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Planar Coordinate Calculation and Curve Fit-
ting Method for Transition Curve Shield Cen-
ter of Variable Super-elevation Slope in
Rail Transit

ZHU Lijia

Abstract Objective; When transition curve super-elevation
varies along with slope, conventional methods for calculating
transition curve shield center coordinates are insufficient. Addi-
tionally, the fitting accuracy of such transition curve shield
center coordinates using cubic parabolas often fails to meet de-
sign requirements as well. Therefore, it is necessary to investi-
gate the calculation of shield center planar coordinates and
curve fitting methods for transition curves with variable super-
elevation slopes. Method: An equivalent transition curve mod-
el is constructed based on the transition curve with variable su-
per-elevation slopes. Virtual curve segment track super-eleva-

tion values are set for calculating the shield center offset planar
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coordinates at any point on the curve segment. The accuracy of
curve fitting is improved by optimizing existing models for
shield center curve fitting, ensuring compliance with design re-
quirements. The coefficient of determination is introduced to
accurately evaluate the accuracy of the fitting curve equation.
The goodness of fit for the transition curve shield center coordi-
nate fitting equation with variable super-elevation slopes is de-
termined, and the corresponding goodness of fit intervals are
provided. The fitting equation is optimized using the example
of Shanghai Rail Transit Chongming Line. Result & Conclu-
sion: The shield center coordinates at any point on the transi-
tion curve with variable super-elevation slopes can be accurate-
ly calculated using the equivalent transition curve. Increasing
the fitting order appropriately can better meet the design re-
quirements for fitting accuracy.
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Fig.1 Profile diagram of single circular shield center offset
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Fig.2 Diagram of transition curve shield center offset

in absolute coordinate system
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Fig. 3 Diagram of transition curve h-/ relation
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Fig.4 Diagram of equivalent transition curve /-L relation
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Tab.1 Parameters of transition curves with larger

fitting error for metro

R/m L/m h,/mm g b c d

350 60 120 0 0.016 7 0.1333 0.850 0
400 65 120 0 0.015 4 0.107 7 0.876 9
450 70 120 0 0.014 3 0.100 0 0.8857
500 70 120 0 0 0.028 6 0.971 4
550 70 120 0 0 0.014 3 0.9857
600 70 120 0 0 0.014 3 0.9857
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Tab.2 Parameters of transition curves with large fitting

error for city (suburban) railway

R/m L/m h,/mm a b c d

1600 210 145 0.0190 0.0143 0.5095 0.4572
1700 200 135 0.0050 0.0150 0.1250 0.8550
1800 185 125 0 0 0.0270 0.9730
1900 180 125 0 0 0.016 7  0.983 3
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Fig.5  Screenshot of planar diagram of a route section on

Chongming Line

3.2.1  IAAREF) B X 1)

IRBEEA M Z R B [ Lo L ] BUEE R [ 31
m, 115 m |, 385 S0 388 G O G I 8RR iR 22 1
HEIAJRHEHRITE 1 mm N, f TR Tk
FEHIR, WOk o, ME IR Z4EHBAEE G, W
i (10) Bt (11) AT sR A/ VRS IF 4 0 R BLRY,, =
0.999 999 984 062 725 , W AERLZE MIHh £ 40 A R i)
LA EE HIWT X 6] A [ 0. 999 999 984 062 725,17,
3.2.2  ZRIHE IS ST

MR LRI 25, =X (6) ITLISKRAS SID11

- 145 -



ZMZ AT A BUE OF AR (x v )
X, =1+3.692 x107F —1.784 x 107°F -

c

7.561 x 1072P
y, =—=0.042 +0.002 [ +2.899 x10°°F + (12)

1.605 x 10721 =7.757 x107"P -

1.566 x 1071
TEIZ B T 2 L i n AN BTH, LUSE k5
BOS S HZ MMM MK E [ WRES [ =
1,0, L L Lo T 31,173 m<, < 115. 000
m, L1 m KU, B 4, = 132,33, -, 1151, 4R
P (12) MRS R ORAR 1 45 SO N i ) O
T AR B , P8 3 A /)N 3 1 X B R A s e A T it 4k
PG R LG, 15 3] 55850 it 2y
PGS (x)
fi(x,) ==0.0530959 +2.659 16 x107°x, —
1.117 58 x 107x> +2.966 31 x107°x)  (13)

[R5 TS %A R A IR 4 %] R R =
0. 999 999 977 490 687 , ANTEILNA I 5 4 W7 IX i) P
WO G LR f () BORE BEAN G /2 255K
VECE T WL B S A by, 5 1, = 132,33, -,
LIS | SR y, A1 fy (x ) TGS SR A 7% LL , ki 43
Mrif2s ., =ML SR B B S iR 22 0 M R A 36 3
iR 3 AT, SRR A TG, R s i
A XFRZERKTF 0.5 mm, A3 R RTFER . X5E
e s SR — 2
F£3 SR aRBEESIRENTE

Tab.3 Error analysis for typical discrete points of

cubic parabola

l/m Xo/m yo/m fr(x)/m xR ZE/m

32 31.999 53973 0.118 175 090 0.117 748 158 0.000 426 932
114 113.832 77570 4.480 638 762 4.480 196 319 0.000 442 442
115 114.825 660 00 4.596 389 514 4.595 791 761 0.000 597 753
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Tab.4 Error analysis for typical discrete points of

quadratic parabola

ly/m x/m ye/m fx)/m gXHRIE/m
32 31.999 53973 0.118 175090 0.118 251 199 0.000 076 109
114 113.832 77570 4.480 638 762 4.480 573 858 0.000 064 903

115 114.825 660 00 4.596 389 514 4.596 289 643 0.000 099 871
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