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Statistical Method for Identifying Factors Governing Vehicle Handling and Stability
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This research applied factor analysis to 13
quantitative evaluation indices used to evaluate vehicle
handling and stability in an attempt to identify the
structure existing among those indices. According to
the results, the cumulative explained variance shows
that 76% of the variance in the handling and stability
indices is explained by a five-factor model comprising
three factors related to vehicle driving characteristics
and two factors related to steering feel. Using this
five-factor model makes it possible to evaluate a
comprehensive score for handling and stability from
the measured evaluation indices and factor loadings.
Furthermore, since this model allows for flexible
adjustment of the weight of each factor based on the
vehicle concept and evaluation objectives, it enables
a quantitative evaluation of handling and stability
tailored to the characteristics to be prioritized. This
method systematically identifies the relationships
among evaluation indices and has the potential to
serve as a foundation for understanding the evaluation
of handling and stability.
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Table 1 Subjective evaluation indices for handling performance (13 indices, 140 samples)
ID Index A1 Index A2 Index A3 Index A4 Index A5 Index A6 Index A7 Index B1 Index B2 Index B3 Index B4 Index B5 Index C
Subjective | Steering Steering | Appropriate | Response |Responsive-| Rear-Axle | Perceived Steering Optimal Appropri- | Linearity in | Front-Axle | Appropri-
Evaluation | Feedback Torque Vehicle Linearity ness Response | Cohesion Torque Steering | ateness of | Steering | Response | ateness of
Jerm Quality atHigh |Response to| to Steering | to Steering | Fidelity to | of Vehicle |at Cornering| Effort at Yaw Response | Fidelity to | Understeer
Sample Speed Turn Steer Input Input Steer Behavior Turn-In Turn-In Response Steer
No.
1 -0.75 0.47 0.51 -0.10 0.73 0.44 -1.11 -0.23 1.23 -0.23 0.46 -0.76 -0.84
2 -0.31 -0.13 1.63 -0.87 2.40 -0.09 -0.80 0.98 0.10 1.14 0.05 -0.72 -1.38
3 -0.19 0.10 0.33 2.23 1.22 0.95 2.33 0.25 0.26 -0.10 -0.99 1.15 0.07
4 -1.86 0.23 0.63 0.10 0.85 -0.03 -0.05 -0.83 -0.19 0.39 -0.27 -0.62 -0.93
5 -1.35 4.48 -0.34 -1.30 0.23 -1.35 -0.41 -0.30 -0.17 -0.30 0.70 -0.74 -0.31
6 -2.00 0.36 1.43 1.24 0.33 2.07 -0.68 -1.57 -2.97 1.40 -1.07 3.88 -0.03
7 -0.48 -0.06 1.60 0.13 2.73 0.99 -1.13 1.68 1.21 0.47 0.21 -0.76 -0.75
— 8 -0.67 0.86 =122 -093 -0.86 -0.66 -0.52 0.64 =018 -004 0.38 -0.33 0.46 -
] T36 101 63 -0.23 -0.86 | U85 U35 09|
137 -4.45 3.89 2.86 -0.41 2.16 -0.23 -0.81 -0.08 2.80 0.86 1.75 -1.60
138 0.26 -0.17 0.75 -0.17 0.31 -0.15 0.45 -0.18 0.54 0.18 0.81 -0.22 -1.19
139 0.34 0.42 0.98 -0.24 0.43 -0.36 -0.34 1.30 0.23 0.45 -0.34 -0.02 -0.61
140 0.68 -0.64 2.40 -0.16 -0.78 -1.14 1.13 0.51 1.76 2.47 1.11 -0.93 -1.47
Ave 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
StdDev 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
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Fig. 1  Statistical distributions of handling indices
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Table 2 Covariance matrix of handling indices

Table 3 Bartlett’s test of sphericity

Index |Index |Index |Index |Index |Index |Index | Index | Index | Index | Index
A2 A3 A4 A5 A6 A7 B1 B2 B3 B4 B5 [}

Index A1 -0.07 | -0.30 | 0.00 [-0.34-0.02 | 0.47 | 0.09 | 0.00 | -0.13 | -0.82 | -0.08

Index A2 | -0. 0.04 | -0.05| 0.08 | -0.12|-0.24| 0.16 | -0.19 | 0.33 | 0.09 | 0.07

-0.04 -0.08 | 0.12 | 0.12 --0.02 -0.06-

0.36 | -0.05|-0.09 | -0.10 | -0.05 [ 0.55 | 0.30

Index A3 | -0.07 | -0.18
Index A4 | -0.80 | 0.04 | -O.

Index A5 | 0.00 |-0.05 | 0.39
Index A6 |-0.84| 0.08 | -0.06

Index A7 | -0.02 |-0.12 | -0.08

-0.34| 0.14 | 0.00 | 0.26 | -0.09 | -0.11 | -0.31

0.07 | -0.21 | -0.21| -0.19 | -0.10 0.38

0.36 | -0.
Index B1 | 0.47 (-0.24 | 0.12 |-0.05| 0.14 |-0.21

0.05

Index B2 | 0.09 | 0.16 | 0.12 |-0.09 | 0.00 |-0.21
Index B3 | 0.00 |-0.19 - -0.10| 0.26 | -0.19 | -0.
Index B4 |-0.13| 0.33 | -0.02 | -0.05 | -0.09 | -0.10 | -0.

Index B5 |-0.82| 0.09 |-0.06 | 0.55 | -0.11 L
Index C | -0.08 0407- 0.30 | -0.31| 0.38 | 0.
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Table 4 Comparison of factor models of handling indices

Six factor model

Handling Index Factor | Factor "Faetor: Factor Factor Factor | Factor "Factor| Factor Factor Factor
1 2 3 4 5 1 2 3 4 ) 6
Index A1 -0.41 -0.16 _ 0.37 -0.37 -0.14 -0.19 -0.01  0.08
Index A2 -0.05 011 -0.22 0.05 -0.24 -0.19  -0.20
Index A3 0.00 0.02 0.02 -0.10 -0.01
Index A4 0.01 0.25 0.00 0.00 0.01 033 -0.02
Index A5 -0.04  -0.39 -0.01 0.41 -0.01 = 041 004 -0.12 0.08
Index A6 007 003 -0.12 -0.09  0.08 -0.09 -0.07 -0.05  0.04
Index A7 0.34 012 -0.13 0.16 0.03 015 0.03 0.07 0.06
Index B1 -026 -0.18 -0.41 -0.07 0.1 -0.05 0.12 -0.03 0.03
Index B2 -025 -0.18  0.29 -0.13 _ 0.15 0.16 -0.16 _ 0.15 0.16  -0.16
Index B3 -0.04 -0.12_ 0.06 -0.08 0.00 -0.10 0.02 0.01 0.1
Index B4 -0.17_ 0.01 0.26 -0.14  -0.01 0.07 -0.04 -0.06 0.16 0.08 0.00
Index B5 0.07 0.02 -0.13 -0.08 0.17  0.00 -0.08 -0.07 0.17 0.00 0.09
Index C 0.44 -0.19  -0.15 0.44 0.25 0.08 0.05 039 | -060 | -0.01 010 0.08 | 0.44
Variance contribution 0.23 0.19 0.14 0.12 0.21 0.18 0.13 0.13 0.11 020 019 009 013 0.1 0.09
Cumulative contribution 023 042 056 0.68 021 040 052 065 076 020 039 048 061 072 081
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Table 5 Five factors and their interpretations

Factor Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
“Response Linearity “Appropriate Vehicle “Steering Torque “Steering Torque “Responsiveness
to Steering Input” Response to Steer” at High Speed Turn” at Cornering Turn-In” to Steering Input”
Subject'lve “Rear-Axle Response “Appropriateness “Optimal Steering Effort “Steering Feedback “Perceived Cohesion
evaluation L " 0 5 o : o
term Fidelity to Steer of Yaw Response at Turn-In Quality of Vehicle Behavior’
“Front-Axle Response “Appropriateness “Linearity “Optimal Steering Effort
Fidelity to Steer” of Understeer” in Steering Response” at Turn-In”
Fact . . i '
_ ractor <Vehicle Dynamics> <Understeer> <Steering Feel> <Steering Effort <.Integrated.
interpretation and Torque> Vehicle Behavior>
Contribution 21% 18% 13% 13% 11%
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No. of factors 2 3 4 5 6 7
Factor 1 0.24 0.23 0.23 0.21 0.20 0.20 0.20 0.19
Factor 2 0.19 0.19 0.19 0.18 0.19 0.17 0.16 0.16
Factor 3 0.14 0.14 0.13 0.09 0.09 0.08 0.08
Factor 4 0.12 0.13 0.13 0.13 0.11 0.11
Factor 5 0.11 0.11 0.09 0.09 0.08
Factor 6 0.09 0.09 0.09 0.08
Factor 7 0.09 0.09 0.08
Factor 8 0.08 0.08
Factor 9 0.07
All factors 0.43 0.56 0.68 0.76 0.81 0.86 0.90 0.93

Fig. 5 Number of factors vs cumulative contribution
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