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Abstract: In order to obtain the safety performance index that is most suitable for the performance evaluation of
high-speed trains passing through turnouts under crosswind, the operation safety domains of high-speed trains
passing through turnouts in straight and side reverse directions under crosswind are proposed. By establishing
the aerodynamic model of high-speed trains passing through turnouts and the dynamic model of crosswind-train-
turnout coupling multi-body system, the safety of high-speed trains passing through turnouts under crosswind
was deeply explored. The results show that under the action of crosswind, the pressure on the windward side in-
creases significantly, and the obvious pressure difference is formed on both sides of the head car, which makes
the head car more prone to derailment and rollover during operation. When the high-speed train passes through
the turnout directly and reversely, when the crosswind wind speed is not more than 15 m/s, the high-speed train
can pass through the turnout at a speed of 250 km/h; when the crosswind speed reaches 20 m/s and above, the
speed of the high-speed train should be less than 250 km/h. When the crosswind speed is greater than 15 m/s, the
speed of the high-speed train side should be less than 80 km/h. Under the action of crosswind, the head car is
more prone to derailment and rollover when the high-speed train runs. When the high-speed train passes through
the turnout directly and reversely, when the crosswind speed reaches 8 and above, the speed of the train passing
through the turnout should be less than 250 km/h. When the side of the high-speed train passes through the turn-
out reversely, when the crosswind speed reaches 7 and above, the speed of the train passing through the turnout
should be less than 80 km/h. The research results can provide reference for the smoothness and safety of high-
speed trains passing through turnouts under different crosswind conditions.
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Tab.1 Working condition calculation parameter table
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Tab.2 Comparison between numerical simulation and
wind tunnel experiment results
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Fig. 5 The surface pressure distribution cloud diagram of the head car of the high-speed train
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Fig. 6 High-speed train tail car surface pressure distribution cloud map

<

B

3346.8

1961.7

576.64

—808.47
-2193.6
-3578.7
—4963.8
—6348.9
—7734.0
-9 119.1

(e) ZRH WM

L% - —
JE11/Pa J%11/Pa X
-9119.1 —4963.8 -2193.6 576.64 3346.8 -9119.1 —4963.8 -2193.6 576.64 3346.8
HE 4 TThaaa - im |
(a) BRI = (b) B4 XML T =

7 NEESENENZE
Fig. 7 Pressure cloud on both sides of the train body



4l

AR, 25 BEXURT e e8] A5 i 3o 22, 2 A PE R WS 93

Kl i 7(a) s, FERRAVE R, i gead
AR, 7651 30 XU R 9 A R, Sk ZE R v ]
A0 XU A 43 DA TE R, ANHE 2 2 0 B 1
JE, M) A e 380 T g ) ek 96 52 I L 1 TR
INFFEAE AU . B 7 (b) B 421 KU e 40
(477 A e — ZR BN v, AR Sk 11, AR 42
R XIS B AE K o 50 ZE AN 3 1 AN X
Pk, 15 4200 27 BB R RS ) s I AR sh 148,
H LA R 452 B M B S sh I s i HE

FERERWVE T, o 80 42 J) [ W A ) /it 3 422
ASKEFRGI AR, B R AE R X ERE XU BE A i [ 1 4=
Sk 4300 XA 5 Sk 23 1o e ) A2 A XUV FH B2 il e ke
HE BT DU 350 DRV g ) A IR VE R 8 3 42
1o, TE Sk A PNIE J O G 0 R 22 (A Sk AR IE AT
T RE R SZ BRI AT AR B S S A I
BRGSO . 55 AR LE , 20 22 2 B3 XU T B ) £ s
DX 5 35T B A 2 R T A2 A 1 1 e Sk A
o Bt XAVE RSl 15 KU — Z 510
AT B, (A5 51) 25 IRV 2% T 2 1) s 7 32838 DA 72
FE 3N F 1E F, 7 H 3 1w BT K T ALY 1 R X
3, A A5 A A RN 1 8 1) S
22 BERTHERINETESKINEES T

1o TR G G 3 23 43 oA LI A 2 RN 36 )
175 AR R A OUT A0 A DA K ) e 3 i
W7, WG ATy 0] 538 7 AT I —8, XA
TEOLT , F1 4= RE 08 LA A i 1 0 38 3 o T8 20, 3 AR
e K i T RR Bl X AR s A TR e
L M/ . IAERG a3 2 15 00 T, 31 42
DA i) 8 3 e 22, RS 2R A s ) 5 7
T TE R, XAMEL T, 8 4 i A e e
R Bk ks Ty iR S) , PR R 250 T N BRI
TG MR AE e R rh S AR B R R L
71, AT R A KA R S, B A T
REHE LRI RS o A BIFFEAN [ IR 2% 4 % 371 4
S PERERI IR, 7R BT T, 2 BB
T A AR T A7 7~9 G KGR S A 3 ) A
336 ) 3 72

Pl 8 S 4238 250 k/h B, 31 4 336 ) 3 4o 3 7
B Bl 2 s il XU AR FR I R P . AAIET 8 (a) AT LA
B AR B ) A R v A Sk A ]
RS2 S s 1 B KGR RN B 432 1 7 R A 3
TR, H Sk ZE B S B  # d K 5 2480

T35 B Sk 250 km/h B, JE 8 8 XU 4n ] 25 4k
RSB i 2 S B, Fm Ml 5 1a) SRR
Dy AR o B8 (b) W] LI 3k EAE 5 His 173k
JE 24 250 ke/h B, TE i e IRURGER Gne |, Sk 42 7 32 1)
ST S5 e, B T 5 R A 2 R R
T 15 ns I, Ir sz I BUE A R e, BRI BT .
M 8 (c) m] LI th 45 4as T3 B 2R 250 ke/h B
A XA XU, % 2 Sk AR v ) 4 R ) AR
W ox Bl 3 Horbr, Sk A F 52 B9 R 7 5 fe ok, T
ESRAAALL, R 4T 2 VR T H A4 /N

P19 SR 43 80 k/h B, 271 A=A 33 i) 3o 1 72 Bt
S Bk A Bl XGEASf  R A . AL 9 () W LU
HR ZEASALLN 398 ) 2o 2 st AR e, El T80 A A 5 1)
Ik 72 B R B AN g, DRI ZEAR R B A2 T Bl
BT N1 I B S N Sl T K D S Y TR
SN 2 i K, HLY A IR, R i 0 1) 5
BTy ) AR ] 5 (A5 1 R 2, Sk 22 i 32 (1 < sl il
FiRERE . WEI(b) T IFE MEKRZEIE T,
P 056 ) 2k 22 8 AR s A T R AN i, Sk A
Z T R EAE CBP T J7 1) %6 ) ) iR 2 0]
SR RIF 5 8 By b)) |, 3 EZE R0k
U5 O, T 0 B UE N S 42 R R 4R AL A3
R REME 2, kG ERIZ BB IE EAE
L Bk 42 B2z w0 T A sh T VR iR R
XA “H R ER , R EUR A R 2 3
] BB IER . ANEL 9 (e) AT LA 2451 42
BT Ry 80 ken/h I, IR JXUR AU, 4 2 K —
TR F A 2 2 B Ho Sk AT
MR 15K, 53K EM e, B4 T2 MR J1 58 1
AN

i35 B 240 B ORI BRI 255 b, K
PR 2480 25k 33 ) 2k 7 A Bl ARl Sk 7 P A 2
F R AR 2= B X ) A8 fR Tt AR Ak, H 2 i F
NG & ST | AP0 PN} A 155 N LK 8/
Z SR AR RS /N
2.3 ERETRERE S REES T

T I v 1 3 4 4 4 4 ) (kiz (2008 )
285 ) FIE , W F e i is 47 U A 200 km/h [ HE
SR AR ) ) AR KB E N 170 kKN, FERRSE
b DX R A a0 2t OB A [ g PR TR 2l E 1 0.4
i, AW PR BILIE PO Ree MR e 4, HARTE B T 46
BRI b A TRASE 1 U e o) g e KA PR i A



94 LS IPNE I 20254
CO—= %% [ k% 75 000 - N
80000 - ) —e— i ] B4 g -4 OO A%
74 128477 [ —e— a2 =
70 000 I 60 345.241
60 000 —
00000 S dh2.037
l68.8'6 |
50000 F / 45W 45000 |- 420959
Z 40000 | 39 176400 E ] 35330.975
= 30 000 22 = b5 111330
= i 24 446.887 30000 - 233021
20000 L 18488256 | —— Ses01
L —
10000 F % 466 15000 | —
0 386.245
~10 000 R s —5 466 383 L 3790447 0 | ]
15 20 25 25
BRUREE/ (/s ) BOURS (mfs )
(a) Mg (a) MJg
=% [~ k%
= %% [+ k% 19 824.956 6000 - C1—— 'T'lﬂi: R%
20 000 - [ —e— £ B2 T
16 000 - 4500
12 000 + 9115.0142 3000
8000 |- 60%1532 1500
ig 4000 |- { | i% .
= 0 ' =
—4 000 —-1500
~8000 | - s 375 <7 20008 -3000 |
—12 000 /J_A_l | 4500
—-16 000 . B 48451%7,518 ~13744.342 . 13340282 ~4447.612 sy
15 20 25 6000 3 0 >
KU (/s ) T RURGHE/ (/s )
(b) F+73 (b) FH
= #%4 [ k% 4000 - =% OO+ k%
4000 - [O—e— TEEC] - RBRE CO——rPEEC] - BE
0
0 —2|110. 92%
—4000 ‘ & 4000 2 570 88— —4|760519
~ z - — -4916.937
—5 185728 - 55937
ZE 8000 §658.229 5 8000 \3\
< = B -8 436.089
% -12000 & 8 964.0
R 12 700.689 = -12000 -
¥ 16000 |- -
= ~15 200.350 —16 000 Dy |
—20 000 | -16 270.060
4000 . . 21428262 20 000 . . .
15 20 25 15 20 25
BRI/ (s ) BUAE) (m's )
(¢) Mz H146 (c) R F5
= s s . == s 2
8 BEEIERFEEEETESHEBITNE B9 HiRFIZEIEEM P EE RSN E R

Uiz B9 32 1L A

Fig. 8 The variation law of aerodynamic load of high-
speed train passing straight and reverse turnout

with wind speed

R EL

Fig. 9 The variation law of aerodynamic load of high-

speed train passing through the turnout on the speed side

with wind speed



4l

AR, 25 BEXURT e e8] A5 i 3o 22, 2 A PE R WS 95

0.4 % 4l E o A SCR 1) CRH380B =1 3 41 42 (1)
T KA M 17 ¢, AT DA S AR U ) 1 BRAE K
68 kN ; MR 5 [ 1 fr B o CHIL A2 224 8 ) 2 1 B
PP TR 56 % BT ) (GB/T 5599—2019) i 8 £
ERAE A 0.8, #8 HE I AR IR 0.8, HEH IR PR
EAE R A 5 8 R 81 42 36 1) 3 2 1 8l ) 2 A
FEbT

P& 10 S 438 250 km/h i, 371 25 1306 ) 3 3 5 7
i 4522 G P4 s B XU 11 A8 AR . AR 10 T
DIE AR RVERR , 8 4 st 1) 2o 2 6,
AR 4PN ) ) R RE P AR A, R
BRI . 7R3 4 42 ik 3] 250 km/h, £ XUXGE
IKF) 20 m/s B, Sk AR E IR IA R T 0.878, it
T 0.8 YA PRI, FifiJm H BUARBRBL S Y 2 5 3
] J) FNES PR ] 7, Y946 B 42 ZE 35 31 250 km/h,
B XU TR 3] 25 m/s B Sk 42 e K AS At [n) ) Fl i
KA ) TR . MRS I RS bR e &

. g
200 = o
vy <
EE-re 1 BN
e e e
> ] |= S
Z o S
= 120 |
R
=
80
&
@
40 -
0 1 1 1
15 20 25
Féi XX/ (/s )
k4 M4 B4
(a) feHLaEm )
1.0
8
0 S e
7‘—
B
% S [l § S
g = /,e/)'—‘
1 1

15 20 25
i JRURGH/ (m/s )
O s e 4 e
(c) Wi RE

M Th IR,

DRI, X XA T 900 2 3 i) 22 X A T e
S IB AT AT IPAR I, SR FHAS B R A e
SRR BRI . R 10 AT LIAS M 7 e 51 4 B3t
)3k 72 v, T A2 A RUXUGEE A B A 15 my/s ), 57 i 471
AT ka2, BI L 250 ken/h F4 3 32 3 3o 159 1] 1
73 YT A2 A X IR B 20 /s, $E 2 TR XUE
B A XURUEE T8 2] 8 5 LA LB, e ik 1) S Bk sk
T2 AR R AT 7 . B AR IR B R R bR T
{25 A XURLGHE I 27 A 306 ) ol 20, 1 22 4l J3E R
[FIREH 2 T At 3 B8 42 8 ) A M RE A H 4 o

P11 R 25 80 kn/h sF, 271 Z i 396 i 3 1 3 77
4% 22 4 PG s I XG0 A AL R AR o e 41 ]
390 i) ik 22 B A Bl ) 2R A e b B L e 2L B
TR RIR PRI 2 FRE R 0.8 454 T 0.65, HAY 3
AN AEFERRIREARAS o N 1T H AT DA Y ZERE X
YERTT , e s ) ZE 0306 [ 3k 220 B, X4 901 4 4 ik ik 3

80 o §
,,,,,,,,,,,,,,,,, R . S
=
60 | ;./
Z BN
= % o
X g z "
F 40+ ° 5 .
= =L |a "
5 =
® g0l S
0 L Il
15 20 25
e IR/ (m/s )
k% - Tm4s MBS
(b) FesiIE 1
1.0 g §
—
08}
% 0.6
=
g 04t .
02| T
0 .

25
A (m/s )

k% @@ hEg m—- R A
(d) feEmE

10 HiFEZENARREEEIRMEREN L RE

Fig. 10 The variation law of different safety indexes with wind speed when crossing straight and reverse turnouts
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