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A Basic Study of the European Side Impact Characteristics of
Electric Vehicle(I)

ABSTRACT

European side impact analysis of an electric vehicle was done using robust design.
Locations and section properties of some of the vehicle structure components which
influence the european side impact characteristics were chosen as the main factors for the
robust design. Eight factors were considered for the analysis: one with two level and seven
with three level combinations comprising the Lis(2" x3") orthogonal array. It is shown that
the sensitivities of the factors and the best combination of the factors can be obtained, and
that the location of the main components were as much sensitive as the section properties
of those. Also it is shown that the interactions were existed between some factors.

FQ97]%80] : Design of Experiments(d @ 7l &%), Response Table(¥t-3-%), Interaction( =
Z}+4), Electric Vehicle( 7] A} & }), Analysis of Variance
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Table 1 Dummy Performance Criteria

Item Criteria
Head HIC < 1000
Chest deflection < 42 mm
Chest
VC < 1.0 m/sec
. Pubic Symphysis Force
Pelvis

<{ 6.0 kN
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- Moving deformable barrier against stationary
Vehicle

- 6 barrier blocks, different specific
stiffness

- Ground clearance : 300 mm

- 1 EUROSID 1 on the struck side

- Barrier speed : 50 kph

- Collision angle : 90°

Fig. 1 Test Conditions for the Side Impact
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Table 2 Control Factors

Factor
A - Door overlap percentage
Loca- B - B-pillar x-direction location
. C - Floor Cross Member x-direction
;:::tor location o
D - Door Impact Beam z-direction
location
Stiff. E - B-Pillar section property
F - Floor Cross Member section property
ness G - Sill Side section property
Factor H - Door Impact Beam section property
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Table 3 Level of Factors

Factor Level
1 2 3

A 5% 15%
B (H)150nm Hip-point (-)150mm
C (-)150mm Hip-Point ()150mn
D Hip-point (+)100mm (-)100nm
E | 470,000pn* | 697,500mn* | 957,650mn*
F | 80,100mn" | 118,000mn* | 159,800mu*
G | 686,600mm* | 1,005,000mn* | 1,322,496mn*
H | 87,300mn® | 134,200mn* | 168,300mn*
24 dlid 24

2 A7 o] & ArAFAY HA =
42 Fig. 2 ¢ Fig. 33 Zth

Fig. 3 Front View of Side Impact Model
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Table 5 Response Table of Rib deflection

3.1 A Factor 1Average ;n by Leve; ml:::n
24X A HAaujdEE HAF A A 10233 | 97.67 4.66
g A2 3td Table 49 o} zZ+ A9 3 B 8562 | 123.72 | 90.66 | 38.10
AA7E 1899 oA AL Rib By C 9920 | 9722 | 10358 | 6.36
VCe] HAZe 2 U e HAER EA D 97.41 94.95 107.64 | 12.70
g Ao|t). Table 59 6& Rib ¥y 3 VCY E 112,78 | 97.60 89.62 23.16
AR ZE EAL B3 98 A¥A F 97.78 | 10520 | 97.02 8.18
Yo Ay HJF BAYgos 73 Rib W G 88.68 | 110.73 | 100.59 | 22.05
3 VCe ¥rgHo|th. Rib Waz VC ut H 10027 | 9216 | 107.57 | 15.40
SH®AA Bpillar X9 £F Wzl uwa}
3] X W 31> d Z AL ¢ 4 ¢ . 8
:3:“} 01: Eﬂi :’1_2 i = Z}_);}E _ﬂi]; élt;} 2 Table 6 Response Table of VC
Aol digt Aoz BEF3o adoz e Factor Average m by Level Level
W™ Fig. 4 ~ Fig. 7 3 ). 1 2 3 max-min
A | 10191 | 98.09 3.82
Table 4 Analysis Results B | 100.71 | 12032 | 78.97 | 4135
Experiment Injury Criteria C 100.67 | 107.99 | 91.34 16.64
No. Rib deflection vC D 105.66 88.00 106.34 18.33
casel 95.38 122.42 E | 111.24 | 87.30 | 101.46 | 23.93
case2 97.10 114.67 F 90.59 | 11825 | 91.16 | 27.09
case3 105.27 105.00 G | 9653 | 107.69 | 95.78 | 11.91
cased 128.53 13025 H | 10371 | 91.40 | 10489 | 13.48
caseS 88.71 106.53
case6 145.65 116.29
case7 109.02 77.67
case8 87.88 65.73 130.00
120,00 A
case9 63.42 78.66 g / \
casel0 84.65 125.49 g _';'_;
casell 69.18 90.61 & 10000 —%% i
casel2 62.14 40.04 2 -e-»
casel3 100.79 90.87 80.00
casel4 145.56 168.18 7000
casels 133.07 109.82 ! 2 3
Level
casel6 76.84 57.32
casel7 94.89 102.20 Fig. 4 Response Table of Rib deflection
casel8 191 . 92.26 (Location Factor)
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Fig. 5 Response Table of Rib deflection
(Stiffness Factor)

130.00

120.00 ﬂ

110.00 ——A
3 =B
g 100.00 c

90.00 -o-D

80.00

70.00

1 2 3
Level

Fig. 6 Response Table of VC(Location Factor)
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Fig. 7 Response Table of VC(Stiffness Factor)

3.2 Analysis of Variance M &
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Table 7 Analysis of Rib Deflection

Factor De(%tl: ° | Sum of | Mean F
Freedom Squares | Square
A 1 98* 98*
B 2 5140 2570 16.5
C 2 166* 83*
D 2 580* 290*
E 2 1662 831 53
F 2 244* 122%
G 2 1462 731 4.7
H 2 713 357 2.3
Error 0 0 -
Total 17 10065 592
(Error) 7 (1088) | (155.4)

*Indicates the sum of squares added together to form
the pooled error sum of squares shown in parentheses.

Rib ¥y & B-pillar 9] %], B-pillar 7}
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Table 8 Analysis of VC

Degree
Factor (;stE :um of SM can F
Freedom | “ 145 quare
A 1 66* 66*
B 2 5134 2567 8.5
C 2 836* 418*
D 2 1297 649 22
E 2 1739 870 29
F 2 2998 1499 5.0
G 2 533* 267*
H 2 670* 335*
Error 0 0 -
Total 17 13273 781
(Error) @) (2105) | (300.7)

*Indicates the sum of squares added together to form
the pooled error sum of squares shown in parentheses.

Table 9 Summary of Factor Effects

Rib Deflection vC
Factor Mean F Mean F
square square
A 98 - 66 -
B 2570 16.5 2567 85
C 83 - 418 -
D 290 - 649 2.2
E 831 5.3 870 2.9
F 122 - 1499 5.0
G 731 4.7 267 -
H 357 2.3 335 -
Error 155.4 -
VCo| A& B-pillar $*], Floor cross
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Table 10 Analysis of Rib Deflection Interactions

Degree
Facor| of | Sm of | Memn |
Freedom
B XE 4 2710 677.5 44
BXxG 4 700 175 1.1
BxH 4 1299 3248 2.0
EXG 4 3212 803 52
(Error) @) (1088) | (155.4)

Table 11 Analysis of VC Interactions

Degree Sum of [ Mean
Factor of S S F
Freedom | ~9uares quare
BxD 4 2861 715.3 24
BXE 4 2420 605 2.0
BXF 4 1234 308.5 1.0
EXF 4 3884 971 32
(Error) ) (2105) | (300.7)

Rib W&o BXEQAKB-pillar 9] X] ¢}
B-pillar 7}Ad), EXGQIAKB-pillar 7+ 3} Sill
side®] 7ZA)e] 435 #FHEo] FUFHozr A
t}. VC ZA$E BXDQIAKB-pillar $ 2 ¢}
Door impact beam $}X]), BxE<QAKB-pillar
9 x1¢} B-pillar ZAl), EXF<lx(B-pillar 7
A 3} Floor cross member 7}Al)e] A5 &
o] At} o] AFE Al dtH Table 129 2
t}. Table 12014 Rib W&z} VC Ao o
gL vxEe 45 AdAE BXE, EXG, EX
F, BxDo]|t},

AAE A5 FLARE af=ZE ehy
% Fig. 8 ~ Fig. 99} ¢},

Table 12 Summary of Interactions F ratio

De; .
Factor ffr' - Rib . vC
Freedom Deflection

BXD 4 2.4
BXE 4 44 2.0
BXF 4 1.0
BXG 4 1.1
BXH 4 2.0
EXF 4 3.2
EXG 4 52
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Fig. 8 B, E factor Rib Deflection Interaction
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Fig. 9 E, F factor VC Interaction
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