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Evaluation of Effects on Flange-Climb Derailment by Track Irregularities
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We use Q/P estimation equations to evaluate quantitative influence of various factors for flange-climb
derailment. In these equations, many factors which influences the cause of derailments are considered to
estimate accurate wheel loads, lateral forces and so on. Nevertheless it is too complex to use for usual track
maintenance works, we extract influential factors for derailment with parametric studies. The results show
that, twists and alignments influence causes of derailments more than another category of track irregularities,
and that imbalance between right and left-side wheel loads and primary suspension stiffness influence more
another category of rolling stock. Then we propose the simple linear equation that will be useful to track

maintenance works.
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Tablel Vehicle specification

Vehicle type o Reference Type-A | Type-B Téfpg-Ci
Hight of center-of-gravity (m) 137 144 1.20 1.33
Static wheel loads(kN) ors|  To| 637 709
Carbody connection sysytem Air spring |Air IA.ir Swing

_ |bolsterless |spring  spring _ hanger

Primary Eper;s:ion
stiffness/axlebox _ (MN/m) 1392| 1100 0700 0840

Secondary suspension
0.294 0.380 0.330 1.060

stiffness/bogieside (MN/m)

(No03-51) HAHEMZ S 10 EIgOERMNEE > >R AiiER S H (2003-12.9~11. JI15)

— 469 —



b) Zhgfp s ()

v=1.0,0.85 07503 BN LT 5.
@FEE  10km/h
2.2 HEH O REF

e AR T, EWEMORT& LT, S
OBy, EidhEk, EREERERD LT,
HeE AR BT T D E N AT oz, Tadb, iR
i, L TOEBNTHS.

TR IR
R AR

< SRR 7 =1
- B4 R=100, C=0

A

£9, WERSEE S e ELE & OBR%ERD -4
BE Fig.2lowd. Kid, 4 flSOHEEWIZDWTHREEL
FHERTHS. MEE VOB ND ST, HikéEE
0.1 H7= D HEFBRBERILEN 0.2 BT 5 &dtbinb.

Fig.3 12, &foInEHks 15~ 3FETELEE
B EOHEE RARE L2 HfHICRT. £k Figd iz, &
HREEICOWTEERHE 2T REXRT.

25
e
N [S—
& 15 — K |  *®Reference
o g ' O Section 1
o
"3’ O - lASactionZ'
g os | |XSeocton3 |
I

0

1 09 0.8 0.7

Static wheel load ratio of outer wheel : 7
Fig.2 Relationship between estimated Q/P ratio and 7

Fig.3 & Fig4 M5, fdia, s bic, dhawiion
KEID EMEERBEEIEN NS BEEMICH DT &
Mhhd, idhn (Fig.3) ki (Figd) %L 7-H
&, MBOBEOSMRKENT ENS, T LAY HEIC
EETEEIMINEROANPRKEVENAS.

MEHRT—RIZAOSh T a2EIThERIE 0.7~
1.5MN/mm, #IFhRE#iE 0.2~1.0MN/mm OHEHIZH 5.
ZDHBEHFIZDONTIE, Figd N5,1.0MN/mm £ TOR
BT, fEERARKEREEAETELEWT EAtbh
%, Hflic L HERE, EEFFAORLLERE C £5
BLTHELThE W, XoT, O EMADHEBIIHTS
LRSI T 50T, MdhEkos e B LL
THRBIZREDRVWHEDEZZ NS,

2.3 Wl HE+

HEE A R B, BB RF& LT, dhigleE, h
» o, RO, @0, FEEOFHETENE
NRIA—=FELTVWS. ZhsDEWVE, FXIEHEDEN
OWBE, BUEIZIRMMEEOFEWAEEL, BLohicks
Wl - BEMEEICEEEDLOENREETS. Chod
Al - BACBOWMBERENENRT A—=FIZLT, BEMTZT
STRERE Figb~8IZRT. ZIT, WEFWOREZE
R T 2720, SEVORMZELRS D OHEE R
BREUE R GEXHE) ZRe, Bl 2. #R% Table2
B X 3IZRY.

OHE- R P E AR

Fig.5 o, #EERGHRELEdBEREOBRERT. K
M5, R S E AR R R & O BRI BB LA T
HET@ D, Table3 XD ZOMEEID > Mok o T 20% 18 1E
DELDENDHDHHDK 0.45/100m & A/t D,

Fig.6 2, fEERMABEILEFOIENEOMFEERT. K
NG, DI & HEE AR & O BR D E AT LA AT
FETH5. FilMHE & Bk OB T, [iEOEENRK
=<, MOAHFOBEIL 0.095/10mm TH 5.

@b > b EOFmEmEE N

25

.% b e | T Eéfer:err;c?
[ A oeX vehicle

o

\1 ‘5 8 O .‘— a Typa—A

o]

- B N § Type-B

g

5 ————— | [XTweL |

0 ;
0 1 2 3 5

25

Eostimated Qi P ratio
o — o Y

o

4
Primary suspension stiffness (MN/m)

Fig.3 Relationship between estimated Q/P ratio
and primary suspension stiffness

@ Reference
vehicle |
O Type-A ‘

A Type—-B \

X Type—-C ‘

<
@ ety
0 05 1 15 2 25 3 35

Secondary suspension stiffness (MN/m)

Fig.4 Relationship between estimated Q/P ratio
and secondary suspension stiffness

Fig.7 12, HE@Bisfrte s > bOBRERY. D
5, M#EOMRIEMLLTREN, TOBSITHBEE
35
- I [—
Q25 [ X | |#c=0 |
g 2 '— —gf | ac=20
Bas———E Bl |
@ G=50
g 1 L— S —_— e ——— i l
£ x0-100.
go.g” et

500 400 300 200 100 0
Curve radius(m)

Fig.5 Relationship between estimated Q/P ratio
and Curve radius

25
2 N |
& 2= == —— 1 O at body- w
o OOA g L ] center
= e O i i
g 4 A I A at fore—axle |
S 1 ———— -1 |
©  — J
£
LY f————
w
0 ‘
0 10 40 50

20 30
Alignment{mm)
Fig.6 Relationship between estimated Q/P ratio

and alignment

= 4 —



ko TETRZSHOO, 0.050/10mm BETH 5.

Fig.8 {2,

S AR R B & PRV O MR Z RS,

PESEEESE Y, BB EEEIEN & biffERBREL O
MEREEEENUTEENS, 2D0FmMEFEVE R L=
&, MEEEEEWOAMEERRE <, HERRBEK

Iz 5 A% REBRRE N

BHEEEEEWI, H 2 bl

AL R 400 OB AT 35mm TH Y, B2 bHVAE WK
A TIRESICNEI<RDEFELGND T ENG, HlEE
SERHEIE VY O % AU, B0 I o K 5 A 73 A L RT

EEEALNS.
@BLHIEE W

HEE BRI T B EE, 0.017/10mm &, {lDEL
WIEWELBL T/hEWERTH- .

3.5
b S e E N, N
- ol L D —
g e A X[ |X R=400m
g 2yTo & ,7| |aR=200m
?21.5 S |t
E 1| [®R=100m
£
dl 05 =
0
0 20 _40 60 80 100

Track cant (mm)

Fig.7 Relationship between estimated Q/P ratio and track cant

25
£ 2 |[ o-bogie
a ® ° o, centers
318 —‘;' St © ® - Wheelbase
° [—
- A
& o0s — &

0

0 10 20 30 40 50

Track twist (mm)

Fig.8 Relationship between estimated Q/P ratio and twist

Table2 Estimated Q/P ratio change by track irregularities

Track irregularity Influence® Remarks

Gauge . o017 -
Alinment at fore-axle ~0.095 - -
Alinment at body-center| 0003
Track twist 0.42*"1‘ype-A vehicle: 0.31,
between wheelbase ___ |Type-B: 0.25, Type-C: 037
Track twist 0.073 Type-A vehicle: 0.070,
between bogie centers | Type-B: 0.068, Type-C: 0.19

Influence®: Estimated Q/P ratio change by track irregularity at 10mm

Table3 Estimated Q/P ratio change by main details of curvature

Track cant

Main details of curvature| Influence® = Remarks
Radius 0.48 /100m C20: 0.48, C50: 0.44,
|C100: 0.39

| 0.045 /10mm|R160: 0.050, R200: 0.055

R400: 0.071

Influence®™*: Estimated Q/P ratio change by main details
of curvature at optional range
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