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SIMULATION and Quantitative Assessment of Longitudinal Impulse Characteristics for
20,000-tonne Heavy-Haul Trains under Typical Brake System Faults
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Abstract: To provide a theoretical basis for operational safety risk assessment of heavy-haul trains, this study
investigates common power-loss faults in the braking system through multi-condition simulations based on a
longitudinally dynamic model validated by experiments. Using nine typical fault modes and seven typical line
segments derived from actual operational scenarios, the maximum tensile compressive coupler forces and
longitudinal acceleration responses under fault conditions were analyzed. The simulation results from the
established model closely align with experimental data, demonstrating the model’s reliability. The findings
indicate that the level of longitudinal impulse is collectively determined by the fault type, dynamic state, and
line gradient. Specifically, power loss in the non-operating section of the leading locomotive under traction
(Fault 1) generated the maximum tensile coupler force of 1,370 kN on a 3%o upgrade. Power loss in the
operating section of the trailing locomotive (Fault 3) produced the highest peak longitudinal acceleration of
7.59 m/s? on a 4%o upgrade. Power loss in the non-operating section of the trailing locomotive under combined
braking and traction conditions (Fault7) resulted in the maximum compressive coupler force, exceeding
1,000 kN, on a descending section with a gradient transition from -12%o to -8%o. Moreover, faults occurring at
gradient transition zones further intensify longitudinal impulses and elevate operational risks. This research
provides theoretical and data-driven support for the development of fault emergency strategies and operational
optimization.

Key words: 20,000-tonne heavy-haul train; longitudinal dynamics; longitudinal impulse; brake system failure;
simulation study
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Fig.1 Longitudinal dynamic model of 20 000-ton
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Fig.2 Schematic diagram of force on a single wagon
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Fig.3 Locomotive traction/electric braking characteristic curve
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Tab.1 Main performance parameters of locomotive and vehicle buffers
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Fig.4 Schematic diagram of draft gear mathematical model
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Fig.5 Composition of air braking system for heavy-haul trains
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Fig.6 Verification of train air braking characteristics
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Fig.7 Verification of train brake cylinder pressure
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Fig.8 Coupler force verification
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Tab.2 Brake system failure mode of 20,000 tons heavy haul train
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Tab.3 Simulation of line conditions

Lk BRI

L% 1 -11.5%03 38
L% 2 £ 1800 m i P FH-12%0~-8%o SEIR A 2 3
215 3 7E 3500 m K P H-3%0~-12%0 25 3 B8 BEI
Lk 4 1E 2599 m KJE P 5%o0 b IE~T ELE BEY S
Lk S FHEIE
% 6 E 500 m K5 PP BLIE~3%o b 338 28 3 28 BE
Lk 7 4%o I3

4.1 EEHEJEHRHAT BCU KR

FEVL IR BCU K HL 5 3 B M 1 AR 2, 2 51 45 61 shad R v i WA — Fh 2k e i pse o xof
TklE 1, {EFIEIBATE FITEECF B IR T Re 2 R AR MR, Rl IR FRER g 4~7 1R R0 EAR 1% 2% 1
BT . EEHLEEHATE5] 450 kN, JEERTTRER] 0, MIEHLEE AR S] 600 kN, T #kE 2 7251
ZEIBATAE FITE BT BLIE R 7] o R AE LIS, [RII BRI 1~3 1 N BLZR G A R b AT B

Wk 1 AEZREE 4 BT RWE 9 Fron. HEITTA, FIZE4E 76 s IR LM 80 kv/h 525 0, 724
FIEE JI B KAE A 1 116 kN, 8 J7 B KB 926 kKN, G m) sk % e KAE N 4.5 m/s?.



IR K AR

Journal of East China Jiaotong University

90
80
70}
=60}
E sol
40}
Hiof
20}t
0t

0 10 20 30 40 50 60 70 80
IR i) (s)
(a) B FEIBAT L

90

1500
900 |

300 | S

A 71(kN)

-300

-900

B
0 10 20 30 40 50 60 70 80
IR [ (s)
(o) BT

90

1500

o
(=3
S

I K 44 F1(kN)
g

900 !\\/\

- —\"\N’\/——’_’W\A

— KA 7T
— WKJE# )

WW\

-1500
0

55 o 165
AR
(b) KRS 53A0

220

T3 FE (m/s?)
%) o o =

'
=N

g

'
(=1

1'0 z'o 3‘o 4'0 5‘o 6I0 7‘o
I 1 (s)
(d) HRImEEE

B9 3 4 FHTHEE | HNFHELER

Fig.9 Dynamic simulation results of fault 1 under line 4 conditions
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Fig.10 Fault 1 calculation results
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Fig.12 Dynamic simulation results of fault 3 under line 4 conditions
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Fig.15 Dynamic simulation results of fault 5 under line 2 conditions
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Fig.16 Fault 5 calculation results
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Fig.17 Fault 6 calculation results
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Fig.18 Fault 7 calculation results
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P8 I B KAE A 1206 kKN, R4 7785 KAE A 458 kKN, Hh (a1 Hn s B i KAE A 4.31 m/s?.
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Fig.19 Dynamic simulation results of fault 8 under line 1 conditions
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Fig.20 Fault 8 calculation results

W O TELRIE S5 1~3 WP A R, MBI AL BIZETE-11.5% 08 5614 T (2% 1) KA
Wb, PEARR RO 330 kKN, FRETERORAE N 481 kN, HhRIIIE KA 0.87 m/s?s B 4ETE
-12%0~-8%o SE AL L A AT T (2t 20 R AR, P2 AR 8y 1 KAE 9 144 kN, K475 KB Y 471 kN,
YNNI R B KABA 111 m/s?; B ZETE-3%0~-12%0 3 AR BEML 261 (2Ri% 3) KAEMNE, FoEfid
BN 441 kN, R 8 RAE N 433 kKN, YA s 5 K AEA 0.99 my/s?.
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Fig.21 Fault 9 calculation results
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