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Significance of Consideration of Body Stiffness to Reconstruct Pre-impact Speed in One-dimensional Collisions

Mitsunobu Fujita

The purpose of this paper is to study the effect of body stiffness on the accuracy of reconstruction of

pre-impact speed in one-dimensional collisions, and to enable more accurate reconstruction case by case than

previous studies. This paper shows, by comparing body stiffness data of several types of automobiles, that the

appropriate method depends on their relations. In addition, this knowledge is validated based on actual collision

tests. The body stiffness data used in this study is mainly based on the data obtained in the Japan New Car

Assessment Program (JNCAP).
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Fig.1 The Relations between Normalized Intervehicular Crush Force

and Residual Crush



(1] ?Xﬁ@ﬁﬁﬁﬁﬁ%ﬂztmm

EZEBRAAD DIRRKER EIZE D £ TOM, W OMEI
P HEM Uit DIRE. ”TE%%F%@%&&@&
iz i$ﬁ1m$ﬁ2_@x¢é WD, ﬁﬁi
ORI =¥ (BIEE) ITEAEE IO L, K3
MY LD, Fz, @rk IZ X DRk RN E: 71341
Lo THHTRES 2Ths. Zo 2 K&y, WHHE (HiE
1, 2) OWFRI—T5FOILT R L4 LTV BEED
fEZEpi ORI X Z TN 5 13 6 ok > THEH AT
BEL 2D, LoT—hnMEIELTWe (F,=0) E3huE
B9 (V,) PRHFREE 72 5.

k.E, =k,E, <o (3)
1 mm, <o e (4)
T (1-e? )V, ~Vy ) =E, +E,
N ‘_ (m1+mz)(1+k1/kz)E1 - (5)
0~ Va m,m, (1—e?)
’V ‘, (m1+mz)(1+kz/k1)Ez c - (6)
0~ Va mm, (1-e?)

(RT 1, 2138/ 1, 2 2R, V, V,,: E2SHE n/s], m,
my: 'BElkel, £, E: TRVXWINEL]], k, k,: BUKIREE
(N/m], 7, :#= kXN E(T], e: RKRMFEE)

F BT B O BRI ORRIC L - T, BT 2 FEIC
T TCTHRADENFARETHS.
[1-1] EZ2EMr O BARTREE DI TIER CBMR. B120E, X1 o
SF, HF, SR W I p3ize LAAZEIEAK 0. 16m LA T
OBENZORIY TEED. FIzE, HEET EISEE
@Ekﬁf%+um&btﬁm,ﬁ%ﬁﬁmi(mlﬁi7
BT D E DF) HEA0BLAN DFAHA DRI TILE
W%E%E*(h/@:z)&ﬁ&bf%bizﬁw(ﬁ
5 6 X0) . TEOCTEHEOEMATERIL, BRTHEHIND
INUINHIN— (R T 2 A, NuRXT A7), 7
VYA UR—=A (NN E—LA) , VT aRiy T A
(RuxTF—) , Zar hA KAV (Zay b
RZ7L—2&) , L BEEEN—RNTHY, 1ZFRT
DOHEFBTEBEOREL L > TWA. £, (KEEETOR
B L OB TEREOWR SN D, ERAHNAGRD TEn
BRI 2R -5 LITEL OB, —F, FHEOHE
BIENCONTE, VYA KA (U¥HA F7L—0)
DS EAREREIGERNL CTdo 5 2, EHREAAIC & D& &
U ) B CIIIEARR I HEARATS & [F) U

ZOBE, BRRER (k /k,) %5, 6 THATHHME
DD, BEBEIM ORI A THERZRBIRRD &
LZHEEIALNTHY, FHEREOZRNAXFRINEFEE LTS

ZEHRANE LTEWERIREZ $ o T D FITI3Z 4P

BHDEEZD.

(2] —HDOBEAEBREIMET I 2 B%

Bl z1E, B 10 SF & SR 23EZE LKAEREA 0. 16m £
B AR AID, ZOBNZISWT SR IR 0. 15m ff
TEBZ D ERAMBEIMEL 725 2%, SR B—FHERT 5.
2 Emori @ 2N Ko TR T— 7N oA I R
LfE) ThD. ZO%E, BEERREBITT UV LD TRE
IRREIEMIEET 2 A5 D BB ED DR EITEIC ERD
UL, HREEILS 524 ﬁ%**%ﬁ@%%hx/A
RS DA U CH oI R A RN 2 F N CTE 2L 72 b A,
MEIZTNDHFICRD. O8I BHEEDEIZL - T, HE
FEIZENECD EBZDND.

i, HEEENRRKEVEAIZIE, SR DBEDHENSELNLD
TR B AT R L XN & F 5 FH CTHAITREED
Eb‘?ﬁﬁiﬁ‘ﬁ*f‘%é &%2 5ND.

HEAEN NS ODEAITITSF 2R 23 L ot k&
<Eé.ME&éﬂé%&i%ﬁ»iofE@é%,%i@
A5 E 2T T D 2 S TERVD, B IXEAROH] -
BIOWRIN =R NX DL 1:2 OFHIZ, BRBEHORIN-
*wﬁﬁﬁ%%wff4ﬁ@®ﬁ@ﬁ(iti@%ﬁ@ﬁﬂ
W) AREHTLE, BEOWNT RV EFEHT L2551
FET 22% D3RR AL D (1:1.5 725 29%, 1:3 725 165%, 1:4
TR 12%) FRGMD. OFEY, ZOREBBICANTZ RS
WL D,

4. FEHREFEHERRT LD HHRE

FEEOMZEEFHER A BN, RiIFE TR LI BABREE ORISR
OEAEB ZRT . FIRFZ, BiECE LN ROZS M iR
FETB.

4.1 FERFE

KR AWFE 2 —OmE5e Y TEEAFHL, EIELk
HWOZITNOD T NVT » TBYEGARE 4 BIEM L7 (2%
M 29. 99~50. 3%km/h) . BERGAFE R 1ITRT. FEhR1~3
DOIBZEEIL, X 1 0 SF LIRIFFE B & R0 Hfl (#1) 23
TE LTz (BT AR—HRE WIS EREEE SIEF — O HAR) |
FEBR 4 OIBZEEME, X1 O HF & [E—HfE #2) 2385E L.
F7-, EFEBROFHEZEHEEIIX 1 O SRICFEY T 5 #fE #3) &

Table.1 Test Conditions of Rear-end Collision Test
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Experiment Number 1 2 3 4
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Model/Year

#1/2000 #1/2001 #1/2002 #212002

DO i Bullet Test Weight 1055 kg 1059 kg 1065 kg 955 kg
DRI HEERND D EEZD. Vehicle  Width 1695 mm 1695 mm 1695 mm 1660 mm
1-2 ’é‘ﬁzﬁ fl@ t,_yj§ @ﬁ-wa:/gl\:f Type SF SF SF HF
[1=2] 5% E{Mﬁ“{% f fﬁ fi Eg Model/Year #3/2003 #3/2000 #3/2002 #3/2003
£&. X1 0 SF & KF MEZELKALERED  Target  Test Weight 1025 kg 1010 kg 1021 kg 1052 kg
$EA o Vehicle  Width 1695 mm 1695 mm 1695 mm 1695 mm
K10, 20m LLF DGFEMN Z ORI Y TEES. Type SR SR R R
Impact Speed 29.99 km/h 35.01 knvh 40.83 km/h 50.39 km/h
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Table.2 Results of Rear-end Collision Test (Experiment 1 —3)
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[Experiment 1] Rear-end Collision to a Stationary Target Vehicle at 29.99km/h

Model/Year : #1 /2000  Pre-impact Speed : 29.99km/h
Test Weight : 1055kg ~ Width : 1.695m

Model/Year : #3 /2003

Pre-impact Speed : 0.0km/h
Test Weight : 1025kg ~ Width : 1.695m

Front by Oga Method (FFA less than 1500cc)

Rear by Kubota Method (Sedan Type)

womm | 1 [s|slstaletatetetelislgls|o | o [[Ls00mm Lol ol oJoJoJo]of o
200mm sfo||s|s|s|s|s|S]|«S1s 30omm Lo o] o] o]o]o] o] o
300mm olofdo|o|o|o|o|o|o|o|o]|o|ofo|o 200mm 3.6 0 0 0 0 6.0 0 2.4
400mm o|d|o|o|o|o|o|o|o|o|o|o]|o|ole|o 100mm 33.3 1729.6 | 37.0 | 37.0 | 37.0 QLQH;S%&H’B@S
Absorbed 10.116 %1055 =100 = 10.67[kJ] Absorbed 288.8x1.695 x 9.8 + 1000 = 4.80[kJ]
Energy Energy
. . E
Calculation | 1055 +1025 \/leo.anmoo 3.6 = 32.86[km/h] Ezrrg; Calculation | 1055 +1025 X\/2x4.80x1000 <3.6= 21.72[km/ ] 8rrzo7r
from Eq. 1 1025 1055 . from Eq. 2 1055 1025 .
km/h km/h
Calculation \/2x (1055+1025)><(1+1)><10.267 x1000 .o 32.76[km/h] Esz% Calculation | [2x (1055 +1025)x (L+1)x 4.280><1000 %3.6 = 21.99[km/ h] %”(;3(;
from Eq. 5 1055x1025x (1-0.17) : fromEq. 6 |1 1055 x1025 x (L - 0.1%) .
km/h km/h
Total Absorbed 2 (1055 +1025)x (10.67 + 4.80)x 1000 _ Error
Energy J 10551025 x (L 0.1%) *36=2791km/h] -2.08
Method km/h
[Experiment 2] Rear-end Collision to a Stationary Target Vehicle at 35.01km/h
Model/Year : #1 /2001 Pre-impact Speed : 35.01km/h Model/Year : #3 /2000  Pre-impact Speed : 0.0km/h
Test Weight : 1059kg ~ Width : 1.695m Test Weight : 1010kg ~ Width : 1.695m
Front by Oga Method (FFA less than 1500cc) Rear by Kubota Method (Sedan Type)
100mm gommgﬂ,«eggmmg 400mm || 0 0 0 0 0 0 0 0 |
o|o | =4 D Dl oo lalo =3 k=2 k=]
200mm sLer|o || s[c][o]s|d]oHs 300mm \o 0 0 0 0 0 0 0|
300mm ol|logudo|o|o|o|o|o|o]o|o|olusele 200mm § 252 | 252 | 2761360 0_
400mm |o[g]o[o]o|o]o]|e|o]|e[o]ofo]ole]ofl  100mm 36W|370|370W6
Absorbed 15.939 x 1059 + 1000 = 16.88[kJ] Absorbed 413.2x1.695x 9.8 +1000 = 6.86[kJ]
Energy Energy
; Error : Error
Calculation | 1059 +1010  [2x16.88x1000 «3.6 - a1.64km/h] [ g]| Celculation 1059 +1010  [2x6.86x1000 3.6=25.92km/h] [9.08
from Eq. 1 1010 1059 : from Eq. 2 1059 1010
km/h km/h
Calculation | [2x (1059+1010)><(l+1)><16.288x1000 3.6 = 4135[km/ ] Eggzr1 Calculation J 2x (1059 +1010)x (L+1)x 6.286 X100 o 6 _ 26 36k h] _ngé’sr
from Eq. 5 1059x1010x (1-0.17) : from Eq. 6 1059 x1010 x (1-0.1) :
km/h km/h
Total Absorbed Error
! 2x (1059 +1010)x (16.88 + 6.86) x 1000 43,6 = 34.67[km/ h] o
nergy 1059x1010x (1-0.1?) :
Method km/h
[Experiment 3] Rear-end Collision to a Stationary Target Vehicle at 40.83km/h
Model/Year : #1 /2002  Pre-impact Speed : 40.83km/h Model/Year : #3 /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)
lo o] o [10]
womm | _1_[g]3{g]8laz|s|elclalel8]o]o 400mm\10 o J ol oJoJo] o] o
200mm Sl |4l s [olTotetas [d]s 300mm [{ 0 0 0 0 0 0 0 0,
300mm  |o|ofuw|e|e|e|e|e|efe[e|e|obuie [ 200mm [ 76.8-1793.6 | 96.0 7757617927 85:2"| 82.8 |-63.6
400mm  |o|d 01 ololo]e|olo]o]o|o]le]ole|a]l 100mm | 370370 ]37.0 |37.0 | 37.0 | 37.0 [ 37.0-}37.0
Absorbed 18.568 x 1065 +1000 = 19.77[kJ] Absorbed 948.8x1.695x 9.8 +1000 = 15.76[kJ]
Energy Energy
Calculation | 1085 +102L \/2X19'77 x1000 3.6 = 44.82[km/h] Error Calculation 1065 +1021 JZ x15.76 <1000 x3.6 =39.18[km/h] Elrr605r
from Eq. 1 1021 1065 390 gomEq 2 1065 1021 -1
km/h km/h
) Error . Error
Calculation IZX (1065 +1021)X (1+1)X19'77 %1000 x3.6 = 44.56[km/ h] Calculation IZX (1065 +1021)>< (l+l)><15.76 x1000 _
from Eq. 5 1065x1021x (1-0.1%) 3753 fomeqs |1 10651021 <[1-0.) x3.6 =39.79[km/h] | 1,04
km/h km/h
Total Absorbed Error
Ererey \/ 2% (1065 +1021)x (19.77 + 15;76)>< 1000 o6 429 afkm/h] =)
Method 1065x1021x (1-0.1?) i




Table.3 Results of Rear-end Collision Tests (Experiment 4)

[Experiment 4] Rear-end Collision to a Stationary Target Vehicle at 50.39km/h
Model/Year : #2 /2002 Pre-impact Speed : 50.39km/h Model/Year : #3 /2003  Pre-impact Speed : 0.0km/h
Test Weight : 955kg ~ Width : 1.660m Test Weight : 1052kg ~ Width : 1.695m
Front by Oga Method (FFA less than 1500cc) Rear by Kubota Method (Sedan Type)
- | o]

100mm olo § % %* § 5 § % % g *Fg\g §_ olo 500mm 0.0 9.3 3.7 0.0 0.0 0.0 0.9 0.0 f
200mm &li|s|Ststs (3| sl 400mm [[0.9 J819 [ 874 [ 801 [ 710 [80.1 [482 [ 0.0 ]
300mm o|9%kw]o|e|ofo]o|o(o|o]o|o|e o] o 300mm [636 | 86.0 | 86.0 | 86.0 | 86.0 | 86.0 | 43.0 |42
400mm  |o|é|o|o|o]o|o|o]o|o|o]o]o|a]|alo|l 200mm [120.0[120.0 [120.0|120.0 |120.0 [120.0 [120.0 | 120,60
soomm  [o]|&]ofo]|o]o|o]|o]o|o]|o]ola]o|3|o] 100mm | 370370 |37.0 |37.0 | 37.0 [37.0 | 37.0]37.0

Absorbed . _ Absorbed .

Energy 11.027 x 955 +1000 = 10.53kJ] Erercy 2298.3x1.695x 9.8 +1000 = 37.94[kJ]

. Error . Error
Calculation 955 +1052 % 2x10.53 %1000 x3.6 = 32.25[km/ h] 1814 Calculation 955 +1052 y 2% 37.94 x1000 x3.6 = 58.33[km/ h] +7.94
from Eq. 1 1052 955 from Eq. 2 955 | 1052

km/h km/h

. Error . Error
Calculation | [2%(955+1052)x(1+1)x1053x1000 o oo Calculation | [2(955 +1052) (1+1)x 37.94 x1000 _
from Eq. 5 955x1052 x (L 0.7 ) I T 70 i Eq. 6 985 1052 x (1 0.17) *36=6300km/ NI+ 12.61

km/h km/h

Total Absorbed 2x(955+1052)x (10.53 + 37.94)x 1000 Error
Eherdy J ( 955><2305(2><(170 1?) ) *30=s03dkm/M oo
Method ' km/h
Calculation 2x (955 +1052)x 37.94x 1000 Error
from only the \/ (955><1052)>< (1_ 0 12) x3.6 = 44.55[km/ h] -5.84
Rear Crush ) km/h
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