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Abstract

In order to explore the influence of piston stroke of brake cylinder on the longitudinal dynamic
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performance of train, this paper adopts the joint simulation system of train air braking and longi-
tudinal dynamics to study the influence of piston stroke of brake cylinder on the dynamic perfor-
mance of 20,000t heavy duty train, such as braking capacity and longitudinal force. The results
show that the larger the piston stroke of the brake cylinder is, the weaker the braking capacity of
the train is. The greater the amount of air decompression, the less the influence of piston stroke
on the braking capacity of train. When the piston stroke increases from 145 mm to 190 mm, the
maximum braking distance difference under decompression 50 kPa is about 48.3%, and the
maximum braking distance difference under emergency braking is about 4.9%. From the point of
view of coupler force, under the same air brake decompression amount, the greater the piston
stroke of brake cylinder, the smaller the maximum hook force produced by the train; With the in-
crease of pressure reduction, the influence of piston stroke on the maximum hook force decreases.
The maximum difference of hook force under decompression of 50 kPa is about 34.8%, while the
maximum difference of hook force under common full braking and emergency braking is about
4.3% and 6.1%, respectively.
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LTD £5 5, f T A et 23 41 [4]. Bosso Nicola 5757 T 90 6] 41 ZE ) A7 2 R0 25 14 1] o o v i i,
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Figure 1. The force diagram of a single vehicle
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Figure 2. Model of vehicle braking system
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ZEHIZPIE 70 kmih, “FEZE FiZ1T. FIESECEY 120-1 B, HISHEIAS Y 305%254 mm, fR4E
TB/T1492-2017 £ %0, HISHELRIME N 305%254 mm H. 2% 7] FL ] B B g5 110 51 5 PL IR 42, 3 R i o1l 3
HLIE ZEAT PR B2 0 145~195 mm, KLk 73 7]k B 284772 145 mm (LG 1), 160 mm (L#4¢ 2). 175 mm (L
i 3)s 190 mm (T35 4), 545 H Bt R A Bhi 28840 0.0106 m®, 0.0117 m®, 0.0128 m®, 0.0139
m® FHALEN K RGP AT IR, B EH B LS AT RS E

4.1. BRHIZRE 50 kPa

BT 50 kPa I il B LI FE4T FE I R2 M, 22 1 A& DU T35 R 41 1 sl 5 2 ) o DU T3 T
BRI FE B 70 ) 4 1611.8 m. 1824.3 m. 2081.9 m. 2390.1 m, T4t 2. T4 3. T 4 MBI ZEAHE:
T 1 MR, HIShEEE /6N 13.2%. 29.2%. 48.3%. MHISHEEERE, #I50EEIEITREAI A/
XF BIZE IS BE TR EOR, T ZE1THE 145 mm A1 190 mm I 4 3 20 B A 22 5 K %) 48.3%, 1t B I ShiiL s
FEATREEOR, ZI M ZhAe ) 8Es, H2)EE Btk .

8% 50 kPa B Rl BT R 5 Hi 2R eI 7E 15 3 oo v T FRIAVEMT, (ORI THL 1 AT 4 FERER
%5106 E(NIENLE G E ) BATH . WA Lo IS & s, & R4 5 106 2T 4k 7n < a] (R
HISHEL SR O FF 4R b TH A1) AR ], 0 BE ) ST % 28472 AR SO % B 28 0 1) Bh i sl 5 A 52 . Mkl 3
SRS , AR LGP R aR 2 AW, HAE LA 1 Ny 132.9 kPa, Lt 4 N4 90.8 kPa,
FHZE 42.1kPa; R4 THL 1 TN 126.9 kPa, 1. 4 T4 86.7 kPa, #HZ 40.2kPa; % 106 £ LA 1 T
JE3E 9 141.1 kPa, T4 4 N4 98.1 kPa, #1243 kPa. ] LA H B 6L i% FE47 R x| L 1 [ 5 5
MR, VEFEATRERROR, PR sRER /N, L TR R BN LIS ZAT R I /N T I BN B A AR, T
BT 78 K R R T 51 2245 IR B, R LG /A () 09 78 XU S I Bl T AR 25 ARUBR O, P-4 1 e A bk /)~
BRI Mk 50 kPa il Zh Rt 72 e ds th: IS ELVE ZEATREMOR,  HPM R sk, i B HLTE ZE AT R AN 52
B ZE IR 1) B0 3ok

DR R ) S T35 FE AT RERE A 1 S BT 2R, DR bk mT R il S L ) T 33 P P A ok s, eh sl 3 T
W, AL T 4 F I ZhEL T R NS T Tl 1, X &FEER TH 4 il 3hE A K S 80Ut
JEIRPEDRNS, R ML BN EL R R, BT S H B G2 [ R sR 22 KT T 1 R0 AR, 30
ST 78R Bk, R Tl T R shal A R EZE R A K. [ 3 ik Tl T BEKE 106
FEHIBNET 5w S BT 2] 40 kPa, Bl HlShE K sm4k sz bt IX PR an SR EAL R BL R R AR AR SR
PR BRI BHEL P 2 U B 20U K B R 8 5 JIR 1) 3 L0 2 75 IS IO G AR 5Ef 3 1) 55 g LA B R it 1) 5
Pe B KA BT ), O SR Z AR T TR, WG A HE S, BIBhEL S R R AN T
35 kPa, TEMiHE ARG H ILIH B E N 40 kPa. FEfi Bl R ElX 40 kPa J5, T4 AT T4 1, H3hET
JERR TR BT A BT (A BT 5, 5 R T 0 4 T i Bh LS 24T R K 3 30

Table 1. Comparison of braking capacity of train under four working conditions when decompression is 50 kPa

= 1. #JE 50 kPa PUFh TR T 5IZEHImnEE St EE

Tt Tl By RLI% AT F/mm i Bh L A AR LR A 0 B EAT RS /m
1 145 0.0106 1611.8
2 160 0.0117 18243
3 175 0.0128 2081.9
4 190 0.0139 2390.1
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Figure 3. Brake cylinder pressure under working conditions 1 and 4
when the pressure is reduced by 50 kPa
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Figure 4. Maximum compression coupler force distribution under
four working conditions when decompression is 50 kPa

[l 4. BUE 50 kPa MM TR THRAE#HI S
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ARG NG AT TR, HET 2 )7 t FIEGAR, S 248 5 500 4 &0 B 450 20 A7 7E A )
ANk, WLEFIRT 51 2 B (2R e T AR AR I E A, IS R, AR, i B L
TR G R e R A RIS, BIShEL T R, R e, Ik T 80X 0 EWi ST
el MR ERTR SR, PR T RAGIRES, FAERKIIES . K 4 29 50 kPa i PUAH T
TNERRKEHABERSAE, BPRPMaEREES . NEFITLEE, T 1 FAERKES A
388.1 kN, HILFELS 106 % T 2 NHIZEmR AL 74 320.9 kN, HILEL 124 % T 3 NHIERK
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JE#97779 302.7 kN, HILAESS 131 %5 TOL 4 FAIGR KL 14 252.9 kN, HILAESS 106 %, il ZhiL
TEFATREECRM LI, FIEP= A KRR 780, AT T 1, T 2. Tt 3. Lt 4 FAIZER &
KB F755 0k 17.3% 22%- 34.8%. &% L0 T 55K He B 777 A 22 () J5 DAL 2 W B v 24T R 1)
A FECR SR AR AR, M 7RISR R R . TOL 1 PG EATRERUN, i BhL P R A
K, BIZEAARHN ) J 355, TRk B T A 350 22 40 o 1) 3 LA 3 0 5ok, 5 350 30 2 05 10 i 4 P B B R 22,
Fr e A A B R X LA 4 S22, A4 AR R R S 3 0 8ss, PR A
WRTIEAIRTS, B A R

4.2. FERABIZIEE 100 kPa

245 85 R /N B (50 kPa) 3 K 21 A s (100 kPa) il Bhir, DU Fd T35 T 51 28 (1 il ) i 25 4 8
F2d. NE2 el DLE W, T2, LA 3. L4 FRFIZEARECT Lol 1, HIshEE &5 Al 4.3%.
8.9%. 13.6%. MHIZNIEE KA, HMHSHIE 50 kPa IFAHIE, (HAHE TRIH, HISHELIE ZEATREA RN
X 5 2R B e T B RZ I RN o

5 &k 100 kPa B T4 1 FTHL 4 T R4 & 25 106 Z-i| 2 il K sg i) (8 224 B . m] LA 3
il LT AR S5 080 % 50 kPa B FEAKHIR], P 00 I il ShL P ks AH Z 80K .

Table 2. Comparison of braking capacity of train under four working conditions when decompression is 100 kPa
= 2. BUE 100 kPa PUFH LR FFIZEHIzNEE SIXTEE

T B ZE AT FE/mm B BT R Am® TR 0 I EATEE B /m
1 145 0.0106 1025.1
2 160 0.0117 1069.7
3 175 0.0128 1116.1
4 190 0.0139 1164.2
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Figure 5. Brake cylinder pressure under working conditions 1 and 4
when the pressure is reduced by 100 kPa
B 5. AE 100 kPa Tt 1 5 4 HIZhELE R
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6 &)k 100 kPa I DU it N KM KR . WEFRTBUE H, TH 1 M 4K
JE#97179 1428.3 kN, HILFES 122 ;. T4 2 FHIZEHN R 72 1350.8 kN, HIEITESE 123 4, T4 3
AR KRR I3 1274.3 KN, HILTESE 164 425 T 4 FHIZER KR S04 1191.4 kN, HILTESS 133
oo MHECT LA L, TAL 20 LW 3. Lk 4 FAVZERERKIES J157 iR/ 5.4%. 10.8%. 16.6%. ik
J& 50 kPa B AH LG, il B GLIE ZEAT R X B 4 d K 4 g (R B2 AR/
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Figure 6. Maximum compression coupler force distribution under
four working conditions when decompression is 100 kPa

[ 6. B 100 kPa UFH TR T HRAEHIID

4.3. BEREBIEN(EE 170 kPa)
1% 3 F A Bl i DU R TR 1 28 (1 1 3 R B o6t B AR 3 FR il AR HY, T 1 R il 3h R 25k 876.3
m, L0 4 FHISIFER Y 948.1 m, LWL 4 AHECT T 1 il 20 E 253K 8.2%.

Table 3. Comparison of braking capacity of train under four working conditions is commonly used in full braking
7= 3. B eHIzhmiH IR TFIZESIZNEE IR L

T il B L35 ZE AT FE/mm BN B2 R m® TR A 0 B AT PR B /m
1 145 0.0106 876.3
2 160 0.0117 900.8
3 175 0.0128 924.2
4 190 0.0139 948.1

B 7 & HAeRIE Tod 1 ML 4 Filshfkomihze. MEFReTCUEH, B4 &5 106 10 1
TIESRYN 473.7 kPa, L 4 R4 448.3 kPa, #HZ 25.4 kPa; B4 TLHL 1 LN 464.4 kPa, L 4
TN 440.5 kPa, HHZ 23.9 kPao I 40 T il Bl LG FE AT FEXT 1] B 6L~ 67 1 55 F 52 AN K o
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Figure 7. Brake cylinder pressure under working conditions 1 and 4 is
commonly used in full braking
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Figure 8. Maximum compression coupler force distribution under four
working conditions is commonly used in full braking
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4.4, BRHIF)

MR ARIBS, FIERE R AR PO BUEE] 0, W B T A 5 £ S R R RGEL RN i B T B A P4
MR aE. S ZNE DOA TOL R EMGIZIE R FIER 4 tho INF 4 WPl LB H, THl 1 FHIZIEE N
703.2m, L4 FHIZIFEE N 737.4 m, HIB0EE B4 K 4.9%.

K9 RBEHIIN Tl 1 ALHL 4 FHIZIEERAZE. WHIZIE A Rt etk E, Lol FEE
BT 106 ZEMHIBNELE R EAE AT T 4 N RifE, HBEE R AR, T4 RS
SRR R RN . FLE PR I S S A AR A B8, DRI 22 ) JRGEL ) 1) B L 78 XU, il S LA AR RO,
FOR 58 b B R o MR BN 78 S RIS, PR 000 T 4% 200 2 T e 56 30K - e ik [ BT 22 5%
T 4 AR g, X2 RON 2 ZhETvE ZEA TR, Tl 4 NRIShEI AR, F-—7<E T~
FORFRANT L0 1B AR NAE, G T I UL | ) T Hs g 21117 B 75 20 I 1R] o AN 30 P46 s it
KE, BRSBTS, Rk ZhET 78 MR R, R4 106 AEHIBhE KR A
HE, T 1 FZk473.3kPa, T 4 N4k 447.4 kPa, #1% 25.9 kPa. Tl &h|shin;, #I5hELIE %
AT X 1) B0 P 467 5 PO 52 Tl [ R AN K o

Table 4. Comparison of braking capacity of train under four working conditions during emergency braking

4. RSz IR T ESIZhEE SIRTEE

Tt ) B LS ZE 4T FE/mm il B L X 25 B m® M RE R 0 I EATEE A5 /m

1 145 0.0106 703.2

2 160 0.0117 714.7

3 175 0.0128 726.1

4 190 0.0139 737.4
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Figure 9. Brake cylinder pressure under working conditions 1 and 4
during emergency braking
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10 BB 2 W ZhE DA L0 T s KRR E KA E . IWEFR LA, TH 1 R A4k R
71791976.5 kN, HILAESS 131 45 T 2 FAI G KK /)7y 1938.1 kN, HILAESS 132 45, TH3 T
FIZE R R 7774 1896.9 KN, HEILAE S 130 45 oL 4 A4 H K714 1855 kN, HILFEE 144 %,
FECT AL L, Lot 20 LA 3. LOL 4 FAZEREKIEE 150 08 1.9%. 4%, 6.1%. HAHil3) GG %
ATREXT B K 4 ) ) s M s 55 P A Sl s S AR AR TR

—m— TR KESH
—e— TH2E KIEHT
T3 KE#E S
—v— T.AR KIS /

1]

BREWTI/KN

-2000

0 50 100 150 200
5 /No.

Figure 10. Maximum compression coupler force distribution under
four working conditions during emergency braking
E 10. Z2FIsEM A TRAEHNISH
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A S S B I ER GRS, 0 T ARSI ZEATFE T 51 4413 58 77 A2 )
MEIKPIZES, R F:

1) 7RSI SRR EAR R A, S ShELIS 24T K, 1 4 3 B8 J18R 55 . k& 50 kPa il 2T,
HIBNEL % ZEATFE N 160 mm. 175 mm. 190 mm (51 ZEAHFATFE 145 mm (1951 254 Bl 20 25 43 39K 13.2%.
29.2%. 48.3%.

2) BE S SR R K, ISR FEATREXS B ZE 3 B8 I RS IR/ . 98 50 kPa il Bl
FIZE | B PH S e KA ZE 48.3%; s 100 kPa #ilzhif, iz ih B s KA 22 13.6%; A ilzhi, fzhE
BI R KAHZE 8.2%; i S S ZheT, ISR B8 s K AH 21 4.9%.

3) 1EAAMINIRIE EAHFIMI AR T, HISNEL G ZEAT R, HIB B 42 BT = A i B K R T
JRE 50 kPa HIBNIT, HIBhELE ZEATAE N 160 mm. 175 mm. 190 mm (51 ZEAHE AT FE N 145 mm B4 4 5%
KIEE 7743 kN 17.3% 22%. 34.8%.

4) i 2 S B ek e B (G K, 1 BN T R AT R A1) 2 f K R ) 7 R S IRk < ek 50 kPa il Bl
FIZE 55 K R 7 B R AH 22 34.8%: )% 100 kPa il BT, 55 K 8 ) i R AH 22 16.6%: 1fi % F 4 il 3 5 %
SHIBNN;, B KA B RAH 5 X 4.3%. 6.1%.
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