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Abstract [ Objective] To shorten the safety protection dis-
tances and enhance train operational efficiency, a safety protec-
tion method based on segmental energy calculation method is
proposed. [ Method] Starting from the phase division of the
train emergency braking process, the method and calculation
process for train overspeed protection are expounded in depth.
Using relevant data from practical cases and considering train
speed and track conditions, the segmental energy calculation
method is employed to compute the train safe braking distance.
The results are compared with those calculated by fixed decel-
eration method. [ Result & Conclusion] The segmental ener-
gy calculation method significantly reduces braking distance,
thereby shortening the train safety protection distance, and im-
proving operational efficiency significantly.
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Fig.2 Diagram of train intervals

2.3 ETgETEENINFBERPITE

TES A fih 2 B 2 2h B 2 A5 4 i i v, 9 4
HAOLE X, iz t7 3L A0S X AR, HaE s X,
WEHBRE, R A 5| I IE Sy, DL R Akl i
Frbe g BH A 3 o AEh 2 A B

Ey =Ey +Ws + W, +W, (1)

e

E,—F %A X R BhEE;

Ey — B4 X A HO9T R e

Wo—94 H X, A1z 47 3] X 4b ) I
PR

W, —31% A X, 4biE 17 3] X 4b it 42 51 77 %
2 5

W,—317 [ X, 4bid 17 5] X Abwst il 3h 1 %
]

/\EF‘:
1 1 J
EXO = va(z) +7PV§ (2)
X
W :mgj i.dx (3)
Xo
X J
W, =f (malC +Palc)dx (4)

Xo

.29 .



W, =J (mab +§ab)dx (5)
X (2) =)
m——H| 4G

J— A s
R—4A 4%

a,—FN G AT IE
g H L

a3 A ] Bl
I ——ZRBRAE x AR RO

FOVIEAE X AL BRAE Ly vy, WL T RE A
R AL B BRI B BE £y -

= mvy + - 5V (6)

ST R EE RS 4 A S B b, w5 =
B sh RIS
Eyie > E, = Ey + W5 + W, + W, (7)
A3 (7) o7, M8 A2 3a A7 IE o il &
B2 Bl 5 75 WPRE S B kA R 2 B o
A B =0, AV SRR/ N 0, (7)) il
RN
Ey, +Wg + W, +W, =0 (8)
SARAESE BRIV 42 4, 7 il 3h 1 i i A
S, 2 A ds AT R R A I 0 X 4 B A A T
3 SEEEIEE
3.1 SEHFEETE
AT FEHE T i B rh AN 6 9 4 s Ay
SUTE N 0T T S EE 052 e, BRI 81 4R N X,
2 X, () R e AR R, BIMBE X, a5 50 22 B 3
W vy, L E B IR W TSN Weey, o B3k
X, I H: v, 2 A R Y, R4 X, 3l RE E,

1 1 J
E, = vaﬁ +7PV§ =
Ey + Weixy-xy + We (9)
PA X, g3 B i, 4 W, 23 s o3 A
W, = WG(XO—XZ) + WG(XZ—XC) (10)

Ao
Weixy-xn ~Wox,-xo— N HE A X, A2 X, &b
LB X, AbZ X, AERE IR D)
B IO fRAFK (), 455 (3) K (5) K&
- 30 -

2024
X (8) Al f5:
1 5> 1J, Xe
5 Mmv) +7 Evz =mg flexdx +
fxc(ma +ia )dx (11)
% b Rz b
BB GRS, 4 B =1+ I

A (12) ATLARIAE R -
%ﬁvi =g ﬁ:ixdx +8 fj:abdx (12)

5 X, X, 209 iy, 8 (1, @, B
FH T 7, DO 0 12) 40530 ]

1 .
?B‘é = (gi, +Bab>SX2—XC (13)

X

Sy, -x.— X, B X, BIBEE .

X B XS R TR RIS 4aa A7 B AR
PUBTEOC T , 50 420808 BE AN R] , B imls B X 8] j L 46
W LN ay ; GEARCGE LN ay, ;. 5 WIAE L OH E X
6] j NS 4 L B B Ay v, SR v, 5 81
TEIZIH L DX 5] N A7 Bl A B G R AS,, = (13)
AR oy BERE B TTAA -

1 .
?,8\12 = Z (gi, +Ba,;)AS; =

(580 -5 pv) ()

Svx, = Z AS;
3.2 EOITE

SEYN AR B BE A RV PUE I 5 43 Bt
BL2Wh i Ba, Nk 1 s, HpHHUEH T 1Y
B ZECA/NT 0.14 3B HUE OL T I EE R EUN
F0. 14,

FED BT b v, # 1 BUE, g =10 m/s i,
BU3% F -3% 53 5 Fos LT3, th TR
J& Ba, T 8 FH A 2 H Ak 1 5N ) 3 s B2 R 5
i bR SRR 1 BUAE, T8 B HUIEN T 1 Ba,
A RIEL 0. 775 88 m/s® F10. 541 90 m/s*,

W FIRIHR S S BR A (13) Ay 45 [ 5 9
A S BRI, Ik 2 R

¥ BRI A ZMSEURARK (14) T84 Bk
SRR R E S SR A R, ik 3 R,



£11 8

x1 JIEZXZFHIEE Ba,
Tab.1 pSa, during train emergency braking
A RFE BT Ba,/ (m/s”)

SYBRRI G/
(km/h) F 2}
10 0.999 00 0.999 00
30 1.350 00 1.311 70
50 1.350 00 1.290 40
70 1.350 00 1.171 30
90 1.305 37 1.037 40
110 1.260 79 0.931 00
130 1.200 50 0.844 40
150 1.129 73 0.772 60
170 1.058 96 0.712 00
190 0.988 19 0. 660 20
210 0.917 42 0.615 40
230 0. 846 65 0.576 40
250 0.775 88 0.541 90
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Tab.2 Braking distance calculation results by constant deceleration method

AFEUE BT B 32/ m

KB j I 3 R/

(km/h) TH B4
i =0 i, =3% ii=-3% i =0 i =3% ii=-3%
10 4.972 3.634 7.871 7.119 4.663 15.059
30 44.752 32.708 70.838 64.075 41.955 135.535
50 124.311 90.855 196.771 177.986 116.541 376.487
70 243.650 178.075 385.672 348.853 228.420 737.915
90 402.769 294.369 637.540 576.675 377.591 1219.818
110 601.667 439.736 952.374 861.452 564.056 1822.198
130 840. 344 614.176 1 330. 175 1 203. 185 787.814 2 545.053
150 1 118. 801 817.691 1 770. 943 1 601. 874 1 048. 865 3388.384
170 1437.038 1 050.278 2 274. 678 2 057.518 1 347. 209 4352.191
190 1 795. 055 1311.939 2 841.380 2570. 118 1 682. 845 5436.474
210 2 192. 851 1 602. 673 3 471. 048 3 139. 673 2 055.775 6 641,232
230 2 630. 426 1922. 481 4 163. 684 3 766. 184 2 465.998 7 966. 467
250 3 107.781 2271.362 4919.286 4 449. 650 2913.514 9 412.178
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Tab.3 Braking distance calculation results by segmental energy calculation method
ARIHUE I R H S /m

v,/ (km/h) L A
i =0 i, =3% ii=-3% i =0 i =3% ii=-3%
10 3.862 3.003 5.409 3.862 3.003 5.409
30 27.538 22.417 35.752 27.986 22.720 36. 482
50 73.263 60. 155 93.752 75.648 61.768 97.634
70 141.850 116.762 180.752 152.361 123.787 198.182
90 235.681 193.852 300. 614 268.178 215.110 356.477
110 357.072 292.966 457.200 429.893 339.548 587.399
130 509.212 416.179 656. 024 644.314 500. 650 907.957
150 697. 652 567.022 907.036 918.222 701.705 1337.614
170 853.905 688.210 1125.838 1182.789 884.031 1 801. 330
190 1 098. 843 877.453 1472173 1 562.209 1 146. 433 2 476. 694
210 1 533.875 1216.512 2081.752 2 164.991 1 574. 400 3526.350
230 1927.015 1511. 894 2 669. 455 2 744.911 1 964. 100 4 659. 631
250 2394, 178 1 855. 266 3 400. 153 3 418,374 2 407. 282 6 062. 026
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