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Abstract

In order to ensure the safe operation of the 20,000-ton heavy haul train and the completion of
heavy-duty transportation tasks based on the problem of the poor synchronization property and
the large tensile coupler force occurred in the cycling brake and release when the 20,000-ton heavy
haul train is on the long and steep rampway, the Train Air Brake and Longitudinal Dynamics Si-
mulation System (TABLDSS) is used to compare the synchronization property of brake and release
under the different braking reduction and the maximum tensile coupler force occurred in the once
brake and release when the train is on the long and steep rampway is also explored. The simula-
tion results show that: from the brake synchronization property, the influence of the amount of
braking reduction on the brake synchronization property can be neglected under common brak-
ing. From the release synchronization property, the amount of braking reduction has a greater
impact on the release synchronization property under common braking. The release synchroni-
zation property improves with the increasing braking reduction. With the increase of the amount of
braking reduction, the tensile coupler force increases significantly, compared with 50 kPa, the
maximum tensile coupler force of the 60 kPa and 70 kPa increased by 20.8% and 27.8% respec-
tively.
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Figure 1. The force diagram of a single vehicle
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Figure 2. The curve of the train’s braking characteristic under three operation conditions

2. ZMIATIIEBIzhEF I rhLk

5. HIEhEE B XY ERERE SRR

il B 2 120-1 WD S i FH R s 55 HE M S22 L2 i) R . BB S nEG, F1 %
ERBHIER, IR ST R RS, RNtz . NECEZMvEee, Jifeft
il FH B RELE AN R R, AR 1 — DR AEL, SEIUINIR M. 2 /7 t HERS
3 N R IR 120-1 WRMEER A 1 iR S A I AR 22 i KL a5 A8 2K, FE R /2 2 120-1 1 3395 ZE a1
IR GAL, AR AR R RI SIS )2 SR NS 5 56 5] SMNE S AR IRARAL A8k 22 A 1
AEBNE, IEARZENE G G R 2 SOl i R A e T IO R TN . 1XFE, FIEE R
THREAVEMRARG RN LSS, AR B AR IR S A G R )2 SN, RIS ik
FH[13]e NRIREE fRAE FASE 51 228 104 F Tl FE AN 20 1) 2R A FE P R, S 91 201 J5 SR A P PRI T 2245 DAYk
No BRI, b SEUNRZMAE AR, ST 5 SR R P . R 81 2R 2 i )
A2 B B SRR R, IS 2 Tt B AR DO [T BE B A i R A 428 R R s DAAH [R] s FE 4%
fift, WWEAEFIERITFIRGMAT ], BT — A HIShELESR, R R uwns 3 prk:

409 —O— K50

| 5 WIE60
—O— WIET0

30

20

FFARBEAERTIE]/ s

10

0 — T L R B A B |
0 40 80 120 160 200

ZE )35 /No

Figure 3. The curve of the train’s releasing characteristic under three operation conditions
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Figure 4. The curve of the locomotive operating instructions, ramp changes and speed
change under three operation conditions
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Figure 5. The distribution of the maximum coupler force under three operation conditions

5. ZMITATIERANBNIHIERL

L 5 g = Ffisl e T35 T B 25 (R K 2R DI R K A A 2 o b PR s =P 00 T B B 2 e KR
YR AT 109 4. JdHE 50 kPa. 60 kPa. 70 kPa =35 4l 4= 5 K444 1743 74 1536 KN 1855 kKN 1963 kN.
FHEC YR 50 kPa, JaHs 60 kPa. 70 kPa iz K74 /173 734K 1 20.8% 1 27.8%. it WK R I E 51 4 e Kt
B 772 WA ) A ek Fs B 10 14 DT S 3 O, R B gak s 0T K ORI 1) a5 R 4 T MK

NERFE 2 75t B2 S K 5 71 B i) S ek e B3 R AR AR IR, AR5 838 1 41 2 g K B 0 1 32 B2
e BN 28 R IF A7, JLIERRA T« SRAR I 71 42 (1 e K ) 77 1) = R e (R 32 A S0 A2 ML bl ) 7
PR R DI ERMAYIEE . ERIRBRSE, AT SR ]2 5 1 77 3N S0 471 25 ok e 0 1 4 o)
FARR A, RS2 i R4 i 3 B R 3 R PN E R = . B 2R 5 I 5 o % 2R A 1 3 T e
KT ETRE, JE# X 5H R SH S B YIS AHSR 2508 (0 ) 30 77 22 15 1 A i i 2R 4 ) 7 A 2
B JRIRRA TR R [14]0 2 3 t BIZE LR AR Y 5 25 A FE 7 101 1) 31 0 SR A 1 22 S5t o 3 B ZE A 1 i 3l (O R DA
T b 2 5 S5 41| B R B TR AR DA B 1 2 R At g S B AH DG o TR 43 0 = 000 B 2 2 A il oK DA S
il I T B2 s e 3 X 81 25 B K 2R B T I S AT R T, 11T 29T e K 8 773886 K A i A o

1) PR

i b AT AR B TR 50 kPa, JE 60 kPa. 70 kPa |1 25 G2 MRl Bl hn bk, %) 25 G 1 5] 25 vk
B, BAZH BT RRHH IR, B8 E 60 kPa 5 70 kPa T 38 25 5 K4y S i K. i B %1
TG R AR R A R e K i ) R R R

2) il BhEL R

Wl —4md B4, FLHIBNET R R S B ML = e M= AR 22 5. ST R R PR, B
MBIV P HIBNELRE R AR 22, F28 Bh T8/ 51 2 A s [15] . #on =Fhis s T
T ) BT B T AR 1 A o R % 1~3 FTR

Table 1. Decompression characteristics of the Brake cylinder under 50 kPa braking reduction

2 1. E 50 kPa I FEL P H5i
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1 1374 157 8.8
50 140.3 155 9.1
100 1316 15.1 8.7
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150 1285 14.7 8.7
200 121.7 14.8 8.2
218 119.8 13.7 8.7

Table 2. Decompression characteristics of the Brake cylinder under 60 kPa braking reduction
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1 179.8 18.1 9.9
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200 165.6 16.8 9.9
218 153.2 147 104

Table 3. Decompression characteristics of the Brake cylinder under 70 kPa braking reduction
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218 182.7 16 114

1 R T AT A8 50 kPa. 60 kPa. 70 kPa =3 ffill BT P34 [ R d %40 8 8.7+ 10, 11.1. #iH
FHECT930E 50 kPa, ##/E 60 kPa. 70 kPa fillZhiil & /1 T FEs FEER,  fShGL A Re R AFEARBE, BRIt n el
THIE M), FEENPH IR RN UERR 1 66 AR 1 ZE G a3l (1 5 L3 42 4%
i Bk TR P S .

7. &g

1) ill3h T3 Tk 50 kPa. 60 kPa. 70 kPa =Fh LA M sh IR D122 e AR, 1509 R i 3
I i B el s B R A1) 2 B P [ P S R N

2) ZEfR T4 FIkE 60 kPa. 70 kPa A Lkyk [k 50 kPa, 120-1 [&IINEEZEfRAE 1G58, 51 2525 AR s n
PR, GEEIRE YR BT E, V0B IS0 N 21 25 G2 () 20 1 B 1) 298 2 PR 38 K 2+ EL s me R 2
LN

3) JakJE 50 kPa FIJak [k 70 kPa, FIZELEARLEMR, ZARFD RS, PR T Nmrhsl, 1 shErE
JERFPERIARBE, K T A mhsh. B AR 50 kPa, JkE 70 kPa Pk [ sk, IE BA H1 ST A
RPN B 2N 1703 3 R R ) LU B1) 2 R Al R P S R 2

4) Hi|398% &t 50 kPa 3 %2 70 kPa, il BhELFE RAF B ETAL BE, IR T FIE S, SRS
N 2 f KR BTG R o DRIEAE ORIE T8 R (R T B T RS e /0N PR i B sk s 2 DA AR O R 3 T 70
NI RV S PN DAY P

DOI: 10.12677/0jtt.2020.94036 302 AR A


https://doi.org/10.12677/ojtt.2020.94036

Tz

SE 3

(1]
(2]

(3]
(4]
(5]
(6]
[7]

(8]
(9]

[10]
[11]

(12]
[13]

[14]
[15]

Janarthanan, B., Padmanabhan, C. and Sujatha, C. (2012) Longitudinal Dynamics of a Tracked Vehicle: Simulation
and Experiment. Journal of Terramechanics, 49, 63-72. https://doi.org/10.1016/j.jterra.2011.11.001

Cole, C. and Sun, Y.Q. (2006) Simulated Comparisons of Wagon Coupled Systems in Heavy Haul Trains. Rail and
Rapid Transit, 220, 247-256. https://doi.org/10.1243/09544097JRRT35

Wese, BHRE, [0, M. 2 77 t A G AR s it i []. ML HAES), 2014(3): 34-39.
B, IKARST, IKE. G EN SR K SHRE]. KOEATIE RS R, 2011, 32(1): 1-6.

KA. FIEGN BN 125 B HCER T [D]: [ A0ie ], Kk K4S E A2, 2010.

BRI HETH1Z) R G0 E 2 75 t BIAEN R B 7750 W [D]: [ L2 Anie 5], K KiEAS iK%, 2008.

Wei, W., Hu, Y., Wu, Q., et al. (2017) An Air Brake Model for Longitudinal Train Dynamics Studies. Vehicle System
Dynamics, 55, 517-533. https://doi.org/10.1080/00423114.2016.1254261

BRAE, SKEOR, XIPE. KRB HIE) RS RAE R T RHUBEN]. KO ASE K244k, 1992, 13(4): 43-49.

B, EEHIE L2 T 45 E 5006 b Aewt 7T [CY P R 2k S A R MUES . E G4, 2018 AP [E B 3k
BRI SIS SRR, KR P EBE 25 DU fE R ZE 512, 2018: 314-322,

b, BIEE, 255, KE. JEESHIE SN RN 2RI H ] BHE)R, 2012, 34(4): 39-46.

Wau, Q., Spiryagin, M., Cole, C., et al. (2018) International Benchmarking of Longitudinal Train Dynamics Simulators:
Results. Vehicle System Dynamics, 56, 343-365. https://doi.org/10.1080/00423114.2019.1645342

B, ol BB RN B 5 BT [CY 8RBk R A FIHLAREE . R EgIE S, 2018 S EHEE
BRERFARSE M S EM). KR A E i 4 550U Jm 5 2025 5145, 2018: 322-329.

Wi, BEE. SIEE/NEEETIS)E 120 MRS AREE 3R R ——120 BESAIE A S0 0]. SEmLEE
ZE4, 2014, 34(3): 116-120 + 144.

Wi, 5000t 2 FE ARG ZEACTHGE MR 1 5) F1 540 A [J]. U S ATI R 22 254k, 1993, 28(4): 43-47.

B, THE. ERRES EEA R s R[], POE SR, 1994(S1): 106-111.

DOI: 10.12677/0jtt.2020.94036 303 FSIESN


https://doi.org/10.12677/ojtt.2020.94036
https://doi.org/10.1016/j.jterra.2011.11.001
https://doi.org/10.1243/09544097JRRT35
https://doi.org/10.1080/00423114.2016.1254261
https://doi.org/10.1080/00423114.2019.1645342

	Study on the Influence of Braking Reduction on the Longitudinal Dynamic Performance of 20,000-Ton Heavy Haul Train
	Abstract
	Keywords
	2万t列车制动减压量对列车纵向动力学性能影响研究
	摘  要
	关键词
	1. 引言
	2. 仿真模型的建立
	2.1. 列车纵向动力学模型 
	2.2. 空气制动系统模型

	3. 列车空气制动与纵向动力学联合仿真系统
	4. 制动减压量对列车制动同步性的影响
	5. 制动减压量对列车缓解同步性的影响
	6. 制动减压量对长大坡道列车最大拉钩力的影响
	7. 结论
	参考文献

