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Development and Validation of a Biomechanical Model with Anthropometry of
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[Abstract] The biomechanical human body model with detailed anatomical characteristics is urgently need-
ed computational tool for the intelligent and digital development in the field of automotive safety. In this study ,
based on the latest Chinese adult body size standards, a biomechanical model of the 50" percentile Chinese male an-
thropometry car passenger (TUST IBMs M50-0) is developed with independent intellectual property rights. By re-
constructing 3 sets of frontal blunt impacts, 5 sets of side blunt impacts, and 3 sets of sled cadaver or volunteer
tests, the C-NCAP deformable moving barrier side impact test is simulated to verify the effectiveness and applica-
tion value of the developed model from multiple angles and all directions. The results show that all the 11 sets of re-
constructed experimental data are within the corresponding cadaveric and volunteer corridors, with an average dif-
ference of approximately 10%, verifying the effectiveness of the model. The TUST IBMs M50-O model and World-
SID 50" model exhibit the same kinematic responses in the side impact simulation. However, due to the compres-
sion from the upper extremity and elbow joint of the TUST IBMs M50-0 model, the peak resultant accelerations of
T4 and T12 thoracic spine reach 43.5g and 47.3g, higher than the values of 38.5g and 41.2g of the WorldSID 50"
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model. The TUST IBMs M50-0 model is also used to analyze the human tissue level injury risks based on stress and

strain. In conclusion, the TUST IBMs M50-0 model exhibits high biofedility and can be used to investigate the im-

pact of injury mechanisms and virtual testing. As a reliable computational tool, this model can offer technological

support to the research and development of safety protection devices in intelligent vehicles and intelligent high-end

equipment.

Keywords: human body model with Chinese anthropometry; the 50" percentile Chinese male;

occupant; injury bionic model; side impact

N2> .

A =

R G 1T Jmd A Y B0tk L 20162021 4 Hh
] % A S R A BN Zy 21, 3 0 BT 27,3
TR TR R SR . WHO S & A 1Y
(2023 4 42 5K 1E 2 A BUIRHAE ) e g8 1 FE T A
TE A AR T R, VR A R Al DU A 7 AR A 3 5% 11
FET B EE A AL T 1Y 30% , T3 PE S iy
SIETE R 301, ] WL, S5 PR TE I B Al AR T v o
ABRWLH, %G THE 2R KTE . 11T, 25 BRI 4R
f8 2 A R LR A2 PP KRR PR 2 A 50" 4
(VEZREY P UNG SUDRRR N &1 PUN L SR Ck e YN R ]
LA ROR o ARFTRIA, HER A LI
‘# (anthropomorphic test devices, ATDs ) f& £t X 4 %
B 48 T80 JF %, 40 IE 1 lE 4 B Hybrid TR A
THOR B, ] i filf 48 (1 Euro— SID 1 WorldSID 2 A
J J 48 114 BioRID—T1 {56, {E B2 HH SR A 1Y
lfABE AN B AR 14 T T Al AR A0 T A A A A L TR
ER—NE G A MR, WA A 1Y ATDs
e HAW A3 T 00 F BRIz 3h 27 B ) A 7E R BR
PES T EA R A ) R ) AR BR TR A e
ARGF b gt sk — )L

UTAER, [ N AN AARA BR TR B fy A 2 5 ik
BRI, — R BRI 1 RS A 2R ik
P AT BE A AR i G Ak B A A4
LU UTRERY, SR 5 R 53 A% K A BROTEERL . 5
— o T X A AR B AT 4 A B H AR
R, BT, EANE TR T IUASRRAH 50" B 3 55
PEANA BRITHIRL B A 3= VA R AR5 i & 1Y
MR 4A5 8 (total human model for safety,THUMS)’4‘ s
23 AW E BT, I RPN R R LA
4 BRON R B 7 BE B (global human body models
consortium, GHBMC) #& F 7§ 77 A& RF JF & 1
GHBMC M50 AARA FRITHL AL, 045 1 240 bt Fil fi] b

R, 87 1K B 1Y) GHBMC M50-0S A5 704 B fi% 2 55 1144
RO, B T AR E BT IS . R BT
B K T — A B 50™ & 437 55 M Ak 2 HUMOS
(human model for safety) A & 4 4 & AU
Humaneties 23 7] £ X A [R] filf 48 T 40 IF & T Hybrid
Il 50", Thor 50M . WorldSID-50M , ES-2 ., BioRID-II
U NARS L AT BROTAE Y 7 A 1R 4 Rl A ) L 7%
Hrep 380z W o 3R 50" A 430 A BT ALY
FETRRIE 50" [ 4000 B VR AE £ I & s, v
50" S BYERIE B —E i 22 5 LB Ak
e A RO, BRI, AR RS ) R R RS B R % 57 54
Pl 22 AT T A BT 75 RE A X v [ 3fe SRR B &
PR AR IR — PR . Ik, 2008 4F 1
Y AN F MADYMO kA4, 38 35 X Hybrid 1 50"
H AR NS AT A A2 1 E 50" 20
PEIRAKERL . 2014 4F 7 S23E5F 0 Hybrid TR
K FHREAR 53 Be LU i A TR 8% | 35645 Hh ] 50™ A 40r
BRAAT FRITCAE AL, I R X 26 {5 A TR T Je ilf 428 45
Pt s

X B 2 1ok A TR AR AT Y 50" 1 2367 BRI
A BRICHEIRI RS 2 SV 5] 22 S5 A AN BB TE S, SR TN
PRI 15 s LR AR T 0 o 2 R L AR & 2R )
T ELRE (AT BROTACAY | A S B b e 3k A\ A4l 43 ok
P R AR VPAl o Bl 3 VR4 D R RE AL Bk
VR B8 re v A 00 4 i Y PR i, AT AN 7R R
TR Iz f PERE , T B DG H 2 e AT Ak M , 1k 26
AT AR P ERRFIE AT B i
BLAl TR PO, TR R A b B RRHIERY 50" B 43
(L F VTR DLW Sy 2 R L

1 Ik
1.1 #HBFR

I FE AR UEAL T 5T Bt ool & 45 1 s GB/T
10000—2023""*, DL B = A & o £ 2 S 5k #¢



- 1906 -

oA TR

2024 4F (45 46 )45 10 1)

FRFE A E 50" 7307 T PR A A f e R S, Ly
171 em MK 67 kg #i FABBEAZ BRI ZUCR S
I CT RS AR Hls an &l 1 s AT 4
56 W EARAE 50" B 2000 B PRI AT L A ) ) A
R, w2428 < EUSTRR 50" 7 4300 55 1 3fe 5 45 45 477 A A5

BI(TUST IBMs M50-0) . HERIAR R 91. 7 em, 145 i
67. 1 kg, JA % 45.3 em, 331 162. 8 TASHIT, 130. 2
T ST AL 20 s LA L PR
BB IR B S LS AR 254 AL K
HAPIRIT

(b) 77 BROTIE R F 7

(a) JLTRERIEE A

(c) e RHLAS AL

BT P EAAE 50" 7 3 55 Pt DA s 0 A B RLT K i e

TG, MR LGB UM EAI SR, #IRA
TR XI55y Sk (00 MO B 2 AN DU R A3 e B A
& 1(a) IR, FE T RAE ) CT B2 22 5258008 , 7 Mimics
B b A i ) 2R S A VAR SR HUR R LA B
PRI IE 8 B A L A 54 T AT 5 G , i As) A A LA A5
SRR U2 B U5 BB 7E Geomagic B AFH
R i B AR LS AR AEES T B AEAOGIE AL 3,
TR 25 2 2R S5 W R A 75 PR 0% T 1D 0] 4, 4%
TEARKN 43 R 75 TR TUAT A A | 22 TR TLART A5 A8 s
JETUARTAREHY kg S5 B0 v Jo A IR TG I s B i

SRJG 98 LA A DX B BR G 190 s A5 AR A
WE 1(b) FroR , 754 BRITHT AL BRAAF ANSA 1, 435
X & 2 LA AR AT A ) 43, B 45 B LA
R B AR BT ik B R 2L, B rp i 52

PRA BROC RIS LIS TR B0 3, F T EABLIURE #
il SRR 2D e SOT LAY Oy 2. BT A% 2
LGSR R I IEAT OB U 2, AR 2454 2 )
L 2D FE OTE AR T AT I . LRI O
FLi it ANSA B i Exturde 14>, UL ZMI 7
Ji5E BTG [0] B2 IR PEAT B, 70 KK -5 LD 2Z ) 4
SR RIRE AR T2 FEAR S A% 2H AR A5 R B 2
CS e e o EV AR % 2 4 d

H1 T AR TR AR CT PR AR 5 AT S B B IR
A, PRI R A e R PR AT BR ST Y i 202 I IE
R R A B R AT IR NP 2 s o SR
O A B A B QLB A T AT L A 3 B Xt AR TR
PR A ) 38 L B2 B SRR TR —

i, SE R AR TUREE . NI 1 () B A



2024(Vol.46) No.10

ARG VR 22 A 0 v L RAE 50" B 430 53 PEFfe 5 A W) ) 2RI R K BniE

- 1907 -

P2 A A R
MBI Z B, 275 AL SRS TR A

T FIT AL AT BR T ) A% A R Rl L, LA 5G9 Jﬁ?@
W RS AR A KPR O e i K PR

AT FROCA R B O e B3 . X TR R BIri e
1% UL PA) 2 2 e ) - 2 AL S B A T 3 24 )

ASFEACA , LU PR ASE Y 04 A )0 BURE AR 58 A%

X IR 7 W 2 A AR AR
L () o ERAE 50" B 2 B R AR R B i Ak
FEAL (TUST IBMs M50-0) . #4453 BROCBE I , X A5
RUTEAT A% o f BT H A A 56, AT LR 0. 3

A EE /N T 50° HM /N T 60° KT /N T8, T
BARER, Wl I AH R
1.2 REIIGHE

TE 56 B X Sl 455 70 46 31F 1Y) FE A I ZIKi'#%JrXTF)?
TE & (1) 3 DR TR A 3 N\ 23 1T 647 AH B IE I

JH TUST IBMs M50-0 £, 1 HU '?E?%?;sz%i%@
R IRETE £10% N B IR R IR H R, S IR
FERE B 2 45128 uﬁkﬁi*ﬁm'ﬁ{ﬂlﬁi%ﬁzéﬁﬁi?
% 1% T T 2 ik B RE A (Sl EE A B R 0.3) T
4 3 4 1 T B et L 5 e e e P ARG A
3YLEE N G0, DL UE I IF A A A bk 56
TEAE RN 1 TR .

%1 TUST IBMs M50-0 #& ) I81iF 45 P&

. hs e Ek S0 ‘
A BAGEE mm | Fii/ke | B/ (m-sT) hif 7 ik
—_— 358 1 v ety 152 18. 96 7.2 Jgei v S8 DU ] B Kroell et al(1971,1974)!17-18)
. JE B A T A 25 63.56 9.07 JEHE L3 7KF B I Cavanaugh et al(1986)""’
T 6 IE T il 150 1.2/3.5/4.9 i g7 LRI Rupp et al (2008 )"
S A it ol 150 23.4 1.5 A8 KA 5 g e Sabine et al(2004)"?'
—— s s A v o o 150 23.4 2.5 AR 2 Shaw et al(2006) 2!
g s Ak v ot 150 23.4 8.3 MR 8 5% 2 A Viano et al(1989)"%
S AN i bt 150 23.4 8.1 SIZEF 77,5 em 4] Viano et al(1989) "%
g i 150 23.4 5.1/9.6 [ NN Viano et al(1989)"%
5T H JERFEETS A B/ (7) %/ (km+h™") SCHER
% s Eﬁﬁﬁﬁ@?ﬁ% 20 50 Vezin et ;11(2001)“[‘”1
. A0 TR il 88 4 3 20 24.12 Maltese et al(2002) >
Je R 2R 20 8 Ono et al(1997)"
1.3 MDB M mElE {7 Bit e ST T 3R C 28 50 ) 202 B 53 A0 R e 57
Z: 0 C-NCAP (2021 bt ) ] 42 JE # ol BE [ 3l Dy PR ARG = a0 2 P I s AL 5

(mobile deformable barrier, MDB ) Il i filf 43 i 56 111 2%
Z M 8 TUST IBMs M50-0 55 WorldSID 50" 455 74 43

-0 8-

(a) TUST IBMs M50-0

B4 R 4 6 1) T T M, /e R A DR A 1
EHNO.3,WME 3R, MR35 %4 (AE-MDB) LA

b)WorldSID 50th

B3 FRE R MDB U T Al 8 it



- 1908 - woOE T8 2024 4F (45 46 )45 10 1)

50 km/h FEE R o 4SS B0 G0N, JEAT MDB AL BN AR iR i 5 7 A R A A e 4 2R it
D7 FARE:, X LA R BRI S~ i, LAE—20 0 SRR L AN B 5% 1~ BR3¢ 3 Brs o 76 11 LR il 4R
HIETUST IBMs M50-0 88 B 2t , JF AEY) % FR Rl UL TUST IBMs M50-0 #5855 A 7 55 S 2 3k

£ ST MBI (R 38 45 175 DL 55 v 2% AR L 28k A — B0, B AR 1 A Rk
T2 A 0 T P, A T R R e 0
2 2 57 K A R R o W 1 7 4 {25 S AE 10%
EAT i 4 Fros o BB, DATE T A0 TR A I 4
2.1 FPiERERERIFRE ¥ Z A ff JE B UE T TUST IBMs M50-0 #5844

3ALIE e by S AN R e A 3 otk

207 % TUST IBMs M50-0 200 * TUST IBMs M50-0 6001 » TUST IBMs M50-0
— bl — LiliE — Bl
— TFimil — Tl S 500F — Tilif
z 15 —  gls0f :
= « £ - - £ 400] x
'54 = [EH * L
= 101 —  SR100} 300 —
i — R J
R — ==
K — K - I =
B — x X 200 =
I ¥ I ~ X JK
SF— —x— 50} . %
3 — - 100F
A ol FxxT L
ABCDEFGHI JKLM ABFGHTITJ]KLM N 0 p Q
(a) Ffih (B LU AL b) FR48 S IEE L (c) MR AR L4

T A— WS 1 1 vl ity s B—HE B AE iR s C— AT IE T 1. 2 m/s s D—IESCTT IR TH #hifi 3. 5 m/s s E—JHSCTT IE T #hfi 4. 9 m/s s F— 5 00
phils 075 G— 8 M i nh ik 15° s H—Ji8 3000 i ofr = 15° 5 T— g S ol 00 v ook 5 J— 06 S A0 i o ok 3 K— M 35 ARMONN 7 o ol 5 L— 5 G 22 000 i ol 5
M— 24 O T s s N— S B8 00 JINR B8 5 O— T J5TCo N8 2 5 P—T8 JoCo IR 38 5 Q— B 425 I3 e

K4 5 X5 7 A R S B e e L

2.2 MDB fll EAlEiXIE BERT DU Y, PR S 3 AT B4 i — otk L (H 35

2.2.1 BN iF C-NCAP # 5E Ay Ik M A BR {1 7002 1 80g, W1 6
WS PR 78 0~50 ms, thii (AR 23 510 4 (a) PR,

IR, e 518 PRSI AR . 50~100 ms, WK 6(b) 7, TUST IBMs M50-0 #5571 T4 5.0

e A T RS 2y, SR AF e Al XA A AR A oD 3R I A v S WorldSID 50" A 13%, H U

R L) HAE ] AEPIRN AR S 5 AN (EE 2R O SR ET . PR T12 JBT0 A5 B i B W (.
KRG R B fpk o i T TUST IBMs M50-0 5 43354 47. 3g Fll41. 2g, TUST IBMs M50-0 #5145 1
WorldSID 50" # %I - 35 e 5 BE R [A], H WorldSID AR H IR 215 WorldSID 50" AFHIT , &5 2 4 I
50" R FREAA AR A ik, SRR AL IS s 3 (E R BLET 205 WorldSID 50" & A AH LA A 2 51, i
W) 1V A7 7E— 28 26 5 o 100~350 ms, AR [ @2 Bl 6(c) iR, im0 G som s th &k 6 (d)
gl [ 55 . A 350 ms A RIEFE (5 B AT LA Y, TUST o, DR {H S B AS 220 5 04 (B K/ NS e it . %5 1,
IBMs M50-0 5 WorldSID 50" #2807 MDB il i i ~ TUST IBMs M50-0 5 WorldSID 50" {5 A Sk & i .0>

T iz shia s AT S e i — 2k . T4 T12 F 7z sh#a A\
PRI AR Y SIS 50 (T4 T2 BHE DB 2350 2.2.2 AW R
A N - ] i 2 (TR 6) AT DL, pil £ 35 1Ak $4R TUST IBMs M50-0 455 7Y H A5 3 40 (19 ik 20 22

[ o SRR I R (T R R 200 S0 5 A, B A DA g 0 28 A R AT 43005 XUBS: A .
KNSRI HEE L TUST IBMs MS0-O TS 17 /%, phy 9 ik st oo Sk 35 2 00 55 22 4 )4 422
HIC, F1 3 ms 5 BN 3 B2 5355 885. 3g Al 121, 1g, filt, 7E 65 ms i %) TUST IBMs M50-0 #5271 /i 4 e K
WorldSID 50" i AR HUAH LY by 873. 6g F1 118. 7g. Hi F S A F] 0. 4127% AH R K AEBIT . 42 Von



2024(Vol.46) No.10

ARG VR 22 A 0 v L RAE 50" B 430 53 PEFfe 5 A W) ) 2RI R K BniE

- 1909 -

50 ms

WorldSID 50® -

B 5 1z dim

Mises I 7 Fl 5 U] 7 5 A AE 349 1 B0 A6 20 0 S5 TS
BREE T T AL , 4350 30. 95 1 17. 75 kPa, K+
A% H A 0 AL, A 49. 87% , M4l SCik[27 ]~
SCHR L300 mh 25 (458 05 B A, 2 WD o 00 7™ B A
it .

NS 32 24 225 T UL, ZE A T p o i R
Sk S0 = BB A ) 1 JeE g S ME [R] 452 T ME
A ) f) 8% e i 7= A= 4405 . FR 1L 8 WIAN, TUST 1BMs
M50-0 H5 75 251 M %5 53 B FTFA 5T H Von Mises L J)
e RAEY I BLAE C1 T R 4L, 7300 167. 4 Fi
19. 05 MPa, HE[H] £ Von Mises i 7175 C5-C6 5 HE[H]
A PR A KB, M 31,95 MPa. AR IS SCHk P 45
H ) UM 2% 51 RIS 0T B BT B Von Mises I 7 [
{236 #1159 MPa™"', D K2 S #E ] 515 1) 30 MPa i
PR32 ] LA DRIy S A A 4 2207 JXURGS

R SCHR 265 0 B )1 A A B 28 R AR
H2.375% %, Bt H R KA 1 N AR B A B (E
28. 4% O VR OB BE R 30% 7, K

W N 5 B BB A R 130% 7, WL EE 07 B 55
H B K AR Zg E R K E AR = (E19) AT
ST, MR H A2 B 4 TR A e B e 22 05
5-9 B ik B R AN AR, BB R . Al A7 2]
BB TR Y R R WA, g5 K N AR TR ]
108. 7% , 3 B F 545 o A ili52 S0 e A A 0 B
B AR, e Rk BN AR L H 31. 53%, 77 (e 52 B fi 45
JAUBS: o o EEAE X it 5B 55 TR AR T, e K F2 AR 3k
22, 78% , A B A . JFFEIESZ 288 B T
K A VER, e K 0 AR IR 5] 41, 3%, H 3L .
I e 52 381 20 AW OG5 55 A AT, B oK 3 i A2 5K 3
42. 85%, MBI IS o 2215 52 3 22 v B A
P, B K RS IR R 31. 58% , 47 ' 5 TEME RS 58 B 12
B i, d5e R R N AR K 3] 33. 98% , Y AFAE A5 405 KU
B KA NG 22 RN E MR Rk E
AR 43590 A 112, 8% . 73. 76% F1 122, 7% , ¥ % ik 3|
AERE B 45005 A, R AP AR ik . 25 1 i T2
B ZE 8 5t AR R R I T B R AR, 2200



- 1910 - " O T O™ 2024 4F (55 46 %) 55 10
160 501 P 0-0
(142.3§60 ms) —— TUST IBMs M50-O (43.5¢. 65 ms) TUST IBMs M5
I~ WorldSID 50® N WorldSID 50™
| (145.7g, 65 ms) "
L : _—
é’?lZO : & ] (38.5g, 72 ms)
: i At
E , # 300 't
p = \
= g0t =
<z <o
\E 2 20k
.<
=X SOF
10 . ' a
] LW Aaia B e ,
0 ht” - 5 1 " Ok "\'| ~|“ L ' ": | 1 G
50 100 150 200 250 300 350 50 100 150 200 250 300 350
I5F 8] t/ms A 8] t/ms
a) kA A U (a) TAFR LA BN
60r — TUST IBMs M50-0 70[(59.2, 46 ms)
X ——TUST IBMs M50-O
...... I <.
“ (47.3g|, 50 ms) WorldSID 50 éok L W WorldSID 502
Y L
40k
ﬁw
= -
=
=30 [
2 ;
| 20t L
= !
0f -
O=50 100 130 200 250 300 330 50 100 150 200 250 300 350
IHE] #/ms Fsf 1] ¢/ms
(e) TI2BR LA Sk Ji (d) "B 0B I e
Bl6 25 BB LA B
4.127€-03 3.095E-02 1.775E-02 4.987E-01
3.783E-03 2.837€-02 1.627€-02 4.571E-01
[ 3.439E-03 2.579E-02 1.479€-02 4.155E-01
3.095E-03 2.321E-02 1.331€-02 3.740E-01
— 2.751E-03 — 2.063E-02 — 1.183E-02 — 3.324E-01
2.407€-03 1.805E-02 1.035€-02 2.909E-01
2.063E-03 1.547E-02 8.875€-03 2.493E-01
1.720€-03 1.289€-02 7.395€-03 2.078E-01
1.376E-03 1.032€-02 5.916€-03 1.662E-01
1.032E-03 7.737€-03 4.437€-03 1.247€-01
6.878E-04 5.158E-03 2.958E-03 8.311E-02
3.439E-04 2.579E-03 1.479€-03 4.155E-02
0.000E+00 0.000E+00 ) 0.000E+00 - Q.OOOBOO
0.4127% 30.95 kPa 17.75 kPa 49.87%
(a) FE e K AR (b) B2 Von Misesh 17 ) B2 2R BT Y11 g (d) MoiZH s K A2 AR
7 SN S R AR

55 5-9 W S e T R i B s AT AE AN )

FERERY A1 o
N Rl 42 PP AR AR AS

B85 5 W B A X it

Wi5. HIE 107 WL, TUST IBMs M50-0 7 i g 43

S T AR S5

BB K Von Mises W /1 #) H B 7E Bk B

A Ak o B O AR TR - Tk R D7 40 1A 3. 08
3.96 kN, Y8 Hi C-NCAP K REFR 1A 2. 8 kN, FHH
B IR AT AE A U



2024(Vol.46) No.10

RS A T PR A AR 50" B 203 55 MR 5 A W 0 e BT R MRIE - 1911 -

1.674E+02 1.905€+01
1.5356+02 1.747e+01
1.395E+02 1.588E+01
1.256E+02 1.429E+01
— 1.116E402 — 1.270E+01
9.767€+01 1.111E+01
8.372E+01 9.527€+00
6.977E+01 7.939E+00
5.581E+01 6.351E+00
4.186E+01 4.763E+00
2.791E+01 3.176E+00
1.395E+01 1.588E+00
0.000E+00 0.000E+00
167.4 MPa
() SRR
&l 8
2375602 3153601 1.087€+00
217702 [ 2890601 [ 9.968E-01
1.979€-02 2627601 9.062€-01
[ 1.781€-02 2364E-01 8.156€-01
= 1583802 - 2102601 - 7250601
1.385€-02 . 1839601 6343601
1.1886-02 1576601 SA3TE0
9.896E-03 1314601 4531801
7917603 1.051€01 3625601
5938603 7882602 271901
3958603 5254€-02 1812601
1979€-03 2627602 9.062€-02
= 0.000€+00 0.000€+00 : 0.000€+00
h2.375% A5 31.53% Zeli108.7%
4.285€-01 339801 3158601
[ 3928601 [ 3114601 [ 2895601
35ME0 2831601 2632601
3214601 2548601 2368801
- 2857601 - 2265601 - 2105601
2.500€-01 1982601 1842601
2143601 1699601 1579601
1.785€-01 1416601 1316601
1428601 1133601 1.053601
1.071E-01 BAME-02 7895602
7142602 S663E-02 5263602
35TE02 2831602 2632602
0.000€+00 y 0.000€+00 0.000€+00
[1§142.85% 15'%33.98% £ 31.58%

3 e

0.000E+00

(

2.662E+01
2.396E+01
— 2.130E+01
1.864E+01
1.597€+01
1.331E+01
1.065£+01
7.987E+00
5.325€+00
2.662E+00
0.000E+00

3.195e+01
[ 2.928E+01

feeqet

19.05 MPa 31.95 MPa

b) SRR BT (OE: i HETES

5 Von Mises v /1

g

2088801

2278601 4130601
189901 [

]

3785601

3441601

1709601 3097601
— 1519601 § 27ea
1320601 zoxa
1139601 2065601
9492602 1721601
7594602 by
5696602 1.0326-01
3797602 assse02
1899602 3441602

00006400 : 0.000£400

LMIE22.78% JFE41.3%
1.128€400 7376601 12276400
1.034€+00 6761E-01 1.125€400
9401E-01 614701 1.0236400
BA61E-01 5532601 9203601
7521601 - 4917601 - 8180601
6581601 4303601 7.158E-01
5641601 3683601 6135601
4701601 3073601 SA13601
3761601 2450601 4.0908-01
2820801 1844601 3.068€-01
1880601 1229601 2045601
940102 6147E-02 1.0236-01
0.000€+00 0.000€+00 0.000€+00

H5112.8% KI#73.76% IN122.7%

(SR )R E RS =S & N S VA S

137.8 MPa
(o) B AR

K 10

1.378€+02
1.263E+02
1.1486+02
1.034E+02
9.188E+01
8.039E+01
6.891E+01
5.742+01
4.594E+01
3.445€+01
2.297€+01
1.148€+01

R TUST IBMs M50—0 #5780 & A4 Y 11 2H 1F 1
A0 T i v R A R IR, A R

1.790E+01
1.641E+01
1.491E+01

1.342E+01
— 1.193E+01

1.044E+01

8.948E+00

7.457€+00

5.966E+00

4.474E+00
| |

2.983E+00
1.491E+00
0.000E+00

24

17.9 MPa
(b) H BN

B 4% Von Mises W 11

IE T IZBRI A R . 2275 NHTSA $2 1 i —Fh A=
Y5 B BF A 1K & (biofidelity ranking system,
BRS)™ Sk = (1) Al 7€ #3155 BRSAH , H T FAG
AT ZERIRST BB OB, BRS < 1 ZEY)
D AR5, I<BRS<2 ML HIE



21912 - o T O 2024 4F- (55 46 %) 45 10 1]
i & %2 TUST IBMs M50-0 #&Z! FEB BRS
N ! % i W wo| A& | P
. j=1 n 1.1 0.5 1.1 0.48 0.95 0.72
z m TR AR L) C-NCAP 1] £ T8 B 2y B e ] i il 2 38
%y, K& BB R AR 0~350 ms 3 A2 rfiz sh i — 3,
T4 T12 B A5 U JBE I [8] il 258 S A TR
B = ; (I LSk 1R 30 o R S 2 — T 2 2 W
X B LS R O R s o ZVRIEE RN By — ok, I s RiE 6 B, A
PRI AR I 25 3 & WA ST 45 50 51 g Epfk . TUST IBMs M50~ BEAL e T4 T 12 5055 e i~

WECE s m RIS A B 5 n R ARSI 25 A A g
o )

308 o X A B 0 5 S A 7 3 RS E
TUST IBMs M50-0 #5714 X 3, BRS {H 4135 2 iR .
AI DU H AR T A4 JRy s DX A 0 B B 4 Ak T i 7K
S, A I TUST IBMs M50-0 #5581 ELA & A4 W 1)y
HE,

E— 1% H TUST IBMs M50-0 5 WorldSID 50"

20 ms 40 ms 60 ms

LILLE

W 2L WorldSID SOthfEAARRY, 5 5 5 TUST IBMs MS0-OF57!

i 1) £ 06 (B K T WorldSID 50™ {5 AR RS, i i Hy
PR Z 5 T WorldSID 50" (B AR, E— 243 #r
WA RG2S o () 11) 0] LUV I A 722~
T Ailf 4 3 F P, TUST IBMs MS0-0 5 U {3 40 ) fige )
2P 2P LS M R TR R G T AE 50 ms B2
T e JE S 7 AR B T WorldSID 50™ {15 A A
FUA TERE T W R R BX —i2 gh2fm i, H
I, PSR Fir e 30 e 14 B R B A5 B A A E 25 57

80 ms 100 ms

120 ms

(a) PIFERL 12 Bh 20 oL

50 ms
2.375E-02
2177€-02
1.979€-02
1.781E-02
1.5836-02
1.385€-02
1.188E-02
9.896E-03
7.917€-03
5.938E-03
3.958€-03
1.979€-03
0.000E+00

[

AW .
W

%%/

70 ms 100 ms

2 Q
WV ZX

2

(b) Wi — R R A

SRR ¥ e = A 0p- AL

FH & 11 (h) AT UL, , 7 40 ms 228 00058 #1565 FF
U 5 by B S 42 M, 50 ms JIF 56 1 5 26 000 ik 358 7 A B

He , 32 T e 5 59 i A B A I SR Y 4%
PSP INES KO R N = s VI ik SR K 7y 9 o = ]



2024(Vol.46) No.10

ARG VR 22 A 0 v L RAE 50" B 430 53 PEFfe 5 A W) ) 2RI R K BniE

- 1913 -

BRI, vh e BE— 2 ) B R E AL AT
WM& B 2 B R R BBt . T, B ISTE
AN il 488 P S T 4P s AR, DRI 7 0 T £
P N K — PR R AR

BT A5 A B 50" & 437 B HEARAE Y R R
SESUAR R  IT T ELAT TR S A ) 2 45 4 A v A
fiE 50" & 4350 53 M VR ZE T A B A 5 A AT, A 44 O
& 3 KR 50" B A A 5 1 3fe 51 4 45 5 A A A (TUST
IBMs M50-0) ., i i 84 11 40 7 4 K i 3 1E 1
B ey 0 TR e R R T A, A2
FERGUE T HIRI A 250 o B8 C-NCAP "] AR JE R 8
B [ ] 18 Aif 15 328 46, 318 7 TUST IBMs M50-0 5
WorldSID 50" {5 A AR B [y 32 2 270 7, FF A 2 21
BIZWIRA AT T 7 B3R A HLEE A5 DL
5.

(1)TUST IBMs M50-0 #5502 B 1 2 LA A
i ) A BE R RRAE AR AN TR SR BT R L 4541
LR LAY SOB G52 AN R 4L 2455 4 2 [a) i i
2D FERITE SR ML HEAT I RE TR T
B UE I BT A5 4 fh ) R 4 e A 2R 5 P AR 56 E
B0, PR AR AR L B P A B0 o T A
BRSTE 0. 48~1. 1 Z [H] . PR BLiz B 28 5 AT /& A= 4 i
B, FLAERIAS o, TSRS T Rl A )
TR, b ARG 22 1 A B A L

(2) % i TUST IBMs M50-0 1% % F1 WorldSID
50" I AR R X AR C-NCAP 7] A8 JE % 5l BE B 0] T filf
300 & B, A A SIS R B 8 A U
T 208 0 0 R e {1 1 BRI 200 A AT, K ARG B2 i) 1o
- BT, {2 TUST IBMs M50-0 55 T4 Fil
T12 JBT0 A NN 3 1 e W (i /N K e (e i 3 221
5 WorldSID 50" 8 A AF A 22 57, th T B A2 2]
26 T R RIS S B B, ZE S 5-9 h i & A
Pr, W B AR B YA AR AN R AR B A B A ARG . PRIk,
RGBT I DA v R 25 AR Y
VIR B LRI R 0 45 405 XU | o 2 A G ) 3 38 AT
Wi,

g5 b AR I R B EA H BB m Y
T ELJE (1) [ 50" 437 55 R VR A TR B 6403 5 A B
RI(TUST IBMs M50-0) , 3 FH 20 22 )2 1 (1) ARl
RIS, ] W AR E L P B8 N

A g S R A U A AT A P R UL PR 4 v 5
ATHE T H AR S R TR Re AL K1
WA LR 77 TR s B )R8 Rl i 5

Sk

(1] s NRIVRIEEZR SR . P ES RS M dbst: T E
Guit it 2022.

National Bureau of Statistics of China. China statistical yearbook
[M]. Beijing: China Statistics Press, 2022.

[2] World Health Organization. Global status report on road safety
2023[M |. Geneva: World Health Organization Press, 2023.

[3] ZENG W, MUKHERJEE S, CAUDILLO A, et al. Evaluation
and validation of thorax model responses: a hierarchical approach
to achieve high biofidelity for thoracic musculoskeletal system|[] ].
Frontiers in Bioengineering and Biotechnology, 2021, 9: 1-17.

[4] YASUKI T. Using THUMS for pedestrian safety simulations [J].
ATZautotechnology, 2006, 6(4) : 44-47.

[5] DORON S, BERKAN G, BHARATH K, et al. Development of a
computationally efficient full human body finite element model
[J]. Traffic Injury Prevention, 2015, 16(s1): 49-56.

[6] BEHR M, ARNOUX P J, SERRE T, et al. A human model for
road safety: from geometrical acquisition to model validation with
radioss [ J]. Computer Methods in Biomechanics and Biomedical
Engineering, 2003, 6(4): 263-273.

[7] NOUREDDINE A, ESKANDARIAN A, DIGGES K. Computer
modeling and validation of a hybrid III dummy for crashworthi-
ness simulation [J]. Mathematical and Computer Modelling,
2002, 35(7): 885-893.

[8] THOR-AV 50M dummy FE model LS-DYNA release version 0.6
technical report and user’s manual [ EB/OL . https ://www. huma-
neticsgroup. com/products/virtual-models/av—atd-virtual-models/
thor—av=50m—fe.

(9] X#E. A IR & S K A ge ik [T, Tolkiit, 2015
(12): 90,92.

LIU X. A review of the development and application of crash test
dummies[ J ]. Industrial Design, 2015(12): 90,92.

[10] A, B3, ACENL. HIE 50 1 20 A5 bR 5

NI Tl 438 R 22 S5 O BT 7 L) ). 1042 TR, 2008, 30(11)
993-997,1005.
BAIZH, CAO LB, YU Z G. A research on the difference of fron-
tal impact response between 50th percentile Chinese male and Hy-
brid Il 50th percentile male[ ] ]. Automotive Engineering, 2008,
30(11): 993-997,1005.

[11] e, sk, B, 5 . 56Tt R 2 RO A RN
Sk P 1 RS ] 1A TR, 2016, 38(7)
835-839.

CAO L B, ZHANG K, YAN L B, et al. A simulation study on the
drop test of dummy head based on Chinese anthropometric dimen-
sions[J]. Automotive Engineering, 2016, 38(7): 835-839.

[12] HEardl, SN, AR, 45 . B T i PR AIE 7 25 T il 42

BN B T S e 2R D). P AL T2, 2014, 25(10) -



1914 -

oA TR

2024 4F (45 46 )45 10 1)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

1410-1414.

CAO L B, HUANG X G, DAI H W, et al. Development strategy
of frontal crash dummy based on Chinese human body[J]. China
Mechanical Engineering, 2014, 25(10): 1410-1414.

o B AR R RS GB/T 10000—2023[S]. db st : i
e AL, 2023.

Human dimensions of Chinese adults: GB/T 10000—2023 [S].
Beijing: Standards Press of China, 2023.

LI, B ARBRIRZ G REEIM. Jbat: ARTUE MR
#t, 2019: 4.

GUO G W, WANG X. Color atlas of human anatomy [M]. Bei-
jing: People’s Medical Publishing House, 2019: 4.

s . ST A RO BV R AR BT [T . AR,
2020(18): 108-109.

LIANG X L. Optimal design of car seat based on sitting posture
analysis[J]. Auto Time, 2020(18): 108-109.

AR, W, BN A oh R ORAE SR LT L A P A TR
DU 5 AR T e B Bie [)]. 14 TR, 2023, 45(10)
1965-1974.

LIH Y, HU J, HE L J, et al. Development and validation of an
injury biomimetic model of 5th percentile female occupant exhibit-
ing Chinese anthropometry [J]. Automotive Engineering, 2023,
45(10): 1965-1974.

KROELL C K, SCHNEIDER D C, NAHUM A M, et al. Impact
tolerance and response of the human thorax [C]. SAE Paper
710851.

KROELL C K, SCHNEIDER D C, NAHUM A M, et al. Impact
tolerance and response of the human thorax IT [J]. Stapp Car
Crash Journal, 1974, 18: 383-457.

CAVANAUGH J M, NYQUIST G W, GOLDBERG S J, et al.
Lower abdominal tolerance and response[ C . Proceedings of 30th
Stapp Car Crash Conference. Warrendale: SAE International,
1986: 41-63.

RUPP J D, MILLER C S, MATTHEW P R, et al. Characteriza-
tion of knee—thigh—hip response in frontal impacts using biome-
chanical testing and computational simulations [J]. Stapp Car
Crash Journal, 2008, 52(1): 421.

SABINE C, YVES C, THIERRY Q, et al. Non—injurious and in-
jurious impact response of the human shoulder three—dimensional
analysis of kinematics and determination of injury threshold [J].
Stapp Car Crash Journal, 2004, 48: 89-123.

SHAW J M, HERRIOTT R G, MCFADDEN J D, et al. Oblique
and lateral impact response of the PMHS thorax [J]. Stapp Car
Crash Journal, 2006, 50: 147-167.

VIANO D C, LAU I V, ASBURY C, et al. Biomechanics of the
human chest, abdomen, and pelvis in lateral impact [J]. Accid
Anal Prev, 1989, 21(6): 553-574.

VEZIN P, KARINE B G, BERMOND F, et al. Comparison of
head and thorax cadaver and hybrid [l responses to a frontal sled

deceleration for the validation of a car occupant mathematical

[32]

[35]

model [ C]. International Technical Conference on the Enhanced
Safety of Vehicles, France: ESV, 2001, Paper No. 09-0111.
MALTESE M R, EPPINGER R H, RHULE H H, et al. Re-
sponse corridors of human surrogates in lateral impacts [ J]. Stapp
Car Crash Journal, 2002, 46: 321-351.

ONO K, KANEOKA K, WITTEK A, et al. Cervical injury mech-
anism based on the analysis of human cervical vertebral motion
and head-neck—torso kinematics during low speed rear impacts
[J]. Society of Automotive Engineers, 1997: 339-356.
BAUMGARTNER D, WILLINGER R, SHEWCHENKO N, et al.
Tolerance limits for mild traumatic brain injury derived from nu-
merical head impact replication [C]. Int’ 1 IRCOBI Conf Bio-
mechan Impacts. Isle of Man, UK: IRCOBI, 2001: 353-355.
ZHANG Liying, YANG Kaihui, KING A I, et al. A proposed in-
jury threshold for mild traumatic brain injury [J]. Biomech Engi,
2004, 126(2): 226-236.

GALBRAITH J A, THIBAULT L E, MATTESON D R, et al. Me-
chanical and electrical responses of the squid giant axon to simple
elongation[ ] |. ] Biomech Engi, 1993, 115(1): 13-22.
MORRISON B, CATER H L, WANG C, et al. A tissue level tol-
erance criterion for living brain developed with an in vitro model
of traumatic mechanical loading[]]. Stap Car Crash J, 2003, 47:
93-105.

CARTER D R, HAYES W C. The compressive behavior of bone
as a two—phase porous structure[ J ]. J] Bone Joint Surg, 1977, 59-
A (7): 954-962.

KASRA M, PARNIANPOUR M, SHIRAZI-ADL A, et al. Effect
of strain rate on tensile properties of sheep disc annulus fibrosus
[J]. Tech Health Care: Offi ] Euro Soc Engi Medi, 2004, 12
(4):333-342.

KEMPER A R, STITZEL J D, MCNALLY C, et al. Biomechani-
cal response of the human clavicle: the effects of loading direc-
tion on bending properties[ ] ]. Journal of Applied Biomechanics,
2009, 25(2): 165-174.

GAYZIK F S. Development of a finite element based injury metric
for pulmonary contusion[D]. Winston—Salem: Wake Forest Uni-
versity, 2008.

SHIGETA K, KITAGAWA Y, YASUKI T, et al. Development of
next generation human FE model capable of organ injury predic-
tion [CJ. Proceedings of the 21st International Technical Confer-
ence on the Enhanced Safety of Vehicles, Germany: Stutigart,
2009: 1-20, Paper No. 09-0111.

MELVIN J W, STALNAKER R L, ROBERTS V L, et al. Impact
injury mechanisms in abdominal organs [J].
1973, 138(12): 5231-5237.

YAMADA H, EVANS G F. Strength of biological materials [ M].
Baltimore Williams & Wilkins, 1970.

RHULE H, MALTESE M, DONNELLY B, et al. Development of

Endocrinology ,

a new biofidelity ranking system for anthropomorphic test devices

[J]. Stapp Car Crash Journal, 2002, 46: 477-512.



2024(Vol.46) No.10

R S TR A v [ AE 50" B 203 55 Mo 5 A W 0 A BT R ORIE - 1915 -

Mt3®1 TUST IBMs M50-0 #8£I8F fh 2k 1

g5 H P BLA5 R
B fih 7 -t ] fh £& B o - 4 a1 26
6 000, —TUST IBMs M50-O 6000r —TUST IBMs M50-O
===-Test-36FM | T e Test Corridors
5000k - Test-36F¥I
£40000 <F i
= 4 i
3 000y i
™2 000,
1000§ & .
=80T 0 T026730 40730 60 70 80 90 100

0 10 20 30 40 50 60 70

i) [8]/ms JE4 & /mm
(a) iy o i b b
—— TUST IBMs M50-O —— TUST IBMs M50-O
15000 ---- $est %)rridors 15000¢ ----Test Corridors
— Test- — Test-43
12000 . 12 000t
z Z 9000}
29000} _ , =
= = 6000
F ar ¥
= 6000 oS ™ 3000}
30000 /4 0
A - - , -3000 - ‘ : -
0 10 20 30 40 0 40 80 120 160
FF 1] /ms JE4 e /mm
(b) JEHB 1L 1 e ol
22 g - ] i 2R
et
st —— TUST IBMs M50-O
--=--Test
= 4f
=
= 3t
=
o,
1F R S
0 10 20 30 40 50
HJ 8] /ms
() MERATIE T i (1. 2 m/s)
&
— TUST IBMs M50-O
St ----Test
Z4
R [ l’
@ 3 ll
w 2r I’ \s
Il ‘\\
1,
I’ \\\s
0 10 20 30 40 30

] /ms

(d) BT IE T s (3.5 m/s)
6 ~

(ALY

5t

A F1 /KN

'’
(]
1
: )
YN
1]
4
t
1

—— TUST IBMs M50-O
--- Test

10

20 30 40 30
fsF 6] /ms

(e) BT IEHivh i (4. 9 m/s

)




- 1916 -

K o4 T

2024 4F (45 46 )45 10 1)

Mt®2 TUST IBMs M50-0 8 £ I8F g2k 2

KT H

DB

e fih 77 —hof 1) th 2%

JE 455t ] i 2k

L.2r — TUST IBMs M50-O 251 —— TUST IBMs M50-0
1o+ === Test Corridors 20k ===+ Test Corridors
5 l"s‘ & - e
§ 0.8 ", . £ 15
Hoal 70 NN B s
’I ’l ‘\\ \-~~‘~
02t/ . 0
; .
P . L . -5 . , . . )
0 20 40 60 80 100 0 20 40 60 80 100
f5F 6] /ms 6] /ms
(a) O° )& HBM 1 vk
1.2 ——TUST IBMs M50-O 25¢ —TUST IBMs M50-O
-==-Test Corridors ----Test Corridors
1.0}
Zz 0.8} SN
= / *
o ’ M
é o6r =
Boal /7 N X
’ ’ “ N .~
02t /¢
'l \‘
0 20 40 60 80 100
A ] /ms ] /ms
(b) 15° )7 FHBM i ok
L2r — TUST IBMs M50-0 257 —— TUST IBMs M50-O
. Test Corridors
1.0k ----Test Corridors
z 0.8 P
% I’ \\
iy ’ .
= 0.6} ;. .
f’-&( 0.4+ 1" l:' \‘ ‘N‘
02f ./
21 1 1 \\ L 1 _5 X ) ) X X
0 20 40 60 80 100 0 20 40 60 30 100
i 1] /ms 5] /ms
(c) =157 J5 Al i s
Fefh 7 - ] b £ Hefih 7 -4 2
—TUST IBMs M50-O — TUST IBMs M50-O
1 8007 “Test-0504-L ) - Test Corrid
e Test-0507-L 1800 o5 omdors
1 500F —--Test-0601-L
N
212000 fe
:.I o )
= o00f R
= ‘:' .\;-.
H oeo0f ¥ W,
3000 4§ DR
¥ S
)= e S eetllee
-10 0 10 20 30 40 50 60 70 80 10 20 30 40 50 60
fi ) /ms JE4E 1 /mm

(d) MarRatifil m vty




2024( Vol.46) No.10 R, A ) PR A W T R RAE 50" E 43 95 Pl 51 AR W ) # B R Tl - 1917 -
Lk
e H i L5
101 = TUST IBMs M50-O 10r —TUST IBMs M50-O
----Test-No.14 ----Test-No.14
b e Test Corridors gl e Test Corridors
N AN < of e
-E P\ \ = <" L
& g4l iy = 4
ﬂ 4 '}, X3 |\‘ ﬁ L K
'] ~ ,'
oA ;
ef - . P
R N isior ot
0 10 20 30 40 50 60 0 20 40 60 80 100 120 140 160 180
Fisf ] /ms JE4 it /mm
(e) MR A i ki
10r - TUST IBMs M50-O 10r —TUST IBMs M50-O
- Test-No.15 -==Test-No.15
- Test Corridors | [ e Test Corridors
8t gk
< o z
= gl . &
i ;S it
0 10 20 30 40 50 60
5[] /ms JE4f i /mm
() MG A 1w ks
r — TUST IBMs M50-O
10 ——TUST IBMs M50-O 10 -==Test-No.21
----Test-No.21 | [ Test Corridors
8F s e Test Corridors SF s
56 o N
R = o)
=) 3 = i A
=4 3 sar A
-~ v, e B )’ K ’ ll
Y *
2t T o FE
p “~ N - - R 'l-.‘ ]
i . . L e P —— AN . . ,
0 5 10 15 20 25 30 35 40 0 30 60 90 120 150
5] /ms JE4f i /mm
(g) 2B 7 ot g
207 i 20r — TUST IBMs M50-O
TesNoag MO T TestNo2)
6k e Test Corridors 7 Test Corridors
z
< = 12}
g 2 \
=
= E=E M
- 8 ,
- '
4t /
b/ i 'I
0 5 10 15 20 25 30 35 40 0 60 90 120 150
f5F 8] /ms JE4f H/mm

(h) A Z b ik




- 1918 -

oA TR

2024 4F (45 46 )45 10 1)

Mt3®3 TUST IBMs M50-0 18 £ I8iF £k 3

1T H

iR
Jon 3 3 — sk ] i 2%
8007 ——TUST IBMs M50-O 8007 — TUST IBMs M50-O
........ gadaver _}:est - Cadaver Test
— ===-Dummy Test & ———
%, 6000 -.—. THUMS M50 ' 6001 THUMS M50
E E
i 400} % 400
® B I
B Bl e T
2001 2007 AT N
A
A . T . Al
0 0 50 100 150
HF ] /ms fif i) /ms
D S —MatE (T1)
800r —— TUST IBMs M50-O 800r —— TUST IBMs M50-O
-------- Cadaver Test - Cadaver Test
— ---- Dummy Test - ----Dummy Test
L 600F —.—. THUMS M50-O L, 600} —.—. THUMS M50-0

50 100 150

0 50 150
s i) /ms MHE] /ms
55/ \ Mk (T8) B
(a) 1F T I3 9 416
2 finh oy — sk ] il £&
r s M50-0 12
— TUST IBMs -
: — TUST IBMs M50-O
10+ -=-=-Test Corridors 10k mm--Test Corrid(s)rs
== THUMS M50-O --=- THUMS M50-O
8+ L
Z z°
& e Sa s, =
s 4t Wl *"~. \‘\ H""% 4r
. o™ X,
I\ -~ s v
2—! % X : 2+ Y 'I.’,/I }\.*#
! Mt = 7 : T P r T - =
0 10 20 30 40 50 0 10 20 30 40 50
I5F[E]/ms 58] /ms
PR i &8
12r - TUST IBMs M50-0 12r
-=--- Test Corridors 4 - -~
[V —.—.THUMS M50-0
~ 8 AN = 8 I3
= RSN = N
2 6 VS R !
= . (WY = ] .
= AN =
4 ! )}/ .\_ ‘\‘  4F ./' \
’ ""“ .‘\
2r 0 s ~——
el AT IN 2, S el
0 10 20 30 40 50 0 10 20 30 40 50
5 [a]/ms 58] /ms
B K

() 400 i R 428 97 3




2024( Vol.46) No.10 2 A L T IR 4 A 0 R L RAE 50" B 20 S5 VeIl DL A= W) Sy 2 A RN e SBRAIE - 1919 -
530 H {5 2553
20¢ — TUST IBMs M50-O
----Test Corridors
--=- THUMS M50-O
() ——m
20}
&
—40}+
_6() L L L L L )
0 50 100 150 200 250 300

fis [] /ms

S R BT TRER 1~ ] ] 1 26

() Jr R it

(355 1828 1)

[13]

[14]

[15]

XIONG S, XIE H, SONG K, et al. A speed tracking method for
autonomous driving via ADRC with extended state observer [J].
Applied Sciences, 2019, 9(16): 3339.

VLI, oL, R BT, A5 N T AR T 4 i P JE AR 1
TR AR P AR 0 L VA TR, 2022, 44(3) :319-329.
JIANG Haobin, FENG Zhangqi, HONG Yangke, et al. Model-
free adaptive sliding mode predictive control algorithm for vehicle
longitudinal control [ J]. Automotive Engineering, 2022, 44(3) :
319-329.

ZHU M, CHEN H, XIONG G. A model predictive speed tracking
control approach for autonomous ground vehicles [ ] ]. Mechanical

Systems and Signal Processing, 2017, 87: 138-152.

[16]

MATA S, ZUBIZARRETA A, PINTO C. Robust tube—based
model predictive control for lateral path tracking[J]. IEEE Trans-
actions on Intelligent Vehicles, 2019, 4(4): 569-577.

GAO Z. Scaling and bandwidth—parameterization based controller
tuning[C]. Proc. of American Control Conference. Denver, Colo-
rado, 2003 : 4989-4996.

MADONSKI R, SHAO S, ZHANG H, et al. General error-based
active disturbance rejection control for swift industrial implemen-
tations[ J |. Control Engineering Practice, 2019, 84: 218-229.
ZHANG B, TAN W, LI J. Tuning of linear active disturbance re-
jection controller with robustness specification [ ] ]. ISA Transac-

tions, 2019, 85: 237-246.





