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Reconstruction of Collision Speed
— Effective Collision Speed for Analysis of Eccentric Right-angle Collision with a Stationary Vehicle —

Mitsunobu Fujita

This paper focuses on reconstruction of pre-impact speed in a specific type of two-dimensional collision that one vehicle
collides eccentrically with another stationary vehicle at a right angle. There is much less experimental data on two-dimensional
collision than one-dimensional collision. This is why it is often difficult to reconstruct pre-impact speed in two-dimensional car
accidents. This paper introduces effective collision speed (ECS) defined for one-dimensional collision into this type of collision,
and confirms the usefulness of ECS for reconstruction of pre-impact speed using actual collision tests.
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Fig.1 Outline of Eccentric Right-angle Collision Tests
Table.1 Conditions of Collision Tests

Test Number #1 #2
Bullet Car Model / Year AK12/2002 AK12/2006
Test Weight / Transmission 936kg/4AT 954kg / 4AT
Target Car Model / Year NZE121/2001 NZE121/2004
Test Weight / Transmission 1036kg / 4AT 1080kg / 4AT
Target Pre-Impact Speed 30 km/h 40km/h

(1) Pre-Impact Motion (-0.070 sec.) (3) End of Impact (0.100 sec.)

(2) Start of Impact (0.000 sec.)

—
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Fig.2 Motion of Collided Cars Recorded by Upside Camera in Test #2
Test #1 (30.0km/h) Test #2 (39.7km/h)
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Fig.3 Recorded Acceleration of Bullet cars in Test #1 and #2
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Fig.4 Simplified Model for Calculating Eccentric Right-angle Collision
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Fig.5 Judgment of Impact Point for the Theoretical Formula (16)



Table.2 Parameters for Theo-
retical Calculation

Table.3 Results of [1]

Image
Processing (IP), [2] Acceleration

Test 41 w0 Analysi§ (AA) ' and  [3]
Number Theoretical Calculation (TH)
m; 936kg 954kg Test 41 o
m; 1036kg 1080kg Number
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Vi 30.0km/h | 39.7km/h [3]TH 14.1km/h | 18.9 km/h

Test #2 (39.7km/h Car to Car)
& #2' (18.7km/h to Flat Barrier)

Test #1 (30.0km/h Car to Car)
& #1' (14.2km/h to Flat Barrier)

Acceleration [G]

5 10
0 S o
s
-5 =-10
I\
-10 % -20 #2' X
~15 880 [~ —#2X |
_90 [*filtered by, CFC 60 < _40 J* filtered by CFC 60
0 50 100 150 0 50 100 150
Time [ms] Time [ms]

Fig.6 Comparison of Recorded Longitudinal Acceleration between
Eccentric Right-angle Collision Tests and Flat Barrier
Collision Tests at the Same Effective Collision Speeds
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ES TN}

EBS \/2><7.43><1000+936><3‘6=14‘34[km/h] \/2><8‘44><1000+940><3‘6215.26[km/h] L .

Diff. from [3] +0.240km,/h] +1.16Lkm, /A e BEEE (S,) OHEE

Adopted Energy Absorption Diagram is 'FFA (less

than 1500cc)’ Reported by Oga*

22)

W7 OEEIRAEL D,

Eccentric Right-angle Collision at 39.7 km/h (#2)

Full Frontal Collision to Flat Rigid Barrier at 18.7km/h (#2")

RN AR O T v

Test Weight : 954kg Test Weight : 953kg

= = oo [ oo ~ N S He Ll s
100mm ol|o ,%,%/g’,ﬁ ?‘E § § E “,2%\5\% ol|lollo]|e §/§“’§/,‘1’ g § § E 8?%% olo ~A ]‘}//\%U%DB (%EZ@I

200mm 18| — o=} = | =1~ |c ||| —T= Ao|w|o|o|lo|o|o| - |&tets e o - "

300mm o p-18 nio|o]|o]|o|o|o|o]|o|o|ole|o|o]|d|o]|o]|o]|o|o|ofo|c|e]e]e|ole]|e kﬁﬁ@ At 7~‘F”B) &*IJ

400mm o ’j’o o |o|o|o|o|o|o]oleo|eo|e %’ oflloc|le|o|lo|lo|lo|lo|lo|lo|lo|olo]eo]|e é? o [)_{:ﬁj*é (52: 0. 6’3[”]])

500mm o 080 o |o|lo|lo|o|lo|o|o]o|lo|o dL ol|lollo|lo|o|lo|o|o|o|o|lo|o|o|o]|e 6 o SN e

Total Energy 17.814%x954 +1000 =16.99[kJ] 13.815x953+1000=13.17[kJ] (4) MR (Vm) DHERE
EBS V2 x16.99x 1000 +954 x 3.6 = 21.49km/ h] A/2x13.17x1000 + 953 x3.6 =18.93[km/ h] ER AT L, T — &

Diff. from [3] +2.59[km/h] +0.03[km.h]




T2 ERFERCAR SN TER P 2R m, m, L%
DINTG A= EWFEL, F16 1050 EHELET 5.

PLED# T A =2, HEEINHESEEE (V,) , IO
FOEAEER S ITRT. HEEORZET +0.2, +4.5kn/h &,
BRI 2l S DTV 5.

PLEICX Y, ARNEZSEIE & — R ITHEZEh b AMIEREIC L
BT 2HC, ANRERRICIT DEZEHE OHEE N DG A
N DFEHERTE .

4.6

AT, ZRTEEO—FETHD [—HFMEIRREDE
A OEZE (RWIEIE) | 2R8I, fERIT—RITEZEDH
DOREERTdH - - A EZSH L & AW REICIEE T 2 A OMET
BEMELT. TORR, UTOfmEa:

O RHEREIZIB T, B2 OEZ2EH D28 L ONEE
%, (EZEEmORE X&) (CIRE L RoeEizeosisg
ELTIRZDENHHE (2.1 )

@ PeFeD—oTZE A xtg & Li=RUT, PEEsEmoOmE L E
DY I —BHEE— A MBI A EHRER (k) BELOE
i+ TEZE R FIRERE (S,) 2 B TetREk B & BINT 56T, A
FERE A —RoTESE & AR 5 AN AlEE (2. 2 i)

@ AR DO AR EZSHE & [EZEHE N EI T D 12k
UNTC, WSS B 0O 2 5 _ 0D ERAT 0D 8 BE AN ETZE ] 0D 3
JE L2725 ETORER) LER (2.3 )

70, AW CEMOMEERE IS, TR LA EISE

EOHRMEIZOWTHER L, ITOMAEST.

@ BAEZEE M OEL - FLAIEREA BRI BRI E L <&
ETHET, Hin (R 16) 12k 015N AR ELSEE
VI ERIC I 2 RHFE R L BA (3.1 F1)

® AR THEM LB TIE, ARNESEE & XY
THEEE IR - TH D BB L TR, 2FY, KX 18
DBIRDLNLT D & A7 L TRV (3.2 H#)

® () EZEHEFEONY THEGRE DR, (2) HRNEZEHE D
B, (3) BriErze st o Bl - BN HEEORE, (4) #22
WEOHEE, &) FIEICK Y, AREREIZRT HliiZaH
FEOREENFIREL 2 DGERH D (3.3 fil)

5. SO

AT, PSS 3 52 2UTE IR U7 RRE COmZE i
EXRE LizgEmatEd WD, —, EEEERE LIGA,
PHEEE M AMEE TAEIT L TOBAIC S Z 0wz T
EITIEFICHRATH D, EILHEE OBGAH B [ D
FHADSRE D HOLGENTIE,  EZEHITS2 T 7o faf A3 BT O fff
ZEFE DB HA & —H L TV EEEBRT 500, HEARH
WIIAROBERNEHARE TH L EHE XD, LL, FUHE
GERENT I > T b PHEE M OB & < 72 D12, BFERK
<Y, HFERIC X TULEANHFEHC b EE 2 b5,
DOFEY, WEZEHEOBEIEEEDELIZIE U T, BBENRED
$ OB EZ T DR HE T, LY EYAREHICD

Table.5 Parameters and Results of

Reconstruction Trials RINDEEZ BN, AHD
Accident a (#1) B #2) SEETCH D,
) | Ve | 1434knvh | 21.49%km/h -~ _
) [ Vr | 1438mh | 21.49kmh %@M,K%T%mbt
31 s 0.63m 0.63m | MEZEEBRIIFFERRED 7 v
m 0kg | 950kg | T SHREDOHTHD. &
m; 1040kg 1120kg N i
@ Toasken® | 1791ken? WHRZ D &, R E S B
Vio | 302kmh | 442kmh | &/NU THEEHE & OBIR
Error +0.2km/h | + 4.5km/h EB L= 18 12on T,

B DA T 7y MEZEE, SR ~OBEH WSS ELR
IIRATH D, Lo T, 15235 B OYWHAIEWZ L 0 BAREICL,
O ETRISHHNLT B L A2 D 5MEH LN L TS
HY, SHRORERPETHD.
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