.69|82.81| 3.00
Chevrolet K 74.48 57.61 48.25 | 31.73 | 52.28 |40.27| 2.99
Ford E 74.42 65.64 29.74 | 17.45 | 22.56 | 4.98 | 2.95
Nissan X 74.20 52.02 34.27 | 17.23 | 53.49 |65.56| 2.84
Chevrolet S 71.40 25.44 37.15 | 39.45 | 71.87 |24.55| 2.81
Audi T 69.92 21.68 20.27 | 34.70 | 82.55(64.20| 2.72
Porsche C 72.90 38.08 23.03 | 33.46 |59.11|82.12| 2.68
Chevrolet C 71.12 40.32 20.98 | 18.80 |84.82|70.54| 2.48
Jeep W 72.23 40.88 34.78 8.78 |14.72 |55.95| 2.40
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2,3>% A vz AFBEHIL AFEFQ 71719 YE AFOoRHE AL HolH
AMZo] dRE BT Qi) olgldt HolHE 47] falre T8-S Hu Ahjep @
H]go] "dasitt. CSR2 6709 W4 Roughness road isolation index, Smoothness,
Impact hardness, Head toss 12]3L SUV shakeZ ©o]-&ste] ZAA = 1 Zlo] F4=
WA =)= AFEARe] SAbE AdEo] ek Aew g o 4 9l
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3—2. MTS71¥¢] A7)

<3 2> A9} o] CSRO  Fhe] 3.0H.T} 2h2 137] 258 v AgdA Huo=z &
7 stk MTSE dshr] 918 olejeh 279 548 7|2 glon diErte] sl
E ug o R V|ES AAskeE Aol dubH el o] IJus <A1>S o]&ste xTs
s 3l ARAES A o o] AadEe <x4>3 At

<¥ 4> H#y4
Al A2 A3 Ad A5 A6

Al 1 0.6052 0.2066 -0.3103 | -0.6277 | -0.1345

A2 0.6052 1 0.1881 -0.3821 | -0.3899 | -0.3643

A3 0.2066 0.1881 1 0.1873 -0.2279 | -0.4382

Ad -0.3103 | -0.3821 0.1873 1 0.2187 -0.0132

A5 -0.6377 | -0.3899 | -0.2279 0.2187 1 0.2385

A6 -0.1345 | -0.3643 | -0.3643 | -0.0132 0.2385 1

AREA QL MTS dxte| whe} AEake] Sapgte] 58k AT o =iy Aasdd
gy S AdS 5 9o ol uwgro® MDO el Hughks AN Ay Pt
MD = 0.959]%k& At o]+ A ¥l MD#ke 1o o= A 7|&Hw
Mol o]Fo] Hrpa I & 4= 9k I S wEEvF "@ojxE Hd 5 CSR
2|4=2] kol 3 ol3kel 970 AFe MD#ES A 3 Ayt A oer & MD #g e
Wor T ek 19.12900 mEba] AdE VedeS fad Ao Sgdn. <o
d 1> CSRo] -3 Ay 1= 23k Hete] 7] AAH® MSUolA S4E MD#k
S w28 3 Foltl, o]#d RE AXNHAL ng] Tz aA;E Matlab AZEo]9)
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3-3. fr& W9 A4

npARre R Aal L8 Aal widiet ul Sl SNHIE o] gste] Z7te] W] Fa
5wl ok Jie] WarE A wiAIshy] fleiAds L8A L MlAE(0A)E
AREskglem CSRO gho] AW 45 4ol $7d akts Hols Zlow fds
n2 gul5de] SNulS ARSIt < 43>, A AL A Level 12 Aol A=
5> A

M4E AT F9ola Level 2 WS AGEA 2 F9E ofv] @t <E
w2l wek CSR @l E A F 9e) Mg Aee
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<#¥ 5> L8&Ax wjdE et SNH] 182 Gain

Run A1 A2 A3 A4 A5 A6 SNH|
1 1 1 1 1 1 1 15.7409
2 1 1 1 2 2 2 13.2174
3 1 2 2 1 1 2 6.0921
4 1 2 2 2 2 1 4.6535
5 2 1 2 1 2 2 1.4495
6 2 1 2 2 1 1 1.4021
7 2 2 1 1 2 1 -51.4437
8 2 2 1 2 1 2 -15.963
Gain 26.0647 | 221178 | -13.011 | -7.8678 | 9.8488 | 9.1532
Gain = SNH|SFHTEAREE 45 —SNH|S| T W5 ARGaHA] &2 A5 <A 4>
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S W4 Impact Hardness(A3)$ Memory Shake(A4) < AA% & CSRY 3ty
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<9 3>HA S I A/NUFE o83 CSR #o 4=

4. 4 &

MTS 7IW¥& vtgehen] 2~ 3F (MS)S AAshs 7150l S 443 Normal Ei=
A7 Ads AdAsks Aol Folrn= Fastt o JadAge FII 7|Ee]
glom oA dE7ke] o e A i xEHTs A4 @ 5 vl fle
FAE 7HAI Ao AEAE Az SR Al = EERES 3.4 o9 CSR #
S Ve JuoR A4 AN (e AV]E vE2A &S A9 MDe| A7) ®E
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ojAaL Jar Fa Al AgAHE o =Eg Fe wEHI ot

w A ol s s B2 HE Ake ZaR sk Aeak AbelA
SArel A A mAAY mAA e 2283 WgE AATGeRA &
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ATE Tl AEAe] At HEE (CSR)Ol F3Fe VA= 6719 ¥¢ T 27= ¥
T7F Sl vA= G&o] mimlete] aiyskA] ot d ow et Hn.
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