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Recentadvances in the collision passive safety of trains and
impact biological damage of drivers and passengers

JING Lin, LIU Kai, WANG Chengquan
(State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: Despite a series of active safety precautions have been adopted by railway passenger trains, train collision accident
cannot be completely eliminated in service, resulting in serious casualties and huge economic losses once it happened. With the
continuous increase of train speed, the train collision safety and relevant impact protections have been paid more attention, and
numerous related explorations have been carried out by domestic and foreign scholars. This paper reviews recent advances in
the passive safety of train collisions and impact biological damage of drivers and passengers. First, the train collision accidents
at home and abroad in recent years are summarized, and the biological damage distributions of survivals in a certain train
collision accident are analyzed. Secondly, the main research approaches of collision passive safety of trains are illustrated,
including numerical simulation, experimental investigation, and theoretical analysis, while the response attitudes and
derailment mechanisms during the train collision process are outlined. Thirdly, the research progress of the collision passive
safety of trains are elaborated, in terms of the design and evaluation standards of vehicle crashworthiness, energy-absorbing
structural design based on multistage energy dissipation, train structural crashworthiness design based on collision energy
management. Finally, the impact biological damage of drivers and passengers in train collisions are emphasized, and the related
protective measures of reducing the biological damage of drivers and passengers are presented. Through the above overview,

some suggestions are put forward for further studies: (1) the applicability of the existing crashworthiness standards for trains
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needs to be further explored under the increased train speed; (2) the theoretical study on train collision is still scarce, and the
collision theory of high-speed train should be further developed; (3) how to effectively learn from and refer to the mature
experience of the automobile collision still needs systematic and in-depth investigation; and (4) the design and evaluation
method of train passive safety based on the impact biological damage of drivers and passengers should be explored.

Keywords: train collision; passive safety; collision energy management; crashworthiness design; impact biological damage
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Table 1 Typical train collision accidents in recent years at home and abroad (data from the website)
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Table 2 Distribution of injured parts of the survivors in EMU collision accident on Ningbo-Wenzhou railway line"
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Fig. 4 Numerical simulation models of train collision
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Fig. 9 Schematic diagram of response posture during train collision””

F) 4 TE Th Rl 48 0T RE S BUC 45 | SR AR S5 AT g, ™ I 2 2 g A A LA T A R R
Han 2% 58 2 4 57 09y 20 5 4292 B i) 22 1R 8 ) 2 = R H SRR 5 1 91 2 RO RiEAE ) 2447, R
B 2551 25 PR R 0540 i A TE Gl ALRHARE PR, Rt BIC 4 | S L R 1oy 6 2 AT o AT A5 SR
2R3 3 2 MR BROT PR 7 1005 Lo 17 8 2R 405 O I 424700, e BB 4 ot | B i B2 . Skt
AREES B F LRI R AT Ay, WAHAR G- A s kAT AR 2 | s B fr (e B 2255 . 5 HLEK
DX BB A il A A L, 2 B A A 21 2 il AR 4 2R B A R, R 2 A A A 1] 8 AR AT N O R A R S
TR, T A TR E I B AR AT Mayville 5510 R H] ADAMS BAFEE 7 T AR i 2 i 51
Kt R B g S R, 5 A3 AT T RS AR T 8 A A e R it B i ORI L AR B 1 ) AT O . BIFTE B, B
TEAE M2 X B L 48 ke/h 1) 380 B 45 o W PR B AR A0 F, 8 42 2 LA b G 28 0 51 2 Hh B T RS RS Ak 1) 48 1T AT
11986 20 2L 3] 24 8 R 1) 37 % i il 455 328 32 ) 38 RS FR9 .- Kirkpatrick 5512 1 ] LS-DYNA A BROTAR /7
ST YD AR AR AR, AR T 8 A A i 2 e B A e i B B, e AR B B 30 81 A R B Al 1A 5
FRHEAT Ay, TR 5 A kS A7, OB 1 i p A U A o “ 27 5, e 9 AR S e R A T IR AN A% A
R AT R o A, i —SefR TS 1B XS A0 Bl 5 AT T BUE R, THE T AN [ B AL 3 1 X 3fe
BUAEAF S (A IR R JBE A R 104

121405-9



5 41 45 B AR, S P RS A 5 R IR b b AR R BT Y 128

3.2 HbIERRHANLIE

H1) 2 il i 3 R v 7 A ) el O S i B AR G D\ G AR AT 3 ) A 1) 2RI Rl A el T 2 ZE
b B KON AR ) bk i R AE L. TR, B R T | R A R G AR A B e X s b
SR 55 B T A T A EMB LB (Z ) EmA . 225 PUBEILATRIR . 5 )1 2A P RE S
B A BT AN E T Koo S5O 45 T —Ff ) R 7 4 B9 A X A 28 3000 0 At il Fi 5008 0 A B T Tk,
B4 R . WAL/ EE . TE T € T /A 0 RN b ) B4 TLAPZEAY, A R i B 2 A B T 4 R )
gy, ) RS A FEE RN L AE . Cho S5V 5 [ w5 i 41 42 i L R AR U 5T T A AL R S 4R
PETERN B0 4210 S B B, R R TR WAL/ BB N ZENLE] . Zhou 25U R Z K30 )
2E T VRN T A B ZE R RE AT T B b, 45 S B IR T A 0 G S AR I A A ) R R A A A /N
25° L) skt g o 5 B, IF4R T BT Lk FE AR R I R A A — ol R A 1 R ke A A 4
o, N T AR O (AR 1) R IR e () R, DA R R e P A A T 22 (1 Rl T A

ST et A6 I TR SURHRE FE T 5 IR AT R B s, 25 s LB, Yao SEUH #E ST T AN
() e sk b o £ B (6.34°~45°) T DU g 2H 51 248 o W PE 5% A4 A FR e B AR, BiF 5 % B, v (8] 42 4 2% v 2%
BRIz Bl K= H B ) e R R R A A ABURERIE B TS R A R K . Ling VYT E X K2 51 4
55 R 4 0E TR R S 5 B 9] 2 I AL B KA G bk B P R T R T ORI, IR TSI AT R A
&, A& 10(a) FioR, HorP RS AR AR £, FR AT N R B S5 (Bl anvh Al . R4S, YBbr f, Fom
Al e ] AR SR (BN A o SRR N EEE) o B 10(b) 4G T R 4R AE AR o 51 AR B R
B Bgk, R e ORISR 9 pRBI, TR LR TR T B X A A R A A Y, T AN
SRl i TR ARG 8 A AN T A T A X, B R AR R A A S S IR S . A, AT
ISBIF 5T i B p 0 1) s 775 | A 1) 2 (A A S R 42 Sk 2 1 T ARHAE F5E 15 | A 3 4 MG A AR AR i IR U, i st )
T ) 2R B SR (B8 — R IR A AR ) vl IR 2% ) v ARRAC AL 1 52 35080 4 & A I B S 0 ME R 3 Sy dke
G ARl i AR L DD ORI R S A T AR G RN B A TS0 B G 4 Bl e 4 B i
LE IR —F AR 223, Ling S0 $2 0 17 — B0 0 54 20 -k % A8 ST S5 M s T &R, FE iR T RE
PRUEFS U A AN S S [T B, Ao BTG T 20 42 0 Tl 2 i o B0 8 2900 1) mT A o

p
2 120
o
=
5
& = 100 | Derailment zone
V] <
M £
< 80
=
2
= 60f
§ Derailment boundary
£
— 40 -
Non-derailment zone
0 20 . . . ’ . ’ . ’
Key parameter f, 0 5 10 15 20 25 30 35 40 45
Impact angle 6/(°)
(a) Diagram of derailment boundary line (b) The derailment boundary linefor a truck hitting a train

K10 B4R B AR

Fig. 10 The boundary line of derailment under train collision!™
4 I RGTHEM RS e

A v ) AT RE AN UL AL RE B AR HIOOL AR, A5 T AN MR SO 5P e AR, BT T ORI T
Vi, LA 388 3o il 43 RE 2k 014 23 SORE HICR W WA S B A7) 2 i 43 )5 91 4 R ) P A2 R 35t , 2R DA BF I 5
AL BB, ST BEGRAIES 42 K AR AR e 9 % 4o T T R ZONMHE PR B A bR ST 25
REEFEHIOHL ] 09 RESS A SE T LA R A PR A R T e 55 7 T A T AR O

1

121405-10



5 41 45 B AR, S P RS A 5 R IR b b AR R BT Y 128

4.1 FEWRTHEM T SFENIRE

A Z AR LR, BRI 55 [ X B 420k sh & T R T REUR A MAEGE, il S8 g br . Bi s
FT R S AR IR A D iE I G T — R AN A T AR o o 25 1R AR S RE B A o, TR T 2018 R4
A5 T (B 252 ZE AR e e B R S5 I UE MRS ) (TB/T 3500—2018) H1 CHL 4 22 4 filf 48 38 36 38 7 125 ) (TB/T
3501—2018) M#BH A it . i T A4 [ A2 9 AL R PR A 5 vk . NS RN s 55 IR B 2
S, ol 1545 DB o A FH S PRl B L6 81) 4 it 4R 1 A BTN F8 B A BT ST

M 20 22 SO ARAR TR, WU PRl P A 2 10 20400 4 AR 5 B 1A 1 32 R FH I gk B B B (UIC) 19 UIC
566 Hrif (% 2 AR S LT I 2 A ), HOOE 8 2 o a0 A8 1R DGR s S5 AT AT S5 AN 1 & A K
AMEAETE | ol i R AS L S8 A L R AT AT B R R i IR AR 2010 4R, KRR HEZE 12
(CEN)AIAT T (4Rl R4 IR Z5 R 22K, 55 1 &80 HLZE R %) (EN12663—1: 2010) A1 (R IE 424 4 14
SRR, A5 2 FR 4y B2 45 ) (EN12663—2: 2010), 42 H T 38 a3 43 A7 Al 3 25y X 1583+ 647 90 s 1o SR
FH % JELIN) 25K 7E B 5068 R A0 A0 3 far (AN Rl 2 fr ) 2540 R, PRUE GRS R A T R T 2, e KRR S AR
T IX 2 A 3 ] SEAE 530 TR A A A s o R B8 I FH — K B8 2 40 AR T 48 1k 225K ) (EN15227) Hh Xif 1)
TR B R EER 5 EN12663 H R A — 3, 48t BEREAR S 22 ml 18 I 104 TC 42 XU , o FE DA — ]
P 00 7 X o BE R, RIE R R 43 [A) RN 3fe 25 X I 25 40 1) S 46 o AT, b vh i X 81 4 il i
SR T R : W FAH [ S B4 ) 2 i g W 8 L 7 A A [R) S 78 1) ) 2 iy kg R L 30 AT 5 — R R\ B
ZERRAE VS FREE DA K B 4 v B A IR ) A (A /N 42 L shW | P3G I ks 3RO ) R 1. 7
DI AR 22 v, RO K B K 3 B R R TST AT i i e, FEXTRR 2 EN15227 il EN12663 Friff 1)
AR IEAT THETTEY,

B& [F GM/RT2100 ARifERLAE, 247 41 [R] 2 Y B 42 40 A A AR ), 2R3 i A m) B T A P KT 1 m,
TR OCRE AN/ T 1M, AR A S =2 18] B W RE AR T 0.5 M X T B 4R AR I A2 g AL
G4, Rl AR 7 A A e R e 3R 3000 KNG 6 At 4 2 9 81 4, AR B R hi R 4000 kN,
[i) Fsf 5 T 25 75 7K 3% 100 kN B9 T (] 25171 bk, JE[E ATOCAV/STI001 i Fh i KILRE T 4 40 P9 4 T 42
PE I 9 R I 3 B R AR 403 A SR B AE B s AN R A, SRR AR B R AL T S AR,

2 [ I 4k 6 A5 By (FRA) A A )75 R it 2 Sk A 42 (8] 1 B TE 45 102 73 31 7 52 890 kN 11 450 kN
FIZRAT o 2451 49217 HE R 200 kmv/h J5, 31 42 R IETE I 13 M B RE R, Hov sk 4 Bkl 8 MI 1Y
BB Wl 5 M), J5 T A 40T R 5 MT B9ShRE. 2490 45 L 48 km/h 18K R4 I, SR KU
(NI I 8g, LSERRIE P2 (AAR) BT X078 B AT T M OCH AR AR, B R 42 7 L4 42 4
e LR A 1 T A 1 A e 250, LA IR A5 g B3 22 I 42 4 i T 1) AL 8T, 2000 4, 98 A s f b 2
(APTA) &1 XF %38 5 G4 T b APTA SS-C&S-034-99, iZbr e iP A1 2 7 X Fir A3 28 B0 il 4k % 48 LA 1
S KB TRHARE P 7 TRBE H A R 900 e Ah, 98 [ 4k i e & ) 2% B 23 & A7 11 (DRAFT RSAC REPORT 9-16-
LoV X 3B 7E 0~200 kn/h 3 il PN A9 K 3% 2 2 18 4 A T 1 R 3TE 53 OR AP M RE TTA 7 1T A9 4 AR Amf

FEMAT T S 4 2 G AR TR P 5K 5 B E R ) (TB/T 3500—2018 ) Al CHIL 2= 4 0 Al 48 18050 I 4k
7 ) (TB/T 3501—2018) P &% F i 48 PE bR P2, TB/T 3500—2018 brifE R ZHE T 30 42 41 1 hilf
Yy Wish 2 ARk i v Uy 1k, 38 F T 200 km/h K2 DL E B RLSh 440 1 TB/T 3501—2018 Fifs
AR T LA AR R Y S AR F I 2, A 5 A5 R | BT R M B A R TR
Wy 2 L DR Py AR A B A 35 1R 46 e ol 4 R ARt iR e ML 4 . B4 sh 49 4
PO L AR A R BT AT

2 EARHELE YN ) L TE A4 | il 48 i f WA L 3 O3 el B8 45 1T A R TR E SR, i gk 3 TR .
s 4 T X 2B i) 28R A L P R 2 R T R B 1, AR DR B e A AR N e B 1 kA A
) ELAT A 1 i B, 5 AR I TR X T 04 bR i BEOR B TS o TC 4 R 81 AR il ) 3 T Y R A T
1 F R 22—, £ AR B4R T G A s S 2 B T R ke 9 oK, (0 BLAR BRI AR ]
EN15227 A5 Hr 2R 76 36 ko/h B RIESEAR UL, 58 /0 AR UE RS [0 B2 A — AN e X ZE L [ TB/T 3500—

121405-11



5 41 45 B AR, S P RS A 5 R IR b b AR R BT Y 128

2018 bRl BR B 42 & A R R A, A% ) 2R 2D — AR EFUE 7 R LSRR TR S48 e
M 75% XoF Tl 8 W% 6 42 A R, B AR v o T 3 R AT Ak R A U B A T R AR T e T
3 Fiflf 37 55, I A IR BB e BRI AR SR 38 EIARE R 45 1 4 il 5 37 5 N IR R A 9 43 e 7
Ko XF T 70 GUGH e [ A v mh R 179 2 2 A Rl e R v (9 o S, At R SR o DU B T e
BRI EN15227 H R 2 Sg, e KRB AL 7.5g, 7625 3022 m DL e i o ey, (EL I 285 ol 52 Hsf () AS o 8 aod
5 ms; TB/T 3500—2018 Hr R AN [m] il 48 37 55t T A= A7 25 6] A G ] - 257 fim sk 5 4B A /N T Sig, 9808 B {EL 7 /)N
F 7.5¢.

®3 SEEEMHEERZITARETLE

Table 3 The comparison of design standard for vehicle crashworthiness in different countries
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Fig. 11 The graded energy absorption system of train collision”**]

Shear-back  Sliding-sill

coupler fuse fuse
11 120.555 \ /
EI] El] States
8896.444 | ; i

: i Note: all numbers are
I i i ballpark design values Passenger

]

i

volume

Load contribution
from AC

6672.333 1 ;
i

Force/kN

4448.222 I

2224111} i Primary and

roof absorbers I Load contribution

absorber from PBC

304.8 609.6 914.4
Draft gear Displacement/mm

P12 F R i AR A - 2R

Fig. 12 The ideal force-displacement curves during train collision process’”!

1219.2

g 8 D R 7 00 2 TR I S 0 L S b L R, B T R B 0 %
L Zhu S0 S TS AR BRI | Tl L S ST A A T
2 g 2 e B O, BT T SRR 2R BB, R O B ) A L AR R
BOMSIPIE 2 . Duncan 41150 4R T — R AT I MR M 1l 2 M B0 00 BB 0, B S TR %
S U P 2 w2 KEL P 0 T R o5 A P b B L™ P S o
U ) T 000 W3 0 A B 28, 76 I 7 T W7 A3 W70 M K A8 I 19 % 3 91 26 R 3 )
T, HH 8 R0 )25 R o A - BB R B L. Mo 250151 S 7. ) 7 Bl e

121405-13



%414 B RR, G FUAEREHERE SN 2t SRR il A R TS %123

B Y 91 42 4k (Y1) 5 2 0] ) 224K 3 ) 27 fill Tension Shear bolts
RIS T SR 51 42 ] 4 iR A 7y, R rp o :
JFHARERPERRIE - I A BT B e

TR E P R N R R, R ET
G555 R — BT MR B v & BT AR
Jo R R0 AR AT 14 £ R R o 2 R i A 3 il e
D7 BRI o, AR AT Y 45 A0 S RE | o R 5 o i
PRI S Rm BB HAT, 424 2% vho i

Force/kN

S L A R IR IR S T e R R ) B — -
SRR, DS U0 X R B K Curshing displacement

L B, S T R4 HUZE R AT S 13RI G S T - (R
VAR LA /NG AR R R 5T 1 5 e R (H S L Fig. 13 Force-displacement curve of coupler

buffering device with bolt shear!''"!

AT — LRI HRTE
422 5IRB AR LEH

YU R A VR 250 il S O SR B TR B N AR B AR AR R G A — A T2
G, 977 3 X R A B A A AR ) T S PP 4 R ) SRR B TE RN BE P R BE o 48 e A
Jr BB A ) 2% il B PR R A, 75 T i s ) 75 MG 04 O 4 A 4% A By L 0 4 R ) e R B | TR 72 25
G2, [V 75 & 5 I i 14 1% R 2Be B A AR VR PE A I W i e i o TR 14 PR L T B0 5 A B EL B TE AR 9 P 51
R AR S B ARSI O, RT LW KB 7 H 22 5 I i 4 1) A A A AR R R B A BT 5, AR
RN HBA KRS | SR FRIRTER R,

(b) Train collision with installing anti-climbing device

Kl 14 BiIEARAS W51 4l 5 oA B S )

Fig. 14 Influence of anti-climbing device on the train collision behavior ¥

75 I 25 14 3 ¥ B AT 1A T AEDIR BT I T, 214 0 51 A2 AR IR, 51 4 42 A iy o ) B € 47 . 4% 4 T =2 TR g By 1€
W20 S E— R BT 1L PIF 4 & R AL B EEC . a5 F IR AR M PLELS A, B SeH ot
FEH) F B AR T A AR THE . Yang SEU R IS ARl IS 58— R SR AN SR B R
f A= e 4R T, 10 ELS 27 2 2H 50 X il 43 P A IE 22 BR G2 M 5/ 0 - e 46 T4 B R 57 4 il 48 3k 12
S o i S S, T B Tl g B o T A ) BRI S 0 O o A AR RIS ey T EE Y 1 i it LA
L 3 i i % )3 R, 7 TE 45 A4 6 S W WS BE 0 LB RE g 52 BAR R Wil o A 5 1o 97 4 i ol 488 I 485
F W RE A B ICPERE, Yao S5 JE T Bk 4= 4 By IE W BEAS A A7 BROTAS A, AIF5T 1 4 0~ 80 mm & FL i #5 fit

121405-14



5 41 45 W R, SF B AR S e R S R s Tk 128

H10~40 mm K- {5 T A IHEYERE, 45 R K], KPR &R T 30 mm B, FAGE5HE 2 5 K4S, 18
W EHSBARA G S AR T A WG K P 26 T 2R B R R ATE LR . Zhou S 120 34 1 filf 488
IS (577 € 75 1) 3 i) e AL, R BB 4 4R 7 A B DR 24 SR S R S BT I I ) i i B
4o BRT EN15227 Frifie toRLE 400 4 2 v 0 £% 1k 1, @ 42 00 MR T Rl 48k o o L ARFAIARESRS | o i A5 22
FfRIER, T HE T AR i, € 7 B G X IR 0 451 25 050 ey JEE 1140728 1 B O AU

TERRI T BT By BUEAE K5 i T 5 Bl B A R B B E 45 51 7 22 18] (Y 4 44 RE, TR A 51 42 51
Praz 47 B Be, 2551 A AN [F) 245 B e 4% 0951 22 K AR REFE N, e T A9 AR DR A2 T8 Al g 3 2B I 48 14 %2
Ty 0 e e i ] — B0 5 1 TE 45 04 51) 4 B 43 I BT 7R 52 64 1 SE R, BT AT A A e R IE 4 JXUBs: o H i ek
FR9 17 TE 75 MR B i T i 50 A BB 45 44 00 A8 A MG 2 A Dy et 2 | e 8 LA R DD 28 3 A U213, ] 15 iy
o SRz WA R A0 B A 1 AR R B e g By IR 23 g R ] 1 X T 445 ) il 438 ) ) I RE R, i B
il 45 i 0 11 7 IE 25 614 52 10 175 D SN 45, i A 2 e g B TR 85 19 32 0 85/, B 5 ST IE 8 TR T
Ao HTE LT B IR B A B Z A B KR T, LASE B RERY H Y, (BN BESE A — &
Z I BIA R W REZS 0] o Gao S5 AR T —Fol i B B IE 45 K40 , 7 B 45 K B % ) AR A8 2 1 T gh
Fras BRI, S 1 424 8 wivhe BN B TE M RESS R N 1) JUST O BR A, S35 380 1 B IEAs i) AT A T/

Fixed flange

Aluminum Anti-climbing Cone ring  Expandable ring
honeycombs part ~ "

part
(a) Crush type with aluminum honeycomb (b) Burst type (c) Four tool cutting type
FE 15 AR R E

Fig. 15 Schematic diagram of different types of anti-climbing devices!'**)

423 FARSHI A AACE AR LA

T A i S WAL I 2 A R B B A R DG SRR, e LR B L R S 2 MG, P IE R s T,
Uity vl 235 KA AT LA S 5 A 408 3 44 B T 18 5 1T AE B Gl A A AR v, Y AR A 7 v B TTE T R 4 ) O K
Ji B4 i 5y A8 I DR A SRV AR T — 2D IR B . Xu SE 1 SR RS & 42 X8 T 8 4 A i A
SERAE vhils far 2 A R Ak S RE AR T R T IR Y, IR AR SCECHE P st A5 5k (NSGA) #4171
Z HARRAL BT, $RA5 T 5 K i W RE 12 A e/ IN R IEEABL R 58 7 o K 22 000T T i ¥ 45 ) 3 74 DX 1) B 9 0
BT R SCRTARFN LA 2548, PRLHE DL e A M RH o3 A AT R el 98 LU i s G A i 4y o RS
5%k BRERAT B 4 1 v 8 R £ I 4 A A BRI T S EN 15227: 2008 FrifE ih e (W RiE 1 25 14, (H9 4is
R EE B DB B8 T 25 A P 4 A B TR 4R T SR R . Baykasoglu S5 43P B BOG R B & 4
W FEEPE AT TR IR 4R th T R L T X W AR S BT T & A DY T AT A T, UL B A5 SR
Jet 1 & AR AN TR A9 50, SR B IR 1 7 244 rh S0 R ()l it AR IR AR 2 R X G AT T B R, s A
RS S8, USRS 1T R4 B A X, 158 T BAA B ErE R & it
o Xue S0 X2 Bl = A AT TR VR, & B T A iR AR SRS 4 [ s, R
WOE A ELRIA LY, S S W= L5 5 ok 1A G, e Ba R b RO T B AR e e A TR

BR T bR 3 5850 e rp e | e MR IR BB A5 HA A1, I8 —SE 52 BT 2 FL ML IR &2 B Je s A A AE S 4
AR TN . R R ARy — A R A A B RE R, A R BT R S NI L L Ee . 22
PP b PR BB R A AR A, PR I T 5 T8 AR R R ke R A R BB A RL . Xie AU 5L T T Y 0
WL RE A A A R TR AL 43 Sl R 3 T AN (] 5 4 g 45 1) AR DI e 3 5 4 O i T BB, A B e 5 6 R 1) T
BN TR, X A S 1 U RE B TR SRR ey, T ELRE A ARET 5 N RS I, A IR R 45 A 1Y g AR

121405-15



5 41 45 B RR, G FUAEREHERE SN 2t SRR il A R TS %123

BLRE /g B . Li 2020 863 T —FE A T
o T A7 A (1 2 IR e T G AR R, AL 16 BT, \I
IR T L AR NI R . 25 SRR, 53 y
A A B T W R 2 AR A L, T2 R TG S AN i/
KRB T AHRAME . Peng 0 B T HF
b 2 ) R AR R e A R 2 R 1 TR i
Fa B iRt 8 1 R, 05 SR Wl % KR i 4% g T S TR T
M IR A TR, L 5 v R 1 e 5 J ot
SRS AR 3G N, G 4R ) R 0 ) R B e 0 2
S

Rt — AR S AR A TR, 2 AR A
[7) sl AN ] £ [0 YA g L) < XUAE S 4 7 R
SEH R S T A E W EE RS . Shafiri 450 & pr- n
TS T AR RIS B A5 56 L AR] R F 0o R XA 16 gL A A i )

R RRREE A SR, I8 o R T ) R Y Fig. 16 The arrangements of honeycomb
R T 43 i (L 2fT o Rahi'™ 3HiE 1 BB E energy-absorbing device!™”

AR BB FN 5 I8 ) X BRLAS FUOBUAS 2H 5 B 235 0 i WSO 1 9 5200, 30024 20 6 1) OUAE 435 4 Sk T T AT
FE AR, HAE WO AE 1 AT LA 25%. Vinayagar Z£U331 I & 7 UK T XU 4548 (AR IR 3w 4 .
T 22 I 0 B ) 1Y 81 20 A, 45 SR 2 B R 7S 20 R 48T P A A XU T U 4 A EL A G v i £
REo WAL, A BT 5 Ak A PN S 5 0 R 55 5 TSR Ol il XU 28 4 1 IR B AR 190
43 HETritEgEEENY FERMRENEIRT

RS Alf A3 SR WY, 0 2 Sk A B B R AR T A B MR R B 1, i 8 A R AR R BRI I, AR AT X
1) 7™ AR T IR B R 32 B 45 KUl ik B 2 B T i B SRR TRk, A 2 R 2 1 T ) A
TR UE TR 53 AR A7 23 [A] S 8 | s A AR T A2 9338 3 7 e D3 T A2 Y T PN o il 93 B 3t A7 3 (crash energy
management, CEM ) 8l J2 — i ik 0 1 448 % FH DX I 0P B S 6 Al 488 e B 01 o 23 038 A4 ) R K B
BT T, AR O R A 51 AR S5 4 (% 2 1) I 32 SR AT e D1 DX 2 A L Al 3 51 X B A/ g J ), B o
B 53 TE G AR 5 7 2% A 19 I E - T/ i S A e 2 IX. Sy 583 T 2 54 b ) 98 0 3 25 DX i W 2 45y, il 2
RIS & “55-50-55 7 A LAY XRE ARG M A “ARTEIRRIX.” Al “IR BLAEAR I 258, 41
TR R I, < ARG R IX o AR 7 AR WA T I 78 TR W AU R A, IR I Ak A 4 < ) 0
(B 20 s D o) SR S i I 48 o B B “ e DA AE I I, (L T e C & R 3 22 4
HLLT, “HOAALFIX” WA KA B RARTE LLORIEA: 4725 (8], [F] B 37 9T 52 8ok B 0,75 21 A %0 i,
I LR B T SRS AR AR DXL 3k A Sk 4 v A2 B B AR Y | SE BRI BB i 43 SFE /K
W S AR wI SR N 51 A i d A H Y o

M 1999 4 2005 4F, SRR TR T AL 55 4R CEM 51 42 AE N 1) 6 YAl 15, i i
HERFIPPA , 2 Bk H CEM i B BE A% D 25 48 15 91 22 45 4 Ay it 8 2720141 Jacobsen 451 5 L 43
BT B A RN 1 2 ) 42 03 A o M P e A R, R I S AL S8 4 A HL, CEM 81 424 A il 4
Ji BE S AT RO AE B RE i ELATY BEAR S b DR A5 AR I P, DT 3R A 17 481 i i A o 1 8 T DTG 42470y,
filf 18 155 3 FE h CEM 8 £ A& G 8 2 AR T LL &1 17 s . Meran 68U B8 T+ H O N13 B4 R
SRR BR A 4L (CEM B 242 ) 55 W 1A 588 1 il 438 1 0, K AR D Al 2 i 7 R AR JEAR X 5 A8 S8 2 A6 AT T 0 He o3
Br, #E—20 T CEM S 4 A0 b TR G2 % Aot M e 07 T A9 03 . Fang 551" BT FROC O B ARG
FIRIWEIE T CEM R GE7E 36 [ b 2k 51 4 Mo 48 14 J7 T80 9 A 50hE, 2088 CEM R GUAdh 12 | 153
FRESFIAR . 15t LA K o R 45 H4) 76 PN 1) DU 250 W% B 2, i ok o Mo g o N /AR R/ i 4 A
Bk T CEM RGTES 4= 45 M i vk B vh i A 45 n9 VR

121405-16



%414 B RR, G FUAEREHERE SN 2t SRR il A R TS %123

(b) Normal train
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Fig. 17 Deformation of car body after crash test!"*”
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Fig. 20 The collision process between the seat and the occupant
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Fig. 21 The tubular and plate dividers of seat and its influence on chest injury!*”
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Fig. 23  The role of seat belts in protecting occupants!'®*!
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Fig. 25 The improved protection device cab and the corresponding crashworthiness test!
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