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Fig.1 Track coupled dynamic model of train steel spring

floating slab track
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Fig.2 Comparison of the results of test and numerical

simulation
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Tab.1 Part of the key parameters of CRH6 intercity elec-

tric multiple-unit

3 HuEMUBIRIERE TGS T ERMLN
5

3.1 HETBYTR G B ARGE PR R R R M RE S A

R34 LT R B 44 A5 2L 200 km/h

1o R TE TR ] 99 S VR ARGE PRI 1-80 Hz N

Mo BEAR (7R BT 7 R 45 M) B Z IR B g

BB A4 T 200 km/h 38178 B R 4-200 Hz 434
K3 3.6mFEZFENR1-80 Hz E ZIRZK(dB)

Tab.3 1-80 Hz total Z vibration level of 3. 6 m
prefabricated floating slab (dB)

Puanl  EERAGER  FEPGER  EE
140 km/h 99.90 68.28 31.62
160 km/h 102.68 69.85 32.83
200 km/h 106.43 71.10 35.33

FA s #H ¥ (v
KN NTE 372000 kN
TR Rk L B B 1426.8 kN« m?
(e ST 27000 kN
TR K e sl bt i 14800 kN-m’
AT 0T 19350 kN
RN 5K e Bl B A 1500 kN-m’
— Z% B0 7 v MO B (A ) 1.3 MN/m
— Z 2 ] B e (Bl A ) 9.8 kN-s/m
2 5 TR R 1] I 0.22 MN/m
“HaEm e 9.8 kN*s/m
By e e 17500 mm
il 2500 mm
ERE TR S IR 1) 1493 mm
R HAR 860 mm
AR P R 1353 mm
TR AME LMA
x2 HEBIELSH
Tab.2 Basic parameters of rail
2Bk A BT
R AR 2.059 10° MPa
GLECIRISE /N 0.3
R R 7.83 10* kg/m’
WESNE CN60
F04fe 2t v W EE 3.0 10 kN/m
FIE A 1 I T 2.0 10* kN/m
F A 2 ] BHL 2 75.0 kN's/m
F 4 1 BHL 2 50.0 kN's/m
Ff a1 0.600 m
I E AR 3.6, 4.8 m
R VT R 2.9 m
AR R 0.55 m
T8 R R 3.9 10* MPa
T EAIAN 0.24
T B AR 2.5 10° kg/m’
FH A A5 2% M 5.1 10" kN/m
FERl A AL BH e 35.0 kN's/m
I 1 45 2 [ M 2 1.32 10* kN/m
I e 25 48 1] I 2 0.98 10" kN/m
W 41 4% 3 [7] B2 20(3.6m),50 (4.8 m)  kN-s/m
e A1 #4548 1] BELJ2 40.0 kN-s/m
PR EE 2.4(3.6m), 1.8(4.8m) m
0] o i v T o) DI 2 2.08 10* kN/m
0] o i e A o) DI 2 0.98 10" kN/m
0 B 4 2% 1 1] BELJE 100.0 kN-s/m
) o i 45 A o L)@ 40.0 kN-s/m

F4 4.8mPFFER1-80 Hz B Z3R% (dB)
Tab.4 4.8 m prefabricated floating slab 1-80 Hz total Z
vibration level (dB)

BB TERGE IR TR EANGE IR Py
140 km/h 99.90 71.96 27.94
160 km/h 102.68 72.18 30.50
200 km/h 106.43 73.75 32.68
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(a) Vertical Z vibration level of the tunnel wall in the section of 3.6 m
long prefabricated floating slab and monolithic track bed
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(b) 4.8 m long prefabricated floating slab and monolithic track bed
section tunnel wall vertical Z vibration level
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Fig.4 Vertical Z vibration level of the tunnel wall at 200
km/h floating slab and monolithic track bed
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floating slab and monolithic track bed
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(b) Fastening force on the overall track bed in the transition zone
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Fig. 6 Vibration analysis of 3. 6 m prefabricated floating slab transition zone at 200 km/h of train
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Fig.7 Vibration characteristics of a 4. 8 m prefabricated floating slab transition zone at 200 km/h of train
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" AR SR Sperling #6850 &£ BE THT,
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(DB 475 3.6 m F14.8 m Tl 77 & bl K iz
7, H g Jy 2 Mg B AR — 3, 3.6 m PV B AR Y
s PEWEAIC T 4.8m T 77 B 0

(2) 431 4 1) 140, 160, 200 km/h iz 17 7E 3.6 FlI
4.8 m T il ¥ HRE R ) B2 X B, DL 140,160 km/
hii & 3.6 A1 4.8 m Tl il 1% & A IR 1 il 26 B (R=
1100, 1500 m) i}, % 4b A ) ) Ae g ) ) BB &R
R E IR MU IR L 2 R AR N T AR IR
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R5 BRHURELBEER

Tab.5 Safety indicators of wheel-rail

Ha A MIBE I 1 /kN BT J1 /KN i 1 7 K LR S
L3 L=3.6m L=48m L=3.6m L=48m L=3.6m L=48m L=3.6m L=4.8m
HZk-140 12.331 12.188 76.143 77.956 0.184 0.186 0.155 0.158
HZ-160 12.913 12.890 79.518 80.343 0.182 0.187 0.187 0.179
F£-200 14.979 13.598 88.942 90.019 0.198 0.196 0.281 0.269
M £k-140 29.434 29.592 86.295 89.322 0.309 0.315 0.302 0.294
i £k-160 28.538 28.423 86.950 87.968 0.290 0.291 0.336 0.310
..... 5@@”“609225010090
®6 EFRFRMUESHEMEER
Tab. 6 Indicators of vehicle stability and comfort
NS R A ) I/ g K2 1) R/ g A 1] P R P 4 A 3 0] °F-F2 M 46 BR
T L=3.6m L=4.8m L=3.6m L=4.8m L=36m L=4.8m L=3.6m L=4.8m
HZE-140 0.032 0.034 0.047 0.042 1.707 1.708 1.549 1.558
H4:-160 0.033 0.036 0.053 0.048 1.945 1.947 1.823 1.826
H 4200 0.040 0.040 0.057 0.053 2.002 2.005 1.870 1.871
i £k-140 0.058 0.057 0.045 0.041 2.117 2.115 1.619 1.626
ih£k-160 0.067 0.065 0.049 0.045 2.185 2.181 1.649 1.652
..... BE{EHUJOIQ01525(1'j5)25({j|:)

4.2 HIERE [ ZKE RN IZERRESFFESR D
S

R TR B A B VR B T 1] SR RS (R iR 2 R
] BELJE ) X6 22 40 - B0 3E 3 g 2 e vk (R S i, 43 B 2 AR
HR AN 00 R AR A IO A £ 1 1 BELJE AR Ak L
0-100 kNes/m , HAth S HOAR A 4% Bk T fbh T o035
Bl A AB AT AE 3.6 F1 4.8 m T i 4R 30 TR B ARGE R L
BBl T3 N o TR A R R W« B B R 2 2 ) B e
BN, A A g o B (U P 8 TR ) TR AR i) 43
Fo (ANl 9 7 ) 359 S22 B AUk 2, B3 44 348 o s A 4%

e ] BHLJE AT R ARG VR B AR RAR B0 1) 437 A% B Bl
FEF V7 AR 1) PR 3N 1 B DL RN AR ) AR L 3.6
4.8 m V7 E HE PR Y 28 U i p i 1Y) i 1) BELJ2 R Y
FEl 43591 2} 10-30,40-60 kN*s/m

4.3 M ERIREZERIRIFER WS

O B i P R S ¢S A J R M B AR TR ARG
PRI 80 3 VEBE , 16 35 A s 45 8 — 4> 000 e AR
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&, 7 SRS E T Yk SR ] A BR O, T A
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Fig.8 Variation of vertical acceleration of the train with

damping of vibration isolator
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Fig.9 Variation of vertical displacement of the train with

damping of vibration isolator
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Tab.7 Comparison of rail displacement of floating slab track bed

4T ) 432 #% /mm 9 1] 62 78 /mm

HETR L=3.6m L=4.8m L=3.6m L=4.8m

EME AME OEWE AWE EWE AmE O EmE ANE

FafRas  BRIRGY  RRARE  FRIRAY  BRIREY  PRIRAY  BRIRGY  PRRSS
H4-140 5.031 2.546 4.002 2.454 0.519 0.253 0.322 0.209
H4-160 5.102 2.582 4.173 2.471 0.523 0.263 0.329 0.218
H2-200 5.331 2.683 4.446 2.540 0.745 0.356 0.588 0.375
M £k-140 5.316 2.670 4.305 2.603 0.624 0.320 0.397 0.292
i £&-160 5.340 2.698 4.307 2.601 0.787 0.303 0.385 0.286

f'ij(ﬂx'r{tmgfg/%mw ............................. 4078 .............................. 6 ‘g66 ............................. %945 ...............
*8 EFEWMMUABITL
Tab.8 Comparison of displacement of floating slab track bed
I AR 17 7% /mm T B AR 17 278 /mm

T L=3.6m L=4.8m L=3.6m L=4.8m

e AME emE A0NE TME o AmE eiE ANE

fRdRes  Bafkas  FRIREE BRIRAY  WRIRESS  BRIRAY  FRIRESS  BRIRAS
H 2140 3.741 2.016 2.995 1.849 0.252 0.118 0.127 0.104
HZ-160 3.759 2.033 3.006 1.850 0.347 0.125 0.196 0.111
HZ-200 3.763 2.039 3.102 1.859 0.503 0.217 0.385 0.244
fHh£k-140 3.718 1.990 2.864 1.772 0.152 0.195 0.289 0.145
Hh£k-160 3.726 1.999 2.975 1.789 0.241 0.170 0.241 0.103

fij(/gpcrpgﬁ/%%glg ............................. 4007 .............................. 6 801 ............................. 4364 ...............
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Vibration performance of a prefabricated steel-spring floating-slab track
for urban express rail transit

ZHENG Xz'ang1 , LUO Xin—wei', L1 Pz'ng1 , ZHU Wen-hai’
(1.Guangzhou Metro Design &. Research Institute Co. Ltd., Guangzhou 510010, China;
2.Gerb (Qingdao) Vibration Control Co. Ltd., Qingdao 266108, China)

Abstract: In order to explore the applicability of the steel spring floating slab track in urban express rail transit, the dynamic interac-
tion between the CRHG6 train and the floating slab track was simulated effectively, and the parameter optimization analysis of the
floating slab track structure was also performed. Based on the vehicle-track coupled dynamics theory, the CRH6 train-precast steel
spring floating slab track coupled dynamic model was established. In the model, the vehicle is regarded as a multi-rigid body system
consisting of a car body, a frame and a wheel set. Meanwhile, the lateral, vertical, side-rolling, head-shaking, and the nodding
movements of each part are considered. Regarding the rail as the Bernoulli-Euler beam supported by the elastic points, the rail sup-
port points are arranged according to the actual fastener node spacing, and the vertical, lateral and rotational degrees of freedom of
the left and right strand rails. The vertical direction of the floating slab is regarded as a two-way bending elastic sheet on an elastic
foundation, and the horizontal direction of the floating slab is regarded as a rigid body, considering its translational and rotational
freedom; the concrete foundation is also regarded as a two-way bending elastic sheet on the elastic foundation. The normal force be-
tween the wheel and rail is determined by the Hertz nonlinear elastic contact theory, and the tangential force is determined by the
nonlinear creep theory. Research shows that the traditional prefabricated steel spring floating slab track used for low-speed lines can
be used in the urban express rail transit and the high-speed railways. The prefabricated steel spring floating slab track for this project
can achieve significant vibration reduction effects under the premise of train operation safety. The invention of the side-mounted vi-
bration isolator is a exploration to improve the stability of the floating slab track. Compared with the traditional method of increas-
ing the thickness of the floating slab track to improve the quality and the stability of the track, the floating slab side-mounted vibra-
tor is economical and effective. Therefore, the novel prefabricated steel spring floating slab track can meet the requirements of the
urban express rail transit and even high-speed railways. Moreover, the research results can provide support for the dynamic design

of the prefabricated steel spring floating slab beds at speeds of 160 km/h.

Key words: vehicle-track coupled dynamics; track; urban express rail transit; novel prefabricated steel spring floating slab; vibra-

tion performance
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