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Investigation on the Internal Energy Assessment
in the Vehicle Crash Event
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Summary

In the vehicle safety developments, it is the eternal and continuous challenge to realize the safety
vehicles with the lighter weight body structures and frameworks. The recent improvement of the
model accuracies along with the extended model sizes enables us to assess the internal energies
precisely in the vehicle crash events by CAE. This paper assesses on the internal energies using both

testing and CAE, and proposes to use the internal energy as the index for reducing the weight of the

body structures.
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Fig.1 Test Piecel Section Shape and Actual Pictured

Drop Weight Test
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Fig.4 Energy Absorption Curve
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Table 1 Comparison of Energies

Crush |Actual Energy| Energy Calculated[ICAE Internal
Distance Applied from Barrier Load Energy
Test 151mm 7.3kJ 6.4kJ N/A
CAE 151mm 7.5kJ 7.1kJ 7.3kJ

Fig.5 Drop Weight Test with Two Test Pieces Piled Up
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Fig.6 Deformation Modes : Two Test Pieces Piled Up
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Fig.8 Energy Absorption Curve
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Table 2 Comparison of Energies

EnergyQd
Crush Actual Calculatedl] CAE Upper | Lower
Distancel ENeray from Barrier]lntemal Test Test
Applied Energy | Piece | Piece
Load
Test 266mm | 10.4kJ 9.4kJ N/A 5.4kJ 4.1kJ

CAE 263mm | 10.5kJ 10.3kJ 10.3kJ | 6.8kJ 3.5kJ
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Fig.11 Load - Deflection Curves
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Fig.12 Energy Absorption Curve

Table 3 Comparison of Energies in Case of Cart Test

Energy

I:)(_3rush Actual Energy Calculated from CAE Internal
istance Applied Barrier Load Energy
Test 468mm 72.4kJ 76.1kJ N/A
CAE 463mm 74.1kJ 74.2kJ 74.8kJ
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Fig.13 Front Frame

Table 4 Detailed Energy Absorption of Front Framél Base[

RH LH
Thickness | CAE Internal ,;:gs Efficiency | CAE Internal ,\;’:;ts Efficiency
(mm) Energy(kJ) (k) (kJ/kg) Energy(kJ) (kg) (kJ/kg)
Frame IN.Front 18 15.4 2.3 6.7 14.6 16 9.2
Frame IN.Rear 23 1.1 1.3 0.8 29 22 1.3
Frame OUT.Front 1.8 4.5 1.2 3.8 6.3 1.2 5.3
Frame OUT.Mid 26 27 0.8 3.3 19 0.8 23
Frame OUT.Rear 2.3 0.4 0.7 0.6 0.2 0.8 0.3
Each Side Total 241 6.3 3.8 26.0 6.5 4.0
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Table 5 Studies to Improve the Efficiency of the
Energy Absorption

Case Name Base

W/R#1 | WR#2 | WIR#3

Unit RH|LH|RH|LH |RH|LH |RH|LH
Frame IN.Front mm 18|18|16|16|18|16|18|1.6
Frame IN.Rear mm 23[23| 2 2|2 212 |2
Frame OUT.Front mm 1818 2 2|2 2 18| 2
Frame OUT.Mid mm 26(26|23]23]23|23|23|23
Frame OUT.Rear mm 23(23|23|23|23|23|23|23
5 . . 6.3(65(59(6.1/6.2|6.1/6.0|6.1
Weight of Front Side Rails kg 12.80 11.99 12.25 12.12
Weight Reduction kg Base -0.81 -0.55 -0.68
Internal Energy of Front Side Rails kJ 50.1 50.9 49.8 52.0
Efficiency of total Front Side Rails kJ/kg 3.9 4.2 4.1 4.3
Crush Distance mm 463 509 488 464

Table 6 Detailed Energy Absorption of Front Frame

RH LH
) CAE Part | - ) CAE Part )
Thickness Internal | Mass ET‘CJ‘;;"CY Thickness Internal | Mass ETjﬁncy

(M) | Energy(k) | (k) | VK@) | (MM ) Energyky) | (kg) | VK9
Frame IN.Front 1.8 16.2 2.3 7.0 1.6 11.6 14 8.2
Frame IN.Rear 2.0 13 1.1 12 2.0 53 1.9 2.8
Frame OUT. Front 1.8 46 12 3.9 2.0 6.1 13 46
Frame OUT.Mid 23 2.9 07 4.0 2.3 37 0.7 5.2
Frame OUT Rear 2.3 0.2 07 0.3 2.3 0.1 0.8 0.1
Each Side Total 25.2 6.0 42 26.8 6.1 4.4
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Fig.14 Studies to Improve the Efficiency
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Base WR#3
Fig.15 Deformation Modes in Case of WR#3
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