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The Next-generation High-speed Rail Technology Development Project was

Received 19 December 2013 started in 2007 by the Korean Government with the aim of developing the core
Revised 1 June 2014 technologies for a high-speed electric multiple unit (EMU) railway system. This
Accepted 4 June 2014 is the first attempt to develop a high-speed EMU railway. High-speed EMU trains
% i have superior acceleration and deceleration compared to push-pull high-speed
eywordas. . .
Hi;h-spee 4 train railways such as KTX(Korean Train eXpress). A prototype train was developed
UIC 518 OR and tested on a high-speed line starting in 2012. The new train must maintain
. . running safety during the test. Generally, the international standard (UIC518) is
Running safety evaluation . . .
adopted to evaluate the running safety of trains. This method suggests that the test
HEMU-430X . .
o zone must have over 25 sections, and the length of each section must be 500 m.
Simplified method ce 1 . .- .
] ] However, it is difficult to implement these test conditions for a real high-speed
Running behavior line
In this study, we analyzed the running safety using several test section lengths
(100 m to 500 m) and compared the results. The results of this study will be used
to establish a running safety evaluation method for high-speed EMU railways.
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Fig. 2 Example of the UIC 518 OR analysis results
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Fig. 3 Test vehicle configuration

Table 1 Test sections for the UIC 518 OR analysis

KP Maximum speed | Minimum speed | Average speed
(km/h) (kmvh) (km/h)
89.5-77 272.1 267.1 269.6
62.5-50 271.6 265.8 268.7
100-112.5 230.8 228.1 229.45

Table 2 Test sections for the UIC 518 OR analysis

Running a direction Test section | Average speed(km/h)
Dongdaegu — Daejeon | KP249-236.5 267.6
Daejeon — Cheonan-Asan| KP111.7-99.2 268.1
Cheonan-Asan KP42-29.5 267.85
Gwangmyeong
Daejeon — Dongdaegu | KP189.5-202 227.45
Dongdaegu — Busan KP347.5-360 247
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Fig. 4 Test sections for the running safety evaluation

Table 3 Method filtering for the data processing
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Fig. 5 The flow chart of data processing in UIC 518 OR analysis

Table 4 Limit value of the safety evaluation

Item Filter Item Limit value (m/s’)
Bogie lateral acceleration 10 Hz low-pass filter Bogie lateral acceleration 12— M/5
Body lateral acceleration 6 Hz low-pass filter Vehicle body lateral acceleration 3
Body vertical acceleration 0.4 ~4 Hz band-pass filter Vehicle vertical acceleration 3
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Table 5 Analysis results for the section length change (KP89.5-77)

Section Bogie lateral Vehicle body Vehicle body
length acc.(m/sz) lateral acc. vertical acc.

(m) |BNO1|BNO5|BN12| TC | M2 | MC | TC | M2 | MC
100 | 4.063 | 2.918 | 4.780 | 0.683 | 0.928 | 1.835|0.688 | 1.196 | 1.180
200 | 4.578 | 3273 | 5.202 |0.754 | 1.039 | 1.875|0.742 | 1.306 | 1.252
300 | 4.697 | 3.429 | 5.420 |0.799|1.083 |1.922|0.773 | 1.384 | 1.324
400 4.844 | 3.517 | 5.395 | 0.814|1.135|1.871|0.810 | 1.391 | 1.365
500 4.812 | 3.621 | 5.449 | 0.826|1.089 | 1.924|0.826 | 1.379 | 1.406

Acceleration(m/sz)

Fig.

Acceleration(m/sz)

Fig.

Acceleration(m/sz)
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Table 7 Analysis results for the average and corresponding
standard deviation for the selected section length
(Bogie lateral acceleration)

. | Bogie number 01 |Bogie number 05| Bogie number 12
Section
Standard Standard Standard
length . .. |Average . .. _|Average . .. |Average
(m) deviation ( m/sz) deviation ( m/sz) deviation ( m/sz)
(nvs”) (ms”) (m/s”)
100 1254 | 0477 | 0946 | 0334 | 2.135 0.625
200 1426 | 0.565 | 1.071 | 0371 2416 0.667
300 1.515 | 0.627 | 1.143 | 0395 2.553 0.672
400 1.555 | 0.684 | 1.211 | 0.409 2.652 0.701
500 1.606 | 0.731 1.225 | 0427 2.800 0.624

2 U3 SAH VAR A Doleh T4 okEE] KPRISTT Table 8 Analysis results for the average and corresponding
AEFENA Y] thal 9 A o] kA Ik gk b7t 58gt standard deviation for the selected section length
A 7% 3 oS nEsl= AL olsldt) Bt_f:i]-’ Fig. 7-89)| 4] (Vehicle body lateral acceleration)
Ueld 77140 Wdle] w2 Z4zhe] 24| 3 2 A3} wksk v)ss Section TC car M2 car MC car
T ENEY A 3 ukk v R EAAIe) G138 Fe) W length Stal.ld?rd Average Stal.ldf.lrd Average Stal.ldz.ird Average
deviation ». |deviation ». |deviation 5
= Yl (m) (/) (nvs”) (/) (nvs") (/) (m/s")
100 0.283 | 0.071 | 0.278 | 0.133 | 1.003 0.254
2.3.1.2 KP62.5-50 377+ B4 200 0.308 | 0.070 | 0.328 | 0.148 | 1.049 0.249
Table 62 T A-31 7+ 438 KP62.5-50 A 377k 4e] vt 300 0.322 | 0.071 | 0.351 | 0.152 | 1.086 0.228
9 W% s, A 3 D 5 9 T Zﬂt‘ﬂ‘ﬂﬁj] - 400 0.333 | 0.067 | 0378 | 0.157 | 1.092 0.235
¢ ° . ¢ = 500 0.347 | 0.068 | 0.382 | 0.154 | 1.126 0.211
T2440] 100 mollA 500 m7HA] 100 m# S7HAA EA% 23
Table 9 Analysis results for the average and corresponding
Table 6 Analysis results for the section length change stand.ani deviation.for the sele‘cted section length
(KP62.5-50) (Vehicle body vertical acceleration)
- - - . TC car M2 car MC car
Section Bogie latezral Vehicle body Vehlf:le body Section Standard Standard Standard
length acc.(m/s”) lateral acc. vertical acc. length deviation Averazge deviation Averazge deviation Averazge
(m) |BNOI|BNO5|BNI12| TC | M2 | MC | TC | M2 | MC @ ) | ™ ey | ™) | ey | @)
100 | 4.063 | 2.918 | 4.780 [0.683]0.928|1.835|0.688 |1.196 | 1.180 100 0.293 0.106 0.451 0.159 0.605 0.193
200 | 4.578 | 3.273 | 5.202 |0.754|1.039|1.875|0.742|1.306 | 1.252 200 0.330 0.101 0.507 0.161 0.661 0.193
300 | 4.697 | 3.429 | 5.420 [0.799|1.083|1.9220.773 |1.384 | 1.324 300 0.354 | 0.0967 | 0.539 | 0.155 0.701 | 0.199
400 4.844 | 3.517 | 5.395 |0.814|1.135|1.871|0.810 | 1.391 | 1.365 400 0.362 0.103 0.563 0.156 0.746 0.180
500 4.812 | 3.621 | 5.449 |0.826|1.089|1.924|0.826 | 1.379| 1.406 500 0.387 0.091 0.589 0.152 0.770 0.168
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Table 10 Analysis results for the test sections

Bogie lateral
acc.(m/ sz)

Vehicle body
lateral acc.

Vehicle body

KP vertical acc.

BNO1|BNO5|BN12| TC | M2 | MC | TC | M2 | MC

249-236.5| 5.050 | 2.376 | 4.546 [0.614|0.645|1.607 | 0.512]0.941|0.972

111.7-99.2| 3.173 | 2.045 | 3.995 | 0.607 | 0.707 | 1.708 | 0.814 | 1.198 | 1.117

42-29.5 | 3.983 | 2.521 | 4.239 | 0.623 [0.880 | 1.372|0.762| 1.243 | 1.121

189.5-202| 3.289 | 2.416 | 6.008 | 0.538|0.728 | 0.675|0.551|0.842|0.562

347.5-360| 2.505 | 2.038 | 2.953 |2.323 10.862|2.022|1.023 | 0.986 | 0.653
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Table 11 Analysis results for the section length change
(KP100-112.5)

Section Bogice lateral Vehicle body Vehicle body

length acc.(m/sz) lateral acc. vertical acc.
(m) |BNOI|BNO5|BNI2| TC | M2 | MC | TC | M2 | MC
100 | 3.186 | 2.011 | 3.181 [ 0.512]0.569 | 0.490 | 0.550 | 0.837 | 0.599
200 | 3.829 | 2.377 | 3.802 [ 0.545|0.671|0.542 | 0.601 | 0.919 | 0.663
300 | 4.258 | 2.628 | 4.219 | 0.584 | 0.688 | 0.566 | 0.602 | 0.970 | 0.713
400 | 4.512 | 2.751 | 4.547 | 0.5820.725|0.579|0.635 | 1.000 | 0.734
500 | 4.760 | 2.917 | 4.784 |0.598 [0.740 | 0.614 | 0.650 | 1.063 | 0.762

Table 12 Estimate analysis results for the apply of the average
increase rate (22%)

Bogie lateral Vehicle body lateral | Vehicle body vertical
acc.(m/sz) acc. acc.
BNO1 |[BNO5 |BNI2| TC | M2 | MC | TC | M2 MC
3.886(2.453|3.880 | 0.624 | 0.694 | 0.597 | 0.671 | 1.021 | 0.730
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