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Reconstruction of Collision Speed
— Reconstruction Method Based on Differences of Body Stiffness and Its Application to Rear-end Collision —

Mitsunobu Fujita

There have been many traffic accidents in which the pre-impact speeds of involved cars cannot be
reconstructed because of lack of available information. This is why it is considerably useful to be able to
reconstruct pre-impact speeds based only on the damage of one of involved cars. This paper, focusing rear-end
collision in which a stationary car is rear-impacted, proposes a method to reconstruct reasonable pre-impact
speed only from the damage of one of involved cars with consideration of the differences of body stiffness. In

addition, this method is verified with actual collision tests.
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Fig.1 Example of the Relation of Normalized Intervehicular Crush
Force — Average Residual Crush
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Table.1 Test Conditions of Rear-end Collision Test
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Experiment Number 1 2 3
Bulleg | ModelYear  NZEI212000  NZEI212001  NZE12112002 WHETHDEHENZ .
ulle
. Test Weight 1055 kg 1059 kg 1065 kg
Vehicle
Width 1695 mm 1695 mm 1695 mm
T . Model/Year NZE121/2003 NZE121/2000 NZE121/2002
argel
. Test Weight 1025 kg 1010 kg 1021 kg
Vehicle
Width 1695 mm 1695 mm 1695 mm
Impact Speed 29.99 km./h 35.01 km/h 40.83 km/h

Table.2 Comparison between Kubota Method (Bonnet Type FF) and Oga Method (FFA)

Model/Year : AK12/2002, Bonnet type FF, FFA (less than 1500cc)

Full Frontal Collision to Flat Rigid

Barrier at 14.15km/h
Test Weight : 940kg Width : 1.66m

Kubota Method (Bonnet type FF)

Oga Method (FFA less than 1500cc)

100mm — sl sl tststsliglalsale
et el e ot v el e = E B E E EE B R E
300mm 0 0 0 0 0 0 0 O\ ||o|d|o|o|loc|o|o|o|lo|o|o]|o|o|e|e
400mm 0 0 0 0 0 0 0 0 o|o|lo|o|o|o|o|o|lo|o|o|o|o|o|®
Total Energy 826.4x1.66 =1371.8[kgf - m] 8.978 x 940 +1000 = 8.44[kJ]
EBS \/2><9.8xl37l.8+940x3.6:19.25[km/h] «/2X8A44><1000+940><3.6=15.26[km/h]
Error +5.10km/h +1.11km/h

Full Frontal Collision to Flat Rigid

Model /Year: AK12/2006, Bonnet type FF, FFA (less than 1500cc)

Barrier at 18.70km/h
Test Weight : 953kg Width : 1.66m

Kubota Method (Bonnet type FF)

Oga Method (FFA less than 1500cc)

1 L1 | ] | o too o | oy | < | o e < | N
00mm | o553 | 2264 2207 || o| o | E| SIEIBIT 1121518 E12] 8|
200mm _~1164.1 11047 | 99.1 | 1245 |155.7 S S|w|c|s|S|s|s|=[t=ts]
300mm 0 0 0 0 0 0 0 0 oooooooooooooo‘g
400mm 0 0 0 0 0 0 0 0\ooooooooooooooég
Total Energy 1290.5x1.66 =2142.2[kgf -m] 13.815%x953 +1000 =13.17[kJ]
EBS «/2><9.8><2142.2+953><3.6:23.90[km/h] \/2><13.17><1000+953><3.6=18.93[km/h]
Error +5.20km/h +0.23km/h

Model/Year : NZE121/2003, Bonnet type FF, FFA (less than 15

Full Frontal Collision to Flat Rigid

Barrier at 16.73km/h
00cc) Test Weight : 1025kg Width : 1.695m

Kubota Method (Bonnet type FF)

Oga Method (FFA less than 1500cc)

N | N | @ o fsoteoeutootst O | 00 | N
100mm | g9 | ] 001 |lo|o[51a121B[]S]5(8[BIRHE|°
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300mm 0 0 0 0 0 0 0 0 o|loflo|o|o|o|o|o|lo|o|o|o|o|ele
400mm 0 0 0 0 0 0 0 0 o|oflo|o|o|o|o|o|o|o|o|o|o|e|e
Total Energy 730.4x1.695 =1238.0[kgf -m] 9.050x1025+1000 = 9.28[kJ]

EBS /2 x9.8x1238.0-1025 x 3.6 = 17.52[km/ h] +/2x9.28 %1000 +1025 x 3.6 = 15.32[km/ h]
Error +0.79%km/h —1.41km/h

Model/year : NZE121/2002, Bonnet type FF, FFA (less than 1500cc)

Full Frontal Collision to Flat Rigid

Barrier at 22.69km/h
Test Weight : 1021kg Width : 1.695m

Kubota Method (Bonnet type FF)

Oga Method (FFA less than 1500cc)
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Total Energy 2047.4x1.695 = 3470.3[kgf -m] 21.632 x1021 = 22.09[kJ]

EBS V2x9.8x3470.3 +1021x3.6 = 29.38km/ h] /2 x22.09x1000 1021 3.6 = 23.68[km/ h]

Error

+6.69km/h

+0.99km/h
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Table.3 Procedure to Calculate Intervehicular Crush Forces in Each Method
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Rear by Kubota Method (Sedan Type)

DT LTI 53R D & EFT

1.0 05

CENTER
0.0

RIGHT
0.5 1.
0.6

j’bé%ﬂ%‘ﬂ@/{U 7@%% 0 0.0 |00 (0.1 {14162 (2.1 (1.3 |14 |16

14

18 |55 2.1 |0.1 [0.0 0.0

100 100 [ 100 | 100 {100 [ 100 | 100 | 100
93 [ 93 |93 193 |93 |93 |93 |93

0.5

0.2

3.2

45 159 [2.7 |03 [0.0 [00

0.4
0.3

91 91 91 91 91 91 91 91

PSS ko 00 [00 [02 [19 |68 [35 |23 [22 |30
JE A FERSDOMSOEEE & LI L 03 [goToaTor i feo [se [as [s0 33

3.7

45 |59 [2.7 |07 |04 |00

86 [ 86 |86 |86 |86 |8 |86 |86

0.4

0.0 |04 [09 |14 |52 |52 [3.8 |24 |22

3.2

4.1 142 |11 [1.1 |06 |00

0.2

120 [120 [120 | 120 [120 [ 120 | 120 |120

7-.

(R T =R 03t 9 [ooli5 (08 27 [35 (53 (a6 [64 [24

3.6

40 |31 (04 [10 [1.1 [00

0.1

oo 37 137 Ta7 [37 [37 a7 [a7 [a7

0.6

BT K0 AN ER DA - F

@

s},

x Weight(1050) @

A= i [ S NI T 77548 131250 26250 ;g;?g
Y23 e 4 AL 2 . 226440 383250 38325 71344

KBRDE R DOTAR 27T LA 268006 < 453600 < 45360 67424
. . - 222097 (i} Widih(1.725) + MinWidih(L66) | 375900 () Average Force =750, 94080

TlRER. ) TORERERE 2 1R 245672 o AT LALLA 415800 41580 29008

. [N/m] 2 N] ] [N/m]
' 300000

WL EEE 0L L L i toefleBENM S 5N T
WDER, KEFROFIEL TROWHETRRE CH 5 F2HERR
TE2., ZWILTFOREICEL D EEZBND.

o AR RUTKIE NCAP T 1979 £ 5 1993 4E % Tl 5
Ihi- 221 BOFRBREREZ LD LOTHY, T—4D
FERE & 732 2 B O H Uy R 2002 4E 5 2005
EE\ZEE S 79 BFED INCAP 7 —Z &2 £ L HT=H D)

© ARETRCIRERREN A N E) — SRE LT

5—05C, KETRIT7 v v bAoA RA NSO R

BN Z R L T D 005, ZEENRBFTCH HAEE

ZETIIRE AN HF]

SF D, #4220km/h LU OBEE#ZE (40km/h LLF OBt
HEZE) DX O RIREEZEOE L, Dl tb ARy
MU FF B (1500cc LAT) THER L7=8E, REFROF N
DEARVFWINEZ EFEIHEE T 2HNRTE D E VI FERD
BOENTND. Lo TRBIZEBNTE, BERAFRO= R LF
WU & L CRE G R AR E T 5.

4.2. BRRIET — & OBS
RETHE LT HIBRERTOMHER I L > Z A FD

FF #2 (1500cc LAF) T D. L-oT, TR (K72 FFA

1500cc LAF) B LO%E ARESGA (%) &) o=

FNAXWIIE G, THEND [FESKALER] T—4

PR 5FNEER 3ITRT.

REFA T, ZATORFZR ML (1), HWEE (1050kg
) #FTHECEBICET L% (HAL[]]) %15
%2). TIDOLEMEEER S5 A VB P M E (B
ALIND) 2B (3), =g (KB 5990 FFA CIEHIEA 1. 66
~1.725m THY, TOHRIED 1. 6925m ZEH) Thri 55
THNHENESH 7= ) ORIET—4% (HEALIN/m]) 2155 4).

IRE R (BBE) TIE, &ITORMAERHLO), 9.8
BT D (2) FTEBICET DN HIFH I Y O 3/1% (B
frlJ/m]) /5. ZIhDEMREEEE I D AICNERE
BInEZFE T 2 F CHAHEIEH =0 ORIET —% (BAL
[N/m]) %155 (3).

PRic ko TR SN TR KAL ] ORMREZK 2
DV T 7R, £z, IS TR L Es kAL
HORRE Hi# C/Rd (BUARTE : FFA less than 1500cc,
%ER « Sedan Type) . Z 2T, KALTGICHEZR WA EIX
Bl HEL TS, MATRBEOTFIEIZ LD L, &

Front by Oga Method (K) Front by Oga Method

(FI} less than 5000

200000

100000 [

Intervehicular Crush Force Per
Unit Width [N/m]

0 0.1 0.2 0.3 04 0.5 0.6
Average Residual Crush [m]

Front by Oga Method (FFA less than 1500cc)
Rear by Kubota Method (Sedan Type)

=

Fig.2 Relation of Normalized Intervehicular Crush Force — Average

Residual Crush Calculated from Energy Absorption Diagrams
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Table.4 Results of Rear-end Collision Tests

#1 Rear—end Collision to a Stationary Target Vehicle at 29.99km/h

Model/Year : NZE121/2000

Test Weight : 1055kg Width : 1.695m

Pre—impact Speed : 29.99%km/h

Model/Year : NZE121/2003

Test Weight : 1025kg Width : 1.695m

Pre-impact Speed : 0.0km/h

Front by Oga Method (FFA less than 1500cc)

Rear by Kubota Method (Sedan Type)

N Lol =]wlolololdlw| mw|o

oomn | | |8 | gtetE (8181811818 goo400mml\0 0] o 0 0 0] o 0/
200mm HS|~|s|S|S|s|s|s|~ o 300mm [} 0 o[ o 0 0 o[ o 0]
300mm |o|of,,lo|o|o]o]o|ofo|o|o|o|oio]of 200mm 3.6 0 0 0 0 6.0 0 2.4’;
400mm |o|d|o|o|o|o|o|e|e|e|o]eo|o|ofe|o] 100mm [ 3337796 |37.0 | 37.0 | 370 [ 370 | 326333

Total Energy 10.116x1055+1000 =10.67[kJ] Total Energy 288.8x1.695x9.8 1000 = 4.80[kJ]
. Error . Error
l:::)lrcnulEat-osn \/ZX(10551;'1022;;(1*'(11))(01?'1657)(1000><3_6:32.78[km/h] +2.79 ?f:n“:?t"’e” Vlzx(loslsgmfgz (IEII);A‘{E)OXIOOOx3.6:21.99[km/h] -8.00
q. 55 % 5x(1-0. km/h Q. 55 x 5x|1-0. km/h
. Error . /7 Error
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- 1025 \V 1055 km/h ] 1055 1025 Kkm/h
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2x(1 +102 10.67 + 4. 1

’\I;llorhma; x (1055 +1025)x (10.67 f;o)x 000X3_6:27'91[km/h] o8
etho 1055x1025x (1 -0.17) km/h

#2 Rear—end Collision to a Stationary Target Vehicle at 35.01km/h

Model/Year : NZE121/2001

Test Weight : 1059%g Width : 1.695m

Pre-impact Speed : 35.01km/h

Model/Year : NZE121/2000

Test Weight : 1010kg Width : 1.695m

Pre-impact Speed : 0.0km/h

Front by Oga Method (FFA less than 1500cc)

Rear by Kubota Method (Sedan Type)
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Total Energy 15.939x1059 + 1000 =16.88[kJ] Total Energy 413.2%1.695%x9.8+1000 = 6 86[kJ]
Error Error
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#3 Rear—end Collision to a Stationary Target Vehicle at 40.83km/h

Model/Year : NZE121/2002 Pre—impact Speed : 40.83km/h Model/Year : NZE121/2002 Pre—impact Speed : 0.0km/h
Test Weight : 1065kg Width : 1.695m Test Weight : 1021kg Width : 1.695m
Front by Oga Method (FFA less than 1500cc) Rear by Kubota Method (Sedan Type)
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